
tween these two extremes. Ground temperature was
recrded daily during the winter months at Palmer
Station. The coldest temperature observed was
—9C., a temperature that is well within the range
of which most of the animals in the experiment
survived.

Fitzsimons (1971), who collected animals from the
Ross Coast—an area with a much colder average
temperature than Palmer Station—showed Stereo-
tydus mollis Strandtmnann to have an upper limit of
33.2°C.; very close to the upper lethal temperature
I lound for S. villosus. It is interesting to note
that Fitzsimons' results indicate lower lethal tempera-
turs (-11 0 to —23 0 C.) that are much colder than
those tolerated by S. villosus. He also found that
Nawrchestes antarcticus Strandtmann survived a
wider range of temperatures (37°C., —23°C. to
—WC.) than either S. mollis or S. villosus. N. ant-
arcticus is the most widespread terrestrial animmial in
Antarctica. It occurs in the relatively warm Palmer
Station area, on the much colder Ross Coast (where
Fitzsimons collected), and at points much farther
south.

iittle work of this type has been conducted on
antarctic arthropod species. The few studies thus far
conducted indicate physiological adaptations that
paalle1 temperature conditions in different parts of
Artarctica. Physiological data compared with eco-
logical data collected on animals froni a wide variety
of areas in Antarctica might show some very inter-
esting adaptations in relatively simple ecosystems.

Life stage study of Stereotydeus villosus. Large nuni-
bers of Stereotydeus vlllosus in all life stages were
collected during 1972 in the Palmer Station area.
There are five active life stages, those typical of most
prostigmata; larva, protonvmph, deutonymnph, trito-
nymph, and adult.

There are several differences in the life stages. One
obvious difference is average body length: larva,
244 (micrometers) ; protonymph, 314t; deutonyrnph,
3c5,; tritonymph, 501; adult 648/1. The genital flap
length differences are: larva, no genital flap; proto-
nymph, 27k : dcutonvmph, 42; tritonymph, 56 ,u-
adult ', 88. One obvious difference of the larva is that
it has six legs; all other life stages have eight. The
life stages also can be distinguished by the number of
external genital setae (number of setae on the genital
flaps). There are two, four, six, and 12 external
genital setae respectively on the protonvmph, deuto-
nymph, tritonvmph, and adult. There are man y dif-
frences in the chaetotaxy, which is being worked out.

Being able to distinguish the life stage is of irn-
prtance to physiologists and ecologists who might
dsire to do detailed studies of Stereotydeus villosus.
The comparative chaetotaxy of the life stages would
b of great importance to a mite taxonomist who

wished to work out systematic relationships of the
several Stereo tvdeus sp. found in Antarctica.

This research was supported by National Science
Foundation grant Gv-24359.
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Seasonality and disturbance in benthic
communities, Arthur Harbor, Antarctic

Peninsula

THOMAS A. KAUFFMAN
Department of Geology and Institute of Ecology

University of California
Davis, California 95616

From December 1972 to November 1973 an exten-
sive scuba (living project was undertaken in Arthur
Harbor, Anvers Island, for the continuing study of
the biology and ecology of shallow-water foraminifera.
Part of this work was to determine whether major
seasonal changes occurred in benthic mud communi-
ties of the near-shore antarctic areas, and to describe
these changes especially as they affect foraminifera.
An initial description of the austral summer activities
is in I)eLaca et al. (1972). This paper describes pre-
liminary results obtained during the 1973 austral
winter.

Preliminary behavioral, metabolic, population, and
productivity results indicate that these characteristics
in antarctic benthic communities undergo a seasonal
change. This pattern ultimately can be attributed to
the solar cycle of nearly total light during the austral
summer and nearly total darkness during the austral
winter. Data collected on a monthly basis included:
(1) collecting the overlying seawater column for
:imicroalgae. chlorophyll content (standing crop), pri-
mary prod it ctivity, oxygen, carbon dioxide, salinity,
and temperature; (2) collecting benthic diatoms
asing methods developed by Eaton and Moss (1966)
for hioniass determination; (3) collecting mud sub-
strates by coring to analyze the vertical distribution
of the microfauna, to determine sediment size, and to
measure total organic matter: (4) surveying me'
faunal populations by using a hand dredge, and count-
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Figure 1. Benthic mud
community in Bonaparte
Channel at a depth of

15 meters. This view, take.
in November 1973, shows as
algal detrital accumulation
of Phyllogigas grandifolius

and moss-like clumps of
diatoms. Note nemertean
Lineus corrugatus and
siphons of the bivalve

Laternula elliplica.

ing macrofauna in situ (fig. 1) by using grids and
transects; (5) measuring metabolic rates on selected
invertebrates of the community; (6) examining re-
productive cycles of certain invertebrates.

Definite seasonal shifts in behavior and/or physio-
logical patterns were noted. Reduced activity and
lowered metabolic rates were observed during the
winter for the asteroid Psilaster charcoti and the bi-
valve Laternula elliptica. Switching of feeding be-
havior from a detrital deposit feeder to an active
predator was seen in several asteroids, particularly
during the spring months of October and November.
Most changes were opportunistic and occurred when
certain food sources were abundant. These fluctuating
food sources included the seasonally related summer
planktonic diatom blooms and late winter benthic
diatom blooms, the periodic juvenile population in-
creases of various invertebrates, especially amphipods,
and the dead material resulting from catastrophic
exarations from icebergs.

Microflora, especially diatoms, exhibited definite
seasonal patterns. Krebs (1973) observed that plank-
tonic diatom blooms are restricted to the summer
season. The bloom begins in November and ends in
mid-March; three peak periods were observed during
the summer: (1) mid-November, (2) late December
or early January, and (3) late February or early
March. A benthic diatom bloom occurred in late
winter (August 1973) and created a carpet-like
matting on the bottom at shallow depths of 20 to
30 meters. This bloom, which restricted sediment
movement, continued until early spring (November

P. Haley

1973). Dominant species of the bloom mat changes;
this alters the original carpet-like appearance to taat
of patchy clumps and strands of diatoms. Heavy
spring winds and break-up of the fast ice on the sea
surface caused the overlying seawater to stir these
clumps and strands and the intervening sediment.
This resulted in reduced visibility in the water column.

The sea ice cover was a continual logistic problem
that limited the mobility of our diving team. But at
the same time it drew our attention to several ice asso-
ciated phenomena. A major catastrophic affect on
benthic communities, which was observed while div-
ing and then subsequently studied for 8 months, was
the effect of icebergs gouging the bottom. Belderson
et al. (1973) describe iceberg ploughing in the north-
east Atlantic, and Neushul (1966) describes it as an
influence in algal distribution on rock surfaces on the
Antarctic Peninsula. Gruzov et al. (1968) briefly dis-
cusses habitat characteristics of the benthic fauna
from areas in the pathways of icebergs. Shabica
(1972) and Richardson (1972) also refer to the
activity of icebergs, specifically in Arthur Harbor,
Anvers Island (the site of my seasonal research).

Icebergs ramming into the bottom generally over-
turn the sediment in a manner similar to plowing, a
field (fig. 2). Organic and inorganic matter thus ae
released from the sediment and are made availalle
to the antarctic ecosystem. The occurrence of cratrs
in the mud bottom and the patchiness of both floa
and fauna on all substrates can be attributed, in ma 
cases, to iceberg activity. Because these icebergs occir
in all shapes and sizes, many areas of the bottom down
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Figure 2. Before and after
iceberg ploughing of benthic

mud community in
Bonaparte Channel at a
depth of 17 meters. (A)

Original flat mud bottom in
summer (January 1972)

with numerous siphons of
Laternula elfiptka. (B) Same
mud bottom after gouging by

iceberg in March 1973 and
subsequent partial filling.

This spring view (October
1973) shows a white,

jelly-like bacterial growth
that has developed on the

ridge.

to 500 meters (Belderson et al., 1973) are subject to
abrasion on rocky substrates or to gouging on soft
substrates. Successional studies immediately were ini-
tiated following gouging of the bottom. Flocculent
bottom material was shifted by current and wave
action and formed a continuous, homogeneous cov-
ering over the gouged area. This initial recovery
period lasted about a week and affected the top-most
centimeter. Concurrently, a long-term filling and
leveling of the disturbed site with sediment and
detrital material occurred. One sample site, 13 square

meters in area, returned to its former topographic and
uniform appearance in less than a year; only the
top-most layer of 2 to 3 centimeters containing the
microfauna and microfiora, however, were identical
to undisturbed areas. The meiofauna were compar-
able but varied in composition and quantity. Macro-
infauna, such as the bivalves L. elliptica and Yoldia
eightsi, were absent completely. Organic material was
patchy in vertical distribution and sediment size
varied from the uniform vertical pattern seen in
undisturbed areas.
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Distribution of benth ic forarnnifera
near Isla de los Estados

LAIRD THOMPSON
Exploration Services Center

Mobil Oil Corporation
Dallas, Texas 75221

This project deals with the studs ' of foraminifera
from 55 samples taken in the vicinity of Isla de los
Estados, Tierra del Fuego, Argentina (fig. 1). The
samples were collected in 1969 and 1972 from aboard
R/V Hero. This project was supported by National
Science Foundation grant Gv-3 1162 to the University
of California, Davis.

Upon collection, the samples were preserved in 70
percent alcohol. In the fall of 1973, Rose Bengal was
added to them and allowed to remain for several days.

The samples then were decanted, washed, dried,
floated in carbon tetrachloride, and "live" specimens
of the foraminifera were picked and mounted on
slides. The data was analyzed by using the Sanders
(1968) rarefaction method for measuring species
diversity. Hurlbert (1971) modified this model to
make it more ecologically relevant, but I used the
model as a relative method of comparing different
assemblages and did not utilize Huribert's modifica-
tion.

When the data was graphed it became apparent
that there were four distinct assemblages: a protected
intertidal assemblage, a protected offshore assemblage,
an exposed intertidal assemblage, and an exposed off-
shore assemblage. The protected assemblages occur
in narrow bays or inlets, while the exposed assem-
blages occur in broad bays or in the open ocean.
Representative stations for these four assemblages
are graphed in fig. 2.

The protected intertidal assemblage consists pri-
marily of Rosalina globularis, Cibicides lobatulus,
Elphidiurn lessonii, Elpitidium crispum, and Patellina
corrugata. It differs from the exposed intertidal
assemblage in having fewer species and, therefore, has
a significantly lower Sanders index.

The exposed intertidal assemblage is dominated by
Rosalina globularis, Cibicides lobatulus, Elphidium
lessonii, and Trochammina squamata. The intertidal
assemblages differ from the offshore assemblages most
significantly in the changes in two genera: Elphidium
and Rotorbinella ( Gavelinopsis). The former
genus is prominent intertidally and is virtually absent
in offshore areas. The reverse is true of Rotorbinella.

The protected offshore assemblage consists mainly
of Rosalina globularis, Cibicides lobatulus, Cibicides
fletc/ieri, and Rotorbinella praegeri. It extends from
10 to 70 meters in depth. It differs from the exposed
offshore assemblage by having a lower Sanders index
and has a paucity of Discanomalina vermiculata.

The exposed offshore assemblage (the shelf province
of Heron-Allen and Earland, 1932; Boltovskoy, 1970;
Herb, 1971) is dominated by Rosalina globulaicis,
Cibicides lobatulus, Cibicides fletcheri, Rotorbinella
praegari, Cribrostomoides jefireys, and Discano rnalina
vermiculata. The last species particularly is indicative
of this assemblage. The depth range of this assem-
blage is 10 to 500 meters. The Sanders index shown
in fig. 2 is an average figure for these stations. The
diversity changes markedly over the depth range. It is
fairly low at shallow stations and rises to a maximum
at the deepest station.

One sample was taken at 900 meters in depth in
the bathymetric zone H3 of Herb (1971). It shows a
distinct change from the shallower stations, especially
in the presence of Cibicides wuellerstorfi and Ru per-
tina stabilis.

A more detailed study of the area is underway. A
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