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Abstract: The endangered New Zealand sea lion (Phocarctos hookeri) has recently been confirmed as breeding
on Stewart Island/Rakiura, southern New Zealand. This area is thought to have the largest number of sea lion
pups born outside of the New Zealand subantarctics. However, the sparse distribution and cryptic behaviour of
this population means known human threats and their effects on the population will be difficult to determine,
limiting conservation priority setting and management. This research aimed to investigate the foraging
behaviour of adult females from the population and examine what information is available to help determine
current population parameters including undertaking pup surveys in the area. Foraging behaviour research was
undertaken in the Austral autumn 2012 and 2013, while pup production surveys were undertaken in March each
year between 2011 and 2016. Pup production surveys show up to 36 pups are born in the Stewart Island area
annually. The foraging behaviour of 14 adult female New Zealand sea lions was characterised by short foraging
trips (c. 12 hrs), close to shore or in areas of known upwellings, undertaking short, shallow dives (average 2.5
mins, 60 m). This diving behaviour is intermediate between the foraging behaviours of females from Enderby
Island (Auckland Islands), the largest but severely declining population of New Zealand sea lions, and Otago
(mainland New Zealand), a smaller, increasing recolonising population. Based on the foraging behaviour and
limited population dynamic information collected from the Stewart Island population, it is likely the Stewart
Island population has survival and reproductive parameters more like the recolonising Otago population than
the declining Auckland Islands population. Such information is critical for determining the impacts of the
known direct and indirect human impacts on this small isolated population, which is likely to be important for

the survival of the endangered New Zealand sea lion species as a whole.

Keywords: diving; foraging strategies; New Zealand; New Zealand sea lion; Phocarctos hookeri

Introduction

Historically, New Zealand sea lions (Phocarctos hookeri)
were distributed throughout New Zealand’s mainland and
subantarctic islands. However, during the 1800s they were
extirpated from the mainland initially by Polynesian hunting
and finally due to European sealing until only the subantarctic
island populations remained (Collins et al. 2014). It is now
the subantarctic populations that are significantly declining,
with the new threat status being driven by the decline of the
species at its main breeding area, Auckland Islands (Fig. 1).
In 2015, the New Zealand sea lion had its International Union
for the Conservation of Nature (IUCN) Red List threat status
elevated from Vulnerable to Endangered (Chilvers 2015).
Given this change, any new self-sustaining populations of
New Zealand sea lions on the New Zealand mainland are likely
to be significant for the long-term persistence of the species.

Two such mainland re-colonisations have occurred for
New Zealand sea lions, one at Otago Peninsula, South Island,
New Zealand in 2002 (McConkey et al. 2002) and one at
Stewart Island/Rakiura, the most southern of New Zealand’s
three main islands, recognised since 2011 (Chilvers & Meyner
2017; Fig. 1). The Stewart Island population has a highly
dispersed, cryptic breeding behaviour in heavily forested,
isolated areas, unpopulated by humans (pers. obs.). There
are known direct (deaths by shooting) and indirect (human
disturbance and resource competition) human impacts on this

new, small population including five individuals known to be
shotand killed in the last 5 years (Department of Conservation
2017). Considering these impacts and the potential importance
of this New Zealand sea lion population, more information
is needed to better understand and manage it. However, the
isolation of the Stewart Island population and the behaviour of
its individuals reduce the ability to assess the Stewart Island
population using traditional monitoring methods.

Mark-recapture (resighting) monitoring methods are
the benchmark for monitoring populations; however, they
usually require a long time-series of data to assess and identify
population dynamics and trends, which can be difficult for
long-lived, slow-reproducing species (i.e. Sandercock 2007).
The collection of such data can be logistically or temporally
challenging for endangered marine mammal species due to their
aquatic habitat and often small and/orisolated populations, e.g.
Galapagos fur seals (Arctocephalus galapagoensis; Trillmich
& Limberger 1985) or Hawaiian monk seals (Monachus
schauinslandi; Gerrodette & Gilmartin 1990). In such cases,
alternative methods may need to be considered for monitoring
cryptic, isolated or difficult to monitor species.

Marine top predator foraging behaviour is a product of
the physical marine habitat, the abundance and distribution
of prey, and the physiological limits of the predator (Costa
1991, 1993; Sala et al. 2012). Since marine predators such as
pinnipeds, cetaceans and penguins need to hold their breath
while diving, they are constrained by their aerobic metabolism
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Figure 1. New Zealand sea lion breeding locations, including the
Auckland Islands, Stewart Island/Rakiura and Otago Peninsula,
New Zealand.

when pursuing prey. If they consistently dive for longer than
their aerobic capacity, their overall diving efficiency will be
lowered and could impact their survival, reproduction rate and
offspring survival (McCafferty etal. 1998; Bolnick etal. 2003;
Costa et al. 2004; Sala et al. 2012). Consequently, it has been
hypothesised that the interspecific variation in marine predator
diving behaviour can be correlated with species demographics
(Costa et al. 2004; Sala et al. 2012).

This correlation is also thought to occur within species
for some pinnipeds (Bradshaw et al. 2004; Costa et al. 2006).
Forexample, the foraging behaviour of New Zealand sea lions
has been hypothesised to be related to the demographics of a
population (Augé et al. 2011b). Female sea lions at Enderby
Island, Auckland Islands (Fig. 1) have the longest and deepest
dives ofall otariids (Gales & Mattlin 1997; Costa & Gales 2000;
Chilvers et al. 2006) and travel some of the greatest distance
during a foraging trip (Chilvers et al. 2005). Enderby Island
female New Zealand sea lions have two distinct dive profile
types or foraging patterns (foraging specialisation): a benthic
diving profile; and a deeper, more varied mesopelagic diving
profile; with individual females showing only one foraging
type across seasons and years (Chilvers et al. 2006; Chilvers
& Wilkinson 2009). Both of these foraging strategies result in
females exceeding their calculated aerobic dive limits (cADL)
on average during 68% of all dives, and this finding, coupled
with the extensive distances travelled, indicates that they are

operating at or near their maximum physiological capacity
(Chilvers et al. 2006). This foraging behaviour makes them
highly susceptible to external impacts, such as the direct and
indirect effects of fisheries and local environmental changes
because they have limited ability to adapt their foraging
behaviour to compensate for these issues (Gales & Mattlin
1997; Costa & Gales 2000; Chilvers et al. 2006; Robertson
& Chilvers 2011). Correspondingly, the Enderby Island
population has declining pup production (Chilvers & Meyner
2017), late age of first breeding (Chilvers et al. 2010), low
reproductive ability (Childerhouse etal. 2010) and low juvenile
survival (Chilvers & MacKenzie 2010).

In contrast, adult female New Zealand sea lions at
the recolonising site on Otago Peninsula (Fig. 1) conduct
short, shallow dives and only exceed their cADL during
7% of dives (Augé et al. 2011a, b). These sea lions have no
consistent foraging patterns (i.e. they exhibit both benthic and
mesopelagic behaviours; Augé et al. 2011a) and remain close
to shore while foraging, with short trips over the continental
shelf (Augé et al. 2011b). This population has a stable pup
production, earlier age at first breeding, higher reproductive
ability and higher juvenile survival than the Auckland Islands
population (Augé 2010).

The aim of'this research was to investigate the population of
New Zealand sea lions at Stewart Island using pup production,
and mark and resighting surveys (mark-recapture method)
undertaken between 2011 to 2016, and using a combination of
satellite or GPS and dive instruments to identify the foraging
patterns and range of lactating females in 2012 and 2013.
These data will shed light on the population dynamics across
the species’ range by comparing pup production and foraging
behaviour in the Stewart Island population to populations
elsewhere (Auckland Islands and Otago; Fig.1).

Material and methods

Location and population survey

In March 2011, a survey was carried out on Stewart Island
(47°00’S, 167°50°E; Fig. 1) to confirm New Zealand sea
lion breeding and to flipper tag any pups seen. Breeding was
confirmed in 2011, therefore, surveys and pup tagging were
continued from 2012 to 2016. Pups were tagged to provide a
pool of known age individuals for the estimation of population
dynamic parameters in the future if the area became part of a
long-term study. All pups were tagged in both flippers. All live
pups seen were tagged with coffin shaped Dalton ‘Jumbo’tags
(Dalton Supplies Ltd., Henley-on-Thames, United Kingdom).
Foraging research was conducted on Stewart Island in May
2012 and March 2013. Eight females were monitored each
year; however, two individuals were monitored across both
years, giving a total of 14 individuals.

Capture and deployment

Eight female New Zealand sea lions were identified each
year for tagging and monitored for 3 hours before capture to
reduce the likelihood of food in their stomachs, which can
cause vomiting while under anaesthetic. Each female was
approached while asleep and restrained by placing a net over
the head. As the sea lion woke up and moved further into the
net, its movements became restricted by the net’s tapering
shape. At the end of the net, a small-reinforced opening
held the sea lions’ muzzle, closing the mouth but leaving the
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nostrils clear (Gales & Mattlin 1998; Costa & Gales 2000).
The netted sea lion was physically restrained by two people
and anaesthetised using an isoflurane-oxygen mix (2—5%)
delivered by a mask from a portable vaporising system (Gales
& Mattlin 1998). The time from initial netting to the mask being
in position was approximately 3—5 mins and each sea lion was
anaesthetised for less than 20 mins. Once stable, the sea lion
was weighed (200 kg capacity scale + 0.5 kg) and measured
before instruments were attached. Prior to attachment, each
instrument was glued to a piece of neoprene material cut to
the same size as the unit’s base. This neoprene base was then
glued to the dorsal pelage just below the shoulder blades of
the sea lion using two-part epoxy glue. Once the instruments
had been adequately attached to the sea lion (8—10 mins after
glue application), the flow of anaesthetic was stopped and
while the animal was recovering, a milk sample was collected
from the lactating females. Each sea lion was observed after
restraint until it was fully conscious. In 2012, we attempted to
recapture females in the same manner toretrieve tags. However,
no attempt was made to recover tags in 2013 due to logistical
restrictions. The fat, protein and total solids of milk samples
were determined using Fourier transform infrared spectroscopy
withaMilkoscan FT 120 (Foss electric A/S, Hillerod, Denmark;
see Riet-Sapriza et al. 2012 for full details).

Torecord foraging behaviour, one of three tag combinations
was attached to each of the 14 female NZ sea lions: (1) satellite-
linked GPS (F1G138B, FASTLOC GPS, 100 mm X 55 mm X
18 mm, 160 g, Sirtrack, Havelock North, NZ) and time depth
recorder (TDR; MK9, 40 mm x 30 mm % 22 mm and 65 mm X
18 mm x 18 mm, Wildlife Computers, Redmond, Washington,
USA); (2) non-satellite-linked GPS (same dimensions and
supplier as satellite-linked GPS tags) and MK9 TDR; or (3)
SPLASH tag containing both Argos satellite location system
(PTT) and TDR/SLTDR (100 mm x 635mm x 635 mm, 150 g,
Wildlife Computers, Redmond, Washington, USA). All TDRs
and SLTDRs were programmed to record depth every 5 s when
wet, thus recording the number and length of dry periods when
females were on land. The SPLASH tags were designed so
that if retrieved, all of the TDR data recorded (i.e. individual
dive depths and dive durations) could be retrieved. However,
if not retrieved, dive data were transmitted via satellite and
received in histogram form, providing general descriptions
of diving behaviour in the form of SLTDR data. In 2012, all
tagged animals also had VHF transmitters attached (Sirtrack,
Havelock North, NZ) to help relocate them to remove tags.

Dive data analysis
TDR data

Diving data were analysed using Multitrace (Jensen Software
Systems) to produce summary statistics for each dive. Zero
offset drift in the depth values for each tag was corrected
manually within Multitrace. Dives <6 m were considered to
be non-foraging dives primarily associated with travel and
were not analysed further (Gales & Mattlin 1997; Chilvers et
al. 2006). Bottom time was defined as the time the sea lion
spent at depths exceeding 85% of the maximum depth for that
dive (Gales & Mattlin 1997). The cADL for each female in
this study was estimated based on a usable oxygen store of
47.4 mL O, kg! (Costa et al. 1998) and assuming a diving
metabolic rate of 58.7 mL O, kg®’> min™! (Costa & Gales
2000). All results are presented as means + 1 SE.

SLTDR data

SLTDR dive depth and duration data were stored in histogram
bins that were determined prior to deployment. The minimum
depth considered to be a dive was 6 m (Gales & Mattlin 1997;
Chilvers et al. 2006). The first dive-depth bin was 6—20 m and
the upper limits for the remaining bins were 50, 100, 120, 150,
200, 250, 300, 400, 500, 600 and >600 m. The upper limits on
the dive-duration bins were defined as 30, 60, 90, 120, 180,
240, 300, 360, 420, 480, 540, 600, 1200 and >1200 seconds.
Dive histograms were coded to represent four 6-hour periods
corresponding to midnight to 6 am, 6 am to 12 noon, 12 noon
to 6 pm and 6 pm to midnight. SLTDR dive data were analysed
by summing the counts of dives in each depth- and duration-
bin for each trip for each female.

Foraging location analysis
GPS locations

The Sirtrack Fastloc GPS tags collected locations at 30-min
intervals when the sea lion was at the surface. Of the three GPS
tags that were not satellite linked, only one was recovered.
Data were then downloaded, processed and erroneous GPS
locations filtered out based on a maximum transit rate of
2 ms ! (Chilvers et al. 2011) and a 160° turning angle. The
two satellite-linked GPS tags were programmed to transmit
a subset of the GPS data via the Argos system at the highest
priority level. When archived GPS data were not recovered,
transmitted GPS data were used and filtered as above.

Satellite locations

Atsea locations were calculated for each sea lion by reference
to three satellites and were assigned to one of six classes by
Argos on the basis of their accuracy. Since New Zealand sea
lions dive almost continuously while at sea (Gales & Mattlin
1997; Chilvers et al. 2006), all trips and satellite locations
were assumed to be part of a foraging trip and to represent
foraging locations. Raw Argos data were filtered using a speed/
angle filter to remove unlikely position estimates (thresholds:
2 m s and 160° angle, respectively).

Filtered locations were used to estimate distance from
Stewart Island and total distance travelled. Calculations of
mean distance travelled per trip, maximum distance from the
breeding area and kernel ranges (Worton 1989) were restricted
to complete trips (those defined as sea lion locations that were
at the breeding area or within 10 km of the breeding area
while the sea lion was travelling towards it). Locations from
incomplete trips are represented in the tables for time at sea,
time ashore and maximum distances from shore information
but were not used in trip statistics, as they did not represent full
return trips. Kernel ranges for 50% and 65% of all locations per
sea lion were created using the Animal Movement Extension
of ArcView (Hooge et al. 2000). These ranges were thought to
show representative foraging locations (Chilvers et al. 2005)
and were determined using smoothing factors calculated via
least-square cross validation (Seaman & Powell 1996).

Comparison of foraging behaviours between
populations

Results from this research were compared with diving and
foraging behaviours of adult female New Zealand sea lions
from Enderby Island, Auckland Islands (n=26 out of an
estimated total population of adult females at Enderby Island
of 450; Chilvers et al. 2005, 2006) and Otago Peninsula (n=8
entire known to be alive, adult female population of the area;
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Augé 2010; Augé et al. 2011a, b). Both the Enderby Island
and Otago research were undertaken using the same capture
and tag attachment methods on adult female New Zealand sea
lions using SPLASH tags (Wildlife Computers, Redmond,
Washington, USA). All tags were recovered during the Enderby
Island and Otago research so all data is based on full TDR and
satellite location data. Deployments during these research trips
ranged from 5 to 46 days. The foraging behaviours of these
three New Zealand sea lion populations were compared using
Kruskal Wallis tests in SPSS 22 (SPSS Inc. 2004).

Results

There are limited data on population dynamics of sea lions
at Stewart Island. In 2011, 16 pups were found and tagged
on Stewart Island. Subsequent annual surveys recorded a
further 25, 26, 32, 36 and 31 pups born each year respectively
between 2012 and 2016. The increase in pup numbers across
years is likely due to increased knowledge on where to look
for pups rather than increasing numbers, as Stewart Island
females breed as individual, highly dispersed, forest breeders
and are difficult to find. There were approximately 40 females
and 20 male New Zealand sea lions sighted around Stewart

Island during each survey. Male numbers are likely to be
much higher but surveys specifically avoided males as it was
unlikely that females and pups would be in areas with large
numbers of males (pers. obs.). Across the years there were 49
sightings of tagged individuals with all of them being one- to
four-year old male and females that were marked in previous
years and the adult females that were flipper tagged during
satellite research.

Over the two-year foraging study period, satellite or GPS
and dive instruments were attached to 16 female New Zealand
sea lions for between 3 and 53 days (Table 1). Two sea lions
(6064 and E788) were tagged in both years. No foraging data
were obtained from two sea lions (E790 and E792) as their
GPS and TDRs were not retrieved and they were not satellite
linked. GPS data were collected from one retrieved GPS tag.
Data were also collected from two satellite-linked GPS tags,
while Argos location data were obtained from the remaining
11 sea lions (Table 1).

Diving data
TDR data
Complete dive TDR datasets were collected for three sea

lions from which tags were retrieved in 2012, totalling four
foraging trips and 802 dives (Tables 1 and 2). Foraging trip

Table 1. Summary information for tagged individuals showing data sources and foraging behaviour for 14 female New
Zealand sea lions captured at Stewart Island during May 2012 and March 2013. Calculated aerobic dive limits (cADLs)
were estimated based on a useable oxygen store of 47.4 mL O, kg™! (Costa et al. 1998) and assuming a diving metabolic

rate of 58.7 mL O, kg *7°> min™! (Costa & Gales 2000).

Tagging date Female Age With Weight Length Girth Number of Number cADL % dives Foraging Dive
tag apup (kg) (ecm) (cm) days of dives (min) exceeding  location data
instruments recorded cADL source source
operated
May 2012 E789 Adult Yes 140 193 130 15 n.a. 4.60 n.a. SLGPS n.a.
May 2012 E790 Adult Yes 106 186 110 n.a. n.a. 2.83 n.a. n.a. n.a.
May 2012 E791 Adult Yes 113 191 117 3 199 3.16 45,57 GPS TDR
May 2012 E792 Adult Yes n.a. 173 107 n.a. n.a. n.a. n.a. n.a. n.a.
May 2012 E793 Adult Yes 112 187 110 3 389/237" 3.11 3427 Satellite TDR
May 2012 E794 Adult Yes 120 188 115 53 8284 3.51 52.9 Satellite ~ SLTDR
May 2012 E788 Adult Yes 105 181 110 3 214/292" 2.78 33.6" Satellite TDR
May 2012 6064 7 Yes n.a. 181 106 22 n.a. n.a. n.a. SLGPS n.a.
March 2013 6064 8 Yes 114 182 106 7 1460 3.21 28.0 Satellite ~ SLTDR
March 2013 E788 Adult Yes 109 181 116 38 1179 2.97 22.0 Satellite ~ SLTDR
March 2013 H822 Adult Yes 125 191 n.a. 5 54 3.77 36.0 Satellite ~ SLTDR
March 2013 H823 Adult No 97 172 111 40 4475 242 32.8 Satellite ~ SLTDR
March 2013 H824 Adult Yes 118 188 115 5 701 3.41 26.5 Satellite ~ SLTDR
March 2013 H825 Adult Yes 129 188 115 38 5299 3.99 19.4 Satellite SLTDR
March 2013 H826  Juvenile  No 89 169 99 30 4529 2.08 56.6 Satellite ~ SLTDR
March 2013 H828 Adult No 120 112 112 31 1626 3.51 33.6 Satellite ~ SLTDR
Averages 1165+ 178+ 111+ 21+4.6 2067 + 32+0.17 351+33
3.1 4.8 1.8 681

* Number of dives recorded presented as TDR/SLTDR.

 Percentage of dives exceeding cADL calculated from TDR data, all other values calculated from SLTDR data.
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Table 2. Summary of diving records and behaviour for three female New Zealand sea lions from Stewart Island tagged with
TDRs in 2012, and dive summaries for females from Otago, New Zealand (n=8), and Enderby Island, Auckland Islands
(n=18). Dives are defined as submersions to >6 m. Calculated aerobic dive limits (cADLs) were estimated based on a useable

oxygen store of 47.4 mL O, kg! (Costa et al. 1998) and assuming a diving metabolic rate of 58.7 mL O, kg

075 min’! (Costa

& Gales 2000). Data are presented as means + SE, Kruskal Wallis test presented testing differences between locations.

Female  Number Mass Number Mean no. Mean Mean Mean % bottom Mean Time cADL 9% dives
identity of foraging (kg) ofdives divesper surface dive time time at  submerged (min) exceeding
trips recorded  hour at interval depth duration sea (h) at sea cADL
sea (min) (min) (%)
E788 1 105 214 19519 1.1+0.1 48.8+2.7 2.1+£0.1 34.0+1.7 11.0 66% 2.78 33.6%
E791 1 113 199 11.2+0.8 24+03 727+28 29+0.1 360+14 13.1 61% 3.16 45.5%
E793 2 n.a. 389 139+13 1.7+02 572+2.0 2.7+0.1 405+12 122+1.8 58% 3.11 34.2%
This study  n=3 116.5 + 149+24 1.7+04 59.6+7.0 25+02 37.0+19 12.1+0.6 61.6+23 35.1+3.3%
31"
Otago* n=8 125.1 18.8 £4.6 202+245 1.8+1.1 550=+17 11.8+1.5 7.1 +8.1
6.9
Enderby’  n=18 113.8 7.8+0.3 129.0+53 39+1.0 40.0+29 662+42 52.7+23 68.7+4.4
2.9
Kruskal Wallis n.s. Fh06= Fr26=20.7  Fhp6= n.s Fr06= n.s. Fr36=
results 20.0 P< P<0.0001 205P< 198 P< 28.0
0.0001 0.0001 0.0001 P <0.0001
# Average mass from all 14 Stewart Island female NZ sea lions.
* Augé et al. 2011a. Adults only <4 yrs.
f Chilvers et al. 2006.
fCalculated from all cADL for Stewart Island NZ sea lions; refer to Table 1.
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lengths averaged 12.1 hours (range: 11-12.2), with sea lions
spending on average 61.6 = 2.3% of this time in the water
column below 6 m. Fifty percent of dives recorded by the
TDRs were between 100 and 120 m, and 35% were between
20 and 50 m; the overall mean dive depth for each sea lion was
48.8+2.7m,72.7+2.8 mand 57.2 £ 2.0 m (Table 2, Fig. 2).
On average, 37% of all dives were spent in the bottom 85%
depth of dives (range: 34—40.5%) with the predominant dive
shape being U-shaped (78%=+3.5). Average dive duration was
2.5 + 0.2 mins, with mean surface intervals of 1.7 + 0.4 mins
(Table 2). These three females exceeded their cADL during
37.8 + 3.3% of dives (Table 2).

SLTDR data

SLTDR dive data were collected from 11 sea lions: three in
2012, two of which also had full TDR datasets (E788 and

E793),and eightin2013. Atotal of 88 134 dives were recorded
by the three SLTDRS in 2012 and 19 323 dives by the eight
SLTDRsin2013 (Table 1). The majority of dives (60%, range:
33-72%) recorded by the SLTDRs were in the 20—50 m bin,
while 28% of all dives recorded were between 50 and 150 m
depth. Maximum dive depths recorded were in the 250-300
m bin for all females except one — the maximum dive depth of
H822 was in the 100—120 m bin. Dive duration varied between
years, with 50% of dives in 2012 in the 180-300 s bins, but
55% of dives in 2013 were less than 180 s in duration. All
females with dive data (TDR and SLTDR) exceeded their
cADLs during 35.1 + 3.3% of dives (Tables 1).

Foraging locations

Across all monitored females (regardless of tag type), 2834
filtered locations were collected from 168 complete foraging



Chilvers: NZ sea lion foraging and population dynamics

53

Table 3. Number and duration of foraging trips, kernel range (KR) sizes and mean straight line distances from breeding area
to centre of KR for 14 New Zealand sea lions from Stewart Island, New Zealand and summaries for females from Otago,
New Zealand (n=6), and Enderby Island, Auckland Islands (n=25). Data are presented as means + SE, Kruskal Wallis test

presented testing differences between locations.

Female  With No. days Total No.of  Mean time Mean time  Mean trip Max. trip Max. 50% KR 65% KR
identity apup  deployed no. trips at sea (h) ashore (h) distance distance distance (km?) (km?)
locations (km) (km) from shore
(km)
E789 Yes 15 349 12 20.4+2.8 74+12 49.0£5.5 89 38 40 334
E791 Yes 3 86 1 13.1 57.0 57 28 n.a. n.a.
E793 Yes 3 53 2 122+1.8 4.8+0.1 58.0+£7 72 31 n.a. n.a.
E794 Yes 53 571 31 23.7+2.4 13.2+0.8 43.0+4.38 114 32 12 92
E788 Yes 3 32 1 11.0 47.0 47 20 n.a. n.a.
6064 Yes 22 408 16 253+33 45+0.12 11.0+3.7 60 22 2 6
6064 Yes 7 84 2 17.5+43 129+19 61.0+24.3 120 28 54 592
E788 Yes 8 75 7 8.6+1.7 22.1+45 49.0+7.2 72 32 59 740
H822 Yes 5 18 2 7.5+0.2 17.0+£3.3 24 4 n.a. n.a.
H823 No 40 402 29 15.7+2.1 14.6+1.6 40.0+29 74 24 38 300
H824 Yes 5 52 4 154+7.6 15.6+0.15 48.0+26.5 120 30 24 350
H825 Yes 38 150 18 11.8+1.8 146+15 57.0+7.1 135 33 25 420
H826 No 30 335 20 147+1.8 159+1.9 61.0+6.7 100 38 110 1300
H828 No 31 219 23 124+1.6 15.6+1.7 37.0+4.1 77 31 18 265
Stewart 149+1.4 134+1.5 450=+4.1 83 +8.5 28+2.3 38 +9.8 440 + 117
Otago” n=9 11.8+1.5 13.8+1.4 264+27 47+1.6 n.a. 47+5.0
Enderby’ n=26 66.2+4.2 26.8+ 1.8 423.0+43.9 102 +7.7 378 +8.0 643 +£131
Kruskal Wallis Fr43=269, Fh43=134, F,45=39.1, Fr43=237, Fi34=162, F,4 =138,
results P<0.0001 P<0.0001 P<0.0001 P <0.0001 P=0.01 P=0.003

* Augé 2010; Augé et al. 2011a.
T Chilvers et al. 2005.

trips, most of which lasted <1 day (Table 3). The number of
days over which the location tags were deployed, mean time
at sea and ashore, foraging trip distances, and kernel range
(KR) sizes for each female are shown in Table 3. Overall,
females from Stewart Island foraged within 40 km of the
shore (range: 4-38 km), with mean trip distances of 45 £ 4.1
km and maximum trip distances <135 km (range: 24-135
km). The mean duration of foraging trips was 14.9 + 1.4 hrs,
with almost equal time spent ashore (13.4 + 1.5 hrs). KR sizes
varied between individuals, with a mean 50% KR area of 38 +
9.8 km? and a mean 65% KR area of 440 + 117 km? (Table 3).
All 50% KRs were centred on capture locations, with foraging
concentrations at offshore isles and knownupwelling locations
around Stewart Island.

Comparison of foraging behaviours between
populations

Summary statistics for the diving and foraging behaviours
of adult female New Zealand sea lions from Enderby Island
(Chilvers etal. 2005, 2006) and Otago Peninsula (Augé 2010;
Augé etal. 2011a, b) are displayed in Figures 3 (a, b & ¢) and
4, and Tables 2 and 3. Figures 3a, b & ¢ present the Enderby
Island data split by the two diving foraging types benthic

and mesopelagic (Chilvers & Wilkinson 2009). Overall,
Enderby Island females have dives that are significantly
deeper and longer in duration than either Otago or Stewart
Island females (Table 2, Figs. 3a & b). They also exceed their
cADL almost twice as often as Stewart Island females and
almost 10 times more often than Otago females (Fig. 3¢), but
carry out significantly fewer dives per hour than either of the
other populations (Table 2). By contrast, the only significant
differences between Stewart Island and Otago females were
in mean dive duration and the number of dives exceeding
the cADL, with Stewart Island females exceeding Otago
females for both of these (Figs. 3b & c, Table 2). There was
no significant difference in the mass of females between the
three sites; however, the Otago females were on average 10
kg heavier than either the Stewart Island or Auckland Islands
females (Table 3), and milk fat content differed significantly
with the Auckland Islands females having significantly lower
milk fat composition (n=181 females, fat 21.3 & 8.1%; Riet-
Saprizaetal.2012), than either Stewart Island or Otago females
(Stewart Island, n=11, fat 35.7 + 2.7%; Otago, n=11, fat 40.7
+2.9%; Augé 2010).

The Enderby Island females also undertook significantly
longer trips over greater distances and had larger KRs than
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Figure 3. (A) Boxplot comparisons of the mean dive depth, (B)
mean dive duration and (C) % of dives exceeding the calculated
aerobic dive limits (means + SE) for adult female New Zealand
sea lions breeding at Otago, Stewart Island and Enderby Island
benthic and mesopelagic divers.
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females from Otago or Stewart Island (Fig. 4; Table 3). By
contrast, the only significant difference between the Otago and
Stewart Island populations was in the 65% KR, with Stewart
Island females travelling over significantly greater distances
and areas than Otago females (Fig. 4, Table 3).

Discussion

There is limited population parameter information that can be
gleaned from the pup production, mark and resighting surveys
undertaken on Stewart Island between 2011 and 2016. The
data indicate that pup production was at least likely to be
stable between 2011 to 2016. Resights of locally tagged pups
as juveniles and resights of tagged females (who had been
satellite-tagged) pupping, indicate juvenile and adult survival
and reproduction parameters, however, currently sample sizes
are too small for much accuracy. Overall, the continuation of
this tagging and resighting research for up to 10 years will
be required to get meaningful population dynamics estimates
given the small number of tagged pups of known age available
to monitor through their lives (i.e. Hammond 2010).

The foraging behaviours of the females from Stewart
Island show that their foraging behaviour and strategies are
between those of the Enderby Island and Otago females,
although significantly closer to Otago than Enderby Island.
Distinct foraging strategies have been found to correlate with
population dynamics in several species of marine mammals
(e.g. northern fur seals, Callorhinus ursinus, Goebel et al.
1991; Californian sea otters, Enhydra lutris nereis, Tinker
et al. 2007) and seabirds (Magellanic penguins, Spheniscus
magellanicus, Sala et al. 2012).

Variation in diving behaviour within and between
populations has also been correlated with reproductive success,
survival and population viability (Bradshaw et al. 2004; Costa
et al. 2006; Tinker et al. 2007; Sala et al. 2012). For Antarctic
fur seals (Arctocephalus gazella), intraspecific variation in
foraging behaviour has been linked to population dynamics
(Staniland etal.2010,2011). Antarctic fur seals appear to have
a reduced niche width available at the southeast end of Bird
Island, South Georgia, due to local bathymetry (Staniland et
al. 2010, 2011). This appears to reduce the ability of these
central place foragers to alter their foraging behaviour during
periods of environmental variability, reducing the population
size and growth rates relative to individuals living elsewhere

Figure 4. Comparison ofthe mean trip distance, maximum
trip distance from shore and area of the 65% KR (means
+ SE ) for adult female New Zealand sea lions breeding
at Otago, Stewart Island and Enderby Islands.
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on the island (Staniland et al. 2011). Similarly, Antarctic fur
seals that breed on Heard Island (southwest of Australia) carry
out deeper dives than fur seals from northern Bird Island.
These dives exceed their cADLs, and are thought to correlate
to decreasing population growth rates and overall limiting the
recovery of this population (Staniland et al. 2010).

New Zealand sea lions exhibit intraspecific variation in
foraging strategies and population dynamics between the
Auckland Islands and Otago peninsula populations (Augé etal.
2011a, b). Therefore, using these populations as benchmarks,
what does the foraging behaviour of the Stewart Island
females (and limited population data available) indicate for
the population dynamics of the Stewart Island population?

Female New Zealand sea lions from Stewart Island had
a foraging strategy that was more similar to the recolonising
Otago population than the remnant Auckland Islands
population, with relatively short, shallow dives close to shore
in concentrated foraging areas (Figs. 2, 3 and 4). These dives
suggestthatthe StewartIsland population may have more stable
population dynamics relative to the declining Auckland Islands
population. The population data that has been concurrently
collected from Stewart Island indicates that this population
trend may be the case (i.e. pup production from 2011 to 2016
appears stable, there are resights of locally tagged pups as
juveniles and resights of tagged females pupping, indicating
a level of survival and reproduction).

The Auckland Islands population (which represents
73% of the total population) has shown a >50% decline in
pup production over 17 years (1998 to 2015) and exhibited
extreme diving and foraging behaviour as well as long-term
individual foraging specialisation during this same period
(Gales & Mattlin 1997; Costa & Gales 2000; Chilvers et
al. 2006; Chilvers 2008, 2009; Chilvers & Wilkinson 2009;
Chilvers & Meyer 2017). Animals that operate at or near their
maximum physiological limits and those that show highly
specialised foraging behaviours tend to be less able to adapt
to changing environments, which can result in decreasing
survival, reproduction and eventually population size and
higher risk of extinction (Gallagher et al. 2015). Such effects
can be seen in the Auckland Islands population including
low reproduction rates, survival, slightly smaller adult body
size and significantly lower milk fat composition (Chilvers
& McKenzie 2010; Chilvers et al. 2006, 2010; Riet-Sapriza
etal. 2012; Table 3). By contrast, both the Otago and Stewart
Island populations are not displaying this extreme foraging
behaviour or foraging specialisation and available data suggest
that there is no population decline at these sites (this research;
www.sealiontrust.org.nz).

Female New Zealand sea lions from Stewart Island and
Otago appear to have foraging strategies and population
dynamics similar to California sea lions (Zalophus
californianus), which are characterised by shorter, closer
to shore foraging trips, with dives that are not thought to be
physiologically extreme, correlated with stable or increasing
populations (Lowry & Maravilla-Chavez 2005; Szteren et al.
2006; Villegas-Amtmann et al. 2011). By contrast, females
from the Auckland Islands display population dynamics similar
to benthic- or specialised foraging otariids (e.g. Australian
sea lions, Neophoca cinerea; Costa & Gales 2003; Fowler
et al. 2007), shown to be correlated with stable or declining
populations (Arnould & Costa 2006; Costa et al. 2006).

It is possible that both Stewart Island and Otago females
foraging behaviour is related to low population size and ease
of finding prey resources (low intraspecific competition).

However, it is estimated that up to 250 juvenile and adult male
New Zealand sea lions are found around Otago and similar
numbers at Stewart Island most years (McConkey unpubl.
data; pers. obs.). These groups likely have some foraging area
overlap with females, particularly juvenile males (as seen at
Enderby Island; Leung et al. 2012, 2014). In addition, there
are large numbers of other marine carnivores which forage in
these areas, including New Zealand fur seals Arctocephalus

fosteri (>20 000 individuals; Lalas 2008) that could have an

overlap or be competing for prey (Lalas & Webster 2014)
whereas fur seal numbers are limited at the Auckland Islands
(pers. obs.). Additionally, the Auckland Islands population has
declined by ~50% in the last 17 years and over that time the
foraging behaviour of female New Zealand sea lions and many
population parameters at Auckland Islands have not changed,
indicating that before the decline they were not at or near
carrying-capacity for their environment (Chilvers et al. 2005,
2006, 2011; Chilvers 2012). Consequently, small population
size alone is unlikely to be the course of these contrasting
foraging behaviours, however, as either mainland populations
grow, intraspecific competition may become more important in
these areas and foraging behaviour and population dynamics
should be investigated again (Kuhn et al. 2014).

There are now 5 years of confirmed pupping of New
Zealand sea lions on Stewart Island. Stewart Island is the
biggestresident breeding population of New Zealand sea lions
outside the New Zealand subantarctic, and is the equivalent
to 1% of the entire pup production of New Zealand sea lions
annually. This apparently self-sustaining population is critical
to the species, as it is dispersing the breeding population of
New Zealand sea lions away from their current restricted,
significantly declining subantarctic distribution. However, the
isolation and cryptic dispersed breeding behaviour of these
animals makes them difficult to study and means it may take
decades to fully understand the population dynamics of the
Stewart Island population using traditional mark recapture
methods. Delays in further understanding the population
dynamics of the Stewart Island population could restrict
management agencies’ ability to assess and manage known
and potential indirect and direct human impacts on this
small recolonising population. An example of this is already
identified in the New Zealand sea lion threat management
plan with a review of the impacts of aquaculture on sea lions,
with relevance to Stewart Island sea lions already identified
as needed (Department of Conservation 2017). This research,
in investigating both the foraging behaviour of adult females
and pup production, gives some indication that the Stewart
Island population of New Zealand sea lions is likely to have
population parameters more similar to the slowly increasing
colonising population of Otago than the declining Auckland
Islands population. However, like all small populations, the
Stewart Island population remains vulnerable to human impacts
and should be managed proactively using strong precautionary
measures to minimise human impacts such as are likely with
aquaculture (Wursig & Gailey 2002) and therefore maximise
the population’s chance for survival and growth.
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