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Implications of Pollution
To the McMurdo Sound Benthos

PAUL K. DAYTON
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There are three possible sources of marine pollution
in McMurdo Sound near McMurdo Station: heated
sea water released from the nuclear-powered distilling
plant, inorganic trash dumped on sea ice, and organic
food wastes and sewage dumped on sea ice that is
eventually broken in situ by icebreakers.

Although the hot water outlet of the distilling plant
technically is a source of thermal pollution, the au-
thors have made a number of dives near the outlet
and are convinced that, at the current level of dis-
charge, there are no noticeable ecological conse-
quences whatever. The sea water temperature within
0.5 m of the elevated outlet is at the ambient
(- 1.8°C) temperature. Nevertheless, in a small area
(25-35 sq m) in the vicinity of the outlet, the inver-
tebrates have been killed, possibly as a result of flush-
ing the distilling system. Should the plant ever be
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The Benthic Community Near McMurdo Station
To this end respiration rates were determined
for most of the major predators. Considered
with estimates of the energy channelled into
growth (negligible in 1 year) and reproduction
(measured by bomb calorimetry of the gonads),
the respiration rates allow a rough estimate of
caloric turnover per individual per year. Such
data, with predator density and size frequency
data, allow an estimate of the total caloric de-
mands of the higher trophic levels on the
sponges. Again, in relation to other known com-
munities, these calculated energy turnover rates
are remarkably low.

Despite the very low growth rates, there is
an extremely large
standing crop of spong-
es. The bottom is es-
sentially covered with
large sponges, many of
which reach truly gi-
gantic proportions of
up to 2 meters high and
1.5 meters across. With
their very slow growth
rates, such sponges
could be extremely old.
Almost all the sponges
are certainly much
older than the rela-
tively small and ubiqui-
tous asteroid Odon-
taster validus, which
Pearse (1969) estimates
could reach ages of

P. K. Dayton	over 100 years.
the growth rates of the	Diver and large sponge in McMurdo Sound.	 Besides the nrobable
sponges and prey con-
sumption by the predators were essentially too
small to measure in 1 year. To estimate the
growth rates of some species of asteroids, we
weighed, measured, and tagged 190 asteroids in
1967; almost 30 percent of these marked ani-
mals were recovered in 1968. Most grew very
little, if at all. These data on growth rates and
prey consumption suggest that the turnover
rate in this community is very much slower
than in any other known marine community.

Because the turnover rates were too small
to measure directly, some of the dynamic char-
acteristics of the community were estimated by
evaluating the energy pathways in the food web.

The antarctic benthic community below 33
meters, composed of many species of sponges
and their various asteroid and molluscan pred-
ators, is characterized by an extremely stable
physical environment (Dayton, Robilliard, and
Paine, 1970). This stability suggests that bio-
logical interactions are the dominating factors
in evolution and maintenance of the commu-
nity. The community is of considerable ecologi-
cal interest because most of the conspicuous
sessile species share the primary substratum as
their most important potentially limiting re-
source and because it is easy to measure the
abundance and distribution of all the major
predators and their
prey.

An attempt was
made to evaluate ex-
perimentally some of
the effects of the higher
trophic levels upon
their prey by establish-
ing over 60 cages, 1
meter square by 0.3
meter high, designed to
exclude or include vari-
ous predators on the
sponge mat at depths
from 33 to 50 meters.
The cage sites and
their controls were
marked and thoroughly
photographed in 1967
and again in 1968. It
was found that both

extreme age of most of
the members and the extremely slow turnover
rates, the benthic community at McMurdo
Sound is unusual among known marine com-
munities in that the predators do not seem to
be fully exploiting their prey. Distribution and
size data that have been collected for 36 of the
dominant sponge species, in conjunction with
calorimetry data, indicate that for some preda-
tors the standing benthic crop in McMurdo
Sound is hundreds of years ahead of the esti-
mated rate of consumption.

(References appear on page 56.)

—P. K. DAYTON AND G. A. ROBILLIARD
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drastically enlarged, the effects of thermal pollution
ought to be considered.

Inorganic pollution

Inorganic litter on the bottom at McMurdo is
dramatic: fuel lines, barrels, honey buckets, rope,
clothing, tractors, pieces of airplanes, thousands of
ber cans, and many other types of trash are every-

here. On many of our transects, the beer cans out-
number some of the sponge species. The density of
litter decreases as one moves away from the station,
but litter is commonly seen as far as 6 km to the
north. Although this litter is an eyesore, it probably
has not seriously damaged the benthic biota. The
most detrimental effect of this inorganic litter is sim-
ply in its covering of the bottom. The sponges are
particularly sensitive to being covered, and even be-
neath such seemingly insignificant materials as card-
board and clothing all the sponges are dead. Prob-
ably because of the cold, bacterial decomposition in
the Sound is slow: even paper, old clothing, and
waterlogged wood last for many years. We are es-
pecially concerned about the recent introduction of
plastic litter, not readily broken down by microbial
activity even in warm water. At McMurdo, the plas-
tic will last practically forever and will kill all or-
ganisms beneath it. Considering the amount of this
litter that has accumulated in the past 10 years and
unless some other method of disposal is found, it is
reasonable to predict that, in place of the fascinating
community there now, eventually the bottom at Mc-
Murdo will be covered by a veritable rug of litter.

Another form of inorganic pollution, apparent only
in the vicinity of the hot water outlet and at Hut
Point, is siltation. In both those places landfill has
introduced some siltation, but in neither does it ap-
pear to have affected the benthic community signifi-
cantly. If extensive construction is ever planned for
Cape Armitage or Hut Point, siltation should be con-
sidered, because it could smother the sponges.

The introduction of pesticides and such inorganic
chemicals as lead, mercury, sulfur, and cadmium into
the sea is fraught with long range implications. How-
ever, we have no evidence that these materials are
being released from local sources around McMurdo,
and there is no obvious indication that they have
begun to affect the benthic community there.

Organic pollution

While the effects of this inorganic pollution are
immediate and apparent, the effects of organic pol-
lution are more subtle. But, potentially, the most

devastating form of pollution to the benthic com-
munity is the large amounts of nutrients introduced
in the form of food wastes and accumulated sewage.

The destructive effects of organic enrichment to
recipient ecosystems in lakes has been well docu-
mented both experimentally (Nelson and Edmond-
son, 1955) and as a result of pollution studies (Whip-
ple, 1918; Edmondson, 1968; California Water
Quality Control Board, 1967). Major disturbances
in marine communities resulting from organic en-
richment have been documented also (North, 1964).
The recent history of southern California kelp sug-
gests that a shift in the ecological balance has re-
sulted from organic pollution. A major die-off of
kelp beds, coincident with unusually warm sea water
temperatures and the increased release of sewage
effluents in some areas, occurred in the late 1950s and
in 1960 (North, 1964, 1965). Heavy exploitation of
the declining kelp beds by the major grazers, the sea
urchins Strongylocentrotus purpuratus and S. fran-
ciscanus, apparently hastened the disappearance of
the kelp beds and prevented their recovery. It is
hypothesized that enrichment of coastal water by
sewage effluent increases recruitment of the urchins
and helps maintain their high populations after they
have consumed all the species of macroalgae in the
community (North, 1965, 1969; North and Pearse,
1970).

A potentially similar situation may be found at
McMurdo, as there are detritus-feeding urchins and
starfish whose populations would respond relatively
quickly to an increase in organic detritus. The result
of such population increases is predictable with some
confidence. The larger population would consume the
detritus much more efficiently and thus would prob-
ably reduce the larval recruitment of many species.

P. K. Dayton
A paint bucket at the bottom of McMurdo Sound.
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Since the same starfish species also eats sponges, it
would eventually eliminate most of the benthic com-
munity at McMurdo by overexploiting a food source
that would be unable to recover.

Preliminary observation of the currents in the vi-
cinity of McMurdo shows that organic pollution in-
troduced in front of McMurdo Station would be
spread over the bottom from Cape Armitage past
Hut Point to Arrival Heights. The distribution of
litter we have observed supports this finding. This
organic enrichment resulting from sewage and local
sinking of garbage is probably spread over the bottom
community in the McMurdo area and could very
likely result in a shift of the ecological balance. The
accompanying consequences would be disastrous.

Low turnover rate

It is true that the level of pollution at McMurdo
is much lower than that in southern California, but
there are two critical differences between those two
ecological systems. First, the small area near Cape
Armitage may be the only experimentally accessible
part of a community that exists only below the Ross
Ice Shelf and in very deep water elsewhere off the
continental shelf (Bullivant and Dearborn, 1967).
Thus, instead of a whole seacoast and continental
shelf as in southern California, a relatively small area
is jeopardized at McMurdo. Second—and most im-
portant—the southern California kelp, with the re-
duction of the urchin population, can recover
completely in 1 to 3 years (North, 1964), but the
turnover rate at McMurdo must be considered in
terms of hundreds, perhaps thousands, of years. The
natural productivity in McMurdo Sound is so low
that slight changes in productivity effected by organic
enrichment may have profound effects on the popu-
lations of the detritus-feeding animals. Once there is
a differential increase in their populations, these ani-
mals will not immediately starve if the organic en-
richment is reduced, but they will begin to eat the
extremely slow-growing sponges, which form the
foundation of the community. Therefore, any changes
wrought by pollution of McMurdo Sound would
be permanent in effect.

Solutions

Unlike many situations where there seem to be no
realistic solutions to pollution problems, the situation
at McMurdo does have acceptable alternatives. A
planned sewage disposal plant will remove most or
all of the polluting material before the effluent is
pumped into the sea. If the outlet for any remaining

material extends into deep water well beyond Hut
Point, the dilution will probably be sufficient to pre-
vent the type of disturbance to the benthic commu-
nity discussed above. In addition to the sewage treat-
ment plant, an incinerator is planned that will burn
the combustible trash. The remaining trash and slag
from the incinerator should be hauled out onto the
ice far beyond the channel to be cut by the icr-
breakers. Then, when the ice does break up, this
material will be carried out to sea where it presu4i-
ably will sink in different, distant areas and will nat
affect the restricted benthic community in the Mc-
Murdo area. If these improvements come in time, a
community very much worth preserving will prob-
ably survive.

We are grateful to the 1967 and 1968 personnel
of the McMurdo Station photo laboratory for their
outstanding support, and to Charles P. Galt for his
assistance in this project. Research was supported by
NSF Grant GA-1187. P. K. Dayton gratefully ac-
knowledges support from Sea Grant GH-112 to the
University of California, San Diego.
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