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ABSTRACT

Biopsy samples from 411 humpback whales obtained during surveys of the Japanese Whale
Research Program under Special Permit (JARPA) and International Decade for Cetacean
Research/Southern Ocean Whale and Ecosystem Research (IDCR/SOWER) were analyzed in
order to describe their genetic population structure in the Antarctic feeding ground.

Samples were obtained from International Whaling Commission (TWC) designated
management Areas III (n= §1), [V (n=172), V (n=97) and VI (n=61), and were examined for
i) sex determination, ii) the sequence variation of the first 334bp nucleotides of the mtDNA
control region and iii) genetic variation at the genotypes of six microsateliite loci. Duplicated
samples werc excluded from the analysis. The level of genetic diversity in the Antarctic was
high for both genomes: the nucleotide diversity at the mtDNA was estimated at 0.0263 and the
mean expected heterozygosity at the nuclear loci at 0.7820 for the total samples. In general
results based on both mtDNA and microsatellites were similar and they suggest population
structure of humpback whales in the Antarctic feeding grounds. These genetic results are
consistcnt with the previous view based on non-genetic data that Areas 111, IV, ¥V and VI are
occupicd by different populations. The most plausible pattern of structure in the Southern
Hemisphere therefore is multiple breeding and feeding grounds with some extent of site fidelity.
Marked differences were found between whales in Areas 1V and V for both mtDNA and
microsatellites, and the same pattern was found for both sexes. Results of the other pair-wise
comparisons among Areas showed more subdivisions in fcmales than in males. An explanation
for this result is that the difference is due to the lower sample sizes for malcs in these
comparisons. The possibility of intermingle of populations in bordering sectors can not be
discarded yet and a comprehensive analysis that involves genetic data from Jow and high
latitude is recommended to solve this issue.
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INTRODUCTION

Humpback whales, Megaptera novaeangliae, are found worldwide in all major oceans. Like
other Balaenopterid species, humpback whales migrate between summer feeding grounds in
mid- and high latitudinal waters and winter breeding grounds in tropical or subtropical waters.
Animals occur primarily in coastal and continental shelf waters.

Three oceanic populations of the humpback whale occur in the North Atlantic, North Pacific
and Southem Hemisphere, and different paiterns of population structure have been reported
within each major oceanic population. In the western North Atlantic, for example, whales
congregate to mate and calve in a single breeding area of the West Indies during the winter. In
summecr they congregate in several high latitude feeding areas. Genetic studies suggest limited
exchange among the summer feeding areas, and mixing in the winter breeding area (Palsboll e
al., 1997a). The pattern of structure here is single breeding grounds and multiple feeding
grounds. In the North Pacific the situation is much more complex. Whales show a strong



fidelity to winter breeding grounds in Costa Rica, Mexico, Hawaii, Southeast Asia, and wide,
but philopatric, dispersal to feeding grounds in temperate and high latitudinal waters. Some
movements of animals between low latitudinal breeding areas have been reported (Darling and
McSweeney, 1985; Darling and Mori, 1993). Genetic studies have shown significant

differences between whales distributed in central and eastern North Pacific (Baker et al., 1998a).
The pattemn of structure here is single breeding grounds and multiple feeding grounds but the
case of multiple breeding grounds using a single feeding ground has also been suggested. These
phenomena seem to be related with differences in topography among ocean basins and as a
consequence, the breeding grounds in the North Atlantic are few, those in the North Pacific are
larger in number and those in the Southern Hemisphere are many.

Regarding the Southen Hemisphere, Mackintosh (1965) showed that humpback whales tend
to gather into five or six distinct feeding concentrations in the Antarctic during the austral
summer season. These feeding concentrations were denominated as Groups I-V (with a Group
IIa and I1b) corresponding roughly to T'WC Management Areas I-VI. The Groups most
documented are Groups I'V and V. Omura (1953) examined the distribution of humpback whale
in the feeding grounds of Areas IV and V based on catch data. Based on catch information he
suggesled that hwo populalions occur in these Areas with a boundary around 130°-142°E. He
did not discard the possibility of intermingling between these two populations in the feeding
ground. He also examined the pattern of distribution by month and suggested that for the month
where more data were available (November-March) the boundary between these two
populations changed from 120°-130°E in November to eastside of 140°E in December and to
120°-140°E in January. Dawbin (1966) sununarize the distribution and seasonal nugratory
movement of humpback whales from Groups I'V and V, as demonstrated by mark-recapture
data (Discovery-type marks). Whales from Group IV move mainly between Antarctic Area IV
and Western Australia while whales from Group V move between Antarctic Area V and
Eastern Australia and along the coast of New Zealand and southwest Pacific islands.
Interchange of a few individuals between Groups IV and V was reported. Dawbin (1966) also
reported that the boundary of Groups [V and V in the Antarctic do not correspond to the actual
boundary between Areas I'V and V and that some whales marked in Area VI were recovered in
eastern Australia.

These migratory corridors between low latitudinal breeding grounds and high latitudinal
feeding prounds have been confirmed by analysis of photo-identified whales. Gill and Burton
(1993) reported the movement of a photo-identified whale between Western Australia and
Antarctic Area TV and Kaufman et af. (1993} that between Eastem Australia and the boundary
between Areas V and VI. More recently the matches of three individual humpback whales
between Eastern Australia and Antarctic Area V, were reported (Rock ef af., in press).

Genetic analyses based on mitochondrial DNA {mtDNA) and samples from low latitude
waters (Baker et a/., 1998b) showed significant genetic differences between Western Australia,
Eastern Australia and Colombia humpbaek whales, supporting the previous view that different
populations occur in those regions (corresponding to Groups IV, V and [ mentioned above).
Little is known, however, on the genetic diversity and population stracture of humpback whales
in the Antarctic feeding grounds. The present paper addresses this issue by examining samples
obtained in Areas IV and V and their adjacent Areas I1I and V1. As noted above, previous non-
genetics studies had suggested that these Areas are occupied by different populations. Here the
hypothesis of different populations occurring in these Areas is tested using genetic data. The
analysis is also conducted to investigate the current status of genetic variability of humpback
whales.

The analysis is based on the maternal inherited mtDNA and bi-parental inherited
microsatellites. Further the analysis is conducted for total samples as well for each sex
separalely. Previous studies based on mark-recapture suggested a high fidelity of animals to
feeding areas (identified approximately by the boundaries of the current Areas) and particular
breeding areas. Therefore genetie differences among Areas are expeeted. There is the
possibility, however, of a sex-differentiated pattern of dispersal in the feeding ground. This
could be investigated by the genetic analysis conducted separately for males and females.
Finally if male-mediated gene flow exist (e.g. some males move and mate females from



different breeding grounds), then we will expect marked genetic differences among Areas for
mtDNA and weak genetic differences for microsatellites.

MATERIALS AND METHODS

Samples

Skin biopsy samples were obtained from free-ranging whales along the sighting surveys of the
JARPA (Japanese Whale Research Program under Special Permit in the Antarctic) and
IDCR/SOWER (International Decade for Cetacean Researeh/Southern Ocean Whale and
Ecosystem Research) surveys in Areas IlIE, IV, V and VI (Figure 1), on an opportunistic basis.
Biopsy samples in JARPA were collected using an air gun described in Kasamatsu et e, (1991)
and more recently using a Paxarm system. Biopsy samples in IDCR/SOWER were collected
using several methods including Paxarm system and crossbows. At the laboratory all biopsy
samples were checked for the possibility of re-sampling (two or more samples taken from a
same individual) by comparing the genotype profiles produced by a set of six microsatellites.

Re-sampling rates were higher for [IDCR/SOWER than for JARP A samples. For the former it
varied from 0% in Area V to 15.0% in Area VI (sample size in Area V was only seven). In the
case of JARPA it varied from 4.3% in Area VI to 10.0% in Area III. Taylor and Chivers (1997)
demonstrated by simulations that if duplicated samples are not recognized, results of genetic
analyses on population structure will be biased. Therefore in the present study duplicates were
excluded from all analyses.

‘When mother/calf pairs were sampled, only the genetic information of the mother was used
for the analysis (nine cases in Area V).

Table 1 shows the actual number of samples used in the analysis by TW C management Area
and sex, and Figure | shows the geographical distribution of samples in the feeding grounds of
Areas lIIE, IV, V and VI, by sex. A total of 411 samples are used as follow: Area IIIE: JARPA
50, SOWER 31; Area IV: JARPA 126, SOWER: 46; Area V JARPA 90, SOWER 7; Area VI:
JARPA 44, SOWER 17.

Molecular genetic analysis

Extraction of DNA

Genomic DNA was extracted from approximately 0.05g of the outer epidermal layer of the skin
biopsy, by standard phenol/chloroform extractions (Sambrook ef af., 1989). Extracted DNAs
were stored in TE buffer (10mM Tris-HCl, 1mM EDTA, ph8.0).

Sex determination

Sex of the whales sampled was determined following the method of Abe er al. (2001}, which
uses a set of oligonucleotide primers to detect the presence/absence of the SRY gene from the Y
chromosome with a microsatellite locus (GATA 417) as an internal control.

Mitochondrial DNA controf region sequencing

The first 334 nucleotides at the 3' end of the mitochondrial control region were amplified by the
polymerase chain reaction (PCR, Mullis and Faloona 1987). The oligo-nucleotides employed in
the PCR amplification were MT4 (Amason et af. 1993) and P2R (5°-GAA GAG GGA TCC
CTG CCA AGC GG-3"). Reactions were carried out in 30 uL volumes containing 100 mM KCI,
20 mM Tris-HCI, 0.1 mM EDTA, | mM DTT; 0.5% Tween 20, 0.3% Nonidet P-40, 200 uM
dNTPs, 2.5 pM of each oligo-nucleotide and one unit of Teg DNA polymerase. After an initial
denaturation step at 95° C for 5 minutes, a PCR amplification eycle of 30 seconds at 94°C,
followed by 30 seconds at 50°C and 30 seconds at 72°C was repeated 30 times. The
amplification was completed with a final extension step of 10 minutes at 72°C. Subsequent
cycle sequencing reactions were performed with 100ng of products generated in the above PCR
amplifications using the Prism™ dRhodamine Terminator Cycle Sequencing Kit (Applied
Biosystems, Inc.). The oligo-nucleotides used to prime the cycle sequencing reaction were the
same as employed in the initial PCR amplification listed above. A total of 25 cycles with 10
seconds at 96°C, 20 seconds at 56°C and four minutes at 60°C were performed. The nucleotide
sequence of each cycle sequencing reaction was determined by electrophoresis through a 5%
Long Ranger™ (FMC, Inc.) denaturing polyacrylamide matrix on a DNA Prism™ 377 DNA



Sequencer {Applied Biosystems, Inc.) under standard conditions. Both strand samples were
sequenced in their entirety for all samples.

Microsatellites

Six microsatellite loci were used in this study: four tetranucleotide motifs (GATA417, GATA2S,
GATA98, GATAS3) (Palsboll ef al. 1997b), one trinucleotide motifs (TAA31) (Palsboll ef al.
1997b), and one dinucleotide moufs (GT23) (Bérubé ef al. 2000). PCR amplifications were
performed in 15ul reaction mixtures containing 10 to 100ng of DNA, 5pmol of each primer,
0.625 units of Ex Tag DNA polymerase (Takara Shuzo), 2mM of each dNTP, and 10x reaction
buffer containing 20mM MgCl, (Takara Shuzo). Amplified products with intenal size standard
(GENESCAN400HD, Applied Biosystems Japan) were run on a 6% polyacrylamide denaturing
gel (Long Ranger) using BaseStation1 00 DNA fragment analyzer (BioRad). Although alleles
were visualized using Cartographer software speeifically designed for the BaseStation, allelic
sizes were detenmined manually in relation to the internal size standard and humpback whale’s
DNA of known size that were rerun on each gel.

Grouping of the samples

The samples were grouped according to the boundaries of IWC Management Areas I1I (0°-

T0°E), IV (70°-130°E), V (130°E-170°W) and VI (170°-120°W). With regard Area 111, biopsy e,
samples were available only for the eastern part of this Area (34°-70°E) (I'igure 1).

For the analysis samples collected in different austral summer seasons were pooled under
the assumptions that the patterns of seasonal movement are the same for a given breeding
population in different years and that lateral movement on feeding grounds and pattemn of
mixing are similar between years. These assumptions are discussed later.

Data analysis

mtDNA

Geretie distances among unique sequences (haplotypes) were estimated using the Kinmra’s two
parameters method (Kimura, 1980). The degree of mtDNA diversity within each Area was
estimated using the nucleotide diversity (Nei and Li, 1979}, and the nueleon diversity.

Heterogeneity tests among Areas were conducted as described in Hudson ef af. (1992), using
the chi-square and the Kst* statistics. The level of statistical significance was estimated from
10,000 Monte Carlo simulations as the proportion of simulations in which a similar or more
extreme value of chi-square or Kst* was observed. Tests were conducted for all samples
combined as well for males and females separately. When multiple tests were conducted, the
Rice (1989} correction for multiple tests was performed.

Microsatellites
Allele frequencies, the number of alleles per locus, allelic richness, heterozygosity at the six
microsatellite loci and Fst values were computed using FSTAT 2.9.3 (Goudet, 1995). The
program GENEPOP 3.2 (Raymond and Rousset, 1995) was used to test for deviations from
expected Hardy-Weinberg genotypic proportions at each of the loci.

Heterogeneity tests among Areas were conducled using the probability test (or Fisher’s exacl
test) with Markov chain method implemented in the GENEPOP. Tests were conducted for all
samples combined as well for males and females separately. Statistical significance was
determined using the chi-square value obtained from summing the negative logarithm of P-
values over the six microsatellite loci (Sokal and Rohlf, 1995). When multiple tests were
conducted, the Rice (1989) correction for multiple tests was performed,

The Bayesian clustering approach was conducted using STRUCTURE version 2.0 (Pritchard
et al., 2000} to determine the number of genetically distinct populations present in the samples.
Three independent runs for each value of K between 1 (panmictie} and 5 (number of samples
used in this study} with no prior information (i.e. only genetic information was considered)
were conducted. All of the simulations were based on a bum-in period of 50,000 iterations and
runs of 500,000 iterations. The ancestry model used for the simulation was the admixture
model, which assumes individuals may have mixed ancestry. The allele frequency model used



was the comelated allele frequencies model, which assumes frequencies in the different
populations are likely to be similar due to migration or shared ancestry.

RESULTS

Sex ratio
The male proportion by Area was as follow: Areas II1: 38.3%, IV: 52.9%, V: 47.4% and VI:
59.0%.

Genetic variability

ntDNA

A segment of 334bp of the mtDNA control region was sequenced for all samples. A total of 65
variable sites defined a total of 98 unique sequences (haplotypes) in the sample of 411
humpback whales. Level of mtDNA diversity based on nucleotide and nucleon diversity is
shown in Table 2. Both indices showed a high and similar degree of mtDNA diversity through
the Areas. The nucleotide diversity at mtDNA for the total samples was estimated at 0.0263.

Microsatellites

All microsatellite loci were polymorphic in all the samples (Table 3). Five of the six loci had
more than 10 alleles with an overall average of 15.3 over the all samples. The number of alleles
per locus per Area varied between 10.7 and 12.7 with smaller differences in allelic richness
valugs. Average expected heferozygosity was 0.782 over the Areas and ranged from 0.767 to
0.799 per Area. No evidence of significant deviation from expected Hardy-Weinberg expeeted
genotypic proportions was observed in each of the Areas for over all loci tests. The P-value
smaller than 0.05 observed in the Areas V and VI samples at GATA417 is most likely due to a
chance effect.

Genetic divergence

mtDNA

The results of the heterogeneity test are shown in Table 4. The chi-square test resulted more
sensitive to detect differences than the Kst* test. Below is a summary of the results for the
former test.

Males

Statistically significant difference was detected across all the loci for the overall Areas. Two of
the six pair-wise comparisons showed statistically significant differences after correction for
multiple tests (Areas III/TV and Areas [V/V) (Table 4).

Females

Statistically significant difference was detected across all the loci for the overall Areas. Four of
the six pair-wise comparisons showed statistically significant differences after correction for
multiple tests (Areas [IVTV, Areas I1I/V, Areas III/V] and Areas [V/V) (Table 4).

Total

Statistically significant difference was detccted across all the loci for the overall Areas. Five of
the six pair-wise comparisons showcd statistically significant differences after correction for
multiple tests. The only exception was Arcas V/VI (Table 4).

Kst* values indicated low level of genetic divergence (Table 4).

Microsatellites

Males

Statistically significant difference was detected across the loci for the overall Areas (Table 5).
Only one of the six pair-wise comparisons showed statistically significant differences after
corrections for the multiple tests (Areas IV/V).

Females

Statistically significant differencc was detected across the loci for the overall Areas (Table 5).
Three of the six pair-wise comparisons showed statistically significant differences after
corrections for the multiple tests (Areas 1[IV, Areas I1I/V and Areas [V/V),



Total

Statistically highly significant difference was detected across the loci for the overall areas
{Table 5). Four of the six pair-wise comparisons showed statistically significant differences
after corrections for the multiple tests. The only exceptions were Areas [1I/V] and Areas V/VI.

Overall the Fst values indicated low level of genetic divergence. The overall Fst value for
males was 0.008, for females 0.004 and for all samples combined .005. Ninety-five %
confidence interval for the overall Fst indicated it was significantly different from zero.

In contrast to the heterogeneity tests and Fst shown above, the Bayesian clustering analysis
conducted without information on geographie sampling origins presented the highest likelihood
probability at K = 1 (Table 6).

DISCUSSION

Genetic variability

Level of genetic variability found for the Antarctic feeding grounds was high, for both mtDNA
and microsatellites, and it was similar through the Areas. This is consistent with previous
results obtained for the humpback whale worldwide for both markers, mtDNA (Baker ef al.,
1993; Palsboll et af., 1995) and microsatellites (Valsecchi ef al., 1997).

Pattern of stock structure

In general results based on both mtDNA and microsatellites were similar and they suggest
population structure of humpback whales in the Antarctic feeding grounds. Genetic
differentiation among Areas based on both markers suggests a strong fidelity of humpback
whales to migratory destinations. In particular marked differences were found between whales
in Areas IV and V for both mtDNA and microsatellites, and the same pattern was found for
both sexes. The pattern of structure in the Southern Hemisphere seems to be multiple breeding
grounds and multiple feeding grounds as opposed to the pattern found in the North Pacific and
North Atlantic.

Although the samples used in the present study were taken on an opportunistic basis along
JARPA and IDCR/SOWER surveys, sampling had covered most of the longitude sectors of
Areas [IIE, IV, V and VL. The exceptions are a seetor in Area V1 for males and the western part
of Area V for which samples of both sexes were limited (Figure 1). In general these samples
were useful to respond the question of whether population structure exists in those Areas,

The mtDNA analysis showed a marked degree of genetic heterogeneity suggesting
population structure of the humpback whales in the Antarctic feeding grounds. By considering
the kind of grouping of the samples in the analyses (by longitudinal Areas), these populations
appear to be structured longitudinally. It should be noted that despite the marked mtDNA
heterogeneity detected, the level of genetic divergence found (as suggested by Kst*) was low.
Likewise, the microsatellite analysis detected that the individuals in the samples came from
genetically different populations of humpback whales that appeared to be distributed
longitudinally. Fst was low but significant, supporting the existence of multiple populations.
STRUCTURE, however, failed to detect the evidence of population differentiation among the
samples. Considering the low level of genetic differentiations (Fst), this could have been caused
by the low power of the analysis due to the Tow number of microsatellite loci used.

Comparison of results between sexes

The analyses were conducted for both sexes separately in order to check the possibility a sex-
differentiated pattern of dispersal in the feeding ground. The mtDNA analysis showed a higher
degree of differentiation among Areas for females (four of six pair-wise comparisons were
significant statistically} than males (two of six pair-wise comparisons resulted in significant
differences). Same as in the mtDNA analysis, the microsatellite results showed more
subdivisions in females than in males, three and one signifieant differences in six pair-wise
comparisons, respectively. In the eomparison between Areas [V and V results for both sexes
were the same for both genetic markers. These results suggest the possibility that males move
wider than females in the Antarctic feeding grounds. However, the altemnative explanation that



differences are just due to the lower sample size available for males in these comparisons is
preferred because the apparent differences between sexes are not consistent with populations
structured longitudinally in the feeding ground.

Yearly variation in the pattern of structure

As noted earlier for the analysis samples collected in different austral summer seasons were
pooled under the assumptions that the patterns of seasonal movement are the same for a given
breeding population in different years and that lateral movement on feeding grounds and pattern
of mixing are similar between years. The assumptions ean be examined by comparing the
mtDNA composition of humpback whales taken in different years in a same Area. A
preliminary analysis of yearly variation was conducted for Area IV, the Area supported by the
larger sample size. [n this Area JARPA samples from six different years were involved. Both
chi-square (P= 0.6950) and Kst* (0.431) tests failed to find signifieant genetic differences
among years suggesting that whales from the same populations come to this Area in each year.
Similar analyses are desirable for the other Areas.

In general these genetic results support the previous view based on non-genetic information
that the Areas are occupied by different populations during the feeding season. In the absence
of geographieal barriers, prey distribution, which depends on the oceanographic conditions,
eould play a role in separating these populations in the feeding grounds. Our analysis based on
samples from the feeding grounds ean not reject yet the possibility that different populations
mix to each other in some particular longitudinal sectors. A more accurate longitudinal
delineation of populations in the Antarctic feeding grounds and the identification of intermingle
sectors can be aeeomplished by a comprehensive analysis that eombines DNA data available
from low latitude breeding grounds and DNA data from high latitude feeding grounds.
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Table 1: Number of samples of the humpback whale used in the present genetic study, by
management Area and sex.

Area IIIE Area IV AreaV Area VI
M F T M F T M F T M F T
31 50 81 91 81 172 46 51 97 36 25 61

Table 2: Nucleotide diversity (upper figure) and nucleon diversity (lower figures) of humpback
whales in the Antarctic feeding grounds, by management Area (n= number of individuals).

Area [Il (n= 81}

Area IV {(n=172)

Area V (1= 97)

Area VI (n=61)

0.0246 (SE:0.0008)
0.9688

0.0262 (SE:0.0006)
0.9701

0.0274 (SE: 0.0008)
0.9712

0.0268 (SE: 0.0009)
0.9670

Table 3: Number of alleles (A), allelic richness (AR), expected heterozygosity (He), and test
result for expected Hardy-Weinberg genotypie proportion (HW) (p-value) at six microsatellite
loei for humpbaek whales in the Antarctic feeding grounds, by management Area (n= number

of individuals)

Al sarples Al FR1) Area IV (=172) Area V(ie97) Area V1 (1F6]) All (L1
A AR He HW A AR 1 HVY A AR H HW A AR He HW A AR I
GATAI7T 14 134 0910 098%0 12 120 Q%6 019 17 155 Q%1 0@ 14 140 0917 0030 19 136 Q98
GATAB 0 97 0477 0502 11 101 034 09245 12 lle Q62 02M 11 10 o4& 08 4 114 Q58
GATAR 9 89 077 00D 13 IL] 04 Q192 10 96 QM3 03135 & 40 072 0625 13 102 Q7
TAA3L 4 132 08d 04767 19 145 088 0741 15 M4 0906 0733 I3 130 0871 0a36S 24 145 0885
GATAS 9 B7 080 058 11 94 0830 063% 13 IL] 0803 06X {0 100 0837 08861 13 98 08w
G123 8 79 0™ OITH 9 83 0W O 9 &6 07V OBH 9 90 08B Q73 9 83 O
A 107 103 0767 05005 125 109 Q%3 0572 127 118 00 0357 108 108 0770 (589 153 113 072
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Table 4: Results of the heterogeneity test comparing mtDNA haplotype frequencies of
humpback whales, among Antarctic management Areas (sample sizes in parenthesis). An
asterisk indicates those comparisons that resulted in significant statistically differences after

Bonferroni corrections.

Males Chi-square P-value Kst* Kst* P-value
IV (31,91) 0.0040* -0.0009 0.5830
IV (31, 46) 0.0310 -0.0001 0.4470
HIVIL (31, 36) 0.0300 0.0034 02180
VIV (91, 46) 0.0000* 0.0049 0.0360
IV/VI (91, 36) 0.0500 0.0021 0.1890
V/VI (46, 36) 0.1570 -0.0002 0.4520
Females Chi-square P-value Kst* Kst* P-value
v - (50, 81) 0.0000* 0.0058 0.0400
oy (50, 51) 0.0000* 0.0083 0.0190
IV (50, 25) 0.0030% 0.0028 0.2280
IV/V (81, 51) 0.0000% 0.0049 0.0600
V/VI  (81,25) 0.2910 -0.0027 0.8070
ViVI (51, 25) 0.7980 -0.0030 0.7380
MalestFemales Chi-square P-value Kst* Kst* P.value
[TV (81, 172) 0.0000* 0.0019 0.0920
v (81,97 0.0000* 0.0071 0.0040*
HI/vI (81, 61) 0.0000% 0.0065 0.0190
v (172,97 0.0000* 0.0046 0.0040%
IVIVI (172,61) 0.0020% 0.0012 0.167¢
VI (97, 61) 0.0590 0.0008 0.2800




Table 5: Results of the heterogeneity test comparing allele frequencies of six microsatellite loci
of humpback whales, among Antarctic management Areas (sample sizes in parenthesis). An
asterisk indicates those comparisons that resulted in significant statistically differences after
Bonferroni corrections.

Males Six loct
All Areas 0.00369
III/IV (31, 91) 0.43737
Y (31,46) 0.04608
IV (31, 36) 0.23073
IV/V (91, 46) 0.00075*
IV/VI (91, 36) 0.02619
VIVI (46, 36) 0.01843
Females Six loci
All Areas 0.00002
IOVIV (50,81 0.01120%*
Vv (50,51 0.00647*
/Y1 (50,25 0.15472
IvV/vV (81,51) 0.00621*
IV/VL (81, 25) 0.19756
VIVI (51,25) 0.36140
Males+Females Six loci
All Areas High. Sig.
IV (81,172) 0.00471*
1YV (81,97 0.00000*
1I/VI (81, 61) 0.21129
/v (172,97} 0.00000*
IV/VI (172, 61) 0.00427*
V/VI (97,61 0.09334

Table 6: Estimated posterior probability of number of populations (K) for the pooled
humpback whale samples (n = 411) analyzed using six microsatcllite loci and Program
STRUCTURE.

K Log P (x/k) Probability
1 -9723.0 ~1.0
2 -10081.0 ~0.0
3 -11180.4 ~0.0
4 -11575.1 ~0.0
5 -11951.2 ~0.0

12



30° E 60° E 0* E 120° E 150* E 180° 150 W 1207 W

Figure 1: Geographical distribution of humpback whales examined in this study (upper figure:
males; lower figure: female).
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