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Abstract In highly dynamic and unpredictable environ-
ments such as the Southern Ocean, species that have
evolved behaviors that reduce the effects of intra-specific
competition may have a selective advantage. This is
particularly true when juveniles face disadvantages when
foraging due to morphological or physiological limitation,
which is the case for many marine mammals. We tracked
the at-sea movements of 48 juvenile southern elephant
seals (Mirounga leonina) between the ages of 1 and
4 years from the population at Macquarie Island using
locations derived from recorded light levels. There were
significant differences in the total amount of the Southern
Ocean covered by the different age-groups. The younger
seals used a smaller area than the older seals. On average,
the younger individuals also made more trips to sea than
the older seals and did not travel as far on each trip.
Females spent more time at sea than males and there were
no significant differences between the total areas used by
male and females. In summary, younger seals remained
closer to the island at all times, and they spent more time
in more northerly regions that older seals. These differ-
ences in behavior created temporal and spatial segregation

between juveniles of different ages. Therefore, we suggest
that these temporal and spatial separations help to avoid
intra-specific competition for resources on land, space on
beaches, and at-sea foraging areas. Such modifications of
haul-out timing and behavior enable them to exploit a
patchy and unpredictable environment.

Keywords Intra-specific competition . Niche . Ontogeny .
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Introduction

For nearly half a century, niche theory has provided a
framework for explaining competition within ecological
communities and the mechanisms by which they function
(Pianka 1981; Bolnick et al. 2003). A major force in
driving community structure is derived from inter-specific
competition for resources (Schoener 1986); more recently,
intra-specific competition has been identified as a signif-
icant component in the evolution of niche width (Polis
1984). For many species, groups of individuals classed
according to age, sex and morphology exhibit significant
variation in foraging behavior and diet specialization
(Bolnick et al. 2003), or even through individual variation,
and all contribute to the definition of the species’ or
population’s niche width. An important component in the
evolution of population dynamics is phenotypic variation
within a population that occurs between age and sex
classes (Schoener 1986). Ontogenetic niche shifts (Wood-
ward and Hildrew 2002) have been proposed for many
species as the major component of total niche width
attributed to age/size structure (Warren 1996; Williams
and Martinez 2000; Bolnick et al. 2003).

Resource partitioning may function through interference
competition, or exclusion from resources or habitat as an
evolutionary trait of sexual selection (Polis 1984).
Although this usually increases a surviving individual’s
fitness, the resulting increase in competition may restrict
juvenile recruitment during times of resource limitation.
Therefore, ontogenetic shifts in morphology, habitat use
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and foraging behavior may promote population stability
more effectively over evolutionary time (Polis 1984). The
reduction of intra-specific competition through resource
partitioning has been observed for many species over a
range of spatial scales, especially when resources are
limited and environmental predictability is low (Perry
1996; Kato et al. 2000; Wikelski and Wrege 2000; Bowen
et al. 2002; Pearson et al. 2002; Bradshaw et al. 2003). For
example, size-specific resource partitioning in little brown
bats (Myotis lucifugus) correlates to shifts in habitat use
and diet with ontogenetic development (Adams 1996).

The distribution of biological resources within the
Southern Ocean is highly variable, unpredictable and
patchy (Constable et al. 2003). This variability and
pronounced patchy distribution may require marine spe-
cies to develop intra-specific niche specialization to
maximize the probability of securing resources for growth
and reproduction. Although some studies have documen-
ted ontogenetic and morphometric shifts in the diving
behavior of marine vertebrates, most have focused on
developmental physiology and behavioral aspects (Burns
1999; Baechler et al. 2002) rather than the ecological or
evolutionary function of these shifts. One recent study has
shown that, on a local scale, marine iguanas (Amblyr-
hynchus cristatus) have developed ontogenetic foraging
niches that increase probability of survival in an
unpredictable environment (Wikelski and Wrege 2000).

Southern elephant seals (Mirounga leonina) are wide-
ranging, deep-diving predators within the Southern Ocean
ecosystem that spend more than 80% of their annual cycle
at sea and are large consumers of fish and squid
(Bradshaw et al. 2003; Hindell et al. 2003). The popula-
tion of M. leonina at Macquarie Island has been declining
for reasons that are still unclear (Hindell et al. 1994),
though is most likely due to changes in food availability
and distribution (McMahon et al. 2004). Recently, it has
been shown that juvenile (1–4 years) survival is the most
important factor affecting the population rate of change
(McMahon et al. 2003). Thus, it appears that the potential
for ontogenetic shifts in foraging behavior and diet
through changes in morphology and physiology might
have important implications for the ecological dynamics of
this population in particular (Field et al. 2004; McMahon
et al. 2004). Until recently, knowledge of juvenile southern
elephant seals was restricted to studies of individuals
ashore (Le Boeuf and Laws 1994; Wheatley 2001). The
annual cycle of juveniles is unusual in that in addition to
the annual molt (November–January) it incorporates a
facultative mid-year time ashore (April–August), the
purpose of which is unclear; the possibilities include
physiological restrictions, parasite reduction and social
stimulation (Ling and Bryden 1981; Neumann 1999).
Another function could be that the mid-year haul-out may
have evolved as a by-product of intra-specific resource
partitioning through ontogenetic shifts in foraging ability.
The foraging ecology of southern and northern (M.
angustirostris) elephant seals has been studied extensively
(Slip 1997; Slip et al. 1994; Le Boeuf 1994; Stewart 1997;
Hindell et al. 1999) but only two studies have described

the at-sea movements of non-naïve (>1 year-old) southern
juveniles (van den Hoff et al. 2002; Field et al. 2004). For
both species, there are profound physiological and behav-
ior changes between juveniles and adults (Le Boeuf et al.
2000).

In this paper, we examine the foraging patterns of
juvenile southern elephant seals and test the hypotheses
that as juveniles mature: (1) the different age groups will
use different regions of the Southern Ocean through
differences in the haul-out patterns, durations of time spent
at sea, distances traveled, and the total area used by
individuals grouped according to age and sex; and (2)
individuals demonstrate fidelity to foraging areas that
reinforce spatial separation. Observed patterns of foraging
are discussed in light of the possible evolutionary
mechanisms responsible for ontogenetic resource parti-
tioning that may have occurred in a species demonstrating
some of the greatest horizontal and vertical movements of
any mammal.

Materials and methods

The southern elephant seal population at Macquarie Island
(158° 57′E, 54° 30′S) has been the focus of a long-term
mark-recapture demographic study since 1993 (McMahon
et al. 2003). We studied juvenile seals, of known age,
between 1 and 4 years old, and having no breeding
experience. Seals from 1 to 2 years are referred to as
“yearlings” and after that, as 2- or 3-year-olds.

We used temperature–light loggers (LL; R. Hansworth,
Kingston, TAS, Australia) and temperature–depth-recor-
ders (TDRs; Wildlife Computers, Redmond, USA) to
provide location data for the juvenile seals. The LL units
were 60×45×25 mm in size and had an 8-Mbit FLASH
memory for storage of data. Light and temperature data
were collected every 45 s. The temperature readings had a
resolution of ±0.2°C and a range of −12 to +31°C. The
TDRs used included Mk3, Mk5, Mk6 and Mk7 models
and measured temperature and light at the same sampling
interval as the LLs. All units weighed less than 350 g,
which represented <0.5% of the departure mass of the
smallest seal in the study (78 kg).

Forty-eight juvenile seals were equipped with TDRs or
LLs between 1999 and 2001 (16 in 1999–2000 and 32 in
2000–2001) encompassing 83 individual foraging trips.
Seals were caught as they were about to leave the island at
the end their annual molt. During captures all restraint and
disturbance to seals were kept to a minimum. Seals were
caught and anesthetized intravenously using prescribed
doses (Field et al. 2002) of tiletamine and zolazepam
(Telazol, Forte Dodge, Castle Hill, NSW, Australia).

Once anaesthetized, the LLs and TDRs were attached
by gluing them to the hair on the dorsal surface of the seals
between the shoulder blades using epoxy (Araldite 268,
Ciba Geigy). Over the study period, the beaches on and
near the northern isthmus of the island were searched daily
for marked individuals returning ashore to calculate the
haul-out patterns of these age groups and for individuals
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with data-logging units. The units were retrieved either by
capturing the seals when the seals returned to shore, or by
collecting the units from the beach after they were shed
during the molt. LL and TDR data also contributed to the
separation of the land and sea phases for the calculation of
haul-out patterns.

Estimation of location from light levels

At-sea locations were derived using geo-location software
(Multi-trace, Jensen Software, Germany) giving two
locations per day. These data were filtered to exclude
positions that would have exceeded the maximum distance
that could have been traveled (12.5 km h−1; Bradshaw et
al. 2002). During the equinox periods (4 March–14 April
and 30 August–14 October) estimates of longitude are
unaffected, but latitudes could not be estimated due to the
invariance of day length. We used linear interpolation of
latitude to the next most reliable location to provide an
estimate of the daily location. Daily positions were filtered
using a state-space Kalman location filter (Sibert et al.
2003). This time-dependent model of the variance in geo-
location estimates (Sibert et al. 2003) was used to provide
realistic estimates of in situ movement parameters from
geo-location positions while the seals were at sea. Light-
derived geo-location data have inherent spatial errors up to
±350 km (van den Hoff 2002; Bradshaw et al. 2002) and
other parameters derived from them retain these errors.

Use of location data and mean migration parameters

To compare location data among sex/age groups, we
calculated the following mean migration parameters per
individual: duration of the trip to sea, maximum distance
from Macquarie Island, total trip distance and daily rates
of travel. We also calculated the bearing to the position of
maximum distance to indicate the major directional
component of each foraging trip (Bradshaw et al. 2004)
which simply represents the path of the migration. We
compared these parameters between the different age/sex
groups using one-way general linear models (GLM) for
only seals (n=42) with complete trips to sea (n=76). Some
seals recorded data for consecutive trips to sea within the
study period so we compared an individual’s maximum
distance reached and duration of different trips using
repeated-measures ANOVA, (two trips: n=10; three trips:
n=12) to determine if all trips to sea could be included in
the analyses. These were found to be the same for
sequential trips and so we pooled the data to improve
statistical power. We also tested the hypothesis that
individuals showed fidelity to foraging areas using the
bearing to the location of maximum distance in trip I+1
versus to that of trip I for an individual’s sequential trips to
sea using a linear regression model (Bradshaw et al. 2004).

Spatial summary

Once the location data were filtered, they were rasterized
onto a 300×300 km grid (IDL 5.0, Research Systems,
USA). The size of the grid cells were set to allow for
maximum distance that the seals could travel (between an
average of 70 and 90 km day−1; Le Boeuf et al. 2000) and
the errors associated with geo-location (Bradshaw et al.
2002; van den Hoff et al. 2002). For each grid cell, a
central longitude and latitude were produced and the time
(h) spent within any grid cell for each individual. The data
for all seals (n=48) were split into 14-day blocks for
temporal differences in spatial overlap and the mean
maximum distance between age/sex groups to be exam-
ined using a series of Kruskal-Wallis tests (Bonferroni
corrected; p<0.002).

Total area used: age and sex comparisons

We used one-way GLM to test for differences between age
and sex groups in the total number of days spent at sea and
the total area used. For these analyses, only seals (n=31)
with complete data for the period between the end of the
annual molt and the following molting season or first
breeding season (December–November). There were too
few data from each year to examine annual effects
statistically, so data from both years were pooled. The
areas used by individuals were calculated and analyzed in
the same manner as the other migration parameters.

Time spent within oceanographic regions

We calculated the time spent by each individual within
five distinct oceanographic regions defined by frontal
systems within the study area (Orsi et al. 1995; Rintoul et
al. 1997), and compared them using a one-way GLM. The
regions were defined as: (1) the sub-tropical zone to the
north of the sub-tropical front (STF); (2) the sub-Antarctic
zone (SAZ) between the sub-tropical front and the sub-
Antarctic front; (3) the polar frontal zone (PFZ) between
the sub-Antarctic front (SAF) and the Antarctic polar front
(APF); (4) the Antarctic zone (AZ) between the APF and
southern boundary of the Antarctic circumpolar current
(SBDY); and (5) south of the SBDY as the high Antarctic
zone (HAZ).

Results

Annual cycle patterns

For the first mid-year haul-out, the yearlings arrived first
(average arrival day = 4 April), followed by the 2-year
olds (1 May) and 3-year olds (27 May). Some seals had a
second mid-year haul-out, during which the yearlings of
both sexes returned, but only a 2-year-old male returned
from the older age groups. Here, the mean arrival date for
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yearlings was 23 July, and 4 August for the 2-year-old
male, and mean residence time was almost half that of the
first haul-out (Table 1). For the molt, the first to return
were the 2-year olds (26 November), followed by the
yearlings (1 December) and the 3-year olds (3 December),
but the differences were not significant as has been found
in other studies with larger sample sizes (Hindell and
Burton 1988; Wheatley 2001) . The number of trips to sea
varied with age: yearlings madeð �X � SDÞ 2.7±0.46 trips,
2-year olds made 2.2±0.41 trips, and 3-year olds made 1.1
±0.32 trips.

At-sea distribution

The total area used by all seals over all trips to sea was
16,292,500 km2 (n=83 trips to sea) between 107° and 234°
E, and 34° and 71°S (Fig. 1). The seals traveled
predominantly to the southeast and southwest (Fig. 2),
with a few traveling northwest. There was a significant
difference (one-way ANOVA: F2,25=4.03; p<0.03, n=31)
between the mean total area used by the different age
groups; a post-hoc LSD test indicated that yearlings used a
significantly smaller area (2,392,833±533,697 km2) than
2- and 3-year olds, but there was no difference between the
two older ages (combined mean area = 3,537,188
±1,319,271 km2; Fig. 1). There were no significant sex
or interaction effects (one-way ANOVA: F1,25=0.99;
p<0.76 and F2,25=0.11; p<0.89, respectively).

Time spent within oceanographic regions

Yearlings spent around 99% of their time in the SAZ, PFZ
and AZ, and less than 1% of their time south of the SBDY
in the HAZ. Two-year olds spent approximately 89% of
their time in the SAZ, PFZ and AZ, and 11% in the HAZ.
Finally, the 3-year olds spent 80% in the SAZ, PFZ and
AZ, and 20% in the HAZ.

Individual behavior

There were significant differences between migration
parameters for the different age/sex groups (Table 2).
Older seals traveled farther from Macquarie Island, than
younger seals (one-way ANOVA: F2,59=8.770; p<0.001,
n=76; Fig. 3). This difference was due largely to the
younger seals making shorter trips (duration) than older
seals (one-way ANOVA: F2,59=19.581; p<0.001), also
males made shorter trips than females (one-way ANOVA:
F1,59=9.964; p=0.003) in each age group. Younger seals
did not travel as far, (total distance traveled) and used a
smaller area than older seals (one-way ANOVA:
F2,59=2.126; p<0.001 and F2,59=10.092; p<0.001, respec-
tively), and males had shorter trips and did not travel as far
as females (one-way ANOVA: F1,59=5.116; p=0.027) in
each age group. However, the daily rate of travel (total
distance traveled/trip duration) was similar for all age/sex
groups. Seals tracked over sequential migrations had the
same direction of travel for each trip regardless of whether
the seals made two (linear regression: bearing of trip one
to two: F1,9=23.213, p=0.001, R

2=0.74, n=10) or three
trips to sea (linear regression: bearing of trip one to two:
F1,11=26.804, p<0.001, R2=0.73; trip two to three:
F1,11=10.281, p=0.009, R

2=0.51, n=12).

Temporal variation in regional use

There was a clear pattern of temporal and spatial
segregation with age using maximum distance traveled
from the island per 14-day time block (Fig. 4). Yearlings
and 2-year olds left Macquarie Island in December and
moved approximately 1,146±403 km and 1,457±478 km
away, respectively. Three-year olds left in January,
potentially traveling through the areas used by the younger
seals as they left the Island. However, once they reached
the middle phase of their trip the overlap was minimal.
The 1-year-old seals remained relatively closer to MI at all
times and returned earlier for their initial or only mid-year
haul-out. The 2-year olds returned for their haul-out later,
but traveled farther from MI in their following trip to sea.
Due to the low sample size of this age group after their
mid-year haul-out, the maximum distance was not
significantly different from those of the other age-groups.
However, the pattern is consistent with that of the 1- and
3-year-olds. The 3-year-old seals traveled farthest from MI
and returned slowly to MI, but only one male was tracked
after the mid-year haul-out. Thus, the maximum distance
pattern was dominated by females having one trip to sea
that returned in September/October to pup. In the mid-
year, the mean distance from MI remained large due to the
variation in haul-out timings of the individuals of each age
group.

Table 1 The arrival date and residence times of the juvenile
southern elephant seals (Mirounga leonina) from tracking unit data,
shown as �X � SD (days), for 15 yearlings, 16 two-year olds and 16
three-year-old seals

Haul-out Age n Mean arrival date Residence time (days)

1 MY 1 15 3 April±11.97 25.13±3.98
2 7 1 May±26.45 29.29±4.5
3 1 26 May 46

2 MY 1 11 24 July±17.03 11.64±3.33
2 1 4 August 12
3 – – –

Molt 1 15 1 December±8.85 30.47±5.63
2 16 26 November±10.09 36.25±5.86
3 16 3 December±9.87 47.69±5.34
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Fig. 1 The total area of the
Southern Ocean used by a 1-
year-old, b 2-year-old, and c 3-
year-old southern elephant seals
(Mirounga leonina). Shading of
the area used indicates the
proportional amount of time
spent within the five oceano-
graphic regions

131



Discussion

Niche theory predicts, in an environment with limited or
patchy resources, selective pressures promote the evolu-
tion of generalist feeding behaviors and the reduction of
intra-specific competition (Schoener 1986). Southern
elephant seals have large energy requirements (Boyd et
al. 1994), so their annual consumption of fish and squid is
one of the highest for mammals and birds in the region
(Hindell et al. 2003; Bradshaw et al. 2003). Thus, we
hypothesize that the ability to find and sequester this
considerable biomass from a patchy and unpredictable
environment has resulted in the evolution of ontogenetic
niche shifts. This process may have reduced local
competition that then increased an individual’s probability

of foraging success. We found a clear segregation in the
use of the Southern Ocean by juvenile southern elephant
seals over the course of their annual foraging trips. As the
seals aged they made fewer but longer trips to sea, traveled
farther and spent more time closer to Antarctica. The lack
of strong sex differences in foraging behavior is probably
indicative of the lack of dimorphism during the juvenile
years. Therefore, it is unlikely that ecological sexual
dimorphism is an important factor until closer to breeding
age when male and female body sizes diverge dramati-
cally. Exclusion and interference competition are unlikely
due to the large range over which this species travels, their
presumed solitary feeding behavior, and abundance of
suitable haul-out space on the beaches of Macquarie Island
(McMahon et al. 2004). However, male and female
elephant seals from Heard Island and Iles Kerguelen
haul-out at different sites which Burton (1985) suggested
reflects foraging-area separation.

The observed haul-out pattern was similar to that
described previously for this species (Hindell and Burton
1988; Wheatley 2001), as were the distances traveled
(Bradshaw et al. 2004; Field et al. 2001; McConnell et al.
2002; Slip et al. 1994; van den Hoff et al. 2002). However,
in contrast to juveniles of the congenericM. angustirostris,
M. leonina juveniles develop foraging patterns similar to
their adults later in life. This may be due to the lower age
of sexual maturity for M. angustirostris (Le Boeuf et al.
1996). ForM. angustirostris, it has been suggested that the
direction of migration is set within the first year of life
(Stewart 1997). However, for M. leonina the direction of
travel is predominantly south-east in the first year
followed by a change to south-west and south-east (van
den Hoff et al. 2002; McConnell et al. 2002). As adults,

Fig. 2 The bearing of travel for a 1-year-old, b 2-year-old, and c 3-year-old southern elephant seals

Table 2 The migration parameters measured for the different age juvenile seals, shown as �X � SD

Age Sex n Maximum distance (km) Duration of trip (days) Total distance travelled (km) Area covered (km2)

1 F 30 1,204.3±355.7 106.6±32.1 9,691.4±3925.1 1,404,666.7±592,080.9
M 11 1,311.9±481.1 104.7±39.2 9,347.0±4199.3 1,425,454.5±531,917.3

2 F 6 2,058.6±638.6 153.2±28.6 18,171.0±5404.8 2,409,166.7±442,811.1
M 7 2,022.0±1334.5 126.6±31.4 11,431.0±4314.9 2,257,500.0±1,350,942.6

3 F 9 2,596.7±757.5 243.0±3.9 23,170.1±4549.1 3,280,277.8±1,112,286.8
M 2 1,351.5±82.5 140.0±1.4 17,339.1±2318.2 1,960,000.0±519,723.5

Fig. 3 The maximum distance reached in the first trip to sea by the
different age juvenile southern elephant seals, where circles
represent 1-year olds, triangles 2-year olds and squares 3-year-old
seals
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female southern elephant seals show remarkable fidelity to
foraging regions between years (Bradshaw et al. 2004).
Our data suggest that migration directions are fixed as
yearlings, as individuals gain experience, but distances
traveled are limited by their size, physiology and haul-out
pattern. Stewart (1997) also suggested that the divergence
in migration between sexes occurs at puberty because of
sexual dimorphism and selection pressures through
increased energy requirements of males. However, we
propose this divergence in migration among age and sex
groups is more likely due to intra-specific resource
partitioning because the behavior is expressed well before
the onset of puberty and sexual dimorphism.

Other studies have demonstrated that both temporal and
geographical segregation of activity budgets in marine
species do exist. Atlantic humpback whales (Megaptera
novaeangliae) segregate their use of the ocean by
modifying the timing of their migrations from their
geographically distinct foraging areas to common breeding
areas (Stevick et al. 2003). Other species such as seabirds
(Furness and Birkhead 1984), marine iguanas (Buttemer
and Dawson 1993), bowhead whales (Balaena mysticetus)
(Cosens and Blouw 2003) and harp seals (Phoca
groenlandica) (Sergent 1991) also demonstrate geogra-
phical and temporal displacement in their migrations.

We found a clear pattern in both the haul-out and at-sea
behavior with increasing age. Although it is unclear what
mechanisms drive intra-specific resource partitioning, we
hypothesize that the mid-year haul-out functions as a
temporal regulator of time at sea, and therefore the
foraging ranges of individuals. An important factor in this
pattern must be the energetic cost of returning to haul-out.
It is unknown whether returning to haul-out during the
mid-year incurs any additional costs, but if it does then the
costs must be outweighed by the benefits of reduced intra-
specific competition. There is support for this view
because older, larger individuals can dive deeper and
return less often to haul-out than younger seals. Therefore,
as seals grow they exploit a greater area of the foraging
environment unavailable to younger, smaller age classes.
Our data show a delay in the haul-out pattern with age as
the seals grow and are able to remain at sea for longer. The
ultimate limitation on ontogenetic niche shifts for juvenile
seals appears to be rate at which they can grow.
Furthermore, older juvenile males (5- and 6-year olds)

have a mid-year haul-out (Wheatley 2001) and yet have
similar physiology and foraging patterns to adults, so
returning to land reduces competition during foraging.
Although the mid-year haul-out may serve no particular
function directly, it may promote the reduction of intra-
specific competition and promote and re-enforce the
survival probability of seals participating.

Alternatively, juveniles constrained physiologically and
morphologically return to the island to reduce energy
consumption or for physiological development. Juvenile
seals have a restricted capacity to deal with heat-loss
(Thompson et al. 1998), so the mid-year return may
provide a better thermal environment for small individuals.
Similarly, changes in morphology and physiology with
size/age may to lead to reduced intra-specific competition
between juveniles (Adams 1996; Wikelski and Wrege
2000; Spina 2000).

Elephant seals are opportunistic generalist feeders with
a broad foraging niche (Whitehead et al. 2003). Addition-
ally, the broad spatial scale over which this segregation
was observed suggests that reduced foraging niche overlap
may be supported by the availability of different prey
aggregations relative to oceanographic regions (Field et al.
2001; Bradshaw et al. 2003; Hindell et al. 2003). We
suggest that as foraging range increases so does the
potential width of the overall foraging niche. Foraging in a
patchy and unpredictable environment has resulted in the
evolution of behaviors that maximize their probability of
foraging successfully and reduces intra-specific competi-
tion. If there is an equal probability of locating prey
successfully in a patchy environment, then it is likely that
the seals would leave their terrestrial haul-outs and
disperse toward regions of generally higher productivity.
However, this strategy would also be influenced by
ontogenetic factors such as morphological and physiolog-
ical constraints or experience. We suggest that, rather than
traveling to specific feeding areas, Macquarie Island
elephant seals travel in a general direction and forage
opportunistically across the different oceanographic re-
gions until prey patch is found and exploited. Their
behavior is then modified further by ontogenetic shifts,
through growth and changes in physiology.

We suggest that the different age/size classes of juvenile
southern elephant seals have become individual ‘ecologi-
cal species’ through ontogenetic shifts in foraging niche.

Fig. 4 The maximum distance
ð �X � SEÞ reached each fortnight
by the different age juvenile
southern elephant seals, where
circles represent 1-year olds,
triangles 2-year olds and
squares 3-year-old seals
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This has resulted from both temporal and spatial separa-
tion of resource use where individuals avoid intra-specific
competition. The most likely mechanism for the develop-
ment of these behaviors is the modification of the haul-out
timing in an environment where there is no additional
energetic cost in returning to haul-out, in conjunction with
normal developmental restrictions. Thus, this process has
allowed these wide-ranging and opportunistically feeding
seals to exploit different oceanographic regions and
increase their foraging niche width. Future study of
southern elephant seal diet, growth, physiology and diving
behavior may contribute to a better understanding of the
function of the mid-year haul-out and how competition
structures the marine community of the Southern Ocean.
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