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ABSTRACT

Southern right whale (Eubalaena australis) population structure can be viewed as a
migratory network of winter calving/socialising and summer feeding grounds. Here we
investigate the position of the Chile-Peru wintering ground (n = 1) and the South
Georgia/lslas Georgias del Sur (SG) feeding ground (n = 15) in the broader migratory
network, using mitochondrial DNA (mtDNA) and nuclear microsatellite data (nDNA)
from all major wintering grounds. This includes new data from Brazil (n = 60) and
South Africa (n = 88), as well as published data from across the species’ circumpolar
distribution (nDNA = 222; mtDNA = 1327). The single sample from Chile-Peru had a
mtDNA haplotype previously only observed in the Indo-Pacific and had a nuclear
genotype that appeared admixed between the Indo-Pacific and South Atlantic, based on
genetic clustering and assignment algorithms. The SG samples were clearly South
Atlantic, based on both genetic differentiation and clustering analyses. As a group, SG
was more similar to the Southwest Atlantic wintering grounds (Brazil, Argentina) than
to the South African wintering ground, and showed significant genetic differentiation
from the latter. However, the weak genetic differentiation amongst the South Atlantic
wintering grounds meant that population assignment methods were unable to resolve
the likely winter association of the SG samples. This may be overcome using additional
loci and/or by limiting comparisons to nursery areas within wintering grounds.

INTRODUCTION

Southern right whale (Eubalaena australis) population structure can be viewed as a
migratory network of winter calving/socialising and summer feeding grounds. Recent
analyses of four major extant wintering grounds showed that there is hierarchical
genetic structure in both mitochondrial DNA (mtDNA) and microsatellite loci amongst
ocean basins!, consistent with female philopatry to natal wintering grounds.
Correlations between genetic and isotopic variation also support the hypothesis of
maternally directed fidelity to summer feeding grounds®3. Connectivity between
wintering areas is likely facilitated by migratory corridors and/or shared feeding
grounds shared, as indicated by photo-identification genetic markers, stable isotope and
tagging studies >~

Here we build on existing work to augment the genotype databases for extant southern
right whale wintering grounds by constructing DNA profiles for samples from Brazil
and South Africa. These data are combined with previously generated data to create
reference genetic datasets with which to understand the position of the Chile-Peru
wintering ground and South Georgia/lslas Georgias del Sur (SG) feeding ground in the
context of the broader migratory network.

The Chile-Peru southern right whale subpopulation is considered critically endangered
by the International Union for the Conservation of Nature® and is subject to an
International Whaling Commission (IWC) Conservation and Management Plant
(CMP)’, as it appears isolated and small in size. Between 1964 and 2011, there were
108 opportunistic sightings of 179 southern right whales off the coasts of Chile and
Peru!®, including 39 calves. Given that female (and male*!'!) southern right whales
show fidelity to wintering grounds, it is possible that Chile-Peru represents distinct
genetic lineages. Alternatively, the population could have been extirpated during the
whaling era and it could now be undergoing recolonisation from elsewhere. The
geographic position of the Chile-Peru population makes this particularly interesting in



light of recent genetic analyses showing significant genetic differentiation particularly
between the South Atlantic (Argentina, South Africa) and Indo-Pacific (Australia, New
Zealand)!. The Southeast Pacific Chile-Peru subpopulation is separated from the
Southwest Pacific New Zealand subpopulation by a large discontinuity in distribution
(approximately 90° to 180°W) and from the Southwest Atlantic subpopulation by the
South American continent. Little is known about the historical or contemporary feeding
grounds of the Chile-Peru population that might provide insight into which of these
neighbouring populations it may mix with, for example, with Southwest Atlantic
whales on shared feeding grounds in summer. Here we conduct the first genetic analysis
of the only available sample from this southern right whale subpopulation.

Additionally, we conduct a genetic comparison of the South Atlantic southern right
whale wintering grounds (Argentina, Brazil and South Africa) and the summer feeding
ground off SG. Southern right whales are the most commonly seen whale species in SG
during the austral summer!!3. The movement of whales between the Peninsula Valdés
nursery area and SG has been shown using photo-identified individuals’!? and satellite
telemetry work!#. Previous genetic analyses, based on 10 microsatellite loci and 495 bp
of the mtDNA control region, showed that the SG feeding ground and Brazilian and
Argentinean wintering grounds were not significantly genetically differentiated!>!6.
Here we expand the analysis to include additional samples from SG and both Southwest
and Southeast Atlantic wintering grounds, and increase the number of microsatellite
loci examined.

METHODS

Sample collection: Chile

A southern right whale was seen alive on 9 February 2017 in Cocotue Bay, Chile, with
clear entanglement scars and lesions, however, poor weather prevented further at-sea
observations!’. Subsequently, a southern right whale carcass was found at Playa Mar
Brava, Carelmapu (41°42°S, 73°42°W, see Figure 1), on 16 February, and reported on
18 February 2017. It corresponded to the same individual seen at sea previously and
entanglement lesions were confirmed. Skin and blubber samples were collected from
the carcass during a necropsy on 19 February 2017!7. Samples were given to Centro de
Conservacion Cetacea under the certificate of delivery and custody of marine protected
species 2017-54-4 granted by National Fisheries and Aquaculture Service. Samples
were transported on dry ice from Chile to the University of St Andrews, Scotland, for
analysis.

Sample collection: South Georgia/Islas Georgias del Sur

Sampling in 2018 was conducted from the R/V Song of the Whale, which departed
from Stanley in the Falkland Islands/Islas Malvinas on 22 January, sailed to the north
coast of SG and returned to Stanley on 21 February (31 days total sailing). Right whales
were located using a combination of passive acoustics and visual observations'®. Visual
searching was conducted along vessel tracks which followed bearings to vocalising
whales that were received on DIFAR sonobuoys'®. All data collection was carried out
under permit RAP/2017/017.

Three skin biopsy samples were collected from southern right whales around SG using
a stainless steel biopsy dart fired from a modified veterinary capture rifle!® or deployed
from a crossbow? during the 2018 field season. Samples were stored in ethanol and
frozen at -20°C. An additional 12 skin biopsy samples were available from a 1997 field
expedition around SG, as previously described!?.



Sample collection: South Africa

A further 88 skin samples were available from southern right whales sampled on the
South African wintering ground that had not previously been analysed. This included
50 skin samples archived at the University of Pretoria and 38 sloughed skin samples
collected by P. Neveceralova and P. Hulva from Charles University. The 50 samples
held by the University of Pretoria were collected between 1990 and 2013 under permits
RES2009/06, RES2011/24, RES2012/89, RES2013/58, V1/9/3/1, VI/19/5/1, and
V1/9/5/1. The samples held by Charles University were collected during the austral
winter of 2016 and 2017 under research permits RES2016/99 and RES2017/89. This is
in addition to the mtDNA control region sequence and microsatellite genotype data
from 350 and 46 South African right whales, respectively, previously published'.
Samples were transferred to the UK under CITES permits: South African export permit
207896 and UK import permit 569921/01(University of Pretoria samples) and under
South African export permit 171354 and UK import permit 550270/01 (Charles
University samples).

Sample collection: Brazil

Skin samples (n = 60) were collected from southern right whales along the Brazilian
coast, primarily at Santa Catarina and Rio Grande do Sul States (between 27°50’S and
29°20°S)!° using a dart projection system!®2!. Samples were collected from a small
inflatable boat operating from and around the coastline, usually up to 3 - 5 km and
rarely as far as 10 km distance from shore, during field work conducted between 1998
and 2007. Field work was undertaken by GEMARS in collaboration with the Projeto
Baleia Franca under permits IBAMA # 039/98, 1803/98-23, CMA 004-02, CMA 011-
03, SISBIO 12022-1 and exported under CITES permit No. 15BR018985/DF. A small
number of samples were collected from carcasses of stranded whales!®. Samples were
placed in 20% DMSO and frozen at -20°C.

Published data included in the analysis

We augmented the data generated in this study with mtDNA and microsatellite
genotype data from Argentina and the Indo-Pacific using published data'** (see Table
1). The mtDNA data for the SG samples collected in 1997 were sourced from Patenaude
et al.® and therefore we limited our analysis to the 275 bp fragment of mtDNA control
region used in this study. Sequencing to a longer fragment length (1000 bp) is planned
for these samples in future.

DNA extraction and DNA profile construction

DNA was extracted using standard phenol/chloroform protocols, modified for small
sample sizes?>. We constructed DNA profiles, comprising genetically identified sex,
mtDNA haplotype and microsatellite genotype (up to 17 loci), for each sample,
following previously described methodology (for more information on sex ID and
mtDNA haplotyping methods see Carroll et al. 23 and on microsatellite genotyping see
Supplementary Material 1 of Carroll et al.® ). Each tray of samples was run with
between four and seven control samples (New Zealand and/or Australian samples
previously genotyped) to ensure consistent binning of alleles and a negative to detect
contamination. In previous work, no significant deviations from the Hardy Weinberg
Equilibrium were detected using these loci, such as null alleles!-*3. CERVUS?* was used
to identify and calculate the probability of identity? for replicate samples within and
between sampling locations.
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Figure 1: Location of
southern right whale
sampling sites including
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Chile; B. Brazil; C.
Argentina; D. South
Africa; E. Australia; F.
New Zealand
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Estimating genetic diversity and differentiation

Genetic diversity was calculated for all sampling locations except for Chile, due to the
single sample from this area. For the microsatellites, we estimated the actual and
effective number of alleles and observed and expected heterozygosity using the
programme Genodive?®. For the mtDNA data, we report the number of haplotypes,
haplotype diversity and nucleotide diversity, calculated using Arlequin v3.5%". To
visualise the place of the mtDNA haplotypes found in SG and Chile in the broader
dataset, we created a median joining haplotype network?® using popart®.

We first compared the SG dataset to samples grouped by ocean basin (Indo-Pacific,
comprising Australia and New Zealand, and South Atlantic, comprising Argentina,
Brazil and South Africa). The SG samples were significantly different from the Indo-
Pacific samples, so we continued analyses using the South Atlantic samples grouped
by wintering ground. For microsatellites, differentiation was estimated using Fsr
calculated in Genepop®® and Jost’s D3! calculated in Genodive. Significance was
assessed using the exact G test in Genepop with 100K dememorizations, 1K batches
and 10K iterations per batch. For mtDNA, differentiation was estimated using Fst and
¢st calculated in Arlequin. Significance was assessed using permutation tests and,
given the small sample size from SG, the exact test of differentiation (1,000,000
Markov chain steps; 1,000,000 dememorization steps, with significance set at o= 0.05).

Population structure and assignment of samples

We conducted two distinct population structure and assignment analyses to investigate
how the Chile-Peru and SG samples sat within the broader migratory network. The first
was using the program STRUCTURE??, which clusters samples into user-defined &
populations and estimates the proportion of each sample’s genotype assigning to each
cluster. For the STRUCTURE analysis, we started by using all data (published and
newly generated) and running the analysis in admixture mode with and without location
prior (sampling location). Ten replicates of k =1 to 5 were conducted each with burn-
ins of one million iterations and runs of ten million Markov chain Monte Carlo



(MCMC) iterations, and the convergence was assessed by visually inspecting the
summary statistics (e.g., F'st). Where structure was detected, the dataset was split and
reanalysed to detect any further substructure. We assessed the most likely value of &
using the mean log likelihood from across the ten runs summarised with STRUCTURE
HARVESTER?*, as well as the method of Evanno et al**. We used CLUMPAK?’ to
summarise the modes or distinct solutions for each value of £.

We also used the population assignment program GENEPLOT?¢ to determine the
ability of the data to assign SG samples to reference wintering ground datasets. Given
the low level of differentiation seen between wintering grounds, this population
assignment method is preferable to a mixed stock analysis (MSA) such as ONCOR?Y’.
This is because when Fsr is low, MSA analyses are biased towards estimating 1/k,
where k is the number of reference populations (ONCOR manual).

GENEPLOT takes the concept and statistical methodology used in GENECLASS238
and produces a graphical output that visualises the fit of individuals to reference
populations, as well as the genetic variance within these reference populations.
GENEPLOT first calculates the allele frequencies for two reference populations, A and
B, using the Bayesian method of Rannala and Mountain®® with the priors of Rannala
and Mountain® or Baudouin and Lebrun* (we chose the latter). The method allows the
posterior allele frequencies to be estimated using leave-one-out for individuals from the
reference population samples. GENEPLOT then calculates the fit of the reference
samples, and the fit of the query samples, into populations A and B by calculating the
log genotype probability (LGP) of the individual’s genotype arising in each population
using the method of Piry et al.’®, approximated for individuals with missing data using
the method of McMillan and Fewster®®. If an individual has a high LGP for population
A, it indicates that the genotype of that individual has a high probability of arising from
that population, though the individual may have high LGP for more than one
population.

The program also calculates the correct assignment probability, which is the probability
that a random genotype arising from reference population A will be correctly assigned
to A rather than reference population B. This is estimated for all potential genotypes
that could arise from population A using the allele frequencies of reference population
A. The LGP for these potential genotypes is calculated for both reference populations
A and B. The differences in LGP between A and B for each potential genotype are
distributed according to the probability of the genotype arising in reference population
A, giving a probability density function. The correct assignment probability is the
percentage of genotypes arising from A that have a higher LGP with respect to A than
to B.

We undertook comparisons of the South Atlantic wintering ground datasets to
determine how distinct they are using GENEPLOT, by visually inspecting the displays
and calculating pairwise correct assignment probabilities. We then considered the
wintering grounds (Argentina, Brazil, combined into Southwest Atlantic and South
Africa) reference populations and investigated whether the SG samples were able to be
conclusively assigned to these references.

RESULTS

Genotyping success for Chilean and SG southern right whale samples
During the genotyping run for the two sets of samples, one locus failed across all
samples (RW31). All three SG samples collected during the 2018 field season



successfully amplified (average of 15 of 16 loci) and produced mtDNA and genetically
identified sex. Of the 12 samples collected during the 1997 field season, 11 produced
DNA of sufficient quality and quantity to genotype. Of these, 8§ amplified at a minimum
of 11 out of 16 loci (the QC threshold) and were used in subsequent analyses (average
of 14.6 loci). At the time of writing this report, the mtDNA sequences of the samples
had not been generated and so previously published sequences were used (see below).
Therefore a total 11 samples from SG were available for analyses.

Genotyping success for Brazilian and South African southern right whale samples
Of the 60 Brazilian samples, 59 produced genotypes that passed QC and comprised an
average of 16.6 loci. Comparison of the genotypes showed that 59 genotypes
represented 50 unique individuals. Of the 88 South African samples, 86 produced
genotypes that passed QC and comprised an average of 15.5 loci. Comparison of the
genotypes showed that the 86 genotypes represented 77 unique individuals.

Comparison of genotypes across all sampling locations revealed one potential match
between Argentina and Brazil. This sample matched at 16 of 17 loci and genetically
identified sex, but the mtDNA haplotype was different. Effort is underway (1) to check
the mtDNA haplotype because the probability of identity (8.0E-20) gives high
confidence in the match, and (2) to determine whether there is any additional
information about this female. The sample was retained in both Argentinean and
Brazilian datasets for wintering-ground based comparisons.

Genetic diversity

All South Atlantic wintering grounds have very similar levels of genetic diversity
(Table 1) for both mtDNA and microsatellite data. Chile was not included in this
analysis given the sample size of 1.



Table 1: Summary of microsatellite and mtDNA diversity statistics for southern right whale winter nursery/socialising (W) and summer feeding
(S) grounds. Sample size (2N), number of alleles (naicles), effective number of alleles (Effnaieies), observed (Hobs) and expected (Hexp)
heterozygosity is reported for the microsatellite loci used in the analysis. Sample size (N), number of haplotypes (nnap), haplotype diversity (4) and
nucleotide diversity (n) reported for the 275 bp fragment of the mtDNA control region analysed. South Africa, Argentina and Brazil are pooled

for the South Atlantic dataset.

2N | naleles Effnanieles | Hos Hexp (3SD) | N | Dhap | A+SD N (%) = | Source
(+SD) (+/-SD) | (+SD) SD

South Africa-W 248 | 10.94+1.42 | 5.18+0.49 | 0.74+0.03 | 0.77+0.03 | 416 | 38 0.94+0.01 | 3.0£1.5 Cag‘)ll et al. (2018); this
study

Argentina-W 92 |8.23+0.84 | 4.7310.47 | 0.71£0.04 | 0.76+0.03 | 208 | 27 0.94+0.01 |2.8+1.5 | Carrolletal. (2018)

Brazil-W 100 | 9.35+1.11 |4.91£0.47 | 0.75£0.04 | 0.77+0.03 |50 |21 0.94+0.02 | 3.3+1.8 | Thisstudy

South Atlantic-W 440 | 11.94+1.65 | 4.93+0.49 | 0.7340.04 | 0.77+0.03 | 674 | 55 0.96+0.02 | 3.1£1.5 Cat(‘iroll et al. (2018); this
study

SG-S 22 16.50+0.68 | 4.41+0.51 | 0.74+0.07 | 0.77+0.06 |11 |9 0.95+0.07 |2.7+1.6 | Thisstudy

Indo-Pacific-W 258 | 9.4440.86 | 4.83+0.38 | 0.76+0.03 | 0.78+0.02 | 769 | 12 0.71£0.01 | 1.9+1.1 | Carrolletal. (2015)
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Figure 2: Haplotype network of southern right whale mtDNA control region (275 bp)
showing; Left panel: position of Chilean sample (indicated by orange arrow) and South
Georgia/lslas Georgias del Sur samples (blue arrows) in the broader southern right
whale haplotype network; Right panel: position of SG samples (highlighted by blue
arrows) relative to haplotypes found in the South Atlantic wintering ground.

Chilean sample findings

The Chilean sample had a mtDNA haplotype only previously found in the Indo-Pacific
(BakHapC; see Figure 2). The Chilean sample also appeared to be admixed between
the Indo-Pacific and South Atlantic populations, with a high proportion from the Indo-
Pacific, based on the STRUCTURE analysis with and without location prior settings
(See Figure 3 and Figures S1 and S2 in the Supplementary Material). The Chilean
sample also had a strong fit (high LGP) to both oceans using GENEPLOT (Figure 4).
The correct assignment probabilities for the South Atlantic and Indo-Pacific are 0.86
and 0.836, respectively.
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Figure 3: Mean log likelihood (LnP(K)), for K =1 to S (left), and the proportion of each
individual’s genome that is assigned to each cluster when K = 2 (right) for location prior
with admixture setting (top) and standard admixture setting (below) implemented. SAF =
South Africa; ARG = Argentina; BRZ = Brazil; SG = South Georgia; CH = Chile; NZ =
New Zealand; AUS = Australia.



GenePlot for South Atlantic vs. Indo-Pacific
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Figure 4: Geneplot showing log genotype probabilities (LGP) for South Atlantic and Indo-Pacific

reference and SG and Chilean query southern right whale microsatellite genotypes. The thick
centre diagonal line indicates an equal posterior probability for both reference populations; a
point lying on that line has the same LGP with respect to both reference populations. The thin

diagonal lines indicate where the genotype probability (the inverse-log of the LGP) for one

population is 10 times greater than it is for the other population. Also shown are the 1%

quantiles; only 1% of all possible genotypes that could arise from the given population would
have LGPs below this line. The bottom graph shows the fit of possible South Atlantic (dashed
line) and Indo-Pacific (solid line) individuals with respect to the South Atlantic population; the
left graph shows the fit of possible Indo-Pacific (dashed line) and South Atlantic (solid line)

individuals with respect to the Indo-Pacific population.

South Georgia/Islas Georgias del Sur sample findings

Unsurprisingly, the SG samples are clearly South Atlantic (Argentina, Brazil and

South Africa) in origin, based on the mtDNA and microsatellite indices of

differentiation (Table 2). Of the 9 mtDNA haplotypes found in SG based on the 275
bp fragment, three were found in all three South Atlantic wintering grounds, four
were shared with only the Southwest Atlantic wintering grounds, and two were shared

with only the South African wintering ground (Figure 2).

The SG feeding ground appears more genetically similar to the Argentina and

Brazilian wintering grounds, as there was no significant genetic differentiation
detected (Table 3, p>0.05). In contrast, there was significant difference in both
mtDNA (¢pst = 0.088, F'st = 0.018) and microsatellites (Jost’s D = 0.025, Fst =

0.007) between SG and South Africa.
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Table 2: Estimates of differentiation between the Indo-Pacific and South Atlantic
wintering grounds and the SG feeding ground, with mtDNA table showing ¢sr (top right),
Fst (bottom left quadrant) and microsatellites showing Jost’s D (top right) and Fsr
(bottom left quadrant).

A. mtDNA South Atlantic SG Indo-Pacific
South Atlantic 0.036 0.203***g
SG 0.001 0.082***g
Indo-Pacific 0.159***g 0.201***g

B. microsatellites South Atlantic SG Indo-Pacific
South Atlantic 0.015 0.030%**
SG 0.005 0.042%**
Indo-Pacific 0.010 *** 0.012%**

significance: *** p<0.001; **p<0.01; *p<0.05 from permutation test; § p<0.001 from exact test of
differentiation for mtDNA data

Table 3: Pairwise differentiation indices with mtDNA table showing ¢sr (top right), Fsr
(bottom left quadrant) and microsatellites showing Jost’s D (top right) and Fsr (bottom

left quadrant).

A. mtDNA Argentina Brazil South Africa | SG
Argentina 0.031*§ 0.087***§ 0.000
Brazil 0.023***§ 0.022*§ 0.010
South Africa 0.048***§ 0.034%***§ 0.088***§
SG 0.007 0.001 0.029*§

B. microsatellites Argentina Brazil South Africa | SG
Argentina 0.047** 0.008*** 0.002
Brazil 0.001** 0.017%** 0.006
South Africa 0.003#** 0.003#** 0.025*
SG 0.004 0.001 0.007*

significance: *** p<0.001; **p<0.01; *p<0.05 from permutation test; § p<0.001 from exact test of
differentiation for mtDNA data

Overall, the STRUCTURE analysis again supported previous findings of weak
differentiation between ocean basins (see Supplementary Material). The expanded
dataset did suggest that southern right whales had three ancestral populations under the
standard admixture setting, compared with two in the previous analyses. However, the
South Atlantic and Indo-Pacific show different patterns of admixture of these ancestral
populations, such that when k& = 3, the samples within ocean basin have similar
admixture patterns (Figure S1). Therefore, k£ = 2 is presented in Figure 3, and £ =3 in
Supplementary Material (Figures S1 and S2). Under the location prior setting, the best
fitting k = 2 for both methods, closely followed by 4. As seen previously, & = 2 split the
samples into ocean basins. Under k& = 4, the South Atlantic samples were admixed
primarily between three ancestral populations, and southwest and southeast Atlantic
samples showed different admixture proportions (Figure S2). Analyses with only the
South Atlantic samples did not find evidence of substructure.

Furthermore, the GENEPLOT analyses showed that while there is some genetic
distinctiveness amongst the South Atlantic wintering grounds, there is not sufficient
resolution with which to assign the SG samples with confidence. This is shown visually
in Figures 5 and 6. The correct assignment probabilities calculated on a pairwise
manner ranged from a modest 0.75, for the probability that a South African

11



GenePlot for Brazil vs. Argentina
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Figure 5: Geneplot showing log genotype probabilities (LGP) for A. Brazilian and Argentinean
and B. Southwest Atlantic (Brazil+Argentina) and South African southern right whale
microsatellite genotypes. The thick centre diagonal line indicates an equal posterior probability
for both reference populations; a point lying on that line has the same LGP with respect to both
reference populations. The thin diagonal lines indicate where the genotype probability (the inverse-
log of the LGP) for one population is 10 times greater than it is for the other population. Also
shown are the 1% quantiles, showing the lowest 1% of the LGP distribution for the corresponding
population. The shaded curves left of and below the central plot show the overall distributions of
the baseline populations (dashed lines) and the overall fit of the other population into the baseline

(solid line).
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sample would be a better fit to South Africa than Brazil, to only 0.51 for the probability
that a Brazilian sample would be a better fit to Brazil than South Africa (Table S1).

Additionally, all the SG samples had high LGPs for Brazil, Argentina and South Africa,
meaning the sampled genotypes have a high probability of arising in any of these
regions. The exception was sample 6B, which had a poor fit to all wintering grounds,
and in fact, to both the Indo-Pacific and South Atlantic groupings. This sample had rare
alleles at 5 loci and will be re-genotyped to investigate if this is an error or simply a
whale with rare alleles.

DISCUSSION
Chile-Peru: a stepping stone between the Indo-Pacific and South Atlantic?

A sample size of one means that we are unable to make any firm statements about the
genetic identity of the Chile-Peru right whale wintering grounds. However, the findings
presented here suggest hypotheses that could be tested with additional data. The single
microsatellite genotype appears to be admixed between the South Atlantic and Indo-
Pacific, whilst having a maternal lineage (BakHapC) that is only previously found in
the Indo-Pacific. This leads to the hypothesis that the Chile-Peru stock could have
historically been a stepping stone between the South Atlantic and Indo-Pacific.
Alternatively, the genetic characteristics seen today could be the result of demographic
processes and resulting genetic drift subsequent to the whaling era. The limited data
show no trend in the number sightings or individuals in the Chile-Peru stock over time,
although there has been a small increase in the number of calves between 1975 and
2010%!°, highlighting the importance of continuing to monitor the region and collect
additional samples as the species recovers from whaling.

A weakness of this analysis is that the correct assignment probabilities for the ocean
basins relative to each other were 0.834 for South Atlantic and 0.861 for Indo-Pacific.
Therefore, there is a chance that the Chile-Peru sample could originate from either
ocean basin and simply not be strongly assigned using GENEPLOT. Interestingly, the
STRUCTURE location prior analysis that could partition samples into ocean basins still
found the Chile-Peru sample admixed.

Additional analyses are underway for the Chile-Peru stock sample, including stable
isotopes, hormone analyses and additional genomic work.

South Georgia/Islas Georgias del Sur: more Southwest than Southeast Atlantic?

The indices of genetic differentiation suggest that the SG feeding ground is genetically
closer to the Southwest Atlantic wintering grounds (Argentina and Brazil) than the
South African wintering ground. This is consistent with several lines of existing
evidence. Firstly, previous analyses of 10 microsatellite loci from the samples collected
in SG in 1997 with samples from the Southwest Atlantic wintering grounds did not find
significant differentiation'®. Secondly, there have been photo-ID matches between SG
and Peninsula Valdes”!'?. In contrast, comparison of photos collected during the SG
surveys of 1997 and 2018 and the South African wintering ground catalogue did not
produce any matches'? (J. Jackson et al. in prep). Finally, satellite tagging studies have
shown movement from Peninsula Valdes, Argentina, but not from South Africa, to
SG>!4, Southern right whales wintering in South Africa appear to feed to the east (20°W
- 20°E), including Bouvet Island®, and so may not visit SG.
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However, there is also evidence to suggest that there may be connectivity between SG
and South Africa. Firstly, there were two samples from SG with mtDNA haplotypes
only found in South Africa. Additionally, the SG samples typically had high genotype
probabilities in all of the South Atlantic wintering grounds, based on the GENEPLOT
analysis. It may be that using additional loci could increase the power of the
GENEPLOT analysis, and work is underway to see if the available ddRAD data (E.
Carroll, O. Gaggiotti and colleagues unpublished) improve the correct assignment
probabilities observed in this study.
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SUPPLEMENTARY MATERIAL
Table S1: Estimates of correct assignment probability for pairwise comparisons of
South Atlantic wintering grounds based on 17 microsatellite loci and calculated using
GENEPLOT. This is the probability that a random genotype from population A will
be correctly assigned to population A rather than to population B.

Population A Population B Correct assignment probability
Argentina Brazil 0.66
Argentina South Africa 0.67
Brazil Argentina 0.77
Brazil South Africa 0.51
South Africa Argentina 0.50
South Africa Brazil 0.75
South Africa Southwest Atlantic | 0.66
Southwest Atlantic South Africa 0.61

Supplementary Material 1: Details of STRUCTURE results

Table S2: Best fitting & inferred from delta £ method of Evanno et al. and using mean
log likelihood directly from STRUCTURE output. & infers the number of ancestral
clusters, whereas the observed division highlights how the contemporary samples group
given a value of £.

Model Delta k Mean log Observed division (k)
likelihood

Admixture 1 (3 second) 3 (3) Ocean Basin

without

location prior

Admixture 2 (4 second) 2 (4 second) Ocean Basin (2); Southwest and

with location Southeast Atlantic different (4)

Prior

K=2 Chile

South Africa

Southwest Atlantic Indo-Pacific

Figure S1: Individual admixture proportions from STRUCTURE analysis using
standard admixture settings, showing most common mode identified by CLUMPAK.
The k =2 (in Figure 3 with more detail) and k& = 3 figures show admixture proportion
varies by ocean basin.
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Chile

K=2
South Africa Southwest Atlantic Indo-Pacific

K=3

K=4

Figure S2: Individual admixture proportions from STRUCTURE analysis using
location prior settings, showing most common mode identified by CLUMPAK. The &
= 2 (in Figure 3 with more detail) and k£ = 3 figures show admixture proportion varies
by ocean basin (orange colour shows Indo-Pacific samples), whereas k = 4 suggests
some division within the South Atlantic.
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