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Until recently, the existence of life in 
the relatively deep cul-de-sacs beneath 
the large Antarctic ice shelves was pri- 
marily a topic of speculation (1). Evi- 
dence for life was limited to the collec- 
tion of specimens in or through natural 
cracks in the shelf ice: diatoms obtained 
near the surface 520 km from the open 
sea (2) and amphipods and a fish ob- 
tained about 25 km from the leading edge 
and at depths of 40 to 75 m (3). Fish have 
also been taken from a proglacial lake 
adjacent to another ice shelf (4). Since 
the completion of an access hole through 
the Ross Ice Shelf at 82?22.5'S, 
168?37.5'W, 475 km from the open Ross 
Sea (5) several additional pieces of evi- 
dence for life have been obtained. We re- 
port here some of the observations made 
with a camera (6) and baited traps (7). 
These observations were made near the 
sea floor, 597 m below sea level and 237 
m below the base of the ice shelf. Tem- 
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perature was -1.86?C (0.5?C above the 
in situ freezing point) and salinity was 
34.83 per mil (8). Tidal currents were 
measured with amplitudes up to 17 cm 
per second (9). 

The traps collected over 130 large (4 
cm) red gammarid amphipods, Orcho- 
mene cf. 0. rossi, and small amphipods, 
Orchomene plebes sp. (10); and one 7- 
cm isopod, Seriolis trilobitoides (11). Ex- 
amination of the guts of several of the 
large amphipods revealed no contents 
other than bait (12). Brood pouches of 
some of the large amphipods contained 
eggs and juveniles (13). The amphipods 
and isopod were examined for biolumi- 
nescence while they were still alive, but 
no luminescence was observed. During 
several years of trapping benthic animals 
near the shelf edge in McMurdo Sound, 
we (A.L.D. and J.A.R.) failed to trap ei- 
ther the large amphipod or the isopod. 
However, the isopod is common in other 
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parts of Antarctica (14). Baited hooks at- 
tached to the trap line in the lower 50 m 
of the water column failed to catch any 
fish (15). 

Several hundred photographs were 
taken of the sea floor during five camera 
lowerings. They show a soft bottom lit- 
tered with subangular pieces of material 
(Fig. 1). Markings made by currents or 
by animals were not seen in any of the 
photographs, in marked contrast to 
many observations we (P.M.B. and 
S.S.J.) have made of the sea floor north 
of the ice shelf in the Ross Sea (16). A 
relatively small area was photographed 
beneath the ice shelf because the move- 
ment of ice is only about 1 to 2 m per 
day. 

Two photographs of fish were ob- 
tained. We identify one (Fig. 2A) as 
Trematomus sp., most likely T. loenn- 
bergii, less likely T. lepidorhinus, both of 
which are common at similar depths in 
McMurdo Sound and the Ross Sea (17). 
The animal in Fig. 2B is probably also a 
fish, but from the poor quality of the im- 
age we cannot exclude the possibility of 
its being a crustacean. The animal re- 
sembles a naked dragon fish, Gymno- 
draco acuticeps. The adults of that spe- 
cies are fairly common in shallow water 
in McMurdo Sound. However, a prob- 
lem with this interpretation is that the 
presumed "snout" is too long for Gym- 
nodraco, and the ratio of distance be- 
tween the eyes to snout and lower jaw 
length is only half that of known Gymno- 
draco specimens. Another possible in- 
terpretation is that what appears to be a 
pointed snout is actually a crustacean 
being consumed by another species of 
fish, possibly a Pogonophryne or Trema- 
tomus. This is supported by the presence 
of three barely visible pairs of "appen- 
dages" attached to the "snout" (18). 

In December 1976 we (A.L.D. and 
P.M.B.) lowered a trap through a cre- 
vasse on the Ross Ice Shelf near Minna 
Bluff, 80 km from the shelf edge (5). The 
ice thickness and water layer at this 
point are approximately 275 m and 500 
m, respectively. A 28-g Trematomus 
borchgrevinki measuring 17 cm in length 
was caught 39 m below sea level during a 
48-hour fishing period. This fish, which is 
also common to McMurdo Sound, had 
an empty gut. 

It is likely that the fish beneath the ice 
shelf feed on the amphipods, but a food 
source for the amphipods and isopod is 
less obvious. The apparent paucity of or- 
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absence of natural contents in the amphi- 
pod guts indicate that the food supply is 
scarce. The sighting of a possible mysid 
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Fig. 1 (top). Photograph of the sea floor 597 m below sea level and 237 m beneath the Ross Ice 
Shelf at 82?22.5'S 168?37.5'W. The object appearing diagonally across the frame is a nephelome- 
ter with a width of 16 cm, lost when its supporting cable slipped from an iced-up sheave, break- 
ing a weak link. The bottom at left of frame has been disturbed by another instrument. A weight 
with bait attached and supporting cable hangs beneath the camera. Fig. 2 (bottom). (A) An 
18-cm Trematomus (loennbergii?) photographed near the sea floor beneath the Ross Ice Shelf. 
Bait is attached to the cylindrical weight that is suspended below the camera. (B) A 10- to 12-cm 
fish (?), possibly a Gymnodraco acuticeps, or aPogonophryne or Trematomus with crustacean 
in its mouth, near the sea floor beneath the Ross Ice Shelf. 
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shrimp (20), which may have drifted un- 
der the shelf with the current, suggests 
that these animals are one food source 
for the community as well as a source of 
red pigment for the amphipods. The rap- 
id aggregation at the site of amphipods 
with empty stomachs may support the 
concept of an opportunistic diet (21). 
Amphipods with empty guts have been 
trapped in the abyssal depths (>5000 m) 
of the Pacific (22). Crevasses through the 
Ross Ice Shelf (2) are very small in area 
and any phytoplankton food source is 
probably of negligible importance to the 
observed biota (3). The presence of these 
life forms beneath the ice shelf far from 
the open sea thus implies an active hori- 
zontal circulation that can move plank- 
ton and detritus southward from the 
Ross Sea. We do not know the extent of 
biological activity in the Ice Shelf Water 
that subsequently emerges from beneath 
the ice shelf (8), but oligotrophic condi- 
tions have been reported in the seawater 
moving away from the ice shelf in 
McMurdo Sound (23). Although high 
productivity levels would not be ex- 
pected in water emerging from this pre- 
sumably dark environment, the resident 
population may also act as efficient scav- 
engers. 

The fishes and invertebrates sampled 
near the shelf edge in McMurdo Sound 
show both variety and abundance (24). 
On the basis of our samples from be- 
neath,the Ross Ice Shelf, diversity and 
abundance there are considerably lower. 
However, these findings indicate that a 
significant biological community, appar- 
ently without unique forms, exists in a 
remote region beneath a large Antarctic 
ice shelf. Similar marine organisms will 
probably be found as far south as this sea 
extends-to within 500 km of the South 
Pole. 
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This physical environment is similar to 
the abyssal ocean in being cold (- -2?C) 
and aphotic, but differs with respect to 
the hydrostatic pressure; the water col- 
umn at the drill site is 237 m deep, but 
the actual depth is 597 m because of the 
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ice cover. Although there were a few re- 
ports (1) on the occurrence of fish and a 
diversified benthic fauna under the Ross 
Ice Shelf at short distances from the edge 
of the ice, it was not known prior to the 
Ross Ice Shelf Project (RISP) if any 
plants or animals existed at greater dis- 
tances from the open Ross Sea. 

During the 1977-1978 RISP field sea- 
son an access hole was drilled at J9 
(82?22.5'S, 168?37.5'W), approximately 
400 km from the Ross Sea, which en- 
abled us to sample the water column un- 
der the shelf. At all depths studied, we 
have found that the water column has 
sparse populations of micro- and mac- 
roorganisms, components of which might 
comprise a food web. These include bac- 
teria, algae, microzooplankton, and large 
zooplankton. 

The access hole was drilled with a 
Browning thermal drill (2). We sampled 
the water column below the ice at depths 
between 20 and 200 m by hydrocasts 
with Van Dorn bottles or with an impel- 
ler-type submersible pump. Since Diesel 
Fuel Arctic (DFA) fueled the thermal 
drill the hydrocast samples were often 
contaminated with DFA, as judged by 
their odor. Therefore, pumped samples 
were used primarily in this study. 

Seawater samples were filtered 
through membrane filters or microfine 
glass-fiber filters, and the collected par- 
ticulate matter was analyzed for adeno- 
sine 5'-triphosphate (ATP) as an in- 
dicator of viable cells (3). Low levels of 
ATP (0.04 to 0.6 ng liter-1) (4) were 
found at all depths from 20 to 200 m be- 
low the ice. These values are two to 
three orders of magnitude lower than 
those for seawater in the Ross Sea (5). If 
a carbon/ATP ratio of 250 is used (6) 
there would be 10 to 150 ng of microbial 
cell carbon per liter of seawater. 

Bacteria in seawater samples were 
enumerated by epifluorescent micros- 
copy (7). Bacterial numbers were 1.2 x 
107 per liter in the 66-m sample and 
somewhat lower in the deeper samples 
(8.7 x106 to 9.5 x 106 per liter). A 
sample from 20-m depth was not avail- 
able. Most bacteria were rod-shaped or 
coccoid. These bacterial densities are 
similar to those reported for deep-sea 
samples (8). Assuming each bacterium 
has 10-14 g of cell carbon (9) there would 
be roughly 100 ng of bacterial carbon per 
liter of seawater. 

Microbial heterotrophic activity was 
measured as rates of assimilation and 
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substrates (10, 11), and also by micro- 
autoradiography. D-Glucose assimilation 
and respiration of samples incubated at 
0?C yielded turnover times (10) of the or- 
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Occurrence and Metabolic Activity of Organisms Under 

the Ross Ice Shelf, Antarctica, at Station J9 

Abstract. Seawater samples below the Ross Ice Shelf were collected through an 
access hole at J9, approximately 400 kilometers from the Ross Sea, Antarctica. The 
237-meter water column had sparse populations of bacteria (8.7 x 106 to 1.2 x 107 

per liter), microplankters (102 to 103 per cubic meter), and zooplankters (10 to 20 per 
cubic meter) at the depths studied. Microbial biomass estimates from cellular adeno- 
sine 5'-triphosphate measurements were very low (10 to 150 nanograms of carbon 
per liter), comparable with values for the abyssal ocean. Microbial populations as- 
similated tritiated D-glucose, thymidine, uridine, and adenosine triphosphate at ex- 
tremely low rates, comparable with deep-sea heterotrophic populations. Sediment 
samples had 107 to 108 bacteria per gram (dry weight), which were metabolically 
active as shown by respiration of uniformly labeled D-[14C]glucose. From this study 
it cannot be determined whether these organisms in the water column and sediments 
constitute a functioning food web. 
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