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RESUMO 

 
A família Balaenopteridae consiste em oito espécies de baleias, e inclui a baleia jubarte (Megaptera 
novaeangliae) e sete espécies do gênero Balaenoptera. Elas foram caçadas comercialmente até a 
proibição da caça moderna em 1986. Seu efeito varia entre as espécies, assim como os processos de 
recuperação demográfica. Algumas atividades humanas têm impacto negativos para baleias, como a 
poluição sonora nos oceanos, colisão com embarcações e artefatos de pesca. Ainda, a redução das 
crostas de gelo polar pode causar redução da produtividade primária, podendo afetar espécies que se 
alimentam principalmente de krill, como a baleia minke Antártica (Balaenoptera bonaerensis). O 
conhecimento sobre a ecologia da família Balaenopteridae no Atlântico Sul Ocidental (ASO) ainda é 
escasso para diferentes espécies, e é baseado em um número limitados de observações em campo, 
dados de caça e de indivíduos encalhados. No Brasil, faltam dados para avaliação do status de 
conservação mesmo de espécies com mais registros como a baleia de Bryde (B. brydei) e a baleia minke 
comum (Balaenoptera acutorostrata subsp.), e para isso foram recomendados estudos de estrutura de 
estoque e taxonomia destas espécies. Assim, foram estudados aspectos relacionados à distribuição 
temporal, estrutura populacional e nicho isotópico da família Balaenopteridae, com ênfase em três 
espécies: a baleia minke Antártica, a baleia minke comum, e a baleia de Bryde. Amostras das baleias 
foram coletadas durante monitoramentos de praia no Brasil e Argentina (~3.5oS a ~45oS), ou providas 
por museus. O padrão de ocorrência dos encalhes foi investigado para o gênero ao longo da costa leste 
da América do Sul com ênfase no sul do Brasil, considerando a padronização do esforço de coleta. As 
amostras foram utilizadas para análise de isótopos estáveis (AIE) e análises moleculares. Utilizando 
microssatélites e sequências de DNA mitocondrial investigamos o perfil genético da baleia de Bryde e da 
baleia minke comum no ASO e comparamos com outros bancos de dados, como o GenBank, para elucidar 
aspectos taxonômicos e de estrutura populacional. Amostras de ossos de seis espécies de 
balenopterídeos foram utilizadas para AIE para verificar nicho isotópico, sobreposição entre as espécies, 
e aspectos relacionados a ecologia alimentar e uso de habitat da família. A maioria dos encalhes do 
Gênero Balaenoptera na costa leste da América do Sul ocorreu entre 20°S e 35°S, durante o inverno e a 
primavera, e a baleia minke comum e a baleia de Bryde foram registradas nas quatro estações. Em 
relação a baleia de Bryde, um aumento nos registros de encalhes foi constatado nas últimas décadas, e 
um padrão sazonal foi observado no sul do Brasil com maior incidência de encalhes durante o verão e 
outono. Por outro lado, a maioria dos registros de encalhe da baleia minke comum no sul do Brasil foram 
durante o inverno e primavera, com mais juvenis e neonatos do que adultos (razão de 1.86:1). A 
ocorrência de juvenis em diferentes estações e a AIE sugerem que alguns indivíduos podem permanecer 
nesta região e utilizar áreas próximas ao talude continental em medias latitudes no sul do Brasil. O nicho 
isotópico da família variou entre -27.2‰ a -12.1‰ para δ13C (mediana = -17.6‰) e 3.6‰ a 19.4‰ para 
δ15N (mediana = 11.8‰). A maior sobreposição de nicho isotópico entre a baleia de Bryde e a baleia 
minke comum do que com a baleia minke Antártica tem coerência considerando que as duas primeiras 
parecem possuir hábitos mais generalistas, enquanto a última se alimenta principalmente de krill. Em 
relação às análises moleculares, se destaca a baixa diversidade genética da baleia de Bryde no ASO, e a 
grande diferença entre ela e outras populações reafirma que esta população deve ser considerada 
distinta para fins de conservação. A baleia minke comum do ASO deveria ser considerada uma Unidade 
de Manejo diferente daquela do Pacífico Sul Ocidental, considerando as grandes diferenças genéticas 
encontradas. 
 
Palavras chave: Balaenoptera, Análises moleculares, Estrutura populacional, Isótopos estáveis, Oceano 
Atlântico sudoeste. 
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ABSTRACT 
 

The Balaenopteridae family consists of eight baleen whale species, often called rorquals, and include 
the humpback whale (Megaptera novaeangliae) and seven species from the Balaenoptera genus. They 
were the subject of intense commercial exploitation until prohibition of modern commercial whaling 
in 1986. The impact as well as demographic recovery processes varies from species to species. Some 
human activities have negative effects for whales, such as the increase in noise pollution in the oceans, 
collision with vessels and entanglement in fishing artifacts. Also, reduction of the polar ice crusts may 
cause reduction in primary productivity, which may affect species that feed primarily on krill, such as 
the Antarctic minke whale (Balaenoptera bonaerensis). Knowledge on Balaenopteridae whales’ 
ecology in the Western South Atlantic (WSA) still lacks for different species, and it is based mostly on 
a limited number of field observations, and data collected from hunted and stranded individuals. In 
Brazil, there is not enough data to access the conservation status even for species with greater number 
of records, such as the Bryde’s whale (B. brydei) and the common minke whale (B. acutorostrata 
subspecies), and further information on stock structure and taxonomy of those two species is still 
required. Therefore, aspects regarding temporal distribution, population structure and stable isotopes 
ecology of the family Balaenopteridae were studied, with emphasis on three Balaenopterid species: 
the Antarctic minke whale (B. bonaerensis), the common minke whale and the Bryde’s whale. Whales 
samples were collected during coastal surveys along Brazil and Argentina (~45oS to ~3.5oS) or provided 
by museums. The patterns of occurrence of stranding records were investigated for the genus along 
the eastern coast of South America with emphasis on Southern Brazil, considering evenness in 
sampling effort. The samples were used for molecular and stable isotope analysis (SIA). Using 
microsatellites and mtDNA control region sequences, we investigated the genetic profile of the Bryde’s 
and the common minke whales in the WSA, and compared to other databases, such as the GenBank, 
to further elucidate taxonomy and population structure aspects. Bone samples of six Balaenopteridae 
species were used for SIA to access the isotopic niche, to verify species overlay and aspects of feeding 
ecology as well as habitat use. Most of the strandings from the Balaenoptera genus along the east 
coast of South America occurred between 20°S and 35°S, during winter and spring, and the common 
minke and Bryde’s whales were recorded in the four seasons. Regarding the Bryde’s whale, an increase 
in stranding records were verified in the last decades and a seasonality pattern in southern Brazil was 
observed, with higher incidence of strandings of during summer and fall. Oppositely, most stranding 
records of the common minke whale in southern Brazil were during winter and spring, and a higher 
ratio of juveniles compared to adults (ratio 1.86:1) was observed. The occurrence of the former in 
different seasons and SIA suggest that some immature individuals may not leave this region and can 
use areas close to the continental slope at mid latitude areas of southern Brazil. The stable isotope 
niche of this family in the area ranges between -27.2‰ to -12.1‰ for δ13C (median = -17.6‰) and 
3.6‰ to 19.4‰ for δ15N (median = 11.8‰). There was more overlay between the Bryde’s and the 
common minke whales isotopic niche than for the Antarctic minke whale which is coherent,  as the 
first two may have more generalist feeding habits while the latter is known to feed primarily on krill. 
Regarding molecular analysis, the low genetic diversity found for Bryde’s whale in WSA should be 
highlighted, and large difference between this and other populations reinforces that it should be 
considered as a distinct population for conservation purposes. The common minke whales from WSA 
should be considered a different Management Unit from that of Western South Pacific, considering 
striking genetic differences. 
 
Key words: Balaenoptera, Molecular analysis, Population structure, Stable isotopes, Western South 
Atlantic. 
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1. INTRODUÇÃO 

 

Atualmente, existem cerca de 88 espécies de cetáceos no mundo, com registros 

confirmados de 43 em águas brasileiras (Ott et al. 2013). A família Balaenopteridae inclui oito 

espécies: a baleia azul (Balaenoptera musculus), a baleia de Bryde (B. edeni), a baleia fin (B. 

physalus), a baleia jubarte (Megaptera novaeangliae), a baleia minke Antártica (B. bonaerensis), 

a baleia minke comum (B. acutorostrata), a baleia de Omura (B. omurai), e a baleia sei (B. 

borealis) (Committee on Taxonomy 2019). Todas estas baleias mencionadas foram registradas 

no oceano Atlântico Sul Ocidental (ASO) (Zerbini et al. 1997, Cypriano Souza et al. 2016). 

Na área do ASO existe atualmente um esforço conjunto de diferentes países para a 

elaboração do santuário das baleias no Atlântico Sul. Entretanto, a falta de conhecimento 

relacionado a aspectos ecológicos, como padrões migratórios e locais de origem (Zerbini et al. 

1997, Andriolo et al. 2010) do gênero Balaenoptera, parece ser obstáculo para sua 

concretização. Em termos de estrutura de comunidade, verificou-se que existe alta similaridade 

na composição das espécies de cetáceos do norte do Brasil e Caribe, divergente daquela 

encontrada na zona nordeste do Brasil (Siciliano et al. 2011, Costa 2015). Ainda, além do 

conhecimento fragmentado sobre ecologia e estrutura das comunidades de baleias do gênero 

Balaenoptera, algumas questões taxonômicas não são conhecidas e outras estão ainda em 

discussão, e seguem em aberto.  

Em termos taxonômicos, até recentemente apenas uma espécie da baleia minke era 

reconhecida: a baleia minke comum (B. acutorostrata), com distribuição relativamente ampla 

em diferentes bacias oceânicas. No entanto, uma segunda espécie da baleia minke foi 

identificada através de revisões morfológicas (e.g. Omura 1975, Best 1985) e genéticas (e.g. 

Wada et al. 1991, Pastene et al. 1994), a baleia minke Antártica (B. bonaerensis), com 

distribuição restrita ao hemisfério sul. A recente separação taxonômica aliada a dificuldade para 

diferenciação entre as formas, principalmente durante avistamentos, dificulta o acesso ao status 

de conservação. A baleia minke comum esta subdividida em três subspecies (Pastene et al. 

2007), e a forma encontrada no Hemisfério Sul é comumente chamada de minke anã, embora 

novos estudos moleculares tenham sido recomendados principalmente no ASO (Zerbini et al. 

1997, Pastene et al. 2010). Isto porque existem incertezas quanto a classificação das populações 

do hemisfério sul da baleia minke comum (ou minke anã como também é chamada no local), 

como única subespécie (B. acutorostrata subsp.), uma vez que as populações do ASO e do 
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Pacifico Sul Ocidental parecem ser mais similares à baleia minke comum do Atlântico Norte (B. 

acutorostrata acutorostrata) do que entre si (Pastene et al. 2007). Em geral a conservação das 

espécies se beneficia com o conhecimento da estrutura populacional das espécies, e novos 

estudos de genética da baleia minke anã com mais exemplares do ASO e com diferentes 

marcadores genéticos foram recomendados para elucidar estas questões taxonômicas (Pastene 

et al. 2010). Vale ressaltar que o Plano Nacional para Conservação dos Grande Mamíferos 

Aquáticos se deve investigar a estrutura populacional e padrões de distribuição das duas 

espécies de minke para que se possa avaliar o status de conservação, minimizar possíveis 

ameaças, e definir áreas prioritárias para conservação (ICMBIO, 2011).  

Além disso, uma forma menor da baleia de Bryde - a baleia de Omura - foi recentemente 

descrita (Wada et al. 2003), e sua ocorrência no Brasil foi a partir de características morfológicas 

e genéticas (Cypriano-Souza et al. 2016). Ainda, a mesma investigação conduzida por Wada et 

al (2003) recomendou que a baleia de Bryde (B. edeni brydei), anteriormente reclassificada 

como subespécie, fosse novamente promovida a espécie: B. brydei (Wada et al. 2003). Embora 

a nova classificação ainda não tenha sido incorporada pelo comitê de taxonomia da Society for 

Marine Mammalogy (Committee on Taxonomy 2019). A categoria de espécie foi adotada em 

estudos na África (Penry et al. 2018), onde foi proposta a existência de uma forma oceânica da 

baleia de Bryde e uma subespécie costeira. No Brasil, existem suspeitas de que as duas formas 

também possam existir (Zerbini et al. 1997). No entanto, estudos prévios com número limitado 

de indivíduos do ASO demonstraram somente a presença da forma oceânica, assim como baixa 

diversidade genética da população, e grande diferença entre estas e outras populações (Pastene 

et al. 2015). Sendo assim, um estudo com diferentes marcadores genéticos e um número maior 

de indivíduos se faz necessário tanto para confirmar a baixa diversidade genética da Baleia de 

Bryde no ASO como possível estruturação populacional entre esta e populações de outros locais, 

evidenciando a existência de um stock distinto no ASO.  

Considerando dificuldades logísticas inerentes ao estudo de cetáceos, principalmente 

aqueles raros e oceânicos (Andriolo et al. 2012), métodos “indiretos” de estudos utilizando 

amostras de encalhes podem prover informações importantes para o estudo de mamíferos 

marinhos (Boyd et al. 2010). Técnicas como a genética e o uso de isótopos estáveis possibilitam 

que se elucide uma série de questões relacionadas aos mamíferos marinhos (e.g. Aurioles et al. 

2006, Oliveira et al. 2012). Além disso, podem fornecer importantes contribuições sobre 

ocorrência, estrutura populacional e uso de habitat de baleias de cerda no ASO (e.g. Vighi et al. 
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2014, Pastene et al. 2015, Cypriano-Souza et al. 2016, Seyboth et al. 2018). Como os encalhes 

de espécies do gênero Balaenoptera não são comuns e as espécies possuem ampla distribuição 

(e.g. Zerbini et al. 1997), pode se fazer necessário grandes áreas amostrais e um longo intervalo 

temporal de coleta. 

Levando em conta as particularidades para o estudo de baleias, amostras provenientes de 

monitoramento de praia no Brasil e na Argentina foram utilizadas neste estudo, assim como de 

exemplares tombados em coleções de museus. As amostras foram utilizadas para análises 

moleculares e de isótopos estáveis com objetivo de investigar a estrutura populacional e 

sobreposição de nicho isotópico do gênero Balaenoptera, considerando as atuais lacunas de 

conhecimento no ASO. Por isso, os três capítulos iniciais da tese evidenciam resultados das 

análises moleculares: o primeiro discute metodos para identificação molecular dos espécimes 

enquanto compara identificações obtidas em laboratório com aquelas em campo, enquanto o 

segundo e terceiro são estudos populacionais aplicados a baleia de Bryde e a baleia minke anã. 

O quarto capítulo é uma revisão de registros e organização dos dados de encalhes na costa oeste 

do ASO, enquanto o quinto capítulo discute padrões encontrados através de um conjunto de 

dados do litoral norte do Rio Grande do Sul onde as coletadas foram sistemáticas durante um 

período considerável. Por fim, os últimos três capítulos exibem resultados relacionados a análise 

de isótopos estáveis. Buscamos comparar resultados de isótopos e dados de análise de 

conteúdo estomacal de um indivíduo da baleia minke anã para estudar ecologia alimentar e uso 

de habitat da espécie no sul do Brasil, e comparamos valores de isótopos estáveis de exemplares 

de diversas espécies para caracterizar o nicho isotópico da família Balaenopteridae no ASO.  

 

1.1. OBJETIVOS 

 

O objetivo da tese, desenvolvida no programa de pós-graduação em Ecologia e 

Conservação da Biodiversidade na Universidade Estadual de Santa Cruz é avaliar estrutura 

populacional e nichos ecológicos de três espécies de Balaenoptera, investigando a existência de 

separação ecológica/genética das populações no ASO. Considerando as lacunas existentes, 

tentamos prover essas informações para três espécies de cetáceos do gênero Balaenoptera: a 

baleia de Bryde, baleia minke Antártica e baleia minke comum. Dentre os objetivos específicos 

estão: 

• Subsidiar informações relacionadas a ecologia, ocorrência e distribuição do gênero 
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Balaenoptera, através de revisão de banco de dados histórico de encalhes no ASO e 

registros atuais oriundos de monitoramentos de praia;  

• Explorar o banco de dados de encalhe de baleias no Brasil e Argentina, buscando identificar 

aqueles indivíduos que não puderam ser classificados em campo através de análises 

moleculares; 

• Caracterizar geneticamente a população da baleia de Bryde do ASO com a utilização de 

marcadores nucleares e sequências de DNA mitocondrial, e contribuir para a definição de 

sua estrutura populacional a partir da comparação com outras populações; 

• Caracterizar geneticamente a população da baleia minke comum no ASO com a utilização 

de marcadores nucleares e sequências de DNA mitocondrial, e contribuir para a definição 

de sua estrutura populacional a partir da comparação com outras populações; 

• Contribuir para o conhecimento relacionado a sobreposição de nicho isotópico, ecologia 

alimentar e uso de habitat da família Balaenopteridae, a partir da análise de isótopos 

estáveis de indivíduos encalhados no Brasil e Argentina assim como da revisão do 

conhecimento existente sobre o método em baleias de cerda. 
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2. CAPÍTULO 1: Molecular identification of species of rorquals stranded in 

Brazilian and Argentinean waters 

 

 

Manuscrito formatado sob as normas do Canadian Journal of Zoology para submissão. 

 

Abstract 

Great whales, despite their size, can strand at the beach fragmented or too decomposed, presenting 

challenge for field identification. As some species have similar features, and the Balaenoptera omurai 

Wada, Oishi and Yamada 2003, has recently been detected in Brazil through molecular identification, 

we aimed to identify individuals in the laboratory to confirm field identification, resolve identification 

for those not classified, and verify the presence of other B. omurai among the samples. For that, we 

attempted to molecularly identify soft and hard tissues from 121 stranded Balaenopteridae whales 

from Brazil and Argentina, using four different extraction protocols. Laboratory results indicated best 

success rate for protocol C for extraction of reliable mtDNA sequences, although the best in terms of 

absolute number was protocol A. Comparison of both techniques showed concordance between 85% 

of field and molecular identification, and on the six times where there were discrepancies laboratory 

analysis pointed the specimen as Balaenoptera bonaerensis, Burmeister 1867, while individuals were 

identified in the field as B. acutorostrata, Lacépède 1804. Fortunately, we were able to identify a B. 

borealis, Lesson 1828, which is not very common among stranded individuals in the western South 

Atlantic. 

Key words: Balaenoptera bonaerensis, Balaenoptera omurai, common minke whale, sei whale, 

molecular identification. 
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Introduction 

Molecular studies of marine mammals are crucial to elucidate taxonomical issues (Wada et al. 

2003, Kingston et al. 2009). Moreover, they are important to verify hybridization among species 

(Glover et al.  2013), and to direct conservation measures by detecting low diversity populations or 

highly structured ones (e.g., Pastene et al. 2009, Rosel and Wilcox 2014, Pastene et al. 2015), which 

may be classified as evolutionarily significant units (ESUs, sensu Moritz 1994) (Oliveira et al. 2008, 

Oliveira et al. 2019). Beside studies at populational levels which require samples from several 

individuals, molecular analysis on a small number of animals can also provide interesting outcomes. 

For example, the discovery of novel species (Dalebout et al. 2002), the detection of species not 

previously recorded in certain areas (Cypriano-Souza et al. 2016), as well as classification or correction 

of identifications from animals that are found too decomposed or fragmented in field surveys (Sholl et 

al. 2013, Alfonsi et al. 2013). 

Identification based on external morphological characters can be difficult depending on the 

degree of decomposition of the carcass (Alfonsi et al. 2013, Sholl et al. 2013). Also, as the carcass is 

heavy and sometimes impossible to move, certain parts of the body important for identification may 

be hidden because of the position in which the individual stranded. For such cases, phylogenetic 

analysis of mtDNA ‘type’ sequences and ‘test’ sequences can be useful to identify individuals to species 

level. Obtaining usable DNA from stranded whales is not a trivial matter, however, as DNA from 

decomposed whales may be highly degraded. To this end, the DNA barcoding, which uses a single part 

of the mitochondrial DNA, has been proved to be extremely useful to confirm field identifications, and 

to identify carcasses that could not be classified to species level on the field (Alfonsi et al. 2013, Sholl 

et al. 2013). 

In Brazil and Argentina, since whaling is not allowed since 1986 and very few genetic studies 

use field biopsies from Balaenopteridae species for analysis, samples from dead animals recorded 

along the coast are still the main source of biological material (e.g., Sholl et al. 2013, Cypriano-Souza 

et al. 2016). This larger number of samples from coastal surveys may also be related to the lower cost 
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of this activity in comparison with oceanic water sampling, which presents other logistical constraints.  

Among those difficulties are the low rate of sightings for many whale species, and the fact that most 

of them inhabit offshore waters over the continental slope (Zerbini et al. 2004, Di Tulio et al. 2016). 

Despite that, some populations may be found closer to shore, as is the case of the Bryde’s whale 

(Balaenoptera brydei, Olsen 1913), in southeastern Brazil (Tardin et al. 2017), although these are 

exceptional cases. Even though also very limited, by caught individuals are another source of samples, 

as they may die entangled in fishing gear, such as the common minke whale (B. acutorostrata unnamed 

subsp.) Lacépède 1804, in south Brazil (Simões-Lopes and Ximenez 1993, Secchi et al. 2003). 

The knowledge about large whales is still very incipient in Brazil and Argentina, specially 

regarding Balaenoptera whales (Crespo 2012, Rocha-Campos and Câmara 2011). Therefore, the 

identification of stranded individuals is needed for studies that evaluate seasonality of 

Balaenopteridae species in the area. It is also a crucial information for those studies that use stomach 

content of stranded individuals for diet analysis, that use their samples for stable isotopes analysis and 

that use their skulls for morphometric analysis. Another important aspect regarding the need of 

identification of whale carcasses is the detection of Omura’s whales, B. omurai Wada, Oishi and 

Yamada 2003, considering that an individual of this species was found stranded recently in 

northeastern Brazil and had its species identification confirmed through molecular analysis (Cypriano-

Souza et al. 2016). Considering that this species is morphologically similar to the Bryde’s whale, authors 

from that study questioned whether this species was rare on Brazilian coast or if some of the past field 

identifications of stranded Bryde’s whales were incorrect. Consequently, the need of molecular 

identification was evident to further confirm previous identification assigned to those stranded 

individuals classified before as Bryde’s whales, and to identify unidentified individuals to search for 

other Omura’s whale (Cypriano-Souza et al. 2016). 

Therefore, the objective of this study was to investigate the species identity of large whales 

stranded in Brazil and Argentina using molecular tools. The study also explores different approaches 

for mtDNA sequencing in stranding samples by comparing processes and resultant sequences among 
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samples and conditions, evaluating the level of success of different DNA extraction and sequencing 

protocols from stranded whales in Brazil and Argentina. To this end, a considerable number of genetic 

samples from stranded whales were collected on the east coast of South America, and a provisional 

identification of the species was made in the field. 

 

Materials and methods 

Stranding information 

Whales were collected during coastal surveys from north of Brazil, in Pará state (0°45'S), to 

central Argentina, in Golfo San Jose (42°24'S), between 1974 and 2018. Different field teams were 

involved in sampling considering the large area of the surveys; sampling was performed under the 

following permits: SISBIO 004-04/CMA/IBAMA, 14051-1, 14104-9, 30327-1, 32550-2, 18688-1, and 

16586-2. In addition to the regular expeditions, stranded specimens were collected when reported by 

local communities. The identification of individuals was done by trained professionals with the use of 

reference guides (e.g., Carwardine 1995). For each specimen, the date and location were recorded. 

When possible, total length and sex were annotated during the sampling activity accordingly to the 

protocol stablished by Norris (1961) were verified, as well as carcass conservation status that can range 

from 1 to 5 in the Geraci index (one refer to a fresh specimen and 5 to a very decomposed carcass - 

see Geraci and Lounsbury 2005 for details). Collection of skulls and other parts of the skeleton were 

vouched and are stored in scientific collections belonging to local institutions and museums across the 

studied area (i.e., Grupo de Estudos de Mamíferos Aquáticos do Rio Grande do Sul – GEMARS, Grupo 

de Estudos de Mamíferos Marinhos da Região dos Lagos – GEMM Lagos, Museu Nacional do Rio de 

Janeiro). 

A total of 114 samples from Brazil and seven from Argentina were collected, totalizing 121 

samples of six species of Balaenopteridae family (Table I). The bone samples were kept dry at room 

temperature, while soft tissues were stored either in DMSO, ethanol 70% or ethanol 95%. The 

identification of the following whales was done based on morphological characters, by researchers on 
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each institution prior to molecular identification in the laboratory: 47 B. acutorostrata (38.84%), three 

B. bonaerensis Burmeister, 1867 (2.47%), one B. borealis Lesson 1828 (0.82%), 30 B. brydei (24.79%), 

including one individual assigned as Bryde’s but pending id confirmation), one B. omurai (0.82%) and 

four Megaptera novaeangliae Gray, 1846, (3.30%). Plus, 29 individuals (23.96%) were identified to 

genus level (Balaenoptera sp.) and six to family level, identified as Balaenopterids (4.95%). From those 

121 whales, most samples were soft tissue such as skin and muscle (n=93) and in one case from the 

intestine, while the hard samples were from bones (n=26) and one was a baleen plate. Moreover, 

information related to carcass decomposition state was provided for 37 whales where: three were 

state 2, seven were state 3, 15 were state 4, and 12 were state 5.  
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Table I. List of stranding of large whales in Brazil and Argentina waters between 1987 and 2018 with information regarding the location, identification of 

species and sex in the field when available, carcass condition accordingly to Geraci and Lounsbury codes (Geraci and Lounsbury, 2005), tissue preservation 

method and also conditioning of sample until analysis.  

B = Bone tissue, S = Soft tissue, NA = Not Avaliable. * When a time interval was provided and not the exact date, the medium value between the extremes 

was used and is indicated by the symbol “~”. ARG = Argentina, BR = Brazil. 

ID Field ID Year State, Country Condition Tissue Conditioning Remarks 

1 Balaenoptera acutorostrata 1987 Golfo San Matías, ARG - B Room. temp. - 

2 Balaenoptera acutorostrata 1993 Rio Grande do Sul, BR - S Freezer - 

3 Balaenoptera acutorostrata 1995 Rio Grande do Sul, BR - B Room. temp. - 

4 Balaenoptera acutorostrata 1995 Rio Grande do Sul, BR - B Room. temp. - 

5 Balaenoptera acutorostrata 1995 Rio de Janeiro, BR - B Room. temp. - 

6 Balaenoptera acutorostrata 1996 Golfo San Matías, ARG - S Freezer - 

7 Balaenoptera sp. 1996 Rio de Janeiro, BR - B Room. temp. - 

8 Balaenoptera sp. 1996 Rio de Janeiro, BR - B Room. temp. - 

9 Balaenoptera brydei 1997 Rio Grande do Sul, BR - B Room. temp. - 

10 Balaenoptera acutorostrata 1997 Rio Grande do Sul, BR 3 S Freezer - 

11 Balaenoptera acutorostrata 1997 Rio Grande do Sul, BR - S Freezer - 

12 Balaenoptera acutorostrata 1997 Rio Grande do Sul, BR - S Freezer - 

13 Balaenoptera sp. 1998 Rio Grande do Sul, BR - S Freezer - 

14 Balaenoptera acutorostrata 1998 Rio Grande do Sul, BR - S Freezer - 

15 Balaenoptera brydei 2000 Rio de Janeiro, BR - S Room. temp. - 

16 Balaenoptera acutorostrata 2000 Rio Grande do Sul, BR - S Freezer - 

17 Balaenoptera acutorostrata 2000 Rio Grande do Sul, BR - S Freezer - 

18 Balaenoptera bonaerensis 2001 Rio de Janeiro, BR - B Room. temp. - 

19 Balaenoptera acutorostrata 2001 Rio Grande do Sul, BR - S Freezer - 

20 Balaenoptera acutorostrata 2001 Rio Grande do Sul, BR - S Freezer - 
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21 Balaenoptera acutorostrata 2001 Rio de Janeiro, BR - B Room. temp. - 

22 Megaptera novaeangliae 2002 Rio Grande do Sul, BR - B Room. temp. - 

23 Balaenoptera brydei 2003 São Paulo, BR - S Room. temp. - 

24 Balaenoptera acutorostrata 2003 Rio Grande do Sul, BR - S Freezer - 

25 Balaenoptera acutorostrata 2003 Rio Grande do Sul, BR 4 S Freezer - 

26 Balaenoptera acutorostrata 2003 Rio Grande do Sul, BR 4 S Freezer - 

27 Balaenoptera sp. 2003 Rio Grande do Sul, BR 4 S Freezer - 

28 Balaenoptera brydei 2004 Rio de Janeiro, BR - S Room. temp. - 

29 Balaenoptera acutorostrata 2004 Rio de Janeiro, BR - S Room. temp. - 

30 Balaenoptera acutorostrata 2004 Rio Grande do Sul, BR - S Freezer - 

31 Balaenoptera acutorostrata 2004 Rio de Janeiro, BR - B Room. temp. - 

32 Balaenoptera brydei 2005 Rio Grande do Sul, BR 2 S Freezer - 

33 Balaenoptera brydei 2005 Rio de Janeiro, BR - S Room. temp. - 

34 Balaenoptera brydei 2005 Rio de Janeiro, BR 3 S Room. temp. - 

35 Balaenoptera brydei 2005 São Paulo, BR - S Room. temp. - 

36 Balaenoptera acutorostrata 2005 Ceará, BR - B Freezer - 

37 Balaenoptera sp. 2005 Rio Grande do Sul, BR 3 S Freezer - 

38 Balaenoptera acutorostrata 2005 Rio Grande do Sul, BR 4 S Freezer - 

39 Balaenoptera acutorostrata 2005 Rio de Janeiro, BR - S Room. temp. - 

40 Balaenoptera brydei 2006 Rio Grande do Sul, BR - S Freezer - 

41 Balaenoptera brydei 2006 Rio de Janeiro, BR - S Room. temp. - 

42 Balaenoptera brydei 2006 São Paulo, BR - S Room. temp. - 

43 Balaenoptera acutorostrata 2006 Rio Grande do Sul, BR - S Freezer - 

44 Balaenoptera bonaerensis 2007 Pará, BR - S Freezer - 

45 Balaenoptera brydei 2007 Rio de Janeiro, BR - S Room. temp. - 

46 Balaenoptera brydei 2007 São Paulo, BR - S Room. temp. - 

47 Balaenoptera acutorostrata 2007 Rio de Janeiro, BR - S Room. temp. - 

48 Balaenoptera acutorostrata 2007 Rio Grande do Sul, BR - S Freezer - 

49 Megaptera novaeangliae 2007 Rio de Janeiro, BR - S Room. temp. - 

50 Balaenoptera sp. 2007 Rio Grande do Sul, BR - S Room. temp. - 
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51 Balaenoptera borealis 2008 Pará, BR 3 S Freezer - 

52 Balaenoptera brydei 2008 Rio de Janeiro, BR 4 S Room. temp. - 

53 Balaenoptera acutorostrata 2008 Rio Grande do Sul, BR - S Freezer - 

54 Balaenoptera acutorostrata 2008 Rio Grande do Sul, BR - S Freezer - 

55 Balaenoptera acutorostrata 2008 Rio Grande do Sul, BR - S Freezer - 

56 Balaenoptera sp. 2008 Rio de Janeiro, BR 5 S Room. temp. - 

57 Balaenoptera bonaerensis 2009 Rio Grande do Sul, BR - S Freezer - 

58 Balaenoptera sp. 2009 Rio Grande do Sul, BR 3 S Freezer - 

59 Balaenoptera sp. 2009 Rio Grande do Sul, BR 4 S Freezer - 

60 Balaenoptera sp. 2009 Rio Grande do Sul, BR 5 B Room. temp. - 

61 Balaenoptera acutorostrata 2009 Paraná, BR - S Freezer - 

62 Balaenoptera brydei 2010 Rio Grande do Sul, BR 4 S Freezer - 

63 Balaenoptera brydei 2010 Rio Grande do Sul, BR - S Freezer - 

64 Balaenoptera brydei 2010 Rio de Janeiro, BR 4 S Room. temp. - 

65 Balaenoptera brydei 2010 Rio de Janeiro, BR 4 S Room. temp. - 

66 Balaenoptera brydei 2010 Rio de Janeiro, BR - S Room. temp. - 

67 Balaenoptera brydei 2010 Paraná, BR - S Freezer - 

68 Balaenoptera brydei 2010 Rio de Janeiro, BR - B Room. temp. - 

69 Balaenoptera acutorostrata 2010 Golfo San Jose, ARG  - S Freezer - 

70 Balaenoptera acutorostrata 2010 Rio Grande do Sul, BR - S Freezer - 

71 Balaenoptera sp. 2010 Rio Grande do Sul, BR 5 S Freezer - 

72 Balaenoptera acutorostrata 2010 Rio Grande do Sul, BR 5 S Freezer - 

73 Balaenoptera acutorostrata 2010 Rio de Janeiro, BR 4 S Room. temp. - 

74 Megaptera novaeangliae 2010 Paraná, BR - S Freezer - 

75 Balaenoptera omurai 2010 Ceará, BR 4 S Freezer Previously analyzed 

76 Balaenoptera brydei 2011 Rio de Janeiro, BR 4 S Room. temp. - 

77 Balaenoptera sp. 2011 Rio de Janeiro, BR - S Room. temp. - 

78 Balaenoptera acutorostrata 2011 Rio Grande do Sul, BR 4 S Freezer - 

79 Balaenoptera acutorostrata 2011 Rio de Janeiro, BR 5 S Room. temp. - 

80 Balaenoptera brydei 2011 Paraná, BR - S Freezer - 
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81 Balaenoptera sp. 2011 Paraná, BR - S Freezer - 

82 Balaenoptera acutorostrata 2011 Paraná, BR - S Freezer - 

83 Balaenoptera brydei 2012 Pará, BR - S Freezer - 

84 Balaenoptera acutorostrata 2012 Rio Grande do Sul, BR - S Freezer - 

85 Balaenoptera sp. 2012 Rio Grande do Sul, BR 4 S Freezer - 

86 Balaenoptera acutorostrata 2013 Rio Grande do Sul, BR 2 B Room. temp. - 

87 Balaenoptera brydei 2014 Rio Grande do Sul, BR - S Freezer - 

88 Balaenoptera sp. 2014 Rio Grande do Sul, BR - Int Freezer - 

89 Balaenoptera brydei (cf) 2015 Rio Grande do Sul, BR 3 S Freezer - 

90 Balaenoptera acutorostrata 2015 Golfo Nuevo, ARG - S Freezer - 

91 Balaenoptera sp. 2015 Santa Catarina, BR - S Room. temp. - 

92 Balaenoptera sp. 2015 Rio Grande do Sul, BR 5 S Freezer - 

93 Balaenopteridae 2015 Paraná, BR - S Freezer - 

94 Balaenoptera brydei 2016 Rio Grande do Sul, BR - S Freezer - 

95 Balaenoptera brydei 2016 Rio Grande do Sul, BR - S Freezer - 

96 Balaenoptera acutorostrata 2016 Isla Tova, ARG - B Room. temp. - 

97 Balaenoptera acutorostrata 2016 Rio Grande do Sul, BR 4 S Freezer - 

98 Balaenopteridae 2016 Paraná, BR - S Freezer - 

99 Balaenoptera sp. 2016 Paraná, BR - S Freezer - 

100 Balaenoptera brydei 2017 Rio Grande do Sul, BR - S Freezer - 

101 Balaenopteridae 2017 Paraná, BR - S Freezer - 

102 Balaenopteridae 2017 Paraná, BR - S Freezer - 

103 Balaenopteridae 2017 Paraná, BR - S Freezer - 

104 Balaenoptera sp. 2017 Rio Grande do Sul, BR 5 Bl Room. temp. Only baleen 

105 Balaenopteridae 2017 Paraná, BR - S Freezer - 

106 Megaptera novaeangliae 2018 Rio Grande do Sul, BR 3 S Freezer - 

107 Balaenoptera acutorostrata 2018 Santa Catarina, BR 2 S Freezer - 

108 Balaenoptera acutorostrata 1974-1980 Golfo San Jose, ARG  - B Room. temp. - 

109 Balaenoptera acutorostrata 1989-1999 Golfo San Matías, ARG - B Room. temp. - 

110 Balaenoptera sp. 1995-2002 Rio Grande do Sul, BR 5 B Room. temp. - 
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111 Balaenoptera sp. 1995-2010 Rio Grande do Sul, BR - S Room. temp. - 

112 Balaenoptera sp. 1995-2010 Rio Grande do Sul, BR 5 B Amb. temp. Outside 

113 Balaenoptera sp. 1995-2010 Rio Grande do Sul, BR 5 B Amb. temp. Outside 

114 Balaenoptera sp. 1995-2010 Rio Grande do Sul, BR 5 B Amb. temp. Outside 

115 Balaenoptera sp. 1995-2013 Rio Grande do Sul, BR 5 B Amb. temp. Outside 

116 Balaenoptera sp. 2004-2010 Rio de Janeiro, BR - B Room. temp. - 

117 Balaenoptera brydei 2014-2017 Rio Grande do Sul, BR - B Room. temp. - 

118 Balaenoptera sp. 2015-2017 Rio Grande do Sul, BR - S Freezer - 

119 Balaenoptera sp. 2016-2017 Rio Grande do Sul, BR - S Freezer - 

120 Balaenoptera sp. NA Maranhão, BR - S Freezer - 

121 Balaenoptera acutorostrata NA Rio de Janeiro, BR - B Room. temp. - 
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Laboratory work 

DNA extraction  

DNA was extracted using two different methods at Universidade do Vale do Rio dos Sinos 

(UNISINOS) in Brazil during January and February of 2018. The total DNA for most of the soft and hard 

tissue samples was extracted using Invitrogen™ PureLink™ Genomic DNA Mini Kit (Protocol A). The 

yield and integrity of purified samples was confirmed using agarose gel electrophoresis and samples 

that did not show a clear band on the agarose gel had their total DNA re extracted using a 

phenol/chloroform method (Protocol B). This method is based on protein affinity for organic solvents. 

Proteins are denatured using phenol and chloroform, forming an organic intermediate phase, 

separating them from DNA. Absolute ethanol is then used for DNA precipitation and removal of phenol 

and chloroform residues (Oliveira et al. 2007). This extraction was also confirmed on agarose gel 

electrophoresis. Samples which DNA extraction could not be confirmed had both DNA extractions 

checked for purity and were quantified on a Nanodrop spectrophotometer. For each sample, the one 

considered to be of the highest quality (highest yields and better 260/280 ratios) was chosen for 

analysis in the molecular laboratory of International Cetacean Research at Tokyo, Japan. The samples 

were exported and genetically accessed under the following permits: SISGEN R607D49 and SISCITES 

15BR030112/DF. 

The samples were quantified and checked for purity once more in Japan during June 2019. 

Purified DNA from soft tissue samples with low concentrations (<100 ng/µl) had their total DNA 

extracted again using Gentra Puregene Tissue Kit (Protocol C). Finally, six soft tissue samples, that could 

not be sequenced, were chosen for an experiment with another extraction method. Tissues were 

washed with PBS buffer to remove organic solvents and had their total DNA extracted again using 

NucleoSpin Tissue Kit (Protocol D).  
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mtDNA CR sequencing  

A fragment of the mitochondrial DNA control region (500 bp) was amplified using primers MT4 

(5’-CCTCCCTAAGACTCAAGGAAG-3’) (Árnason et al. 1993) and Dlp5R (5'-

CCATCGAGATGTCTTATTTAAGGGGAAC-3'). PCR products were then purified using ExoProStarTM and 

sequenced using the BigDye® Terminator Cycle Sequencing Kit (Applied Biosystems). Purification of 

the cycle sequencing reactions was achieved using the AutoSeq G-50 Dye Terminator Removal Kit.  

All PCR reactions were carried out in 25 µl volumes containing 2.5 pmol of each primer, 0.5 

units of Ex Taq DNA polymerase (Takara Ex Taq), 2 mM of each dNTP, and 10× reaction buffer. After 

an initial denaturation step at 95 °C for 5 minutes, a PCR amplification cycle of 30 seconds at 94 °C, 

followed by 30 seconds at 52 °C and 30 seconds at 72 °C, was repeated 30 times. The amplification was 

completed with a 10-minute final extension step at 72 °C. Cycle sequencing reactions were performed 

with 100 ng of products generated in the above PCR amplifications using the BigDye® Terminator Cycle 

Sequencing Kit (Applied Biosystems). The oligonucleotides used to prime the cycle sequencing reaction 

were the same as those employed in the initial PCR amplification. A total of 25 cycles of 10 seconds at 

96 °C, 20 seconds at 56 °C, and 4 minutes at 60 °C were performed. 

The nucleotide sequence of each cycle sequencing reaction was determined using an Applied 

Biosystems 3500 genetic analyzer (Life Technologies) under standard conditions. Samples for which 

cycle sequencing reaction for 500 bp was not successful were sequenced for 350 bp using primers MT4 

(5’-CCTCCCTAAGACTCAAGGAAG-3’) (Árnason et al. 1993) and P2 (5’ GAAGAGGGATCCCTGCCAAGCGG-

3’) (Pastene and Goto, 2016), following the same protocol. 

 

Sequence alignment 

Sequences were aligned by eye using Sequence Navigator (Applied Biosystem, Inc.). Variable 

sites and unique sequences (haplotypes) were identified using the program MacClade (Maddison and 

Maddison 2000). After the alignment, we compared the control region sequences with those available 

in GenBank (www.ncbi.nlm.nih.gov) using the Basic Local Alignment Search Tool (BLAST) 
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(blast.ncbi.nlm.nih.gov). The molecular identification suggested by GenBank was based on the 

percentage of similarity among sequences. 

 

Sex determination 

Sex identification was performed for seven Bryde’s whales and 11 common minke whales 

through the analysis of microsatellites (nuclear DNA). The Sry gene was amplified, using primers CSYF 

(5’-TCGTGATCAAAGGCGAAAGG-3’) (Abe et al. 2001) and CSYR (5’-TTTGTCTCGGTGCATGGCTC-3’) (Abe 

et al. 2001), and EV94 was used as the negative control. All PCR reactions were carried out in 15 µl 

containing 2.5 pmol of each primer, 0.5 units of Ex Taq DNA polymerase (Takara Ex Taq), 2 mM of each 

dNTP, and 10× reaction buffer. After an initial denaturation step at 95 °C for 2 min, a PCR amplification 

cycle of 20 s at 94 °C, followed by 45 s at 58 °C and 1 min at 72 °C, was repeated 30 times. The 

amplification was completed with a final extension step of 10 min at 72 °C. PCR products were analysed 

on a 3500 sequencer (Applied Biosystems) with Hi-DiTM Formamide (Applied Biosystems) and 600 LIZ 

size standard ladder (Applied Biosystems). 

 

Results 

Different DNA extraction and sequencing protocols to examine genetic samples from stranded 

whales 

The protocol A was the most frequently used (Invitrogen™ PureLink™ Genomic DNA Mini Kit, 

n=101)(Table II), and it was due to methodological choice, considering that it was tested first and when 

the DNA extraction worked the other protocols were not used for these samples. The second most 

used protocol was C (Gentra Puregene Tissue Kit, n=66), followed by protocol B (phenol/chloroform 

method, n=33), and finally by protocol D (NucleoSpin Tissue Kit, n=3). Also, the protocol A was used 

for all types of tissues including the baleen plate, while the protocol C was used for soft tissues only, 

and B and D protocols were used for both soft tissues and bones. The overall success rate for soft 

tissues considering the number of attempts from all protocols (173) and the number of sequences 
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obtained (46) was 26.58%. The overall success rate for hard structures considering the number of 

attempts from all protocols (30) and the number of sequences obtained (4) was 13.33% (Table II). 

Despite the use of two different extracting protocols we could not obtain a DNA sequence from the 

baleen plate. 

 

Table II. Different extraction protocols used in different types of tissues and their success rate. The 

sample from the intestine is included in the “soft tissue” category. 

  No. Samples Samples sequenced Success rate (%) 

Protocols Baleen Bone 
Soft 

tissue 
Baleen Bone Soft tissue Bone 

Soft 
tissue 

A 1 18 82 0 3 15 16,67 18,29 

B 0 8 25 0 1 5 12,50 20,00 

C 1 0 65 0 0 25 0,00 38,46 

D 0 2 1 0 0 1 0,00 100,00 

 

Comparison between field and molecular-based identification of species  

From a total of 121 individuals sampled, 50 whales (41,6%) were successfully analyzed using 

molecular techniques and identified to species level (Table III). Out of 35 whales that were not 

identified to species level and one B. brydei which confirmation was pending, 10 (27.77%) were 

identified. Moreover, a total of 85 identifications were performed in the field from which 40 (47.05%) 

were successfully sequenced in the laboratory. Out of those 40 individuals with previous identification, 

34 (85%) molecular identifications were concordant and six (15%) were divergent (where in all cases 

B. bonaerensis was confounded with B. acutorostrata) (Table III). Finally, not a single B. brydei or non-

identified whale was identified as B. omurai. 

 

Preservation of samples for genetic analysis from stranded whales and carcass state 

Before the samples were delivered to us, 68 soft tissues were stored in the freezer, while 26 

soft tissues and the 27 hard tissues were kept in ambient temperature. Out of 68 tissues that were 
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kept frozen before we received them, 40 (58,82%) were successfully sequenced, while six (23.07%) out 

26 tissues that were kept out of the freezer could be sequenced (Figure 1). All the bone samples and 

baleen plate were kept outside the freezer, and only four (14,81%) out 27 were sequenced. 

 

Figure 1. Number of tissues stored in different conditions and the number of successfully sequenced 

tissues from each storage condition.  

 

The state of conservation of the carcass was provided for 37 stranded whales in which 18 were 

sequenced and 19 were not.  For those soft tissues that were sequenced, the three tissues in code 2 

of decomposition were sequenced (100%), while four (75%) out of seven in code 3 were sequenced, 

nine (60%) out of fifteen in code 4 were sequenced and two (14.28%) out of twelve in code 5 were 

sequenced.  

 

Discussion 

Success of different DNA extraction and sequencing protocols to examine genetic samples from 

stranded whales 

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

Soft Tissue in freezer Soft Tissue in Room
temp.

Bones

Total samples Succesfull



 

33 

The main reason why protocol A was used for almost all tissue samples in Brazil was because 

it allows efficient purification for a variety of samples (Table II). In this protocol, the spin column 

method provides higher DNA yield and purity due to improved membrane construction and optimized 

buffer formulations, which increase the binding and release of DNA and remove all traces of protein 

contamination. That is why the same protocol A (Invitrogen™ PureLink™ Genomic DNA Mini Kit) was 

also used in hard tissues such as the baleen plate and bones, which are more exposed than the soft 

tissues after collection. The protocol C was the second most used because all the samples were 

retested when they got to Tokyo, and those with low quality were reextracted using it. The Gentra 

Puregene Tissue Kit was chosen as it uses a modified salting-out precipitation method for purification 

of DNA that removes contaminants and enzyme inhibitors such as proteins and divalent cations. 

Finally, the D protocol was the least used because it was a last resource for the tissues that did not 

work with the other protocols. We chose NucleoSp in Tissue Kit considering its characteristics. This 

method is based on the binding property of DNA to the silica membrane of the elution column, 

achieved by the addition of chaotropic salts and ethanol to the lysate. Two subsequent washing steps 

with two different buffers removed contaminants.  

The success rate for soft tissues is greater for extractions considering the protocol C, which we 

therefore recommend for future studies that aim to identify Balaenopteridae whales with molecular 

techniques (Table II). Regarding hard tissues such as bones, the protocol A is recommended over the 

protocol B considering the different success rates, although none of them can be considered high. It is 

worth highlighting that Sremba et al. (2015) were able to extract mtDNA for identification from 231 

out of 281 bone samples, collected in the island of South Georgia from a period which they estimated 

as pre-1915. For that, they used the Qiagen DNeasy Blood and Tissue Kit and included smaller lengths 

of mtDNA sequences (174-194 bp), considering that their main objective was species identification 

only, and no population structure studies. Their higher success rate may be because they adapted 

standard “ancient” DNA protocols for extractions (see Sremba 2015 for details). Finally, we could not 
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tell which is the best method for extraction of DNA material from the baleen plates of whales in part 

because we did not had many samples and because we did not attempt its DNA extraction many times. 

Comparison between field and molecular-based identification of species 

Considering that we were able to identify almost one in every two whales analysed (Table III), 

the molecular identification can be considered useful to obtain information from sampled whales in 

the field, as previously pointed by other studies (Alfonsi et al. 2013, Scholl et al. 2013, Sremba et al. 

2015). Moreover, our DNA sequences were relatively long, with quality for further population structure 

studies. The fact that almost one third of whales not identified are now classified to species level 

highlights the molecular identification’ importance, as sometimes those are the most difficult to 

classify in the field because they may be too decomposed or fragmented (Scholl et al. 2013). Moreover, 

a B. borealis was detected among the samples that could not be identified in the field, which is an 

important result considering that the detection of this species is relatively rare among strandings in 

eastern South America (e.g., Zerbini et al. 1997, Leonardi et al. 2011, Costa et al. 2017). 

The great majority of whales (85%) were correctly identified (Table III), which delivers 

confidence to field identifications from Balaenopteridae’ stranding records in the southwestern 

Atlantic Ocean. However, considering that all discrepancies between field and molecular identification 

were related to B. bonaerensis being confused for B. acutorostrata, and that the percentage of correct 

identification for minke whales was lower (76.93%), individuals from those species should be more 

carefully examined before identification. The confusion for the identification of minke whales was 

expected because they present some common external coloration, although the white patch over the 

shoulder is unique for the common minke whale, B. acutorostrata (Zerbini et al. 1996). The confusion 

was also expected because B. bonaerensis can overlap in size with B. acutorostrata which may reach 

sexual maturity in the southern hemisphere after reaching 6.2 m for females and 6 m for males (Zerbini 

et al. 1996). Also, strandings from B. bonaerensis are less frequent than those from B. acutorostrata 

(Zerbini et al. 1996, Zerbini et al. 1997), which may make identification by field correspondents more 

difficult (Alfonsi et al. 2013). Therefore, further analysis of its external characters is recommended, as 
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they may be distinguished by their coloration if the carcass is fresh (Zerbini et al. 1996, Perrin et al. 

2018). Otherwise, the morphology may aid classification considering phenotypic traces specially 

related to skull characters (see Zerbini et al. 1996, for detailed descriptions). Further examination for 

correct identification is specially recommended when molecular techniques are not available for 

confirmation of field identification.  

 

Table III. Comparison between field and molecular-based species and sex identification of large whales 

recorded in Brazil and Argentina. The ID number correspond to the same ID in Table 1. M = Male, F = 

Female. Molecular Id= Molecular identification.  C= Concordance with field identification, 

D=Disagreement with field identification, I=Identification of the species with molecular analysis only. 

Condition of the carcasses when collected are classified according to Geraci and Lounsbury codes from 

1 (live animal) to 5 (mummified or skeletal remains) (Geraci and Lounsbury, 2005). 

  Field Identification Molecular Id. Sex  Sex Species ID Sex ID Condition 
ID     (Field) (Mol.) C, D, or I C, D, or I (GERACI) 

6 Balaenoptera acutorostrata B. bonaerensis M - D - - 
10 Balaenoptera acutorostrata B. acutorostrata F F C C 3 
11 Balaenoptera acutorostrata B. acutorostrata F F C C - 
13 Balaenoptera sp. B. brydei - F I I - 
14 Balaenoptera acutorostrata B. acutorostrata - - C - - 
16 Balaenoptera acutorostrata B. acutorostrata M - C - - 
17 Balaenoptera acutorostrata B. acutorostrata - M C I - 
20 Balaenoptera acutorostrata B. bonaerensis M - D - - 
24 Balaenoptera acutorostrata B. acutorostrata F - C - - 
25 Balaenoptera acutorostrata B. acutorostrata F F C C 4 
27 Balaenoptera sp. B. acutorostrata - - I - 4 
29 Balaenoptera acutorostrata B. acutorostrata - - C - - 
30 Balaenoptera acutorostrata B. bonaerensis - - D - - 
31 Balaenoptera acutorostrata B. acutorostrata M M C C - 
32 Balaenoptera brydei B. brydei - M C I 2 
37 Balaenoptera sp. B. acutorostrata - - I - 3 
38 Balaenoptera acutorostrata B. acutorostrata F M C D 4 
40 Balaenoptera brydei B. brydei - M C I - 
43 Balaenoptera acutorostrata B. acutorostrata - - C - - 
45 Balaenoptera brydei B. brydei - M C I - 
53 Balaenoptera acutorostrata B. bonaerensis - - D - - 
54 Balaenoptera acutorostrata B. bonaerensis M - D - - 
57 Balaenoptera bonaerensis B. bonaerensis - - C - - 
60 Balaenoptera sp. M. novaeangliae - - I - 5 
62 Balaenoptera brydei B. brydei - - C - 4 
63 Balaenoptera brydei B. brydei - - C - - 
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64 Balaenoptera brydei B. brydei M - C - 4 
70 Balaenoptera acutorostrata B. acutorostrata - - C - - 
72 Balaenoptera acutorostrata B. acutorostrata - - C - 5 
73 Balaenoptera acutorostrata B. acutorostrata F - C - 4 
74 Megaptera novaeangliae M. novaeangliae - - C - - 
75 Balaenoptera omurai B. omurai - - C - 4 
77 Balaenoptera sp. M. novaeangliae - - I - - 
78 Balaenoptera acutorostrata B. acutorostrata M M C C 4 
83 Balaenoptera brydei B. brydei - - C - - 
84 Balaenoptera acutorostrata B. acutorostrata - F C I - 
86 Balaenoptera acutorostrata B. acutorostrata M - C - 2 
87 Balaenoptera brydei B. brydei - M C I - 
89 Balaenoptera brydei (cf) B. acutorostrata M M I C 3 
90 Balaenoptera acutorostrata B. bonaerensis F - D - - 
91 Balaenoptera sp. B. borealis - - I - - 
95 Balaenoptera brydei B. brydei - - C - - 
97 Balaenoptera acutorostrata B. acutorostrata - - C - 4 
98 Balaenopteridae M. novaeangliae - - I - - 

100 Balaenoptera brydei B. brydei M M C C - 
102 Balaenopteridae M. novaeangliae - - I - - 
106 Megaptera novaeangliae M. novaeangliae - - C - 3 
107 Balaenoptera acutorostrata B. acutorostrata M M C C 2 
117 Balaenoptera brydei B. brydei - F C I - 
118 Balaenoptera sp. M. novaeangliae - - I - - 

 

Detection of Omura’s whale 

As molecular analysis did not reveal new B. omurai among molecular identified whale samples, 

we think the species is more rare than cryptic in Brazilian waters, a question raised previously for this 

species in Brazilian waters (Cypriano-Souza et al. 2016). However, it is important to highlight that many 

individuals herein analysed are from southeast and south Brazil, and not from warmer waters of 

northwest Brazil were the only individual of B. omurai was recorded so far. In this context, most records 

from the species worldwide has been made near or in the tropics, and its preference for warm waters 

is well known (Cerchio et al. 2019). Furthermore, since we used samples from stranded whales, maybe 

we did not identify any other Omura’s whale because they may occupy areas very distant from the 

coast, and previous studies of carcass drift suggest that some currents may not favour carcasses drift 

to shore (Prado et al. 2013). To determine whether this species is common in the offshore waters of 

the southwest Atlantic Ocean, additional information on habitat use and on abundance is required, 

which can be obtained from scientific cruises. 
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Preservation of samples for genetic analysis from stranded whales and carcass state 

Considering that high temperatures may fasten chemical reactions, which may cause 

degradation of DNA, the best practices for conservation are to keep samples as cold as possible 

(Doorenweerd and Beentjes 2012). Therefore, that may be part of why the success of soft tissues 

stored under cold temperatures for molecular identification was more than two times great in our 

study than those under room temperature (Figure 1). As a recommendation by Doorenweerd and 

Beentjes (2012), if samples are to be handled, best to keep it conditioned at +4°C to avoid minute ice 

crystals during temperature exchange. On the other hand, if samples are to be stored for long periods 

it is best to keep them frozen at lower temperatures such as -20°C or -80°C. Besides, the reason why 

we have not been able to sequence the hard tissues may not only be related to the high temperatures 

which they were sometimes exposed in tropical Brazil, especially when compared to South Georgia 

island (Srembe et al. 2013), for example. The reason why we could not sequence the hard structures 

may also be because of a more humid environment, which can be problematic for DNA conservation 

(Doorenweerd and Beentjes 2012). It is worth noticing that for most types of tissues, the best practices 

for conservation are to keep samples dry (dehydrated) and cold. For example, if using a 96% ethanol 

and keeping samples cold, they can be preserved for over 100 years, while the 70% ethanol may allow 

presence of more liquid within the samples and cause degradation of DNA for analysis within two years 

(Doorenweerd and Beentjes 2012). Although we had information of only 37 carcasses’ decomposition 

state with the number of individuals fluctuating among them, there seems to be a relation between 

the carcass conditions and the success of the molecular identification. Moreover, the carcass condition 

and DNA conservation state are related to time since death and temperatures in which it is exposed. 

Therefore, collecting preserved samples from subtropical areas of south Brazil and Argentina, which 

are exposed to the cold Malvinas current, may be less challenging than at tropical regions of Brazil, 

considering that air temperature may be higher, as well as water temperatures due to the influence of 

the Brazil current (Silveira et al. 2000).  

 



 

38 

References 

Abe, H., Goto, M., and Pastene, L. 2001. Practical use of multiplex fluorescent PCR for cetacean sex 

identification. Mar. Mammal Sci. 17: 657–664. 

Alfonsi, E., Méheust, E., Fuchs, S., Carpentier, F.G., Quillivic, Y., Viricel, A., Hassani, S., and Jung, J.L. 

2013. The use of DNA barcoding to monitor the marine mammal biodiversity along the French 

Atlantic coast. Edited by: Z.T. Nagy, T. Backeljau, M. De Meyer, and Jordaens K. DNA barcoding: a 

practical tool for fundamental and applied biodiversity research. ZooKeys 365: 5–24. doi: 

10.3897/zookeys.365.5873 

Árnason, Ú., Gullberg, A., and Widegten, B. 1993. Cetacean mitochondrial DNA control region: 

sequences of all extant baleen whales and two sperm whale species. Mol. Biol. Evol. 10: 960–970. 

Costa, A.F. 2015. Mamíferos aquáticos da costa Amazônica e Delta do Parnaíba: Diversidade e Relações 

tróficas. PhD Thesis, Universidade Federal do Pará, Pará, Brazil.  

Carwardine, M. 1995. Whales dolphins and porpoises. Dorling Kindersley Handbooks. 1st American ed. 

London; New York. 

Cerchio, S., Yamada, T.K., and Brownell Jr., R. 2019. Global distribution of Omura’s whales (Balaenoptera 

omurai) and assessment of range-wide threats. Front. Mar. Sci. 6: pp67. DOI= 

10.3389/fmars.2019.00067    

Crespo, E. 2012. Orden Cetacea. Libro Rojo de Mamíferos Amenazados de la Argentina. Edited by Ojeda 

RA, Chillo V, Isenrath GBD. Sociedad Argentina para el Estudio de los Mamíferos (SAREM), 

Argentina. pp. 129–133. 

Cypriano-Souza, A.L., Meirelles, A.C.O., Carvalho, V.L., and Bonatto, S.L. 2016. Rare or cryptic? The first 

report of an Omura’s whale (Balaenoptera omurai) in the South Atlantic Ocean. Mar. Mammal 

Sci. 33: 80–95. 



 

39 

Dalebout, M.L., Mead, J.G., Baker, C.S., Baker, N.A., and Helden, A.L. 2002. A new species of beaked 

whale Mesoplodon perrini sp. (CETACEA: ZIPHIIDAE) discovered through phylogenetic analyses of 

mitochondrial DNA sequences. Mar. Mammal Sci. 18: 577–608. 

Di Tullio, J.C., Gangra, T.B.R., Zerbini, A.N., and Secchi, E.R. 2016. Diversity and distribution patterns of 

cetaceans in the Subtropical Southwestern Atlantic outer continental shelf and slope. PlosOne 11: 

e0155841. doi: 10.1371/journal.pone.0155841 . 

Doorenweerd, C., and Beentjes, K. 2012. Extensive guidelines for preserving specimen or tissue for 

later DNA work.  v1.  

Felsenstein, J. 1993. PHYLIP (Phylogeny Inference Package) 3.5c. University of Washington, Seattle 

Geraci, J.R., and Loundsbury, V.J. 2005. Specimen and Data Collection. In Marine Mammals Ashore: A 

Field Guide for Strandings. Edited by Geraci, J.R., and Lounsbury V.J. 2nd Edition. National 

Aquarium in Baltimore, Baltimore, Maryland. pp. 175–280. 

Glover KA, Kanda N, Haug T, Pastene LA, Øien N, Seliussen DB, Sørvik A.G.E., and Skaug H.J. 2013. 

Hybrids between common and Antarctic minke whales are fertile and can back-cross. BMC 

Genetics 14: 25–36. doi: 10.1186/1471-2156-14-25.  

Kingston, S.E., Adams, L.D., and Rosel, P.E. 2009. Testing mitochondrial sequences and anonymous 

nuclear markers for phylogeny reconstruction in a rapidly radiating group: molecular systematics 

of the Delphinidae (Cetacea: Odontoceti: Delphinidae). BMC. Evol. Biol. 9: 245. doi: 10.1186/1471-

2148-9-245 

Leonardi, M.S., Grandi, M.F., García, N.A., Svendsen, G., Romero, M.A., González, R., and Crespo, E.A. 

2011. A stranding of Balaenoptera borealis (Lesson 1828) from Patagonia, Argentina, with notes 

on parasite infestation and diet. Afr. J. Mar. Sci. 33: 177–179. doi: 

10.2989/1814232X.2011.572384  



 

40 

Maddison, D.R., and Maddison, W.P. 2000. MacClade version 4: Analysis of phylogeny and character 

evolution. Sinauer Associates, Sunderland Massachusetts 

Moritz, C. 1994. Defining ‘evolutionary significant units’ for conservation. Trends Ecol. Evol. 9: 373–

375. 

Norris, K.S. 1961. Standardized methods for measuring and recording data on the smaller cetaceans. 

Journal of Mammal. 42: 471–476. 

Oliveira, M.C.S., Regitano, L.C.A., Roese, A.D., Anthonisen, D.G., Patrocínio, E., Parma, M.M., Scagliusi, 

S.M.M, Timóteo, W.H.B., and Jardim, S.N. 2007. Fundamentos teórico-práticos e protocolos de 

extração e de amplificação de DNA por meio de reação em cadeia da polimerase. Embrapa 

Pecuária Sudeste, São Carlos. Avaliable at: 

https://www.cppse.embrapa.br/servicos/publicacaogratuita/e-books/LVFundDNA.pdf 

Oliveira, L.R., Horffmann, J.I., Hingst-Zaher, E., Majluf, P., Muelbert, M.M.C., Morgante, J.S., Amos, W. 

2008. Morphological and genetic evidence for two evolutionarily significant units (ESUs) in the 

South American fur seal Arctocephalus australis. Conser. Genet. 9(6): 1451–1466. doi: 

10.1007/s10592-007-9473-1. 

Oliveira, L.R., Fraga, L.D., Ott P.H. et al (2019) Population structure, phylogeography, and genetic diversity 

of Common bottlenose dolphin in the tropical and subtropical southwestern Atlantic Ocean. J. 

Mammal. 100(2): 1–14. doi: 10.1093/jmammal/gyz065. 

Pastene, L.A., Acevedo, J., Goto, M., Zerbini, N.A., Acuña, P., and Aguayo-Lobo, A. 2009. Population 

structure and possible migratory links of common minke whales, Balaenoptera acutorostrata, in the 

Southern Hemisphere. Conser. Genet. 11(4): 1553–1558. doi: 10.1007/s10592-009-9944-7.  

Pastene, L.A., Acevedo, J., Siciliano, S., Sholl, T.G.C., Moura, J.F., Ott, P.H., and Aguayo-Lobo, A. 2015. 

Population genetic structure of the South American Bryde’s whale. Ver. Biol. Mar. Oceanog. 50: 453–

464. doi: 10.4067/S0718-19572015000400005. 



 

41 

Pastene, L.A. and Goto, M. 2016. Genetic characterization and population genetic structure of the 

Antarctic minke whale Balaenoptera bonaerensis in the Indo‐Pacific region of the Southern Ocean. 

Fisheries Science 82(6): 873–886. doi: 10.1007/s12562-016-1025-5. 

Perrin, W.F., Mallete, S.D., Brownell Jr, R.L. 2018. Minke whales: Balaenoptera acutorostrata and B. 

bonaerensis. In Encyclopedia of Marine Mammals. Edited by Perrin, W.F., Würsig, B., and 

Thewissen, J.G.M. Third Edition. Academic Press, San Diego, USA. pp. 608–619. 

 Prado, J.H.F., Secchi, E.R., and P.G. Kinas. 2013. Mark-recapture of the endangered franciscana dolphin 

(Pontoporia blainvillei) killed in gillnet fisheries to estimate past bycatch from time series of 

stranded carcasses in southern Brazil. Ecological Indicators 32: 35–41. doi: 

10.1016/j.ecolind.2013.03.005 

Rocha-Campos, C.C., and Câmara, I.G. 2011 Plano de ação nacional para conservação dos mamíferos 

aquáticos: grandes cetáceos e pinípedes. Instituto Chico Mendes de Conservação da 

Biodiversidade, Brasília. Brazil. 

Rosel, P., and Wilcox, L.A. 2014. Genetic evidence reveals a unique lineage of Bryde’s whales in the 

northern Gulf of Mexico. Endanger. Species. Res. 25(1): 19–34. doi: 10.3354/esr00606. 

Saitou, N., and Nei, M. 1987. The neighbor-joining method: a new method for reconstructing 

phylogenetic trees. Mol. Biol. Evol. 4(4): 406–25. doi: 10.1093/oxfordjournals.molbev.a040454. 

Secchi, E.R., Barcellos, L., Zerbini, A.N., and Dalla-Rosa, L. 2003. Biological observations on a dwarf 

minke whale, Balaenoptera acutorostrata, caught in Southern Brazilian waters, with new record 

of prey for the species. Latin American Journal of Aquatic Mammals 2: 109–115.  

Sholl, T.G.C., Moura, J.F., Ott, P.H., Bonvicino, C.R., Reis, E.C., Tavares, D.C., and Siciliano, S. 2013. 

Cytochrome b sequencing for the species identification of whale carcasses washed ashore in 

Brazil. Mar. Biodiver. Rec. 6: e30. doi: 10.1017/S1755267212001157.  



 

42 

SIilveira, I.C.A., Schimidt, A.C.K., Campos, E.J.D., Godoi, S.S., and Ikeda, Y. 2000. A corrente do Brasil ao 

largo da costa leste brasileira. Rev. Bras. Oceanogr. 48(2): 171–183. doi: 

https://doi.org/10.1590/S1413-77392000000200008. 

Simões-Lopes, P.A.C., and Ximenez, A. 1993. Annotated list of the cetaceans of Santa Catarina coastal 

waters, Southern Brazil. Biotemas 6: 67–92. doi: 10.5007/%25x. 

Sremba, A.L., Martin, A.R., and Baker, C.S. 2015. Species identification and likely catch time period of 

whale bones from South Georgia. Mar. Mammal Sci. 31(1): 122–132. doi: 10.1111/mms.12139 

Tardin, R.H., Chun, Y., Simão, S.M., and Alves, M.A.S. 2017. Modeling habitat use by Bryde’s whale 

Balaenoptera edeni off southeastern Brazil. Mar. Ecol. Prog. Ser. 576: 89–103. doi: 

10.3354/meps12228. 

Wada, S., Oishi, M., and Yamada, K. 2003. A newly discovered species of living baleen whale. Letters 

to Nature 426: 278–281. doi: 10.1038/nature02103. 

Zerbini, A.N., Secchi, E.R., Siciliano, S., and Simões-Lopes, P.C. 1996. The dwarf form of the minke 

whale, Balaenoptera acutorostrata Lacépède 1804, in Brazil. Report for the International Whaling 

Commission 46: 333–339. 

Zerbini, A. N., Secchi, E.R., Siciliano, S., and Simões-Lopes, P.C. 1997. A Review of the Occurrence and 

Distribution of Whales of the Genus Balaenoptera along the Brazilian Coast. Report of the 

International Whaling Commission 47: 407–417.  

Zerbini, A.N., Secchi, E.R., Bassoi, M., Dalla-Rosa, L., Higa, A., Souza, L., Moreno, I.B., Möller, L.M., and 

Caon, G. 2004. Distribuição e abundância na Zona Econômica Exclusiva da região sudeste-sul do 

Brasil. Série documentos Revizee: Score Sul. Instituto Oceanográfico – USP. São Paulo, Brazil.  

 



 

43 

3. CAPÍTULO 2: New evidences for distinct populations of common minke 

whale in the southern hemisphere and the need for reviewing the 

taxonomy of the so-called ´dwarf´ form 

 

Manuscrito formatado sob as normas do Journal Conservation Genetics para submissão. 

 

 

Abstract 

Two minke whale species are currently recognized: the Antarctic minke (Balaenoptera bonaerensis) and the 

cosmopolitan common minke (B. acutorostrata) whales. The latter species is divided into three subspecies, North 

Pacific (NP), North Atlantic (NA) and ‘dwarf’ minke whales. ‘Dwarf’ minke whale, B. acutorostrata unnamed 

subspecies, is known to occur only in the Southern Hemisphere. The goal of this study was to assess the genetic 

variation of two populations of common (‘dwarf’) minke whales, from Western South Atlantic (WSA) and 

Western South Pacific (WSP), through the analysis of 12 microsatellite DNA loci and mtDNA control region 

sequences (313bp). For comparative purposes, the mtDNA analysis involved samples of NP and NA common 

minke whales and the Antarctic minke whales. Samples of 423 individuals were analyzed, including 30 individuals 

from the WSA and 17 from the WSP. Microsatellite analysis included only individuals from the WSA (n=16) and 

WSP (n=15). The neighbor-joining tree of mtDNA haplotypes showed separate clades for WSA, WSP, NP and 

NA whales, with a closer relation between WSA and NA. However, no haplotype was shared among WSA and 

NA populations. The degree of genetic differentiation assessed by the mtDNA FST was significant among all 

populations of common minke whales while the microsatellite analysis showed significant differences between 

the WSA and WSP populations (Fst= 0.059). Therefore, both genetic markers indicated congruent results on 

significant genetic differences between WSA and WSP whales, hence supporting the separation of these two 

populations into Management Units for conservation purposes.  

 

Key words: Baleen whales, conservation biology, southern oceans, genetic diversity, ‘dwarf’ minke whale, 

Management Units. 

 

Running head: Common minke whale population structure. 

 

 

Introduction 

There are currently two minke whale species, the Antarctic minke (Balaenoptera bonaerensis) and the 

cosmopolitan common minke (B. acutorostrata) whales. The common minke whale is further divided in three 

subspecies based largely upon the geographical origin and some morphological differences: the common minke 

whale from the North Pacific (NP) B. acutorostrata scammoni, the common minke whale from the North Atlantic 

(NA) B. a. acutorostrata, and the ‘dwarf’ “minke whale from the Southern Hemisphere, B. acutorostrata unnamed 

subsp. (Pastene et al. 2007). 
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In the Southern Hemisphere, common minke whales have been recorded at Western South Atlantic 

(WSA) waters off Brazil and Chilean Patagonia, at Western South Pacific (WSP) waters off New Zealand and 

northern Great Barrier Reef in Australia, and at Western Indian Ocean off Durban in South Africa (Baker 1983; 

Best 1985; Arnold et al. 1997; Zerbini et al. 1997; Capella et al. 1999; Acevedo et al. 2006; Siciliano et al. 2011). 

Prior genetic analyses based on mitochondrial DNA (mtDNA) control region sequences showed that i) there are 

striking genetic differences between common minke whales off Brazil and WSP, and ii) South (Brazil-Patagonia-

Antarctic Peninsula) and North Atlantic mtDNA haplotypes were more closely related to each other than to other 

haplotypes from the WSP (Pastene et al. 2010). It should be noted that one Brazilian haplotype (found in one 

individual) clustered within the WSP clade. Pastene et al. (2010) suggested that this was unlikely to be a result of 

migration, but rather because of incomplete lineage sorting. Previous ecological investigations of the common 

minke whale in the WSA revealed a nursing area in Southern Brazil, Uruguay and Northern Argentina 

approximately between 25oS and 35oS (Baldas and Castello 1986; Zerbini et al. 1997), and also that some 

individuals may remain and feed in mid-latitude during the year (Secchi et al. 2003; Milmann et al. 2018). On the 

other hand, a breeding area is known in the coral reefs of east Australia, in the South Pacific (Arnold et al. 1987). 

Previous photo-identification studies on the Australian breeding ground suggested some degree of individual site 

fidelity through the years, indicating the possible existence of discrete subpopulations (Sobtzick 2010). Gathering 

information on the seasonal habitats of the different minke whale populations, such as the identification of winter 

breeding grounds, remains a priority to elucidate issues of ecology and population structure (Risch et al. 2019). 

Different populations and subspecies of common minke whale can be differentiated by morphological 

characteristics. For example, clear morphological differences in the white patch of the flipper were found between 

NA and NP common minke whales (Nakamura et al. 2018). Moreover, marked morphological differences were 

found even in the flipper colour pattern between different populations in the NP (the so-called J and O stocks), 

which are highly correlated genetically (Nakamura et al. 2016). A comparison between skulls from a limited 

number of individuals from Brazil (WSA) and Australia (WSP) (Arnold et al. 1987) showed more similarities 

between them then when comparing either to the Antarctic minke whale, as the objective of the morphological 

study was to establish differences between Antarctic minke whale and common minke whale (Zerbini et al. 1996). 

In this context, a study with a greater number of samples aiming to detect morphological differences between 

common minke whales from WSA and WSP is still pending. The lack of morphological comparison between the 

two may be due to the fact that evidences of their differentiation through molecular analysis are relatively recent 

(Pastene et al. 2007; 2010).  

Molecular studies are widely used to investigate species at the population level in order to deliver 

important insights related to genetic diversity, structure and relationships among groups, affording important data 

to implement realistic conservation strategies (Boyd 2010). The analysis of mtDNA provides a glimpse of 

population structure, but it only detect the inheritance on the mother line, while the use of nuclear markers (e.g. 

microsatellite analysis) is can detect the genetic contribution of both sexes (Nei and Kumar 2000). The use of both 

mtDNA and nuclear markers allows a more complete investigation of population structure and has been applied 

to the study of a broad number of marine mammal species (e.g. Kanda et al. 2007; Oliveira et al. 2008; Pastene 

and Goto 2016; Oliveira et al. 2019). In this context, the degree of genetic variability, evolutionary history and 

geographical isolation are important for species classification (Cracraft 1983) and to detect Evolutionarily 
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Significant Units within species (henceforth referred to as ESUs). The term ESU has been evolving since it was 

first proposed by Ryder (1986) in attempt to prioritize distinct intraspecific units, although there is a considerable 

lack of consensus about the concept and criteria for recognizing such units (e.g. Crandall et al. 2000; Jensen et al. 

2014). In this regard, while Moritz (1994) define ESUs as historically isolated set of populations that can be 

identified by reciprocal monophyly of mtDNA variation and significant divergence of allele frequencies at nuclear 

genes, others emphasized both molecular and ecological data to attribute the ESUs status (Crandall et al. 2000 for 

a review).  

Previous genetic studies on common minke whales in the SWA were based on a limited number of 

samples from Brazil (n=8) and on a single genetic marker (mtDNA) (Pastene et al. 2007; 2010). In order to further 

examine the relationship between WSA and other populations of common minke whales, a larger number of 

samples from Brazil should be examined combining two different genetic markers. In this context, we gathered 

tissue samples from stranded individuals along the Brazilian coast from 1997 to 2018 for molecular analysis based 

on both mitochondrial and microsatellite DNA to elucidate the question of whether WSA common minke whales 

are part of an independent population that should be conserved and managed separately from WSP common minke 

whales.  

 

Materials and methods 

Samples 

For the mtDNA analysis we compared molecular sequences from 423 individuals collected from five 

populations of common minke whale and the Antarctic minke whale (Figure 1). Among the samples, 119 were 

from Antarctic minke whales collected between 70°E and 170°W, while the rest (304) were common minke 

whales: 127 were from Western North Pacific (WNP), 28 from the Sea of Japan (SOJ), 102 from NA, 17 from 

WSP, and 30 from WSA. The samples from common minke whales from WSP were collected off Antarctica, 

between ~100°E and 170°W (Pastene et al. 2007, Pastene et al. 2010), while the samples from WSA were 

composed of one individual biopsied in Antarctic waters, three stranded individuals from Chilean Patagonia and 

26 stranded individuals from Brazil. The sequences were available in the GenBank and were used in previous 

analysis (see Pastene et al. 2007 and 2010 for details), except for new samples from Brazil (n=18, Table 1).  
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Figure 1. Sampling sites of analyzed populations in the present study from five different populations of common 

minke whale and from the Antarctic minke whale. The sampling locations were extracted from Pastene et al. (2007, 

2010), and new samples from the present studies are also plotted as black circles. SOJ = Sea of Japan, NA= North 

Atlantic, WSP = Western South Pacific, WSA= Western South Atlantic, WNP = Western North Pacific, and 

Antarctic minke whale.  

 

Tissue and bone samples from common minke whales stranded along the southern and south eastern coast 

of Brazil were collected under the permits SISBIO 004-04/CMA/IBAMA and 32550-2, and genetically analyzed 

at the Institute of Cetacean Research in Japan under the permits SISGEN R607D49 and SISCITES 

15BR030112/DF. The new samples analyzed from the WSA off Brazil were collected between 1998 and 2018 in 

Rio Grande do Sul (n=14) and Santa Catarina (n=1) states, southern Brazil, and Rio de Janeiro state (n=3), south 

eastern coast of Brazil (Table 1). Most specimens were collected in spring (55.5%) and winter (33.3%). Species 

identification of each individual on field was based on external morphology features and verified with photographs 

or skull examination when necessary. The total length of individuals varied from 2.26 m to 8.80 m (mean=5.43 

sd=2.49), including eight males and five females. Age class was defined by total length, accordingly to values 

indicated for this population in Zerbini et al. (1996), resulting in four calves, two juveniles and six adults (Table 

1). 
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Table 1. Information of the new samples of common minke whales from Brazil (N=18). Localities, defined as 

Brazilian states: Rio Grande do Sul=RS, Rio de Janeiro=RJ, Santa Catarina=SC. TL= Total Length in meters, 

Class (A= Adults, J = Juvenile and C= Calf). M= male, F= female. (-) lack of information 

ID Date Season Locality Lat (S) Long (W) Sex TL Class Haplotype 

1 11 July 1998 Winter RS 29.92 50.09 - 7.06 A 146 

2 11 November 2000 Spring RS 29.38 49.74 M - - 148 

3 27 August 2000 Winter RS 30.81 50.55 M 2.51 C 146 

4 29 August 2003 Winter RS 30.63 50.42 F 2.26 C 145 

5 27 June 2003 Winter RS 30.19 50.20 - 8.00 A 145 

6 19 August 2004 Winter RJ 22.73 41.96 M 7.15 A 146 

7 14 November 2004 Spring RJ 22.93 42.52 - - - 145 

8 3 November 2005 Spring RS 30.53 50.35 M 2.51 C 148 

9 7 October 2005 Spring RS 30.24 50.22 - ~5 J 145 

10 23 November 2007 Spring RS 30.29 50.24 F 4.40 J 146 

11 27 November 2010 Spring RS 30.56 50.37 F - - 146 

12 16 October 2010 Spring RJ 22.93 42.47 F 8.80 A 145 

13 29 September 2011 Spring RS 30.15 50.19 M 6.85 A 146 

14 21 November 2012 Spring RS 30.67 50.45 F - - 146 

15 21 June 2013 Winter RS 30.09 50.16 M 2.63 C 145 

16 11 December 2015 Spring RS 29.32 49.75 M - - 146 

17 11 May 2016 Autumn RS 29.95 50.11 - - - 145 

18 5 February 2018 Summer SC 28.90 49.32 M 8 A 145 

 

DNA extraction 

Genomic DNA was extracted from approximately 0.05 g of the outer epidermal layer of tissue samples 

using the protocols of Gentra Puregene Tissue Kit, Phenol-Chloroform (Sambrook et al. 1989), or PureLink® 

Genomic DNA Kit. Extracted DNAs were stored in TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0). 

 

mtDNA analysis 

Amplification procedures of the 313 base pairs (bp) of control region of mitochondrial DNA (mtDNA) 

were conducted using the primers MT4 (Arnason et al. 1993) and P2 (Kanda et al. 2007). Reactions were carried 

out in 50 uL volumes containing 100 mM KCl, 20 mM Tris-HCl, 0.1 mM EDTA,1 mM DTT, 0.5% Tween 20, 

0.5% Nonidet P-40, 200 uM dNTPs, 2.5 pM of each oligo-nucleotide and one unit of Taq DNA polymerase (Takara 

Ex Taq). After an initial denaturation step at 95°C for 5 min, a PCR amplification cycle of 30 s at 94°C, followed 

by 30 s at 50°C and 30 s at 72°C was repeated 30 times. The amplification was completed with a final extension 

step of 10 min at 72°C. Variable sites and unique sequences (haplotypes) were identified using the program 

MacClade (Maddison and Maddison 2000). All molecular analyses were conducted at Laboratory of Genetics and 

Molecular Biology at “Universidade do Vale do Rio dos Sinos” in Brazil and at the Institute of Cetacean Research, 

Japan. 

 

mtDNA diversity and differentiation among populations 

The haplotype and nucleotide diversities were calculated following Nei (1987). The standard error of 

gene diversity for each population sampled and the pairwise differences between mtDNA sequences populations 
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were calculated using the Kimura’s 2- parameter adjustment (Kimura 1980). The level of differentiation of mtDNA 

for common minke whale and Antarctic minke whales was estimated using Kimura’s net interpopulation genetic 

distance (NEI) (Nei 1987). 

The FST for mtDNA was calculated based on the analysis of molecular variance (AMOVA) (Excoffier et 

al. 1992). The randomized chi-square Test of Independence (Roff and Bentzen 1989) and the conventional FST 

were used to investigate the temporal/spatial differentiation of mtDNA variation and were performed using R 

software. In each test a total of 10,000 permutations of the original data were performed. A p-value smaller than 

0.05 was used as a criterion to reject the null hypothesis of panmixia. The FDR approach was used for adjustment 

of p-value in case of multiple comparisons.  

 

Phylogenetic analysis 

The genealogy of the mtDNA haplotypes was estimated using the Neighbor Joining method (Saitou and 

Nei 1987) as implemented in the program PHYLIP (Felsenstein 1993). Genetic distances among haplotypes were 

estimated using the program DNADIST of PHYLIP, based on Kimura’s 2-parameter model (Kimura 1980). A 

transition-transversion ratio of 5:1 was used. The genealogy was rooted using the homologous sequence from nine 

baleen whale species (Arnason et al. 1993). To estimate support for each node a total of 10,000 bootstrap 

simulations were conducted and the majority-rule consensus genealogy estimated. For the analysis of the mtDNA 

313 bp were used. 

 

Sex identification and laboratory work 

The sex identification of the specimens was performed using a multiplex amplification of two DNA 

regions. In this context, the Sry gene was amplified, using primers CSYF (5’-TCGTGATCAAAGGCGAAAGG-

3’) and CSYR (5’-TTTGTCTCGGTGCATGGCTC-3’) (Abe et al. 2001), and EV94 was used as negative control 

(Abe et al. 2001). All PCR reactions were carried out in 15 µl containing 2.5 pmol of each primer, 0.5 units of Ex 

Taq DNA polymerase (Takara Ex Taq), 2 mM of each dNTP, and 10× reaction buffer. After an initial denaturation 

step at 95 °C for 2 min, a PCR amplification cycle of 20 s at 94 °C, followed by 45 s at 58 °C and 1 min at 72 °C, 

was repeated 30 times. The amplification was completed with a final extension step of 10 min at 72 °C. PCR 

products were analyzed on a 3500 sequencer (Applied Biosystems) with Hi-DiTM Formamide (Applied 

Biosystems) and 600 LIZ size standard ladder (Applied Biosystems). Females have a single band that corresponds 

to the ZFX intron on X chromosomes, whereas males have two bands, one corresponding to the X intron and the 

other to the ZFY intron on the Y chromosome. 

 

Microsatellite DNA diversity and differentiation among populations 

The number of alleles per locus, expected heterozygosity per locus and inbreeding coefficient per locus were 

calculated using R software. Statistical tests for deviations from the expected Hardy-Weinberg genotypic 

proportions were conducted using the software GENEPOP 4.0 (Rousset 2008). For microsatellite analysis 12 loci 

were used for 16 ‘dwarf’ minke whales from the WSA and 15 individuals from WSP: EV1, GT310, EV37, GT23, 

EV94, GATA28, GT575, GATA98, GT211, GT509, DlrFCB14, GT195. The PCR reactions and amplifications 

followed the same method mentioned for sex determination. While data from all loci was present for WSP 
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individuals, in the WSA we got microsatellite data for at least one locus from each sample, and full data was 

available for seven individuals.  

Probability test (or Fisher’s exact test) implemented in GENEPOP 4.0 (Rousset 2008) was used to conduct 

the heterogeneity test between WSP and WSA common minke whales. Statistical significance was determined 

using the chi-square value obtained from summing the negative logarithm of p-values over the 12 microsatellite 

loci (Sokal and Rohlf 1995). The False Discovery Rate (FDR) approach (Benjamini and Yekutieli 2001) was used 

for adjustment of p-value in case of multiple comparisons. FST was calculated using R software.  

 

Results 

mtDNA 

Levels of mtDNA diversity and mtDNA differentiation 

From the total 423 mtDNA sequences analyzed, 148 haplotypes were determined. The haplotype and 

nucleotide diversity indexes showed higher values for the Antarctic minke whale (Table 2). Within the common 

minke whale, the haplotype diversity values in each population ranged from 0.92 in WNP to 0.40 in SOJ, and the 

nucleotide diversity varied from 0.0098 in WNP to 0.0062 in WSA. Moreover, WSA showed the second lowest 

haplotype diversity (Table 2) and only three haplotypes were found in the 18 new individuals analyzed, from which 

one was new (Hap 148, Table S1).  

 

Table 2. The mtDNA diversity in five populations of common minke whale (Ba) and the Antarctic minke whale 

(Bb). BbAnt = Antarctic minke whale, BaWNP= Western North Pacific common minke whale, BaSOJ = Sea of 

Japan common minke whale, BaNA = North Atlantic common minke whale, BaWSP = Western South Pacific 

common minke whale, and BaWSA = Western South Atlantic common minke whale. Ba (all together) = all 

populations. 

 Species/ 

Population 

Sample 

size 

No. 

Haplotypes 

Haplotype 

diversity (π) 
St. Dev 

Nucleotide 

diversity 
St dev. 

BbAnt  n=119 78 0.9812 0.0057 0.014755 0.008103 

BaWNP n=127 30 0.9295 0.0097 0.009883 0.005753 

BaSOJ n=28 3 0.4048 0.0943 0.006768 0.004356 

BaNA n=102 25 0.8354 0.0331 0.006752 0.004232 

BaWSP n=17 8 0.9118 0.0355 0.009151 0.005698 

BaWSA n=30 6 0.7402 0.0491 0.006238 0.004075 

Ba (all together) n=304 70 0.9610 0.0050  0.02313  0.005700 

 

The haplotype frequencies by species and populations is presented in Table S1, as Supplementary 

material. From the 148 haplotypes found among the 423 individuals (numbered accordingly to Figure 2), 78 were 

from the Antarctic minke whale and 70 were from the common minke whale haplotypes. Most populations of 

common minke whale showed exclusive haplotypes and only WNP and SOJ shared two haplotypes. Moreover, 

the frequencies of both shared haplotypes were exceptionally low (just one individual) in one of the two 

populations. For the common minke whale from WSA, three haplotypes (out of six) are more frequent and 

accounted for more than 85% of the sample. The remaining haplotypes were found in just one or two individuals 

(Table S1 - supplementary material). 
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Figure 2. Phylogenetic reconstruction using mtDNA haplotypes of Antarctic and common minke whales. A total 

of 148 haplotypes were found in 423 individuals, and homologous sequences from nine other whale species were 

used for the rooted phylogenetic tree. Branches with bootstrap values above 60% are shown as black dots. The 

clade for Antarctic minke is indicated and the others indicating localities correspond to common minke whales. 

The individual of southern Brazil (LM144) that grouped with the WSP cluster is highlighted by a black rectangle. 
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All FST comparisons between species (i.e. Antarctic minke whale vs common minke whale) and among 

populations of common minke whales were statistically significant. Regarding specifically the common minke 

whales from WSA, the values of FST between different populations of the species were always higher (ranging 

from 0.1540 to 0.4247) than in relation to the Antarctic minke whales (0.1274). Moreover, the FST between WSA 

and NA (0.2058) was greater than the comparison between NA and WSP populations (0.1317) (Table 3). 

 

Table 3. Genetic differentiation (FST) (below the diagonal) and Net Inter populational Distance (NEI) (above the 

diagonal) from mtDNA among five populations of common minke whales and Antarctic minke whale. BbAnt = 

Antarctic minke whale, BaWNP= Western North Pacific common minke whale, BaSOJ = Sea of Japan common 

minke whale, BaNA = North Atlantic common minke whale, BaWSP = Western South Pacific common minke 

whale, and BaWSA = Western South Atlantic common minke whale. 

  BbAnt  BaWNP BaSOJ BaNA BaWSP BaWSA 

BbAnt  - 0.07822 0.08050 0.08469 0.08142 0.09113 

BaWNP 0.04470* - 0.00732 0.02027 0.02729 0.03453 

BaSOJ 0.25499* 0.27688* - 0.02610 0.03382 0.03862 

BaNA 0.09111* 0.11687* 0.33455* - 0.01904 0.01416 

BaWSP 0.05051* 0.07840* 0.36948* 0.13173* - 0.02738 

BaWSA 0.12736* 0.15396* 0.42473* 0.20588* 0.18030* - 

           * Significance Level=0.05. Number of permutations: 10,000 

 

The Net interpopulational distance (NEI) between species and populations of common minke whale is 

shown in Table 3. As expected, higher values were found between the Antarctic and common minke whales (values 

ranged from 0.078 to 0.091). The mean value among common minke whale populations was 0.024. Finally, the 

NEI index between WSA and NA whales (NEI=0.014) was the second smallest among populations (Table 3), and 

value is lower than when comparing WSA with WSP whales (0.027). The same pattern was found for WSP, where 

the index was smaller when comparing with the NA (NEI=0.019) than with WSA. 

 

Phylogenetic analysis 

The phylogenetic tree of mtDNA haplotypes is shown in Figure 2. Antarctic and common minke whales 

are clearly separated in different clades. Within the common minke whale clade, most populations exhibited 

exclusive haplotypes and the phylogenetic tree shows a strong association of clades to the four sampled ocean 

regions (i.e. North Pacific, South Pacific, North Atlantic and South Atlantic) (Figure 2). The samples from WNP 

and SOJ shared two haplotypes (Haplos 79 and 106) and fall within one clade (Table S1, Figure 2). Apart from a 

haplotype (Haplo 148) found in a single whale from Brazil that grouped within the eight exclusive WSP sequences, 

all other clades are composed only by exclusive haplotypes found in each region of the major ocean basins. 

Moreover, although NA and WSA were clustered closer to each other, their separation was supported by bootstrap 

values higher than 60%. The phylogenetic tree also shows a previous separation between the NA+WSA clade and 

WSP. These three clades were separated from WNP and SOJ groups and that was supported by high bootstrap 

values (88%) (Figure 2). 
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Microsatellites 

Levels of microsatellite DNA diversity  

Among the ‘dwarf’ minke whales analyzed (i.e. WSP and WSA), except for EV37 in WSP, all 12 

microsatellite loci were polymorphic, and each loci ranged from two alleles (GT575, EV37) to 9 alleles 

(GATA028) (mean=4.5, sd=2.27) in WSA and from one (EV37) to nine (EV1, GATA28) (mean=5.41, sd=2.67) 

in WSP (Table 5). The total number of alleles was greater for WSP (n=65) than for WSA (n=54) as well as the 

heterozygosity (0.61 for WSP and 0.51 for WSA), while the proportion of unique alleles was higher for WSA 

(0.309) than for WSP whales (0.153). Moreover, the observed heterozygosity per locus varied from 0.11 to 0.85 

(Overall HO=0.52, sd=0.27) for WSA and from 0 to 0.93 (Overall HO=0.59, sd=0.22) for WSP, while the expected 

heterozygosity (HE) varied from 0.1 to 0.82 (HS=0.521) for WSA and between 0 and 0.87 (HS=0.595). Finally, the 

overall inbreeding coefficient was greater for WSP (FIS= 0.85) than for WSA (FIS= 0.15), and the p values for the 

Hardy-Weinberg test varied from 0.002 to 1, with an overall value of 0.014 for WSA and from 0,060 to 1, with an 

overall value of 0.630 for WSP. A significant departure from HWE at a single locus (i.e., GATA28), as well as 

across loci was observed in the Western South Atlantic population. However, after adjustment of p-values for 

multiple comparison both statistical significances disappeared. 



 

53 

Table 4. Levels of microsatellite DNA diversity in two populations of common minke whale from Western South Atlantic (n=16) and Western South Pacific (n=15). 

The number of alleles per locus (A), expected heterozygosity per locus (HE), observed heterozygosity (HO) and inbreeding coefficient per locus (FIS), and test for Hardy Weinberg 

(HWE) equilibrium are shown. Averaged heterozygosity within populations (HS) in shown at the last line of the HE column. The sample size (SS), indicates how many whales 

had that locus successfully analyzed for each population.  

   Western South Atlantic (16)  Western South Pacific (15)  

 Locus SS Allele HE HO FIS HWE (LLR) SS Alelle HE HO FIS HWE (LLR) 

1 EV1 13 5 0.69 0.85 -0.1892 0.05745 15 9 0.8 0.87 -0.0460 0.82874 

2 GT310 8 7 0.8 0.75 0.1340 0.34412 15 5 0.65 0.6 0.1095 0.41210 

3 EV37 10 2 0.26 0.3 -0.1250 1 15 1 0 0 - - 

4 GT23 11 5 0.5 0.55 -0.0526 0.12074 15 7 0.73 0.8 -0.0566 0.06034 

5 EV94 11 3 0.17 0.18 -0.0256 1 15 3 0.53 0.67 -0.2335 0.32591 

6 GATA28 9 9 0.82 0.56 0.3750 0.00227 15 9 0.87 0.93 -0.0398 0.89704 

7 GT575 9 2 0.1 0.11 - 1 15 4 0.67 0.53 0.2407 0.71331 

8 GATA98 9 5 0.77 0.78 0.0508 0.87363 15 4 0.69 0.67 0.0635 1 

9 GT211 15 3 0.37 0.2 0.4878 0.05593 15 4 0.34 0.4 -0.1275 1 

10 GT509 10 7 0.76 0.7 0.1310 0.86402 15 8 0.84 0.8 0.0795 0.72883 

11 DlrFCB14 11 2 0.3 0.36 -0.1765 1 15 3 0.24 0.2 0.2000 0.20306 

12 GT195 12 4 0.72 0.83 -0.1168 0.88846 15 8 0.78 0.93 -0.1598 0.69050 

sumlog p - - 54 0.52 0.51 0.1530 0.01423 - 65 0.60 0.62 0.8578 0.63015 
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Levels of microsatellite DNA differentiation  

The genetic differentiation (FST) between WSP and WSA populations was significantly different from 0 

(Fst= 0.05922597, p value = 0.00009). 

 

 

Discussion 

This study examined a larger mtDNA data set from the WSA populations than previous studies, and used 

for the first-time microsatellite DNA to investigate the nuclear DNA differentiation between WSA and WSP 

common minke whales.  

The mtDNA analysis revealed only six haplotypes for the WSA population, which is the second smaller 

number among common minke whales, after SOJ. However, this number is higher than the two haplotypes found 

among eight Bryde’s whale (Balaenoptera brydei) sampled in Brazil (Pastene et al. 2015). The low number of 

haplotypes herein is unlikely related to sample size or sample location, since WSA was not the smallest sampled 

population and the 30 sampled individuals were from a vast area that ranged from waters close to Antarctica to 

south and southeastern Brazil. On the contrary, the small number of haplotypes from WSA population may be the 

result of a founder effect and more recently divergence time and therefore establishment of this population (Pastene 

et al. 2007). This low haplotype diversity is supported by the finding of just one new haplotype among 18 new 

Brazilian whales, since the last study (Pastene et al. 2010). Nevertheless, considering the great latitudinal 

distribution of the species in the WSA, ranging from the Equatorial line in the state of Maranhão (2.69oS), Brazil, 

to the Chilean Patagonia (54.90oS) (Zerbini et al. 1997; Acevedo et al. 2006; Magalhães et al. 2008) and that only 

a subset of the its breeding area was sampled (Figure 1, Baldas and Castello 1986; Zerbini et al. 1997), future 

studies could detect new haplotypes from novel samples off Argentina, Uruguay, as well as north and northeastern 

Brazil. 

Despite relatively lower for WSA and SOJ, the overall haplotype diversity found in common minke 

whales (H=0.96) is greater than those found in aother populations of common minke whales (H=0.89, Korean 

waters, Park et al. 2009) or other migratory baleen whales, such as fin whales, B. physalus (H=0.83-0.99, Archer 

et al. 2013), and southern right whales, Eubalaena australis (H=0.69-0.94, Caroll et al. 2019). Nevertheless, the 

high haplotype diversity among the common minke whales in WSP (H=0.91), WNP (H=0.92), and Korean waters 

(H=0.89, Park et al. 2009) are indicative of large historical effective population size or a more ancient founder 

event (Nei and Kumar 2000), as we are not familiar with any severe or prolonged bottleneck effects. In this context, 

the greater values for those indexes when comparing Pacific and Atlantic populations as well as when comparing 

NA and SWA populations are also in accordance with the previously proposed irradiation order from the Pacific 

Ocean to the north Atlantic, followed by irradiation to the WSA ocean (Pastene et al. 2007). The different clades 

formed by neighbor-joining tree seem related to geographical position of the samples and evidence the separation 

of common minke whales from WNP (including SOJ whales), NA, WSP and WSA (Figure 2), as previously 

postulated (Pastene et al. 2007; Pastene et al. 2010). Also, the fact that only two haplotypes out of 70 were shared 

between two populations (WNP and SOJ), and at low frequencies, evidences isolation across populations or a  

strong population structure caused by female philopatry (Nei and Kumar 2000). In this context, results herein are 

in accordance with former studies that suggested a close to zero migration rate between all populations, except 

between WNP and SOJ (Pastene et al. 2007). Moreover, the neighbor-joining three evidenced that the whales from 



 

55 

WSA are more closely related to the NA common minke whales than WSP, even though both WSA and WSP are 

called ‘dwarf’ minke whales (Rice 1998, Figure 2). Therefore, our results evidenced a trichotomy between these 

two proposed sub-species (B. a. unnamed subsp., herein represented by WSA and WSP) and B. a. acutorostrata 

(NA), reinforcing discrepancies within this taxonomic group (Pastene et al. 2007, 2010; Glover et al. 2013).  

Regarding the phylogenetic tree, it also should be acknowledged that although the WSA and NA clades 

were relatively well supported by bootstrap values (>60%), one of the WSA haplotypes from the former sampling 

grouped within the WSP clade. Nevertheless, the existence of the WSP clade containing a Brazilian sample was 

previously hypothesized to be an incomplete lineage sorting due to recent separation from a larger population 

(Pastene et al. 2010).  

The genetic differentiation (FST) among populations is related to the rates of important evolutionary 

processes, such as migration, mutation, and drift (Holsinger and Weir 2009), and differences were significative 

across all groups (Table 3). Unexpectedly, the mtDNA FST was lower between the two species of minke whales 

than among some of the common minke whale populations, despite the longer estimated divergence time since 

their separation (~5Ma) in comparison with the main lineages of common minke whales (~1.2Ma) (Pastene et al. 

2007). Therefore, the differentiation among populations of common minke whale was high accordingly to mtDNA 

FST values, indicating strong population structure for the species, at least related to females. For  example, the FST 

values between the SOJ and WSA (FST=0.42) was greater than between the two species (FST=0.09111). In this 

regard, it is known that both minke whale species can produce viable hybrids that are fertile and can backcross 

(Glover et al. 2013). Additionally, the differentiation values between WSA and NA (FST=0.20) reveals population 

structuring across this major ocean basin. Moreover, those values are also greater than the one separating NA and 

Antarctic minke whales. Finally, the smaller FST values between NA and WSP (FST= 0.13) when compared to 

WSP and WSA reaffirms that taxonomy and evolutionary history of the species is not completely tuned (Arnold 

et al. 2005; Pastene et al. 2007; Pastene et al. 2010; Gover et al. 2013).  

As expected, the highest value for Net interpopulation distance (NEI) was found between the Antarctic 

minke and the common minke whales (0.091-0.078, Table 3), considering they are different species. Also, WSA 

whales presented higher overall values (0.027-0.038) than the other populations, except when compared with NA 

(NEI=0.014), which indicates a more recent separation of WSA and NA populations. Considering the more recent 

establishment of this population (Pastene et al. 2007), this could be potentially related to a greater population size 

(Takezaki and Nei 1996). Unfortunately, it is hard to confirm such greater population size, since there are no 

abundance estimates for common minke whales from breeding grounds off South America (Rocha-Campos and 

Câmara 2011). Moreover, the NEI value found between NA and WNP  (NEI=0.020) is smaller than between the 

WSA and WSP (NEI=0.027, Table 3), both called “dwarf” minke whale, which also supports evolutionary 

separation between southern populations of common minke whale. In this regard, the values between Bryde’s 

whale populations are quite smaller (0.001 – 0.013, Kanda et al. 2006) than those found herein, indicating that 

there is a relatively greater populational distance between common minke whales. The small NEI values between 

NA and WSA and between NA and WSP favors the theory that whales previously irradiated from WSP to NA, 

and then to WSA (Pastene et al. 2007). This hypothesis seems to be corroborated by the fact that one haplotype 

from WSA fall into the clade of WSP, and that WSA is the most different population from the Antarctic minke 

whale (Table 3), despite their current sympatric feeding grounds (Perrin and Brownell 2009). 
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Regarding the results of the nuclear DNA analyses, the total number of alleles per loci, the mean number 

of loci and heterozygosity were greater for WSP when comparing to WSA common minke whale, and results 

corroborate those of the mtDNA analysis. Yet, the mean number of alleles per locus (A) found herein (WSA 

A=4.5, WSP A=5.41) is also relatively similar than those found among other baleen whales populations as Bryde’s 

whale (A=4.9-7.6, Kanda et al. 2007) and southern right whales (A=5.2-5.7, Carroll et al. 2019).  The inbreeding 

coefficient per locus (FIS) is defined by the use of the observed and expected heterozygosity (Nei and Kumar 

2000), and the greater value for WSP (FIS=0.8578) in relation to WSA (FIS=0.1530) is unexpected, as that the 

former population has been differentiating and evolving for longer than WSA (Table 4), as previously postulated 

(Pastene et al. 2007; Pastene et al. 2010). Nevertheless, although the positive values of FIS per locus are more 

distant from 0 than the negative values, those negative values for the inbreeding coefficient denotes an excess of 

heterozygosity in the population (Nei and Kumar 2000). Finally, we found no evidence for the existence of null 

alleles (e.g. no significant deviation from Hardy-Weinberg genotypic proportions after adjustments of p-values for 

multiple comparison), indicating a lack of inbreeding, natural selection, assortative mating or subdivisions within 

WSA or WSP populations (Nei and Kumar 2000). 

The genetic differentiation value (FST= 0.059) from microsatellite allele frequencies between WSA and 

WSP common minke whale was significatively different from zero. This score is similar with average values of 

Bryde’s whale populations (FST= 0.058, Kanda et al. 2007), slightly lower than the one detected between two ESUs 

of the South American fur seal (FST= 0.076, Oliveira et al. 2008), and considerably lower than that reported 

between two common bottlenose dolphin ecotypes in the WSA (FST= 0.126, Oliveira et al. 2019). In all cases, 

results from different studies should be compared with caution due to greater sample size from A. australis, B. 

brydei and T. truncatus and different number of locus analyzed. Nevertheless, concordance between markers is a 

robust evidence of population structure (Nei and Kumar 2000), and it revealed that the separation among the two 

populations (WSA and WSP) is not attributed to female philopatry only. In this regard, results from microsatellite 

data of a small number of individuals from four species and sub-species of minke whales support our results, as 

there were significative differences between groups (Glover et al. 2013). We further recommend to include samples 

off western Indian Ocean (Best 1985), New Zealand (Baker 1983), and the eastern South Pacific (e.g. Chilean 

coast) (Capella et al. 1999) in future analysis to further elucidate common minke whales’ population structure in 

the southern hemisphere. 

This is the most complete molecular analysis of the southern hemisphere common minke whale as it 

includes two populations, greater sample size than previous analysis (Pastene et al. 2010), as well the use of nuclear 

markers in the analyses. Besides, the comparison of WSA population with others using microsatellites is novel 

and results herein from both markers show striking differences among WSA and WSP populations, which may be 

explained by lack of long-distance dispersion (Cracraft 1983). Although the phylogenetic reconstructions failed to 

support the reciprocal monophyly of mtDNA as postulated by Moritz (1994) to identify ESUs, these populations 

seem to have independent evolutionary trajectories for thousands of generations (Pastene et al. 2007). 

Moreover, some authors have argued that the criteria to define an ESU based upon reciprocal monophyly of 

mtDNA is too stringent and that it can overestimate the importance of historical isolation in detriment of significant 

adaptive ecological differentiation of populations (Crandall et al. 2000). Unfortunately, comparative ecological 

studies between WSA and WSP common minke whales are still pending. However, the genetic differences found 

between these two populations in the southern hemisphere may be a result of apparent geographical isolation 
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(Pastene et al. 2007) including usage of different reproductive sites (Baldas and Castello 1986; Arnold et al 1997; 

Pastene et al. 2010), which resulted in phenotypic differences along time (Arnold et al. 2005, Zerbini et al. 1996) 

and possibly ecological distinctiveness. Although further comparative studies on morphology and ecology between 

WSA and WSP common minke whales are pending, the genetic results clearly indicate that these two populations 

should be considered as distinct Management Units (MUs) for conservation purposes. Finally, the present data 

reinforces the need for a revision of the taxonomic status of common minke whales, mainly regarding the sub-

specific status of the so-called ´dwarf´ form (Pastene et al. 2010). 
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Supplementary material 

Table S1. Haplotype frequencies in five populations of common minke whale and the Antarctic minke whale from 

313 base pairs of the mitochondrial control region. Information from 423 individuals were used: 119 Balaenoptera 

bonaerensis (BbAnt), 127 Balaenoptera acutorostrata from Western North Pacific (BaWNP), 28 from the Sea of 

Japan (BaSOJ), 102 from the North Atlantic, 17 from the Western South Pacific (BaWSP), and 30 from Western 

South Atlantic (BaWSA).  

Population BbAnt BaWNP BaSOJ BaNA BaWSP BaWSA 

Sample size n=119 n=127 n=28 n=102 n=17 n=30 

Haplo ID       

001 1 0 0 0 0 0 

002 1 0 0 0 0 0 

003 8 0 0 0 0 0 

004 1 0 0 0 0 0 

005 5 0 0 0 0 0 

006 12 0 0 0 0 0 

007 1 0 0 0 0 0 

008 2 0 0 0 0 0 

009 1 0 0 0 0 0 

010 1 0 0 0 0 0 

011 1 0 0 0 0 0 

012 1 0 0 0 0 0 

013 2 0 0 0 0 0 

014 1 0 0 0 0 0 

015 4 0 0 0 0 0 

016 1 0 0 0 0 0 

017 1 0 0 0 0 0 

018 1 0 0 0 0 0 

019 1 0 0 0 0 0 

020 2 0 0 0 0 0 

021 1 0 0 0 0 0 

022 1 0 0 0 0 0 

023 2 0 0 0 0 0 

024 1 0 0 0 0 0 

025 1 0 0 0 0 0 

026 1 0 0 0 0 0 

027 1 0 0 0 0 0 

028 1 0 0 0 0 0 

029 1 0 0 0 0 0 

030 1 0 0 0 0 0 

031 1 0 0 0 0 0 

032 2 0  0 0 0 0 

033 1 0 0 0 0 0 

034 1 0 0 0 0 0 

035 1 0 0 0 0 0 

036 1 0 0 0 0 0 
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037 2 0 0 0 0 0 

038 2 0 0 0 0 0 

039 1 0 0 0 0 0 

040 1 0 0 0 0 0 

041 1 0 0 0 0 0 

042 5 0 0 0 0 0 

043 1 0 0 0 0 0 

044 1 0 0 0 0 0 

045 1 0 0 0 0 0 

046 1 0 0 0 0 0 

047 1 0 0 0 0 0 

048 1 0 0 0 0 0 

049 1 0 0 0 0 0 

050 1 0 0 0 0 0 

051 1 0 0 0 0 0 

052 1 0 0 0 0 0 

053 1 0 0 0 0 0 

054 2 0 0 0 0 0 

055 1 0 0 0 0 0 

056 1 0 0 0 0 0 

057 2 0 0 0 0 0 

058 1 0 0 0 0 0 

059 1 0 0 0 0 0 

060 1 0 0 0 0 0 

061 1 0 0 0 0 0 

062 1 0 0 0 0 0 

063 1 0 0 0 0 0 

064 1 0 0 0 0 0 

065 2 0 0 0 0 0 

066 1 0 0 0 0 0 

067 1 0 0 0 0 0 

068 1 0 0 0 0 0 

069 1 0 0 0 0 0 

070 1 0 0 0 0 0 

071 2 0 0 0 0 0 

072 1 0 0 0 0 0 

073 1 0 0 0 0 0 

074 2 0 0 0 0 0 

075 1 0 0 0 0 0 

076 1 0 0 0 0 0 

077 1 0 0 0 0 0 

078 1 0 0 0 0 0 

079 0 12 1 0 0 0 

080 0 21 0 0 0 0 

081 0 10 0 0 0 0 

082 0 14 0 0 0 0 
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083 0 2 0 0 0 0 

084 0 8 0 0 0 0 

085 0 1 0 0 0 0 

086 0 5 0 0 0 0 

087 0 2 0 0 0 0 

088 0 13 0 0 0 0 

089 0 4 0 0 0 0 

090 0 1 0 0 0 0 

091 0 3 0 0 0 0 

092 0 1 0 0 0 0 

093 0 3 0 0 0 0 

094 0 4 0 0 0 0 

095 0 2 0 0 0 0 

096 0 1 0 0 0 0 

097 0 5 0 0 0 0 

098 0 1 0 0 0 0 

099 0 3 0 0 0 0 

100 0 2 0 0 0 0 

101 0 1 0 0 0 0 

102 0 1 0 0 0 0 

103 0 1 0 0 0 0 

104 0 1 0 0 0 0 

105 0 2 0 0 0 0 

106 0 1 6 0 0 0 

107 0 1 0 0 0 0 

108 0 1 0 0 0 0 

109 0 0 21 0 0 0 

110 0 0 0 39 0 0 

111 0 0 0 2 0 0 

112 0 0 0 6 0 0 

113 0 0 0 1 0 0 

114 0 0 0 7 0 0 

115 0 0 0 2 0 0 

116 0 0 0 5 0 0 

117 0 0 0 7 0 0 

118 0 0 0 4 0 0 

119 0 0 0 1 0 0 

120 0 0 0 7 0 0 

121 0 0 0 2 0 0 

122 0 0 0 1 0 0 

123 0 0 0 1 0 0 

124 0 0 0 1 0 0 

125 0 0 0 1 0 0 

126 0 0 0 1 0 0 

127 0 0 0 1 0 0 

128 0 0 0 1 0 0 
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129 0 0 0 1 0 0 

130 0 0 0 1 0 0 

131 0 0 0 3 0 0 

132 0 0 0 4 0 0 

133 0 0 0 1 0 0 

134 0 0 0 2 0 0 

135 0 0 0 0 2 0 

136 0 0 0 0 2 0 

137 0 0 0 0 3 0 

138 0 0 0 0 3 0 

139 0 0 0 0 2 0 

140 0 0 0 0 3 0 

141 0 0 0 0 1 0 

142 0 0 0 0 1 0 

143 0 0 0 0 0 5 

144 0 0 0 0 0 1 

145 0 0 0 0 0 12 

146 0 0 0 0 0 9 

147 0 0 0 0 0 1 

148 0 0 0 0 0 2 

 

  



 

65 

4. CAPÍTULO 3: Evidences of low genetic diversity and a different stock of 

Bryde’s whales off Western South Atlantic 

 

Manuscrito formatado nas normas do Jornal Genetic Conservation para submissão. 

 
 

Abstract 

The Bryde’s whale (Balaenoptera brydei) inhabits mid latitude waters from Western South Atlantic (WSA) all 

year, and locally the species is considered as “Data Deficient”. Previous mitochondrial DNA (mtDNA) analysis 

showed that Bryde’s whales from WSA should be assigned as B. brydei and that they are relatively isolated from 

those of Chile and Peru (Pacific), due to restricted movements over 40oS. To verify genetic diversity of Bryde’s 

whale in WSA and stock structure for the species, we have used mitochondrial and nuclear markers to analyze and 

compare them across different ocean basins. Although different from all others, Bryde’s whales from Brazil are 

more similar with those from Chile and Peru accordingly to mtDNA analysis, and to Western North Pacific and 

Peru accordingly to microsatellite analysis. Moreover, the reconstruction of phylogenic tree based on the mtDNA 

did not grouped the WSA closely with South African samples. Henceforward, Bryde’s whales from WSA should 

be considered a different stock from the other populations, including Chile, Peru and South Africa, though there 

seems to be an ancestral relationship with the former two. The low genetic diversity and significant difference 

from other population reinforce the need to conserve this stock locally. Although there was no evidence of offshore 

and inshore groups, as previously hypothesized, we only used beach-casted whale carcasses. Therefore, biopsy 

samples from offshore whales would help to clarify this issue. Moreover, the relationships between Bryde’s whales 

from the WSA with those of Caribbean, Western North Atlantic and of Western South Africa need to be further 

investigated. 

 

Keywords: Balaenoptera, microsatellite, molecular analysis, stock structure, Western South Atlantic. 

 

 

Introduction 

 Baleen whales are long-lived animals and in general perform long distance movements. Moreover, most 

whale species show a typical migratory pattern, moving seasonally between productive waters at high latitude 

feeding grounds and warmer waters in lower latitudes for breeding and calving (e.g. Corkeron and Connor 1999). 

Nevertheless, the Bryde’s whale, currently assigned as Balaenoptera edeni (Anderson, 1879) by the Committee 

on Taxonomy (2017), clearly differs from this pattern and remains throughout the year in subtropical and warmer 

waters in different ocean basis (Siciliano et al. 2004). This distinct behavior can lead to various consequences in 

terms of genetic diversity and population structure, including the genetic isolation of some populations (Rosel and 

Wilcox, 2014; Constantine et al. 2018). 

In the east coast of South America, Bryde’s whales can be found from Venezuela (11.92o N) to southern 

Brazil (32.12oS) (Zerbini et al. 1997; Romero et al. 2001; Milmann et al. in review). Therefore, at least in the 

western South Atlantic (WSA), the Bryde’s whale is not recorded in greater latitudes than 35o south, and the 

populations from Brazil apparently are disconnected from those of Chile and Peru, in the Pacific coast of South 

America (Pastene et al. 2015). As Bryde’s whales occupy and feed in mid-latitude areas along the year in Brazil, 

it is expected that breeding grounds are also distributed in the area, as pointed out by strandings of individuals 

smaller than five meters long (probably calves) and a pregnant female in different sites from northern to southern 
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Brazil (Zerbini et al. 1997; Santos et al. 2010; Moura and Siciliano 2012; Costa et al. 2017, Milmann et al. in 

review).  

The Bryde’s whale is considered as “Least Concern” (LC) globally (IUCN 2018), although in the WSA, 

and particularly in Brazil, the species’ is considered “Data Deficient” (DD), according to IUCN criteria (Rocha-

Campos and Câmara 2011). While it is one of the whales with most strandings in the area (Zerbini et al. 1997; 

Siciliano et al. 2011), and there are reports of feeding events and use of coastal areas along the year in southeastern 

Brazilian waters (e.g. Siciliano et al. 2004; Moura and Siciliano 2012; Tardin et al. 2017), ecology and habitat use 

studies in a broad scale are still scarce. Nevertheless, ship-based surveys of marine mammals have recorded 

Bryde’s whales also in offshore waters from southern Brazil (Di Tullio et al. 2016), which may favor the hypothesis 

of a coastal and an offshore form (Zerbini et al. 1997).  

Although considerable variations exist, a larger offshore form and a smaller predominantly coastal form 

of Bryde’s whales have been described in several parts of the species range, and the taxonomy of the species is 

still unresolved (Constantine et al. 2018). While some have been granted a subspecific status to the two forms: B. 

edeni edeni and B. edeni brydei (e.g. Committee on Taxonomy 2017), other assign them as two different species: 

the smaller and predominantly coastal B. edeni Anderson (1879), and a larger, predominantly offshore, also called 

“ordinary”, B. brydei Olsen 1913 (e.g. Wada et al. 2003, Pastene et al. 2015). Nevertheless, this scenario seems to 

be even more complex since the description of B. brydei by Olsen apparently included features from both the South 

African inshore and offshore forms (Constantine et al. 2018). Moreover, at least in some areas, it seems that further 

subdivisions could exist within each of the two usually recognized forms. In South Africa, for instance, two 

genetically distinct allopatric populations of Bryde’s whales were identified, including an inshore form that seems 

to be a subspecies of the offshore form of B. brydei (Penry et al. 2018).  

In the SWA, however, the genetic information about Bryde’s whales is greatly scarce. A previous genetic 

study based on a small sample size revealed that the whales distributed in Brazilian waters clearly differ from the 

small-form coastal Bryde’s whales of the western Pacific and Indian oceans and should be assigned as B. brydei 

(Pastene et al. 2015). On top of that,  the last described Balaenoptera species, the Omura’s whale, B. omurai  

(Wada et al., 2003), was also recently registered in Brazil through molecular analysis of a beach-cast whale, and, 

due to its morphological similarities with Bryde’s whales, the need to confirm previous identification of stranded 

individuals has emerged (Cypriano-Souza et al. 2016).  

Although Bryde’s whale were locally targeted in SWA by commercial whaling until approximately the 

mid-1980’s, when at least 390 individuals were caught in two whaling stations in Brazilian waters (Williamson 

1975; Zerbini et al. 1997), the  species was not officially distinguished from the sei whale (B. borealis) until 1967, 

which preclude an accurate estimate of the catches of both species. In any case, the International Whaling 

Commission’s Scientific Committee (IWC SC) assumed at that time that the Bryde’s whale caught in Brazil were 

from the ‘South Atlantic stock’ (Donovan 1991). However, there was limited biological evidence to support that 

assumption, and therefore our objective is to characterize genetic diversity within Brazil and verify the 

phylogenetic relationship between local Bryde’s whale and other populations around the world, using both 

mitochondrial DNA (mtDNA) and nuclear (microsatellites) markers.  

This is the first attempt to study the population structure of Bryde’s whale from WSA using both 

molecular markers. This approach has been successfully applied to a broad number of marine mammal species to 
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elucidate taxonomy, population structure and discriminate evolutionary significative units (e.g. Kanda et al. 2007; 

Glover et al. 2013; Pastene and Goto 2016; Oliveira et al. 2019). Therefore, our data should provide important 

information for future conservation status assessments and effective management plans for the species in the region 

(Rocha-Campos and Câmara 2011). Moreover, hopefully, our data can also contribute to elucidate the intriguing 

taxonomy and distribution of one of the lesser known species of baleen whales.  

 

Materials and Methods 

Sampling  

Tissue samples (skin and muscle) from Bryde’s whales stranded from southern to northern Brazil (lat 32.27⁰S – 

0.91⁰S) (Figure 1), between 1998 and 2017 were collected (Table 1). The samples were collected under the permits 

SISBIO 004-04/CMA/IBAMA, 30327-1, 32550-2, and 16586-2, and genetically accessed under the permits 

SISGEN R607D49 and SISCITES 15BR030112/DF 

 

 

Figure 1. Balaenoptera brydei strandings in Western South Atlantic (WSA) are shown in black from south to 

northern Brazil, which are new samples from this study. The grey dots in Brazil and black area in Chile denotes 

sampling area from individuals first analyzed by Pastene et al. (2015), while the black areas in south of Java, Fiji, 

Western North Pacific (WNP), and Peru denote sampling area from individuals previously analyzed by Kanda et 

al. (2007). The location in Gulf of Mexico and Western North Atlantic (WNA) corresponds to B. edeni analyzed 

by Rosel and Wilcox (2014), while locations from Eastern North Atlantic (ENA), South Africa (SA), and 

Madagascar are from individuals previously analyzed by Penry et al. (2018). 
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In addition to the Brazilian samples (n = 17), genetic data of whales previously assessed by Kanda et al. 

(2007) and Pastene et al. (2015) from five locations, in four different ocean basins, were also included in the 

population analyses. These locations include Chile and Peru – in eastern South Pacific; coastal and offshore water 

around Japan – in western North Pacific; Fiji – in the western South Pacific; and Java - in the eastern Indian Ocean 

(total number of individuals in Appendix I). Also, we added sequences from east and west coast of South Africa 

for some of the analysis (Data from Penry et al. 2018 – GenBank), as well as from Gulf of Mexico (Data from 

Rosel and Wilcox, 2014 – GenBank) (Figure 1).  

 

DNA extraction 

Genomic DNA was extracted from approximately 0.05 g of the outer epidermal layer of the skin or muscle using 

the protocol of Sambrook and Russell (2001). Extracted DNAs were stored in TE buffer (10 mM Tris-HCl, 1 mM 

EDTA, pH 8.0). 

 

mtDNA amplification and sequencing 

Sequencing analyses of 286 base pairs (bp) of the mitochondrial DNA (mtDNA) control region were conducted 

using the primers MT4 (Arnason et al. 1993) and P2 (Kanda et al. 2007). Reactions were carried out in 50 µL 

volumes containing 100 mM KCl, 20 mM Tris-HCl, 0.1 mM EDTA,1 mM DTT, 0.5% Tween 20, 0.5% Nonidet 

P-40, 200 uM dNTPs, 2.5 pM of each oligo-nucleotide and one unit of Taq DNA polymerase (TaKaRa Ex Taq). 

After an initial denaturation step at 95°C for 5 min, a PCR amplification cycle of 30 s at 94°C, followed by 30 s 

at 50°C and 30 s at 72°C was repeated 30 times. The amplification was completed with a final extension step of 

10 min at 72°C. Subsequent cycle sequencing reactions were performed with 100 ng of products generated in the 

above PCR amplifications using the PrismTM dRhodamine Terminator Cycle Sequencing Kit (Applied 

Biosystems, Inc.). The oligo-nucleotides used to prime the cycle sequencing reaction were the same as those used 

in the initial PCR amplification. A total of 25 cycles with 10 s at 96°C, 20 s at 56°C and 4 min at 60°C were 

performed. Purification of cycle sequencing reactions was made using AutoSeq G50 Dye Terminator Removal 

Kit. The nucleotide sequence of each cycle sequencing reaction was determined by electrophoresis through a 5% 

Long RangerTM (FMC, Inc.) denaturing polyacrylamide matrix on a DNA PrismTM 377 DNA Sequencer 

(Applied Biosystems, Inc.) under standard conditions. Both DNA strand were sequenced for each sample. A 

consensus sequence was created for each sample after resolving potential disagreements in aligned sequences.  

 

Haplotype Identity  

Sequences were aligned manually using Sequence Navigator (Applied Biosystem, Inc.). Variable sites 

and unique sequences (haplotypes) were identified using the software MacClade (Maddison and Maddison 2000). 

To provide a meaningful comparison with previous studies in SWA, the haplotypes were initially named according 

to Pastene et al. (2015). However, a sample from WNP previously identify as haplotype 27 in both Kanda et al. 

(2007) and Pastene et al. (2015) was reanalyzed and matched with the haplotype 19 found in eight samples from 

the same region. Based on that, our haplotype identities (Haplotypes ID - Appendix I) were renumbered with the 

exclusion of the original Haplotype 27. Therefore, our Haplotype 27 is equivalent to Haplotype 28 described in 

Pastene et al. (2015), resulting in 54 unique sequences. The new Haplotype IDs and the correspondent Genbank 

access numbers of all Brazilian samples are given in Table 1. 
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Table 1. Individual information of the Bryde’s whale, Balaenoptera brydei (n=17), stranded in Brazil.  Hap. ID = 

Haplotype identity (see Appendix I). Genebank = Genebank access number of the sequences. M = males, F = 

females. 

Stranding location Whale ID Year GeneBank  Sex Hap. ID Reference 

Pará, 

Northern Brazil 
 

 
 

 
 

 
 GEMAM388 2012 EF068049 - 36 This study 

Rio de Janeiro, 

Southeastern Brazil 
      

 GEMM052 2004 EF068048 M 35 Pastene et al. 2015 

 GEMM078 2005 EF068048 F 35 Pastene et al. 2015 

 GEMM112 2006 EF068048 M 35 Pastene et al. 2015 

 GEMM130 2007 EF068048 - 35 Pastene et al. 2015 

 GEMM157 2008 EF068048 - 35 Pastene et al. 2015 

 GEMM183 2010 KT191134 M 54 Pastene et al. 2015 

Rio Grande do Sul,  

Southern Brazil  
      

 GEMARS510 1998 EF068048 F 35 This study 
 GEMARS1223 2005 EF068048 F 35 Pastene et al. 2015 

 GEMARS1224 2005 EF068048 M 35 Pastene et al. 2015 

 FURG F3 2006 EF068048 M 35 This study 

       

 GEMARS1406 2010 EF068048 - 35 This study 

 GEMARS1714 2010 EF068048 F 35 This study 

 GEMARS1425 2010 KT191134  - 54 This study 

 FURG #1 2014 EF068048 M 35 This study 

 GEMARS1694 2016 EF068049 M 36 This study 

 GEMARS1705 2017 EF068048 M 35 This study 

 

 

Phylogenetic analysis 

In addition to the mtDNA sequences from the six locations previously mentioned, in order to have a better 

view of the relationships of the Bryde´s whales within the Atlantic Ocean, the sequences available in GenBank 

from Gulf of Mexico (KJ586818- KJ586820, Rosel and Wilcox, 2014) and South Africa (GU085094–GU085099, 

Penry et al., 2018) were also included in the phylogenetic analysis. Among these South African haplotypes, there 

are five sequences from inshore whales and one (GU085097) from the offshore form. A sample from the central 

South Pacific from Bryde’s whale (Sample 77N62 – GenBank: AB116098) and a sample from Omura’s whale 

analyzed by Wada et al. (2003) were included, as well as the outgroups used by the same authors. We used the 

same humpback whale (Megaptera novaeangliae) from Genbank (AP006467.1) as Penry et al., (2018). 

We performed phylogenetic analyses based on maximum likelihood (ML) using SeaView 4 (Guindon 

and Gascuel, 2010). The best-fitting model of sequence evolution was inferred according to the Akaike information 

criterion (Akaike, 1974) using the software jModelTest v.2.1.1 (Darriba et al. 2012). Based on likelihood scores, 

the model selected was the HKY+G (0.3803) (-lnL = 1666.9850). The ML tree was constructed using a heuristic 
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search to find the most probable topologies based on the substitution models; statistical support was determined 

using 1000 bootstrap pseudoreplicates (Felsenstein, 1985). 

 

Levels of mtDNA diversity and differentiation 

The number of haplotypes and haplotype diversity were calculated following Nei (1987). The nucleotide diversity 

(Nei 1987: equation 10.5) and its standard error for population sampling and stochastic processes were calculated 

from the pair-wise differences between the mtDNA sequences using the Kimura’s 2- parameter adjustment 

(Kimura 1980). To visualize the placement of the mtDNA haplotypes found in Brazil in the broader dataset, a 

median joining haplotype network was constructed using PopArt software.  

The randomized chi-square test of Independence (Roff and Bentzen 1989) and the conventional FST were 

used to investigate the temporal/spatial differentiation of mtDNA variation among samples. In each test a total of 

10,000 permutations of the original data were performed. A p-value smaller than 0.05 was used as a criterion to 

reject the null hypothesis of panmixia. The FDR approach was used for adjustment of p-value in case of multiple 

comparisons. FST for mtDNA was calculated based on the analysis of molecular variance (AMOVA) (Excoffier et 

al. 1992). For these analyses, 496 individuals from six populations were included: 17 for Brazil, 10 for Chile, 24 

for Peru, 398 for western North Pacific, 24 for Fiji, and 23 for Java (Supplementary 1). 

 

Sex determination 

Sex identification was performed for nine B. brydei through the analysis of three microsatellites (nuclear DNA). 

The Sry gene was amplified, using primers CSYF (5’-TCGTGATCAAAGGCGAAAGG-3’) (Abe et al. 2001) and 

CSYR (5’-TTTGTCTCGGTGCATGGCTC-3’) (Abe et al. 2001), and EV94 was used as the negative control. All 

PCR reactions were carried out in 15 µl containing 2.5 pmol of each primer, 0.5 units of Ex Taq DNA polymerase 

(Takara Ex Taq), 2 mM of each dNTP, and 10× reaction buffer. After an initial denaturation step at 95 °C for 2 

min, a PCR amplification cycle of 20 s at 94 °C, followed by 45 s at 58 °C and 1 min at 72 °C, was repeated 30 

times. The amplification was completed with a final extension step of 10 min at 72 °C. PCR products were analyzed 

on a 3500 sequencer (Applied Biosystems) with Hi-DiTM Formamide (Applied Biosystems) and 600 LIZ size 

standard ladder (Applied Biosystems).  

 

Levels of microsatellite DNA diversity  

The number of alleles per locus, expected heterozygosity per locus and inbreeding coefficient per locus were 

calculated using the R software, as well as statistical tests for deviations from the expected Hardy-Weinberg 

genotypic proportions. For this analysis 17 loci were used: GATA98, EV104, GT011, GATA53, GATA417, 

DlrFBC14, DlrFBC17, GT23, EV14, GT310, EV1, EV94, GGAA520, EV21, GT575, GATA28, TAA31. The 

PCR reactions and amplifications followed the same method mentioned for sex determination. For this analysis, 

516 individuals from five populations were included: 10 for Brazil, 383 for western North Pacific, 25 for Fiji, 50 

for Java and 48 for Peru. Apart from Brazilian samples which are new, individuals have been previously analyzed 

by Kanda et al. (2007) to investigate inter-oceanic gene flow for the species. The False Discovery Rate (FDR) 
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approach (Benjamini and Yekutieli 2001) was used for adjustment of p-value in case of multiple comparisons. 

Finally, the FST was calculated using R software. 

 

Levels of microsatellite DNA differentiation 

In order to detect genetic differences, a conventional hypothesis testing procedure was conducted using the 

heterogeneity test in frequencies of the microsatellite alleles among sub-areas. Probability test (or Fisher’s exact 

test) implemented in R software was used to conduct the heterogeneity test. Statistical significance was determined 

using the chi-square value obtained from summing the negative logarithm of p-values over the 17 microsatellite 

loci (Sokal and Rohlf 1995). The False Discovery Rate (FDR) approach (Benjamini and Yekutieli 2001) was used 

for adjustment of p-value in case of multiple comparisons. The FST and FIS were calculated using R software. 

 

Results  

mtDNA 

The analysis of the control region sequences (286bp) of the total Brazilian samples (n=17) revealed the 

existence of only three haplotypes, differing from each other by just one mutation step. Moreover, the comparison 

of the haplotypes among the six sampling locations (Table 1, Figure 2) shows that only one is unique of the WSA 

(Haplo 54), one is shared with Fiji (Haplo 36) and another is shared among all populations except Java (Haplo 35) 

(Appendix 1, Table I). From this, it is worth to mention that while four haplotypes are shared between Chile and 

Peru, in the western coast of South America as previously pointed (Pastene et al. 2015), only one and the most 

widespread haplotype of the species (Haplo 35) is shared among whales from both sides of South America. 

 

 

Figure 2. Bryde’s whale haplotype network showing mutations among the 54 different haplotypes. Each haplotype 

is represented by a circle with size proportional frequency. The colors provide information on sample’s 

geographical distribution. WNP = Western North Pacific. 
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 Considering all six groups of Bryde’s whales, the nucleotide diversity varied between 0.0110 (sd=0.0066) 

in Peru and 0.0015 in Brazil (sd=0.0016), while haplotype diversity ranged from 0.9167 (sd=0.0368) in Peru to 

0.3202 (sd=0.1211) in Java (Table 2). It is worth noting that in addition to the smallest nucleotide diversity values, 

whales from WSA also presented the second lowest haplotype diversity (0.4118, sd= 0.1355) of all groups. Despite 

the Peruvian population, both Western North Pacific and Chilean populations presented the highest values for both 

indexes. The haplotype number varied between 35 for WNP to three for Brazil (median=6, sd=12.24, Appendix 

1) (see also Table 2). 

 

Table 2. Mitochondrial DNA diversity of Bryde’s whale across six populations used in this study. WNP = Western 

North Pacific. N = Number of samples.  

Population N No. Haplotypes Nucleotide Diversity St dev Haplotype diversity St dev 

Brazil 17 3 0.001549 0.001624 0.4118 0.1355 

Chile 10 7 0.008739 0.005816 0.9111 0.0773 

Peru 24 14 0.011091 0.006627 0.9167 0.0368 

WNP 398 35 0.010870 0.006255 0.8211 0.0168 

Fiji 24 5 0.007667 0.004897 0.5942 0.1048 

Java 23 4 0.006804 0.004465 0.3202 0.1211 

Total 496 54 - - - - 

  

 

The genetic differentiation (FST) was significant among all populations, except between Chile and Peru 

(Table 3). The Bryde’s whale from Brazil showed high values for genetic differentiation, and the highest FST were 

found between Brazil and Java and between Brazil and Fiji, respectively.  

 

Table 3. Genetic differentiation (FST) based on mitochondrial DNA among six populations of Bryde’s whale. (*) 

Significance Level=0.05 

  WNP Fiji Peru Java Chile 

Brazil 0.6032* 0.7169* 0.4245* 0.7923* 0.5252* 

Chile 0.4162* 0.4811* -0.0415 0.5885* - 

Java 0.5025* 0.6108* 0.4958* -  

Peru 0.3458* 0.3845* -   

Fiji 0.0983* -    

 

 
Phylogenetic analysis 

All the Brazilian samples were placed inside the clade of B. brydei, according to Wada et al. (2003) and 

Kanda et al. (2007) (Figure 3), and the phylogenetic tree of Bryde´s whale mtDNA diversity showed similar results 

as presented by Pastene et al. (2015). Moreover, the Brazilian samples were not closely related to neither Gulf of 

Mexico nor South Africa samples (including both inshore and offshore samples). The three haplotypes found in 

the Bryde´s whale from Brazil were placed in a single clade with a sample from the central South Pacific (Sample 

77N62 – GenBank: AB116098, Wada et al. 2003).  
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Figure 3. Maximum likelihood tree from mtDNA haplotypes of Bryde’s whales with a dark grey polygon 

indicating Balaenoptera brydei clade. A total of 54 haplotypes from Brazil, Chile, Peru, Western North Pacific, 

Fiji, and Java were used. Also, we added haplotypes from east and west coast of South Africa (Data from Penry et 

al. 2018 – GenBank), as well as from Gulf of Mexico (Data from Rosel and Wilcox, 2014 – GenBank), and from 

the central South Pacific (Sample 77N62 – GenBank: AB116098, Wada et al. 2003). Homologous sequences from 

five other whale species were used including B. omurai (Wada et al. 2003 – GenBank). WNP = Western North 

Pacific, BR = Brazil. 
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Microsatellite DNA 

The greatest number of alleles considering all 17 loci among populations varied from 143 in whales from 

WNP to 55 in whales from Brazil (mean= 99.6, sd=33.98), and the mean number of alleles per locus was 4.88 for 

Fiji (sd=2.23), 5.65 for Java (sd=2.74), 7.12 for Peru (sd=3.33), 8.41 for WNP (sd=4.3), and 3.24 for Brazil 

(sd=1.3). The overall expected heterozygosity (Hs) within groups varied from 0.68 for Peru to 0.53 for Brazil 

(Mean=0.61, sd=0.06). Deviation from the expected Hardy-Weinberg genotypic proportions (HWE) were not 

found within individual loci or over all loci within each population. To estimate the degree of kinship between 

individuals in the same population the inbreeding or consanguinity coefficient (FIS) was used. Those were 

considerably higher for the Brazilian population considering the FIS among loci (Table 4).  
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Table 4. Levels of microsatellite DNA diversity in five populations of Bryde’s whale from Brazil (n=10), Fiji (n=25), Java (n=50), Peru (n=48), Western North Pacific (n=383, 

WNP). The number of alleles per locus (A), expected heterozygosity per locus (HE), inbreeding coefficient per locus (FIS), and test for Hardy Weinberg (HWE) equilibrium are 

shown. Averaged heterozygosity within populations (HS) in shown at the last line of the HE column.  

 

  Locus Brazil (n=10) Fiji (n=25) Java (50) Peru (48) WNP (n=383) 

    A HE FIS HWE A HE FIS HWE A HE FIS HWE A HE FIS HWE A HE FIS HWE 

1 GATA98 4 0.64 0.1220 1 7 0.51 0.1200 0.6753 6 0.67 -0.1193 0.6865 7 0.75 0.0876 0.9185 6 0.8 -0.0112 1 

2 EV104 3 0.64 0.4194 0.5264 5 0.74 0.1062 1 6 0.63 -0.0071 0.9411 6 0.75  0.0094 0.6865 7 0.76 -0.0284 1 

3 GT011 3 0.4  0.7692 0.5264 2 0.44 -0.2679 0.6964 3 0.06 -0.0138 1 3 0.39 0.2096 0.9185 3 0.5 -0.0193 1 

4 GATA53 2 0.45 -0.0465 1 4 0.55 0.0074 0.9185 5 0.62 0.1719 0.6865 5 0.65 -0.2100 0.6015 7 0.62 -0.0160 0.9287 

5 GATA417 6 0.77 -0.1172 1 5 0.66 0.0519 1 7 0.74 -0.0707 1 10 0.76 -0.0294 0.6964 10 0.75 -0.0021 1 

6 DlrFBC14 2 0.49 -0.3696 0.8133 3 0.5 0.1456 1 2 0.46 0.0552 1 2 0.5 -0.2489 0.5264 2 0.5 -0.0034 1 

7 DlrFBC17 6 0.68  0.1756 0.5264 8 0.78 0.1104 1 10 0.83 0.0051 0.5264 11 0.85 0.0249 0.6179 15 0.88 -0.0132 1 

8 GT23 3 0.55 -0.5313 0.5264 6 0.75 -0.1491 0.9976 5 0.66 -0.1767 0.5264 7 0.79 -0.0738 1 9 0.75 0.0427 0.8133 

9 EV14 3 0.66 -0.4876 0.5264 5 0.73 -0.1812 0.7133 4 0.64 -0.0260 0.6940 7 0.81 -0.0763 1 9 0.78 0.0329 0.6015 

10 GT310 3 0.66 -0.0000 0.9185 3 0.37 0.0568 0.9185 3 0.62 0.1711 0.5264 4 0.63 -0.0167 1 5 0.61 -0.0156 0.9287 

11 EV1 3 0.55 -0.2115 1 5 0.71 0.1734 1 8 0.76 -0.0740 0.5264 11 0.77 0.0049 1 12 0.74 0.0343 0.5264 

12 EV94 3 0.34 0.1692 0.8133 5 0.45 -0.0454 1 4 0.46 0.1021 0.9231 9 0.58 0.0004 0.6015 9 0.54 0.0466 1 

13 GGAA520 4 0.47 -0.0227 0.9185 4 0.44 0.1188 1 4 0.68 0.0443 0.9287 7 0.8 -0.0638 1 7 0.76  0.0129 0.5264 

14 EV21 2 0.49 -0.3696 0.8133 4 0.6 -0.0477 1 4 0.68 0.0969 1 4 0.69 -0.0531 1 6 0.64 0.0123 0.5264 

15 GT575 1 0 - NA 4 0.55 0.2212 1 6 0.33 -0.0073 0.9185 8 0.62 0.0371 1 11 0.64 0.0030 1 

16 GATA28 4 0.68 0.1756 0.5264 11 0.84 -0.0302 1 13 0.9 -0.0160 0.8557 15 0.89 -0.0235 0.9411 18 0.92 0.0027 0.5264 

17 TAA31 3 0.6 0.3846 0.9411 2 0.44 -0.2679 0.6964 6 0.6 -0.0509 0.9185 5 0.43 0.0505 1 7 0.36 0.0467 0.5264 

sumlog 

p 
  55 0.53 0.0078 0.7420 83 0.59 0.0092 

1 

(n=17) 
96 0.60 0.0012 0.5264 121 0.68 -0.0254 1 143 0.67 0.0172 1 
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 The microsatellite genetic differentiation (FST) was significantly different among all locations, with the 

highest (FST) values found in all comparisons involving the Brazilian Bryde’s whales (Table 5). In general, values 

from populations in the Pacific Ocean presented smaller FST values, and WNP presented overall smaller values of 

FST when compared to other populations, with exception of Peru compared to Fiji and Java (Table 5).  

 

Table 5. Total genetic differentiation (FST) among five populations of Bryde’s whale based on microsatellite 

DNA data. (*) Significance Level=0.001 

 

Population Brazil Fiji Peru Java WNP 

Brazil - 0.151422* 0.106727* 0.110080* 0.090918* 

Fiji  - 0.077069* 0.103520* 0.065568* 

Peru  - - 0.070206* 0.021803* 

Java  - - - 0.084154* 

WNP     - 

 
 

Discussion 

This is the first research on the Bryde’s whales in WSA to incorporate both mtDNA and microsatellite 

data. Primarily, our mtDNA results corroborate the findings of Pastene et al. (2015) which assigned the Brazilian 

Bryde’s whales to B. brydei (Olsen 1913) according to the taxonomic classification suggested by Wada et al. 

(2003). Moreover, our results indicate the presence of only one genetic population of Bryde’s whales widely 

distributed in Brazilian waters, opposing to the hypothesis of one coastal and one pelagic population (Zerbini et 

al. 1997). In this context, despite the analyzed samples obtained from beach-cast whales could have some bias 

towards animals distributed in more coastal waters, we would expect that both coastal and offshore Bryde’s whales 

could have stranded along the sampling area over a period of almost 20 years. Moreover, if the two forms of 

Bryde´s whale exist in SWA and their distribution follows the same pattern than in other regions (e.g. Kershaw et 

al., 2013), the larger and predominantly offshore form described by Olsen (1913) (i.e. B. brydei) should be the 

least frequent form in the Brazilian stranding records.  

Secondly, the low number of haplotypes detected in the Bryde’s whales from Brazil (i.e. three haplotypes) 

is congruent with the past study from Pastene et al. (2015) that detected only two haplotypes among eight 

individuals in this population and attributed it partially to a small sample size. However, as only one new haplotype 

(Hap. 36 – Table 1) was detected from nine new individuals included in the analysis, we believe that, even without 

an ideal sample size (n=17), the small number of haplotypes may be in fact a genetic characteristic of this 

population. In this context, the analyses of Bryde’s whale microsatellites brought similar results from those of 

mtDNA in terms of genetic diversity, showing considerably less alleles among the WSA population when 

compared to the other populations. Although the small number of absolute alleles and alleles per locus could be 

probably negatively biased by the relatively small sample size (n=10), those results may reflect an effective low 

genetic diversity found in the Atlantic Ocean, given the agreement between nuclear and mitochondrial markers. 

Moreover, the Brazilian Bryde’s whales showed the lowest expected heterozygosity index (HE) - considered as 

one of the most appropriate indexes to evaluate the genetic variability in a population (Kim and Sappington 2013) 

– among all studied populations (Table 4). The overall HE value from the Bryde’s whales from Brazil was also 

relatively low when compared to other cetacean species (e.g. Oliveira et al. 2019).  
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The detected low genetic diversity found among Brazilian Bryde’s whales also raise some conservation 

concerns. These findings have some resemblances with the Bryde´s whales of Gulf of Mexico (Rosel and Wilcox, 

2014) and the inshore population of South Africa (Penry et al. 2018), where very few haplotypes (three and four, 

respectively) were found. Nevertheless, distinctly from the Bryde’s whales from Gulf of Mexico assigned as B. 

edeni (Rosel and Wilcox, 2014), the phylogenetic analysis of the South African whales placed them in the B. 

brydei clade (Penry et al. 2018, see also Figure 3), despite their coastal distribution. It is worth mentioning that 

this coastal population from South Africa was estimated in only a few hundred animals and was classified as 

vulnerable at national level (Penry et al., 2016). For the Brazilian population, however, no population abundance 

exists, and the species is locally considered as “Data Deficient” (Rocha-Campos and Câmara 2011).  

Regarding the inter-oceanic genetic distinction among populations, the Bryde’s whale from WSA showed 

significant differences from all other populations, as pointed by both molecular markers. In this context, the 

fixation index (FST) values based on mtDNA indicate great divergence among populations (Table 3) and 

corroborates the hypothesis of isolation across ocean basins (Kanda et al. 2007; Pastene et al. 2015). The only 

exception are Chile and Peru that seem connected due to geographical proximity. Moreover, Brazilian Bryde’s 

presented the overall highest FST when compared with Java and Fiji, which was expected because of the great 

distance among those populations, although two out of three WSA haplotypes (Haplos 35 and 36) are shared with 

Fiji, revealing at least some degree of common ancestry. On the other hand, the smaller FST values for WSA 

Bryde’s when compared to Bryde’s from Chile and Peru seem to indicate shared a common ancestry with this 

population (Table III), and this is backed up by the fact that the dominant haplotype in Brazil (Haplo 35) is shared 

with the Peruvian and Chilean populations (Figure 2, Appendix 1). In addition, five of 13 haplotypes found in the 

Peruvian population are shared with WNP population, including this dominant haplotype in the Brazilian 

population (Appendix 1). Therefore, it is expected that whales from Brazil still show some ancestral similarities 

with WNP, despite the great distance between them. It is worth mentioning that Bryde’s population around the 

world have a relatively recent separation time (ca. 0.39 to 0.77 Mya) (Kanda et al. 2007), and the small number of 

haplotypes in WSA may reflect a relatively recent colonization probably by a small number of individuals, 

considering that the species has different populations with small number of individuals (see Constantine et al. 

2018). Therefore, considering the relatively low number of Bryde’s whales (ca. 400 individuals) captured during 

whaling in the SWA (Wiliamson 1975; Zerbini et al. 1997), we believe that the low genetic diversity found in the 

Brazilian population is probably a derivation from a founder effect rather than a bottleneck caused by anthropic 

activities.  

The values for microsatellite FST also revealed significant differences among all tested populations. 

Nevertheless, the highest FST values of microsatellites found between Brazil and other populations are contrasting 

with the values found between WNP and other populations from the Pacific Ocean (i.e. Peru and Fiji), supporting 

previous findings that Bryde´s whales are more connected within ocean basins (Kanda et al. 2007). This pattern 

seems to be a consequence of limited latitudinal (Pastene et al. 2015) and trans-oceanic movements of the species 

(Kanda et al. 2007). The present microsatellite data is also consistent with mtDNA FST results and seem to support 

the fact that the Brazilian population are more similar and probably share a relatively recent ancestry with eastern 

South Pacific whales (e.g. Chile and Peru), which in turn were probably founded by WNP whales (Kanda et al. 

2007). This pattern of population expansion from west to east has also been observed in South America for 

pinnipeds (Oliveira et al. 2008), but further comparison of Bryde´s whales from Brazil, using both mDNA and 
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nuclear data, with those of Caribbean, Western North Atlantic and Africa is need to better assess this hypothesized 

colonization route.  

Nevertheless, regardless some ancestral similarities to whales from Chile and Peru, the Bryde’s whales 

from WSA are genetically distinct and results herein reaffirm that they should be considered as a different stock 

(Pastene et al. 2015). Moreover, although Bryde´s whales have been sighted in both coastal and offshore waters in 

Brazil (e.g. Moura and Siciliano 2012; Tardin et al. 2017; Di Tullio et al. 2016), all stranded whales in the region 

analyzed up to date have been identified within a single clade of B. brydei (Pastene et al. 2015, this study). In 

contrast, as previously mentioned, two allopatric and genetically distinct populations of B. brydei have been 

described in coastal and offshore waters off South Africa, including the proposal of a subspecific status (Penry et 

al., 2018). Therefore, although the sampling of offshore whales from WSA is still pending, it seems that there is 

not a single distribution and genetic pattern for the Bryde´s whales in the South Atlantic. Certainly, as previously 

noticed by many authors (e.g. Constantine et al. 2018; Penry et al. 2018), further studies in a broader global context 

are needed to clarify the nomenclature and relationship of these distinct Bryde´s whale populations. 
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Appendix I. Frequencies of haplotypes in Bryde’s whales by geographical region (WNP=Western North Pacific). 

Haplotypes were numbered (ID) according to Pastene et al. (2015).  

 

Haplotype 

ID 
WNP FIJI JAVA CHILE PERU BRAZIL 

1 50 15 0 0 0 0 

2 2 0 0 0 0 0 

3 35 0 0 0 1 0 

4 3 0 0 0 0 0 

5 154 3 0 0 1 0 

6 8 0 0 0 0 0 

7 14 0 0 0 0 0 

8 14 0 0 0 1 0 

9 3 0 0 0 0 0 

10 6 0 0 0 0 0 

11 5 0 0 0 0 0 

12 4 0 0 0 0 0 

13 5 0 0 0 0 0 

14 1 0 0 0 0 0 

15 8 0 0 0 0 0 

16 6 0 0 0 0 0 

17 2 0 0 0 1 0 

18 14 0 0 0 0 0 

19 8 0 0 0 0 0 

20 4 0 0 0 0 0 

21 3 0 0 0 0 0 

22 5 0 0 0 0 0 

23 2 0 0 0 0 0 

24 2 0 0 0 0 0 

25 7 0 0 0 0 0 

26 7 0 0 0 0 0 

27 6 0 0 0 0 0 

28 8 0 0 0 0 0 

29 2 0 0 0 0 0 

30 1 0 0 0 0 0 

31 1 0 0 0 0 0 

32 3 0 0 0 0 0 

33 2 0 0 0 0 0 

34 1 0 0 0 0 0 

35 2 3 0 1 1 13 
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36 0 2 0 0 0 2 

37 0 1 0 0 0 0 

38 0 0 0 0 1 0 

39 0 0 0 0 1 0 

40 0 0 0 0 1 0 

41 0 0 0 3 5 0 

42 0 0 0 0 1 0 

43 0 0 0 0 1 0 

44 0 0 0 2 3 0 

45 0 0 0 1 5 0 

46 0 0 0 0 1 0 

47 0 0 19 0 0 0 

48 0 0 2 0 0 0 

49 0 0 1 0 0 0 

50 0 0 1 0 0 0 

51 0 0 0 1 0 0 

52 0 0 0 1 0 0 

53 0 0 0 1 0 0 

54 0 0 0 0 0 2 

Individuals 398 24 23 10 24 17 
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5. CAPÍTULO 4: A review of Balaenoptera strandings along the east coast of 

South America 

 

Manuscrito em publicação no Jornal Local Regional Studies in Marine Science. 

 

 

 

ABSTRACT 

The genus Balaenoptera comprises seven species and 15 subspecies whose conservation statuses range 

from “Endangered” to “Least Concern” and “Data Deficient”. In addition to data from whaling and offshore 

cruises, much of the information related to these whales in the southwestern Atlantic Ocean (SWAO) comes from 

beached carcass analysis. We reviewed published and unpublished confirmed records of Balaenoptera strandings 

along the east coast of South America (from ~12°N to 55°S) to evaluate spatio-temporal ecological and habitat 

use patterns. A total of 223 strandings from the seven species were documented from 1865 to 2018: B. edeni/brydei 

(n=83), B. acutorostrata (n=64), B. bonaerensis (n=23), B. borealis (n=19), B. physalus (n=25), B. musculus (n=8), 

and B. omurai (n=1). As expected, most of the species occurred in higher numbers during the winter and spring 

migration seasons to/from low latitudes. Balaenoptera edeni/B. brydei and some individuals of B. acutorostrata 

were found year-round along the Brazilian coast. Although we may be underestimating the total number of 

strandings because unidentified whales were not included, and some records were probably not recorded 
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considering the vast area as well as effort differences among regions, this is the most complete data set for 

strandings in eastern South America. This supported different theories, such as possible sexual segregation for B. 

borealis (especially of pregnant females), a calving area for the same species in mid-latitude waters of the SWAO, 

and a larger B. acutorostrata calving area than previously expected (from ~17°S to 35°S). The apparent increase 

in efforts towards beach surveys in eastern South America, such as a network for marine mammal stranding 

information in Brazil (REMAB), will be of great value to fill knowledge gaps related to Balaenopteridae species 

in the area.  

KEYWORDS: Cetacea, whale, rorqual, Balaenoptera, whaling sites.  

RUNNING HEAD: Balaenoptera strandings in South America. 

 

1. INTRODUCTION 

The genus Balaenoptera comprises seven species and 15 subspecies (Committee of Taxonomy 2018). 

Globally, their conservation status ranges from endangered, for example for the blue whale (Balaenoptera 

musculus), to least concern for Bryde’s whale (Balaenoptera edeni) and data deficient for Omura’s whale 

(Balaenoptera omurai) (IUCN 2018). Owing to the absence of data, more species are considered to be data 

deficient in regional red list assessments, such as those from Argentina (Crespo 2012), Brazil (ICMBio/MMA 

2018), and Venezuela (Rodriguez and Rojas-Suárez 2008). These whales, in conjunction with the humpback whale 

(Megaptera novaeangliae), are often called rorquals and generally perform annual migrations to high latitudes, 

giving birth in mid-latitude areas, which likely increases the chances of offspring survival (Corkeron and Connor 

1999). However, Bryde’s whale and some populations of other balaenopterids, such as the blue whale and common 

minke whale (Balaenoptera acutorostrata) are exceptions and can occupy and feed in mid-latitude areas in the 

Southern Hemisphere during other seasons of the year (Zerbini et al. 1997, Secchi et al. 2003, Hucke-Gaete et al. 

2004, Siciliano et al. 2004, Moura and Siciliano 2012, Milmann et al. 2018). Rorquals have different ecological 

roles in the ecosystem as well as cultural and economic value (Bowen 1997, Branch et al. 2004), despite most 

species having been affected by historical whaling activities (Moore et al. 1999, Thomas et al. 2016). Nowadays, 

ice shelf reduction may influence these whales (Rignot et al. 2019), as this has been forecast to lead to a 95% 

decrease in Antarctic krill biomass, their main resource, over the next 100 years (Murphy et al. 2007).  

In the western South Atlantic Ocean the genus Balaenoptera is still poorly known, although all seven 

species have been recorded in Brazil (Zerbini et al. 1997, Rocha-Campos and Câmara 2011, Cypriano-Souza et 

al. 2016). Among them, two are considered data deficient or have not had their conservation evaluated (IUCN 

2018). Furthermore, there are some particularities for different species of the genus that makes evaluation of their 

conservation status more difficult, such as the recent recognition of the common and Antarctic minke as separate 

species (see Thomas et al. 2016). In addition, a smaller form of Bryde’s whale has recently been recognized as a 

new species, B. omurai (Wada et al. 2003), with the first record confirmed in Brazil in 2016 (Cypriano-Souza et 

al. 2016). Likewise, B. edeni is supposedly composed of a coastal and an offshore form in this area (Zerbini et al. 

1997), as in South Africa, where a high degree of population differentiation was observed in relation to many 

morphological and ecological features (Best 2001) as well as molecular data (Penry et al. 2018). Moreover, several 
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molecular studies have proposed the recognition of two distinct species of Bryde’s whales worldwide, including a 

larger form called B. brydei (e.g., Wada et al. 2003, Pastene et al. 2015, Penry et al. 2018). 

The information generated from whaling activities in the area is mostly related to relative abundance 

(number of catches) and periods of peaks whale occurrence, as these whaling activities had economic purpose. 

The whaling stations along the coast of Brazil or “armações”, as they were called during the colonial period, were 

located from southern Brazil in the state of Santa Catarina, to northeastern Brazil in the state of Bahia (Morais et 

al. 2016). Colonial hunting activity began in 1602 and lasted until 1922. Modern whaling lasted until 1985, when 

surveys in offshore waters of South America and local scale studies of coastal populations produced fruitful results, 

even considering that strandings can sometimes be from struck and lost whales, and revealed important aspects of 

habitat use for these species (e.g., Zerbini et al. 2004, Andriolo et al. 2010, Di Tulio et al. 2016, Tardin et al. 

2017).  

Studies and reviews of beached carcasses have been widely conducted for investigations on seabirds, 

cetaceans, and sea turtles (e.g., Caretta et al. 2016, Prado et al. 2016, Lenz et al. 2017, Valente et al. 2018). In this 

context, stranded individuals found on the beach can reveal the presence of unsuspected (e.g., Cypriano-Souza et 

al. 2016) and novel species (Dalebout et al. 2002), which are important for rare cetacean species. In addition, the 

advantages of this method such as its relatively low cost, and the opportunity for non-invasive tissue collection 

allied with the possibility of morphometric and molecular analysis of specimens, makes long-term beach surveys 

an established methodology for the study of marine mammals. It provides a glimpse of the species present in the 

marine community, although the lower probability of oceanic animals beaching compared to individuals who died 

near the coast (Caretta et al. 2016) and other parameters need to be considered. Moreover, the continental shelf 

configuration and the influence of ocean currents affect the carcass drift process (Prado et al. 2013).  

The present review of strandings in the central west and southwest Atlantic Ocean aided the identification 

of a series of spatial, ecological, and seasonal patterns in the distribution of different Balaenoptera species. Here 

we aim to shed light on the habitat use of these species, as there are still large knowledge gaps in the western South 

Atlantic (Rocha-Campos and Câmara 2011). Using this historical database and current knowledge about these 

species from this region and other areas, we discuss both possible ecological implications at the population level, 

and conservation implications for these rorqual species.  

 

2. MATERIAL AND METHODS 

The area considered for review was the southwestern Atlantic Ocean and the central western Atlantic 

Ocean, from Chile, at the east end of Patagonia Channels, to Venezuela. We also included a stranding from the 

Falkland Islands region, using records from a total of seven countries (Venezuela, Suriname, Brazil, Uruguay, 

Argentina, United Kingdom, Chile). In order to gather the most reliable stranding information for genus 

Balaenoptera as possible, peer-reviewed papers, PhD theses, books, and technical reports (i.e., International 

Whaling Commission and NOAA Technical Reports) were reviewed. In addition, new records from the authors 

were presented. For those records, geographic location (i.e., latitude/longitude) was registered, and species 

identification in the field were based on literature guides (e.g., Stewart et al. 2002). Whenever possible, total body 

length and sex were determined according to the protocol established by Norris (1961).  
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Some specimens from past publications were identified based on molecular analysis, such as a B. omurai 

calf, and individuals of B. brydei and B. acutorostrata (e.g., Sholl et al. 2013, Pastene et al. 2015, Cypriano-Souza 

et al. 2016). Only records identified at the species level were included, and the strandings were cross-referenced 

by the date and the size of the individual to avoid repeating a stranding. Moreover, information such as species 

identification of the whale, date, location of stranding, and total length was gathered whenever available in the 

original publication. When an interval of size was provided for an individual, it was included in Table I, but for 

the analysis of average size per species, we used the mean value. The age class of individuals, when not provided 

in the reviewed papers, was estimated based on length according to information in the literature (e.g., Williamson 

1975, Lockyer 1984, Best 1985). The season when strandings occurred was based on the beginning and end of 

each season in the Southern Hemisphere: summer from December 22 to March 21, fall from March 22 to June 21, 

winter from June 22 to September 22, and spring from September 23 to December 21.  

To better display the stranding locations, maps were generated using ARCGis software 10.5, considering 

either the coordinates when available or the described location. Stranding data were also mapped in 5° latitude 

grid cells using ARCGis.  

The nomenclature for all the species followed the indication of Committee of Taxonomy (2018), except 

for Bryde’s whale, where we also used the name B. brydei following Wada et al. (2003) and Pastene et al. (2015). 

In addition, the dwarf minke whale is considered an unnamed sub-species of B. acutorostrata occupying the 

Southern Hemisphere but is henceforth referred to as B. acutorostrata only. 

 

3. RESULTS AND DISCUSSION 

We reviewed 70 references from 1865 to 2018 with information on strandings of genus Balaenoptera 

(Table I). From these, 223 strandings of seven Balaenoptera species were compiled. The number of individuals 

recorded per species ranged from one, in the case of B. omurai, to 83 individuals for B. edeni/B. brydei. Data were 

compiled from seven countries with coastlines in the central west and southwest Atlantic Ocean (Table I); however, 

most records were from Brazil (n=161, 72.32%). In general, stranding information appears in one publication or 

two, yet the same B. musculus stranding was mentioned in at least six different sources (ID 193, Table I) 
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Table I. Data on Balaenoptera strandings from the east coast of South America including date of stranding, locality, location, sex and total length (TL), as well as the 

reference from where the information was extracted. 

TL, Total length in meters. F, females. M, males. U, unidentified. *Coordinates estimated by described location. Date is expressed by day, month and year (D/M/Y), and “xx” 

was used when there was no record. 

ID Species Locality (City, State) Country Lat. Long. Date 
Age 

class 
Sex TL Reerence 

1 B. acutorostrata* Nuñes, Buenos Aires Argentina -34.54 -58.44 xx/05/1917 Calf U 3.5 Baldas and Castello 1986 

2 B. acutorostrata* Rio de la Plata, Buenos Aires Argentina -34.54 -58.44 xx/06/1958 Calf U 3.6 Baldas and Castello 1986 

3 B. acutorostrata* Mar del Plata  Argentina -38.00 -57.62 xx/07/1977 Juvenile U U Bastida and Rodriguez 2006 

4 B. acutorostrata* Playa Bristol, Mar del Plata Argentina -37.98 -57.54 27/07/1977 Calf M 3.9 Baldas and Castello 1986 

5 B. acutorostrata* San Isidro, Buenos Aires Argentina -34.46 -58.50 06/08/1981 Calf F 3.0 Baldas and Castello 1986 

6 B. acutorostrata* Mar del Plata Argentina -38.00 -57.62 xx/01/1985 Juvenile U U Bastida and Rodriguez 2006 

7 B. acutorostrata Praia do Leme, Rio de Janeiro, RJ  Brazil -22.93 -43.25 13/08/1968 Juvenile F 5.0 
Geise and Borobia 1988, Zerbini et al. 

1996, Zerbini et al. 1997 

8 B. acutorostrata Praia do Cassino, RS  Brazil -32.12 -52.08 26/06/1976 Calf M 2.9 

Best 1985, Baldas and Castello 1986, 

Zerbini et al. 1996, Zerbini et al. 1997, 

Baldas and Castello 1986 

9 B. acutorostrata Praia do Leblon, Rio de Janeiro, RJ  Brazil -22.93 -43.25 28/06/1977 Juvenile U 6.0 
Geise and Borobia 1988; Zerbini et al. 

1996, Zerbini et al. 1997 

10 B. acutorostrata Praia Vermelha, Rio de Janeiro, RJ  Brazil -22.93 -43.25 05/08/1977 Juvenile U 5.0 
Geise and Borobia 1988; Zerbini et al. 

1996, Zerbini et al. 1997, 

11 B. acutorostrata Balneário Rincão, SC  Brazil -28.67 -49.37 xx/09/1980 Juvenile U 4.5 

Zerbini et al. 1996, Simões-Lopes and 

Ximenez 1993, Zerbini et al. 1997, 

Baldas and Castelo 1986, Cherem et al. 

2004 

12 B. acutorostrata Praia do Cassino, Rio Grande, RS  Brazil -32.12 -52.08 01/10/1984 Calf M 2.7 Zerbini et al. 1996, Zerbini et al. 1997 

13 B. acutorostrata Balneário Camburiú, SC  Brazil -26.98 -48.65 xx/xx/1986 Juvenile U 5.0 Zerbini et al. 1997 

14 B. acutorostrata Ilha Comprida, SP   Brazil -25.02 -47.57 05/09/1986 Juvenile U 5.0 
Zerbini et al. 1996, Zerbini et al. 1997, 

Santos et al. 2010 

15 B. acutorostrata* Praia dos Ingleses, SC Brazil -27.83 -48.39 06/11/1987 Calf U 3.2 Simões-Lopes and Ximenes 1993 

16 B. acutorostrata* Praia do Sonho, Palhoça, SC Brazil -27,83 -48,58 24/12/1987 Calf U U Simões-Lopes and Ximenes 1993 

17 B. acutorostrata* Bertioga, SP  Brazil -23.81 -46.06 xx/12/1988 Adult M 8-9 Martuscelli et al. 1996 

18 B. acutorostrata Praia da Gaivota, Sombrio, SC  Brazil -29.12 -49.55 xx/06/1989 U U U 
Simões-Lopes and Ximenez 1993, 

Zerbini et al. 1997, Cherem et al. 2004 

19 B. acutorostrata Ponta de Corumbau, Prado, BA  Brazil -17.33 -39.22 xx/08/1989 Calf U 4.0 Zerbini et al. 1996; Zerbini et al. 1997 

20 B. acutorostrata Marataízes, ES  Brazil -21.03 -40.83 04/08/1989 Calf F 3.7 Zerbini et al. 1996, Zerbini et al. 1997 

21 B. acutorostrata Ubatuba, SP  Brazil -23.38 -45.07 12/10/1989 Juvenile F 6.0 
Zerbini et al. 1996, Zerbini et al. 1997, 

Santos et al. 2010 

22 B. acutorostrata Ilha do Mel, PR  Brazil -25.50 -48.38 26/06/1990 U U U Zerbini et al. 1996, Zerbini et al. 1997 

23 B. acutorostrata Praia de Busca Vida, Camaçari, BA  Brazil -12.72 -38.33 17/07/1992 Juvenile U 4.5 Zerbini et al. 1996, Zerbini et al. 1997 

24 B. acutorostrata Praia do Cassino, Rio Grande, RS  Brazil -33.45 -52.97 15/08/1992 Calf U 2.6 Zerbini et al. 1996, Zerbini et al. 1997 
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25 B. acutorostrata Praia do Centro, Itanhaém, SP Brazil -24.18 -46.78 05/11/1992 Juvenile M 5.0 
Zerbini et al. 1996, Zerbini et al. 1997, 

Santos et al. 2010 

26 B. acutorostrata Praia do Cassino, Rio Grande, RS  Brazil -32.63 -52.43 11/01/1993 Calf U 4.0 ˜ Zerbini et al. 1996, Zerbini et al. 1997 

27 B. acutorostrata Praia do Cassino, Rio Grande, RS  Brazil -33.22 -52.70 11/01/1993 Calf U 3.0 ˜ Zerbini et al. 1996, Zerbini et al. 1997 

28 B. acutorostrata Praia do Cassino, Rio Grande, RS Brazil -33.22 -52.70 10/02/1993 Juvenile U 7.0 Zerbini et al. 1996, Zerbini et al. 1997 

29 B. acutorostrata* Bertioga, SP Brazil -23.81 -46.06 23/11/1993 U F 9.0 Martuscelli et al. 1996 

30 B. acutorostrata* Bertioga, SP Brazil -23.81 -46.06 26/11/1993 U M U Martuscelli et al. 1996 

31 B. acutorostrata Atlântida Sul, Osório, RS  Brazil -29.87 -50.05 14/12/1993 Juvenile U 7.0 Zerbini et al. 1996, Zerbini et al. 1997 

32 B. acutorostrata Laguna, SC Brazil -28.47 -48.77 xx/12/1993 U U U Zerbini et al. 1997 

33 B. acutorostrata Porto Belo, SC  Brazil -27.15 -48.55 16/06/1995 U M U Zerbini et al. 1997 

34 B. acutorostrata North of Lagoa do Peixe, RS Brazil -30.92 -50.75 19/08/1995 Calf U 4.2 Zerbini et al. 1997 

35 B. acutorostrata Rio Grande, RS  Brazil -32.12 -52.08 08/09/1995 Calf F 3.1 Zerbini et al. 1997 

36 B. acutorostrata* Peruíbe, SP  Brazil -24.32 -46.99 13/09/1995 Adult U 10.0 Martuscelli et al. 1996 

37 B. acutorostrata Tramandaí, RS  Brazil -29.48 -50.12 28/10/1995 Calf U 2.6 Zerbini et al. 1997 

38 B. acutorostrata North of Lagoa do Peixe, RS  Brazil -30.92 -50.75 17/12/1995 Calf U 3.2 Zerbini et al. 1997 

39 B. acutorostrata* Santos, SP  Brazil -23.97 -46.36 31/10/1997 Juvenile U 4.0 Santos et al. 2010 

40 B. acutorostrata Praia Seca, RJ Brazil -22.94 -42.30 10/09/2000 Juvenile U 4.5 New record 

41 B. acutorostrata Arraial do Cabo, RJ Brazil -22.96 -42.06 29/06/2001 Calf M 3.1 New record 

42 B. acutorostrata* Ilhabela, SP  Brazil -23.81 -45.37 12/09/2002 Calf M 3.0 Santos et al. 2010 

43 B. acutorostrata Rio Grande do Sul state Brazil -30.90 -50.55 04/07/2004 U U U Sholl et al. 2013 

44 B. acutorostrata Ilha do Caju, MA  Brazil -02.73 -42.03 29/07/2004 Adult U 7.3 
Magalhães et al. 2008a, Magalhães et al. 

2008b, Siciliano et al. 2008 

45 B. acutorostrata Armação dos Búzios, RJ Brazil -22.73 -41.97 19/08/2004 Adult M 7.1 New record 

46 B. acutorostrata Saquarema, RJ  Brazil -22.93 -42.51 14/11/2004 U U U New record 

47 B. acutorostrata Armação dos Búzios, RJ Brazil -22.74 -41.88 04/11/2005 U U 4.0 New record 

48 B. acutorostrata Praia de Tabuba, Caucaia, CE  Brazil -03.64 -38.71 xx/07/2005 Juvenile U 6.7 
Meirelles et al. 2009, Meirelles et al. 

2011 

49 B. acutorostrata* Guarujá, SP  Brazil -24.00 -46.25 07/08/2007 Calf F 2.2 Santos et al. 2010 

50 B. acutorostrata Quissamã, RJ  Brazil -22.11 -41.16 19/12/2007 U U U New record 

51 B. acutorostrata Praia do Quintão, Pinhal, RS Brazil -30.34 -50.27 xx/09/2008 U U U Ott et al. 2013 

52 B. acutorostrata Rio Grande do Sul state Brazil -30.33 -50.25 25/09/2008 Juvenile M 4.5 Ott et al. 2013, Milmann et al. 2018 

53 B. acutorostrata Rio das Ostras, RJ Brazil -22.56 -41.98 31/07/2010 Juvenile M 3.7 New record 

54 B. acutorostrata Saquarema, RJ  Brazil -22.94 -42.47 16/10/2010 Adult F 8.8 New record 

55 B. acutorostrata São Francisco de Itabapoana, RJ Brazil -22.04 -41.05 23/10/2010 Juvenile M 4.0 New record 

56 B. acutorostrata Cabo Frio, RJ Brazil -22.71 -41.99 18/07/2011 Juvenile U 5.6 New record 

57 B. acutorostrata Cabo Frio, RJ Brazil -22.91 -42.04 07/11/2011 Adult M 7.5 New record 

58 B. acutorostrata Rio de Janeiro state  Brazil -22.93 -42.52 U U U U Sholl et al. 2013 

59 B. acutorostrata* Praia da Melancieia, Ilha do Caju, MA  Brazil -02.69 -42.09 U Juvenile U U Siciliano et al. 2008 

60 B. acutorostrata Honda Bay  Chile -54.87 -68.04 12/04/2004 U U U Acevedo et al. 2006 

61 B. acutorostrata Robaldo beach  Chile  -54.90 -67.79 17/04/2004 Juvenile M 6.8 Acevedo et al. 2006 

62 B. acutorostrata Robaldo beach  Chile  -54.88 -67.71 19/04/2004 Juvenile M 6.9 Acevedo et al. 2006 

63 B. acutorostrata* Isla del Trigre, San José Uruguay -34.78 -56.40 30/09/1962 Juvenile U 6.0 Baldas and Castello 1986 

64 B. acutorostrata* Piriápolis, Maldonado Uruguay -34.86 -55.30 17/04/1974 Juvenile U 5.5 Baldas and Castello 1986 
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65 B. bonaerensis* La Plata River, Buenos Aires  Argentina -34.54 -58.43 05/02/1867 Adult M 9.7 
Burmeister 1867, Baldas and Castello 

1986, Zerbini and Castello 2003 

66 B. bonaerensis Caleta Córdova, Chubut  Argentina -45.73 -67.35 xx/11/2001 U U U Reyes 2006 

67 B. bonaerensis Bajada de Los Palitos, Chubut  Argentina -45.97 -67.57 24/12/2001 U U U Reyes 2006 

68 B. bonaerensis São Francisco do Sul, SC  Brazil -26.23 -48.63 01/09/1912 Juvenile U 6.0 

Brandão 1914, Simões-Lopes and 

Ximenez 1993, Zerbini et al. 1997, 

Cherem et al. 2004 

69 B. bonaerensis Rio de Janeiro, RJ  Brazil -22.93 -43.25 15/10/1958 U U U Zerbini et al. 1997 

70 B. bonaerensis Barra Velha, SC  Brazil -26.64 -48.68 xx/01/1986 U U U 
Simões-Lopes and Ximenez 1993, 

Cherem et al. 2004 

71 B. bonaerensis Balneário Camburiú, SC  Brazil -26.98 -48.65 14/09/1986 Calf U U 
Simões-Lopes and Ximenez 1993, 

Zerbini et al. 1997, Cremer et al. 2004 

72 B. bonaerensis Floranópolis, SC  Brazil -27.58 -48.55 25/05/1988 Adult F 8.2 
Simões-Lopes and Ximenez 1993, 

Zerbini et al. 1997 

73 B. bonaerensis Guarujá, SP  Brazil -23.98 -46.25 10/10/1990 Adult U 8.0 Zerbini et al. 1997, Santos et al. 2010 

74 B. bonaerensis Bertioga, SP  Brazil -23.83 -46.13 03/12/1990 Adult U 8.5 Zerbini et al. 1997, Santos et al. 2010 

75 B. bonaerensis São Francisco do Sul, SC  Brazil -26.23 -48.63 22/02/1995 Calf F 4.0 
Carvalho 1975, Zerbini et al. 1997, 

Cherem et al. 2004 

76 B. bonaerensis* Bertioga, SP   Brazil -23.81 -46.06 17/11/1997 Calf M 3.5 Santos et al. 2010 

77 B. bonaerensis Between Taiba and Praia do Pecém, CE Brazil -03.54 -38.84 xx/10/2001 Adult U U 
Meirelles and Furtado-Neto 2004, 

Meirelles et al. 2009 

78 B. bonaerensis Armação dos Búzios, RJ Brazil -22.75 -41.88 01/08/2004 Juvenile U 11.0 New record 

79 B. bonaerensis  3km south of Barra de Rio Grande, RS  Brazil -32.17 -52.13 xx/11/2004 Calf U 3.7 Ott et al. 2013 

80 B. bonaerensis* Praia Grande, SP  Brazil -24.02 -46.41 27/10/2006 Calf F 3.8 Santos et al. 2010 

81 B. bonaerensis Rio Muriá, Curuçá, PA  Brazil -00.72 -47.91 09/01/2007 Adult M 10.4 
Siciliano et al. 2008, Siciliano et al. 

2014 

82 B. bonaerensis National Forest of Tapajós, Belterra, PA  Brazil -02.87 -55.07 14/11/2007 Juvenile M 5.5 
Siciliano et al. 2014, Balensiefer et al. 

2014 

83 B. bonaerensis Biological Reserve of Parazinho, AP  Brazil 00.88 -49.98 15/04/2009 Juvenile F 5.4 Siciliano et al. 2014 

84 B. bonaerensis Recife, PB  Brazil -08.05 -34.88 U U U U 
Hetzel and Lodi 1993, Zerbini et al. 

1997 

85 B. bonaerensis  near Goede Hoop  Suriname 05.52 -55.95 23/10/1963 Adult F 8.2 
Husson 1978, De Boer 2013, De Boer 

2015 

86 B. bonaerensis Montevideo beach  Uruguay -34.87 -56.22 26/10/2014 Juvenile F 6.7 Pérez et al. 2017 

87 B. bonaerensis coast of Laguna de Rocha  Uruguay -34.62 -54.29 18/10/2015 Juvenile U 4.5 Pérez et al. 2017 

88 B. borealis* Tres Arroyos, Buenos Aires province  Argentina -38.88 -60.15 xx/xx/1899 U U U Leonardi et al. 2011 

89 B. borealis* Tierra del Fuego province  Argentina -54.04 -67.29 xx/xx/1902 U U U Leonardi et al. 2011 

90 B. borealis* Río Gallegos, Santa Cruz province  Argentina -51.62 -69.2 xx/xx/1940 U U U Leonardi et al. 2011 

91 B. borealis* San José Gulf, Chubut province  Argentina -42.65 -64.98 xx/xx/1973 U U U Leonardi et al. 2011 

92 B. borealis* Mar del Sud, Buenos Aires province  Argentina -38.35 -57.99 xx/xx/2004 U U U Leonardi et al. 2011, Heissler et al. 2016 

93 B. borealis San Antonio Oeste, Rio Negro province Argentina -40.73 -64.93 xx/11/2008 Juvenile F 10.7 Leonardi et al. 2011, Heissler et al. 2016 

94 B. borealis  Caleta Olivia, Santa Cruz province  Argentina -46.42 -67.52 xx/12/2008 U U U Leonardi et al. 2011, Heissler et al. 2016 
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95 B. borealis Praia da Costa, Vila Velha, ES  Brazil -20.36 -40.29 07/03/1980 U U U 
Barros 1991, Zerbini et al. 1997, 

Heissler et al. 2016 

96 B. borealis Bertioga, SP  Brazil -23.83 -46.13 18/08/1988 Juvenile M 12.0 
Zerbini et al. 1997, Santos et al. 2010, 

Heissler et al. 2016 

97 B. borealis Praia do Santinho, Florianópolis, SC Brazil -27.88 -48.55 xx/11/1989 U U U 

Simões-Lopes and Ximenez 1993, 

Zerbini et al. 1997, Cherem et al. 2004, 

Heissler et al. 2016 

98 B. borealis Rio Grande do Sul state  Brazil -32.67 -50.33 xx/xx/1994 U U U Zerbini et al. 1997, Heissler et al. 2016 

99 B. borealis Bahia state Brazil -13.00 -38.45 04/08/2000 U U U Velozo 2007, Heissler et al. 2016 

100 B. borealis Rio Grande do Sul state  Brazil -33.60 -53.17 12/07/2007 U U U Prado et al. 2016, Heissler et al. 2016 

101 B. borealis Viseu, PA  Brazil -01.20 -46.13 13/09/2008 Juvenile F 10.3 
Costa 2015, Heissler et al. 2016, Costa 

et al. 2017 

102 B. borealis Rio Grande do Sul state Brazil -32.28 -52.27 16/11/2011 U U U Prado et al. 2016, Heissler et al. 2016 

103 B. borealis Rio Grande do Sul state  Brazil -33.68 -53.28 03/10/2012 U U U Prado et al. 2016, Heissler et al. 2016 

104 B. borealis* east of Nieuw Nickerie Suriname 05.98 -57.04 11/02/1964 Adult M 15.5 
Husson 1978, De Boer 2013, De Boer 

2015 

105 B. borealis* Falkland/ Malvinas Islands  UK  -51.80 -59.52 xx/xx/1952 U U U Leonardi et al. 2011 

106 B. borealis coast of Punta Espinillo, Montevideo  Uruguay -34.83 -56.42 03/06/2016 Calf F 3.1 Pérez et al. 2017 

107 B. brydei Cananéia, SP  Brazil -24.99 -47.84 xx/08/1972 Adult M 12.5 
Zerbini et al. 1997, Siciliano et al. 2004, 

Moura and Siciliano 2012 

108 B. brydei Paraguaçu River, Maragogipe, BA  Brazil -12.80 -38.92 30/09/1981 Adult F 14.0 Zerbini et al. 1997, Lima et al. 2006 

109 B. brydei Canal do Mangue, RJ Brazil -22.97 -43.17 28/01/1983 Juvenile M 7.1 

Geise and Borobia 1988, Zerbini et al. 

1997, Siciliano et al. 2004, Moura and 

Siciliano 2012 

110 B. brydei Superagui Island, PR  Brazil -25.42 -48.00 29/06/1983 Adult M 13.0 Bittencourt 1983, Zerbini et al. 1997 

111 B. brydei Itanhaém, SP  Brazil -24.17 -46.74 xx/xx/1986 U U U 
Zerbini et al. 1997, Moura and Siciliano 

2012 

112 B. brydei Angra dos Reis, RJ  Brazil -23.03 -44.33 03/04/1989 Juvenile M 10.6 
Zerbini et al. 1997, Siciliano et al. 2004, 

Moura and Siciliano 2012 

113 B. brydei Rio Grande, RS Brazil -32.12 -52.08 xx/08/1989 Adult U 15.0 
Zerbini et al. 1997, Van Waerebeek et 

al. 2007, Ott et al. 2013 

114 B. brydei Ilha do Caju, MA  Brazil -02.75 -42.00 21/10/1991 Adult U 10.0 
Zerbini et al. 1997, Magalhães et al. 

2008b, Siciliano et al. 2008 

115 B. brydei Guaratuba, PR  Brazil -25.88 -48.57 28/04/1993 Calf F 3.9 Zerbini et al. 1997 

116 B. brydei Laguna, SC  Brazil -28.47 -48.77 17/09/1993 Juvenile F 8.8 Zerbini et al. 1997 

117 B. brydei Ilha do Superagui, PR  Brazil -25.42 -48.00 30/09/1993 Adult M 14.0 Zerbini et al. 1997 

118 B. brydei Floranópolis, SC  Brazil -27.58 -48.55 xx/01/1994 U U U Zerbini et al. 1997 

119 B. brydei Ilha Comprida, SP  Brazil -24.75 -47.54 xx/11/1994 Adult U 14.0 
Siciliano et al. 2004, Moura and 

Siciliano 2012 

120 B. brydei Tramandaí, RS  Brazil -29.98 -50.12 22/12/1994 Juvenile M 10.8 Zerbini et al. 1997 

121 B. brydei Saquarema, RJ  Brazil -22.93 -42.48 07/04/1995 Adult M 12.4 
Zerbini et al. 1997, Siciliano et al. 2004, 

Moura and Siciliano 2012 

122 B. brydei Tramandaí, RS  Brazil -29.98 -50.12 29/02/1996 Calf M 4.0 Zerbini et al. 1997 
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123 B. brydei* Rio Grande do Sul state Brazil -32.12 -52.08 xx/08/1996 U U U Sanfelice and Ferigoto 2012 

124 B. brydei Ilha do Cardoso, SP  Brazil -25.18 -47.94 03/09/1996 Adult F 14.0 
Siciliano et al. 2004, Moura and 

Siciliano 2012 

125 B. brydei* Ilha das Canárias, MA  Brazil -02.72 -41.91 xx/xx/1996 Adult U 
10-

12 

Magalhães et al. 2008b, Siciliano et al. 

2008 

126 B. brydei Ilha Comprida, SP   Brazil -24.82 -47.65 30/01/1997 Juvenile U 11.0 
Siciliano et al. 2004, Moura and 

Siciliano 2012 

127 B. brydei Peruíbe, SP  Brazil -24.34 -47.00 07/12/1997 Adult U 15.0 
Siciliano et al. 2004, Moura and 

Siciliano 2012 

128 B. brydei Mostardas, Tavares, RS  Brazil -31.11 -50.92 04/04/1998 U U U 
Museu da PUCRS - 

http://www.splink.org.br/index?lang=pt 

129 B. brydei Quissamã, RJ  Brazil -22.17 -41.28 xx/06/1998 Juvenile F 8.0 
Siciliano et al. 2004, Moura and 

Siciliano 2012 

130 B. brydei Guarujá, SP  Brazil -23.69 -46.18 18/06/1998 Adult F 12.4 
Siciliano et al. 2004, Moura and 

Siciliano 2012 

131 B. brydei Rio de Janeiro, RJ  Brazil -22.98 -43.17 22/08/1998 Juvenile U 10.0 
Siciliano et al. 2004, Moura and 

Siciliano 2012 

132 B. brydei Praia Grande, SP Brazil -24.02 -46.41 22/09/1998 Adult U 14.0 
Siciliano et al. 2004, Moura and 

Siciliano 2012 

133 B. brydei Mongaguá, SP  Brazil -24.10 -46.62 09/04/1999 U U 12.0 
Siciliano et al. 2004, Moura and 

Siciliano 2012 

134 B. brydei Praia Grande, SP  Brazil -24.02 -46.43 21/08/1999 Adult U 12.2 
Siciliano et al. 2004, Moura and 

Siciliano 2012 

135 B. brydei* Ilha do Caju, MA  Brazil -02.69 -42.09 xx/xx/1999 Calf U 5.0 
Magalhães et al. 2008b, Siciliano et al. 

2008 

136 B. brydei Praia do Félix, Ubatuba, SP  Brazil -23.44 -45.07 24/07/2000 Adult F 14.0 
Siciliano et al. 2004, Moura and 

Siciliano 2012 

137 B. brydei Juréia, SP  Brazil -23.77 -45.8 xx/04/2001 Adult M 15.0 
Siciliano et al. 2004, Moura and 

Siciliano 2012 

138 B. brydei Barra de São João, Casemiro de Abreu, RJ Brazil -22.60 -41.99 11/12/2001 Juvenile U 9.0 
Siciliano et al. 2004, Moura and 

Siciliano 2012 

139 B. brydei Ilha do Cardoso, SP  Brazil -22.60 -41.99 xx/09/2002 Adult M 12.0 
Siciliano et al. 2004, Moura and 

Siciliano 2012 

140 B. brydei Maricá, RJ  Brazil -25.30 -48.08 30/01/2003 Adult F 12.0 
Siciliano et al. 2004, Moura and 

Siciliano 2012 

141 B. brydei Quissamã, RJ  Brazil -22.23 -41.54 26/02/2004 Juvenile U 9.5 
Magalhães-Pinto et al. 2004, Moura and 

Siciliano 2012, Pastene et al. 2015 

142 B. brydei Rio Grande do Sul state Brazil -30.22 -50.22 20/01/2005 U U U Pastene et al. 2015 

143 B. brydei Rio Grande do Sul state Brazil -30.33 -50.27 21/01/2005 U U U Pastene et al. 2015 

144 B. brydei Praia do Abricó, Rio das Ostras, RJ  Brazil -22.53 -41.95 23/01/2005 U U U 
Moura and Siciliano 2012, Pastene et al. 

2015 

145 B. brydei Maricá, RJ  Brazil -22.97 -42.91 14/02/2005 Adult M 15.0 Moura and Siciliano 2012 

146 B. brydei Barra da Tijuca, Rio de Janeiro, RJ  Brazil -23.01 -43.36 06/08/2005 Juvenile U 11.0 Moura and Siciliano 2012 
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147 B. brydei Figueira, Arraial do Cabo, RJ  Brazil -22.95 -42.19 03/09/2005 U U U 
Moura and Siciliano 2012, Sholl et al. 

2013 

148 B. brydei São Sebastião, SP  Brazil -23.68 -45.42 13/10/2005 Adult M 12.0 
Santos et al. 2010, Moura and Siciliano 

2012 

149 B. brydei Praia do Boqueirão, Ilha Comprida, SP  Brazil -25.04 -47.88 09/06/2006 Juvenile M 8.0 Moura and Siciliano 2012 

150 B. brydei Praia de Ilha Comprida, Ilha Comprida, SP  Brazil -24.98 -47.85 12/08/2006 Adult U 12.0 Moura and Siciliano 2012 

151 B. brydei Praia de Unamar, Cabo Frio, RJ  Brazil -22.63 -42.00 28/09/2006 Adult M 12.0 
Moura and Siciliano 2012, Pastene et al. 

2015 

152 B. brydei Praia do Pecado, Macaé, RJ  Brazil -22.42 -41.82 30/09/2006 Calf U 3.8 Moura and Siciliano 2012 

153 B. brydei São Sebastião, SP  Brazil -23.59 -45.21 23/10/2006 Adult M 12.8 
Santos et al. 2010, Moura and Siciliano 

2012 

154 B. brydei Praia de Itaipuaçú, Maricá, RJ  Brazil -22.97 -42.99 14/02/2007 Adult M 14.0 Moura and Siciliano 2012 

155 B. brydei Peruíbe, SP  Brazil -24.28 -46.93 20/07/2007 Adult U 12.0 
Santos et al. 2010, Moura and Siciliano 

2012 

156 B. brydei Praia Grande, SP  Brazil -24.03 -46.46 12/08/2007 Juvenile F 4.5 
Santos et al. 2010, Moura and Siciliano 

2012 

157 B. brydei Praia Grande, Arraial do Cabo, RJ  Brazil -22.96 -42.05 18/08/2007 U U U 
Moura and Siciliano 2012, Pastene et al. 

2015 

158 B. brydei Guarujá, SP  Brazil -24.02 -46.3 08/03/2008 Juvenile M 8.4 
Santos et al. 2010, Moura and Siciliano 

2012 

159 B. brydei Figueira, Arraial do Cabo, RJ Brazil -22.95 -42.17 15/04/2008 U U U Moura and Siciliano 2012 

160 B. brydei Ilha de Águas Lindas, Mangaratiba, RJ  Brazil -22.95 -43.91 xx/09/2008 Juvenile U 10.0 Moura and Siciliano 2012 

161 B. brydei Praia do Afonso, Arraial do Cabo, RJ  Brazil -22.96 -42.09 11/10/2008 Adult U 14.1 
Moura and Siciliano 2012, Pastene et al. 

2015 

162 B. brydei Praia das Palmeiras, Caraguatatuba, RJ  Brazil -23.67 -45.43 14/10/2008 Calf U 7.0 Moura and Siciliano 2012 

163 B. brydei Praia de Ilha Comprida, Ilha Comprida, RJ  Brazil -24.74 -47.54 27/04/2009 Juvenile U 9.0 Moura and Siciliano 2012 

164 B. brydei Guarujá, SP  Brazil -23.99 -46.21 25/07/2009 Adult M 13.0 
Santos et al. 2010, Moura and Siciliano 

2012 

165 B. brydei Lagoa Comprida, Jurubatiba, Macaé, RJ Brazil -22.28 -41.66 08/03/2010 Juvenile M 7.2 
Moura and Siciliano 2012, Pastene et al. 

2015 

166 B. brydei Mongaguá, SP  Brazil -24.10 -46.62 13/06/2010 Calf F 7.0 Moura and Siciliano 2012 

167 B. brydei Praia de Carapebus, Carapebus, RJ  Brazil -22.26 -41.61 30/10/2010 Juvenile F 8.8 Moura and Siciliano 2012 

168 B. brydei Praia do Visgueiro, Quissamã, RJ  Brazil -22.23 -41.53 09/03/2011 Juvenile U 8.0 Moura and Siciliano 2012 

169 B. brydei Arraial do Cabo, RJ Brazil -22.95 -42.10 06/07/2011 Adult U 12.0 New record 

170 B. brydei Salvaterra, Marajó bay (MB), PA  Brazil -00.91 -48.00 15/09/2012 Calf U 4.2 Costa 2015, Costa et al. 2017 

171 B. brydei São Francisco do Sul, SC  Brazil -26.22 -48.47 23/06/2014 Adult M 13.1 Groch et al. 2018 

172 B. brydei Isla de Margarita, N. Esparta  Venezuela 10.97 -64.17 xx/08/1932 U U U 
Agudo 1995a, Agudo and Romero 1996, 

Romero et al. 2001 

173 B. brydei close to Los Totumos, Miranda  Venezuela 10.53 -66.07 04/08/1961 U U U 
Agudo 1995a, Agudo and Romero 1996, 

Romero et al. 2001 

174 B. brydei Caiguire, Golfo de Cariaco, Sucre  Venezuela 10.48 -64.13 06/08/1962 U U U Agudo 1995a, Romero et al. 2001 

175 B. brydei Isla de Cubagua, N. Esparta  Venezuela 10.82 -64.17 xx/xx/1963 U U U 
Agudo 1995a, Agudo and Romero 1996, 

Romero et al. 2001 
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176 B. brydei Pampatar, Isla de Margarita, N. Esparta  Venezuela 11.00 -63.80 xx/xx/1970 U U U 
Agudo 1995a, Agudo and Romero 1996, 

Romero et al. 2001 

177 B. brydei Península de Aray, Sucre  Venezuela 10.58 -64.28 xx/04/1974 U U U Agudo 1995a, Romero et al. 2001 

178 B. brydei 2km NW from I. La Tortuga  Venezuela 10.98 -65.37 xx/xx/1978 U U U Agudo 1995a, Romero et al. 2001 

179 B. brydei Punta de Piedras, Isla de Margarita, N. Esparta  Venezuela 10.90 -64.12 xx/03/1979 U U U Agudo 1995a, Romero et al. 2001 

180 B. brydei Between Puerto La Cruz and Isla de Margarita   Venezuela 10.50 -64.33 xx/11/1979 U U U Romero et al. 2001 

181 B. brydei Between Puerto La Cruz and Isla de Margarita   Venezuela 10.50 -64.33 xx/11/1979 U U U Romero et al. 2001 

182 B. brydei La Blanquilla  Venezuela 11.92 -64.58 xx/05/1993 U U U 
Agudo 1995a, Agudo and Romero 1996, 

Romero et al. 2001 

183 B. brydei Cubagua, Nueva Esparta  Venezuela 10.86 -64.16 14/07/2000 U U U Bermúdez-Villapol et al. 2005 

184 B. brydei Playa Punta Arenas, Nueva Esparta  Venezuela 10.97 -64.42 24/08/2000 U U U Bermúdez-Villapol et al. 2005 

185 B. brydei Playa La Caracola, Nueva Esparta  Venezuela 10.95 -63.81 21/10/2000 U U U Bermúdez-Villapol et al. 2005 

186 B. brydei El Silguero, Nueva Esparta  Venezuela 10.90 -63.89 05/06/2002 U U U Bermúdez-Villapol et al. 2005 

187 B. brydei Punta Gorda, Nueva Esparta  Venezuela 11.02 -63.79 16/06/2003 U U U Bermúdez-Villapol et al. 2005 

188 B. brydei El Manglillo, Nueva Esparta  Venezuela 10.96 -64.33 20/06/2003 U U U Bermúdez-Villapol et al. 2005 

189 B. brydei Playa La magnesita, Nueva Esparta  Venezuela 10.99 -63.80 13/09/2003 U U U Bermúdez-Villapol et al. 2005 

190 B. musculus mouth of Río Luján, Buenos Aires  Argentina -34.30 -58.45 14/08/1866 Juvenile F 17.7 
Burmeister 1872, Branch et al. 2007, 

Brownell et al. 2009 

191 B. musculus Isla Galiano "Ballena Azul"  Argentina -45.10 -66.42 xx/10/1993 U U U Reyes 2006 

192 B. musculus* Cabo Maguari, Ilha de Marajó, PA Brazil -00.29 -48,37 xx/xx/1990 U U U Siciliano et al. 2008 

193 B. musculus Chui, RS Brazil -33.75 -53.37 29/04/1992 Juvenile F 23.1 

Zerbini et al. 1997,  Dalla-Rosa and 

Secchi 1997, Branch et al. 2007, 

Brownell et al. 2009, Siciliano et al. 

2011, Ott et al. 2013,  

194 B. musculus Rio Grande, RS  Brazil -32.12 -52.08 U U U U 
Siciliano and Franco 2005, Siciliano et 

al. 2011 

195 B. musculus* Paraíba state  Brazil -07.01 -34.81 U U U U 
Hetzel and Lodi 1993, Martuscelli et al. 

1996 

196 B. musculus* Rio de Janeiro state  Brazil -22.90 -43.17 U U U U Martuscelli et al. 1996 

197 B. musculus* Puerto Platero, Rio de la Plata  Uruguay -34.44 -57.64 09/07/1983 Juvenile F 18.3 Brownell et al. 2009 

198 B. omurai Praia do Pecém, CE Brazil -3.54 -38.80 10/09/2010 Calf F 4.2 Cypriano-Souza et al. 2016 

199 B. physalus* Punta Indio, Rio de la Plata Argentina -35.27 -57.20 xx/09/1996 U U 10.0 Junín et al. 2018 

200 B. physalus La Pastera, Rio Negro  Argentina -41.40 -65.00 xx/07/2012 U U 12.0 Junín et al. 2018 

201 B. physalus Dock Sur, Rio de la Plata  Argentina -34.64 -58.35 xx/07/2017 U U U Junín et al. 2018 

202 B. physalus Punta Bermeja, Rio Negro  Argentina -41.14 -63.04 31/03/2018 U U 19.8 Junín et al. 2018 

203 B. physalus* Rio de la Plata  Argentina -36.00 -57.33 U Adult U 
18-

24 
Burmeister 1867, Archer et al. 2013 

204 B. physalus* São Sebastião, SP  Brazil -23.81 -45.40 xx/xx/1905 U U U Santos et al. 2010 

205 B. physalus* Santos, SP  Brazil -23.97 -46.36 xx/xx/1916 U U U Santos et al. 2010 

206 B. physalus Peruíbe, SP  Brazil -29.32 -47.02 08/09/1941 Adult U 20.0 
Zerbini et al. 1997, Siciliano et al. 2011, 

Santos et al. 2010, Ott et al. 2013 

207 B. physalus* Itanhaem, SP  Brazil -24.20 -46.82 xx/05/1943 Adult U 23.0 Martuscelli et al. 1996 
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208 B. physalus Guarajuba, BA  Brazil -12.66 -38.07 08/12/1991 Calf M 11.1 
Zerbini et al. 1997, Siciliano et al. 2011, 

Ott et al. 2013 

209 B. physalus Praia de Mariluz, Imbé, RS  Brazil -29.92 -50.08 13/06/2002 Juvenile M 13.6 Siciliano et al. 2011, Ott et al. 2013 

210 B. physalus Jaguaruna, SC Brazil -28.60 -49.02 29/08/2003 Calf F 9.2 Siciliano et al. 2011 

211 B. physalus* São Paulo state  Brazil -24.02 -46.30 xx/xx/2008 U U U Gomes et al. 2011 

212 B. physalus Praia de Mosqueiro, Acaraju, SE  Brazil -11.50 -37.12 25/02/2009 Calf F 7.5 Siciliano et al. 2011 

213 B. physalus Pirabas river estuary, Pirabas, PA  Brazil -00.87 -47.08 17/01/2010 Juvenile M 14.9 
Siciliano et al. 2011, Costa 2015, Costa 

et al. 2017 

214 B. physalus* Rio Caravelas, BA  Brazil -12.71 -39.15 U U U U Gray 1866 

215 B. physalus * between Suriname and Marowijne Rivers  Suriname 05.63 -54.01 xx/xx/1910 Adult U 20.0 
Husson 1978, De Boer 2013, De Boer 

2015 

216 B. physalus * East of Braamspunt  Suriname 05.95 -55.16 22/05/1923 Juvenile U 17.0 
Husson 1978, De Boer 2013, De Boer 

2015 

217 B. physalus Isla de Margarita, N. Esparta  Venezuela 10.97 -64.17 xx/08/1932 U U U Agudo 1995a 

218 B. physalus Isla de Margarita, Estado Nueva Esparta Venezuela 10.97 -64.18 xx/08/1932 Adult U U Agudo 1995a 

219 B. physalus* Isla de Margerita, N. Esparta  Venezuela 10.94 -63.88 xx/xx/1954 U U U 
Agudo and Romero 1996, Romero et al. 

2001, Bolaños-Jiménez et al. 2015 

220 B. physalus Península de Paraguana  Venezuela 11.72 -69.77 xx/02/1959 U U U 

Agudo 1995a, Dalla-Rosa and Secchi 

1997, Romero et al. 2001, Bolaños-

Jiménez et al. 2015 

221 B. physalus Isla de Margarita, Esparta  Venezuela 10.89 -63.89 28/01/1993 Adult U U Agudo 1995b 

222 B. physalus Playa El Silguero, Isla de Margarita  Venezuela 10.88 -63.9 xx/08/1993 U U U 

Bolaños Jiménez and Lira 1993, Agudo 

1995a, Romero et al. 2001, Bolaños-

Jiménez et al. 2015 

223 B. physalus Isla de Margarita, Estado Nueva Esparta Venezuela 10.99 -64.39 04/12/2013 Adult M 19.9 Esteves et al. 2018 
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The literature related to Balaenoptera strandings in this review is the most complete compilation of this 

type of record in the region so far, as it includes published reviews and records (e.g., Agudo 1995a, Zerbini et al. 

1997, Siciliano et al. 2004, 2011, Santos et al. 2010) as well as previously unreported data. The information 

regarding some specimens may have been cited in multiple publications, due to their differing approaches. For 

some B. brydei specimens, for example, first the stranding record was published (Moura and Siciliano 2012) 

followed by molecular analysis of the individual (Pastene et al. 2015). In this context, cross-referencing all the 

information from a single individual will provide easier access to all available published information from a 

stranding to future researchers. On the other hand, not all papers that used whale strandings provided geographical 

data with individual information, and only some or none of the information could be extracted (e.g., Gomes et al. 

2011, Prado et al. 2016).  

Even though this is the most complete dataset for South America, it is important to mention that the 

coastline of the area extends approximately 7500 km from the Caribbean coast to Cape Horn, and there are places 

where there was no effort or effort was not systematic. Therefore, it is likely that the number of strandings was 

underestimated for these reasons and also because unidentified whales were not included, as we analyzed 

Balaenoptera strandings at the species level. In all cases, we do not believe that the loss in absolute numbers was 

significant, especially in relation to unidentified whales. In any case, for future reference, data from unidentified 

individuals can be found in other published studies (e.g., Zerbini et al. 1997, Santos et al. 2010, De Boer 2015). 

Another important aspect to be highlighted is that South America is only a part of most Balaenoptera whales’ 

home range, with the exception of B. brydei (Moura and Siciliano 2012), and their occurrence patterns were 

therefore not evaluated in the lower latitudes of the Southern Oceans, which are areas used for feeding activities 

(Corkeron and Connor 1999, Aguilar 2009). 

 The first documented records of Balaenoptera strandings on the east coast of South America refer to the 

late 19th century, including original descriptions from naturalists (e.g., Burmeister 1867, 1872) (see Table I). The 

number of records increased in the 1970s (Figure 1) when systematic beach surveys began to be carried out in 

many areas, mainly in southern and southeastern Brazil (e.g., Pinedo et al. 1992, Moura and Siciliano 2012, Prado 

et al. 2016). In this context, it should be mentioned that the relatively small number of records in the last decade 

(i.e., 2010-2019) is probably more related to the delayed scientific publication of the stranding records than any 

natural phenomenon. 
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Fig. 1. The number of stranding records for whales of the genus Balaenoptera on the east coast of South 

America (black bars) and the number of publications about Balaenoptera strandings on the east coast of South 

America grouped by ten-year intervals.  

 

As expected, the number of strandings varied across species, with some more rare such as B. omurai and 

some more common such as B. edeni/B. brydei and B. acutorostrata. For the latter, we were able to infer more 

aspects based on the greater quantity of information available. Pooling data for all species, the greatest number of 

records is concentrated between the latitudes of 20°S and 35°S (Figure 2), mainly encompassing the southern 

Brazilian coast. The greater number of records and publications from Brazil could be related to increased effort, 

country size, and because the area is used for wintering grounds and calving areas by many species (Zerbini et al. 

1997). Moreover, southern Brazil and the region close to it is particularly suited for a great diversity of different 

marine mammals due to its productivity, resulting from the interaction between the warm Brazil current and cold 

Malvinas/Falklands current (i.e., Subtropical Convergence Zone), and due to the influence of the discharge of 

many great bodies of water from the continent (Campos et al. 1995, Seeliger and Odebrech 1998, Odebrecht and 

Castello 2001, Crespo 2009). In contrast, a gap in records was observed in some areas, such as Guyana and French 

Guiana, where no published records of the genus were found.  

 



 

97 

 

Fig 2. Map of Balaenoptera species richness, based on stranding records, for each 5° × 5° grid cell along the east 

coast of South America.  

 

 

3.1. MINKE WHALES 

Two minke whale species have been documented in the South Atlantic Ocean: the common minke 

(Balaenoptera acutorostrata) and the Antarctic minke (B. bonaerensis). Records of stranded B. acutorostrata 

ranged from close to the equatorial line in the state of Maranhão (2.69°S), Brazil, to Navarino Island, in the 

southeastern portion of Chile (54.90°S, Figure 3) (Acevedo et al. 2006, Siciliano et al. 2008). Out of 64 records, 

47 (73.43%) occurred between the states of Rio Grande do Sul, in southern Brazil (33.45°S) and the state of Rio 

de Janeiro, in southeastern Brazil (22.93°S). We defined the season of 61 strandings from B. acutorostrata; most 

of the strandings occurred in winter (n=25), followed by spring (n=18), fall (n=13), and summer (n=5, Figure 4). 

The total body lengths were obtained from 51 individuals and ranged from a minimum of 2.2 m to a maximum of 

10 meters (x̄=4.93, SD=1.85). 
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Fig 3. Map of Balaenoptera acutorostrata (n=64) strandings in the southwestern Atlantic Ocean gathered from 

publications presented in Table 1. Open circles indicate strandings where the location was derived from geographic 

coordinates. Circles with a dot in the center indicate strandings where the location was derived from a description 

of the locale (presented in Table 1) instead of geographic coordinates, also indicated with an asterisk in the legend. 

In addition, as records overlapped with each other, a sum of the points in the specific area is provided. 
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Fig. 4. Distribution of reviewed strandings (n=194) from Balaenoptera acutorostrata (n=61), B. brydei (n=78), B. 

musculus (n=4), B. borealis (n=12), B. physalus (n=17), and B. bonaerensis (n=22) in relation to season on the 

east coast of South America between 1865 and 2018.  

 

The wide geographical range of strandings from warm waters in northern Brazil to the cold Strait of 

Magellan, Chile, and data from dietary studies indicate adaptation to different environmental conditions and 

flexibility in feeding strategies in B. acutorostrata. The stomach contents of two B. acutorostrata individuals from 

southern Brazil were analyzed and showed completely different food contents (Secchi et al. 2003, Milmann et al. 

2018). Moreover, a site where other B. acutorostrata died as bycatch (143 m deep) and a spawning area for known 

prey Illex argentinus are proximal to the continental slope, showing that immature individuals may be using 

offshore waters of southern Brazil. Likewise, individuals have been observed at a depth of 548 m in an adjacent 

area in Santa Catarina, southern Brazil (Zerbini et al. 2004). If many individuals have an offshore distribution, 

there is probably an underestimation of the local abundance of B. acutorostrata, even though it is the species with 

the second highest number of stranding records in this review.  

It has been suggested that some individuals of this species do not migrate to the Antarctic and instead stay 

closer to the South American continent (Zerbini et al. 1996, 1997). It is worth noting that the four strandings 

recorded in summer were located between southern Brazil and northern Argentina, confirming that at least some 

individuals do not migrate and may stay in this area. The presence of the species in mid-latitude waters throughout 

the year is supported by strandings in all seasons, although peaks in the number of strandings occurred in winter 

and fall (Figure 4). The species has been observed during mid-summer in very coastal waters off Arraial do Cabo, 

southeastern Brazil (Hassel et al. 2003). Comparing individual total size with season, we observed that there were 

calves in all seasons, except in fall. It was previously assumed that individuals from the species would give birth 

between 25°S and 35°S (Simões-Lopes and Ximenez 1993, Zerbini et al. 1997), which is corroborated by our 

results, with the exception of new records of individuals as small as calves from latitudes up to 17.33°S and 

juveniles up to 12.71°S. This may signify that the possible calving area of the species in the southwestern Atlantic 
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Ocean may be larger than previously suspected. In relation to common minke whales, it is also important to notice 

the documentation of bycatch of at least three individuals in gillnets in southern Brazil (Simões-Lopes and 

Ximenez 1993, Secchi et al. 2003).  

Strandings of B. bonaerensis ranged from Goede Hoop, Suriname (5.52°N), along the Brazilian coast to 

Uruguay and Argentina (45.97°S) (Figure 5). An apparent absence of records was observed from roughly 10°S to 

20°S; strandings were divided between the central west of Suriname to northern Brazil and between southeast 

Brazil to the northern Argentinean coast. Most strandings occurred in spring (n=13), followed by summer (n=5), 

winter (n=3), and fall (n=1, Figure 4). Total body length was obtained from 16 individuals and varied from a 

minimum of 3.5 m to a maximum of 11 m (x̄= 6.70, SD=2.50). 

 

Fig 5. Map of Balaenoptera bonaerensis (n=23) strandings from the east coast of South America gathered from 

publications presented in Table 1. Open circles indicate strandings where the location was derived from geographic 

coordinates. Circles with a dot in the center indicate strandings where the location was derived from a description 

of the locale (presented in Table 1) instead of geographic coordinates, also indicated with an asterisk in the legend. 

In addition, as records overlapped with each other, a sum of the points in the specific area is provided (n=4). The 

star in the map corresponds to stranding over 1,000 km upstream inside Tapajós Rivers, Brazil. 
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Balaenoptera bonaerensis is considered endemic to the Southern Hemisphere (Deméré 2014), and 

thousands of individuals were captured and processed in the whaling station of the state of Paraíba, Brazil 

(Williamson 1975, Horwood 1990, Andriolo et al. 2010). The broad range of the records indicates the species’ 

great dispersal capability. There are at least six unusual migration records for the species in the North Atlantic, 

including records of two hybrids with North Atlantic B. acutorostrata, a stranding in Suriname, Gulf of Mexico, 

and in the north of the Arctic circle (Husson 1978, Glover et al. 2010, 2013, Rosel et al. 2016). The offshore 

distribution of the species has been confirmed by surveys in northeast Brazil, where it is the most abundant 

Balaenoptera species, particularly offshore of the continental shelf break (Andriolo et al. 2010). However, one 

individual travelled more than 1,000 km upstream inside Tapajós Rivers, northern Brazil, prior to the stranding 

(Balensiefer et al. 2014).  

In the present review, there were two stranding records of calves in the state of São Paulo and three more 

in the states of Santa Catarina and Rio Grande do Sul, indicating a possible calving area in the offshore waters of 

south and southeastern Brazil. A record of a juvenile collected in Santa Catarina in 1912 supports this hypothesis 

(Brandão 1914). Moreover, more recently, juveniles and calves were observed on the east coast of São Paulo state 

at the 610 m isobath (Zerbini et al. 2004), over 2000 km away from the coast. In contrast to these results, no 

pregnant females were documented during the exploitation of this species in northeastern Brazil (i.e., whaling 

station of Costinha - Paraíba) (Horwood 1990), and very few calves were found during surveys in the region 

(Zerbini et al. 2004). Moreover, the concentration of the strandings in summer and spring is in accordance with 

data from cruises in northeast Brazil, where the sighting rate of minke whale groups gradually increased from 

August to October (Andriolo et al. 2010). 

 

3.2. SEI WHALE  

Records of Balaenoptera borealis strandings in the central west and southwestern Atlantic Ocean ranged 

from east of Nieuw Nickerie, northwest Suriname to southern Argentina (Figure 6). From the 19 records, 13 

(68.42%) occurred between Rio Grande do Sul (32.28°S), southern Brazil, and Tierra del Fuego province 

(~54.04°S), southern Argentina. Seasons were provided for 12 strandings: six in spring, one in summer, one calf 

in fall, and four individuals during the winter season (Figure 4). Total body lengths were obtained for five 

individuals of this species, which ranged from 3.1 m to 15.5 m (x̄=10.32, SD=4.53). The smallest individual was 

the only calf, which was stranded in late fall in Montevideo, Uruguay (ID 106, Table I). 
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Fig 6. Map of Balaenoptera borealis (n=19) strandings on the east coast of South America gathered from 

publications presented in Table 1. Open circles indicate strandings where the location was derived from geographic 

coordinates. Circles with a dot in the center indicate strandings where the location was derived from a description 

of the locale (presented in Table 1) instead of geographic coordinates, also indicated with an asterisk in the legend. 

 

The range of strandings and previous literature records indicate that B. borealis migrates to warm waters 

north of the Equator and inhabits temperate waters of Argentina and Uruguay (Horwood 2009), with an individual 

record in the Falkland Islands (Leonardi et al. 2011). It is worth mentioning that the northernmost and 

southernmost record locations herein were estimated based on the local description, not the actual coordinates. 

However, one individual which was tagged with a Discovery tag off the South Georgia coast was captured on the 

coast of Rio de Janeiro, Brazil (Brown 1977). This demonstrates a possible link between the Scotia Sea and 

Brazilian coastal populations. More than 110,000 individuals were captured in the Southern Hemisphere during 

1960 and 1970 (Horwood 2009) and 3,500 individuals in pelagic waters in northeastern Brazil from 1947 to 1965 

(Andriolo et al. 2010). In fact, sei whales were the most common species caught at the whaling station off Costinha, 

Paraíba (6.95°N; 34.88°W) (Brazil), which operated until 1963 (Paiva and Grangeiro 1965, Williamson 1975). 

Although there are not numerous sightings, the species has been spotted in the offshore waters of eastern and 

southern Brazil (Di Tullio et al. 2016), and a potential breeding and calving area for the species has been 



 

103 

hypothesized to be close to Trindade Island and Martin Vaz Archipelago, in the central Atlantic (Heissler et al. 

2016). Very few pregnant females were caught at the whaling station off Costinha over the years (Paiva and 

Grangeiro 1965) and the recent stranding of a female of only 3.1 meters in Uruguay (Pérez et al. 2017) support 

this hypothesis. Moreover, the concentration of strandings from southern Brazil to southern Argentina, despite the 

low absolute number of strandings (n=19), also indicates some occupancy of this area by the species. In this 

context, it is noteworthy that the northern coast of Brazil and Central America seems to be occupied by the northern 

population, while the area with the most records is used by individuals coming from the Southern Hemisphere 

(Horwood 2009). Furthermore, the fact that this species has a wide feeding habit (Kawamura 1980) could provide 

a benefit in the offshore waters of southern Brazil as resources are relatively abundant in the cold season (Campos 

et al. 1995, Odebrecht and Castello 2001), when most strandings occurred.  

 

3.3. BRYDE’S WHALE 

Bryde's whales off South America have been classified as Balaenoptera edeni, but a recent genetic survey 

suggests that only individuals of Balaenoptera brydei occur on the South American coast (Pastene et al. 2015). 

Thus, we considered records of both species in the literature for the central west and southwestern Atlantic Ocean. 

Bryde's whales strandings were recorded from tropical waters in Venezuela (11.92° N) to subtropical waters in 

southern Brazil (32.12°S), in the state of Rio Grande do Sul (Figure 7). Of 83 strandings, 50 (60.24%) occurred 

between Guaratuba, in the state of Paraná (25.88°S), and Quissamã, in the state of Rio de Janeiro (22.17°S), in 

southeast Brazil. The season of strandings was defined for 77 specimens, where 15 were in summer, 19 in fall, 30 

in winter, and 13 in spring (Figure 4). The total body length was provided for 55 whales and varied from 3.8 m to 

15 m (x̄=10.64, SD=3.20). 
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Fig 7. Map of Balaenoptera brydei (n=83) strandings on the east coast of South America gathered from 

publications presented in Table 1. Open circles indicate strandings where the location was derived from geographic 

coordinates. Circles with a dot in the center indicate strandings where the location was derived from a description 

of the locale (presented in Table 1) instead of geographic coordinates, also indicated with an asterisk in the legend. 

In addition, as records overlapped with each other, a sum of the points in the specific area is provided (n=18). 

 

The strandings of B. brydei from Venezuela to southern Brazil (with no records in Uruguay and Argentina) 

show a preference for relatively warmer and subtropical waters from this species, which differs from most whales 

of the genus (Zerbini et al. 1997). This species was the most commonly stranded in the present review and is likely 

one of the most common Balaenoptera on the Brazilian coast (Zerbini et al. 1997, Siciliano et al. 2004). In the 

present review, records of B. brydei outnumber records of B. acutorostrata, which was previously the 

Balaenopterid species with the greatest number of stranding records along the Brazilian coast (Zerbini et al. 1997). 

In fact, an annual increase in the number of Bryde's whale strandings was previously noticed in southeastern Brazil 

(Moura and Siciliano 2012).  

In addition, most stranding records were from southern and southeastern Brazil, where site fidelity of live 

animals has been observed (Lodi et al. 2015) and seems to be linked to preferential prey distribution (i.e., 
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Sardinella brasiliensis, Scomber japonicus) (Siciliano et al. 2004, Tardin et al. 2017). Although a peak of 

abundance in lactating females has been observed in April and May in a local area of southeast Brazil (Tardin et 

al. 2017), in the present study there were fewer strandings in fall. Moreover, other studies have shown no peak 

abundance in strandings in the same area (Siciliano et al. 2004), and the constant number of strandings across 

seasons previously reported and found herein indicates the common occurrence of this species along the Brazilian 

coast (Zerbini et al. 1997, Siciliano et al. 2004).  

Balaenoptera brydei was also exploited by two whaling stations in Brazilian waters: Costinha station 

(Paraíba State) and Cabo Frio station (22.88°S; 42.01°W, Rio de Janeiro State) (Williamson 1975, Zerbini et al. 

1997), although it was not officially distinguished from the sei whale until 1967, which precludes an accurate 

estimate of the catches of both species. Nevertheless, at least 390 Bryde's whales were estimated to have been 

taken in the two Brazilian whaling stations (Williamson 1975, Zerbini et al. 1997). 

Balaenoptera brydei seems to have several breeding grounds distributed along the Brazilian coast, as there 

were strandings of five individuals smaller than 5 m in length (probably calves) and a pregnant individual at 

different sites from Pará, northern Brazil, to Rio Grande do Sul, southern Brazil. In southeastern Brazil, for 

example, although most strandings were from adults, individuals from all age classes were observed (Moura and 

Siciliano 2012). Whether records of B. brydei constitute one or more populations, or different ecotypes, remains 

to be elucidated. For example, coastal and oceanic ecotypes have been observed in South Africa (Best 2001, Penry 

et al. 2018), and previously suggested for Brazil (Zerbini et al. 1997). This species has been observed in the oceanic 

waters of Brazil (Andriolo et al. 2010, Di Tulio et al. 2016); therefore, longitudinal migration from coastal waters 

or the presence of a second form occupying oceanic habitats is a viable hypothesis. A molecular analysis of 

stranded and biopsied whales from inshore and offshore waters would aid in elucidating this issue and verify 

whether there are other B. omurai records amidst those identified previously as B. brydei, as this species was only 

recently described and both are morphologically similar. 

 

3.4. BLUE WHALE 

Records of B. musculus are widely distributed in the southwestern Atlantic Ocean, although not numerous, 

probably because this species has been severely exploited through modern whaling, which dates from 1903 in this 

region (Tønnessen and Johnsen 1982). In the Southern Hemisphere, the Antarctic blue whale was reduced to less 

than 1% of pre-exploitation levels (Thomas et al. 2016) and is rare in the western South Atlantic (Branch et al. 

2007).  

Partially as a consequence of its stock depletion or its offshore distribution (Thomas et al. 2016), there are 

few modern whaling records of blue whale capture along the Brazilian coast. In the two whaling stations that 

operated in Brazil, Costinha, Paraíba, and Cabo Frio, Rio de Janeiro, only three blue whales were taken between 

1910 and 1985 (Zerbini et al. 1997).  

In the present review, only eight confirmed blue whale stranding records were found, including the 

stranding of a live female on the southernmost coast of Brazil (33°45′ S) (ID 193, in Table I and Figure 8). The 

strandings were distributed from Paraíba, Brazil (7.01°S), to Isla Galiano, Argentina (45.1°S, Figure 8), with four 



 

106 

of the seven individuals recorded between southern Brazil and northern Argentina (32.1°S. 34.3°S). The stranding 

records ranged from late April to October (Table I, Figure 4), and total body length values were obtained for three 

individuals varying from 14.9 m to 23.12 m (x̄=18.5, SD=3.41). Despite the lack of neonate records, three sightings 

of mother–calf pairs were reported during the winter in offshore Brazilian waters. The first two sightings occurred 

in July 2011, in two close locations in the Potiguar Basin (~04°42′ S; 036°40′W), northeastern Brazil (de Oliveira 

2015), which may have been the same animal. The third mother-calf pair was observed in deep waters (2,645 m) 

off southeastern Brazil (22°11′S; 038°58′W) in July 2014 (Rocha et al. 2019).  

 

 

Fig 8. Map of Balaenoptera musculus (n=8) and Balaenoptera omurai (n=1) strandings on the east coast of South 

America gathered from publications presented in Table 1. Open circles indicate strandings where the location was 

derived from geographic coordinates. Circles with a dot in the center indicate strandings where the location was 

derived from a description of the locale (presented in Table 1) instead of geographic coordinates, also indicated 

with an asterisk in the legend. Whaling grounds or armações extracted from Santos et al. (2010) and Morais et al. 

(2016), are indicated by black crosses, and the Cabo Frio and Costinha stations are highlighted. We used the 

symbol “n=11” to indicate the total number of whaling grounds overlaid in that locale. 
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3.5. OMURA’S WHALE 

The only record of Balaenoptera omurai is of a calf that was stranded on the northeastern coast of Brazil 

(3.54°S, 38.8°W) during winter (Cypriano-Souza et al. 2016) (ID 198, in Table I and Figure 8), which is coincident 

with species records across the globe, mainly from tropical waters (Cerchio et al. 2019). However, this species 

was only described in 2003 and due its similar morphological characteristics to Bryde's whale (B. brydei); it is 

likely that there are mistakenly identified specimens in collections. This assertion emphasizes the need for a 

molecular approach from Bryde's whale specimens in collections and museums to confirm previous identifications. 

The present record of B. omurai was identified through molecular analysis. This is due to the fact that the 

identification of carcasses in an advanced state of decomposition is often inaccurate (e.g., Sholl et al. 2013). 

Moreover, the fact that a neonate was recorded reinforces the possibility that this species could at least inhabit 

northeast Brazil (Cypriano-Souza et al. 2016). 

 

3.6. FIN WHALE 

Records of Balaenoptera physalus strandings (n=25) were distributed between the Peninsula of 

Paraguana, Venezuela (11.72°N), and Rio Negro, Argentina (41°S, Figure 9). However, records seem to be 

concentrated mainly between Venezuela and Pará (0.87°S), and between southeastern Brazil and northern 

Argentina (~24°S to 35°S), with few additional records in northeast Brazil (~10°S). The seasons were defined for 

17 of 25 strandings where four were in fall, seven were in winter, four were in summer, and two were in spring 

(Figure 4). The total body length was given for 14 individuals and ranged from 7.5 m to 23 m (x̄=15.64, SD=4.45).  
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Fig 9. Map of Balaenoptera physalus (n=25) strandings on the east coast of South America gathered from 

publications presented in Table 1. Open circles indicate strandings where the location was derived from geographic 

coordinates. Circles with a dot in the center indicate strandings where the location was derived from a description 

of the locale (presented in Table 1) instead of geographic coordinates, also indicated with an asterisk in the legend. 

In addition, as records overlapped with each other, a sum of the points in the specific area is provided (n=6).  

 

It is known that fin whale strandings range from the temperate waters of the Southern Ocean to tropical 

waters (Zerbini et al. 1997). The fin whale is the second largest member of genus Balaenoptera after B. musculus 

and has been heavily exploited in several places including the Southern Ocean, where 15,000 individuals are 

estimated to remain, and populations are recovering from commercial whaling (Aguilar 2009). Their relatively 

low abundance, offshore distribution, and the fact that some individuals may not migrate could contribute to the 

low number of fin whale strandings in the area (Aguilar 2009).  

In this context, it is worth mentioning that a greater number of whales were caught at the whaling station 

of Cabo Frio, Rio de Janeiro (n=84 whales) than in the more equatorial whaling station of Costinha, Paraíba (n=48) 

(Williamson 1975, Zerbini et al. 1997). Moreover, dedicated cetacean surveys did not record the species in the 
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offshore waters of northeastern Brazil (Andriolo et al. 2010), despite the existence of some sightings during the 

whaling period (1980-1986) (Antonelli et al. 1987), while cruises in south and south eastern Brazil recorded the 

species during fall in two consecutive years (Di Tullio et al. 2016). 

This pattern of populations from different hemispheres occupying the same area has been observed for 

humpback whales in Costa Rica (Acevedo and Smultea 1995). In addition, a survey study showed a high similarity 

between cetacean species compositions described for northern and northeastern Brazil and the southern Caribbean 

region, suggesting cetacean dispersal between these two regions (Costa et al. 2017). Unfortunately, the wintering 

grounds of fin whales are not known (Aguilar et al. 2009). In any case, this mixed population hypothesis can be 

tested by comparing the genetic profiles or stable isotope values of whales present in this region in both seasons 

with individuals from both hemispheres.  

 

4. CONCLUSIONS 

Although there are a significant number of records of Balaenoptera species from the east coast of South America, 

few studies have proposed a large-scale analysis of the spatio-temporal behavior of whales, despite the large home 

ranges of most species within the genus. This dataset is robust for evaluating occurrence patterns, but there is an 

underestimation of the absolute number of records due to difference in effort among countries in the vast area 

covered by this review, and because unidentified whales were not included. Fortunately, the apparent increase in 

effort and commitment from different institutions to share data on marine mammal strandings, such as the national 

stranding network for marine mammals in Brazil (REMAB), which is managed governmentally, are promising 

and can promote both knowledge of these whales and higher detection rates of stranded individuals. Despite these 

limitations, studies using stranded animals are a very important source of information for the Balaenoptera genus 

and gathering them in one place allowed the confirmation of possible occurrence patterns for different species, 

such as the possible residence of B. acutorostrata and B. brydei in Brazilian waters. The increased number of 

stranding records of B. brydei, mainly over the last few decades, is worth noting and, although speculative could 

signify an increase in population size followed by a natural increase in mortality. The documentation of a few 

records of common minke whale bycatch in gillnets in southern Brazil is also a matter of concern. Finally, the 

published information about Balaenoptera strandings on the east coast of South America is now comprehensively 

organized for records from the 1800s to the present. 
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6. CAPÍTULO 5: Balaenoptera whales strandings in Southern Brazil from 

1993 to 2018: occurrence and habitat use patterns 

 

Manuscrito formatado para submissão no Jornal Hystrix (the Italian Journal of Mammalogy). 

 

 

Abstract 

The ecology and distribution of most baleen whales are poorly known in Brazilian waters, despite the 

history of whaling and the recent increase in research effort. Although stranding data presents some 

caveats, it is useful to understand patterns of species movements, diet and occurrence, and to detect 

population trends. In this scenario, data of 25-years marine mammal occurrence from monitoring 

program were used to evaluate the composition and spatial-temporal patterns of Balaenoptera whales 

in southern Brazil. A stretch of 270 km on the coast of the State of Rio Grande do Sul (from 29°20'S to 

31°21'S) was surveyed year-round between 1993 and 2018. Whales were identified, measured and sex 

determined whenever possible. For 22 individuals, identification was confirmed by mtDNA analysis. 

Forty-eight balaenopterids were recorded, including four species of Balaenoptera identified: B. 

acutorostrata n=27, B. bonaerensis n=1, B. brydei n=13, B. physalus n=1. In addition, only six whales 

were not identified at species level due to advanced decomposition. The large number of strandings 

of B. acutorostrata and B. brydei may have been related to their greater abundance and/or more 

coastal distribution in relation to other Balaenoptera species in the area. Both species were found 

year-around, although strandings of B. acutorostrata and B. brydei were mostly during winter/spring 

(77.77%) and spring/summer (66.66%), respectively. Therefore, although B. brydei appears to remain 

in southern Brazilian waters during the entire year, the results suggest the existence of seasonal 

inshore-offshore or latitudinal movements, as documented in South Africa. Moreover, the greater 

number of strandings of juveniles from B. acutorostrata compared to adults (ratio 1.86:1) and the 

occurrence of the former in different seasons suggest that some immature individuals may not leave 

this region, as previously pointed out by other studies. This long-term survey brings evidence of the 

area’s importance for Balaenoptera species that inhabit the Southwestern Atlantic Ocean.  

 

Keywords: Baleen whales, long-term surveys, Population structure, Habitat use, molecular 

identification, Southwestern Atlantic. 

Running title: Ecology of rorquals in the Southwestern Atlantic. 
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1. Introduction 

Seven species of baleen whales, often called rorquals, compose the genus Balaenoptera 

accordingly to the Committee of taxonomy (2017), from which all were recorded in Brazilian waters 

(Cypriano-Souza et al. 2016, Siciliano et al. 2011, Zerbini et al. 1997). Those species are: Balaenoptera 

acutorostrata, B. bonaerensis, B. borealis, B. edeni, B. musculus, B. omurai, and B. physalus. Worldwide, 

these species suffered great impacts from whaling activity from which they are still recovering (Brench 

et al. 2004, Clapham et al. 1999). Conservation status for whales varies within the species from the 

genus accordingly to the impact of whaling, from least concern Bryde’s whale (B. edeni) (IUCN 2017), 

to endangered blue whales (B. musculus) (IUCN 2018). Others are data deficient, as Omura’s whale (B. 

omurai) (IUCN 2017). Nowadays, there are new threats and negative interactions that can affect 

species recovery, such as: reduction in the ice cap of the South Pole (Moore et al. 1999), entanglement 

in fishing nets (Ott et al. 2009, Secchi et al. 2003, Simões-Lopes and Ximenez 1993), and noise exposure 

(Southall et al. 2019). Most species from this genus are known to be migratory and perform annual 

movements between the poles and mid-latitude areas (e.g. Corkeron and Connor 1999). Despite this 

pattern, there are exceptions, such as individuals of B. musculus which are known to remain within a 

specific zone along years in the northeast Pacific (Busquets-Vass et al. 2017) and, in western South 

Atlantic Ocean, some individuals of common minke whale, B. acutorostrata unnamed subsp, and 

Bryde’s whale (Balaenoptera brydei or B. edeni) can be found in mid latitude waters across seasons 

(Milmann et al. 2018, Moura and Siciliano 2012, Siciliano et al. 2004, Secchi et al. 2003, Zerbini et al. 

1997).  

The knowledge about Balaenoptera species is still incipient in Brazilian waters, and there are 

no estimates of abundance of the genus and their preferential areas are still being investigated (e.g. 

Tardin et al. 2017, Di Tullio et al. 2016, Siciliano et al. 2011, Zerbini et al. 1997). Many aspects related 

to those species are still unknown as the basis for knowledge related to distribution and occurrence in 

Brazil comes from observational cruises (Di Tulio et al. 2016, Andriolo et al. 2010, Zerbini et al. 2004), 

or based on the analysis of whaling data and incidental catches (Lucena 2006), as well as reviews of 
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strandings and sightings (Cypriano-Souza et al. 2016, Siciliano et al. 2011, Siciliano et al. al. 2004, 

Zerbini et al. 1997). From the seven species occurring in the area, conservation status of four species 

are considered data deficient or did not have their status locally evaluated (Rocha-Campos and Câmara 

2011). Moreover, there are some particularities from different species of the genus which hardens 

evaluation of their conservation status, such as morphological similarities between the B. 

acutorostrata and the Antarctic minke (B. bonaerensis), hardening specific field identification in 

sympatric areas. In addition, as a smaller form of Bryde’s whale, B. brydei was described as a new 

species named B. omurai (Wada et al. 2003), and its first stranding was confirmed at the northeastern 

Brazil in 2016 (Cypriano-Souza et al. 2016). The presence of similar species highlighted the need for 

molecular identification of decomposed specimens of Bryde’s whales or any unidentified 

balaenopterids for species confirmation. In the National Plan for the Conservation of Large Aquatic 

Mammals, the investigation of the patterns of distribution of rorquals are among the main 

recommended actions to evaluate the conservation status of data deficient species to minimize 

possible threats and to define priority areas for conservation (Campos and Câmara 2011).  

Studies on stranded carcasses have caveats such as health stress, frequent failure to determine 

the cause of death, and biases due feeding and physiological changes prior the stranding. Moreover, it 

is very unlikely that the exact region where stranding occurred represents animal’s current distribution 

in life, because the carcasses are likely to be carried by ocean currents, and the drift may also be 

influenced by the continental shelf configuration (Prado et al. 2013). Despite that, the relative low cost 

of tissue sampling and the potential information obtained for different analysis from carcass (e.g. diet, 

age class, sex, id) make long term surveys a recommended methodology for the study of marine 

mammals and other marine taxa (e.g. Lenz et al. 2017, Prado et al. 2016, Caretta et al. 2016).  

The southern Brazilian coast is in the Subtropical Convergence Zone of the Atlantic Ocean, 

which is under the influence of the Malvinas and the Brazil currents (Silveira 2000). It extends from 

Santa Marta Grande Cape, in southern Brazil, to Uruguay, comprising nearly 100,000 km2 from the 

shoreline to the slope regions of the continental shelf (Seeliger and Odebrecht 1998). Moreover, the 
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discharge of the Patos-Mirim Lagoon system in the region and the interaction between the two marine 

currents makes it a very productive and significant area, rich in biodiversity of marine organisms 

(Crespo 2009, Castello et al. 1998, Seeliger and Odebrecht 1998). For example, there are reports of 

whales feeding in the slope area of southern Brazil, such as B. acutorostrata and Megaptera 

novaenglieae (Milmann et al. 2018, Danilewicz et al. 2009, Secchi et al. 2003). 

In order to fill gaps related to seasonal patterns of the genus Balaenoptera, beach surveys were 

conducted in southern Brazil between 1993 and 2018 as part of a long-term marine mammal 

monitoring project. We provide habitat use information for rorqual species, as well as patterns related 

with age class of individuals, that could be applied to improve conservation measures in the Western 

South Atlantic Ocean. This is not only important to provide information for the possible expansion of 

the South Atlantic Ocean Whale Sanctuary (IWC 2018), but also for other marine protected areas that 

may be created accordingly to Brazil`s international marine biodiversity agreements (Gerhardinger et 

al. 2011), and help to access conservation status for data deficient species (Campos and Câmara 2011).  

 

2. Material and Methods 

2.1 Nomenclature of rorquals 

Taxonomical issues are still in debate for some Balaenoptera species, such as for the Bryde’s 

whale and the common minke whale. In this context, until recently two forms of Bryde’s whales were 

known to occur in Brazil, a larger one called B. edeni and the smaller B. brydei (Zerbini et al. 1997). 

Although the Committee on Taxonomy (2017) still regards Bryde’s whale as an offshore subspecies, B. 

e. brydei Olsen, 1913, and Eden’s whale as another subspecies, B. e. edeni Anderson, 1879, their 

separation as different species has been fully acknowledged (Wada et al. 2003). Moreover, after 

molecular identification there was only evidence of the presence of B. e. brydei among the strandings 

in the study area (Pastene et al. 2015, Milmann unpublished data), and although B. brydei is still not 

officially recognized as a species in the western South Atlantic, only B. edeni, we adopted the correct 
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and up to date nomenclature. Therefore, individuals from Bryde’s whale are referred in the text from 

now on as B. brydei.  

Another taxonomical issue regarding whales from the genus in the western South Atlantic is 

related with the common minke whale, B. acutorostrata, which is a smaller form of the Antarctic minke 

whale, B. bonaerensis, and a different species (Pastene et al. 2007). The Balaenoptera acutorostrata in 

the southern hemisphere area has been further divided as an unnamed subspecies, considering 

striking molecular divergence in the southern hemisphere when compared to other populations and 

subspecies across the world (Pastene et al. 2009, Pastene et al. 2007). Individuals from this subspecies 

can be found in mid latitude waters across seasons (Milmann et al. 2018, Moura and Siciliano 2012, 

Siciliano et al. 2004, Secchi et al. 2003, Zerbini et al. 1997), and may be further structured in the 

southern hemisphere (Glover et al. 2013, Milmann et al. unpublished data). Despite evidences, the 

status of unnamed subspecies for the B. acutorostrata is still not officially recognized in the area by 

the Committee of Taxonomy (2017), and even though we are referring in the text to B. acutorostrata 

unnamed subsp., we decided to use Balaenoptera acutorostrata in agreement with current 

classification and for practical matters in the following text.   

 

2.2. Study area and data collection 

Carcasses of whales were collected during surveys on sandy beaches in the northern coast of 

the of Rio Grande do Sul State, southern Brazil, between the localities of Torres (~29.33°S, 49.73°W) 

and Lagoa do Peixe National Park (~31.30°S, 51.04°W), covering 270 km (Fig. 1). This stretch of the 

coast was systematically monitored between January 1993 and December 2014, when 285 

expeditions were performed, which covered 27,194 km of surveyed beaches. After this period, the 

surveys were sparser until 2018. Besides regular expeditions, stranded specimens were also collected 

when reported by the local community. Moreover, one of strandings was collected at Araranguá 

beach, in in the adjacent Santa Catarina State due to a call (28.90°S, 49.32°W). For each specimen the 
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geographic location (i.e., latitude/longitude) was recorded and whenever possible the total length 

and the sex was determined during the sampling activity accordingly to the protocol stablished by 

Norris (1961). The spatial distribution of the strandings in relation to the latitudes were verified by 

visual observation of stranding points plotted on a map, which was elaborated using Arcgis 10.3 

software. Marks that could indicate any type of interaction with human activities were also 

investigated. The carcass decomposition state was classified accordingly to the Geraci condition index 

(Geraci and Lounsbury 2005). Skull, stomach, and other tissue samples were also collected whenever 

possible as voucher materials and for future analyses, and all collected samples were deposited in 

the scientific collection of the Grupo de Estudos de Mamíferos Aquáticos do Rio Grande do Sul 

(GEMARS), in Brazil. 

 

Fig. 1: Map of Balaenoptera strandings (n=47) in the states of Rio Grande do Sul and Santa Catarina, 

southern Brazilian coast. Torres (north) and Tavares (south) are the limits of the monitored study area. 

*One individual stranded in the survey area is not on the map due to lack of spatial reference.  
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2.3. Identification of specimens and age classes 

Individuals were firstly identified to species level based on coloration, external and/or skull 

morphology and total length, as referred in the literature (e.g. Jefferson et al. 2008, Zerbini et al. 1996, 

Carwardine 1995). Age class was attributed based on the total length. Adults of B. acutorostrata where 

considered females over 6.2 m and males over 6 m, and individuals were classified as calves until 3.8 

m and as juveniles when values were between 3.8 m and 6.2 m for females and 6 m for males (Zerbini 

et al. 1996). For B. brydei, individuals between 8 m and 11.2 m were considered juveniles, and values 

under and above this interval were considered calves and adults, respectively (Jefferson et al. 2008). 

Finally, the length interval for B. physalus classified as juveniles was 6.5 m to 18 m (Cardwine 1995). 

Molecular analyses were performed to confirm or correct identification of whales. In this 

context, genomic DNA was extracted for most of the soft and hard tissue samples using Invitrogen™ 

PureLink™ Genomic DNA Mini Kit or using phenol chloroform protocol (Sambrook et al. 1989). The 

concentrations of genomic DNA were estimated by Nanodrop UV spectrophotometry (Thermo 

Scientific Wilmington, DE). The DNA samples were diluted in deionized water until reaching a 

concentration of approximately 100 ng/ul when necessary.  A fragment of the mitochondrial DNA 

control region (~500 bp) was amplified using primers MT4 (5’-CCTCCCTAAGACTCAAGGAAG-3’) 

(Árnason et al. 1993) and Dlp5R (5'CCATCGAGATGTCTTATTTAAGGGGAAC-3'), following the PCR 

conditions used by Arnason et al. 1993. All laboratory analyses were carried out in Laboratory of 

Molecular Biology of Universidadedo Vale do Rio dos Sinos (UNISINOS), excepting sequencing that was 

performed at the Institute ofCetacean Research, Tokyo, Japan.  

A total of 33 consensus sequences were automatically aligned (with minor manual correction) 

in ClustalW implemented in MEGA 7 (Tamura et al. 2013), with later edition in BioEdit 5.0.9 (Hall 1999). 

After the alignment, we compared the control region sequences with those available in GenBank 

(www.ncbi.nlm.nih.gov) using the Basic Local Alignment Search Tool (BLAST) (blast.ncbi.nlm.nih.gov). 

The molecular identification suggested by GenBank was based on the percentage of similarity among 
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sequences. Here, we highlight that for those species with no control region sequence available in the 

databases the similarity outcome was that related to the closest taxon or no result was returned, when 

the species does not exist in the database. 

 

2.4. Data analysis 

The hypothesis of differences in the number of strandings per seasons for all species pooled 

was tested using the chi square test. In addition, to check if differences in the number of strandings of 

B. acutorostrata between seasons were different from the normally expected, the chi square test was 

also used. When the difference was significant (e.g. between seasons), another chi square test was 

applied to identify if in a specific season there were variations different than normally expected, and 

to verify in which season was the source of the variation. Finally, the same test was used to verify if 

the difference between the proportion of adults from juveniles and calves of B. acutorostrata in the 

area was due to normal variation or if this difference was not the same as expected randomly.  

The spatial distribution of the strandings in relation to the latitudes was verified by visual 

observation of stranding points plotted on a map, which was elaborated using Arcgis 10.3 software. 

Finally, to show the local topography and improve discussion of results, the bathymetric values from 

the area were shown using data from ETOPO 1 (Amante and Eakins, 2009). 

 

3. Results 

 A total of 48 specimens of whales of the genus Balaenoptera was found between 1993 and 

2018 (Table 1). Field identification was confirmed by molecular analysis in 17 cases and corrected in 

one case (Table 1). During the study period, specimens of the genus were not recorded in only 3 years 

(1996, 1999, 2004), while in other years the number ranged from 1 to 5 (mean = ~2, standard deviation 

= 1.15). Four species were identified from 48 stranded individuals while six whales (12.5 %) were not 
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identified at specific level (Table 1). The total length and the age group of the stranded individual was 

determined in 35 cases (72,91 %) and the sex in 27 (55.10 %) of the cases. Balaenoptera acutorostrata 

had the highest number of strandings in the area (n=27, 56.25 %) followed by B. brydei (n = 13, 27.08 

%). The other two species (B. bonaerensis and B. physalus) had one (2 %) record each (Table 1).  

 

Table 1. Data on Balaenoptera strandings (n=48) on the coast of the state of Rio Grande do Sul and 

Santa Catarina, southern Brazil, from 1993 to 2018. Information related to mtDNA analysis is also 

shown, where “f ” means that the individual could not be sequenced, ”c” means that the field 

identification was confirmed, “I” means that the individual lacked identification prior to molecular 

analysis and “cr” means that the field identification was corrected in relation to field id.  

TL, Total length in meters. M, male, F, females, C, calf, J, juvenile and A, adult. *without the tail, 

**without the skull. 

Id GEMARS Species 
mtDNA 

Date Sex 
Age 

Class 
TL (m) Publication 

1 G0108 
Balaenoptera 
acutorostrata 

f 
26 September 

1993 
M A 6.65*** Present study 

2 G0130 
Balaenoptera 
acutorostrata 

- 
14 December 

1993 
- A 7.00 

Zerbini et al 
1997 

3 G0272 
Balaenoptera 
acutorostrata 

- 
19 August 

1995 
- J 4.23 

Zerbini et al 
1997 

4 G0287 
Balaenoptera 
acutorostrata 

- 
28 October 

1995 
- C 2.63 

Zerbini et al 
1997 

5 G0331 
Balaenoptera 
acutorostrata 

- 
17 December 

1995 
F C 3.2 

Zerbini et al 
1997 

6 G0394 
Balaenoptera 
acutorostrata 

c 
24 January 

1997 
F J 4.1 Present study 

7 G0469 
Balaenoptera 
acutorostrata 

f 
11 November 

1997 
F C 3.05* Present study 

8 G0527 
Balaenoptera 
acutorostrata 

c 11 July 1998 - A 7.06 Present study 

9 G0741 
Balaenoptera 
acutorostrata 

c 
27 August 

2000 
M C 2.51 Present study 

10 G0746 
Balaenoptera 
acutorostrata 

c 
11 November 

2000 
M - - Present study 

11 G0800 
Balaenoptera 
acutorostrata 

f 19 May 2001 - - - Present study 

12 G0971 
Balaenoptera 
acutorostrata 

i 27 June 2003 - A 8.00 Present study 

13 G1042 
Balaenoptera 
acutorostrata 

c 
29 August 

2003 
F C 2.26 Present study 

14 G1093 
Balaenoptera 
acutorostrata 

f 
28 October 

2003 
- C 3.25 Present study 
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15 G1257 
Balaenoptera 
acutorostrata 

c 
3 November 

2005 
F C 2.51 Present study 

16 G1237 
Balaenoptera 
acutorostrata 

i 
7 October 

2005 
- J <5 Present study 

17 G1295 
Balaenoptera 
acutorostrata 

c 
23 October 

2007 
F J 4.40 Present study 

18 G1302 
Balaenoptera 
acutorostrata  

f 4 July 2007 - - - Sholl et al. 2013 

19 G1309 
Balaenoptera 
acutorostrata 

f 
25 September 

2008 
M J 4.53 

Milmann et al. 
2018, Ott et al. 
2013, 

20 G1420 
Balaenoptera 
acutorostrata 

c 
27 November 

2010 
F - - Present study 

21 G1445 
Balaenoptera 
acutorostrata 

- 30 May 2011 - A 12.6 Present study 

22 G1468 
Balaenoptera 
acutorostrata 

c 
29 September 

2011 
M A 6.85 Present study 

23 G1618 
Balaenoptera 
acutorostrata 

c 
21 November 

2012 
F - - Present study 

24 G1636 
Balaenoptera 
acutorostrata 

- 21 June 2013 M C 2.63 Present study 

25 G1689 
Balaenoptera 
acutorostrata 

i 
11 December 

2015 
M - - Present study 

26 G1696 
Balaenoptera 
acutorostrata 

c 11 May 2016 - - - Present study 

27 G1712 
Balaenoptera 
acutorostrata 

c 
5 February 

2018 
M A 8 Present study 

28 G0810 
Balaenoptera 
bonaerensis 

cr 
13 August 

2001 
M C 2.90 Present study 

29 G1269 
Balaenoptera 
sp 

f 
6 January 

2006 
F - 7.50 Present study 

30 G510 
Balaenoptera 
brydei  

i 4 April 1998 - - 10.0** Present study 

31 G0248 
Balaenoptera 
brydei 

- 
22 December 

1994 
M J 10.75 

Lima 2020, 
Zerbini et al 
1997 

32 G0426 
Balaenoptera 
brydei 

- 30 July 1997 F C 4.13 Present study 

33 G1154 
Balaenoptera 
brydei  

- 
16 December 

2003 
- - - Present study 

34 G1224 
Balaenoptera 
brydei  

c 
20 January 

2005 
F A 14 

Lima 2020, 
Pastene et al 
2015 

35 G1224 
Balaenoptera 
brydei 

- 
21 January 

2005 
- - - 

Lima 2020, 
Pastene et al 
2015 

36 G1266 
Balaenoptera 
brydei 

c 
17 December 

2005 
M A 12.65 Present study 

37 G1425 
Balaenoptera 
brydei 

c 
7 December 

2010 
- A 11.43 Present study 

38 G1406 
Balaenoptera 
brydei 

- 27 May 2010 - - - Present study 

39 G1714 
Balaenoptera 
brydei 

c 2016 - 2017 F - - Present study 

40 G1705 
Balaenoptera 
brydei 

c 
18 January 

2017 
M A 13.00 Present study 



 

129 

41 G1694 
Balaenoptera 
brydei 

- 6 April 2016 - - - Present study 

42 G1718 
Balaenoptera 
brydei 

- 
8 December 

2018 
F J 10.13 Present study 

43 G0826 
Balaenoptera 
physalus 

- 13 June 2002 M J 13.60 Present study 

44 G1335 
Balaenoptera 
sp. 

f 
23 October 

2009 
- - - Present study 

45 G1338 
Balaenoptera 
sp. 

- 
23 October 

2009 
- - 8.10 Present study 

46 G1628 
Balaenoptera 
sp. 

f 
20 December 

2012 
M - 7.01 Present study 

47 G1679 
Balaenoptera 
sp. 

f 
16 November 

2014 
- - 13.00 Present study 

48 G1680 
Balaenoptera 
sp. 

f 
19 February 

2015 
- - - Present study 

 

Molecular analysis of hard and soft tissue were performed for 33 out of the 48 whales (Table 

1). Good quality sequences for species identification were obtained in 22 of those cases, from which 

two were molecularly identified from bones samples and 20 from skin samples. Moreover, molecular 

analysis made it possible to identify four whales without prior morphological identification of the 

species.  

The majority of strandings (26 out of 47, 55.31 %) occurred between 30.0o S and 30.6o S, which 

corresponds to only about 1/4 of the total surveyed area. Although clear marks of human interaction 

from fisheries artifacts were not found, one specimen of B. acutorostrata was found with a severed 

tailed (G0469, Table 1). 

 Strandings of the genus Balaenoptera were recorded in all seasons of the year with a variable 

number of occurrences by species (Figure 2), although no B. bonaerensis was detected in spring. 

Winter was the only season with the presence of the four identified species (n = 10, 20.83 %) while 

summer was the season with the highest number of strandings records (n = 16, 33.33 %). The 

hypothesis for the difference in strandings along the seasons was not confirmed by the chi square test, 

since no difference between the number of strandings per season was observed (p = 0.13). Still, it 

indicated a significant difference in the species composition among the seasons (p = 0.02). Two species 

(B. brydei and B. acutorostrata) were recorded throughout the year and have a large majority number 
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of strandings (Table 1, Fig. 2), with the highest occurrence of B. brydei during the summer and B. 

acutorostrata during the winter and the spring. However, the occurrence of B. acutorostrata in the 

summer and fall represent only 29.62% (n = 8) of the total number of the species. In this context, the 

results confirmed the hypothesis that the number of strandings of B. acutorostrata compared with 

other species is significantly greater specially in the spring (p = 0.03), although the number of 

strandings of this species is not significant different among seasons (p = 0.08).  

 

Fig. 2: Stranding distribution of individuals from four Balaenoptera species and non-identified 

individuals in relation to the different seasons of the year in the coast of Rio Grande do Sul state, 

southern Brazil, between 1993 and 2018. 

 

In relation to the proportion of individuals of different age classes of B. acutorostrata within 

seasons, adults occur in the area during all seasons (Fig. 3). There is a predominance of juveniles during 

spring (n juveniles = 3, 60 %) and calves during winter (n calves = 3, 37.5 %) and spring (n calves=4, 50 

%), although both age classes were also recorded during the summer. Considering a significance level 

of 0.1 as marginal for interpretation of ecological standards with the amount of data available (e.g. 

Murtaugh 2014), the difference between the proportion of adults (n = 7) when compared to calves (n 

= 8) and juveniles (n = 5) was significant by the chi-square test (p = 0.07) (Fig. 3). Therefore, it can 

indicate that the difference between the number of adults and individuals from other age classes is 
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not random, with a predominance of strandings from juveniles and calves. That was expected because 

populations tend to have greater number of juveniles when compared to adults as observed for 

humpback whales (Clapham and Mayo 1990). Considering only the total of individuals sexed (n = 16, 

59.25 %), eight individuals were female and eight were males. The total length of individuals varied 

from 2.26 m to 12.6 m (n = 20, mean 4.98 m, sd = 2.68 m). 

 

Fig. 3: Comparison between the number of adults (n = 7), juveniles (n = 5) and calves (n = 8) of 

Balaenoptera acutorostrata stranded between 1993 and 2018 during different seasons in southern 

Brazil. The age class was defined based on the individual’s total length following the   values presented 

by Zerbini et al. (1996) for the southern hemisphere subspecies. 

 

4. Discussion 

Long-term projects based on systematic monitoring are necessary for the study of species 

with great longevity, although the maintenance of these projects presents logistical challenges for its 

operation (Wells 1998). Monitoring strandings throughout beach surveys has advantages once it is 

non-invasive, economical and permits the detection of ecological standards for species with unknown 

aspects of its natural history as demonstrated in the present study. Moreover, the presence of 

Balaenoptera whales in the area along the year and predominance of B. acutorostrata records when 
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compared to other species from the genus is pertinent information for conservation policy, as this 

species are still data deficient in the area (Rocha-Campos and Câmara 2011). Also, the predominance 

of strandings from juveniles and neonates of B. acutorostrata, specially during winter and spring, 

confirms the importance of southern Brazil for immature and new-born individuals from the species 

(Milmann et al. 2018, Secchi et al. 2003, Zerbini et al. 1997, Baldas and Castelo 1986).  

 Environmental characteristics that result in high local productivity (Crespo 2009, Castello et 

al. 1998) and the geographical position between areas of higher and lower latitudes used by these 

species at different stages of life (Andriolo et al. 2010, Lucena 2006) may favour their occurrence in 

the study area. The low frequency of strandings of B. bonaerensis and B. physalus could be related to 

the species' offshore characteristic, which reduces the probability of its carcass to reach the coast (Di 

Tullio et al. 2016), as strandings observed in this monitoring area are on a beach with a range of the 

continental shelf of ~ 100 km (Fig. 1). On the other hand, the large number of strandings of B. 

acutorostrata and B. brydei could indicate that both species are relatively common in the area and use 

more coastal habitats than the other species of the genus (Tardin et al. 2017, Di Tulio et al. 2016, 

Siciliano et al. 2004). The lack of abundance estimates for these species in the area difficult a evaluation 

of the impact of the mortality presented here on the local populations of the species.  

 Although there is a record of a severed Balaenoptera tail entangled in a longline in Brazil 

(Pinheiro et al. 2015) and three B. acutorostrata were previously caught in gillnets in southern Brazil 

(Secchi et al. 2003, Simões-Lopes and Ximenez 1993), the interaction between anthropogenic activities 

and Balaenoptera whales was not observed in the present study. That is because although the tail from 

a B. acutorostrata studied herein was likely severed by humans, it was not possible to assure whether 

it was done to release the entangled whale from a fishing net or after the animal was found dead on 

the beach. In any case, prior cases are indicatives that interaction between whales and fisheries may 

be recurrent, as it has been also recorded for different individuals of M. novaeangliae in the area (Ott 

et al. 2009) 
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 The molecular analysis was useful to identify whales’ specimens that were in advanced stage 

of decomposition or only registered by pieces for identification, confirming that this tool is useful in 

stranding monitoring studies (Sholl et al. 2013). Despite not all tissues could be successfully amplified 

probably due to different factors such as greater difficulties in DNA extraction from bone samples and 

long-time from tissue sampling to analysis (Kilpatric 2002), the information obtained from this method 

refined our results increasing the number of identified whales. For example, the mtDNA analysis aided 

identification of a species that would otherwise not be reported, as was the case of the B. bonaerensis 

previously identified as B. acutorostrata. 

 The strandings of different Balaenoptera species are observed throughout the monitored 

area, confirming that this region is a fraction of the area used by these migratory animals (Andriolo et 

al. 2010, Banister 2002). The continental shelf of the Rio Grande do Sul State is quite wide and most 

species, such as B. physalus and B. bonaerensis, occupy deep water regions near to the continental 

slope of Brazil (Di Tullio et al. 2016, Andriolo et al. 2010). It is worth noting that information on the 

spatial pattern of stranded animals with oceanic distribution should be interpreted with caution, since 

most of the carcasses move before reaching the beach (Prado et al. 2013). Moreover, even carcasses 

of small and coastal marine mammal species float many kilometers before reaching the coast (Prado 

et al. 2013). Therefore, it is expected that the number of strandings represents only a small fraction of 

the mortality of these species in the continental shelf and a smaller portion of animals inhabiting 

waters close to the continental slope (Di Tulio et al. 2016, Secchi et al. 2003). The pattern of strandings 

concentrated in a restricted latitudinal range could be related to greater urbanization of these areas, 

which results in a higher frequency of stranding reports by local people. Considering the calls of locals, 

the systematic beach monitoring, and the relatively long period of deterioration of large carcasses, the 

loss of detection of specimens in these areas must not have been substantial. However, stranding 

detection was possibly lower in more deserted areas adjacent to the southern boundary of the study 

area. 
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 The number of rorquals' species as well as the total number of individuals stranded is more 

related to the seasons than to the different years. This is expected, since the species studied here are 

migratory, using different landscapes between low and high latitudes annually (Laws 1977). In general, 

it is assumed that species of this genus migrate to waters in higher latitudes searching for food in the 

warmer months, when the ice cap decreases resulting in greater food availability (Laws 1977). Unlike 

other species of the genus Balaenoptera, B. brydei remains in Brazilian waters and it is not found in 

higher latitudes (Pastene et al. 2015, Moura and Siciliano 2012, Siciliano et al. 2004). However, our 

results suggest that B. brydei performs seasonal movements between northern and southern Brazilian 

coast and/or between coastal and offshore waters, as also observed in South Africa (Best 2001). The 

south of Brazil presents ocean fronts which serves as nursery grounds for several bony fish that are an 

important resource for local fisheries (Haimovici 1996). Therefore, the area features a favorable 

environment for maintaining biodiversity and maybe also for feeding piscivorous species such as B. 

brydei (Best 2001). Thus, this species could either consume resources in the area through the year or 

move south from southeastern Brazilian coast following fish stocks in the Brazilian current, as observed 

for the species in South Africa (Best 2001). Thus, the present results indicate that southern Brazil may 

be an area frequently occupied by some individuals of B. brydei, although a seasonal shift of 

Balaenoptera species can be noticed throughout the year. In this context, recent cetacean surveys on 

the continental slope of Rio Grande do Sul also indicated that the species substitution in the area is 

more influenced by temporal than spatial scale (Di Tullio et al. 2016). 

 Besides B. acutorostrata being present throughout the year, more juveniles and calves occur 

during the winter and spring in southern Brazil. The regional peak for neonates and immature 

individuals in northern Argentina is from March to July and suggested that this region is a nursery and 

birth area (Baldas and Castello 1986). The number of juveniles and calves in southern Brazil also during 

winter/ spring and the proximity between these areas indicated that southern Brazilian waters share 

the same birth area for B. acutorostrata with Uruguay and Argentina, confirming the previously 

suggested birth area for this subspecies between 25oS and 35oS (Zerbini et al. 1997). The common 
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minke whale subspecies occurrence in the study area is probably influenced by resources availability 

(Martins and Haimovici 2017, Haimovici et al. 1996), use of the area for displacements between 

feeding and breeding areas, as well as for birth and parental care (Zerbini et al. 1997, Baldas and 

Castello 1986). Juveniles were found in all seasons except in autumn, probably due to the use by 

immature B. acutorostrata during their first years of life to feed (Secchi et al. 2003), and not only 

seasonally. Moreover, a juvenile stranded, reported in the present study (G1309), had large quantities 

of prey of oceanic distribution (Illex argentinus) (Milmann et al. 2018), probably consumed in the Rio 

Grande do Sul slope (GEMARS 1309) (Table 1). Although adults normally have lower mortality rates 

when compared to young and old individuals in different mammal species (Caughleiy 1966), the 

proportion of juveniles found here and the fact that it is a birth area may indicate segregation of 

mature males and females without offspring. Segregation related to age class has been previously 

suggested for B. acutorostrata based on information from strandings and accidentally caught 

individuals (Secchi et al 2003, Zerbini et al. 1997), and for B. bonaerensis based on catch data (Lucena, 

2006). The data presented here reinforces this hypothesis of age class segregation, although juveniles 

and calves of B. acutorostrata are also found in other places of Brazil (e.g. Santos et al. 2010, Siciliano 

et al. 2008, Geise and Borobia 1988). In any circumstances, the importance of southern Brazil for this 

species should be regarded, as the area is already under impacts of anthropic activities such as 

overfishing (Haimovici and Cardoso, 2016). 

 

5. Conclusions 

Although the number of strandings between years is stable, there is seasonal variation in the 

composition of the species observed, with preference of B. brydei for warmer seasons and of B. 

acutorostrata for colder seasons. Results also evidenced the use of the area by B. acutorostrata, as 

juveniles and calves were found.  
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ABSTRACT 

Stable Isotope Analysis (SIA) has provided information on ocean productivity, and ecological aspects related 

to whales’ habitat use and feeding ecology, stock structure, physiology and evolution. We reviewed published 

studies using SIA on whales worldwide from November 1979 to June 2017. Gaps in geographical areas and 

heterogeneity amongst species studied using this methodology were assessed. We also investigated which 

tissue was most frequently analysed, sources of variation in stable isotope values, how this methodology has 

been combined with other techniques, and how it can be useful for the conservation of the taxon and marine 

ecosystems. A total of 63 publications were found, and it was possible to detect a general increase in the 

number of publications along time, as 49% of the studies were from the last 7.5 years of the period analyzed. 

Almost 55% of studies focused on foraging ecology and habitat use. The baleen plate was the main tissue 

analyzed. Studies were related to 14 species, the most common being the fin whale, Balaenoptera physalus 

(N=19) and the bowhead whale, Balaena mysticetus (N=18). Telemetry and SIA methodologies combined 

were helpful to understand geographical variations in stable isotope values. The methodology can also be 

valuable under the current scenario of climate change, for example providing information on feeding plasticity 

and changes in niche amplitude of different species. Despite uncertainties related with stable isotopes 

distribution in the ocean, and with its incorporation rates for whales, for example, SIA provides primordial 

ecological information for efficient management and conservation of this group.  

Keywords: Balaenopteridae, Balaenidae, Stable Isotopes Analysis, Conservation Ecology. 

 

RESUMO 

A análise de isótopos estáveis (AIS) fornece informações sobre a produtividade do oceano e aspectos 

ecológicos de baleias relacionados ao uso do habitat e ecologia alimentar, estrutura de estoque, fisiologia e 

evolução. Foram revisados estudos publicados usando a AIS de baleias em todo o mundo entre novembro de 

1979 e junho de 2017. Foram avaliadas lacunas nas áreas geográficas e heterogeneidade entre as espécies 

estudadas usando essa metodologia. Também investigamos quais tecidos foram mais utilizados para análise, 

as fontes de variação em valores de isótopos estáveis, e a forma como a combinação desta metodologia com 

outras técnicas e como pode ser útil para a conservação deste táxon e dos ecossistemas marinhos. Um total de 

63 publicações foi encontrado e foi possível detectar aumento no número de publicações, uma vez que 49% 

dos estudos foram realizados nos últimos 7 anos e meio do período analisado. Quase 55% dos estudos 

concentraram-se na ecologia de forrageio e no uso do habitat. As cerdas bucais foram o principal tecido 

analisado. Os estudos investigaram 14 espécies, sendo mais comuns aqueles relacionados a baleia-fin, 

Balaenoptera physalus (N=19) e a baleia-da-Groenlândia, Balaena mysticetus (N=18). As metodologias de 

telemetria e AIS combinadas foram úteis para entender as variações geográficas em valores de isótopos 

estáveis. A metodologia pode também ter valor no cenário de mudanças climáticas fornecendo informações 

sobre plasticidade alimentar e amplitude de nicho de diferentes espécies, por exemplo. Apesar das incertezas 

relacionadas à distribuição dos valores de isótopos estáveis no mar e às taxas de incorporação em baleias, por 

exemplo, a AIS fornece informações ecológicas primordiais para o gerenciamento e conservação desse grupo. 

Palavras chave: Balaenopteridae, Balaenidae, Análise de Isótopos Estáveis, Ecologia da Conservação. 
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INTRODUCTION 

Baleen whales (Suborder: Mysticeti) have been impacted by commercial hunting activities (e.g. 

Clapham and Baker 2002, Morais et al. 2016), although currently few populations remain critically endangered 

after whaling being officially banned in 1986 by a moratorium from the International Whaling Commission 

(Thomas et al. 2015). As the group comprises mainly migrant species, the use of Stable Isotopes Analysis 

(SIA) is recommended because it can elucidate aspects related to movements (Busquets-Vass et al. 2017).  

Baleen whales have keratinous baleen plates which are efficient for bulk filter-feeding on schooling 

fish, squid, and zooplankton (Croll et al. 2009). This structure is characteristic of the group and is suited to be 

analyzed using SIA, contributing for ecological studies of whales (e.g. Schell et al. 1989, Bentaleb et al. 2011, 

Borrel et al. 2012). They usually grow fast for young individuals when compared to adults (Schell et al. 1989, 

Best and Schell 1996), and can be especially interesting for the analysis of long-term registers related to the 

diet of the individuals being investigated (e.g. Caraveo-Patiño et al. 2007). Baleen plate growth rates have 

been estimated based on SIA, and for adults a growth of ~12.9 cm per year was found for common minke 

whales (Balaenoptera acutorostrata) (Mitani et al. 2006), ~20 cm per year for fin whales (Balaenoptera 

physalus) (Bentaleb et al. 2011, Giménez et al. 2003, Aguilar et al. 2014), ~15.5 cm per year for blue whales 

(Balaenoptera musculus) (Busquets-Vass et al. 2017), ~25 cm per year for bowhead whales (Balaena 

mysticetus) (Schell et al. 1989), and ~27 cm per year for southern right whales (Eubalaena australis) (Best 

and Schell 1996).  

The chronological patterns of stable isotopes deposition in baleen plates has been used to provide 

information on migratory cycles and dispersion (e.g. Caraveo-Patiño and Soto 2005, Roubira et al. 2015), 

trophic level (e.g. Shoeninger and DeNiro 1984, Davenport and Bax 2002, Das et al. 2003), feeding ecology 

and growth patterns (e.g. Caraveo-Patiño et al. 2007), stocks discrimination (e.g. Giménez et al. 2013), 

increase in the concentration of radiocarbon (14C) due to nuclear tests (e.g. Schell et al. 1989b), and different 

contaminant concentrations in aquatic food webs (e.g. Van de Vijver et al. 2003, Roubira et al. 2015). 

Moreover, patterns in stable isotopes on baleen plates have been used to verify temporal changes in carbon 

isotope ratios in Bering/Chukchi sea zooplankton (2000) (Schell 2001a). SIA has also been used to verify 

variabilities in average seasonal primary productivity due to anthropogenic input of carbon dioxide in the 

atmosphere, with findings showing a decrease of 30-40% in such productivity (Schell 2001b). Furthermore, 

the use of SIA for the investigation of aspects including individual movement patterns across multi-year 

timescales provides important information for the effective management and conservation of the group and the 

ocean environment (Busquets-Vass et al. 2017). The most common elements analyzed are Carbon, Nitrogen, 

and Oxygen, and both Sulphur and Lead were also used to study the baleen whales (Hoekstra et al. 2002, 

Roubira et al. 2015).  

External or environmental sources of variation in stable isotopes need to be considered for 

interpretation of results and can provide a base for interpretation of trophic structure and consequently the 

trophic level of different species (Ostrom and Fry 1993, Ostrom et al. 1993). Also, the small but progressive 
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increase in animal tissue δ13C values with increasing trophic level can also be observed from the base of the 

food web to higher consumers in pelagic communities (Rau et al. 1983). Moreover, carbon isotope ratios can 

be aligned with ecological divisions within aquatic systems, where inshore basal sources tend to have 13C-

enriched stable carbon isotope values when compared with offshore regions and similarly, benthic sources 

have higher δ13C values when compared with pelagic sources (Rubenstein and Hobson 2004, Fry 2006). 

Another important factor to be taken into consideration is the turnover or incorporation rates from stable 

isotopes and the time-frame they represent, where tissues such as skin and muscle have a quicker rate when 

compared to tissues such as bones (Shoeninger and DeNiro 1984, Radtke et al. 1996, Busquets-Vass et al. 

2017). This is relevant as different tissues have been used for the analysis of stable isotopes in baleen whales, 

such as skin, muscle, bone, brain, and liver (e.g. Borrel et al. 2012, Roubira et al. 2015).  

Concepts and terminologies (e.g. isotopic fractionation and discrimination) in SIA have been reviewed 

by Newsome et al. (2010), as well as its general applications in ecological studies of marine mammals. 

Different reviews have also addressed the use of SIA in studies about animal movement and migrations 

(Hobson 1999, Graham et al. 2010, McMahon et al. 2013a, McMahon et al. 2013b), trophic ecology (Boecklen 

et al. 2011, Ramos and González-Solís 2012), diet and metabolism (Ostrom and Fry 1993), relationship of 

contaminant concentrations in an organism to its dietary characteristics (Jardine et al. 2006), and general use 

of this methodology on marine mammals from the Southwestern Atlantic Ocean (Seyboth et al. 2017).  

Considering the importance of this group and that no review of this kind has focused on baleen whales, 

we provide a compilation of the works related to this subject that were published up to 2017. The main 

objective of this work was to review which species were studied the most with this method, most frequent 

tissues analyzed, and how SIA has been applied in different ecological studies involving baleen whale species 

in different sites worldwide We report on relevant information obtained by the application of this method, 

pertinent for management and conservation of this group. 

 

MATERIAL AND METHODS 

We summarize findings of peer reviewed papers applying SIA to the study of different aspects of the 

ecology and biology of baleen whales published between November 1979 and June 2017 (Table 1). To find 

peer reviewed papers we look used search engines inputting key terms such as “stable isotopes” plus the species 

names. We also reviewed any reference cited in the papers that concerned the application of the methodology 

within the taxon. Papers published prior to January-2009 and reviewed by Newsome et al. (2010) were also 

included. The classification of the publications’ main topics was kept in accordance to the aforementioned 

review, as: physiology and fractionation, foraging ecology and habitat use, population structure, and historic 

ecology and paleoecology. The number of publications using SIA in baleen whales, the frequency of studies 

on different species, and the type of tissues sampled have also been assessed. Moreover, we highlight insights 

acquired with the method about of whales’ ecology considering their potential for conservation practices.  
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Table 1. List of publications organized by species, including local of sampling, and tissue analyzed. Codes for main topic covered: 1 (Foraging ecology/ 

Habitat Use); 2 (Physiology/fractionation); 3 (Population structure); and 4 (Historic ecology). Codes for tissues sampled:  B (Blubber); BA (Barnacles); BO 

(Bones); BP (Baleen plates); BR (Brain); F (Faeces); K (Kidney); L (Liver); M (Muscle); S (Skin); and V (Visceral fat).  Code for elements: N (Nitrogen); 

C (Carbon), O (Oxygen), PB (Lead), and S (Sulphur). Code for Hemispheres: S (Southern), N (Northern). Only peer reviewed articles that were published 

prior to June-2017 are present except for Milmann et al. 2018 which was in press when this review was developed.  

Whale species Local 

 

Hemisphere Tissues Authors 

Main 

topic Element 

Balaena mysticetus Barrow- Alaksa N B Budge et al. 2008 1 C 

Balaena mysticetus Alaska N BP, M, V Schell et al. 1989ª 1, 2 C 

Balaena mysticetus Alaska N BP, M Schell et al. 1989b 1, 2 C, N 

Balaena mysticetus Eastern Arctic  N BP Hobson and Schell, 1998 1 C, N 

Balaena mysticetus Arctic N BP, M Lee et al. 2005 1 C, N 

Balaena mysticetus Arctic N M Hoekstra et al. 2002 1 C, N, S 

Balaena mysticetus Bering sea (Arctic) N BP Schell, 2001a 4 N 

Balaena mysticetus Arctic  N M Hobson et al. 2002 1. 2 C, N 

Balaena mysticetus Bering Sea N BP Schell, 2001b 4 C 

Balaena mysticetus Eastern Canada-West Greenland N BP Matthews and Ferguson, 2015 1, 2 C, N, S 

Balaena mysticetus Canadian eastern Arctic N S Pomerleau et al. 2012 1 C, N 

Balaena mysticetus West Greenland Ocean N S Pomerleau et al. 2017 1 C, N 

Balaena mysticetus Canadian eastern Arctic N B Pomerleau et al. 2014 1. 3 C, N 

Balaena mysticetus, 

Balaenoptera acutorostrata, 

Balaenoptera borealis, 

Balaenoptera edeni, 

Balaenoptera musculus, 

Balaenoptera physalus, 

Caperea marginata, 

Eschrichtius robustus, 

Eubalaena australis, 

Eubalaena glacialis, 

Megaptera novaeangliae USA, New Zealand 

N 

BO Clementz et al. 2014 1, 4 C, O 
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Balaena mysticetus, 

Balaenoptera acutorostrata, 

Balaenoptera musculus, 

Balaaenoptera physalus, 

Eschrichtius robustus  Alaska, Southern and Northern Pacific 

N, S 

BO Shoeninger and DeNiro, 1984  1, 2 C, N 

Balaena mysticetus, 

Balaenoptera acutorostrata, 

Balaenoptera physalus, 

Megaptera novaeangliae Gulf of St. Lowrence- Canada 

N, S 

B, M, S Lesage et al. 2010 1, 3 C, N 

Balaena mysticetus, 

Eschrichtius robustus Alaska, Russia and California gulf 

N 

M, S Horstmann-Dehn et al. 2012 1, 2, 4 C, N 

Balaena mysticetus, 

Eschrichtius robustus Alaska and Chucotka 

N 

M Dehn et al. 2006 1 C, N 

Balaenoptera acutorostrata 

West Greenland, Northeastern Atlantic 

Ocean and the North Sea 

N 

BP, L, M Born et al. 2003 3 C, N 

Balaenoptera acutorostrata North Atlantic N BP, L, M, K Hobson et al. 2004 2 C, N 

Balaenoptera acutorostrata Southwestern Atlantic Ocean S L, K Milmann et al. 2018 1, 2 C, N 

Balaenoptera acutorostrata Australia S M Davenport and Bax, 2002 1 C, N 

Balaenoptera acutorostrata Northwestern Pacific N BP Mitani et al. 2006 1 C, N 

Balaenoptera acutorostrata, 

Balaenoptera musculus, 

Balaenoptera physalus, 

Megaptera novaeangliae Gulf of St. Lawrence- Canada 

N 

S Gavrilchuk et al. 2014 1 C, N 

Balaenoptera acutorostrata, 

Balaenoptera musculus, 

Megaptera novaeangliae Northwestern Atlantic (Canada) 

N 

M Ostrom et al. 1993 1 C, N 

Balaenoptera acutorostrata, 

Balaenoptera physalus, 

Megaptera novaeangliae Northeast Atlantic 

N 

BP Ryan et al. 2013 1, 3 C, N 

Balaenoptera acutorostrata, 

Balaenoptera physalus, 

Megaptera novaeangliae Ireland and Boa Vista, Cape Verde  

N 

B, S Ryan et al. 2012 2 C, N 

Balaenoptera edeni Gulf of California- Mexico N BP Niño-Torres et al. 2013 1 C, N 

Balaenoptera edeni, 

Balaenoptera musculus, 

Balaenoptera physalus Gulf of California- Mexico 

N 

F, S Gendron et al. 2001 1 C, N 
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Balaenoptera musculus 

South Californa bight and eastern tropical 

Pacific 

N 

M Rau et al. 1983 1 C 

Balaenoptera musculus Gulf of California and Costa Rica N BP, S Busquets-Vass et al. 2017 1, 2 C, N, O 

Balaenoptera physalus 

Eastern North Atlantic and Mediterranean 

Sea 

N 

BP Giménez et al. 2013 3 C, N 

Balaenoptera physalus Mediterranean Sea  N BP Roubira et al. 2015 1, 3 PB 

Balaenoptera physalus Spain 

N BP, BO, 

BR, K, L, 

M, S Borrel et al. 2012 1, 2 C, N 

Balaenoptera physalus Spain N BP, M Aguilar et al. 2014 1, 2 N 

Balaenoptera physalus Mediterranean Sea 
N 

BP Bentaleb et al. 2011 1 C, N 

Balaenoptera physalus West Iceland and northwest Spain N BO Vighi et al 2016 1, 3 C, N, O 

Balaenoptera physalus 

Celtic sea, Mediterranean Sea, North 

Atlantic 

N 

B, S Das et al. 2017 1, 3 C, N 

Balaenoptera physalus  Belgia, French, Dutch North Sea  N K, L Van de Vijver et al. 2003 2 C, N 

Balaenoptera physalus  Southern North Sea N M Das et al. 2003 1 C, N 

Balaenoptera physalus, 

Megaptera novaeangliae Canada. Western North Atlantic 

N 

B Borobia et al. 1995 1 C 

Balaenoptera physalus, 

Megaptera novaeangliae Alaska, North Pacific 

N 

S Witteveen et al. 2016 1 C, N 

Balaenoptera physalus, 

Megaptera novaeangliae Celtic Sea, North Atlantic 

N 

S Ryan et al. 2014 1 C, N 

Eschrichtius robustus Mexico, EUA N BA Killingley, 1980 1 O 

Eschrichtius robustus Mexico, Alaska N BP, S Caraveo-Patiño and Soto, 2005 1 C 

Eschrichtius robustus Baja California Sur- Mexico N BP Caraveo-Patiño et al. 2007 1 C, N 

Eubalaena australis South Africa S BP Best and Schell, 1996 1 C, N 

Eubalaena australis Southern Brazil and Argentina S BO Vighi et al. 2014 3 C, N, O 

Eubalaena australis Península Valdez- Argentina S S Valenzuela et al. 2009 1, 3 C, N 

Eubalaena australis Península Valdez- Argentina S BP Rowntree et al. 2007 1, 3 C 

Eubalaena australis Península Valdez- Argentina S BP Rowntree et al. 2001 1 C, N 

Eubalaena australis New Zealand S B, S Torres et al. 2016 1 C, N 

Eubalaena glacialis North Atlantic N BP Hunt et al. 2016 2 C, N 

Megaptera novaeangliae Northwest Atlantic N B, M, S Todd, 1997 2 C 
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Megaptera novaeangliae Califonia – EUA N B Clark et al. 2016 2 C, N 

Megaptera novaeangliae Australia S BP Eisenmann et al. 2016 1 C, N 

Megaptera novaeangliae USA N S Fleming et al. 2016 1 C, N 

Megaptera novaeangliae North Pacific, Gulf of Alaska N S Wright et al. 2015 1, 3 C, N 

Megaptera novaeangliae Alaska N S Witteveen et al. 2012 1 C, N 

Megaptera novaeangliae North Pacific, Alaska, Canada, EUA N S Witteveen et al. 2009a 1 C, N 

Megaptera novaeangliae North Pacific N B, S Witteveen et al. 2009b 1 C, N 

Megaptera novaeangliae North Pacific N B, S Witteveen et al. 2011 1 N 

Megaptera novaeangliae Antarctica, Australia S BP. S Eisenmann et al. 2017 1 C, N 

Megaptera novaeangliae North Pacific, Berring Sea N B, S Filatova et al. 2013 1 C, N 

 

 

 



 

151 

RESULTS 

There was a substantial increase in the number of papers using SIA to study the ecology of baleen 

whales (Fig. 1), 32 of which have been published since the review by Newsome et al. (2010) totalizing 63 

publications in the 1980-2017 period. Although the first study using SIA in baleen whales was published in 

1980 (Killingley 1980), 49% (31) of the studies have been published in the last seven and a half years, between 

2011 and 2017. 

 

Figure 1. Number of studies on the ecology of baleen whales utilizing stable isotopes analysis per decade. The 

black bars represent the number of new studies published during that period and the light-grey indicates the 

cumulative number of publications along time.  

 

From the total 14 species of baleen whales currently recognized by the Committee on Taxonomy 

(2014), 11 have been investigated somehow with the use of SIA (Fig. 2). These species were not equally 

investigated considering the number of published researches with the method. To the best of our knowledge, 

there are no peer reviewed papers using SIA in Omura’s whale (Balaenoptera omurai), North Pacific Right 

whale (Eubalaena japonica), nor in Antarctic minke whale (Balaenoptera bonaerensis) in the period included 

in this review. On the other hand, there are at least 19 studies with this method in fin whales and 18 with 

bowhead whales.  
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Figure 2. Total number of publications per species of baleen whales utilizing stable isotope analysis.  

The number of studies was significantly higher in the Northern Hemisphere (n=54) in comparison to 

the Southern Hemisphere (n=12) (Table 1), and only two studies included both hemispheres (Shoeninger and 

DeNiro, 1984, Clementz et al. 2014). All the SIA studies with fin whales were carried out in the Northern 

Hemisphere. The temporal and spatial variability on the feeding ecology and habitat use of whales are the main 

themes of the studies using SIA found in this review (Fig. 3).  

 

Figure 3. Number of studies on different topics using stable isotopes analysis. Some studies were listed in more 

than one column, as they can include more than one topic.  

The most frequently used tissue for SIA in this group were baleen plates (n=26) (Fig. 4). Thoose 

structures are generally collected from stranded animals as well as museum specimens. Skin was also 
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frequently used (n=24) as it can be collected through biopsies of live individuals or from stranded specimens, 

depending on the decomposition stage of the carcass. The number of studies using a combination of tissues 

amongst the different genera is significantly smaller when compared to those using a single type of tissue 

(Figure 4).  

 

Figure 4. Total number of different tissues sampled for stable isotope analysis in the reviewed studies of 

baleen whales. When a study used different tissues, it is shown in the individual tissue column as well as in 

combination of different tissues in the same publication. 

 

DISCUSSION 

Considering the publication covered by this review, it is possible to detect that most baleen whale 

species have been investigated using SIA, evidencing the significance and applicability of this tool for the 

study of this group of animals. One of the reasons for the increasing use of SIA, particularly for different whale 

species, is its usefulness when compared with more traditional or technological methodologies (McMahon et 

al. 2013b). For example, depending on the turnover rate and tissue analyzed, it can document greater time 

spans than conventional diet studies, as the latter method allows the identification of items that were not 

digested or that may perish quickly, with the exception of cephalopod beaks that take longer to be eliminated 

or digested (Santos and Haimovici 2001). Furthermore, when multiple tissues are analyzed, information on 

different time frames become available. Another advantage is the relatively low cost when compared to other 

methodologies (e.g. telemetry). This approach can also provide valuable information on the trophic ecology of 

rare or evasive species, which may be difficult to observe and sample during the entire year, and data collection 

depends on a limited encounter opportunity. In this context, many migratory baleen whales may be unavailable 

to researchers for significant periods of their life cycles other than in during breeding season when in mid-low 
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latitudes and\or close to shore. Moreover, SIA is particularly helpful to elucidate ocean ecology issues and to 

track top predators (Ramos and González-Solís 2012), as generalizations within a specified location can be 

considered, so most animals in the area can be labeled without having to be tagged or captured, although 

biopsies must be performed. On the other hand, SIA has some limitations, as the isotopic values at the base of 

the food webs where the whales are feeding (isoscapes) need to be known in order to relate them with the 

patterns in whale stable isotopes. In addition, the tissue growth rate and turnover time are needed to interpret 

the data and make ecological inferences. 

The larger number of studies in the Northern Hemisphere in comparison to the Southern Hemisphere 

is in part linked to the fact that both gray whale (Eschricthius robustus) and bowhead whale (the second species 

in number of publications, Fig. 2) are restricted to this area (Rugh et al. 2008). In any case, even excluding all 

studies from both species, the number of studies in the Northern Hemisphere is still greater and therefore the 

use of stable isotopes should be encouraged in the Southern Hemisphere. Moreover, a recent review on the 

application of SIA to the study of marine mammals in the Southwestern Atlantic Ocean (Seyboth et al. 2017) 

pointed out that the only baleen whale species studied with the use of SIA in Brazil and Argentina was the 

Southern right whale (Rowntree et al. 2007, Valenzuela et al. 2009, Vighi et al. 2014).  

The majority of the studies applied stable isotopes to assess the foraging ecology and habitat use (Fig. 

3).The results we found regarding most studied topics is in accordance to what was reported in the last review 

of the use of SIA to study marine mammals (Newsome et al. 2010). Despite the relatively lower frequency of 

studies on physiology and fractionation on stable isotope ratios, such studies are of great importance to 

understand and apply SIA with greater accuracy. Studies have made empirical tests using samples from wild 

animals (e.g. Lesage et al. 2010, Busquets-Vass et al. 2017), evidencing that δ15N values do not reflect fasting 

in baleen whales (Aguilar et al. 2014), for example. In pinnipeds, a recent study revealed that nitrogen isotopes 

present higher values during fasting periods (Lübcker et al. 2020). These studies are useful to understand 

metabolic factors such as incorporation, fractionation, and routing processes of tracers in different tissues. The 

use of SIA for historic ecology allows a better understanding of how movement patterns for living species 

have changed over time (Clementz et al. 2014). Also, analysis of δ13C and δ18O values from ancient individuals 

of toothed cetaceans and baleen whales corroborated the speciation time for this group and probable irradiation 

of cetaceans during the Oligocene (Clementz et al. 2014). Yet, this type of study requires well preserved and 

hard structures of ancient whales for analysis. Thus, studies on ecology of ancient whales are scarcer than those 

evaluating feeding ecology and movement, physiology and fractionation as well as stock structure of extant 

whales (Fig. 3). 

Controlled experiments to test stable isotope turnover rate in whale tissues are practically impossible 

to perform as this would ideally require keeping individuals in captivity. However, comparing values from 

prey, skin and baleen plates of blue whales, the skin incorporation of δ15N was estimated to be 163 ± 91 days 

(Busquets-Vass et al. 2017). Blood tissues have relatively fast incorporation rate, followed by muscle, while 

tissues such as bones have slow turnover rates and diet information can be incorporated over several years 
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(Radtke et al. 1996). Therefore, the analysis of tissues that can record at least two migration cycles combined 

with those reflecting short-term diet composition, such as skin and muscle, provide different time scale 

responses. Together they are effective to elucidate animal movements and population structure (Vighi et al. 

2016), as well as physiological aspects such as the effect of fasting in stable isotope values of whales 

(Busquets-Vass et al. 2017).  

There are sources of individual variation in the incorporation rates related to different tissues, 

nutritional state, specific metabolic rates, ontogenetic states, body size, and growth rate (e.g. Lee et al. 2005, 

Mitani et al. 2006, Crawford et al. 2008, Newsome et al. 2010, Busquets-Vass et al. 2017). For humpback 

whales (Megaptera novaeangliae), The effects of pregnancy on δ15N and δ13C values through increased 

mobilization of lipid stores to meet the energetic demands of pregnancy were reported for humpback whales, 

probably related to tissue synthesis and reduction in excretion of nitrogenous waste (Clark et al. 2016). Some 

studies focused on the effect of to sample preservation, lipid extraction, and lipid normalization in baleen 

whales’ stable isotopes (e.g. Shoeninger and DeNiro 1984, Hobson et al. 2002, Lesage et al. 2010). For 

example, more N-enriched δ15N values were observed in the common minke whale and fin whale after lipid 

extraction of skin and blubber samples (Ryan et al. 2012). For the fin whale, lipid-extracted samples had higher 

δ13C values over untreated samples by an average of 2.9‰, while there was a slight increase of 0.14‰ in δ15N 

values (Das et al. 2017). 

The isotopic composition amongst the three different skin strata (stratum externum, stratum spinosum, 

and stratum basale) has been described for the blue whale (Busquets-Vass et al. 2017) and for different tissues 

of the fin whale (Borrel et al. 2012). Although stable isotope values in gray whale epidermis were significantly 

enriched in 15N over muscle, while epidermal δ13C values were more 13C-depleted in skin than in muscle, the 

epidermis samples were considered an adequate replacement for muscle tissue in comparative feeding ecology 

studies (Horstmann-Dehn et al. 2012). Although stable sulphur isotopes are not commonly used as they are 

not sensitive to variation in trophic level, it can be used in areas with anthropogenic or geological signatures 

(Hoekstra et al. 2002). Their values are also potentially useful for discerning between trophic and spatial 

influences that can lead to ambiguous interpretations of δ15N and δ13C values and may reflect periods of 

restricted food consumption (Matthews and Ferguson 2015). Finally, there is a difference in δ15N values 

between stranded and live whales, probably because body protein catabolism leads to 15N enrichment (Hobson 

et al 1993). In this context, SIA-based studies have been used to raise attention to differences in stable isotopes 

values between dead and live whales, due to a possible nutritional stress of the former prior its death 

(Horstmann-Dehn et al. 2012). This particularity should be considered for interpretation of results when tissues 

derived from carcasses are subject to SIA. 

Global distributions of isotope values for primary producers in marine environments have broad ranges 

mainly due to differences in the isotopic composition of inorganic nutrient sources, the type of nutrient 

available (e.g. NO3-, NH4+, N2) and their concentration, the primary producer species composition and 

growth rates, as well as the magnitude of discrimination against the heavy isotope during nutrient uptake and 
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subsequent fixation (Ostrom and Fry 1993). Such spatial variation in stable isotope values have been described 

as marine isoscapes, which are useful to study the movement and dietary patterns of baleen whales over ocean-

basin scales (West et al. 2010, McMahon et al. 2013, Magozzi et al. 2017). Stable isotopes grids have been 

created based on stable isotope values of plankton sampled worldwide (e.g. Rau et al. 1982, Graham et al. 

2010, McMahon et al. 2013). In this context, studies of marine animal movements can be much more accurate 

when the degree of geographic variation in isotope and the element’s abundance in the environment are known 

(Ostrom et al. 1993, Davenport and Bax 2002).  

The interpretation of SIA results can be more clarifying when linked to different methodologies such 

as telemetry (Bentaleb et al. 2011), photo-identification (Witteveen et al. 2009a, Torres et al. 2016), stomach 

content and prey analysis (Caraveo-Patiño and Soto 2005, Fleming et al. 2016, Milmann et al. 2018), 

contaminants (Hobson et al. 2002), radiocarbon (Das et al. 2017), molecular (Rowntree et al. 2001, Torres et 

al. 2016), and fatty acids biomarkers (Borobia et al. 1995, Budge et al. 2008). These studies elucidate issues 

related to life cycle, contaminant properties, aspects of ecology, physiology, migratory movements, stock 

boundaries, foraging habits (resource partitioning) and food web structure. Moreover, the use of SIA of baleen 

plates combined with satellite telemetry and prey stable isotope values helped to assess annual variations in 

krill stable isotope values (e.g. Graham et al. 2010, Bentaleb et al. 2011). 

The use of SIA in combination with molecular analysis can subside stocks identification. With the use 

of such methodologies, it was confirmed that individuals sharing haplotypes have closer isotopic values than 

expected when comparing with other haplotypes, indicating that southern right whales from the same 

matrilineal line tend to consume more similar resources when compared with less related individuals 

(Valenzuela et al. 2009). The conjunction between SIA and telemetry provides an opportunity for scientists to 

calibrate and expand their tools in marine ecology, specifically through the development and eventual 

utilization of δ13C and δ15N marine isoscapes (Graham et al. 2010, Bentaleb et al. 2011). 

Many studies using SIA provide data that can be applied for conservation practices (e.g. Valenzuela 

et al. 2009, Pomerleau et al. 2012, Fleming et al. 2016). Population and stock structure studies, which are 

fundamental for conservation and management (Boyd et al. 2010), have elucidated important particularities 

amongst different stocks of the same species. For example, several characteristics of the spatial distribution of 

the Mediterranean fin whale were assessed using lead (Pb) stable isotopes, revealing the degree of connection 

among the Atlantic Ocean and Mediterranean Sea populations (Giménez et al. 2013, Roubira et al. 2015). For 

the same species, stable isotopes revealed that although it occupies the North Sea seasonally, they probably 

feed elsewhere (Das et al. 2003). Also, a narrower isotopic niche width of the Mediterranean population of fin 

whales in relation to the North Atlantic population raises concerns in the context of global changes and long-

term consequences for the Mediterranean fin whales (Das et al. 2017).  

The use of SIA has also revealed that in the Gulf of California humpback whales have feeding plasticity 

that can reflect climate changes and consequent fluctuations in prey abundance (Fleming et al. 2016). The 

capacity to respond to such events is an important ecological aspect of this species and has value for 
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conservation. The fact that, although there is some trophic overlap, a diet segregation amongst sympatric and 

closely-related Balaenoptera species exists (e.g. Ostrom et al. 1993, Borobia et al. 1995, Gavrilchuk et al. 

2014) and evidences an important aspect of the role of these species in the environment and food webs. In 

addition, from the ecosystem perspective, depletion trends in δ13C values of fin whale baleen plates revealed 

an increase in the input of nutrients and of anthropogenic carbon in the Western Mediterranean Sea (Bentaleb 

et al. 2011), highlighting the importance of the methodology for the evaluation and conservation of 

ecosystems. 

 

CONCLUSIONS 

 Stable isotope analysis is being widely used for studying baleen whale trophic ecology and habitat use, 

as it allows the investigation of diet and movement records of periods when the animal could not be directly 

observed and as skin sampling is relatively non-invasive. Our analysis showed that the species most frequently 

studied using SIA in the investigated period were the fin whale and the bowhead whale, although almost all 

baleen whale species have been studied somehow using the methodology. The continuation of the use of SIA 

to improve the understanding of different aspects of the ecology of baleen whales will be benefic for their 

conservation, especially if used in combination with other methods, such as telemetry and photo-id. The baleen 

plates are structures unique to this group and provide an important source of information that allow long-term 

record of stable isotopes. Therefore, they are the most frequently analyzed tissue from baleen whales. However, 

studies using bones from scientific collections are still poorly represented and are a non-invasive alternative 

to gather several information on ecological aspects of Balaenopteridae. Despite the relatively short-term 

dietary information obtained through the analysis of skin, it has been widely used for the group, as it can be 

more easily collected through biopsy samples. Studies on physiology and fractionation are relatively scarcer 

when compared to those aiming to clarify feeding ecology and habitat use issues, which is expected, as animals 

cannot be kept in captivity or easily be sampled along different seasons. Although investigations can be 

developed using a combination of tissues, the number of studies analyzing a single tissue is significantly higher 

than those with multiple tissue types. Some aspects need to be considered for a better interpretation of SIA 

such as different turnover periods between tissues and sample treatment, but the results revealed a significant 

amount of data regarding ecological and evolutionary aspects of baleen whales. Moreover, they have great 

potential to provide information for conservation of less known species, especially where information about 

the ecosystem is desirable for management purposes, as is the case of the South Atlantic Ocean.  
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8. CAPÍTULO 7: New Trophic Link and Potential Feeding Area of Dwarf Minke 

Whale (Balaenoptera acutorostrata subsp.) in Midlatitude Waters of the 
Southwestern Atlantic Ocean 
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SUPPLEMENTAL MATERIAL 

 

Figure S1. Length distribution (mm) (Top) and weight distribution (g) (Bottom) of Illex 

argentinus in the stomach of Balaenoptera acutorostrata stranded in Rio Grande do Sul state, 

southern Brazil. 
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9. CAPÍTULO 8: Stable isotopes niche from Balaenopteridae whales in the 
western South Atlantic 

 

Manuscrito nas normas do Jornal Rapid Communication in Mass Spectrometry, para 

submissão. 

 

 

ABSTRACT 

The Balaenopteridae whales are often hard to study due to their great home range, as well as 

use of offshore areas. Therefore, the application of stable isotopes analysis is of great 

importance and an exponential increase in this type of study has been observed for the family. 

Considering that little is known in terms of feeding ecology and stable isotopes niche for great 

whales in the Western South Atlantic Ocean, we used hard structures such as bones from six 

different species for comparison. Although the number of samples varied per species, it was 

possible to observe higher δ15N for B. acutorostrata and B. brydei in comparison with B. 

bonaerensis, for example. Further comparison of isotopic niche from the two former species 

have shown that their isotopic niche is greatly overlaid, although they were totally separated by 

MCP 50%, which showed that B. brydei may use resources more enriched in nitrogen. In all 

cases, this first assessment shows a very generalist approach from B. brydei and B. 

acutorostrata in terms of food item and habitat use in comparison with other species from the 

Balaenopteridae family. This is the first comparative analysis of stable isotopes values for 

Balaenoptera whales in low and mid latitude areas of the western South Atlantic. 

Key Words: Balaenopteridae, Western South Atlantic, Stable Isotope Analysis, Balaenoptera 

acutorostrata, B. brydei. 

 

 

INTRODUCTION 

The Balaenopteridae whales, often called rorquals, have important ecological and cultural 

value.[1] Historically, many populations have been drastically reduced by whaling for their oil 

and meat. Because of this, some populations are still considered threatened today, while others 

are on the path to recovery.[2,3] For now, most of this pressure has stopped, but they face new 

threats such as climate change which may result in a decrease of ice shelves followed by 

reduction of food resources.[4,5] Most of these whales depend on krill as they are filter-feeding 
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animals and have adaptations to perform this activity, such as the presence of baleen plates that 

consist of keratinized plates that extend down from the top of the mouth and have relatively 

continuous growing rates.[6,7] Although they can feed on krill, some species like the Bryde’s 

whale (Balaenoptera brydei) and the common minke whales (B. acutorostrata) can be 

generalists and prey over other organisms such as fish and squids.[6,8,9] 

The analysis of stable isotopes has been widely used for the investigation of marine 

mammals to obtain knowledge on stock structure, movements, feeding ecology, and taxonomy 

(see Newsome et al.[10] for a review). For example, the comparison between a grid of stable 

isotopes from the ocean or preys with known locations with values obtained from the cetaceans 

can aid identification of spatial parameters and habitat use,[11,12] and time series are built using 

samples from metabolically inert tissues, such as the baleen plates.[13,14]  

For rorquals, baleen plates are commonly used to investigate both migration as well as 

diet shifts,[8,15] and bone collagen, which is also used for different taxa and can provide dietary 

data that extents the whole life of an individual.[16,17,18] However, those tissues integrate over a 

long time and therefore the temporal match between food resources and consumers can be 

problematic, as they may represent the average of all food sources or diet switch during 

synthesis.[19] For fin whales, (B. physalus), incongruences between δ13C of bones and local 

isoscapes were attributed to the bone tissue capacity to assimilate isotopes from distant regions 

were individuals had previously fed.[20] Besides, there are still many uncertainties related to the 

assimilation process in whales, and controlled experiments are very hard to perform. Therefore, 

studies which show stable isotopes signatures in different tissues as well as those where food 

items prior collection is known are very useful for the interpretation of other studies, although 

rare.[9,21] In all cases, variation in stable isotopes values per tissue occurs, as well as differences 

between live and stranded animals, and accordingly to samples treatment before.[22,23,24] 

Therefore, the interpretation and comparison of studies using different tissues should be made 

with caution depending on the objectives. 

Although the seven species from the genus Balaenoptera occur in the western South 

Atlantic[25,26] the knowledge about those species in the area is still scarce.[27,28,29] The 

representativeness of stable isotopes studies for these species follows the same pattern, where 

most studies were developed in the northern hemisphere,[6,7,30,31] while studies that used this 

method in the western South Atlantic are infrequent.[9,32] Considering the general lack of 

knowledge about the genus in the area, as well as the absence of studies on stable isotopes for 

those species (see the review from Seyboth et al.[33]), our objective is to provide a description 

of the isotopic niche of the genus and the first comparative analysis of stable isotopes values 
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for Balaenoptera whales in low and mid latitude areas of the western South Atlantic. Moreover, 

for one individual, we have used different tissues to document variation in stable isotopes values 

and we sampled three different locations of a baleen plate of a second individual to verify 

variance in stable isotopes values along time. 

 

MATERIAL AND METHODS 

Tissues from whales were collected during systematic beach surveys or opportunistically due 

to civilian calls. The samples from stranded individuals between Isla Tova (~45oS), Argentina, 

and São Gonçalo do Amarante (~3.5oS), Brazil, were collected from 1974 to 2018. Whales’ 

identification was based on literature guides,[34] and both total length and sex were determined 

whenever possible, as recommended by Norris.[35] Stranded whales’ tissues were deposited in 

different scientific collections and museums and sampled for the present study. A total of 48 

individuals of six species were analyzed: 28 common minke whales (B. acutorostrata subsp.), 

4 Antarctic minke whales (B. bonaerensis), one sei whale (B. borealis), 11 Bryde’s whale (B. 

brydei), 3 humpback whales (Megaptera novaeangliae) and one blue whale (B. musculus). One 

Bryde’s whale, under ID36, and the blue whale (ID45) have been identified as such, but the 

confirmation of their identification should be verified, hence the “cf” alongside their scientific 

names.  Furthermore, an additional 15 whales belonging to the Balaenopteridae family not 

identified to species level had their stable isotopes values measured, totaling 63 individuals.  

The tissues sampled were in most cases bones (61 samples), of which three were skulls 

(for the whales under ID20, ID36 and ID54) and one was a tympanic bulla (ID47) while the 

other bones were not identified. For some individuals, a different sample or a combination of 

samples were used. In this regard, one humpback whale had its spleen analyzed (ID48), one 

common minke whale (ID15) had its bone, liver and kidney sampled, and another common 

minke whale (ID25) had three points of a baleen plate analyzed. These three points were 

sampled from the vertical axis of the baleen with BL1 taken from the upper part of the plate 

(dorsal edge), BL2 in the middle and BL3 in the labial edge. The different tissues were analyzed 

in the same individual to explore variation among tissue types, considering those studies are 

not abundant for baleen whales[21,36] while the analysis of the baleen plate was performed to 

detect individual temporal variation in δ13C and δ15N values.[11,14] 

For the analysis of the isotopic composition, each sample of bone and plate were ground 

with a mortar and a pestle into a homogeneous powder. Approximately 0.5 mg were weighed 

in tin capsules for the analysis. The elemental and isotopic composition was determined by 

using an Elemental Analyzer (Flash 2000) with interface CONFLO IV coupled to an isotope 
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ratio mass spectrometer Delta V Advantage (Thermo Scientific, Germany). Samples were 

analyzed using analytical blanks and urea analytical standards (IVA Analysentechnik-

330802174; CH4N2O Mw= 60, C= 20%, N= 46%), using certified isotopic compositions 

(δ13C= -39.89‰ and δ15N = -0.73‰). Analytical control was done for every 10 samples using 

certified isotopic standard (Elemental Microanalysis Protein Standard OAS: 46.5 ± 0.78% for 

C; 13.32 ± 0.40% for N; -26.98 ± 0.13‰ for δ13C; +5.94 ± 0.08‰ for δ15N). Carbon and 

nitrogen contents were expressed as a percentage of the element (%) and the detection limits 

were 0.05% and 0.02%, respectively. Carbon and nitrogen isotope ratios were expressed in δ 

notation as ‰ relative to Pee Dee Belemnite (PDB) and atmospheric nitrogen, respectively. 

Analytical reproducibility was based on triplicates for every 10 samples: ± 0.3‰ for δ15N and 

± 0.2‰ for δ13C.  

Data analysis of stable isotopes were performed in R software using the package 

“Kernel Isotopic Niches in R (rKIN: https://github.com/salbeke/rKIN). The package uses 

Minimum Convex Polygon (MCP) analysis and was applied to evaluate isotopic niche size, 

which represents patterns of both habitat use and food resources as well as overlap between 

species37. We have performed the analysis to compare the common minke and the Bryde’s 

whales because very little is known about their isotopic niche in the western South Atlantic and 

because those were the only species with enough samples to perform the analysis37. Moreover, 

we could not delete the outlier value from Bryde’s whale from the analysis, as 11 is the 

minimum number required of samples. Therefore, we used all common minke whale and 

Bryde’s stable isotopes values to calculate MCP (50%, 75% and 95%). The same package was 

used both for the elaboration of figures, as well as for quantification of the areas of each polygon 

per species and overlay of the polygons from the two species for MCP analysis. 

 

RESULTS 

A total of sixty-one bone samples (out of 67 samples) from six Balaenopteridae species were 

used for the δ13C and δ15N stable isotopes analysis (Table 1) The other six analyzed samples 

were a liver, a kidney, a spleen and three subsamples of the same baleen plate. The number of 

samples per species varied greatly from the blue and sei whales with only one sample each to 

the common minke whale and the Bryde’s whale, with 32 and 11 samples respectively (Table 

2). In bone samples, the more enriched δ13C and δ15N mean values were for Bryde’s whale, 

while the more depleted mean values were for Antarctic minke whale for both δ13C and δ15N 

(Table 1). The lowest value of δ15N was found for the blue whale and the highest for sei whales, 

but they had one individual only and mean values could be computed.  

https://github.com/salbeke/rKIN
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Table 1. Information on the Balaenopteridae whales used in the present study along with values from δ13C and δ15N stable isotopes 

values. ARG = Argentina, BR = Brazil, B = bone, BL= baleen plates, RS = Rio Grande do Sul state, CE = Ceará state, SC = Santa 

Catarina state, RJ = Rio de Janeiro state, SP = São Paulo state, TL m = total length in meters and TB = tympanic bullae. 

ID Voucher Species TL Date Locality δ13C δ15N Tissue 

1 BalAcu8 B. acutorostrata - - Golfo San Matías, ARG -16.2 11.4 B 

2 G272 B. acutorostrata 4.23 19.08.1995 RS, BR -16.4 10.3 B 

3 G287 B. acutorostrata 2.63 28.10.1995 RS, BR -22.4 10.2 B 

4 G331 B. acutorostrata 3.2 17.12.1995 RS, BR -19.3 10.8 B 

5 MN55369 B. acutorostrata - 11.1995 Praia Seca, RJ, BR -15.6 15.7 B 

6 G1295 B. acutorostrata - 23.10.1997 RS, BR -13.7 19.4 B 

7 G469 B. acutorostrata - 11.11.1997 RS, BR -19.0 11.4 B 

8 BA 21 B. acutorostrata - 03.09.2003 São Francisco do Sul, SC -20.9 7.8 B 

9 G1042 B. acutorostrata 2.26 29.08.2003 RS, BR -21.0 8.9 B 

10 G1093 B. acutorostrata 3.25 28.10.2003 RS, BR -20.4 9.6 B 

11 GEMM63 B. acutorostrata - 19.08.2004 Armação dos Búzios, RJ, BR -15.1 14.9 B 

12 02co150/265 B. acutorostrata - 07.07.2005 Caucaia, CE -18.3 8.4 B 

13 G1237 B. acutorostrata - 07.10.2005 RS, BR -13.9 16.2 B 

14 Balacu7 B. acutorostrata - 10.01.2006 Isla Tova, ARG -20.3 15.3 B 

15 G1309 B. acutorostrata 4.53 25.09.2008 RS, BR -14.4 11.7 B 

15 G1309F B. acutorostrata 4.53 25.09.2008 RS, BR -17.8 14.1 Liver 

15 G1309R B. acutorostrata 4.53 25.09.2008 RS, BR -17.2 13.5 Kidney 

16 MN69562 B. acutorostrata - 29.06.2001 RJ, BR -18.7 11.8 B 

17 G1468 B. acutorostrata 6.85 29.09.2011 RS, BR -15.4 11.8 B 

18 G1618 B. acutorostrata - 21.11.2012 RS, BR -13.8 12.1 B 

19 BA400 B. acutorostrata - 25.11.2012 São Francisco do Sul, SC, BR -14.0 17.0 B 

20 G1636 B. acutorostrata 2.63 21.06.2013 RS, BR -18.2 9.6 B (skull) 

21 BA530 B. acutorostrata - 29.08.2013 São Francisco do Sul, SC, BR -12.5 7.8 B 

22 BA574 B. acutorostrata - 25.08.2014 São Francisco do Sul, SC, BR -13.2 14.8 B 

23 BA818 B. acutorostrata - 25.06.2016 São Francisco do Sul, SC, BR -19.3 17.0 B 
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24 G1696 B. acutorostrata - 12.05.2016 RS, BR -16.1 15.3 B 

25 G1712 B. acutorostrata 8 05.02.2018 Araranguá, SC, BR -16.1 14.7 BL 1 

25 G1712 B. acutorostrata 8 05.02.2018 Araranguá, SC, BR -16.5 14.6 BL 2 

25 G1712 B. acutorostrata 8 05.02.2018 Araranguá, SC, BR -16.2 14.9 BL 3 

26 MinkeEXP B. acutorostrata - - Rio de Janeiro, RJ, BR -27.2 7.6 B 

27 Balacu4 B. acutorostrata - - Golfo San José, ARG -17.5 14.9 B 

28 Balacu09 B. acutorostrata - - Golfo San Matías, ARG -15.1 13.4 B 

29 MN144 B. bonaerensis - 1912 São Francisco do Sul, SC, BR -23.1 8.3 B 

30 02co160/203 B. bonaerensis - 06.10.2001 São Gonçalo do Amarante, CE, BR -24.4 6.2 B 

31 G810 B. bonaerensis 2.9 13.08.2001 RS, BR -22.7 7.9 B 

32 BB39 B. bonaerensis - 27.09.2005 São Francisco do Sul, SC, BR -21.4 7.7 B 

33 BalSei004 B. borealis - 09.2015 Bahía Camarones, Chubut, ARG -17.0 14.7 B 

34 G426 B. brydei - 30.06.1997 RS, BR -12.7 18.6 B 

35 GEMM11 B. brydei - 10.09.2000 Araruama, RJ, BR -13.5 14.6 B 

36 G1154 B. brydei (cf) - 16.12.2003 Mostardas, RS, BR -14.3 15.2 B (skull) 

37 GEMM52 B. brydei - 26.02.2004 Quissamã, RJ, BR -17.8 12.4 B 

38 MM81792 B. brydei - 08.03.2010 RJ, BR -16.2 18.5 B 

39 G1406 B. brydei - 27.05.2010 RS, BR -14.4 14.5 B 

40 G1425 B. brydei 11.43 07.12.2010 RS, BR -13.7 14.6 B 

41 BB552 B. brydei - 23.06.2014 São Francisco do Sul, SC, BR -22.4 11.7 B 

42 BB962 B. brydei - 14.11.2016 São Francisco do Sul, SC, BR -13.7 13.4 B 

43 G1705 B. brydei 13 18.02.2017 RS, BR -18.8 3.6 B 

44 G1714 B. brydei - 2014 - 2017 RS, BR -15.4 16.1 B 

45 MN51649 B. musculus (cf) - 1986 Ubatuba, SP, BR -20.9 5.6 B 

46 G821 M. novaeangliae 7.27 04.4.2002 Atlântida, RS, BR -20.2 8.8 B 

47 G1336 M. novaeangliae - 23.10.2009 Mostardas, RS, BR -22.6 6.5 B (tb) 

48 G1451 M. novaeangliae 7.73 15.07.2011 Balneário Pinhal, RS, BR -17.5 15.8 Spleen 

49 MN50090 Balaenoptera sp. - 18.05.1996 Restinga da Marambaia, RJ, BR -19.4 16.1 B 

50 MN50117 Balaenoptera sp. - 03.10.1996 Recreio dos Bandeirantes, RJ, BR -22.4 5.4 B 

51 MN62055 Balaenoptera sp. - 11.2000 RJ, BR -20.7 4.3 B 

52 MN63008 Balaenoptera sp. - 12.2000 RJ, BR -19.1 6.5 B 
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53 MN66239 Balaenoptera sp. - 03.11.2001 Búzios, RJ, BR -12.1 13.4 B 

54 G1338 Balaenoptera sp. - 23.10.2009 RS, BR -14.5 11.9 B (skull) 

55 G1335 Balaenoptera sp. - 23.10.2009 RS, BR -24.8 6.8 B 

56 BalCENPAT Balaenoptera sp. - 12.15.2015 Playa Cabo Aristizabal, ARG -17.0 12.5 B 

57 BSPT Balaenoptera sp. - 01.08.2017 Cabo Frio, RJ, BR -23.3 5.8 B 

58 MN50100 Balaenoptera sp. - - Arraial do Cabo, RJ, BR -19.4 6.5 B 

59 MN60613 Balaenoptera sp. - - Marambaia, RJ, BR -15.0 9.5 B 

60 MN SN Balaenoptera sp. - 1960 - 1962 Arraial do Cabo, RJ, BR -16.8 6.5 B 

61 GCD Balaenoptera sp. - 1995 - 2002 RS, BR -18.0 13.0 B 

62 GCR Balaenoptera sp. - 1995 - 2013 RS, BR -13.4 13.5 B 

63 BspRJ1 Balaenoptera sp. - 2004 - 2010 RJ, BR -18.0 12.1 B 
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Table 2. Stable isotope ratios of δ13C and δ15N values from Balaenopteridae whale’s samples 

distinguished per species and extracted from bone samples. sd= standard deviation. 

    δ13C δ15N 

Species Total  min max Mean sd min max mean sd 

Antarctic minke whale 4 -24.4 -21.4 -22.9 4.2 6.2 8.3 7.5 3.1 

Blue whale 1 - - -20.9 - - - 5.6 - 

Bryde's whale 11 -22.4 -12.7 -15.7 2.9 3.6 18.6 13.9 4.0 

Common minke whale 27 -27.2 -12.5 -17.3 3.5 7.6 19.4 12.4 3.4 

Humpback whale 3 -22.6 -17.5 -20.1 1.2 6.5 15.8 10.4 1.6 

Sei whale 1 - - -17 - - - 14.7 - 

 

Fifty per cent of the observations for all whales with bone samples were found between 

7.9‰ and 14.8‰ for δ15N (median = 11.8‰) and between -20.4‰ and -14.5‰ for δ13C (median 

= -17.5‰). For common minke whale fifty per cent of the observations from bone samples were 

between 9.9‰ and 15.1‰ for δ15N (median = 11.8‰) and between -19.3‰ and -14.7‰ for δ13C 

(median = -16.4‰), and for Bryde’s whale fifty percent of the observations were between  12.9‰ 

and 16.5‰ for δ15N (median = 14.6‰) and between -17‰ and -13.7‰ for δ13C (median = -14.4‰) 

(Figure 1). Additionally, two outlier values were found for Bryde’s whales (δ15N for ID43 and 

ID41 for δ13C), while one outlier value was detected for the common minke whale (δ13C for ID26). 

Finally, the overall distribution of δ13C and δ15N values are higher for Bryde’s whale when 

compared to common minke whales, while the range of values in the boxplots are greater for the 

common minke whale when compared to Bryde’s whales, if outliers are not considered (Figure 1). 
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Figure 1. Boxplot of δ13C and δ15N values from common minke whale (Balaenoptera 

acutorostrata, n=27), Bryde’s whale (B. brydei, n=11) and all Balaenopteridae whales (n=67), 

which included unidentified whales (n=15). The boxplots include only stable isotopes values from 

bone samples.  

 

 

The ID15 whale (B. acutorostrata) had both its liver, kidney and bone tissues sampled. The 

δ13C and δ15N values of the kidney (δ13C  = −17.2‰; δ15N  = 13.5‰) and liver (δ13C  = −18.8‰; 

δ15N (‰) = 14.1‰) were more similar to each other than to those of the bone sample (δ13C  = -

14.4‰; δ15N  = 11.7‰). These stable isotopes values, except for the bone sample, have been priorly 

published by Milmann et al.[9] Moreover, another common minke whale (ID25), which was an 

adult male found in summer at southern Brazil, had three samples from its baleen plate examined 

where δ13C values ranged from -16.5‰ to -16.1‰ and δ15N ranged from 14.6‰ to 14.9‰. 

Antarctic minke whale have deplete δ13C and δ15N values when compared to the other 

species (Figure 2), while values from the common minke whale are the most widespread in the 

graphic. The stable isotope values from the three sections of the baleen plate of a single common 

minke whale (circled in Figure 2) are closer to each other, despite the small variation, than the 

stable isotopes values for the three different tissues of the other individual of common minke whale 

(signalled by the K, L and B letters in Figure 2). Moreover, values for unidentified individuals are 

distributed both across the δ13C and δ15N, which may contain species with very different feeding 

characteristics accordingly to our results. In this regard, the unidentified whales are “grouped” in 

two parts of the graphic, some closer to krill consumers and some with more generalist profile, 

although not so as the Bryde’s whales which may occupy a higher trophic level.  
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Figure 2. Scatter plot of δ13C and δ15N values from Antarctic minke whale (Balaenoptera 

bonaerensis) blue whale (B. musculus), common minke whale (B. acutorostrata), Bryde’s whale 

(B. brydei), humpback whale (Megaptera novaeangliae), sei whale (B. borealis), and unidentified 

individuals from the Balaenopteridae family of the western South Atlantic. For the same individual 

of minke whale with three tissue samples, we discriminated their values (L=liver, K=kidney, B= 

bone), and the other individual, which had three sections of the baleen plates, highlighted by a 

black circle surrounding the points. The black arrows signal the outliers. 

 

 

Results from isotopic niche analysis (MCP 75% and 95%) show that the common minke 

whale has a larger isotopic niche when compared to the Bryde’s whale (Figure 3, Table 3). 

However, the two species seem to overlay each other, especially on the δ13C axe, if considering 

that for the common minke whale the point which extends the range of values is an outlier. In 

contrast, the MCP 50% analysis has completely separated the two species (Supplementary material 

1). Additionally, outputs from stable isotopes niche analysis place the Bryde’s whale higher in the 

δ15N axe.  
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Figure 3. Minimum convex polygons (MCP) (50 %, 75 % and 95 %) of δ13C and δ15N values from 

Bryde’s whale, Balaenoptera brydei, and common minke whale, B. acutorostrata unnamed subsp. 

 

 

Table 3. Results from the minimum convex polygon (MCP) analysis showing the different sizes 

of polygon for different confidence intervals (CI 50%, 75% and 95%) from Bryde’s whale and 

common minke whale δ13C and δ15N values.  

Group CI MCP 

B. acutorostrata 50 18.67 

B. acutorostrata 75 44.79 

B. acutorostrata 95 74.64 

B. brydei 50 1.30 

B. brydei 75 13.72 

B. brydei 95 34.23 
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DISCUSSION 

Although other Mysticeti were studied so far in the western South Atlantic, [9,32,38,39,40] this 

is the most complete Balaenopteridae stable isotopes profile and the first in the area to report stable 

isotopes values for the blue whale and the sei whale and from whales sampled at low latitudes. The 

δ13C and δ15N ranges for all individuals herein represent the stable isotope niche of this family in 

the area, which ranges between -27.2‰ to -12.1‰ for δ13C (median = -17.6‰) and 3.6‰ to 19.4‰ 

for δ15N (median = 11.8‰), although the lower δ15N is an outlier from Bryde’s whale. Besides, 

results herein may be useful for further comparison with whales from other ocean basins or 

populations to aid stock structure studies and to help fill the gaps of knowledge about whales in the 

western South Atlantic, where there are threatened species, such as the blue whale and the sei 

whale.[27,29] 

The common minke whale that had different tissues sampled (G1309, ID15) was an 

immature individual (total length = 4.53m) that consumed the Argentinean shortfin squid, Illex 

argentinus, in the slope of southern Brazil consistently prior to stranding (see Milmann et al.[9] for 

details). Regarding that, stable isotopes values from both its liver and kidneys were coherent with 

those from the Argentinean shortfin squid captured in the area (mean δ13C  = -17.2 ± 0.6‰; δ15N  

= 14.2 ± 1.6‰, from Bugoni et al.[41]), while bone tissues showed higher δ13C and lower δ15N 

values (δ13C  = -14.4‰; δ15N  = 11.7‰), probably because of the quicker turnover rate of the first 

two (around 3 and 8 months in blue whales).[21] The stable isotopes values from bones of the 

immature individual may be reflecting an averaged value between diets across areas [13,42] or, more 

likely, a mixture of values from squids and previous feeding on the mother’s milk. Despite 

uncertainties related to incorporation mechanisms between tissues and influence of the previous 

diet, these measures of stable isotopes in different organs are central for interpretation and 

comparison among studies and are not frequently done for baleen whales. [31,36]  

Regarding the three baleen subsamples of the adult common minke whale (ID25), the δ13C 

values were within those found for baleen plates of three individuals in UK and Ireland waters,[43] 

while δ15N values were slightly smaller in the present study, although greater than that found in 

western North Pacific.[6] The baleen plate of the common minke whale is supposed to grow 12.9 

cm/y, and therefore record feeding activity for about 1.4 years,[6] which for the present individual 

represents two summer seasons (BL1 and BL3, from ID25) and one winter season (BL2). For that 

matter, values that should correspond to summer had slightly higher δ13C and δ15N values 
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compared to the one for winter, but they were similar. The feeding consistency of this individual 

across season may be related because its prey has similar habits (considering consistency of δ15N 

values), and because the proximity between its feeding site (therefore the continuity between δ13C 

values). Although habitat use of the species is poorly known at the western South Atlantic and our 

sampling size for baleen whale is small, our results does not corroborate seasonal shift on habitat 

use,[25,44,45] but corroborates possible feeding activity at mid-latitude waters, where the individual 

was found.  

Since the samples were taken from stranding records, a variation in the number of samples 

per species was expected (Table 2), especially because abundance from species to species varies 

in the different areas with some of them having been depleted by past whaling activities, like the 

blue whale.[3] Moreover, some species seem to have individuals residing in mid-latitude waters, 

such as the Bryde’s whale and the common minke whale.[25,46,47] Unfortunately, habitat use for 

those whales in breeding grounds at mid-latitude areas are not well known and some species may 

use waters closer to shore, favoring the drift of the carcass to the coast.[48]  

Concerning the stable isotopes values, a great range of variation was to be expected (Table 

2), given that different tissues and different ecological aspects from each species relating to habitat 

use as well as diet composition. In this context, while the Antarctic minke whale seems to have a 

more restricted diet and to occupy preferentially offshore waters at northeastern Brazil,[49,50] the 

common minke whale uses different areas in mid and higher latitudes and can shift diet from krill 

in higher latitudes closer to Antarctica to krill and cephalopods in mid-latitude waters.[9,51] The 

higher mean δ13C and δ15N values for generalist and piscivorous species that can feed in mid-

latitude areas such as common minke whale and Bryde’s whale were therefore expected.[9,30,51] 

Furthermore, another possible reason for the higher δ15N values for Bryde’s whale is that the 

species is known to use coastal areas of southeastern Brazil,[46,47,52] where urbanization and 

freshwater discharge may cause nitrogen enrichment. As an example, in southern Brazil, there is a 

discharge of great water masses from the continent through estuaries and lagoons,[53] and δ15N 

values for the Bryde’s whales were high. In all cases, it is noteworthy that the sample collection 

ranged over 20 years for those species (Table 1), which may also be influencing variation of those 

values. Finally, the lower mean values for the blue and Antarctic minke whales are congruent with 

their diet on lower trophic levels at higher latitudes, where δ13C values for plankton are supposed 

to be depleted in comparison to those of mid-latitudes, and where δ15N can also have lower values 
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depending on the feeding site.[12] Besides, for Antarctic minke whales, minimum and mean δ13C 

values are within values found for individuals at Gerlache strait,[32] confirming that individuals 

probably feed close to the site, although maximum values are slightly higher. Maximum δ15N 

values are also concordant with values from the same area,[32] although mean and minimum values 

are slightly lower in the present study. On the other hand, for humpback whales, the minimum and 

mean δ13C values found herein are within values found for individuals close to Antarctic 

peninsula,[32] although our higher maximum values are out of the intervals found for the same area. 

The same happened regarding δ15N values, with mean values within the intervals found in that 

study and highest δ15N values are above the interval found close to the Antarctic peninsula.  

 The δ13C intervals included high values for some of the species when compared to stable 

isotopes grids but are still inside the existing values, while the δ15N in our research presented even 

higher values than those previously modelled in the grid[12] (Figure 1). In this framework, the 

individual with three different tissues sampled had an increase of 13.3% and 17% in δ15N values 

when comparing bones to kidney and liver respectively, and a decrease of 16.2% and 20% when 

comparing δ13C values from bones with kidney and liver respectively. Although speculative 

because of the small sample size, as most of our samples are bone tissues, it is expected that overall 

stable isotopes values would be even greater for δ15N and smaller values for δ13C if other tissues 

such as kidney or liver were to be used. Also, the mean overall values from the family are a 

combination of higher δ13C and δ15N values from Bryde’s and common minke whales with lower 

δ13C and δ15N values from the other species, like the Antarctic minke and humpback whales. 

Therefore, results are concordant with information in the literature, which places Bryde’s whales 

at resurgences in highly productive habitats year-round.[52] 

The great variance of both δ13C and δ15N values in Figure 2 are indicators of the great area 

used by different species during their life,[2,25,52,54] as well as possible differences on feeding habits 

and feeding sites.[9,47,51,55] Even though the Antarctic minke whale was heavily exploited by 

whaling, especially in northeastern Brazil, not many biological parameters were extracted from 

those individuals[56] and knowledge about feeding ecology in mid-latitude waters of the South 

Atlantic is not available. In all cases, results herein are indicative of feeding at higher latitudes from 

individuals at the lower end of the trophic web, as previously indicated in the literature for the 

species elsewhere.[31] On the other hand, other stable isotopes studies have previously pointed out 

the generalist characteristic of common minke whale feeding ecology[6] and results herein 
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corroborate the idea that the species is feeding on a wide range of prey in several spots across the 

western South Atlantic. This information is pertinent to management and indicates that this species 

could have an advantage over specialists’ whales in case of climate change or of seasonal 

fluctuations in prey abundance. This generalist habit and possible adaptation to prey variation have 

also been reported for the humpback whale in the southern hemisphere.[31,57] 

Even though we cannot attribute an identification just based on stable isotopes values, the 

analysis place some of them close to more filter feeding species and other with more generalist 

species and may be useful as an indicative from which species they may or may not be. Based on 

the wide distribution of the 15 unidentified whales it is possible that they belong to more than one 

species of the Balaenopteridae family, including blue or Omura’s whales. Moreover, these 

specimens are Balaenopterids and are useful to increase our perspective about the isotopic niche of 

this family in the western South Atlantic.  

The greater isotopic niche from the common minke whale may be influenced by sample 

size when compared to Bryde’s whale (Figure 3, Supplementary material 1). Also, it can be the 

result of a wider number of habitats used by the common minke whale, which may also explain the 

individual variation of stable isotopes values. This species can occur, accordingly, to stranding 

records, from Maranhão state (~2oS),[54] northern Brazil, to the Patagonian channels (~55oS),[58] 

southern Argentina, and it is also seen in higher latitudes closer to Antarctica. On the other hand, 

the Bryde’s whale is found mainly from tropical waters in Venezuela (~12o N)[59] to subtropical 

waters southern Brazil (~32oS).[60] The absence of Bryde’s at higher latitudes has also resulted in 

significatively greater inter-oceanic genetic differences between populations.[61] Moreover, one of 

the common minke whales analyzed herein was feeding consistently of the Argentinean shortfin 

squid, Illex argentinus, in the slope of southern Brazil before stranding,[9] and another individual 

not analyzed herein was accidentally captured with krill, Euphasia similis, in its stomach.[51] 

Therefore, feeding records of different types of preys in the mid-latitude area plus feeding activities 

in higher latitudes may be the main cause of a greater isotopic niche presented by the common 

minke whale when compared to Bryde’s whale (Table 3), which is known to be piscivorous in 

southeastern Brazil.[47]  

The δ13C values for several common minkes and Bryde’s whale are consistent to those 

found for zooplankton groups within Rio Grande do Sul and Santa Catarina state, southern Brazil, 

extracted from a fine-scale study of their values.[62] Although δ15N values in our study relatively 
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higher than those found in Troina et al., [62] some individuals had concordant values with those 

found over Santa Marta Cape (~28⁰S) shelf break and offshore waters. These results are in 

agreement with habitat use studies that placed both species in the outer continental shelf in the 

south and southeastern Brazil,[63] and it corroborates the theory that both species may be using 

similar habitat as indicated herein by the similar isotopic niches in terms of carbon. It is noteworthy 

that Bryde’s whale can also be seen closer to shore in southeastern Brazil at a resurgence area.[52] 

The separation of the two species by MCP 50% analysis evidences some degree of difference in 

feeding strategy, with dwarf minke whales feeding preferentially at lower levels of the food chain, 

in less enriched waters, when compared to the Bryde’s whale.   
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Supplementary 1. Overlap values between Bryde’s whale (Balaenoptera brydei) and common 

minke whale (B. acutorostrata subps.) from Minimum Convex Polygon (MCP) analysis for 

δ13C and δ15N values using 50%, 75% and 95% of the observations.  

      MCP overlap     

ID 

minke 

50% 

minke 

75% 

minke 

95% 

brydei 

50% 

brydei 

75% 

brydei 

95% 

minke 50% 1,00 1,00 1,00 0 0,33 0,41 

minke 75% 0,42 1,00 1,00 0,03 0,26 0,51 

minke 95% 0,25 0,06 1,00 0,02 0,17 0,36 

brydei 50% 0,00 1,00 1,00 1,00 1,00 1,00 

brydei 75% 0,45 0,86 0,92 0,10 1,00 1,00 

brydei 95% 0,23 0,67 0,78 0,04 0,40 1,00 
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10. CONSIDERAÇÕES FINAIS 
 

Os resultados obtidos nesta tese têm potencial para auxiliar na conservação do gênero 

Balaenoptera, uma vez que o manejo de espécies pode ser mais adequado quando existem 

informações sobre taxonomia, ocorrência e aspectos ecológicos das espécies (Boyd et al. 

2010). Um exemplo da contribuição relacionada a ocorrência obtido neste estudo é o 

reconhecimento de um aumento no número de encalhes da baleia de Bryde nas últimas 

décadas através da revisão de encalhes atuais e históricos. Futuras investigações devem 

averiguar se este aumento da mortalidade é natural e simples decorrência de um aumento na 

abundância desta espécie na área. Ainda, considerando a similaridade morfológica entre a 

baleia de Bryde e a baleia Omurai e a identificação de um neonato encalhado desta última no 

Brasil por técnicas moleculares (Cypriano-Souza et al. 2016), verificamos as identificações 

anteriores das baleias de Bryde e indivíduos do gênero Balaenoptera encalhados no Brasil e 

Argentina. Neste sentido, é importante destacar que não encontramos nenhum outro 

individuo da baleia de Omurai, evidenciando que esta espécie deve ser mais rara do que 

críptica em águas subtropicais e temperadas do Brasil e Argentina (de onde a maioria das 

amostras provieram), e deve ter mais chances de ser registrada novamente no norte e 

nordeste do Brasil considerando seu habitats preferenciais (Cerchio et al. 2019). 

Em termos de conservação dessas espécies, a melhor compreensão das separações 

entre as populações permite uma avaliação mais precisa das ameaças as quais cada uma delas 

está exposta. Identificações imprecisas ocorrem não apenas no Brasil (Rocha-Campos and 

Câmara 2011), mas a grande área do Oceano Atlântico Sul Ocidental que carece deste tipo de 

informação para diferentes espécies de baleias. Essa lacuna no conhecimento foi um dos 

argumentos para inviabilização do estabelecimento do Santuário das Baleias no Atlântico Sul, 

proposto por diferentes países do hemisfério sul para Comissão Baleeira Internacional (IWC). 

Nesta tese, os resultados das análises moleculares da baleia de Bryde evidenciaram forte 

estruturação populacional entre regiões, incluindo o Brasil, o que valoriza a contribuição da 

eventual criação do Santuário.  

Para esta população da baleia de Bryde que ocorre no Brasil, um fator preocupante é 

a baixa diversidade genética encontrada. Em termos taxonômicos, os indivíduos da baleia de 

Bryde analisados aqui foram classificados geneticamente como B. brydei e não a B. edeni, 

corroborando a classificação sugerida em estudos anteriores (Pastene et al. 2015). Não foram 
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encontradas formas costeira e oceânica como sugerido anteriormente para o Brasil (Zerbini 

et al. 1997) ou como relatado para a baleia de Bryde na África (veja Penry et al. 2018). Embora 

este seja um aspecto importante para a conservação da espécie em águas brasileiras, 

salientamos que foram utilizadas apenas amostras provenientes de encalhes e que existe uma 

menor chance de coleta de indivíduos oceânicos, como é o caso de algumas espécies  

(Andriolo et al. 2010), do que daqueles de ocorrência mais costeira.  

De todas as formas, a grande estruturação populacional da baleia de Bryde indica que 

para fins de conservação a população do Brasil deve ser tratada como um estoque distinto. 

Apesar das diferenças significativas entre a população do Brasil e todas as outras comparadas, 

verificou se maior similaridade entre a população do Brasil e aquela do Chile e Peru. De todas 

as formas, a revisão de registros de encalhe mostra que a espécie não ocorre em altas latitudes 

e corrobora a teoria de que a população do Brasil está isolada daquela do Chile e Peru (Pastene 

et al. 2015). 

Um importante resultado obtido neste estudo foi a forte estruturação genética para 

as populações da baleia minke comum do hemisfério sul, ou minke anãs como também 

chamadas, revelada pela avaliação de distintos marcadores genéticos (mtDNA e 

microssatélites).  Os resultados não apenas apontam a existência de duas unidades de manejo 

(MUs, sensu Moritz 1999), mas também evidenciam discrepâncias na taxonomia desta 

espécie. Isto porque que ambas populações do hemisfério sul, classificadas como B. 

acutorostrata subsp., são mais similares geneticamente à subespécie do Atlântico Norte, B. a. 

acutorostrata, do que entre si. Independentemente da classificação taxonômica, a existência 

de duas populações geneticamente distintas no hemisfério sul impõe a necessidade de 

estratégias de conservação que levem em conta essas diferenças.  

O conhecimento da dieta do gênero Balaenoptera no Brasil vem  principalmente de 

observações visuais, como é o caso da baleia de Bryde no sudeste do Brasil (Siciliano et al. 

2004), e da análise do conteúdo estomacal da baleia minke comum acidentalmente capturada 

em redes de pesca (Secchi et al. 2003). Existem ainda estudos relacionados ao nicho isotópico 

e dieta destas espécies a partir da análise de isótopos estáveis em águas próximas a Antártica 

(Seyboth et al. 2018), mas de forma geral muitas questões relacionadas ao comportamento 

alimentar destas baleias no Atlântico Sul Ocidental precisam ser elucidadas.  

A identificação de uma nova ligação trófica (a predação da Baleia minke comum sobre 

o calamar Argentino, Illex argentinus) encontrada nesse estudo é importante não apenas por 
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esclarecer as estratégias de obtenção de recursos nessa latitude, também sugere futuras 

avaliações sobre sobreposição entre recursos utilizados pela atividade de pesqueira e por 

mamíferos marinhos. Isto porque já é de conhecimento a existência de coincidência entre os 

alvos da atividade de pesca e alguns itens da dieta de espécies de mamíferos marinhos no sul 

do Brasil (e.g. Machado et al. 2020).  

Apesar de pontual, a evidência do consumo de calamar Argentino pelo individuo da 

baleia minke comum durante diversos eventos alimentares próximo ao talude continental do 

sul do Brasil reforça o fato de que algumas baleias podem se alimentar em medias latitudes 

do Atlântico Sul Ocidental. A comparação entre os valores de δ13C e δ15N da baleia minke 

comum e daqueles de δ13C e δ15N encontrados em grids publicados na literatura para o talude 

continental do sul do Brasil (e.g. Bugoni et al. 2010, Troina 2020) e para águas próximas a 

Antártica (Seyboth et al. 2018) reforçam o fato de que esta população pode consumir recursos 

das duas localidades. As análises de isótopos estáveis revelaram ainda hábitos alimentares 

diversificados entre indivíduos da baleia minke comum, resultando no maior nicho isotópico 

para esta espécie quando comparada a outras da família Balaenopteridae no Atlântico Sul 

Ocidental. Embora a dieta generalista tenha sido observada anteriormente para a baleia 

minke anã em outras localidades do mundo (e.g. Mitani et al. 2006), este fato foi confirmado 

para o Brasil pela primeira vez corroborando a plasticidade ecológica da espécie. Estes 

resultados podem ser relevantes para conservação, pois a plasticidade ecológica pode ser uma 

característica importante em casos de variação ambiental e de recursos. Resultados de 

análises de isótopos estáveis em outros estudos corroboram estas características também 

para a baleia jubarte (e.g. Fleming et al. 2016, Seyboth et al. 2018), e embora nosso número 

amostral para a espécie seja pequeno, se constatou a variação do nível trófico das presas 

consumidas.  

Além dos resultados da análise de isótopos estáveis obtidos para a baleia minke 

comum, a da abordagem comparativa utilizando amostras de diferentes espécies da família 

Balaenopteridae mostrou que nem todas espécies apresentam sobreposição em termos de 

nicho isotópico. A baleia de Bryde e a baleia minke comum, ambas amplamente distribuídas 

na área na área de estudo (e.g. Zerbini et al. 1997), apresentaram sobreposição de nicho 

isotópico. No entanto, mesmo com a sobreposição entre as duas, a baleia minke anã possui 

um nicho isotópico maior e a baleia de Bryde ocupa um nicho trófico mais elevado. De toda a 

forma, a análise de Mínimo Polígono Convexo utilizando 50% das observações foi capaz de 
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separar as duas espécies, mostrando certa diferença entre os itens consumidos.  Estas 

informações possuem clara relevância ecológica e podem ajudar caracterizar esta unidade de 

manejo (MU) da baleia minke comum no hemisfério sul, servindo para uma possível 

comparação com indivíduos da população do Pacífico Sul Ocidental, caso sejam fornecidos 

para comparação.  Por fim, as análises dos de δ13C e δ15N demonstraram o “agrupamento” 

dos espécimes não identificados de acordo com uma dieta mais generalista ou baseada em 

krill, demonstrando que embora as análises em si não sirvam para a identificação, podem 

indicar as possíveis espécies a partir dos hábitos alimentares.  

A revisão dos encalhes ocorridos desde 1860 na costa leste da América do Sul permitiu 

a verificação da maioria dos encalhes no Brasil, com maior número de espécies registrado 

entre 20°S e 35°S, do sudeste do Brasil ao Norte da Argentina. Este conhecimento, aliado aos 

indícios de uma área de concentração de indivíduos juvenis e neonatos da baleia minke anã 

maior do que aquela previamente sugerida por Baldas e Castello (1986) pode auxiliar na 

tomada de decisões para conservação. 

Ainda, análises moleculares dos indivíduos coletados no sul do Brasil confirmaram a 

identificação de um indivíduo da baleia minke Antártica (B. bonaerensis) e a identificaram um 

neonato da mesma espécie. Isto confirma a ocorrência de seis das sete espécies do gênero no 

Estado do Rio Grande do Sul, com exceção da baleia de Omurai (B. omurai), que possui a 

maioria dos registros próximos aos trópicos (Cerchio et. al 2019), e apenas um encalhe na 

região nordeste do Brasil.  Os monitoramentos sistemáticos no sul do Brasil reforçaram a 

variação sazonal na composição das espécies do gênero Balaenoptera, conforme apontado 

anteriormente por cruzeiros aplicados a observação de cetáceos próximas ao talude do sul e 

sudeste do Brasil (Di Tullio et al. 2016).  Assim, a baleia de Bryde teve mais registros na região 

sul durante as estações quentes (e.g. verão e outono) e a baleia minke anã durante as estações 

mais frias (inverno e primavera).  

Embora novos estudos de uso de habitat e estudos de abundância sejam necessários 

para o gênero Balaenoptera, resultados combinados dos cruzeiros, analise de encalhes 

históricos e atuais reforçam a ideia de a região sul do Brasil pode ser uma das áreas com 

importância para algumas destas espécies (Baldas and Castelo 1986, Zerbini 1997, Di Tullio et 

al. 2016). Em escala mais ampla, os resultados de análises moleculares reforçam a 

estruturação genética da baleia minke comum e da baleia de Bryde no Atlântico Sul Ocidental 

em relação a outras populações das respectivas espécies no mundo. Estas evidências de que 
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as duas espécies são estoques distintos podem ser levadas em consideração para ações de 

conservação em escala global.  
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