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INTRODUCTION

Feathers set birds apart from all other groups of ver-
tebrates. They make up ~5 to 15% of the body mass
(Voitkevich 1966, Welty 1975), and they form an
important insulating layer against cold water (Kooy-
man et al. 1976). Wear and tear on feathers requires
that they be replaced frequently throughout the life of
the bird. The complexity and variability of life styles
among different species result in different modes of
replacement. Most flying birds replace feathers gradu-
ally over many weeks. Some grebes (Podicipedidae),
geese (Anatidae) and loons (Gaviidae) replace the
feathers rapidly, and the abrupt feather loss leaves

them flightless for several weeks (Welty 1975). This
rapid moult is also typical of penguins, and during the
approximately 2 to 4 wk moulting period, depending
on species, they must find a stable, protected location
where they can remain dry (Adams & Brown 1990).

Unlike all other penguin species, emperor and Ade-
lie penguins do not usually moult on land or near their
breeding colonies. Emperor penguins do not have any
option. All colonies, with 2 exceptions, are located on
annual fast-ice. At the time of year when the breeding
birds moult, the sea-ice at the colonies has disinte-
grated and disappeared, or is likely to do so. These
summer conditions of depleted sea-ice, when the
pack-ice coverage of the Southern Ocean in February
is 4 × 106 km2, <25% of the winter maximum extent of
19 × 106 km2 (Gloersen et al. 1992), place the birds at
some risk. Because of the extensive loss of ice habitat,
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which continues to decline during the moult, the loss of
mobility, the long fast, and a high metabolic rate while
moulting, the period of moult may be the most critical
time of year for adult emperor penguins, and therefore,
potentially the time of highest mortality.

To accomplish the moult successfully, the birds must
find an ice platform that will remain secure for a
month. Emperor penguins are rarely seen on land,
which suggests that for some reason they are reluctant
to come ashore. One of us (Robertson pers. obs.) noted
about 60 birds moulting in front of the Taylor Glacier
and 400 to 600 moulting on fast-ice among scattered
icebergs near the Auster colony. These may be the
largest concentrations of moulting emperor penguins
ever seen; yet these groups are a small percentage of
the ~5800 breeders using the Taylor Glacier site, and
the ~22 000 breeders from the Auster colony.

Even more extreme is the situation in the Ross Sea
colonies. About 100 000 birds breed at the 6 colonies
along the western shores and islands of the Ross Sea.
Only a handful of birds have been seen moulting. For
example, more than 50 000 birds breed at the Cape
Washington colony, but during December and January
no more than a dozen birds moult on the adjacent fast-
ice of Terra Nova Bay.

Our objectives were to determine: (1) where breed-
ing emperor penguins from 4 Ross Sea colonies moult;
(2) if there is any consistency in the moult location
among the birds; (3) the departure time from the colony

to the moult area; (4) the travel speed and distance; (5)
pack-ice distribution at the moult site; (6) by direct ob-
servations, some characteristics of a moult site.

METHODS

Tracking. Satellite transmitters were glued to feath-
ers of the lower back of 12 emperor penguins Apten-
odytes forsteri with Devcon 5 min epoxy. They were
further secured with nylon cable ties. The 2 types of
transmitters used were Toyocom T2038 (Toyo Commu-
nication Equipment Co., Koza-gun, Kanagawa Prefec-
ture, Japan), aluminum tube mass = 195 g, dimensions
= 3.5 cm diam. × 16 cm long, and Telonics ST-6
(Telemetry Electronics Consultants, Mesa, Arizona,
USA), which we imbedded in plastic. The mass of the
latter deployed transmitter was 450 g, dimensions =
2.5 cm thick × 5.5 cm wide × 25 cm long. Both transmit-
ters had antenna lengths of 15.7 cm. The antenna pro-
jected out at the back in line with the long axis of the
transmitter, and we applied a tapered nose to both
types of transmitters to reduce drag. Characteristics of
the birds and the type of transmitter are given in
Table 1.

Argos, a satellite-based location system, provided
the fixes. Since the birds most probably rested out of
water daily, we used only Classes 1 to 3 quality loca-
tions, 1 d–1. Transmissions were programmed for a duty
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Bird Body mass Departure Arrival Last- Maximum Speed enroute Moult speed
code (kg) date date transmission distance (km/24 h) (km/24 h)

(mo/d/yr) (mo/d/yr) (mo/d/yr) (km)

CC66a 26.8 – 12/29 01/10/95 201 – –
CC67a 34.0 12/11/94 12/26 01/11/95 68 – –
CZ70 27 12/06/92 – 01/05/93 1330d (1280) 42.5 (0.9–120,11) –
CW66 – 12/15/92 01/12/93 02/04/93 1068d (1290) 43.6 (6.6–74, 19) 8.9 (1.2–22.1, 22)
CW82 23.9 12/11/93 01/21/94 02/16/94 1120d (1270) 35.8 (3.7–149,18) 8.7 (1.3–18.5, 22)
CW87 25.7 12/22/93 01/22/94 02/05/94 1290d (1600) 48.8 (8.3–123,22) 5.9 (.03–17.9, 12)
CW88 22.8 12/22/93 01/27/94 02/17/94 1291d (1850) 48.9 (1–321, 18) 8.8 (0.6–34, 21)
CW70 24.7 12/22/93 01/17/94 02/14/94 1384d 57.5 (0.1–76, 6) 9.0 (0.4–24.2, 26)
CI91b 23.9 12/26/92 01/06/93? 01/06/93 337e – –
CI21b 22.1 11/06/93 12/18/93 12/18/93 676e – –
CI69 21.6 12/25/93 01/14/94? 01/14/94 980 (1010) 42.1 (47–89, 3) –
CR86 22.7 11/02/93 12/28/93 02/24/94 906 – –
CR89b 22.7 10/28/93 01/31/94 02/25/94 1306 (1680) 68.8 (0.8–139,11) 0.8 (0.06–7.4, 23)
CR90b 21.4 11/30/93 01/30/94 03/03/94 1434 36.2 (2.1–151,17) 7.8 (0.6–43, 36)
Mean (SD) 23.8 (1.31)c ~20 Dec 22 Jan 12 Feb 1245 (153) 47.1 (9.94) 7.1 (2.78)
aBoth transmitters at Cape Colbeck stopped functioning before moult
bNever returned to the colony
cOnly birds captured in December
dBirds used for mean values
eTransmitter stopped functioning while enroute to moult

Table 1. Aptenodytes forsteri. Travel properties after departure from colony to moulting site. Numbers in parentheses for maxi-
mum distance = total distances summed for each location; number in parentheses for speed = range and number of locations; 

– = no data; letters in ‘Bird code’ indicate colony of origin (see text)
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cycle of 12 h on in 24 h. This cycle matched the most
likely time the birds would be resting on ice floes.
According to the Argos 1996 User Manual, the accu-
racy of Class 1 locations is <1 km. These daily fixes were
used to calculate travel rates. The use of only 1 fix d–1

smoothed the records and gave us the minimum
amount of travel.

Duration. We conducted this study over
the course of 3 yr (Table 1). In 1992 we
deployed 6 transmitters from 3 colonies,
Coulman Island (CI), Cape Washington
(CW), and Cape Crozier (CZ), with the
primary intent of determining foraging
distribution in November while the birds
were nurturing chicks (see Fig. 2). Three
of the transmitters lasted long enough for
us to determine moult locations. The most
successful was CW66, which was re-
moved from one bird and placed on
another bird in December for the express
purpose of determining moult location.
The following year we deployed transmit-
ters from CW, CI and Cape Roget (CR),
and obtained the moult locations for at
least 1 bird from each colony. In 1994, 2
transmitters were deployed early in the
year from the newly discovered Cape
Colbeck colony at the edge of the eastern
Ross Sea. These transmitters were also
deployed mainly to track the foraging
travels of birds nurturing chicks, but they
lasted long enough to give a general loca-
tion for the moult site as well.

Satellite imagery and direct observa-
tions. Ice images were obtained from
NOAA-9 and 10 satellites. The images
were advanced very high resolution radar
(AVHRR) and optical line scanner (OLS).

Direct observations were made from
the HMS ‘Endurance’ and the supportive
helicopters while on assignment in the
Weddell Sea during January and Febru-
ary 1998 for the Ronne Polynya Experi-
ment (Hunke & Ackley 1998, unpubl.).

RESULTS

General

The bird code names, their colony of
origin, body mass at the time of capture,
and departure date from the Aptenodytes
forsteri colony to the moult area are sum-
marized in Table 1. The average mass of

birds captured in December just prior to abandoning
the chick was 23.8 kg (1.31 SD). The average date of
departure from the colony was 20 December, and the
average arrival date at the moult site was 22 January.
Over the course of the month the birds spent traveling,
the average distance of the most direct path from the
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Fig. 1. (a) CZ70: direct track of Cape Crozier bird from 9 December 1992 to 5
January 1993; during the 5 d gap between departure from Cape Crozier and
first location, bird traveled at average daily rate of at least 80 km d–1. CW87:
indirect track of a Cape Washington bird from 22 December 1993 to 30 Jan-
uary 1994; bird traveled rapidly to western edge of pack-ice and then slowly
across pack-ice to and along the eastern edge until 11 January, at which
time there were no locations for 2 d and bird traveled at least 380 km to next
location on 13 January. (b) Satellite image of Ross and Amundsen Sea;
image obtained from NOAA-9 and processed by Antarctic Research Center
(AARC), Scripps Institution of Oceanography. Clouds obscure some of sea
surface, but much of pack-ice can be seen and the distribution is common
for this time of year. Note broad area of open water in Ross Sea. Image is not 

to same scale as (a)

a

b
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colony to the moult site was 1245 km. The daily aver-
age distance taken from a single Class 1 location each
24 h was 47.1 km. This does not account for any devia-
tions from a direct track over the course of the 24 h.
After arrival, the daily travel rate dropped to 7.1 km
(Table 1).

Tracks and moult locations in the Ross Sea

Moult tracks for 8 birds were obtained; 4 of these
were direct routes and 3 were indirect. The most direct
route appears to be from CZ70, a bird en route from
Cape Crozier. There was an 8 d gap after departure
from the colony, and it is assumed that during that
period it was in the water most of the time while trav-
eling direct to the next location 400 km from the colony
(Fig. 1). Other direct routes not illustrated were: (1) the
course of CW70, which was probably direct because
daily travel rate was one of the fastest measured; from
22 December, when it was at Cape Washington, until 5
January when it was 1160 km to the east in the
Amundsen Sea, no locations were obtained; after that
date, several locations were obtained as the bird con-
tinued to travel east for about 12 d when it swam or
drifted west until the last fix on 14 February. (2) The
direct route for CW66 shows an arc to the north of
nearly 2° as the bird traveled from Cape Washington to
the eastern Ross Sea. (3) A similar northern arc was
traveled by CW88 and, less so, by CW82, as these birds
traveled from Cape Washington.

An indirect route to the moult area was taken by
CW87 (Fig. 1a). The arc of this bird was similar to that
of the other CW birds, but more exaggerated, to the
extent that the bird reached a northerly latitude of
almost 72° S. Curiously, the bird traveled rather slowly
until 11 January, then in the next 2 d it traveled 380 km,
after which its speed returned to about that of the pre-
vious 2 wk. Two other indirect routes were of birds
that, after release in late October from Cape Roget,
never returned to the colony. As non-breeders or
unsuccessful breeders it is not surprising that they
might wander extensively. What is of special interest,
however, is that they made their way from a latitude
above 70° S, which is beyond the Ross Sea, back into
the Ross Sea and to the moult area of the breeding
birds (Fig. 2). There was one outlier that did not travel
from the western Ross Sea colonies to Ross/Amundsen
Sea area. This bird, CI91, went north of Cape Roget
(Fig. 2).

From various satellite images collected and reviewed
over the course of the study, it can be seen that in order
to reach the moult area the birds journeying from the
colonies of the western Ross Sea had to cross a band of
pack-ice extending from near the coast to about the
172nd meridian. Beyond this pack-ice there was light
pack or open water to about 175° W. The boundary of
the eastern pack-ice edge extended south to nearly
76° S, just north of Cape Colbeck. This region shows
extensive, heavy pack-ice, with some large floes, simi-
lar to the pattern observed for many previous years
(Gloersen et al. 1992).

Moult locations in the Weddell Sea

Location of moulting birds in the Wed-
dell Sea may be atypical because of the
unusual ice-free conditions in 1998. The
ship’s track and location of bird sight-
ings are shown in Fig. 3, the more nor-
mal ice-pack distribution in Fig. 4a, and
moult sites in Table 2. Birds were sighted
in the western Weddell Sea, near the
base of the Antarctic Peninsula, at about
55° W and 72° S. At this (late January)
time there was a concentration of pack-
ice in the west central part of the Wed-
dell Sea, but extensive open water
along the Ronne and Filchner Ice Shelf.
The birds were present on the southern
edge of an extensive pack-ice region.
This ice distribution contrasts with more
normal years when pack-ice extends
south to the ice shelves (Gloersen et al.
1992).
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Fig. 2. Aptenodytes forsteri. Location of colonies where birds were released
with attached satellite transmitters (M), and moult location of birds tracked 

from these colonies (s). Code names for birds match those in Table 1
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DISCUSSION

Moult location

Why does Aptenodytes forsteri travel
so fast and far to moult? The answer is at
least 3-fold: (1) during the moult, when
the birds renew all of their feathers at
one time, they are unable to swim effi-
ciently and are unable to enter the
water without serious thermoregulation
problems (Erasmus et al. 1981); (2) vig-
orous activity of the blood-engorged
wings may cause them to bruise and
bleed easily; (3) they lose their hydrody-
namic streamlining because of the
ragged surface created by the moulting
feathers (Wilson 1985). At the time of
year when they moult, the sea-ice is
melting and breaking up. This is espe-
cially so in the western Ross Sea, where
the colony sites become open water in
the process of ice retreat. The only reli-
able and large body of pack-ice is at the
border of the Ross and Amundsen Seas
over 1000 km away (Fig. 1b; see also
Gloersen et al. 1992). This pack-ice
extends to the base of the Antarctic
Peninsula, and is second in size only to
the summer pack-ice refugia of the
Weddell Sea. Because the birds must
select floes that will last for the follow-

ing 30 d, they should search for
concentrated pack-ice with large
floes. These are traditional pack-
ice areas that annual satellite
images show are present in about
the same place and dimensions
every year (Gloersen et al. 1992).
Based on the diaries of the early
explorers, this ice distribution has
been consistent for at least 100 yr.

Near the turn of the century,
when Scott and his party were ex-
ploring the face and boundaries of
the Ross Ice Shelf in January 1902,
they noted a large concentration of
emperor penguins near the Prince
Edward VII Peninsula (Wilson 1907).
Wilson assumed that the origin of
the birds was near the peninsula
and speculated that there must be a
very large colony in the area. Later,
during cruises from mid-December
to late February in the years 1976 to

1980, a US expedition in the same area counted em-
peror penguins and calculated the density and total
population of birds (Ainley et al. 1984). Based on the
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Date Area No. of penguins Floe size Ridged Ice cover
Lat., Long. (m) (%) (%)

27 Jan
72.3, 55.1 1 0 20 Yes

28 Jan
71.6, 56.7 1 1 100 50 9
71.6, 56.6 1 0 100 50 9
71.6, 56.4 1 0 100 Yes 6
71.5, 56.3 1 0 200 No 6
71.5, 56.2 1 0 100 Yes 6
71.4, 56.0 1 7–8 100 Yesa 9
71.4, 55.8 2 0 500 No 9
71.4, 55.8 1 0 100 No 9
71.3, 55.6 1 5–6 700 10 9
71.4, 54.5 1 0 20–100 No 9
71.6, 56.8 3b 0 20–100 Yes 3
71.6, 56.5 1 7 20–100 Yes 8

30 Jan
72.1, 54.7 2b 12 500–2000 Yes 5
72.1, 54.7 1 8 500–2000 Yes 5
72.2, 54.8 1 0 <20 Yes 5
72.4, 55.1 2 30 500–2000 Yes 3

aThis floe featured 2 parallel ridges with a heavy coating of feathers and
guano between them

bEach moult area was on an individual floe

Table 2. Weddell Sea moult-site characteristics, January 1998; south latitude
and west longitude. Floes with no birds had guano stains and penguin feathers.

Floe size = characteristic floe diameter in area around observation site

Fig. 3. Track of HMS ‘Endurance’ (dotted curve), location of largest groups of Apte-
nodytes forsteri (D), and location of nearest known emperor penguin colonies (■).
Numbers next to circles = size of group. Nearest colony of Gould Bay (GB) is 550 km 

from the site, and most distant is Riiser-Larson (R-L) at 1400 km
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concentration of birds sighted, Ainley et al. (1984) esti-
mated that there were probably 100 000 emperors in
the area and that a putative colony of birds near Cape
Colbeck might have as many as 70 000 breeding birds.
On a later cruise, from mid-February to early April

1994, Ainley once again noted in mid-February a con-
centration of birds from about 50 to 200 km north and
northwest offshore of King Edward VII Peninsula (un-
publ. obs.). These groups ranged in size from 1 to 25
birds. At this late date the birds had most probably fin-

ished moult, and this is corrobo-
rated by the observation that
many were in the water. From this
region across the rest of the
Amundsen and Bellingshausen
Seas to the base of the Antarctic
Peninsula few emperor penguins
were seen. Unknown to Wilson
(1907) and Ainley et al. (1984) was
the fact that the source-colony for
many of these birds was probably
located in the western Ross Sea. It
is noteworthy that Ainley et al.’s
estimate of the total number of
birds in the area is close to what
we estimate to be the number
crossing from the western Ross
Sea colonies.

We propose that the consistency
of the tracks, rate of travel, and
arrival in the eastern Ross Sea
near Cape Colbeck of the 11 of 12
successfully satellite-tagged birds
is reasonable confirmation that
the preferred moult area for most
of the approximately 100 000 breed-
ing Ross Sea birds is in this region.
Only one of these birds, CI91,
went elsewhere. Curiously, loca-
tions from this bird’s transmitter
ended in early January. No further
receptions may have been be-
cause of transmitter battery de-
pletion, shedding of the transmit-
ter on thin ice and subsequent
sinking, or the demise of the bird
because of predation.

The average departure date of
parenting birds is 20 December,
which nearly coincides with the
peak time of departure of juve-
niles from the colony (Kooyman et
al. 1990). It would seem that the
parents continue to return to the
colony as long as they can find
their chick, or when it gets too
close to the time that their moult
will begin. Some anticipation of
this event is necessary for them to
have time to travel over 1000 km
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Fig. 4. (a) Satellite image of Weddell Sea in December 1993. Image processed by
AARC. Pack-ice distribution in this year is characteristic of most years. Image is
1 degree south of where penguins were found. (b) Satellite image of Weddell Sea in
February 1998. Image processed by AARC from defense meteorological-satellite pro-
gram (DMSP). Visible spectrum and 0.6 km resolution. Note much reduced pack-ice

a

b
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to the moult area in the eastern Ross Sea. The average
of 47 km d–1 still requires 3 wk for them to reach the
area, and presumably this includes feeding and fatten-
ing on the way. If the parents make a poor decision and
delay the departure too long, then they risk not reach-
ing a suitable moult area before the moult begins, and
also not having fattened enough to be in good condi-
tion towards the end of the moult. It would seem that
the longer the birds continue to return to the colony
and feed their chick, the more likely this gamble and
investment will pay off in the chick succeeding in its
departure from the colony in good condition.

Is the period from pre-moult feeding and fattening to
the post-moult feeding before breeding the time of
highest mortality in adult emperor penguins? We sug-
gest that it is for the following reasons: (1) At the time
of departure from the colony and abandonment of the
chicks the average weight of birds is ~24 kg (Table 1).
About 23 kg is the minimum body mass required
before the birds advance into Phase III fasting, which
involves the depletion of body proteins and the highest
rates of body-mass loss (Le Maho et al. 1976). To
ensure that they remain above this critical body mass,
the birds must gain ~15 to 20 kg from the time of
colony departure until they begin the fast 1200 km to
the east. If the average daily mass loss is 587 g d–1,
which is based on a body-mass decline of captive
moulting birds of 488 to 691 g d–1 (Adams & Brown
1990), then the mass loss during 1 mo of moulting is
high compared to the long breeding and incubation
fast. Despite the low temperatures, the metabolic rate
of males incubating eggs is at an exceptionally low
level of 25% below resting, and mass loss averages
137 g d–1 (Ancel et al. 1997). (2) While the moult is in
progress, sea-ice coverage continues to decline, and if
the floe selected deteriorates extensively it may
become unsuitable as a moulting platform. The bird
may have the untenable option of attempting to swim
to another floe under circumstances when the feathers
will not provide adequate insulation. (3) Diminished
size of the ice floes may enable leopard seals or killer
whales to search, find more easily, and capture birds
on the ice. (4) After the moult, some birds may be in
poor physical condition because of the substantial
weight loss. If food is not readily available, they may
ultimately starve to death as body condition continues
to decline while they are in search of prey. It is signifi-
cant that the highest adult mortality in Adelie pen-
guins of ~25% occurs between the end of the breeding
season and the resumption of breeding the following
spring (Davis et al. 1996). This result should be treated
with caution, however, because all the birds were
banded, and it has been observed that mortality in this
species associated with the first year of banding is at
least 28% (Ainley et al. 1983).

Sea-ice conditions

Adelie penguins are the only other species of penguin
that generally moults on sea-ice. One important advan-
tage Adelie penguins have over emperor penguins is
that their moult begins in early March, when fall tem-
peratures have declined to freezing levels and the sea-
ice has begun to expand. The floes that Adelie penguins
are likely to select for their moult are most likely to in-
crease in size and thickness rather than to decrease.

Direct observations of the area where emperor pen-
guins moult are rare because these regions are so
remote. The area within the Ross and Amundsen Seas
is exceptional because emperor penguin distribution
has been recorded several times as ships have tra-
versed the area on different research expeditions.
Most recently the RV ‘Nathaniel B. Palmer’ passed
through during the summer of 1998/1999 to study
pack-ice. In a very brief summary of some of the
observations in early January and February at the lat-
itudes of ~75 to 78° S and 150 to 166° W they noted:
(1) an air temperature range of –0.5 to –11.1; (2) wind
of calm to 13.9 m s–1; (3) cloud cover of 100% stratus
to clear; (4) ice thickness of new ice of 15 to 30 cm to
thicker old ice in the Bay of Whales. One of the days
when large numbers of penguins were sighted was 31
January at 74° S and 140° W. Numerous birds were
seen in various stages of moult on pack-ice, where the
coverage was 90%; most of this was 30 to 60 cm thick,
with a snow cover of 20 to 30 cm. The sky was com-
pletely overcast, the wind was 6.2 m s–1, and the tem-
perature ranged from –1.1 to –3.2. The most excep-
tional day was in Sulzberger Bay (~77° S, 150° W), on
which the birds were too numerous for the ship’s mate
to count while in transit (M. Watson pers. comm.).

For the first time, emperor penguins were seen
moulting in the Weddell Sea during January and Feb-
ruary of 1998 by 2 of us (S.F.A, E.C.H). The birds were
generally in small groups of 5 to 20 on pack-ice of
about 90% coverage. The floes were at least 100 m2,
and some larger floes (≥500 m2) carried 2 or more
groups of penguins, separated by several hundred
meters. Many moulting sites did not have birds pre-
sent, and appeared to have been used by only a few
birds. Moult areas (Table 2) were seen on floes as small
as 20 m2, and were located close to the southern edge
of the pack-ice massif in the western Weddell Sea. It is
notable that neither birds nor moult sites were ob-
served further north, where floes are vast (>2 km) and
the pack is nearly unbroken. In areas with moult sites,
both level and ridged ice-floe types were present; the
distinguishing characteristic of the floes that contained
moult areas was ridged ice: in a field of both level and
ridged floes, the birds invariably chose the ridged
floes. Ridges provide protection from the wind, and
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these floes are slower to disintegrate than level ice,
providing a more stable platform for the moult.

The year 1998 was one of unusually little pack-ice,
which allowed the research vessel to penetrate further
into the western Weddell Sea than ever before (Fig. 4).
Moult areas for the Weddell Sea colonies may be fur-
ther south and east in normal years. This would reduce
the distance necessary for birds to travel from some of
the colonies in this region. The present location shows
that the birds had to travel from 550 to 1400 km (Fig. 5).
The most distant colony from the Weddell Sea moult
area would be Atka Bay 1400 km to the east. There
may also be undiscovered colonies in the eastern Wed-
dell Sea that utilize this area as well. For example,
juveniles were seen in numbers on ice floes near Snow
Hill Island (64.5° S, 57.2° W) near the northern limit of
the Antarctic Peninsula (J. Chester pers. comm.). The
coats of these juveniles were still covered by 60%
down. We have noted at Cape Washington that once
birds with down enter the water, it matts and is rapidly
lost. This indicates to us that juveniles must have come
from a nearby colony.

With the exception of a group of 25 emperor pen-
guins seen by Ainley (unpubl. obs.) in pack-ice, the
birds were dispersed. In contrast, those seen by Ro-
bertson (pers. obs.) on solid fast-ice were congregated
in large numbers. A similar observation was made by
Wilson (1907), who claimed to have seen hundreds of
birds in a bay near Edward VII Peninsula. Other impor-
tant factors in the size of aggregations may be related to
the risk of predation, and also
guano contamination of the ice.
Large numbers of birds are more
easily detected and more attractive
to predators than single individu-
als on ice floes. In addition, the
guano deposit from a large num-
ber of birds on floes could con-
tribute significantly to the deterio-
ration of the ice. This would be less
of a problem on a large plate of
fast-ice such as observed by Wil-
son (1907) and by Robertson (pers.
obs.). Finally, based on the obser-
vations of this report and the
known late-season pack-ice re-
gions indicated by satellite im-
agery (Gloersen et al. 1992, Nicol
& Allison 1997), we propose that
other moulting areas around the
continent can be predicted. Fig. 5
indicates where other reliable
pack-ice areas in January and
February are found, and their dis-
tances from known colonies.
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