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Fig. 6. Blue whale photo-identification discovery curve of the

cumulative number of unique individuals identified versus

the cumulative number of days of survey effort. Data were

derived from dedicated survey effort in the South Taranaki
Bight (STB) region during 2014, 2016, and 2017

and biopsy samples collected from 2 live whales in
the Cook Strait and 1 in the Hauraki Gulf. Six of the
fecal samples and 2 skin samples collected from
beachcast whales failed to amplify for 12 or more loci
and were considered poor quality. The 6 poor quality
fecal samples were removed from further analysis.
As the 2 poor quality skin samples obtained from
beachcast whales were collected before any biopsy

effort, they represent 2 unique individuals that were
not present for potential resampling during survey
effort, and as such, they were retained in the genetic
dataset.

Genotype matching identified 10 whales sampled
multiple times in the STB region by biopsy and/or
fecal sample; these samples show sufficiently low
Py, values (1.17 x 1072 to 7.65 x 1078) to support that
the matches are not due to random chance. After
removing within-year replicates, genotypes were
compared between STB individuals and samples
from the NZCeTA. This comparison identified 1
individual sampled in the STB in both the 2014 and
2016 field seasons (P = 5.63 x 107%). All genotype
matches were confirmed by photo-ID. With all
replicates removed, the New Zealand blue whale
genetic catalogue contains 53 individuals. Of these,
29 individuals are females and 17 are males; the
sex could not be determined for 7 individuals due
to degradation of the DNA. The sex ratio of 17:29
did not differ significantly from 1:1 (exact binomial
test, p = 0.104).

Control region haplotypes were sequenced from 52
individuals, which included all but one of the NZCeTA
samples (Table 1). After control region sequences
were trimmed to a 410 bp consensus region and
compared with published sequences on GenBank,

Fig. 7. Inter-annual resighting locations for blue whales in the New Zealand Exclusive Economic Zone. Two panels are used

for visual clarity. Note: precise sighting coordinates were not given for NZBWO031 in August 2016 or for NZBWO078 in January

2013; however, approximate locations were provided. The exact date of the sighting was not provided for NZBW078 in
January 2013
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Table 1. Frequencies of mitochondrial DNA haplotypes for
individual pygmy blue whales sampled in the South Tara-
naki Bight (STB) region and from beachcast animals around
New Zealand held at the New Zealand Cetacean Tissue
Archive (NZCeTA). Haplotype codes follow LeDuc et al.
(2007) except for haplotype 15 (Attard et al. 2015) and the 2
newly identified haplotypes (BmuNZ18 and Bmul7NZfl)

GenBank code STB NZCeTA Total NZ

Haplotype d EU093921 30 10 39
Haplotype e EU093922 1 2 3
Haplotype ii EU093952 2 1 3
Haplotype mm EU093956 1 1 1
BmuNZ18 2 0 2
Haplotype 15  HQ130731 1 0 1
Bmul7NZf1 1 0 1
Total 38 14 52

4One sample was heteroplasmic for haplotype d and an
undescribed haplotype, and was excluded from further
analysis

7 haplotypes were identified in the New Zealand
dataset: 4 previously described by LeDuc et al
(2007), 1 previously described by Attard et al. (2015),
and 2 previously undescribed. The 2 new haplotypes
presented here are referred to as BmuNZ18 and
Bmul7NZf1. The majority of the samples in the New
Zealand dataset (75 %) were haplotype d (LeDuc et
al. 2007).

The haplotype diversity of the New Zealand data-
set was 0.406 = 0.085 (SD), which is significantly
lower than any of the other blue whale populations
tested (p < 0.001 for all comparisons; Table 2). There
was no significant differentiation in mtDNA haplo-
types between the STB and NZCeTA collections (Fsr
= 0.000, p = 0.684), so they were combined for com-
parison to the other areas. The combined New
Zealand collection showed highly significant differ-
entiation from the Southern Ocean and Southeast
Pacific populations for both Fsr and ®st (Table 2). The
New Zealand collection of samples was most similar
to the Australian pygmy blue whale population. Yet,

these 2 blue whale populations show a low level of
differentiation, indicated by Fst (0.04, p = 0.009) but
not ®g7 (0.013, p = 0.075).

Abundance

The 2017 survey yielded the highest number of
individually identified whales, even though the 2016
survey covered the most distance (Table 3). Within-
year abundance estimates of blue whales in the STB
region were relatively similar for each survey year
(Table 3), with a mean of 140 (SD = 28). Using all sur-
vey years of photo-ID captures, our abundance esti-
mate for New Zealand blue whales from a closed
population model is 718 (SD = 433, 95% CI = 279-
1926) individuals. While the uncertainty around this
estimate is large, the point estimate of 718 is likely an
underestimate of total population size.

DISCUSSION

Our multidisciplinary study demonstrates that a
genetically distinct blue whale population occurs in
New Zealand waters year-round. This finding is of
significant conservation importance considering the
history of exploitation and current anthropogenic
threats.

Given that blue whales in New Zealand waters are
not solely '‘migrant’, revision of the current threat
classification status of blue whales in New Zealand is
warranted. We estimated the abundance of this pop-
ulation to be 718 (SD = 433) individuals, determined
that they are genetically most similar to the pygmy
blue whale subspecies Balaenoptera musculus brevi-
cauda found off Australia, described multiple indi-
vidual resightings within New Zealand waters across
multiple years and in multiple seasons, highlighted a
lack of photo-ID matches between New Zealand blue
whales and photograph collections from neighboring

Table 2. Pairwise comparisons of mitochondrial DNA control region differentiation using haplotype (Fst) and nucleotide (®st)
diversity (+SD) between New Zealand pygmy blue whales and 3 other blue whale populations: the Southern Ocean, the
Southeast Pacific, including Chile, Ecuador and Peru, and the Australian population

Dataset Sample No. of Haplotype Nucleotide Fsr p-value Dgr p-value
size haplotypes diversity (h) diversity (m)

New Zealand 52 7 0.406 + 0.085 0.001 + 0.001 - - - -

Southern Ocean 183 52 0.969 + 0.004 0.014 + 0.007 0.257 < 0.001 0.333 < 0.001

Southeast Pacific 113 19 0.904 £ 0.012 0.014 + 0.006 0.310 < 0.001 0.381 <0.001

Australia 89 14 0.680 + 0.053 0.003 = 0.002 0.040 0.009 0.013 0.075
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Table 3. Within-year abundance estimates of pygmy blue
whales for the South Taranaki Bight region for each survey

year

Year Survey Unique Abundance SD 95%
effort IDs estimate CI
(akm)

2014 315 22 109 97  29-379

2016 2759 26 145 99  47-417

2017 1677 42 166 80 75-367

regions, and documented year-round presence in the
STB region where foraging was frequently observed
during surveys. These results lead us to hypothesize
that this newly documented blue whale population
may be largely resident to New Zealand, although
we recognize that excursions beyond New Zealand
waters may occur. Individual movement data are
needed for hypothesis confirmation.

Despite the paradigm that baleen whales migrate
seasonally between high-latitude feeding grounds to
low-latitude breeding grounds, there are several
exceptions (Geijer et al. 2016). It has been noted that
blue whales may not always fit this rigid categoriza-
tion and that migration patterns may also change
over time (Calambokidis et al. 2009, LeDuc et al.
2017). Furthermore, it has been established that
there is a year-round resident population of Northern
Indian Ocean blue whales B. m. indica in Sri Lanka
(e.g. de Vos et al. 2014) based only on observations of
blue whales in the waters surrounding Sri Lanka dur-
ing every month of the year (Ilangakoon & Sathasi-
vam 2012). We similarly present evidence of blue
whale sighting reports in New Zealand waters dur-
ing every month of the year, which is corroborated by
acoustic detections of the New Zealand blue whale
call on 99.7 % of recording days by at least 1 hydro-
phone during 2016. These findings highlight the
importance of relying on applicable scientific data for
conservation management rather than on paradigms.

While blue whale sightings and vocalizations were
reported during every month of the year, fewer sight-
ings were reported during the winter months, which
could indicate that a proportion of the population
migrates to other waters, including a yet unknown
breeding ground. However, during the winter months
with fewer visual sightings, we recorded a high daily
acoustic presence in 2016, indicating that decreased
visual sightings may be an artifact of observer effort.
In contrast, recordings from Australian waters show a
stronger seasonal pattern of blue whale acoustic
detections, including a drop-off or complete absence

during the winter months (Balcazar et al. 2015).
Although the breeding and calving locations of this
New Zealand population are currently undeter-
mined, our hydrophones often recorded blue whale
song, which is thought to be associated with breed-
ing behavior, during every month of the year. Addi-
tionally, we observed multiple mother—calf pairs,
including documentation of nursing behavior. At this
stage we have only assessed acoustic presence, and
we recognize that this does not account for call den-
sity. Further analysis of our acoustic dataset will elu-
cidate the spatial and temporal occurrence patterns
of blue whales in the STB region for a multiple-year
recording period.

While the concentration of blue whale sightings in
the STB region (Fig. 3) is influenced by both dedi-
cated and seismic survey observer effort in the area,
we believe the STB region to be critical habitat for
New Zealand blue whales. If Kaikoura, the Hauraki
Gulf, and the Bay of Islands were occupied by blue
whales with the same frequency as the STB region,
sighting reports in these areas would likely be
greater due to relatively high observation effort by
marine mammal scientists and the whale watching
tourism industry. Furthermore, while feeding blue
whales have occasionally been reported in the Hau-
raki Gulf and Kaikoura, oceanographic conditions
there are different from those in the STB region,
which is characterized by a wind-driven upwelling
system that produces a plume of cold, productive
water associated with high concentrations of Nyc-
tiphanes australis (Shirtcliffe et al. 1990, Torres
2013). These oceanographic conditions are unique
within New Zealand, and are consistent with well-
documented blue whale habitat in Australia (Gill
2002), Chile (Buchan & Quifiones 2016), and Califor-
nia (Croll et al. 1998). We therefore posit that, even in
the absence of New Zealand-wide systematic survey
effort for blue whales, we have substantial evidence
to indicate that the STB region is an important area
for blue whales within the New Zealand EEZ, partic-
ularly for foraging.

The resighting of 9 individual whales between
years within the New Zealand EEZ demonstrates site
fidelity to New Zealand waters. In addition, Olson et
al. (2015) reported one other photo-identification
match between years, sighted in the Cook Strait and
Oamaru (Fig. 1). Of all these inter-annual resight-
ings, at least one of the sightings was made in the
STB region (Fig. 7), further emphasizing the likely
importance of the region for blue whales in New
Zealand. It is also noteworthy that 3 of the inter-
annual resightings were made in different seasons,
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indicating that at least some individuals make use of
the region in both winter and summer.

Genetically, our samples of New Zealand blue
whales are most similar to the Australian pygmy blue
whales, but differ significantly in haplotype frequen-
cies and diversity. We described 2 new mtDNA hap-
lotypes in the New Zealand population, and the
genetic samples are characterized by very low haplo-
type diversity. This is significantly lower than that of
the pygmy blue whale population found in southern
Australia that was described as having the lowest
genetic diversity of any blue whale population
(Attard et al. 2015). As hypothesized by Attard et al.
(2015) for the southern Australian pygmy blue whale
population, the low genetic diversity of the New
Zealand population may reflect a relatively recent
founding event. While there was significant differen-
tiation for Fst based on haplotype diversity, there was
no significant differentiation for ®gsr based on nucleo-
tide diversity between the New Zealand and Aus-
tralian populations. This indicates that the New
Zealand population is most closely related to the
Australian population, and likely corroborates the
hypothesis of a more recent founding event as it
takes longer for population separation to be reflected
in ®gr. The low genetic diversity makes these popu-
lations potentially vulnerable to future climate change
and other anthropogenic impacts (Attard et al. 2015).
The vulnerability of the New Zealand population
may be exacerbated by their year-round occupancy
of the STB region, where they are frequently exposed
to anthropogenic activities.

The IWC has prioritized the need for population
assessments of pygmy blue whales (IWC 2017a). We
present the first abundance estimate for any pygmy
blue whale population to date. Although our conser-
vative abundance estimate for pygmy blue whales in
New Zealand is based only on photographs captured
during dedicated survey effort in the STB region, we
consider this estimate representative because (1) the
majority of all reported blue whale sightings oc-
curred in the STB region (Fig. 2), (2) individuals re-
occur in the STB region across multiple years, with
some evidence of individual movement between the
STB region and other parts of New Zealand (Fig. 7),
(3) no matches have been made between individual
blue whales identified in New Zealand and those
identified in Australia or Antarctica, and (4) the New
Zealand population has significant genetic differenti-
ation from all other known southern hemisphere blue
whale populations. In the absence of any known
immigration/emigration between New Zealand and
other regions, this last point also justifies our applica-

tion of a closed population model. However, we rec-
ognize that there are several caveats that must
accompany this population abundance estimate. The
New Zealand blue whale call has infrequently been
recorded outside New Zealand waters (in Tonga and
eastern Australia; Balcazar et al. 2015). We also
acknowledge that births and deaths likely occurred
between 2014 and 2017 creating some degree of bias
in the estimate. However, this bias is expected to be
minimal given the short duration of the study period
relative to the low pregnancy rates (Lockyer 1984)
and high survival probabilities for blue whales (Ichi-
hara 1966). The rates of individual movement be-
tween the STB and other areas of New Zealand are
not well understood at this time, and therefore could
not be accounted for in our abundance model. The
result of the closed population model using our 3 sur-
vey years as discrete capture periods, therefore, rep-
resents a conservative abundance estimate (N = 718,
SD = 433) for the blue whale population occupying
New Zealand waters. This New Zealand estimate is
qualified as a Category 2 abundance estimate under
the standards set by the IWC, described as ‘an under-
estimate, suitable for ‘conservative' management but
not necessarily reflective of total abundance’ (IWC
2017b). The upward trend of the discovery curve in-
dicates that we are not yet nearing full identification
of the whole population. Additionally, the low rate of
resightings resulted in wide confidence intervals
around the estimate, which may be reduced with
subsequent years of data collection and analysis.

In this study, we document a unique New Zealand
blue whale population through a comprehensive pop-
ulation assessment that determined evidence of year-
round presence, individual resightings across years,
and genetic differentiation from other regions. These
multidisciplinary results align and lead us to hypothe-
size that this blue whale population may be mostly
resident within New Zealand waters. The concentra-
tion of blue whales in the STB region is of significant
management importance due to the high industrial
presence in this area. Further investigation into po-
tential space-use conflict between blue whales and
industrial activity such as seismic surveys, oil and gas
drilling and extraction, seabed mining, and vessel
traffic is warranted. A vital first step in any impact as-
sessment is baseline information on population distri-
bution, connectivity, and abundance, which we have
provided here. We recommend that subsequent
analyses build on these findings to investigate blue
whale spatial and temporal habitat use patterns and
assess the potential cumulative effects of industrial
activity on the behavior and health of the population.
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