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Abstract: As part of the multi-disciplinaryproject, Antarctic Marine Ecosystem Research at the Ice Edge
Zone (AMERIEZ), habitat selection by marine mammals was investigated within the marginal ice zone in
relation to measured ice variables and other environmentalfactors. Data were collected on three cruises to
the southern Scotia and northern Weddell seas during spring 1983, autumn 1986, and winter 1988. During
winter, Antarctic fur seals were significantlyassociated with drift, pancake, brash ice, icebergs,and areas of
uneven floe distribution, all characteristic of the marginal ice zone. Fur seals were seen in open water close
to the ice edge during autumn, but during spring, as the pack ice began to retreat rapidly, animals were seen
more often away from the ice. Minke whales were also associated with pancake and new ice but were seen
further into the pack ice during both winter and autumn. The largest groups of minke whales during winter
were observed with a large krill swarm in new ice. Crabeater seal was exclusively a species of the deep pack
ice during all seasons and was associated with ice cover of 7-8 oktas and evenly distributed ice floes.
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Introduction

Methods

A broad integrated approach to the relationship between
higher vertebratesand the marine environmentis important
for the Antarctic and other communities. Most observations
of higher vertebratesin the Antarctic are made in one habitat
type, such as open water or the pack ice (e.g. Gilbert &
Erickson 1977,Butterworth &Best 1982). Rarely has there
been an effort to bridge more than one marine habitat
simultaneouslydue to the conflictingconstraintsthat ice and
open water place on ship operations. The project, Antarctic
Marine Ecosystem Research at the Ice Edge Zone (AMEREZ),
is a large multi-disciplinary investigation of the seasonal
dynamics of the marginal ice zone including operations
within the ice and the open water (Ainley & Sullivan 1984,
Sullivan & Ainley 1987, Ainley & Sullivan 1989). Our
componentof the project was to investigate habitat choice,
as defined by ice characteristics and other environmental
variables, by higher vertebrates and any seasonal changes
that occurred (Fraser & Ainley 1986). We initially hypothesued
that (1) the ice edge was a region that separated two distinctive
communities of vertebrates and that (2) the abundance of
organisms should increase at the ice edge due to enhanced
production (Smith & Nelson 1985). The objective of this
paper is to report the relationship between marine mammals
and the environmentalvariablesthat affected their occurrence
patterns in the vicinity of the pack ice edge.

Three cruises were made on research vessels in the northern
Weddell and southern Scotia seas, between 57" and 63" S
and 35" and 54" W, during November (spring) 1983, March
(autumn) 1986, and July-August (winter) 1988 as part of
AMERIEZ (Fig. 1). This area is known as the Scotid
Weddell Confluence. Cruise tracks were designed to gain a
synoptic picture of oceanographic features; hydrostations
were spaced at 15km intervals. Further details can be found
in Ainley & Sullivan (1984), Sullivan & Ainley (1987), and
Ainley & Sullivan (1989).
Strip transectswere conducted with a 300 m strip width for
pinnipeds and an 800 m strip width for cetaceans (Ainley et
al. 1984, Ainley 1985). Strip widths were periodically
checked using radar and a range finder. All mammals were
counted in the strip, from the side of the ship with the least
glare, whenever the ship was moving at speeds greater than
6 knots. In 1983,censuses were conducted for 30 min every
hour. In 1986 and 1988, censuses were also conducted at
intervals of 30 min, sometimes consecutively. Observations
were made by two observers,scanning simultaneously,from
the bridge or bridge wings, 10-15 m above sea level.
Environmental variables were measured at the start of each
30 min period. If ice conditions changed dramatically, the
census period was terminated prematurely and another begun.
Censuses were not made when visibility was less than
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to be achieved. The test with the largest P-value is reported
here.
For the nominal ice variables,we tested the null hypothesis
that the distribution of the variable where a speciesoccurred
was the same as the distribution of the variable where a
species did not occur using a x2 test with adjusted standardized
residuals (Haberman 1978). For the other variables, we
tested the null hypothesis that the medians of the environmental
variable where a species was seen and was not seen were the
same with a Mann-Whimey U test corrected for ties (Conover
1980) (a= 0.05). The statistical package used was SPSSPC+ (Norusis 1988).

64"

66"
68"

Fig. 1. Outlines of the AMERIEZ study areas for the three
cruises made during spring 1983, autumn 1986, and winter
1988. Lines midway in each study box demarcate the ice edge
with pack ice being to the south (1983, 1988) or west (1986).
All latitudes are south latitudes and all longitudes are west
longitudes.

800 m nor when, in open water, winds exceeded25 knots. In
1983, 1986, and 1988,39.4%,53.7% and 51.1%,respectively,
of the censuses were made in winds less than 15 knots.
To facilitate comparisonswith the 1983data,a transect in
1986 and 1988 was defined to be the area traversed in
30 min. Average area Surveyed per 30 min transect using a
300 m strip width was 2.8 km2in 1983,and 2.4 km2in 1986
and 1988.
We divided the censuses into ice and open water sets.
When a group of animals was seen, we recorded number of
animals and, where possible, age and sex composition. We
tested for differencesin group sizes in the ice versus the open
water with the median test and an alpha level of 0.05
(Conover 1980).
The following environmental variables were recorded at
the beginning of each half hour of censusing: depth to ocean
floor (m), sea surface temperature("C), salinity (ppt), dismcc
to ice edge (measured relative to the ice edge in km: negative
distances for transects in the pack ice and positive distances
for transects in open water), ice cover (oktas), ice pattern
(even or uneven distribution of floes), ice type (pack ice,
icebergs, shore ice, fast ice, drift ice, new ice) and ice form
(small floes, brash ice, pancake ice, ice of land origin).
In order to compare areas where a species was seen and
where a species was not seen, the 30 min. transects were
used. Since continuous-timetransects broken into 30 min.
segments are not independent,we divided the 1986and 1988
data into two sets. The first set consisted of all censuses
made on the hour, and the second consisted of all censuses
made on the half hour. The average distance between
censuses was 9 km in 1983, and 8 km in 1986 and 1988.
Identical analyses were made on the two data sets, and both
test P-values had to be less than an a of 0.05 for significance

Results

Autumn 1986
Total area surveyed was 741 km2 (based on a 300 m strip
width); 90% of the area was in open water and 10%was in
the ice. The most common mammalian species seen were
minke whale (Balaenoptera acutorostrata Lackppbde) (3 1
groups), Antarctic fur seal (Arctocephalus gazeffaPeters)
(27 groups), and crabeater seal (Lobodon carcinophagus
Hombron and Jacquinot) (42 groups). Leopard seals (Hydrw;qa
leptonyx Blainville) were rarely seen (7 groups).
Except for one group of 18, minke whales were generally
seen in small groups (median = 2 whales per group, X = 2.6
whales per group, se = 0.5, n = 31 groups) whether in the
open water ( n = 23 groups) or in the ice ( n = 8 groups)
(T = 0.72, P > 0.50). The whales were seen significantly
more often in new ice (x2 = 14.9, df = 4, P = 0.005) and
pancake ice (x2 = 11.9, df = 4, P = 0.02), as well as in areas
of cooler waters (T = -1.03 "C, se = 0.15, n = 23) compared
to areas where it was not seen (jz = -0.72 OC, se = 0.05,
n = 217) (Z = 2.45, P = 0.01) (Table I).
Fur seals, almost all male on the basis of size, generally
occurred in small groups or as solitary animals (Z= 1.9
animals/group,se = 0.2, median = 1 animalper group, n = 27
groups); group size did not vary between open water ( n = 20
groups) and the ice ( n = 7 groups) (T= 0.10, P > 0.50). All
the fur seals were seen on ice floes during the open water
censuses (not so during other seasons, see below). When the
ship was in ice, 85% of the groups were seen on the ice and
15% were in the water.
Fur seals were not associated with any ice variable (all
tests, P > 0.10) though when seen in the ice, animals tended
to occur in brash ice (Table I). The species was seen in areas
significantly closer to the ice edge (X = 63.4 km, se = 30.6,
n = 19) (Z = -2.9, P = 0.004) and in more shallow waters
(T= 2899.3 m, se = 172.0, n = 19) (Z= -3.1, P = 0.002)
compared to areas where not seen (ice edge: X = 20 1.3 km,
3729.3 m, se = 69.9,
se = 14.6, n = 21 1; ocean depth: i=
n = 21 1).
Crabeater seals were seen in small groups (median = 2
seals per group, f = 2.5 seals per group, se = 0.4, n = 42
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groups) with similargroup size in open water (n= 14 groups)
andinice(n=28groups)(T=0.21,P ~ 0 . 5 0 ) When
.
theship
was in open water, 78.6% of the seals were seen on ice floes;
21.4% in the water. When the ship was in ice, 92.8% of the
seals were seen hauled out on ice floes with 7.1% in the
water,
Crabeater seals were associated with heavy ice cover
(x2 = 13.1,df = 3, P = 0.004)and pack ice (x2= 11.1, df = 4,
P = 0.03) characterized by ice floes (x2 = 19.2, df = 5,
P = 0.002) with a regular pattern (x2= 7.9, df = 2, P = 0.02)
(Table I). This species was seen further into the pack ice
(X = -26.3 km, se= 14.2, n = 19) (Z=-4.2, P < 0.001) and in
areas of more shallow oceanic depths (3= 2948.5 m, se = 82.0,
n = 19) (Z= -2.8, P = 0.004) and cooler temperatures
(Z= 1.56 "C, se = 0.06, n = 19) (Z= -4.2, P < 0.001)
compared to areas where it was not seen (ice edge:
X = 210.8 km,se= 14.3,n=209;oceandepth:i=3725.0m,
se = 71.3; temperature: X -0.68 "C, se = 0.05).

Table I. Percentage of sightings of Antarctic fur seals, minke whales, and
crabeater seals for ice cover, pattern, type, and form for transects where
animals were seen and not seen during autumn 1986. n = number of 30
min. transects, * = categories where the value in the seen category is
significantly higher (a=0.05) than the not seen category using residual
analysis

Winter 1988

Total area surveyed was 581 km2 (based on a 300 m strip
width); 54% of the area was in open water and 46% was in
ice. The most common species seen were Antarctic fur seal
(76 groups seen), minke whale (21 groups), and crabeater
seal (19 groups). Leopard seals were rarely seen (6 groups).
Fur seals were observed in small groups or as solitary
animals (Z = 3.3 animals/group,se = 0.7, median = 1 animal
per group, n = 76 groups); although groups larger than 10
animals were occasionally seen (size: 14-35, n = 5 groups).
This species was seen in the same size groups in open water
(n = 56 groups) as in ice (n= 20 groups) (T= 0.03, P > 0.50).
On the basis of size, almost all individuals were male. When
the ship was in open water, all of the fur seals were seen in
the water. When the ship was in ice, 32.7% of the fur seals
were seen in the water while 67.2% were seen on ice floes.
The species was seen significantlyless often in open water
(27.5%) and more often in ice cover of less than 6 oktas,
specificallyin oktas 1 and 5 (x2= 15.9, df = 3, P = 0.001), in
areas with uneven floe distribution (x2 = 15.8, df = 2,
P < 0.001), in drift ice and near icebergs (x2= 21.3, df = 4,
P < 0.001), and in pancake and brash ice (xz= 23.8, df = 4,
P < 0.001) (Table 11). Fur seals were seen significantly
closertotheiceedge(z=-2.2km,se= 5.1,n=40)(Z= -2.4,
P = 0.015) and in cooler waters (F = -1.05 "C,se = 0.1 1,
n = 40) (Z= -1.9, P = 0.06) compared to areas where
animals were not seen (ice edge: X = 19.1 km, se = 4.2,
n = 205;temperature: 3 = -0.33 OC,se = 0.11, n = 205).
Nearly all (90.5%)minke whale sightingsoccurred within
the pack ice. The whales were seen in small groups (medii= 2
whales per group, X = 8 whales per group, se = 3.2, n = 21
groups) although three large groups (15,25, and 65 whales
per group) were seen near areas where densities of krill were
observed hydro-acoustically (K. Daly & M. Macauly,personal
communication 1989).

Antarctic fur seal
not
seen
seen
Variable

minke whale
not
seen
seen

n=221

n=19

n=217

cover:
open water
1-3 okta
4-6 okta
7-8 okta

48.9
30.3
4.1
16.7

52.6
21.1
0
26.3

49.8
28.1
4.1
18.0

43.5
43.5
0
13.0

51.1
30.3
3.2
15.4

26.3
21.1
10.5
42.1*

pattern:
open water
even
uneven

48.9
17.6
33.5

52.6
10.5
36.8

49.8
15.7
34.6

43.5
30.4
26.1

51.1
15.8
33.0

26.3
31.6*
42.1

type:
open water
new ice
pack ice
drift ice
icebergs

45.0
3.6
23.1
23.1
1.4

52.6
0
21.1
26.3
0

49.8
23.5
23.5
1.4

43.5
17.4'
17.4
21.7
0

51.1
3.6
20.4
23.5
1.4

26.3
0
52.6*
21.1
0

48.9
12.2

52.6

0

49.8
11.1

43.5
13.0

51.1
12.2

26.3
0

4.1
6.3
27.1

0
21.1
26.3

1.8
8.3
27.6

21.7*
0
21.7

4.1
7.7
23.5

0
5.3
68.4*

0

1.4

0

form:
open water
ice of land
origin
pancake ice
brash
small and
medium floes
fast ice

1.4

1.8

n=23

crabeater seal
not
seen seen
n=221

1.4

n=19

0

Minke whales were seen significantly more often in ice
13.5,df=3,P=O.O04),inareaswith
coverof7-80ktas(~~=
even floe distribution (x2 = 12.4, df = 2, P = 0.002), in new
ice (x2 = 14.7, df = 4, P = 0.005), and in pancake ice
=
22.3, df = 4,P < 0.001) (Table 11). The species was seen in
areas of cooler waters (Z = - 1.59 "C, se = 0.16, n = 15) and
further into the pack ice (3 = -41.7 km, se = 8.4, n = 15)
(Z= 3.6, P < 0.001) compared to areas where it was not
seen (ice edge: X = 18.9km, se = 3.8, n = 230; temperature:
X = -0.38 "C, se = 0.10, n = 230).
All sightings of crabeater seals occurred within the pack
ice. The species was seen in small groups (median = 2 seals
per group, K = 3.8 seals per group, se = 1.3, n = 19 groups)
although two large groups were seen (12 and 25 seals per
group). When observed, 36.8% of the groups were in the
water; 63.2% were hauled out on ice floes.
Crabeater seals were associated with heavy ice cover
(x2 = 16.0,df=2,P=O.OOl),anevenicepattem(~~=
11.2,
df = 2, P = 0.004)(Table 11), in pack ice (xz= 16.9, df = 4,
P = 0.002) and on ice floes (x2 = 13.1, df = 4, P = 0.01).

(x2
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Table 11. Percentage of sightings of Antarctic fur seals, minke whales,
and crabeater seals for ice cover, pattern. type, and form for transects
where animals were seen and not seen during winter 1988. n = number of
of 30 min. transects, * = categories where the value in the seen category is
significantly higher (a= 0.05) than the not seen category using residual
analysis, and = category not seen.

Variable

Antarctic fur seal
not
seen
seen
n=205 n=40

minke whale
not
seen
seen
n=99
n=14

crabeater seal
not
seen seen
n=102 n = l l

cover:
open water
1-3 okta
4-6 okta
1-8 okta

60.5
8.8
15.6
15.1

21.5
20.0*
35.0*
17.5

27.3
42.4
30.3

14.3
28.6
57.1*

28.4
42.2
29.4

pattern:
open water
even
uneven

42.4
20.5
37.1

2.5
30.0
67.5*

3.O
36.4
60.6

0

64.3*
35.1

2.9
35.3
61.8

0
81.8*

type:
open water
new ice
pack ice
drift ice
icebergs

42.4
11.2
22.9
19.0
4.4

2.5
15.0
35.0
32.5*
15.0*

3.0
22.2
53.5
21.2

0
50.0*
42.9
1.1

2.9
25.5
50.0
21.6

0
21.3
72.7*

42.4
6.3

2.5
15.0

3 .O

0

2.9

0

5.9
19.5
12.2
13.7

25.0*
37.5*
17.5
2.5

16.2
27.3
28.3
25.3

42.9*

18.6
26.5
28.4
23.5

21.3

form:
open water
ice of land
origin
pancake ice
brash
small floes
medium and
large floes

0
28.6
28.6

0

27.3
72.1*

18.2

0

0

21.3
45.5*

Crabeater seals were seen further into the pack ice
(X = -37.6 km, se= 5.4, n = 11) (Z=-3.1, P = 0.002) and
in areas of cooler waters (z = -1.56 OC, se = 0.16, n = 11)
(Z= -3.2, P = 0.001) compared to areas where seals were
not seen (ice edge: 3 = 18.1 km, se = 3.7, n = 234;
temperature: X = -0.40 “C, se = 0.10, n = 234).
Spring 1983
Total area surveyed was 579 km2 (based on a 300 m strip
width): 96% of the area was in open water and 4% in the ice.
A presentation of tabular data is not given because few
mammal species were seen. The most common species seen
were Antarctic fur seal (17 groups seen) and crabeater seal
(11groups),followedbyminkewhale(6groups)andleopard
seal (4 groups).
All sightings of fur seals occurred in open water, and on
the basis of size, most individuals were males. Fur seals
were primarily solitary (88% of sightings were of solitary
animals, n = 17 groups). When seen, 17.6% of the fur seals
were hauled out on ice floes; 82.3% were in the water. Fur

seals were seen in areas of deeper waters (3 = 3335 m,
se = 266, n = 12) (Z= -2.2, P = 0.03) compared to areas
where animals were not seen (Z= 2643 m, se = 81, n = 122).
Discussion
During winter, the three abundant marine mammal species
in our study area were clearly associated with ice. Antarctic
fur seals were seen mainly along the pack ice edge. Fur seal
associations with ice cover of 1 and 5 oktas probably
reflected the dynamic aspects of the zone as the ice edge
alternately advanced and retreated due to freezing (5 oktas)
or thawing (1 okta) events. In either case, fur seals occurred
mainly in brash and pancake ice where floes weredistributed
unevenly,conditions characteristicof the marginal ice zone.
During autumn, fur seals were seen close to the ice edge,
mainly in open water. This may have been due to the fact
that in 1986 the marginal ice zone was extremely narrow,
and ice floes were closely spaced only a few kilometres into
the pack (Sullivan & Ainley 1987).
There is little previous information available on the pelagic
distribution of Antarctic fur seals. During winter 1987,
Fraser et al. (1989) found large groups of fur seals in
marginal ice on the western side of the Antarctic peninsula
and Ensor & Shaughnessy (1990) observed small groups of
fur seals over a small rise in the shelf on the Kerguelen
Plateau. Until now Antarctic fur seals have not been
considered among the “ice seals” of the Antarctic (e.g.
Siniff 1981),but clearly pack ice is importantto the species.
We hypothesize that fur seals are attracted to the marginal
ice zone by the enhanced productivity of the food web
community that occurs there (e.g. Smith & Nelson 1985),
and that hauling out on ice floes in the marginal ice zone
reduces the threat of predation. On two occasions we
observed fur seals quickly hauling onto ice floes as killer
whales (Orcinus orca Linnaeus) moved along the ice edge.
Ice floes,particularly the larger ones, afford seals protection
from predation (cf. Smith et al. 1981). The fact that most of
the fur seals seen in the present study were males is consistent
with the observationof Vergani & Coria (1989) whoreported
that males predominantly haul out at the nearby South
Orkney Islands, which are within our study area (Fig. 1).
In all seasons of our study, minke whales were associated
with new ice and pancake ice, which arecharacteristicof the
marginal ice zone. During winter we had little chance to
survey the interior pack ice, but in the 100km wide marginal
ice zone, we observed much freezing, thawing, and refreezing
of surface waters (Ainley & Sullivan 1989). Thus, new ice
was the most frequently encountered ice type. Ichii (1990)
concluded that during the summer topographic features of
the continental shelf, as well as sea ice, affected the distribution
of this species. During the summer, Leatherwood et al.
(1982) measured sea surface temperature and water depth
and commented that the majority of minke whales were seen
along the ice edge and not in open water. Naito (1982) found
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that minke whales during summer were most common near
the ice, in areas of light ice cover, or in open water within the
ice. Taylor (1957), finding a large group of minke whales
trapped in sea ice off Graham Land in late autumn, suggested
that the whales had been attractedto an unusual concentration
of krill in the area. We hypothesize that, as in the case of
Antarctic fur seals, the presence of minke whales was
increased due to the enhanced productivity along the ice
edge (see also Ichii 1990).
Mean group size reported here for minke whales in the
pack ice during the winter is larger than any previously
reported values. We did not close on the schools to confirm
school size (Butterworth & Best 1982) so the means in our
study are underestimates. Whether the whales were clumped
for ecological rather than social reasons is not known.
During summer,Naito (1982) found larger mean pod sizes in
light ice conditions(5.3 whales per group)compared to open
water (3.9 whales per group). Other studies (Butterworth &
Best 1982, Leatherwood et al. 1982, Ainley 1985) found
mean school size to be about two whales per group, as we
found during autumn.
In contrast to the other species, crabeater seals occurred in
the interior of the ice pack, a habitat characterizedby dense
ice cover and regular distribution of floes. Unlike fur seals,
crabeater seals breed on the ice (Siniff 1981, Laws 1984),
and require larger, more stableand dependablefloes than are
available in the marginal ice zone.
Few animals were seen during the spring cruise, which
occurred during the breeding season,compared to the other
cruises. Antarctic fur seals were again seen mainly in open
water duringthe spring,but this time away from the ice edge,
perhaps because with the start of the breeding season individuals
would be moving toward land. In addition,the pack ice edge
was beginning to retreat rapidly by several km d-l (Ainley &
Sullivan 1984) and the animals may not have followed the
retreat closely. During the other seasons, the ice edge
position stayed in the same general area.
When assessinghabitat preference,potential biases due to
the sampling scheme must be considered in order to assess
whether the patterns seen were real or artifacts of the
sampling scheme. Potential biases in this study include (1)
weather conditions affecting sightability, (2) behavioural
changesof the speciesdue to habitat differences,specifically
dive times of the pinnipeds in open water, and (3) disparity
among the three different years regardless of season. The
observers in this study were experienced in observing animals
in the marine environment. The second and third authors
between them have made over 20 cruises in Antarctic
waters, censusing animals according to the methods described.
Thus the problems for inexperienced observers in sighting
animals,described by Ohsumi & Kasamatsu (1981), was not
a problem. Not seeing animals due to rough seas was also not
a problem because we restricted our censuses to periods of
calm weather when in open water. In the ice, rough seas do
not occur.
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Behavioural changes of the speciesdue to habitat differences
could be important if the changes are such that a majority of
animals are not sighted. This would be the case if the
pinniped species in our study had diving p a t m s like northern
elephant seals (Mirounga angustirostris Gill) (DeLong &
Stewart 1989)or southern elephant seals (Mirounga leonina
Linnaeus) (Hindell et al. 1989), where the majority of time
in the water is spent in long, deep dives. Antarctic fur seals
have shorter dive times, ranging from 2 4 min, depending
on depth of dive (Croxall et al. 1985, Fraser et al. 1989,
Kooyman et al. 1986). Crabeater seals appear to have
average dive times of 5 min (J. Bengtson, personal
communication 1990). Therefore, observing these two
pinniped speciesin open water does not appear to be a major
problem.
The seasonal differences observed could be yearly differences
because the three seasons were sampled in different years. If
the pack ice edge influences the structure of communities
(Ainleyetal. 1986,Ainleyetal. 1988),however,wepredict
that the patterns seen here will be found in future studies
within the Scotia/WeddellConfluence region, regardless of
year.
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