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. SUMVARY OF OBJECTIVES AND CONCLUSI ONS

The specific objectives of this investigation were to present: (1)
a quantitative inventory of domnant epifaunal invertebrates; (2) a descrip-
tion of spatial distribution patterns of selected epifaunal invertebrates;
(3) assess spatial distribution and relative abundance of selected infaunal
invertebrate species; and (4) observations of biological interrelationships,
enphasi zing trophic interactions, between selected segnents of the benthic
bi ot a.

During 6-25 Novenber, 1979, traws were made at 42 offshore stations,
33 of which were within an identified high priority area (designated Area 1).
Twenty-seven additional offshore stations were surveyed and considered to
be untraw able. A total of 34 van Veen grab stations were sanpled; 27 sta-
tions in Priority Area 1. Pipe dredge sanples were taken from 34 stations,
nost of which were in Priority Area 1. Dredge sanples were mainly used as
an aid in identification of stomach contents from various species.

Traws were made at three stations in Yakutat Bay; eleven additional
stations were surveyed and considered to be untraw able. Gab sanples were
anal yzed from seven stations.

Analysis of the trawl material fromoffshore stations resulted in a
delineation of benthic invertebrates belonging to 10 phyla, 19 classes,
72 famlies, 100 genera, and 134 species. Yakutat Bay traw material de-
lineated 4 phyla, 6 classes, 16 famlies, 19 genera, and 23 species. It
I's probable that all species with nunerical and bionmass inportance have
been collected in the area of investigation and only rare species wll be
added in future sanpling.

Information derived from the grab sanpling program indicates that
the infauna at nost stations was simlar to that found in other areas of
the northeastern Qulf of Alaska (NEGOA) where there is a soft substrate
(Feder and Matheke, 1980). The infauna was dom nated by notile deposit-
feeding organisns, and the diversity of the fauna was relatively |ow com
pared to areas with a nore heterogeneous substrate (Feder and Matheke,
1980) .



Information on the feeding biology of 20 species from NEGOA (Cross
Sound to Yakutat Bay), in conjunction with data collected on other CQuter
Continental Shelf Environnental Assessment Program (OCSEAP) cruises, should
enhance the understanding of benthic trophic relationships for the Gulf
of Al aska.

1. | NTRODUCTI ON
GENERAL NATURE AND SCOPE OF STUDY

Operations associated with oil exploration, production, and transporta-
tion in the northeast Gulf of Alaska (NEGOA) present a broad spectrum of
potential dangers to the marine environnent (see O son and Burgess, 1967,
Malins, 1977 for general discussions of narine pollution problens). Adverse
effects on the marine environment of this area cannot be assessed nor pre-
dicted, unless background data are recorded prior to industrial devel opment.

Insufficient long-term information about an environnent, and the basic
biology and recruitment of species in that environment, can lead to erroneous
interpretations of changes in species which mght occur if the area becones
altered (see Nelson-Smth, 1973; Pearson, 1971, 1972, 1975, 1980; Rosenberg,
1973 for general discussions on benthic biological investigations in indus-
trialized marine areas). Populations of marine species may fluctuate over
a time span of froma fewto 30 years, but such fluctuations are typically
unexpl ai nabl e because of the absence of |ong-term ecological data (Lew s
1970) .

Benthic organisns (primarily the infauna but also sessile and slow
movi ng epifauna) are useful as indicator species for a disturbed area because
they tend to remain in place, typically react to long-range environnmental
changes, and, by their presence, generally reflect the nature of the substra-
tum Consequently, organisms of the infaunal benthos are frequently chosen
to nonitor long-term pollution effects, and are believed to reflect the
bi ol ogical health of a marine area (see Pearson, 1971, 1972, 1975, 1980
Pearson and Rosenberg, 1978; Rosenberg, 1973 for discussions on long-term
usage of benthic organisns for monitoring pollution; and Feder and Matheke~
1980, for data and discussion on the infauna of NEGOA).

10



The presence of large nunbers of epifaunal invertebrates (crabs,
shrinps, snails) and finfishes of actual or potential commercial inportance
in NEGOA further necessitates the understanding of benthic comunities
since many commercial species feed on infaunal and small epifaunal residents
of the benthos (see Zenkevitch, 1963 for a discussion of the interaction
of commercial species and the benthos; also see appropriate discussions in
Feder and Jewett, 1980a, b; Feder et al., 1980a, b). Changes in density
of benthic organisns utilized as food could affect the health and nunbers
of these commercially-inportant species.

Experience in pollution-prone areas of England (Smith, 1968); Scotland
(Pearson, 1972, 1975, 1980); 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 determne changes in species content,
abundance, diversity and biomass. Such long-term data acquisition should
make it possible to differentiate between nornal ecosystemvariation and
pol lutant-induced biological alteration. Intensive investigations of the
bent hos of the NEGOA are essential to understand the changes that m ght
take place if oil-related activities are initiated

The benthic biological programin NEGOA (Jewett and Feder, 1975, un-
publ i shed OCSEAP data on file, National QCceanographic Data Center;

Feder et al., 1980b) has enphasized the devel opment of an inventory of

epi faunal and infaunal species as part of the exam nation by OCSEAP of the
physi cal, chem cal, and biol ogi cal conponents of areas slated for oil ex-
ploration and drilling activity. [In addition, a program designed to quan-
titatively assess assenblages of infaunal species on the NEGOA shelf has
expanded the understanding of patterns of distributions of species there
(Feder and Jewett, 1980b; Feder and Matheke, 1980; Mat heke et al., 1976).
I nvestigations connected with distribution, abundance, comunity structure,
and trophic relationships of benthic species in Cook Inlet (an embaynent of
NEGOA) and Kodi ak Island waters, have recently been conpleted (Feder et al.
1980a; Feder and Jewett, 1977, 1980a). Detailed information on the tenpora
variability of the benthic fauna in NEGOA is sparse

The project considered in this Final Report was designed to survey
the benthic fauna, including feeding interactions, on the shelf of NEGOA
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(Yakutat Bay to Cross Sound) in regions of potential oil and gas concentra-
tions. Data were obtained on faunal conposition, abundance and biomass to
devel op baselines to which changes can be conpared. Future |ong-term stu-
dies on |ife histories and trophic interactions of inportant species should
define aspects of comunities potentially vulnerable to environnental danage,
and shoul d help to assess rates at which damaged environnents can recover.

RELEVANCE TO PROBLEMS OF PETROLEUM DEVELCOPMENT

Lack of an adequate data base on responses of NEGOA species to oi
makes it difficult to predict the effects of oil-related activity on the
subtidal benthos of NEGOA. However, OCSEAP-sponsored research activities
on the shelf should ultimtely point to species or areas that mght bear
closer scrutiny once industrial activity is initiated. It nust be enphasized
that an extended time frame is needed to conprehend |ong-term fluctuations
of benthic species; short-termresearch prograns cannot be expected to pro-
vide predictive capabilities. Assessment of the environnent must be con-
ducted on a continuing basis.

As indicated previously, infaunal organisms tend to remain in place and,
consequent|ly, have been useful as indicator species for disturbed areas.
Thus, critical exam nation of stations with substantial conplements of in-
faunal species is warranted (see Feder and Mueller, 1975; Feder and Matheke,
1980; Matheke et al., 1976; NODC data on file for exanples of such sta-
tions) . Changes in the environment at stations with relatively |arge nunmbers
of species mght be reflected by a decrease in diversity with increased
dom nance of a few species (see Nelson-Smth, 1973 for further discussion
of oil-related changes in diversity). The potential effect of the |oss of
species fromthe trophic structure on the NEGOA shelf can be better addressed
t hrough the benthic feeding studies fromrecent OCSEAP projects (Feder and
Jewett, 1977, 1978, 1980a, b; Smth et al, 1978).

Data indicating the effect of oil on subtidal benthic invertebrates
are accumul ating (see Boesch et al. , 1974; Mlins, 1977; Nelson-Smth, 1973
Kineman et al., 1980 for reviews; Baker, 1976 for a general review of marine
ecol ogy and oil pollution), but virtually no data are available for the
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NEGOA shelf. Snow (Tanner) crab (Chionoecetes bairdi) are conspicuous
menbers of the shallow shelf of the Qulf of Alaska, and this species sup-
ports a commercial fishery of considerable inportance. Laboratory experi-
ments with this species have shown that postnolt individuals |ose nost of
their legs after exposure to Prudhoe Bay crude oil (Karinen and Rice, 1974).
This aspect of the biology of the snow crab nust be considered in the con-
tinuing study of this species. Mecklenburg et al. (1976) exam ned the
effects of Cook Inlet crude oil water soluble fractions on survival and
molting of king crab (Paralicthodes cantschatica) and coonstripe shrinp
(Pandal us hypsinotus) larvae. Mlting was permanently inhibited by expos-
ing larvae of both species for 72 hours to a concentration of 0.8 to 0.9 ppm
of crude oil. Larvae that failed to molt died in seven days, although the
contam nated water had been replaced with clean water. Although high con-
centrations of oil killed larvae in 96 hours, |ower concentrations disrupted
swimming and molting in the sane period and ultimately resulted in death.
Little other direct data based on |aboratory experiments are available for
subtidal benthic species from NEGOA. Experinmentation on toxic effects of

oil on other comon menbers of the subtidal benthos should be encouraged in
future OCSEAP progrars.

A direct relationship between trophic structure (feeding type) and
bottom stability has been demonstrated by Rhoads (see Rhoads, 1974 for review).
A diesel fuel spill resulted in oil becom ng absorbed on sedinent particles
with resultant nortality of many deposit feeders on sublittoral nuds
Bottomstability was altered with the death of these organisms, and a new
conpl ex of species became established in the altered substratum The nost
conmon nenmbers of the infauna of the Qulf of Alaska and the Bering Sea are
deposit feeders; thus, oil-related nortality of these species could result
in a changed near-bottom sedimentary reginme with subsequent alteration of
speci es conposition.

As suggested above, upon conpletion of initial baseline studies in
pol lution prone areas, selected stations should be exam ned regularly on
a long-termbasis. Also, intensive exam nation of the biology (e.g., age,
growth, condition, reproduction, recruitment, feeding habits and altered
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physi ol ogi cal and biochem cal activity) of selected species should provide
i ndications of environmental alteration, should it occur.

[11.  CURRENT STATE OF KNOW.EDGE

Little was known about the biology of the invertebrate benthos of the
northeast Qulf of Alaska (NEGOA) at the time OCS (Quter Continental Shelf)
studies were initiated there. A conpilation of sone relevant data on the
area was presented by Rosenberg (1972). Bakus and Chanberlain (1975) added
some benthic biological data for a specific area of NEGOA south of the
Bering Gacier; simlar data were reported by Feder and Muieller (1975) and
Feder and Matheke (1980) in their OCS investigations.

In late 1961 and early 1962 otter traw s were used by the Bureau of
Commercial Fisheries (now National Marine Fisheries Service) in conjunction
with the International Pacific Halibut Conmission to survey the shellfishes
and bottonfishes on the continental shelf and upper continental slope, in
the Qulf of Alaska (Hitz and Rathjen, 1965). Invertebrates taken in these
traws were of secondary inportance and only mgjor groups and/or species
were recorded, although they conprised 27 percent of the total catch. These
invertebrates were grouped into the followi ng categories: heart urchins
(Echinoi dea); snow crab (Chionoecetes bairdi); sea stars (Asteroidea);
Dungeness crab (Cancer nmgister); scallop (Pecten caurinus); shrinps (Pandal us
borealis, P. platyceros, Pandalopsis dispar); king crab (Paralithodes
cantschatica); and mscellaneous invertebrates (shells, sponges, etc.).

Heart urchins accounted for about 50 percent of the invertebrate catch and
snow crab ranked second, representing about 22 percent. Approximately 20

percent of the total catch of invertebrates was conposed of sea stars. Ad-
ditional data on comrercially inportant shellfish are available in Ronholt
et al. (1976).

Ronholt et al. (1978) presented a historical review of the denersal
fish and shellfish resources of the Gulf of Al aska from Cape Spencer to
Uni mek Pass (1948-1976). The International Pacific Halibut Conm ssion con-
ducts surveys in the Qulf of A aska annually and records selected comercially-
important invertebrates; noncomercial species are not considered.

14



The benthic investigations of Feder and Matheke (1980), Feder and
Miel l er (1975), Jewett and Feder (1976) and Matheke et al. (1976) were the
first intensive qualitative and quantitative exam nations of the benthic
infauna and epifauna of the Qulf of Alaska. These studies also represented
the first exam nations of trophic relationships involving sone of the spe-
cies in the area

The present report represents an extension of the above NEGOA investiga-
tions eastward to a region where invertebrates have not been properly as-
sessed. A deternmination of the distribution, relative abundance, and biomass
of benthic infauna and epifauna, as well as observations on food habits of
sel ected species, is presented.

lv.  STUDY AREA

Sanpling was conducted in the region of the northeastern Qulf of Al aska
fromlcy Bay to Cross Sound, extending outward to approximately the 300 m
i sobath. Stations were established on a grid (Fig. 1), which was an east-
ward extension of the stations used by Jewett and Feder (1975, unpublished
OCSEAP data on file, National GCceanographic Data Center). The area
surrounding each station, usually a rectangle 11 x 14 km was designated as
the station block. If bottom conditions prevented trawing at the predesig-
nated station location, a traw was attenpted fromany suitable |ocation
within the block. Special attention was given to stations within the pro-
posed sale | ease area No. 55 (Priority Area 1) (Fig. 2) and to a limted
nunber of stations in Yakutat Bay (Fig. 3). Those stations peripheral to
nort hwest and southwest of the |ease area (Priority Area 2) were of secondary
importance (Fig. 2). The stations of |east inportance were located in the
region toward Cross Sound (Priority Area 3) (Fig. 2)

A second grid systemwas constructed for Yakutat Bay (Fig. 3). North-
south lines at every five mnutes of longitude were established. Stations
were | ocated al ong each of these lines at every 2.5 minutes of latitude.

On alternate longitudinal lines, stations were shifted by 1.25 minutes of

latitude from those of adjacent lines. For exanple, the md-point of Sta-
tion 1A was |ocated at 59°41.0'N and 140°12.5'W. The surrounding station
bl ocks were approximately 4.7 x 4.6 km
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Figure 1. Northeastern Gulf of Al aska station grid occupied by the NOAA ship Miller Freeman,
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V. SCURCES, METHODS AND RATI ONALE OF DATA COLLECTION

Speci mens were collected onboard the NOAA Ship Miller Freeman from
6-25 November 1979.

Usual Iy, one-hal f-hour tows were made at predeterm ned stations using
a comerci al -si ze 400-mesh Eastern otter trawl with a 12.2 mhorizonta
opening. The lengths of some tows were shortened to no |ess than 15 m nutes
due to marginal bottom conditions. Al catches were sorted, weighed,
counted, and given tentative identifications onboard ship, according to
met hodol ogy devel oped in previous OCS investigations (Feder, et al
1980b) .  Aliquot sanples of species of invertebrates were preserved
in 10 percent neutral buffered formalin and |abeled for verification at
the Institute of Marine Science, University of Al aska. Tabulations of
stomach contents from selected species of invertebrates and fishes were

also carried out onboard. Contents of stomachs, or entire stomachs from
some species, were preserved in 10 percent neutral buffered formalin, and
returned to the University of Alaska for nore detailed analysis. Feeding
data were examned in the l[aboratory using the frequency of occurrence
method. In the discussion on food habits, species used as food are sum
marized based on the literature and data of this study; all food species
are listed in decreasing order of inportance, except where noted otherw se

Sanpl es of infaunal and small epifaunal invertebrates were taken from
selected stations by van Veen grab and pipe dredge according to methodol ogy
devel oped by Feder and Matheke (1980) and Feder et aZ (1980a, b).
Infaunal sanples were usually collected by pipe dredge at successfully
trawl ed stations as an aid in stomach analysis of various species and to
provi de additional information on small epifaunal species not obtained by
traw. Pipe dredge and van Veen grab sanples were also taken from sone un-
traw able stations in Priority Area 1 to permt characterization of three
stations. Five replicate grabs were usually taken at all stations. Pipe
dredge and grab sanples were washed over a |-nm mesh screen to renove fine
sedi nent, and preserved in 10 percent neutral buffered formalin for later
exam nation in the laboratory in Fairbanks

At Fairbanks, sanples were washed through a |-nmnesh screen to renove
the formalin and any remaining sediment, and rough sorted using a magnifying
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sorting lamp. Specinens were identified using a Wild dissection mcroscope
at 60x to 500x nagnifications. A compound m croscope of 100x to 1000x
magni fications was used, as needed, to assist in identifications. A wet

wei ght was taken of all specinens using a Mettler balance. Sanples were
recombi ned, catal oged, and stored. A voucher collection containing re-
presentatives of each species was deposited at the California Acadeny of

Sci ence.

Pi pe dredge sanples were exam ned qualitatively in the |aboratory.

NUMERI CAL ANALYSI S OF VAN VEEN GRABS

Station groups and species assenbl ages were identified using cluster
analysis. Custer analysis can be divided into three basic steps.
L Cal culation of a nmeasure of simlarity or dissimlarity between
entities to be classified.

2. Sorting through a matrix of simlarity coefficients to arrange
the entities in a hierarchy or dendrogram

3. Recognition of classes within the hierarchy.

Data reduction prior to calculation of simlarity coefficients con-
sisted of elimnation of taxa that could not be identified to genus

The coefficient used to calculate simlarity matrices for cluster
anal ysis routines was the Czekanowski coefficient

Czekanowski Coefficient

the sum of the nmeasures of attributes
of entity one

B = the sumof the nmeasures of attributes
of entity two

W= the sumof the |esser neasures of
attributes shared by entities one
and two.

_ 22U
Csl’2 = AT ﬂhere A

lthe Czekanowski coefficient is synonynmous with the Mtyka (Mueller-Dombois
and Ellenberg, 1974), and Bray-Curtis (Qifford and Stephenson, 1975)
coefficients.
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The Czekanowski coefficient has been used effectively in marine benthic
studies by Field and MacFarlane (1968), Field (1969, 1970 and 1971), Day et
al. (1971), Stephenson and Wllians (1971), and Stephenson et aZ. (1972).
This coefficient enphasizes the effect of dom nant species on the classifi-
cation, and is often used with sone form of transfornmation. The Czekanowski
coefficient was used to calculate simlarity matrices for normal cluster
analysis (with sites as the entities to be classified and species as their
attributes) and inverse cluster analysis (with species as entities and
sites as attributes) using both untransformed and natural |ogarithm trans-
fornmed abundance data (individuals/mz). The natural |ogarithm transfornma-
tion, Y = In(X+l), reduces the influence that dom nant species have on the
simlarity determnation

Dendrogans were constructed fromthe simlarity matrices using a group~
average agglonerative hierarchical cluster analysis (Lance and WIIians,
1966) . Two-way coi nci dence tables conparing site groups formed by normal
anal ysis and species groups formed by inverse analysis were constructed as
an aid in the interpretation of dendregrams formed by cluster analyses
(Stephenson et aZ., 1972). In each table the original species x stations
data matrix was rearranged (based on the results of both normal and inverse
analysis) so that the stations and species with the highest simlarities
were adjacent to each other

Principal coordinate analysis (Gower, 1967, 1969) was used as an aid
in interpreting the results of the cluster analyses (Stephenson and WIIians,
1971; Boesch, 1973) and identifying msclassifications of stations by clus-
ter analysis. Msclassifications in an agglomerative cluster analysis can
occur by the early fusion of two stations and their subsequent incorpora-
tion into a group whose stations have a high simlarity to only one menber
of the original pair (Boesch, 1973). In principal coordinate analysis an
interstation simlarity matrix is generated as in normal cluster analysis.
The simlarity matrix generated can be conceived of as a nultidinensional
space, in which, the stations are arranged in such a way that they are
separated from one another according to their simlarities. An ordination

is then performed on the matrix to extract axes fromthis nultidimensiona
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space. The first axis extracted coincides with the |ongest axis, and ac-
counts for the |argest anount of variation in the simlarity matrix.  Sub-
sequent axes account for successively smaller amunts of variation in the
data. The Czekanowksi simlarity coefficient was used to calculate the
simlarity matrices used in principal coordinate analysis. Both the
Czekanowski and the Canberra “netric” simlarity coefficients were used to
calculate the simlarity matrices used in principal coordinate analysis.
The Canberra “metric” coefficient defines the simlarity of two entities
as:

Cs

[0 =]

3 where ... - the neasure of the ith
i attribute in entity one
- the nmeasure of the ith
attribute in entity two

1
1,2 17 q

Because the Canberra “netric” coefficient is a series of fractions, it gives
a nore equal weighting to all species and reduces the effect of the dom nant
species on the analysis. It was used as a means of conparison with the
results of anal yses using the Czekanowski coefficient which enphasizes dom nant

speci es.

DI VERSI TY OF VAN VEEN GRABS

Species diversity can be thought of as a neasurable attribute of a
collection or a natural assenbl age of species, and consists of two conpo-
nents: the nunber of species or “species richness” and the relative abun-
dance of each species or “evenness”. The two nost widely used neasures of
diversity which include species richness and evenness are the Brillouin
(Brillouin, 1962) and Shannon (Shannon and Weaver, 1963) infornation neas-
ures of diversity (Nybakken, 1978). There is still disagreenent on the
applicability of these indices, and the results are often difficult to in-
terpret (Sager and Hasler, 1969; Huribert, 1971; Fager 1972; Peet, 1974,
Pielou, 1966a, b). Pielou (1966a, b, 1977) has outlined sone of the con-
ditions under which these indices are appropriate
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The Shannon function

H = -zpi log pi where pi = =
|

wher e n, = nunber of individuals in
the i'" species
N = total nunber of individuals

assunes that a random sanpl e has been taken froman infinitely |arge popula-
tion whereas the Brillouin function

1 \i
H =109 e —
N nl.nz. ns.

is appropriate only if the entire popul ation has “been sanpled. Thus, if we
wish to estimate the diversity of the fauna at a sanpling site the Shannon
function is appropriate. The Brillouin function is merely a neasure of the
diversity of the five grab sanples taken at each site, and makes no predic-
tions about the diversity of the benthic conmmunity that the sanples were
drawn from The evenness of sanples taken at each site can be cal cul ated
using the Brillouin neasure of evenness, J = HHpqyimum where H = Brillouin
diversity function. : S the maxi num possible diversity for a given

number of species, occurs if all species are equally conmmon and is cal cul ated
as:

-1 N:
I_\mxinrum'lxllog ‘ '

[Ns]! “-r ([IN/s]+1)!:
where [N/s] = the integer part of Ns
s = nunber of species in the censused
conmuni ty
r = N - s[N/s]

Theoretically, the evenness conponent of the Shannon function can be calcu-
lated fromthe follow ng:

J’ B od‘ s*

where H

s*

Shannon diversity function

the total nunber of species in the
randonl y sampled community
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However, s% i S seldom known foOr benthic infaunal conmunities. Therefore,
t he Shannon indices of diversity and evenness were not calculated in the
present study. Several investigators (Loya, 1972, Nybakken, 1978; Feder
and Matheke, 1980) have denonstrated a close correlation between the
Brillouin and Shannon diversity indices.

Species richness (Margalef, 1958) was cal cul ated as:

g = (1) where S = the nunber of species
n N N= the total number of individuals

VI.  RESULTS
BENTHIC EPIFAUNAL PROGRAM
O fshore Stations

A total of 42 offshore stations were sanpled by trawl; 33 stations in
Priority Area 1; 1 station in Priority Area 2, in addition to 3 stations peri-
pheral to Area 2; and 5 stations in Priority Area 3 (Figs. 1 and 2; Appendi x
A). Due to the linmted nunber of stations occupied in Areas 2 and 3, data
fromall areas were conbined in taxonomic density and bi omass anal yses.

Taxonom ¢ analysis delineated 10 phyla, 19 classes, 72 famlies, 100
genera, and 134 species of epifaunal invertebrates (Table 1). Echinodermata,
Arthropoda, and Mollusca were the dom nant phyla represented with 51 (36%,
35 (259% and 26 (19% species, respectively (Table 1). These three phyla
made up 27.4, 26.2, and 21.1 percent of the invertebrate biomass, respec-
tively (Table 11) .

The mean bi omass for all epifaunal species collected was 1.7 g/ nf
(data base on file at the National Cceanographic Data Center, NODC). The
biomasses of the major phyla were usually domnated by a few species (Table
I1) . For exanple, the phylum Cnidaria was dom nated by the anenmone, Metridium
senile, (80.5% of the phylumweight). Qher species biomss dom nants by
phyl um were: Mollusca-Pecten caurinus (scallop) (86.6%; Arthropoda-
Cancer magister (Dungeness Crab) (55.6% and Chionoecetes bairdi (snow crab)
(27.4%; and Echinodermata-Strongylocentrotus spp. (urchins) (56.6%.
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TABLE |

SPECI ES OF | NVERTEBRATES TAKEN BY TRAW. FROM THE NORTHEASTERN
GQULF OF ALASKA EXCLUDI NG YAKUTAT BAY, NOVEMBER, 1979

Phylum Porifera
Uni dentified species

Phyl um Cnidaria
d ass Scyphozoa
Uni dentified species

Cl ass Anthozoa
Unidentified species

Order Alcyonacea

Fam |y Nepht hei dae
Eunephthya rubiformis (Pallas)
Unidentified species
Fam |y Primoidae
Primnoa sp.
Fam | y Pennatulidae
Stylatula gracile (Gabb)

Fam |y Actinostolidae

Stomphia coccinea (O. F. Mueller)
Fam |y Actiniidae

Unidentified species
Fam |y Metridiidae

Metridium senile

Phyl um Rhynchocoela
C ass Anopla
Fam |y Rineidae
Cerebratulus sp.

Phyl um Annelida
O ass Polychaeta

Fam | y Polynoidae
Euno¢ senta (Moore)
Fam |y Euphrosini dae
Euphrosine hortensis Nbore
Fam |y Syllidae
Pionosyllis gigantea NboOre
Fam |y Nereidae

Cheilonereis eyelurus (Barrington)
Nereis sp.
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TABLE |
CONTI NUED

Fam |y Anpharetidae
Unidentified species

Fam |y Terebellidae
Pista spp.

Fam |y Serpulidae
Crucigera irregul ars Bush

Fam |y Aphroditidae
Aphrodita spp.
Aphrodita japonica Marenzeller
Aphrodita negligens Nbore

C ass Hirudinea
Notostomobdella spp.

Phyl um Mollusca
Cl ass Bivalvia

Fam |y Pectini dae
Chlamys rubida (H nds)
Pee-ten caurinus Gould
Fam |y Cardiidae
Clinocardium ciliatum (Fabricius)

Fam |y Veneridae
Compsomyax subdiaphana Car pent er

Fam |y Hiatellidae
Hiatella aretica (Linnaeus)

Fam |y Teredinidae
Bankia setacea Tryon

Cl ass Gastropoda

Fam |y Bat hybenbi x

Lischkeia cidaris (Carpenter)
Fam |y Naticidae

Natica clausa Broderip and Sower by
Fam |y Cymatiidae

Fusitriton ovegonensis (Redfield)
Fam |y Buccinidae

Buceinum spp.

Buccinum polare Gray
Buceinum plectrum Stinpson
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TABLE |

CONTI NUED

Fam |y Neptunei dae
Beringius kenmnicotti (Dan)
Colus Spp.
Neptunea lyrata (Gmelin)
Neptunea pribiloffensis (Dan)
Pyrulofusus harpa (M8rch)
Fam |y Volutidae
Avctomelon stermsii (Dall)
Fam |y Dorididae
Archidoris spp.

Fam |y Tritoniidae

Tritonia exsulans Bergh
Fam |y Arm nidae

Armina californiea ( Cooper)

C ass Cephal opoda
Fam |y Sepiolidae
Roseta pacifica Berry

Fam |y Conatidae
Gonatus magister Berry

Fam |y Octopodidae
oct opus Sp.

Phyl um Art hr opoda
Cl ass Crustacea

Order Thoracica

Fam | y Balanidae
Balanus hesperius Pilsbry

Order Isopoda

Fam |y Limoridae
Limnoria lignorum Rathke

Fam |y Aegi dae
FRocinela belliceps Stinpson

Order Decapoda

Fam |y Pandalidae
Pandalus borealie Krdyer
Pandalus goniurus Stimpson
Pandalus jordani Rat hbun
Pandalus montagui tridems Rat hbun
Pandalus platyceros Brandt
Pandalus danae Stinpson
Pandalopsis dispar Rathbunh
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TABLE |
CONTI NUED

Fam |y Hi ppol yti dae
Bualus barbata (Rathbun)

Fam |y Crangonidae
Unidentified species
Crangon dalli (Rathbun)
Crangon communis Rathbun
Crangor. resima Rat hbun
Argis lar (Onen)

Argis dentata (Rathbun)
Argis ovifer (Rathbun)

Fam |y Paguridae
Pagurus spp.
Pagurus ochotensis (Benedi ct)
Pagurus aleuticus (Benedict)
Pagurus setosus (Benedict)
Pagurus confragosus (Benedi ct)
Pagurus cornutus (Benedict)
Elassochirus cqvimanus (Dana)
Labidochirus splendescens (Onen)

Fam |y Lithodidae
Acantholithodes hispidus (Stimpson)
Paralithodes platypus Brandt
Lopholithodes foraminatus (Stimpson)

Fam |y Galatheidae

Munida quadrispina Benedi ct
Fam |y Mjidae

Hyas lyratus Dana

Chionoecetes bairdi Rat hbun
Seyra acutifrons Dana

Fam |y Cancridae
Cancer magister Dana

Phyl um Sipuncula
Unidentified species

Phyl um Br achi opoda

Class Articulate

Fam |y Cancellothyrididae
Terebratulina unguicula Carpenter

Fam | y Dallinidae
Laqueus californianus Koch
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TABLE |
CONTI NUED

Phyl um Echi noder mat a
C ass Asteroidea

Fam |y Astropectinidae
Dipsacaster Spp. _
Dipsacaster borealis Fi sher

Fam |y Benthopecti ni dae
Luidiaster dawsoni (Verrill)

Fam |y Coniasteridae
Ceramaster Spp.
Ceramaster patagonicus (Sladen)
Hippasterias spinosa Verrill
Mediaster aequalis Stinpson
Pseudarchaster parelii (Diben and Koren)

Fam |y Luiidae
Luidia foliolata G ube

Fam |y Porcellanasteridae
Ctenodiscus crispatus (Retzius)

Fam |y Echinasteridae
Henricia sSpp.
Henricia aspera Fisher
Henricia beringiania Djakonov
Henrieia derjugini Dj akonov
Henricia leviuscula (Stimpson)
Henricia sanguinolenta (O F. Miller)
Henricta clarki Fisher
Poraniopsis inflata Fi sher

Fam |y Pterasteridae
Diplopteraster multipes (Sars)
Pteraster militarie (O, F. Miller)
Pteraster tesselatus Ives

Fam |y Solasteridae
Crossaster borealis (Fisher)
Crossaster papposus (Linnaeus)
Lophaster furcilliger Fisher
Solaster dawsoni Verrill
Solaster endeca (Linné)

Fam |y Asteridae
Leptasterias hylodes Fi sher
Leptasterias fisheri Djakonov
Lethasterias nanimemsis (Verrill)
Stylasterias forreri (de Loriol)
Pycnopodia he lianthoides (Brandt)
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TABLE |

CONTI NUED

C ass Echi noi dea

Fam |y Schizasteridae
Brisaster townsendi (Agassi z)

Fam |y Strongyl ocentrotidae
Allocentrotus fragilis (Jackson)
Strongylocentrotus Spp.

Strongylocentrotus droebachiensis (O

C ass Ophi uroidea

Fam |y Gorgonocephalidae
Gorgonocephalus caryi (Lyman)

Fam |y Ophiacanthidae
Ophiacantha gratiosa Koehler

Fam |y Ophiactidae
Ophiopholis aculeata (Linnaeus)
Ophiopholis baker-i McClendon

Fam |y Ophiuridae
Amphiophiura ponderosa (Lynan)
Ophiura sarsi Litkin
Cl ass Holothuroidea
Unidentified species
Fam |y Molpadiidae
Molpadia intermedia (Ludw Q)

Fam |y Stichopodi dae
Parastichopus californicus

Fam |y Synallactidae
Pseudostichopus mollis
Bathyplotes spp.

G ass Crinoidea
Unidentified species

Phyl um Chordata
Subphyl um Urochor dat a
Uni dentified species

Cl ass Ascidiacea

Fam |y Pyuridae
Halocynthia igaboja (Oka
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TABLE ||

NUMBERS, WEI GHTS AND Bl OVASS (g/mz) OF THE MAJOR EPIFAUNAL TAXA OF CNIDARIA, MOLLUSCA, ARTHROPCDA,
AND ECHINODERMATA FROM THE NORTHEASTERN GULF OF ALASKA, EXCLUDI NG YAKUTAT BAY, NOVEMBER 1979

Mean bi omass

Percent of Nunber of Vet Percent of” Percent of per square meter

Phyl um total weight Taxonl organisns  weight (g) total weight phylum weight (x g/m?)
Cnidaria 13.7 Anthozoa 86 37531 1.5 11.2 0.03
Actiniidae 82 26006 1.0 7.8 0.02
Metridium senile 790 268800 11.0 80.5 0.19
Tot al 948 332337 13.6 99.6 0.23
Mollusca 21.1 Pecten caurinus 1960 447060 18.3 86. 6 0.31
Fusitriton oregonensis 513 39523 1.6 1.7 0.03
Rossia pacifica 119 11056 0.4 2.1 <().01
Total 2592 497639 20.4 96.4 0.35
Art hropoda 26. 2 Pandalus jordani 1533 13759 0.6 2.2 0.01
(Crustacea) Lopholithodes 109 67717 2.8 10.6 0.05

foraminatus
Chionoecetes bairdi 1377 175244 7.2 27. 4 0.12
Cancer magister 842 355837 14.6 55.6 0.25
Total 3861 612557 25.1 95.7 0.43
Echinodermata 27.4 Pyenopodia he lianthoides 88 105722 4.3 15.8 0. 07
Allocentrotus fragilis 1522 75752 3.1 11.3 0.05
Strongylocentrotus sp. 5019 214230 8.8 32.0 0.15
Strongylocentrotus 2393 164916 6.7 24.6 0.11
droebachiensis

Total 9022 560620 22.9 83.7 0.39
G and Tot al 88.4 16423 2003153 82.0 1.40

lgpecies or |owest |evel of identification.
2Total wei ght of all epifauna = 2444090 g.



Sonme species were widely distributed while others were relatively
localized (Table Il and Appendix A). Chionoecetes bairdi occurred in 25
widely distributed stations. Highest densities and bionmasses of this crab
occurred in Priority Area 1 at stations 101E, 103B and D, and 104B and C
(Table Ill: Fig. 1). Cancer magister occurred at only five stations and
was nost inportant at Station 94A, a station northwest of Priority Area 2.
At this station, 195 C. magister were caught per kiloneter of fishing.
Pecten caurinus Was found at 10 stations which were distributed between
Stations 93C and 110A.  Stations 93C and 108A, |ocated outside of Priority
Area 1, yielded the greatest scallop catches with 590 and 249 i ndividual s/
km respectively. Many scallops were infected by the spionid polychaetes,
Pygospio elegans and Polydora ciliata. These polychaetes burrow into the
dorsal valve, weakening it to the point where they are easily broken by
trawming, Infection was generally greater anong |arger individuals.

Scal | ops from Station 108A were the most heavily infected. The urchins,
Allocentrotus fragilis and Strongylocentrotus spp., occurred at 20 and 7
stations, respectively, all of which were distant from shore. Station 98D
yiel ded the greatest density of Allocentrotus wWith 417 individual s/km fished.
The greatest density of Strongylocentrotus came from Station 102G with 1307
i ndividual s/km fished. The brittlestar, Ophiura sarst, occurred in 7 sta-
tions, 96F, 102G 103D, 103F, 104A, 105A, and 106G all of which, except

the latter, were in Priority Area 1. The density of this brittle star was
greatest at Station 104A (3603 individual s/km fished).

Data and di scussion on the incidence of commensalism between polychaetes,
anphi pods and hernit crabs is included in Appendix B.

Yakutat Bay Stations

Due to the rough benthic substrate in Yakutat Bay, only three traw
stations were successfully occupied (Stations 4A, 6A, 9c) (Fig. 3 and Appen-
dix A). Taxononmic analysis yielded 4 phyla, 6 classes, 16 fanmlies, 19
genera and 23 species (Table 1V). Arthropoda, Echinodermata and Mollusca
domi nated in species representation and bi omass; Arthropoda contributed

13 species and 68.6 percent of the total bionass, Echinodermata — 7 species

32



TABLE 1

STATIONS AT VWH CH THE DOM NANT EPIFAUNAL | NVERTEBRATE SPECI ES OCCURRED I N
THE NORTHEASTERN GULF OF ALASKA, EXCLUDI NG YAKUTAT BAY, NOVEMBER 1979

Speci es Station No. /km g/ ni
Metridium senile 109A 284 7.925
Pecten caurinus 93C 590 11. 568
108A 249 4* 375
Pandalus jordani 103C 314 0.231
Cancer magister 94A 195 6. 752
Chionoecetes bairdi 101 E 52 0.281
103B 32 1.087
103D 36 0.424
104B 18 0.052
104C 105 0.277
Ctenodiscus crispatus 104F 115 0. 054
Ophiura sarsi 104A 3603 0.591
Brisaster townsendi 105D 129 0.469
Allocentrotus fragilis 98D 417 0. 443
99E 99 0. 802
104G 56 0.393
Strongylocentrotus spp. 98D 263 0.134
99E 126 0.495
100E 1260 4.904
102G 1307 7.117
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TABLE 1V

SPECI ES OF | NVERTEBRATES TAKEN BY TRAW. FROM YAKUTAT BAY,
NOVEMBER 1979

Phyl um Cnidaria
C ass Anthozoa
Order Alcyonacea
Fam |y Pennatul i dae
Stylatula gracile (Gabb)

Phyl um Mollusca
Cl ass Bivalvia
Fam |y Pectini dae
Pecten caurinus CGoul d

C ass Gastropoda
Fam |y Neptuneidae
Nep-tunes Iyrata (Gmelin)

Phyl um Art hr opoda
Cass Crustacea
Or der Decapoda
Fam |y Pasi phaei dae
Pasiphaea pacifica Rat hbun
Fam |y Pandalidae
Pandalus borealis Krsyer
Pandalus hypsinotus Brandt
Pandalus danae Stimpson
Pandalopsis dispar Rathbun
Fam | y Hippolytidae
Eualus spp.
Fam |y Crangoni dae
Crangon dalli (Rathbun)
Fam |y Paguridae
Pagurus aleuticus (Benedict)
Labidochirus splendescens (Onen)
Fam |y Lithodidae
Paralithodes camtschatica (Tilesius)
Fam |y Mjidae
Chionoecetes bairdi Rathbun
Fam |y Cancridae
Cancer magister Dana

Phyl um Echi noder mat a
Cl ass Asteroidea
Fam |y Goni asteridae
Ceramaster potagonicus (Sladen)
Mediaster aequalis Stimpson
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and 16.0 percent of the biomass, and Mollusca —2 species and 14.8 percent
of the biomass (Tables IV and V).

The nean biomass for all epifaunal species collected was 1.2 g/ nf
(database for calculations on file at NODC).

The dominant arthropod was the Dungeness crab (Cancer magister) which
contributed 88.1 percent of the arthropod bionmass and 60.4 percent of the
total invertebrate biomass (Table V). Cancer cane from Stations 4A and 6A;
the latter station yielded the greatest catch with 84 crab obtained/ km of
fishing (Appendix A).

The sea stars, Ceramaster patagonicus and Pycnopodia helianthoides,
made up 94.3 percent of the echinoderm bionass and 15.1 percent of the total
invertebrate biomass (Table V). Pyenopodia dom nated the biomass, although
only 9 organisns occurred (Appendix A).

Among the two nollusk species encountered, the scallop Pecten caurinus
domnated. Station 4A yielded the only catch with 24 scallops/km of fishing

(Appendi x A).

BENTHIC INFAUNAL PROGRAM
Van Veen G ab

Thirty-four van Veen grab stations were sanpled for benthic infauna in
the offshore Qulf stations as well as in Yakutat Bay (Figs. 1 and 3). Sedi-
ments at these stations were primarily silts and clays (Table VI) and the
fauna was dom nated by polychaete annelids. The abundance of the infauna
at these stations ranged from 32 individuals/m2 in Station 7A within Yakutat
Bay to 1704 individuals/m2 in Station 103D on the outer shelf (Table VII).

Bi omass ranged from 1 g/nf(wet weight) in Station 7A to 303 g/nfin Station
2C (outer Yakutat Bay).

A cluster analysis using natural |ogarithmtransformed abundance data
(Fig. 4) delineated 5 station groups at the 35 percent simlarity |evel.
Three stations (7A, 106A and 97D) did not join any group. Station Goup 1
consisted of 3 stations located in Yakutat Bay, an offshore station to the
west of Yakutat Bay, a station off of Icy Bay and 10 stations southeast of
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TABLE IV
CONTI NUED

Phyl um Echinodermata (cent’ d)

Fam |y Porcellanasteridae
Ctenodiscus crispatus (Retzius)

Fam |y Echinasteridae
Henricia spp.

Fam |y Asteridae
Pycnopodia he lianthoides (Brandt )

Cl ass Ophiuroidea

Fam |y Gorgonocephalidae

Gorgonocephalus caryi (Lyman)
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TABLE V

NUMBERS, WEI GHTS AND Bl OVASS (g/mz) OF THE MAJOR EPI FAUNAL TAXA OF MOLLUSCA, ARTHROPQDA,
AND ECHINODERMATA FROM YAKUTAT BAY, NOVEMBER 1979

Mean bi onmass

Percent of Nunber of Vet Percent of! Percent of per square meter

Phyl um total weight Taxon organisms  weight (g) total weight phylum weight X g/m?)
Mollusca 14.8 Pecten caurinus 90 16300 14.8 99.5 0.18
Art hropoda 68. 6 Pandalus borealis 238 1695 1.5 2.2 0. 02
Pandalopsis dispar 218 2812 2.5 3.7 0.03
Chionocecetes bairdi 32 2778 2.5 3.7 0.03
Cancer magister 151 66700 60.4 88.1 0.72
Total 639 73985 67.0 ‘97.7 0.80
Echinodermata 16.0 Ceramaster patagonicus 11 2529 2.3 14.3 0.03
Pycnopodia helianthoides 9 14100 12.8 79.9 0.15
Total 20 16629 15.1 94.3 0.18
Gand total 99.4 749 106914 96. 8 1,15

ITotal wei ght of all epifauna = 110450 g.



TABLE VI

STATI ON  LOCATI ONS AND SEDI MENT DESCRI PTI ONS FOR SAMPLES OF THE
BENTHIC | NFAUNA COLLECTED BY VAN VEEN GRAB, NOVEMER 1979

Station Depth _ _ Sedi ment
Number (m Latitude Longitude description
2C 148 59037.7 140006. 7 Soft gray nud
3C 110 59038.7  140002.5 Very soft - al nost
soupy gray nud
4B 122 59042.4  139057.1 soupy - soft gray nud
with rocks mxed in
5C 79 59041.6  139053.2 Soupy gray nud with
smal | rocks
6B 47 59045.1  139046.4 Soft gray/brown nud
with gravel, rocks
and shell mxed in
7A 250 59051.7  139042.8 Soupy gray mud with
gravel and rocks m xed
in
7D 55 59043.9  139043.9 Soupy gray nmud with
very rough edged rocks
m xed in
94B 58 59050.1  141051.8 Soft gray nmud
95F 182 59021.8  141032.0 Soft gray mud with sand
gravel, and rocks mxed
in
95H 326 59009.5  141033.6 Soft gray mud
96E 329 59020.5  141014.6 Conpact gray nud
96F 347 59013.5  141018.6 Conpact gray nud
97D 237 59021.7  141.04.8 Conpact gray nmud with
gravel, sand and small
rocks mxed in.  Sone
broken shell also
98D 146 59019.2 “140047.0 Soft gray mud with sand
gravel, and small rocks
mxed in
99E 136 59017.0  140033.8 Conpact gray nmud with
gravel and rocks mxed in
100E 126 59012.4  140017.6 Conpact gray nmud with
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small rocks mxed in



TABLE VI

Sedi ment
description

CONTI NUED

Station Dept

Number (m Latitude Longitude
100J 199 58042.1 140 °17.3
102K 188 58042.0  139047.8
103B 152 59°17.6  139032.6
103D 113 59002.2  130028.0
103F 150 58049.4  139029.6
1031 261 58032.2 139032.6
104A 68 59012.8 139015.5
104B 91 59005.1 139013.5
104D 119 58053.7 139016.6
104G 164 58034.2  139020.3
105A 70 59007.7  139004. 2
105C 146 58054.6  139000.9
105E 228 58"45.2  139002.5
105F 130 58038.4  139002.7
105G 113 58031.8  139002. 6
106A 58 59005.8  138"47.3
1068 155 58059.3  138042.5
106G 87 58030.0  138054.1
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Conpact gray nmud with
gravel mxed in

Soft gray mud with
gravel, rock, and
broken, dead sponge
mxed in

Soft gray nud
Conpact gray nud

Soft gray nud with

clay - like |unps,

occasi onal small rocks
and dead sponge fragnents

Soft gray nud
Soupy/soft gray mud
Soft gray nud

Soft gray nud with rocks
up to 10 cm di ameter

G ay/ bl ack conpact sand
Soupy/ soft gray nud

Soft, but sticky gray
nud

Soft, gray nud
G ay/ bl ack conpact sand
G ay/ bl ack conpact sand

Soupy/soft gray nmud wth
broken shells (Macoma
nost | y)

Soupy/ soft gray nud
Conpact sand (reduced)



TABLE VI |

THE ABUNDANCE, BI OVASS AND DI VERSITY OF BENTHIC GRAB SAMPLES
ARRANGED BY STATI ON GROUPS

Station Abundance Biomass  No of Speci es Brillouin Brillouin
G oup Station No /nd gm/m?® Species Richness Diversity Evenness
1 103B 700 139 51 7.63 3.08 0. 82

1068 1092 74 55 7.71 2.41 0.61

105C 622 187 50 7.61 2.92 0.78

104B 986 93 60 8. 56 2. 86 0.72

103D 1704 56 70 9.27 2.43 0.59

104D 1072 67 82 11.61 3.06 0.72

103F 670 46 68 10. 29 3.09 0. 58

105E 748 25 53 7.85 3.16 0. 83

98D 316 20 54 9.20 3.37 0.91

2C 557 303 33 5.06 2.77 0.82

4B 466 48 62 9.63 3.25 0. 83

3C 484 166 50 7.92 2.59 0.70

94B 1116 142 91 12. 82 2.94 0.68

105A 942 32 60 8.61 3. 17 0.80

104A 1152 44 71 9.93 3.31 0. 80

2 99E 534 41 79 12. 42 3.27 0. 80
100E 488 41 82 13.08 3.51 0.85

95F 466 15 62 9.92 2.71 0.70

104G 932 29 77 11.12 3.15 0.76

105F 1028 18 76 10. 81 3.03 0.73

100J 696 28 68 10. 23 2. 96 0.74

102K 1278 44 88 12. 16 3. 11 0.72

3 96E 1395 33 52 7.04 2. 36 0.61
1031 1032 47 62 8.79 2.91 0.73

95H 440 80 52 8. 37 2.75 0.74

96F 454 9 36 5.72 2. 36 0.69

4 6B 144 46 26 5.03 2.53 0.85
7D 188 22 32 5.92 2. 66 0.84

5F 560 91 62 9.62 3.55 0. 83
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TABLE VI

CONTI NUED
Station Abundance Biomass No of Speci es Brillouin Brillouin
G oup Station No/ mi gm/m?> Species Richness Diversity Evenness

5 105G 674 22 12 10.90 2.95 0.73
106G 374 53 41 6. 75 2.73 0.78

DNC 106A 428 40 41 6. 60 2.78 0.79
DNC 7A 32 1 9 2.30 1.41 0.77
DNC 97D 238 15 52 9.31 3.31 0.92
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Station Goup

1TFA NAMF

Figure 4.
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Dendrogram produced by a cluster analysis of In transformed abundance data from benthic grab sanples.
Stations are linked by vertical bars of progressively lower simlarity levels until all stations are

joined. Station groups forned at the. 35%simlarity level (dark vertical line) are separated by dashed
l'i nes.



Yakutat Bay (Fig. 5). Station Goup 2 consisted of 7 stations, many of

whi ch occurred of fshore of the stations in Station Goup 1. Station Goup 3
consisted of 4 stations outside of the 180 mcontour; 3 of these stations
were located at the mouth of the Yakutat Bay trough and 1 at the nouth of
the Dry Bay trough. Station Goup 4 consisted of 3 stations in Yakutat Bay
and Station Goup 5 was conposed of 2 offshore stations |ocated south of
Dry Bay which had a sandy substrate (Fig. 5; Tables VI and VIl). Stations
Goups 1 and 2 joined to forma single station group at the 32.5 percent
simlarity level (Fig. 4) and Station Goup 3 plus Station 97D were |inked
with Station Goups 1 and 2 at the 30 percent simlarity level. However,
Station Goups 4 and 5 did not join the other station groups until the 20
and 17.5 percent sinilarity levels, respectively. This indicates that
Station Goups 1, 2 and 3, and Station 97D were considerably nmore simlar
to each other in terns of these species conposition than they were to Sta-
tion Goups 4 and 5.

An inverse cluster analysis using Iz transformed abundance data delin-
eated 61 species groups (Table VII1) at the 41 percent simlarity |evel
(Fig. 6). Mny of the species groups contained species which occurred at
only one or two stations and since they have little effect on formation of
station groups these will not be discussed here. The |argest species group
formed, Species Goup 17, consisted of species which were present in all
station groups and were nost abundant in Station Goups 1, 2 and 3. The
abundance of species in Species Goup 17 was considerably reduced in Station
Goups 4 and 5. The prinmary difference between stations in Station G oups
1 and 2 was the increased abundance of species from Species Goup 17 in
Station Goup 1. Stations in Station Goup 2 were also characterized by
Species Goups 21 and 22 (Table I1X) and they appeared to have a higher
species richness than stations in Station Goup 1 (Table VI1). Station
Goup 3 was characterized by the presence of species in Species Goup 34
as well as those of Species Goup 17 (Table IX). Station Goup 4 was
characterized by species from Species Goups 53 and 54 and Station Goup 5
was characterized by species from Species Goup 23. Station 97D, which
did not join any of the station groups (Fig. 4), was characterized by spe-
cies from Species Goups 17, 21, 24 and 36. Station 106A was characterized

43



124

142° 141° 1w’ -
T

YAKUTAT 3* Fh%%

SR\

Woalli ;.
A ——1 Vi \ 4

- M

A =
A
4B .
B | .
C A %
C
D B | %,
D |__JA
E C
| __IE 5 B | %
F A )
F c Mo,
G E B X
H G D A
H F (]
| H E B
' ~_I1 G D
\‘\ 0 I sq! F c
ALaska tation Grou| H E
% H Si Graup 1 1 G 5
|:| Station Group 2 1 0 L N E
|:| Station Group 3 1E‘\ H k [ E
’ - N VK
|:| Station Group 4 112
|:| Station Group 6§
|:| Did not join any station group
L2 g: 1 |
1;)' 12%° %"
Figure 5.

Distribution of stations in station groups formed by a cluster analysis of natural
| ogarithm transformed abundance data-from benthic van Veen grab sanpl es.




TABLE VI

SPECI ES GROUPS FORMED BY CLUSTER ANALYSI S OF NATURAL LOGARI THM
TRANSFORVED ABUNDANCE DATA FROM BENTHIC GRAB SAMPLES

SPECI ES GROUPS

SPECI ES GROUP 1

Trophonopsts pacificus

Leucosyrinx circinata

Yoldia montereyensis
SPECI ES GROUP 2

Sealibregma inflatum

Polinices pallida
SPECI ES GROUP 3

Capitella capitata

Epitonium caamanoi
SPECI ES GROUP 4

Tharyx Sp.

Ampharete acutifrons
SPECI ES GROUP 5

Nereis zonata

Yoldia amygdalea
SPECI ES GROUP 6

Axiothella rubrocincta
Diastylis alaskensis
Macoma moesta alaskana

SPECI ES GROUP 7

Onuphis elegans _
Drilonereis faleata M nor

SPECI ES GROUP 8

Tauberia gracilis
Ampelisca macrocephala
Spiophanes cirrata
Byblis Sp .

Magelona pacifica
Diastylopsis dawsoni
Lumbrineris luti
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TABLE VI
CONTI NUED

SPECI ES GROUPS

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

9

Cylichna oceulta
Photis sp.
Lumbrineris bicirrata
Lysippe labiata
10

Nephtys ferruginea
Paraphoxus daubious
Praxillella affinis
Melinna elisabethae
11

Heteromastus filiformis

12

Suavodrillia kennicottii
Anonyx nugax

Pista elongata

13

Alvinia compacta
Anonyx ochoticus
Astarte montagui
Tachyrynchus lacteolus
14

Asychis disparidentata
Astarte polaris
Oenopota sp.

15
Asychis similis
Cardiomya planetica

16
Maldane sarsi
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TABLE VI
CONTI NUED
SPECI ES GROUPS

SPECI ES GROUP 17

Goniada annulata
Lamice ecirrata
Odontogena borealis
Ophiura sarst
Terebellides stroemi
Thyasira flexuosa
Myriochele heeri
Axinopsida serricata
Nucula tenuis
Psephidia lordi

Ninoe gemmea
Diamphiodia craterodmeta
Onuphis iridescens
Axinopsida viridis
Praxillella gracilis
Heterophoxus oculatus
Glycera capitata
Cyelocardia ventricosa
Sternaspis scutata

SPECI ES GROUP 18
Cyliechna alba
Dentalium sp.
Ammotrypane aulogaster
SPECI ES GROUP 19
Solariella obscura

SPECI ES GROUP 20
Ctenodiscus crispatus

SPECI ES GROUP 21

Aricidea suecica
Notoproctus pacificus
Euchone analis
Owenia fusiformis

SPECI ES GROUP 22
Nuculana radiata
Harpiniopsis excavata
Golfingia margaritacea
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TABLE VI ||
CONTI NUED
SPECI ES GROUPS

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

23
Phascolion strombi

24
Hanleya hanleyti

25

Stylatula gracile
Eudorella emarginata
26

Molpadia intermedia

27

Cardiomya pectenata

28

Cerithiopsis sp.
Avctomelon stearnsii
Bittium sp.

29

Prionospio malmgreni
Chaetozone setosa
Travisia sp.
Cirratulus cirratus
Paraphoxus sp.
Megalomma splendida
Ampelisca birulai

30
Harmothoe lunulata
Travisia forbesii
31

Ampharete arctica
U~0-t hee denticulata
Crenella dessucata
32

Haploscoloplos elongatus
Avricidea lopezi
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TABLE VI ']
CONTI NUED
SPECI ES GROUPS

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

33

Eudorella pacifica
Nicippe tumida
Diastylis paraspinulosa

34

Nuculana conceptionis
Cadulus tolmei

Dacrydium pactificum
Aglaophamus rubel | a anops
Gnathia trilobata
Axinopsida Cf. serricata

35
Mysella planata

36

Caryophyllia sp.
Puncturella cooperi
Brisaster townsendi
Chirodota sp.

Pecten caurinus
Terebratalina transversa
Hiatella arctica

37

Peigidice aspera
Paraphoxus robustus
Golfingia vulgaris
Mieroporina borealis
Idanthyrsus armatus
Laqueus californianus

38

Brada villosa
Ischnochiton albus

39

Glycinde picta
Maera danae
Dentalium dalli
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TABLE VI
CONTI NUED
SPECI ES GROUPS

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

40
Argis dentata

41
Pista sp.

42
Propebella turricula

43

Propeamussium alasKkense
Anonyx sp.

Onuphis parva
Lumbrineris zonata
Amage anops

44

Hippomedon sp.
Lycodes brevipes

45

Leucon nasica
Campylaspis sp.

46

Amphictene auricoma
Mitrella sp.

47

Natica clausa

48

Periploma alaskana
Cadulus sp.

49

Aphrodita megligens
Paraphoxus oculatus
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TABLE VI
CONTI NUED

SPECI ES GROUPS

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

SPECI ES

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

50

Cerebratulus sp.
Balanus hesperius

51
Amphissa columbiana

52

Yoldia myalis
Modiolus modiolus
Pinnixia sp.

Amphissa sp.

Haploops tubicola
Compsomyax subdiaphana
Balanus rostratus

53

Clinocardium ciliatum
Terebratulina unguicula
Mitrella gouldi

54

Nephtys punctata
Spiochaetopterus costarum
Melinna cristata

Fuculana f0ssa

55
Chaetoderma robusta
Macoma calcarea

56

Amphicteis gunneri
Turbonilla sp.
Yoldia thractiaeformis

57

Harmothoe imbricata
Colus halli
Pinnixia schmitti
Lumpenus maculatus
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TABLE VI ']
CONTI NUED
SPECI ES GROUPS

SPECI ES GROUP 58
Theragra chalcogramma

SPECIES GROUP 59

Nephtys cornuta franciscana
Admete couthouyi

SPECI ES GROUP 60

Gattyana sp.
Orchomene sp.
Bathymedon sp.
Ammodytes hexapterus
Westwoodilla sp.
Pandora filosa

SPECI ES GROUP 61
Nicomache lumbricalis
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TABLE Ix
TWO WAY CO NCI DENCE TABLE OF AVERAGE CELL DENSITY! COVPARI NG

THE MAJOR SPECI ES GROUPS AND THE STATI ON GROUPS FORVED
BY A CLUSTER ANALYSI S OF Zn TRANSFORVED ABUNDANCE DATA

Station Station Station Station Station Station Station Station

Species Goup 1 Goup 2 Goup 3 Goup 4 Goup 5 106A 97D 7A
G oup (15)2 (7) (4) (3) (2) (1) (1) (1)
8 (7)’ 6.3 0.9 0.3 0.5 1.0 7.7 1.4 0.0
17 (19) 23.4 14.8 12.7 3.5 2.7 2.2 3.2 0.2
21 (4 0.8 12.9 1.5 0.0 3.3 0.0 4.5 0.5
23 (1) 0.8 12.9 0.0 0.0  116.0 0.0 0.0 0.0
24 (D) 0.0 3.4 0.0 0.0 0.0 0.0 24.0 0.0
29 (7) 0.0 0.0 0.0 0.0 14.1 0.0 0.0 0.0
34 (6) 1.2 2.7 22.6 0.1 0.3 0.0 2.3 0.0
36 (7) 0.0 0.2 0.1 0.0 0.1 0.0 4.3 0.0
53 (3) 0.6 0.5 0.0 8.8 0.0 0.7 2.0 0.0
54 (4) 12.0 0.9 0.7 18.4 0.0 11.0 0.0 0.0

lpverage cell density is a total of the abundance of all species in a species
group-in all stations of a station group divided by the nunber of stations
and species in these groups

‘Nunbers in parentheses represent the nunber of stations or species in the
group.

54



by Species Goups 8 and 54 and Station 7A was notable for the |ow abundance,
bi omass and diversity of its fauna (Table [X).

A cluster analysis of untransforned abundance data (Figure 7) iden-
tified 5 stations groups at the 32 percent simlarity level. These groups
were quite simlar to the station groups formed by a cluster analysis using
In transfornmed abundance data (Table X).

Principal coordinate anal yses using the Czekanowski and Canberra “netric”
simlarity coefficients on both untransfornmed and Zz transformed abundance
data (Figs. 8, 9, 10 and 11) generally confirnmed the results of cluster
analyses (Figs. 4 and 7). Stations in the station groups delineated by
cluster analyses fornmed | oose groupings on the first and second coordinate
axes (Figs. 8a, 9a and 10a) of all plots except Figure 11. Separation
between station groups are not as apparent in the principal coordinate
anal ysi s using In transformed abundance data and the Canberra “netric” co-
efficient (Figure 11). The use of the Canberra “metric” coefficient with
unt ransfornmed abundance data greatly reduces the effect of differences in
t he abundance of species and stations are distinguished prinmarily on dif-
ferences in faunal conplenent. Station Goup 1 formed fairly distinct
groupings on the first and second axes (Figs. 8a, 9a and 10a). However,
the position (Figs. 8a, 9a, 10a and ha) of Stations 2C, 3C and 4B (Yakutat
Bay) between the ngjority of the stations in Goup 1 and Station Goup 4
(Yakutat Bay) indicates that these stations may be transitional between
these 2 groups in terns of their fauna. An examnation of the species
assenblages in Stations 2C, 3C and 4B supports this contention. Stations
2C, 3C and 4B, as well as all stations in Station Goup 4, are located in
Yakutat Bay.

Pi pe Dredge

A total of 34 stations was sanpled via the pipe dredge; 29 offshore
stations and 5 Yakutat Bay stations (Figs. 1 and 2). Pipe dredge sanples
from seven untrawlable stations (Stations 94G 97F, 98F, 100J, 1011 and K,
and 103G and one traw ed station (Station 98F) were anal yzed (identified
and enumerated) in the proposed sale |ease area (Priority Area 1), and are
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TABLE X

COWPARI SON OF STATION GROUPS FORMED BY CLUSTER ANALYSI S
USI NG In TRANSFORMED AND UNTRANSFORMVED ABUNDANCE DATA

in transforned data untransfornmed data
GROWP 1 2C 2C
3C 3C
4B 4B
94B! 100J1
98p! 102K!
103B 103B
103D 103D
103F 103F
104A 10311
104B
104D 104B
1054l 104D
105C 104G
105E 105C
106B 105E
105F
106B
GROUP 2 95F 95F
99E 98D
100E 99E
10031 100E
102k!
10461
105F!
GROUP 2A 94B
104A
105A
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TABLE X

CONTI NUED
In transfornmed data untransfornmed data
GROUP 3 95H 95H
96E 96E
96F 96F
1031!

GROP 4 5C 5C
6B 6B
7D 7D

GROUP 5 105G

106G

lgtations which were not classified in the same group by both cluster
anal ysis routines (In transformed and untransformed data).
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PRINCIPAL COORDINATE ANALYSIS
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Plots of the first three coordinate axes of a principal coordinate analysis using
Canberra netric simlarity coefficient and In transformed abundance data.
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presented in Appendix C. Four of the stations (97F, 98F, 100J, 103G had
previously been sanpled with the van Veen grab. The renainder of the
dredge station sanples was roughly identified in the field to help charac-
terize the stations. Al sanples were preserved and archived at the
Institute of Marine Science, Fairbanks.

FI SHES
O fshore Stations

A total of 64 species of fishes was collected fromthe offshore sta-
tions (Appendix A). Inportant fish famlies were Squalidae-sharks (5.9%
of total fish biomass), Rajidae-skates (7.1%, Gadidae-cods (12.9%,
Anoplopomidae~sablefish (15. 7%, and Pleuronectidae-flatfishes (54.3% . Five
species made up 71.5 percent of the fish biomass: arrowtooth flounder
(Atheresthes stomias) —31.5 percent of the total fish bionass; sablefish
(Anoplopoma fimbria) — 15.7 percent; walleye pollock (Theragra chalcogranma)
- 10.1 percent; Pacific halibut (#ippoglossus stemnolepis) —8. 3 percent;
and spiny dogfish (Squalus acanthias) —5.9 percent (Table Xl).

Arrowtooth flounder occurred in 40 of the 42 traw stations. Stations
94A and 105B did not yield this flatfish species. Stations yielding the
hi ghest biomass canme from the extreme ends of the proposed sale |ease area;
Stations 95F-H to the west and Stations 1031, 104G and 105E to the east.
These six stations yielded 59.4 percent of the arrowtooth flounder bionmass.
Station 104G produced the greatest catch with 2370 individuals (1638.5 kg)
in a 30 mnute tow or 800 fish per kilonmeter of fishing.

Sabl efish (black cod) occurred in 34 (81% of the offshore traw sta-
tions. Stations 104G and 105F yielded 75.5 percent of the sablefish biomass.
At Station 105F, 832 sablefish were caught per kilometer of fishing. The
nmean fish weight at Station 105F was 0.8 kg.

Wl | eye pollock occurred in 36 (85.7% of the offshore trawl stations.
H ghest bi omass stations were 95G and 96E; 83.2 percent of the total walleye
pollock biomass. At Station 96E, 1018 individuals per kilonmeter of fishing
were obtained. The nean fish weight at Station 96E was 0.4 kg.
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TABLE Xl

NUMBERS, WEI GHTS AND BI OVASS (g/mz) OF THE MAJCR FI SHES FROM THE OFFSHORE REG ON

OF THE NORTHEASTERN GULF OF ALASKA AND YAKUTAT BAY, NOVEMBER 1979

Nunber of fishes

Vet wei ght (kq)

% of wei ght wet

x g/ i

Taxon of fshore Yakutat offshore Yakutat offshorel Yakutat? of fshore’ Yakutat"
Squalus acanthias 610 44 1051.699 57.600 509 25.5 0.73 0. 62
Raja binoculata 123 2 270. 600 1. 400 1.5 0.6 0.19 0.02
Raja rhina 61 3 275.677 11.400 1.6 5.0 0.19 0.12
Raj a stellulata 221 12 536.143 950300 3.0 42.2 0. 37 1.03
Mierogadus proximus 2457 42 327.072 2.030 1.8 0.9 0.23 0.02
Theragra chaleogramma 4502 78 1794. 438  2.973 10.1 1.3 1.25 0.03
Anoplopoma fimbria 3332 2 2782.815  1.120 15.7 0.5 1.94 0.01
Atheresthes stomias 11886 21 5578.935  5.070 31.5 2.2 3. 89 0.05
Glyptocephalus zachirus 2830 0 414.541 0 2.3 0 0.29 0
Hippoglossoides elassodon 1514 16 551.037  2.944 3.1 1.3 0. 38 0.03
Hippoglossus stenolepsis 337 3 1472.567 18.600 8.3 8.2 1.03 0.20
Isopsetta isolepis 3200 26 776.724  5.500 4.4 2.4 0.54 0.06
Lepidopsetta bilineata 490 0 351.402 0 2.0 0 0.25 0
Parophrys vetulus 514 0 257.197 0 1.5 0 0.18 0

ITotal wet weight - 17689.462 kg
2Total wet weight - 225.896 kg
3Total area fished - 1434232 nf
“Total area fished - 92598 nf



Pacific halibut occurred in 33 (78.6% widely dispersed stations.
H ghest biomass occurred at Stations 106A and B, 98D, and 93C. These four
stations yielded 38.5 percent of the halibut biomass. The nean weight of
all halibut caught was 4.3 kg. Station 105F yielded 40 halibut that had
an average weight of 2.1 kg.

Spiny dogfish occurred in 33 (78.6% w dely dispersed stations. The
hi gh bi omass stations of 105G and 109A yiel ded 56.5 percent of the total
spiny dogfish biomass. At Station 105G 303 individuals were caught in a
30 minute tow. The mean weight at the latter station was 1.4 kg.

Yakutat Bay Stations

A total of 23 fish species was collected in the three Yakutat Bay
trawl stations. Elasmobranchs dom nated the fish catch yielding 76.8 per-
cent of the fish biomass. Spiny dogfish (Squalus acanthias) and starry
skate (Raja stellulata) dom nated. Spiny dogfish occurred at all three
stations and made up 25.5 percent of the fish biomss. Starry skate oc-
curred only at Station 4A but accounted for 42.2 percent of the fish bio-
mass in the bay (Table XI).

FEEDI NG STUDI ES
Offshore Stations

An anal ysis of stomach contents fromthree species of invertebrates
and 20 species of fishes is presented here. Ten of the species of fishes
were menbers of the fam |y Pleuronectidae. The percent frequency of oc-
currence of food itens was calculated for both the total nunber of stomachs
exanmined and for only those which contained food. Major food groups found
in stomachs are listed in Table X1 while Table X1l contains all prey items
identified to the |owest taxon possible.

The arrowtooth flounder (Atheresthes stomias) primarily consumed smal |
fishes such as wall eye pollock (Theragra chaleogramma) and eulachon
(Thaleichthys pacificus); shrinps, including Pandalus spp., were second in
frequency of occurrence as food itens among arrowtooth flounders. Rex sole
(Glyptocephalus zachirus) were found to prey nainly on pol ychaete worms,
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TABLE Xl |

MAJOR FOOD GROUPS FOUND | N STOMACHS OF SELECTED FI SHES AND | NVERTEBRATES
FROM THE NORTHEASTERN GULF OF ALASKA, EXCLUDI NG YAKUTAT BAY, NOVEMBER 1979

Nurmbers in parenthesis are nunbers of predators containing that prey item

Percent frequency of

occurrence based on

St omachs Tot al Size (cm)!
Stomach contents with food stonmachs x * S.D.

Fi shes

Atheresthes stomias (Arrowtooth flounder) N = 120 N=250 36.6+11.3
(total Iength)

Enpty (130) 52.0
Pisces (76) 63.3 30.4
Shrinp (35) 29.2 14.0
O her Crustacea (12) 10.0 4.8
Glyptocephalus zachirus (Rex sol e) N = 195 N =218 28.2%5.9
(total length)
Polychaeta (142) 72.8 65.1
Amphipoda (66) 33.8 30.3
Shrinp (40) 20.5 18.4
Q her Crustacea (25) 12.8 11.5
Enpty (23) 10.5
Bi val ves (16) 8.2 7*3
Hippoglossoides elassodon (Flathead sol e) N=96 N =168 32.578.4
(total Iength)
Enpty (72) 42.9
Ophiuroidea (62) 64.6 36.9
Shrinp (31) 32.3 18.5
O her Crustacea (15) 15. 6 8.9
Pisces (8) 8.3 4.8
Isopsetta isolepis (Butter sole) N=53 N=97 28.574.2
(total Iength)
Enpty (44) 45.5
Ophiuroidea (31) 58.5 32.0
Polychaeta (13) 24.5 13.4
Crustacea (11) 20. 8 11.3
Parophrys vetulus (English sole) N=67 N=92 27.757.5
(total length)
Polychaeta (50) 74.6 54.4
Enpty (25) 27.2
Ophiuroidea (19) 28. 4 20.7
Crustacea (12) 17.9 13.0
Bi val ves (7) 10. 4 7.6
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TABLE XI|

CONTI NUED
Percent frequency of
occurrence based on
Stomachs Tot al Si ze (cm)!
Stomach contents with food stomachs X * S.D,
Mierostomus pacificus (Dover sol e) N=74 N=89 37.9%6.1
(total length)
Ophiuroidea (66) 89.2 74.2
Mollusca (34) 46.0 38.2
Polychaeta (33) 44. 6 37.1
Enpty (14) 15.7
Crustacea (13) 17.6 14.6
Hippoglossus stenolepis (Pacific halibut) N=49 N=74 53.2%12.0
(total length)
Pisces (29) 49. 2 39.2
Enpty (25) 33.8
Chionoecetes bairdi (18) 36.7 24.3
QO her Crustacea (11) 22.5 14.9
Qphi uroi dea (5) 10. 2 6.8
Cephal opod (5) 10. 2 6.8
Platichthys stellatus (Starry flounder) N=22 N=31 44.9*5.9
(total |ength)
Ophiuroidea (20) 90.9 64.5
Empty (9) 40.9 29.0
Mollusca (2) 9.1 6.5
Unid. remains (1) 4.5 3.2
Lepidopsetta bilineata (Rock sole) N=26 N=32 30.1+7.6
(total length)
Crustacea (10) 38.5 31.3
Qphi uroi dea (9) 34.6 28.1
Polychaeta (6) 23.1 18.8
Empty (6) 23.1 18.8
Pisces (4) 15.4 12.5
Psettichthys melanostictus (Sand sol e) N=4 N =10 31.3#3.7
(total Ilength)
Empty 60.0
Pi sces 100 .0 40.0
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TABLE XII

CONTI NUED

Percent frequency of

occurrence bhased on

St omachs Tot al Size (em)!
Stomach contents with food stomachs x * S.D.

Anoplopoma fimbria (Sablefish) N = 57 N=90 47.927.6
(fork length)

Empty (33) 36.7
Pi sces (20) 35.1 22.2
Scyphozoa (15) 26.3 16.7
Anphi poda (14) 24.6 15.6
Q her Crustacea (9) 15.8 10.0
Cephal opoda (6) 10.5 6.7

Theragra chaleogramma (\Wl | eye pollock) N=39 N=70 39.4%5. 7
(total |ength)

Enpty (31) 44.3
shrimp (22) 56. 4 31.4
Anphi poda (13) 33.3 18. 6
Q her Crustacea (8) 20.5 11.4
Pisces (5) 12.8 7.1
Gadus macrocephalus (Pacific cod) N=15 N=15 66. 226. 9
(total length)
Shrinp (12) 80.0
Chionocecetes bairdi (9) 60. 0
Cephal opoda (9) 60.0
Gt her Crustacea (8) 53.3
Pisces (3) 20.0
Sebastolobus alaseanus (Shortspine N=41 N=50 29.474.8
t hor nyhead) (total |ength)
Shrinp (37) 90. 2 74.0
Enpty (9) 18.0
Polychaeta (6) 14. 6 12.0
Pi sces (6) 14.6 12.0
Gt her Crustaceans (5) 12.2 10.0
Sebastes aleutianus (Rougheye rockfish) N=38 N=10 35.6%*5.9
(total Iength)
shrinmp (6) 75.0 60. 0
Pisces (4) 50.0 40.0
Enpty (2) 20.0
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TABLE XI |
CONTI NUED

Stomach contents

Percent frequency of

occurrence based on

St omachs Tot al Si ze (em)!
w th food St omachs x + 8.D.

Sebastes alutus (Pacific COcean perch)
Enpty (1 0)

Sebastes paucispinis (Bocaccio)

Unid. remains (5)
Enpty (1)

Squalus acanthias (Spiny dogfish)

Pisces (19)
Empty (18)
Shrinp (13)
Qther (7)

Dasycottus setiger (Spinyhead sculpin)

Crustacea (55)
Polychaeta (16)
Pisces (7)

Unknown material (4)
enpty (2)

Malacocottus kincaidi (Blackfin sculpin)

Crustacea (40)
Polychaeta (27)
Porifera (9)
Cnidaria (7)
Foraminifera (3)
Mollusca (3)
Pisces (2)

69

N=10 N =10 37.826.2
(total |ength)

100 .0
N=5 N=6 40.0+3.4
(total length)
100.0 83.3
16.7

N = 25 N=43 71.3*5.1
(total length)

76.0 44.2

41.9
52.0 30.2
28.0 16.3

N=57 N=60 9.42*3.4
(total |ength)

N=40 N=40 10.3*2.5
(total length)



TABLE XI |

CONTI NUED
Percent frequency of
occurrence based on
St omachs Tot al Si ze (cm)!
Stomach contents with food stomachs X * 8.D.
| nvertebrates
Pyenopodia he lianthoides (Sunfl ower N= 36 N = 61
sea star)
Enpty (25)
Gastropoda (18) 50.0 29.5
Ophiuroidea (18) 50.0 29.5
Bi val ves (16) 44.4 26.2
Unid. remains (6) 16.7 9.8
Crustacea (6) 16.7 9.8
Cancer magister (Dungeness Crab) N=14 N = 20 13.871.1
(carapace wi dth)
Bi val ves (14) 100.0 70.0
Hydrozoa (10) 71.4 50.0
Ophi ur oi dea (8) 57.1 40.0
Polychaeta (7) 50.0 35.0
Crustacea (6) 42.9 30.0
Empty (6) 30.0
Chionoecetes bairdi (Snow crab) N = 120 N =140 3.2£1.6
(carapace wi dth)
Polychaeta (105) 87.5 75.0
Mollusca (94) 78.3 67.1
Foramnifera (80) 66. 7 57.1
Crustacea (77) 64. 2 55.0
Ophi uroi dea (64) 53.3 45.7
Diatons (54) 45.0 38.6
Sponge spicules (43) 35.8 30.7
Unid, material (30) 25.0 21.4
Enpty (20) 14.3

lpased on total stomachs exam ned.’
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TABLE X1

| NDI VI DUAL TAXA FOUND | N STOMACHS OF SELECTED FI SHES AND | NVERTEBRATES
FROM THE NORTHEASTERN GULF OF ALASKA, EXCLUDI NG YAKUTAT BAY,
NOVEMBER 1979

Numbers in parenthesis are nunber of predators containing that prey item

Percent frequency of
occurrence based on

St onachs Tot al
St omach contents! with food st omachs

Fi shes

Atheresthes stomias (Arrowtooth flounder) N = 120 N = 250

Enpty (130) 52.0
Pi sces (55) 45,
Shrinp (21) 17.
Theragra chalecogramma
(wal | eye pollock) (19) 15.
Euphausiacea (krill) (9) 7
Pandalidae (shrinps) (6) 5
Polychaeta (Segnented worns) (3) 2.
1
1
1

1 0o
N
N
o

Chionoecetes bairdi (snow crab) (2)
Pandalus goniurus (bunpy shrinmp) (2)
Thaleichthys pacificus (eulachon) (2)
Pandalus jordani
(ocean pink shrim) (2) 1
Unid. remains (2) 1.
Pandalus borealis (pink shrinp) (1) 0
Pandalopsis dispar
(sidestripe shrinp) (1) 0
Eualus macrophthalma (shrinp) (1) 0
Crustacea (1) 0.
0
0

~NN N O1O 01 o

oo~ ~

Cct opus sp.(1)
Rocks (1)

00 OO 0O O O
ococooo
AR

Glyptocephalus zachirus (Rex sol e) N = 195 N = 218

Polychaeta (130) 66.
Amphipoda (61) 31.
Empty (23) 11.
Shrinp (22) 11.
Pandalidae (14)

Chionoecetes bairdi (12)
Unid. remains (9)

Bi val ves (8)

Nucula tenuis (bivalve) (6)
Crangonidae (6)

Ophiuroi dea (brittle stars) (4)
Aphrodita sp. (polychaete) (4)
Mysi dae (4)
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TABLE Xl |

CONTI NUED
Percent frequency of
occurrence based on

St omachs Total

St omach contents? with food st omachs
Glyptocephalus zachirus (cent’ d)

Sipuncula (peanut worms) (3) 1.5 1.4
Golfingia Sp. (Sipuncula) (3) 1.5 1.4
Anpel i sci dae (Amphipoda) (3) 1.5 1.4
Crustacea (3) 1.5 1.4
Cumacea (3) 1.5 1.4
Sternaspis scutata (polychaete) (2) 1.0 0.9
Terebellides stroemi (polychaete) (1) 0.5 0.5
Goniada annulata (polychaete) (1) 0.5 0.5
Travesia Sp. (polychaete) (1) 0.5 0.5
Neohella sp. (amphipod) (1) 0.5 0.5
Anonyx Sp. (amphipod) (1) 0.5 0.5
Isopoda (1) 0.5 0.5
Crangon septemspinosa (1) 0.5 0.5
Pinnixa sp. (pea crab) (1) 0.5 0.5
Pagurus ochotensis (hermt crab) (1) 0.5 0.5

Delolepis gigantea

(giant wy mouth) (1) 0.5 0.5
Psephidia lordi (bivalve) (1) 0.5 0.5
Yoldia sp. (bivalve) (1) 0.5 0.5
Ophiura sarsi (1) 0.5 0.5

Hippoglossoides elassodon (Flathead sol e) N=96 N = 168
Enpty (72) 42.9
Ophiura sarsi (52) 54.2 31.0
Pandalidae (17) 17.7 10.1
Shrinp (12) 12.5 7.1
Ophi ur oi dea (12) 12.5 7.1
Chionoecetes bairdi ( 8) 8.3 4.8
Euphausiacea (6) 6.3 3.6
Stichaeidae (pricklebacks) (5) 5.2 3.0
Pi sces (2) 2.1 1.2
Hippolytidae (2) 2.1 1.2
Pandalopsis dispar (1) 1.0 0.6
Lumpenus maculatus (daubed shanny) (1) 1.0 0.6
Caprellidae (amphipod) (1) 1.0 0.6
Gastropoda (1) 1.0 0.6
Yoldia sp. (1) 1.0 0.6
Anphi poda (1) 1.0 0.6



TABLE X1
CONTI NUED

Percent frequency of
occurrence bhased on

St onachs Tot al
Stomach contents!? with food st omachs

Isopsetta isolepis (Butter sole) N=53

Enpty (44)

Ophiura sarsi (23)
Polychaeta (12)

Qphi uroi dea (7)
Chionoecetes bairdi (5)
Unid. remains (3)
Amphipoda (2)

Pi sces (2) .
Diamphiodia periercta (ophiuroid) (1)
Aphrodita sp. (polychaete) (1)
Echiurus sp. (spoon worm (1)
Crustacea (1)

Shrinp (1)

Isopoda (1)

Pagurus sp. (hermt crab) (1
Nuculana fossa (bivalve) (1)
Lyonsia arenosa (bivalve) (1
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Parophrys vetulus (English sole)

Polychaeta (51)
Enpty (25)
Ophiuroidea (18)
Ophiura sarsi (13)
Anphi poda (12)
Unid. remains (6)
Bi val ves (3)
Macoma sp. (1)
Psephidia lordi (1)
Nucula tenuis (1)
Yoldia sp. (1)
Crangon sp. (shrimp) (1)
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Microstomus pacificus (Dover sole)

Ophi uroi dea (52)
Polychaeta (24)
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TABLE Xl I|

CONTI NUED
Percent frequency of
occurrence based on
St omachs Tot al
Stomach contents? with food st omachs
Microstomus pacificus (cent’d)

Yoldia sp. (16) 21.6 1
Enpty (15) 1
Amphipoda (11) 1 1
Ophiura sarsi (9) 1 1
Scaphapoda (9) 1 1
Nucula tenuis (8) 1

Diamphiodia craterodmeta (ophiuroid) (7)

Bi val ves (6)

Sternaspis scutata (polychaete) (5)

Periploma alaskana (Dbivalve) (4)

Cadulus sp. (scaphapod) (4)

Nephtys SpP. (polychaete) (3)

Polynoidae (polychaete) (3)

Owenia fusiformis (polychaete) (3)

Pista cristata (polychaete) (2)

Goniada anrulata (polychaete) (2)

Lumbrineris sp. (polychaete) (2)

Yoldia myalis (2)

Caprellidae (2)

Ophiopholis aculeata (ophiuroid) (1)

Asychis dispanidentata (polychaete) (1)

Nicomachinae (polychaete) (1)

Myriochele heeri (polychaete) (1)

Ammotrypane alogaster (polychaete) (1)

G yceride (polychaete) (1)

Anphariti dae (polychaete) (1)

Nephtys cornuta franciscana
(polychaete) (1)

Etone longa (polychaete) (1)

Onuphis iridescens (polychaete) (1)

Chone cincta (polychaete) (1)

Terebellides stroemi (polychaete) (1)

Pectini dae (polychaete) (1)

Onuphis sp. (1)

Brada sp. (polychaete) (1)

Glycinde sp. (polychaete) (1)

Amphictene auricoma (polychaete) (1)

Prionospio malmgreni (polychaete) (1)

Sabellidae (polychaete) (1)

HHHHHHHNNNNN&#AGW@@@ONN%

SO NN SO N N SO SO NG S O SO O O N N N N N T R TN N NSNS ) [P N OIS

PP RFRPRFRPRPRPRPRP R R
- - - . - - - - - « - -

74

PRPPRPRPRREBEPPONONONNWWWA LRI NIOO O N ~
PRPRRPRPPRP R RWOWOOWOWRARRNJTITIO VOO, OO

HFRPRPRPPRPRRPRPHERPRPRPRERE— -
A S R S
HFRPRPRPRPRRPRPRRREPRRE R



TABLE Xl ||
CONTI NUED

Percent frequency of
occurrence hased on

St onmachs Tot al
St omach contents! with food st onmachs

Microstomus pacificus (cent’d)

Golfingia sp. (1)

Rhyncocoela (proboscis wornm (1)
Nuculana fossa (1)

Odontogena borealis (bivalve) (1)
Cardiomya sp. (bivalve) (1)
Psephidia lordi (1

Shrinp (1)
Crangonidae (1
Diastylis sp. (cumacea) (1)
Heterophoxis occulatus (amphipod) (1)
Lysi anassi dae {(amphipod) (1)
Ampeliscidae (amphipod) (1)

Velutina velutina (gastropod) (1)
Harpiniopsis excavata (amphipod) (1)
Byblis sp. (Amphipoda) (1)

Cedi ceroti dae (Amphipoda) (1)
Chionocecetes bairdi (1)

Foraminifera (1)

Holothuroidea (1)

Ctenodiscus sp. (sea star) (1)
Anenone (1)

Nudibranchia (1)
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Hippoglossus stenolepis (Pacific halibut)

Enpty (25) 33
Chionoecetes bairdi (18) 36.
Pisces (14) 28.
Pleuronectidae (flat fishes) (8) 10.
oct opus Sp .(4) 8.
Ammodytes hezxapterus

(Pacific sand lance) (3)
Gamari dae (amphipod) (3)
Ophiura sarsi 83)
Ophiuroidea (2
Cottidae (sculpins) (1)
Glyptocephalus zachirus (1)
Elassochirus sp. (hermt crab) (1)
Pagurus ochotensis (hermt crab) (1)
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TABLE Xl I|

CONTI NUED
Percent frequency of
occurrence based on
St omachs Tot al
- Stomach contents! with food st omachs
Hippoglossus stenolepis (cent’ d)
Hyas sp. (crab) (1) 2.0 1.4
Munida quadrispina (crab) (1) 2.0 1.4
Crangonidae (1) 2.0 1.4
Pandalus sp. (1) 2.0 1.4
Pandalus platyceros (spot shrinp) (1) 2.0 1.4
| sopoda (1) 2.0 1.4
Squid (1) 2.0 1.4
Actiniaria (sea anenone) (1) 2.0 1.4
Platichthys stellatus (Starry flounder) N=22 N=31
Qphi ur oi dea (10) 45.5 32.3
Ophiura sarsi (10) 45.5 32.3
Enpty (9) 29.0
Unid. remains (1) 4.5 3.2
Gastropoda (1) 4.5 3.2
Buceinum sp. (gastropod) (1) 4.5 3.2
Theragra chalcogramma (1) 4.5 3.2
Lepidopeetta bilineata (Rock sol e) N = 26 N=32
Enpty (6) 18.8
Ophiura sarsi (5) 19.2 15.6
Ophi uroi dea (4) 15.4 12.5
Chioncecetes bairdi (4) 15.4 12.5
Gammariidae (3) 11.5 9.4
Pi sces (3) 11.5 9.4
Anphi poda (2) 1.7 6.3
Crangoni dae (2) 1.7 6.3
Unid. remains (2) 1.7 6.3
Ammodytes hexapterus (1) 3.8 3.1
Travesia sp.'(polychaete) (1) 3.8 3.1
Glycera capitata (polychaete) (1) 3.8 3.1
Spi oni dae (polychaete) (1) 3.8 3.1
Onuphis Sp. (1) 3.8 3.1
Aphrodita sp. (1) 3.8 3.1
Polychaeta (1) 3.8 3.1
Rhynchocoela (1) 3.8 3.1
Anonyz sp. (1) 3.8 3.1
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TABLE X1
CONTI NUED

Percent frequency of
occurrence hased on

St onachs Tot al
Stomach contents! with food st omachs

DPsettichthys melanostictus (Sand sol e) N=4 N =10

Enpty (6)
Pisces (3) 75.

60.0
30.0
Atheresthes stomias (1) 25. 10.0

Z
1

©
o

Anoplopoma fimbria (Sablefish) N=57

Empty (33)
Pisces (15) 26.
Scyphozoa (jelly fish) (15) 26.
Amphipoda (12) 21.
Shrinp (10)

Euphausiacea (7)

Squid (3)

Hippoglossoides elassodon (2)
Pleuronectidae (2)

Gamariidae (2)

Gonatus sp. (cephal opod) (2)
Unid. remains (2)

Clupea harengus (herring) (1)
Theragra chalcogramma (1)
Pandalidae (1)

Pandalus goniurus (1)
Euphausia pacifica (krill) (1)
Thysanocessa inermis (krill) (1)
Cumacea (1)

Munida quadrispina (1)

octopus Sp . (1)

Qphi uroi dea (1)
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Theragra chalcogramma (\Ml | eye pollock) N=39

Enpty (31)
Shrinp (17)
Amphipoda (13)
Pisces (5)
Euphausiacea (5)
Pandalidae (3)
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TABLE Xl I|
CONTI NUED

Percent frequency of
occurrence based on

St omachs Tot al
St omach contents! with food st omachs

Theragra chaleogramma (cent’ d)

Eualus sp. (shrinmp) (2) 5.1
Parathemisto pacifica (amphipod) (2) 5.1
Cumacea (2) 5.1
Unid. remains (2) 5.1
Thysanoessa sp. (1) 2.6

SN O O oo

Gadus macrocephalus (Pacific cod) N=15 N=15
Shrinmp (11) 73.3
Rocks (11) 73.3
Chionoecetes bairdi (9) 60.0
Munida quadrispina (6) 40.0
Squi d (5) 33.3
octopus Sp. (4) 26.7

Pisces (3) 20.0
Crangonidae (2) 13.3
Pandalus montagui (1) 6.6
Hyas sp. (1) 6.6
Rocinela sp. (isopod) (1) 6.6
Echi nodermata (1) 6.6
Al gae (1) 6.6

Z
I
o

Sebastolobus alascanus (Shortspine thornyhead) N = 41

Shrinp (23) 56.
Enpty (9)

Pandalidae (8) 19.
Bualus sp. (5) 12.
Polychaeta (5) 12.
Hippolytidae (2)
Stichaeidae (2)

Zoarchidae (eel pouts) (2)
Pandalus borealis (1)
Pandalopsis dispar (1)
Eualus macrophthalma (1)
Cumacea (1)

Mysi dae (1)

Neohella sp. (1)
Chionoecetes bairdi (1)
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TABLE X1

CONTI NUED
Percent frequency of
occurrence based on
St omachs Tot al
Stomach contents! with food st omachs
Sebastolobus alascanus (cent’ d]
Pol ynoi dae (1) 2.4 2.0
Yoldia sp. (1) 2.4 2.0
Cctopus Sp . (1) 2.4 2.0
Pisces (1) 2.4 2.0
Pl euronectidae (1) 2.4 2.0
Unid. material (1) 2.4 2.0
Crab (1) 2.4 2.0
Sebastes aleutianus (Rougheye rockfish) N=38 N = 10
Shrinmp (6) 75.0 60. 0
Pisces (4) 50.0 40.0
Enpty (2) 20.0
Mysi dacea (1) 12.5 10.0
Squid (1) 12.5 10.0
Sebastes alutus (Pacific COcean perch) N =10
Enpty (10) 100. 0
Sebastes paucispinis (Bocaccio) N=5 N=6
Unid. renmains (5) 100.0 83. 3
Enpty (1) 16.7
Squalus acanthias (Spiny dogfish) N=25 N 43
Enpty (18) 41.9
Pi sces (10) 40.0 23.3
Pandalus jordani (4) 16.0 9.3
Thaleichthye pacificus (4) 16.0 9.3
Pl euronectidae (3) 12.0 7.0
Pandalidae (3) 12.0 7.0
Unid. remains (3) 12.0 7.0
Stichaei dae (2) 8.0 4.6
Atheresthes stomias (2) 8.0 4.6
Shrinp (2) 8.0 4.6
Hi ppol ytidae (shrinp) (2) 8.0 4.6
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TABLE Xl ||

CONTI NUED

Percent frequency of
occurrence bhased on

St onachs Tot al
St omach contents? with food st omachs

Squalus acanthias (cent’d)

Chionoecetes bairdi (2) 8.0 4.6
oct opus Sp. (2) 8.0 4.6
Spirontocarus sp. (shrinmp) (1) 4.0 2.3
Crangonidae (1) 4.0 2.3
Dasycottus Se-tiger (Spinyhead sculpin) N=57 N=58
Natantia (shrinp) (21) 36.8 36.2
Crustacea (18) 31.6 31.0
Polynoidae (polychaete) (15) 26.3 25.9
Mysi dacea (15) 26.3 25.9
Anphi poda (10) 17.5 17.2
Pandal i dae (8) 14. 1
Crangoni dae (6) 1 1

Gstei chthyes (fish) (5)

Crangon septemspinosa (shrinp) (4)
Pandalus montagui tridens (shrinp) (4)
Chionoecetes bairdi (4)

Unknown material (4)

Pandalus Sp. (3)

Anonyx sp. (amphipod) (3)

Crangon sp. (shrinp) (3)
Rhachotropis oculata (isopod) (2)
Orchomene sSp. (amphipod) (1)
Polychaeta (1)

Nuculana sp. (bivalve) (1)

Cumacea (1)

Isopoda (1)

Crangon dalli

Argis alaskensis (shrinp) (1)
Lebbeus washingtonianus (shrinp) (1)
Pandalus Jordani (1)

Reptantia (crab) (1)

Qphi uroi dea (1)

Ammodytes hexapterus (fish) (1)
Cottidae (fish) (1)

Enpty (1)

PR RPHRR R RPRRRPRRWACU N~~~ OO &
00D OCOOOOLOOMOMOWMOOOOLIITWWWOOOOLUIO
0~ 1y B RO RO RO 00 00 00 00 S GO 00

80



TABLE Xl ||

CONTI NUED
Percent frequency of
occurrence based on
St omachs Tot al
Stomach contents with food st omachs
Malacocottus kineaidi (Blackfin sculpin) N 40 N=40
Rocks or sand (21) 52
Polyncidae (19) 47
Pandalidae (15) 37
Crustacea (14) 35
Natantia (shrinp) (14) 35
Mysidacea (13) 32
Diastylis sp. (cumacean) (11) 27
Porifera (9) 22

Plastic line (8)

Meterythrops robusta (mysid) (7)
Sertul ariidae (Cnidaria) (6)
Polychaeta (6)

Lysi anassi dae (amphipod) (6)
Unknown annual tissue (6)
Rhachotropis sp. (amphipod) (5)
Caprellidae (amphipod) (5)
Amphipoda (4)

Orchomene Sp. (amphipod) (4)
Pandalus sp. (4)

Formainifera (3)

Aphrodita sp. (3)

Anonyx Sp. (amphipod) (3)
Melphidippidae (amphipod) (3)
Stegocephalidae (amphipod) ( 3)
St enot hoi dae (amphipod) (3)
Hydrozoa (2)

Ampharetidae (polychaete) (2)
Trochidae (gastropod) (2)
Pseudomma truncata (mysid) (2)
Cumacea (2)

Ganmmari dae (2)

Westwoodilla caecula (amphipod) (2)
Hippolytidae (2)

Heptacarpus sp. (shrinp) (2)
Gsteichthyes (fish) (2)
Antinoella macrolepida (polychaete) (1)
Cirratulidae (polychaete) (1)
dyceride (polychaete) (1)
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TABLE Xl I
CONTI NUED

Percent frequency of
occurrence bhased on

St omachs Tot al
St omach contents! with food st omachs

Malacocottus kincaidi (cent’d)

Gontada annulata (polychaete) (1)
Glycera capitata (polychaete) (1)
Pel ecypoda (1)

Pycnogonida (1)

Gaetanus Sp. (copepod) (1)
Acanthomysis (mysid) (1)

Holmesiella anomala (mysid) (1)
Neomysis Sp. (mysid) (1)

Piastylidae (cumacean) (1)
Leptostylis SpP. (cumacean) (1)
Isopoda (1)

Bopyri dae (isopod) (1)

Gnat hii dae (isopod) (1)

Busirus Sp. (amphipod) (1)

Anonyx nugax pacifica (amphipod) (1)
Prachynella lodo (amphipod) (1)
Hippomedon sp. (amphipod) (1)
Socarnes bidenticulatus (amphipod) (1)
Valettiopsis pentatus (amphipod) (1)
Pardaliscidae (amphipod) (1)

Niecippe tumida (amphipod) (1)
Euphausia Sp. (amphipod) (1)
Decapoda (1)

Crangoni dae (1)

Heptacarpus moseri (shrinp) (1)
Reptantia (crab) (1)

Unid. eggs (1)

Plant material (1)

C1O1 01010101 010101010101 O1O1TOU1O01 0101 0101010101 01 010101 O1

| nvertebrates

Pyenopodia P8 lianthoides (Sunflower sea star) N = 37 N=61
Enpty (24) 39.3
Nuculanasp . (11) 29.7 18.0
Ophi uroi dea (10) 27.0 16.4
Ophiura sarsi (9) 24.3 14.8
Unid. remains (6) 16. 2 9.8
Mitrella gouldi (gastropod) (4) 10. 8 6.6
Clinocardium ciliatum (bivalve) (4) 10.8 6.6
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TABLE Xl ||

CONTI NUED

Percent frequency of
occurrence bhased on

St onmachs Tot al
St omach contents! with food st omachs

Pycnopodia he lianthoides (cent’ d)

Buccinum polare (gastropod) (3)
Natica clausa (gastropod) (3)
Clinocardium californiense ( 3)
Aphrodita Sp. (3)

Colus halli (gastropod) (2)
Neptunea lyrata (gastropod) (2)
Propebela sp. (gastropod) (2)
Chionoecetes bairdi (2)
Gastropoda (1)

Neptunea sp. (1)

Natiea sp. (1)

Polinices pallida (gastropod) (1)
Pandora grandis (bivalve) (1)
Bivalve (1)

Musculus niger (bivalve) (1)
Clinocardium sp. (1)

Macoma sp. (1)

Anphi poda (1)

Cancer sp. (1)

Pagurus ochotensis (1)
Holothuroidea (1)

Crangon sSp. (1)

Plant material (1)
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Cancer magister (Dungeness Crab) N=14 N=20
Bi val ve (14) 100.0 70.0
Sedi ment  (14) 100.0 70.0
Hydroi ds (10) 71.4 50.0
Qphi uroi dea (9) 64. 3 45.0
Enpty (6) 42.9 30.0
Polychaeta (5) 35.7 25.0
Crustacea (3) 21. 4 15.0
Unid. animal tissue (3) 21. 4 15.0
Crab (3) 21. 4 15.0
Plant material (3) 21.4 15.0
Amphipoda (2) 14.3 10.0
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TABLE X! |

CONTI NUED
Percent frequency of
occurrence bhased on

St omachs Tot al

St omach contents! with food st omachs
Cancer magister (cent’d)
Isopoda (3) 21. 4 15.0
Pisces (2) 14.3 10.0
Lunbrineri dae (polychaete) (2) 14.3 10.0
Polyplacophora (chiton) (1) 7.1 5.0
Polynoidae (1) 7.1 5.0
Ampharetidae (polychaete) (1) 7*1 5.0
Spi oni dae (polychaete) (1) 7.1 5.0
Chioncecetes bairdi (Snow crab) N = 120 N = 140

Foramnifera (80) 66. 7 57.1
Ophi uriodea (63) 52.5 45.0
Bivalvia (56) 46. 7 40.0
Polychaeta (54) 45.0 38.6
Cosinodisceae (diaton) (52) 43.3 37.1
Sponge spicul es (43) 35.8 30.7
Maldanidae (polychaete) (43) 35.8 30.7
Crustacea (42) 35.0 30.0
Nucula sp. (39) 32.5 27.9
Nepht hyi dae (polychaete) (32) 26.7 22.9
Capitellidae (polychaete) (32) 26.7 22.9
Crab fragnments (31) 25.8 22.1
Sabellidae (polychaete) (30) 25.0 21. 4
Spi oni dae (polychaete) (39) 24.2 20.7
Lunbrineri dae (polychaete) (26) 21.7 18.6
Enpty (20) 14.3
Pisces (19) 15.8 13.6
Trochi dae (18) 15.0 12.9
Unid. organic debris (18) 15.0 12.9
Gastropoda (15) 12.5 10.9
Unid. animal tissue (13) 10. 8 9.3
Nematoda (11) 9.2 7.9
Onuphi dae (polychaete) (10) 8.3 7.1
Polynoidae (polychaete) (9) 7.5 6.4
Scaphopoda ( 8) 6.7 5.7
Psephidia lordi (7) 5.8 5.0
Unid. plat material (7) 5.8 5.0
Amphipoda (6) 5.0 4.3
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TABLE XII'I
CONTI NUED

Percent frequency of
occurrence bhased on

St onachs Tot al
St omach contents! with food Stomachs

Chionoecetes bairdi (cent’d)

Rhizosclenia sp. (diatom (4)
Lumbrineris sp. (&)
Chionoecetes bairdi (4)
Nucula tenuis (3)

Unid. material (3)
Gramatophora sp. (diatom (2)
Ner ei dae (2)

Goniadidae (2)

Goniada annulata (2)
Onuphissp. (2)

Pennate diatoms (1)

Melosira sp. (diatom (1)
Stephanopyzie sp. (diatom (1)
Aphrodita sp. (1)

Nereis sp. (1)

Nephtys sp. (1)

G yceride (1)

Glycera capitata (1)
Scalibregmidae (polychaete) (1)
Pectinariidae (polychaete) (1)
Anphareti dae (polychaete) (1)
Terebellidae (polychaete) (1)
Solariella sp. (1)

Chiton (1)

Axinopsida sp. (1)

Cardiomya sp. (1)

Dentalium sp. (1)
Copepoda (1)
Nicippe tumida (Amphipod) (1)
Shrinp fragnments (1)
Ophiura sarsi (1)
Holothurian plates (1)
Avian”feathers (1)

Unid. eggs (1)
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lstomach contents are lowest |evel of identification.
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including Aphrodita sp. and Stermaspie scutata; gammarid anphi pods were
second in frequency of occurrence. The brittle star (Ophiura sarsi) was
the nost frequent prey of flathead sol e (Hippoglossoides elassodon);

pandal i d shrinps and other Crustacea, including snow crab, were secondary
in occurrence. Butter sole (Isopsetta isolepis) mainly consuned O sarst.
Unidentified polychaetes were second in frequency of occurrence in stomachs
fromthe latter species. Polychaetes were also found to be the nost fre-
quent prey of English sol e (Parophrys vetulus). Qphiuroids, including O
sarst, were second in frequency of occurrence in stomachs fromthis species.
Brittle stars, including O sarsi, were al so the nost frequent prey of clover
sol e (Microstomus pacificusg); bival ves, including Yoldia sp. and Nucula
tenuis, and scaphopods, i ncludi ng Cadulus sp. were secondary in occurrence.
Paci fic halibut (Hippoglossus stenolepis) preyed mainly on small fishes,
including other pleuronectids, sculpins (Cottidae), and the Pacific sand

| ance (4dmmodytes hexapterus); second in frequency of occurrence anobng Pa-
cific halibut were snow crab (Chionoecetes bairdi). The starry flounder
(Platichthys stellatus) was al so found to prey alnost entirely on ophiurcids,
including O sarsi; gastropod and unidentified remains were of secondary

i nportance. Rock sol e (Lepidopsetta bilineata) preyed primarily on crus-
taceans, including snow crab and gamarid anphi pods; brittle stars and
polychaetes Were second and third in frequency of occurrence, respectively.
Sand sol e (Psettichthys melanostictus) primarily consumed small fishes,
including arrowtooth flounders. The sablefish (Anoplopoma fimbria) al SO
preyed primarily on other fishes (including pleuronectids, herring [Clupea
harengus pallasi] and wal | eye pollock) and on jellyfishes (Scyphozoa). The
sable fish (15) that contained jellyfishes sel dom contained other prey.
Al'so, all 15 stomachs were full of this unlikely prey. Amphipods and ot her
crustaceans were also inportant prey in sablefish. \Walleye pollock consuned
mai nl'y unidentifiable shrinp, with anphi pods and other small crustaceans oc-
curring secondarily. Pacific cod (Gadus macrocephalus) consumed mainly un-
identified shrinps, with snow crab and cephal opods occurring slightly |ess
frequently. The shortspine thornhead (Sebastolobus alascanus) preyed al npst
entirely on shrinps, including Pandalidae and Hippolytidae. Rougheye rock-
fish (Sebastes aleutianus) al so preyed prinmarily on unidentified shrinps.
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Unidentified fishes were second in frequency of occurrence in stomachs from
rougheye rockfish. Al Pacific ocean perch (Sebastes alutus) exam ned were
enpty. Bocaccio (Sebastes paucispinis) contained unidentifiable animal
remains; many were enpty. Spiny dogfish (Squalus acanthias) al so preyed

mai nly on fishes, including pleuronectids, eulachon, and pricklebacks
(Stichaeidae). Pandalid and other shrinps were second in frequency of oc-
currence in spiny dogfish. The two sculpins, Dasycottus setiger and
Malacocottus kineaidi, consumed mainly crustaceans, including shrinps, my-
sids, and amphipods; polychaetes, particularly polynoids were also inportant

prey.

There was some tendency toward a spatial distribution in range and food
habits for some of the species nmentioned above. Rock sole, flathead sole,
and English sole, occurring at stations farther fromshore, consuned nainly
ophiuroids. At nore near-shore stations these same species consuned a
much greater diversity of prey, including anphipods, polychaetes, Shrinp
and small bivalves. Butter sole, English sole, and starry flounders occurred
nore frequently at near-shore stations, while clover sole were generally
found in deeper water (Feder and Jewett, unpub. OCSEAP data).

Yakutat Bay Stations

Two species of invertebrates and four species of fishes were analyzed
for stomach contents from the three Yakutat Bay traw stations (Table X V).

Ten flathead sole from Station 4A were exam ned; four contained food.
Two of the fish contained unidentifiable shrinp, one contained the side-
stripe shrinp (Pandalopsis dispar), and one contained the protobranch clam
(Wuculanasp.). Among the 20 butter sole exam ned only one contained food -
a polychaete and a snail (Mitrella gouldi). Six starry flounder were
exam ned but only one contained food. The food was unidentifiable. The
seven out of nine spinyhead sculpin (Dasycottus setiger) wWith food in sto-
machs mainly contained shrinp.

Among the five out of nine sunflower sea stars (Pycnopodia
helianthoides) With stomach contents, sedinent was found in three of the
individuals. Mitrella gouldi and the basket star (Gorgonocephalus caryi)
occurred as food once.
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TABLE X'V

| NDI VI DUAL TAXA FOUND | N STOVACHS OF SELECTED FI SHES AND
INVERTEBRATES FROM YAKUTAT BAY, NOVEMBER 1979

Percent frequency of
occurrence based on

St onachs Tot al Size (em)!
Stomach contents with food stomachs x * S.D.
Fi shes
Hippoglossoides elassodon (Fl athead sol e) N=4 N=10 27.875.1
(total length)
Empty (6) 60.0
Shrinp (2) 50.0 20.0
Nuculana sp. (1) 25.0 10.0
Pandalopsis dispar (1) 25.0 10.0
Isopsetta isolepis (Butter sole) N=I N=20 27.9874.6
(total |ength)
Empty (19) 95.0
Polychaeta (1) 100.0 5.0
Mitrella gouldi (1) 100.0 5.0
Platichthys stellatus (Starry flounder) N=1 N=6 43.775.2
(total length)
Unid. remains (1) 100.0 16.7
Empty (5) 83.3
Dasycottus setiger (Spinyhead sculpin) N=7 N=9 11.0£3.3
(total length)
Shrimp (2) 28.6 22.2
Enpty (2) 28. 6 22.2
Polynoidea (1) 14.3 11.1
Orchomene sp. (1) 14.3 11.1
Pandalus borealis (1) 14.3 11.1
Pandalidae (1) 14.3 11.1
Crangon communis (1) 14. 3 11.1
Chionoecetes bairdi (1) 14.3 11.1
Crustacea (1) 14.3 11.1
| nvertebrates
Pyernopodia helianthotdes (Sunfl ower N=5 N=9
sea star)
Enpty (4) 44. 4
Sedi ment (3) 75.0 33.3
Mitrella gouldi (1) 20.0 11.1
Gorgonocephalus caryi (1) 20.0 11.1
Unid. material (1) 20.0 11.1
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TABLE X'V

CONTI NUED

Percent frequency of

occurrence based on

St omachs Tot al size (cm)?
Stomach contents with food stomachs X % 8.D.

Cancer magister (Dungeness crab) N=55 N=57 14.172.1
(total length)

Sedi ment  (55) 100. 96.
Centric diatoms (40) 72. 70.
Nuculanasp. (30) 54. 52.
Yoldia sp. (21) 38. 36
Bivalvia (18) 32. 31
Unid. organic debris (16) 29. 28.
Nephtyi dae (14) 25. 24,
Unid. animal tissue (12) 21. 21
Gastropoda (8) 14.
Foramnifera (6) 10.
Pennate diatons (5)
Polychaeta (5)
Crab (5) -
Pisces (5)
Shrinp (4)
Capitellidae (Polychaeta) (4)
Nemat oda (3)

Fl agel l ates (3)

Plant material (2)
Enpty (2)
Lumbrineridae (1)
Anphi poda (1)

Pandal i dae (1)

Ki nor hyncha (1)
Mitrella sp. (1)
Pinnixza sp. (1)
Clinocardium sp. (1)
Crangonidae (1)
Tindaria sp. (bivalve) (1)
Cephal opoda (1)
Pagurus sp. (1)
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lgased on total stomachs exam ned.
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The largest nunber of stomachs exam ned was fromthe Dungeness crab
(Cancer magister) at Stations 4A and 6A. Fifty-seven (57) crab were exam
ined, and 55 contained food. Sediment occurred in 100 percent of the feed-
ing crab. Oher itenms frequently found were centric diatoms (72.7%,
Nuculana sp. (54.5%, Yoldia sp. (38.2%, and unidentifiable bhivalves (32.7%

(Table XV).

POLLUTANTS ON THE BOTTOM

The frequency of occurrence of man-made debris in traws fromthe north-
eastern Gulf of Alaska is listed in Table XV. Fragments of plastic, probably
from refuse bags, were the nost common itens found.

VI . DI SCUSSI ON
BENTHIC EPI FAUNAL PROGRAM

O fshore Stations

The overall mean biomass of 1.7 g/nfwas generally less than val ues
obtained in previous offshore OCSEAP studies for nore western areas of the
Qul f of Alaska and the southeastern Bering Sea. The bionmass for the NEGOA
region from Mntague Island to Yakutat Bay, taken in 1975, was 2.6 g/nf
(Jewett and Feder, 1975, unpublished OCSEAP data on file, National
Cceanographic Data Center). The biomass value for the Kodiak shelf area in
1978-79 was 2.5 g/nf(Feder and Jewett, 1980a). Values for the southeastern
Bering Sea ranged from3.3 to 5.0 g/nffor sinilar studies in 1975 and 1976,
respectively (Feder and Jewett, 1980b). Thus, there appears to be an over-
all decrease in the epifaunal bi omass of the Bering Sea and Qulf of Al aska
fromwest to east.

An apparent tendency for decrease in species richness of offshore epi-
fauna from west to east is observable. The southeastern Bering Sea had the
greatest richness with 233 species (Feder and Jewett, 1980b). The NEGOA
region from Mntague Island to Yakutat Bay yielded 168 epifaunal species
(Jewett and Feder, 1975, unpublished OCSEAP data on file, National

Cceanographic Data Center). Species richness in the offshore region of the
present study was 134 species. Localized regions of the Kodiak shelf had

only 35 to 53 species, depending on the particular area exam ned (Feder and
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TABLE XV

FREQUENCY OF OCCURRENCE OF MAN-MADE DEBRIS ON THE
NORTHEASTERN GULF OF ALASKA SEA FLOOR

Number of traws Percent of total
Type of.debris in which debris was found N=45
All types 11 24%
Met al 1 2%
d ass 1 2%
Plastic 10 22%
Rubber 1 2%

91



Jewett, 1980a). The few species characteristic of the Kodiak shelf reflect
the larger catches of snow and king crab in this region.

The bionmasses of Arthropoda, Echinodermata, and Mollusca fromthe of f-
shore region of the present study were relatively sinmlar, i.e., 26.2, 27.4,
and 21.1 percent, respectively. In contrast, values for the region of the
Qul f of Alaska west of the study area (Mntague Island to Yakutat Bay) showed
Arthropoda with 71.4 percent of the total biomass, Echinodermata with 19.8
percent and Mollusca With 4.6 percent of the total biomass (Jewett and Feder,
1976) . Biomass values for Arthropoda, Echinodermata, and Mollusca fromthe
Kodi ak shelf region were 77.4, 8.3, and 8.5 percent of the total biomass,
respectively (Feder and Jewett, 1980a). The biomass fromthe southeastern
Bering Sea was al so dom nated by Arthropoda (59.4%; with Echinodernata
(18.9% and Mollusca (5.5% next in inportance (Feder and Jewett, 1980b).
The domi nance of Arthropoda in previous studies resulted froman abundance
of the snow crab Chionoecetes bairdi. Jewett and Feder (1975, unpublished
OCSEAP data on file, National Cceanographic Data Center) found c.
bairdi responsible for 66.2 percent of the total biomass fromthe north-
eastern Qulf of Alaska. However, in the present study, this species
accounted for only 7.0 percent of the total biomass. Cancer magister was
the major crab species present in the study reported here, but accounted
for only 16.6 percent of the total biomass. Chionoecetes bairdi approaches
the southern linmt of its range in the Yakutat area (Ronholt €t aZ., 1976).

The bi omass of nollusks was considerably higher for the present study
than for previous studies in the Gulf of A aska or the southeastern Bering
sea (Jewett and Feder, (1975, unpublished OCSEAP data on file, National
Qceanographi ¢ Data Center; Feder and Jewett, 1980a, b). This was due to
the high bionass of weathervane scallop (Pecten caurinug) at near-shore
station in the vicinities of Icy Bay, Dy Bay and Yakutat Bay. Pecten
caurinus contributed 18.3 percent of the overall biomss. These areas co-
incide with historical comercial exploitation (Ronmholt et aZ., 1978).

Yakutat Bay Stations

Based on the present study in Yakutat Bay and previous near-shore OCSEAP
studies, there also appears to be a tendency for epifaunal bi omass and spe-
cies richness to decrease from west to east in enbayments. Ugak and Alitak
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Bay (Kodiak Island) epifaunal bi omass and species richness were 3.5-6.2 g/nf
and 79-84 species, respectively (Feder and Jewett, 1977). Izhut and Kiluida
Bay (Kodiak Island) epifaunal bi omass and species richness were 1.6-9.5 g/nf
and 101- 153 species, respectively (Feder and Jewett, 1980a). The epifaunal
bi omass and species richness of Cook Inlet, an enbayment of the northern
Qlf of Alaska, were 2.4 g/nfand nearly 300 species, respectively (Feder

et al., 1980b) . The biomass and number of species in three bays in Prince
W liam Sound were 0.3-1.2 g/nf and 39-86 species, respectively (Feder and
Hoberg, 1981) . The present study in Yakutat Bay yiel ded an epifaunal biomass
of 1.2 g/n%from 23 species. Presunmably the richness recorded in the Cook
Inlet study is a reflection of the smaller trawling gear used in that study.
Smal | trawls typically collect small epifaunal species not taken by large
trawls with an increase in species resulting.

The limted number of traw stations in Yakutat Bay precluded meaning-
ful conparison of dom nant species with other OCSEAP bay studies.

BENTHIC INFAUNAL PROGRAM
Van Veen Grab

The bulk of the stations sanpled in this study (Station Goups 1, 2
and 3; Table I1X) contained fine grained sedinents (Table VI), and their
fauna was simlar to that of stations |ocated in areas with fine sedinents
throughout the northeastern Qulf of Al aska (Feder and Matheke, 1980).

The fauna in these stations was dom nated by deposit feeding organisns.

Stations located in Yakutat Bay, Stations 2C, 3C and 4B of Station
Goup 1 and Stations in Station Goup 4, differed slightly in their species
conposition from the bulk of the stations in this study, perhaps responding
to changes in sone environmental paranmeters in Yakutat Bay. Stations 2C,
3C and 4B appear to be transitional in ternms of their fauna between the re-
mai nder of stations in Station Goup 1 and Station Goup 4.
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Stations in Station Goup 5 and Station 7A, which were |ocated in areas
with a sandy substrate, were notable for the | ow abundance, bionass and di-
versity of their fauna.

Pi pe Dredge

The pipe dredge is a “qualitative sanpling device, and can be used to
ef fectively suppl ement species conposition data collected quantitatively
with sanpling devices like grabs and traw s.

The pipe dredge functioned well to (1) provide a benthic sanple at
stations where grab and traw ing sanpling was not possible, (2) allow
qual i tative conparisons of the pipe dredge organisms with those obtained
via grabs, and (3) identify organisns that are potential prey for benthic
invertebrates and demersal fishes.

In general, the seven dredge stations analyzed were similar to nost
grab stations in that they were dom nated by polychaetes, bival ves, and
ophiuroids. Stations 1011 and 103G al so contained several anphipods
(Appendix C). Stations at which species were found in the pipe dredge but
not in the grabs were: 97F - Pandalus sp. and Capheira mollis; 98F -
Allocentrotus fragilie and Crinoidea; 103G - Paraonis gracilis and Nebalia
sp; and 100) - Thelepus cincinnatus, Psolus chitinoides, Crinoidea, and

Aseidia spp.

The data obtained at stations where only pipe dredges were used (94G
1011, 10IK) was similar to data in adjacent stations where grabs were used.

Fl SHES
O fshore Stations

Flatfishes, fam |y Pleuronectidae, dom nated the fishes in the present
study (54.3% of the total fish hiomass) , as well as in the 1976 NEGOA study
from Yakutat Bay to Cape Cleare (53% (Ronholt et aZ., 1976). The single
dom nant species in each study was the arrowtooth flounder (Atheresthes
stomias). Atheresthes accounted for a larger percent of the total fish
bi omass (31.5% and total flatfish (58% in the present study than the total
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fish biomass (24% and the total flatfish (44% in the 1976 study (Ronholt
et aZ., 1976). In the 1976 study the overall nean biomass of arrow ooth
flounder increased from west (0.8 g/mz) to east (2.0 g/mz). The nean bio-
mass continued to increase eastward in the present study, i.e., 3.9 g/r%for
the entire offshore study area. In a summary of the overall foreign fish
catch in the Yakutat and southeast Alaska region in 1978, arrowtooth flounder
was the second-nost inportant species (Pacific Ccean perch was nost inportant),
in terns of biomass (Smth and Hadley, 1979). The arrowtooth flounder catch
was hi ghest during Cctober through December when the mean catch per unit
effort (CPUE) was 868.4 kg/hr. Mbst of the catch as this time was south of
Yakutat Bay and lcy Bay in 220-318 m of water.

Catches of the Pacific halibut (Hippoglossus stemolepis) were al so
greater in the present study than in the 1976 survey. Pacific halibut
made up 3 percent of the total fish biomass and 7 percent of the flatfish
bi omass in the 1976 survey (Ronholt et aZ., 1976), whereas, in the present
study this species accounted for 8.3 percent of the total fish biomass and
15.3 percent of the flatfish biomass. The overall biomass of the Pacific
halibut in the 1976 survey was 0.2 g/mz, whereas, the overall biomass in
the present study was 1.0 g/mz.

Sabl ef i sh (4naplopoma fimbria) in the present study al so had a higher
mean biomass (1.9 g/mz) then overall mean sabl efish biomass from Yakut at
Bay to Cape Cleare in 1976 (0.1 g/nf) (Ronholt et aZ., 1976) . Sablefish
was included in a summary of overall foreign catch statistics from Yakutat
and southeast Al aska in 1978 (Smth and Hadley, 1979). The highest CPUE
(52.1 kg/hr) was reported for the final quarter of 1978, COctober-Decenber.

VWl | eye pollock (Theragra chalcogramma) in the present study had a
simlar mean biomass (1.2 g/ m2) to the pollock catch in the 1976 survey
(1.4 g/mz) (Ronholt et al. , 1976). A summary of foreign fish catch observed
in the Yakutat and southeast Al aska region reveal ed wall eye pollock as the
third-nost inportant fish species throughout nost of 1978 catches (Smth and
Hadl ey, 1979). The CPUE was hi ghest (702.3 kg/hr) during COctober through
Decenber .

The overall nmean biomass of spiny dogfish in the present study (0.7 g/mz)
was greater than the overall mean biomass of spiny dogfish fromthe 1976
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survey from Yakutat Bay to Cape Cleare (0.01 g/niz) (Ronholt et al., 1976).
The biomass did however increase fromwest to east in the 1976 survey.

FEEDI NG STUDI ES

Arrowt oot h fl ounder (Atheresthes stomias)

Feder and Jewett (1980a) found fishes to be the main prey of arrow-
tooth flounder from the Kodiak Island area. Simenstad (1977) reported
mysids and fishes in stomachs of this species al so near Kodiak Island.
Smith et al. (1978) found fishes and crustaceans as the nost frequently
occurring prey of this species from the northeastern Gulf of Al aska.

Fi shes, shrinps and other crustaceans were also the nmost inportant prey
of the arrowtooth flounder examned for the present study.

Rex sol e (Glyptoeephalus zachirus)

Stomachs of rex sole exam ned for the present study contained mainly
polychaetes, W t h amphipods, shrinps and ot her crustaceans occurring sec-
ondarily. Smth et al. (1978) also found polychaetes to be the primary
food of rex sole. Pelecypods and crustaceans were next in inportance. The
results of the present study are consistent with those of Smith et aZ. (1978),
and indicate that the rex sole fromthe northeastern GQulf of Al aska preys
mainly on polychaete annelids.

Fl at head sol e (Hippoglosscides elassodon)

Ophi uriods, (especially Ophiura sarsi), shrinps, and other crustaceans
were the nmost inportant prey of flathead sole fromthe northeastern Qulf of
Alaska in the present study. This agrees, in general, with Smth et al.
(1978); who found euphausiids and Ophiura sarsi to be the main prey of
flathead sole from other areas in the northeastern Gulf of Alaska. The
few flathead sole that were exam ned from Cook Inlet were nainly feeding on
ophiuroids and crangonid shrinps (Feder et aZ., 1980b). Rogers et al.
(1979) found Pandalus borealis to be the nost inportant prey of flathead
sole from waters near Kodiak Island. Sinenstad (1977) reported nysids,
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shrinps and fishes were inportant prey, in decreasing frequency of oc-
currence, in flathead sole near Kodiak Island

Butter sole (Isopsetta isolepis)

Over half the butter sole examned for this study were enpty. Those
which were feeding contained mainly ophiuroids (primarily Ophiura sarsi),
polychaetes, and crustaceans. Sinmenstad (1977) found polychaetes, bi val ves
and gastropod in stonmachs of this species near Kodiak Island. Hart (1973)
listed the food of butter sole from Washington state waters as chaetopod
mari ne worms, young herring, shrimps, and sand dollars (no order of inpor-
tance was given). In general, these results are in agreement as to the
maj or groups of food utilized by butter sole. Specific differences are
probably attributable to geographic variation in the distribution of prey.

Engl i sh sol e (Parophrys vetulus)

The English sole examned for this study contained nainly polychaetes,
with ophiuriods, crustaceans and bivalves occurring less frequently. Hart
(1973) listed clams, other nollusks, marine worms, small crabs and shrinps
and brittle stars as the prey of English sole (no order of inportance was
given) . In general, these results are in agreenent as to the major groups
of food utilized by English sole.

Dover sol e (Microstomus pacificus)

Smth et al. (1978) reported polychaetes, ophiuroids, pelecypods and
crustaceans as the dominant food of clover sole fromstations in the north-
eastern Gulf of Alaska. Sinenstad (1977) found ganmarid anphi pods, poly-
chaetes, and shrinp, in decreasing order of inportance, in stomachs from
this species near Kodiak Island. In the present study, ophiuroids, nollusks
and polychaetes were the nmost frequent prey of this species. Thus, feed-
ing habits of clover sole appear, in general, to be uniform throughout the
northeastern Qulf of Al aska
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Paci fic halibut (#ippoglossus stenolepsis)

The itenms nost frequently consuned by Pacific halibut in the present
study (53 cmin length) were fishes, snow crab, and other crustaceans.
Reports fromthe International Pacific Halibut Comm ssion (IPHC) state that
fishes become the predom nant food of individuals over 10 inches (25 cm
in length (IPHC Rept. No. 28, 1960). Novikov (1968) found that Pacific
halibut Iess than 30 cmfed primarily on crustaceans while those from 30
to 60 cm consumed mainly fishes, with crustaceans second in frequency of
occurrence. Feder et aZ. (1980b) found unidentifiable fishes, snow crab,
and miscel | aneous crabs, shrinps and fishes as the nost frequently found
prey in Pacific halibut in Cook Inlet. Rosenthal (1978) reported crabs
(Cancer branmmeri and Pugettia gracilis) were nost frequently found in sto-
machs of this species fromthe northeastern Qulf of Alaska. Gay (1964)
found Dungeness, king and snow crabs to be inportant food items in Pacific
hal i but near Kodiak Island. In general, Pacific halibut food habits are
simlar throughout their range.

Starry flounder (Platichthys stellatus)

Jewett and Feder (1975, unpublished OCSEAP data on file, National
Qceanographi ¢ Data Center) found that starry flounder, collected from
the northeastern Gulf of Alaska (principally collected adjacent to Icy Bay)
in June, fed exclusively on clams. In the present study, in Novenber, one
third of the starry flounder exami ned were enpty and the remainder contained
mai nl y ophiuroids. Starry flounder examined in Cook Inlet in Cctober were
mai nly feeding on the clam Spisula polynyma (Feder et aZ., 1980b). Rosent hal
(1978) reported herring eggs, brown algae and eelgrass were nost frequently
found from stomachs of this species in Prince WIIiam Sound. QOphi uroids
were also a major source of food for starry flounders in the northeastern
Bering Sea (Feder and Jewett, 1978, Jewett and Feder, 1980). Starry floun-
der from Washington fed mainly on priapulids, nemerteans, polychaetes, and
lamellibranchs (M Iler, 1967). The starry flounder exhibits seasonal varia-
tion in feeding (Jewett and Feder, 1976). It ceases feeding in wnter, and
does not begin again until about June. From the present study, it appears
that consunption of food may taper off by m d-Novenber.
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Rock sol e (Zepidopsetta bilineata)

Crustaceans, ophiuroids, and polychaetes were the main prey of the rock
sole examned for this study. In general, food of rock sole from the north-
eastern Qulf of Alaska in the present study was simlar to that described
by other authors (Feder and Jewett, 1980a; Feder et al., 1980b; Smith ef aZ.,
1978; Rogers et aZ., 1979; Sinmenstad, 1977). Rosenthal (1978) reported
herring eggs and sand | ance (dmmodytes hexapterus) as frequent prey in sto-
machs of this species in Prince WIliam Sound.

Sand sol e (Psettichthys melanostictus)

MIller (1967) found sand sole to feed primarily on fishes, with nysids,
shrinps and squids playing less inportant roles. Four of the ten sand
sole examned for the present study contained food, and contained the re-
mains of fishes in their stomachs.

Sabl ef i sh (4naplopoma fimbria)

The nost frequently found prey in stomachs of sablefish exam ned for
this study were fishes, jellyfishes, anphipods and shrinps. Feder and
Jewett (1980a) reported sablefish fromthe Kodiak Island area to feed ex-
clusively on Pacific sand |ance (dmmodytes hexapterus). Rogers et aZ.
(1979) reported fishes, primarily osnerids, and euphausiids as the primary
food of sablefish. Thus, with the exception of jellyfishes, food of sable-
fish is generally simlar throughout the Qulf of Al aska.

Wl | eye Pollock (Theragra chalcogramma)

Wl | eye pollock exami ned for the present study contained nmainly shrinps,
anphi pods (probably Parathemisto) and euphausiids. Smith et aZ. (1978)
found euphausiids to be the predom nant prey of walleye pollock from another
area in the northeastern Qulf of Alaska. The walleye pollock exami ned in
Cook Inlet mainly contained crangonid and pandalid shrinps and unidentified
Crustacea (Feder et aZ., 1980b). Rogers et aZ. (1979) and Sinmenstad (1977)
found mainly shrinp, euphausiids, and fishes in walleye pollock near Kodi ak
Island. Pink shrinp (Pandalus borealis) and euphausiids were the najor
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prey of walleye pollock exanined by Feder and Jewett (1980a), also from
waters near Kodiak Island. Feder and Paul (1977) report the amphipod
Parathemisto and the pink shrinp as dom nant prey for walleye pollock in
Prince WIliam Sound.

paci fic cod (Gadus macrocephalus)

Jewett (1978) and Feder and Jewett (1980a) found fishes, snow crab,
shrinps, and anphi pods to be the nmost inportant prey of Pacific cod, near
Kodiak Island, Al aska. Simenstad (1977) found euphausi.ids, shrinps and
fishes as the nost inportant prey in Pacific cod, also near Kodiak Island.
Miller et al. (1978) found shrinp to be the main prey of this species in
Port Townsend Bay, Washington. Feder et aZ. (1980b) found snow crab and
crangonid shrinp to be nost frequently found prey in Pacific cod from Cook
Inlet. The present study yielded simlar results i.e., shrinps, snow crab
and cephal opods were the nost frequently consumed prey.

Rockfi shes (Sebastes spp.)

Little is known about the food or feeding habits of the Scorpaenidae.
O the four species examned for this study (shortspine thornyhead, Pacific
Qcean perch, rougheye rockfish, and bocaccio) Hart (1973) listed food of
only bocaccio. Five of the six bocaccio examned for this study contained
unidentifiable remains. Small fishes were considered by Hart (1973) and
Feder et aZ.(1974) as the main prey of this species. Crabs, squid and
octopus also formpart of the diet for California representatives of the
| atter species (Feder et al., 1974).

Rosent hal (1978) exanmined stomach contents of four species of rockfishes
fromthe northeastern Gulf of Alaska. Quillback rockfish (Sebastes maliger)
preyed on gammarid anphipods, nysids, cumaceans, and caridean Shrinps.

Chi na rockfish (Sebastes nebulosus) consuned nminly the ophiurcid Ophiopholis
aculeata and smal | crabs, including Pugettia gracilis and Cancer oregonensis.
Bl ack rockfish (Sebastes melanops) contained mainly pelagic organisms in-
cluding jellyfishes, fishes, amphipods, and sw mm ng polychaetes. Two
yelloweye rockfish (Sebastes ruberimus) exam ned by Rosenthal contained
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the lithodid crab Placetron wosenssenskii. Hart (1973) reported crustaceans
and lingcod eggs as food for this species. Pereyra et al. (1969) reported
the food of yellowtail rockfish (Sebastes flavidus) from Washington state
to be northern lampfish (Stenobrachius leucopsarus) , crustaceans, and squid.
In near-shore waters, this species consunmed mainly anphipods (Mller et al.,
1976)

Al'l Pacific Ocean perch (Sebastes alutus) exam ned for this study were
enpty; probably the result of regurgitation due to barotrauma. Carlson
(1976) found that small Pacific ocean perch fed primarily on copepods and
euphausiids. Larger fish consumed |arger prey, including pandalid shrinps
and fishes. Somerton (1978) also found Pacific ocean perch to prey mainly
on planktonic crustaceans; especially the euphausiid Thysanoessa spinifera.

Rougheye rockfish from the present study preyed mainly on shrinps and
smal | fishes. Shortspine thornyheads were also found to prey mainly on
shrimps. No record of feeding habits for these two species was found.

Spi ny dogfish (Squalus acanthias)

Fishes and shrinps were the nost frequent prey of spiny dogfish exam ned
for this study fromthe northeastern Gulf of Alaska. Hart (1973) I|isted
fishes, euphausiids and other crustaceans, including shrinp as the principal
prey of this shark (no order of inportance was given). Spiny dogfish were
considered by Hart to be opportunistic feeders. Thus, the type of prey
utilized probably depends on the prey species present in a particular area

Sculpins (Cottidae)

Bot h blackfin (Malacocottus kincaidi) and spinyhead sculpins (Dasycottus
setiger) exam ned for this study preyed predominantly on crustaceans, espe-
cially shrinps, mysids, and anphi pods and on polynoid polychaetes. No pre-
vious reports of feeding habits for these species have been reported. Two
| arger species of sculpins in Kodiak waters, Myoxocephalus spp. and Hemile-
pidotus jordani, were shown to feed primarily on crabs, including Chioncecetes
bairdi and Hyas Iyratus, With a variety of other organisnms occurring second-
arily (Jewett and Powel I, 1979). Rosenthal (1978) reported antlered sculpins
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(Enophrys diceraus) NSt frequently feed on the green urchin (Strongylocentrotus
droebachiensis), |inpets, and hermt crabs in the northeastern Gulf of Al aska.
Myoxocephalus sp. consumed mainly brachyuran crabs, pacific herring (Clupea
harengus pallasi), and herring eggs. Sinenstad (1977) found Myoxocephalus

spp. near Kodiak Island and Cook Inlet feeding primarily on pandalid shrinps,
fishes and euphausiids. Thus, sculpins appear to be voracious benthic pre-
dators, consuming a wide variety of organisms opportunistically.

Sunfl ower sea star (Pyenopodia helianthoides)

Pycnopodia helianthoides examined for the present study, consumed pri-
marily gastropod, ophiuroids, and bivalves. The gastropod included
Mitrella gouldi, Natica sSp., Buceinum polare, and Neptunea Sp. Nuculana SP.
was the nost common bivalve and Ophiura sarsi was the conmon ophi uroid.
Jewett and Feder (1975, unpublished OCSEAP data on file, National COceanographic
Data Center; Feder et al., 1980) also found nollusks and echinoderns to be
the dom nant prey of 2. helianthoides from the northeastern Qulf of Al aska
wi th the echi noderns Ctenodiecus crispatus and Ophiura sarsi the nost
frequent items encountered. The gastropod Colus halli, Mitrella gouldi,
Solariella obscura, Natica clausa and Oenopota sp., and the bival ves Serripes
groenlandicus and Clinocardium ciliatum Wer e also -common. Feder and Hoberg (1981)

al so found gastropod and bivalves as the main prey of P. helianthoides from
Prince WIIiam Sound.

Paul and Feder (1975) found P. helianthoides from intertidal and sub-
tidal areas in Prince WIliam Sound feeding mainly on small bival ves, espe-
cially Mytilus edulie in the fornmer area and Nueulana f0SSa in the latter.
Prey in excess of 30 nmwas rarely taken.

Thus, P. helianthoides is an opportunistic generalist in feeding habits.
Its diet is probably determ ned by the relative abundance of suitable prey
speci es.

Dungeness crab (Cancer magister)

Dungeness crab examned in the present study fed mainly on bivalves,
with crustaceans and polychaetes occurring |ess frequently. Nuculana Spp.
and Yoldia spp. were the bivalves most often found in stomachs. Both of
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these genera occurred commonly in van Veen grabs. Sone itens such as dia-
tons, Foraminifera, and Hydrozoa were probably consumed inadvertently,
along with sedinent, while the crab was foraging for food.

Feder and Paul (1980) also found small bivalves to be the nost
common prey of C. magister fromstations in Cook Inlet, Alaska. In this
case, juvenile Spisula polynyma was nost frequently utilized. However,
since juveniles of this bivalve species did not occur comonly in benthic
sanples from these stations, the high incidence of predation on them was
probably a reflection of preferential selection of prey by size (Feder and
Paul, 1980).

In general, the Dungeness crab appears to be opportunistic in feeding
habits, preying selectively on small bivalves. Uilization of particular
speci es probably depends on size as well as abundance.

Snow crab (Chionoecetes bairdi)

Snow crab exam ned for this study preyed predom nantly on polychaetes,
nol | usks, small crustaceans and brittle stars. Qher comon items such as
Foram nifera, diatoms and sponge spicules Were probably consunmed inadver-
tently with sediment during feeding. Adult C bairdi from the southeastern
Bering Sea fed mainly on polychaetes While juveniles fed mainly on crusta-
ceans, polychaetes and mol | usks (Tarverdieva, 1976) . Paul et al. (1979)
and Feder et aZ. (1980b) exam ned stomachs of C. bairdi from | ower Cook
Inlet and found the main food to be clams {(Macoma spp., Spisula polynyma,
and Nueula tenuis), hermt crabs (Pagurus spp.), barnacles (Balanus spp.)
and sediment. Chionoecetes bairdi from Port Valdez contained polychaetes,
clanms, young C. bairdi, other crustaceans and detrital material (Feder,
unpublished data). Snow crab with carapace widths < 40 mm fromwaters
near Kodiak Island, consunmed mainly mollusks, crustaceans, polychaetes,
and foramniferans, while those > 40 mm contained crustaceans, fishes,
mol | usks and polychaetes (Feder and Jewett, 1980a).

Snow crab from |l ower Cook Inlet apparently fed on organisms in propor-
tion to their abundance in a particular area (Paul et al., 1979; Feder et
aZ., 1980b). However, Feder and Jewett (1980a) suggested that the organisns
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preyed upon in Kodiak waters were not necessarily the dom nant benthic
speci es present. Chionoecetes bairdi appeared to have preferences for
certain prey. The general food-groups utilized by Chionoecetes Spp. were
shown to be simlar throughout the range of these crab (Feder and Jewett,
1980a) . Thus, C. bairdi probably selected itens belonging to specific food-
groups which were also relatively abundant in the area

POLLUTANTS ON THE BOTTOM

A variety of materials, including plastic refuse bags, were reported
fromthe northeastern Qulf of Alaska by Jewett (1976). Fifty-seven percent
of traws fromthis area contained refuse. Feder et aZ (1978) also re-
ported man-made debris in 41 percent of trawls fromthe Bering Sea in 1976.
Simlar materials were found in 24 percent of traws fromthe present
study. Since all stations from which refuse was found were within approxi-
mat el y 45 km of shore, this material was either deposited well within the
50 mile limt or represented debris froman onshore novenent of refuse
originally deposited at a greater distance from shore.

VITI . CONCLUSI ONS

Trawl data and feeding data that have been anal yzed to date broaden
our know edge of various aspects of the distribution, abundance, and
general biology of the nore inportant invertebrate conponents of the NEGOA
shelf. Inplicit in the current study is the vast amount of the survey
region that could not be sanpled by traw, grab and/or dredge.

Trawl data were obtained from 42 offshore and 3 Yakutat Bay stations.
Van Veen grab data were obtained from 27 offshore and 7 Yakutat Bay sta-
tions. Data were mainly obtained in Priority Area 1. These stations re-
present a reasonabl e nucl eus around which a nonitoring program can be
devel oped

The phyl a cnidaria, Mollusca, Arthropoda, and Echi nodernata made up
88.4 percent of the invertebrate biomass of the offshore stations. |npor-
tant taxa within each phylum were Metridium senile (Cnidaria), Pecten
caurinus (Mollusca), Cancer magister (Arthropoda), and Strongylocentrotus
spp. (Echinodermata), respectively.
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The feeding data conpiled for numerous benthic species in this report,
in conjunction with simlar data conpiled for these species from other
areas investigated by OCSEAP, should contribute to an understanding of
the trophic role of these organisns.

IX. NEEDS FOR FURTHER STUDY

Many of the species encountered in traw ing operations undergo sea-
sonal mgrations. For this reason, it is inportant to obtain seasona
data on the distribution, abundance and biomass of these organisns, as
wel | as their trophic relationships. As a result of the current study
a data base for the designated area was established for the nonth of
Novenber 1979. If disturbances to the environment occur during other
nmonths, no data are available for conparison. Therefore, if further study
s conducted within the study area, a seasonal approach is strongly advised.
In addition, studies on the toxic effects of hydrocarbons on the biology
of many of the commercially-inportant and ecol ogically-inportant species
should be initiated prior to petroleum exploration and devel opnent.

X.  PROBLEMS ENCOUNTERED

During the Novenber 1979 NEGOA cruise, aboard the NoaA ship Miller
Freeman, problens were encountered with gear inadequacy. The research
proposal stated that “at least three 400-mesh Eastern otter traw s” be
supplied by OCSEAP, Subsequent phone conversations w th OCSEAP-Juneau
verified that two new trawl nets would be supplied by the National Mrine
Fisheries Service. Once the cruise began, it was realized that only two
well-worn nets had been supplied, rather than new ones. The used nets
were easily torn and trawing on marginal bottom was precluded. As a
result, many of the 26 stations deened untrawlable m ght have been traw ed
I f proper gear had been avail able.

Only a limted number (7) of the pipe dredge sanples were analyzed due
to time constraints
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| NTRCDUCTI ON

Nuner ous commensal associ ations invol ving polychaetes have been
reported previously. These associations involve Paguridae, Qpi stobranchia,
Echiura, Asteroi dea, Stichopidae, Solasteridae, Gastropoda, Pelecypoda,
and ot her Polychaeta (Andrews, 1891; Barrington, 1897, Hartman, 1948,
Pettibone, 1953; Nicol, 1960; Hatfield, 1965; MacGnitie and MacGnitie
1968; Ricketts and Calvin, 1968). Mst of this literature has dealt pri-
marily with interactions between polychaetes and sea stars, sea cucunbers,
gastropod, pelecypods, or echiuroids with relatively little informa-
tion on hermt crab - polychaete associations. Mich of the information
avai | abl e on associ ations between polychaetes and pagurid crabs is from
original descriptions of the polychaetes from papers on specific aspects
of pagurid or polychaete biology or in general discussions frominverte-
brate textbooks (see Barrington, 1967, Barnes, 1980). Al though associations
i nvol ving Cheiloneres cyclurus (Barrington, 1897) and Polydora commensalis
(Andrews, 1891) with specific pagurids have been well documented (Hatfield,
1965; Seaborn, 1975), relationships involving other species have not.

The present study represents the first conprehensive exam nation of
commensal relationships involving hermt crabs fromthe northeastern Qulf
of Al aska.

METHODS AND MATERI ALS

Invertebrates were collected during Novenber, 1979, on board the NOAA
Ship Milier Freeman, using a standard 400 nesh Eastern otter trawl. Gastro-
pod shells containing hermt crabs were broken to expose the crab and possible
symbionts. Al|l specinmens were sorted and given tentative identifications
inthe field. Representative specinens were preserved in 10% neutral buf-
fered formalin or 70% isoproponol for |ater confirmation at the Institute
of Marine Science, Fairbanks, Al aska.

RESULTS

The shells of the gastropod Fusitriton oregonensis and Neptunea lyrata
were the nost frequent habitat of the following hermt crabs: Pagurus
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confragosus; Pagurus setosus; Pagurus ochotensis; Pagurus aleuticus;

and Elassochirus cavimanus. Shells from Beringius kemnicotti; Arctomelon
stearnsi; Buccinum plectrum; Natica clausa, and the sponge Subrites ficus
were utilized occasionally (Table I). The followng five species of
polychaetes were found cohabiting the sane shells: Eunoe depressa
(Polynoidae); Cheilonereis cyclurus (Nereidae); Polydora commensalis
(Spionidae) ; Eusyllis blomstrandi (Syllidae); and Crucigera zygophora
(Serpulidae) (Table 1). The follow ng anphipods were also found in as-
sociation with the above hermt crabs: Melita Sp. (Gammariidae),
Podoceropsis sp., and a species fromthe fam |y Pleustidae.

Commensals occurred with 40.9% of all pagurids collected during this
study (Table Il). Frequency and percent frequency of occurrence for all
commensals Wi th each of the five species of pagurids are presented by
station. The percent frequencies for individual species are presented in
Table IIl. Anphipods alone, particularly Melita sp., were associated with
hermt crabs in 16.7% of all synbioses. In four instances, both amphipods
and polychaetes were found with the same crab. Rarely (6.4% did nore than
one commensal occur with the same crab.

Bunoe depressa and Melita were the dom nant commensals associated with
Pagurus confragosus (Table 111). Both synbionts were always |ocated in the
spire of the gastropod shell. Eunoe depressa, Eusyllis blomstrandi and
Melita sp. were each found once in association with Pagurus setosus (Tabl e
111) . Polydora commensalis was |ocated within the columella, while the
others were in the spire of the shell. Eunoe depressa, Cheilonereis
cyclurus and P. commensalis were the commensals nost frequently associated
wi th Pagurus ochotensis (Table I11). Polydora commensalis Was again |ocated
within the columella; the others in the spire were Eunce depressa, P.
commensalus and Melita s. were most often associated with Pagurus aleuticus.
Polydora commensalis and Melita sp. were the species nost often found with
Elassochirus cavimanus. These commensals were always positioned in their
characteristic locations within the shell.
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Nunbers of commensals occurring with five species of hermt crabs in seven species of

TABLE |

shells from the northeastern Gulf of A aska, Novenber 1979.
Hermt crab
Pagurus Pagurus Pagurus Pagurus Elassochirus
Shell confragosus setosus ochotensis aleuticus cavimanus Total s
Fusitriton
oregonensis 27 3 6 11 13 60
Neptunea
Lyrata 13 59 1 1 74
Beringius
kennicotti 1 1
Subrites
fleus 1 1 2
Avrctome lon
stearnsi 1
Buccinum
p lectrum 5 5
Natica
clausa 13 13
TOTALS 41 4 84 12 15 156
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TABLE |1
Numbers of hermt crabs with commensals/total nunber of crabs
from stations in the northeastern Qulf of A aska, Novenber 1979

Pagurus Pagurus Pagurus Pagurus Elassochirus

Station confragosus setosus ochotensis aleuticus eavimanus Total s
104 G 0/3 1/6 179
104 F 1/2 1/2
99 D 1/14 1/ 14
9 E 2/ 8 36 5114
100 E 1/2 8/ 22 9/ 24
100 D 1/1 0/1 1/2
104 B 0/2 1/20 0/2 1/24
106 B 8/ 35 8/ 35
106 A 24/ 36 24/ 36
105 A 1/1 1/1
105 B 719 719
105 ¢ 12 142 1/2 3/8 16/ 52
94 B 17/ 52 17/ 52
93 ¢ 20/ 25 20/ 25
102 G 1/2 2/3 1/3 4/ 8
103 D 4/ 11 4/ 11
104 D 1/2 1/2
104 ¢ 19/ 27 1/2 1/3 21/ 32
108 A 0/2 1/1 9/19 10/ 22

TOTALS 4/ 99 417 84/ 171 12 /50 15/ 54 156/ 381

(41. 4% (57. 1% (49. 1% (24, 0% (27.8% (40. 9%
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TABLE 11

Percent frequency of occurrence of commensals With five species of hermt crabs.

Numbers in parentheses are for crabs with commensals only.

Pagurus Pagurus Pagurus Pagurus Elassochirus
eonfragosus setosus ochotensis aleuticus eavimanus Total s

Commensal N=99 (41) N =7 (4) N =171 (84) N =50 (12) N = 54 (15) N = 381 (156)
Eunoe

depressa 20.2 (48.8) 14.3 (25.0) 27.5 (56.0) 12.0 (50.0) 1.9 (6.7 19.7
Polydora

commensalis 1.0 ( 2.4) 14.3 (25.0) 2.9 ( 6.0) 8.0 (33.3) 7.4 (26.7) 3.9 ( 9.6)
Eusyllis

blomstrandi 2.0 ( 4.9 14.3 (25.0) 1.8 ( 3.6) 1.6 ( 3.9
Chetilonereis

cyelurus 4.0 ( 9.8) 17.5 (35.7) 2.0 ( 8.3) 9.2 (22.4)
Melita sp. 16.2 (39.0) 14.3 (25.0) 0.6 ( 1.2 4.0 (16.7) 16.7 (60.0) 7.6 (18.6)
Pleustidae 1.0 ( 2.4) 0.6 (1.2 1.9 ( 6.7) 0.8 ( 1.9
Podoceropsis Sp. 2.0 ( 8.3) 0.3 ( 0.6)

(48.1)



Crucigera zygophora was recovered froma. single N Zyrata shell con-
tai ning a Pagurus confragosus. This worm formed a calcareous tube within
the columella of the gastropod.

DI SCUSSI ON

Paguridae are prinmarily opportunistic omivores with tendencies
toward scavenger/predator habits (Warner, 1977). Mst of the commensal
polychaetes have simlar feeding habits as Pagurid crabs (Fauchald
and Jumars, 1979). Thus, food would be readily available to the symbiont
during the feeding processes of the crab.

Moore (1905, 1908) and Hartman (1948) described Eunoe depressa as
a commensal “messmate” of unspecified hermt crabs and as a symbiont in
t he branchial chanber of the King crab, Paralithodes camtschatica.
These worns were located in the spire of the gastropod shell, just behind
and above the carapace of the hermt crab. 1In the present study, E.
depressa was by far the nost frequently found commensal; occurring with
19.7% of all hermit crabs examined and with 47.8% of those with synbionts.
It occurred with all five species of crabs. Cccurrences as high as this
have not been reported previously.

Polydora commensalis was originally described by Andrews (1891)
fromthe shells of Ilyanassa obsoleta inhabited by Pagurus longicarpus.
Hatfield (1965) reported this species from the east coast in the shells
of Lunatia heros; Polinices duplicatus; Busycon canaliculatum and Buceinum
undatum all i nhabited by Pagurus pollicaris. |t has also been reported
fromBritish Colunmbia in shells of Thais lamellosa inhabited by Pagurus
granosimarus; Berkel ey and Berkel ey, 1936). The present report extends
its range to the northeastern Gulf of Alaska and the list of possible
symbionts to five additional pagurid species in three additional types
of shells. Polydora commensalis has a calcareous tube in the term nal
spire of the gastropod shell with an opening through the columella into
the aperture (Hatfield, 1965). The tube is never visible unless the shell
is broken. The wormis capable of extending itself out through the
aperture for feeding (Andrews, 1891; Hatfield, 1965).
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Cheilonereis eyelurus was first described by Barrington (1897) as
emerging from the aperture and proceeding’ to the nouth parts of the hermt
crab. Barrington found this species in Puget Sound with Pagurus armatus
and Pagurus tenuimanus i N shells of Lunatia Sp., Natica sp. and Pterenotus
Sp. Seaborn (1975) reported C. oyclurus W th Pagurus aleuticus and several
unspecified pagurids from the same area. He suggested P. aleuticus was
the preferred host. In this study, however, C eyelurus was nost often as-
sociated with P. ochotensis.

Eusyllis blomstrandi has not been previously described as a commensal
with hermit crabs. Its low prevalence with three species of hermt crabs
probably indicates a nore facultative relationship. BEusyllis blomstraudi
has been reported in the sponge Eetyodoryxr parasitica growing on shells of
Pecten hindsi (Berkeley and Berkeley, 1948). Pettibone (1954) reported
this species on fenal e Hyas coarctatus alutaceus from Point Barrow, Al aska.

Serpulids have not been previously reported as symbionts. They are
generally filter-feeders, and although permanent association with a hermt
crab mght provide an abundance of food, the presence of a single Crucigera
aygophora Within a shell occupied by a P. confragosus was probably accidental.

The only report found for a commensal relationship involving anphipods
and pagurids was that of Jackson (1913). He sights Podoceropsis excavata
as “infesting the dirt at the bottom of shells” inhabited by pagurids.

Only one speci nen of Podoceropsis sp. was recovered during this study.
Speci mens of Melita sp., however, were present in 7.6%of all hermt crabs
exam ned and made up 18.6% of those with commensals. Another species,
fromthe famly Pleustidae, was found three tines, with three different
pagurids. No known commensal relationships have been previously reported,
and it is possible that the presence of these anphipods was accidental.

Research on the role of chemical factors in mediating host-commensal
interactions has been reported by Davenport (1950, 1953, 1966); Davenport
and Hickok (1951); Dimock and Davenport (1971); and Seaborn (1975). These
authors have denonstrated that chenoreception is used by commensal poly-
chaetes to locate potential hosts. In associations involving pagurids,
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the size of the aperture of the shell may be a factor in determning suc-
cessful entry once the polychaete has |ocated the host by chemoreception
(Seaborn, 1975)., Seaborn found commensal C. cyclurus nore frequently in
shells with an “aperture width greater than 2.2 cm

Pagurids tend to inhabit the |argest, nost abundant shells present
in their habitat (Reese, 1962). Thus, commensals woul d be expected to
do the sanme. In the northeastern Qulf of Al aska, the shells of Fusitriton
oregonensis and Neptunea lyrata were nost frequently utilized by hermt
crabs. These are relatively large shells and therefore were expected to
more frequently contain commensals as well.

193



REFERENCES

Andrews, E. A 1891. Report on the Annelida Polychaeta of Beaufort,
North Carolina. U S. Nat. Mis. Proc. 14:277-302.

Barnes, R D. 1980. Imvertebrate Zool ogy. Fourth edition Saunders
College/Holt, Rinehart and Wnston, Philadel phia.

Barrington, E. J. W 1967. Invertebrate Structure and Function.
Hought onM fflin Conpany.

Berkeley, E. and C. Berkeley. 1936. Notes on Polychaeta from the coast
of Western Canada. |. Spionidae. Ann. Mlg. Nat. Hist. 18:468-477.

Berkeley, E. and C. Berkeley. 1948. Annelida, Polychaeta erranti a.
Canadi an Pacific Fauna. Fish. Res. Bd. Can. 96(1):1-100.

Davenport, D. 1950. Studies in the physiology of commensalism. |.
The polynoid genus Arctonde. Biol. Bull. 98(2):81-93.

Davenport, D. 1953, Studies in the physiology of commensalism., |V. The
polynoid genera Polynde, Lepidasthenia and Harmothde. Mar. Biol.
Ass. U. K. 32:273-288.

Davenport, D.  1966. The experimental analysis of behavior in synbioses.
Chap. 8. In S. Mrk Henry (cd.), Symbiosis. Vol I. Associations
of mcroorganisns, plants and marine organisns. Acadenic Press,
Inc. New York.

Davenport, D. and J. K Hickok. 1951. Studies in the physiol ogy of commen-
salism. ||. The polynoid genera 4rctonte and Halosydna. Biol.
Bull. 100(2):71-88.

Dimock, R V., Jr. and D. Davenport. 1971. Behavioral specificity and
the induction of host recognition in a synbiotic polychaete. Biol.
BuZZ. 141(4):472-484.

Fauchald, K and P. A Jumars. 1979. The diet of worns: a study of
pg]éycé‘réaete feeding guilds. Oceanogr. Mar. Biol. Ann. Rev. 17:

193- 284.

Barrington, N R 1897. On nereids commensal Wi th hermt crabs. Trans.
New York Acad. Sei. 16:214-221,

Hartman, O  1948. The polychaetous annelids of Al aska. Pac. Sei.
2(1):3-58. *“

Hatfield, P. A 1965. Polydora commensalie Andrews larval devel opment
and observations on adults. Biol. BuZZ. 128(3):356-368.

Jackson, H. G  1913. Eupagurus. Liverpool Mar. Bioi. Corn., Mere. 21:1-88.

194



MacGinitie, G E. and N. MwcGnitie. 1968. Natural H story of Marine
Animals.  Second edition. MGaw H |l Book Conpany, New York.

Moore, J. P. 1905. New species of Polychaeta from the north Pacific,
chiefly Alaskan waters. Proec. Acad. Nat. Sei. Phil. 57:525-554.

More, J. P. 1908. Some polychaetous annelids of the northern Pacific
coast of North America. Proe. Acad. Nat. Seci. Phil. 60:321-364.

Nicol, J. A. C.  1960. The Biology of Marine Ani mals. Interscience
Publ i shers, Inc.

Pettibone, M H  1953. Some scal e-bearing polychaetes of Puget Sound
and adjacent waters. University of Washington Press, Seattle.

Reese, E. S. 1962. Shell selection behaviour of hermt crabs. Animal
Behavi our. 10:347-360.

Ricketts, E. F. and J. Calvin. 1968. Between Pacific Ti des. Revised by
J. W Hedgpeth. Stanford University Press, Stanford.

Seaborn, C. R 1975, Host specificity of Cheilonereis cyclurus (Polychaeta:
Ner ei dae) commensal W th Puget Sound Paguridae. Anmer. Zool. 15(3):805.

195



APPENDI X C

Pl PE DREDGE DATA
NORTHEAST GULF OF ALASKA
NOAA SH P M LLER FREEMAN

Cruise No. 795, Novenber 1979
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APPENDI X TABLE C. 1

Station: 97F
Sanpl e date: 10 November 1979
Lati tude: 59°09. 3
Latitude: 141°02. 2’
Dept h: 188 m
Count
Taxon No. PCT
Porifera 1.0 1.8
Annelida
Glycera capitata 1.0 1.8
Ninve gemmea 1.0 1.8
Notomastus spp. 1.0 1.8
Mal dani dae 1.0 1.8
Ovenia fusiformis 1.0 1.8
Myriochele heeri 17.0 29.8
Pista cristata 3.0 5.3
Sabellidae 1.0 1.8
Megalomma splendida 2.0 3*5
Serpulidae 1.0 1.8
Mollusca (Gastropoda)
Puncturella cooperi 1.0 1.8
Natica clausa 1.0 1.8
Art hropoda
Heterophoxus oculatus 1.0 1.8
Pandalus spp. 1.0 1.8
Sipuncula
Golfingia margaritacea 1.0 1.8
Phascolion strombi 1.0 1.8
Ectoprocta
Microporina borealis 1.0 1.8
Brachiopoda
Terebratulina unguicula 6.0 10.5
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APPENDI X TABLE C.1
CONTI NUED

Count
Taxon No. PCT

Echinodermata
Ctenodiscus crispatus
Brisaster townsendi
Diamphiodia craterodmeta
Ophiura sarsi
Molpadia intermedia
Capheira mollis

=B oo
cCooOocococOoO
= 00w w w
00 00 0O U1 U1 Ul

Urochordat a
Aseidia spp. 1.0 1.8

Commrent s

Dead and drilled: 1 Natica clausa, 1 Neptunea Lyrata, 1 Admete couthouyt.
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APPENDI X TABLE C.2

Station: 98F
Sanpl e date: 10 Novenber 1979
Latitude: 59°06. 4’
Longi t ude: 140°53. 3’
Dept h: 176 m
Count
Taxon No. PCT
Annelida
Onuphis iridescens 1.0 2.7
Lumbrinereis Spp. 2.0 5.4
Ninve gemmea 1.0 2.7
Maldanella robusta 1.0 2.7
Notoproctus pacificus 1.0 2.7
Praxillella gracilis 2.0 5.4
Pista eristata 1.0 2.7
Mollusca
Nucula tenuis 1.0 2.7
Yoldia thraciaeformis 1.0 2.7
Cyclocardia ventricosa 1.0 2.7
Axinopsida serricata 2.0 5.4
Odontogena borealis 1.0 2.7
Art hropoda
Heterophoxus oculatus 1.0 2.7
Echinodermata
Ctenodiscus crispatus 5.0 13.5
Allocentrotus fragilis 1.0 2.7
Diamphiodia craterodmeta 13.0 35.1
Ophiura sarsi 1.0 2.7
Crinoidea .0 2.7
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APPENDI X TABLE C.3

St ation: 94G
Sanpl e date: 12 Novenber 1979
Latitude: 59°20. 2
Longi t ude: 141°53. 6’
Dept h: 199 m
Count
Taxon No. PTC
Porifera 1.0 7.1
Cnidaria
Anthozoa 1.0 7.1
Annelida
Maldanidae 2.0 14. 3
Myriochele heeri 4.0 28.6
Sabellidae 2.0 14.3
Art hropoda

Ampelisca birulai

Echi noder mat a
Brisaster touwnsendi
Diamphiodia craterodmeta
Ophiura sarsi
Molpadia intermedia

P
cooco
NN~
ol e N

Comment s

Dead and drilled: Hydroids, 1 Macoma sp., 2 Astarte sp., 1 Puncturella
galeata, 1 Chlamys sp., 1 Balanus sp.,2Lim sp.
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APPENDI X TABLE C. 4

Station: 103G
Sample date: 9 Novenmber 1979
Lati tude: 58°44. 2
Longi t ude: 139°33. 2'
Dept h: 166.5 m
Count
Taxon No. PCT

Sar codi na

Sarcodina rhizopodea 41.0 17.5
Annelida

Polychaeta

Anaitides spp.

Nephtys punctata

Glycera capitata

Goniada annulata

Onuphis iridescens

Lumbrinereis spp.

Ninve gemmea 2
Driloneries longa
Paraonis gracilis
Laonice eirrata
Spiochaetopterus costarum
Maldanidae

Praxillella gracilis
Owenia fusiformis
Myriochele heeri

Amage anops

Ampharete spp.

Melinna eristata

Melinna elisabethae
Pista cristata

>

w
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opdhpD PPN NPRLPAAPRRPpOOPpPONYTNOWODND

Mollusca
Pelecypoda .0 0.4
Nucula tenuis 7.0 3.0
Nuculana radiata 1.0 0.4
Dacrydium pacificum 1.0 0.4
Cyclocardia ventricosa 1.0 0.4
Axinopsida serricata 23.0 9.8
Thyasira flexuosa 1.0 0.4
Odontogena borealis 2.0 0.9
Psephidia lordi 2.0 0.9
Natica clausa 1.0 0.4
Dentalium spp. 2.0 0.9
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APPENDI X TABLE C. 4

CONTI NUED
Count
Taxon No. PCT
Art hropoda
Nebalia sp. 1.0 0.4
Diastylis paraspinulosa 1.0 0.4
Ampelisca spp. 1.0 0.4
Haploops tubicula 1.0 0.4
Orchomene spp. 1.0 0.4
Harpiniopsis excavata 6.0 2.6
Heterophoxus oculatus 1.0 0.4
Syrrhoe longifrons 1.0 0.4
Sipuncula
Golfingia margaritacea 5.0 2.1
Golfingia vulgaris 5.0 2.1
Echi noder mat a
Diamphiodia craterodmeta 7.0 3.0
Molpodia intermedia 3.0. 1.3

Conment s
Dead and drilled: Dentalium sp., 2 Yoldia sp., 2 Cyclocardia ventricosa,

1 natica c¢lausa, 1 Nuculana, 1 Oenopota sp., 1 Pandora sp.,
Terebratulina unquicula.
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APPENDI X TABLE C .5

Station: 1011
Sanpl e date: 9 November 1979
Latitude: 58°51. 1’
Longi t ude: 140 °02.6'
Dept h: 170.2 m
Count
Taxon No PCT

Annelida

Goniada annulata 1.0 1.9

Onuphis parva
Lumbrineries spp
Lumbrinereis bicirrata
Ninve gemmae

Laonice cirrata
Maldanidae

Owenia fusiformis
Myriochele heeri
Pista cristata
Megalomma splendida

[EEN
PO NE POl = w
OO0 U110 O~ O

PR OEDN
coocococoOoco

Mollusca
Pelecypoda 2.0 3.8
Nucula tenuis 3.0 5.7
Nuculana radiata 1.0 1.9
Yoldia spp. 2.0 3.8
Pect i ni dae 1.0 1.9
Astarte spp. 1.0 1.9
Thyasira flexuosa 1.0 1.9
Odontogena borealis 4*0 7.5
Gast ropoda 1.0 1.9
Amphissa spp. 1.0 1.9
Art hropoda
Leucon nasica 1.0 1.9
Anmphi poda 1.0 1.9
Nicippe tumida 1.0 1.9
Harpiniopsis exeavata 1.0 1.9
Heterophoxus oculatus 1.0 1.9
Paraphozus oculatus 1.0 1.9
Sipuncula
Phascolion strombi 1.0 1.9
Brachiopoda
Laqueus californianus 1.0 1.9
Echinodermata
Ctenodiscus crispatus 2.0 3.8
Diamphiodia craterodmeta 1.0 1.9
Ophiura sarsi 1.0 1.9
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APPENDI X TABLE C. 6

Station: 100J
Sanpl e date: 9 November 1979
Latit ude: 58°41.5
Longi t ude: 140°16. 5
Dept h: 204 m
Count
Taxon No. PCT

Sarcodina

Sarcodina rhizopodea 5.0 10.2
Porifera 16.0 33.3
Cnidaria

Hydr ozoa 1.0 2.0

Anthozoa 1.0 2.0
Rhynchocoela 1.0 2.0
Annelida

Lepidonotus squamatus
Typosyllis altermata
Typosyllis armillaris
Onuphis pap-vu
Sptochaetopterus costarum
Thelepus cincinnatus

PR RR R R
OO0 O0OO0O
PPN
coococooo

Sabellidae
Mollusca

Hanleya hanleyi 3.0 6.1

Pelecypoda 1.0 2.0

Propeamussium alaskense 1.0 2.0
Art hropoda

Bylisis spp. 1.0 2.0
Ectoprota
Brachiopoda

Terebratulina unguicula 2.0 4.1
Echinodermata

Ophiuroidea 1.0 2.0

Psolus chitinoides 1.0 2.0

Crinoidea 1.0 2.0
Chordata

Asetidia Spp. 5.0 10. 2
Comment s

Dead and drilled: 1 Cyclocardia ventricosa, 1 gastropod.
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APPENDI X TABLE C. 7

Station: 10 1K
Sanmpl e date: 9 Novenber 1979
Latitude: 58°38.9
Longi t ude: 140°01. 8
Dept h: 190 m
Count
Taxon No. PCT
Cnidaria
Hydr ozoa 2.0 9.5
Ant hozoa 4.0 19.0
Annelida
CGoni adi dae 1.0 4.8
Laonice cirrata 1.0 4.8
Myriocchele heeri 1.0 4.8
Megalomma splendida 2.0 9.5
Sipuncula
Sipuncula 1.0 4.8
Phascolion strombi 2.0 9.5
Brachiopoda
Terebratulina unguicula 2.0 9.5
Echinodermata
Ophi ur oi dea 1.0 4.8
Diamphiodia craterodmeta 4.0 19.0
Comment s

Dead and drilled: 1 Astarte sp., 1 Propeamissium alaskense,
2 Spiochaetopterus tubes (enpty).
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