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DNA sequence data from mitochondrial genomes and c. 1000 nuclear exons were analysed for a complete taxon
sampling of manta and devilrays (Mobulidae) to estimate a current molecular phylogeny for the family. The result-
ing inferences were combined with morphological information to adopt an integrated approach to resolving the
taxonomic arrangement of the family. The members of the genus Manta were found to consistently nest within the
Mobula species and consequently the genus Manta is placed into the synonymy of Mobula. Mobula eregoodootenkee,
M. japanica and M. rochebrunei were each found to be junior synonyms of M. kuhlii, M. mobular and M. hypostoma,
respectively. The mitochondrial and nuclear tree topologies were in agreement except for the placement of M. tara-
pacana which was basal to all other mobulids in the nuclear exon analysis, but as the sister group to the M. alfredi—
M. birostris—M. mobular clade in the mitochondrial genome analysis. Results from this study are used to a revise the
taxonomy for the family Mobulidae. A single genus is now recognized (where there were previously two) and eight
nominal species (where there were previously 11).
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INTRODUCTION ecological data for members of the Mobulidae revealed
large gaps for many parameters. In fact, the major-
ity of studies investigating the biology and ecology
of mobulid rays have focused on particular species in
specific locations, limiting our ability to make gener-
alizations at higher taxonomic levels. Very few broad
regional or global studies of mobulid ray biology and
ecology have been undertaken. Taxonomic research on
this group has been complicated by poor representation
of mobulids in biological collections because of their
large size. Notarbartolo di Sciara (1987) provided a
comprehensive revision of the genus Mobula, including

The manta and devilrays of the family Mobulidae consti-
tute some of the most charismatic species of rays. They
are large (up to 7 m disc width), planktivorous species,
occurring worldwide in tropical and temperate waters
(Last & Stevens, 2009). Despite the public attention
they receive, there is still uncertainty regarding their
taxonomy, phylogeny, life history and population struc-
ture. This was highlighted by Couturier et al. (2012),
whose comprehensive review of available biological and
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a description of a new species. That study represented
a major step forward in our understanding of mobu-
lid taxonomy. Marshall, Compagno & Bennett (2009)
revised the genus Manta, resurrecting a second spe-
cies, M. alfredi (Krefft, 1868), as well as acknowledging
a third putative species. Most recently, Notarbartolo
di Sciara et al. (2016) provided a redescription of the
poorly known Mobula kuhlii (Miller & Henle, 1841).

The Mobulidae currently comprises two genera,
Manta and Mobula. The genus Manta encompasses
two nominal species, the reef manta M. alfredi (Kreftt,
1868) and the giant manta M. birostris (Walbaum, 1792),
and possibly a third species (M. sp. cf. birostris sensu
Marshall et al., 2009). There are nine currently recog-
nized species in the genus Mobula: the pygmy devilray
M. eregoodootenkee (Bleeker, 1959), the Atlantic devilray
M. hypostoma (Bancroft, 1831), the spinetail devilray
M. japanica (Miiller & Henle, 1841), the shortfin devilray
M. kuhlii, the giant devilray M. mobular (Bonnaterre,
1788), Munk’s devilray M. munkiana Notarbartolo di
Sciara, 1987, the lesser Guinean devilray M. rochebru-
nei (Vaillant, 1879), the Chilean devilray M. tarapacana
(Philippi, 1892), and the bentfin devilray M. thurstoni
(Lloyd, 1908). Previous studies of mobulid phylogeny,
based on both morphological (Adnet et al., 2012; Paig-
Tran et al., 2013) and molecular data (Aschliman, 2011,
2014; Naylor et al., 2012b; Poortvliet et al., 2015) indi-
cate that the family is a monophyletic lineage compris-
ing three clades. One clade includes the larger mobulid
species Manta spp., M. tarapacana, M. mobular and
M. japanica. The remaining two clades comprise
the smaller species M. kuhlii—-M. eregoodootenkee—
M. thurstoni and M. munkiana—M. rochebrunei—
M. hypostoma.

Despite this progress in characterizing mobulid
diversity, mobulid taxonomy overall remains largely
unresolved due to a very complicated nomenclatural
history and the fact that phylogenetic inferences have
been limited by gaps in taxonomic and/or genomic
sampling. Notable long-standing uncertainties regard-
ing mobulid taxonomy include the validity of the
genus Manta (Herman et al., 2000; Adnet et al., 2012;
Paig-Tran et al., 2013; Naylor et al., 2012b; Aschliman,
2014; Poortvliet et al., 2015), as well as distinguish-
ing species boundaries from intraspecific geographi-
cal variants within multiple lineages of Mobula.
Specifically, gross morphological and/or genetic
similarities have been noted between species pairs
M. kuhlii/M. eregoodootenkee, M. hypostomal/M. roche-
brunei and M. mobular/M. japanica that suggest
they may possibly be conspecifics (Notarbartolo di
Sciara, 1987; Paig-Tran et al., 2013; Poortvliet et al.,
2015; Henderson et al., 2016). Phylogenetic inferences
based on morphology have either been more concerned
with the phylogenetic placement of mobulids within
Myliobatiformes rather than the relationships among

mobulids, or have focused on the evolution of particu-
lar structures. Making taxonomic decisions based on
these works has thus largely been limited by incom-
plete taxon sampling.

Molecular phylogenetic inferences have considered a
more complete taxon sampling and provided interesting
insights regarding the evolutionary history of Mobulidae.
However, these have been exclusively based on the mito-
chondrial genome (Aschliman, 2011; Naylor et al., 2012b;
Poortvliet et al., 2015). Two recent estimates of mobulid
phylogeny were based on data collected from both the
mitochondrial and nuclear genomes; however, only a
small number of nuclear markers were assessed and the
data lacked resolution (Aschliman, 2014; Poortvliet et al.,
2015). This is problematic, especially for the purposes of
distinguishing species boundaries and making taxonomic
decisions among closely related lineages. Coalescent
variation and the potential for gene tree—species tree
discordance (Maddison, 1997) are now well-documented
and estimating phylogenies based on a small number
of molecular markers is now considered insufficient for
these purposes. Moreover, many factors and processes
can lead to differential phylogenetic signal between the
mitochondrial and nuclear genomes. These include lin-
eage sorting, demographic asymmetries, selection and
hybridization. Although taxonomic uncertainties have
been discussed, all authors have favoured taxonomic sta-
bility for the group in light of their various limitations.

There is considerable concern regarding the con-
servation status of mobulid rays globally, evidenced
by the inclusion of Manta spp. in Appendix II of the
Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES) in 2013
(CoP16). It is argued that Mobula spp. are subject to
much higher levels of exploitation than Manta spp. in
some regions (e.g. Indonesia; White et al., 2006) and
these too were listed on CITES Appendix IT in 2016
(CoP17). Further research that can inform the conser-
vation management of these species is thus urgently
required. Taxonomy is recognized as the founda-
tion that underpins our knowledge of biodiversity
(Simpfendorfer et al., 2011). From a conservation man-
agement perspective, it is crucially important to accu-
rately recognize the biodiversity within vulnerable
groups, such as the mobulids, so that conservation pri-
orities may be identified and management strategies
devised that are both efficient and effective. The most
robust approach to identifying taxonomic boundaries
is to assess multiple data types from a large number
of comparative samples. However, when considering
rare and endangered animals, this becomes imprac-
tical and employing the precautionary principle may
mean making taxonomic decisions based on the best
available information. In this paper, we address some
of the limitations of previous studies to provide an
accurate taxonomic accounting of all nominal species
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of mobulids and an estimate of their phylogenetic
relationships. Phylogenetic analyses of DNA sequence
data obtained using a targeted gene capture approach
were carried out. The dataset comprised the protein
coding components of the whole mitochondrial genome
sequences and aligned sequences derived from more
than 1000 putatively single-copy nuclear exons for
all extant members of the family Mobulidae. This
approach is an improvement over previous studies
because the inference is based on a large number of
loci from both the mitochondrial and nuclear genomes,
reducing the probability of error associated with dif-
ferences in the coalescent history among individual
genes. Moreover, the particular gene capture approach
used minimizes paralogous gene comparisons within
the dataset a priori. Any discordance between our
molecular phylogenetic inference and the previously
recognized taxonomy of this group was resolved by
undertaking a detailed examination of morphologi-
cal data and the nomenclatural history for the taxa
involved. We present a revised taxonomy for this iconic
group of rays based on our results.

MATERIAL AND METHODS

TAXON SAMPLING

Specimens examined are listed in the Material
Examined section. Museum acronyms follow Fricke &
Eschmeyer (2015).

Muscle tissue samples were collected for DNA anal-
ysis from a complete taxon sampling of the mobulid
rays (11 described species; tissue accessions are listed
in Material Examined section), and from three out-
group species (Rhinoptera bonasus, tissue accession
GNb5465; Myliobatis aquila, tissue accession GN7203;
Aetobatus narinari, tissue accession GN5677). Tissue
was stored in 95% ethanol or 20% salt-saturated
DMSO prior to DNA extraction using the E.Z.N.A.
Tissue DNA Kit (Omega Bio-Tek, Inc., Norcross, GA,
USA), following the manufacturer’s instructions.
A single set of universal primers was used to amplify
the mitochondrial DNA NADH?2 fragment by poly-
merase chain reaction (PCR) for all samples prior to
purification and Sanger sequencing, as described in
Naylor et al. (2012a). This fragment is particularly
useful for distinguishing elasmobranch species and
was used primarily to ensure that no labelling errors
had occurred in the field by confirming the nominal
species identification of each specimen, prior to further
analysis. This was achieved by comparing the obtained
sequences against a reference database curated within
our laboratory that contains ~12000 elasmobranch
NADH?2 sequences, including many vouchered speci-
mens (Naylor et al., 2012b). The only available tissue
sample of Mobula rochebrunei originated from the

dry holotype specimen (see Material Examined) and
failed to yield any results. This species is thus not rep-
resented in our nuclear DNA analyses. However, the
complete mitochondrial genome sequence, derived
from this same holotype specimen, was available via
Genbank (Accession number KM364992.1; Poortvliet
et al., 2015) and was included in our analyses of mito-
chondrial DNA data (details below).

DATA GENERATION: LIBRARY PREPARATION,
DNA HYBRIDIZATION CAPTURE
AND NEXT-GENERATION SEQUENCING

Genomic DNA was quantified using a Qubit 2.0
Fluorometer (Life Technologies Corporation, California,
USA). Based on an assessment of DNA quality, a single
representative of each species/lineage (nominal ID con-
firmed via NADH?2 sequence) was chosen and subjected
to targeted DNA hybridization capture for the pur-
poses of collecting complete mitochondrial genome and
nuclear exon sequences. Genomic DNA (0.5-3 ug per
sample) was sheared to ¢. 500 bp using acoustic ultra-
sonication on a Covaris M220 Focused-ultrasonicator
(Covaris, Inc., Massachusetts, USA) to form a target
library for each specimen. Illumina sequencing librar-
ies (Meyer & Kircher, 2010) were then prepared using
the ‘with-bead’ method (Fisher et al., 2011), following Li
et al. (2013). Two custom biotinylated RNA bait libraries
(MYbaits MYcroarray, Ann Arbor, MI, USA) were used
in two separate DNA hybridization experiments per
sample. The first bait library targeted the entire mito-
chondrial genome and included bait sequences derived
from 83 batoid species. The second bait library included
sequences derived from five batoid species and targeted
1088 slow-evolving, nuclear exons that were identified
previously to be putatively single-copy orthologs across
six available model vertebrate genomes (Homo, Anolis,
Callorhinchus, Danio, Gallus and Xenopus; Liet al. 2013
for details). Both the mitochondrial and nuclear bait
sequences spanned the taxonomic diversity of batoids to
allow capture experiments to be performed across diver-
gent target species using a single set of baits for each
marker type. Cross-species DNA hybridization capture
followed the relaxed hybridization method described by
Li et al. (2013). The enriched individual sample librar-
ies were pooled in equimolar ratios and pooled libraries
were diluted to 12—-15 pM for paired-end 250-300 bp
sequencing on an Illumina MiSeq benchtop sequencer
(INlumina, Inc., San Diego, CA).

SEQUENCE READ MAPPING, CONTIG
ASSEMBLY AND ORTHOLOGY TESTING

Sequence reads associated with each sample were
identified and sorted by their respective indices
Li et al. (2013). Adapters and low-quality reads were
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removed using cutadapt and FastQC available in the
wrapper script Trim Galore! v0.3.1 (Krueger, 2012).

Trimmed mitochondrial sequence reads were
imported into Geneious Pro v7.1.9 (Biomatters Ltd,
Auckland, New Zealand. Available at http://www.
geneious.com) and unique reads were retained and
mapped to the reference sequence of a closely related
species (either sequenced by us or downloaded from
GenBank).

The amino acid sequences of the 1088 putatively
single-copy nuclear exons were aligned across the six
model vertebrates using the —auto option to MAFFT v7.
023 (Katoh & Standley, 2013). Poorly aligned sequences
were removed using trimAl v1.2rev59 (Capella-
Gutierrez, Silla-Martinez & Gabaldoén, 2009). The
orthologous group alignments were used to build pro-
file-hidden Markov models (pHMMs; Eddy, 1998) using
HMMER (Eddy, 2011) that would serve as a reference
database for assigning target sequences to orthologous
groups. A BLAST (Altschul et al., 1997) database was
constructed from the sequences of Callorhinchus, which
we used as our reference taxon (a chondrichthyan fish
and therefore the most suitable reference taxon of the
available model vertebrates, Venkatesh et al., 2005).
De novo assembly of trimmed sequence reads result-
ing from the enriched target libraries was performed
with ABySS v1.3.6 (Birol et al., 2009) using multiple
k-mer values (£ = 51 to £ = 251, in increments of 10).
Assembled contigs were filtered, extended and merged
using Trans-ABySS v.1.4.4 (Robertson et al., 2010).
HaMStR v13.2.3 (Ebersberger, Strauss & von Haeseler,
2009), which uses a combination of BLASTP (Altschul
et al., 1997), GeneWise (Birney, Clamp & Durbin, 2004)
and HMMER, was used to search the assembled con-
tigs of each sample for protein sequences that matched
the database of orthologous groups. Any contig that
matched a pHMM with an E-value less than 1.0 x
10-% was initially considered a ‘hit’ to that orthologous
group. Hits against the pHMMs were retained only if
they fulfilled a reciprocal best BLAST criterion with
the reference taxon. When multiple contigs fulfilled the
orthology criteria for a particular locus, the sequence
with the best score in the initial pHMM search was
retained as the representative for that locus.

ALIGNMENT AND PHYLOGENETIC ANALYSES

All analyses of the NADH2, mitochondrial genome
and nuclear exon datasets were performed in PAUP*
v4.0a148 (Swofford, 2002) unless otherwise specified.
Nucleotide sequences of the NADH2 fragment were
aligned using Geneious Pro v.6.1.7. Translation of
the resulting nucleotide alignment confirmed that it
was in frame and free of stop codons (which may indi-
cate sequencing errors or misalignment). The original
nucleotide alignment was used for analysis and was

1044 bp in length, including 314 parsimony-informa-
tive sites (GenBank accession numbers KU999796—
KU999882). In addition to being used to confirm
nominal species identifications, this dataset was also
used to explore intra- versus inter-specific divergences
for larger sample sizes than that could be included in
our DNA hybridization capture experiments. Pairwise
uncorrected p-distance (the proportion of sites at which
two sequences differ) was calculated for the NADH2
dataset. The TVM + I + G model was selected as the
most likely model of sequence evolution using the cor-
rected Akaike Information Criterion (-ln L = 5184.8,
AICc = 10674.8; Posada & Buckley, 2004). The maxi-
mum likelihood (ML) tree was estimated using a heu-
ristic search that applied the parameter estimates
that were identified during model selection.

For ease of alignment, only the protein-coding com-
ponents of the mitochondrial genomes were aligned
across all taxa using Geneious Pro v7.1.9, yielding
an alignment that was 11442 bp in length, including
2711 parsimony-informative sites (GenBank accession
numbers KX151642-KX151654). The complementary
strand sequences were used for ND6, which is encoded
on the L-strand. Again, alignment quality was con-
firmed via translation and incomplete stop codons were
excluded from the alignment. The optimal partitioning
and model scheme for the original nucleotide dataset
was identified as a 17-partition scheme (Supporting
Information Table S1). The ML tree was estimated
using a heuristic search as described previously for
the NADH? dataset but which applied the partition-
ing/model scheme and parameter estimates that were
identified during model selection. Support values for
nodes were obtained via nonparametric bootstrapping
(100 replicates).

The identified putative nuclear ortholog protein
sequences for each sample were back-translated to
their original nucleotide sequences using a custom
Perl script, aligned using MAFFT v7.02, and concat-
enated with a custom Perl script. This yielded a data
matrix that represented 1082 exons, was 290121 bp in
length and 97.4% complete. The GTR + I + G model
was selected as the most likely model of sequence evo-
lution (-InL = 583 275.2, AICc = 1 166 616.4) and ML
analyses including nonparametric bootstrapping were
performed as described previously. Although our DNA
hybridization capture array targets exons that are
known a priori to be single-copy across vertebrates,
we are not able to account for ‘inparalogs’ resulting
from duplication events within Chondrichthyes (Li
et al., 2013). We therefore attempted to remove any
remaining potentially paralogous comparisons from
our dataset by conducting a stringent likelihood ratio
test that compared clock and non-clock-like models for
each exon. Exons that had a P-value less than 0.05 for
the likelihood ratio test of rejection of a clock model in
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favour of a non-clock model were excluded from anal-
ysis as potentially including paralogous sequences.
Maximum likelihood analyses were performed on the
concatenated filtered dataset (144261 sites from 614
exons; filtered nuclear data are archived in TreeBASE
https://treebase.org; study ID S19059) in the same
manner as described above (TIM + I + G model —In L
266 500.3, AICc = 533 062.6; parameter estimates
identified during model selection).

Species tree inference can be complicated by hybrid-
ization, incomplete lineage sorting (ILS) and gene
duplication/loss (Maddison, 1997). Failing to account
for these processes can sometimes yield incorrect
estimates of the species tree (Roch & Steel, 2015).
Incomplete lineage sorting is the most commonly pur-
ported cause of gene tree—species tree discordance and
is typically modelled by the multi-species coalescent
(Kingman, 1982). While this approach is robust to the
distorting effects of ILS, it has been shown that concat-
enated analyses can often be more effective than multi-
species coalescent approaches when the level of ILS is
low (Chou et al., 2015). Because we did not know the
extent of ILS in the dataset a priori, we employed both
a maximum likelihood analysis of the concatenated
nuclear dataset and a multi-species coalescent-based
approach (SVD Quartets: Chifman & Kubatko, 2014).
Analyses were conducted on both the complete nuclear
exon dataset and the subset of clock-like exons.

RESULTS

PHYLOGENETIC ANALYSES

Nominal species identifications for all samples as well
as the relationships between them based on an ML
analysis of their mitochondrial NADHZ2 sequences can
be seen in Supporting Information Fig. S1. Intraspecific
divergences based on the NADH2 marker and uncor-
rected p-distance measure were low, ranging between
0 and 0.011, with an average of 0.003. Notably, inter-
specific comparisons of p-distance between samples
nominally identified as Manta birostris versus Manta
alfredi (range 0-0.012, average 0.007), M. kuhlii ver-
sus M. eregoodootenkee (range 0.000-0.008, aver-
age 0.005), M. mobular versus M. japanica (range
0.004-0.011, average 0.005) and M. rochebrunei versus
M. hypostoma (range 0.001-0.003, average 0.002) were
of the same magnitude as observed intraspecific diver-
gences in closely related taxa. This is reflected in the
very close relationships resolved between these species
pairs based on the ML analysis of the NADH?2 data.
Manta birostris and M. alfredi form a single closely
related clade, as do M. kuhlii and M. eregoodooten-
kee, M. mobular and M. japanica, and M. rochebrunei
and M. hypostoma (Supporting Information Fig. S1).
Excluding these particular interspecific comparisons,

the range of all other interspecific divergences was
0.026-0.148, with an average of 0.123.

Pairwise sequence divergence based on protein coding
mitochondrial genome sequences ranged from 0.001 to
0.116. Consistent with the results based on the NADH2
data, comparisons falling at the lower end of this
range were those between M. birostris and M. alfredi
(p-distance = 0.004), M. kuhlii and M. eregoodootenkee
(p-distance = 0.005), M. mobular and M. japanica (p-dis-
tance = 0.002) and M. rochebrunei and M. hypostoma
(p-distance = 0.001). Uncorrected p-distance based on
the mitochondrial genomes for all other pairwise com-
parisons were at least an order of magnitude higher.
The ML tree inferred from the mitochondrial genome
data is well resolved into three major clades, largely
with good support. Notably, the two Manta species
are nested within Mobula, forming a sister relation-
ship with Mobula mobular (including the specimen
nominally assigned as M. japanica, Fig. 1). This group-
ing is sister to M. tarapacana. It should be noted that
the relationships within this clade were resolved with
somewhat lower bootstrap support than other rela-
tionships in the tree and thus should be interpreted
accordingly (Fig. 1). A sister relationship was resolved
between M. kuhlii (including the specimen nominally
assigned as M. eregoodootenkee) and M. thurstoni with
100% bootstrap support. Finally, M. munkiana is sister
to M. hypostoma (including the specimen nominally
assigned as M. rochebrunei), also with 100% bootstrap
support. This clade is basal to a sister relationship
between the M. tarapacana—Manta—M. mobular clade
and the M. kuhlii—M. thurstoni clade.

Pairwise uncorrected p-distance based on the
nuclear data was much lower than that observed
for the mitochondrial data, ranging from 0.002 to
0.021. Again, comparisons involving M. birostris and
M. alfredi (p-distance = 0.003), M. kuhlii and M. ere-
goodootenkee (p-distance = 0.006) and M. mobular and
M. japanica (p-distance = 0.005) were at the lower
end of this spectrum. Identical tree topologies were
resolved from the concatenated ML and SVD Quartets
analyses of both the complete and clock-filtered nuclear
exon datasets; thus we depict only the tree resulting
from the ML analysis of the filtered data. Support
values are shown for the concatenated ML and SVD
Quartet analyses (Fig. 2). The tree topology was well
resolved, with good support and topologically similar to
that obtained from analyses of the whole mitogenome
data. The two Manta species are again nested with
Mobula, sister to M. mobular (including the specimens
nominally assigned as M. japanica) with 100% and
93% bootstrap support for the filtered concatenated
ML and SVD Quartet analyses, respectively. Mobula
kuhlii (including the specimens nominally assigned
as M. eregoodootenkee) falls as sister to M. thurstoni
(100% bootstrap support); and M. hypostoma as sister
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Aetobatus narinari GN5677

p—= Rhinoptera bonasus GN5465
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Mobula mobular GN15654

Mobula tarapacana GN10564
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1 0(1
100 | ' Mobula kuhlii GN9426

100} = Mobula thurstoni GN9728

Mobula hypostoma GN5814
100

Mobula munkiana GN5251

0.1

Myliobatis aquila GN7203

Mobula alfredi GN16688 (previously Manta alfredi)

Mobula birostris GN6791 (previously Manta birostris)

Mobula mobular GN7058 (previously M. japanica)

Mobula kuhlii GN15461 (previously M. eregoodootenkee)

100 |* Mobula hypostoma Genbank Accession #KM364992.1 (previously M. rochebrunei)

Figure 1. Phylogenetic tree showing the relationships among mobulid species, relative to three outgroups (Aetobatus nari-
nart, Myliobatis aquila and Rhinoptera bonasus). The tree was derived from a Maximum Likelihood analysis of an align-
ment of the protein coding components of the mitochondrial genomes (11442 sites) under a partitioned model of molecular
evolution. Bootstrap support values are displayed on the nodes.

to M. munkiana (100% bootstrap support). The major
difference between the tree topologies derived from the
nuclear and mitochondrial analyses concerns the place-
ment of M. tarapacana. In the nuclear data, M. tara-
pacana falls basal to all other mobulid lineages with
100% and 96% bootstrap support for the filtered con-
catenated ML and SVD Quartet analyses, respectively,
whereas it forms a clade with M. birostris, M. alfredi
and M. mobular in the mitochondrial analyses.

TAXONOMIC IMPLICATIONS

GENUS MOBULA RAFINESQUE, 1810

Mobula Rafinesque, 1810, 48, 61 (type species Mobula
auriculata Rafinesque, 1810; by monotypy)

Apterurus Rafinesque, 1810: 48, 62 (type species
Apterurus fabronii Rafinesque, 1810; by monotypy)
Cephalopterus Risso, 1810: 14 (type species Raja
giorna Lacepede, 1803; by subsequent designation)
Apturus Rafinesque, 1815: 93 (emended spelling for

Apterurus Rafinesque, 1810)

Cephaloptera Cuvier, 1816: 138 (type species Raja
cephaloptera Bloch & Schneider, 1801; by absolute
tautonymy)

Dicerobatus Blainville, 1816: 112 (type species Raia
mobular Bonnaterre, 1788; by monotypy)

Dicerobatis Blainville, 1825: 40 (type species R. mob-
ular Bonnaterre, 1788; unjustified emendation of
Dicerobatus Blainville)

Manta Bancroft, 1829: 454 (type species Cephalopterus
manta Bancroft, 1829; by monotypy)
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Aetobatus narinari GN5677

Mobula tarapacana GN10564

0.0010

Myliobatis aquila GN7203

Rhinoptera bonasus GN5465
Mobula alfredi GN16688 (previously Manta alfredi)
100/100 |
Mobula birostris GN6791 (previously Manta birostris)
100/93
Mobula mobular GN7058 (previously M. japanica)
100/100
Mobula mobular GN15654
100/100 |
Mobula kuhlii GN15461 (previously M. eregoodootenkee)
100/1 00|
100/100 Mobula kuhlii GN9426
100/ 96_
Mobula thurstoni GN5263
100/100 —=Mobula hypostoma GN5814
100/100
e Mobula munkiana GN5251

Figure 2. Phylogenetic tree showing the relationships among mobulid species, relative to three outgroups (Aetobatus nari-
nari, Myliobatis aquila and Rhinoptera bonasus). The tree was derived from an ML analysis of a concatenated alignment
of 614 ‘clock-like’ exons (144 261 sites) under a TIM + I + G model of molecular evolution. Bootstrap support values are
displayed on the nodes for concatenated ML and SVD Quartet analyses.

Cephalopteram Griffith & Smith, 1834: 617 (erroneous
spelling for Cephaloptera Cuvier, 1816)

Ceratoptera Miiller & Henle, 1837: 118 (type species
Cephaloptera giorna Lesueur, 1824; by subsequent
monotypy)

Brachioptilon Hamilton in Newman, 1849: 2358 (type
species Brachioptilon hamiltoni Hamilton, 1849; by
monotypy)

Diabolicthys Holmes, 1856: 45 (type species
Diabolicthys elliotti Holmes, 1856; by monotypy)

Deratoptera Krefft, 1868: 3, 9, Fig. (considered a mis-
spelling of Ceratoptera Miiller & Henle, 1837)

Ceratobatis Boulenger, 1897: 227 (type species
Ceratobatis robertsii Boulenger, 1897; by monotypy)

Pterocephalus Swainson, 1838: 170, 174 (type species
R. giorna Lacepéde, 1803; replacement name)

Pterocephala Swainson, 1839: 321 (alternative spelling
of Pterocephalus Swainson, 1838)

Daemomanta Whitley, 1932: 327 (type species
Ceratoptera alfredi Krefft, 1868; by original
designation)

Indomanta Whitley, 1936: 11 (type species Indomanta
tombazii Whitley, 1936; by monotypy)

Definition: (Adapted from Bigelow & Schroeder, 1953).
Medium to very large rays with a rhomboidal disc, much
wider than long, depressed and relatively thick. Head
broad, dorsally flattened, protruding forward anteri-
orly of eye level; prominent cephalic lobes extending
forward on each side of head, widely separated, curv-
ing forward from front of head; eyes positioned later-
ally on head; spiracles subcircular to slit-like, located
either dorsal or ventral to plane of pectoral disc; mouth
very broad, nearly straight, located either terminally
or subterminally on head; numerous minute teeth
present in tooth bands in either both jaws, or only in
the lower jaw. Tail long to relatively short, whip-like,
usually less than width of disc; small dorsal fin pre-
sent opposite pelvic-fin bases; a small, serrated sting-
ing spine sometimes present. Skin either naked or
rough with numerous small denticles. Gill arches with
numerous gill plates (50 to at least 140); gill plates
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thin, membranous or somewhat horny with cartilagi-
nous basal supports; outer edge of gill plates with lat-
eral lobes that are either rounded and separated from
those on adjacent plates, or rod-like and fused to those
on adjacent plates.

Nomenclatural discussion: In addition to the generic
synonyms listed above, Lacepede (1798) named the
genus Aodon for Squalus massasa, Squalus kumal and
Aodon cornu for species lacking teeth. Squalus mas-
sasa and S. kumal were named by Forsskél (1775) from
the Red Sea, but no adequate description is available
to allow for species determination. Squalus massasa
is considered a problematic species that was described
as having long pectoral fins but no teeth. Aodon cornu
was an unneeded new name for Squalus edentulus
Briinnich, 1768, which equals M. mobular (Bonnaterre,
1788). Aodon has therefore been used for a Mobula
species, predating Mobula Rafinesque, 1810; however,
the type species for this genus was subsequently des-
ignated by Jordan & Evermann (1896) as S. massasa.

Remarks: Separation of the genera Manta and Mobula
has long been upheld due to the striking feature of a
terminal versus a subterminal mouth, respectively.
However, the comprehensive genetic analyses under-
taken in this study provide the strongest evidence to
date that separation of these genera is not warranted.
The species previously designated to Manta, M. alfredi
and M. birostris are clearly nested within Mobula,
forming a close relationship with M. mobular and
perhaps M. tarapacana, based on independent analy-
ses of both mitochondrial genomes (Fig. 1) and more
than 1000 nuclear exons (Fig. 2). Although a terminal
versus subterminal mouth is a strong character, the
dorsal versus ventral position of the spiracle in mobu-
lids is another significant character. Both M. alfredi
and M. birostris have slit-like spiracles located dor-
sal to the plane of the pectoral fins similar to those of
M. mobular and M. tarapacana, and different to the
subcircular spiracles located ventral to the plane of the
pectoral fins in the remaining smaller Mobula species.
This morphological character, therefore, largely sup-
ports the finding based on analysis of the mitochon-
drial genomes that M. birostris and M. alfredi form
a clade with M. mobular and M. tarapacana, to the
exclusion of the smaller mobulid species (Fig. 1). Both
M. alfredi and M. birostris are also inferred as sister
to M. mobular based on the independent analysis of
nuclear exon data (Fig. 2), providing further support
that the genus Manta is invalid. It should be noted,
however, that a slightly different topology that places
M. tarapacana basal to all other mobulid species is
consistently resolved by the nuclear analysis with
strong support (Fig. 2). This highlights the importance
of integrated approaches to resolving taxonomy and

inferring phylogeny, using both molecular and mor-
phological approaches in combination.

MOBULA HYPOSTOMA (BANCROFT, 1831)

Cephalopterus hypostomus Bancroft, 1831: 134
(Jamaica; holotype not preserved)

Cephaloptera olfersii Miiller, 1836: 311 (Brazil;
syntypes MNHN A-9966,?ZMB 31636 [ex
ZMB 8923],7ZM 31637)

Cephaloptera massenoidea Hill, 1862: 176 (Jamaica;
no types known)

Cephaloptera rochebrunei Vaillant, 1879: 187 (Senegal;
MNHN A-9967)

Ceratobatis robertsii Boulenger, 1897: 227 (Jamaica;
holotype BMNH 1897.7.1.40)

Common name: Atlantic devilray

Nomenclatural discussion: Bancroft (1831) designated a
new species name, C. hypostomus, to a devilray specimen
from Jamaica. He only distinguished this new species
from his C. manta Bancroft, 1829 (= Mobula birostris)
in the form of the anterior margin of pectoral fins, a ven-
trally positioned mouth, and a rounded spiracle located
on ventral plane and not dorsal plane of disc. Although
the specimen is mentioned to have been included in the
collection, there is no mention of the type being pre-
served. No neotype was designated by Notarbartolo
di Sciara (1987) as there was no species identification
issues with this species in the western Atlantic.

In 1836, Miiller designated the name C. olfersii for a
Brazilian species based on a skeleton and head (ZMB
syntypes) and a dry specimen (MNHN specimen). This
has been considered a junior synonym of M. hypostoma
(Bigelow & Schroeder, 1953; Notarbartolo di Sciara,
1987). Two other new combinations were designated
for Jamaican material in subsequent decades, that is,
C. massenoidea Hill, 1862 and C. robertsii Boulenger,
1897, with both being junior synonyms of M. hypostoma.

Vaillant (1879) described C. rochebrunei from a single
specimen from Senegal in the Eastern Atlantic (Fig. 3).
Bigelow & Schroeder (1953) considered this species a
synonym of M. hypostoma and included Senegal in the
range of this species. In contrast, Krefft & Stehmann
(1973) listed it as a synonym of M. mobular. Notarbartolo
di Sciara (1987) concluded that M. rochebrunei was
distinct from M. hypostoma based on newly acquired
morphometric data for several characters, for example,
distance between first gill slits and predorsal length, den-
tition (tooth crown crenulated on labial edge vs. smooth).

Remarks: This study provides a substantial amount
of molecular data allowing a direct comparison of
M. rochebrunei to M. hypostoma. Analysis of the mito-
chondrial genome data shows an extremely close
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Figure 3. Dorsal view of the dry, stuffed holotype of Mobula rochebrunei: MNHN A9967, adult male 108.5 cm DW.

relationship between the holotype of M. rochebrunei
and M. hypostoma (Fig. 1). The observed uncorrected
p-distance between these taxa was the lowest of all
pairwise comparisons within Mobulidae, and likely
within the realm of representing intraspecific varia-
tion. Thus, based on these results, we conclude that
M. rochebrunei is a junior synonym of M. hypostoma,
with the latter species confirmed as occurring in both
the Western and Eastern Atlantic. The morphometric
and dentition differences highlighted by Notarbartolo
di Sciara (1987) were based on low sample sizes. The
differences seen in several characters most likely rep-
resent intraspecific variation. A more detailed taxo-
nomic review of the Eastern versus Western Atlantic
M. hypostoma populations is required to elucidate
whether there are population-level differences, or
whether those differences simply reflect the low sam-
ple size available.

MOBULA KUHLII (MULLER & HENLE, 1841)

Cephaloptera kuhlii Miller & Henle, 1841: 185, P1. 59
(left) (India; lectotype MNHN 000-1596)

Dicerobatis eregoodoo Cantor, 1849: 1420 (Penang,
Malaysia and Coromandel, India; syntype location
unknown)

Dicerobatis draco Giuinther, 1872: 422 (Misol, Indonesia;
syntypes BMNH 1870.8.31.68-69)

Common name: Pygmy devilray

Nomenclatural discussion: The description of
M. kuhlii by Miiller & Henle (1841) does not provide

adequate information to determine the identity of
this Mobula species (Fig. 4), but examination of the
lectotype (Fig. 5) and paralectotype enables it to be
clearly distinguished from M. japanica, M. tarapac-
ana and M. thurstoni. Mobula eregoodootenkee has a
very complicated nomenclatural history, which is still
largely unresolved. Russell (1803) provided a basic
illustration and limited description of a small mobu-
lid caught off south-eastern India, locally known as
‘Eregoodoo tenkee’ (Fig. 6). Although the description
of the 4 ft. 5 in. (~135 cm) DW specimen was brief,
it did include the following diagnostic characters:
no spine on tail, spiracles absent behind the eyes
(suggesting that they were ventral to plane of disc
in the specimen examined), narrow strip of granular
teeth in each jaw, and mouth behind front of head
(not terminal; see Fig. 6). These characters, together
with the capture location of India, indicate that the
species Russell examined was one of the small Indo-
West Pacific species with spiracles below the plane
of pectoral disc, that is, M. eregoodootenkee, M. kuh-
lii or M. thurstoni. However, Russell did not desig-
nate a type and did not name it binomially; thus, as
with other species described in the same publica-
tion, Russell’s ‘Eregoodoo tenkee’ is not an available
name. In Cuvier (1829), ‘Eregoodoo-tenkee, Russ.,
I, 9’ is listed in a footnote on page 402 and some
authors considered him to be the authority for this
species, as Cephaloptera eregoodoo-tenkee Cuvier,
1829 (Notarbartolo di Sciara, 1987). However, Cuvier
(1829) did not allocate this species to Cephaloptera;
so, this combination is not valid. Also, when com-
pared to the style used elsewhere in Cuvier (1829), it

© 2017 The Linnean Society of London, Zoological Journal of the Linnean Society, 2018, 182, 50-75

20z 11dy 0} U0 1saNB Aq ZG0988E/0SG/L/Z8 L /oIoIE/UBSUUII00Z/WO0"dNO"OlWapede//:SdNy WOy papeojumoq



PHYLOGENY OF MANTA AND DEVILRAYS 59

Figure 5. Dorsal view of the alcohol-preserved lectotype of Mobula kuhlii (MNHN 000-1596, juvenile male 71.7 cm DW).

appears to be presented in the vernacular and thus
not an available binomial name.

The authority for this species has most recently been
considered to be Bleeker (1859) with this authority con-
sidered the first proper binomial name attributed to
this species. Bleeker lists this species as: ‘Cephaloptera
eregoodoo tenkee Cuv. = Eregoodoo tenkee = Russ.,

fig. 9, 10 = Cephaloptera Olfeisii J. Mull. = Indian
Cephaloptera J. E. Gray = Dicerobatis eregoodoo
Cant., Cat. Mal. Fish. p. 438’. From this information,
it is clear that Bleeker is referring to Cuvier’s use of
Russell’s ‘Eregoodoo tenkee’. No descriptive features
are provided and thus the identity of this species is still
not determinable. Two other binomial names are also
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Figure 6. Original illustration (ventral view) of Eregoodoo tenkee in Russell (1803); presented only as a vernacular name

thus not an available name.

presented in Bleeker (1859). The first, Cephaloptera
Olfeisii, equals C. olfersii Miller, 1836, which is a jun-
ior synonym of M. hypostoma (Bancroft, 1831) occur-
ring in the Western Atlantic. Miiller & Henle (1841)
included Russell’s Eregoodoo Tenke in the synonymy
of C. olfersii although the only distribution provided
was Brazil. The second is D. eregoodoo Cantor, 1849,
which is presented as a new name combination for
Cuvier’s species, that is, D. eregoodoo (Cuvier), from
Coromandel in India and Penang in Malaysia. Cantor
provided a detailed description of this species, includ-
ing morphometrics, based on a young male specimen
(~78 cm DW) from Penang on the west coast of penin-
sular Malaysia. In this description, Cantor states that
it agrees with Russell’s ‘Eregoodoo Tenke, No. IX. R,
(not No. IX, N, from St. Helena)’ in several characters,
but clearly states that the only individual examined is
the Penang specimen. Unfortunately, the whereabouts
of the syntype(s?) is unknown. Although most of the
descriptive characters are generic for most Mobula
species, several key features are provided. For example,
the location of the spiracles beneath the origin of the
pectoral fins discounts the two large Indo-Pacific spe-
cies, M. japanica (Miller & Henle, 1841) and M. tara-
pacana (Philippi, 1892), which have the spiracles

located above the pectoral-fin origins. Also, the teeth
are described as being twice as wide as long, which
is similar to that described and illustrated for this
species in Notarbartolo di Sciara (1987). In contrast,
M. thurstoni (Lloyd, 1908) was found to have longer
teeth, not twice as wide as long. Thus, of the currently
known Indo-Pacific species, M. kuhlii (Miiller & Henle,
1841) and M. eregoodootenkee (sensu Notarbartolo
di Sciara, 1987) are the only options left for Cantor’s
D. eregoodoo. Notarbartolo di Sciara (1987) considered
D. eregoodoo Cantor, 1849, to most likely be M. thurs-
toni due to the white spot on the apex of the dorsal
fin, but this character has been found to be variable in
at least one species, that is, M. kuhlii. If considered a
valid species, Mobula eregoodoo (Cantor, 1849) would
be the correct name for this taxon, not M. eregoodoot-
enkee (Cuvier, 1829) or M. eregoodootenkee (Bleeker,
1859). The latter two combinations should be consid-
ered nomen dubium since they provide no characters
to distinguish which taxon they denote.

The distinction between M. kuhlii and M. ere-
goodootenkee (sensu Notarbartolo di Sciara, 1987) has
previously been based almost entirely on the length
of the cephalic lobes, with the latter species having
very long cephalic lobes (> 16% DW) versus relatively
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short in M. kuhlii (< 15% DW). The neotype of M. ere-
goodootenkee designated by Notarbartolo di Sciara
(CAS 56095) illustrates this feature well (fig. 11 in
Notarbartolo di Sciara (1987). Notarbartolo di Sciara
et al. (2016) provides a detailed redescription of
M. kuhlii, with only some limited remarks on how it
differs from M. ereegoodootenke. The key to species
provided in that paper lists the following characters as
separating these two species: ventral pectoral fin col-
oration, length of cephalic lobes, dorsal fin tip colora-
tion and branchial filter plates. It is puzzling though
that the genetic results presented in Henderson et al.
(2016), which failed to detect any differences in struc-
ture of the NADH2 marker between these two species,
are not referred to in this paper despite being from
the same region. Thus, it seems that Notarbartolo di
Sciara et al. (2016) did not consider available infor-
mation regarding the lack of genetic differentiation
between M. kuhlii and M. ereegoodootenke from Oman.

Remarks: Mobula kuhlii and M. eregoodootenkee have
previously been considered distinct, based primarily on
the length of the cephalic lobes. It is proposed herein
that the relative length of the cephalic lobes is a vari-
able, intraspecific character, based on individuals pos-
sessing very long cephalic lobes being sampled together
with those with very short lobes at the same location,
for example, off Oman. The reported maximum size for
the two species is similar (~100 vs. 119 cm DW). One
character that has caused some confusion in these spe-
cies is the presence or absence of a white tip or extent
of a whitish hue on the dorsal fin. Mobula eregoodoot-
enkee is reported to have either a plain dorsal fin (or
with a whitish hue), while M. kuhlii has been reported
as both with and without a white spot on the dorsal fin
apex (Notarbartolo di Sciara et al. 2016). However, this
character is variable. For example, two pregnant female
M. kuhlii reported from Indonesia had plain greyish
dorsal fins, but they each contained a single, late term
embryo that had a distinct white spot on the apex of
the dorsal fin. Notarbartolo di Sciara (1987) found that
M. kuhlii and M. eregoodootenke shared the following
characters which are diagnostic for mobulid species: no
caudal spine, base of tail quadrangular in cross-section,
spiracles subcircular and located ventral to plane of pec-
toral fins, tooth bands about three-quarters of mouth
width, teeth wider than long and anterior margin of pec-
toral fin straight. Although some differences were noted
in the tooth morphology, this was based on an adult male
M. eregoodootenkee and juvenile males of M. kuhlii.

In a number of specimens of devilrays identified as
M. eregoodootenkee, the pectoral fins have a blackish
anterior margin with a broader blackish marking on
central anterior margin (Fig. 7a). In contrast, most
short-headed forms of M. kuhlii that were examined
lacked these, but instead the distal portion of the

ventral pectoral fins was dusky (Fig. 7b), versus white
in the above specimens (Fig. 7a). This character was
also reported by Notarbartolo di Sciara et al. (2016)
as one of the key characters to distinguish between
M. kuhlii and M. eregoodootenkee. Since coloration
can be highly variable in a number of myliobatoid
rays, for example, melanistic forms of M. birostris
and M. alfredi, further investigation into the valid-
ity of this character is needed with examination of a
larger number of specimens. As with the length of the
cephalic lobes, we consider this difference to be related
to intraspecific variation and not an interspecific char-
acter. Paig-Tran et al. (2013) found that the branchial
filter plates differed between M. eregoodootenkee
and M. kuhlii with the terminal lobe being far more
elongate in M. eregoodootenkee. This character was
not confirmed with the specimens examined in this
study. It should be noted that only a single specimen
was available for both species in the Paig-Tran et al.
(2013) study, thus intraspecific variation could not be
taken into account. Notarbartolo di Sciara et al. (2016)
stated that the terminal lobes on the filter plates of
M. kuhlii were leaf-shaped to spade-shaped, but it was
not stated how many specimens were dissected to view
this character. No additional information on the filter
plates of M. eregoodootenkee was provided. Therefore,
as with the other characters that have previously been
used to separate these species, it is poorly understood
how these characters vary within species.

The genetic analyses undertaken in this study
show that specimens identified morphologically as
M. kuhlii and M. eregoodootenkee are consistently very
closely related based on analyses of both mitochon-
drial genomes and nuclear exon data (Figs 1, 2). The
observed divergence between these taxa was within
the range of intraspecific divergences observed for
other mobulid lineages based on our expanded taxon
sampling of mitochondrial NADHZ2 data (Supporting
Information Fig. S1), an order of magnitude lower
based on the mitochondrial genome data and among
the lowest pairwise divergences observed for the
nuclear exon data. Strengthening this argument is the
presence of both long-head and short-head forms from
Oman, which are indistinguishable based on sequenc-
ing of the mitochondrial NADH?2 locus (Supporting
Information Fig. S1; Henderson et al., 2016). In this
paper, long-head forms are referred to as M. eregoodoot-
enkee (GN9431, GN9437 and GN9438) and short-
head forms are referred to as M. kuhlii (GN9426-30,
GN9432, GN9678-80, GN9726, GN9729, GN9737-38
and GN9747). Thus, although there is some morpho-
logical evidence to support M. eregoodootenkee dis-
tinct from M. kuhlii, the combined morphological and
detailed molecular data presented herein lead us to
conclude that M. eregoodootenke is a junior synonym
of M. kuhlii.
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Figure 7. Ventral coloration of: (A) long-head form of Mobula kuhlii (originally identified as Mobula eregoodootenkee),

adult male from Muttrah in Oman; (B) short-head form of Mobula kuhlii, female from Muttrah in Oman.

MOBULA MOBULAR (BONNATERRE, 1788)

Squalus edentulus Brinnich, 1768: 6 (Marseille, France)

Raia mobular Bonnaterre, 1788: 5 (Marseille, France)

Raja vespertilio Walbaum, 1792: 535 (Azores, north-
eastern Atlantic)

Aodon cornu Lacepeéde, 1798 (unneeded new name for
S. edentulus Briinnich, 1768)

Raia aurita Suckow, 1799: 78

Raja fabroniana Lacepede, 1800: 104, 111, pl. 5 (figs
1, 2) (Livourne, Italy; holotype MZUF probably lost)

Raja cephaloptera Bloch & Schneider, 1801: 365 (no
locality; holotype ZMB 13407, skull)

Raja giorna Lacepede, 1803: 662, 666, pl. 20 (fig. 3)
(Bay of Nice, France)

Raja diabolus Shaw, 1804: 291 (Mediterranean,
Atlantic and Indian seas)

Mobula auriculata Rafinesque, 1810: 48, 61

Apterurus fabroni Rafinesque, 1810: 48 (unjustified
emendation of Raja fabroniana Lacepeéde, 1800)

Cephalopterus massena Risso, 1810: 15 (Nice, France)
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?Raia cornuta Lesueur, 1824: 120 (based on Azores
records, not from US Atlantic coast)

Cephaloptera japanica Miiller & Henle, 1841: 185
(Nagasaki, Japan; lectotype RMNH D 2440; paralec-
totype RMNH, lost)

Cephaloptera edentula Griffini, 1903: 132, fig. 73
(Ttalian seas)

Mobula rancureli Cadenat, 1959: 1331, figs 1-10 (Ivory
Coast; holotype MNHN 1965-0146)

Common name: Giant devilray.

Nomenclatural discussion: In order to understand the
complicated taxonomic history of M. mobular, it is nec-
essary to go back to the original record upon which
several authors based their descriptions. Duhamel du
Monceau (1780) provided illustrations and a descrip-
tion of a specimen caught in 1723 near Marseille in
southern France (Mediterranean Sea). The descrip-
tion includes some basic morphometrics, including
length from head to tail (6 ft. = ~183 cm), mouth width
(15 in. = 38 cm), each wing (6 ft. = ~183 cm) and tail
(4.5 ft. = ~137 cm). The dorsal and ventral illustrations
provided by Duhamel du Monceau show a subtermi-
nal mouth clearly indicating a Mobula, but strangely
the ventral surface depicts six gill slits on each side.
In Duhamel du Monceau’s account, reference is made
to the Azores where it is referred to as Raie cornue
(= horned ray) and the Caribbean where it is referred
to as Mobular, and some that refer to it as Squatina.
In the addition section of Duhamel du Monceau (1780,
330), reference is made to Gentil’s (1779) records of
Diable de mer from the Indian Ocean which he alludes
to being the same as his species. Gentil’s illustration of
Diable de mer, although somewhat cartoonish, agrees
with the overall shape of a mobulid, but not enough
key features are apparent to determine the species.
Duhamel du Monceau’s Raie cornue is not considered
an available name as it was used in the vernacular in
reference to the horned rays of the Azores.

Raja mobular was proposed by Bonnaterre (1788)
for Duhamel du Monceau’s (1780) Marseille record,
with the measurements provided taken from that
publication. In the same year, Schneider provided a
detailed account of Duhamel du Monceau’s descrip-
tion of the Marseille specimen, the Azores Raie cornue,
and noting Gentil’s record of Diable de Mer from the
Indian Ocean. In this publication, Schneider (1788: 82,
83) proposes the name Raia vespertilio for this species
in allusion to its bat-like appearance. Walbaum (1792)
listed Raja vespertilio as a questionable species.

Shaw (1804) described R. diabolus based on litera-
ture sources. The primary literature source was the
account of Duhamel du Monceau (1780), based on the
same specimen used for the R. mobular description by
Bonnaterre (1788). The specimen was stated as being

10.5 ft. long (~320 cm) which matches the measure-
ments provided for R. mobular, that is, tail length
4.5 ft. and body length 6 ft. Shaw included Russell’s
‘Eereegoodee Tenkoo’in the synonymy and stated that it
occurs in the Mediterranean, Atlantic and Indian seas,
but mainly observed around the Azores. The distribu-
tion provided is likely based on Russell’s Indian spe-
cies (Indian seas), the Marseilles specimen described
by Duhamel du Monceau (Mediterranean) and the
Azores records (Atlantic). Based on the Mediterranean
location and the large size of the Marseilles specimen,
Notarbartolo di Sciara (1987) included it in the syn-
onymy of M. mobular (Bonnaterre, 1788). Since the
descriptive characters used in this description are
based on the same specimen used to describe M. mob-
ular, R. diabolus must be considered a junior syno-
nym of this species. Interestingly, Shaw’s description
states that the tail is unarmed, whereas M. mobular
possesses a distinct caudal spine. Another uncertainty
is the coloration which is stated by Shaw as being
cinereous brown above, whereas M. mobular is typi-
cally bluish black above. It is possible that the cau-
dal spine was removed or missing from the Marseilles
specimen or simply that Duhamel du Monceau did not
include that feature in his description.

Klunzinger (1871) described Dicerobatis monstrum
based on a 54 cm embryo that came from a 2 m female
specimen stranded at Al-Qusair, Egypt, in the Red
Sea. The holotype was listed as not found and prob-
ably lost by Fricke (1992). Dor (1984) considered this
species a junior synonym of M. diabolus. The descrip-
tion includes reference to the spiracles being located
behind the eyes on the back (i.e. not beneath the pec-
toral-fin origin) and the dorsal colour being blue black.
These characters are adequate to confirm the identity
of this species as M. mobular.

In 1841, Muller & Henle described a new species,
Cephaloptera japanica, based on two specimens col-
lected off Nagasaki in Japan. The brief description pro-
vides mostly generic-level features, but examination of
the dried lectotype (Fig. 8) revealed the following key
diagnostic features: white-tipped dorsal fin, serrated
caudal spine behind dorsal fin, spiracles located above
pectoral-fin origin, pectoral fins not strongly falcate
and their anterior margins nearly straight (not con-
cave). Mobula japanica is currently recognized as a
wide-ranging, almost circumtropical species which is
reported to attain at least 310 cm DW. In a revision of
the genus, Notarbartolo di Sciara’s (1987) states that
M. japanica does not differ substantially in any char-
acters from M. mobular from the Mediterranean. The
only character found to differ was the morphology of
the rete mirabile cranica and possibly in tooth mor-
phology, but this was based on limited data. Although
retaining them as separate species, Notarbartolo di
Sciara states that this is only due to lack of direct
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Figure 8. Dorsal view of the dried lectotype of Mobula japanica (RMNH D2440, juvenile male ~65 cm DW).

examination of a sufficient number specimens. This
study provides new information to support the syn-
onymization of these two species, with precedence
given to M. mobular (Bonnaterre, 1788) and Mobula
Jjapanica a junior synonym.

Cadenat (1959) described Mobula rancureli based
on a single 2.4 m DW individual from off the Ivory
Coast. Although considered a synonym of M. japanica
by Notarbartolo di Sciara (1987), McEachran & Séret
(1990) considered it to be a valid species. Cadenat
(1959) distinguished this species from M. mobular
based on the number of teeth and denticle morphology.
Given this is only based on one specimen and these
characters can vary greatly intraspecifically, this spe-
cies should be considered a synonym of M. mobular.

A number of other names have been considered jun-
ior synonyms of M. mobular:

e Squalus edentulus was described by Briinnich
(1768). The brief Latin description includes ‘Squalus
capite lato, plano, maxillis osseis edentulis, superi-
ore longiore, lateribus capitis prominentibus’ which
roughly translates to ‘Squalus with a wide head,
flat, toothless bony jaws, the long sides of the head
are prominent’. It was based on a specimen from
Marseille which had head width equal to 3 ‘span’
(~6