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ELECTRONIC APPENDIX 

2. MATERIALS AND METHODS

a. DNA extraction and molecular analyses

A total of 1,202 skin samples were collected from free-ranging humpback whales in

the Indian Ocean off the northeast coast of Madagascar (n=722) from 1996 to 2001, and

in the South Atlantic Ocean off the coast of Gabon (n=480) in years 2001 and 2002

(Table 1 of this Appendix), mostly using the biopsy dart procedure (Lambertsen 1987) or

as sloughed skin when available. Genomic DNA was extracted using standard

Phenol/Chloroform extraction protocol (Sambrook et al. 1989) or with the DNAeasy

tissue kit (Qiagen).

Eleven cetacean di-, tri- and tetra- nucleotide microsatellite loci were selected from

literature: 199/200, 417/418 and 464/465 (Schlötterer et al. 1991); EV1Pm, EV37Mn,

EV94Mn and EV96Mn (Valsecchi & Amos 1996); and GATA028, TAA031, GATA053

and GATA417 (Palsbøll et al. 1997). One primer of each pair was labeled with a

fluorescent tag on the 5′ end and polymerase chain reaction (PCR) for all samples was

carried out in a 20µl or 10µl volume with the following conditions: 50mM KCl, 10mM

Tris-HCl pH8.8, 2.5-3.5mM MgCl2, 200µM of each dNTP, 0.4µM of each primer, 0.025

U/µl Taq Gold polymerase (Perkin-Elmer). Amplifications were completed after

optimization of published annealing temperatures and profiles. Pooled PCR products

were loaded with the addition of an internal standard ladder on an ABI 377 or 3700 DNA

analyzer (Applied Biosystems). The allele size in base pairs was identified with the

software GENESCAN ANALYSIS and GENOTYPER 2.1 (Applied Biosystems).

Sex determination was carried by PCR amplification followed by TaqI digestion of
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the ZFX/ZFY region of the sex chromosomes, and amplification of the SRY region

located on the Y chromosome (Palsbøll et al. 1992). To characterize maternal lineages we

used a 486-basepair fragment containing the majority of variable nucleotide positions in

the mitochondrial DNA (mtDNA) control region of humpback whales (Baker et al.

1993). Amplification protocols for this fragment and analyses of haplotype diversity are

described in Rosenbaum et al. (2004).

All the analyses for the two identified matching samples were repeated in duplicate

starting from the DNA extraction step.

b. Statistical analyses

Deviation from Hardy-Weinberg equilibrium (HWE) was evaluated for each locus

and each population using a probability test based on a Markov chain Monte Carlo

(dememorization 1000 iterations, batches 1000, iterations per batch 10000, Guo &

Thompson 1992) as implemented in GENEPOP 3.4 (Raymond & Rousset 1995). The

same software was used to investigate linkage disequilibrium (LD) between each pair of

loci for each population in a total of 110 tests (dememorization 1000 iterations, batches

100, iterations per batch 10000). Significance levels (p=0.05) for departure from HWE

and for LD were corrected for simultaneous comparisons with the sequential Bonferroni

test (Rice 1989).

The average probability of different individuals in the populations sharing the same

genotype by chance (Probability of Identity, PI) was estimated using the software API-

CALC 1.0 (Ayres & Overall 2004; Waits et al. 2001). This software implements an

algorithm corrected for the presence of relatives and sub-structure in the population. For

this estimate the samples from both populations were pooled together and corrected for
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FST=0.0021 (Pomilla et al. 2004). Since it is more likely that two relatives will share the

same genotype, we also calculated, for the specific case of the match between

Madagascar and Gabon the more conservative PI for siblings (PIsib) as advised by Waits

et al. (2001) and PI for parent-offspring (PIpof). Although a relationship of siblings is very

unlikely in humpback whales (Clapham & Palsbøll 1997), PIsib is more conservative than

PIpof, which would be the next closer kin relationship. These were calculated for each

locus (for heterozygote genotypes PIsib=(1+pi+pj+2pipj)/4 and PIpof=(pi+pj)/2; for

homozygote genotypes PIsib=(1+2pi+2pi
2)/4 and PIpof=pi; pi is the frequency of the ith

allele and pj is the frequence of the jth allele), and then multiplied across loci.

The hypothesis of mother-offspring relationship between the samples BA-00-S-200

(offspring) and BA-00-S-201 (mother) was tested with a maximum likelihood estimator

implemented in KINSHIP 1.3.1, a program for testing hypotheses of pedigree

relationships between pairs of individuals (Goodnight & Queller 2000). Given the

hypothesis, KINSHIP uses the population allele frequencies and the genotypes of the two

individuals under consideration to calculate the likelihood that this genotype combination

could have been produced by the relationship as specified. The likelihood for the primary

hypothesis and a null hypothesis are calculated, and the ratio between them

(primary/null) is reported. A high value of the ratio favours the primary hypothesis and a

low value rejects it in favour of the null hypothesis. The primary hypothesis of mother-

offspring relationship was tested against the null hypothesis of half-sibling relationship.

The significance level of the obtained ratio was calculated by simulating 1000 pairs of

individuals using the hypothesis settings and the observed allele frequencies and

determining the ratio needed to reject the null hypothesis with p = 0.05, 0.01 and 0.001.
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To estimate migration rates between Madagascar and Gabon we used a maximum-

likelihood framework based on coalescence theory, implemented in the program

MIGRATE 2.0.3 (Beerli & Felsestein 1999; Beerli & Felsestein 2001). Specifically, the

parameters estimated by MIGRATE for diploid bi-parentally inherited markers as

microsatellites are M  (m/µ) and Θ  (4Ne µ) where m  is the immigration rate, µ the

mutation rate, and Ne  the effective population size. The product ΘM results in the number

of immigrants per generation 4Ne m here reported simply as Ne m .  MIGRATE assumes

that the sampled populations represent all populations, the likelihood of which is rare.

Missing populations (ghost populations) can create the appearance of migration between

populations that do not actually exchange migrants (Beerli 2004). To minimize the effect

of ghost populations, beside Gabon and Madagascar, the analysis included seven

additional sampled localities within the wintering regions of the western (one site) and

eastern (one site) South Atlantic, and of the Southwestern (four sites) and northern (one

site) Indian Oceans. Methodology and results of this analysis are described in (Pomilla

2005).
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Table 1. Years of sampling and number of samples collected from individual (N)
humpback whales in Gabon and Madagascar. Number of known female (F) and male (M)
individuals is also shown.

Sampling Site Years Samples N F M

Iguela and Gamba, Gabon 2001 181 150 39 111
2002 299 255 98 156

Antongil Bay, Madagascar 1996 98 72 19 52
1997 53 45 13 31
1998 91 68 17 49
1999 149 113 34 76
2000 144 112 38 71
2001 187 154 41 113
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