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Diving data

In total, 29401 dives >10 m and >30 s were re-
corded from 8 adult female SAFS (3 VR SAFS and 5
NF SAFS). The total number of dives varied between
individuals (range: 1889-4390) (Table 1). Diving oc-
curred both day and night, and the mean diving
depth was similar between breeding colonies (NF
SAFS: 53 + 18 m; VR SAFS: 69 + 19 m; LME ¢an depth
F, 6= 1.3, p = 0.29; Table 1). However, diving dura-
tion was significantly longer for VR SAFS when com-
pared with NF SAFS (136 + 6 s versus 111 + 17 s,
respectively; LMEgyration F1,6 = 7.8, p = 0.031) and
maximum dive depth was significantly deeper (278 +
77 m versus 173 + 39 m, respectively; LME .y depth
F,s= 13.4, p = 0.010) (Table 1). NF SAFS had a
greater proportion of dives closer to the sea floor
when compared with VR SAFS (ratio of dive depth to
the sea floor was 0.73 = 0.09 versus 0.41 + 0.12,
respectively; Table 1).

Stable isotope analysis

In total, 172 vibrissae segments were analysed
from 9 adult female SAFS (Fig. S3). Stable isotope
values were not significantly different between
colonies (LME 8C: F, ; = -2.1, p = 0.074; LME "N
F, ;=4.7,p=0.067), and 1 VR SAFS (ID 148749) had
313C and 8N values that closely resembled NF SAFS
(Table 1). However, the isotopic niche area differed
between breeding colonies. Specifically, there was
limited overlap between colony SEA, calculated from
the mean isotope value of each individual (<1 % over-
lap based on maximum likelihood estimates of stan-
dard ellipses corrected for small sample size, or an
84 % chance of overlap being less than 5% based on
1000 posterior estimates of ellipse overlap). This
measure is of course sensitive to ellipse size. When
ellipse size was increased from 40 to 95 % of the data,
the proportion of overlap increased to 38 % based on
maximum likelihood fitted ellipses, or 50 % chance of

Fig. 4. Left: summary of environmental variables extracted for each hourly location (expressed as proportion of time). Right:
for comparison, we also present environmental variables extracted for each dive location (expressed as proportion of dives).
A loess smoother was added to aid visualization
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Fig. 5. Mean isotope values from 9 adult female South Amer-
ican fur seals (n =4 at Volunteer Rocks and n = 5 at North Fur
Island). Symbols are the mean values for Volunteer Rocks
(red triangle) and North Fur Island (blue dot), while bidirec-
tional error bars representSD. Inner and outer dashed lines
represent 40 and 95 % ellipse areas, respectively

overlap being less than 10 % based on 1000 posterior
estimates of ellipse overlap (Fig. 5). The isotopic
niche area of VR SAFS was almost twice as large as
NF SAFS (0.19%0 versus 0.10%o, respectively; 95 %
credible interval = 0.04-0.44%. and 0.02-0.19 %o,
respectively). While these results must be interpreted
with caution due to our small sample size, colony
differences in isotopic niche area suggests that VR
SAFS fed at a lower trophic level and in more pelagic
habitat, when compared with NF SAFS.

DISCUSSION

SAFS at-sea behaviour is largely unknown. We
combined SAFS movement ecology with trophic
ecology and revealed strikingly different behaviour
and to a lesser degree resource use, between breed-
ing colonies separated in distance by only 200 km.
Most obvious, VR SAFS typically undertook ex-
tended foraging trips to the Patagonian Shelf slope in
the north of the Falkland Islands (mean bathymetric
depth 263 + 28 m). In contrast, NF SAFS typically for-
aged near the Falkland Islands’ coastline, and forag-
ing trips were constrained to the Patagonian Shelf
(mean bathymetric depth 85 + 24 m). Colony differ-
ences persisted throughout our 7 mo study and are
therefore described with a high degree of confi-
dence. Although 90 % UDs may have underestimated

area used, this is unlikely to influence the interpreta-
tion of overall trends because we expect distance-
dependent travel costs to be minimised in obligate
central place foragers, and spatial usage to eventu-
ally decline with distance from the colony (Orians &
Pearson 1979). A fundamental aim in ecology is to
understand the processes that shape animal behav-
iour and resource use, given that these attributes
influence a host of eco-evolutionary factors such as
community structure, metapopulation dynamics and
disease ecology, and enable coherent conservation-
oriented management policies to be developed (Mo-
rales & Ellner 2002). Accordingly, our study is impor-
tant because it is the first to provide insights into the
processes that shape spatial and temporal variation
in SAFS behaviour.

Habitat selection is an important component of ani-
mal behaviour and a key determinant of individual
survival, reproductive success and ultimately popu-
lation dynamics. The maximum foraging trip dis-
tance in our study was 940 km, far greater than the
200 km separating the 2 colonies. Hence, the forag-
ing areas used by adult female SAFS were accessible
from either colony, despite the distance between
breeding colonies and the central place foraging con-
straint placed upon females by the need to provision
nutritionally dependent offspring. Yet, the foraging
areas of VR SAFS and NF SAFS were mutually exclu-
sive. Although some degree of overlap is likely to
have occurred between breeding colonies that were
not tracked (Fig. 1), our findings contribute to the
growing body of literature that describes colony-
specific foraging areas in colonial-breeding, central
place foraging marine predators, and the profound
influence colony location has on habitat selection and
habitat preference (Robson et al. 2004, Baylis et al.
2008, Wakefield et al. 2013, 2017).

Ashmole's halo and the hinterland model are 2 mod-
els that are often used to provide a conceptual frame-
work to understand the mechanisms that drive colony
foraging (Ashmole 1963, Cairns 1989, Gaston et al.
2008, Masello et al. 2010, Wakefield et al. 2013). These
models were developed for seabirds but are readily
transferable to other colonial-breeding marine taxa,
including pinnipeds in temperate ecosystems. Ash-
mole's halo predicts that density-dependent competi-
tion results in local prey depletion, requiring individ-
uals to travel further to provision their young
(Ashmole 1963). However, density-dependent com-
petition and localised prey depletion are unlikely to
explain patterns in SAFS habitat use at the Falkland
Islands. Volunteer Rocks is smaller than North Fur
Island, both in terms of annual pup production (fewer
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than 500 pups versus approximately 1500 pups) and
available breeding space (0.01 versus 0.04 km?).
Hence, according to Ashmole’'s halo model, we
would expect the foraging trips of VR SAFS to be
shorter in distance and duration, when compared
with NF SAFS. Although many studies on central
place foraging marine predators report a positive cor-
relation between foraging trip distance, duration and
colony size (e.g. Lewis et al. 2001, Ainley et al. 2004),
we found no such a relationship. Indeed, foraging
trip distance was over 3 times longer, and duration
almost twice as long, for VR SAFS when compared
with the larger North Fur Island breeding colony.
The hinterland model predicts that individuals from
different colonies segregate because travel costs dif-
fer between colonies and individuals should forage in
areas closer to their own colony (Cairns 1989). How-
ever, the core foraging area of VR SAFS was often
closer to North Fur Island than Volunteer Rocks.
Hence, our results are inconsistent with popular mo-
dels, and the segregation of SAFS foraging areas at
the Falkland Islands is more complicated than a trade-
off between density dependence and colony location.

For example, colony differences in habitat use
were coupled with profound and consistent differ-
ences in behaviour, the most obvious being foraging
trip distance and duration. Considering the distance
between colonies, VR SAFS and NF SAFS are likely
subjected to different selective pressures related to
different local environmental demands. Hence, dif-
ferent behaviours between SAFS breeding colonies
represent phenotypic plasticity, and phenotypes could
differ between populations without underlying genetic
differences (Foster 2013). In this context, we reason
that SAFS behaviour and resource use may more
immediately be influenced by phenotype, philopatry
(common among otariids; Hoffman & Forcada 2012)
and the local environment, rather than intraspecific
competition and colony segregation per se.

Size differences further support the notion that
phenotype differs between breeding colonies. Spe-
cifically, VR SAFS were longer when compared with
NF SAFS. This crude proxy of size could be an arte-
fact of our small sample size. However, geographic
variation in body size among populations is common-
place (Mayr 1956). For instance, colony variation in
body size is often reported for seals and seabirds
(Goldsworthy et al. 2009, Staniland et al. 2010,
2011, Cook et al. 2013, Jeglinski et al. 2015, Orben
et al. 2015). One hypothesis for colony differences
in body size is colony demographics. For example,
the available breeding area at Volunteer Rocks is
smaller than North Fur Island. If we assume length

correlates with age, then larger, older adult fe-
males at Volunteer Rocks may outcompete younger,
smaller adult females for limited breeding space,
as proposed for Antarctic fur seals Arctocephalus
gazella (Staniland et al. 2010). In addition, geo-
graphic variation in body size could reflect an adap-
tation to local environmental conditions, given that
size differences between colonies are often corre-
lated with contrasting foraging behaviours (Stani-
land et al. 2011, Cook et al. 2013, Orben et al. 2015).
For example, diving depth and duration are posi-
tively correlated with body size in diving animals,
because larger animals have lower mass-specific
metabolic rates and greater oxygen stores (Costa et
al. 2004). Hence, a larger size may confer a compet-
itive advantage to VR SAFS, because increased div-
ing capacity would enable more efficient longer and
deeper dives (VR SAFS had longer diving durations
and deeper maximum diving depths). Alternatively,
higher absolute energy reserves and lower absolute
metabolic rates may enable larger females to be
more efficient at converting food into fat reserves,
which is likely advantageous in the context of
extended foraging trips (Festa-Bianchet et al. 1998,
Beauplet & Guinet 2007).

Foraging theory predicts that animals adopt opti-
mal strategies that maximise fitness by maximising
foraging efficiency and offspring provisioning, and
minimising the risk of starvation (Ydenberg et al.
1994). Long foraging trips may reduce provisioning
opportunities, be energetically costly and increase
predation risk (although adult female SAFS likely
have few predators), when compared with short for-
aging trips. Hence, the extended distances travelled
by VR SAFS must be offset by the quality or accessi-
bility of prey. For example, adult female Antarctic fur
seals that undertake long foraging trips have a
higher-energy content diet relative to conspecifics
that undertake short foraging trips, which is pro-
posed to facilitate a relatively constant rate of energy
delivery to offspring irrespective of foraging trip
length (Staniland et al. 2007). Our stable isotope
analysis indicated that despite considerable overlap
and a small sample size, trophic ecology also varied
between VR SAFS and NF SAFS. Benthic prey on the
Patagonian Shelf have higher 8°C and §'°N values
relative to pelagic prey (Vales et al. 2015). Hence,
isotopic differences in niche areas between colonies
presumably signify different trophic levels at which
SAFS fed and different diets. SAFS diet includes
crustaceans (lobster krill Munida gregaria), cephalo-
pods (Illex argentinus and Doryteuthis gahi) and fish
(predominantly notothenid species and Sprattus fu-
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gensis) (Baylis et al. 2014). Different isotope values
likely represent different combinations of these prey
groups. This is supported by a preliminary analysis of
a small number of scats collected from Volunteer
Rocks and North Fur Island at the time of tag deploy-
ment (n = 21 and n = 60 scats, respectively). Volun-
teer Rocks scats contained a greater frequency of
occurrence of fish when compared with North Fur
Island (78 versus 30 %, respectively), whereas North
Fur Island scats contained more crustaceans (54 ver-
sus 21 %, respectively; A. M. M. Baylis unpubl. data).
Although we do not have sufficient data to resolve
whether the energetic values of SAFS prey vary
between breeding colonies, presumably both forag-
ing strategies could be optimal if foraging areas were
associated with predictable oceanographic features.
Volunteer Rocks and North Fur Island are located
near the Falkland Current. The Falkland Current ori-
ginates from the Antarctic Circumpolar Current, and
when it reaches the continental shelf to the south of
the Falkland Islands, it branches into 2 main north-
ward flowing currents (Arkhipkin et al. 2012, 2013).
Oceanography around the Falkland Islands is com-
plex. Primary productivity is influenced by tidal move-
ments, meso-scale fronts, quasi-stationary eddies and
regions of upwelling in both summer and winter, with
incursions of the Falkland Current slope waters
reaching up to 150 km from the shelf-break, onto the
Patagonian Shelf (Arkhipkin et al. 2012, 2013). The
complexity of local oceanography notwithstanding,
the foraging areas of adult female SAFS in winter
were in the vicinity of quasi-stationary frontal zones
that are located in the east (north eastern front) and
west (west offshore front) of the Falkland Islands,
which are most readily identified on the basis of
strong salinity gradients (Fig. 1) (Arkhipkin et al.
2012, 2013). Although overly simplified, this implies
that SAFS habitat use is explained by predictable
ocean features, rather than differences in bathymetry
and slope per se. The use of predictable oceano-
graphic features is consistent with other temperate
and polar fur seal species, which typically forage in
association with seasonally predictable large-scale
oceanographic features (frontal zones, coastal up-
wellings, shelf-break regions) (Beauplet et al. 2004,
Page et al. 2006, Staniland et al. 2007, Baylis et al.
2012, Nordstrom et al. 2013, Wege et al. 2016).
During spring, SAFS foraging trip distance and
duration increased. Seasonal changes in foraging trip
distance and duration are broadly consistent with an
earlier study that tracked SAFS from Bird Island
(Fig. 1) (Thompson et al. 2003). Although we did not
follow the fate of pups, foraging trip duration could

have been related to offspring age (as pups age they
can withstand longer periods of fasting) or changes in
the metabolic requirements of adult female SAFS or
their offspring (Beauplet et al. 2004). Interpreting
seasonal shifts is complicated during the latter part of
spring because some foraging trips were likely asso-
ciated with the post-weaning period, when adult
female SAFS are free from central place foraging
constraints. Nevertheless, in December, when pups
should have already weaned, but prior to the 2016
breeding season, VR SAFS abruptly shifted their for-
aging behaviour and undertook short foraging trips
beyond the Patagonian Shelf slope to the east of Vol-
unteer Rocks. Although this could be related to the
developing foetus and changes in female metabolic
requirements just prior to parturition, intuitively, the
seasonal changes in foraging areas that we report are
ultimately linked to changes in the availability of pre-
ferred prey. For example, the abundance and distri-
bution of finfish and squid around the Falkland
Islands vary seasonally because of migrations associ-
ated with spawning and feeding (e.g. D. gahi has a
summer and winter peak in biomass related to spring
and autumn spawning cohorts) (Arkhipkin et al. 2012,
2013).

Finally, the geographic differences in behaviour
and resource use that we describe raise intriguing
questions regarding population connectivity and
how maternal foraging strategies influence offspring
survival. For example, movement ecology implies
that female-mediated genetic exchange is more
likely to occur between North Fur Island and breed-
ing colonies in Argentina (e.g. Staten Island), when
compared with Volunteer Rocks. Our results also
highlight that SAFS will be differentially affected by
anthropogenic hazards, such as hydrocarbon activi-
ties and fisheries, depending on colony location.
Geographic variation in behaviour is likely to occur
throughout the extended breeding range of SAFS.
However, plasticity itself is also likely to be geo-
graphically variable and dependent on colony loca-
tion and local environment factors, such as the distri-
bution of preferred prey.

Acknowledgements. We gratefully acknowledge the expert-
ise of L. Poncet, who safely sailed us around the Falklands.
Field work was made possible with funding from the South
Atlantic Environmental Research Institute’'s GAP project, an
initiative of the Falkland Islands Offshore Hydrocarbons
Environmental Forum, funded by the Falkland Islands Gov-
ernment and Falkland Islands Petroleum Licensees Associa-
tion. Field work was also supported by funding from the
Shackleton Scholarship Fund and the National Geographic
Society. Research was conducted under permit R14/2015
issued by the Falkland Islands Government.



244

Mar Ecol Prog Ser 596: 233-245, 2018

LITERATURE CITED
#Ainley DG, Ribic CA, Ballard G, Heath S and others (2004)
Geographic structure of Adelie penguin populations:
overlap in colony-specific foraging areas. Ecol Monogr
74:159-178
]\(Angel LP, Berlincourt M, Arnould JPY (2016) Pronounced
inter-colony variation in the foraging ecology of Aus-
tralasian gannets: influence of habitat differences. Mar
Ecol Prog Ser 556:261-272
FCArkhipkin A, Brickle P, Laptikhovsky V, Winter A (2012)
Dining hall at sea: feeding migrations of nektonic preda-
tors to the eastern Patagonian Shelf. J Fish Biol 81:
882-902
Arkhipkin A, Brickle P, Laptikhovsky V (2013) Links be-
tween marine fauna and oceanic fronts on the Patago-
nian Shelf and Slope. Arquipel Life Mar Sci 30:19-37
Ashmole NP (1963) The regulation of numbers of tropical
oceanic birds. Ibis 103b:458-473
#Baylis AMM, Page B, Goldsworthy SD (2008) Colony-
specific foraging areas of lactating New Zealand fur
seals. Mar Ecol Prog Ser 361:279-290
A’Baylis AMM, Page B, McKenzie J, Goldsworthy SD (2012)
Individual foraging site fidelity in lactating New Zealand
fur seals: continental shelf vs. oceanic habitats. Mar
Mamm Sci 28:276-294
ZBaylis AMM, Arnould J, Staniland 1J (2014) Diet of South
American fur seals at the Falkland Islands. Mar Mamm
Sci 30:1210-1219
A'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
HBaylis AMM, Page B, Staniland I, Arnould J, McKenzie J
(2015b) 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
] Baylis AMM, Kowalski GJ, Voigt CC, Orben RA, Trillmich F,
Staniland 1J, Hoffman JI (2016) Pup vibrissae stable iso-
topes reveal geographic differences in adult female
southern sea lion habitat use during gestation. PLOS
ONE 11:e0157394
ﬁ<Baylis AMM, Orben RA, Costa DP, Tierney M, Brickle P,
Staniland 1J (2017) Habitat use and spatial fidelity of
male South American sea lions during the nonbreeding
period. Ecol Evol 7:3992-4002
ﬁiBeauplet G, Guinet C (2007) Phenotypic determinants of
individual fitness in female fur seals: larger is better. Proc
R Soc B 274:1877-1883
]\(Beauplet G, Dubroca L, Guinet C, Cherel Y, Dabin W,
Gagne C, Hindell M (2004) Foraging ecology of sub-
antarctic fur seals Arctocephalus tropicalis breeding on
Amsterdam Island: seasonal changes in relation to
maternal characteristics and pup growth. Mar Ecol Prog
Ser 273:211-225
]\(Bolnick DI, Amarasekare P, Aratjo MS, Biirger R and others
(2011) Why intraspecific trait variation matters in com-
munity ecology. Trends Ecol Evol 26:183-192
]\(Bombau A, Szteren D (2017) Seasonal variability of South
American fur seals (Arctocephalus australis) and sea
lions (Otaria flavescens) in two haulouts and interactions
with small-scale fisheries off the coast of Montevideo,
Uruguay. Aquat Mamm 43:479-491
] Cairns ADK (1989) The regulation of seabird colony size: a
hinterland model. Am Nat 134:141-146

]\(Calenge C, Dray S, Royer-Carenzi M (2009) The concept of
animals’ trajectories from a data analysis perspective.
Ecol Inform 4:34-41
A Cook TR, Lescroél A, Cherel Y, Kato A, Bost CA (2013) Can
foraging ecology drive the evolution of body size in a div-
ing endotherm? PLOS ONE 8:56297
ACosta DP, Kuhn CE, Weise MJ, Shaffer SA, Arnould JPY
(2004) When does physiology limit the foraging behaviour
of freely diving mammals? Int Congr Ser 1275:359-366
]\'{ Costa DP, Robinson PW, Arnould JPY, Harrison AL and
others (2010) Accuracy of ARGOS locations of pinni-
peds at-sea estimated using Fastloc GPS. PLOS ONE 5:
e8677
] Crespo EA, Schiavini ACM, Garcia NA, Franco-Trecu V and
others (2015) Status, population trend and genetic struc-
ture of South American fur seals, Arctocephalus aus-
tralis, in southwestern Atlantic waters. Mar Mamm Sci
31:866-890
] Festa-Bianchet M, Gaillard JM, Jorgenson JT (1998) Mass-
and density-dependent reproductive success and repro-
ductive costs in a capital breeder. Am Nat 152:367-379
]% Foster SA (1999) The geography of behaviour: an evolution-
ary perspective. Trends Ecol Evol 14:190-195
Foster SA (2013) Evolutionary insights from behavioural
geography: plasticity, evolution, and responses to rapid
environmental change. Evol Ecol Res 15:705-731
Franco-Trecu V (2015) Tacticas comportamentales de for-
rajeo y apareamiento y dindamica poblacional de dos
especies de otaridos simpatricas con tendencias pobla-
cionales contrastantes. PhD dissertation, Universidad de
la Republica, Montevideo
]\'{ Frederiksen M, Moe B, Daunt F, Phillips RA and others
(2012) Multicolony tracking reveals the winter distribu-
tion of a pelagic seabird on an ocean basin scale. Divers
Distrib 18:530-542
Gaston AJ, Ydenberg RC, Smith GEJ (2008) Ashmole's Halo
and population regulation in seabirds. Mar Ornithol 126:
119-126
Goldsworthy S, McKenzie J, Shaughnessy PD, McIntosh RR,
Page B, Campbell R (2009) An update of the report:
understanding the impediments to the growth of Aus-
tralian sea lion populations. Report to the Department of
the Environment, Water, Heritage and the Arts. SARDI
Publication Number F2008/00847-1. SARDI Research
Report series No. 356. South Australian Research and
Development Institute, West Beach
A‘Grémillet D, DelllOmo G, Ryan PG, Peters G, Ropert-
Coudert Y, Weeks SJ (2004) Offshore diplomacy, or how
seabirds mitigate intra-specific competition: a case study
based on GPS tracking of Cape gannets from neighbour-
ing colonies. Mar Ecol Prog Ser 268:265-279
Handley JM, Connan M, Baylis AMM, Brickle P, Pistorius P
(2017) Jack of all prey, master of some: influence of habi-
tat on the feeding ecology of a diving marine predator.
Mar Biol 164:82
]\'{ Hoffman JI, Forcada J (2012) Extreme natal philopatry
in female Antarctic fur seals (Arctocephalus gazella).
Mamm Biol 77:71-73
HSHiickstadt 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 219:2320-2330
] Jackson AL, Inger R, Parnell AC, Bearhop S (2011) Compar-
ing isotopic niche widths among and within communities:


https://doi.org/10.1890/02-4073
https://doi.org/10.3354/meps11845
https://doi.org/10.1111/j.1095-8649.2012.03359.x
https://doi.org/10.3354/meps07258
https://doi.org/10.1111/j.1748-7692.2011.00487.x
https://doi.org/10.1111/mms.12090
https://doi.org/10.1007/s00442-015-3421-4
https://doi.org/10.1111/mms.12148
https://doi.org/10.1371/journal.pone.0157394
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28616194&dopt=Abstract
https://doi.org/10.1098/rspb.2007.0454
https://doi.org/10.3354/meps273211
https://doi.org/10.1016/j.tree.2011.01.009
https://doi.org/10.1111/j.1365-2656.2011.01806.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27247316&dopt=Abstract
https://doi.org/10.1016/j.mambio.2011.09.002
https://doi.org/10.3354/meps268265
https://doi.org/10.1111/j.1472-4642.2011.00864.x
https://doi.org/10.1016/S0169-5347(98)01577-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18811445&dopt=Abstract
https://doi.org/10.1111/mms.12199
https://doi.org/10.1371/journal.pone.0008677
https://doi.org/10.1016/j.ics.2004.08.058
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23409169&dopt=Abstract
https://doi.org/10.1016/j.ecoinf.2008.10.002
https://doi.org/10.1086/284970
https://doi.org/10.1578/AM.43.5.2017.479

Baylis et al.: Geographic variation in fur seal behaviour

245

SIBER — Stable Isotope Bayesian Ellipses in R. J Anim
Ecol 80:595-602
AJeglinski JWE, Wolf JBW, Werner C, Costa DP, Trillmich F
(2015) Differences in foraging ecology align with geneti-
cally divergent ecotypes of a highly mobile marine top
predator. Oecologia 179:1041-1052
#Johnson DS, London JM, Lea MA, Durban JW (2008) Con-
tinuous-time correlated random walk model for animal
telemetry data. Ecology 89:1208-1215
ﬁiKernaléguen 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
H‘Lascelles BG, Taylor PR, Miller MGR, Dias MP and others
(2016) Applying global criteria to tracking data to define
important areas for marine conservation. Divers Distrib
22:422-431
ﬁ<Lea MA, Guinet C, Cherel Y, Hindell M, Dubroca L, Thal-
mann S (2008) Colony-based foraging segregation by
Antarctic fur seals at the Kerguelen Archipelago. Mar
Ecol Prog Ser 358:273-287
ﬁiLewis S, Sherratt TN, Hamer KC, Wanless S (2001) Evidence
of intra-specific competition for food in a pelagic seabird.
Nature 412:816-819
]\(Masello JF, Mundry R, Poisbleau M, Demongin L, Voigt CC,
Wikelski M, Quillfeldt P (2010) Diving seabirds share for-
aging space and time within and among species. Eco-
sphere 1:art19
Mayr E (1956) Animal species and evolution. Harvard Uni-
versity Press, Cambridge, MA
]\(McHuron EA, Walcott SM, Zeligs J, Skrovan S, Costa DP,
Reichmuth C (2016) Whisker growth dynamics in two
North Pacific pinnipeds: implications for determining
foraging ecology from stable isotope analysis. Mar Ecol
Prog Ser 554:213-224
ﬁiMendez L, Borsa P, Cruz S, de Grissac S and others (2017)
Geographical variation in the foraging behaviour of the
pantropical red-footed booby. Mar Ecol Prog Ser 568:
217-230
ﬁEMorales JM, Ellner SP (2002) Scaling up animal movements
in heterogeneous landscapes: the importance of behav-
ior. Ecology 83:2240-2247
Newsome SD, Clementz MT, Koch PL (2010) Using stable
isotope biogeochemistry to study marine mammal ecol-
ogy. Mar Mamm Sci 26:509-572
FNordstrom CA, Battaile BC, Cotté C, Trites AW (2013)
Foraging habitats of lactating northern fur seals are
structured by thermocline depths and submesoscale
fronts in the eastern Bering Sea. Deep-Sea Res II 88-89:
78-96
A Oliveira LR De, Brownell RL (2014) Taxonomic status of two
subspecies of South American fur seals: Arctocephalus
australis australis vs. A. a. gracilis. Mar Mammal Sci
30:1258-1263
]\( Orben RA, Paredes R, Roby DD, Irons DB, Shaffer SA (2015)
Body size affects individual winter foraging strategies of

Editorial responsibility: Peter Corkeron,
Woods Hole, Massachusetts, USA

thick-billed murres in the Bering Sea. J Anim Ecol 84:
1589-1599
Orians G, Pearson N (1979) On the theory of central place
foraging. In: Horn DJ, Mitchell RD, Stairs GR (eds) Ana-
lysis of ecological systems. Ohio University Press,
Athens, OH, p 155-177
]% 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
Robson BW, Goebel ME, Baker JD, Ream RR and others
(2004) Separation of foraging habitat among breeding
sites of a colonial marine predator, the northern fur seal
(Callorhinus ursinus). Fish Sci 29:20-29
Staniland 1J, Boyd IL, Reid K (2007) An energy-distance
trade-off in a central-place forager, the Antarctic fur seal
(Arctocephalus gazella). Mar Biol 152:233-241
] Staniland IJ, Gales N, Warren NL, Robinson SL, Goldswor-
thy SD, Casper RM (2010) Geographical variation in the
behaviour of a central place forager: Antarctic fur seals
foraging in contrasting environments. Mar Biol 157:
2383-2396
,"{ Staniland 1J, Morton A, Robinson SL, Malone D, Forcada J
(2011) Foraging behaviour in two Antarctic fur seal
colonies with differing population recoveries. Mar Ecol
Prog Ser 434:183-196
Strange 1J (1992) A field guide to the wildlife of the Falkland
Islands and South Georgia. Harper and Collins, London
A¢Thompson D, Moss SEW, Lovell P (2003) Foraging behav-
iour of South American fur seals Arctocephalus australis:
extracting fine scale foraging behaviour from satellite
tracks. Mar Ecol Prog Ser 260:285-296
ﬁi Tremblay Y, Cherel Y (2003) Geographic variation in the for-
aging behaviour, diet and chick growth of rockhopper
penguins. Mar Ecol Prog Ser 251:279-297
]\'{‘Vales DM, Cardona L, Garcia NA, Zenteno L, Crespo EA
(2015) Ontogenetic dietary changes in male South Amer-
ican fur seals Arctocephalus australis in Patagonia. Mar
Ecol Prog Ser 525:245-260
]\<Wakefield E (2011) Habitat preference, accessibility, and
competition limit the global distribution of breeding
black-browed albatrosses. Ecol Monogr 81:141-167
] Wakefield ED, Bodey TW, Bearhop S, Blackburn J and
others (2013) Space partitioning without territoriality in
gannets. Science 341:68-70
A Wakefield ED, Owen E, Baer J, Carroll MJ and others (2017)
Breeding density, fine-scale tracking, and large-scale
modeling reveal the regional distribution of four seabird
species. Ecol Appl 27:2074-2091
A Wege M, Tosh CA, de Bruyn PJN, Bester MN (2016) Cross-
seasonal foraging site fidelity of subantarctic fur seals:
implications for marine conservation areas. Mar Ecol
Prog Ser 554:225-239
A‘Ydenberg RC, Welham CVJ, Schmid-Hempel R, Schmid-
Hempel P, Beauchamp G (1994) Time and energy con-
straints and the relationships between currencies in for-
aging theory. Behav Ecol 5:28-34

Submitted: December 11, 2017; Accepted: March 12, 2018
Proofs received from author(s): May 7, 2018


https://doi.org/10.1007/s00442-015-3424-1
https://doi.org/10.1890/07-1032.1
https://doi.org/10.1371/journal.pone.0133018
https://doi.org/10.1111/ddi.12411
https://doi.org/10.3354/meps07305
https://doi.org/10.1038/35090566
https://doi.org/10.1890/ES10-00103.1
https://doi.org/10.3354/meps11793
https://doi.org/10.3354/meps12052
https://doi.org/10.1890/0012-9658(2002)083%5b2240%3ASUAMIH%5d2.0.CO%3B2
https://doi.org/10.1016/j.dsr2.2012.07.010
https://doi.org/10.1111/mms.12098
https://doi.org/10.1093/beheco/5.1.28
https://doi.org/10.3354/meps11798
https://doi.org/10.1002/eap.1591
https://doi.org/10.1126/science.1236077
https://doi.org/10.1890/09-0763.1
https://doi.org/10.3354/meps11214
https://doi.org/10.3354/meps251279
https://doi.org/10.3354/meps260285
https://doi.org/10.3354/meps09201
https://doi.org/10.1007/s00227-010-1503-8
https://doi.org/10.1007/s00227-007-0698-9
https://doi.org/10.3354/meps323263
https://doi.org/10.1111/1365-2656.12410



