
and rates of food intake and digestion for demersal
fishes and echinoderms, (3) increase knowledge of
the taxonomy and zoogeography of antarctic fishes
and echinoderms, (4) study the development and
distribution of zooplankton, especially krill, (5)
capture sufficient krill to permit experiments in
commercial processing, (6) develop cultivation
techniques for phytoplankton, and (7) determine
the standing crop and rates of production of phyto-
plankton. Investigators from the University of
Maine and the Museo Nacional Bernardino Riva-
davia in Buenos Aires carried out the studies on
fishes and benthic invertebrates. Personnel of the
Argentine Antarctic Institute studied the zooplank-
ton and culturing techniques for phytoplankton.
Phytoplankton standing crop productivity meas-
urements were made by investigators from Texas
A&M University and Scripps Institution of
Oceanography. A representative of the Smith-
sonian Oceanographic Sorting Center made gen-
eral invertebrate collections.

The cruise track was developed in relation to
the studies of demersal fishes and invertebrates,
and was designed to permit sampling in an area
where commercial fishing has recently begun
(South Georgia) and in a region virtually Un-
sampled (South Sandwich Islands). The zooplank-
ton program took advantage of deep-water por-
tions of the track. The unusual season of the cruise,
late austral fall, for which there are relatively few
data, made the entire track of interest for the phyto-
plankton measurements.

The Argentine Naval Hydrographic Service
made regular bathythermograph casts throughout
the cruise, and made standard Nansen casts at sta-
tions selected in relation to the biological work to
provide temperature, salinity, and dissolved oxygen
data. Continuous recordings of bottom depth and
surface temperature were also made throughout
the cruise. Other ancillary projects were surface
samples for planktonic foraminifera, and daily ob-
servations of the numbers and the species of birds.
The latter were of particular interest because of the
lack of observations in the regions visited during
the late fall.

From every point of view cruise 0575 was very
rewarding. Each group obtained at least the num-
ber of samples planned, and in some cases signi-
ficantly more. This success was in large measure
due to the very close cooperation between the scien-
tists, officers, and crew, especially that of Captain
Risso who admirably handled the ship, sometimes
in very difficult waters. I thank all of the people who
participated in making the cruise a successful and
a pleasant experience.

Ecological studies of fishes
and echinoderms during
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HUGH H. DEWITT
Departments of Oceanography and Zoology

Ira C. Darling Center
University of Maine, Orono

Walpole, Maine 04573

JAMES D. MCCLEAVE
Department of Zoology

JAMES H. DEARBORN
Departments of Zoology and Oceanography

University of Maine, Orono
Orono, Maine 04473

Our biological program aboard ARA Islas Orcada
cruise 5 during May and June 1975 investigated the
abundance, species composition, food habits, and
feeding rates of demersal fishes, and the species
composition, food habits, and general biology of
selected echinoderms. Most of our efforts centered
in the waters about South Georgia Island and the
northern half of the South Sandwich Islands. South
Georgia is one of few places in the Antarctic where

John H. Dearborn

Figure 1. Ten-foot modified Blake trawl being set from ARA
Islas Orcadas.

'This is contribution number 94 of the Ira C. Darling Center
for Research, Teaching, and Service, University of Maine at
Orono, Walpole, Maine 04573.
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commercial fishing has started, and the South
Sandwich Islands were not well known prior to
cruise 5. We therefore hoped to obtain basic popu-
lation and biological data from an area that is be-
ginning to be placed under fishing pressure and
from one that is virtually untouched.

University of Maine personnel aboard this cruise
were Drs. DeWitt, McCleave, and Dearborn, as co-
principal investigators; Richard E. Crawford,
Richard R. Eakin, Richard F. Shaw, and Timothy
E. Targett, all graduate students; and William
C. Townsend, a biological technician and orni-
thologist. Craig Sharp, Smithsonian Institution
Oceanographic Sorting Center (sosc), assisted with
the invertebrate studies and was responsible for
general collecting of all other organisms for the
sosc.

The cruise generally was an immense success.
We made 47 hauls with Blake trawls (figure 1) near
South Georgia Island and 37 hauls about the north-
ern South Sandwich Islands, most of which can be
used for abundance and biomass estimates (figures
2 and 3). The data are best from the continental
shelf to the north of South Georgia in depths from
about 50 to 200 fathoms. Bad weather and some-
what more rugged bottom topography prevented
our obtaining as complete data on the south side
of South Georgia, where several stations were aban-
doned or missed. The South Sandwich Islands are
all small and do not have extensive shelf areas. We
found trawlable ground close to each island visited,
however, and our best hauls were made at depths
less than 100 fathoms. Bottom topography west of
the islands was more rugged than to the east, per-
haps corresponding with the north and south sides
of South Georgia. Data from the South Sandwich
Islands, therefore, are more incomplete than from
South Georgia, and are least complete for waters
deeper than 100 fathoms on the west side.

The area richest in fishes was the shelf on the
north side of South Georgia at depths between 50
and 100 fathoms (figure 2). Catches were larger at
these depths than at either shallower or deeper
stations. Although the same general pattern was
seen on the south side of South Georgia, the abun-
dance of fishes was lower except at depths between
100 and 200 fathoms. Abundances were highest at
the shallowest stations in the South Sandwich
Islands and decreased with depth. A few shallow
stations, however, were essentially barren of all or-
ganisms and consisted only of black volcanic gravel
and pebbles. This was especially true near Zavodov-
ski Island, which has an active volcanic vent.

Eleven families of demersal fishes were repre-
sented in the catches. Figure 3 graphically shows
the relative importance of each family in each of six

depth ranges. Note the very great dominance of the
family Nototheniidae (antarctic cods) in waters
shallower than 200 fathoms, whereas the Mac-
rouridae (rat tails) are the overwhelmingly domi -
nant group in very deep water.

All fishes collected were counted and, when de-
sired, were tagged and measured. When catches
were large, the most abundant species were sub-
sampled and the subsamples were tagged and
measured. Weighing aboard ship was infeasible,
but all preserved specimens were remeasured and
weighed prior to being placed in alcohol. We will
use these data to estimate fish biomass for areas
where our samples are sufficient (e.g., where repeti-
tive tows were made in conjunction with food
studies).

Although most species were identified aboard
ship, some—especially the families Zoarcidae and
Liparidae—will require further work in the labora-
tory at Darling Center. The collections will help
us to better understand the faunas of both island
groups, especially those of the South Sandwich
Islands. We already have added one species to the
fauna of South Georgia (Champsocephalus esox) that
was previously known only from the Megellanic re-
gion, and several unidentified species undoubtedly
will also be new records. We hope to clarify the zoo-
geographic position of the South Sandwich Islands
between the Antarctic Peninsula and South
Georgia.

Stomachs were taken from demersal fishes col-
lected at stations along transects and at repetitive
stations at single locations to provide material for
three objectives: (1) describe the food habits of the
principal demersal fishes; (2) determine if food re-
source subdivision occurs in demersal fish com-
munities; (3) determine the 24-hour chronology of
feeding in demersal fishes. Further, studies of ben-
thic fish metabolic and digestive rates were carried
out aboard ship. Chronology data and digestive
rate data can be used later to estimate the daily
ration for principal species.

About 2,200 fish stomachs (excluding empties)
from 28 species were dissected out as quickly as
possible after capture, and the contents were pre-
served. To study resource subdivision, about 1,500
stomachs were taken in repetitive Blake tows at four
locations near South Georgia and at three locations
in the South Sandwich Islands. The South Georgia
samples are the most adequate and will provide
information on two communities at about 40
fathoms in depth and on two at 70 to 80 fathoms
in depth. In each of two chronology studies at South
Georgia and one in the South Sandwich Islands,
Blake tows were made six times over a 24-hour
period. More than 1,000 stomachs were collected,
which should provide information about late fall
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feeding chronology at depths of 10 to 70 fathoms
in two regions of the low Antarctic.

In addition to these analytical approaches, the
descriptive food habits, based on reasonable sample
sizes, of the following from the Scotia Arc should
prove interesting: five species of Notothenia, Trema-
tomus hansoni; two Harpagiferidae (Harpagfer bi-
spinis, Artedidraco mirus), Parachaenichthys georgianus
and several other Bathydraconidae, two Zoarcidae,
and Nematonurus sp.

As the first step toward developing an energy
budget for some benthic fishes, digestion and meta-
bolic rates of selected species were determined.
Digestion rate experiments were conducted aboard
ship on Notothenia larseni, N. angust[rons, and N.
gibberfrons. Digestion of foods naturally present in
the stomachs of newly captured N. larseni was
followed. Also, all three species were force-fed
preweighed meals, and digestion rates were deter-
mined by periodic sacrifice of individuals. Meta-
bolic rates at near ambient temperatures of about
20 N. gibberfrons and of about 10 N. angustfrons
were determined by measuring oxygen consump-
tion in a special chamber.

Large collections of invertebrates were obtained
during the cruise. Echinoderms are one of the
dominant benthic invertebrate groups on the
shelves surrounding South Georgia and the South

Sandwich Islands and three groups of echinoderms
(crinoids, asteroids, and ophiuroids) were of special
interest to us. These will be identified, and the
geographic and bathymetric ranges and substrate
preferences of individual species will be deter-
mined. These data will form the basis for a detailed
taxonomic and zoogeographic study of these im-
portant benthic groups at South Georgia Island and
at the South Sandwich Islands. Epifaunal species
that occur in very large numbers include the
crinoid Promachocrinus kerguelensis, the asteroids
Psilaster charcoti, Odontaster validus, Porania antarctica
glabra, Labidiaster annulatus, and several species of
Acodontaster, Lysasterias and Diplasterias, and the
ophiuroids Astrotoma agassizii, Ophiacantha vivipara,
Ophioperla koehieri, Ophionotus hexactis, Ophiuroglypha
lymani, and Ophiurolepis martensi. At the South Sand-
wich Islands there occurs an interesting population
of the ophiuroid Ophionotus victoriae. Instead of the
usual light-brown to yellowish color of the aboral
surface of the disc found in individuals farther
south, in specimens from these islands the aboral
disc surface is very dark-gray or even black, pre-
sumably a response to the extensive black volcanic
sand and gravel substrate found in the region.

Gut contents of selected species of common echi-
noderms are being analyzed in a continuing effort
to clarify the predator-prey roles of crinoids, aster-
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Figure 3. Depth distribution
and relative abundance (as
percent) of eleven families
of fishes at (A) South Geor-
gia Island (north side) and
at (B) the South Sandwich
Islands (from Saunders
Island northward). The dia-
gram width indicates the
percent of numbers at a
depth range. A dot or a
single line indicates less

than 4 percent.
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oids, and ophiuroids as abundant members of the
antarctic benthos. Identifications were made of
over 300 individuals' stomach contents, represent-
ing six species of asteroids and ophiuroids. Further,
we estimate over 12,000 individuals of 12 astero-
zoan species were preserved for later analyses of
stomach contents.

Whole invertebrates and tissues from selected
specimens were frozen aboard ship and returned in
dry ice to the United States. This material is being
studied by Dr. Dearborn and Edgar F. Lowe to de-
fine the trophic roles of ecologically important in-
vertebrates in the Antarctic. After obtaining dry
weights, standard methods are used to analyze indi-
viduals or groups of individuals for caloric content
and total protein, lipid, and carbohydrate. In some
cases different body parts are treated separately
so that the whole animal may be visualized in a more
ecologically informative manner. Discs and arms of
brittle stars, for example, are analyzed separately
because in many instances fish or invertebrate
predators may only obtain pieces of arms and not
the entire animal. Determinations are being made
initially on common species of crinoids, asteroids,
and ophiuroids. Other echinoderms and a variety
of other common benthic invertebrates, including
certain molluscs and crustaceans, are available and
will be analyzed later. Caloric data have been ob-
tained so far for the crinoid Promachocrinus ker-
guelensis, for the asteroid Acodontaster conspicuus,
and for the ophiuroids Astrotoma agassizii, Ophio-
notus hexactis, Ophiuroglypha lymani, Ophiacantha vivi-
para, and Ophioperla koehieri.

Remaining echinoderm groups (echinoids and
holothurians) and all other invertebrates obtained

from our stations during the cruise were generally
subsampled; this extensive material has been sent
to the sosc for sorting and for subsequent distri-
bution to specialists. Mr. Sharp was responsible for
this work, and we are particularly grateful for his
excellent assistance.

Throughout the cruise observations of sea birds
were regularly made by Mr. Townsend and Dr.
Dearborn. A total of 265 10-minute observations
were conducted, during which the number of indi-
viduals of each species seen per period was re-
corded. These data will be used to summarize bird
species densities at various latitudes and to corre-
late bird distributions with sea surface tempera-
tures.

Our programs's success was directly due to the
very great efforts in our behalf of the officers and
the crew of Islas Orcadas. We especially thank Cap-
tain Julio A. Risso for his handling of the ship dur-
ing trawling operations. That we were able to
sample in depths as disparate as 7 and 3,100
fathoms is indicative of his efforts to use the ship
as much as possible for the benefit of our program.
We also thank Roberto Fontanarrosa, first oceano-
graphic officer, and Miguel Clements, second
oceanographic officer, for their efforts in making
our over-the-side operations smooth and in helping
to plan station locations, for aiding our efforts at
speaking Spanish, and generally for making life
more enjoyable for a group of "Norteamericanos."
We also thank Petty Officer Omar Ramello and the
oceanographic crew for their work with the trawls
and winches, and for the many small things that
help to make life aboard ship pleasant. Finally, we
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express thanks to Paul Dudley-Hart of Alpine Geo-
physical Associates, Inc., whose knowledge of Span-
ish and of human nature made smooth many
awkward situations, and whose knowledge of
equipment saved us from mistakes and, sometimes,
losses. We also express our appreciation to all mem-
bers of the U.S. and Argentine parties for their
hard work and pleasant companionship. This re-
search was supported by National Science Founda-
tion grant Opp 74-08565.

A total of 101 samples were taken: 13 near the
bottom with a Hensen net, 10 near the bottom with
a Clarke-Bumpus net, 16 at intermediate depths
with a Hensen net, 27 at intermediate depths with
a Clarke-Bumpus net, 33 with a Hensen net
dragged horizontally, and two of 0- to 30-meter
plankton with an Isaacs-Kidd net.

Behavior of live Euphausia superba was monitored
in the ship's laboratories in an experiment that con-
tinued until several days after the return to Buenos
Aires.

ARA Islas Orcadas cruise 5:
marine biology

A. P. ToMo
Dirrección Nacional del Antártico

Buenos Aires, Argentina

Cruise 5 of the Argentine navy ship ARA Islas Or-
cadas began at Buenos Aires on 3 May 1975 and
ended at this port on 19June. The area worked was
in the vicinity of South Georgia Island and the South
Sandwich Islands. The members of the Argentine
team who made the trip are: Enrique Marschoff
(chief of the onboard Argentine group), Gustavo
Carrara, Carlos Duprez, and Luis A. Gonzalez,
of the Argentine Antarctic Institute; Richard
Ferriz, Guillermo Padilla, and Pascual Topa, of the
Argentine Museum of Natural Sciences, "Bernar-
dino Rivadavia."

Onboard research was conducted according to
two work plans approved by the national Office of
the Antarctic: zooplankton were studied by insti-
tute personnel, and benthic fauna were studied by
institute and museum personnel in collaboration.

Zooplankton. Conventional zooplanktonic samp-
ling was done along the ship's track by Hugh H.
DeWitt, University of Maine, who was chief scientist
of the cruise. Near-bottom waters were sampled—
proximity to the bottom was maintained by sonar—
to detect krill eggs and larvae. Large quantities of
zooplankton were collected using an Isaacs-Kidd
net, although we soon had to stop using it because
of winch difficulties.

Qualitative and quantitative samplings were
taken in vertical sweeps using Hensen and Clarke-
Bumpus nets. Surface samples were taken using a
smaller Hensen net towed by the ship. At stations,
samples were taken at selected depths verified by
sonar.

Benthic fauna. To obtain information concerning
fish abundance, sweeps were made with benthic
nets of the otter-trawl type. Twenty-four samples
were obtained: 18 with a 40-foot ott ;r net, four
with a 10-foot otter net, two with a large otter net
from the museum.

The material is being processed for uantitative
determination of population dynamics, taxonomy,
ecology, abundance, geographic distribution, and
other factors.

Good collaboration with the U.S. group per-
mitted us to collect more than the planned num-
ber of samples. Aboard ship, a device was made to
permit the same casting to invert and close a Nan-
sen bottle very near the bottom, after carrying out
a vertical sweep of variable duration with a Hensen
net that sampled the water at the bottom. This inno-
vation permitted measurement of bottom tempera-
tures (primarily of interest to the U.S. team) and
sweeping of the bottom water (of interest to the
Argentine Institute group).

We thank the Argentine navy crew of Islas Or-
cadas for their dedicated support.

Ecology of fishes and
echinoderms: RN Hero cruise 76-2

EDGAR F. LOWE and RICHARD E. CRAWFORD
Department of Zoology

University of Maine, Orono
Orono, Maine 04473

The ecology of demersal fishes and echinoderms
was studied in January, February, and March 1976
aboard RIV Hero cruise 76-2 in the vicinity of An-
vers Island (64°33'S. 63°35'W.), south to Adelaide
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