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SUMMARY

REID,T.A.,HULL, C.L., EADES, D.W., SCOFIELD, R.P. & WOEHLER, E.J. 1999. Shipboard observa-
tions of penguins at seain the Australian Sector of the Southern Ocean, 1991-1995. Marine Ornithology
27: 101-110.

L ocations of penguinsat seawere recorded during systematic observations carried out on voyages between
Hobart, Tasmania and Antarctica during 1991-1995. Two types of voyages were undertaken: five World
Ocean Circulation Experiment (WOCE) cruisesalong longitude 140° E; and two Antarctic and Heard | sland
exploratory fishing / re-supply voyages between Hobart, Heard Island and the Australian Antarctic Terri-
tory. Observations were carried out to describe the distribution of seabirds, including penguins, at sea. In
this paper penguin distribution has been described, along with an analysis of environmental variables asso-
ciated with the sightings, and an attempt was made to use these variables to predict penguin distribution.
Ten specieswere observed: Emperor Aptenodytesforsteri, King A. patagonicus, Adélie Pygoscelisadeliae,
Gentoo P. papua, Macaroni Eudyptes chrysol ophus, Royal E. schlegeli, Rockhopper E. chrysocome, Snares
Crested E. robustus, Fiordland Crested E. pachyrhychusand Little Eudyptula minor Penguins. The sightings
of Snares Crested and Fiordland Crested Penguins were unigque in the sector covered. Juvenile and adult
Emperor, Adélie and Macaroni Penguins were found in different sectors of the Southern Ocean. Latitude,
longitude, depth of water, salinity, sea surface temperature, ice cover and icebergs were recorded. Cluster
analysiswas used to predict penguin distribution, and compiled three groups. A discriminant function analy-
sisrevealed only moderate successin the allocation of speciesto these groups. This probably arose because:
1. the environmental variables measured were not good indicators of penguin distributions at sea; 2. the
sightings of penguinswere probably not always at foraging grounds, and penguins may have been en route
to foraging zones when observed; 3. the patterns of penguin distribution are not predictable at the scale of
analysis because they respond opportunistically to regions around their breeding sites; 4. penguins are not

congregating at specific areas.

INTRODUCTION

Penguins, like all seabirds, spend most of their lives at sea, but
research has been largely restricted to their breeding colonies
(Hay 1992). Only relatively recently have attempts been made
to redress the lack of information on their distribution at sea,
through observations aboard ships (e.g. Bretagnolle & Thomas
1990, Woehler et al. 1990, Veit et al. 1993), and more recently
using remote devices such as time-depth recorders (e.g. Hull
1997, K. Green unpubl. data), and transmitters to satellites
(e.g. Davis & Miller 1990, Jouventin et al. 1994, Kerry et al.
1995, Wilson et al. 1995). However, the data are still scant for
many species and sites, particularly during the non-breeding
season.

Thedistribution of seabirds at sea, including penguins, is often
correlated with aspects of the physical and biological environ-
ment, such as fronts (Ainley & Jacobs 1981, Abrams 1985,
Hunt et al. 1989, Schneider 1990), eddies (Haney &
McGillivary 1985, Abrams & Miller 1986, Haney 1986), ice

cover (Ainley & Jacobs 1981, Hunt 19914, Ainley et al. 1993),
prey behaviour (Obst 1985, Ainley et al. 1991, Hunt 1991a,b,
Veit et al. 1993), and the social behaviour of birds (Hunt
1988). The strength of these relationships varies with the scale
at which they are examined (Hunt & Schneider 1987).

Ship-board observation of the distribution of penguins at sea
fills gaps in the knowledge of foraging areas and how distri-
bution relates to physical and biological aspects of the envir-
onment. While land-based studies can examine aspects of bird
behaviour during the breeding season (or in the case of some
species, the non-breeding season), few data are available out-
side the breeding season for species that move a long way
offshore.

The purpose of this study was to describe: 1. the distribution
of penguinswithin the Australian and south-east Indian Ocean
sectors of the Southern Ocean; 2. the relationship between the
distribution of penguins and environmental variables, and how
effective the environmental variables were for predicting
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penguin distribution, which may assist in understanding
ecological specialisation of penguins; 3. the relationship
between the distribution of penguins and fronts; and 4. the
calculated distance the penguins travelled from assumed
breeding colonies.

METHODS

Datawere collected during seven cruises of the R.S.V. Aurora
Australis, a 7000-tonne class A Super-Icebreaker supply and
research vessel. Two types of cruiseswere undertaken (Fig. 1):
1. Exploratory fishing in the Australian Fishing Zone around
Heard Island (53°S, 73°E), and re-supply of Australian
Antarctic bases; and
2. Collection of oceanographic data for the World Ocean
Circulation Experiment (WOCE) and re-supply of Austra-
lian Antarctic bases.
Voyages for the WOCE cruises were conducted on a transect
at 140°E longitude from the south coast of Tasmania to
Dumont d’'Urville, Antarctica. Voyages were conducted in
January-March 1992 (fishing); August—October 1993 (fish-
ing); September—October 1991 (WOCE); March—May 1993
(WOCE); January—February 1994 (WOCE); December 1994—
January 1995 (WOCE); and July—August 1995 (WOCE).
WOCE transects could be used to examine aspects of penguin
distribution with respect to fronts, while other transects could
be used for more general distribution.

Continuous 10-minute counts were made of all seabirds dur-
ing daylight hours when the ship was steaming, using the 90°
forward quadrant (300-m band transect) according to the
method described by BIOMASS (1982). When the ship was
stationary, ten-minute 360° counts were made each hour
(Tasker et al. 1984). From these data, penguin records were
extracted. All counts were made from the internal bridge 13
m above sealevel and 20 m from the bow. Environmental and
oceanographic conditions were recorded concurrently (here-
after described as environmental variables).

Ten species of penguinswere observed: Emperor Aptenodytes
forsteri, King A. patagonicus, Adélie Pygoscelis adeliae,
Gentoo P. papua, Rockhopper Eudyptes chrysocome, Royal
E. schlegeli, Macaroni E. chrysolophus, Snares Crested E.
robustus, Fiordland Crested E. pachyrynchus, and Little
Eudyptula minor. Thelow numbers of Snares Crested, Fiord-
land Crested and Little Penguins precluded them from some
analyses. Age-related distribution (using three age categories;
adult, sub-adult and juvenile) was examined for four species
(Adélie, Emperor, Royal and Macaroni Penguins). Insufficient
data were obtained for the remaining six species.

Distance travelled to the point of observations was estimated
by measuring a gresat-circle course (shortest distance) to the
closest breeding location. Only sub-Antarctic species were
examined as there were insufficient reliable descriptions of
locations of breeding colonies along the portion of the Antarc-
tic coastline travelled (see Woehler 1993). The closest breed-
ing sitesfor penguinsin this sector of the Southern Ocean were
Heard and Macquarie Islands.

The following oceanographic variables were recorded at the
same time that penguins were seen: longitude, latitude, depth
of water, sea surface temperature (in °C), salinity, ice cover (in
tenths) and the presence/absence of icebergs. The association
of each species to the variables was examined separately by
X2 tests, and one-way ANOVAs and Tukey tests. In order to
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examine if the distribution of species could be predicted by
these variables, acluster analysis on variables was performed
and the ability of these to group penguins was trialled using
Discriminant Function Analysis (latitude and longitude were
excluded from these analyses as they were not environmental
variables and were significantly related to oceanographic vari-
ables).

To test whether penguins were observed in greater numbersin
areas with oceanographic fronts, the WOCE transect was
divided into blocks of 30 minutes of latitude. The total number
of penguins observed in each block was cal culated, and those
blocks containing fronts were identified from plots of seatem-
perature and salinity from data collected using a Current Tem-
perature Depth instrument. Log transformed penguin numbers
were tested for the complete transect, and for data north of
60° S (north of ice-edge effects).

RESULTS

The number of sightings of each of the 10 species of penguin
observed are givenin Table 1. Asthere were observations that
did not include afull complement of environmental data, these
sample sizes are sometimes less than the total number of
observations of penguins. The locations of all penguins are
given in Figures 2 to 9. The association of each species to
environmental variablesislisted in Table 2.

Emperor and Adélie Penguins showed the most southerly
distribution, over the shallowest water with the lowest sea sur-
face temperature and salinity, and the highest ice cover and
incidence of icebergs. Amongst the sub-Antarctic species,
Gentoo Penguins occurred over the shallowest water, Royal
and Rockhopper Penguins occurred over the deepest water,
with Royal Penguins over warmer, but low salinity water.
Fiordland Crested, Snares Crested and L.ittle Penguins showed
the most northerly distribution, over the warmest and most
saline water. King and Macaroni Penguins occured in the mid-
range of most variables.

Distribution of different age classes
Emperor Penguin

Juvenile Emperor Penguins were recorded farther north (F; 5,
=46.05; P < 0.01), over deeper (F, ,,; = 36.83; P <0.01) and
warmer water (F 555 = 31.07; P < 0.01) than other age classes.
They were also found farther east than adults (Fpe; =338, P
< 0.05) and over water with less icecover than sub-adults
(F3.05, = 3.90; P < 0.05). All age classes were observed over
seawater with differing salinity, with juveniles in the most
saline water, and sub-adultsin the least saline (F, ,, = 29.87;
P <0.01).

Adélie Penguin

Adult Adélie Penguins were found farther south than non-
adults (Fy 45, = 25.97; P < 0.01). Non-adult Adelie Penguins
were recorded over deeper water than adults (F, 5, = 11.79;
P <0.01), with lessice cover (F, ,5,=4.87; P < 0.05). No dif-
ferences were noted in the seasalinity (Fy 94 =342,P>0.05)
or sea surface temperature (F, ,,, = 0.24; P> 0.05) (Table 3).

Macaroni Penguin

There were only records of juvenile and adult Macaroni



TABLE 1

Environmental variables for each species of penguin observed (mean + one standard deviation)

Species of penguin Longitude Latitude Water depth Sea surface temperature Salinity I ce cover | cebergs present
(number of sightings) (degrees) (degrees) (m) (degrees) (parts per thousand) (tenths) (% of observations)
Adélie (1101) 785+ 21.2 66.6 +1.2 835.8+ 773.6 -06+11 33.12+ 0.87 39+ 36 506 (46)
Emperor (158) 79.3x21.7 66.3+1.9 680.3 £ 766.6 0911 3295+ 1.01 49+ 34 72 (46)

King (13) 109.2 £ 36.0 522+14 2308.0 £ 1775.7 43+14 3390+ 0.24 0 0

Gentoo (18) 822+ 225 524+15 931.2 £ 1284.5 26+19 33.94 +£0.19 0 1(6)
Rockhopper (11) 133.7+£ 15.3 557+ 25 3212.8 £ 954.3 25+ 1.7 33.87 £ 0.15 0 0

Royal (27) 1434 £ 6.2 55.6 + 3.3 3273.0 £ 865.4 42+23 33.94+0.19 0 0

Macaroni (36) 815+ 9.0 53.8+ 28 2345.8 + 1846.9 25+1.1 33.85+ 0.23 0 9 (25)
Snares Crested (1) 142.4 52.7 2020 5.8 33.76 0 0

Fiordland Crested (2) 1405+ 7.8 495+ 0.7 3577.0 £ 608.1 8.8+04 33.98 £ 0.09 0 0

Little (1) 144.7 44.9 2796 14.6 35.10 0 0

TABLE 2

Relationship of occurrence of penguinswith each individual environmental variable. Species arelisted in groups (those not mentioned showed no significant relationships).
Order of groupsfrom smallest valueto largest (e.g. coldest sea temperature to war mest, least icebergsto most). All F values with 9,1359 degr ees of freedom

Longitude Latitude Depth Sea temperature Salinity I ce cover | cebergs

Significance F =42.93; P<0.01 F=891.21; P<0.01 F =54.23; P<0.01 F =159.86; P<0.01 F =4.45; P<0.01 F = 16.55; P<0.01 X26 =57.84; P<0.01
Number of groups 4 3 4 2 3 3

1 Adélie, Emperor, King, Gentoo. Adélie, Emperor, Adélie, Emperor. Adélie, Emperor, All others. King, Rockhopper,

Macaroni, Gentoo. Gentoo. Royal. Royal.
2 King, Rockhopper. Rockhopper, Royal.  King, Macaroni, Gentoo, Rockhopper, Gentoo, Macaroni. Adélie. Macaroni.
Rockhopper. Macaroni.
3 Rockhopper, Royal.  Macaroni. Royal, Rockhopper.  King, Royal. Emperor. Adélie, Emperor.
4 Adélie, Emperor. Little, Fiordland.
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Fig. 1. At-sea transects.

Fig. 2. Locations of Emperor
Penguins.

O = Adults
d = Sub-adults
+ = Juveniles

= Unknown age

Fig. 3. Locations of King
Penguins.
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Penguinsin this study. Juveniles were recorded farther south,
(Fy 43 =225.37; P <0.01), in deeper (F, ,, = 9.67; P < 0.01),
warmer (F, ;3= 5.54; P < 0.05) and less saline (Fy13=9.67;
P < 0.01) water than adults. No differenceswere noted in lon-
gitude (F, 153 = 0.15; P > 0.05).

Royal Penguin

Different age classes of Royal Penguins were not distributed
differently with regard to any of the variables: |atitude (F, ,
= 2.44; P > 0.05), longitude (F, ,; = 0.76; P > 0.05), depth
(Fy04 = 1.77; P> 0.05), sea temperature (F, ,5 = 2.28; P >
0.05), or salinity (F,5=0.28; P>0.05).

Cluster analysis

The cluster analysisidentified three groups of environmental
variables. The allocation of speciesto these groupsisgivenin
Table 4, and details of the associated environmental variables
in Table 5. The general patterns were as follows:

Group 1. Warmer and deeper water, containing most Royal
and Macaroni Penguins;

Group 2. Deep, cold water, and icebergs, with no speciesbeing
strongly associated;

Group 3. Cold, shallow water, with ahigher ice cover, contain-
ing Adélie, Emperor, Rockhopper and King Penguins.
Gentoo Penguins were evenly distributed between the first and
last groups.

Discriminant Function Analysis

The DFA was only moderately successful at describing the
distribution of species using the groups of environmental vari-
ables. It accurately assigned 34.8% of individuals to group
one, 5.2% to group two, and 83.5% to group three (overall
68.1%).

Fronts

During observations while conducting the WOCE transect,
359 penguins were observed; 160 of these were north of 60° S.
Penguins were found to be equally numerous in 30-minute
blocks in the presence or absence of fronts, over the total
length of the WOCE transect (F, 5, = 1.04; P > 0.05), and in
waters to the north of 60° S (F, , = 0.51; P > 0.05).
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Distanceto nearest breeding sites

The minimum distance to nearest breeding sites was signifi-
cantly different between the sub-Antarctic species (F, ;,4 =
8.52, P < 0.01). Gentoo and Macaroni Penguins were found
significantly closer to presumed breeding sites than were
Rockhopper, Royal, King and Fiordland Crested Penguins.
Rockhopper and Fiordland Crested Penguins were found the
most distant from presumed breeding sites (Table 6).

DISCUSSION

Although penguins spend most of their time at sea, there are
few dataon their distribution at sea. Further, few studies of dis-
tribution of seabirds at sea from shipboard surveys contain
records of penguins (e.g. Woehler et al. 1990). Therefore, much
of the published information on the distribution of penguins at
sea is from land-based studies (e.g. Weavers 1992, Davis &
Miller 1990, Robinson & Hindell 1996, Hull et al. 1997). Land-
based studies use radio- and satellite- tracking; these methods
cannot be used for long periods. Hence there are no dataon dis-
tribution during the non-breeding period. It is for these birds
that studies such as this of shipboard observations of the dis-
tribution of seabirds are most useful. During this study, many
birdswerelocated by their callswhile the vessel was on station.

The observations provide new records of these species at sea.
Snares Crested and Fiordland Crested Penguins were observed
around the sub-Tropical Convergence to the south of Tasma-
nia (Fig. 9) for thefirst time. Fiordland Crested Penguins are
regularly found visiting Tasmania, especially during winter,
whereas Snares Crested Penguins have been recorded in small
numbers around Tasmania (Woehler 1992a). The most south-
erly records of Little Penguins for this zone were obtained.
Little Penguins generally are not thought to travel far from
their breeding areas, either in the breeding or winter seasons
(Galeset al. 1990, Weavers 1992). At least 20% of Little Pen-
guinsreturn to their colonies every night (Marchant & Higgins
1990), and they are thought to not travel more than 20 km from
land. Adult Royal Penguinswere recorded up to 1561 km west
of Macquarie Island (Fig. 7), and were recorded over 1000 km
from the island at all times of year. Their foraging zones
change with the stage of breeding, with their maximum range
found as approximately 600 km in the Polar Frontal Zone

TABL

E3

Environmental variablesthat had significantly different relationshipswith different age classes of species

Ageclass (n) Latitude Longitude | cecover Depth Seatemperature Salinity
(mean +sd) (mean + sd) (mean + sd) (mean + sd) (mean + sd)

Adélie Penguin

Adult (342) 65.7 + 1.6 5.2+3.7 1381.2+1133.8

Non-adult (120) 64.9+1.1 4.4+3.2 1661.4+1080.0

Emperor Penguin

Adult (57) 66.4+1.6 113.3+29.9 5.5+3.5 1378.0+1174.2 -1.3+0.9 33.44+0.21

Sub-adult (5) 65.0+1.3 115.0+26.3 7.4+2.6 109.0 -1.5+0.2 32.44+0.81

Juvenile (8) 60.4+3.1 140.9+3.2 2.3+4.2 3000.0+843.1 2.0+25 33.88+0.03

Macaroni Penguin

Adult (8) 52.5+0.9 2652.6+1551.6 1.4+1.2 34.11+0.18

Juvenile (7) 58.1+0.4 4485.4+155.4 2.6+0.6 33.84+0.07
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(Hull et al. 1997). However, Woehler et al. (1990) recorded
Royal/Macaroni Penguins at a similar distance from Mac-
quarie lsland, and Royal Penguins have also been recorded in
Tasmania (mostly between February and April), approxi-
mately 1500 km north of Macquarie Island (Woehler 19923).

Macaroni Penguinswere recorded up to 1400 km east of Heard
Island during the current study, greater than the 300 km found
for birds late in the chick-rearing stage at Marion Island
(Brown 1987). The distant records of Macaroni Penguinswere
either adults in late September/early October, or juvenilesin
late March. These periods areimmediately before and after the

Marine Ornithology 27

widely distributed, and farther south (Fig. 6) than previously
assumed (Scott 1994), with records of birds south to 60°53'S.
Previous studies showed that breeding Rockhopper Penguins
at Macquarie Island moved up to 400 km from their colonies
(Hull 1997). At Marion Island, they travelled up to 157 km
from the colony (Brown 1987). In the cluster analysis of the
data from this study, Rockhopper Penguins were found to be
associated with Antarctic penguins, which appears a spurious
result. It isimpossible to determine the breeding status of these
birds, although all of the southerly records were between July
and October, before breeding commences. This shows the
necessity for at-seadistributional datato be viewed in conjunc-

time of breeding. Rockhopper Penguins were found to be

TABLE 4

Allocation (%) of speciesto the three environmental groups
derived from cluster analysis

Species of Group 1 Group 2 Group 3
penguin

Emperor 7.6 5.0 87.4
King 7.2 7.1 85.7
Adélie 9.8 12.1 78.1
Gentoo 52.6 0.0 47.4
Rockhopper 8.3 16.7 75.0
Royal 85.7 10.7 3.6
Macaroni 77.8 222 0.0

TABLE 5

Environmental variables associated with each category derived
from the cluster analysis (mean + standard deviation)

Variables Group 1 Group 2 Group 3

Seatemperature 1.1+2.8 -0.5£1.6 -0.5+1.2

Salinity 33.1+4.3 33.1+0.8 33.1+0.9

Depth 3164.6+649.8 1468.4+336.8 474.1+196.1

Icebergs 0.6x0.7 1.6+£0.7 0.6x0.8

Ice cover 2.2+3.3 2.8£3.2 4.2+3.7
TABLE 6

Distances of penguinsto their closest presumed breeding sites

Species Mean +sd. Number Range

(km) (km)
King Penguin 752.9+905.5 15 16-2257
Gentoo Penguin 215.3+325.5 17 17972
Macaroni Penguin 573.0+488.2 38 16-1366
Rockhopper Penguin 1152.1+297.6 15 805-2142
Royal Penguin 913.2+292.0 36 274-1562
Snares Crested Penguin 1528.9 1 1529
Fiordland Crested Penguin  2052.0+398.3 2 1770-2334
Little Penguin 133.0 1 133

tion with land-based studies.

King Penguins had the greatest recorded range of dis-
tances from breeding islands, with birds observed up to
2300 km from the closest breeding island, south of
Western Australia. They were recorded over warmer
water than most species. They are considered the most
pelagic of the penguins, foraging in the Polar Frontal
Zone 300-500 km from their colonies (Adams 1987,
Jouventin et al. 1994). Gentoo Penguins had the least
mean distance from their presumed breeding location,
but were recorded up to 972 km away. The distant
sightings were of one sub-adult during January, and
unaged birdsin March and April. Most sightings were
near or over the shelf around Heard Island, with only
two sightings in the deep water to the east. Gentoo
Penguins are generally considered to be inshore forag-
ers, feeding within 40 km of colonies (Adams & Wilson
1987), and on average foraging 5 km away (Robinson
& Hindell 1996). Juvenile Emperor Penguins were
sighted well north of theice edge (at 56° 26'S) between
late January and late March, over deeper and warmer
water (up to 4.2°C), suggesting they were dispersing
some distance from natal colonies (Figure 2). Satellite-
tracking of juveniles has shown similar dispersal pat-
terns (Kooyman et al. 1996). These records are farther
north than has been recorded in this sector previously
(e.g. Woehler et al. 1990), and accord with land-based
sightings listed in Woehler (1992a). Female Emperor
Penguins forage over open water over the continental
shelf about 100 km from colonies during winter (Kirk-
wood & Robertson 1997). Only one Adélie Penguin
was observed north of 63°Sin this study. During breed-
ing, Adélie Penguins are generally recorded asforaging
close to their colonies over the continental shelf and
within 25 km of colonies, but females can range up to
272 km during incubation (Davis & Miller 1990, Kerry
et al. 1995). During winter they travelled 1500 km north
from colonies, possibly to common over-wintering
grounds (Davis et al. 1996).

Several interesting observations were made during this
study. Pre-breeding birds of both Antarctic species, but
especially the Emperor Penguin, moved much farther
north than did adults; juvenile Macaroni Penguins rap-
idly dispersed well to the east of Heard Island after
fledging; Rockhopper, Royal and Gentoo Penguins
were all observed much farther from land than land-
based studies had indicated; while Fiordland Crested
and Snares Crested Penguins were observed near the
Sub-tropical Convergence Zone to the south-west of
Tasmania.

The locations of different age classes of some species
suggested that juveniles and sub-adults were dispersing
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Fig. 4. Locations of Adélie
Penguins.

O = Adults
U = Non-adults
A = Unknown age.

Fig. 5. Locations of Gentoo
Penguins.

Fig. 6. Locations of
Rockhopper Penguins.
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Fig. 7. Locations of Royal
Penguins.

Fig. 8. Locationsof Macaroni
Penguins.

O = Adults
0 = Sub-adults
+ = Juveniles

= Unknown age

Fig. 9. Locationsof Penguins:
Fiordland Crested ( ),
Snares Crested (1) and
Little (Q).
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into different regions than the adults. The northerly records of
juvenile Emperor Penguins indicate that pre-breeding birds
disperse morewidely than previously supposed, thereby lead-
ing them to interact with a greater number of ecosystems
(Kooyman et al. 1996). Juvenile and sub-adult Adélie Pen-
guins were observed farther north than adults, with juveniles
in water with less ice cover. Nevertheless, in this study they
did not move as far north as Emperor Penguins. Although
adult Macaroni Penguins have been previously recorded sev-
eral hundred kilometres from breeding sites (Stahl et al. 1985,
Woehler et al. 1990, Woehler 1992b), the distribution of
juveniles at sea has not been described. In this study, juveniles
were observed 1314 km east of Heard Island over the Ker-
guelen Plateau during March, in deeper, warmer and less
saline water than adults.

Gentoo and Macaroni Penguins were recorded closer than
Royal and Rockhopper Penguinsto breeding grounds. Gentoo
Penguins are recognised as inshore feeders (Adams & Wilson
1987, Robinson & Hindell 1996), whereas Royal, Macaroni
and Rockhopper Penguins are offshore feeders (Horne 1985,
Cooper & Brown 1990, Sadlier & Lay 1990, Scott 1994). In
addition, there were differencesin the distance birds moved to
foraging grounds between different breeding islands. This
most likely reflects differencesin oceanographic conditions at
different breeding sites, and probably differences in the
distribution of their prey species (Hindell 1988). Some of the
species disperse during the non-breeding season (Macaroni,
Royal and Rockhopper Penguins), whereas others remain at
their breeding sites (e.g. Gentoo Penguins). Therefore, there
is probably a seasonal component to the location of foraging
grounds that differs between species.

The species have been associated with different combinations

of environmental variables. Longitude and latitude resulted in

fairly predictable associations. There were three main groups:

1. Antarctic penguins — being the most southerly and in the
area of Prydz Bay, comprising Adélie and Emperor
Penguins;

2. Heard Island, comprising Macaroni and Gentoo Penguins,
and

3. Macquarie Island penguins, consisting of Royal and Rock-
hopper Penguins. King Penguins were observed in equal
proportions at Heard and Macquarie islands.

Theinability to split the species of penguins from these envi-
ronmental variables indicates that species are not responding
to the measured variables in a predictable manner. The three
groups distinguished by the cluster analysis consisted of one
group dominated by the Antarctic penguins, and the other two
with a spread of species. The DFA was quite successful in
assigning species to group three, but was not very successful
in assigning species to groups one and two. There were also
someinaccuracies with King and Rockhopper Penguins being
assigned to the Antarctic group. This inability to predict the
distribution of species of penguins from environmental vari-
ables may have arisen from small sample sizes (especially of
sub-Antarctic species). Therefore, while the data can reason-
ably separate the Antarctic penguins, the others fall into
unsatisfactory groupings. Other problems that may decrease
the ability to predict the distribution of penguinsinclude fac-
tors such as the different observability of some species (e.g.
Antarctic vs non-Antarctic species; also Mochizuki & Kasuga
1985), whether penguins observed were foraging or in transit
(Veit et al. 1993), and, for breeding adults, the oceanic habi-
tatsaround their breeding colonies. For example, Heard Island
has a wide shelf to the north-east (where many shipboard
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observations were carried out), whereas Macquarie Island is
on a narrow ridge, hence the feeding opportunities could be
expected to differ between sites.

Penguinswere not observed to be more numerousin areas with
oceanographic fronts, despite several studies indicating that
penguins forage in frontal areas (e.g. Jouventin et al. 1994,
Hull et al. 1997). This suggests that either penguins observed
were not responding to oceanographic fronts, or, morelikely,
there were insufficient data to determine correlations with
fronts.
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