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INTRODUCTION

Sexual segregation in habitat use is ubiquitous
in vertebrates and its influence on animal distri -
bution, behaviour and survival can be profound
(Ruckstuhl & Neuhaus 2000, Jiménez et al. 2015).
Yet, while the ecological consequences of sexual
segregation in habitat use are clear, the underlying
causes are difficult to differentiate because critical
tests of hypotheses are difficult to obtain (Ruckstuhl
& Neuhaus 2000, Main 2008, Stewart et al. 2015).

Further, much of the conceptual theory to predict
and explain sexual segregation in habitat use is
focussed on terrestrial taxa, and in particular,
ungulates (Ruckstuhl & Neuhaus 2000, Main 2008).
Although many analogies are relevant to marine
taxa and a burgeoning body of literature on sexual
segregation exists, few studies comparative to the
diversity of life history strategies and habitats
occupied, have directly examined sexual segrega-
tion in marine mammals (Staniland 2005, Wear-
mouth & Sims 2008).
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ABSTRACT: Sexual segregation in habitat use is widely reported in many taxa and can pro-
foundly influence the distribution and behaviour of animals. However, our knowledge of the
mechanisms driving sexual segregation is still in its infancy (particularly in marine taxa) and the
influence of extrinsic factors in mediating the expression of sex differences in foraging behaviour
is underdeveloped. Here, we combine data from biologging tags, with stable isotope analysis of
vibrissae, to assess sexual segregation in southern sea lions (SSL) (Otaria flavescens) breeding at
the Falkland Islands in the South Atlantic. We found evidence to support segregation, most notably
in δ13C and δ15N values. However, in spite of extreme sexual size dimorphism and differing con-
straints related to female-only parental care, adult male and adult female SSL overlapped consid-
erably in isotopic niches and foraging area, and shared similar foraging trip characteristics (such
as distance and duration). This is in contrast to SSL breeding in Argentina, where prior studies
report sexual differences in foraging locations and foraging trip characteristics. We posit that sex-
ual segregation in SSL is influenced by habitat availability (defined here as the width of the Patag-
onian Shelf) and individual foraging preferences, rather than commonly invoked  individual-based
limiting factors per se.
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Pinnipeds (seals, sea lions and walruses) exhibit
some of the most extreme sexual size dimorphism in
vertebrates (Staniland 2005). In addition, females are
the sole providers of parental care, meaning that
males and females have different life-history con-
straints that can profoundly influence behaviour
(Staniland 2005). Accordingly, commonly invoked ex -
planations for sexual segregation in highly dimorphic
pinniped species relate to body size and parental
care (Le Boeuf et al. 2000, Austin et al. 2004, Stani-
land 2005, Breed et al. 2006, Page et al. 2006,
 Staniland & Robinson 2008). Specifically, larger in -
dividuals are less vulnerable to predators, have the
physiological capacity to exploit deeper water, have
divergent energetic and nutritional requirements
and can handle larger-sized prey more efficiently,
when compared to smaller conspecifics (Staniland
2005). In addition, adult males are free from central
place foraging constraints. Given that increased
competition near breeding colonies is expected to
deplete food resources (Ashmole 1963), adult males
are expected to forage further away from breeding
colonies and exploit a wider range of habitats than
adult females (Staniland 2005, Page et al. 2006,
Wearmouth & Sims 2008).

These expectations are intuitively appealing when
considering wide-ranging species such as New Zea -
land fur seals Arctocephalus forsteri that utilise a di-
verse range of habitats (continental shelf, continental
slope and pelagic waters), over extended distances
(hundreds to thousands of km) (Page et al. 2006).
However, for many other pinniped species, foraging
habitat is confined to a comparatively narrow envi-
ronmental envelope, irrespective of sex, size or age.
For example, Australian fur seals A. pusillus doriferus
forage almost exclusively within shallow continental
shelf waters (≤80 m in depth) and despite size dimor-
phism, sub-adult males and adult females share over-
lapping niches (Kernaléguen et al. 2015). Hence, the
functional significance of body size and parental care
in pinniped sexual segregation may not be as predict -
able as is often presumed (Wearmouth & Sims 2008).

Here, we assess sexual segregation in southern sea
lions (SSL) Otaria flavescens breeding at the Falk-
land Islands (South Atlantic) during early lactation.
SSL exhibit sexual dimorphism in body mass, body
shape and pelage (Fig. 1). Specifically, adult male
SSL weigh twice as much as adult female SSL (>300
kg versus <160 kg, respectively), have comparatively
large, broad heads, characteristic blunt, upturned
muzzles, and thick manes comprised of long guard
hairs extending from their heads to shoulders (Ralls &
Mesnick 2008). Life histories also differ. Adult male

SSL hold breeding territories between December
and early February (the austral summer), after which
they are freed from constraints ashore (Hamilton
1934, Campagna et al. 2001). In contrast, adult
female SSL give birth from mid-December to early
February (most pups are born by mid-January), after
which they alternate between foraging at sea and
attending their pup ashore, until the pups are
weaned at around 10 mo old (Hamilton 1934, Riet-
Sapriza et al. 2013, Baylis et al. 2015b). Hence, sexual
segregation in habitat use should be profound in SSL
on the basis of body size and parental care, particu-
larly during early lactation when female foraging
trips are constrained in distance and duration by the
fasting ability of dependent offspring (Riet-Sapriza et
al. 2013). We tested this expectation by using the
most comprehensive SSL dataset to date that inte-
grates both individual SSL movement and diet data.
Specifically, we used biologging tags to quantify
overlap in adult male and female SSL foraging habi-
tats, and stable isotope analysis of vibrissae as a
proxy to quantify overlap in habitat use and diet over
an extended period of years.

MATERIALS AND METHODS

Animal capture and device deployment

All SSL were chemically restrained using tileta-
mine-zolazepam (Zoletil, Virbac), remotely adminis-
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Fig. 1. Southern sea lions show extreme sexual size dimor-
phism, as illustrated here: an adult male southern sea lion (cen-
tre) surrounded by adult female southern sea lions (and pups)
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tered using Pneu darts (3.0 cc and 1.5 cc for adult
male and adult female SSL, respectively) and a CO2

powered tranquiliser gun (Dan Inject JM Standard)
(Baylis et al. 2015c). Injectable anaesthetic drug
doses were approx 1.5 mg kg−1 for adult male SSL,
and 3.0 mg kg−1 for adult female SSL (for additional
dose information see the Supplement at www.int-res.
com/ articles/ suppl/ m554 p201 _ supp. pdf). All SSL
were captured at Big Shag Island in February 2014,
the largest SSL breeding colony at the Falkland
Islands (n = 328 pups; 52.12° S, 58.92° W) (see Fig. 2)
(Baylis et al. 2015b). Adult male SSL were equipped
with platform transmitter terminal (PTT) tags of
ARGOS location quality (Sirtrack PTT 101). Adult
female SSL were equipped with a Fastloc® GPS
(Global Positioning System) tag (Sirtrack Fastloc 1)
and a time−depth recorder (TDR) tag (Mk9 Wildlife
computers), as part of a concurrent study (Baylis et al.
2015a). Tags were glued to the back of SSL using a 2
part epoxy (Devcon 5-minute® epoxy). Adult male
SSL PTT tags were not recovered. Adult female SSL
that carried GPS tags were recaptured for data
recovery after 1 or 2 foraging trips (Table S1 in the
Supplement). Due to logistical constraints, individu-
als could not be weighed. However, the standard
total length and axillary girth of adult female SSL
and adult male SSL were recorded when possible
(Table S1).

Location and dive data analysis

PTT tags were programmed to transmit every 45 s
when at the surface. We pre-processed ARGOS data
for erroneous locations using a maximum speed of
3 m s−1 and the ‘speedfilter’ function in the R package
‘trip’. The filtered data were then processed using a
continuous-time correlated random-walk model that
incorporates ARGOS location error for each of the 6
location classes (3, 2, 1, 0, A, B) implemented within
the R package ‘CRAWL’ (Johnson et al. 2008). The
model was used to predict foraging trip locations at
hourly intervals with 1000 simulated tracks to
account for uncertainty. We estimated the start and
end of foraging trips based on PTT locations.

GPS tags were set to acquire a position every
5 min. GPS positions were decoded using the DAP
processor (Wildlife Computers) and, as above, erro-
neous locations removed using a speed filter (3 m
s−1). We also fitted a continuous-time correlated ran-
dom-walk model to the GPS positions to account for
measurement error and irregular, sometimes sparse
location fixes. We used TDR wet/dry times to define

the start and end of foraging trips. Location predic-
tions were made at fixed hourly intervals, as per PTT
data.

For each foraging trip we calculated duration, max-
imum distance from the Falkland Islands and mean
bathymetry. We extracted bathymetry (GEBCO_14
30 arc-second dataset) for each predicted location
along a foraging track using ArcMap (ArcGIS 10,
Redlands, CA, USA). To test whether these descrip-
tive metrics varied between sexes we used linear
mixed effects models (LME) with a restricted maxi-
mum likelihood (REML) implemented using the R
package ‘nlme’. Individual SSL was included as a
random effect and model validation was performed
by plotting Pearson residuals and fitted values.

Foraging trip consistency

To characterise consistency in foraging trips, we
used simple measures of maximum distance and
 foraging trip duration. To explore within- versus be-
tween-individual variance for trip distance and dura-
tion, we used LME with REML, implemented using
the R package ‘rptR’ (Nakagawa & Schielzeth 2010).

Spatial segregation in foraging areas

We used a variety of methods to assess sexual seg-
regation because the degree of segregation is scale-
dependent and no single unbiased measure exists
(Bowyer et al. 1996). To integrate location error into
our analysis of time spent, we randomly selected 100
simulated tracks for each foraging trip (simulated as
part of the continuous-time correlated random-walk
model that produced the ‘best-fit’ track for a given
trip). We created a grid of location density for each
SSL using the ‘crwUseGrid’ function in the R pack-
age CRAWL and calculated the proportion of time
each individual spent in a grid cell. To create maps of
time spent in a grid cell for each sex, we summed the
proportion of time spent by each SSL in each grid
cell, and divided the resulting value by the total (i.e.
each individual of each sex contributed equally). To
assess how overlap varied depending on the size of
the grid cell used, we ran the analysis using a range
of grid cell sizes (1−5 km). It was uninformative to
extend the analysis beyond 5 km grid cells due to the
degree of overlap.

We also calculated utilization distribution proba -
bilities, where the smoothing parameters (h) for the
kernel analyses were calculated using the ad hoc
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method (Worton 1989) within the R package ‘ade-
habitatHR’. We used bathymetry as a habitat grid to
avoid utilization distribution probabilities spanning
over land and weighted kernels based on the number
of SSL within each grid cell. Kernel overlap was cal-
culated within the ‘adehabitatHR’ package using the
utilization distribution overlap index (UDOI), on 90%
and 50% utilization distributions (commonly used to
represent peripheral and core ranges, respectively)
(Fieberg & Kochanny 2005). The UDOI ranges
between 0 and 1 for utilization distributions that do
not overlap or have 100% overlap, respectively.

Stable isotope analysis

Stable isotopes ratios are commonly used to infer
the trophic niche of marine predators, with carbon
(δ13C) values providing a proxy of foraging habitat
and nitrogen (δ15N) values providing a proxy of
trophic level (Newsome et al. 2010). Metabolically in-
ert tissues, such as vibrissae, remain unchanged once
grown. Hence, vibrissae stable isotope values reflect
the isotopic composition of an individual’s spatial and
trophic history (Kernaléguen et al. 2012, 2016). Vib-
rissae were collected from SSL by cutting the largest
one as close to the skin as possible (we did not sample
the root of the vibrissae, and therefore isotope data
are unlikely to capture the period over which SSL
were tracked). Our analyses focussed on the isotopic
signature of vibrissae in order to infer diet and habitat
use over an extended period (Kernaléguen et al.
2016). We assumed SSL vibrissae grew continuously
(Hirons et al. 2001). Vibrissae length ranged between
123−264 mm for adult male SSL and 82−168 mm for
adult female SSL. Differences in vibrissae length be-
tween sexes may reflect sex differences in vibrissae
growth rates, as suggested by studies on free ranging
pinnipeds (Kernaléguen et al. 2012). However, cur-
rently no captive studies have tested sexual differ-
ences in pinniped vibrissae growth. Hence, based on
the previously reported growth estimate of 0.11 mm
d−1 for sea lion vibrissae (Hirons et al. 2001), adult
male and adult female SSL vibrissae integrate diet
over a time period of years (3.06−6.58 yr versus
2.04−4.18 yr of growth, respectively).

SSL vibrissae were cleaned using a sponge and
placed in an ultrasonic bath of distilled water for
5 min. They were then dried using 95% ethanol and
inspected under a microscope to ensure they were
clean. If necessary, the cleaning process was re -
peated. Vibrissae were then cut into 5 mm long con-
secutive segments starting from the proximal (facial)

end. To produce a meaningful isotopic measurement,
our target mass for each vibrissae segment was
0.5 mg. To achieve our target mass, it was necessary
to sub-sample each 5 mm section. Samples were
packed in tin containers, and carbon and nitrogen
isotope ratios were determined by a Carbo-Elba ele-
mental analyser interfaced with a Finnigan Delta
Plus XP mass spectrometer (Light Stable Isotope Lab,
University of California Santa Cruz). Data were cor-
rected for sample mass and instrument drift. Stable
isotope ratios were measured in parts per mille (‰)
deviation from international standards (Vienna-PDB
for carbon and atmospheric N2 for nitrogen), accord-
ing to the equation δX = [(Rsample/Rstandard) − 1] × 1000
where X is 15N or 13C and R is the corresponding ratio
of (15N/14N) or (13C/12C). Stable isotope ratios are
reported as δ13C values for carbon and δ15N values
for nitrogen. Measurement precision (SD), based on
within-run replicate measures of the laboratory stan-
dard (pugel), was 0.03‰ for δ13C and 0.06‰ for δ15N.

We compared adult male and adult female SSL
δ13C and δ15N isotope values using a LME, with indi-
vidual as a random effect and a low order correlation
structure (corARMA, p = 2) to account for temporal
autocorrelation. In addition, convex hulls were calcu-
lated to represent total niche space occupied (Jack-
son et al. 2011). We also calculated the isotopic niche
width of individual adult male and adult female SSL
and overlap in isotopic niche width using the R pack-
age SIBER (Jackson et al. 2011). Niche width for each
individual was calculated using Bayesian standard
ellipse areas, with uncertainty in ellipse area calcu-
lated using 100 000 posterior draws. Overlap was cal-
culated using standard ellipses corrected for small
sample size. Standard ellipses are analogous to SD
for univariate data and contain approximately 40 %
of the data (in the context of our study, an individual’s
core isotopic area) (Jackson et al. 2011).

RESULTS

Biologging tags were deployed on 10 adult male
and 10 adult female SSL. Adult male SSL were signifi-
cantly longer (t = −4.8, p < 0.001) and had a larger
girth (t = −10.5, p < 0.001), than adult female SSL
(Table 1). One PTT and one GPS tag failed, leaving lo-
cation data for 9 individual SSL of each sex. Deploy-
ments on males lasted between 9 and 33 d, while
those on females lasted between 2 and 9 d. In total we
recorded 56 complete foraging trips, 39 foraging trips
for adult male SSL and 17 foraging trips for adult fe-
male SSL (Table 1). Differences between sexes were
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not significant in foraging trip distance (LME: df = 16,
t = 0.43, p = 0.67), total distance travelled (LME: df =
16, t = −0.64, p = 0.53), foraging trip du-
ration (LME: df = 16, t = −0.62, p =
0.55), or  inter-trip interval (LME: df =
14, t = −1.84, p = 0.09) (Table 1, Table
S1). On the basis of maximum distance
travelled, 2 adult female SSL under-
took  inshore (coastal) foraging trips
(mean max. distance 18 ± 6 km), while
7 foraged offshore (outer Patagonian
Shelf) (mean max. distance 106 ±
14 km) (Table S1).

Adult male SSL foraging trip dis-
tances also varied between individuals.
While adult males predominantly
under took repeat foraging trips to the
outer Patagonian Shelf, 2 individuals
showed different foraging patterns.
PTT 112939 undertook 1 inshore trip
(max. distance 13 km) and PTT 112942
predominantly undertook foraging
trips that (with regard to foraging trip
distance), more closely resembled
adult female SSL that foraged inshore
(mean ± SD max. distance 30 ± 12 km,
n = 10 foraging trips) (Table S1).

Foraging trip consistency

All adult female SSL returned to Big Shag Island.
In contrast, 8 of the 9 adult male SSL successfully
tracked, did not. Rather, these individuals hauled out
at other breeding colonies on at least one foraging
trip (Fig. 2, Table S1). Three adult male SSL left Big
Shag Island on their first foraging trip, but did not
return during the period over which they were
tracked (Table S1). It is therefore unsurprising that
adult female SSL had higher individual repeatability
in foraging trip distance than adult male SSL,
although male repeatability (R) was still significant
(adult female SSL: R = 0.905 [confidence interval, CI
= 0.556−0.976], p < 0.001; adult male SSL: R = 0.594
[CI = 0.13−0.81], p < 0.001). Similarly, foraging trip
durations were more repeatable in adult female SSL
than in adult male SSL, where the CI for R included
zero (adult female SSL: R = 0.785 [CI = 0.187−0.949],
p < 0.001; adult male SSL: R = 0.394 [CI = 0−0.685]).

Spatial segregation in foraging areas

A high degree of overlap was evident between
adult male and adult female SSL (Fig. 2, Table 2). At
the smallest grid cell size selected (1 × 1 km), 59% of
male SSL time spent in a grid cell overlapped with
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Parameter Male Female

Foraging trip data
Total number of trips 39 17
Max. distance from coast (km) 92 ± 19 86 ± 41
Total travel distance (km) 234 ± 78 211 ± 110
Bathymetric depth (m) 122 ± 17 106 ± 42
Trip duration (h) 69 ± 19 64 ± 28
Max. (h) 112 104
Min. (h) 5 3
Inter-trip duration (h) 69 ± 19a 65 ± 28
Length (cm) 221 ± 10b 172 ± 11
Girth (cm) 188 ± 10a 121 ± 13

Diet
δ13C −13.6 ± 0.2 −13.6 ± 0.7
δ15N 16.8 ± 0.1 16.6 ± 0.5
Female inshore δ13C na −12.8 ± 0.1c

Female inshore δ15N na 17.1 ± 0.4c

Female offshore δ13C na 14.1 ± 0.2d

Female offshore δ15N na 16.3 ± 0.3d

an = 5; bn = 7; cn = 2; dn = 4

Table 1. Foraging trip characteristics of adult male and adult
female southern sea lions breeding at the Falkland Islands
(n = 9 males, 9 females, unless otherwise noted). Dietary
data derived from analysis of vibrissae δ13C and δ15N values
(n = 7 males, 6 females, unless otherwise noted). All data
with error measurements are mean ± SD. na: not applicable

Fig. 2. In total, 18 southern sea lions (9 adult males and 9 adult females) were
successfully tracked during the 2014 austral summer. Left panels show the lo-
cation of the Falkland Islands and the 90 and 50% kernel utilization distribu-
tions (adult female: yellow, 90%; brown, 50% vs. adult male: horizontal lines,
90%; hatched, 50%). Right panels show the individual foraging tracks (black
lines) of adult males and adult females  (red lines: adult females that foraged
inshore). Site A: Big Shag Island (capture site for all sea lions); Site B: Cape

Dolphin breeding colony; Site C: MacBride Head breeding colony
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females, while over 91% of female SSL time over-
lapped with males (Table 2). Similarly, the UDOI
revealed a high degree of overlap between adult
male SSL and adult female SSL for 90% UD (UDOI =
0.66), but not for 50% UD (UDOI = 0.09), despite 40%
of adult female SSL core area overlapping with adult
male SSL.

Isotopic niche segregation

We analysed 13 whiskers (n = 7 from adult males,
n = 6 from adult females), representing 385 whisker
segments (n = 236 for adult males, n = 149 for adult
females) (Fig. S1 in the Supplement). Overall, mean
δ13C and δ15N values were not significantly different
between sexes and male versus female niche space
occipied overlapped completely (LME δ13C values: df
= 11, t = −0.66, p = 0.52; LME δ15N values: df = 11, t =
−1.18, p = 0.27) (Table 1, Fig. 3). However, these
results mask ecologically important individual differ-
ences in habitat use. Specifically, the inshore or off-
shore habitats used by adult female SSL were also re -
flected in their stable isotope values (Fig. 3, Table 1).
We found no such pattern in the stable isotope values
of adult male SSL, despite both long and short forag-
ing trips undertaken by adult males (Table S1).
Rather, the ellipse area of individual adult male SSL
overlapped considerably (mean ± SD = 50 ± 21%;
Fig. S2 in the Supplement).

Adult male δ13C and δ15N values were typically
intermediate to adult female SSL that foraged
inshore and offshore, but more closely resembled
adult female SSL that foraged offshore (Fig 3, Fig S2
in the Supplement). Nevertheless, the isotope values
of adult male SSL were significantly different to adult
female SSL that  foraged offshore (LME δ13C values:
df = 9, t = −4.23, p = 0.002; δ15N values: df = 9, t =
−3.26, p = 0.010; Table 1). When comparing individ-
ual ellipse areas, overlap between adult male SSL

and adult female SSL ranged from 0 to 83% (Table 3;
Fig. S2 in the Supplement). Adult male and adult
female SSL that foraged offshore had, on average,
similar isotopic niche widths (Mann-Whitney: U = 11,
p = 0.63; Table 4). Adult female SSL that foraged
inshore had an isotopic niche width that was larger
(on average, over 2.5 times) than adult females that
foraged offshore (probability range 78–100 %, based
on posterior ellipses) and adult males (all adult
female inshore posterior ellipses were larger than
adult males) (Table 4).
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Grid cell Time overlap (%)
size (km) Males vs. females Females vs. males

1 × 1 59 91
2 × 2 73 94
3 × 3 79 95
4 × 4 81 96
5 × 5 83 96

Table 2. Overlap between adult male southern sea lions and
adult female southern sea lions, characterized by compar-
isons of time spent in area at several spatial scales (1 × 1 to
5 × 5 km grid cells). Irrespective of the spatial scale selected, 

there was a high degree of overlap

Female (offshore) Female (inshore)
GPS 1 GPS 3 GPS 7 GPS 9 GPS 2 GPS 4

Male 112944 0.0 0.0 0.0 0.0 8.5 12.2
Male 112939 35.5 0.0 0.0 10.3 13.3 9.9
Male 112941 44.6 63.9 5.4 0.8 0.0 0.0
Male 112937 0.0 0.0 0.0 0.0 5.4 8.2
Male 112938 6.9 36.0 1.0 0.0 0.2 1.5
Male 112942 3.0 82.8 6.7 0.0 9.3 13.0
Male 112936 8.7 6.1 0.0 0.3 0.4 1.3

Max. overlap 44.6 82.8 6.7 10.3 13.3 13.0

Table 3. Standard ellipses based on δ13C and δ15N values were
calculated for each individual southern sea lion to quantify
overlap in isotopic niche area (see also Fig. S2 in the Supple-
ment). Overlap between individual adult male and adult 

female southern sea lions ranged from 0 to 83%

Fig. 3. Isotope values from 13 southern sea lion vibrissae (n =
7 adult male and n = 6 adult female) captured in February
2014. Adult females that foraged inshore (individual mean ±
SD, blue square) had a larger range of δ13C and δ15N values
when compared to adult females that foraged offshore and
adult males, that had isotope values that were typically in-
termediate to adult females (red triangle and black circle,
respectively). Also presented are convex hulls (dotted lines) 

that represent total niche space occupied
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DISCUSSION

We combined biologging tags with stable isotope
analysis of vibrissae to reveal an intricate picture of
SSL foraging ecology. We found evidence to support
sexual segregation in SSL habitat use. Specifically,
isotopic niches and 50% UD (i.e. the core foraging
area used) varied between sexes. However, contrary
to our expectations, we also found that adult male SSL
and adult female SSL undertook foraging trips of simi-
lar distance and duration (adult male SSL behaved
like central place foragers), and despite segregation,
substantial overlap still existed in foraging areas and
between male versus female isotopic niches. This is in
spite of extreme sexual size dimorphism and differing
life history constraints related to female-only parental
care. Framed in this context, our results are intriguing
because they poorly fit many of the hypotheses cen-
tred on body size and parental care (e.g. forage selec-
tion hypothesis and activity budget hypothesis) put
forward to explain sexual segregation in many other
pinniped species (Le Boeuf et al. 2000, Austin et al.
2004, Breed et al. 2006, Page et al. 2006, Staniland &
Robinson 2008, Wearmouth & Sims 2008, Leung et al.
2012). Our findings also highlight the complexity of
sexual segregation. With results that revealed both
segregation and overlap, the adaptive advantage of
commonly invoked proximate causes of sexual segre-
gation in pinnipeds are difficult to disentangle for SSL
breeding at the Falkland Islands.

In general, adult male SSL and adult female SSL
breeding at the Falkland Islands foraged in a similar
area, and exclusively on the Patagonian Shelf. How-
ever, 50% UD differed between sexes. Whilst all SSL
were captured at Big Shag Island, some adult male
SSL hauled out at, and continued to forage from,
other breeding colonies, where their foraging ranges
were likely to have overlapped with females breed-
ing at these colonies. Therefore, differences between
sexes in 50% UD may be explained by the use of dif-
ferent haul out sites, and overlap was likely to have
been underestimated during early lactation. We also
emphasize that differences in the 50% UD that we
report are likely to be sensitive to the small sample
sizes used in our study (e.g. Gutowsky et al. 2015),
and therefore should be interpreted with caution.
Equally, our biologging data are a snapshot in time.
A greater degree of segregation could occur at other
times of the year or in different years (as is reported
for grey seals Halichoerus grypus, Breed et al. 2006),
for which biologging data are currently lacking for
SSL. Given that SSL breeding in Uruguay increase
foraging trip distance and duration with pup age, dif-
ferences in the degree of sexual segregation across
the annual cycle are to be expected (Rodríguez et al.
2013). Nevertheless, stable isotope values provide
evidence of temporal consistency in habitat use.

Specifically, the use of discrete inshore (coastal) or
offshore (outer Patagonian Shelf) habitats by adult
female SSL was also reflected in vibrissae δ13C val-
ues and indicated long-term fidelity to these habitats.
Although the sample size of adult females that for-
aged inshore was low in this study (n = 2), the inshore
and offshore pattern in adult female SSL stable iso-
tope values was consistent with the results of a con-
current study that is based on a larger sample size of
adult female SSL (Baylis et al. 2015a). We did not
detect a similar pattern of inter-individual specializa-
tion in adult male SSL, despite males undertaking
both long and short foraging trips. Indeed, the iso-
topic niche of adult male SSL was smaller than the
overall niche of adult female SSL, suggesting  indi-
vidual males foraged in similar habitats, and the pat-
tern of habitat use observed was consistent over time.
These inferences are supported by more recent Falk-
land Islands tracking data from adult male SSL over
winter and spring which revealed that males con-
tinue to forage on the Patagonian Shelf and continue
to behave like central place foragers, despite having
no dependent offspring ashore (A. M. M. Baylis
unpubl. data). The central place foraging behaviour
of adult male SSL is reported for other otariid species
where adult males have been tracked (Page et al.
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Mean (‰) 95 % Credible Interval (‰)

Male
112944 0.66 0.42–0.93
112939 0.86 0.57–1.19
112941 0.53 0.37–0.69
112937 0.50 0.34–0.68
112938 0.52 0.36–0.69
112942 0.86 0.63–1.10
112936 0.56 0.36–0.79
Mean± SD 0.64 ± 0.16
Female offshore
GPS1 0.47 0.34–0.62
GPS3 0.60 0.35–0.90
GPS7 0.86 0.56–1.19
GPS10 1.01 0.56–1.56
Mean± SD 0.74 ± 0.25
Female inshore
GPS 4 1.88 1.26–2.57
GPS 2 1.91 1.07–2.89
Mean± SD 1.9 ± 0.02

Table 4. Bayesian standard ellipses (based on 100 000 pos -
terior draws) were calculated for each individual southern
sea lion to quantify niche area (see also Fig. S2 in the 

Supplement)
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2006, Staniland & Robinson 2008). Being ashore may
allow males to rest, avoid predators, be associated
with moult (moult can start as early as February for
adult male SSL), or confers an energetic advantage
associated with thermoregulation (Page et al. 2006,
Staniland & Robinson 2008, Kernaléguen et al. 2015).

Sex differences in isotopic niches presumably re-
flect differences in the species or proportions of pre-
ferred prey consumed. That dietary differences ex-
isted is compelling when considering our stable
isotope results in the context of foraging trip charac-
teristics. For example, despite differences in absolute
energetic requirements, adult male SSL and adult
 female SSL spent a similar time at sea, implying one
sex may be more efficient at foraging than the other
(perhaps due to size-mediated exclusion or pheno-
typic differences). This in turn could relate to differ-
ences in preferred prey, as is reported for grey seals
(Austin et al. 2004). Whilst no diet data exists for adult
male SSL breeding at the Falkland Islands, sex differ-
ences in diet exist for SSL breeding in Argentina, and
in many other pinniped species (e.g. Koen-Alonso et
al. 1999, Page et al. 2005a, Beck et al. 2007).

At the Falkland Islands, the larger isotope niche of
adult female SSL that foraged inshore suggests that
they used a broader range of habitats and fed upon a
broader range of prey, when compared to both adult
female SSL that foraged offshore, and adult male
SSL. The isotopic niche of adult female SSL that for-
aged offshore suggests they fed upon a larger pro-
portion of pelagic prey. In comparison, the intermedi-
ate isotopic niche of adult male SSL suggests they fed
on both benthic and pelagic prey, although individ-
ual adult males likely differed in the proportions of
benthic or pelagic prey consumed. Fasting during
the breeding season when adult male SSL are de -
fending breeding territories may have also influenced
their stable isotope values, because fasting may in -
crease δ15N values in keratinous tissues (Cherel et al.
2005).  Nevertheless, differences be tween adult male
and female SSL are broadly consistent with foraging
 theory, which suggests resource competition should
lead to increased niche expansion via ecological
divergence among individuals (Stephens & Krebs
1986, Svanbäck & Bolnick 2007).

Although clear sex differences existed in isotopic
niches, supporting niche divergence as a means to
reduce intraspecific competition, the isotopic niche of
some individual adult male and adult female SSL still
overlapped considerably (by as much as 87 %, based
on ellipse area). Niche overlap at the Falkland Islands
is consistent with SSL breeding at other South Atlantic
locations. For example, SSL breeding in Uruguay

show a high degree of overlap in isotopic niche area
based on vibrissae isotopes (Franco-Trecu et al. 2014,
but see Drago et al. 2015). Similarly, despite dietary
data to the contrary (Koen-Alonso et al. 1999), the
mean δ13C and δ15N values of SSL in Argentina over-
lap, although sexual segregation is also proposed to
have varied over time (1940 to 2002) and with age
(Drago et al. 2009). While these results are often
interpreted as overlap in diet or habitat use, unfortu-
nately, overlap in isotopic niche area alone provides
limited insight into sexual segregation. For example,
animals with overlapping isotopic niches may have
eaten different prey that had similar isotope values,
or eaten the same prey but foraged at different
depths, or on different size classes of prey. With this
in mind, we can reasonably conclude that adult
female SSL that foraged inshore or offshore showed a
greater degree of segregation in isotopic niches than
adult female versus adult male SSL. Secondly, adult
female SSL that foraged inshore or offshore were
likely to have differentially interacted with adult
male SSL (in both diet and foraging area). Therefore,
we reiterate that sexual  segregation in SSL habitat
use at the Falkland Islands is complex and the role of
entrenched factors, such as body size and parental
care, does not adequately explain the patterns in
habitat use that we have described.

Unfortunately, we did not collect diving data from
adult male SSL, which may have helped to further re-
solve segregation. For example, several other studies
on a diverse range of marine predators report  sexual
segregation via diving depth (Austin et al. 2004, Page
et al. 2005b, Staniland & Robinson 2008, Cleasby et
al. 2015), including SSL breeding in Argentina
(Müller 2004). Therefore, diving behaviour is likely to
be an important factor mediating sexual segregation
in SSL habitat use at the Falkland Islands. Given that
both adult male and adult female SSL foraged on the
Patagonian Shelf and within a similar area (i.e. on av-
erage, dive depth would have been constrained to
100 m), it is reasonable to assume some degree of
overlap exists in diving depth, given that adult female
SSL perform both benthic and pelagic dives (Baylis et
al. 2015a). However, even sexual differences in dive
duration, could, for example, enable one sex to more
effectively capture certain cryptic prey.

Potential differences in dive behaviour notwith-
standing, the degree to which segregation differs
within a species is one largely overlooked line of
enquiry that could provide fresh insights into sexual
segregation in habitat use. Given that some species
have breeding ranges that span thousands of km,
environmental pressures and behavioural and physi-
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ological responses of individuals may vary widely
between breeding locations, influencing the degree
of sexual segregation. For example, in contrast to the
Falkland Islands, adult male SSL breeding in
Argentina undertake foraging trips of longer dis-
tance and duration than adult female SSL, despite
being tracked over a similar period in the annual
cycle (November−February) (males: n = 6, distance =
317 ± 31 km, duration = 8.6 ± 1.0 d; females: n = 15,
distance = 102 ± 61 km, duration = 4.9 ± 2.0 d) (Cam-
pagna et al. 2001, Müller 2004). That the Falkland
Islands and Argentina differ in the degree of sexual
segregation (on the basis of foraging trip characteris-
tics), is not dissimilar to southern giant petrels
Macronectes giganteus, where sexual segregation
(as inferred from stable isotopes) ranges from signifi-
cant to non-significant, depending on breeding loca-
tion, and where resource distribution is proposed to
result in varying selection pressures at different
colonies (Phillips et al. 2011). This implies that habi-
tat heterogeneity between sites differentially deter-
mines how sexes interact by influencing individual
foraging performance and preferences.

Indeed, recent studies reveal that available habi-
tat and individual foraging preferences influence
whether individual-based limiting factors, such as
diving capacity, constrain behaviour (Staniland &
Robinson 2008, Sharples et al. 2012, Kernaléguen et
al. 2015, Hückstädt et al. 2016). For example, in har-
bour seals Phoca vitulina habitat is a more important
determinant of foraging behaviour than sex, size and
body condition (Sharples et al. 2012). Similarly, even
though adult male northern elephant seals Mirounga
angustirostris have greater diving ability than adult
females (due to their significantly larger mass and
oxygen stores), they do not necessarily dive deeper
or for longer than adult females (Le Boeuf et al. 2000).
Finally, Hückstädt et al. (2016), reviewing diving
physiology in adult female SSL, conclude that envi-
ronmental constraints, rather than body size, explain
different oxygen storage capacities and diving capa-
bilities between SSL at different breeding locations
(Argentina, Chile, Falkland Islands and Uruguay).

Given that SSL are central place foragers, and have
a foraging range that is typically restricted to the
Patagonian Shelf and shelf slope, the most obvious
environmental constraint is the proximity of SSL
breeding colonies to the Patagonian Shelf slope. For
example, SSL breeding in Argentina are further
away from the Patagonian Shelf slope compared to
the Falkland Islands (approx. 380 km versus 100 km,
respectively). Intuitively, the available habitat, de -
fined here as the width of the Patagonian Shelf, en-

ables adult male SSL breeding in Argentina to under-
take foraging trips that are, on average, 3 times the
distance and twice as long in duration as adult female
SSL (and adult male SSL breeding at the Falkland Is-
lands) (Campagna et al. 2001, Müller 2004). That males
in Argentina undertake extended foraging trips to
the Patagonian Shelf slope is unsurprising, given that
it is a region of enhanced biological activity and pri-
mary productivity (Acha et al. 2004). Presumably, the
distance to the Patagonian Shelf slope is beyond the
optimal foraging range of adult female SSL breeding
in Argentina, which are constrained in foraging trip
distance and duration by the need to provision nutri-
tionally dependent offspring (i.e. habitat choice is in-
fluenced by offspring survival). Hence, we propose
that available habitat mediates the degree to which
SSL sexual segregation is expressed, rather than indi-
vidual-based limiting factors per se. Adult males
breeding in Argentina were tracked from a substan-
tially larger colony than the Falkland Islands (1300
pups versus 328 pups, respectively), so density de-
pendence may also promote sexual segregation in
Argentina through in creased intersexual competition,
as is reported for terrestrial taxa (Campagna et al.
2001, Stewart et al. 2015).

In conclusion, both sexual segregation and overlap
in foraging niches existed for SSL breeding at the
Falkland Islands, making the functional significance
of body size and parental care less predictable than
previously reported (Campagna et al. 2001, Wear-
mouth & Sims 2008). We argue that available habitat
ultimately mediates the degree to which sexual seg-
regation is expressed, rather than individual-based
limiting factors per se (e.g. diving capacity). Future
studies should aim to assess how sexual segregation
within a species  differs among breeding locations,
because this will provide a better understanding of
the adaptive advantage of commonly invoked proxi-
mate causes of sexual segregation.

Acknowledgements. For facilitating this research, we thank
Rincon Grande farm, P. Brickle, R. Cordiero, J. Fenton and
N. Rendell. T. Knox assisted with field work. A.M.M.B.
received funding from the Shackleton Scholarship Fund
(Centenary Award), Rufford Small Grants, Sea World and
Busch Gardens Conservation Fund, Joint Nature Conserva-
tion Council, National Geographic Society, Winifred Violet
Scott and the Falkland Islands Government. Adult male PTT
tags were generously supplied by the British Antarctic
 Survey. D.P.C. received funding through the Office of
Naval Research (N00014-13-1-0134) to support the retrieval
of ARGOS data. Research was conducted under permit R14/
2014 issued by the Falkland Islands Government to
A.M.M.B. and the United States National Marine Fisheries
Permit 17952 issued to D.P.C.

209



Mar Ecol Prog Ser 554: 201–211, 2016210

LITERATURE CITED

Acha EM, Mianzan HW, Guerrero RA, Favero M, Bava J
(2004) Marine fronts at the continental shelves of austral
South America. J Mar Syst 44: 83−105

Ashmole NP (1963) The regulation of numbers of tropical
oceanic birds. Ibis 103b: 458−473 

Austin D, Bowen WD, McMillan JI (2004) Intraspecific vari-
ation in movement patterns:  modeling individual behav-
iour in a large marine predator. Oikos 105: 15−30

Baylis AMM, Orben RA, Arnould JPY, Peters K, Knox T,
Costa DP, Staniland IJ (2015a) Diving deeper into indi-
vidual foraging specializations of a large marine preda-
tor, the southern sea lion. Oecologia 179: 1053−1065

Baylis AMM, Orben RA, Arnould JPY, Christiansen F, Hays
GC, Staniland IJ (2015b) Disentangling the cause of a
catastrophic population decline in a large marine mam-
mal. Ecology 96: 2834−2847

Baylis AMM, Page B, Staniland I, Arnould JPY, McKenzie J
(2015c) Taking the sting out of darting:  risks, restraint
drugs and procedures for the chemical restraint of South-
ern Hemisphere otariids. Mar Mamm Sci 31: 322−344

Beck CA, Iverson SJ, Bowen WD, Blanchard W (2007) Sex
differences in grey seal diet reflect seasonal variation in
foraging behaviour and reproductive expenditure:  evi-
dence from quantitative fatty acid signature analysis.
J Anim Ecol 76: 490−502

Bowyer RT, Kie JG, Van Ballenberghe V (1996) Sexual seg-
regation in black-tailed deer:  effects of scale. J Wildl
Manag 60: 10−17

Breed GA, Bowen WD, McMillan JI, Leonard ML (2006)
Sexual segregation of seasonal foraging habitats in a
non-migratory marine mammal. Proc R Soc B 273: 
2319−2326

Campagna C, Werner R, Karesh W, Marín MR, Koontz F,
Cook R, Koontz C (2001) Movements and location at sea
of South American sea lions (Otaria flavescens). J Zool
255: 205−220

Cherel Y, Hobson KA, Bailleul F, Groscolas R (2005) Nutri-
tion, physiology, and stable isotopes:  new information
from fasting and molting penguins. Ecology 86: 
2881−2888

Cleasby IR, Wakefield ED, Bodey TW, Davies RD and others
(2015) Sexual segregation in a wide-ranging marine
predator is a consequence of habitat selection. Mar Ecol
Prog Ser 518: 1−12

Drago M, Crespo E, Aguilar A, Cardona L, García N, Dans
SL, Goodall N (2009) Historic diet change of the South
American sea lion in Patagonia as revealed by isotopic
analysis. Mar Ecol Prog Ser 384: 273−286

Drago M, Franco-Trecu V, Zenteno L, Szteren D and others
(2015) Sexual foraging segregation in South American
sea lions increases during the pre-breeding period in the
Río de la Plata plume. Mar Ecol Prog Ser 525:261–272

Fieberg J, Kochanny CO (2005) Quantifying home-range
overlap:  the importance of the utilization distribution.
J Wildl Manag 69: 1346−1359

Franco-Trecu V, Aurioles-Gamboa D, Inchausti P (2014)
Individual trophic specialisation and niche segregation
explain the contrasting population trends of two sym-
patric otariids. Mar Biol 161: 609−618

Gutowsky SE, Leonard M, Conners M, Shaffer SA, Jonsen,
ID (2015) Individual-level variation and higher-level in-
terpretions of space use in wide-ranging species:  An alba-
tross case study of sampling effects. Front Mar Sci 2: 93

Hamilton JE (1934) The southern sea lion (Otaria byronia)
(de Blainville). Discov Rep 8: 269–318

Hirons AC, Schell DM, St. Aubin DJ (2001) Growth rates of
vibrissae of harbor seals (Phoca vitulina) and Steller sea
lions (Eumetopias jubatus). Can J Zool 79: 1053−1061

Hückstädt LA, Tift MS, Riet-Sapriza F, Franco-Trecu V and
others (2016) Regional variability in diving physiology
and behavior in a widely distributed air-breathing mar-
ine predator, the South American sea lion Otaria byronia.
J Exp Biol, doi:10.1242/jeb.138677

Jackson AL, Inger R, Parnell AC, Bearhop S (2011) Compar-
ing isotopic niche widths among and within communi-
ties:  SIBER — Stable Isotope Bayesian Ellipses in R.
J Anim Ecol 80: 595−602

Jiménez S, Domingo A, Brazeiro A, Defeo O and others
(2015) Sex-related variation in the vulnerability of wan-
dering albatrosses to pelagic longline fleets. Anim Con-
serv 19:281–295

Johnson DS, London JM, Lea MA, Durban JW (2008) Con-
tinuous-time correlated random walk model for animal
telemetry data. Ecology 89: 1208−1215

Kernaléguen L, Cazelles B, Arnould JPY , Richard P, Guinet
C, Cherel Y (2012) Long-term species, sexual and indi-
vidual variations in foraging strategies of fur seals
revealed by stable isotopes in whiskers. PLoS ONE 7: 
e32916

Kernaléguen L, Cherel Y, Knox TC, Baylis AMM, Arnould
JPY (2015) Sexual niche segregation and gender-specific
individual specialisation in a highly dimorphic marine
mammal. PLoS ONE 10: e0133018

Kernaléguen L, Dorville N, Ierodiaconou D, Hoskins AJ and
others (2016) From video recordings to whisker stable
isotopes:  a critical evaluation of time-scale in assessing
individual foraging specialisation in Australian fur seals.
Oecologia 180: 657−670 

Koen-Alonso M, Crespo EA, Pedraza SN, Garcia NA and
others (1999) Food habits of the South American sea lion,
Otaria flavescens, off Patagonia, Argentina. Fish Bull 98: 
250−263

Le Boeuf BJ, Crocker DE, Costa DP and others (2000) Forag-
ing ecology of northern elephant seals. Ecol Monogr 70: 
353−382

Leung ES, Chilvers BL, Nakagawa S, Moore AB, Robertson
BC (2012) Sexual segregation in juvenile New Zealand
sea lion foraging ranges:  implications for intraspecific
competition, population dynamics and conservation.
PLoS ONE 7: e45389

Main MB (2008) Reconciling competing ecological explana-
tions for sexual segregation in ungulates. Ecology 89: 
693−704

Müller G (2004) The foraging ecology of South American
sea lions (Otaria flavescens) on the Patagonian Shelf.
PhD thesis, University of Kiel

Nakagawa S, Schielzeth H (2010) Repeatability for Gaussian
and non-Gaussian data: a practical guide for biologists.
Biol Rev 85:935–956

Newsome SD, Clementz MT, Koch PL (2010) Using stable
isotope biogeochemistry to study marine mammal ecol-
ogy. Mar Mamm Sci 26: 509−572

Page B, McKenzie J, Goldsworthy SD (2005a) Dietary
resource partitioning among sympatric New Zealand
and Australian fur seals. Mar Ecol Prog Ser 293: 283–302

Page B, McKenzie J, Goldsworthy SD (2005b) Inter-sexual
differences in New Zealand fur seal diving behaviour.
Mar Ecol Prog Ser 304: 249−264

http://dx.doi.org/10.3354/meps304249
http://dx.doi.org/10.1111/j.1748-7692.2009.00354.x
http://dx.doi.org/10.1890/07-0645.1
http://dx.doi.org/10.1371/journal.pone.0045389
http://dx.doi.org/10.2307/2657207
http://dx.doi.org/10.1007/s00442-015-3407-2
http://dx.doi.org/10.1371/journal.pone.0133018
http://dx.doi.org/10.1371/journal.pone.0032916
http://dx.doi.org/10.1890/07-1032.1
http://dx.doi.org/10.1111/acv.12245
http://dx.doi.org/10.1111/j.1365-2656.2011.01806.x
http://dx.doi.org/10.1139/cjz-79-6-1053
http://dx.doi.org/10.3389/fmars.2015.00093
http://dx.doi.org/10.1007/s00227-013-2363-9
http://dx.doi.org/10.2193/0022-541X(2005)69%5b1346%3AQHOTIO%5d2.0.CO%3B2
http://dx.doi.org/10.3354/meps08017
http://dx.doi.org/10.3354/meps11112
http://dx.doi.org/10.1890/05-0562
http://dx.doi.org/10.1017/S0952836901001285
http://dx.doi.org/10.1098/rspb.2006.3581
http://dx.doi.org/10.2307/3802034
http://dx.doi.org/10.1111/j.1365-2656.2007.01215.x
http://dx.doi.org/10.1111/mms.12148
http://dx.doi.org/10.1890/14-1948.1
http://dx.doi.org/10.1007/s00442-015-3421-4
http://dx.doi.org/10.1111/j.0030-1299.1999.12730.x
http://dx.doi.org/10.1111/j.1474-919X.1963.tb06766.x
http://dx.doi.org/10.1016/j.jmarsys.2003.09.005


Baylis et al.: Sexual segregation in southern sea lions

Page B, McKenzie J, Sumner MD, Coyne M, Goldsworthy
SD (2006) Spatial separation of foraging habitats among
New Zealand fur seals. Mar Ecol Prog Ser 323: 263−279

Phillips RA, McGill RAR, Dawson DA, Bearhop S (2011) Sex-
ual segregation in distribution, diet and trophic level of
seabirds:  insights from stable isotope analysis. Mar Biol
158: 2199−2208

Ralls K, Mesnick S (2008) Sexual dimorphism. In:  Perrin WF,
Wursig B, Thewissen JGM (eds) Encyclopedia of marine
mammals. Academic Press, San Diego, CA, p 1005−1011

Riet-Sapriza FG, Costa DP, Franco-Trecu V, Marín Y and
others (2013) Foraging behavior of lactating South Amer-
ican sea lions (Otaria flavescens) and spatial−temporal
resource overlap with the Uruguayan fisheries. Deep-
Sea Res II 88-89: 106−119

Rodríguez DH, Dassis M, Ponce de León A, Barreiro C,
Farenga M, Bastida RO, Davis RW (2013) Foraging
strategies of southern sea lion females in the La Plata
River Estuary (Argentina−Uruguay). Deep-Sea Res II 88-
89: 120−130

Ruckstuhl KE, Neuhaus P (2000) Sexual segregation in
ungulates:  a new approach. Behaviour 137: 361−377

Sharples RJ, Moss SE, Patterson TA, Hammond PS (2012)
Spatial variation in foraging behaviour of a marine top

predator (Phoca vitulina) determined by a large-scale
satellite tagging program. PLoS ONE 7: e37216

Staniland IJ (2005) Sexual segregation in seals. In:  Ruck-
stuhl KE, Neuhaus P (eds) Sexual segregation in verte-
brates. Ecology of the two sexes. Cambridge University
Press, New York, NY, p 53−73

Staniland IJ, Robinson S (2008) Segregation between the
sexes:  Antarctic fur seals, Arctocephalus gazella, forag-
ing at South Georgia. Anim Behav 75: 1581−1590

Stephens DW, Krebs JR (1986) Foraging theory. Princeton
University Press, Princeton, NJ

Stewart KM, Walsh DR, Kie JG, Dick BL, Bowyer RT (2015)
Sexual segregation in North American elk:  the role of
density dependence. Ecol Evol 5: 709−721

Svanbäck R, Bolnick DI (2007) Intraspecific competition
drives increased resource use diversity within a natural
population. Proc R Soc B 274: 839−844

Wearmouth VJ, Sims DW (2008) Sexual segregation in mar-
ine fish, reptiles, birds and mammals. Behaviour pat-
terns, mechanisms and conservation implications. Adv
Mar Biol 54: 107−170

Worton B (1989) Kernel methods for estimating the utiliza-
tion distribution in home-range studies. Ecology 70:
164–168

211

Editorial responsibility: Yves Cherel,
Villiers-en-Bois, France

Submitted: January 26, 2016; Accepted: May 3, 2016
Proofs received from author(s): July 22, 2016

➤

➤

➤

➤

➤

➤

➤

➤

➤

➤

http://dx.doi.org/10.1016/S0065-2881(08)00002-3
http://dx.doi.org/10.1098/rspb.2006.0198
http://dx.doi.org/10.1002/ece3.1397
http://dx.doi.org/10.1016/j.anbehav.2007.10.012
http://dx.doi.org/10.1371/journal.pone.0037216
http://dx.doi.org/10.1163/156853900502123
http://dx.doi.org/10.1016/j.dsr2.2012.07.012
http://dx.doi.org/10.1016/j.dsr2.2012.09.005
http://dx.doi.org/10.1007/s00227-011-1725-4
http://dx.doi.org/10.3354/meps323263

	cite43: 
	cite28: 
	cite5: 
	cite14: 
	cite42: 
	cite3: 
	cite13: 
	cite1: 
	cite41: 
	cite26: 
	cite40: 
	cite53: 
	cite38: 
	cite11: 
	cite24: 
	cite37: 
	cite10: 
	cite8: 
	cite23: 
	cite51: 
	cite49: 
	cite35: 
	cite21: 
	cite2: 
	cite19: 
	cite47: 
	cite20: 
	cite33: 
	cite18: 
	cite46: 
	cite17: 
	cite31: 
	cite16: 
	cite44: 
	cite7: 
	cite30: 
	cite15: 


