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In October 1985, the National Science Foundation, Division of
Polar Programs initiated support for a 1-year project to demon-
strate the utility of remote sensing for reconnaissance of Adélie
penguin (Pygoscelis adelie) rookeries on Ross Island. The figure
illustrates some of the preliminary results of our remote-sens-

ing analyses, which clearly show that Adélie rookeries on Cape
Crozier are separable from other components of the antarctic
environment in Landsat Thematic Mapper images. The image
was created from enhancement of Thematic Mapper band 4,
which records radiance in the red region, with a bandwidth of
0.76-0.90 micrometers. The separation of Adélie rookeries re-
sults from the unique spectral characteristics of guano deposits
in and around the penguin colonies (Schwaller, Benninghoff,
and Olson 1984). Guano and other debris from the nesting sites
create a unique organic soil that is distinguishable from sur-
rounding areas by radiance recorded in the satellite imagery.

A field team supported by the U.S. Antarctic Research Pro-
gram visited the rookeries on Ross Island's Cape Crozier, Cape
Bird, and Cape Royds during January and February 1986. The
field team collected specimens and ground-level radiometric
measurements. Field measurements are now under study, and
we expect that detailed analysis of the radiometric data, image
data, and laboratory spectrophotometric measurements of field
specimens will suggest improved algorithms to help enhance,
identify, and isolate penguin rookeries in the remote-sensing
images.

Preliminary results are exciting because they may be incorpo-
rated into survey methods for estimating penguin populations.
Once a penguin rookery is unequivocally identified in a remote-
sensing image, counting the number of pixels associated with
the rookery yields an estimate of size. This information, to-
gether with an estimate of density, can be used to calculate
rookery population. An important point is that ground esti-
mates of density made at a few locales can be combined with
remote-sensing measurements and generalized to reconnais-
sance of large regions, possibly to continent-wide estimates of
penguin populations.

The justification for remote-sensing reconnaissance of pen-
guin rookeries is based on the need for timely and accurate
population estimates of the living resources in Antarctica.
Methods now employed in antarctic orinthology have been

Enhancement of Thematic Mapper band 4 identifying the Adélie
penguin rookeries on Cape Crozier. "R" denotes "rookery:' "C"
denotes "cloud:' "Rx" denotes "rocks:' "SI" denotes "ice shelf:'
"5" denotes "snow:' "w" denotes "water:' Imagery collected on 26
January 1985.

successful for investigation of population dynamics on individ-
ual penguin colonies, and attempts have been made to study
penguin population on a regional basis. When ecosystem stud-
ies are contemplated, however, current methods of antarctic
orinthology cannot adequately estimate the total breeding pop-
ulation of Adélie and other penguins (Wilson 1983).

Based on our preliminary image and ground-level data ana-
lyses, we now believe remote-sensing methods can be extended
to a penguin population survey of the entire antarctic continent.
Such a survey would probably involve a multi-phase approach,
integrating ground-level counts with aircraft and satellite re-
mote sensing at different levels of spatial resolution. The results
of a continent-wide survey would contribute to an understand-
ing of the patterns of penguin migration, population fluctua-
tion, and the influence of the physical environment on rookery
choice and breeding success. Since reconnaissance would be
conducted along the entire antarctic coastline, meridional as
well as total penguin population estimates may be possible.
Furthermore, satellite remote sensing along the coastline may
well locate previously unidentified penguin nesting sites. Dis-
covery of new penguin rookeries may fill gaps in our knowl-
edge of the distribution, migration, and nesting of pygoscelid
penguins.

This work was supported in part by National Science Founda-
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Hesslein. We would also like to acknowledge the field, laborato-
ry, and technical assistance of Kathy Wehnes, Paul Dahmer,
Zhenqui Ma, and Zhiliang Zhu. M.R. Schwaller conducted
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In the course of preparations for a study of emperor penguins
in the Ross Sea it was necessary to have the U.S. Geological
Service do an aerial survey of ice conditions at five of the six
known rookeries. The aerial photographs taken were done on 9
and 14 December 1983, and they were of such resolution that
birds could be counted easily.

At this late date the chicks are close to fledging and the
majority of birds in the photographs must be chicks, but the
resolution of the photographs was inadequate to make a distinc-
tion. However, we feel it is probably safe to assume that the
counts should be tripled to obtain a realistic estimate of the
number of breeders and chicks at the various sites. The pictures
were taken by an LC-130 aircraft flying at 500 meters above the
sea ice. A 20 x 20 centimeter format aerial camera was used to
take a series of vertical pictures. All colonies were in full sun
except a small area of the Franklin Island colony. Although birds
in the shadow of the island could not be counted, it represents a
small part of the colony based on the small shadow area and the
dispersion of the birds.

Two facts are clear from the table. First, there have been very
few census reports of emperor penguin colonies. Cape Roget
and Cape Washington colonies have not been reported since
shortly after their discovery in 1964 and 1965. Coulman Island,
one of the largest of all emperor colonies, has not been counted
since that time as well. The second fact is that there are some
remarkable differences in the early censuses and the 1983 sur-
vey. The 1983 census at Cape Roget was only 38 percent of the
1964 count, but the most dramatic decline has been at Beaufort
Island. In 1983 it was only 6 percent of the 1976 count. The
Coulman Island population is about equivalent to the 1960s
count with a 20 percent higher estimate in 1983. Franklin Island
was 2.9 times higher in 1983 than 1964 if our counts are doubled

to estimate breeders. The most marked increase has been at
Cape Washington where the estimate for chicks is 3.7 times the
1965 counts.

If our total counts are doubled to estimate breeding pairs,
then the total breeding population of emperor penguins is
about 108,684. This estimate is about 77 percent of the estimate
of Ainley, O'Connor, and Boekeiheide (1985) summed from the
1960s counts. The dramatic changes noted at some of the colo-
nies such as Beaufort Island and possibly Cape Washington
seem too rapid a decline and increase to be attributed to mor-
tality or reproductive recruitment. This suggests that the pen-
guins may be rather flexible in their faithfulness to particular
breeding sites. Possibly prevailing ice conditions at various sites
may influence where they ultimately breed. Nevertheless, it
seems unlikely that the birds moved entirely out of the Ross
Sea. If not, then there has been a substantial decline in the total
population of emperor penguins in the Ross Sea over the past 20
years. This is coincidental with the beginning of major, perma-
nent bases in the Ross Sea. Since much more activity is likely in
the future, as more bases by other nations are established, a
closer monitoring of emperor penguin colonies seems appro-
priate. Futhermore, it should be noted that if there has been a
decline in the northern colonies of the Ross Sea, it is not unique.
The Cape Crozier colony, one of the most southerly and the
most closely monitored of all emperor penguin colonies, has
declined from about 1,000 breeding birds in the early 1960s to a
low of 46 in 1976 (Todd 1980). In 1977 it was up to 200 birds, and
in 1983 there were 88 chicks in December (Ainley, personal
communication), which would be at least 176 adults, not allow-
ing for any mortality.

This work was supported in part by National Science Founda-
tion grant DPP 83-16963.

Counts of emperor penguins obtained by aerial, photographic
surveys conducted on 9 and 14 December 1983.

	

Count	Previous Count
Locality	(Chicks)'	& Date	Source

Cape Roget	4,402	11,700 (1964)b Cranfield (1966)
Coulman Island	25,299	21,000 (1952)b Cranfield (1966)
Cape Washington	18,725	5,000 (1965)' Cranfield (1966)
Franklin Island	5,702	4,000 (1964)C	Stonehouse (1969)
Beaufort Island	214	3,574 (1976)"	Todd (1980)

a Presumed that most of the birds were chicks based on the late season
photographs.

b Chicks.
Breeders.
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