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Although the general biology of the antarctic seas is
relatively well known from a descriptive view, little is known
about life under the permanent ice shelves (Lipps et al.,
1977). If life does exist far under an ice shelf, the sediments
would be of great interest because they afford food and
shelter for benthic organisms and contain a record of the
biota through geologic time. Our plan as participants in the
1977-78 Ross Ice Shelf Project (RIsP) was to obtain bulk sam-
ples of bottom sediment for biological study at the Ross Ice
Shelf U-s ) (82°22'S, 168°38'W.), a remote drill site located
some 450 kilometers from McMurdo Sound. Our bottom
sampling , equipment consisted of a modified cylindrical
sphincter corer (Burke, 1968) with an internal diameter of
22.5 centimeters, for use in an ice hole with a predicted work-
ing diameter of 25 centimeters. A remote television camera
(with surface monitor and videotape recorder) was used in
conjunction with our corer to study the sea floor at the drill
site. Ten successful coring runs with our sampler yielded
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about 1/3 square meter of bottom sediment cored to a mean
depth of 10 centimeters. Because this portion of the ice shelf
moves northeastward at a rate of about 1 me4er per day
(Zumberge, 1971), we sampled along a track about 12 meters
in length.

Although our results are biased by the limited number of
samples collected and the restricted area from which they
were gathered, we believe the J-9 sea floor to be unusual in
several respects:

1. Although the sediment may be reworked, there appears
to be no Pleistocene or Recent sediment at the drill site; fossil
diatoms and foraminifera indicate a deposit of mid-Miocene
age (Webb and Brady, 1978). The rich assemblage of
planktonic and benthic microfossils in the sediment suggests
that a thick ice cover was absent at the site during the
Miocene.

2. Bottom photographs under the sea ice in the McMurdo
area, and elsewhere in the world ocean (Heezen and
Hollister, 1971), show much evidence of biological activity on
the sea floor in the form of animal tracks, trails, and burrows.
In contrast, videotapes of theJ-9 sea floor show a depositional
interface carpeted with indurated clay fragments and cobbles
but devoid of biological activity and epifaunal organisms.

3. Even more unusual was the absence of biological mix-
ing of the sediment cores. X-radiography (figure) of vertical
sections of four sphincter cores showed no burrow structures
or indications of a remnant bioturbate texture, suggesting that
bottom fauna has been absent from the drill site since the
deposition of the sediment (Ronan and Lipps, 1978). The
biological processing of 0.15 square meter of sediment thus
far has revealed only a few dead foraminifera tests and several
isolated shells of an ostracod, bivalve, and gastropod along
with a problematic worm tube. Micro-organisms, however,
are not absent from our sediments. Azam et al., (1978) have
shown that there are bacteria and probably other microbes in
the sediment, but their numbers are low, perhaps fewer than
in nutrient-poor areas of the deep sea.

X-radiograph of a vertical sediment slice from RISP sphincter
core 5-2. The sediment has the texture of glacial till, with in-
durated clay fragments and striated pebbles scattered
throughout the core material. Living animals and blogenlc

sedimentary structures are absent from the X-ray photo.
To understand the geological history of the sediments and

the biological environment under the Ross Ice Shelf, we plan
to secure additional samples from the drill site and to core
other localities distant fromJ-9. We shall not have a good un-
derstaiding of the habitability of the sediments until we know
a great deal more about its organic matter and associated
micro-organisms, which we call detritus, and its importance
as a food for sediment-dwelling organisms. We also plan
further study of our sediments using high-resolution gas
chromatography and mass spectrometry to examine the
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natural organic components and to determine what consti-
tuents (if any) still have food value for benthic invertebrates.

Coring operations and sediment processing were con-
ducted at the drill site from 16 to 30 December byJ. H. Lipps,
T. E. Delaca, W. M. Showers (all of the University of
California, Davis), and T. E. Ronan (University of Califor-
nia, Los Angeles). We thank Lisa Campbell, 0. Ford, J . Ar-
dai, and Valerie Russell for assistance of various sorts. This
research is funded by National Science Foundation grant DPP
76-17231.
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Birds of the Weddell Sea

ROBERT M. ZINK'
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This report briefly summarizes the results of 100 hours of
pelagic observation of seabirds conducted from aboard the
USCGC Glacier during the austral summer of 1976 as it cruised
the Weddell Sea from 9-29 February in support of the Inter-
national Weddell Sea Oceanographic Expedition (IwsOE). In
addition, some pelagic observations of birds taken during the
1973 IwsOE (23 January to 26 February) by David F. Par-
melee and S. D. MacDonald are included. The route of each
cruise is given in figure 1.

'Present address: Museum of Vertebrate Zoology, University of
California, Berkeley, California 94720.

Figure 1. Routes of uscoc Glacier in 1973 and 1976. (for the
1976 cruise, circles indicate the ships noon [Gin] position and
the numbers refer to date. from 9-29 February. For the 1973
cruise [23 January-26 February] the dates given do not

necessarily refer to noon position.).

The method of obtaining pelagic data on antarctic marine
birds is given elsewhere (Parmelee 1977; Zink, in prepara-
tion). Table 1 summarizes the distribution of sampling effort
(a function of the schedule of the oceanographic program) on
open seas and two arbitrary chosen pack ice concentrations
during 1976. During 1973 most of the observations were from
open seas.

Table 1. Summary of census hours and area censused in the
Weddell Sea (1976)

Census km 2 of
General habitat	 hours	census	(%)

Open water
underway	 48.9	547.4	78.4
adrift'	 18.2	-	-

Pack ice (14)b
underway	 17.9	122.0	17.5
adrift	 7.8	-	-

Pack ice (58)b
underway	 4.3	29.0	4.1
adrift	 2.9	-	-

Totals	100.0	698.4	100.0

'Refers to observations taken while ship was adrift on oceanographic
stations.
bNumbers refer to oktas (eighths) of pack ice concentrations; 0 open
seas, 8 solid pack.

A total of 14,376 individuals of 22 species was recorded in
1976; the relative frequency of each species occurrence and
general habitat preference are given in table 2. Density esti-
mates were computed from 1976 data and some are given in
table 3. The findings of the 1973 study are given in Parmelee
(1977).

The Adlie penguin (Pygoscelis adeliae), antarctic petrel
(Thalassoica antarctica), arctic tern (Sterna paradisaea), and snow
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