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Abstract

In the Southwestern Atlantic Ocean, humpback whales migrate every winter to the
Abrolhos bank, on the Brazilian coast, for breeding and calving. This “stock”
represents the remnants of a larger population heavily hunted during the beginning
of the 20th Century. Despite its relevance to conservation efforts, the amount of
genetic variation and the Antarctic feeding areas for this population are still largely
unknown. In order to examine these questions, we sequenced 450 bp of the
mitochondrial DNA control region from samples taken from individuals at the
Abrolhos bank (n=176) and near the Antarctic Peninsula (n=77). A total of 61, 17
and 13 haplotypes were determined in Brazilian, Antarctic Area I and II
populations, respectively. The proportion of shared haplotypes and the genetic
distance showed a greater similarity between the two Antarctic areas than between
any of these feeding areas and Brazil. These results indicate that the humpback
whale populations from these portions of Antarctic Areas I and II seem to have no
clear genetic differentiation and, therefore, that the boundaries between Areas I
and II as currently defined by the International Whaling Commission should be
considered with caution in a biological sense. We suggest that the feeding area of
the Brazilian humpback whale population be located in the eastern part of Area II,
near South Georgia/South Sandwich/Scotia Sea area.
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Introduction

In the Southern Hemisphere humpback whales (Megaptera novaeangliae)
usually migrate from summer feeding grounds in the Antarctic to mating and
calving grounds in tropical and subtropical regions (e.g. Mackintosh 1945;
Chittleborough 1965; Dawbin 1966). The International Whaling Commission (IWC)
currently recognizes seven humpback whale breeding populations in the Southern
Hemisphere (IWC 2001), with corresponding feeding grounds in high-latitude
Antarctic waters (Dawbin 1966; Clapham and Mead 1999). The longitudinal
boundaries of the feeding areas have led the IWC to establish political units for
commercial whaling in the region (Tonnessen and Johnsen 1982), and since 1957
the limits of six feeding grounds in Antarctic waters, known as Areas I to VI, were
adopted by this organization, which in the 1974/75 season included them in its
“official” schedule.
Humpback whales wintering off the Brazilian coast are considered as part of
the Southwestern Atlantic breeding stock “A” (e.g. see summary in IWC 2004).
Previous studies (Engel 1996; Siciliano 1997; Martins et al. 2001; Freitas et al.
2004) suggesting the Abrolhos Bank (16º40´- 19º30´S and 37º25´- 39º45´W) in
Brazil as the main mating and calving ground of this species in the Southwestern
Atlantic Ocean were corroborated by aerial surveys between 12o 10’S and 20o
42’S (Andriolo et al.2006) along the coastal waters of the states of Bahia and
Espírito Santo. However, the corresponding feeding ground in the Antarctic region,
Areas I or II (located respectively between the meridians 120ºW to 60ºW and 60ºW
to 0º; Donovan 1991), has not yet been clearly established. Comparisons based in
the photo-identification catalogs (e.g. Stevick et al. 2004) did not result in any
match between Abrolhos and Antarctic Area I. On the other hand, photoidentification studies and mitochondrial DNA (mtDNA) analyses (Caballero et al.
2001; Olavarría et al. 2000) have demonstrated an evident link between the
humpback populations that breed along the Pacific coasts of Colombia and
Ecuador and Area I, in the western part of the Antarctic Peninsula. Studies have
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been much less extensive in Antarctic Area II in the Southwestern Atlantic Ocean,
another likely feeding ground of the Brazilian population. Despite this lack of
information, a recent comparison with Shag Rocks, South Georgia, revealed the
first photo-identification match of this population in a feeding ground (Stevick et al.
2005). Another recent study demonstrated that two humpback whales tagged with
satellite transmitters off the Brazilian coast migrated to areas close to South
Georgia and Sandwich Islands (Zerbini et al., 2006). This was recently supported
with additional photographic matches from Abrolhos Bank to South

Sandwich

(Marcovaldi, et al., 2006)
Commercial exploitation has brought this species to the brink of extinction in
many areas of the world. More than 200,000 humpback whales were hunted in the
Southern Hemisphere in the past century (Clapham 2002), including several
thousands in the feeding area of the stock A (Tonnessen and Johnsen 1982).
Although the worldwide protection of humpback whales from hunting was
established in 1966 (Rice 1978), the impact of such population reduction over the
current levels of genetic variation is still unknown for the Brazilian “stock”, despite
the importance of genetic diversity parameters for understanding the historical
demography of the species, such as its long-term effective population size (Baker
and Clapham 2004). In this study we used mitochondrial DNA control-region
sequencing to investigate the genetic diversity and the putative association
between Brazilian and Antarctic (areas I and II) humpback whales to clarify the
location of the feeding ground for the Brazilian population, and to improve current
conservation policies for this species.

Materials and methods

Sampling, and mtDNA sequencing
Skin samples of humpback whales, mostly from the Abrolhos Bank, were
taken periodically every week during the breeding seasons (July to November),
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from 1997 through 2001 with the exception of the 2000 season, when wild animal
sampling was temporarily suspended in Brazil. A few samples resulted from
individuals stranded in Bahia and Espírito Santo or from other locations on the
Brazilian coast (Figure 1a). Adult animals were sampled randomly among social
groups. With few exceptions, it was not possible to completely avoid resampling
the same animal. For each whale sampled, date, GPS coordinates, and group
composition were recorded. For the sampling of free-ranging whales, a Barnett
Wildcat XL crossbow was used with stainless steel biopsy darts (8mm diameter,
15mm length sampling tip). Samples were kept in 70% ethanol or DMSO,
according to the protocol established by Baker et al. (1998).
Additional skin samples were obtained in the Gerlache and Bransfield
Straits and in the Weddell Sea, near the Antarctic Peninsula, using similar
sampling procedures as described above (Figure 1b). These samples were
obtained during the expeditions by the Brazilian Antarctic Program (PROANTAR)
in the austral summers of the years 1999 and 2000 (see Secchi et al. 2001).
Genomic DNA extraction was carried out following protocols modified from
Baker et al. (1993a) and Palsboll et al. (1995), with tissue digestion in 1.0% SDS,
150 mM sodium chloride, 10 mM Tris-HCl (pH 8.0), 1 mM EDTA and 100 µg /ml-1
Proteinase K at 650 C for a minimum of three hours, followed by phenol/chloroform
extraction and ethanol precipitation. Approximately 450 nucleotides from the most
variable portion of the mtDNA control region were amplified using primers Dlp-1.5
and Dlp-5 with PCR profile described in Baker et al. (1993a). Amplification
conditions were as follow: approximately 100 ng of genomic DNA, 20 mM Tris-HCl
(pH 8.4), 50 mM KCl, 1.5 mM MgCl2, 0.5 units of Taq DNA polymerase, 0.2 µM of
each primer, and 0.2 mM dNTPs in 25 µl of reaction volume. The amplified material
was purified with shrimp alkaline phosphatase and exonuclease I, and sequenced
with the chain terminators method (ET terminator kit – GE Healthcare) in
MegaBACE 1000 (GE Healthcare). The sequences were checked by visual
inspection

of

the

resulting

chromatogram

in

Chromas

v.2.0
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(www.technelysium.com.au). The sequences have been deposited in GenBank
under accession numbers AY329844-AY330096.

Statistical methods
Sequence alignment was done using ClustalX program (Thompson et al.
1994),

and

corrected

by

hand

(http://www.mbio.ncsu.edu/BioEdit/bioedit.

in
html).

the

BioEdit

Nucleotide

and

program
haplotype

diversity and their standard errors, as well as Tajima’s and Fu and Li’s neutrality
tests for each population were calculated in the DnaSP v.3.51 program (Rozas and
Rozas 1999). The genetic structure was assessed using AMOVA and pairwise Φst
(Excoffier et al. 1992), as implemented in the ARLEQUIN 2.0 software (Schneider
et al. 2000). For this analysis, in addition to considering samples from Brazil,
Antarctic area I, and Antarctic area II as three independent populations, we also
studied the effect of grouping any two populations, such that all three possible
pairs were tested. AMOVA was performed using Kimura’s K2P distance among
haplotypes (Φst) and 2000 replications. This program was also used to estimate
pairwise Φst values whose significance was tested using 1000 permutations. Φst
was used instead of traditional Fst because of the modest haplotype sharing
between populations.

Results

Variability of mtDNA control region sequences
A consensus segment of about 400 bp of the mtDNA control region was
assembled from 176 samples from Brazil, 46 from Antarctic Area I and 31 from
Antarctic Area II. For the Brazilian sample, 57 polymorphic sites were identified
defining 61 haplotypes. For the Antarctic samples, 24 and 21 segregation sites
were detected defining 17 and 13 haplotypes for Areas I and II, respectively (Table
1). None of the neutrality tests performed resulted in significant deviations from
neutral expectations for any of the populations studied (data not shown),
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suggesting that the current diversity results mainly from the demographic history of
these populations and not from adaptive evolution of the locus.
Nucleotide and haplotype diversities for each one of these areas was
compared to that reported for other breeding and feeding grounds within three
ocean basins (North Atlantic, North Pacific and Southern Hemisphere; Table 1).
The Brazilian haplotype diversity (H=0.971) was similar to that found in the majority
of the breeding grounds including the other Atlantic breeding areas (Angola, Gabon
and Western South Africa), but was statistically higher than in Malaga Bay and in
the Antarctic Area I sample analyzed in the present study. The very similar values
for Antarctic Areas I and II (H=0.913, and H=0.912, respectively), albeit lower than
the average for feeding grounds, were not statistically different from most other
populations. The nucleotide diversity value found for the Brazilian population
( =0.020) was not statistically different from any other population sampled at the
breeding grounds. On the other hand, the value for Antarctic Area II population
( =0.017) was statistically lower than any other Antarctic Area except Area I,
whose value (

=0.018) was lower than that found in Antarctic Areas IIIE, IV and

V.

Populational Comparisons

The global frequency distribution of haplotypes among the three populations
was significantly different (Table 2,

=21.934; p=0.001). There is an excess of

the BR clade in Brazil, and of the AE clade in the Antarctic Area II, and a lack of
the AE clade in Brazil. An adjusted pairwise comparison further reveals that while
the Brazilian and Antarctic Area II populations remain statistically different
(

=17.581; p=0.001), neither differs from the Antarctic Area I population

(

=5.735; p<0.250, and

=5.118; p<0.327, respectively).

The proportion of haplotypes that were private differed greatly among the
three populations (Table 3). While in the Brazilian sample 88.5% of the observed
haplotypes were restricted to that population, the proportion of exclusive
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haplotypes in the Antarctic samples was only 29.4% in Area I and 15.4% in Area II.
The analysis of shared haplotypes was also suggestive of a higher distinctiveness
of the Brazilian population, since it revealed ten common haplotypes between
Antarctic Areas I and II, but only six between Brazil and Area I, and five between
Brazil and Area II, despite the much higher sample size of the Brazilian population.
Four haplotypes were shared among all populations.
The AMOVA showed that when each population is considered an
independent unit, 98.6% of the mtDNA variability was found within the populations
(Table 4). Comparing the Brazilian population against the pooled Antarctic
populations resulted in the highest among groups variation (2.2%), higher than that
found for any other alternative grouping. However, the Φst was statistically
significant in all comparisons (Table 4). The greater similarity between the two
Antarctic grounds is also corroborated by the pairwise genetic distances, whose
value between the samples for the two Antarctic areas (0.018) was, though not
statistically significant, lower than that found between Brazil and any of the two
Antarctic feeding Areas (0.020). This is further supported by the pairwise Φst matrix
that indicates non-significant values between Antarctic Areas I and II, even though
the Φst value between Brazil and Antarctic Area II was also non-significant (Table
5).

Discussion
The high mitochondrial DNA diversity (nucleotide and haplotype) observed
in the Brazilian sample is in agreement with other breeding areas studied in the
Southern Hemisphere and in the North Atlantic Ocean (Baker et al. 1993b, 1998;
Rosenbaum et al. 1998; 2000; 2001). Despite the severe depletion of this stock
due to commercial whaling (Paiva and Grangeiro 1965; 1970), its maternal genetic
diversity shows no sign of a strong reduction. A likely explanation for the
maintenance of such high levels of diversity in humpback whale mtDNA in general
is that the major harvests were both short-lived relative to the generation time
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estimated for this species (12-24 years, Roman and Palumbi 2003) and never
reached too small absolute population sizes. The decay of the genetic variability in
a population that was reduced in size is determined directly by interplay between
the duration of the reduction in generations and the minimum absolute population
size attained (Nei et al. 1975). For the Brazilian population, for example, it is
estimated that the duration of the most extensive whaling period was about 46
years (Paiva and Grangeiro 1965; 1970), corresponding to only between two and
four humpback whale generations. An alternative hypothesis would be that a
genetic bottleneck did occurred during the harvest period, but the presently high
mtDNA diversity in all Southern Hemisphere humpback populations may have
been caused by recent gene flow, since a low but constant gene flow among these
areas may exist (Pomilla et al. 2004). However, that estimated levels of present
gene flow would be insufficient for the recovering of high diversity levels after a
putative bottleneck in such a short period. Moreover, if we postulated a higher
gene flow, the sharing of mtDNA haplotypes from breeding stock A with other
areas would be extensive, which seems not to be the case (e.g. Pacheco de
Godoy et al. 2004; Rosenbaum et al. 2004). Therefore, the most likely explanation
for the high mtDNA variability presently shown in the Abrolhos Bank breeding
population is that it has just maintained its historically high diversity through the
whaling period. Nonetheless, gene flow has certainly played an important role in
the remote past (before whaling), as it helps to explain both the long term high
genetic diversity of most humpback whale populations studied in the Southern
Hemisphere (Rosenbaum et al. 2004) as well as the low geographical structuring
of the clades.
It is less clear why the nucleotide diversity found in both Antarctic Areas I
and II were lower when compared to that found in other Antarctic areas, as the
geographic range of the sampling seems to be similar to the other studies (Fig.
1B). Interestingly, one of the breeding populations sampled in the Pacific South
American coast (Malaga Bay, Colombia) has both

haplotype and nucleotide

diversities lower than other breeding grounds (Table 1). The known migratory
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connection between the Colombian population and the Antarctic Peninsula (Area I
and west of Area II) (Caballero et al. 2001; Stevick et al. 2004) could explain the
lower genetic diversity in these feeding grounds. However, this conjecture must be
taken with caution, firstly because another Pacific South American population
(Gorgona Is., Colombia) does not seem to have lower than average diversity
values, and, secondly, because these estimates for the Malaga Bay population,
despite lower than average, are not statistically different from those obtained for
other breeding populations.
Concerning the relationship among the Brazilian breeding ground and
Antarctica feeding areas, the AMOVA analyses indicate a lower differentiation
between Antarctic Areas I and II when both are compared with the Brazilian
population. The results of population pairwise FSTs also corroborate the AMOVA
results, with a lower genetic difference between Antarctic Areas I and II than
between Brazil and any of these feeding grounds. More significantly, the proportion
of shared haplotypes between Brazil and both Antarctic Areas and between Brazil
and each Antarctic Area separately (Table 2) may be considered very low when
compared to the proportion between the Colombian breeding area and Antarctic
Area I, whose migratory connection is well established also by photo-identification
studies (Stevick et al. 2004). Of a total of 37 haplotypes found in these two areas,
17 were common to both (Caballero et al. 2001).
The Antarctic Areas I and II sampled here shown a very high similarity.
Despite the lower sample sizes, both Antarctic Areas showed the highest number
of shared haplotypes, while a high percentage of exclusive haplotypes (88.5%)
occurred in the Brazilian population. Furthermore, in analyses such as AMOVA and
the pairwise genetic distances, both Antarctic Areas showed the highest affinity,
though these differences were not always statistically significant. There has been
some discussion in the literature concerning the limits between feeding Areas I and
II for the humpback whales. Recently, Olavarria et al. (2000) recommended
changing the boundary between Antarctic areas I and II from 60ºW to at least 58ºW
based on a comparison between samples from the Colombian breeding grounds
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and the Antarctic Peninsula. They found that the sharing of haplotypes between
the Colombian samples occurred all over the Antarctic Peninsula, independently of
the longitude where the samples where taken. As in our results the populations
that forages in Area I and in western Area II are genetically undistinguishable, we
agree with Olavarria et al. (2000) that the 60ºW does not seem to mark any
population boundary for the humpback whales. In this way, the delimitation of
different feeding Areas within the Antarctic Peninsula seems not appropriate for
management purposes.
In summary, all our results are very robust in pointing to the greater
distinctiveness of the Brazilian population in comparison with the Antarctic
Peninsula samples and indicate that Area I and the western portion of Area II,
close to the Antarctic Peninsula (Figure 1), do not constitute the main feeding
ground of the Brazilian humpback whales. Although the haplotypes from Colombia
and the Antarctic Peninsula from Olavarria et al. (2000) and Caballero et al. (2001)
are not available for direct comparison, the sampled Antarctic Peninsula area from
their studies widely overlaps ours. The strong genetic and photo-identification
connections between the Colombian breeding ground and the Antarctic Peninsula
feeding ground for one hand and for the other the weak genetic connection and the
lack of photo-identification matches (Stevick et al. 2004) between the Antarctic
Peninsula and the Brazilian populations support the hypothesis that the Antarctic
Peninsula is the feeding ground for the Pacific Colombian breeding population but
not for the Atlantic Brazilian population. The feeding ground for the Brazilian
population should therefore be located elsewhere, most likely in the South
Georgia/South Sandwich/Scotia Sea area, as indicated by recent photoidentification reports in these areas (Stevick et al. 2005) and a study using radio
telemetry (Zerbini et al. 2004). The use of molecular markers, including nuclear
microsatellite loci,,in humpback whale samples collected around the South
Georgia/South Sandwich Islands, as well as in the Scotia Sea, would be of
greatest importance to access the genetic structure in these areas and to support
the hypothesis that they correspond to the humpback whale Brazilian breeding
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population. Of great importance would be to compare populations from all or most
South Hemisphere breeding and feeding grounds using both uniparental and
biparental molecular markers to get a more complete picture of the evolutionary
history of these populations.

Acknowledgements
This study was done in partnership with IBAMA (Brazil) and the American
Museum of Natural History/USA. Instituto Baleia Jubarte was sponsored by
Petróleo Brasileiro S.A. (PETROBRAS). PUCRS received grants from FAPERGS
and CNPq. Projeto Baleias/PROANTAR acknowledges CNPq, Marinha do Brasil,
Secretaria da Comissão Interministerial para os Recursos do Mar and Ministério
do Meio Ambiente. L. Dalla Rosa was supported by CAPES (Grant BEX1339/028). We thank the staff of Instituto Baleia Jubarte, Projeto Baleias/PROANTAR (Paul
G. Kinas, Manuela Bassoi, Marcos C. O. Santos, Paulo A. C. Flores, Daniel
Danilewicz)

and

colleagues

of

the

Centro

de

Biologia

Genômica

e

Molecular/PUCRS for their help in field and lab activities. We are also indebted to
Cristina Pomilla, Thales R. O. de Freitas, Larissa Heinzelmann, Aria Johnson and
Bradley White for their important contributions in the lab.

12

References
Andriolo A, Martins CCA, Engel MH, Pizzorno JL, Más-Rosa S, Freitas A, Morete
ME, Petta CB, Kinas PG (2006) The first aerial survey to estimate abundance
of humpback whale (Megaptera novaeangliae) in the breeding ground off Brazil.
J. Cetacean Res. Manage (in press).
Baker CS and Medrano-González L (2002) Worldwide distribution and diversity of
humpback whale mitochondrial DNA lineages. In: Molecular and Cell Biology of
Marine Mammals (eds. C.J. Pfeiffer & P.E. Nachtigall), pp. 81-106. Krieger
Publishing Company, Melbourne.
Baker CS, Clapham PJ (2004) Modelling the past and future of whales and
whaling. TREE 19:365-371.
Baker CS, Palumbi SR, Lambertsen RH, Weinrich MT, Calambokidis J, O´Brien SJ
(1990) Influence of seasonal migration on geographic distribution of
mitochondrial DNA haplotypes in humpback whales. Nature 344: 238-240.
Baker CS, Perry A, Bannister JL, Weinrich MT, Abernethy RB, Calambokidis J,
Lien J, Lambertsen RH, Urban-Ramirez J, Vasquez O, Clapham PJ, Alling A,
O´Brien SJ, Palumbi SR (1993a) Abundant mitochondrial DNA variation and
worlwide population structure in humpback whales. Proc. Natl. Acad. Sci. USA
90:8239-8243.
Baker CS, Gilbert DA, Weinrich MT, Lambertsen R, Calambokidis J, Mc Ardle B,
Chambers GK, O´Brien SJ (1993b) Population characteristics of DNA
fingerprints in humpback whales (Megaptera novaeangliae). The Journal of
Heredity, 84, 281-290.
Baker CS, Flórez-González L, Abernethy B, Rosenbaum HC, Slade RW, Capella J,
Bannister JL (1998) Mithocondrial DNA variation and maternal gene flow
among humpback whales of the Southern Hemisphere. Mar. Mamm. Sci., 14,
721-737.
Caballero S, Hamilton H, Jaramillo C., Capella J ,Flórez-González L, , Olavarría C,
Rosenbaum HC, Guhl F., Baker CS (2001) Genetic characterisation of the
Colombian Pacific coast humpback whale population using RAPD and
mitochondrial DNA sequences. Mem. Queensl. Mus., 47, 459-464.
Chittleborough RG (1965) Dynamics of two populations of the humpback whale,
Megaptera novaeangliae (Borowski). Aust. J. Mar. Freshwater Res., 16, 33128.
Clapham PJ (2002) Humpback Whale. In: Encyclopedia of Marine Mammals (eds.
Perrin, W.F; Würsig, B. & Thewissen, J.G.M.), pp 589-592. Academic Press,
San Diego.
Clapham PJ, Mead JG (1999) Megaptera novaeangliae. Mamm. Spec., 604, 1-9.

13

Dalla Rosa L, Freitas A, Secch, ER, Santos MCO, Engel MH (2004) An updated
comparison of the humpback whale photo-id catalogues from the Antarctic
Peninsula and the Abrolhos Bank, Brazil. Rep. Int. Whaling Comm.,
SC/56/SH16.
Dawbin W (1966) The seasonal migratory cycle of the humpback whale. In:
Whales, Dolphins and Porpoises. (ed. Norris KS), pp 145-170. University of
California Press, Berkeley.
Donovan GP (1991) A Review of IWC Stock Boundaries. Rep. Int. Whaling
Comm., Spec. Iss., 13, 39-68.
Engel MH (1996) Comportamento reprodutivo da baleia jubarte (Megaptera
novaeangliae) em Abrolhos. Anais de Etologia, 14, 275-284.
Excoffier L, Smouse PE, Quattro J (1992) Analysis of molecular variance inferred
from metric distances among DNA haplotypes: application to human
mitochondrial DNA data. Genetics, 131, 479-491.
Freitas AC, Kinas PG, Martins CCA , Engel MH (2004) Abundance of humpback
whales on the Abrolhos Bank wintering ground, Brazil. J. Cetacean Res.
Manage., 3, 225-230.
Guindon S, Gascuel O (2003) A simple, fast and accurate algorithm to estimate
large phylogenies by maximum likelihood. Syst. Biol. 52, 696-704.
International Whaling Commission (1998) Report of the Scientific Committee.
Annex G. Report of the Sub-Committee on Comprehensive Assessment of
Southern Hemisphere Humpback Whales. Report of the International Whaling
Commission 48: 55-302.
International Whaling Commission (2004) Report of the Scientific Committee.
Annex H. Report of the Sub-Committee on Other Southern Hemisphere Whale
Stocks. Appendix 7. Report of the intercessional group: work required to
complete assessment of Southern Hemisphere Humpback Whales. J.Cetacean
Res. Manage. (Suppl.) 6:259-267.
Kumar S, Tamura K, Jakobsen IB, Masatoshi N (2001) MEGA2: Molecular
Evolutionary Genetics Analysis Software. Arizona State University, Tempe,
Arizona, USA.
Mackintosh, N.A. 1965. The stocks of whales. Fishing News (Books) Ltd, London.
Martins CCA, Morete ME, Engel MH, Freitas A, Secchi ER, Kinas PG (2001)
Aspects of habitat use patterns of humpback whales in the Abrolhos bank,
Brazil, breeding ground. Mem. Queensl. Mus., 47, 563-570.
Nei M, Maruyama T, Chakraborty R (1975) The bottleneck effect and genetic
variability in populations. Evolution 29, 1-10.
Olavarría C, Baker CS, Medrano L, Aguayo A, Caballero S, Flórez-González L,
Capella J, Rosenbaum HC, Garrigue C, Greaves J, Bannister JL, Jenner M,
Jenner C (2000) Stock identity of Antarctic peninsula humpback whales inferred
from mtDNA variation. Rep. Int. Whaling Comm., SC/52/IA15.

14

Pacheco de Godoy MML, Collins T, Ersts P, Engel MH, Rosenbaum H (2004)
Preliminary photographic comparisons of humpback whales (Megaptera
novaeangliae) from two South Atlantic wintering grounds. Rep. Int. Whaling
Comm., SC/56/SH8.
Paiva MP, Grangeiro BF (1965) Biological investigations on the whaling seasons
1960-1963, off northeastern coast of Brazil. Arquivos da Estação de Biologia
Marinha da Universidade do Ceará, 5, 24-64.
Paiva MP, Grangeiro BF (1970) Investigations on the whaling seasons 1964-1967
off northeastern coast of Brazil. Arquivos de Ciências do Mar, 10, 111-126.
Palsboll PJ, Clapham PJ, Mattila DK, Larsen F, Sears R, Siegismund HR,
Sigurjónsson J, Vásquez O, Artander P (1995) Distribution of mtDNA
haplotypes in North Atlantic humpback whales: the influence of behaviour on
population structure. Marine Ecology Progress Series, 116, 1-10.
Pastene LA, Goto M, Abe H, Nishiwaki S, Palsbøll PJ (2000) Genetic diversity of
humpback whales in the Antarctic feeding ground examined by mitochondrial
DNA and microsatellites. Rep. Int. Whaling Comm., SC/52/IA5.
Pomilla C, Best PB, Findlay KP, Kotze PJH, Engel MH, Barendse J, Rosenbaum
HC (2004) Population structure of Southern Hemisphere humpback whales
from wintering regions A, B and C based on nuclear microsatellite variation.
Rep. Int. Whaling Comm., SC/56/SH4.
Posada D, Crandall KA (1998) Modeltest: testing the model of DNA substitution.
Bioinformatics 14, 817-818.
Rice DW (1978) The humpback whale in the North Pacific: distribution,
exploitation, and numbers. In. Report on a Workshop on Problems Related to
Humpback Whales (Megaptera novaeangliae) in Hawaii, (eds. Norris KS,
Reeves R), pp.29-44. U.S. Marine Mammal Commission, Washington.
Roman J, Palumbi S (2003) Whales before whaling in North Atlantic. Science 301,
508-510.
Rosenbaum HC, Razafindrakoto Y, Flórez-González L, Capella J, Garrigue C,
Greaves J, Jenner C, Jenner M-N, Robles-Saavedra MR, De Salle R, Baker CS
(1998) Variation and geographic structure of humpback whale mitochondrial
DNA from the wintering grounds of Areas III, IV, V and VI in the Southern
Hemisphere. Rep. Int. Whaling Comm., SC/50/CAWS35.
Rosembaum HC, Best PB, Findlay KP, Engel MH, Pomilla C, Razafindrakoto Y,
Morete ME, Vely M, Freitas AC, Baker CS, Jenner C, Jenner M-N, Bannister J
(2000) Mitochondrial DNA variation among humpback whales from the
wintering grounds in the South Atlantic and Southwestern Indian Oceans. Rep.
Int. Whaling Comm., SC/52/IA11.
Rosenbaum HC, Best PB, Pomilla C (2001) A preliminary analysis of mtDNA
variation among humpback whales of the southeastern Atlantic Ocean from the
wintering grounds along the coast of west Africa. Rep. Int. Whaling Comm.,
SC/53/IA32.
15

Rozas J, Rozas R (1999) DnaSP version 3: an integrated program for molecular
population genetics and molecular evolution analysis. Bioinformatics, 15, 174175.
Saitou N, Nei M (1987) The neighbor-joining method: a new method for
reconstructing phylogenetic trees. Mol. Biol. Evol., 4, 406-425.
Schneider S, Roessli D, Excoffier L (2000) Arlequin v. 2.000: A Software for
Population Genetics Data Analysis. Genetics and Biometry Laboratory,
University of Geneva, Switzerland.
Secchi ER, Dalla Rosa L, Kinas PG, Santos MCO, Zerbini AN, Bassoi M, Moreno I
(2001) Relative density of whales around the Antarctic Peninsula with special
reference to humpbacks, Megaptera novaeangliae, in the Gerlache Strait and
South Sheetland Islands: summer 1997/98 to 1999/2000. Mem. Queensl. Mus.,
47, 571-578.
Siciliano S (1997) Características da população de baleias jubarte (Megaptera
novaeangliae) na costa brasileira, com especial referência aos Bancos de
Abrolhos. Master Dissertation, Universidade Federal Rural do Rio de Janeiro,
Brazil.
Stevick PT, Aguayo A, Allen J, Avila IC, Capella J, Castro C, Chater K, Dalla
Rosa L, Engel MH, Félix F, Flórez-González L, Freitas A, Haase B, Llano
M, Lodi L, Munoz E, Olavarría CY, Secchi E, Scheidat M, Siciliano S (2004)
Migrations of individually identified humpback whales between the Antarctic
Peninsula and South America. J. Cetacean Res. Manage., 6, 109-113.
Stevick PT, Pacheco de Godoy L, McOsker M, Engel MH, Allen A (2005)
Movement of a humpback whale from Abrolhos Bank, Brazil to South Georgia
(Antarctic Area II). Rep. Int. Whaling Comm., SC/57/SH1.
Thompson JD, Higgins DG, Gibson TJ (1994) Clustal W: improving the sensitivity
of progressive multiple sequence alignment through sequence weighting,
positions-specific gap penalties and weight matriz choice. Nucl. Acids Res., 22,
4673-4680.
Tonnessen JN, Johnsen AO (1982) The History of Modern Whaling. University of
California Press, Berkeley.
Zerbini AN, Andriolo A, Heide-Jorgensen MP, Pizzorno JL, Maia YG, VanBlaricon
GR, deMaster DP, Simões-Lopes PC, Moreira S, Bethlem C (2006) Satellitemonitored movements of humpback whales Megaptera novaeangliae in the
Southwest Atlantic Ocean. Marine Ecology Progress Series (in press).

16

Figure 1. Map of the studied populations. A. Detail of the Abrolhos bank in the
Brazilian Coast with the location of the sampled specimens. Samples resulting
from strandings are represented over the coast line. B. Detail of the Gerlache and
Brasfield Straits in the Antarctic Peninsula with the location of the sampled
specimens. Due to the scale of the map, a sample obtained at 38.2ºW, 62.5ºS is
not represented. The boundary between Areas I and II, located at the 60ºW
meridian is represented as an interrupted line.
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Table 1. Summary mtDNA diversity statistics from humpback whales populations
samples worldwide, with emphasis on the Southern Hemisphere. n, sample size; h,
number of haplotypes; L, sequence length; S, number of singletons; H(SE),
haplotype diversity and standard error; and  nucleotide diversities and standard
error
Region

n

h

L

S

H (SE)

(SE)

Gorgona Is., Colombiaa

30

16

240

26

0.913 (0.037)

0.027 (0.015)

a

37

12

240

22

0.880 (0.036)

0.020 (0.011)

176

61

324

57

0.971 (0.004)

0.020 (0.001)

49

27

350

38

0.969 (0.010)

0.025 (0.013)

23

11

350

25

0.910 (0.030)

0.023 (0.012)

70

37

340

47

0.973 (0.007)

0.027 (0.013)

11

9

340

30

0.964 (0.051)

0.028 (0.016)

8

6

350

21

0.893 (0.111)

0.021 (0.013)

17

11

350

28

0.949 (0.033)

0.026 (0.014)

141

51

350

50

0.976 (0.003)

0.025 (0.013)

35

19

350

40

0.955 (0.017)

0.027 (0.014)

26

22

240

32

0.988 (0.014)

0.031 (0.017)

15

8

240

16

0.895 (0.053)

0.022 (0.013)

16

12

240

23

0.967 (0.031)

0.029 (0.016)

20

14

240

25

0.932 (0.044)

0.029 (0.016)

11

7

333

NA*

0.927 (NA*)

0.023 (0.004)

46

17

324

24

0.913 (0.021)

0.018 (0.001)

31

13

324

21

0.912 (0.028)

0.017 (0.001)

Antarctic Area IIIE

15

14

333

NA*

0.991 (NA*)

0.024 (0.002)

e

73

34

333

NA*

0.959 (NA*)

0.026 (0.001)

40

23

333

NA*

0.960 (NA*)

0.028 (0.001)

16

12

333

NA*

0.958 (NA*)

0.024 (0.002)

246

NA*

283

NA*

0.881 (0.015)

0.024 (0.001)

109

NA*

283

NA*

0.772 (0.024)

0.046 (0.008)

Breeding (Winter) Grounds
Malaga Bay, Colombia
b

Abrolhos, Brazil
Abrolhos, Brazil

c

Southwest Africac
d

Gabon

Angola

d

Mozambique

c

Mayotte, Comoros Is.c
Antogil Bay, Madagascar
South Madagascar
Western Australia

c

c

a

a

Eastern Australia
New Caledonia

a

a

Tonga

Feeding (Summer) Grounds
Antarctic Area Ie
Antarctic Area I

b

Antarctic Area II

b
e

Antarctic Area IV

e

Antarctic Area V

e

Antarctic Area VIW

Other Oceanic Basins
North Atlanticf
f

North Pacific

*Not Available; a Rosenbaum et al. 1998; b this study; c Rosembaum et al. 2000;
d
Rosenbaum et al. 2001; e Pastene et al. 2000; f Baker and Medrano-Gonzales
2002.
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Table 3. Private and Shared Haplotypes between Brazil (BR),
Antarctic Area I (A1) and Antarctic Area II (A2) populations
Haplotypes

Number (% in parenthesis) of Haplotypes
Population
BR

A1

A2

54 (88.5)

5 (29.4)

2 (15.4)

Shared with BR

-

6 (35.3)

5 (38.5)

Shared with A1

6 (9.8)

-

10 (76.9)

Shared with A2

5 (8.2)

10 (58.8)

-

61

17

13

Private

Total*

* Four haplotypes were common to all popopulations
Table 4. AMOVA results for the pairwise comparisons between Brazil and Antarctic
Areas I (AI) and Area II (AII) using mtDNA control region data
Breeding and feeding
grounds

ST*

Source of Variation
Among
groups

Among populations
within groups

Within
populations

Brazil X (AI+AII)

2.21

-0.65

98.44

0.016

AI X (Brazil +AII)

0.36

1.12

98.52

0.015

AII X (Brazil +AI)

-1.11

1.87

99.24

0.008

Brazil X AI X AII

1.35

-

98.65

0.013

*p<0.05 for all analyses
Table 5. Mean Kimura-2-Parameter genetic distances between populations and its
standard error in parenthesis (below diagonal) and pairwise ST indices based on
the same genetic distance (above diagonal)
Antarctic Area I
Antarctic Area I
Antarctic Area II

0.018 (0.004)

Brazil

0.020 (0.004)

Antarctic Area II

Brazil

-0.004

0.018*
0.010

0.020 (0.004)

*p<0.05 based on 2000 replications
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