
Table 2. Uncommona bird species observed in different habitats during the Wilkes Land Expedition 1985—Continued

Habitat

Shelf	Shelf
Species	 break	break	 Loose	Dense	Dense

Deep	Shelf	without	with	Ice	pack	pack	pack ice
water	water	pack ice	pack ice	Edge	ice	ice	with leads

Wilson's storm-petrel	 X	X	-
(Oceanites oceanicus)

White-faced storm-petrel	 X	-	-
(Pelagodroma marina)

Skua	 X	-	-
(Catharacta sp.)

Unid. tern	 X	-	-
(Sterna sp.)

Arctic tern	 -	-	-
(Sterna paradisaea)

Antarctic tern	 X	-	-
(Sterna vittata)

a "Uncommon" is defined as having a density less than one bird per square kilometer.

b "" denotes "zero:'

"X" denotes "species is present at higher density."
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We investigated the distribution and abundance of marine
birds and their principal food, krill (Euphausia superba), in the
Bransfield Strait and southern Drake Passage from January to
March 1985. Information on the correspondence of the distribu-
tion and abundance of marine birds and their prey is scarce
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(Woodby 1984; Obst in press). Additionally, the temporal and
spatial scales at which correlations of these highly mobile pre-
dators and their prey may be strongest is not known. Jesperson
(1930) found correlations in seabird and zooplankton density at
the scale of thousands of kilometers, while Obst's work identi-
fied correspondence at a scale of tens and hundreds of meters.
In our study, we used continuous counts of marine birds and
simultaneous continuous echo sounding surveys of krill to ex-
amine the correspondence between predators and their poten-
tial prey. This will allow us to examine patchiness on scale
varying from tens of meters to hundreds of kilometers.

We counted birds from the bridge wing of the RRS John Bisco
(eye level was 10 meters above the water line) throughout th
cruise (figure 1). We recorded all birds observed in a zone fro
300 meters ahead of the ship to 300 meters abeam the ship o
the side with the best visibility. Ship-following birds were e).-
cluded from counts. We entered all observations directly into
Husky Hunter microcomputer with 208 kilobytes of rando -
access memory. Position and environmental data were als o
entered in the microcomputer at the beginning and end of each
observation period and at half-hourly intervals between. T1 ie
computer was programmed to provide a set of data entry di s -
plays that prompted correct data logging (Updegraff and Hu t
1985). Data were taken whenever the ship was underway -
tween speeds of 2 and 11 knots depending upon sea conditio s
and other activities on the ship, such as mid-water trawls a d
Longhurst-Hardy Plankton Recorder tows.

Krill abundance was estimated using a calibrated SIMRAD K

400 echo-sounder with operating frequencies of 38 and 20
kilohertz. Signals were processed using a SIMRAD QD digital
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integrator in sequence mode to give mean volume backscatter-
ing strength (MvBs) in eight layers referenced to the surface.
These MVBS's were converted to density by assuming all krill in
the region were of target strength-65 decibels. We confirmed
that krill were the source of echoes using a rectangular mid-
water trawl (Baker, Clarke, and Harris 1973) with a mouth area
of 8 square meters and a mesh size of 4.5 millimeters towed at 2
to 2.5 knots.

Figure 1. Cruise track of the RRS John B!scoe 16 January to 6 Febru-
ary 1985. A. The site of the large foraging flock of cape pigeons and
antarctic fulmars. B. Where we encountered the aggregation of for-
aging Adélie penguins.
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Figure 2. Aggregation of surface foraging cape pigeons and ant-
arctic fulmars above echoes presumed to be krill.

Preliminary inspection of our data suggests that, at a regional
scale, marine bird densities were similar in all areas surveyed,
but biomass was highest in the Weddell and the Bellingshausen
Seas. Within the Bransfield Strait, bird densities were generally
greater in the northern end and on the west side near the South
Shetland Islands. Krill densities were also higher in the north-
ern end of the strait and in the channels between the islands.

At a smaller scale (1 to 10 kilometers), all major aggregations
of birds we encountered were associated with strong echoes
suggesting high densities of krill. The converse was not true; on
several occasions high densities of krill at depths appropriate for
penguins to reach were found without accompanying birds.
Detailed small-scale work over individual krill swarms
provided data on the localization of bird foraging at the swarms.
Apparent correlations between penguin presence and krill
above 100-meter depth was on a scale of tens to hundreds of
meters.

In two instances, particularly striking correspondence was
found between birds seen within 300 meters of the ship and
echoes obtained from what were believed to be krill (no trawls
were made to confirm echo source on these occasions, although
the echochart indications were similar to those obtained during
net hauls when krill were caught) directly beneath the ship
(figures 2 and 3). On 19 January 1985 northeast of Gibbs Island
(figure 1, point A), a mixed flock of cape pigeons (Daption
capense) and antarctic fulmars (Fuirnarus glacialoides) was en-
countered between 8:30 and 9:10 Greenwich mean time (local
time = GMT-3 hours) (figure 2). Many birds were sitting on the
water and a few were seizing krill. Additionally, thousands of
birds were observed flying and sitting on the water outside our
transect zone. Estimated krill density along our track line in the
10- to 20-meter depth zone peaked approximately 2.5 kilo-
meters before bird density, but on a scale of 2 to 10 kilometers
the coincidence of birds and krill near the surface was striking.
In contrast, there was no apparent correlation between bird
density and the density of krill between 20 and 100 meters
depth. However, the observation of two minke whales (Ba!-
aenoptera acutorostrata) coincided with the peak density of 2.5
krill per cubic meter between 20 and 100 meters at 10:25 Green-
wich mean time.
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Figure 3. Aggregation of subsurface foraging Adélie penguins
above echoes presumed to be krill.
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The foraging of birds at this near-surface swarm of krill was
detected shortly after sunrise. A repeated transect over the
same area at mid-day a week later showed an abundance of krill
at greater depths and few foraging birds. These observations
support the notion that surface feeding birds may take krill
primarily at night or in twilight, and that their foraging is sen-
sitive to the depth at which krill are swarming.

On 20 January 1985, we came upon an unusually high con-
centration of Adélie penguins (Pygoscelis adeliae) that were near
the edge of the continental slope northwest of the entrance to
the Antarctic Sound (figure 1, point B, and figure 3). The pen-
guins were tightly clustered in rafts of 30 to 2,000 birds, and
whole rafts or portions of them were seen to submerge or
reappear at the surface as a unit. Over a distance of 4 nautical
miles, we counted 2,560 penguins in our transect zone. Includ-
ing birds outside our transect zone, we estimated 10,000 to
15,000 birds were present. The distribution of birds coincided
with strong echo returns from both the 10- to 20-meter layer (up
to 34 krill per cubic meter) and the 20- to 100-meter layer (up to
14 krill per cubic meter) above a small sill.

These two examples show that the coincidence of seabirds
and their prey can be strong at fine scales. The degree of correla-
tion of seabird and prey densities at larger scales was lower,
probably due to the high variance in the distribution of both bird
flocks and prey patches and to the fact that not all prey patches

have birds associated with them. The analysis of the effect of
scale on our ability to relate bird density to prey density will be
the focus of our continuing efforts.

We thank R.B. Heywood and the captain and crew of the RRS
John Biscoe for their help and support during this cruise. Earlier
versions of the manuscript were commented on by Zoe Eppley.
Financial support for this research was provided in part by the
British Antarctic Survey and National Science Foundation grant
DPP 83-18464.
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Population studies of Adélie, gentoo,
and chinstrap penguins

W.Z. TRIVELPIECE, C. GEUPEL, J. KJELMYR, S.G. TRIVELPIECE,
and N.J. VOLKMAN

Point Reyes Bird Observatory
Stinson Beach, California 94970

A thorough understanding of the antarctic community re-
quires an in-depth knowledge of the breeding biology, feeding
ecology, and population biology of the pygoscelid penguins—
the Adélie (Pygoscelis adeliae), gentoo (P. papua), and chinstrap
(P. antarctica). These penguins constitute 60 to 70 percent of the
total antarctic avian biomass (Everson 1977) and are major pre-
dators of krill. We have collected data on their breeding and
feeding ecologies during the past 4 years. This season (12 Oc-
tober 1984 through 13 February 1985) we studied banded,
known-age populations of these penguins near the Polish Acad-
emy of Sciences Arctowski Station, King George Island, Ant-
arctica (62°10'S 58°30'W).

The primary objective of our project is to elucidate the ways in
which demographic variables interact to affect changes in pen-
guin populations. Specifically, we collected data on fecundity,
age of first breeding, annual survival, immigration and emigra-
tion rates, nest-site tenacity, and mate fidelity. Preliminary ana-

lyses of data revealed several interesting findings. First, 225 of
1,100 Adélie penguin chicks banded in 1981 - 1982 (3 year olds)
returned to their natal rookery in 1984– 1985. (See figure.) This
represents 20.4 percent of all banded chicks surviving to 3 years
of age. By comparison, Ainley, LeResche, and Sladen (1983),
reported only 8.2 percent survival of Adélies to 3 years of age at
the Cape Crozier rookery in the Ross Sea. Furthermore, while
the 8.2 percent Crozier survival figure was the mean for several
cohorts, yearly variations ranged within 3 percentage points of
the mean, never approaching the 20 percent survival rates w
found (Ainley personal communication).

Secondly, almost 30 percent of all gentoo chicks banded i
1983 - 1984 returned to their natal rookeries in 1984 - 1985 as
year olds, and 9 percent of the 2-year-old age cohort survived
Approximately 9 percent of the 2- and 3-year-old cohorts o
chinstraps were sighted in their natal rookeries. All data ar
uncorrected for band losses and for losses of chicks betwee
banding (3 to 4 weeks old) and fledging (7 to 10 weeks old).

Finally, Adélies and chinstraps first attempted breeding at
years of age, and all breeders were females, as reported b
Ainley et al. (1983) from the Crozier Adélie populatio
However, while only 1 t 2 percent of Adélie 3-year-old females
laid eggs, at least 40 percent of all returning 3-year-old chinstrap
females bred. Breeding attempts were made by 55 percent of all
2-year-old gentoo penguins; including 9 females, 23 males, and
4 birds of unknown sex, out of a total of 662-year-old returnees.
These are the first data on age of first breeding in gentoo pen -
guins. All species' first-time breeders were much less successful
than older experienced birds.

168	 ANTARCTIC JOURNAL




