by scouring both inshore and offshore areas. Algae
are stunted in scoured areas, reduced to crusts or
restricted to cracks. Some sampling locations were
affected much more by ice abrasion than others.
Signs of ice scouring usually occur above 5 to 10
meters; however, at Cape Bellue and at Terra
Firma Islands in the south there was evidence of
intense scouring to as deep as 25 meters. Conversely, in the English Strait near Greenwich
Island and inside the Joubin Islands group algae
grow without interruption to the intertidal zone
and show very little subtidal evidence of ice action.
The magnitude of the effect of ice abrasion seems
to depend on the nearness of a site to glaciers that
generate floating ice, to the current patterns, and
to the presence or absence of surrounding reefs
and rocks that strand or prevent the approach of
the ice.
The algal assemblages become less dense and
diverse toward the south. Most of the sampling
locations south of the Argentine Islands, however,
were in inshore areas where a high diversity might
not have been expected. At the Henkes Islands site,
at the exposed south end of Adelaide Island, algae
were more abundant and much more diverse than

at other southern sites. Collections near the outer
islands of the southern part of the Peninsula would
likely be similarly diverse.
Of the algae listed in figure 2, only one species
was not also found during the year-long study made
in Arthur Harbor near Palmer Station, but many
algae found there were not seen elsewhere. The
collecting effort, of course, was much greater in
Arthur Harbor; more intense collecting at other
places along the peninsula would certainly add
other species to the list. Especially fruitful places
for future work might be in Discovery Bay, along
the beaches of Livingston Island, the offshore rocks
near Deception island, and the offshore islands
north of Adelaide Island.
We gratefully acknowledge the assistance of P. C.
Silva and the collections at the University Herbarium, University of California, Berkeley. N. Temnikow, R. Daniels, D. Lame, and A. Giannini, who
assisted during the scuba dives, and Captain P.
Lenie and the crew of K/V Hero, made it possible
for us to conduct these field studies. This research
was supported by National Science Foundation
grants Gv-31162 and o pp 74-12139.

Trophic relationships of selected benthic marine
invertebrates and foraminifera in Antarctica
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Davis, Calfornia 96515
The trophic relationships of several invertebrates
in the shallow-water benthic marine communities
of Arthur Harbor, Anvers Island (64°33'S. 63°
35'W.), were studied from January 1974 to December 1974. These studies were carried out using
scuba dives to make monthly collections of specimens of various benthic marine invertebrates and
fish. Individual specimens were placed in plastic
bags to prevent loss of gut contents by defecation
or regurgitation. Gut contents were examined in
the laboratory for percent composition, diversity of
food types, and changes through time, with emphasis on foraminiferal content. Other material found
in the plastic bags was used in compilation of gut
24

content data only if it was obviously defecated or
regurgitated from the animal. Specimens were collected from similar rocky and sand-bottom areas.
The gut contents of two generalized feeders, the
sea urchin Sterechinus neumayeri and the polycheate
Amphitrite kerguelensis, were monitored throughout
the year and were compared to the diets of two
specialized feeders: the scale worm Harmothoe spinosa and the amphipod Bovalia gigantea. A total of
106 specimens of S. neumayeri were examined and
were found to contain a variety of food types. The
mean and standard deviation of the gut contents
over the year (in percent wet volume) were algae
(56 ±29 percent), bryozoans (20 ±21 percent),
ANTARCTIC JOURNAL
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Figures 1A (left) and lB (right). Seasonal fluctuations in the occurrence of amphipods in the gut contents of two generalist
feeders, Sterechinus neumayeri and Amphitrite kerguelensis.

hydrozoans (6 ± 16 percent), Spirorbis sp. (6 ± 16
percent), diatoms (5 ±9 percent), amphipods (4 ±6
percent), and foraminifera (1 ±3 percent). The
amphipods found in the guts included B. gigantea,
A mpelisica bouveri, Pontagenzella s p., Paraperieculo ides
brevims, and Paradexamine sp. Thurston (1970) and
Lowry (1968) found that the population sizes of
these amphipods fluctuate seasonally, increasing
after the spring phytoplankton bloom and decreasing throughout the rest of the year, with minimum
population size occurring just before the onset of
reproduction in October (austral spring). This coincides with my diving observations in Arthur Harbor. These population fluctuations were reflected
in the percent presence of amphipods in the gut
contents of Sterechinus, which was lowest in the
winter months of August and September (figure
1A). A similar pattern in the percent presence of
the same amphipod species was observed in the guts
of the polychaete A. kerguelensis (figure 111). The
annual mean and standard deviation of gut contents of Amphitrite were made up of sponge (31 ±36
percent), diatoms (26 ±29 percent), algal bits (11
±20 percent), bryozoans (10 ± 18 percent), foraminifera (7 ± 16 percent), ostracods (5 ±9 percent),
and amphipods (5 ± 14 percent).
In contrast, the two specialized feeders show less
seasonal fluctuation in the percent presence of
amphipods in gut contents (figures 2A and 2B).
March 1976

A total of 62 specimens of H. spinosa contained
99 ± 13 percent amphipods by volume, and 50
specimens of B. gigantea contained 99 ±5 percent
amphipods by volume, with the remainder other
crustaceans. The species of amphipods found in
the guts of the generalists were identical to those
found in the specialists, with the exclusion of intraspecific predation in B. gigantea. This observation
suggests that the amphipods are available in the
winter, and that the specialists are successful in capturing them when these populations are at minimum levels. Rather than a switching phenomenon,
seasonal variation of amphipods found in the gut
contents of S. neumayeri and A. kerguelensis is apparently caused by their opportunistic feeding on
fluctuating numbers of food items in a densitydependent manner.
Foraminifera play an important role in marine
communities (Lipps and Valentine, 1970). In the
Antarctic, foraminifera were ingested by a number
of invertebrates. In particular, nematodes, juveniles of the cephalasphidea opisthobranch mollusc
Philine alata, and an unidentified interstitial polychaete were found to contain almost exclusively
foraminifera. Foraminifera comprise a smaller portion of the gut contents of the bivalve Yoldia eightsi
(19 ±23 percent) and several sedentary polychaetes
including Amphitrite kerguelensis (7 ± 16 percent).
One specimen of A. kerguelensis was found to con25

tain 30 foraminifera (20 percent by volume). Although foraminifera are of minor importance in
the total gut contents of the limpet Patinigera polaris (3 ±5 percent) and the sea urchin S. neumayeri
(1 ±3 percent), both commonly ingest large numbers of them while grazing on algae and bryozoans.
In another grazer, the chiton Nuttalochiton mirandis,
53 foraminifera constituted only 1 percent of the
gut contents by volume while bryozoans constituted
99 percent.
In summary, our data suggest that few organisms
are specialized predators of foraminifera; large
numbers of foraminifera, however, are ingested by
organisms while grazing on other food items. Further, seasonal fluctuations in the gut contents of
generalized feeders appear to be greater than for
specialized feeders due to density-dependent feeding by the generalists on fluctuating numbers of
food items.
I thank Nicolas Temnikow and Richard Moe for
their aid in collecting specimens, for their diving
support, and for their helpful discussions. Without
their aid this project would not have been possible.
I also thank Jere H. Lipps for his thoughtful guidance, and Ted DeLaca and Gary Zumwalt for their

assistance in collection and diving support. Holmes
and Narver, Inc., support personnel are thanked
for an excellent job. This research was supported
by National Science Foundation grant o pp 7412 139.
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Figures 2A (left) and 2B (right). Seasonal fluctuations in the occurrence of amphipods in the gut contents of two specialist
feeders, Harmothoe spinosa and Bovalia gigantea.
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