1.06 0 to -1.94°C in 1976. Atkinson (1969) found R.
globularis, living in Cardigan Bay, Wales, with salinity fluctuations of 30.2 to 34.6 parts per thousand and
temperatures ranging from 5.5 1 to 8.5°C. Murray
(1973) documents the wide geographic distribution of
R. globularis, suggesting that it is a very tolerant
species. Geographic distribution reflects reproductive
as well as feeding tolerances, but this investigation of
an antarctic population of R. globularis indicates that
it has greater tolerance ranges than the other species
investigated. This conclusion agrees with the general
distribution data for the species.
This research was supported by National Science
Foundation grant DPP 74-12139. We appreciate the
help of Holmes and Narver, Inc., support crews at
Palmer Station and aboard Hero, particularly S.
Williams, W. Lokey, and G. Bennett. We are grateful
to C. Denys, who gave valuable help during the
1975-1976 austral summer collecting aboard Hero.
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Penguin census by aerial photographic
analysis at Cape Crozier, Ross Island
R. G. BUTLER and D. M)LLER-SCHWARZE
Department of Zoology
College of Environmental Science and Forestry
State University of New York
Syracuse, New York 13210
Accurate estimates of world numbers of most
antarctic and subantarctic penguin species are
currently impossible due to scarce and unreliable
data on breeding populations. Although a large
number of rookeries have been located, research has
been conducted in only a small percentage of these.
Each new survey reports previously unknown
information regarding species composition and size
of populations inhabiting individual rookeries (for
example, see Miiller-Schwarze and MullerSchwarze, 1975). This is especially true of the
pygoscelid penguins. The problem is compounded
by the fact that even in extensively studied rookeries
the resident populations have often not been
accurately assessed. This has resulted in difficulties
with the interpretation of data on predation
pressure, mortality, etc. We suggest that this
problem may be rectified through the proper
application of aerial photographic analysis. Aerial
photography was first used for penguin censuses by
March/June 1977

Bauer (1967) on the Crozet and Kerguelen Islands.
The species studied were king penguins
(Aptenodytes patagonica) and macaroni penguins
(Eudyptes chrysolophus). Such analysis has also
been used for censuses of the Adélie penguin
rookeries at Cape Bird, Beaufort, Franklin, and
Inexpressible islands (Stonehouse, 1965, 1969).
Using this method, a more accurate census was
obtained for a large rookery of Adëlie penguins
(Pygoscelis adelzae) at Cape Crozier (77°31'S.
169°23'E.) on Ross Island, Antarctica.
The U.S. Navy, in conjunction with the U.S.
Geological Survey, has taken aerial photographs of the
Cape Crozier rookery every season since 1961 (figure).
Photos (9 x 9 inches) from the Crozier mission flown
on 16 November 1966 were selected for a direct count
of all penguins in the main rookery and in the smaller,
adjacent east rookery. Exposures 5, 6, 7, 24, 38, and
41 (TMA 2004), taken at an altitude of 2,250 feet,
were used in this study. Counts were conducted with a
25

Example of an aerial
photograph of a small
portion of the Cape
Crozier rookery taken
on 16 November 1963
at an altitude of 2,000
feet. Black dots are
individual penguins
against background of
guano-stained substrate. Black areas are
rock or gravel not
occupied by Ad4lies,
and white areas are
snow fields. Landing
beach (ice-bound) is
at left.
TMA 1251.
U.S. Navy

binocular microscope (American Optical Corporation) and a hand counter.
The main rookery at Cape Crozier has previously
been estimated to contain 300,000 Adélies and east
rookery 50,000 (Penney and Lowry, 1967; Emison,
1968; LeResche and Sladen, 1970). However, it is
difficult to extract from the literature the exact dates
and methods used to arrive at these estimates.
Penney and Lowry (1967) conducted counts of
sample areas of aerial photographs, interpreted each
penguin as a nesting bird, and estimated 147,039
nests (approximately 300,000 birds) in the main
rookery. The validity of this method is
questionable, largely due to their interpretation of
every penguin as a nesting bird and their use of
estimations rather than total counts of the Adélies
present on the aerial photos. Our own direct counts
from the 1966 photographs revealed far fewer
penguins at Cape Crozier than had been reported
previously. The main rookery contained 130,926
Adélies and the east rookery held 19,993. However,
this information alone does not constitute a direct
assessment of the Crozier Adélie breeding population because it is usually impossible to determine
from the photos in mid-November which birds are
occupying nests and which are either mates
accompanying nesting birds or are unmated, nonnesting penguins. Using data obtained from
periodic consenses of 12 Adélie colonies (approximately 1,210 successful nests) conducted by
our research group at Crozier during the 1974-1975
field season, it was estimated that 25.3 percent of the
total birds present during the period 18 to 20
November were not nesting. This leaves 92,278
breeding birds in mid-November. In 1974-1975, the
total number of birds decreased by 29.1 percent from
18 to 20 November until 5 to 11 December. Using
this value for the 1966 aerial census data, there were
92,827 birds on 5 to 11 December. Again using the
1974-1975 ground-count data, 91.5 percent of the
26

birds present then occupied successful nests (that is,
nests containing eggs or chicks). For 1966, this
would be 84,934 nests, or the same number of
breeding pairs.
Oelke (1975) censused the Crozier population
during the period 4 to 10 December 1970 and
estimated between 80,000 and 85,000 breeding pairs
in the main rookery. Out estimate of 84,934
breeding pairs in the main rookery for December
1966 is in close agreement with Oelke's 1970 counts.
Our Crozier censuses also indicated that approximately 4.4 percent of the total birds present
from 5 to 11 December occupied unsuccessful nests.
These penguins probably represented late breeders,
reoccupation pairs, mated pairs that had recently
lost eggs or chicks, or unmated juveniles or adults.
Taking these birds into account, it is possible to
conservatively estimate the Adélies in the main
rookery at 178,040 and the east rookery at 27,188.
This yields a total population estimate of approximately 205,000 Adélies at Cape Crozier in 1966
as compared to previous estimates of 350,000.
Hence, claims that the Adélie population at Crozier
has "sharply decreased" (Oelke, 1975) seeni Unsubstantiated, at least for the period between 1966
and 1970.
Although the photographic analysis technique
has definite merit, it is also necessary to point out
several of its inherent weaknesses. First, poorquality photos that are incomplete, blurred,
distorted because of topography, or taken at extreme
altitudes or angles make population estimates
difficult or unreliable. Stonehouse (1965, 1969)
found that best photographs were obtained with
fine-grain film and hand-held press cameras in
strong but hazy sunshine, and at altitudes of 150 to
200 meters. Sladen and LeResche (1970) consider
this altitude too low and helicopters too noisy. They
recommend fixed-wing airplanes, such as the Twin
Otter, flying at 610 to 760 meters with a 305millimeter lens. Another major problem is developing an accurate population estimate from direct
counts of photographs taken on a given date. It is
essential to be able to determine during which state
of the breeding cycle the photos have been taken in
order to resolve what proportion of the birds
photographed are actually nesting. Sladen and
LeResche (1970) recommend aerial photography at
the peak time of egg laying, when almost all nests
are tended by only one bird of a pair and when few
eggs have been lost. Weather and sea-ice conditions
can influence the arrival of penguins at a particular
rookery and can result in minor shifts in the timing
of the breeding cycle from year to year. Nest losses in
early December can vary from 0.4 percent per day in
a "good" year to 2 percent per day in an unfavorable
season (Stonehouse, 1969). These problems might
be overcome by photographing a given rookery
ANTARCTIC JOURNAL

several times over the course of the breeding season.
Finally, population estimates derived from aerial
photos will probably be somewhat conservative as
juveniles and mated pairs that have been unsuccessful and have returned to sea will not be
accounted for. Of the three different census figures
(total number of birds present, number of breeding
pairs, and number of successful breeding pairs),
only the first can be obtained from aerial
photographs alone. The others require ground
studies. It will depend on the questions asked which
of the three figures is needed.
Despite its drawbacks, we think that with further
refinement aerial photographic analysis will
provide a superior and relatively inexpensive
method for tracking population trends in various
speniscid species. Research in progress by our group
involves conducting analyses of several years' aerial
photographs (1963 to 1976) to quantify any
population trends at the Cape Crozier Adélie
rookery. Also, we plan to survey photographs of the
antarctic coast, the Antarctic Peninsula, and
surrrounding islands to locate and estimate the size
of additional penguin rookeries in order to facilitate
estimates of total numbers of antarctic penguins.
This research was partially supported by
National Science Foundation grant DPP 74-08677.

The authors are indebted to David G. Ainley for
valuable criticism of this manuscript.
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ARA Islas Orcadas cruise 8
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ARA Islas Orcada4 cruise 8 began at Buenos Aires
On 2 February 1976 and ended there on 13 March
1976. It had three objectives: (1) collection of
zooplankton and phytoplankton samples in correlation
with physical and chemical seawater data, (2) contribution to understanding of taxonomic, zoogeographical, and trophic relations of the benthic
fauna, and (3) capture of krill longer than 40
millimeters for biochemical and microbiological
study.
Results were as follows:
Seawater samples were collected from the bottom,
the surface, and intermediate depths at 21 stations
March/June 1977

(figure and table). Proximity to bottom was determined by sonar. The samples were collected using a
Hensen net (200-micron mesh) with a strangulatior
closing system.
Nansen and Niskin sampling bottles were used to
collect water samples for determinations of salinity,
temperature, dissolved oxygen, alkalinity, and pH.
Water samples were filtered for subsequent determination of nutrients and chlorophyll.
The samples were kept in formaline (5 percent) for
qualitative and quantitative phytoplankton studies.
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