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ABSTRACT

The Omura’s whale (Balaenoptera omurai), previously referred to as a small form of
Bryde’s whale, was described in 2003 as a distinct baleen whale species of the family
Balaenopteridae. Omura’s whales are currently confirmed to occur in three of the
world’s oceans; the western Pacific, Indian, and northeastern Atlantic. Here we
report the genetic identification and a morphological description of a 4.16 m female
calf of an Omura’s whale found stranded in Pecém beach (03°32'11.6"S,
38°47'51.8"W), northeastern Brazil, in 2010. The three mitochondrial DNA mark-
ers (control region, cytochrome 4, and cytochrome ¢ oxidase subunit 1) unequivocally
identified the specimen as a B. omurai, providing the first report of this species in the
South Atlantic Ocean. The morphological identification of the specimen was limited
due to the absence of the skull and loss of color pattern, but the proportions of the
body were not consistent with the other balenopterid species and a single rostrum
ridge distinguished it from Bryde’s whales. This, together with the record of another
juvenile in Mauritania, suggests the existence of an autochthonous Atlantic popula-
tion of Omura’s whales and indicates a necessity of reassessment of specimens indi-
cated as Bryde’s whale in the region.

Key words: Omura’s whale, genetic identification, morphological description, dis-
tribution, South Atlantic Ocean.

Knowledge of the taxonomy, population structure, and distribution of whale spe-
cies is of high importance for management and recovery, especially for the taxonomic
groups subject to hunting under scientific permit from the International Whaling
Commission or those overexploited by commercial whaling (Clapham ¢# «/. 2008).
Rare or cryptic species are difficult to identify because they often show scarcity of data
on biology and distribution, also hampering conservation efforts (Vine ez /. 2009).
The Omura’s whale (Balaenoptera omurai) is the most recent baleen whale species
described, having previously been mistaken for and classified as a small form of
Bryde’s whale (B. edeni) (Wada et /. 2003, Sasaki et «/. 2006). This erroneous
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classification raises the question of whether this species is truly rare or primarily diffi-
cult to identify (cryptic).

The description of Omura’s whale was initially based on the analysis of mitochon-
drial DNA (mtDNA) control region sequences and on the morphological differences
of specimens collected near the Solomon Islands in the southwestern Pacific Ocean
(six specimens collected in 1976), off the Cocos Islands in the eastern Indian Ocean
(two specimens collected in 1978), and a stranded whale found in the Tsunoshima
Island, in the Sea of Japan, in 1998 (Wada ez #/. 2003). Later, the species’ status was
confirmed based on the molecular analysis of complete mtDNA sequences and short
interspersed repetitive elements (Sasaki e /. 2006). This study indicated that
Omura’s whale represents an ancient independent lineage that diverged earlier
(around 17 million years ago) within the Balaenopteridae, and thus the species was
included in the Society for Marine Mammalogy’s official list of marine mammal spe-
cies (Committee on Taxonomy 2014).

In addition to the first reports of the species, studies based on skull morphology
further reported specimens of the Omura’s whale in Taiwan (seven specimens),
Philippines (24 specimens), Thailand (three specimens) in the Andaman Sea (Yamada
et al. 20064, 2008), Malaysia (one specimen) (Ponnampalam 2012), and South Aus-
tralia (Yamada ez /. 20065). Records of live whales (photographic evidence) have
been reported for Thailand (Yamada 2009, Adulyanukosol ¢z /. 2012) and New
Caledonia (Garrigue and Poupon 2013). While this manuscript was in review, a
potentially resident population was discovered off northwest Madagascar, and a
genetically identified neonate was found stranded on the Mauritania coast, in west
Africa, in 2013, extending the Omura’s whale distribution to the southwestern
Indian Ocean and the North Atlantic Ocean (Fig. 1) (Cerchio et a/. 2015, Jung et al.
2016).

The Omura’s whale is listed as "data deficient” on the International Union for Con-
servation of Nature (IUCN) Red List (Reilly ¢z #/. 2008). However, since whaling
records have not distinguished Omura’s from Bryde’s whales, the latter of which was
a targeted species of commercial whaling (Kanda e #/. 2007), and the previously
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Figure 1. Map showing the known published (black circles) Omura’s whale records and the
new (red circle) record of an Omura’s whale in the central coast of the Ceara State, northeastern
Brazil.
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known distribution of the Omura’s whale was limited to the western Pacific Ocean
and the eastern Indian Ocean, it is likely that an unknown number of Omura’s whales
have been hunted. Therefore, it is important to identify correctly this species and its
actual distribution to avoid overexploitation and loss of undetected conservation
units.

Here we report the molecular identification (mtDNA sequence) and morphological
description of an Omura’s whale found in 2010 stranded in Pecém beach, northeast-
ern Brazil, South Atlantic Ocean, and discuss the consequences of the recent findings
on the geographic distribution and abundance of the species.

METHODS
Specimen Record and Sample Collection

Since 1992, beach surveys have been conducted along the 573 km of Ceard State
coastline by Aquasis (Associagao de Pesquisa e Preservagao de Ecossistemas Aquati-
cos), a nongovernmental organization that is part of the Brazilian Aquatic Mammals
Network (Meirelles et «/. 2009, 2010). On 10 September 2010, a carcass of an
unidentified baleen whale species was found in the breakwater of the Pecém Harbour
(03°32'11.6"S, 38°47'51.8"W), Sao Gongalo do Amarante municipality, situated in
the central coast of the Ceara State, northeastern Brazil (Fig. 1). The carcass (Fig. 2A)
was in advanced decomposition (Code 4, Geraci and Lounsbury 2005) and most of
the animal’s skin was absent, precluding the discrimination of the color pattern. Dur-
ing carcass examination, it was verified that most of the skull was lost, and only the
two premaxilla and the right mandible were recovered and deposited in Aquasis’s col-
lection (#02C0172/421). Body measurements were taken with a tape measure in a
straight line from point to point according to Geraci and Lounsbury (2005). Girth
measurements were not made due to postmortem meteorism, including rectal and
umbilicus prolapse. A tissue sample from the epaxial muscle of the caudal peduncle
was collected and preserved in 90% ethanol for molecular analysis. External measure-
ments of the head were taken in a straight line with a tape-measure or a 50 cm caliper
according to Omura (1975) for minke whales, detailed in Nakamura and Kato
(2014).

DNA Extraction and mtDNA Sequencing

The DNA extraction and PCR reactions were performed at the Laboratory for
Genomic and Molecular Biology of Pontifical Catholic University of Rio Grande
do Sul (PUCRS), in Brazil. No sample or DNA of Bryde’s or Omura’s whale was
present in the laboratory previously. Genomic DNA was extracted using a
DNeasy blood and tissue kit (Qiagen) according to the manufacturer’s protocol,
and quantified using a Low DNA Mass Ladder (Invitrogen). Two independent
DNA extractions wete performed to verify the initial result and total DNA con-
centrations averaged 50 ng/pL. Negative (no DNA) controls were included in all
PCR reactions. DNA of a humpback whale sample was used as positive control in
all PCR reactions and sequencing.

A fragment of approximately 550 bp of the mtDNA control region was amplified
(primers Dlp-1.5 and Dlp-5, Baker ¢z /. 1993) by PCR with 50 ng of DNA and the
conditions described in Engel ¢t #/. (2008). PCR product was purified with shrimp
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Figure 2. Morphology of the whale stranded in Ceara State, northeastern Brazil. (A) Gen-
eral view of the carcass; (B) Small and slightly falcate dorsal fin; (C) Non-U shape rostrum with
a central prominent ridge (black arrow); (D) Ventral view of the carcass, showing the grooves
extending to the umbilicus and slightly beyond (white arrow).

alkaline phosphatase and exonuclease I (New England Biolabs) following the manu-
facture’s recommended protocol. Sequencing was performed with the DYEnamic ET
Dye Terminator Sequencing kit (GE Healthcare), cleaned through precipitation
using 7.5 M ammonium acetate, and sequenced in both directions on a MegaBACE
1000 system (GE Healthcare) at PUCRS, Brazil.

A 658 bp fragment of the mtDNA cytochrome ¢ oxidase subunit 1 (cox1) was
amplified (primers LCO1490 and HCO2198, Folmer er 2/. 1994) as described in
Hebert e a/. (2003). Part of the mtDNA cytochrome b (cytb) (~450 bp) gene was
amplified (primers GLUDG-L and CB2-H, Palumbi 1996) in reactions containing
3.5 mM MgCl,, 0.2 mM dNTPs, 0.2 UM of each primer, 1 U of Platinum Taq DNA
Polymerase (Invitrogen), 1 X PCR buffer (Invitrogen), and 50 ng of DNA ina 20 pL
reaction volume. The PCR profile consisted of an initial denaturation at 94°C for 1.5
min, 40 cycles of denaturation at 94°C for 30 s, annealing at 56°C for 45 s, and
extension at 72°C for 70 s, and concluded with a final extension at 72°C for 10 min.
PCR products were purified as above. Sequencing reactions were performed using a
BigDye Dye Terminator Chemistry v3.1 (Applied Biosystems) cycle sequencing kit,
cleaned using CleanSEQ (Agencourt) and sequenced in both directions on an ABI
3730XL (Applied Biosystems) by Macrogen Inc. (Seoul, South Korea). SEQUEN-
CER 5.0 (Gene Codes Corporation) was used to check the electropherograms for all
three genes, and to create and edit consensus sequences for forward and reverse reads.
The PCR products from the two DNA extracts generated the same sequences for the
mtDNA control region.
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Genetic Species Identification

For species identification, sequence similarity searches were done for all three
regions using blastn with BLAST (Johnson ez #/. 2008) searches in GenBank. Control
region and ¢ysb sequences were also submitted to the Web-based DNA Surveillance
system (Ross ez /. 2003) using the Witness for the Whale Vs4.3 reference database.
DNA Surveillance establishes species identity using a phylogenetic reconstruction
based on the alignment of the query sequence with references representing all recog-
nized species of cetaceans. A neighbor-joining (NJ) tree is created using the F84
model of evolution with transition/transversion ratio of 2 (Felsenstein 1984), 1,000
bootstrap replicates and rooted using the sperm whale (Physeter macrocephalus) as out-
group for the mysticetes. Cox! sequence was also submitted to the Barcode of Life
Data (BOLD) (Ratnasingham and Hebert 2007) specimen identification system,
where the query sequence is aligned to their global database of cox! sequences, pro-
viding the best match and a NJ tree (Kimura 2 parameter model of evolution) show-
ing the relationship of the queried specimen to its 100 nearest neighbors.

For phylogenetic analyses, we selected GenBank sequences (accession numbers are
presented in Table S1) of the three mitochondrial regions from Bryde’s (B. e. edeni
and B. e. brydei) and Omura’s whales (B. omurai) from previous studies (Yang er /.
2002; Wada et a/. 2003; Sasaki er a/. 2005, 2006; Jayasankar et /. 2009; Luksen-
burg ez al. 2015; Jung et al. 2016). We also included sequences from the new Bryde’s
complex clade from the northern Gulf of Mexico (B. e. GOMx) (Rosel and Wilcox
2014) and the sei whale (B. borealis) since this species is also considered a member of
this complex (Sasaki ez /. 2006). Following Kershaw ez «/. (2013), fin whale (B. phy-
salus) sequences were selected to root the phylogenetic analyses (obtained from Arna-
son er al. 1991 for control region and Archer ¢t «/. 2013 for cyth and coxI). The
sequences were aligned using MUSCLE (Edgar 2004) under default parameters as
implemented in MEGA 6.0 (Tamura ¢z «/. 2013).

Bayesian phylogenetic trees were estimated with the control region and cyzb+cox1
alignments with the program BEAST v.1.8 (Drummond and Rambaut 2007) using
the HKY substitution model with a discrete gamma distribution with four rate cate-
gories, a strict molecular clock and the Yule model as tree prior. Ten thousand trees
were saved in each analysis, with a chain length of 20,000,000 for the control region
and 10,000,000 for the cytb+cox] analyses, and convergence and mixing were
inspected in Tracer v.1.5 (Rambaut and Drummond 2007). Trees were summarized
in the form of a maximum clade credibility tree (the first 10% being discarded as
burn-in) and their 95% highest posterior densities (HPD) estimated using
TreeAnnotator from the BEAST package, and the final trees were visualized and edi-
ted using FigTree v.1.4.2 (Rambaut 2009).

Phylogenetic analyses with the maximum likelihood (ML) approach were also per-
formed in PhyML (Guindon er /. 2010) using the General Time Reversible model
with a gamma distribution with six rate categories plus invariable sites (GTR+G6+I)
and the Tamura-Nei model (T93+G6) for the control region and the cyzb+coxIanaly-
ses, respectively. These were estimated as the best models by Smart Model Selection
(http://www.atgc-montpellier.fr/phyml-sms/). The nearest-neighbor interchange was
used as the heuristic method and branch support was evaluated using 1,000 bootstrap
replicates.

Molecular diversity parameters such as the number of haplotypes and polymorphic
sites were estimated for the three mtDNA regions in all B. omurai sequences available
in GenBank using DnaSP v.5.10.1 (Librado and Rozas 2009). Additionally, we
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applied a characteristic attributes (CA) diagnosis (Sarkar ez /. 2002, Lowenstein ez /.
2009) to control region sequences of B. e. edeni, B. e. brydei, B. e. GOMx, B. omurai,
and the Brazilian specimen, as described in previous studies (Kershaw ez #/. 2013,
Rosel and Wilcox 2014). First, we compared the sequence of the Brazilian specimen
to the 25 diagnostic sites for the four taxa as described in Table 3 from Rosel and
Wilcox (2014) for a 305 bp alignment. Second, we identified the variable sites that
were unique to each species to a longer sequence length (433 bp), corresponding to
the nucleotide positions 15505—15934 in the mtDNA genome of B. e. brydei (ACCN:
AB201259).

REsuLTS
Molecular Identification

DNA was successfully extracted, amplified and sequenced for the three mitochon-
drial regions from the Brazilian whale specimen and no amplification was found in
the negative (no DNA) controls. We obtained consensus sequences of 428 bp for the
partial control region (GenBank accession number KX254408), 444 bp for the par-
tial ¢yzb (GenBank accession number KX254409) and 655 bp for the partial cox!
(GenBank accession number KX254410), totaling 1,527 bp and representing about
10% of the mitochondrial genome.

The BLAST searches with each of the three regions showed 99%—100% sequence
identity with B. omurai sequences (Table 1). The DNA Surveillance analyses showed
high bootstrap support (100%) grouping the Brazilian sequences with the reference
sequences of B. omurai for both the control region (Fig. Sla) and the ¢y#b (Fig. S1b).
Also, the coxI query sequence submitted to the BOLD Systems matched to B. omurai
(100% of sequence similarity, Fig. S2).

The alignments for the phylogenetic analyses, including inferred gaps, were 433
bp for control region, 444 bp for cyzb and 655 bp for cox1. The Bayesian and ML phy-
logenetic trees (Fig. 3) showed the same basic branching topology, for both the con-
trol region and the ¢ytb and cox] sequences concatenated, clustering with high
support (100% bootstrap) the Brazilian whale specimen and all previously published
reference sequences of B. omurai (Table S1). The B. omurai clade formed a sister group
to the B. e. brydei, B. borealis, B. e. edeni and B. e. GOMx clade, reciprocally mono-
phyletic groups previously recognized (Wada er «/. 2003, Sasaki ez /. 2006, Rosel
and Wilcox 2014). As BLAST searches with the GenBank database, DNA Surveil-
lance analysis, BOLD Systems identification and phylogenetic trees all generated the
same result, we are confident that this Brazilian whale specimen represents the first
record of Omura’s whale in the South Atlantic Ocean.

The control region alignment (428 bp) from seven Omura’s whale samples avail-
able so far (including the Brazilian specimen) presented three variable sites that define
three haplotypes. The Brazilian sequence matched a haplotype found in four speci-
mens (two in Japan [AB201256 and AB2012571, one in China [AF398372} and one
in Mauritania {KM2338371), but differed from the two other haplotypes by one
(specimen from Cocos Islands [AB1160971) and two (specimen from Solomon Islands
[AB116096}) variable sites, respectively. The alignment was trimmed to a shorter
length (385 bp) to include the 20 Madagascar samples represented by a single haplo-
type (Cerchio ez @/. 2015) and here the Brazilian sequence collapsed into this haplo-
type. Finally, to include the shorter sequence of another specimen from Solomon
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Table 1. Results from GenBank BLAST searches of the three mitochondrial sequences
obtained from the stranded Brazilian specimen. Closest matches showed 99%—-100% sequence
identity with B. omurai (except two control region sequences misidentified on GenBank as
B. e. edeni, AF146389 and AF398372, submitted in 1999 and 2001 (before the B. omurai
description), respectively).

Region Closest matches Identity in bp
(length in bp) Species  GenBank reference (percentages) References
Control region  B. omurai  (KM233838, 428/428 (100%)  Jung et al. 2016,
(428) KT582064) Cerchio et a/l. 2015
(AB201256, 428/428 (100%)  Sasaki et /. 2006
AB201257,
AB116095)
(AB116096, 427/428 (99%) Wada er a/. 2003
AB116097)
(B. edeni) AF398372 428/428 (100%)  Yang et al. 2002
AF146389 334/335 (99%) Yoshida and Kato
1999
cyrh (440) B. omurai  (AB201257, 440/440 (100%)  Sasaki et a/. 20006,
EF103940) Ma et al. 2007
(KM233837) 440/440 (100%)  Jung et al. 2016
(AB201256) 439/440 (99%) Sasaki et /. 2006
cox1 (655) B. omurai  (KM233839, 655/655 (100%)  Jung et al. 2016,
AB201256) Sasaki et 2l. 2006
(AB201257) 654/655 (99%) Sasaki et al. 2006

Islands (ACCN: AF146389, Yoshida and Kato 1999), the alignment was trimmed to
335 bp. This sequence defined a new haplotype that differed by one site from the
most common haplotype, totaling four haplotypes defined by four variable sites in 28
samples. For the cyrb alignment (444 bp) from four samples, three haplotypes were
found so far, defined by three variable sites, the Brazilian being a singleton with two
differences from the others. For the cox! alignment (655 bp) from four Omura’s whale
samples, two haplotypes were defined by one variable site. The Brazilian sequence
matched a haplotype found in two specimens (one in Japan {AB201256}, and one in
Mauritania [KM233839}) and differed (by the only variable site) from the other hap-
lotype found in one specimen from Japan (AB201257).

For the 305 bp alignment of the control region, the sequence of the Brazilian spec-
imen presented all 13 diagnostic characters proposed for B. omurai (Table 2). We also
found 24 of the 25 diagnostic sites described by Rosel and Wilcox (2014) for the four
taxa. However, in the nucleotide position 15682 a haplotype of B. e. brydei (ACCN:
JX090150, Kershaw ez /. 2013) has a C instead of T (considered diagnostic site for
B. e. brydei). In addition, we found five more diagnostic sites (positions 15573, 15605
and 15621 for B. omurai; 15816 and 15818 for B. e. GOMx), totaling 29 diagnostic
characters for the four taxa and 16 for B. omurai over 305 bp. For a longer alignment
(433 bp) we found 32 diagnostic characters for the four taxa and 17 for B. omurai (see
Table 2).

Morphological Description

The animal was an immature female (4.16 m) with a thin body and the caudal
peduncle laterally flattened (Fig. 2A). The dorsal fin was small and slightly falcate,
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Figure 3. Bayesian phylogenetic trees of the Brazilian specimen and representative Balae-
noptera species. Numbers in the nodes refer to ML bootstrap support and Bayesian posterior
probabilities values, respectively. (a) Phylogeny based on control region sequences. (b) Phy-
logeny based on the concatenated cyrbtcox1 sequences. The taxonomic groups are indicated by
colored branches. GenBank species names and accession numbers are given as branch tip labels
(see Tables Sla and S1b for the reference sequences used in the analysis).

located in the posterior third of the body (Fig. 2B). A single, well-developed central
ridge was observed in the rostrum (Fig. 2C). From above, lateral margins of the ros-
trum were slightly convex, giving it a non-U shape (Fig. 2C). The pectoral fins were
small, about 10% of body size. Sixty-five ventral grooves were identified in the
postaxillary region and only a few extended beyond the umbilicus (Fig. 2D). The
morphometric measures are presented in Table 3. Because most of the skull was
absent, the body total length and consequently the body proportions may be inaccu-
rate within a few centimeters. Exterior borders of the maxilla were convex, and the
ascending process of the maxilla widened slightly toward the posterior end, which
was rounded in the right maxilla and was broken in the left. The angle of the mand-
ible projected posteriorly, with the angular portion ending after the posterior edge of
the condyle (articular portion). The osteological measures are also presented in the
Table 3. The skin color pattern and the skull were not available.

The morphometric characters of the specimen studied here were compared with
those of other Balaenopteridae (Table S2). The small body size excluded blue whale
(Balaenoptera musculus) and fin whale (B. physalus), since newborn of these species are
bigger than 6 m at birth (Demére 2014). The presence of a single central ridge in the
rostrum excluded B. e. edeni and B. e. brydei, the only rorquals that possess a ridge
complemented by laterally auxiliary ridges. The rostrum format also excluded minke
whale species (B. acutorostrata and B. bonaerensis) that have a sharply pointed rostrum.
These species also have ventral grooves that terminate anterior to the umbilicus, as
does the sei whale (B. borealis) (Demére 2014). At the time of the stranding the num-
ber of ventral grooves and the shape of dorsal fin did not match the description avail-
able for Omura’s whale (Wada ez /. 2003), but with the new data (Cerchio et /.
2015, Jung et al. 2016) these characteristics are now within the species’ range. The
mandible shape was also different from the characters described for blue and sei
whales, in which the angular portion ends before the hind edge of the condyle (Miller
1924, Omura ez /. 1970); and for Bryde’s whales, in which the posterior extension of
the angular portion is at the same level or projects behind the condyle (Junge 1950,
Omura e @/. 1981). Summing up, through a process of elimination, the morphologi-
cal characteristics of the specimen are compatible with the Brazilian stranding being
an Omura’s whale.

DiscussioNn

Our results based on three mtDNA markers and morphology clearly indicate
that the whale specimen found stranded in the Ceara coast, northeastern Brazil,
was an Omura’s whale, providing the first report of the species in the South
Atlantic Ocean and the second in the Atlantic Ocean. The contamination by
exogenous sources could be ruled out since no sample from any Bryde’s or
Omura’s whale was previously stocked or manipulated in the genetics
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Table 3. Morphometric and osteological (based on Omura 1975) measures of the specimen
of Omura’s whale from Brazil. Skull was missing and consequently the measurements may be
inaccurate within a few centimeters.

Measurement (cm)

Morphometric parameter

Total length 416
Tip of maxilla to dorsal fin base 278
Tip of maxilla to pectoral fin base 135
Tip of maxilla to anus center 302
Caudal fin maximum width 83
Pectoral fin length from anterior insertion to end 48
Pectoral fin length from axilla to end 43
Pectoral fin maximum width 15
Dorsal fin base 26
Dorsal fin height 12
Number of the plates 65
Osteological parameter
Premaxilla length 56
Rostrum length 51
Rostrum breadth at the middle 19.5
Rostrum breadth at the antorbital notch 27.5
Mandible length along outer surface (curvilinearly) 73
Mandible length (straight) 84
Mandible breadth at 1/2 length of the mandible (curvilinearly) b)
Mandible height at 1/2 length of the mandible (curvilinearly) 6
Coronoid process height 12

laboratory at PUCRS. In addition, the hypothesis that the individual is a
hybrid with maternal Omura’s whale parent is very unlikely as argued by Jung
et al. (2016), but to test this it would be necessary to have information on
biparental markers on all the species of the group.

The recent description and the difficulty of identifying Omura’s whale in the
field result in a poorly defined distribution and, until recently, the species was
found with confidence only in the western Pacific Ocean and the eastern Indian
Ocean (see Fig. 1) (Wada et «/. 2003; Sasaki er 2/. 2006; Yamada er a/. 20064,
b, 2008, 2009; Adulyanukosol ez @/. 2012; Garrigue and Poupon 2013). How-
ever, when this manuscript was in review, publication of reports of a popula-
tion off northwest Madagascar (Cerchio er /. 2015) and a specimen stranded
on the Mauritania coast, in West Africa, in 2013 (Jung et «/. 2016) occurred,
extending the known range of the Omura’s whale to the southwestern Indian
Ocean and the northeastern Atlantic Ocean. Our finding is the first record of
this species in the South Atlantic, and the specimen found stranded on the
Mauritania is the first record in the North Atlantic, reinforcing the hypothesis
of the occurrence of Omura’s whale in the Atlantic Ocean. Bryde’s whales have
been regularly recorded along the Brazilian coast, mainly in southeastern and
southern regions during the austral summer and autumn (Zerbini er /. 1997,
Siciliano e /. 2004, Andriolo er «/. 2010, Sholl er «/. 2013, Gongalves et al.
2015, Lodi et al. 2015, Pastene et a/. 2015). The only genetic study of South
American Bryde’s whales identified whales from Peru, Chile, and Brazil as
B. brydei (Pastene et al. 2015). However, despite the genetic identification of
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eight samples from Brazil as B. brydei, it is possible that some previously
reported Bryde’s whales along the Brazilian coast may actually correspond to
unrecognized sightings of Omura’s whale.

With the new data presented recently and here, it may be possible to begin to
answer the question raised by Jung ¢z #/. (2016): Is there an autochthonous Omura’s
whale population in the Atlantic or are these vagrant individuals? Jung ez «/. (2016)
already presented arguments against the vagrant hypothesis, particularly because the
individual they found was a juvenile. The presence of a second juvenile, this time in
the South points to the Atlantic Ocean as an area of birth and/or reproduction (breed-
ing ground) for the Omura’s whale and argues for a revision of the global range of the
species.

With regard to the question we pose about the species being rare or cryptic, we
could say it is (or was) certainly a cryptic species, since until the results from Cerchio
et al. (2015) there has been no detailed information of its external appearance and the
species was most likely mistaken for the small form of Bryde’s whale, and therefore
not regularly identified in the field. The identification of a population off Madagascar
and another possible population (or populations) in the Atlantic suggest that
Omura’s whale may not be as rare as the previously known restricted range would
imply, although presently it is not possible to estimate its abundance with any accu-
racy. Cerchio et al.’s (2015) detailed description of the external appearance of the spe-
cies will be very useful for identification of future sightings, but it is very important
that whenever a conclusive morphological identification is not possible, all putative
Bryde's whale specimen (stranded, including previously obtained samples and
museumn material) should be identified by molecular data.

Although the data are yet insufficient for robust estimates, the Omura’s whale
seems to have low genetic diversity, with only four mtDNA control region haplo-
types and four variable sites found in 28 specimens studied so far in all three oceans.
This low genetic diversity is similar to that reported in populations of B. e. edeni in
the Indian Ocean and of B. e. GOMx in the Gulf of Mexico (Kershaw ez /. 2013,
Rosel and Wilcox 2014), which are also tropical and nonmigratory species (Rosel and
Wilcox 2014, Cerchio ez @/. 2015). On the other hand, there are shared haplotypes
between individuals from different oceans, such as between the Brazilian Omura’s
whale and specimens from Japan, China, and Mauritania. Scenarios that could explain
the Omura’s whale genetic structure include high gene flow among the populations
and/or that the populations were recently established from a small source population.
To distinguish between such hypotheses requires further information, including data
on biparental genetic markers.
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The following supporting information is available for this article online at http://
onlinelibrary.wiley.com/doi/10.1111/mms.12348/suppinfo.

Table S1a. Balaenopteridae sequences from GenBank used in phylogenetic analysis
for the control region (433 bp). Species names are listed as provided in GenBank.
AF398372 (red) is misidentified on GenBank as B. e. edeni since this sequence was
submitted by Yang ez /. (2002) before the B. omurai description.

Table S1b. Balaenopteridae cyrb (444 bp) and coxI (655 bp) sequences from GenBank
used in phylogenetic analysis. Species names are listed as provided in GenBank.

Table S2. External appearance of the whale stranded in Brazil compared with informa-
tion available on Balaenopteridae species. Gray cells indicate characters that are not
observed in the studied specimen.

Figure S1. DNA surveillance trees showing high bootstrap support (100%) grouping
Brazilian Omura’s whale with the reference sequences of Balaenoptera omurai (Bryde’s
[omurai} or {Solomon Islands}). (a) NJ tree based on control region query and refer-
ence sequences of all recognized mysticetes. (b) NJ tree based on cytochrome 4 query
and reference sequences of all recognized mysticetes. Bootstrap values based on 1,000
replicates.

Figure §2. BOLD Systems result with the NJ tree for coxI sequences showing 100%
of sequence similarity between Brazilian Omura’s whale (“unknown specimen”) and
the B. omurai reference sequences.



