
The group welcomed the offer of the United
States to host a scientific meeting on the living re-
sources of the southern ocean. The meeting will
be held under the auspices of the Polar Research
Board of the U.S. National Academy of Sciences
in Woods Hole, Massachusetts, 17-21 August 1976.
Members of the group of specialists will serve as the
steering committee for this international meeting.
Inquiries should be addressed to Louis DeGoes,
executive secretary, Polar Research Board, Na-
tional Academy of Sciences, Washington, D.C.
20418.

In view of the objectives of the meeting and the
fact that the accommodations at the proposed meet-
ing place are limited, the group recommended that
the meeting be restricted to no more than 60
specialists. All international organizations with sig-
nificant interests in antarctic marine living re-
sources will be invited to designate participants to
the meeting. These organizations will include: SCOR
(which, at the invitation of SCAR to cosponsor the
group, designated the group of specialists as SCOR

working group 54), IABO (International Associa-
tion for Biological Oceanography), IUBS (Interna-
tional Union of Biological Sciences), bc, FAO, iwc,
United Nations Environmental Program, United
Nations Development Program, and the Perma-
nent South Pacific Commission.

One hopes that, through the discussions of these
experts at Woods Hole, steps will be taken to give
a scientific foundation for development and wise
management of antarctic living marine resources.
The meeting also will provide an opportunity to
set a standard for international cooperation in
conservation of these resources.
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Shallow-water marine associations,
Antarctic Peninsula
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Since 1971 we have investigated the distribution
and the ecology of shallow-water benthos on the
Antarctic Peninsula, with particular emphasis on
foraminifera. Our surveys demonstrated that fora-
minifera were distributed heterogeneously in shal-
low-water areas. Several species of foraminifera
were consistently found to co-occur in large num-
bers, living on various invertebrates and on the
fronds of certain macroalgae. To understand fora-
minifera distributions, we surveyed macroalgae
and invertebrates in the immediate vicinity of An-
vers Island (64°46'S. 64°04'W.) and, in a more cur-
sory fashion, at many other places along the Penin-
sula (figure 1). These investigations were based on
the premise that the distribution of some fora-

minifera is correlated with the distribution of these
invertebrates and algae.

From these surveys we have determined the char-
acteristic species and their associates in portions of
Arthur Harbor (figures 2 and 3) and the variability
of these associations along the Antarctic Peninsula.
Previous surveys of plant and animal distributions
have been reported by others (for example, Neu-
shul, 1964; Délépineetal., 1966; McCain and Stout,
1969; Hedgpeth, 1971; Castellanos, 1973; Bellisio
et al., 1972; Skottsberg, 1941), but their results were
usually based on a small number of observations
over a short period of time. Our observations and
results are based on year-round underwater work
from December 1971 to March 1975, including
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more than 1,300 scuba dives made by our team.
Much of this work remains in progress; herein we
present a summary of our work to date.

In Arthur Harbor, plants are the usual dominat-
ing organisms to depths of approximately 43
meters of rocky substrata; animals predominate on
soft substrata. Associations are characterized by
the presence of dominant species for each of these

substrate types; the composition and extent of these
associations, however, vary from place to place be-
cause of differing exposure to waves, to ice abra-
sion, or to light penetration. Meter-square quad-
rants were harvested along transects through the
exposed outer-coast environment of Janus Island
(figure 3) and through more protected environ-
ments on the north side of nearby Bonaparte Point
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Figure 1. The Antarctic
Peninsula is 1,000 kilo-
meters south of the south-
ern tip of South America
and extends from 600 to 700
S. between 550 and 750W.
This map shows the loca-
tion of the United States'
Palmer Station on Anvers
Island at about 64 0S. 640W.
Reconnaissance scuba
dives and remote sampling
have been completed in the
areas indicated by the ar-

rows.
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(figure 3). The algal species diversity and biomass
can be used to define depth zones (figures 4 and
5).

Zonation on hard substrata

Zone I. In intertidal areas along the peninsula,
more species of plants and animals occur than pre-
viously reported. Hedgpeth (1971) briefly de-
scribed this association as found at Palmer Station.
He noted that plants growing here were filamen-
tous green algae and diatoms, together with crus-
taceans, worms, and the limpet Patinigera polaris.
Hedgpeth (1971) stated that this zone on the barren
rock surfaces was the simplest of all intertidal asso-
ciations. One of our group, W. Stockton (1973),
studied the intertidal assemblages in more pro-
tected boulder/rubble areas near Palmer Station.
He reported a variety of plants and animals in-
habiting these areas, which are apparently pro-
tected from ice abrasion, and he found a definite
zonation that is probably related to tidal levels.

In other places we have investigated, intertidal
assemblages are variably developed. For example,
on exposed coastlines with heavy, constant surge,
the diatom, the blue-green algae, and the lichen
growth may extend well above (+ 3.5 meters) mean
tidal level, whereas in more protected areas it does
not extend as high (+0.3 meters). At Livingston
Island (figure 1), a long reef protrudes to low tidal
levels at a distance of several hundred meters off-

shore of Byers Peninsula. Inshore of this reef, ex-
tensive fauna and flora are developed intertidally.
We estimated that at least 30 species of plants and
over one hundred species of animals, including fish
and large invertebrates, live in this area. Appar-
ently the offshore reef prevents ice from moving
close to shore; hence the intertidal assemblage can
develop here. Ice is an important factor controlling
distribution and occurrence of intertidal organisms.

Zone H. In some parts of Arthur Harbor and in
other protected situations along the Antarctic Pen-
insula, we have distinguished a zone (usually to
about 1 meter deep) that is characterized by species
of crustose red algae, the encrusting brown alga
Lithoderma sp., Curdiea racovitzae, Gigartina skotts-
bergii, Iridaea obovata, Adenocystis utricularis, and the
limpet Patinigera polaris. Other organisms are also
found in this zone, but usually in cracks and among
boulders. These include amphipods, particularly
Bovallia gigantea, ostrocods, the sea urchin Sterechi-
nus neumayeri, and several other motile forms. The
rhizopod Gromia ovformis, the formanifera Cibi-
cides refulgens and Rosalina globularis (?), and several
species of ciliates live in protected or sandy to
gravelly areas. The flora in crevices and cracks can
be quite diverse in protected areas, including up
to about one-third of those species known from
the deeper red algae zone described below. Plants
in the crevices are usually very small. The lower
limit of this zone varies considerably, depending
on exposure. Dives we have made along the Penin-
sula indicate that in places where large, deep ice-
bergs can approach close to shore, or where there

Figure 2. Aerial photograph
of Arthur Harbor, taken
from the southeast in Feb-
ruary 1975 from aboard a
U.S. Coast Guard helicop-

ter.
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Figure 3. Map of Arthur Harbor and vicinity, Anvers Island, showing the location of Palmer Station and of the sampling
localities.

is abundant or congested ice, the lower limit of this
zone may extend to below 45 meters (the limits of
scuba observation). Where severe ice conditions do
not occur, this zone usually grades into a rich zone
of the large brown alga Desmarestia.

In very shallow, well-protected areas of heavy
freshwater runoff, a meager but unique association
of algae and invertebrates is present. The brown
and red algae, Adenocystis utricularis and Curdiea
racovitzae, occur to about 1.5 meters, but these are
replaced or are overgrown by the red algae Lepto-
somia simplex as the summer progresses. L. simplex
was reported by Neushul (1964) to be characteristic
of the intertidal on the exposed outer coast in the
South Shetland Islands, but there the alga exhibits
a more branched form. In Arthur Harbor, inverte-
brates are diverse, including the gastropods Patini-
gera polaris, Margarella sp., two chitons, nudi-
branchs, various crustaceans, and others.

Zone III. In exposed parts of Arthur Harbor start-
ing at about 1 meter in depth, a zone of Desmarestia
menziesii is present. The plants here are broken,
stubby, and commonly mashed. The holdfasts and

stipes, however, are usually large and thick, indi-
cating that these plants are probably quite old des-
pite their short length (I to 1.5 meters). This zone
is apparently created and maintained by ice crush-
ing and abrasion. The occasional mashing of the
algae by ice makes space available for plants other
than Desmarestia and for numerous animals. About
30 species of algae and many animals occur here.
The most obvious animals are the mollusks Patini-
gera polaris and Margarella sp., and the sea urchin
Sterechinus neumaveri, although there also are en-
crusting sponges, starfish, amphipods, and other
invertebrates. Suspension feeders predominate in
crevices and under rock ledges. These include
bryozoans, holoth urians, brachiopods, sedentary
polychaetes, and poriferans. The species diversity
of both macroscopic and microscopic animals gen-
erally is greater in this zone than either the one
above or below it. In areas with very heavy surge,
two other algae, Phaeurus antarcticus and Ascoseira
mirabilis, join Des ma restia menziesii.

Zone IV. The stubby and brokenDesrnarestia grade
into a heavy growth of well-developed plants (up
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to 4 meters in length) at about 2 meters deep in pro-
tected areas inside Arthur Harbor and at 8 meters
in more exposed areas outside the harbor. The
Desmarestia in this zone includes two species, D. men-
ziesii and D. anceps, which together cover 95 per-
cent of the rocky cliff surfaces. Animal diversity
is about one-third less than it is in the stubby Des-
marestia zone III, and animal biomass is also less.
Only in places where Desmarestia has been removed
by ice or other factors do greater numbers of spe-
cies of red algae and motile animals exist. The epi-
biota on Desmarestia is similarly reduced. In more
temperate regions Desmarestia is known for amen-
salistic properties (in this case, the concentration
of various acids) that reduce the epibiota, but in the
Antarctic neither D. menziesii nor D. anceps are
strongly acidic. The sea urchin Sterechinus, the poly-
chaete Neanthes kerguelensis, a few other inverte-
brates, and some fish eat Desmarestia. The popu-
lation densities of these animals are small, and ap-
parently they have little effect on the association as
a whole. The bacterial counts among the fronds of
Desmarestia are low compared to those in the red
algal zone immediately below.

The depauperate fauna and flora in this zone may
be due to the dense canopy, to the whipping action
of the massive fronds caused by currents and surge,
possibly to amensalistic qualities known to exist in
this genus, or to all of these working in concert.

Zone Va. In well-protected areas, the large, brown
kelp Phyllogigas grandfo1ius appears at the lower

level of Desmarestrn menzzesii (zone IV) usually about
5 to 7 meters deep, and hangs in curtains down to
as deep as 33 meters, although isolated and stunted
individuals can be found in the shallow subtidal.
Phyllogigas is rare where ice or surge action are
moderate to vigorous perhaps because its holdfasts
easily pull free of the substrate. We have seen it in
abundance only in well-protected areas from Hope
Bay south to the Argentine Islands (figure 1). South
of these islands, floating ice is much more common
between the mainland and offshore islands, and
wave action is vigorous on the west sides of the
islands. These factors may be responsible for the
southern abundance limit of P. grandifolius. The
mucilaginous fronds of this alga may be up to 1
meter in width and greater than 10 meters in length.
Few epiphytes grow on the fronds, although abun-
dant detritus may be present. Under the curtains
of this kelp, animals, especially suspension feeders,
are abundant, but most plants are excluded except
for a few small red algae. Brachiopods (Liothyrella
notorcadensis), tunicates, sponges, holoth urians,
anemones, bryozoans, and hydroids are common
sessile forms in this zone. The sea urchin (Sterechi-
nus neumayeri), starfish (Odontaster validus, 0. men-
dianalis, Diplasterias brucei, Macro ptchaster acerescens,
Lysasterias sp.), and a nemertine (Lineus corrugatus),
all generalized feeders, occur commonly in this
zone.

Zone Vb. In more exposed areas that are still fairly
protected and between variable depths there is an

U)
U)
0

2	E
0)	-	U)

q)	L	U)	 -:
U)	-	 0

E	-	 'l-
U)	 .

U)
E
E	E	 0	 0
0	.	0	 -

QLth
.0	0	L	 0)	U)

C.)	0	 L	U)
.	.)	.

c

00 gr dry wt.

Figure 4. Vertical distribution of algal biomass (grams of dry weight per square meter) from transects to the base of a
steep cliff at 13 meters deep on the north side of Bonaparte Point. Subtidal zonation is defined by species composition

and biomass in this protected situation.
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association dominated usually by eight species of
red algae and containing up to nearly 100 species
of algae. These species may appear first between
7.5 and 21 meters, depending on substrate type.
The dominant red algae include the bushy Picco-
niella plumosa, Plocamium coccineum, Pantoneura plo-
camioides, Phyllophora ahnfeltioides, Dasyptilon harveyi,
Cystoclonium obtusangulum, Georgiella confluens and
Pyycodrçs antarctica. Some Phyllogigas may be pres-
ent, and Sarcodia montagneana, Myriogramme spp.,
Callophyllis spp., and Curdiea sp. are commonly
found in this zone. Clumps of the green alga Lam-
bia antarctica grow in areas with some sediment on
the rocks.

Macroscopic animals associated with these plants
are abundant and diverse. They include, as gener-
ally conspicuous elements, the mollusks Patinigera
polaris, Margarella sp., and Austrodoria sp., the aster-
oids Odontaster validus and Porania antarctica, two
species of holothurian s, the crustaceans Glyptonotus
antarcticus, Iathrippasarzs sp., Cymodocella sp., and
Serolis sp., the pycnogonids Colossendeis sp. and Do-

decolopoda s p., the brachiopod Liothyrella notorcaden-
sis, the tunicate Cnernidocarpa sp., bryozoans, sipun-
culans, polychaetes, and at least 50 species of fora-
minifera, many ciliates, nematodes, and other
meiofau na.

Microbiota is also diverse and abundant. Many
species of bacteria and at least 35 species of diatoms
live in great numbers on the fronds of many of
the algae (figure 6).

Two factors seem especially important to the in-
vertebrates that inhabit this zone. For the sessile
suspension feeders, the productivity in the water
column and the stirring of detritus are important.
To the other invertebrates the phytobenthos plays
a primary role both by providing a fod source and
by influencing the primary production and micro-
habitats nearby. Within and close to the bushy red
algae in zone Va and Vb, concentrations of dis-
solved carbohydrates and dissolved and particulate
carbon are three to four times greater than in near-
by seawater. These substances appear to be extra-
cellular products of photosynthesis liberated by the
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Figure 5. Vertical distribution of algal biomass (grams of dry weight per square meter) from transects down the steep cliff
on the south side of Janus Island. Algal zonation is defined by species composition and biomass in this exposed situation.
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Figure 6. Epiphytic biota on
Plocamium coccineum. P.
coccineum, like many of
the macroscopic algae,
supports diverse growths
of bacteria, yeast, and dia-
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specimen. Bar is 100 mi-
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microalgae and by the large populations of attached
epiphytic unicellular algae, especially diatoms. The
extra metabolites have several effects. They increase
water viscosity in the habitats commonly by 10 per-
cent and by as much as 22 percent over seawater
collected just a few centimeters distant. The higher
viscosity resists mixing of water that normally flows
by with the water within the plant foliage, thus re-
ducing turbulence and dilution. Higher viscosities
also may contribute to the large amount of detrital
material and to the greater numbers of microor-
ganisms trapped from suspended material carried
by low velocity currents adjacent to these finely
branching plants. The higher concentration of
dissolved organic substances and detritus supports
very large populations of heterotrophic microor-
ganisms, especially bacteria. Measurements of bac-
terial numbers suspended among the fronds of
various algae are commonly three orders of magni-
tude greater than that of the water only a few centi-
meters away.

These large populations of microorganisms sus-
pended among, as well as those attached to, the
algal fronds result in rapid turnover of nutrients.
Chemical analysis of nutrients among the fronds of
Plocamium, Picconiella, and Pantoneura showed two
to three times higher concentrations of ammonia-
nitrogen and soluble "reactive" phosphorus than

in the water a few centimeters away from the plants.
Measurements from various specimens of these
species showed variation; concentrations of the
nutrients, however, were usually higher among the
fronds of the algae than adjacent to the plants.
Based on in situ experiments, these algae exhibit
lower amplitude nutrient fluctuation compared to
artificial habitats constructed to model the algal
morphology or to that of the adjacent water column
over prolonged periods of time. The microhabitats
with the high trophic resource level provided , by
the host plant and a wide array of attached and
suspended unicellular algae, the rapid turnover of
essential nutrients, and the relative stability all sup-
port a large biomass and diverse fauna of primary
consumers and predators.

There are a few species of macroscopic algae
in zone Va (for example, Delisea pulchra and Gysto-
clonium obtusangulum) that do not support an ex-
tensive epibiota. While these algae possess similar
morphologies to the bushy species and accumulate
large concentrations of dissolved carbohydrates,
species diversity and biomass of all associates are
lower. Sensitivity studies using bacteria isolated
from more favorable habitats indicate the presence
of growth-inhibiting substances in these algae. Var-
ious seaweeds are known to have antibiotic qualities
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(Burkholder and Sharma, 1969), and we believe
these qualities inhibit development of the epibiota.

At about 33 to 40 meters, the red algae zone ends
and is replaced by an assemblage of largely sus-
pension feeding animals dominated by sponges and
tunicates, like the assemblages described from
McMurdo Sound (see Dayton et al., 1970, 1972,
1974). We have not been concerned with this as-
semblage in detail.

Soft, muddy substrates

At the base of the rocky cliffs are mobile sub-
strates, usually flocculent mud but grading into
sand and gravel in some areas. Scattered in these
substrates are angular cobbles and boulders
dropped from icebergs. The soft-bottom faunal
assemblages of Arthur Harbor and vicinity have
been studied by Richardson and Hedgpeth (in
press), by Lowry (in press), and by Kauffman
(1974). The first two studies used remote sampling
devices, either hand or shipboard-operated grabs,
whereas the third study was based on scuba obser-
vations and collections of the community for an
entire year (1972-1973). As suggested by White and
Robins (1972) and by Hardy (1972), biomass esti-
mates based on grab samples from the Antarctic
are usually too low. For example, the deeper bur-
rowing organisms, particularly the bivalve Later-
nula elliptica, are not caught in grab samples.
Another important difference betwee'i the two
techniques involves the choice of sampling sites.
Remote samples are usually selected without view-
ing the bottom, whereas this is possible in shallower
water using scuba techniques. As Kauffman (1974)
showed in Arthur Harbor, grounded icebergs may
gouge and scrape the bottom because of current,
surge, and tidal action. These processes remove or
destroy the entire fauna and flora, and years may
pass before the larger and longer-lived infaunal
species reestablish themselves. Associations of dia-
toms, fungi, forarninifera, copepods, and other
mobile or rapidly reproducing organisms, how-
ever, quickly reoccupy the top centimeter or so,
creating a superficial appearance much like that of
undisturbed soft sediments nearby.

The soft bottoms support infaunal suspension
and detrital feeders and scavengers. No large plants
grow there, although broken and abraded pieces
from the cliffs accumulate in some areas (Kauff-
man, 1974). A rich microflora (bacteria, diatoms,
fungi, etc.) inhabit undisturbed surfaces. Richard-
son and Hedgpeth (in press) and Lowry (in press)
showed that samples taken in different parts of
Arthur Harbor yield different invertebrate assem-
blages, and the same is true at Signy Island (Hardy,

1972) and at Deception Island (Gallardo and Gas-
tub, 1969).

Macroscopic invertebrates occupying the mud
bottom are quite diverse (see Richardson and
Hedgpeth, in press; Lowry, in press). The more
conspicuous elements in this region are the bi-
valves Laternula elliptica and Yoldia eighth, and the
asteroid Psilaster charcoti as infaunal components.
The echinoid Sterechinus neumayeri can be found
grazing diatom films in isolated areas, and the iso-
pods Glyptonotus antarctica and Serolis polita, the
gastropod Neobuccinium eatoni, and the nemertean
Lineus corrugatus are motile scavengers.

Biogeography

We have conducted scuba (lives and remote
sampling from R!V Hero at various places along
the Antarctic Peninsula, from Elephant Island in
the north to Marguerite Bay in the south (figure 1),
a distance of some 1, 150 kilometers, to determine
whether our primary study sites at Arthur Harbor
were typical of the peninsula and to determine the
geographic extent of the assemblages. In general,
places can be found along the entire peninsula from
61 0 to 68030'S. that have plant and animal assem-
blages similar to those we found in Arthur Harbor;
for example, Greenwich Island (Gallardo and Cas-
tillo, 1969), Half Moon Island, Melchoir Islands,
King George Island, Paradise Harbor, Hope Bay,
and Petermann Island (Neushul, 1964; Bellisio et
al., 1972; Bellisio and Tomo, 1974; Castellanos,
1973).
scribed here are outside the western side of the
Antarctic Peninsula, probably east of Signy Island
and south of Marguerite Bay (Dell, 1972). At South
Georgia, additional algal species have been re-
ported, and certainly in the Falkland Islands (Islas
Malvinas) and Tierra del Fuego the assemblages
are quite different but nonetheless include many
of the same species. Dell (1972) considered the
Scotia Arc as perhaps the most important dispersal
route into Antarctica.

The chief factors controlling the composition
and zonation of the assemblages we have docu-
mented appear to be ice abrasion (usually to ap-
proximately 5 meters), exposure to wave action,
light penetration (determined by water color and
turbidity and by the persistence of ice cover), and
an array of physiological and ecological factors.

We received much help in this study from T.
Brand, T. Kauffman, R. Moe, W. Stockton, and
N. Temnikow, who shared their field experience
and data with us. Captain P. Lenie and the crew
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of WV Hero made it possible for us to conduct
field studies along the entire Antarctic Peninsula.
We are grateful to these people. This work was sup-
ported by National Science Foundation grants Gv-
31162 and Opp 74-12139.
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Occurrence of macroscopic algae
along the Antarctic Peninsula
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During WV Hero cruises along the Antarctic Pen- were made at 22 locations between Elephant Island
insulainthe 1973-1974 and 1974-1975 austral sum- (61°10'S. 55°14'W.) in the north and Marguerite
iners, collections and observations of marine algae Bay (68°30'S. 68°30'W.) in the south (figure 1).
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