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Abstract

1.

The impacts of natural disasters on marine mammals are poorly understood and
difficult to study, which can hamper management responses following such events.
This study provides the first distribution and abundance assessment of
New Zealand fur seal (NZFS: Arctocephalus forsteri) colonies around Kaikoura,
New Zealand, since a 7.8 magnitude earthquake in November 2016 caused
substantial changes to both the local marine and terrestrial environments, and led
to the reconstruction of a major highway that runs adjacent to NZFS colonies.
Mark-recapture and direct counts in the 2022-2023 breeding season estimated
pup production for NZFS breeding colonies along the Kaikoura coast. Using
established multipliers, pup estimates were used to provide the first comprehensive
population estimate for Kaikoura's NZFS population since the earthquake.

Three new colonies and three new subcolonies were assessed and recorded,
additional to reassessments of two established colonies. Overall, Kaikoura's NZFS
population has grown and spread post-earthquake, with an upper total population
estimate of between 21,560 and 28,327 animals in the 2022-2023 breeding
season. Some sites, such as Lynch's Reef, appear to have benefited from
earthquake-induced coastal uplift, with pup production increasing. Contrastingly,
the estimated 2,401 (+99) pups produced at Ohau Point in 2023 is similar to pre-
earthquake estimates. This indicates that the earthquake has disrupted previously
documented growth at this site. The distribution of NZFS breeding at Ohau Point
has also changed substantially since the last pre-earthquake assessment.

From these findings, alterations to the Ohau Point New Zealand Fur Seal
Sanctuary and similar protections at other locations on the Kaikoura coast are
suggested, as greater numbers of NZFSs are now accessible to human interaction
and disturbance. The results demonstrate both how natural disasters and
subsequent infrastructure modifications can impact coastal species and how

conservation measures may need to be amended accordingly.
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1 | INTRODUCTION

Understanding the size and distribution of wildlife populations is key
to successful management (Robinson et al., 2011; Laidre et al., 2015).
Without effectively monitoring such parameters, important
population trends can be masked (Mcintosh et al, 2018), and
interventions can come too late to achieve the desired outcomes
(Voyles et al., 2014). Frequently, the logistics and costs of long-term
monitoring programmes make them difficult to maintain (Mclntosh
et al, 2018), and gaps in the record can be exposed following
catastrophic events (Schwing et al., 2020; Southwell et al., 2022) as
attempts are made to understand their ecological impacts.

Natural disasters can have a range of impacts on wildlife
populations, the most immediate being mortality during the event
itself. For example, an estimated 40,000 Hutton's shearwaters
(Puffinus huttoni) were killed during the landslides caused by the
Kaikoura earthquakes (Cuthbert, 2019), and approximately 80% of
Kangaroo lIsland's koala (Phascolarctos cinereus) population is thought
to have perished in the 2019-2020 Australian bushfires (Dunstan
et al., 2021). However, disaster-induced changes to habitats can also
have long-term impacts on wildlife populations (Jolly et al., 2022). For
example, nest counts in colonies of erect-crested penguins (Eudyptes
sclateri) on the Antipodes Islands in October 2014 showed
significantly greater declines in the numbers of nests in breeding areas
impacted by storms in January 2014 compared with colonies that
were unaffected or only partially impacted (Chilvers & Hiscock, 2019).
The loss of habitat and resources likely also explains why bald eagles
(Haliaeetus leucocephalus) and peregrine falcons (Falco peregrinus)
failed to breed on an Alaskan island following a volcanic eruption
(Williams, Drummond & Buxton, 2010). Following this 2008 eruption,
Steller's sea lions (Eumetopias jubatus) were the only species to breed
successfully one year later (Williams, Drummond & Buxton, 2010),
demonstrating the differential impacts of natural events on affected
species.

The impacts of the 2016 Kaikoura earthquake on other local
wildlife populations have been studied. Additional to the substantial
mortality of Hutton's shearwaters (Cuthbert, 2019), there was mass
mortality among benthic invertebrate species such as black-footed
paua (Haliotis iris) (Schiel et al., 2019) caused by the uplift and
exposure of the benthos. The foraging distribution and dive behaviour
of sperm whales (Physeter macrocephalus) in the Kaikoura Canyon also
changed for at least a year post-earthquake, likely due to disturbances
to marine food chains (Guerra et al., 2020). The longest lasting impact
of the 2016 earthquake to human populations was the damage to
State Highway 1 (SH1), New Zealand's longest road. The earthquake
damaged 194 km of SH1 (New Zealand Transport Authority, 2017),
and it took approximately 17 months for the road to reopen for travel
at all hours in both directions after the earthquake (Blake et al., 2019).
Sections of the rebuilt road were moved away from the base of
slopes, where landslips occurred, and closer to the coast (Green
et al, 2018). At the geographical midpoint of the pre-earthquake
Ohau Point New Zealand fur seal (NZFS) colony (Boren, Muller &
Gemmell, 2006), this shift was approximately 35 m seaward.

NZFSs (Arctocephalus forsteri) were hunted to the brink of
extinction in the 18th and 19th centuries, with the population
declining to less than 1% of the size it had attained prior to the arrival
of humans in New Zealand (Emami-Khoyi et al., 2018). Since the
cessation of sealing, NZFSs have been expanding in area and numbers,
recolonizing parts of their former range (Dix, 1993; Bouma,
Hickman & Taucher, 2008). However, colonies on the West Coast of
the South Island have experienced declining pup production since
1991 (Roberts & Neale, 2016).

Estimating wildlife population abundances typically requires
extrapolating data to produce an estimate for the wider population
(Hammond, 2001). In pinnipeds, pup production estimates are the
most reliable indicator for the overall population size (Berkson &
DeMaster, 1985; Boren, Muller & Gemmell, 2006; Roberts &
Neale, 2016; Chilvers, 2021). Pups are the only instantly recognizable
age cohort and are confined to the colony until they wean, meaning
that this group can, theoretically, be counted in its entirety (Berkson &
DeMaster, 1985; Chilvers, 2021).

With NZFSs, abundance estimates involving pups have typically
involved mark-recapture (Boren, Muller & Gemmell, 2006;
Chilvers, 2021) and/or direct counts (Lalas & Harcourt, 1995; Taylor
et al., 1995; Gooday et al., 2018). Though direct counts minimize
disturbance to the animals, they produce underestimates, as pups may
be concealed from the surveyors. Therefore, this methodology can
only provide insights into relative population sizes and trends, and
only then if executed consistently (Watson, Lalas & Seddon, 2009). As
such, mark-recapture provides the most accurate method for
estimating pup production, and thus population size (Boren, Muller &
Gemmell, 2006;Watson, Lalas & Seddon, 2009; Chilvers, 2021).

Mark-recapture involves capturing and marking a subset of pups
at a site and subsequently releasing them to mix with the remaining
population (Boren, Muller & Gemmell, 2006; Chilvers, 2021).
Following an interval of, typically, 24 h, the colony is revisited and a
walk-through conducted to count the number of marked and
unmarked pups. This ratio can be used in the formula later herein to
calculate pup production. For NZFSs, marking is typically achieved
through haircuts (e.g.Boren, Muller & Gemmell, 2006), livestock
markers (e.g. Chilvers, 2021), or flipper tagging (e.g. Roberts &
Neale, 2016). The limited time between marking and recapturing
means that mortality in the intervening period can be assumed to be
zero (Chilvers, 2021). However, dead pups observed during walk-
throughs should be added to the live total to account for pre-survey
mortality (Watson, Lalas & Seddon, 2009; Chilvers, 2021).

Pups included in walk-through counts must be categorized with
certainty as either marked or unmarked, or else discounted
(Chilvers, 2021). Similarly, marking and recapturing should be spread
evenly through the study area, to help ensure that marked and
unmarked pups have equal probabilities of being recaptured
(Shaughnessy, Goldsworthy & Libke, 1995).

Despite its greater accuracy, mark-recapture is more expensive,
labour intensive, and disruptive to NZFSs than direct counts (Watson,
Lalas & Seddon, 2009). As such, calibration indices have been devised

to estimate absolute pup production numbers from direct counts
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(Watson, Lalas & Seddon, 2009; Chilvers, 2021). Though estimates of
pup production based on these indices are not as reliable as those
calculated from mark-recapture, together with their respective
confidence limits, they provide greater accuracy than untransformed
direct counts (Watson, Lalas & Seddon, 2009).

Following the demise of commercial sealing, large aggregations of
NZFSs were observed in Kaikoura in the late 1950s (Street, 1964),
with breeding recorded from the 1990s at three sites: Ohau Point,
Lynch's Reef, and Barney's Rock (Boren, Muller & Gemmell, 2006)
(Figure 1). The most recent local NZFS abundance study
(Gooday, 2016) estimated that 2,471 pups were born in the 2014-
2015 breeding season at Ohau Point, an increase from the ~600 pups
estimated in 2005 (Boren, Muller & Gemmell, 2006). In their study,
Boren, Muller & Gemmell (2006) determined that the Ohau Point
colony was growing at a rate of 32% per annum, whereas the Lynch's
Reef colony, on the Kaikoura Peninsula, had a consistent annual pup
production of 8-12 pups per year.

No comprehensive assessments of Kaikoura's NZFS population
have been conducted since a magnitude 7.8 earthquake struck the
region in November 2016. This event had significant impacts on
the terrestrial and marine habitats used by NZFSs, including

substantial uplift of coastal substrate by up to 6 m (Alestra

et al,, 2019) and triggering over 10,000 landslides over approximately
10,000 km? (Massey et al., 2018). Additionally, 39 x 10° kg of benthic
biomass was lost from the Kaikoura submarine canyon through an
earthquake-induced flushing event (Mountjoy et al., 2018), disrupting
local marine food chains (Guerra et al., 2020).

Given the impacts of this earthquake and the associated
reconstruction efforts on SH1, which runs adjacent to several NZFS
colonies, an updated evaluation of Kaikoura's NZFS population
abundance and distribution is required to assess whether current
management initiatives continue to effectively protect the local

population.

2 | MATERIALS AND METHODS

Assessments of NZFS colonies were made along approximately 46 km
of Kaikoura's coastline between Otumatu and Paparoa Point on the
north east of New Zealand's South Island (Figure 1). The definition of
an NZFS colony as described by Shaughnessy et al. (1994) and
Shaughnessy, Goldsworthy & Mackay (2015) is adopted here,
whereby aggregations of breeding NZFSs are referred to as colonies,

and when such aggregations occur within 2 km of each other they are
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Map of the study area showing the location of the established breeding colonies Ohau Point, Lynch's Reef and Barney's Rock, and

insets showing the locations of the breeding colonies (a) north of Kaikoura, (b) on the Kaikoura Peninsula, and (c) south of Kaikoura assessed in
this study. The benthic topography off the Kaikoura coast is shown to indicate the position of the deepwater Kaikoura Canyon.
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categorized as a single colony. Distinct aggregations within colonies
are referred to as subcolonies (Shaughnessy, Goldsworthy &
Mackay, 2015).

Under this definition, the study focuses on five breeding
colonies, two of which consist of multiple subcolonies (Figures 2-4).
The ‘Ohau Point’ colony includes the pre-earthquake Ohau Point
colony (Boren, Muller & Gemmell, 2006; Gooday, 2016), hereafter
‘Old Ohau’, which had covered an approximately 800 m length of

coastline (Figure 2).

2.1 | Breeding colony distribution
The location of NZFS breeding within the study area was established
using direct counts of pups in the 2021-2022 and 2022-2023
breeding seasons. Typically, these direct counts involved at least two
surveyors walking past the colonies and recording pup numbers using
handheld tally counters. When only one surveyor was available to
survey, counts were conducted twice so that a mean could be
calculated.

The study area (Figure 1) was divided into three zones: ‘north of
Kaikoura’ (between Paparoa Point and the northern end of Half

Moon Bay; Figure 2), the ‘Kaikoura peninsula’ (between Kean Point

Ohau Point
lookout

Half Moon Bay

Rakautara

«4—————— South Rakautara colony

FIGURE 2

and Whalers Bay; Figure 3), and ‘south of Kaikoura’ (between SC
Subcolony 1 and Otumatu; Figure 4). These zones were assessed at
least once per month during the NZFS breeding season (December,
January, and February) in both 2021-2022 and 2022-2023 to try to
gain a full picture of where breeding takes place through time. Upon
discovery of the South Rakautara colony in December 2021, this site
was surveyed as frequently as possible when surveying other sites
north of Kaikoura.

Direct counts were conducted from a distance or point of
elevation above the colonies and did not involve walking through
NZFS colonies. On the Kaikoura Peninsula, except for Whalers Bay,
counts were conducted from the clifftops using binoculars. Barney's
Rock, an offshore islet (Figure 4), could not be accessed for counts.
However, continued pupping at this site was confirmed through

binocular scans from headland vantage points.

2.2 | Abundance estimates

Abundance estimates were calculated using direct counts and mark-
recapture (Table 2) between February 16 and 26, 2023. Abundance
estimates for NZFSs typically take place from late January to March
(e.g. Boren, Muller & Gemmell, 2006; Chilvers, 2021) as, at this stage,

hau Point colony

Legend

mmmm Breeding colony locations
H—‘- Ohau Point New Zealand
Fur Seal Sanctuary, and site

of '0ld Ohau!'
=== Sea wall
0 750 1,500 m
| I

Location of Ohau Point and South Rakautara colonies. The location of the sea wall is projected out from the coast for clarity.
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FIGURE 3 Location of the Kaikoura Peninsula subcolonies.

all pups will have been born and still have their instantly recognizable
black pelage (Chilvers & Goldsworthy, 2015).

These direct counts were additional to the previously described
survey efforts and involved groups of two to seven observers moving
systematically through the colonies together and counting every
NZFS pup they could find. This methodology was employed at the
smaller South Coast subcolony sites (SC3, SC5, and Otumatu), where
the small number of pups born (the largest single count was 37 + 2 at
SC3) made mark-recapture unnecessary, and at the Kaikoura
Peninsula. Though the pup numbers and terrain complexity of the
peninsula subcolonies warrant mark-recapture, the loss of fieldwork
days due to Cyclone Gabrielle left insufficient time for mark-recapture
here. Two sites, SC Subcolonies 1 and 4, were assessed using both
direct counts and mark-recapture to enable the creation of calibration
indices (Watson, Lalas & Seddon, 2009).

Mark-recapture analysis was conducted to obtain pup production
estimates at larger sites. Marking was achieved through trimming a
patch of fur on the pups' heads. All pups caught for marking were
sexed to establish sex ratios. NZFS handling was subject to ethics
approval by the Massey University Animal Ethics Committee.

Recaptures involved teams of four or five surveyors
systematically moving through the colonies to count marked versus
unmarked pups (Boren, Muller & Gemmell, 2006; Chilvers, 2021).
Though this was done simultaneously, count independence was

achieved by surveyors recording the numbers of marked and
unmarked pups individually, using handheld counters. Surveyors
avoided double counting pups that were running ahead of them by
only counting animals as they were passed. Owing to time constraints,
only a single pass was made at each site. Effort was made to check all
potential hiding places for pups.

The numbers of marked and unmarked pups in each recapture
sample were used to calculate a modified Petersen pup production

estimate (Chapman, 1952) as follows:

P — {(M+R1i)_£(?1,-+1)} 1

were, for each replicate i, M represents the number of marked NZFS
pups, C; is the total number of pups included in the recapture sample,
and R; is the number of marked pups recorded in the recapture
sample. From this, the grand total estimate of pup production P is
calculated from the mean of the Q Petersen estimators:

Z?:lpi
Q

Estimating pup production and extrapolating to a population

estimate (Table 2) involved two calculations. First, mark-recapture
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FIGURE 4 The location of the South Coast (SC) subcolonies and Otumatu breeding colony.

estimates plus all direct counts undertaken at sites where mark-
recapture was not done were summed to calculate a minimum pup
estimate. Second, direct counts from sites where mark-recapture was
not done were multiplied by 1.57 (the mean of the differences
between the direct counts and mark-recaptures at SC1 and SC4), and
this total was added to the sum of the mark-recapture estimates.
Standard errors for mark-recaptures and direct counts (Table 2)

were calculated as follows:

. X _ 1
Z}fzio =X n(n—1)

where j is each surveyor's Petersen estimator or direct count, X is the
mean Petersen estimator or direct count for that site, and n is
the number of surveyors.

Calculating population abundance estimates for NZFSs has
typically involved using multipliers to convert pup production
estimates (Shaughnessy et al.,, 1994; Shaughnessy, Goldsworthy &
Libke, 1995; Campbell et al., 2014; Chilvers, 2021). The previously
applied multipliers of 4.76 (Goldsworthy & Page, 2007) and 4.9
(Taylor, 1982) were used here (Table 2).

3 | RESULTS

3.1 | Breeding colony distribution
The distribution of NZFS breeding colonies in the 2022-2023
breeding season along the Kaikoura coastline is shown in Figures 2-4.

Old Ohau is now two-thirds narrower than it was pre-earthquake
due to the relocation of SH1 closer to the coastline. The linear extent
of the colony is now approximately 3.3 km, compared with the
approximately 800 m length of Old Ohau. This includes an extension
of approximately 800 m south of the southern boundary of Old Ohau
and approximately 1,770 m north of the northern boundary of Old
Ohau.

The area available at Lynch's Reef has also increased from
the ~500 m? estimated by Boren, Muller & Gemmell (2006) to
closer to ~10,000 m?, although not all of this is currently used for
breeding.

South of Kaikoura there are now two colonies: the South Coast
colony and Otumatu. The South Coast colony includes six
subcolonies: the five new sites SC1-SC5, shown in Figure 4, and

Barney's Rock, which existed pre-earthquake. The mainland portion of
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TABLE 1  Numbers of New Zealand fur seal pups marked at
different sites along the Kaikoura coast.

Pups marked

Site Number Percentage of total (%)
Ohau Point 384 15.9

South Rakautara 60 21

SC1 51 18.9

SC2 110 25.7

SC4 50 22

the South Coast colony stretches along approximately 3.8 km
of coastline, with gaps of less than 2 km between each subcolony.

Breeding at Otumatu occurs over approximately 180 m.

3.2 | Abundance estimates

The first new-born pups were recorded on December 8 in the
2021-2022 breeding season, and December 9 in the 2022-2023
breeding season.

During mark-recapture, a total of 655 pups were marked across
five sites (Table 1). The total estimated pup production for these sites
was 3,609 + 62 (Table 2). The total pup production at sites assessed
through direct counts alone was 830 + 13 (Table 2). Combined, the
mark-recapture estimates and direct counts provided a minimum pup
estimate of 4,400-4,478 pups (Table 2), indicative of the mean plus/
minus the standard error.

When the direct count only sites were subjected to the 1.57
multiplier and added to the mark-recapture site estimates (Ohau
Point, South Rakautara, SC1, SC2, and SC4), the pup count estimate
for Kaikoura was 5,703-5,781 (Table 2), indicative of the mean plus/
minus the standard error. A regional population estimate of between
20,944 and 27,518 was calculated using Goldsworthy & Page's (2007)
4.76 multiplier, and a regional population estimate of between 21,560
and 28,327 was calculated using Taylor's (1982) 4.9 multiplier
(Table 2).

3.3 | Sexratios

Sex ratios between the colonies and subcolonies where marking took
place are presented in Table 3. A chi-squared test was used to test for
deviation from an expected 1:1 sex ratio between sites within the
2022-2023 breeding season. This test found no significant deviation
(® = 6.6353, df = 4, P = 0.1565).

4 | DISCUSSION

This study provides the first comprehensive population assessment of
Kaikoura's NZFSs since the November 2016 earthquake and
subsequent road reconstruction.

4.1 | Limitations of the study

Two multipliers were used to convert pup production estimates into
population estimates. Taylor's (1982) multiplier derives from research
from the Bounty Islands and is based on assumptions and knowledge
of Antarctic fur seal (Arctocephalus gazella) vital rates (Payne, 1977).
Goldsworthy & Page's (2007) multiplier is derived from life-tables of
South Australian NZFSs. Evidently, applying these multipliers can only
produce coarse population estimates with wide confidence intervals
(Chilvers, 2021). However, as many of the data used by Taylor (1982)
and Goldsworthy & Page (2007) do not exist for NZFSs in
New Zealand (Chilvers, 2021), the more generalized multipliers have
been adopted to make the results comparable to other studies.

The 1.57 multiplier was derived from direct counts and mark-
recapture at SC1 and SC4. Ideally, a separate index would have been
created to convert direct counts from the Kaikoura Peninsula, as the
terrain here is different to that in the South Coast colony, which can
impact index suitability (Watson, Lalas & Seddon, 2009). However,
loss of study days due to Cyclone Gabrielle made it impossible to
conduct mark-recapture on the Kaikoura Peninsula. Future
assessments of the Kaikoura Peninsula should attempt to create such

an index, as this would likely improve result accuracy.

4.2 | Abundance estimates

Kaikoura's total NZFS abundance has increased since the last pre-
earthquake assessment (Gooday, 2016). However, pup production at
Ohau Point has not. There is some evidence for growth stalling at
Ohau Point prior to the 2016 earthquake, with L. Boren (unpublished
data) estimating 2,390 (+227) pups produced in 2011, comparable to
the 2,471 estimated in 2015 (Gooday, 2016). At that point, NZFS
density within Old Ohau was much greater than it is today across the
larger post-earthquake breeding site, and Old Ohau may have been
approaching carrying capacity, with a concomitant reduction to the
pup production growth rate (Roux, 1987). With NZFS density at Ohau
Point now considerably lower than it was pre-earthquake, and given
the overall NZFS population growth in Kaikoura and across
New Zealand (Emami-Khoyi et al., 2018; Chilvers, 2021), we would
have expected Ohau Point to revert to pup production growth. The
fact that it has not likely relates to the extreme disruption to this
colony caused by the 2016 earthquake. Much of the colony habitat
was covered by landslip debris, causing loss of favourable
habitat features (Gooday & Goldstien, 2018), and likely mortality.
Additionally, there was disturbance and NZFS mortality caused by the
road reconstruction (North Canterbury Transport Infrastructure
Recovery, unpublished data) with some NZFSs relocated prior to the
roadworks commencing, and the width of the colony reduced by the
road's repositioning (Gooday & Goldstien, 2018). Despite all of this,
Ohau Point has surpassed Gooday & Goldstien's (2018) expectations
by achieving pre-earthquake pup production. Given the lower density
of NZFSs at Ohau Point compared with before the earthquake, and
the availability of suitable yet unused breeding habitat to the
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TABLE 2 New Zealand fur seal pup counts and mark-recapture estimates for Kaikoura in the 2022-2023 breeding season.

Pup direct count

Location mean +SE
Ohau Point
South Rakautara
Total north of Kaikoura
Kaikoura Peninsula subcolonies
Lynch's Reef 41+1
KP2 159 +9
Rhino Horn 323+ 10
Whalers Bay 245+ 4
Totals on Kaikoura Peninsula 768 + 15
South Coast subcolonies
SC1 159 +1
SC2
SC3 372
SC4 157 +11
SC5 12
Otumatu (separate colony) 13
Totals south of Kaikoura 3787
Total 830 + 13°

Minimum pup estimate

Pup direct count to mark-recapture estimate
(multiplier: 1.57)¢

Coarse estimated total population range
(multiplier: 4.76)¢

Coarse estimated total population range
(multiplier: 4.9)f

Note: Empty cells denote where no count was done for that type/location.

Pup mark-recapture
estimate +SE

Area-specific pup
production ranges

2,401 £ 99
285+ 25

2,686 £ 97 2,589-2,783

1,182-1,229

269 £11
427 +13

227 £ 4

923+ 17 977-993°
1,074-1,090°
3,609 + 62

4,400-4,478

5,703-5,781

20,944-27,518

21,560-28,327

2Minimum pup estimate: equal to the sum of mark-recapture estimates plus all direct counts where mark-recapture was not undertaken.
bDirect count to mark-recapture estimate: equal to the sum of the mark-recapture estimates plus the sum of the direct counts where mark-recapture was

not done multiplied by 1.57.

“This total represents the sum of the direct counts for the sites where mark-recapture was not also conducted.
%This total represents the sum of the mark-recapture estimates added to the sum of the products of each respective direct count multiplied by 1.57.
®This coarse estimated total population range equals the range between the minimum pup estimate multiplied by 4.76 and the direct count to mark-

recapture pup estimate multiplied by 4.76 (Goldsworthy & Page, 2007).

This coarse estimated total population range equals the range between the minimum pup estimate multiplied by 4.9 and the direct count to mark-

recapture pup estimate multiplied by 4.9 (Taylor, 1982).

TABLE 3 Pup sex ratios at the five sites where mark-recapture
took place.

Site No. of pups sexed Sex ratio (F:M)

Ohau Point 384 1:1.19

South Rakautara 60 1:1

SC1 51 1:1.55

SC2 110 1:1.04

SC4 50 1:2.33

immediate north and south of the current breeding distribution, it
is expected that pup production at the Ohau Point colony could
grow further. Lynch's Reef, the other site for which comparable

pre-earthquake abundance data exist, produced substantially more
pups in 2022-2023 than it did pre-earthquake (Boren, Muller &
Gemmell, 2006).

The lack of recent population monitoring means it is impossible to
establish the growth rate of the colonies studied here, nor estimate
when previously unrecorded sites were founded. Gooday & Goldstien
(2018) collated both published and unpublished NZFS data from the
Kaikoura region going back to 1995. Whereas these data show, for
example, that NZFSs were observed at Otumatu in 2001, no
indication of whether they were adults or pups or precise location
data is provided. Direct counts in the 2021-2022 and 2022-2023
breeding seasons suggest that Kaikoura's pup production has

remained relatively stable across these two years (see Supporting
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Information). However, data from other New Zealand NZFS colonies,
and from New Zealand sea lion (Phocarctos hookeri) colonies on the
Auckland Islands, indicate that 2022-2023 was a low-productivity
breeding season (L. Boren, personal communication). Though the
causes of this are unknown, climate factors associated with a La Nifa
event may have contributed. The productivity of the Kaikoura Canyon
likely provides local NZFS colonies with some buffer against the
changing environmental and biological conditions associated with El
Nifio Southern Oscillation events (Boren, Muller & Gemmell, 2006), so
it cannot be assumed that Kaikoura pup numbers were similarly
impacted.

These uncertainties underscore the need for regular monitoring
of wildlife populations. Gaps in the record are typical of NZFS
monitoring across New Zealand (Chilvers, 2021), and declining pup
production at West Coast colonies (Roberts & Neale, 2016) suggests
that no single trajectory exists for New Zealand's NZFS colonies,
demonstrating the need for more consistent and frequent
assessments. It was fortunate, here, that Gooday's (2016) study
provided relatively proximate ‘before’ data to allow inferences to be
drawn as to the effects of the earthquake on Kaikoura's NZFSs. As
substantial natural disasters are uncommon and unpredictable, missing
baseline data often impedes such analyses (Southwell et al., 2022).
Mclntosh et al. (2018) describe the improvements made to population
monitoring of Australian fur seals (Arctocephalus pusillus doriferus)
when a coordinated, range-wide five-yearly census approach was
adopted in 2002, replacing previous sporadic and opportunistic
surveys. Currently, three-yearly NZFS mark-recapture monitoring is
conducted at declining colonies on the West Coast of the South Island
(Roberts & Neale, 2016), and it is suggested that a similar programme
is adopted in Kaikoura to continue assessments of the population's
trajectory post-earthquake. Given the large interannual variation in
Arctocephalus spp. pup production (Mclntosh et al., 2018),

supplementary direct counts could also be conducted annually.

4.3 | Breeding colony distribution
NZFS breeding distribution around Kaikoura has expanded beyond
that described previously (Figure 1) (Bradshaw, Lalas &
Thompson, 2000a; Boren, Muller & Gemmell, 2006; Gooday, 2016).
The Ohau Point colony is now approximately 3.3 km long, compared
with the approximately 800 m of Old Ohau, although it is much
narrower, and there is now a colony south of Rakautara that had not
been described previously. Similarly, the Kaikoura Peninsula currently
supports three previously unrecorded subcolonies additional to
Lynch's Reef (Boren, Muller & Gemmell, 2006; Gooday, 2016). South
of Kaikoura, pre-earthquake, Barney's Rock was the only recorded
breeding site within the study area (Boren, Muller & Gemmell, 2006;
Gooday, 2016). Today, there is also breeding in the mainland South
Coast colony, and at Otumatu.

There are several likely explanations for these expansions. First,
New Zealand's NZFS population is continuing to recover from
exploitation (Emami-Khoyi et al., 2018; Chilvers, 2021). As such, the

founding of new colonies is expected as resources are stretched at
existing sites (Roux, 1987). NZFSs are highly philopatric
(Bradshaw, 1999; Chilvers, 2021), and Bradshaw et al. (2000b)
suggested that new colonies should develop near existing ones in a
‘spillover effect’ representing a compromise between philopatry and
density-dependent factors that may impact breeding success
(Bradshaw et al., 2000b). This has been demonstrated in NZFS
colonies on Kangaroo Island, South Australia (Shaughnessy &
Goldsworthy, 2015), and newer subcolonies within the South Coast
and Kaikoura Peninsula colonies also appear to follow this pattern.
Breeding at SC4 is likely a spillover from Barney's Rock (Figure 4), an
established breeding site with limited breeding space directly offshore
from SC4. SC4 had previously been an adult haul-out site
(Boren, 2005), and thus appears to have followed a documented
pattern whereby sites evolve from haul-outs into breeding sites
(Dix, 1993; Ryan, Hickling & Wilson, 1997). Similarly, KP2, Rhino
Horn, and Whalers Bay on the Kaikoura Peninsula may represent
spillover from Lynch's Reef, another established and previously
spatially limited breeding area (Figure 3). Alternatively, these sites
could have been founded by migrants from elsewhere in New
Zealand, or from Ohau Point post-earthquake.

Other sites, however, are unlikely to represent spillover. For
example, South Rakautara is over 5 km from the southernmost extent
of Ohau Point, and a substantial amount of apparently suitable, yet
unused, breeding habitat exists between the two colonies. This is also
true of the coastline between SC5 and Otumatu. An alternative
explanation for these new colonies is immigration of NZFSs, either
from Ohau Point, following the earthquake, or from elsewhere in the
country (Robertson & Gemmell, 2005). Immigrating animals from
further afield would be uninfluenced by local philopatry when
selecting breeding habitat (Bradshaw et al., 2000b).

Earthquake-induced changes to breeding habitats have also likely
impacted NZFS breeding distribution. The earthquake caused variable
uplift of up to 6 m at different locations along the coastline (Alestra
et al.,, 2019; Hay, 2020), creating additional breeding space at some
sites. Pup production at Lynch's Reef has increased from the
consistent 8-12 pups between 2002 and 2005 (Boren, Muller &
Gemmell, 2006), which was believed to be close to the site's spatial
limit, to 41 £ 1 pups in the 2022-2023 breeding season. However,
uplift also has a potentially deleterious implication for NZFSs at
Lynch's Reef. This subcolony is now substantially more accessible to
people, as the uplift greatly reduced the depth of a channel that
formerly separated the colony from a popular tourist carpark
(Gooday & Goldstien, 2018). As such, additional protection measures,
perhaps in the form of sanctuary protections, should be considered to
protect NZFSs there from disturbance.

The earthquake, and subsequent anthropogenic responses, also
had negative impacts on NZFS habitat quality at other sites around
Kaikoura. For example, at Ohau Point, uplift, combined with landslides
dumping over 100,000 m® of debris (Barrett & Hayes, 2019),
destroyed important habitat features, including caves. Additionally,
SH1 was rebuilt closer to the ocean, decreasing the width of the

habitat between the road and the ocean by two-thirds (Gooday &
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Goldstien, 2018). The resultant loss of caves, crevices, and rock pools
led Gooday & Goldstien (2018) to downgrade the habitat's suitability,
as per Taylor et al.’s (1995) scoring system, from 9 (the highest
possible) to 6. The fact that the Ohau Point colony is now
approximately four times the length of Old Ohau (Figure 2), but that
pup production today (2,401 + 99) is comparable to the 2014-2015
breeding season (2,471; Gooday, 2016), suggests that the breeding
population is now distributed more linearly along the coastline, likely
in response to the changes to the physical habitat. Additionally,
NZFSs were deliberately relocated prior to the commencement of
roadworks on SH1 (Gooday & Goldstien, 2018). As there is now
insufficient room for the pre-earthquake breeding population within
Old Ohau, some relocated NZFSs may not have returned.

Whether animals remain in a habitat impacted by a natural
disaster depends on several factors. Immediately, members of the
population must survive, although even when populations are
extirpated (Rodriguez-Lozano et al., 2015) they can later return and
repopulate former habitats (do Rosario & Mathias, 2007). Resource
and habitat loss can also inhibit population persistence, even if
members survived the initial event (Williams, Drummond &
Buxton, 2010).

In Kaikoura, enough NZFSs survived the earthquake and enough
local habitat remained suitable for the population to remain in situ.
Indeed, NZFSs bred at Ohau Point immediately after the earthquake
(Gooday & Goldstien, 2018). How many NZFSs died as a direct result
of the earthquake is unknown, although its timing at around midnight
on November 14, 2016 (Furlong & Herman, 2017), likely reduced
mortality compared with if it had happened a few weeks later, or
during daylight hours. Previous studies of Ohau Point's colony
dynamics indicate that few, if any, of that season's pups would have
been born when the earthquake occurred (Boren, 2005). Had the
earthquake happened in late November or early December there
may have been substantial pup mortality, as the median pupping
date at Ohau Point was December 16, 2002, December 5, 2003,
and December 7, 2004 (Boren, 2005) and, once born, pups are
initially relatively immobile (Crawley & Wilson, 1976). Further, as
NZFSs are predominantly nocturnal foragers (Page, McKenzie &
Goldsworthy, 2005), fewer adults would have been ashore when
the earthquake occurred relative to daylight hours. However, there
would have almost certainly been mortalities in the initial earthquake-
induced landslips. In particular, there may have been substantial
numbers of heavily pregnant females ashore at Ohau Point when the
earthquake occurred (Boren, 2005). Mortality among experienced
female breeders may help to explain the continued stagnation of
growth at Ohau Point despite reduced population density. Discoveries
of deceased individuals under rubble in 2017 suggests additional
morality during subsequent landslips, and NZFS were also accidentally
killed during the road reconstruction by, for example, heavy
machinery (North Canterbury Transport Infrastructure Recovery,
unpublished data).

Though continued use of pre-earthquake sites suggests their
continued suitability despite the disruptions, philopatric species can

make maladaptive decisions to remain in diminished habitats

following natural disasters (Lai, Shieh & Kam, 2007; Dudley
et al., 2022). Given Ohau Point's reduced habitat quality (Gooday &
Goldstien, 2018), this possibility should be considered for Kaikoura's
NZFSs. With amphibious marine species, the ongoing suitability of
both marine and terrestrial habitats should be appraised following a
natural disaster. The highly productive Kaikoura Canyon (De Leo
et al., 2010) provides a year-round food source for species such as
dusky dolphins (Lagenorhynchus obscurus) (Benoit-Bird, Wursig &
McFadden, 2004) and sperm whales (P. macrocephalus) (Sagnol
et al, 2015) and is within easy foraging range of NZFSs from all
colonies assessed in the present study (Boren, 2005) (Figure 1). Its
presence may explain why Kaikoura's pups have previously been
shown to be in better condition than those born in many other parts
of New Zealand (Bradshaw, Lalas & Thompson, 2000a; Boren,
Muller & Gemmell, 2006), perhaps because cows can make shorter
foraging trips more energetically profitable, and thus nurse their pups
more regularly and reduce pup fasting periods (Boren, 2005). Pups at
Ohau Point also wean later than at other NZFS colonies in
New Zealand and Australia (Boren, 2005) despite being born at a
similar time, potentially because females can remain in better
condition while lactating, allowing them to extend the weaning period
without severe energy penalties, and thus wean pups in better body
condition (Boren, 2005). Though the earthquake-induced flushing of
benthic biomass from the Kaikoura Canyon (Mountjoy et al., 2018)
had observable impacts on local marine food chains, these effects
appear to have been temporary (Guerra et al., 2020). Further, NZFSs'
foraging plasticity (Baylis et al., 2012) may have enabled them to
adjust to any changes to their foraging habitat. The Kaikoura Canyon
likely provides such a bountiful resource that, even if the quality of
some terrestrial habitats has been reduced, Kaikoura remains an
excellent habitat for NZFSs. The habitat suitability criteria (Taylor
et al., 1995) that Gooday & Goldstien (2018) used to reassess Ohau
Point following the earthquake only considers terrestrial features,
perhaps explaining why, post-earthquake, Ohau Point has surpassed

their expectations for pup production.

5 | IMPLICATIONS FOR CONSERVATION

Changes to NZFS abundance and breeding distribution have
implications for the management of the local population. This study
highlights the reality that human-NZFS interactions are likely to
become more frequent and occur in different locations due to the
numeric and spatial expansion of the local NZFS population.

The linear expansion of NZFS breeding at the Ohau Point colony
means that most breeding now occurs outside the boundaries of the
Ohau Point New Zealand Fur Seal Sanctuary (Figure 2). This sanctuary
was established under the Kaikoura (Te Tai 6 Marokura) Marine
Management Act 2014, with the intention of reducing anthropogenic
impacts on the colony, particularly disturbance from tourists. The
entirety of Old Ohau, which is contained within the sanctuary
boundaries, is now far harder for tourists to access due to the

construction of the 8-10 m high sea wall (Figure 2). However, post-

85U8017 SUOWIWIOD A0 B|qedldde au Aq peusenob ase sspoie YO ‘88N Jo SN 10} Aeiq18ulUQ 431 UO (SUORIPUOD-PUe-SWLRIW0D" A3 1M Afe.q Ul juo//Sdny) SUORIPUOD pue swie | 8 88s *[202/20/82] uo ArigiTauluo Aeim ‘Ariqi Aisieniun Aesse N Aq S50t°0be/Z00T 0T/10p/w00 A8 |imAeiq Ul |uO//:Sdny WOy pepeojumod ‘T ‘¥20Z ‘S5L0660T



HALL ET AL.

Wl LEY 11 of 14

earthquake breeding expansion means that substantial areas of the
colony do not benefit from either the legal protections of the 2014
legislation or the physical barrier of the sea wall, and are, therefore, at
risk of disturbance. The Kaikoura (Te Tai 6 Marokura) Marine
Management Act 2014 is due for a review commencing in 2024, and
it is recommended that the existing Ohau Point New Zealand Fur Seal
Sanctuary be extended.

Such extensions should not only incorporate where NZFSs
currently breed, but also consider where they may colonize next,
should breeding continue expanding along the coastline. The
narrowness of sections of the Ohau Point colony, combined with
the newly constructed sea wall, makes this site particularly vulnerable
to sea-level rise. The Old Ohau section is the contemporary colony's
narrowest point (Figure 2), and so it is likely that there will be
continued redistribution of breeding to both the north and south of
Old Ohau if sea levels rise as predicted (Kulp & Straus, 2019). As such,
to help futureproof the sanctuary, the entirety of Paparoa Point
(Figure 2) should be considered for sanctuary protections. Currently,
only the southern face of Paparoa Point experiences NZFS breeding;
however, the entire point features excellent NZFS breeding habitat
(Ryan, Hickling & Wilson, 1997); and, given the typical spillover pattern
of NZFS breeding colony expansion (Bradshaw et al., 2000b), this site
is likely to be colonized in future. Similarly, at the southern end of the
current Ohau Point breeding distribution, we recommend that
sanctuary protections are extended to the northern terminus of the
Half Moon Bay sea wall (Figure 2). The habitat available up to this
point is very similar to that already occupied in the contemporary Ohau
Point colony and is also likely to be colonized in the future. Half Moon
Bay itself is not, as it does not contain suitable NZFS breeding habitat.

Sanctuary protections would also be beneficial for some of the
other Kaikoura NZFS breeding sites identified in this study that are at
particular risk from human disturbance. In particular, NZFSs on the
Kaikoura Peninsula are a draw for tourists (Acevedo-Gutiérrez
et al., 2010), and these colonies are particularly accessible. People
have also been observed walking into subcolonies SC1 and SC4 on
the south coast, where there is either no or minimal signage alerting
people to the presence of NZFSs, or existing local regulations
regarding interacting with these animals. If signage is to be employed
to encourage compliance with current New Zealand regulations
regarding maintaining appropriate distances from seals (20 m), then
teleological signs are recommended as these have been shown to be
more effective than ontological signs (Marschall, Granquist &
Burns, 2017).

Additional to providing human access to road-abutting colonies,
SH1 is a direct threat to Kaikoura's NZFSs (Hall et al., 2023). The
numbers of live and dead NZFSs recorded on SH1 have increased
from an average of 12 per year between 1996 and 2005 (Boren,
Morrissey & Gemmell, 2008) to 59 per year (+16.9 SD) between 2012
and 2022 (Hall et al., 2023). Much of this increase is likely due to local
NZFS population growth, meaning the problem is likely to worsen
without effective mitigation, such as more effective barriers, if local
NZFS abundance continues to increase (Hall et al., 2023). Continued

increases to New Zealand's nationwide NZFS numbers (Emami-Khoyi

et al., 2018; Chilvers, 2021), and expansions of pinniped populations
in other countries (Kirkwood et al., 2010; Milano et al., 2020) mean
that mitigating similar deleterious interactions between such species
and humans is likely to require greater consideration and resources in

the future.

AUTHOR CONTRIBUTIONS

All authors contributed to the study conception, methodology design,
and data collection. Alasdair Hall and Louise Chilvers contributed to
funding acquisition, data analysis, and visualization. The first draft of
the manuscript was written by Alasdair Hall, and all authors
commented on previous versions of the manuscript. All authors read
and approved the final manuscript.

ACKNOWLEDGEMENTS

We thank the Department of Conservation (DOC) and Massey
University Animal Ethics Committee for permission to conduct this
work and DOC for the provision of resources and personnel to
facilitate field work. We are also very grateful to the large number of
volunteers who assisted in the field work for this study, and to the
Costal Restoration Trust of New Zealand, The New Zealand Coastal
Society, Wildbase and Massey University for providing funding. Thank
you to two reviewers for their helpful feedback on an earlier draft of
this paper. Open access publishing facilitated by Massey University,
as part of the Wiley - Massey University agreement via the Council of
Australian University Librarians.

CONFLICT OF INTEREST STATEMENT
The authors have no relevant financial or non-financial interests to

disclose.

DATA AVAILABILITY STATEMENT
The datasets analysed during the current study are available from the

corresponding author on reasonable request.

ORCID
Alasdair A. Hall
B. Louise Chilvers

https://orcid.org/0000-0002-1221-5047
https://orcid.org/0000-0002-7657-4217

Jody Suzanne Weir "= https://orcid.org/0000-0002-8062-5021

REFERENCES

Acevedo-Gutiérrez, A., Acedvedo, L., Belonovich, O. & Boren, L. (2010).
How effective are posted signs to regulate tourism? An example with
New Zealand fur seals. Tourism in Marine Environments, 7(1), 39-41.
https://doi.org/10.3727/154427310X12826772784874

Alestra, T. Gerrity, S., Dunmore, R., Marsden, |.D., Pirker, J.G. &
Schiel, D.R. (2019). Rocky reef impacts of the Kaikoura earthquake.
Quantification and monitoring of nearshore habitats and communities.
Fisheries New Zealand, Tini a Tangaroa.

Barrett, C. & Hayes, D. (2019). Large-scale earthquake-induced landslide
repair following New Zealand's Kaikoura earthquakes. In: 70th
Highway Geology Symposium.

Baylis, AM.M., Page, B., McKenzie, J. & Goldsworthy, S.D. (2012).
Individual foraging site fidelity in lactating New Zealand fur seals:
continental shelf vs. oceanic habitats. Marine Mammal Science, 28(2),
276-294. https://doi.org/10.1111/j.1748-7692.2011.00487..x

85U8017 SUOWIWIOD A0 B|qedldde au Aq peusenob ase sspoie YO ‘88N Jo SN 10} Aeiq18ulUQ 431 UO (SUORIPUOD-PUe-SWLRIW0D" A3 1M Afe.q Ul juo//Sdny) SUORIPUOD pue swie | 8 88s *[202/20/82] uo ArigiTauluo Aeim ‘Ariqi Aisieniun Aesse N Aq S50t°0be/Z00T 0T/10p/w00 A8 |imAeiq Ul |uO//:Sdny WOy pepeojumod ‘T ‘¥20Z ‘S5L0660T


https://orcid.org/0000-0002-1221-5047
https://orcid.org/0000-0002-1221-5047
https://orcid.org/0000-0002-7657-4217
https://orcid.org/0000-0002-7657-4217
https://orcid.org/0000-0002-8062-5021
https://orcid.org/0000-0002-8062-5021
https://doi.org/10.3727/154427310X12826772784874
https://doi.org/10.1111/j.1748-7692.2011.00487.x

12 of 14 Wl LEY

HALL T AL

Benoit-Bird, K.J., Wursig, B. & Mcfadden, C.J. (2004). Dusky dolphin
(Lagenorhynchus obscurus) forgaing in two different habitats: active
acoustic detection of dolphins and their prey. Marine Mammal
Science, 20(2), 215-231. https://doi.org/10.1111/j.1748-7692.2004.
th01152.x

Berkson, J.M. & DeMaster, D.P. (1985). Use of pup counts in indexing
population changes in pinnipeds. Canadian Journal of Fisheries and
Aquatic Sciences, 42(5), 873-879. https://doi.org/10.1139/f85-111

Blake, D.M., Stevenson, J., Wotherspoon, L., lvory, V. & Trotter, M. (2019).
The role of data and information exchanges in transport system
disaster recovery: a New Zealand case study. International Journal of
Disaster Risk Reduction, 39, 101124. https://doi.org/10.1016/j.ijdrr.
2019.101124

Boren, L.J., Muller, C.G. & Gemmell, N.J. (2006). Colony growth and pup
condition of the New Zealand fur seal (Arctocephalus forsteri) on the
Kaikoura coastline compared with other east coast colonies. Wildlife
Research, 33(6), 497-505. https://doi.org/10.1071/WR05092

Boren, L.J. (2005). New Zealand fur seals in the Kaikoura region: colony
dynamics, maternal investment and health. Doctoral dissertation,
University of Canterbury, Christchurch.

Boren, L.J., Morrissey, M. & Gemmell, N.J. (2008). Motor vehicle collisions
and the New Zealand fur seal in the Kaikoura region. Marine Mammal
Science, 24(1), 235-238. https://doi.org/10.1111/j.1748-7692.2007.
00172.x

Bouma, S., Hickman, G. & Taucher, D. (2008). Abundance and
reproduction of the New Zealand fur seal (Arctocephalus forsteri) along
the west coast of the Waikato region, New Zealand. Journal of the
Royal Society of new Zealand, 38(2), 89-96. https://doi.org/10.1080/
03014220809510548

Bradshaw, C.J.A. (1999). Population dynamics and colonisation
modelling of New Zealand fur seals. Doctoral dissertation, University of
Otago.

Bradshaw, C.J.A., Davis, LS. Lalas, C. & Harcourt, R.G. (2000b).
Geographic and temporal variation in the condition of pups of the
New Zealand fur seal (Arctocephalus forsteri): evidence for density
dependence and differences in the marine environment. Journal of
Zoology, 252(1), 41-51. https://doi.org/10.1111/j.1469-7998.2000.
th00818.x

Bradshaw, C.J.A., Lalas, C. & Thompson, C.M. (2000a). Clustering of
colonies in an expanding population of New Zealand fur seals
(Arctocephalus forsteri). Journal of Zoology, 250(1), 105-112.

Campbell, R., Holley, D., Collins, P. & Armstrong, S. (2014). Changes in the
abundance and distribution of the New Zealand fur seal (Arctocephalus
forsteri) in Western Australia: are they approaching carrying capacity?
Australian Journal of Zoology, 62(4), 261. https://doi.org/10.1071/
7014016

Chapman, D.G. (1952). Inverse, multiple and sequential sample censuses.
Biometrics, 8(4), 286. https://doi.org/10.2307/3001864

Chilvers, B.L. (2021). Pup numbers, estimated population size, and
monitoring of New Zealand fur seals in doubtful/Patea, dusky
and Breaksea sounds, and chalky inlet, Fiordland, New Zealand 2021.
New Zealand Journal of Marine and Freshwater Research, 57(1), 75-87.
https://doi.org/10.1080/00288330.2021.1962921

Chilvers, B.L. & Goldsworthy, S.D. (2015). Arctocephalus forsteri. The IUCN
Red List of Threatened Species 2015: e. T41664A45230026.

Chilvers, B.L. & Hiscock, J.A. (2019). Significant decline of endangered
Antipodes Island penguins: is extreme weather an additional impact?
Aquatic Conservation: Marine and Freshwater Ecosystems, 29(4), 546-
553. https://doi.org/10.1002/aqc.3034

Crawley, M.C. & Wilson, G.J. (1976). The natural history and behaviour of
the New Zealand fur seal (Arctocephalus forsteri). Tuatara, 22(1).

Cuthbert, R.J. (2019). A reassessment of population size and trends of
Hutton's shearwater following the 2016 Kaikoura earthquake and
outlook for the species' management New Zealand Aquatic
Environment and Biodiversity Report No. 209.

De Leo, F.C.,, Smith, C.R., Rowden, A.A,, Bowden, D.A. & Clark, M.R. (2010).
Submarine canyons: hotspots of benthic biomass and productivity in
the deep sea. Proceedings of the Royal Society B: Biological Sciences,
277(1695), 2783-2792. https://doi.org/10.1098/rspb.2010.0462

Dix, B. (1993). A new record this century of a breeding colony in the
North Island for the New Zealand fur seal Arctocephalus forsteri.
Journal of the Royal Society of new Zealand, 23(1), 1-4. https://doi.org/
10.1080/03036758.1993.10721212

do Rosério, I.T. & Mathias, M.L. (2007). Post-fire recolonisation of a
montado area by the endangered Cabrera vole (Microtus cabrerae).
International Journal of Wildland Fire, 16(4), 450-457. https://doi.org/
10.1071/WF06096

Dudley, I.F., Coates, P.S., Prochazka, B.G., Davis, D.M., Gardner, S.C. &
Delehanty, D.J. (2022). Maladaptive nest-site selection and reduced
nest survival in female sage-grouse following wildfire. Ecosphere,
13(12), e4282. https://doi.org/10.1002/ecs2.4282

Dunstan, E., Funnell, O., McLelland, J., Stoeckeler, F., Nishimoto, E.,
Mitchell, D. et al. (2021). An analysis of demographic and triage
assessment findings in bushfire-affected koalas (Phascolarctos cinereus)
on Kangaroo Island, South Australia, 2019-2020. Animals, 11(11),
3237. https://doi.org/10.3390/ani11113237

Emami-Khoyi, A., Paterson, AM. Hartley, D.A, Boren, L.J,
Cruickshank, R.H., Ross, J.G. et al. (2018). Mitogenomics data reveal
effective population size, historical bottlenecks, and the effects of
hunting on New Zealand fur seals (Arctocephalus forsteri).
Mitochondrial DNA Part a, 29(4), 567-580. https://doi.org/10.1080/
24701394.2017.1325478

Furlong, K.P. & Herman, M. (2017). Reconciling the deformational
dichotomy of the 2016 M,, 7.8 Kaikoura New Zealand earthquake.
Geophysical Research Letters, 44(13), 6788-6791. https://doi.org/10.
1002/2017GL074365

Goldsworthy, S.D. & Page, B. (2007). A risk-assessment approach to
evaluating the significance of seal bycatch in two Australian fisheries.
Biological Conservation, 139(3-4), 269-285. https://doi.org/10.1016/].
biocon.2007.07.010

Gooday, O. (2016). New Zealand fur seal (Arctocephalus forsteri) pup
behaviour and an assessment of novel non-invasive population survey
methods. Masters Dissertation, University of Canterbury.

Gooday, O. & Goldstien, S. (2018). Spatial assessment and status of
New Zealand fur seal (Arctocephalus forsteri) colonies along the Kaikoura
coastline in relation to the November 2016 Kaikoura earthquakes.
Unpublished report.

Gooday, O.J.,, Key, N. Goldstien, S. & Zawar-Reza, P. (2018). An
assessment of thermal-image acquisition with an unmanned aerial
vehicle (Uav) for direct counts of coastal marine mammals ashore.
Journal of Unmanned Vehicle Systems, 6(2), 100-108.

Green, R., Lambert, C., Watts, C., Kennett, D., & Ryder, E. (2018).
Development and testing of a modular rockfall protection wall to
mitigate earthquake-induced slope hazards. In: 69th highway geology
symposium.

Guerra, M., Dawson, S., Sabadel, A., Slooten, E., Somerford, T., Williams, R.
et al. (2020). Changes in habitat use by a deep-diving predator in
response to a coastal earthquake. Deep Sea Research Part I:
Oceanographic Research Papers, 158, 103226. https://doi.org/10.
1016/j.dsr.2020.103226

Hall, A.H., Chilvers, B.L., Weir, J.S., Vidulich, A. & Godfrey, A.J.R. (2023).
Post earthquake highway reconstruction: impacts and mitigation
opportunities for New Zealand pinniped population. Ocean and
Coastal Management, 245, 106851.

Hammond, P.S. (2001). In: Evans, P.G.H., & Raga, J.A. (Eds.) Marine
mammals biology and conservation. Boston, MA: Springer.

Hay, C.H. (2020). Seashore uplift and the distribution of the bull kelp
Durvillaea willana Lindauer in New Zealand. New Zealand Journal of
Botany, 58(2), 94-117. https://doi.org/10.1080/0028825X.2019.
1679842

85U8017 SUOWIWIOD A0 B|qedldde au Aq peusenob ase sspoie YO ‘88N Jo SN 10} Aeiq18ulUQ 431 UO (SUORIPUOD-PUe-SWLRIW0D" A3 1M Afe.q Ul juo//Sdny) SUORIPUOD pue swie | 8 88s *[202/20/82] uo ArigiTauluo Aeim ‘Ariqi Aisieniun Aesse N Aq S50t°0be/Z00T 0T/10p/w00 A8 |imAeiq Ul |uO//:Sdny WOy pepeojumod ‘T ‘¥20Z ‘S5L0660T


https://doi.org/10.1111/j.1748-7692.2004.tb01152.x
https://doi.org/10.1111/j.1748-7692.2004.tb01152.x
https://doi.org/10.1139/f85-111
https://doi.org/10.1016/j.ijdrr.2019.101124
https://doi.org/10.1016/j.ijdrr.2019.101124
https://doi.org/10.1071/WR05092
https://doi.org/10.1111/j.1748-7692.2007.00172.x
https://doi.org/10.1111/j.1748-7692.2007.00172.x
https://doi.org/10.1080/03014220809510548
https://doi.org/10.1080/03014220809510548
https://doi.org/10.1111/j.1469-7998.2000.tb00818.x
https://doi.org/10.1111/j.1469-7998.2000.tb00818.x
https://doi.org/10.1071/ZO14016
https://doi.org/10.1071/ZO14016
https://doi.org/10.2307/3001864
https://doi.org/10.1080/00288330.2021.1962921
https://doi.org/10.1002/aqc.3034
https://doi.org/10.1098/rspb.2010.0462
https://doi.org/10.1080/03036758.1993.10721212
https://doi.org/10.1080/03036758.1993.10721212
https://doi.org/10.1071/WF06096
https://doi.org/10.1071/WF06096
https://doi.org/10.1002/ecs2.4282
https://doi.org/10.3390/ani11113237
https://doi.org/10.1080/24701394.2017.1325478
https://doi.org/10.1080/24701394.2017.1325478
https://doi.org/10.1002/2017GL074365
https://doi.org/10.1002/2017GL074365
https://doi.org/10.1016/j.biocon.2007.07.010
https://doi.org/10.1016/j.biocon.2007.07.010
https://doi.org/10.1016/j.dsr.2020.103226
https://doi.org/10.1016/j.dsr.2020.103226
https://doi.org/10.1080/0028825X.2019.1679842
https://doi.org/10.1080/0028825X.2019.1679842

HALL ET AL.

Wl LEY 13 of 14

Jolly, C.J., Dickman, C.R., Doherty, T.S., van Eeden, L.M., Geary, W.L,,
Legge, S.M. et al. (2022). Animal mortality during fire. Global Change
Biology, 28(6), 2053-2065. https://doi.org/10.1111/gcb.16044

Kirkwood, R., Pemberton, D., Gales, R.,, Hoskins, A.)., Mitchell, T.,
Shaughnessy, P.D. et al. (2010). Continued population recovery by
Australian fur seals. Marine and Freshwater Research, 61(6), 695-701.
https://doi.org/10.1071/MF09213

Kulp, S.A. & Straus, B.H. (2019). New elevation data triple estimates of
global vulnerability to sea-level rise and coastal flooding. Nature
Communications, 10(1), 1-12. https://doi.org/10.1038/s41467-019-
12808-z

Lai, Y.C., Shieh, B.-S. & Kam, Y.C. (2007). Population patterns of a riparian
frog (Rana swinhoana) before and after an earthquake in subtropical
Taiwan. Biotropica, 39(6), 731-736. https://doi.org/10.1111/j.1744-
7429.2007.00320.x

Laidre, K.L., Stern, H., Kovacs, K.M., Lowry, L., Moore, S.E., Regehr, E.V.
et al. (2015). Arctic marine mammal population status, sea ice habitat
loss, and conservation recommendations for the 21st century.
Conservation Biology, 29(3), 724-737. https://doi.org/10.1111/cobi.
12474

Lalas, C. & Harcourt, R. (1995). Pup production of the New Zealand fur
seal on Otago peninsula, New Zealand. Journal of the Royal Society of
new Zealand, 25(1), 81-88. https://doi.org/10.1080/03014223.1995.
9517483

Marschall, S., Granquist, S.M. & Burns, G.L. (2017). Interpretation in
wildlife tourism: assessing the effectiveness of signage on visitor
behaviour at a seal watching site in Iceland. Journal of Outdoor
Recreation and Tourism, 17, 11-19. https://doi.org/10.1016/j.jort.
2016.11.001

Massey, C., Townsend, D., Rathje, E. Allstadt, K.E., Lukovic, B.,
Kaneko, Y. et al. (2018). Landslides triggered by the 14 November
2016 mw 7.8 Kaikoura earthquake, New Zealand. Bulletin of the
Seismological Society of America, 108(3B), 1630-1648. https://doi.org/
10.1785/0120170305

Mclintosh, R.R., Kirkman, S.P., Thalmann, S., Sutherland, D.R., Mitchell, A,,
Arnould, J.P.Y. et al. (2018). Understanding meta-population trends
of the Australian fur seal, within sights for adaptive monitoring.
PLoS ONE, 13(9), e0200253. https://doi.org/10.1371/journal.pone.
0200253

Milano, V.N., Grandi, M.F., Schiavini, A.C.M. & Crespo, E.A. (2020).
Sea lions (Otaria flavescens) from the end of the world: insights of a
recovery. Polar Biology, 43(6), 695-706. https://doi.org/10.1007/
s00300-020-02672-9

Mountjoy, J.J., Howarth, J.D., Orpin, A.R., Barnes, P.M., Bowden, D.A,,
Rowden, AA. et al. (2018). Earthquakes drive large-scale submarine
canyon development and sediment supply to deep-ocean basins.
Science Advances, 4(3):eaar3748.

New Zealand Transport Authority. (2017). The bulletin Kaikoura earthquake
update  (special  edition).  www.nzta.govt.nz/projects/kaikoura-
earthquake-response

Page, B., McKenzie, J. & Goldsworthy, S. (2005). Inter-sexual differences in
New Zealand fur seal diving behaviour. Marine Ecology Progress Series,
304, 249-264. https://doi.org/10.3354/meps304249

Payne, M.R. (1977). Growth of a fur seal population. Philosophical
Transactions of the Royal Society of London B, Biological Sciences,
279(963), 67-79. https://doi.org/10.1098/rstb.1977.0072

Roberts, J. & Neale, D. (2016). Census & individual size of New Zealand fur
seal/kekeno pups on the West Coast South Island from 1991 to 2016.
NIWA Client Report.

Robertson, B.C. & Gemmell, N.J. (2005). Microsatellite DNA markers for the
study of population structure in the New Zealand fur seal Arctocephalus
forsteri. New Zealand: Department of Conservation.

Robinson, L.M., Elith, J., Hobday, AJ., Pearson, R.G. Kendall, B.E.,
Possingham, H.P. et al. (2011). Pushing the limits in marine species

distribution modelling: lessons from the land present challenges and
opportunities. Global Ecology and Biogeography, 20(6), 789-802.
https://doi.org/10.1111/j.1466-8238.2010.00636.x

Rodriguez-Lozano, P., Verkaik, I., Rieradevall, M. & Prat, N. (2015). Small
but powerful: top predator local extinction affects ecosystem
structure and function in an intermittent stream. PLoS ONE, 10(2),
€0117630. https://doi.org/10.1371/journal.pone.0117630

Roux, J.P. (1987). Recolonisation processes in the subantarctic fur seal,
Arctocephalus tropicalis, on Amsterdam Island. In: Croxall, J.P., &
Gentry, R.L. (Eds.) Status, biology, and ecology of fur seals: NOAA
Technical Report. pp. 189-194.

Ryan, C.J., Hickling, G.J. & Wilson, K.J. (1997). Breeding habitat
preferences of the New Zealand fur seal (Arctocephalus forsteri) on
banks peninsula. Wildlife Research, 24(2), 225-235. https://doi.org/10.
1071/WR95068

Sagnol, O., Richter, C., Reitsma, F. & Field, L. (2015). Estimating sperm
whale (Physeter macrocephalus) daily abundance from a shore-based
survey within the Kaikoura submarine canyon, New Zealand.
New Zealand Journal of Marine and Freshwater Research, 49(1), 41-50.
https://doi.org/10.1080/00288330.2014.925479

Schiel, D.R., Alestra, T., Gerrity, S., Orchard, S., Dunmore, R., Pirker, J. et al.
(2019). The Kaikoura earthquake in southern New Zealand: loss of
connectivity of marine communities and the necessity of a cross-
ecosystem perspective. Aquatic Conservation: Marine and Freshwater
Ecosystems, 29(9), 1520-1534. https://doi.org/10.1002/aqc.3122

Schwing, P.T., Montagna, P.A., Joye, S.B., Paris, C.B., Cordes, E.E.,
McClain, C.R. et al. (2020). A synthesis of deep benthic faunal
impacts and resilience following the Deepwater horizon oil spill.
Frontiers in Marine Science, 7, 560012. https://doi.org/10.3389/fmars.
2020.560012

Shaughnessy, P., Gales, N., Dennis, T. & Goldsworthy, S. (1994).
Distribution and abundance of New Zealand fur seals, Arctocephalus
forsteri, in South Australia and Western Australia. Wildlife Research,
21(6), 667. https://doi.org/10.1071/WR9940667

Shaughnessy, P.D. & Goldsworthy, S.D. (2015). Increasing abundance of
pups of the long-nosed fur seal (Arctocephalus forsteri) on Kangaroo
Island, South Australia, over 26 breeding seasons to 2013-14. Wildlife
Research, 42(8), 619-632. https://doi.org/10.1071/WR14209

Shaughnessy, P.D., Goldsworthy, S.D. & Libke, J.A. (1995). Changes in the
abundance of New Zealand fur seals, Arctocephalus forsteri, on
Kangaroo Island, South Australia. Wildlife Research, 22(2), 201-216.
https://doi.org/10.1071/WR9960697

Shaughnessy, P.D., Goldsworthy, S.D. & Mackay, A.l. (2015). The long-
nosed fur seal (Arctocephalus forsteri) in South Australia in 2013-14:
abundance, status and trends. Australian Journal of Zoology, 63(2),
101-110. https://doi.org/10.1071/Z014103

Southwell, D., Wilkinson, D., Hao, T., Valavi, R., Smart, A. & Wintle, B.
(2022). A gap analysis of reconnaissance surveys assessing the impact
of the 2019-20 wildfires on vertebrates in Australia. Biological
Conservation, 270, 109573. https://doi.org/10.1016/j.biocon.2022.
109573

Street, R. (1964). Feeding habits of the New Zealand fur seal (Arctocephalus
forsteri). Wellington, New Zealand.

Taylor, R.H. (1982). New Zealand fur seals at the Bounty Islands.
New Zealand Journal of Marine and Freshwater Research, 16(1), 1-9.
https://doi.org/10.1080/00288330.1982.9515942

Taylor, R.H., Barton, K.J., Wilson, P.R., Thomas, B.W. & Karl, B.J. (1995).
Population status and breeding of New Zealand fur seals
(Arctocephalus forsteri) in the Nelson-northern Marlborough region,
1991-94. New Zealand Journal of Marine and Freshwater Research,
29(2), 223-234. https://doi.org/10.1080/00288330.1995.9516656

Voyles, J., Kilpatrick, AM., Collins, J.P., Fisher, M.C., Frick, W.F,,
McCallum, H. et al. (2014). Moving beyond too little, too late:
managing emerging infectious diseases in wild populations requires

85U8017 SUOWIWIOD A0 B|qedldde au Aq peusenob ase sspoie YO ‘88N Jo SN 10} Aeiq18ulUQ 431 UO (SUORIPUOD-PUe-SWLRIW0D" A3 1M Afe.q Ul juo//Sdny) SUORIPUOD pue swie | 8 88s *[202/20/82] uo ArigiTauluo Aeim ‘Ariqi Aisieniun Aesse N Aq S50t°0be/Z00T 0T/10p/w00 A8 |imAeiq Ul |uO//:Sdny WOy pepeojumod ‘T ‘¥20Z ‘S5L0660T


https://doi.org/10.1111/gcb.16044
https://doi.org/10.1071/MF09213
https://doi.org/10.1038/s41467-019-12808-z
https://doi.org/10.1038/s41467-019-12808-z
https://doi.org/10.1111/j.1744-7429.2007.00320.x
https://doi.org/10.1111/j.1744-7429.2007.00320.x
https://doi.org/10.1111/cobi.12474
https://doi.org/10.1111/cobi.12474
https://doi.org/10.1080/03014223.1995.9517483
https://doi.org/10.1080/03014223.1995.9517483
https://doi.org/10.1016/j.jort.2016.11.001
https://doi.org/10.1016/j.jort.2016.11.001
https://doi.org/10.1785/0120170305
https://doi.org/10.1785/0120170305
https://doi.org/10.1371/journal.pone.0200253
https://doi.org/10.1371/journal.pone.0200253
https://doi.org/10.1007/s00300-020-02672-9
https://doi.org/10.1007/s00300-020-02672-9
http://www.nzta.govt.nz/projects/kaikoura-earthquake-response
http://www.nzta.govt.nz/projects/kaikoura-earthquake-response
https://doi.org/10.3354/meps304249
https://doi.org/10.1098/rstb.1977.0072
https://doi.org/10.1111/j.1466-8238.2010.00636.x
https://doi.org/10.1371/journal.pone.0117630
https://doi.org/10.1071/WR95068
https://doi.org/10.1071/WR95068
https://doi.org/10.1080/00288330.2014.925479
https://doi.org/10.1002/aqc.3122
https://doi.org/10.3389/fmars.2020.560012
https://doi.org/10.3389/fmars.2020.560012
https://doi.org/10.1071/WR9940667
https://doi.org/10.1071/WR14209
https://doi.org/10.1071/WR9960697
https://doi.org/10.1071/ZO14103
https://doi.org/10.1016/j.biocon.2022.109573
https://doi.org/10.1016/j.biocon.2022.109573
https://doi.org/10.1080/00288330.1982.9515942
https://doi.org/10.1080/00288330.1995.9516656

14 of 14 Wl LEY

HALL T AL

international policy and partnerships. EcoHealth, 12(3), 404-407.
https://doi.org/10.1007/s10393-014-0980-5

Watson, D.M,, Lalas, C. & Seddon, P.J. (2009). Calibrations to estimate
absolute numbers of New Zealand fur seal (Arctocephalus forsteri) pups
from direct counts. New Zealand Journal of Marine and Freshwater
Research, 43(5), 1053-1060. https://doi.org/10.1080/00288330.
2009.9626528

Williams, J.C., Drummond, B.A. & Buxton, R.T. (2010). Initial effects of the
august 2008 volcanic eruption on breeding birds and marine mammals
at Kasatochi Island, Alaska. Arctic, Antarctic, and Alpine Research, 42(2),
306-314. https://doi.org/10.1657/1938-4246-42.3.306

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Hall, A.A., Chilvers, B.L., Weir, J.S. &
Boren, L.J. (2024). Earthquake impacts on a protected
pinniped in New Zealand. Aquatic Conservation: Marine and
Freshwater Ecosystems, 34(1), e4055. https://doi.org/10.1002/
aqc.4055

85U8017 SUOWIWIOD A0 B|qedldde au Aq peusenob ase sspoie YO ‘88N Jo SN 10} Aeiq18ulUQ 431 UO (SUORIPUOD-PUe-SWLRIW0D" A3 1M Afe.q Ul juo//Sdny) SUORIPUOD pue swie | 8 88s *[202/20/82] uo ArigiTauluo Aeim ‘Ariqi Aisieniun Aesse N Aq S50t°0be/Z00T 0T/10p/w00 A8 |imAeiq Ul |uO//:Sdny WOy pepeojumod ‘T ‘¥20Z ‘S5L0660T


https://doi.org/10.1007/s10393-014-0980-5
https://doi.org/10.1080/00288330.2009.9626528
https://doi.org/10.1080/00288330.2009.9626528
https://doi.org/10.1657/1938-4246-42.3.306
https://doi.org/10.1002/aqc.4055
https://doi.org/10.1002/aqc.4055

	Earthquake impacts on a protected pinniped in New Zealand
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Breeding colony distribution
	2.2  Abundance estimates

	3  RESULTS
	3.1  Breeding colony distribution
	3.2  Abundance estimates
	3.3  Sex ratios

	4  DISCUSSION
	4.1  Limitations of the study
	4.2  Abundance estimates
	4.3  Breeding colony distribution

	5  IMPLICATIONS FOR CONSERVATION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


