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Abstract

Changes in habitat availability and prey abundance are predicted to adversely influence survival and reproduction of wildlife
in the Southern Ocean. Some populations of southern right whale (SRW; Eubalaena australis) are showing dramatic changes
in habitat use. Surveys were undertaken in the austral winters of 2020 and 2021 at the key nursery and socialising ground for
New Zealand SRWs: Port Ross, Auckland Islands, with 548 encounters and 599 skin biopsy samples collected. Data from
these two surveys spanned peak periods of use and were used to test the hypothesis there have been shifts in the phenology,
demographic composition and behaviour of SRWs using the Auckland Islands over the past three decades. The behavioural
phenology and demographic composition of SRW resembles that observed in the 1990s. In contrast, the proportion of groups
containing cow-calf pairs increased from 20% in the 1998 survey to 50% in 2020/21. These changes are consistent with a
growing population undergoing strong recruitment, not limited by food resources. Continued use of Port Ross by all SRW
demographic classes confirms this as key habitat for SRW in New Zealand waters, and we support increased enforcement of
existing management measures to reduce whale-vessel interactions in this remote subantarctic archipelago.
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Introduction

Antarctic and subantarctic ecosystems are facing a vari-
ety of complex human-mediated pressures including cli-
mate change, invasive species, and resource exploitation
(Chown and Brooks 2019). The cumulative impact of such
anthropogenic pressures will vary by region and species
(Bestley et al. 2020). Expected changes include alterations
in population dynamics, behaviour, phenology and habitat
use (Trathan et al. 2007; Hindell et al. 2020).

Long-lived predators, such as marine mammals, can
serve as indicators of the overall ecosystem structure and
function due to the comparable ease of monitoring their
distribution and abundance, compared with lower trophic
levels (Weimerskirch et al. 1993; Hindell et al. 2003, 2020;
Taylor et al. 2007b). The population dynamics of baleen
whale species, including right whales (e.g., Meyer-Gut-
brod et al. 2015; Record et al. 2019b), humpback whales
(e.g., Fleming et al. 2016), and fin whales (e.g., Ramp
et al. 2015; Jory et al. 2021) have been found to respond
to environmental change, making them valuable sentinels
of ecosystem health in polar regions. Furthermore, recov-
ering populations of large whales may provide important
ecosystem services such as nutrient recycling and carbon
storage (Nicol et al. 2010; Roman and McCarthy 2010;
Ratnarajah et al. 2014, 2017, 2018).

Here we focus on the southern right whale (Eubalaena
australis, hereafter SRW), a Southern Ocean predator for
which changes in reproductive success, foraging ecology
and habitat use have been observed in recent years (Har-
court et al. 2019; Carroll et al. 2020). SRW are migra-
tory baleen whales, moving between coastal winter nurs-
ery/calving grounds (hereafter calving) and socializing
grounds (i.e., areas where social and/or sexual activity
is observed, such as surface active groups) (Kraus and
Hatch 2001), and offshore summer feeding grounds (Inter-
national Whaling Commission (IWC) 1986). The species
typically shows fidelity to natal wintering grounds, with
both sexes returning to the same region to breed, and with
females calving at approximately 3 year intervals (Bur-
nell 2001; Rowntree et al. 2001; Carroll et al. 2013, 2016;
Charlton 2017; Davidson et al. 2018).

In the southwest Atlantic, research shows that there is
a strong association between environmental conditions
and food availability at high latitude feeding grounds and
reproductive success and population recovery at wintering
grounds (Leaper et al. 2006; Seyboth et al. 2016). In the
southeast Atlantic, there have been recent changes in pop-
ulation dynamics, such that fewer unaccompanied adults
have been observed returning to the South African win-
tering grounds (Vermeulen et al. 2020) concurrent with
an increase in the calving interval from 3 years to 4 or
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5 years (Branddo et al. 2018). Stable isotope analyses have
revealed a change in foraging grounds coincident with this
shift in population dynamics. For example, in South Africa
the whales are now feeding further north and on a wider
variety of prey types than the previously suspected key
prey, Antarctic krill (van den Berg et al. 2021). A similar
increase in calving interval, from 3 to 4 years on average,
is estimated to have occurred since 2015 in the Head of
the Bight calving ground, Australia (Charlton et al. 2022).

SRWs have also shown noticeable shifts in wintering
habitat use over time. This has been seen on a small scale,
with the highest concentrations of whales on the wintering
grounds at Peninsula Valdés, Argentina, shifting from the
outer coast of the Peninsula to two adjacent Gulfs (Rowntree
et al. 2001). Increasing density of SRWs has also been docu-
mented to result in shifts in distribution of different demo-
graphic classes, with cow-calf pairs preferentially inhabiting
shallow coastal waters over socializing adults (Crespo et al.
2019). Changes in habitat use are also occurring over larger
scales. For example, the Falkland Islands/Islas Malvinas
have become an important migratory habitat for SRW over
the last few winters (Weir and Stanworth 2020).

In this study, we focus on New Zealand SRWs (Tohora
nd Aotearoa in the Maori language) that winter in Port Ross,
Auckland Islands Maungahuka (hereafter Auckland Islands,
Fig. 1). Port Ross is a long, shallow harbour (~ 13 km long
and up to~2 km wide; typically <30 m deep) shaped by
glaciers over repeated glaciation cycles with varied substrate
types (Tidey and Hulbe 2018; Rainsley et al. 2019). SRWs in
this region have been subject to long-term genetic monitor-
ing with surveys during the austral winters of 1995-1998
and 2006-2009 (Patenaude and Baker 2001; Carroll et al.
2013). This research program has shown that the New Zea-
land SRW population is a single breeding stock that uses
wintering habitat around the Auckland Islands (Patenaude
and Baker 2001; Carroll et al. 2013), Campbell Island (Stew-
art and Todd 2001; Torres et al. 2017), and mainland New
Zealand (Carroll et al. 2014b). Earlier modelling estimated
that the New Zealand SRW stock had an abundance of
approximately 2300 whales for the period of 1995-2009,
a time interval during which the population was growing
at 7% per annum (95% CI: 5, 9%) (Carroll et al. 2013). The
Port Ross region of the Auckland Islands (Fig. 1) is the key
calving and socialising ground for the New Zealand SRW
population (Patenaude and Baker 2001), and is demographi-
cally and genetically distinct from populations that use other
wintering grounds around the Southern Hemisphere (Pat-
enaude et al. 2007; Carroll et al. 2019).

This recovery from whaling, from as few as 40 whales in
1920 as a result of historical and illegal Soviet whaling in the
1960s (Tormosov et al. 1998; Smith et al. 2012; Carroll et al.
2014a), has prompted a revision and improvement in New
Zealand threat status of SRW from Nationally Endangered
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Fig.1 Map of the New Zealand subantarctic Auckland Islands. The bottom left insert shows the location of Auckland Islands in global context.
The top left insert shows the Port Ross survey region with key locations labelled

to At Risk—Recovering in 2019 (Carroll et al. 2013; Jackson
et al. 2016; Baker et al. 2019). We undertook surveys at the
Auckland Islands in the austral winters of 2020 and 2021 to
continue the genetic monitoring work and to further investigate
recovery and foraging ecology. Information was collected to
test the hypothesis that there have been shifts in the phenology,
demographic composition and behaviour of SRWs using the
Auckland Islands over the past three decades. Here we summa-
rise group composition and behaviour of whales per week over
the 2020 and 2021 survey periods and compare our results to
similar data collected in 1998, the only previous field survey
that comprehensively surveyed the full wintering period (Pat-
enaude and Baker 2001; Patenaude 2002). We also provide
an overall summary of the field effort and data collection of
the 2020 and 2021 field seasons, and compare it more broadly
to surveys conducted during 2008 and the 1990s (Patenaude
and Baker 2001; Patenaude 2002; Childerhouse and Dunshea
2008; Childerhouse et al. 2009).

Materials and methods
Field methods
Field work dates

Fieldwork was conducted in Port Ross, Auckland Islands
(50°32'S, 166° 15" E: Fig. 1), with the field season span-
ning 1-18 August 2020 (living aboard the SV Evohe) and
from 27 June to 27 July 2021 (MV Strannik: 27 June—12
July; SV Evohe: 12 July-27 July 2021). Below we detail
methodology for vessel-based surveys to provide 1-day
counts, a trial drone-based survey approach, and small
boat surveys to collect encounter and photo-identification
(photo-ID) data, and skin biopsy samples, activities which
were conducted when weather permitted.
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Vessel-based surveys to provide one-day counts

A non-systematic survey of Port Ross was conducted from
the top deck of the MV Strannik (3.6 m above sea level) on
10 July 2021, following methods broadly similar to that first
used by Patenaude (2002) in Port Ross in 1995. The vessel
sailed through Port Ross at 5-10 knots, with one experi-
enced observer on the port side and another on the starboard
side of the vessel searching for whales. As the whale passed
abeam, a waypoint was made on a handheld GPS, and the
group size and composition and an estimated distance to the
whales was recorded. A whale was considered to be a calf
if it was less than half the length of an accompanying adult.
A sighting was considered to include only one individual
unless additional whales were counted at the surface within
one and a half whale body lengths (Patenaude 2002). While
surveying, whale behaviour was not specifically recorded.
The vessel’s track and SRW groups were plotted using QGIS
(version 3.4) by offsetting each group sighting waypoint on
the vessel’s track to the side they were recorded on (port or
starboard) by their estimated distance from the vessel. Error
in sightings distance was not considered, but the scale of
plotting means that the dots represents a space~ 150 m in
diameter, likely soaking up some variance in these estimates.
Furthermore, we plotted results from a survey following
the same methodology conducted in 2008 on the SV Evohe
(~3 m above sea level; Childerhouse and Dunshea 2008) to
allow a qualitative comparison across time.

Drone-based survey

Drone-based surveys potentially offer a more efficient way
to survey Port Ross. Accordingly, Port Ross was divided
into 18 sections (Online Resource Fig. S1) that were flown
with a DJI Mavic Pro2 in 2020. Using the inbuilt Hasselblad
camera and Ground Station Pro mapping software, photos
were taken at a height of 100 m with a 20% overlap between
successive images. Images at this height resulted in a GSD
(ground sample distance) of 2.54 cm px ™', thus the dimen-
sions of each photo were approximately 139 m (w) x93 m
(h), taken approximately 45 m+5 m apart (variance due
to wind error). In 2021, the same method was used for an
expanded grid survey in Sandy Bay. No attempt was made to
correct for detection probability of whales, as this initial trial
was to determine feasibility of drone surveys in a region that
is characterised by frequent high winds and rain.

Small boat surveys to collect encounter
and photo-identification, and biopsy samples

Small, rigid-hulled inflatable boats (RHIB; 4-5 m) were

used to collect photo-ID images and skin biopsy samples,
following methods used in previous surveys, including
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the 1998 field season (Patenaude et al. 1998; Carroll et al.
2013). Briefly, skin biopsy samples were collected using
small, stainless steel biopsy darts deployed from a crossbow
or a modified veterinary capture device (Lambertsen 1987,
Kiriitzen et al. 2002). Satellite tagging of 17 whales was also
conducted during this field work, but results will be pre-
sented in a future paper. During each encounter, defined as
a close (i.e., <25 m) approach during which a biopsy sample
was taken, the number of whales in the group, group compo-
sition (e.g., adult, cow-calf pair) and pre-approach behaviour
were recorded.

Behaviour definitions were adapted from Patenaude &
Baker (2001):

(1) Log: whale is resting at the surface, only moving
slightly to breath.

(2) Travel: directional forward movement that resulted in
change of location.

(3) Social: two or more non-calves interacting at the sur-
face.

(4) Milling: movement that is not directional in nature.

We also recorded all whales seen with unusual pigmen-
tation or suspected anthropogenic scarring during encoun-
ters, and photographs of these features were taken where
possible. Other observations were also recorded where time
allowed, including the presence of other vessels in Port Ross
and interactions between the whales and other species.

Analysis methods

Difference in habitat use by groups
with and without cow-calf pairs within 2020 and 2021 field
seasons

We investigated whether habitat use patterns within Port
Ross differed between groups with and without cow-calf
pairs using the non-parametric kernel utilisation density
approach (Worton 1989). First, we created a 50X 50 m spa-
tial grid that covered the study area using QGIS (version
3.4). Kernel density estimates of whale space use were com-
puted from encounter locations across the combined field
seasons of 2020 and 2021. Following Rayment et al. (2012)
we used a search radius of 1,000 m in order to confine the
kernel density estimates to Port Ross. This ensures we do not
predict density outside the area where data were collected.
Kernel density output (cell size 10 m) was then matched to
the 50 x50 m grid by averaging raster cell values within
a given grid cell using the 'zonal statistics' tool in QGIS.
Whale density was adjusted for search effort by dividing
each grid cell’s whale density value by the total distance (in
meters) spent travelling inside each cell of the predetermined
50% 50 m grid. This index of whale density per effort was
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normalised within each reproductive group (groups with and
without cow-calf pairs) to range between zero and one, to
allow for easy visual comparison of high-use areas.

We then investigated whether there was spatial clump-
ing in the encounter data by examining the occurrence of
groups with and without calves along the survey tracks of
research boats. Specifically, we calculated the difference in
mean distances between animals in each encounter of the
same type (e.g., groups with calves to groups with calves)
and encounters of different type (e.g., groups with calves to
groups without calves). We compared these mean values to
simulated distributions, which were taken by sampling the
inter-group distances regardless of group type, to see if the
mean distances to groups of the same type were smaller
compared with the overall dataset. This was implemented
in the statistical programming language ‘R’ (version 4.0 R
Core Team 2021).

Changes in demographic composition and behaviour
of groups within 2020 and 2021 field seasons

The field season was divided into approximately weekly
blocks spanning the wintering period; early- to mid-win-
tering season: late June to late July for the 2021 season;
and late wintering season: early to late August for the 2020
season. The group composition, pre-approach behaviour, and
presence of cow-calf pairs was plotted for each week over
the winter period. The location of each group encountered
was also plotted for each week block.

Changes in demographic composition and behaviour
of groups across decades

Combined, the 2020 and 2021 surveys span approximately
the same wintering period as the 1998 survey: late June to
late August (Patenaude and Baker 2001). This allowed for an
assessment of the change in group composition and behav-
iour across the wintering period between decades. This was
not possible previously as other surveys started in late July
and lasted 2—-3 weeks (Patenaude 2002; Carroll et al. 2013).

The 1998 survey data used the same definitions for log
(rest), travel, and socialising but had additional categories:
approached boat (whale altered course to actively investi-
gate research vessel) which we subsumed into travel; play
(above surface activity not apparently linked to social

activity) which we did not regularly record but would have
been captured by the behavioural category milling. We
qualitatively compared the change in group behaviour and
demographic composition across the wintering period for
the 1998 and combined 2020 and 2021 datasets. We quan-
titatively compared the proportion of encounters with and
without cow-calf pairs and proportions of socialising and
non-socialising behaviours between the two datasets using
a y° test in R. Quantitative weekly comparisons were not
possible as the 1998 data are only available on an aggre-
gated rather than on a per week basis.

Results
Field work summary

Over the two field seasons, there were 548 encounters
with SRWs during which 599 skin biopsy samples were
collected (Table 1). On average, encounters were 5.5 min
long (standard error, SE, +0.3 min, n=548), although the
distribution has a substantial leftward skew with a mode of
1 min. The longest two encounters (40 and 52 min) were
with large social groups (minimum 6 adult whales). The
duration of the longest encounter was due to the concur-
rent collection of photogrammetry and matched biopsy,
which was achieved from 3 adult whales.

Vessel-based Port Ross surveys

The non-systematic survey on 10 July 2021 counted 157
whales in 86 groups, of which 35 were cow-calf pairs
(Fig. 2a). The 2008 survey was conducted on 29 July, and
counted 213 whales, including 57 cow-calf pairs (Fig. 2b).

Drone-based surveys

In 2020, we undertook drone-based surveys of six grids
(Online Resource Fig. S1). Review of the images showed
that between 0 and 27 whales were available for image
collection per grid (Online Resource Table S1).

Table 1 Summary of 2020

. Field season Dates Encounters Mean + SE encounter Biopsy samples
and 2021 southern right whale duration (min)
(Eubalaena australis) field
seasons at Port Ross, Auckland 2020 1-18 August 194 4.6+04 220
Islands 2021 27 June-27 July 354 72+0.5 379
Total 548 55+0.3 599
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Fig.2 Southern right whale
(Eubalaena australis) sightings
during vessel-based surveys

in Port Ross. a Map of survey
track of the MV Strannik on

10 July 2021, with location
and composition of southern
right whale groups, b map of
approximate survey track of
the SV Evohe on 29 July 2008,
with location and composition
of southern right whale groups
sighted. b Has been modified
from Childerhouse & Dunshea
(2008)
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Gull harassment

During the 2020 expedition, we noted observations of occa-
sional red bill gull (tarapunga in the Maori language, Larus
novaehollandiae) harassment of SRW at Port Ross. There
was no mention of such harassment in the previous surveys
(Patenaude and Baker 2001; Patenaude 2002; Childerhouse
et al. 2009). In 2021, we observed more of these interactions
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than in 2020 (Fig. 3). On multiple, separate, occasions per
day of field effort we observed gulls landing primarily on
calves but also on adult SRWs, walk on their backs and peck
at either the skin and/or on the callosities populated with
cyamid whale lice (Cyamus spp.). This was also observed as
a group activity, with up to four gulls harassing a single calf.
Adult whales were observed strongly reacting to the gulls
landing on their back, by raising their head and tail in what
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Fig. 3 Interactions between southern right whales (Eubalaena australis) and red bill gulls (Larus novaehollandiae). Photographs taken between

6 and 8 July 2021 in Port Ross

is termed the galleon pose (Marén et al. 2015; Azizeh et al.
2021). However, no lesions or sores were observed on SRW,
in contrast to reports for the Argentinean SRW population
(Marén et al. 2015).

Fishing vessels observed in Port Ross and Carnley
Harbour

Two different commercial fishing vessels were observed
visiting and anchoring in Port Ross during the 2021 field
season. The vessels stayed several days each. One vessel
transited Port Ross in the dark at approximately 5 kn. The
Regional Coastal Plan: Kermadec and Subantarctic Islands
(2017: https://www.doc.govt.nz/about-us/our-role/manag
ing-conservation/coastal-management/regional-coastal-
plan-kermadec-and-subantarctic-islands/) states “A bow
watch for whales is kept on vessels entering, transiting
and departing Port Ross between 1 April and 31 October

inclusive”; vessels transiting in the dark are unlikely to have
such a watch, and if they do, it is likely to be ineffective at
sighting whales. Five other fishing vessels were observed
anchored in Carnley Harbour in 2021.

Human impacts

In the 2021 field season, five whales were observed with
scarring or injuries that are consistent with anthropogenic
impacts. No similar injuries were observed in 2020. Pho-
tographs were obtained for three (Fig. 4) of these whales.
Images were reviewed by Dr Michael Moore, a marine mam-
mal pathologist from the Woods Hole Oceanographic Insti-
tution, who provided an assessment of the injury and the
potential cause (Table 2). One whale was observed with a
fresh injury (i.e., it did not show sign of healing or repair)
the morning after a fishing vessel was observed transiting
Port Ross in the dark (Fig. 4b).

Fig.4 Southern right whales (Eubalaena australis) with scarring
or fresh wounds. a Minor healed scars along the dorsal ridge of the
peduncle, b abrasion caudal to and involving a post-blowhole callos-

ity and ¢ multiple linear healed incisions, bisected by a linear furrow
perpendicular to the incisions. Photographs taken in Port Ross, Auck-
land Islands in July 2021
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Table2 Summary of observations of southern right whales (Eubalaena australis) with scarring or wounds likely to be from human

interaction(s), including assessment and possible cause

Date Observation Age-class Photo Pathologist opinion

2 July 2021  Scarring around tail Cow-calf Figure 5a Cow had minor healed scars along the dorsal ridge of the pedun-
cle. Most likely from wraps of rope

3 July 2021  Wound around blowhole Adult Figure 5b Right side of the post-blowhole area with a recent abrasion caudal
to and involving a post-blowhole callosity—most likely from a
blunt structure on a vessel, likely in past day or few days

8 July 2021  Multiple linear scars across lower back Cow-calf Figure 5S¢ Cow had multiple linear healed incisions, bisected by a linear

10 July 2021 Multiple linear scars across lower Adult No
back/tail peduncle
20 July 2021 Multiple linear scars across stomach Adult No

furrow perpendicular to the incisions. Cyamids present in the
wounds. Strongly suggestive of a small vessel propeller & skeg
strike some months previously

NA

NA

Only cases with photos of the animal and injury were reviewed by a pathologist

Similar habitat use patterns by groups
with and without cow-calf pairs

Kernel density analysis of data collected over the whole win-
tering period showed that areas of high density were very
similar for groups with and without calves (Fig. 5, Online
Resource Figs. S2 and S3). That is, there was no evidence of
spatial clumping of groups with or without calves. This was
confirmed with the results of the permutation test, which did
not find a significant difference in distance to groups of the
same or different type (1000 permutations, p > 0.05).

Changes in demographic composition
and behaviour of groups within 2020 and 2021 field
seasons

Encounter data were plotted by week along the wintering
period, spanning 7 weeks: 4 weeks from late June to late
July in 2021 and 3 weeks from early to late August in 2020
(Figs. 6, 7). Earlier in the season, there is a trend towards
higher mean and maximum group size, with two SRWs
becoming the mean and mode of the group size later in the
season (Table 3, Fig. 6). This decline in group size happens
concurrently to the proportion of cow-calf pairs increas-
ing (Table 3). The proportion of encounters with whales
engaged in socialising also changes over the course of the
season (Fig. 7). The proportion of groups where socialising
is the pre-approach behaviour increases until weeks 3 and 4
(mid-late July) and then decreases again (Fig. 7).

When group composition and behaviour were plotted by
location over the week blocks (Online Resource Fig. S2), there
is no obvious distinction between where groups with and with-
out calves were encountered. Indeed, shallow, sheltered areas
like Terror and Erebus Cove that are typically considered key
areas appear to be areas highly used by adult-only groups ear-
lier in the winter season. The exception is Laurie Harbour,
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which seems to have comparably fewer cow-calf pairs than
adult-only groups across the season.

Comparison of encounter data from 2020/21
and 1998

The proportion of encounters of the 2020 and 2021 and 1998
field survey by group size, composition and behaviour are
shown in Fig. 8 and Online Resource Table S2. Socialising,
which had the same definition across both survey periods,
occurred in very similar proportions across survey periods in
groups both with and without cow-calf pairs. Logging had
the same definition and very similar incidence across survey
periods for groups without cow-calf pairs. The incidence of
logging in the 1998 surveys has similar incidence to logging
plus milling in the 2020/21 surveys for groups with cow-calf
pairs. This likely reflects that if the cow was resting but calf
moving, it was classified as logging in 1998, but this behaviour
would have been likely to be classified as milling in 2020/21.

Differences were observed in the proportion of groups
with cow-calf pairs observed in the overall 2020/21 vs 1998
dataset. The 1998 survey had a significantly smaller propor-
tion of groups with cow-calf pairs (93 with cow-calf pairs;
275 without) compared with the 2020/21 field season (273
with and 275 without, y* test: ¥ statistic=54.27, p<0.001).
There was also a significantly smaller proportion of social
groups in the 2020/21 dataset (121 social vs 427 non-social)
compared with 1998 (128 vs 179, respectively, X2 test: y;
statistic=35.73, p <0.001).

Discussion

Here we show that Port Ross, Auckland Islands, is increas-
ingly important as the key calving and socialising ground
for SRWs in New Zealand waters. Earlier recognition of
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Fig.5 Search effort adjusted
southern right whale (Eubal- (a)
aena australis) density (2020
and 2021 seasons combined).

a Groups including cow-calf
pairs and b groups with only
adult individuals. The kernel
density estimtates are calculated
in 50X 50 m grid cells. The col-
our-scale is directly comparable M
between a and b; darkest red
colour indicates most preferred
areas, and darkest blue colour
indicates least preferred areas
for each group type
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this region contributed to the Auckland Islands being
listed as a no-take marine reserve, marine mammal sanc-
tuary (established in 1993), and part of the New Zealand
Subantarctic Islands IUCN Important Marine Mammal
Area (IMMA, established in 2020, https://www.marin
emammalhabitat.org/imma-eatlas/) (Patenaude et al. 1998;
Carroll et al. 2013). The only other New Zealand subant-
arctic region where SRWs are frequently seen, Campbell
Island, appears to be an important socialising area, but no

cow-calf pairs have been reported in this region this cen-
tury (Stewart and Todd 2001; Torres et al. 2017).

Many key SRW winter habitats are considered primarily
socialising grounds (e.g., Uruguay; Costa et al., 2007; or
Falkland Islands/Las Malvinas; Weir & Stanworth, 2020),
or calving grounds (e.g., Warrnambool, Victoria, Australia:
Watson et al. 2021). Other wintering grounds have SRWs
distributed along an expanse of coastline, with (e.g., Aus-
tralia; Carroll et al. 2015; Charlton et al. 2019; Watson et al.
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Table 3 Summary information Week block  Week block Encounters  Effort (deci- Mean Max % Cow-
of all group egcounters by week dates (Year) mal hours)  group group calf pair
blocks, including effort, mean size size
and maximum group size and
percentage of groups containing | 29 June-5 July (2021) 37 26.4 2.7 7 46
cow-calf pairs 2 6-12 July (2021) 43 202 2.1 8 49

3 13-19 July (2021) 119 553 2.4 10 45

4 20-27 July (2021)* 155 29.9 2.8 8 36

5 28 July-3 August (2020) 37 36.1 2.0 6 57

6 4-10 August (2020) 62 36.0 1.9 5 55

7 11-18 August (2020)* 95 35.0 2.1 6 75

All Total 548 239.0 2.4 10 50

The week blocks are ordered to reflect the southern right whales’ (Eubalaena australis) wintering period

(May—October)

“Note that these contain 8 days to ensure the 2021 field season is within weeks 1-4, and 2020 field season

is within weeks 5-7

2021; Kemper et al. 2022) or without (e.g., South Africa;
Best 2000) spatial segregation of demographic classes.
The Auckland Islands has all demographic classes present
together in ~24 km?, documented here and in previous sur-
veys (Patenaude and Baker 2001; Carroll et al. 2011), mak-
ing it unique. This indicates that data collected at the Auck-
land Islands is still representative of the whole New Zealand
population, consistent with earlier work showing individual
matches between the mainland and the subantarctic islands
(Carroll et al. 2014a, b).

Limited variability in phenology across three
decades

Growing populations of baleen whales can change habitat
use and distribution patterns (e.g., SRW and humpbacks
whales; Rowntree et al. 2001; Dulau et al. 2017; Weir and
Stanworth 2020). Here we have found that the phenology
of the whales using the Auckland Islands remained fairly
constant across three decades. Overall, the 2020 and 2021
surveys showed that the change in demographic composition
of SRWs over the winter season broadly followed the trend
described in the 1998 surveys (Patenaude and Baker 2001;
Patenaude 2002). Cow-calf pairs increased over the 1998
winter season, and peak abundance of unaccompanied adults
and cow-calf pairs was in mid-July and mid-August, respec-
tively (Patenaude 2002). This is qualitatively similar to what
we documented in 2020 and 2021, with the proportion of
groups socialising being highest in mid-July, and an increase
in the proportion of cow-calf pairs over the season, peaking
during the week of 12—-18 August 2020. Pre-approach behav-
iour of the groups, categorised by group size and presence/
absence of cow-calf pairs, was very similar across the survey
periods. Using data collected in 1998, Fewster & Patenaude
(2009) estimated residency for cows and non-cows in the
Auckland Islands was 31 and 37 days, respectively. Port

Ross provides key resting areas for groups with and without
cow-calf pairs, and is still an important region for socialising
whales in 2020 and 2021.

The consistency of timing across decades is similar to
that observed in some other SRW wintering grounds, where
aerial surveys have been undertaken at the same time each
year for decades to count and photo-ID cow-calf pairs (Ban-
nister 2011; Charlton et al. 2019). The mid-August timing
of peak cow-calf abundance is similar to that of the Head
of Bight winter calving grounds in Australia, which have
shown consistent timing in peak of abundance across two
decades (Charlton et al. 2019). By contrast, in the South
Atlantic, the timing of peak abundance is slightly different
to that in the Indo-Pacific and has shown changes in recent
years. In Argentina, the peak abundance is now a month
earlier, late August to mid-September (Crespo et al. 2019)
compared with mid-September to mid-October from 1971
to 1990 (Rowntree et al. 2001), while in Brazil it is mid-
September to mid-October (Groch et al. 2005). The South
African population may have shown a similar earlier shift
in peak abundance as observed in Argentina (Vermeulen
et al. 2018). This phenological change has coincided with
a dramatic decrease in the proportion of unaccompanied
adults observed along the South African coast (Vermeulen
et al. 2020).

In the absence of annual aerial survey data comparable
to that from other SRW wintering grounds (e.g., Charlton
et al. 2019; Crespo et al. 2019), we report the results of
non-systematic vessel-based one-day counts conducted in
2008 and 2021. These vessel-based surveys have limitations
in the Auckland Islands, as logistical challenges and bad
weather meant that our surveys were conducted at different
times in the winter season, under different weather condi-
tions with different numbers of observers. The counts could
be considered underestimates due to unobserved whales not
being counted, or biased high as whales could move and
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Fig.8 Summary of southern right whale (Eubalaena australis) pre-
approach behaviour by group size and category for the 1998 field sea-
son, and the combined 2020 and 2021 field seasons. Shown are the

be counted twice. The results of the surveys can only be
considered as minimum abundance of whales using Port
Ross on a given day and broadly compared in a qualitative
manner to each other. Additionally, the 2021 boat-based sur-
vey also omitted surveying north of Enderby Islands due to
poor weather conditions, meaning a substantial proportion of

@ Springer

percentage of groups observed with each behaviour. The 1998 data
are from Patenaude and Baker (2001)

whales would not have been available for counting (>20% of
all groups were found in this region in both 2008 and 1998
surveys). This missed region could potentially contribute to
the comparatively low total in 2021, but this could also be
due to the survey being earlier in the season.
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This work contributes to the growing body of knowledge
on changes in population dynamics, behaviour, phenol-
ogy and habitat use in baleen whales. Some species show
changes in these parameters linked to an environmental
change that has occurred at a previously undocumented
pace. For example, Ramp et al. (2015) found that fin and
humpback whales adapted seasonal movements to a shift
in productivity in one of their prime feeding grounds in
the North Atlantic. In the Gulf of St. Lawrence, climate
driven reductions in prey size and energy content appear to
be impacting reproduction of North Atlantic right whales
(Gavrilchuk et al. 2021), while in the Gulf of Maine, warm-
ing ocean conditions are predicted to alter the distribution
of North Atlantic right whales’ prey, which will most likely
drive the whales to forage in new areas (Pendleton et al.
2009; Runge et al. 2015; Record et al. 2019a). The consistent
phenology of New Zealand SRW across time is in line with
the finding that this population has the highest body condi-
tion scores of any studied SRW population (Christiansen
et al. 2020), indicating their summer foraging grounds at
this time are still productive enough to support this growing
population.

Indeed, we suggest that both the consistent phenology
and increase in the proportion of cow-calf pairs reflect pop-
ulation growth and recruitment. The New Zealand SRW
population was growing at an estimated rate of 7% (95% CI
5-9%) between 1995 and 2009, so it is now not only larger
but due to recruitment it is also expected to have a higher
proportion of reproductive females than in the 1990s (Tay-
lor et al. 2007a). This could be driving the distinct change
in the relative proportion of groups with cow-calf pairs, an
increase from 20% in 1998 to 50% in 2020/21. Other factors
that could influence these findings include emigration and
inter-annual variation in the number of breeding females. We
believe that a substantial amount of emigration is unlikely
given the New Zealand wintering ground is demographically
closed (Carroll et al. 2012) and genetically distinct (Car-
roll et al. 2019) to other wintering grounds. Additionally,
inter-annual variation in the number of breeding females
drives large changes in the abundance of whales on win-
tering grounds in South Africa (Vermeulen et al. 2020)
and Australia (Charlton et al. 2019). However, this would
be expected to influence the sex ratio, as in the absence of
breeding females we would expect a male bias in whales on
the wintering ground (as seen in humpback whale wintering
grounds; (e.g., Constantine et al. 2012). Instead, we found
an increase in the proportion of females in the 20062009
surveys (1.5:1.0 females vs males) compared with the
1995-1998 datasets (1.0:1.1 females vs males) (Carroll et al.
2013) (2020/21 data not yet available). Ideally, we would
compare not just the proportion of females but population
abundance and growth rate, as these are stronger indica-
tions of recruitment and reproductive rate. However, these

analyses were ongoing and not available at the time of manu-
script preparation.

We were surprised to find no difference in the distribution
of groups with and without calves based on kernel density
analysis. In Argentina, SRW cow-calf pairs preferentially
occupy coastal regions, and solitary adults and social groups
are moving further out into deeper areas over time (Crespo
et al. 2019). In Australia, spatial segregation between cow-
calf pairs and unaccompanied adults has also been observed
in Encounter Bay (Kemper et al 2022) and Head of Bight
(Burnell 2001; Charlton et al. 2019). At Head of Bight, SRW
are typically found along the coast within 2 km of shore
(Charlton et al. 2019, 2020), whereas Port Ross is a shallow
harbour typically sheltered from the prevailing wind and at
most 2 km wide (Tidey and Hulbe 2018); perhaps the more
sheltered waters in the latter allows the cow-calf pairs to
use a wider distribution. Previous kernel density analyses
of SRW in the Auckland Islands showed similar results to
those reported here, with higher density along the southern
coast of Enderby Island, as well as the middle and south-
west of Port Ross (Rayment et al. 2012). Species-habitat
modelling of SRW in Port Ross further suggested that cow-
calf pairs preferred nearshore habitats that were sheltered
from prevailing swell and wind (Rayment et al. 2015). We
suggest that the differences between the kernel density and
species-habitat modelling could be linked to differences in
methodologies but also behavioural state of groups or age
of calves included in the analyses. For example, we sug-
gest that future work should investigate whether cow-calf
pairs observed in social groups with other whales (~35% of
observed groups with calves in this study) use different habi-
tats from cow-calf pairs that are solitary and resting (~50%).
At Head of Bight the spatial distribution of cow-calf pairs
changes from clustered in shallow, sandy habitat to becom-
ing more widely distributed along deeper water as the winter
progresses (Charlton et al. 2019). Given the trends seen in
other populations, we suggest that as the proportion of cow-
calf pairs increases in line with the population growth in
Port Ross, SRWs of other demographic classes may move
to socialising areas around Campbell Island or the main-
land (Carroll et al. 2014b; Torres et al. 2017). Although we
were able to directly assess this hypothesis, our study and
previous studies are limited in their ability to assess habitat
use across time and space in the New Zealand subantarctic,
specifically, the inclusion of survey data and habitat model-
ling of SRW in waters around Campbell Island would be a
critical next step.

Observations of gull-southern right whale
interactions

During the 2020 expedition, opportunistic observations
were made of red bill gulls in close association with the
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SRWs for the first time, and the incidence appeared more
frequently in the 2021 expedition. The gulls appeared to be
following the whales and diving for material at the surface
of the water in the whales’ wake, landing on the whales,
and in some circumstances pecking at the whales’ backs
or heads. We observed the gulls primarily targeting calves,
eating sloughed whale skin and cyamids from the water’s
surface or while directly standing on the whale itself. The
gulls elicited a strong startle-type reaction from adult whales
on more than one occasion and some used the galleon posi-
tion at times to evade the gulls as described in Peninsula
Valdés, Argentina (Mardn et al. 2015). We also recorded
one observation of multiple gulls following, landing on and
pecking the back of a SRW calf. Gull feeding on whales
has been documented at Peninsula Valdés, Argentina lead-
ing to large sores on the back of SRW calves (Marén et al.
2015; Sironi et al. 2018). However, no lesions consistent
with skin damage from gulls like that reported in Peninsula
Valdés were observed, in fact, no lesions were observed in
any SRW sighted or photographed over the 2 years of field
effort. This could be because red bill gulls are consider-
ably smaller (37 cm) than the black backed or kelp gulls
(Larus dominicanus, 60 cm (Moon 2011)) that predate SRW
in Argentina, and may be removing already flaking skin or
cyamids, so do not cause obvious physical damage to the
SRW. We suggest that the primary target could be young
calves, whose skin flakes heavily after birth and that there
is currently evidence for minimal physical impact. In fact,
this could be an important food source for the red bill gulls,
which are listed as Az Risk—Declining under New Zealand
legislation (Robertson et al. 2021).

Management implications of findings

The high observed density of whales (~5-10 per km?,
derived from the vessel-based surveys) means that the New
Zealand SRW wintering grounds is particularly vulner-
able to disturbance or disaster (e.g., oil spill or epizootic
diseases). In 2021, we documented five whales with likely
anthropogenic scarring, injuries or wounds. Expert opinion
is that the injuries likely arose from entanglements or ship
strikes, the two factors that represent the greatest threats to
right whale populations globally (Harcourt et al. 2019). Of
particular concern was our finding of a whale with a recent
wound that had occurred either the same day or only a few
days before it was photographed as there was no evidence of
healing (M. Moore pers. comm.). The wound was observed
after the departure of a vessel from Port Ross during the
hours of darkness, when these large, dark, whales are very
difficult to discern. A similar number of whales with likely
anthropogenic scarring (n=35, N. Patenaude unpublished
data) were observed during the 1995-1998 field seasons in
88 days of field effort, compared to 44 days of effort here.
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Differences in population abundance and age structure make
comparison of these figures difficult, but in South Africa
more anthropogenic scarring, ship strike and entanglements
have been observed in line with population growth (Best
et al. 2001).

We cannot say definitively that this and the other whales
were injured in Port Ross. However, given the aforemen-
tioned residency times (Fewster and Patenaude 2009) and
high-use of the Auckland Islands and Campbell Island by
SRW in the austral winter, it seems likely that the fresh
wound occurred in New Zealand subantarctic waters. The
Regional Coastal Plan for the Kermadec and Subantarc-
tic Islands, established in 2017, has recommendations to
protect the SRW. One such recommendation of having a
bow watch for whales while transiting Port Ross implies
it should be done in daylight hours, which was not done by
one vessel observed in 2021. Safe anchorages are available
outside of Port Ross in nearby areas with a far lower density
of SRWs (Patenaude 2002; Rayment et al. 2012). The use
of these other areas would reduce potential impacts on the
SRWs such as vessel strike and the risk of disasters like oil
spills, and also reduce changes in whale behaviour arising
from vessel noise and close approaches. Controlled vessel
approach experiments have documented that SRW cows
with calves are the most sensitive demographic classes to
disturbance (Lundquist 2007). Controlled vessel approaches
undertaken in Port Ross showed that cow-calf pairs start
reacting to boat approaches from more than 1 km away (Bar-
rett 2000). We suggest that monitoring and more vigorous
enforcement of the existing rules would help reduce the
chances of whale-vessel interactions and other anthropo-
genic impacts in Port Ross.

Given the significance of gull-SRW interactions to SRWs
elsewhere (Rowntree et al. 2013; Marén et al. 2015), further
monitoring of these interactions is recommended to assess
the potential frequency and impact of this seabird behaviour.
The continued harassment by gulls over a winter season has
led to behavioural changes in Argentinean SRW including
changes in breathing frequency and nursing frequency in
calves that could have energetic costs (Azizeh et al. 2021).
We did not document any lesions similar to that described
in Peninsula Valdés and current impact appears minimal,
but behavioural studies at the Auckland Islands would
give insight into whether similar behavioural changes are
occurring.

Finally, we suggest that future studies should consider
larger scale surveys within the Auckland Islands over longer
time periods, and ideally, encompass Campbell Island as
well. We consider such surveys imperative to determine any
shifts in core habitat for the SRWs to better inform future
management decisions that protect these whales as the popu-
lation slowly recovers. Here, we reported on non-systematic
boat-based surveys and pilot data from drone-based surveys,
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but other technological innovations may be useful in future,
such as satellite imagery (e.g., Cubaynes et al. 2019). The
drone-based survey pilot study was successful at detecting
SRWs, and could be used in future to fully survey Port Ross
with methodological developments such as estimating detec-
tion probabilities (Hodgson et al. 2017). Improving drone
technology, and potentially satellite imagery (Cubaynes
et al. 2019), could provide important methods for conduct-
ing surveys in these remote regions in future. Surveying
multiple years for the whole wintering period would also
provide important information on year to year variation in
factors such as the cohort size of reproductive females. This
is an important factor that we were unable to account for in
our present study, due to the logistical difficulties in work-
ing in such a remote archipelago during the austral winter
in a pandemic.

Conclusion

The 2020 and 2021 surveys show that the Port Ross region
of the Auckland Islands remains the most important area for
SRWs during winter in New Zealand waters, particularly
for cow-calf pairs. As the population increases, we find evi-
dence of increasing interactions with human activities, in
line with increases in ship strike and fishing gear entangle-
ments seen in other growing SRW populations (Best et al.
2001). Population growth is often associated with changes
in habitat use in SRW. Continued monitoring of Port Ross
will be necessary to ensure that protections remain relevant
to this growing population, which we hope will continue to
recover and recolonise New Zealand coastal regions.
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