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Abstract
The efficiency of spatial conservation measures for threatened species depends
mostly on the proportion of time that animals spend within the protected areas.
We illustrate this with our case study of the population of recolonizing female
New Zealand (NZ) sea lions Phocarctos hookeri (n = 13) at Otago Peninsula,
South Island, NZ. Human interactions at sea, where sea lions forage, are of
concern, and spatial management measures have been proposed. Understanding
the level of foraging site fidelity of these animals was consequently essential. We
used satellite tracking of individuals across three autumns to assess foraging site
fidelity and year-round on-land sighting surveys over 2.5 years as proxy to foraging areas outside autumns. Each individual exhibited a high level of autumnal site
fidelity for foraging areas between years (64% overlap between 65% Kernel ranges
with a 3-km buffer) while using beaches along a 12-km stretch of coastline during
96 ⫾ 8% (range 79–100%) of their time onshore. As a proxy for foraging areas
outside autumns, these animals exhibited a high level of site fidelity to this stretch
of coastline throughout the year. Breeding females were sighted there during 86%
of months (range = 73–100%) and non-breeding females during 69% of months
(range = 58–90%). The site fidelity of these animals indicates that protected areas
would be efficient in this case and highlights the importance of studying foraging
site fidelity in mobile predators to design efficient conservation measures.

doi:10.1111/acv.12056

Introduction
Spatial studies on foraging areas of mobile predators have
been used to create and propose spatial conservation measures
for threatened species or populations that are affected by
anthropogenic activities (e.g. Litzgus et al., 2004; James,
Ottensmeyer & Myers, 2005; Ashe, Noren & Williams, 2010;
Scott et al., 2012). Protected areas can be implemented to limit
interactions between anthropogenic activities and animals or
their resources. However, the efficiency of such conservation
measures predominantly depends on the proportion of time
that animals spend within the protected areas (Woodroffe &
Ginsberg, 1998). For mobile predators, foraging areas are a
key element of their environment. Individual site fidelity for
foraging areas, within and between years, has been reported in
a few species of various groups of mobile predators at a range
of spatiotemporal scales in reptiles (Sazima & Marques, 2007),
in bony fish (Block et al., 2001; Jorgensen et al., 2006), in
terrestrial mammals (Kitchen, Gese & Schauster, 2000; Hillen,
Kiefer & Veith, 2009), in marine birds (Hamer et al., 2001;
Mattern et al., 2007) and in marine mammals including
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pinnipeds (Stewart & DeLong, 1995; Bradshaw et al., 2004;
Chilvers, 2008a; Kelly et al., 2010).
Pinnipeds (commonly referred to as ‘seals’) are amphibious mammals and may interact with anthropogenic
activities on land and at sea. Most pinnipeds, including all
eared seals (fur seals and sea lions), breed and rest on land in
restricted coastal areas during defined periods each
year and also commonly show breeding site fidelity and
philopatry (Twiss, Pomeroy & Anderson, 1994; Slade et al.,
1998; Bradshaw, Lalas & Thompson, 2000; Pomeroy, Twiss
& Redman, 2000; Van Parijs, Janik & Thompson, 2000;
Campbell et al., 2008; Chilvers & Wilkinson, 2008; Kelly
et al., 2010). Consequently, shaping protected areas on land
to reduce the impacts of anthropogenic activities on these
species can be straightforward. However, pinnipeds feed
exclusively at sea and are highly mobile in this environment.
Populations of pinnipeds that spatially interact with fisheries while foraging are susceptible to incidental deaths in
fishing gear (bycatch), depredation and resource competition (Wickens et al., 1992; Alonzo, Switzer & Mangel, 2003;
Huckstadt & Krautz, 2004).
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Marine spatial management areas were found to be efficient options to limit interactions between some marine
mobile predators and fisheries (Pichegru et al., 2010;
Gormley et al., 2012). This required that animals permanently forage in relatively consistent areas (i.e. exhibit foraging site fidelity). This is an important factor to determine
before protected areas can be designed. However, studies of
year-round foraging areas in pinnipeds are often not logistically possible as all animals annually moult (prohibiting
the use of satellite telemetry tags for more than a few
seasons as instruments are attached to the fur) or may disperse making it more difficult to obtain long-term data on
the same animals. There has not been, to date, a study on
pinnipeds that reported on a multi-year continuous finescale foraging areas of specific individuals.
Satellite tracking tags, the main technology used to study
at-sea movements of pinnipeds are typically only attached
for a few weeks to a few months (Robinson et al., 2002;
Austin et al., 2006; Baylis, Page & Goldsworthy, 2008;
Freitas et al., 2009; Geschke & Chilvers, 2009). Nevertheless, long-term studies of terrestrial habitat use are feasible
by ground searches and individual identification through
flipper tags (Chilvers, Wilkinson & McKenzie, 2010), microchips, brands (Raum-Suryan et al., 2002; Wilkinson et al.,
2011), photographic methods (McConkey, 1999; Karlsson
et al., 2005) or radio tracking (smaller devices that may have
the potential to be fitted under the skin; Lander et al., 2005).
Womble & Sigler (2006) showed that seasonal changes in
the use of terrestrial sites by Steller sea lions Eumetopias
jubatus corresponded to seasonal availability of suitable
prey, hence to foraging areas. If foraging areas of individuals can be studied over multiple years for a few months,
synchronously with the corresponding land use of these
individuals, land site use during the rest of the year may
consequently be used as a proxy for and allow investigating
the level of foraging site fidelity year round.
Otago Peninsula, South Island, New Zealand (NZ;
Fig. 1), is the location where the first known recolonizing
population of NZ sea lions Phocarctos hookeri is being established outside the three remnant breeding colonies in the
sub-Antarctic islands following human extirpation
(Childerhouse & Gales, 1998; McConkey et al., 2002). The
recolonizing population was initiated by a unique matriarch
in 1994 (McConkey et al., 2002) and has slowly increased
since with an exponential curve (Lalas & Bradshaw, 2003).
As the recolonization progresses and sea lion number
increases, it is predicted that bycatch and competition issues
will arise in the foraging grounds of the Otago female NZ sea
lions, and spatial conservation measures (e.g. protected areas
such as marine reserves and gear-restricted areas) may be the
best options to manage these interactions (Augé, Moore &
Chilvers, 2012c). However, it is important to understand if
the animals in the Otago sea lion population show annual site
fidelity for defined foraging grounds before decisions can be
made on the best approach. Chilvers (2008a) showed that
female NZ sea lions at one of the remnant breeding colonies
exhibit seasonal broad site fidelity for foraging areas during
midsummer up to 4 years apart. However, no data exist
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Figure 1 Location of the study site, Otago Peninsula, on the east
coast of the South Island, New Zealand. Grey lines indicate 1000 m
bathymetry contours.

outside of this short period for this population and hence
females may migrate or use different foraging areas during
other months. Consequently we made the assumptions that
Otago female NZ sea lions would also show broad foraging
site fidelity for foraging areas, but we wanted to understand
foraging site fidelity outside of the satellite tracking period,
restricted because of logistical reasons.
Here we present the study of multi-year continuous foraging and land site use of known individual female NZ sea
lions around Otago Peninsula using a combination of satellite tracking, radio-telemetry and systematic ground surveys
during 3 consecutive years. A total of 13 different animals
(all females) were satellite tracked over the 3 years. However
because of logistical constraints and the reproductive status
of the animals, we only satellite-tracked six of these animals
during 2 different years. First, we investigated the foraging
areas of the same females during autumn, 1 or 2 years apart,
using satellite-tracking data. Logistical and ethical constraints restricted satellite tracking to this season. This gave
the level of in-between years autumnal foraging site fidelity.
Second, we investigated the land sites that were used by
these same females during autumn using the onshore satellite tracking data. The land sites used during this season
were used to infer the relationship between foraging areas
and land site use, and to assess the use of land sites as a
Animal Conservation 17 (2014) 61–71 © 2013 The Zoological Society of London
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proxy for foraging areas in this species. Third we investigated the year-round land site use of all these individually
identifiable females using systematic weekly ground surveys
to determine the level of site fidelity for the Otago Peninsula.
We finally discussed year-round foraging site fidelity of the
Otago female NZ sea lions and how this relates to management of anthropogenic threats through spatial conservation
measures.

Materials and methods
Autumnal foraging site fidelity
between years
During April and May from 2008 to 2010, a sample of six
female NZ sea lions from Otago Peninsula were each
satellite-tracked during 2 different years – a first time in 2008
or 2009 and a second time in 2010 (Table 1). Due to logistics, we were unable to study each individual of the population in this section. Each animal was equipped with an
Argos satellite tracking tag (SPLASH tag, Wildlife Computers, Redmond, WA, USA) using the same method as
described in Augé et al. (2011).
The Argos data obtained from the satellite tracking tags
were processed following the same filter as described in
Augé et al. (2011). In each year, an individual’s foraging
range was calculated using fixed Kernel density maps (single
smoothing factor: 1 km) of foraging locations and measured
as either her core (65% Kernel contour) or total (95% Kernel
contour) foraging range using ArcGIS (ESRI, Redlands,
CA, USA). Each foraging trip was also analysed separately
to measure the consistency in five foraging characteristics
(time at sea, minimum route, distance to shore, water depth
and percentage of time at sea). The minimum route was the
minimum distance that a female travelled during the foraging trip from the point of departure on land to the next

location where she came onshore (calculated using Hawth’s
analysis tool; Beyer, 2004). The maximum distance from
shore was the maximum straight line distance between land
and the farthest location of a trip. The maximum water
depth corresponded to the bathymetry over which the
female foraged during a trip.
Site fidelity for foraging areas between years (1 or 2 years
apart) was investigated by calculating percentages of overlap
between core and total foraging ranges between the 2 years.
These percentages of overlap were also recalculated with a
3-km buffer around the core foraging range to detect how
much of the non-overlapping area corresponded to the edges
of the foraging ranges. The buffer distance around the total
foraging range of a female during 1 year that covered all of
this animal’s foraging range during the second year was also
determined for each female. Each trip characteristic was then
compared between 2008 or 2009 (first year) and 2010 (second
year) to determine inter-annual or individual differences
using linear models (LM, function lm of the package stats)
with two fixed effects [year and individual identifier (ID)] and
their interaction in R 2.10.0 (R Development Core Team,
2009). If ID and year had an effect on these models, LMs with
one fixed factor (ID) were conducted for each female.

Understanding relationships between
foraging and land use: autumnal land site
fidelity between years
The satellite-tracking data presented in the preceding
section of this study and in Augé et al. (2011) were used to
determine fidelity to land sites on or around Otago Peninsula during autumn at the individual level. In total, 13 juvenile and adult female NZ sea lions (aged 2–16, all knownto-be alive individuals of the population born in or before
2008) were satellite-tracked across the 3-year period 2008–
2010 at the Otago Peninsula. Onshore Argos satellite

Table 1 Details of study animals, deployment of satellite tags, core and total foraging ranges (in km2, based on the 65% and 95% Kernel ranges,
KR, respectively) used by individual female New Zealand sea lions around Otago Peninsula, South Island, New Zealand, in autumns 2008 or 2009
and in 2010 with percentages of overlap between the 2 years

ID

Year

Age
(year)

F0350

2008
2010
2009
2010
2009
2010
2008
2010
2009
2010
2009
2010

14
16
7
8
7
8
5
7
4
5
3
4

F2578
F2580
F2582
F2587
F2594

Tag on

Number
of days

Number
of trips

Number
of locations

% of overlap
65% KR

with 3 km buffer
around 65% KR

% overlap
between
95% KR

% of 65% KR
included in 95%
KR of the other year

8 April
12 April
31 March
13 April
1 April
12 April
8 April
12 April
30 March
12 April
30 March
12 April

26
30
42
35
40
38
43
35
31
34
32
35

19
29
37
24
46
27
41
28
30
27
27
25

175
310
207
217
171
174
315
252
147
224
140
232

24

32

32

63

76

59

34

91

48

36

74

46

29

56

38

32

53

29

37.0 ⫾ 15.3

63.7 ⫾ 20.9

42 ⫾ 11.2

67
42
98
73
97
65
84
80
84
36
98
99
77.0 ⫾ 21.5

Means
Means are presented ⫾ standard deviations.
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locations only, as indicated by the wet–dry switch data of
the tag, were kept for this analysis (i.e. the locations where
the animals came onshore). A beach was attributed to each
onshore period (sandy beach is the preferred habitat of
female NZ sea lions coming ashore; Augé et al., 2012a)
using these onshore satellite locations. The length of each
onshore period and proportions of time onshore that each
individual spent at the different beaches were calculated for
each autumn, for periods 3–6 weeks during April and May
2008 (n = 4), 2009 (n = 7) and 2010 (n = 8). The annual
average percentages of time females spent at each beach for
each of the 3 study years were compared to determine the
autumnal level of land site fidelity of female NZ sea lions on
Otago Peninsula. This result was then integrated with foraging site fidelity results to determine the possibility to use
land sites as proxy for foraging areas outside autumn.

Proxy to foraging site fidelity: outside
autumn land site fidelity across 2.5 years
In order to determine the fidelity of the female NZ sea lions
to the Otago Peninsula area year-round, a 2.5-year continuous survey of presence of the same females (n = 13) was
conducted from January 2008 to June 2010 (all these
females were individually identifiable from flipper tags or
permanent body marks). During the study period, at least
weekly ground surveys were conducted at six beaches on the
Otago Peninsula and three nearby beaches (indicated by
stars in Fig. 3) to locate females using systematic searches.
To the dataset of weekly locations of females, we added
sightings from trusted sources: NZ Sea Lion Trust members
(6% of all sightings) and Department of Conservation staff
(4% of all sightings).
The number of months during which each female NZ sea
lion was sighted and the maximum number of consecutive
months individuals were not seen at or near the Otago
Peninsula were calculated. Means are given ⫾ standard
deviations.

Results
Individual autumnal foraging site fidelity
There were distinct spatial overlaps in foraging areas of
female NZ sea lions 1 or 2 years apart (Fig. 2). These overlaps increased by 27% when a 3-km buffer was used around
the 65% Kernel ranges indicating that most of the nonoverlapping areas were found at the edges of the foraging
areas (Table 1). On average, 63.7 ⫾ 20.9% of the core foraging range buffered by 3 km was comprised in the core
foraging range in the other year; 77 ⫾ 21.5% of these core
foraging ranges were included in the total foraging ranges of
the other year. Buffers between only 13 and 24 km around
the total foraging range of each female during 1 year sufficed
to cover all of the total foraging ranges of the other year for
all females (i.e. 100% overlap of foraging areas).
The characteristics of foraging trips were all consistent
between the 2 years for all females, except in one case where
64

A. A. Augé et al.

an individual exhibited foraging trips significantly farther
from shore in 2010 than in 2008 (Table 2). The overall percentage of time that each female spent at sea was also similar
between the 2 years, with a maximal difference of 7%
(Table 2).

Relationships between foraging and land
site fidelity in autumn
Based on the satellite tracking data, the 13 female NZ sea
lions that were studied from 2008 to 2010 visited five
beaches (mean 5.4 ⫾ 1.9, range 2–9) during each autumn,
with on average for each animal 96 ⫾ 8% (range 79–100%)
of time onshore spent exclusively at one or several of the five
beaches, indicated by the black stars in Fig. 3, along a
12-km stretch of coastline. In total, 20 beaches were used by
female NZ sea lions during autumns 2008–2010 on the
Otago Peninsula and the surrounding coastline, bounded by
Karitane Beach in the north and Kuri Bush Beach in the
south (Fig. 3). No beaches were used that were at higher or
lower latitudes than the extreme northern and southern foraging locations (Fig. 3). Consequently the land sites used
during autumn by female NZ sea lions bounded the latitudinal spread of foraging areas and could be used as a proxy
for latitudinal distribution of foraging areas.

Land site fidelity as a proxy to foraging
site fidelity throughout the year
outside autumn
Ground surveys took place over 30 consecutive months
(January 2008 to June 2010) during which female NZ sea
lions’ presence on the Otago Peninsula was assessed at the
beaches indicated with stars on Fig. 3. On average, females
that gave birth to at least one pup during the study period
were found during 86.1 ⫾ 9.9% of the months (range
73–100%). Results exclude the data for one individual, not
seen from February 2009 to the end of this study (considered
dead). Females that never bred during this period (all juveniles aged 3 years or less) were found during 69.0 ⫾ 13.3%
of the months (range 58–90%), but there was no significant
difference with breeding females (LM, F = 1.30, degrees of
freedom = 1, P = 0.28). The mean number of consecutive
months with no sighting of an individual female was
2.0 ⫾ 1.0 months (range 0–4 months).

Discussion
Foraging site fidelity in female NZ sea
lions and other pinnipeds
Our results showed strong foraging site fidelity and consistent foraging characteristics between years in individual
female NZ sea lions around Otago Peninsula and a multiyear continuous site fidelity of all female NZ sea lions for the
area of the Otago Peninsula with no seasonal migration.
The land sites used during autumn by female NZ sea lions
Animal Conservation 17 (2014) 61–71 © 2013 The Zoological Society of London
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Figure 2 Fine-scale spatial overlap in foraging ranges of breeding female New Zealand sea lions around Otago Peninsula between autumns 2008
and 2010 (the two bottom maps) and autumns 2009 and 2010 (all others).
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Table 2 Between-year consistency of the characteristics of foraging trips of female New Zealand sea lions around the Otago Peninsula
ID

Year

Time at sea
(hour)

Route (km)

Distance (km)

F0350

2008
2010
2009
2010
2009
2010
2008
2010
2009
2010
2009
2010
Year

14.2 ⫾ 6.1
10.8 ⫾ 3.6
11.9 ⫾ 3.1
13.8 ⫾ 6.0
8.1 ⫾ 5.4
10.8 ⫾ 4.4
11.5 ⫾ 4.1
11.8 ⫾ 4.7
8.7 ⫾ 4.0
9.2 ⫾ 5.1
11.7 ⫾ 6.4
14.7 ⫾ 6.4
n.s

29.5 ⫾ 17.3
47.1 ⫾ 26.4
24.9 ⫾ 11.1
30.8 ⫾ 14.0
12.3 ⫾ 7.7
19.0 ⫾ 10.1
28.8 ⫾ 12.2
36.7 ⫾ 10.5
21.3 ⫾ 17.2
32.4 ⫾ 17.6
26.5 ⫾ 23.4
39.5 ⫾ 33.9
n.s.

ID

F = 6.01
P < 0.01
n.s.

F = 8.35
P < 0.01
n.s.

3.2 ⫾ 3.4
9.2 ⫾ 7.1
6.0 ⫾ 4.6
8.9 ⫾ 7.1
1.0 ⫾ 0.6
1.0 ⫾ 0.7
7.2 ⫾ 4.9
9.7 ⫾ 5.7
7.8 ⫾ 7.5
9.3 ⫾ 4.6
5.2 ⫾ 9.1
7.4 ⫾ 18.2
F = 6.83
P < 0.01
F = 8.82
P < 0.01
n.s

F2578
F2580
F2582
F2587
F2594
Modela

Year ¥ ID

Maximal water
depth (m)

% time
at sea

Individual model
for distanceb

39.5 ⫾ 30.7
50.5 ⫾ 42.1
60.8 ⫾ 31.7
69.6 ⫾ 34.6
20.3 ⫾ 13.8
21.1 ⫾ 11.5
58.5 ⫾ 33.6
89.5 ⫾ 49.1
55.4 ⫾ 40.6
74.1 ⫾ 33.7
98.4 ⫾ 216.8
111.8 ⫾ 281
n.s.

40
41
50
45
40
47
47
45
38
38
45
50

F = 5.16
P = 0.03
n.s.
n.s.
n.s.
n.s.
n.s.

F = 3.82
P < 0.01
n.s.

Linear models with two fixed factors (year and ID) and their interaction, d.f. = 11.
Linear model for each female when the full model showed significance of both year and ID, d.f. = 1. n.s. indicates P-values > 0.05.
d.f., degrees of freedom; ID, individual identifier; n.s., not significant.
a

b

that were satellite-tracked bounded their foraging areas in
the north and south. Land sites used by female NZ sea lions
consequently appeared to reflect the latitudinal range in
foraging areas. For the offshore delimitation of foraging
areas, when no satellite tracking data was available, several
observations can be made. The continental shelf off the
Otago Peninsula (< 180 m depth) is narrow (see Fig. 1). NZ
sea lions at the Auckland Islands, as well as most species of
sea lions, are known to forage exclusively on the continental
shelf (Feldkamp, DeLong & Antonelis, 1989; Merrick &
Loughlin, 1997; Campagna et al., 2001; Chilvers et al., 2005;
Villegas-Amtmann et al., 2008; Chilvers, 2009). It is consequently likely that the foraging areas of Otago female NZ
sea lions are constrained to the east by the edge of the
continental shelf and do not extend further offshore outside
autumn. Hence, land sites where female NZ sea lions were
found throughout the year can be used as a proxy to foraging areas during months where satellite tracking was
prohibited because of logistical and ethical reasons. In combining the high foraging site fidelity found in autumn and a
continuous presence of all animals on or near the Otago
Peninsula outside autumn, we inferred that Otago female
NZ sea lions exhibit foraging site fidelity throughout
the year.
Victory Beach was the main land site used during all
seasons by female NZ sea lions in this study (see Fig. 3).
This corresponds to the results presented in McConkey
et al. (2002) that reported sightings of the same female NZ
sea lions as in this study that were already born at Otago
from 1991 to 2001 (n = 4). The other main beaches used by
these animals were also similar between our study and
McConkey et al. (2002). Consequently over a 20-year
period, female NZ sea lions used similar beaches and likely
66

same overall foraging areas based on our findings in this
study. This supports our conclusion that the site fidelity for
the Otago Peninsula may possibly be permanent throughout
an individual’s lifetime. Further research in this area is
however needed.
Some male NZ sea lions are known to undertake long
seasonal migrations between the mainland and the breeding
colonies in the Auckland Islands (Robertson et al., 2006).
However, in the context of the small Otago population of
NZ sea lions, females currently constitute the most important part of the population for the success of the recolonization. Consequently conservation efforts should first focus
on females and later incorporate males if differences in foraging areas exist.
Although our study presents the first account of a multiyear likely long-term and year-round foraging site fidelity in
pinnipeds, it is possible to infer, by bringing together existing studies and using the land site proxy approach, that
other pinnipeds may also exhibit this foraging site fidelity.
Endangered Hawaiian monk seals Monachus schauinslandi
had less than 10% probability of being sighted at another
group of islands than where they were initially marked
during a multi–decade-long survey programme, as reported
in Baker & Thompson (2007), and foraging behaviour is
most likely restricted to areas around particular islands
(Craig & Ragen, 1999; Stewart et al., 2006). A genetic study
of Australian sea lions Neophoca cinerea, one of the least
abundant otariid species, found that females display high
site fidelity to breeding colonies (Campbell et al., 2008).
Gales, Shaughnessy & Dennis (1994) also reported these
animals as using the same general land area throughout the
year. Using stable isotope analyses, Lowther et al. (2011,
2012) reinforced the likely existence of foraging site fidelity
Animal Conservation 17 (2014) 61–71 © 2013 The Zoological Society of London
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Figure 3 Mean annual percentages of time onshore that Otago female New Zealand sea lions spent at 20 beaches on the Otago Peninsula and
surrounding coastline [from Karitane Beach in the north to Kuri Bush Beach in the south; each row represents a different sandy beach of
approximate similar latitude on the coastline; see Augé, (2010) for details on the sites] during autumns 2008 (n = 4), 2009 (n = 7) and 2010
(n = 8). No site outside this area was used by the study animals during these periods. The stars show the beaches that were ground surveyed
throughout the year (black stars indicate the five most used beaches by all animals). In inset: black dots showing all foraging locations for the
same animals during the same periods (from this study and Augé et al., 2011).

in this species by showing that animals consistently used
either onshore or offshore areas across multiple years. Similarly, Wolf, Kauermann & Trillmich (2005) reported a high
degree of inter- and intra-annual site fidelity for land sites in
the threatened Galapagos sea lion Zalophus wollebaeki,
although foraging long-term site fidelity is not apparent as
foraging areas may depend on age (Villegas-Amtmann
et al., 2008). These three species, along with NZ sea lions,
have small population estimates, most with reduced breeding ranges and have been impacted by anthropogenic activities (Gales et al., 1994; Childerhouse & Gales, 1998; Baker
& Johanos, 2004). Their recovery or persistence requires
management because of fishing activities in particular, and
foraging site fidelity may play an important role in the
success of this management (Friedlander & DeMartini,
2002; Goldsworthy & Page, 2007). It consequently needs to
be investigated fully if protected areas become a conservation tool for these species.
Animal Conservation 17 (2014) 61–71 © 2013 The Zoological Society of London

Implications of site fidelity for mobile
predators: case study of NZ sea lions at
the Otago Peninsula
The primary foraging habitat of female NZ sea lions at
Otago is characterized by shallow rocky reefs and bryozoans thickets (Augé et al., 2011). The foraging site fidelity
described here highlights the dependence of these animals
for these two habitats in a relatively small marine area.
Bottom trawling is known to damage benthic habitat
(Jones, 1992; Shephard, Brophy & Reid, 2010) and is used
off the Otago Peninsula in the bryozoans area (Ministry of
Fisheries, Warehou database, unpubl. data). Bladder kelp
Macrocystis pyrifera, the main kelp species on shallow rocky
reefs at Otago (Fyfe et al., 1999), was recently introduced in
the NZ Quota-Management System as a commercial
species. Its exploitation may alter and physically disturb
foraging sea lions. The main fish species in the diet of female
67
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NZ sea lions (barracouta Thyrsites atun and jack mackerel
Trachurus sp.; Augé et al., 2012b) are two of the top five
commercial fisheries in NZ waters (Ministry of Fisheries,
2010). Consequently there is resource overlap between fisheries and Otago NZ sea lions. Competition may occur and
alter the quality of the restricted marine habitat for female
NZ sea lions. Foraging site fidelity consequently entails or
increases several threats that could damage the restricted
primary foraging habitat of this population and jeopardize
recolonization by this species.
There has not been any report of bycatch of NZ sea lions
in fishing activities around the Otago Peninsula to date.
However, three-quarters of fishing activities around the
Otago Peninsula, during this study, involved trawling (Ministry of Fisheries, Warehou database, unpubl. data), the
fishing method responsible for significant bycatch of NZ sea
lions around the Auckland Islands and NZ fur seals Arctocephalus fosteri throughout NZ waters (Chilvers, 2008b;
Bremner et al., 2009). The death of even one female may
currently have a significant impact on the success of the
recolonization of Otago Peninsula by NZ sea lions (Lalas &
Bradshaw, 2003). As sea lion numbers increase around
Otago Peninsula, the bycatch issue is also likely to arise, as
has been the case for NZ fur seals (Gibson, 1995). Our study
shows that female NZ sea lions exhibit foraging site fidelity
throughout the year and across years. Consequently a study
determining the degree of overlap between the foraging
areas of female NZ sea lions and fishing areas should
efficiently delineate areas of potential direct interactions
between this marine mammal and local fisheries (see Augé
et al., 2012c).
Although all the risks mentioned earlier may impede successful recolonization by NZ sea lions on the South Island,
NZ, the level of foraging site fidelity described in this study
shows that spatial conservation measures (i.e. marine protected areas) within a definite relatively small area should
allow minimizing all these risks.

Conclusion
Our study showed a potentially permanent high level of
individual foraging site fidelity in an otariid within a small
area. This is also likely typical of other species. Foraging site
fidelity should be investigated as it may improve setting of
spatial conservation measures. Specifically for NZ sea lions
of the Otago Peninsula, advantageous implications of our
findings are that conservation measures may be set to more
effectively manage anthropogenic interactions with sea lions
within the small definite area used by these animals.
However, this site fidelity renders Otago female sea lions
subject to alterations and damages to this same restricted
marine area. The dispersal of adult breeding males among
all breeding sites of NZ sea lions create a conservation issue
for disease transmission especially and may impede species
recovery (Robertson et al., 2006). The high level of site fidelity of females revealed in our study generates different, but
as critical conservation issues that may additionally limit
species recovery by preventing or slowing down successful
68
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recolonization of this species if no conservation measures
are taken. The site fidelity of these female NZ sea lions
indicates that protected areas would be efficient in this case
and highlights the importance of studying foraging site
fidelity in mobile predators.
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