
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'

J. F. Bell Museum of Natural History
University of Minnesota

Minneapolis, Minnesota 55455

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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Table 2. Number of birds sighted during 100 hours of shipboard observation in the Weddell Sea (9-29 Febrary 1976).

	Percen	Percent	Percent

	

sightings	sightings	sightings
Species	 Number	Percent	open water'	pack (14)b	pack (58)b

Adéliepenguin	 4,689	32.62	-	 89.90	 10.10
Snow petrel	 3,527	24.53	11.96	 73.15	 14.89
Antarctic petrel	 1,757	12.22	28.23	 63.97	 7.80
Arctic tern	 1,547	10.76	76.20	 18.20	 5.60
Wilson's storm-petrel	 949	6.60	90.00	 4.10	 5.90
Southern fulmar'	 709	4.93	99.60	 0.10	 0.30
Cape pigeon	 694	4.83	98.80	 0.30	 0.90
Antarctic prion	 112	0.78	100.00	 -	 -
Giant fulmar	 106	0.74	77.40	 15.10	 7.50
Chinstrap penguin	 91	0.63	100.00	 -	 -
Light-mantled sooty albatross	 29	0.20	100.00	 -	 -
Black-bellied storm-petrel	 27	0.19	100.00	 -	 -
Sooty shearwater	 24	0.17	100.00	 -	 -
Wandering albatross	 23	0.16	100.00	 -	 -
Gray-headed albatross	 21	0.15	100.00	 -	 -
Emperor penguin	 16	0.11	-	 75.00	 25.00
Black-browed albatross	 16	0.11	100.00	 -	 -
Blue petrel	 13	0.09	100.00	 -	 -
Skua	 10	0.07	40.00	 30.00	 30.00
Sheathbill	 6	0.04	67.00	 33.00	 -
White-chinned petrel	 6	0.04	100.00	 -	 -
Southern black-backed gull	 4	0.03	75.00	 25.00	 -

Total	 14,376	100.00	-	 -	 -

alcebergs may be nearby.
b Numbers refer to oktas (eights) of pack ice concentration; 0 open seas, 8 solid pack.
'On 27 February 1976 at 61°57'S.54°56'W. (80 kilometers southwest of Clarence Island) over 7,200 additional southern fulmars were observed
in 90 minutes as they flew toward Clarence Island.

Table 3. Density estimates for selected species, b

Open water	 Pack ice	 Specific habitat for

	

density	 density	 highest maximum
Species	 Mean	Max.	Mean	Max.	density (if applicable)

Emperor Penguin	 -	-	.14	.50	 4-5 oktas
Adélie Penguin	 -	-	7.0	101.75	 3-4 oktas
Southern giant fulmar	 .15	.99	.11	.48	 -
Cape pigeon	 1.0	4.20	-	-	 -
Snow petrel	 .61	5.93	8.0	98.69	 2-3 oktas
Antarctic petrel	 .57	5.85	3.0	58.41	 3-4 oktas
Antarctic prion	 .21	1.72	-	-	 -
Wilson's storm-petrel	 1.44	9.65	.44	4.38	 -
Arctic tern	 2.67	27.54	1.40	3.39	 -

alfl square kilometers
bDensit ies were estimated from the underway censuses (see table 1) by dividing the number of individuals seen by the area censused. There were
36 censuses in open water (x 15.2 km 2 S. D. 9.97), 14 in 1-4 oktas of pack ice (x 13.5 km 2, S.D. 6.25), and five in 5-8 okias of pack ice
(7 5.8 km 2 , S.D. 2.57). The pack ice censuses were combined to estimate the densities given in this table.

petrel (Pagodroma nivea) were the most abundant species com-
mon to both the 1973 and 1976 studies. These species, in ad-
dition to the emperor penguin (Aptenodytes forsteri), cape
pigeon (Daption capense), Wilson's storm-petrel (Oceanites
oceanicus), and antarctic prion (Pachyptila desolata) are proba-
bly the primary constituents of the avifauna of the Weddell
Sea. Of course, it should be noted that a ranking of these
species by biomass (and relative abundance) would depict
better the impact each species has upon the ecosystem.

Species typical of open seas. The primary species found in
open water were the arctic tern, southern fulmar (Fulmarus
glacialoides), Wilson's storm-petrel, cape pigeon, antarctic
prion, and the giant fulmar (Macronectes giganteus). The mean
density (from 1976) for each of these species was 2.67, 4.1
(between 61°S.-63°S. only), 1.44, 1.0, 0.21, and 0.15 in-
dividuals per square kilometer respectively. Southerly range
extensions (Watson 1975) were obtained for the sooty shear-
water (Puffinus griseus) on 17 February 1976 at
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670 35'S.41 0 02'W. and for the wandering albatross (Diomedea
exulans) on 1 February 1973 at 70°36'S. 13°58'W. Arctic terns
were seen in pack ice, but they reached maximum concentra-
tions in open water with icebergs present (Parmelee 1977).
The southern fulmar was seen in 1976 mainly between
61°-63°S. and over open water (footnote a, table 2). The
maximum density of Wilson's storm-petrels was 9.65 per
square kilometer at 67°27'S.41 0 56'W. on 15 February 1976,
while the mean density was 1.44 per square kilometer in most
areas censused. The cape pigeon rarely was seen south of
65°S. The antarctic prion was seen in low numbers
throughout most of the areas censused. Giant fulmars fre-
quently trailed the ship, waiting for refuse to be dumped or
some prey item to be exposed by the propeller wash. The
chinstrap penguin (Pygoscelis antarctica) was seen in open seas
in 1976, often far from pack ice, and was recorded aS far
south as 67'26'S.42' 12'W. on 17 February 1976. The light_
mantled sooty albatross (Phoebetria palpebrata), wandering
albatross, sooty shearwater, blue petrel (Halobaena caerulea),
white-chinned petrel (Procellaria aequinoctialis), and black-
bellied storm-petrel (Fregatta tropica) were sighted infre-
quently, and no density estimates were computed.

Species noted primarily on pack ice. The primary species of the
pack ice were the Adelie penguin, emperor penguin, snow
petrel, and antarctic petrel. The emperor penguin was widely
dispersed in the region censused in 1976 although they were
encountered in higher numbers in the southeastern Weddell
Sea during 1973. Adelie penguins were seen in large numbers
in the northern limits of the summer pack ice in 1976, be-
tween 67°64°S. and 49°-51°W. (maximum density on 21
February). Further information is needed to determine the
actual occurrence of this species in the vast areas of the Wed-
del Sea pack ice. Most of the Adelies were grouped around
feces-stained ice hummocks and pressure ridges; figure 2
depicts such a situation. In spite of a few local concentrations,
the occurrence of snow petrels was uniform in most regions of
pack ice visited by both expeditions. The antarctic petrel
seemed to inhabit most regions studied. Large flocks of ant-
arctic petrels commonly were encountered resting on floes
and icebergs. While more inclined to forage over open water,
the antarctic petrel also foraged in older pack ice (see figure
3). The arctic tern, skua, and southern black-backed gull
(Larus dominicanus) often were seen in pack ice; however, in-
sufficient data were obtained to draw conclusions about their
respective importance.

The Weddell Sea is available for avian exploitation for a
short period each year. The austral winter (April to October)
finds the Weddell Sea essentially covered with ice, and, for
the most part, useless to birds. During the austral summer,
however, more than 20 species can be found in the Weddell
Sea, and while there are relatively few species in pack ice or
open water environments, the species often are abundant.

Because of harsh maritime conditions and heavy pack ice
concentrations, there have been few studies on the avifauna
of this region (Clarke 1907; Cline et al. 1969; Novatti 1962;
Parmelee 1977). Participation in the IWSOE program has in-
creased our understanding of the pelagic ecology, behavior,
and distribution of birds in the Weddell Sea; however, much
remains to be learned.

This study was financed by National Science Foundation
grant opp 74-21374 to David F. Parmelee. I thank Dr. Par-
melee for his advice and assistance throughout the project.
The crew of the USCGC Glacier was very helpful; Steven M.
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Figure 2. Adelie penguins in the Weddell Sea peck ice, 22
February 1976. (See text.)

/

Figure 3. Antarctic petrels in the Weddell

TIM

 Sea peck ice on 24
February 1976, feeding on krill (Euphausa sp.). The surface of
this cake of ice has disintegrated, leaving subsurface ice
(with Its associated holes and tunnels) exposed. Older ice
such as this, with its deteriorating subsurface and uneven
surface, seemed more attractive to birds than newer, more
uniformly structured ice. Thus it is apparent that the type of
Ice as well as its concentration (that is, okta rating) influence

the occurrence of birds.

Kozlechar assisted with field observations. D. B. Siniff, R. J.
Oehlenschlager, G. F. Barrowclough, R. M. Timm, D. W.
Warner, W. F. Fraser, B. Barnes, G. E. Nordquist, and J. E.
Eldridge offered useful suggestions on various aspects of this
work. I thank Ned K. Johnson for comments on the
manuscript.
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Winter observations of birds at
Palmer Station in 1977

BRIAN M. GLASS

Field Biology Program
University of Minnesota

Minneapolis, Minnesota 55455

Between 8January and 5 December 1977 I observed, col-
lected, and banded resident and transient birds in the vicinity
of Palmer Station. Bonaparte Point and Humble and
Shortcut Islands were the principal study areas, but I worked
at several other locations in Arthur Harbor and Biscoe Bay
when ice conditions permitted. Although I took notes on all
species encountered, I concentrated my efforts on winter
social behavior of the southern giant fulmar (Macronectes
giganteus) and the trial use of a new radar system for following
migrations and winter feeding flocks of birds.

During the 1976 1977 giant fulmar breeding season, I
took nest counts and made behavioral observations from
January to May. Those activities concerned with the care of
the chicks, defense of the nest, fledging of young, and court-
ship of inexperienced birds were documented in detail.
Another major effort was the banding of nearly every nestling
throughout the study area between 2 March and 5 May.
Since mortality in chicks appears to be very low at the age
they were banded, I estimate that most if not all of the 265
young banded also fledged in 1977.

I recorded the complete overwinter behavioral repertoire
of a colony of nine pairs of southern giant fulmars (birds col-
or coded with plastic leg bands for individual recognition) on
Bonaparte Point. They were observed with a 60X scope from
a blind 230 meters away to diminish any effect my presence
might have on their behavior. I completed 141 hours of obser-
vation of the colony between 9 March and 5 December
(about 20 percent of that time was quantitative, with behavior
recorded every 30 seconds). Whenever possible, I collected
food pellets (approximately 200) found near nests, as well as
samples obtained from defensive regurgitations. These will
be analyzed to determine the kinds of food taken in winter.

Preliminary analysis of data indicates that intraspecific
behavioral interactions that take place in winter may be im-
portant in the bird's adaptation to the antarctic environment.
Courtship behavior at nest sites was common even in mid-
winter, and a long prelaying period of frequent and some-
times promiscuous courtship occurred at the Bonaparte col-
ony from 4 August until early November. Brief periods of ab-
sence from the colony during this period of time may be com-
parable to the prelaying exodus reported by Conroy (1972),
or perhaps may be caused by weather and ice conditions.
Copulations were infrequent in September and October.
Although several islands showed only a small reduction in

numbers of pairs during the winter, the Bonaparte study col-
ony was virtually deserted from 19 May to 1 June and from
late June to early August, for reasons unknown. The first egg
of the 1977-1978 breeding season was noted on 7 November.
Data on egg laying dates, nest relief timing, and nest counts
were recorded until I left the study area in December.

I documented winter movement of birds through the
Palmer region by telescopic and radar observations. With the
cooperation of a University of Nevada project, I filmed an X -
band radar screen time-lapse for a total of 713 hours between
11 May and 9 October. At certain times echoes were noted
that seemed unlikely to be anything but large flocks of
seabirds (Parmelee et al., 1977). The films could be important
in documenting migration in the region.

With the aid of a spotting scope I observed antarctic
petrels, cape pigeons, and snow petrels off Palmer, where the
seas appear to be an important winter feeding ground for
fulmarine petrels. I collected three snow petrels for analysis of
stomach contents. Plankton samples from waters being inten-
sively fished by these birds turned up viable juvenile krill on
23 May.

Blue-eyed shags were see throughout the winter. Their
numbers dropped in July but increased after 5 August.
Although fast ice prevailed from 9 July to 5 December, I was
able to visit Cormorant Island on 26 and 29 August, when
there was a brief period of open water. Active nest building
was taking place at this time (figure). In addition to observing
shags, I obtained much information on overwintering
sheathbills, southern black-backed gulls, and antarctic terns
and also accumulated considerable data on breeding
Wilson's storm petrels and south polar and brown skuas from
27 October to 5 December.

-\

•	.	:
Winter nest building and courtship behavior of blue-eyed
shags as observed on Cormorant Island on 26 August 1977.
Note that the nest sites are mostly covered with snow on this

date. (Photo by S. J. Williams.)
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