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SUMMARY OF OBJECTI VES, CONCLUSI ONS, AND | MPLI CATI ONS
W TH RESPECT TO OCS O L AND GAS DEVELOPMENT

The long-term objectives of this study are: 1) a qualitative and
quantitative inventory of benthic species within and adjacent to identi-
fied oil-lease sites in the northeast GQulf of Al aska (NEGOA) and | ower
Cook Inlet, 2) a description of spatial distribution patterns of selected
species in the designated study areas, and 3) observations of biological
interrelationships, specifically trophic interactions, between conponents
of the benthic biota in designated study areas.

Forty-two widely dispersed permanent stations for quantitative grab
sanmpling have been established in the northeastern Gulf of Al aska, and
these stations represent a reasonable nucleus around which a nonitoring
program can be devel oped. Sixty-one widely dispersed stations were oc-
cupied with a van Veen grab in Cook Inlet; thirteen of these stations
were ultimately selected for detailed analysis.

A pipe dredge was used in |ower Cook Inlet to conplinent data obtained
by grab and traw, and was al so valuable for obtaining |arge nunmbers of
clans used in age-growh studies.

The general patchiness of fauna initially observed at nost stations
in the Gulf of Al aska suggested that at least five replicates be taken per
station. At least this nunber of replicates were taken at all stations.
Analysis of grab data by the end of the project should enable us to suggest
the optimum nunber of replicates per station for nonitoring prograns.

One hundred and forty stations were occupied with an otter traw
in the northeastern Gulf of Al aska. Forty-seven stations were occupied wth
three types of traws in Cook Inlet.

Four hundred and fifty-seven invertebrate species were collected
in the grab sanpling program and 168 invertebrate species were taken
inthe trawl programin the northeast Gulf of Alaska. Two hundred and
el even species have been deternined from the grab sanpling program and 189
invertebrate species fromthe traw and dredge prograns in Cook Inlet.

It is probable that all species with numerical and biomass inportance have
been collected in all areas of investigation and that only rare species wll
be added in future sanpling.



Basic information on diversity, doninance and evenness is now avail-
able for all permanent stations on the NEGOA grid. Caution is indicated
in the interpretation of these values until further data are avail able over
a longer tinme base.

Infaunal invertebrates taken by van Veen grab in the northeast Qulf of
Al aska have been used to conprehend station/species aggregations by clu-
ster analysis. Preliminary groupings of stations into three basic clusters
have been acconplished. Further understanding of station clustering has
been gained by clustering species, and constructing two-way coincidence
tabl es of species vs. station groups. By this neans, specific groupings of
species can be related to station clusters, and internediate positions of
stations (or clusters) can be determined by the particular groupings of
species they have in common.

The joint National Marine Fisheries Service trawm charter for inves-
tigation of epifaunal invertebrates and demersal fishes in the northeast
@l f of Alaska was effective, and excellent spatial coverage was achieved.
However, no seasonal information was obtained for this area. Traw surveys
in lower Cook Inlet achieved good coverage, although only linited seasonal
data were obtained. Integration of infornmation fromthese cruises with infaunal
benthic data will enhance our understanding of these shelf ecosystemns.

Information on feeding biology of species fromthe Qulf of Alaska is
available from literature analysis and information collected on CQuter
Continental Shelf Environmental Assessnent Program (OCSEAP) cruises. A
Kodi ak Island food web has been developed. The major food itens in the web
wer e polychaetes, gastropod (snails), pelecypods (clans), anphipods,
hernmit crabs, true crabs, and shrinps. Snow and king crabs fed heavily on
benthic animals that, in turn, relied in whole or in part on sediment-
associated organic naterial, detritus, bacteria, and benthic diatons for
food . The invertebrates in two Kodiak bays relied on a variety of feeding
met hods while fishes tended to be predators. The principal food groups used by
the Pacific cod, Gadus maecrocephalus, at all sites in the northeast Qulf of
Al aska and the Kodiak shelf were molluscs, crustaceans, and fishes. There
were sone small quantities (less than 10% of the total occurrence) of annelids,

euphausiids and nysids, isopods and echinoderms taken by cod. A food web,



inclusive of major epifaunal species, for Cook Inlet is also available. The
snow crab, Chionoecetes bairdi, fed, in order of decreasing inportance, on
clams, hernmit crabs, barnacles and crangonid shrinps. King crabs, Paralithodes
camtschatica, in Cook Inlet fed on two deposit-feeding clams, Nuculana and
Macoma, and bar nacl es.

O am studies in Cook Inlet have resulted in age-growh data for
si x species: Nucula tenuis, Nuculana fossa, Glycymeris subobsoleta,

Macoma calearea, Tellina nuculoides and Spisula polynyma. Such age-growh
analyses will make available biological parameters useful for |ong-range
monitoring prograns in these areas.

Initial assessment of all data suggests that: 1) sufficient station
and/or area uniqueness exists to pernit devel opnent of nmonitoring prograns
based on species conposition at selected stations utilizing both grab and
trawl sanpling techniques, and 2) adequate numbers of biologically well-
known, unique, abundant, and/or large species are available to permt
nom nation of likely monitoring candidates for the areas once industrial

activity is initiated.

11. | NTRCDUCTI ON

CGeneral Nature and Scope of Study

The operations connected with oil exploration, production, and trans-
portation in the Gulf of Alaska present a wide spectrum of potential dangers
to the marine environment (see O son and Burgess, 1967, for general discussion
of marine pollution problens). Adverse effects on the marine environnent of
these areas cannot be quantitatively assessed, or even predicted, unless
background data are recorded prior to industrial devel opnent.

Insufficient long-term information about an environnent, and the basic
bi ol ogy and recruitnent of species in that environnent, can |lead to erroneous
interpretations of changes in types and density of species that night occur
if the area becones altered (see Nelson-Smith, 1973; Pearson, 1971, 1972,
1975; Rosenberg 1973, for general discussions on benthic biol ogical investi-
gations in industrialized marine areas). Populations of marine species
fluctuate over a tine span of a few to 30 years (Lewis, 1970, and personal
communi cation) . Such fluctuations are typically unexplainable because of
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absence of long-term data on physical and chem cal environnmental para-
meters in association with biological information on the species involved
(Lewis, 1970, and personal conmunication).

Benthic organisms (primarily the infauna but also sessile and slow-
moving epifauna) are particularly useful as indicator species for a
di sturbed area because they tend to renmain in place, typically react to
| ong-range environmental changes, and by their presence, generally reflect
the nature of the substratum Consequently, the organisns of the infaunal
bent hos have frequently been chosen to nonitor |ong-term pollution effects,
and are believed to reflect the biological health of a marine area (see
Pearson, 1971, 1972, 1975; and Rosenberg, 1973 for discussion on long-term
usage of benthic organisns for nonitoring pollution).

The presence of large nunbers of benthic epifaunal species of actual
or potential commercial inportance (crabs, shrinps, snails, fin fishes)
inthe Gulf of Alaska further dictates the necessity of understandi ng benthic
communities there since many commerci al species feed on infaunal and smal |
epifaunal residents of the benthos (see Zenkevitch, 1963, for a discussion
of the interaction of conmmercial species and the benthos; also see
appropriate discussions in Feder, 1977 and 1978). Any drastic changes in
density of the food benthos could affect the health and nunbers of these
comercially inportant species.

Experience in pollution-prone areas of England (Smith, 1968), Scotland
(Pearson, 1972, 1975), and California (Straughan, 1971) suggests that at
the conpletion of an initial study, selected stations should be exam ned
regularly on a long-term basis to determ ne changes in species content,
diversity, abundance and biomass. Such long-term data acquisition shoul d
make it possible to differentiate between normal ecosystem variation and
pol lutant-induced biological alteration. Intensive investigations of the
benthos of the @ulf of Al aska are essential to understand the trophic
interactions involved in these areas and the changes that mght take place
once oil-related activities are initiated.

The benthic biological programin the northeast Gulf of Al aska (NEGOA)
has enphasi zed devel opment of an inventory of species as part of the exam -
nati on of biological, physical and chem cal conponents of those portions
of the shelf slated for oil exploration and drilling activity. In addition,
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the program designed to assess assenblages (communities) of benthic species
on the NEGOA shelf will expand the understanding of distribution patterns
of species here. A developing investigation concerned with the biology
(primarily concerned with feeding activity) of selected species on the
Kodi ak shelf and in Cook Inlet will further the understanding of the trophic
dynam cs of the Gulf of Al aska benthic system

The study program was designed to survey the benthic fauna on the
Al aska continental shelf in regions of potential oil and gas concentrations.
During the first phases of research, data were obtained on faunal conposi -
tion and abundance to devel op baselines to which future changes can be
conpared. Long-termstudies on life histories and trophic interactions
of identified inportant species should define aspects of communities and
ecosystens potentially vulnerable to environmental damage, and should help
to determine rates at which danmaged environnents can recover.

Rel evance to Problens of Petrol eum Devel oprent

Lack of an adequate data base el sewhere makes it difficult at present
to predict the effects of oil-related activity on the subtidal benthos of
the Gulf of Al aska (NEGOA). However, the rapid expansion of research activi-
ties in NEGOA should ultimately enable us to point with some confidence to
certain species or areas that mght bear closer scrutiny if industrial
activity is initiated. It nust be enphasized that an extensive data base
is needed to conprehend long-term fluctuations in density of marine benthic
species; it cannot be expected that short-term research programs will result
in predictive capabilities. Assessment of the environment nust be conducted
on a continuing basis.

As indicated previously, infaunal benthic organisns tend to remain
in place and consequently have been useful as indicator species for dis-
turbed areas. Thus, close exam nation of stations with substantial conple-
ments of infaunal species is warranted (see Feder and Mieller, 1975, and
NODC data on file for exanples of such stations). Changes in the environ-
nent at stations with relatively large numbers of species night be re-
fleeted by a decrease in diversity with increased dom nance of a few species
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(see Nelson-Smith, 1973 for further discussion of oil-related changes in
diversity). Likew se, stations with substantial nunbers of epifaunal species
should be assessed on a continuing basis (see Feder and Mieller, 1975; Feder,
1977; Jewett and Feder, 1976 for references to relevant stations). The
potential effects of |oss of species to the trophic structure in the Qulf

of Alaska cannot be assessed at this tine, but the problem can be better
addressed once benthic food studies resulting fromcurrent projects are

avail able (Feder, unpublished data from Cook Inlet, Bering Sea;, Jewett and
Feder, 1976; Feder, 1977; Feder and Jewett, 1977; Smith et al., 1977).

Data indicating the effects of oil on nost subtidal benthic inverte-
brates are fragnentary (see Boesch, et al., 1974; Malins, 1977 for review,
Baker, 1977 for a general review of marine ecology and oil pollution), but
echinoderm are “notoriously sensitive to any reduction in water quality”
(Nel son-Smth, 1973). Echinoderms (ophiuroids, asteroids, and holothur-
oids) are conspi cuous menbers of the benthos of the Gulf of Al aska (see
Feder, 1977 for references to relevant stations in the northeast Gulf of
Al aska), and could be affected by oil activities there. Asteroids (sea
stars) and ophiuroids (brittle stars) are conponents of the diet of |arge
crabs (for exanple king crabs feed on sea stars and brittle stars: unpub,
data, CQuy Powell, Alaska Dept. of Fish and Game; Feder, 1977) and denersal
fishes.  Snow crabs (Chionoecetes spp.) are conspicuous nembers of the shallow
shel f of NEGOA and |ower Cook Inlet, and support commercial fisheries of
consi derabl e inportance. Laboratory experinents with this species have shown
t hat postmolt individuals |ose nmost of their |egs after exposure to Prudhoe
Bay crude oil; obviously this aspect of the biology of the snow crab nust be
considered in the continuing assessnent of this species (Karinen and Rice,
1974). Little other direct data based on |aboratory experinents are avail-
abl e for subtidal benthic species (see Nelson-Smith, 1973). Experimental ion
on toxic effects of oil on other common nenbers of the subtidal benthos
should be strongly encouraged for the near future in OCS prograns.

A direct relationship between trophic structure (feeding type) and
bottom stability has been denonstrated by Rhoads (see Rhoads, 1974 for
review). A diesel fuel spill resulted in oil becom ng adsorbed on sediment

particles with resultant nortality of many deposit feeders on sublittoral
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mids . Bottom stability was altered with the death of these organisns, and
a new conplex of species became established in the altered substratum  The
most common nmenbers of the infauna of the Gulf of Alaska and the Bering Sea
are deposit feeders; thus, oil-related nortality of these species could re-
sult in a changed near-bottom sedinmentary regime wth subsequent alteration
of species conposition.

As suggested above, upon conpletion of initial baseline studies in
pollution prone areas, selected stations should be examined regularly on
a long-termbasis. Cluster analysis techniques, supplenented by principal
components and/or principal coordinate analysis, should provide techniques
for the selection of stations useful for monitoring the infauna (see Feder,
1978; Feder and Matheke, in press) for such studies in NEGOA). In addition,
these techniques should provide an insight into normal ecosystem variation
(Adifford and Stephenson, 1975; WIlians and Stephenson, 1973; Stephenson
et al., 1974). Also, intensive exanmi nation of the biology (e.g., age,
growth, condition, reproduction, recruitment, and feeding habits) of selected
species should afford obvious clues of environnental alteration.

[11. CURRENT STATE OF KNOALEDCGE

Qul f of Al aska

Little was known about the biology of the invertebrate benthos of the
northeast Qulf of Al aska (NEGOA) at the tine that OCSEAP studies were ini-
tiated there, although a conpilation of some relevant data on the Qulf of
Al aska was available (Rosenberg, 1972). A short but intensive survey in the
sumrer of 1975 added some benthic biol ogical data for a specific area south
of the Bering G acier (Bakus and Chanberlain, 1975). Results of the latter
study are simlar to those reported by Feder and Mueller (1975) in their OCSEAP
i nvestigation. Sone scattered data based on trawl surveys by the Bureau of
Commercial Fisheries (National Marine Fisheries Service) were available,
but nuch of the information on the invertebrate fauna was so general as
to have little value. A sunmarization of existing literature is included
in Feder and Mueller (1977) and AEIDC and ISEGR (1974).

In the sunmer and fall of 1961 and spring of 1962, otter traw s were
used to survey the shellfishes and bottonfishes on the continental shelf
and upper continental slope in NEGOA (Hitz and Rathjen, 1965). The surveys
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were part of a long-range program begun in 1950 to determi ne the size of
bottomfish stocks in the northeastern Pacific Ccean between southern O egon
and northwest Al aska. Invertebrates taken in the traws were of secondary
interest, and only major groups and/or species were recorded. I nvertebrates
that conprised 27 percent of the total catch were grouped into eight cate-
gories; heart urchins (Echinoidea), snow crabs (Chioncecetes bairdi), Sea
stars (Asteroidea), Dungeness crabs (Cancer magister), scall ops (Pecten
caurinus), shrinmps (Pandalus borealis, P. platyceros, and Pandalopsis
dispar), king crabs (Paralithodes camtschatica), and miscellaneous invertebrates
(shells, sponges, etc.) (Htz and Rathjen, 1965). Heart urchins accounted
for about 50 percent of the invertebrate catch and snow crabs ranked second,
representing about 22 percent. Approximately 20 percent of the total
invertebrate catch was conposed of sea stars.

Further know edge of invertebrate stocks in the north Pacific is scant.
The International Pacific Halibut Conm ssion (IPHC) surveys parts of the
Qul f of Alaska annually, and records selected commercially inportant inver-
tebrates; however, non-conmercial species are discarded. The beathic in-
vestigations of Feder and Mieller (1975), Feder et al. (1976) and Mat heke
et al., (in press), and Feder, (1977) represent the first intensive qualita-
tive and quantitative exami nations of the benthic infauna and epifauna of
the Gulf of Al aska.

Data on the infauna collected in the first year (1974-1975) of the
OCSEAP study in NEGOA served as a springboard and an intensive data base
for the studies in 1975-1977. Information in the literature will aid in the
interpretation of the biology of sone dom nant infaunal organisnms in the Qulf
of Alaska. The use of cluster and multivariate techni ques for the analysis
of infaunal data (now being applied to our data fromthe @l f of Al aska,;
Mat heke et al., in press; Feder and Matheke, in press) has been widely used
by numerous investigators examning shallowwater marine environments.
Techniques are well reviewed in Cifford and Stephenson (1975).

Few data on non-commercially inportant benthic invertebrates of |ower Cook
Inlet were available until recent OCSEAP studies were initiated [Feder,
1977 and D. Lees, unpub. data and reports; draft copy of I|ower Cook Inlet
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Synthesis Report, 1977 (Scientific Applications, 1977)]. The primary data
available were principally catch and assessnment records for commercia
shel I fish species. Based on OCSEAP feeding studies acconplished in |ower
Cook Inlet, NEGOA, and the Kodiak Shelf (Feder, 1977, Feder, 1978; Feder and
Jewett, 1977), it is apparent that benthic invertebrates play an important
role in the food dynanmics of conmercial crabs and demersal fishes on the
Qul f of Al aska shelf.

Denni s Lees (unpub. data) suggests that the nmacrophytes of the inter-
tidal and shall ow subtidal regions produce materials utilized by detriti-
vores in shallow and deep waters throughout Cook Inlet. Many of the organisns
depending on these plant naterials are either of commercial inportance or
are food itens inportant to commercial species. In the past few years
information |inking the macrophyte producers to commercially inportant species
has begun to enmerge, but the full inportance of this linkage has yet to be
recogni zed. Many marine birds and mammals depend heavily on organisns |iving
in the inshore areas which in turn are dependent on plant material produced
by macrophytes. Studies by D. Lees and Feder (OCSEAP data) strongly suggest
that the abundant deposit feeders in lower Cook Inlet are concentrated in

regi ons of detrital accunul ations (e.g. Kamashak Bay).

IV. STUDY AREAS

The established stations for the NEGOA and Cook Inlet study areas are
tabul ated, figured and discussed in the 1977 OCSEAP Annual Reports (Feder
1977; 1978;). Additional stations of opportunity were established in the
summer of 1978 in Port Etches (Hinchinbrook |sland) and Zai kof and Rocky
Bays (both on Mntague Island) (locations of stations in the latter areas
will be included in the NEGOA Final Report).

v. SOURCES, METHODS AND RATI ONALE OF DATA COLLECTI ON

Lower Cook Inlet
Detail ed methodol ogy for the investigations of 1976-78 is included in
Feder (1977, 1978). Sanpling was acconplished with an Eastern otter traw,
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try net, Agassiz traw, pipe dredge, and van Veen grab. Prelimnary workup
of trawl material was acconplished onboard ship. Al dredge and grab mater-
ial were washed on 1.0 nm screens. Al invertebrates were given tentative
identifications, and representative sanples of individual species preserved
in 10% buffered formalin, and |abeled for final identification at the Insti-
tute of Marine Science and the Marine Sorting Center, University of Al aska,
Fairbanks.  Stomachs of selected species (e.g. shrinps, king crabs, snow crabs,
hermt crabs) were either exam ned on shipboard or in the |aboratory. All
species used in feeding studies were neasured, separated by sex where readily
possible (e.g., in crabs but not necessarily in shrinps), and separated into
as nmany size groups as possible. Cans used in growh studies were separated
from sedinments on shipboard and in the laboratory, and neasurements made on
themin the |aboratory.

Final analysis of material was acconplished by methods devel oped in past
OCSEAP studies (Jewett and Feder, 1976; Feder, 1977; Feder and Jewett, 1977).
Al species were assigned Taxon Code numbers, and summarized according to
conput er prograns devel oped for other benthic studies by Feder (for exanple,
see Feder, 1977).

All data were summarized and analyzed with the aid of available or
specially witten conputer prograns at the University of Alaska. Growth-
hi story anal yses of clam species was applied according to techniques de-
scribed in Feder and Paul (1974) and Paul et al. (1976).

Nort heast @il f of Al aska (NEGOA)

Sanpling with a small try net was acconplished in Port Etches, Zaikof
Bay and Rocky Bay (at entrance to Prince WIlliam Sound) with a try net and
van Veen grab. No laboratory activities took place on this project in 1978.
Most of the activities in 1978 were concerned with analysis of infaunal data
to be included in the Final Report (see Feder, 1977 for nethodol ogy enpl oyed
for workup of quantitative infaunal data col |l ected on past cruises).

VI.  RESULTS

Lower Cook Inlet

A Summary Report, based on sone of the data collected on cruises of the
NOAA Ships Miller Freeman and Surveyor, is included with this Annual Report
(Summary Report, Sect. 11). Al data will be included in the Final Report.
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1732 specinens of juvenile king and snow crabs, and adult shrinps from
| ower Cook Inlet were examned for food contents in stomachs. The shrinp
species and nunbers of each species exanmined are as foll ows:
Pandalus goniurus (bunpy shrinp) - 176
Pandalus borealis (pink shrinp) - 257
Pandalus hypsinotus (coonstripe shrinp) - 159
PandaZus danae (no conmon nane) - 27
Crangon dalli (sand or gray shrinp) - 858
Crangon franseiscorum (sand or gray shrinp) - 12
Crangon communis (sand or gray shrinp) - 25
Selerocrangon boreas (mo common name) - 49
Lebbeus groenlandica (no common name) - 25
108 juvenile snow crab and 35 post larval king crab are included in the above
total of specinmens examined. Adult snow, king and Dungeuess crab stonmachs
were also examined. Data and discussions are either found in Summary Report ||
of this Annual Report (also see Paul et ¢l., in press) or will be summarized in
the Final Report.
(bservations of shallowwater areas by D. Lees (subcontract to this study)
will be included and discussed in the Final Report.

Nort heast Culf of Al aska (NEGOA)

Epifaunal sanples were collected in Port Etches (Hinchinbrook Island) on
board the R'V Aeons in March 1978. Additional epifaunal and infaunal sanples
were collected July - August 1978 in Port Etches, Zaikof and Rocky Bays (all
at entrance to Prince WIliam Sound) on the MV Searcher.

Activities for the past year have consisted primarily of data analysis
and manuscript preparation for the NEGOA infaunal Final Report. This report
isin its final phases of preparation (Feder and Matheke, in press).

A Final Report entitled, “Distribution and Abundance of sonme Epibenthic
Invertebrates of the Northeastern Gulf of Alaska Wth Notes on the Feeding
Bi ol ogy of Selected Species,”” was subnmitted to OCSEAP in August 1978.

Food Studies
Food studies in Cook Inlet have centered on the snow crab, Chionocecetes

bairdi, the king crab (Paralithodes camtschatica), the Dungeness crab
(Cancer magister) , shrinps of the Families Pandalidae and Crangonidae, and
the known prey species taken by these organisns. The goal of these studies

18



is to expand and make the food webs presented in previous reports nore
conprehensi bl e (Feder, 1977, 1978). The results of these studies will also
be useful in (1) explaining the distribution of adult and juvenile of the
above species, (2) understanding the interrelationships of these species to
other organisnms, such as sonme bottom fishes, which also feed in the benthic
environment, and (3) describing the effect of feeding by these species on
the popul ations of prey species.

The results of sonme of the above studies are included in Feder (1977
1978) and in the Summary Report (Summary Report, Sect. II of this Annua
Report).

A master’s thesis treating the feeding biology and trophic interactions
of the abundant crangonid shrinp Crangon dalli, is in progress. Conpletion
date for this thesis is expected to coincide with the subm ssion period for
the | ower Cook Inlet Final Report.

VI1. DI SCUSSI ON

Lower Cook Inlet

A prelimnary discussion of (1) inportant habitats for biologically
i mportant Crustacea in |ower Cook Inlet, and (2) the food of snow, king and
Dungeness crabs in | ower Cook Inlet are included in this Annual Report as
Summary Report |1.

Addi tional food data on three crangonid shrinps (Crangon dalli,
C. franciscorum, Sclerocrangon boreas), one species of hippolytid shrinp
(Lebbeus groenlandica), and four species of pandalid shrinmps (Pandalus
borealis - pink, P. goniurus - bunpy, P. hypsinotus - coonstripe, and P.
danae - no comon nane) will be included and discussed in the Final Report

Addi tional discussions on the performance of the van Veen grab, nunber
of grabs taken per station, station coverage, species conposition, bionass
food studies, and clam studies are included in Feder (1978) and Feder and
Mat heke (in press).

Northeast Qulf of Al aska (NEGOA)

Data and discussions for NEGOA investigations are available in the OCSEAP
Annual Reports for 1977 and 1978 (Feder, 1977, 1978) and the Final Report on
the epifauna (Feder and Jewett, 1978; al so see Jewett and Feder, 1976).
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Activities planned for 1979 include analysis of the traw data collected
in 1978 on the MV Searcher in the vicinity of Hinchinbrook Entrance and
exam nation of stomachs of selected species of invertebrates and fishes taken
on this cruise, if time pernmits.

A Final Report on the infauna of NEGOA will be submitted to OCSEAP shortly,
and will include a discussion of species assenblages on the shelf and possible
factors responsible for the muintenance of these assenbl ages (Feder and MNatheke,

in press).

VITI.  CONCLUSI ONS

Lower Cook Inlet .

The Annual Report for 1978 (Feder, 1978) and the enclosed Summary Report
for lower Cook Inlet (Summary Report in Section Il of this Annual Report),
sunmari ze the benthic invertebrate work acconplished in this region
through 1978. Additional data are available, but are not presented or
di scussed here. These data will be included with the Final Report.

Northeast Qulf of Al aska (NEGOA)

Data collected since the inception of the studies in NEGOA in 1974
have nade it possible to conprehend various aspects of the distribution,
abundance, and general biology of the nore inportant invertebrate conpo-
nents of the shelf. Some generalizations are now possible, and are included
bel ow (al so see Feder and Muel | er, 1975; Feder et al., 1976; Feder, 1977
for the data base used for conclusions bel ow).

Forty-two widely dispersed permanent stations have been established
to sample the infauna in the northeastern Gulf of Alaska in conjunction
with the physical, chemcal, heavy metals and hydrocarbon prograns. These
stations represent a reasonable nucleus around which a nonitoring program
can be devel oped (Feder, 1977).

The sanpling device chosen, the van Veen grab, functioned effectively
in all weather and adequately sanpled the infauna at nost stations. Pene-
tration was excellent in the soft sedinents characteristic of the mjority
of stations; poor penetration occurred at a few stations where the substratum
was sandy or gravelly. General patchiness of many conponents of the infauna
and quantitative field testing for optinum nunber of replicates per station

suggest that five replicate grabs are adequate.
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There is now a reasonable understanding, for grab stations occupied on
the NEGOA shelf, of the invertebrate species present and general species dis-
tribution. Four hundred and fifty-seven (457) species have been identified.
Fourteen marine phyla are represented in the collections. The inportant
groups, in terms of number of species in descending order, are the polychae-
tous annelids, mollusca, arthropod crustaceans, and echi noderns. It is prob-
able that all species with numerical and biomass inportance have been col -
lected and that only rare species will be added to the list in the future.

The diversity indices included in the 1976 Annual Report (Feder et al.,
1976), Sinpson, Brillouin, and Shannon-Wener, are conplinmentary since the
former reflects dom nance of a few species and the latter two are weighted
in favor of rare species. Values calculated in the 1977 Annual Report (Feder,
1977), in general, reflect these weighings. A prelimnary exanmnation of
the two measures of evenness (or equitability) indicates a reasonable rela-
tionship to the calculated diversity values. In general, high nmeasures of
evenness show nunerical codeminance of many species (with |ow Sinpson index
and hi gh Shannon- W ener and Brillouin indices) while | ow evenness neasures
imply marked dom nance of a few species (high Sinpson index and | ow Shannon-
W ener and Brillouin indices). Al of these indices and neasures nust still
be interpreted with considerable caution until nore data are avail able.
Further assessment of the neaning of the calculated values will be included
in the NEGOA Final Report.

Criteria established for Biologically Inportant Taxa (BIT) for the grab
data have delineated 95 species. Representative menbers of the BIT should
be the organisms nost intensively studied for their general biology in
future work on the NEGOA shelf.

Informati on on feeding biology of nost species has been conpil ed. Mst
of the information for the northeast Gulf of Alaska is fromliterature source
material; it is suggested that experimental work on feeding biology of sel-
ected species be encouraged for this region (Feder and Mat heke, in press).

Clustering techni ques have supplied valuable insights into species
distributions on the shelf of the northeast Qulf of Alaska (see Cifford
and Stephenson, 1975 for review of nunerical classification). The
prelimnary grouping of stations by three different classification schenes
has delineated three basic clusters - Goup |, which is characterized by

21



a group of stations south of Prince WIliam Sound; Goup II, which gener-
ally consists of stations close to shore; and Goup Ill, conposed of sta-
tions that are at or near the shelf edge. Further insight into the meaning
of stations clustered by our analysis is gained by neans of the two-way
coincidence table of station groups vs. species groups. Specific groupings
of species can be related to station clusters, and internediate positions
of stations (or clusters) can be determned by the particular groupings of
species they have in comon. Sonme insight into the stability of the clus-
ter groups should be gleaned by examination of clustering of the second
year station data. Analysis of this data is conpleted, and is incl uded

in the Final Report (Feder and Matheke, in press) now ready to submt to
OCSEAP (prelimnary data and analysis are included as Appendix Table V in
Feder, 1977).

Initial assessnent of data printouts of infaunal species (data to
be stored at the National Environnental Data Center) indicates that (1)
sufficient station uniqueness exists to permt devel opnent of an adequate
monitori ng program based on species conposition at selected stations,
and (2) adequate nunbers of unique, abundant, and/or |arge species are
available to ultimately pernmit nomnation of likely monitoring candi-
dat es.

The trawl survey on the NEGOA shelf for investigation of epifaunal
invertebrates and demersal fishes was effective (Jewett and Feder, 1976;
Feder and Jewett, 1978). The mpjor linitations of the survey were those
i nposed by the selectivity of the gear used and the seasonal novenents
of certain species taken. In addition, rocky bottom areas were not sanpled
since otter traws of the type used in the survey could only be fished
on relatively smooth bottom  However, the study was effective for determining
the epibenthic invertebrates and demersal fishes present on sedi ment bottom
and for achieving nmaxi num spatial coverage of the area. Integration of
this information with data on the infaunal benthos (Feder et al., 1976;
Feder, 1977) shoul d enhance our understanding of the shelf ecosystem

To date the epifaunal investigation by OCSEAP di scussed above represents
the only intensive taxonomic survey of epibenthic invertebrates in the
@l f of Alaska (Feder and Jewett, 1978). Although Htz and Rathjen (1965)
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surveyed invertebrates and bottom fishes on the continental shelf of

the northeast Gulf of Alaska in 1961 and 1962, invertebrates taken in
their traws were of secondary interest. Only mjor invertebrate species
and/or groups were recorded, and organisms were grouped into eight
categories in descending order of inportance: heart urchins (Echinoidea),
snow crabs (Chionoecetes bairdi), scal |l ops (Pecten caurinus), shrinps
(Pandalus borealis, P. platyceros, and Pandalopsis dispar), king crabs
(Paralithodes camtschatica), and miscellaneous invertebrates (shells,
sponges, etc.). Additional data on commercially inportant shellfishes are
avail abl e in Ronholt et al. (1976).

Anal ysis of epifaunal data from the present NEGOA investigation
(Feder and Jewett, 1978) indicates that molluses, crustaceans, and
echinoderns are the leading invertebrate groups on the shelf with the
commercially inportant crab, Chionoecetes bairdi, clearly dominating all
other species. Furthernore, stomach analysis of the Pacific cod, Gadus
macrocephalus, on the adjacent Kodiak shelf area, reveals that C. bairdi
is a dominant food item of that fish. Thus, the Pacific cod, a non-conmmerci al
speci es which has commerical potential (Jewett, 1977; and 1978), is preying
intensively on a species of great commercial significance. Laboratory
experiments with C. bairdi have shown that postmolt individuals |ose nost of
their legs after exposure to Prudhoe Bay crude oil (Karinen and Rice, 1974).
The results of these experiments nust be seriously considered as the petrol eum
resources in the GQulf of Alaska are devel oped.

H ghest densities of Chioncecetes bairdi, Pandalus borealis, Ophiura
sarsi, Ctenodiscus crispatus, and fishes were recorded in the vicinity of
the Copper River delta southwest of Kayak Island (see Ronholt et al., 1976,
for distribution and density data for fishes there). Little is known about
the productivity of this area, but primary and secondary production may be
hi gher there as a result of nutrients supplied by the Copper River. Further-
more, enhanced productivity there nay be related to the presence of gyres
that extend vertically fromthe water surface to the bottom (Gait, 1976).

The bi ol ogi cal sanples now available for the eipifauna from three bays
adj acent to Hinchinbrook Entrance, Prince WIIliam Sound (Port Etches,

Zaikof Bay, Rocky Bay) should be useful as a data base in the event of an
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oil tanker accident adjacent to these sensitive areas. Furt her nor e,
Port Etches has been suggested as a possible site to tow damaged tankers
following accidents in Prince WIlliam Sound (Melteff, 1978).

Availability of many readily identifiable, biologically well-under-
st ood infaunal and epifaunal invertebrates is a prelinmnary to the devel-
opment of nonitoring progranms. Sizeabl e biomasses of taxonomically
wel | - known molluscs, crustaceans, and echi noderns were typical of nost
of our stations, and many species of these phyla were sufficiently abun-
dant to represent organisms potentially useful as nonitoring tools. The
present investigation clarifies some aspects of the biology of many
of these organisns, and should increase the reliability of future noni-
toring prograns for the NEGOA shelf and |ower Cook Inlet.

X, NEEDS FOR FURTHER STUDY

The nunber of grab stations occupied in [ower Cook Inlet and NEGOA
was dictated by available ship time and funding for processing of sanples.
Thus, a relatively small nunmber of stations were occupied on the extensive
shel f of the northeastern Gulf of Alaska and in lower Cook Inlet. It is
possible that sone areas of biological inportance were onitted. Additional
stations should be occupied in the future to accunulate data for sone
of the larger unsanpled areas.

All samples taken on a seni-seasonal basis in |ower Cook Inlet and
NEGOA should be processed, and all data nade available. Analysis of all
archived sanples will nmake it possible to better conprehend the seasonality
of benthic infauna.

Sel ected nmenbers of the infauna should be chosen for intensive study
as soon as possible so that basic information can be available for nonitor-
ing prograns. Specific biological paraneters that should be exami ned for
each species selected are reproduction, recruitment, growth, age, feeding
bi ol ogy, and trophic interactions with other invertebrates and vertebrates.

The advantage of cluster analysis techniques, used to exam ne infauna,
is that it provides a nethod for delineating station groups useful for
devel oping nonitoring schemes and delinmiting areas that can be used in
studi es of trophic interactions. It is obvious that food webs wll vary
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in areas with differing species assenmblages. An inaccurate or even
erroneous description of the shelf ecosystem could occur if trophic data
collected on species from one station cluster (with its conplenent of
species) is loosely applied to another area enconpassing a totally dif-
ferent station cluster (with its differing conplenent of species). Thus,
continuing devel opnent of clustering and ot her multivariate techni ques
shoul d be pursued to refine nethods so that the best approach is available
to an offshore nonitoring program

It appears that tenporal change in species groups at stations may
lead to confusion in the interpretation of station groups if stations are
al ways pooled in time. WIIliams and Stephenson's (1973) technique (species
X time X Sites) provides an excellent solution to this problem but it re-
quires that a study area be conpletely sampled at |east three times per
year. Additional sanpling will be necessary to understand tenporal
variability of infauna.

The cruises on NOAA vessels for grab-sanpling and dredging, and the
extensive trawl program in lower Cook Inlet and NEGOA resulted in relatively
good coverage of the benthos for invertebrates. The needs for the future
are (1) the development of a monitoring plan, (2) acquisition of additional
data on a seasonal basis inclusive of intensive sanpling of stomachs of a
diversity of species, and (3) assessnment of the sedinent - deposit feeder -
predator relationships.

It is highly reconmrended that serious thought be given to the deve-
| opment of an extensive nodeling effort in the northeastern Gulf of
Al aska inclusive of Kodiak and Cook Inlet. The substantial body of data
on trophic interactions of organisms of the benthos, collected by Feder
(1977), Feder and Jewett (1977), and Smith et al. (1977) for this region,
suggests that a sufficiently large data base may now be available to
initiate such an effort or at |least to convene workshops to assess the data
base available for the devel opnent of a benthic nodel .

X.  SUMVARY OF FOURTH QUARTER OPERATI ONS
A. Ship or Laboratory Activities

1. Ship or field activities:
a. No field activities in lower Cook Inlet or NEGOA for this quarter

25



2.

Met hods, results and discussion

a. Analysis of all grab data from NEGOA was conpleted, and a
Final Report is in the final stages of preparation.

b. Stomach anal yses of juvenile snow and king crabs, and
ni ne species of shrims from Cook Inlet are in progress.

c. A thesis on the sand or gray shrinp Crangon dalli is now
inits final stages of preparation.

d. A mjor portion of this quarter was used in the preparation
of the Annual Report and devel oping nmajor sections for the
Fi nal Report.

e. A sunmary report by Al aska Coastal Research (subcontract to
R.U. #5) is in final stages of preparation, and will be
included with the Final Report.

B. Problens Encountered

No major problens were encountered during this quarter.

¢c. Mlestones

It

t ion.

is intended to maintain a consistent schedule for report prepara-
Sone of the reports will be subdivided into sections, each section

to be submtted as it is conpleted. The latter procedure should increase
the data flow and data interpretation available to OCSEAP. The schedul e

for report submssions and the Final Reports submtted are as follows:

1.

Kodi ak (Alitak and Ugak Bays) Final Report - Submitted Novenber, 1977.
Nort on Sound-Chukchi Sea Final Report - Subnmitted February, 1977.
Cook Inlet Summary Report - Submtted md-Mrch, 1978.

Bering Sea Epifauna Final Report - Submitted May 1978.

NEGOA Epifauna Final Report. I. - Submitted August 1978.

NEGOA Infauna Final Report - To be subnitted May 1979.

Bering Sea Infauna Final Report - To be submitted June 1979.

Cook Inlet Final Report - To be submitted Decenber 1979.

NEGOA Epi fauna Final Report Il - To be submitted October 1979.
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. SUMVARY OF OBJECTIVES, CONCLUSIONS, AND | MPLI CATIONS W TH RESPECT TO
OCS O L AND GAS DEVELOPMENT

It was the intent of this investigation to broaden the background
on composition, distribution, and biol ogy of the infaunal and epifaunal
invertebrates of |ower Cook Inlet. The specific objectives were: (1)

a quantitative and qualitative inventory of dominant benthic invertebrate
species, (2) a description of spatial distribution patterns of selected
species, and (3) prelimnary observations of biological interrelationships
bet ween sel ected segnents of the benthic biota.

Mich of the baseline data on infaunal and epifaunal species needed
prior to onset of petroleumrelated activities in lower Cook Inlet is now
documented. The van Veen grab, the only quantitative infaunal sanpling
device used, was of limted value because the high proportion of sand in
sedinents generally inpeded grab penetration. On the other hand, a pipe
dredge, also used to sample the infauna, provided valuable qualitative
data. Agassiz traws, try-nets, and Eastern otter traws nmade it pos-
sible to quantitatively sanple the larger, nore notile species.

In general, species conposition decreased with |arger sanpling gear.
Al'though only 13 stations were sanpled with the van Veen grab, they vyielded
211 species. The nunber of species taken by the small Agassiz traw (149)
exceeded the nunmber taken by large Eastern otter traw (53).

Bi omass (g/m) from grabs and traws were strikingly different. Use
of traws resulted in |oss of infaunal and snall epifaunal organisms, im
portant components of the benthic biomass. Therefore, the total benthic
bi omass value is best expressed by conbining both grab and traw val ues.

Seventy-four percent of the species taken by grab were polychaetous
annel ids and molluscs; 56% of the pipe-dredge species were polychaetes
and molluses. Snow crabs (Chionoecetes bairdi) domi nated the catches at
nost trawl stations. Based on the |arge nunbers of juvenile snow crabs
taken by traw and found in fish stomachs in the deep-water region east
of Cape Douglas, it appears that this ares is a major snow crab nursery
ground. The inportance of this crustacean in lower Cook Inlet is further
enphasi zed by the existence of an intensive fishery for C. bairdi in |ower
Cook Inlet.
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Food data for snow crab (Chionoecetes bairdi), king crab (Para-
lithodes camtschatica), Dungeness crab (Cancer magister), 9 species of
shrimps, and 19 species of fishes are now available. The inportance
of deposit-feeding clans in the diet of king and snow crabs, and some
bottonfishes is clear. It is suggested that conprehension of the re-
| ati onship between oil, sediment, deposit-feeding clans, king and snow
crabs is essential to understand the potential inpact of oil on the latter
two comercially inportant species.

Initial assessment of all data suggests that: (1) sufficient station
uni queness exists to permt devel opment of nonitoring progranms based on
species conposition at selected stations utilizing grab, dredge, and traw
sanmpling techniques, and (2) adequate nunbers of biologically well-known,
unique, and/or large species are available to pernit nomination of likely
moni toring candidates once industrial activity is initiated.

[1. 1 NTRODUCTI ON
CGeneral Nature and Scope of Study

The operations connected with oil exploration, production, and trans-
portation in Cook Inlet present a wi de spectrum of potential dangers to the
mari ne environnent (see Oson and Burgess, 1967, for general discussion of
mari ne pollution problens). Adverse effects of oil on the marine environnent
of these areas cannot be assessed, or even predicted, unless background
data are recorded prior to industrial development. |Insufficient |ong-term
information about an environnent, and the basic biology of species in that
environment, can lead to erroneous interpretations of changes in types and
density of species that might occur if the area becomes altered (see Lews,
1970; Nelson-Smith, 1973; Pearson, 1971, 1972; Rosenberg, 1973, for general
di scussi ons on benthic biol ogical investigations in industrialized marine
areas)

Benthic invertebrates (primarily the infauna, and sl ow noving epi-
fauna) are useful as indicator species for a disturbed area because they
tend to remain in place, typically react to |ong-range environmental
changes, and, by their presence, generally reflect the nature of the sub-
stratum  Consequently, organisns of the infaunal benthos have frequently
been chosen to nonitor long-term pollution effects, and are believed to
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reflect the biological health of a marine area (see Pearson, 1971, 1972,
1975; and Rosenberg, 1973, for discussion on |long-termusage of benthic
organisms for nonitoring pollution). The presence of numerous benthic
epifaunal species of actual or potential commercial inportance (crabs,
shrinps, fin fishes) in lower Cook Inlet enphasizes the need to under-
stand benthic communities there since many conmercial species feed on
infaunal and smal| epifaunal residents of the benthos (see Zenkevitch,
1963; Feder, 1977a; Feder and Jewett, 1977; Jewett, 1978; Paul et al.,

in press; and this report for discussions of the interaction of comerci al
species and the invertebrate benthos). Any drastic changes in density of
the food benthos would directly inpact these comrercially inportant species.

Experience in pollution-prone areas of England (Smith, 1968), Scotland
(Pearson, 1972, 1975), and California (Straughan, 1971) suggests that at
the conpletion of an exploratory study, selected stations should be exanined
regularly on a long-term basis to deternmine any changes in species conpo-
sition, diversity, abundance and bionass. Such long-term data acquisition
should make it possible to differentiate between normal ecosystem variation
and pollutant-induced biological alteration. [Intensive investigations of
the benthos of |ower Cook Inlet are also essential to understand trophic
interactions there and to predict changes that mght take place once oil-
related activities are initiated.

A benthic bi ol ogi cal programin the northeast Gulf of Al aska (NEGOA)
provided a qualitative and quantitative inventory of proninent species of
the benthic infauna and epifauna there (Feder et al., 1976; Jewett and
Feder, 1976). In addition, investigations concerned with the biology of
sel ected benthic species from NEGOA and the Kodi ak shel f (Jewett and Feder,
1976; Feder and Jewett, 1977; Jewett, 1978) have furthered our understanding
of the overall Gulf of Alaska benthic system (Feder, 1977a). Initiation
of a program designed to exam ne the subtidal benthos of |ower Cook Inlet
expanded coverage of the @ulf of Al aska benthic system and extended the
assessnment of fauna of the Gulf into little-known shall ow water benthic
systems.  The study reported here is a prelinminary exanmination of the
sedi ment -dwel | i ng benthic fauna of |ower Cook Inlet, and is intended to
precede a greater overall investigation of |ower Cook Inlet (Feder, 1977b).
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Rel evance to Problems of Petrol eum Devel oprment

The effects of oil pollution on subtidal benthic systens have, until
recently, been neglected, and only a few studies on such systens, con-
ducted after serious oil spills, have been published (see Boesch et al.,
1974; Malins, 1977; Nelson-Smith, 1973, for reviews; Baker, 1976, for a
general review of marine ecology and oil pollution). Lack of a broad data
base nmekes it difficult to predict the effects of oil-related activity on
the subtidal benthos of |ower Cook Inlet. However, the rapid expansion of
Quter Continental Shelf Environnmental Assessment Program ( OCSEAP)-sponsored
research activities in this body of water should ultimately enable us to
point with some confidence to certain species, biological events, and areas
that mght bear closer scrutiny once industrial activity is initiated. It
must be reenphasized that a considerable time frame is needed to conprehend
long-termfluctuations in density of marine benthic species; thus, it cannot
be expected that short-term research programs will result in predictive
capabilities.

As indicated previously, infaunal benthic organisns tend to remain
in place and, consequently, have been useful as indicator species for
di sturbed areas. Thus, close exam nation of stations with substantial
conpl enents of infaunal species is warranted (see Feder and Mieller,

1975; National Cceanic Data Center (NODC) data on file for exanples of
such stations). Changes in the environment at these stations might be
reflected in a decrease in diversity of species with increased dom nance
of a few (see Nelson-Smith, 1973, for further discussion of oil-related
changes in diversity). Likew se, stations with substantial nunbers of
epifaunal species shoul d be assessed on a continuing basis. The potential
effects of |oss of species to the overall trophic structure in |ower Cook
Inlet can be partially assessed on the basis of benthic food studies (e.g.
see, Jewett and Feder, 1976; Feder, 1977a; Feder and Jewett, 1977).

The snow crab (Chionoecetes bairdi) is a conspicuous nember of the
shal | ow shelf of |ower Cook Inlet, and supports a commercial fishery of
considerable inmportance there. Laboratory experinents with this species
have shown that postmelt individuals |ose nost of their |legs after exposure

to Prudhoe Bay crude oil; obviously this aspect of the biology of the snow
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crab must be considered in the continuing assessment of this species
(Karinen and Rice, 1974). Few other direct data based on |aboratory
experiments are available for subtidal benthic species (Nelson-Smith,
1973; al so see Malins, 1977). Experinmentation on toxic effects of oil

on other conmon nmenbers of the subtidal benthos should be strongly en-
couraged in | ower Cook Inlet as well as for all Quter Continental Shelf
(0CS) areas of investigation. In addition, potential effects of |oss of
sensitive species to the trophic structure of Cook Inlet nust be exam ned.

A direct relationship between trophic structure (feeding type) and
bottom stability has been denonstrated by Rhoads (see Rhoads, 1974, for
review). He describes a diesel fuel spill that resulted in oil becomng
adsorbed on sedinent particles which in turn caused death of many deposit
feeders living on sublittoral nuds. Bottom stability was altered with the
death of these organisns, and a new conplex of species became established
in the altered substratum Many conmon nenbers of the infauna of | ower
Cook Inlet are deposit feeders; thus, oil-related nortality of these
species could likewise result in a changed near-bottom sedinentary regine
with subsequent alteration of species conposition there. In addition, the
comrercially inportant king (Paralithodes camtschatica) and snow crabs
(Chionoecetes bairdi), and sone bottom fishes, use deposit-feeding inverte-
brates as food; also, varying anounts of sedinent are found in the digestive
tract of snow crabs (Feder, 1977a; Feder and Jewett, 1977) and ot her benthic
Crustacea (data in present report). Thus, contam nation of the bottom by oil
mght directly or indirectly affect these conmercial species in |ower Cook
Inlet.

I11.  CURRENT STATE OF KNOALEDGE

A conpilation of data is available on comercially inportant shellfish
of lower Cook Inlet. The U S. Bureau of Commercial Fisheries (National
Marine Fisheries Service) have conducted distribution and abundance surveys
in this area on shrinps and crabs since 1958 (see references below). Mre
recent investigations on larval and/or adult stages of shellfish species
have been carried out (Hennick, 1973; ADF&G, 1976; Feder, 1977a). A de-
tailed exam nation of the food of snow crabs from |ower Cook Inlet is
included in Paul et aZ. (in press).
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The snow crab, Chionoecetes bairdi Rathbun, a conmbn epibenthic
invertebrate found in Cook Inlet has been commerically harvested there
since 1968. The annual catches for the area from 1968 to 1976 ranged
from 590 to 3600 metric tons. The 1975-76 Cook Inlet catch was worth
approximately 1.3 mllion US. dollars to the fisherman (catch and price
data-Allen Davis, Al aska Dept. of Fish and Gane, Homer, Al aska, person.
commun., 1976) . Approxi mately 55% of the snow crab caught in the Inlet
came from the Kanmishak Bay area, 18% from the nouth of the Inlet, and
15% from the Kachemak area

The king crab, Paralithodes camtschatica, is also comercially
harvested in Cook Inlet, Alaska. Approximately 69% if the king crab are
caught in the Kamishak Bay area with an additional 34% in the Kachemak
Bay region. The renminder are captured near the nmouth of the Inlet.
Catches of king crab fromthe Inlet averaged 1,860 netric tons during
1971-1975 (Al aska 1976 catch and production statistical leaflet No. 28).

Dungeness crab occurs primarily in Kachemak Bay. Catches of
Dungeness crab from Cook Inlet averaged 141 netric tons during 1971-1975
(Al'aska 1976 catch and production statistical l|eaflet No. 28)

Data on non-comerci al, benthic invertebrates are not as extensive
as that available for commercial species in |ower Cook Inlet (U S. Bureau
of Commercial Fisheries, 1958, 1961, 1963 cited in US. Dept. Inter., 1977
Feder, 1977a). Further studies on the interactions of selected benthic
invertebrate species fromlower Cook Inlet are currently underway (Feder,
19776) . Littoral zone studies have been conducted (Danes and More, 1977)
and are being continued by Lees (1977).

[V.  STUDY AREA

A station grid, in addition to several stations of opportunity, were
established for benthic sanpling in |ower Cook Inlet (see Feder, 1977b and
1978a for stations occupied in 1976; Figs. 1, 2, 3 this report for stations

on this grid occupied in 1977 and 1978; data for all stations are conpiled
in Appendix 1).
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V. SOURCES, METHODS, AND RATI ONALE OF DATA COLLECTI ON

Benthic i nfauna and epifauna were collected aboard the RV Moana \Wave
from March 30-April 15, 1976, and the NOAA Ships Miller Freeman and Surveyor
on a series of cruises from Cctober 1976 to July 1978. Sanpling in 1976
was carried out using a 0.1 nf van Veen grab, a pipe dredge (36 x 91 cm,
an Agassiz traw (2.0 m horizontal opening), a try-net (3.7 m horizontal
opening), and a clam dredge. Sanpling in 1977-78 was conducted with a van
Veen grab, pipe dredge, Agassiz trawl, 400-nmesh Eastern otter traw (12.2
m horizontal opening), and a clam dredge. The pipe dredge, try-net, clam
dredge, and bottom skimer were used for qualitative sampling only, while
the van Veen grab, Agassiz and Eastern otter traw data were treated quanti-
tatively. Five or six grabs were generally obtained at selected stations.
Sampling time for the Agassiz and Eastern otter trawls was usually 15 and
30 minutes, respectively.

Material from each grab was washed on a 1.0 nm stainless steel screen,
and preserved in 10% formalin buffered with hexanine. Labeled sanples were
returned to the Marine Sorting Center, University of Al aska, where all
organisns were identified, counted, and wet-weighed after excess nmoisture
was renoved.

The pipe dredge was used to, (1) determne if the van Veen grab was
adequately sanpling infauna; (2) provide additional infaunal data in areas
where van Veen grabs could not penetrate properly; (3) provide specinmens
for conparison with items found in stomachs of crabs and fishes exanined
in feeding studies; and (4) collect large nunbers of clans for age-growh
investigations. dans were renoved from pipe-dredge sanples, preserved
in 10% buffered formalin, and shipped to the Seward Marine Station for
exam nation. The remminder of the material from the dredge was exam ned
in Fairbanks.

All invertebrates fromtraws were sorted on shipboard, given tenta-
tive identifications, counted, weighed, and aliquot sanples of individual
species preserved and |abeled for final identification at the Institute of
Marine Science, University of Al aska.

After final identification, all invertebrate species were assigned
code numbers to facilitate computer analysis of data (Mueller, 1975).
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Representative and voucher sanples of invertebrates were stored at the
Institute of Marine Science, University of Al aska, Fairbanks, Al aska.

The crabs used for the feeding studies discussed in this report
were taken by trawl from Cctober 1976 to July 1978. Stations selected
for detailed exam nation were those where crabs were abundant.

The stomachs of snow crab, king crab, Dungeness crab, and selected
species of fishes were collected. Stomachs were renoved inmmediately,
fixed in 10% buffered formalin, and their contents exam ned with a dis-
section and/or conpound microscope in the laboratory in Fairbanks. Prey
organi sns were counted and identified to the | owest possible taxon. If
the nunber of prey could not be determned, contents were recorded as a
single specinmen of the food item This was often the case with barnacles
and occasionally bivalves. Crabs were separated by size, sex, and state
of maturity. Male snow crabs wth carapace widths greater than 110 nm
were considered sexually mature (Brown and Powell, 1972). Fenale snow
crabs were classified as immture (pre-reproductive) or mature (repro-
ductive or post-reproductive) based on the enlarged abdomen, nodified
pleopods, and egg clutch of the adults (Yoshida, 1941). Food itens were
recorded as frequency of occurrence, in which prey items were expressed
as the percent of the predator containing various food itens relative to
the total nunber of the predator analyzed.

The percent of fullness of snow crab stomachs was exam ned by injecting
the stomachs with water until full, then enptying the contents into graduated
centrifuge tubes, centrifuging and then determning the percent of total
volunme that consisted of stomach contents.

Stomach contents of snow crabs from selected stations were dried at 60°C,
wei ghed and then digested with Potassium Hydroxide and redried to determne
what percentage of the weight was animal and plant tissue (IBP Handbook 16).
Next, |arge pieces of carapace were renoved and the sanple treated with
concentrated hydrochloric acid to clinmate calcareous shell and carapace
fragnents. The sanple was redried to determne the weight of sedinents
present. Sedi nent wei ght determ ned by this nmethod is sonewhat conserva-
tive since carbonates naturally associated with the sedinment are destroyed.
Snow crabs were fed |ive Macomo balthica in the |aboratory to determ ne
typical prey consunption rates.
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Sanmpling with dredges, grabs and traw s at each station made it
possible to obtain information on potential prey of snow crab, and facili-
tated identification of stomach contents.

In 1976 an extensive trawl survey of Cook Inlet was undertaken to
determine distribution and abundance of benthic invertebrates (Feder,
1978a) .  This survey was utilized to determine critical habitats in the
Inlet. Stations where king (Paralithodes camtschatica), and snow,
(Chionoecetes bairdi), and Dungeness crabs, (Cancer magister), and pandalid
shrinmps were abundant were selected for continued study in 1977 and 1978.
In addition, three stations established by Pacific Marine Environnental
Laboratory (PMEL) and two by Oregon State University scientists were
occupied to enable integration with these studies. The primary objective
of the 1977 and 1978 trawing activities was to collect stomachs from the
commercially inmportant crustaceans and some of their major prey species.
These data are necessary to determne key organisnms in the benthic food
web. Information on size distribution of the snow crab and the reproduc-
tive biology of this crab and other commercially inportant crustaceans
was al so obtained from the data.

The critical habitats for commercially inportant crustaceans include
the areas where adults are captured by fisheries activities (sunmmarized
by ADF&G, 1976) and areas where juveniles, egg bearing females, and
moulting individuals are found. Many of these areas were identified
during the 1976, 1977-1978 surveys. However, other areas, not defined,
probably exist because only a limted nunber of stations were occupied
in the surveys.

VI. RESULTS - DI SCUSSI ON
Important Habitats for Biologically Inportant Crustacea

All data reported here are primarily based on the 1977-78 survey
(Feder, 1978a); some conparative data are included. Data fromthe 1976
surveys will be integrated with the 1977-78 survey in the Final Report.

Maj or concentrations of snow crabs were found primarily in the
western part of lower Cook Inlet in all surveys. In terns of nunbers,
the largest catches occurred at stations 5(111 crab per kmfished), 25
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(100 per km fished), A53 (50 per km fished), 8 (43 per km fished), 18

(17 per kmfished), A62 (15 per km fished) , and 27 (11 per km fished),
(Table I'). At all other stations in the Inlet the average nunber captured
inall trams was less than 10 per km fished. In Kachemak Bay, snow crabs
were most abundant at stations 41 and 40 with an average of 8 and 5 snow
crabs per km fished (Table 1).

The size-distribution data for snow crabs (Table I1) indicate that
the areas sanpled are inhabited by size segregated popul ations.  Snow
crabs less than 20 nm carapace width were encountered primarily near the
mouth of the Inlet and |ower Kami shak Bay. Station 5 was the area where
these small crabs were nost abundant ranging from 7 to 414 per km fished.
Station 8 (4 to 135 per kmfished) and 25 (8 to 238 per km fished) also
had significant nunbers of these young crabs (Table Il). The size distri-
buti on data suggest the existence of a nursery area for snow crabs that
enconpasses stations 5, 6, 7, 8, 18, 23, 25, 53, and A53 (Table Il), and
strengthens the qualitative assessnent of 1976 that also indicated this
region (in particular stations 5, 6, 7, and 8) to be a nursery ground for
snow crabs (Feder, 1978a). Stations 6 and 23 are in the current |ease area
and the other stations, with the exception of 53 and A53, are directly in
the path of prevailing currents which flow southward over the |ease area.
The absence of snow crabs less than 20 mm carapace width in the Kachemak
Bay area is puzzling since the area supports a commercial fishery. Their
absence in Kachemak Bay may be due to recruitnent failure, or perhaps crabs
move from the nursery area described above or from other nursery areas not
di scovered, to Kachemak Bay and other parts of the Inlet. Further observa-
tions on the distribution of these snall crabs are necessary to determne
the inportance of nursery areas as a source of recruitment to Cook Inlet
and the adjacent Gulf of Al aska.

Low numbers of sub-adult crabs 21 to 80 nm carapace widths, were
encountered at all snow crab study stations (Table I). Perhaps snow
crabs of this size range inhabits shallow waters not sanpled. It is
essential to know where this inportant size group of crab is located
if the dynamics of this inportant species and its potential interaction

with oil is to be conprehended.
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TABLE |

MEAN NUMBER AND PERCENT OVIGEROUS KI NG, SNOW AND DUNGENESS CRABS
CAPTURED I N ALL QUANTI TATIVE TRAWS IN 1977 AND 1978
IN LOAER COOK | NLET

X = mean, km = kilometers, - = no specinens collected
King crab Show crab Dungeness Crab
Station %/km % of catch &/km % of catch ®/km % of catch
Cook Inlet fished w eggs fished w eggs fished w eggs
5 111 >1 1
6 6 17
8 43 >1 1 1
18 2 33 17 0 1 0
23 1 50 4 4
25 100 >1
27 8 39 11 8
28 5 0
35 20 7 8 0
36 1 0 22 3
A36 10 0
B36 2 0 34 0
37 2 50 3 7 3 0
38 2 0
A38 1 0
39 16 40 2 0
40 2 38 5 4 13 19
MO 9 20 1 25 8 2
41 1 20 8 69 6 3
B41 1 0 5 0
B43 29 18
A4T 1 0
49 42 0
A49 6 0
Bl uf f 21 0
53 2 78 8 4
A53 2 50 50 1
54 2 33 7 13
55 2 0
56 7 5
A56 5 0
62 16 20
A62 15 2
B62 1 0
204 6 0
227 3 0 2 0
PME1 11 12
PME7 1 0 4 0 1 0
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TABLE 11
SI ZE DI STRI BUTI ON OF CHIONOECETES BAI RDI FROM
SELECTED TRAWS FROM COOK | NLET STATI ONS.
DATA FROM ALL QUANTI TATI VE TRAW.S 1977 AND 1978

Data recorded as nunber of crabs; - “not sexed

No. Mal e/ Femnl e

Station 5-20 mm  21-80 nmm 81+ mMm Crabs 81 mm  Comments

5 1469 16 27 15/12 Large crabs have
fungus growth

6 7 0 5 3/2

8 248 0 2 2/ 0

18 44 0 14

23 22 0 3

25 396 2

40A 0 2 2 1/1

41 0 ‘1 79 7137 Most crabs were
old shell covered
wi th barnacles

53 81 2 30 14/ 4

53A 92 0 13 1/12

62A 32 1 105 48/ 57
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Fermal e snow crabs with eggs ready to hatch, moulting individuals, and
ol d shell individuals between clutches constituted significant percentages
of the catches at the following stations on the west side of the Inlet:
station 62 (20%, PMEL 1 (12%, 54 (13%), 53 (4%, and 23 (4) (see Table I).
Near the nouth of the Inlet at Station 6, 17% of the snow crabs captured
were females with eggs. In Kachemak Bay 25% to 69% of the snow crabs
captured were females with eggs. These areas nust be considered critical
habi tats because moulting success of snow crabs and survival of their zoea
are negatively affected by crude oil (Rice et al., 1978). No newy moulted
females or fenmales with hatching eggs were collected during the study
period 1977-78.

On the west side of |ower Cook Inlet king crabs were nost abundant
at stations 35 (20 per km fished), and 27 (8 per km fished; see Table I).
No king crabs were captured near the mouth of the Inlet in 1977 or 1978.
I n Kachemak Bay, king crabs were npost abundant at stations 43 (30 per km
fished), 39 (16 per km fished), A40 (9 per km fished) and 40 (2 per km
fished). Juvenile king crabs did not nmake up a significant portion of any
of the catch at the stations sanpled. Over 95% of the king crabs captured
were sexually mature individuals. No “pods” of juveniles were encountered.
Soft-shell male king crabs were encountered in March at station 41, in My
at station 54, and June at station PVMEL 7. One grasping pair was captured
in March at station 55. Soft-shell females were observed at station 53 in
June and July, and station 35 in June. By June, the mgjority of the crabs
captured had new carapaces. King crab eggs probably hatched in Kachemak
Bay in April and May (Haynes, 1977).

Dungeness crabs were captured with regularity at stations 40 (13 per
km fished), A40 (8 per km fished), and 41 (6 per km fished; see Table 1).
Females with eggs constituted 19% 2% and 3% respectively, of the catch
at these sane stations. In August, 64 Dungeness crabs with carapace widths
of 22 to 45 nm were captured at station A40. The reminder of the Dungeness
crabs captured were generally over 100 mm in carapace width. In non-quanti-
tative trawls taken in June, 99% (n= 45 ¢¢) of the mature fenal es exani ned
had egg clutches. In July, only one female (n= 36 ¢¢2) with eggs was ob-
served. Kachemak Bay nust be considered as the nost inportant habitat for
Dungeness crab in Cook Inlet.
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The pink shrinp (Pandalus borealis) was encountered in the greatest
abundance at station 37, inner Kachemak Bay, where catches for all traws
in 1977 and 1978 averaged 926 per kmfished (Table I11). H ghest concentra-
tions in outer Kachemak Bay were observed at stations 227 (278 per km fished),
PMEL 7 (202 per kmfished) and 40 (167 per kmfished). At station 62, near
the nmouth of Chinitna Bay, 123 per kmfished were encountered in Novenber.
No areas where pink shrinps were abundant were observed in Kam shak Bay.
Near the nouth of the Inlet at stations 5 6, and 8, pink shrinmps were
observed at average popul ation densities of 9, 11, and 35 per km fished.

In Kachemak Bay hatching of pink shrinp eggs probably occurs in April and
May (Haynes, 1977). The results of the survey indicate Kachemak Bay to be
the major habitat for pink shrinp in Cook Inlet.

Hunpy shrinp (Pandalus goniurus) was most abundant at station 56
in northern Kamishak Bay with an average of 792 per km fished (Table I11).
In the same area, stations A62 and A56, the average number captured was
275 and 125 per kmfished. Near the nouth of the Inlet, 166 bunpy shrinps
were captured per km fished. In the Kachemak Bay area bunpy shrinps were
most abundant at stations 38 (301 per km fished), A38 (224 per km fished),
and 37 (171 per km fished) all in the inner bay. Few bumpy shrinps were
encountered at any of the outer Kachemak Bay stations, |ess than 10 per
km were fished. Hatching of bunpy shrinp probably occurs in April and
May in Kachemak Bay (Haynes, 1977). Based on this survey the critical
habitats for bunmpy shrinp are northern Kamishak Bay, Chinitna Bay, and
i nner Kachemak Bay.

Coonstripe shrinp (Pandalus hypsinotus) was nost abundant in inner
Kachemak Bay. At stations 37, 38, and A38 catches of coonstripes averaged
176, 41 and 71 per kmfished. Smaller nunbers, 4 to 30 per km fished,
were observed in outer Kachemak Bay. No |arge concentrations of coonstripe
shrinps were observed at any of the other stations exam ned in Cook Inlet
(Table I11).

Sidestripe shrinp (Pandalopsis dispar) was al so nost abundant, an
average of 15 per km fished, in inner Kachemak Bay station 37. Average
catches of less than 10 per km fished were made in outer Kachemak Bay
stations PMEL 7, 39, and station 8 near the nouth of the Inlet (Table II1I).
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TABLE III

MEAN NUMBER OF PINK, HUMPY, COONSTRI PE AND S| DESTRI PE
SHRI MPS CAPTURED IN TRAWLS IN COOK | NLET, 1977 AND 1978

X = nean, km= Kkilonmeters, - = no specinens collected
Coonstri pe Si destripe
Station Pink Shrinp Humpy Shri np _ Shrinp _ Shrinp
Cook Inl et x/km fished x/ km fished x/km fished x/km fished
5 9 1 1
6 11
8 35 166 9
25 4
35 19 1
A36 10
37 926 171 176 15
38 65 301 41
A38 224 71
39 18 104 30 7
40 167 5 4
MO 10
41 1
49 36
A49 5
54 9
55 2
56 792 12
A56 125
C56 3
62 124
A62 275
B62 2
227 278 3 1
PMEL 7 202 24 19 5
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Food of Snow Crab (Chionoecetes bairdi), King Crab (Paralithodes camtschatica),
and Dungeness Crab (Cancer magister) in Cook Inl et
A detailed food survey of commercially inportant Crustacea and two
of their major prey organisms was undertaken in order to identify the key
species involved in the flow of carbon to these organisns which in turn,
are utilized by man as food. The aninmals exam ned were snow, Kking, and
dungeness crabs, hermit crabs, and pink, sidestripe, coonstripe, bunpy,
and crangonid shrinps. Examnation of the food requirements of zoea |arvae
of snow and ki ng crabs, and pink shrinp, and post larval king crabs is in
progress. Data fromthe latter studies will be included in the Final Report.
Stations where crab stomachs were collected are presented in Figure 2.

Snow crab

Food occurred in 772 (64%) of 1198 Chionoecetes bairdi exam ned
(Tables IV - VII). In the outer Kachemak Bay area, stations 40, 40A, and
41, small clams were the nmost frequently encountered prey, occurring in
33% of the stomachs. The clams Spisula polynyma, Nucula tewnuis, and
Macoma spp. occurred in 16% 6% and 4% of the stomachs, respectively.
Hermt crabs were observed in 17% of the stomachs and barnacles in 14%
All other prey categories were observed in | ess than 10% of the stonachs.
In inner Kachemak Bay, station 37, the dom nant foods were the clam
Nuculana fossa, which occurred in 7% of the stomachs, and polychaetous
annelids found in 5% of them

In Kamishak Bay, stations 18, 25, 27, 28, 35, 53, 56, PMEL 1 and
El , small bival ves occurred in 37% of the stomachs. C ans of the genus
Macoma were the most frequently occurring clamfound in 13% of the
st omachs. Barnacl es and hernit crabs were observed in 19% and 17% of
the stomachs, respectively. Al other categories of food were observed
in less than 10% of the stomachs. Juvenil e Chionocecetes bairdi were
found in 4 stomachs at station 23 (Table |V).

In the outer district of the Inlet, stations 5 5A 8A and 23,
two food types dom nated. Clams of the genus Macoma and hermit crabs
were observed in 45% and 12% of the stomachs, respectively.
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TABLE |V

DATA RECORDED AS FREQUENCY

OCTOBER 1976.
OF OCCURRENCE OF FOOD | TEMS

FOOD OF COOK I NLET SNOW CRAB,

PREY | TENMS

JuDWIpag
wapToanTydy
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24 14

51
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79 31
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141 106 1

14

14

27

87 67 3

11 23

22

1

96 64 5
22 10

40A
41

17
14 11 30

10

13

78 43 1
104 54

53

6

62A

76A
Tot al
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40 13

1 65

6

2 37 61 8 5
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6

1

1149 12

3 7

2

715 428 10
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Frequency

Per cent
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9

0.5 11 0.3 5
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TAELE V
NovErBER 1977,

DATA RECORDED AS FREQUENCY

RRENCE OF FOOD | TEMS

CF

FOOD OF COOK | NLET SNOW CRAR

PREY | TEMS
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* The Qgenus Hargarites OCCUrs in the area and may be included.



TABLE VI

DATA RECORDED AS FREQUENCY

MARCH 1978.
OF OCCURRENCE OF FOOD | TEMS

FOOD OF COOK | NLET SNOW CRAB

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



TABLE VI

JULY 1979. DATA RECORDED AS FREQUENCY

OF OCCURRENCE COF FOOD | TEMS

FOOD OF COOK | NLET CHIONOECETES BAI RDI,

PREY | TEMS
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1
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3
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3 0.40.84 0.4 6 1

5 15

9

52 1 0.412 0.8 2

Frequency

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



Throughout Cook Inlet, snow crab stomachs with food conmmonly con-
tained the remains of several barnacles or clans. In one stonmach, 16
recently settled Macoma spp. were observed. Few stomachs contained nore
than one large crustacean. The total nunber of each prey, estinated
primarily by counting hard parts of prey, is presented in Table VIII.
These data must be considered qualitative since the estinmates are made
by counting shell and exoskeleton; soft, easily digested tissues are
underestimted. Also, feeding observations in the |aboratory have
dermonstrated that snow crabs nmay often eat the tissue of small bivalves
wi thout ingesting nuch of the shell (these observations wll be discussed
in more detail in the Final Report).

No difference was detected in the frequency of occurrence of prey in
Chionoecetes bairdi of different sexes or sizes examined (Tables VIII - |X).
Barnacles, hermit crabs, crangonid shrinps, and small clans are
wi dely distributed throughout |ower Cook Inlet (see Feder, 1978a), and

are fed upon by Chionoecetes bairdi in proportion to their abundance.
Qther species used for food are discontinuous in their distribution of

| oner Cook Inlet (Feder, 1978a). This discontinuous distribution, prob-
ably nore than their acceptability as food, explains the infrequent
occurrence of these species in snow crab stomachs.

Small anmounts of sedinent were observed in stomachs of crabs, from
the three areas; however, sedinent seldom contributed to nore than 16%
of the dried weight of stomach contents (Table X).

In the Kodiak area the nost commonly encountered stomach contents
were small clans, shrinps, plant material, and sediment (Feder e-t al.,
1977b; Feder and Jewett, 1977). In Cook Inlet plant material, possibly
eelgrass, was only observed in one stomach.

Tarverdieva (1976) found in the southeastern Bering Sea that adult
C. bairdi feed mainly on polychaetes (60-70%. Echinodernms were found
in less than 10% of the stomachs, and nollusks play a large role only
in feeding of the young (63% which |ive separately from the adults.
Commerci al -size C. optlio feeds, as C. bairdi, mainly on polychaetes
(more than 50% with respect to predomi nance), and the young and non-
comrerci al part of the population feed on crustaceans (30-40%, poly-
chaetes (20-30% and nollusks 20%). Feder (1978b) reported polychaetes,
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TABLE VI |

NUMBER OF PREY SPECI MENS I N SNOW CRAB STOVACHS
BY SIZE AND SEX, OCTOBER 1976

56

MF= mature female, MM = mature male, IF “immture female,
IM = i mmat ure male
Car apace Nunber of Nunber of Nunber of
W dt h St omachs Sex Prey in Stomachs Crab Feeding
Station 5A
5- 10 1 [ M Full of sedinent 0
61 - 70 2 M No food 0
81 - 90 2 M Several Nuculana fossa 2
91 - 100 2 - No f ood 0
101 - 110 2 ™ 1 crustacean 1
111 - 120 6 MM 8 Macoma spp., 1 Nuculana fossa 6
121 - 130 4 VM 2 Macoma spp., 1 Nuculana fossa,
1 Balanus spp. 3
131 - 140 1 MM Several Macoma Spp. 1
141 - 150 3 MM No f ood 0
71 - 80 2 MF Several Macoma Spp . 2
81 - 90 3 MF Several Macoma Spp . 3
91 - 100 2 M- 2 Macoma spp., 1 Nuculana fossa 2
101 - 105 1 MF 1 Macoma spp. 1
81 - 90 6 | F 3 Macoma spp. 3
91 - 100 2 | F 2 Macoma spp. 2
Tot al 39 Tot al 26
Station 83
5- 10 4 M 1 amphipod, 1 crustacean, sedinent 2
11 - 20 3 ™ 2 tissue, sedinent 2
21 - 30 3 M 1 amphipod, 1 Crangonidae 2
81 - 90 1 M 1 Paguridae, 1 Macoma spp. 1
101 - 110 1 M 1 Crangoni dae 1
5- 10 9 I F 2 anphipods, 1 tissue, sedinent 3
11 - 20 2 | F 1 Natantia, 1 anphi pod 2
21 - 30 1 I F 1 Paguridae 1
Total 24 Tot al 14



TABLE VI

57

CONTI NUED

Car apace Number  of Number  of Nunber of
W dt h St omachs Sex Prey in Stonmachs Crab Feedi ng
Station 18
61 - 70 6 ™M 4 Serripes groenlandicus 2
71 - 80 16 M 2 S. groenlandicus, 2 Paguridae

3 Crangoni dae, 3 Balanus spp.,

sedi ment 11
81 - 90 19 M 3 S. groenlandicus, 4 Paguri dae,

2 Crangoni dae, 2 Balanus spp.,

1 Pectinaria spp., sedinment 13
91 - 100 13 M 1 S. groenlandicus, 4 Balanus spp. 5
101 - 110 15 M 1 Macoma spp., 1 Nuculana fossa,

1 Crangoni dae, 3 Balanus spp.,

sedi nment 7
111 - 120 7 MM No food 0
121 - 130 2 MM No food 0
141 - 145 1 MM No food 0

Total 79 Tot al 38

Station 23
61 - 70 1 M 2 Macoma spp. 1
71 - 80 9 ™ 1 Yoldia hyperborea, 17 Macoma Sp . 7
81 - 90 42 IM 70 Macoma spp., 2 Chioncecetes bairdi 38
91 - 100 16 M 13 Macoma spp., 1 C. bairdi,

1 polychaete, 2 Paguridae, sedinent 16
101 - 110 11 M 4 Macoma spp., 2 Balanus spp., sedinent 7
111 - 120 9 MM 1 Paguridae, 1 C. bairdi, 1 Balanus spp.

1 Pelecypoda 4
121 - 130 7 MM 1 Macoma spp., sedinment 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, sedi nent 15
91 - 100 12 M? 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 | F 3 Macoma spp., sedinment 3

Total 141 Tot al 107



TABLE VI |

58

CONTI NUED
Car apace Number of Nunmber of Nurber  of
W dt h St omachs Sex Prey in Stomachs Crab Feeding

Station 25
31- 40 2 I'M 1 Macoma spp. 1
61 - 70 2 | M 2 Macoma spp. 2
71 - 80 5 ™ 1 Macoma spp., 1 Astarte spp.,

1 Pagurus ochotensis 3
81 - 90 22 ™ 7 Macoma spp., 6 P. ochotensis,

5 Balanus spp., 2 polychaetes,

sedi ment 18
91 - 100 9 ™ 2 Macoma spp., 4 P. ochotensis,

2 Paguridae, 2 Balanus spp. 10
111 - 120 3 Y 1 P. ochotensis, 1 Paguridae,

1 Crangoni dae 3
121 - 130 5 %Y 5 Macoma spp., 1 Astarte spp.,

1 Pandalus spp., 2 anphipods,

1 polychaete . 5
131 - 140 3 VM 1 P. ochotensis, 1 Chionoecetes bairdi 2
81 - 90 8 VF 2 Macoma spp., 1 Astarte spp.,

1 P. ochotensis, 1 Balanus spp. 4
91 - 95 1 MF 1 Pelecypoda, sedi ment 1
21 - 30 3 | F 5 Macoma Spp. 3
61 - 70 4 | F 2 Macoma spp., 1 Balanus spp.,

sedi nent 3
71 - 80 15 | F 7 Macoma spp., 1 Astarte spp.,

1 Pelecypoda, 1 Paguridae, 1 Balanus 11
81 - 90 _5 | F 24 Macoma spp., 1 Paguri dae,

1 Crangoni dae S

Tot al 87 Tot al 71

Station 28
91 - 100 2 M 1 Macoma spp., 2 Paguridae,

1 Balanus spp. 2
111 - 120 4 MM 1 Paguri dae _1

Tot al 6 Tot al 3



TABLE VI I

CONTI NUED

Car apace Nunber of Nunber of Nunber of
W dt h St omachs Sex Prey in Stomachs Crab Feeding
Station 40A
41 - 50 9 M 1 Pelecypoda, 1 Pagurus ocho-

tensis, 2 Balanus spp.,

2 polychaetes, sedi ment 5
51 - 60 23 M 11 P. ochotensis, 2 Paguridae,

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

4 P. ochotensis, 5 Paguridae,

9 Balanus spp., 1 crustacean,

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

1 Balanus spp., sedinment 2
81 - 90 3 I'M 1 P. ochotensis 1
41 - 50 13 IF 1 P. ochotensis, 1 Paguridae,

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

4 Balanus spp., 1 plant material,

sedi nent 10

Tot al 96 Tot al 67
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TAELE |X

FOOD or COOK INLET SNOW CRAB BY SIZE OF cras, NOVEMBER 1977.

DATA RECCRDED AS FREQUENCY OF occursence OF FOOD | TEMS

PREY [ TEND
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Percent Frequency
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* The genus Margarites OCCUrs in the area and may be included.
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TABLE X

THE PERCENT FULLNESS OF STOMACH (% f), MEAN DRY VEIGHT (g) OF STOMACH CONTENTS (xdw),
PERCENT OF DRY WEI GHT PLANT AND AN MAL Tl SSUE (%t), AND PERCENT SEDI MENT VEI GHT (%S) OF

CHIONOECETES BAIRDI,

Bl anks indicate no specinmens at size

COOK | NLET, NOVEMBER 1977

Size of Crab Station 5 Station 27 Station 35 Station 40 Station 53 Station 62, 62A
(mm) %Zf xdw Zt %s Af xdw %t %s %f xdw %t U8B Af xdw %t Zs 4f xdw Zt U8 Zf =xdw %t %s
0-9

10 - 19 6 .022 82 10 30 .030 60 6

20 - 29 23 .086 85 13 40 .042 60 13

30 - 39 35 .176 78 10

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



clams and ophiuroids as inportant food itens for C. opilio in the south-
eastern Bering Sea.

Yasuda (1967) exam ned stomachs of Chionoecetes opilio elongatus
Rathbun from Japanese waters, and found the nost frequently occurring
invertebrate prey to be brittle stars (Ophiura sp.), and young C. opilio
elongatus, and protobranch clanms. Polychaetes, shrinps, gastropod,
scaphopods and flatfishes were al so taken by C. opilio elongatus.

Polychaetes and gastropod were comon in Cook Inlet but rarely
preyed upon. It is possible that with a dissection mcroscope, often
used in stomach anal yses, very small polychaete fragnments were not
observed and that this group may occur nmore frequently in snow crab
stomachs than reported. Brittle stars are relatively rare in the
| ower Cook Inlet. In Cook Inlet cannibalismwas infrequent. Scapho-
pods and fishes were encountered in few C. bairdi stomachs.

A conparison of the percent fullness of stomachs of Cook Inlet
snow crab at different times of day (Table Xl) indicates that there
are no definite day-night trends in the 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
wei ght of stomach contents is presented in Table X. In the l|aboratory,
total clearance of the stomach required 3 days (Table X 1). In the
| aborat ory consunption of Macoma balthica tissue by snow crab averaged
4.2% and 3.4% of total live weight and total dry weight of snow crab,
respectively (Table XI11). These data may be useful in indicating a change
in feeding habits resulting from a change in the environnent, such as the

addi tion of oil.

King crab

A total of 117 king crab stomachs were exami ned from Kam shak Bay,
90% contained food. The nean carapace length of all crab exam ned was
105 mmwith a range of 35-150 mm  The three nost frequently observed
i ndividual foods were barnacles, 81% bivalves of the famly Mytilidae,
probably Modiolus sp., 13%; and hermt crabs, 12% In addition, 17

other categories of food items were observed; none occurred in nore than
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T-ABLE XI

A COWPARI SON OF PERCENT FULLNESS OF STOMACHS OF COOK | NLET SNOW CRAB
AT DI FFERENT TIMES OF CAPTURE

x = nmean, N = nunber

63

Ti e/ day x % Ful | ness Station N
Novenber 1977
0130 55 53 42
0500 37 40 16
1900 34 35 47
2140 7 5 16
2140 8 27 3
2320 10 62, 62A 10
March 1978
0000 28.6 62A 6
0335 50.0 62A 4
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 PMELL 12
1800 54 62A 2
1800 15 5 46



PERCENT FULLNESS OF STOMACHS OF CHIONOECETES BAl RDI

TABLE XI |

AFTER FEEDI NG I N THE LABORATORY (5°C)

N = Numrber

of specimens exani ned

Tine After Mean Carapace Mean Percent St andard
Feeding (hrs) N Wdth (nm St omach Ful | ness Devi ation
Experinent 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 XI11

CONSUMPTI ON OF MACONMA BALTHICA BY CHIONOECETES BAIl RDI
OVER A TVENTY- FOUR HOUR PERI CD

X = mean, N = nunber of specinmens

x Carapace Wole Crab Mean Macoma Macoma Meat
W dth Wi ght Meat Wéi ght St andard as X Crab
(nm) N (g) Eaten (g) Devi ation Wi ght

Wet Wi ght 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 Wight 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 0.1591 2.9
72 2 30.1 0. 5067 0. 2466 1.7

X 3.4
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6% of the stomachs. Bivalves (clanms) , all species conbined, occurred in
27% of the stomachs, and gastropod were found in 12% of the stomachs
(Table XIV). In My, 41% of the crabs with enpty stomachs were newy
molted or nmolting individuals.

Stomachs from crabs in Kamishak Bay generally contained only barnacle
remains. Eighteen king crabs collected at station 35 in Novenber 1977
had full stomachs, and were feeding exclusively on the barnacles, Balanus
crenatus. The contents of these stomachs were digested in KOH and
bar nacl e shell wei ghts remaining after KOH digestion and rinsing with
distilled water determned. The average shell and neat weights of 100
barnacl es taken from the same trawms, were determined in a sinilar nanner.
An estimation of the average number of barnacles, based on shell weight,
in each stomach was nmade. The stomachs contained the equival ent of 11.2
(s.d. = 7.4) barnacles per crab. The average wet neat weight for the
el even barnacl es woul d be 2g,

In Kachemak Bay, 113 king crabs were captured, 72% contai ned food.

Bi val ves, all species together, occurred in 60% of the stomachs. The
clam Spisula polynyma, was the nost frequently occurring prey species,
observed in 38% of the stomachs. Barnacles were found in 14% of the
stomachs.  The snail, Neptunea lyrata, occurred in 11% of the stonachs
(Table XV). By examining shell thickness and sizes of resilium or
cardinal teeth of Sptsula polymyma shells in stomachs, it was possible
to estimate sizes and age of the clans eaten (see Feder, 1978a clam-
aging nethodol ogy and data). In the 43 king crab stomachs contai ning

S. polynyma, 13 had |arge clam neats and pieces of shell 1 to 2 nm

thick. Sptsula with shells this thick would exceed 80 mm in shell |ength
and be seven years of age or older. Shells of S. polynyma, probably |ess
than 10 mmin length (young of the year or one year old clans) occurred
in 30 stomachs. Pieces of HNeptunea lyrata opercula up to 15 mmin length
were found in the stomachs of adult crabs.

In contrast to Kami shak Bay, king crab in Kachemak Bay, generally
contained the remains of a variety of organisns. For exanple, one
speci men contai ned 21 small Spisula polynyma, 2 Solariella sp. (snail),

1 Oenopota sp. (snail), and Balanus sp. shell.
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TABLE XIV

, COOK INLET, ALASKA.

F FOOD ITEMS

FOOD OF PARALITHODES CAMTSCHATICA FROM KAMISHAK BAY
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1
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3
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Total Frequency
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3

117 105
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12

81
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* The genus Margarites occurs in the area and may be included.



TABLE XV

FOOD OF PARALITHODES CAMTSCHATICA FROM xacheMax BAY,

COK | NLET, ALASKA.
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Sixteen king crabs were captured at station 6 near the muth of the
Inlet. In the 12 that contained food, 10 had eaten Nuculana fossa. These
stonmachs contained between 10 and 25 of these small bivalves. dans of
the genus Macoma occurred in 4 stomachs, and one crab had unidentifiable
crustacean remains.

Tarverdieva (1976) provides information on feeding of king crabs from
Bristol Bay, Alaska. There, echinoderns and molluscs were the predom nant
food items occurring in 50% and 35% of the stomachs respectively. Feder
(1978b) observed Chionocardium ciliatum in 67% Solariella spp. in 55%
Naculana fossa in 50% Cistenides sp. and brittle stars of the famly
Anphiuridae in 35% of 124 king crab stomachs from the southeastern Bering
Sea. Takeuchi (1968a, b) exami ned the food of king crabs fromthe Kamchatka
regi on of Japan, and found that molluscs, crustaceans, and echi noderns
were the nain food itenms. Takeuchi (1967) found that the frequency of
occurrence of the above prey groups in crab stomachs corresponded to the
relative abundance of these organisms. In Cook Inlet, barnacles, clans,
snails, and hermt crabs are widely distributed (Feder, 1978a), and are
fed upon in proportion to their abundance. At the stations exam ned,
smal | echinoderns were relatively rare (Feder, 1978a).

Dungeness crab

Food occurred in 331, 80% of the 413 Dungeness crab stomachs
exam ned (Tables XVI and XVII). The average shell width of the Dungeness
crabs examned was 142 mmwith a range of 22 to 210 mm  The individual s
over 50 mm carapace width preyed prinarily on snall bivalves, barnacles,
and anphi pods (Table XVI). Small clans were the nost inportant food itens,
present in 67% of the stomachs. The clam Spisula polynyma was the nost
frequently occurring species, observed in 48% of the stomachs. Al other
prey species occurred in less than 5% of the stomachs exami ned.

In 93% of the Cancer magister stomachs containing Spisula polynyma,
the shell fragments belonged to clanms probably less than 10 nmmin shell
length (young of the year or one-year old clams). By counting the nunber
of umbos or hinge |iganments present, it was possible to nake an estinmate
of the nunber of small S. polynyma present in some stomachs.  The maxi mum
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TABLE XVI

FOOD OF CANCER MAGISTER WITH CARAPACE WIDTH GREATER THAN 50 mm FROM COOK INLET, ALASKA

TeTiaisuw JUBRTd

anssT1 peTifiusapIun
3809131

eaptoantydp

B9OBRISNIJ POTITIUSPTIUQ
1PAIDG $238080UOLYD
aeprandeg

+dds uobimw.ay

“dds snyopung
epodiyduy

*dds snuvipg

BTATRATE PITITIVSPTU(]
SaploNONU DULL1F]
~dds vwoovp

vwAnfipod pinsids
wngorle UNIpIDOOULL)
+dds sAuwiyy

snjoipou sn]OTPON
pgo708q0qns siaswRohily
pssof vupinony

sanuag pinony
epodoxlses potIFIulpPIUn
vapafi] vaungday

*ds vorgvy

x*ds 779740708
el1aeyd4Tod

e0Z0Lag

20Z01pAH

B19JTUTWEIO]

PooJ YITA SYDBWOIS *ON
paurumexa sydBewols °*Of

azad/yjuom  33e(Q

Station

11

25 18
52 40

18 12
132 104

7/78

40

33

10

8/18
12/77

40

3
5

40A
40A
40A
40A
41

2 10 10

5

80

1

6/78

70

5
5

9
6

3
22 21

7/78

8/78

6/18

10

1

7778

41

8
2

8/78 13

41
227

6
63 33

8/78

17

13

1

6/78

Total Frequency

D1

10

15

2 20 39 21 14 4

3 7 6 4168 5

1 10 13

1

1 16

349 251 17 1

Percent Frequency

of Occurrence
of Occurrence

<1

<1

<1 11

48

2 <1 <1 <1

4
ites occurs in the area and may be included.

72 4.8 <1 <1

* The genus



TABLE XVII

FOOD OF CANCER MAGISTER WITH CARAPACE WIDTHS OF 22-45 mm FROM COOK INLET, ALASKA
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nunber countable was 125 young clanms. The neats of large S. polynyma
and pieces of shell 1 to 2 nmthick were observed in 29 stomachs.

In the one sanple of Cancer magister conposed of crabs with carapace
widths or 22 to 44 mm (Table XVI1), the nost frequently occurring aninals
were: Foraminifera, 36% Polychaeta, 28; barnacles, 28% and small cl ans
25% The individuals with enpty stomachs were generally in a newy nolted
or molting condition.

In a northern California study, the five nost frequently observed
categories of prey for Cancer magister were: clams, 35% fishes, 24%
isopods, 17% amphipods, 167%; and razor clans (Siliqua patula), 12%
(Gotshall, 1977). Butler (1954) examined C. magister fromBritish
Col unbi a, Canada, and found that crustaceans (59% and clans (56% were
the nost frequently occurring food itens. Butler (1954) reported fish
remains in only 4 Dungeness stomachs.

The results of the previous tw studies are sinmilar to our data
in that all three investigations show that clans and several kinds of
crustaceans are inportant as prey for Cancer magister. The major dif-
ference between the studies is the inportance of fishes in the diet of
northern California Dungeness crabs, and the low frequency of occurrence
of fishes in crab diets in British Colunbia and Cook Inlet. Isopods or
razor clans were rarely encountered in grabs or dredges in Cook Inlet.
The mollusec nmost commonly taken by dredging and in the stomachs of other
predators in the study area, was Spisula polynyma. Therefore, the high
incidence of predation on this species is probably a reflection of its

abundance.

VII. CONCLUSI ONS

The traw surveys of 1977-78 extend the data collected in 1976 for
i nportant habitats of commercially-harvested Crustacea in |ower Cook
Inlet (Feder, 1978a). In 1977-78, snow crabs were nost abundant on the
western side of the Inlet in Kamshak Bay (15 to 100 crab per km fished).
Catches were less than 10 snow crab per km fished at all other stations
trawled in the Inlet. Snow crabs |less than 20 mm carapace width (i.e.
juveniles) were found only in outer Kam shak Bay and between Cape Dougl as
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and the Barren Islands. This apparent snow crab nursery area includes
parts of the |ease area. Few snow crabs of 20 to 80 mm carapace w dths
were captured at any of the stations occupied. The areas that this size
grouping inhabit are currently unknown.

The inmportant habitats, based on abundance, for king crabs were in
Kam shak Bay Stations 35 and 27 and Kachemak Bay Stations 43, 39, 40 and
MO . Dungeness crabs were observed only in md-Kachemak Bay Stations 40,

A0, and 41. Wth the exception of a large nunber of bunpy shrinmp captured
in northern Kami shak Bay, Station 56, the mmjor concentrations of pink
bunpy, sidestripe and coonstripe shrinps were found in inner Kachemak Bay;

| esser numbers of these shrinps were observed in md-Kachemak Bay.

The areas discussed above must be considered anmobng the known inportant
habitats for comrercially harvested crustaceans in Cook Inlet. Furthernore,
Cook Inlet crude oil negatively affects survival of the zoea of these conmer-
ci al Crustacea and the noulting success of juvenile snow crabs (Rice et al.
1976) . QI input in these inportant habitat areas could be damaging to adult
stocks if a spill occurred (1) at the period of peak larval abundance in the
upper layers of the water colum, or (2) shortly after settlement and neta-
mor phosi s of young on the bottom

The nost frequently observed prey types in snow crab stonmachs were snal
bi val ves (especially Macoma spp., Spisula polynyma, Nacula tenuis, Naculana
fossa), hermt crabs and barnacl es. These same organisns as well as, mussels
and the snail WNeptunea lyrata were found to be inportant prey for king crabs,
Dungeness crabs fed primarily on young individuals of the clam Spisula
polynyma. The results indicate that small bivalves, barnacles, and hermt
crabs are key species in the food webs of the commercially inmportant crabs
of lower Cook Inlet. No data concerning the effect of Cook Inlet crude oi
on the bivalves, barnacles, and hernmit crabs utilized as food by the commer-
cially inportant crabs is available. Wrk by D. Shaw (person. commun; unpub.
data), Shaw et al (1976), and Feder et al. (1976) indicate that the surviva
rate, condition index, filtering rate, growth, and burrow ng behavior of
Macoma balthica are negatively affected by Prudhoe Bay crude oil

The Final Report for |ower Cook Inlet will include a conplete analysis
of clamgrowth, growth history, natural nortality rates, age-size-neat weight-

carbon val ues, and biomass by station for selected species of clans. Estimates
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of secondary productivity of clans were restricted to 1976 prelimnary
observations only; curtailment of funds and the field programin 1978-79
precluded conpletion of this task. Gab data including species conposition,
bi onmass and diversity will be available for 24 stations (Fig. 3). These
stations are either in the current |ease area, areas where comrercially

i mportant benthic organisms were encountered in the traw survey, or re-
present PMEL detritus-trap stations (J. Lawence, PMEL, person. commun.).
These stations will be grouped into 7 areas: inner Kachemak Bay, mid-
Kachemak Bay, outer Kachemak Bay, central zone, |ower Kamishak Bay, uPPer
Kam shak Bay, and outer region (Fig. 4). \en possible, distribution of
feeding types and biomass will be integrated, with information on detrital
deposition rates and bacterial activity levels available from other OCSEAP
projects in |ower Cook Inlet.

The traw data will be regionalized in the same manner as the grab
data (Figs. 2, 3, 4). The results of the traw survey will i nclude mean
(and standard deviations) of numbers and weights of individuals by species
for each station occupied. The data will be a summarization for all
quantitative data collected at stations between April 1976 and August 1978.
Information on size distribution for snow crab and distribution of egg-
bearing females will be available for all comrercially inportant crustaceans.
Data on nursery areas for snow crabs |ocated in lower Cook Inlet will also
be avail able.

A major goal of the Final Report for lower Cook Inlet will be a descrip-
tion of critical habitats and periods of vulnerability of key invertebrates
to oil pollution. A first assessment of some of these critical habitats is
included in this Annual Report.

Food data beyond that which occurs in the Annual Report, i.e. snow crab,
king crab and Dungeness crab data, will be available for six species of hernit
crabs, three species of crangonid shrinps, five species of pandalid shrinps,
and several species of fishes. Feeding observations wll also be extended
to cover the zoea larvae of king crab, snow crab, and pink shrimp in the
| aboratory. Relative to the latter studies, data will be available on prey
concentrations necessary for successful feeding response of these zoea.
These data are necessary to analyze food availability as a factor affecting
survival of larvae of the above species. Information on post-larval king
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crab collected by Al aska Department of Fish and Ganme from Kachemzk Bay

will also be included in the Final Report.

Linmited | aboratory observations amd experiments on reproduction,
nol ting, and feeding of snow and king crabs will be available. Data for
this part of the study will be linmted since |aboratory work was elininated
from the 1978-1979 project period, and these observations and experiments

were not initiated until late 1978.

VITl. NEEDS FOR FURTHER STUDI ES

Suggestions for further work in Cook Inlet are included in the 1979
Annual Report, Section | of this document.
In addition, the following studies are highly recomrended:

1. Examine juvenile snow crab feeding habits.
2. Find nursery areas for snow crabs on the east side of Cook Inlet.

3. Exanine small bays throughout Cook Inlet for crab and shrinp
distributions, abundance, and reproductive activities.

4, Initiate a major program to understand recruitment and natural
mortalities in crab and shrinp populations in Cook Inlet.
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LOWER COOK | NLET BENTHIC STATI ONS OCCUPI ED 1976- 1978

Station
Nanme Latitude Longi t ude Depth (m)
2 59°00. 3 152°11. 6’ 117
3 59°00. 3’ 152°21. 6’ 123
4 59°0(?. 3 152°30. 0’ 152
5 59°00. 3’ 152742.5' 166
5A 597 00. 3 152"47. 5 181
6 59°00. 3 152°49.7" 166
7 59°00. 3’ 153°03. 1’ 150
8 59700. 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’ 152720. 0’ 116
12 59°08. 9’ 152°26. 1 121
14 59°10. 3 152°47. 17 146
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
36B 59'28. 1 153°30. 0’
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. 5 151°54. 6’
41 59°32. 7 151°55. 3 35
42 59°32. 1 152°04. 5 40
42A 59°33. 8 152°12. 5 32
43A 59°28. 0’ 152°05. 0’
44 59°33. 1 152713. 7’ 68
44A 59°33. 1 152°18. 6’ 61
45 59°32. 7 152°25. 5 57
46 59°33.5 152°35.5" 81
47 59°33.9" 152"43. 7' 55
48 .59"34.,0r 152°54. 0’ 42
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CONTI NUED

Stat ion

Nane Latitude Longi t ude Depth (m
49 59" 33. 1 153°04. 0’ 37
51 59°35. 0’ 153°05. 0’ 36
52 59°34. 0’ 153°10. 0’ 35
53 59°31. 8 153°11. 0’ 37
53A 59°32. 0’ 153°08. 9’

54 59°33. 4’ 153°24. 5’ 24
55 59°40. 0’ 151°59. 5’ 29
56 59°37. 0 153°02. 0’ 35
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
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°309. 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
Wi 58°53. 1’ 152°51. 4’ 172
uve 59°22. 7 152°42. 6’ ?
UOF 59°21. 0’ 153"15. 2’ 44
vee 59°20. 8 152°43. 8’ 68
PMEL 1 59°14. 4 153°41. 1

PMVEL 4 59°22.3 152" 40. 3’

PMEL 7 59°33. 3 151°39. 8’

204 59°14. 3 153°38. 5’

227 59°33. 4 151°44. 1’
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