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Abstract
Genetic analyses were conducted to investigate the individual identiﬁcation (and matching)
of southern right whales (Eubalaena australis) from samples collected in the austral summer
in the Indian Ocean sector of the Antarctic (between 80°–135°E, south of 60°S). The study was
conducted to evaluate the utility of this approach for studies on site ﬁdelity and range. In total,
157 skin biopsy samples were collected from free-ranging whales during fourteen summer surveys. The DNA was extracted from each biopsy sample, genotyped at fourteen microsatellite
loci, sequenced for 381 nucleotides of the mtDNA control region, and the sex determined by
the presence of a Y-chromosome speciﬁc locus. Eight matches were detected (four males and
four females) using individual matching by multi-locus genotypes supported by mtDNA haplotype and sex determination. Where photographs were available, two matches were conﬁrmed
by photo-identiﬁcation. These eight re-samples show that at least some males and females
returned to the same feeding grounds across years. The average longitudinal dispersal ranges,
latitudinal dispersal ranges and average direct distances between marks and recaptures were:
13°06′ and 7°15′; 1°23′ and 0°47′; and 361 n.miles and 199 n.miles for males and females,
respectively. The time spans ranged from 3–13 years with an average of 6.7 and 7.8 years for
males and females, respectively. Sampling and matching occurred in an area where visual surveys showed aggregations of southern right whales associated with high krill concentration.
The study conﬁrms the feasibility of the genetic approach, but more deﬁnitive inferences on
site ﬁdelity and movement ranges will require a large number of biopsy samples genotyped,
from both south and north of 60°S.
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Introduction
Baleen whales are important components of the Antarctic marine ecosystem as top predators. Substantial changes in their abundance and distribution, for example due to past whaling or more recently
climate change, aﬀects the entire ecosystem. For this reason, systematic monitoring of baleen whale
abundance, pattern of movement and distribution in Antarctic waters is important.
A substantial amount of biological and ecological information on large whales and their environment was obtained in the Indo-Paciﬁc sector of the Antarctic (35°E–145°W) by the ‘Japanese Whale
Cetacean Popul. Stud. (CPOPS), Full paper
Vol. 3, 2021, 129–138

129

PASTENE, GOTO, TAGUCHI AND MATSUOKA

Research Program under Special Permit in the Antarctic’ Phases I and II (JARPA, JARPAII) and the
subsequent ‘New Whale Research Program in the Antarctic’ (NEWREP-A). These were conducted
annually under the auspices of the Government of Japan between the 1987/88 and 2018/19 austral
summer seasons under Article VIII of the International Convention for the Regulation of Whaling
(ICRW). Most of the demographic and ecological analyses conducted under these research programs
targeted the Antarctic minke whale (Balaenoptera bonaerensis) and other Balaenopterid species (see
summaries of results in Murase et al. (2020) and Fujise and Pastene (2021)). In the context of this
paper, southern right whale (Eubalaena australis) sightings were recorded and where possible, photo-identiﬁcation and genetic samples were collected.
A further important source of information from Antarctic waters is the sightings, photo-identiﬁcation and biopsy data collected at the circumpolar level by the International Whaling Commission-International Decade for Cetacean Research/Southern Ocean Whale and Ecosystem Research (hereafter
IWC-IDCR/SOWER) surveys conducted between the 1978/79 and 2009/10 austral summer seasons.
Photo-identiﬁcation data and biopsy samples of species including southern right whales were collected
opportunistically during the IDCR/SOWER.
This study focuses on the southern right whales. The species has a circumpolar distribution. They
spend the austral winter in inshore waters of South America, South Africa and Australasia; in spring
whales move south to spend the austral summer feeding in waters around Antarctic before returning
north in the autumn (Reeves et al., 2002). They can reach a maximum body length of 17 m and the
body length at birth is 4–4.6 m. They are believed to live more than 70 years and calves are produced
every 3–5 years (Reeves et al., 2002). The primary breeding grounds are located at South Africa,
South West Australia, Argentina, and New Zealand Sub-Antarctic (IWC, 2001; 2013; Carroll et
al., 2016). Research eﬀort to investigate stock structure, distribution and abundance trend has focused
mainly on the breeding grounds, and limited information exists on the distribution, site ﬁdelity and
movements in the feeding grounds, and on the connection between breeding grounds in low latitude
waters and higher latitude feeding grounds.
Migration patterns, movements and feeding ground destinations have been studied using direct
approaches including photo-identiﬁcation and more recently, telemetry as well as indirect approaches
such as visual surveys and historic whaling records. Telemetry has been used to investigate movement
patterns of South African right whales (Mate et al., 2011) and western South Atlantic right whales
(Zerbini et al., 2016; 2018). The telemetry and photo-identiﬁcation (e.g., Best et al., 1993) studies in
the Argentina and South African breeding grounds show that southern right whales are found throughout large areas of the South Atlantic Ocean and visit several potential feeding areas each season.
The focus of the present paper is the Indian Ocean sector of the Antarctic, between 80°–135°E,
south of 60°S. Previous studies have shown that animals from that sector are associated with breeding
grounds in the Australasian region (e.g., IWC, 2001; 2013). For example, Bannister (2001) reviewed
the distribution and movement of ‘Australian’ southern right whales based on historical whaling data,
recent sighting surveys, 1960s Soviet catch data and photo-identiﬁcation data. The review conﬁrmed
the traditional view of seasonal movements to and from coastal breeding grounds in warm waters and
feeding grounds in colder waters. In terms of direct evidence, he presented two photo-identiﬁcation
matches, the ﬁrst made between whales identiﬁed of either Western Australia or South Australia in
winter/spring and waters around 40°–44°S; 116°–125°E where a sighting of 35 animals had been made
in December–January 1995–96 (Bannister et al., 1997). The other evidence was a southern right whale
photographed at 64°26′S; 114°54′E in February 1996, which had been identiﬁed over a period of 18
years on the coast of Western Australia (Bannister et al., 1999). These data suggest that at least some
of the summer feeding aggregation of southern right whales in the Antarctic Indian Ocean sector belong to the South West Australian population.
Most recently, Mackay et al. (2020) presented telemetry information of six animals tagged in Australasian wintering grounds. They suggested at least three probable foraging grounds: to the southwest
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of Western Australia, the Subtropical Front and Antarctic waters—the Subtropical Front appearing to
be a feeding ground for animals from both New Zealand and Australian waters. They also suggested
that the observed variable population growth rates between wintering grounds in Australasia might
reﬂect ﬁdelity to diﬀerent quality feeding grounds. Thus, similar to results from the South African and
Argentina breeding grounds, Australasian animals appear to visit multiple potential feeding areas each
season.
A high concentration of sightings of southern right whales was observed in the Indian sector (80°–
135°E) of the Antarctic Ocean during various austral summer season cruises of JARPA and JARPAII
(Matsuoka and Hakamada, 2020) and the IWC-IDCR/SOWER cruises. Biopsy samples collected
opportunistically during the IDCR/SOWER and JARPA/JARPAII surveys in that sector were used in
the present study on genetic matching based on microsatellite DNA (msDNA). The main objective of
the individual identiﬁcation based on genetic matching was to evaluate the utility of this approach to
study site ﬁdelity and ranges in this species. The use of genetic markers (‘tags’) has long been shown
to represent a viable alternative/supplement to photographic methods of individual recognition—such
markers are permanent in all individuals (Palsbøll et al., 1997a).

Materials and methods
Samples
A total of 157 skin/blubber biopsy samples were obtained opportunistically from free-ranging
southern right whales along the sighting surveys of JARPA/JARPAII (n=108) and IWC-IDCR/SOWER (n=49) in the Antarctic Indian sector (80°–135°E), south of 60°S from the 1993/94 to 2015/16
austral summer seasons. A variety of collection systems was used including crossbows, air guns and
modiﬁed shot guns, all using modiﬁed collection darts that took a small sample of skin and blubber.
The geographical distribution of the southern right whales sampled is shown in Fig. 1.
DNA extraction
Genomic DNA was extracted from approximately 0.05g of the outer epidermal layer of the skin tissue using standard phenol/chloroform protocols (Sambrook et al., 1989) or using Gentra Puregene kits
(QIAGEN). Extracted DNA was stored in TE buﬀer (10mM Tris-HCl, 1mM EDTA, pH 8.0).

Fig. 1. Geographical distribution of southern right whales in the Indian Ocean sector of the Antarctic examined in this study. Red: females; Blue: males. SWA: South West Australia. Light blue shading shows the ice
conﬁguration.
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Laboratory procedure for msDNA
Genetic variation was examined at 14 msDNA loci: EV1, EV14, EV21, EV37, EV94 (Valsecchi
and Amos, 1996), GT23, GT211, GT310 (Bérubé et al., 2000), GAT A28 (Palsbøll et al., 1997b), DlrFCB17 (Buchanan et al., 1996), TR3G2, TR2G5, TR2F3 and TR3F2 (Frasier et al., 2006). Details of
the laboratory work for msDNA are provided in Pastene and Goto (2016).
Laboratory procedure for mtDNA
Mitochondrial DNA (mtDNA) control region sequences were used as one way to conﬁrm individual
identiﬁcation by nuclear markers. Samples sharing a same genotype should also share a same haplotype.
The ﬁrst 470 base pairs (bp) at the 5′ end of the mtDNA control region were ampliﬁed by polymerase chain reaction (PCR). Details of the laboratory work for mtDNA sequencing are provided in
Pastene and Goto (2016).
Laboratory procedure for sex determination
Sex determination is important both to examine potential sex-speciﬁc patterns of movement as well
as an additional way to conﬁrm individual msDNA matching. Samples sharing the same genotype
should be of the same sex. The SRY locus located on the Y chromosome was used for sex determination following the method of Abe et al. (2001) with a slight modiﬁcation (see Milmann et al., 2021).
Analytical procedure
MtDNA
Variable sites and unique sequences (haplotypes) were identiﬁed using the program MacClade
(Maddison and Maddison, 1989).
MsDNA
The computer program MICRO-CHECKER (van Oosterhout et al., 2004) was used to check for
null alleles and reading/typing errors. The probability that two unrelated individuals have identical
genotype (i.e., an identical genetic ‘tag’) is negatively correlated with the number of loci analysed and
the degree of variation at each locus (Palsbøll, 1999). For this reason, it is important the estimations
of the nuclear DNA diversity of southern right whales at each msDNA locus, as well the probability of
identity (I). The latter is the probability that two unrelated individuals from the same panmictic population have an identical composite genotype (see Paetkau and Strobeck, 1994). The I was estimated
per locus and across loci. The number of alleles per locus, inbreeding coeﬃcient (FIS) and expected
heterozygosity (HE) per locus was calculated using FSTAT 2.9.3 (Goudet, 1995). Statistical tests for
the deviations from expected Hardy–Weinberg genotypic proportions were conducted using GENEPOP 4.0 (Rousset, 2008), both by each locus and for all loci combined. Individuals with identical
multi-locus genotypes sampled during the same sighting (duplicates) were investigated, and one from
each duplicate was removed for subsequent analyses.

Results
Final dataset
There were four cases of biopsies with identical multi-locus genotypes sampled during the same
sighting (duplicates). There were two cases of mother-oﬀspring pairs, which were deduced from observations at the ﬁeld and from genetic data. After removing four duplicates, the sample sizes for the
msDNA analyses on individual identiﬁcation was 153 (76 males and 77 females).
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Level of msDNA diversity and probability of identity
No evidence of null alleles and typing/reading errors was found. Table 1 shows the estimated msDNA diversity indices. The number of alleles per locus ranged from 2 to 14 (average 7.5), and the HE
ranged from 0.07 to 0.89 (average 0.65). The FIS in each locus ranged from −0.035 to 0.162 (average
0.007). There was no signiﬁcant deviation from the Hardy–Weinberg genotypic proportion. I for each
locus ranged from 0.022 at DlrFCB17 to 0.861 at EV21, which was estimated to be 1.95×10−10 when
all loci were combined.
Genetic matching
As shown in Table 2, eight matches were detected (four males and four females). The multi-locus
genotype matches were supported by mtDNA (same haplotype), sex determination (same sex), and, in
the two cases where pictures were available, by photo-identiﬁcation matches (Fig. 2).
Site-ﬁdelity and movement range
Figs. 3A–B show the geographical distribution of the matches of female and male southern right
whales, respectively. Table 2 summarises the matches and associated data. The elapsed time between
sample and re-sample ranged between 3 and 13 years (average 7.25 years). In the case of females, the
range was 3–11 years (average 7.75 years) and, in the case of males 4–13 years (average 6.75 years).
The average longitudinal dispersal ranges were 13°06′ and 7°15′ in males and females, respectively.
The average latitudinal dispersal ranges were 1°23′ and 0°47′ in males and females, respectively (Table 2). The average direct distances between sample and re-sample positions were 361 n.miles and
199 n.miles for males and females, respectively (Table 2). A statistical test showed no signiﬁcant differences between females and males in the direct distances between samples and re-samples (W=14,
Mann-Whitney, p=0.114).

Table 1. Indices of microsatellite DNA diversity in southern right whales from the Indian sector of the Antarctic: A: number of alleles; HE: expected heterozygosity; HW: P-value for the test of Hardy-Weinberg equilibrium; FIS: inbreeding coeﬃcient; and I: probability of identity.
Microsatellite loci

A

HE

HW

EV1
GT310
GT23
EV94
EV14
GT211
EV37
GATA28
EV21
DlrFCB17
TR2F3
TR3G2
TR2G5
TR3F2

14
6
8
5
10
10
11
10
3
13
2
8
2
3

0.87
0.62
0.81
0.41
0.76
0.82
0.82
0.77
0.07
0.89
0.49
0.77
0.50
0.48

0.25
0.05
0.96
0.78
0.14
0.08
0.95
0.28
0.10
0.54
0.62
0.52
0.14
0.68

0.010
0.057
0.024
−0.021
0.006
0.077
−0.017
0.006
0.162
−0.019
0.044
−0.035
−0.123
0.055

0.65

0.21

0.007

Overall
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FIS

I
0.025
0.205
0.059
0.401
0.076
0.055
0.046
0.090
0.861
0.022
0.379
0.093
0.376
0.361
1.95e-10
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Table 2. Cases of sample/re-sample in southern right whales from the Indian sector of the Antarctic determined by microsatellite DNA genotyping. All genotype matches were supported by the mtDNA analysis
(same haplotypes) and by the results of sex determination (same sex). Cases 2 and 3 (the only ones for which
photographs were available) were conﬁrmed by photo-identiﬁcation, SR: sample/resample; ID: label of the
whale; S: sex; BL: body length determined visually by researchers from the vessels (in meters); ET: elapsed
time (year) between samples and re-samples; DD: direct distance between the positions of samples and
re-samples (in n. miles); LAR: latitudinal dispersal range between samples and re-samples; LOR: longitudinal
dispersal range between samples and re-samples.
SR

ID

S

BL Date (D/M/Y)

Position

ET

DD

LAR

LOR

1

Sample
93IVR004
Re-sample 98SWR046

M
M

14.3
14.3

05/03/1994
31/01/1999

64°14′S
62°40′

113°04′E
99°30′

5

377

1°34′ 13°34′

2

Sample
97IVR007
Re-sample 01IVR023

M
M

11.9
12.9

15/01/1998
15/02/2002

62°55′
64°36′

100°28′
92°15′

4

241

1°41′

3

Sample
99IVR012
Re-sample 07IVR56

F
F

16.4
15.3

10/02/2000
01/03/2008

64°35′
64°54′

114°31′
126°17′

8

303

0°19′ 11°46′

4

Sample
98SWR140
Re-sample 01IVR018

F
F

13.4
13.3

05/02/1999
14/02/2002

63°19′
64°30′

103°28′
93°50′

3

265

1°11′

5

Sample
01IVR024
Re-sample 14AJ4R036

M
M

13.2
13.7

15/02/2002
28/02/2015

64°36′
64°05′

92°15′
111°02′

13

490

0°31′ 18°47′

6

Sample
98SWR137
Re-sample 07IVR49

F
F

13.1
12.8

02/02/1999
22/02/2008

63°00′
64°03′

100°50′
95°29′

9

157

1°03′

5°21′

7

Sample
98SWR141
Re-sample 09SWR011

F
F

12.8
13.2

07/02/1999
29/01/2010

63°55′
64°31′

105°42′
107°58′

11

69

0°36′

2°16′

8

Sample
09SWR008
Re-sample 14AJ4R004

M
M

13.2
12.7

24/01/2010
22/02/2015

64°27′
62°40′

111°38′
99°47′

5

335

8°13′

9°38′

1°47′ 11°51′

Discussion
Previously Carrol et al. (2016) carried out successfully a genetic matching study in southern right
whales of the New Zealand nursery ground. The study presented here is the ﬁrst of such kind in southern right whales of the Indian sector of the Antarctic. Results of the Hardy–Weinberg equilibrium test
suggest that whales in this sector belong to the single putative ‘South Western Australia’ population
earlier identiﬁed by the IWC Scientiﬁc Committee (IWC, 2001; 2013) based upon inter alia results
of photo-identiﬁcation matches (Bannister et al., 1999; Bannister, 2001). Individual identiﬁcation by
genetic matching has the potential to contribute to studies on movement and site ﬁdelity in this population. Here, some relevant aspects of this approach and its utility for southern right whales are discussed.
Utility of genetic matching for individual identiﬁcation of southern right whales
The number (n=14) of msDNA loci used in the present study and the degree of polymorphism
(see Table 1) proved to be appropriate for the purpose of individual identiﬁcation in southern right
whales. There was a very low estimated probability of identity i.e., two unrelated individuals having
an identical composite genotype. The eight cases of genotyping matching were supported by the mtDNA analyses (same haplotype) and sex determination (same sex). In addition, for the two cases where
photographs were available, genotyping matching was supported by photo-identiﬁcation. The authors
conclude that the eight cases of genotyping matching corresponded to matching of the same individual whales and thus conﬁrms the utility of genetic matching to identify individuals (see also Carrol et
al., 2016).
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Fig. 2 A: A southern right whale sighted in the Indian sector of the Antarctic on 15 January 1998 (left) and
re-sighted in the same sector on 15 February 2002 (right) (Matching No. 2 in Table 2). B: A southern right
whale sighted in the Indian sector of the Antarctic on 10 February 2000 (left) and re-sighted in the same sector
on 1 March 2008 (right) (Matching No. 3 in Table 2).

Fig. 3. Maps showing sample/re-sample positions referred to in the text. A: females–note that match 2002–
2008 was also conﬁrmed by photographs. B: males–note that match 1998–2002 was also conﬁrmed by photographs. Light blue shading shows the ice conﬁguration.

Utility for studies on site ﬁdelity and movement ranges of southern right whales
The eight matches here show that at least some females and males visit the same feeding ground
in the Indian sector of the Antarctic south of 60°S in summer. The total samples and the matches both
were close to 1 : 1 males and females. Although the direct distances between sample and re-sample
Cetacean Popul. Stud. (CPOPS), Full paper
Vol. 3, 2021, 129–138
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by sex were statistically non-signiﬁcant, this probably relates to the small sample size. Qualitatively
(Table 2 and Fig. 3), the results are not in conﬂict with the ﬁndings of Carroll et al. (2011) that males
are more mobile than females.
As explained earlier, telemetry data from southern right whales tagged in breeding grounds in
Australasia (Mackay et al., 2020), South Africa (Mate et al., 2011) and Argentina (Zerbini et al.,
2016; 2018) suggested that individuals may visit several feeding grounds within the same season e.g.,
in middle latitudes and high latitudes, and this aspect of southern right whale’s ecology should be
considered when discussing site ﬁdelity. The abundance of southern right whales in the Indian sector
of the Antarctic was estimated as 910 in 1988/89 from sightings data (95% CI: 409–2,026) (Matsuoka
and Hakamada, in press) and the number of individuals identiﬁed in this study was 145 (153 minus
eight individuals re-sampled). This corresponds to about 16% (range between about 1–36% of the estimated total population). The low number of matches limits the applicability of inferences on relative
site ﬁdelity and the pattern of longitudinal dispersal to the total population. The comparison above
should be seen with caution. The 1988/89 estimate has wide conﬁdence intervals and the biopsy sampling is pretty wide and carried out after the abundance estimates.
Whilst the present study conﬁrms the feasibility of the approach, it is clear that more deﬁnitive inferences on site ﬁdelity and movement ranges will require a larger number of biopsy samples, from
both south and north of 60°S (all the samples in this study were obtained south of this latitude).
Food availability in the area of genetic matching
Recognizing the limited number (and sampling distribution) of samples, the present results allow
the formulation of the following ecological inferences for further investigation. The Indian Ocean
sector of Antarctic waters south of 60°S represents one of the several possible feeding grounds for the
South West Australia population (e.g., see Mackay et al., 2020). Our results show that at least some
southern right whales of both sexes return to the same sector at some point in their lives, presumably
for feeding. Matches were found in a broad area that has shown consistent annual aggregations of
southern right whales (e.g., Matsuoka and Hakamada, 2020) and that were seen in areas of high krill
concentrations (e.g., Murase et al, 2002; Matsuoka et al., 2003; Nicol, 2006).
Qualitative analyses of food consumption of southern right whales in the Antarctic Indian sector
could be investigated by stable isotope analyses of the same biopsy samples used in the present study.
Information on prey species consumed by southern right whales will assist in conﬁrming the ecological inference aforementioned.
Finally, genotyping data in this study can be used for other purposes, for example to estimate abundance and other demographic parameters (e.g., survival rates) of this species within a mark-recapture
context (e.g., Wade et al., 2010).
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