
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
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versions of the manuscript were commented on by Zoe Eppley.
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British Antarctic Survey and National Science Foundation grant
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Population studies of Adélie, gentoo,
and chinstrap penguins
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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.
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The differences in age of first breeding and the percent of
breeding attempts among the pygoscelids, and in the survival
rates of Adélies at our site and in the Cape Crozier area, suggest
that our population data may provide significant new informa-
tion towards understanding this important krill-consuming
genus.
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Researcher checks returning, banded, known-age, Adélies at a
colony in the Point Thomas rookery in early October.
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binding sites on Adélie penguin blood
cells
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Our studies are concerned with the cellular and chemical
composition of the hematopoietic system of wild pygoscelid
penguins, analyzed by means of morphologic and histo-
chemical techniques. We hope to correlate the morphologic and

histochemical data with the functional aspects of each type of
hemic cell in the peripheral circulation of these penguins and
increase the useful knowledge of the natural biological history
of these species.

Ultrastructural histochemistry using particular markers (col-
loidal gold or ferritin) has provided an ideal approach for identi-
fying various cell surface components and allows the ready
comparison of labeling densities and/or surface distribution of
these membrane components in the heterogeneous cell popula-
tion of the bone marrow and blood. Thus, the histochemical
approach allows the investigator to follow qualitative and quan-
titative changes in surface reactive groups and membrane re-
ceptor sites during the period of membrane change and to relate
these changes to the functional and metabolic characteristics of
individual hemic cell lines.

Blood samples collected during October and November 1983
(Ardley Island, Antarctica) were stored in buffered 2.5 percent
glutaraldehyde pH 7.4 at 4°C and have only recently been
processed for cell-surface studies.

Taking advantage of the two binding sites of concanavalin A
(CON A) for alpha-D-mannose residues, this lectin can bind to
both the reactive group on the cell surface and to an added
protein containing this residue. Thus, CON A is reacted with
the cell and the bound lectin is then exposed to the gold-labeled
man nose -con taining protein, horseradish peroxidase. This
gold-complex is visualized ultrastructurally as electron dense
particles along the cell surfaces at sites having sterically avail-
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