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Pteropus is the most speciose genus in Pteropodidae, currently comprising 65 species in 18 species groups. Here we examine
whether Pteropus as currently understood is monophyletic. We sequenced three nuclear genes (RAG-1, RAG-2 and vWF) totalling
c. 3.0 kbp from 18 species of Pteropus representing 12 species groups, plus Acerodon celebensis and megachiropteran outgroups
representing all other subfamilies and tribes. Separate and combined parsimony and maximum likelihood analyses recovered a clade
containing Acerodon as sister to all Pteropus species to the exclusion of the Philippine endemic taxon ‘P, leucopterus’, rendering
Pteropus paraphyletic. We propose the revalidation of Desmalopex Miller, 1907, an available generic name for leucopterus, adopting
the name combination Desmalopex leucopterus (Temminck, 1853). We discuss implications of this result and anticipate further

modifications of the classification of Pteropus.
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INTRODUCTION

The chiropteran family Pteropodidae comprises
42 currently recognized genera and 186 species, of
which as many as 65 species are classified in the
genus Pteropus Brisson, 1762 (Simmons, 2005).
Distributed from islands off the East coast of Afri-
ca to Polynesia in the Western Pacific, the majority
of Pteropus species are Indian Ocean and Pacific
island endemics. Andersen (1912) established the
membership of the genus and clearly distinguished
Pteropus species from other closely allied genera
known at the time — Acerodon Jourdan, 1837, Pte-
ralopex Thomas, 1888, and Styloctenium Matschie,
1899. Although subsequent authors have generally
followed Andersen’s (1912) generic arrangement
of Pteropus, previous authors sometimes allocated
a few species to separate genera, particularly Mil-
ler (1907), who erected the genus Desmalopex to
accommodate a single distinctive species, Ptero-
pus leucopterus Temminck, 1853, endemic to the

Philippines (see description in Miller, 1907 and
Andersen, 1909, 1912). Miller (1907: 60) highlight-
ed affinities between Desmalopex and Pteropus but
listed a number of characters that alternatively “dis-
tinctly suggest Pteralopex.” Andersen (1909, 1912:
294) included leucopterus in Pteropus and associat-
ed this form with members of the pselaphon species
group, which in his view “shows decidedly leanings
towards the highly specialized genus Pteralopex.”
Thus while both Miller (1907) and Andersen
(1912) recognized the distinctive morphological at-
tributes of leucopterus, their taxonomic arrange-
ments differed markedly. Their mutually exclusive
systematic hypotheses (leucopterus placed in a mo-
notypic genus versus leucopterus included within
Pteropus) have remained essentially untested since
the beginning of the twentieth century. This fact
has gone largely unrecognized because leucopte-
rus has been included in Pteropus without com-
ment by all recent authors (e.g., Corbet and Hill,
1992; Koopman, 1993, 1994; Heaney et al., 1998;
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Simmons, 2005). Here we begin analyzing the com-
plex problem of the composition and relationships
of Pteropus by focusing on the relationship of
Pteropus leucopterus to other members of this genus
from different species groups, as well as to other
pteropodine megabats. Based on parsimony and
maximum likelihood analyses of DNA sequences
from three nuclear coding genes, we provide evi-
dence bearing on the phylogenetic position of /eu-
copterus and on pteropodid systematics in general.

MATERIALS AND METHODS

Taxa

For the purposes of this study we chose Pteropodini sensu
Bergmans (1997) as the ingroup. We included as outgroups rep-
resentatives of each main megachiropteran clade following
Giannini and Simmons (2005) and Giannini et al. (2006). We
choose the same taxa as in Giannini et al. (2006), specifically:
Nyctimene albiventer and N. vizcaccia (Nyctimeninae), Cyno-
pterus sphinx and Ptenochirus jagori (Cynopterinae), Eonyc-
teris spelaea, Rousettus amplexicaudatus, and R. aegyptiacus
(Rousettinae), Myonycteris torquata and Megaloglossus woer-
manni (Epomophorinae, Myonycterini), Epomops franqueti
and Epomophorus wahlbergi (Epomophorinae, Epomophorini),
Harpyionycteris whiteheadi, Dobsonia inermis, and D. magna
(Harpyionycterinae), Macroglossus minimus (Macroglossinae),
Melonycteris (Nesonycteris) fardoulisi [incertae sedis, variably
associated with macroglossines (e.g., Andersen, 1912; Giannini
and Simmons, 2005), pteropodines (e.g., Kirsch et al., 1995;
Bergmans, 1997), and other groups], and Eidolon helvum [in-
certae sedis, allied to Rousettinae (Andersen, 1912; Bergmans,
1997) and Pteropodini (Giannini and Simmons, 2005)]. We
included two microchiropteran bats [Rhinopoma hardwickei
(Rhinopomatidae) and Artibeus jamaicensis (Phyllostomidae)]
to provide an unambiguous root to our tree.

Ingroup taxa included typical pteropodine megabats avail-
able to us, including Acerodon celebensis and 18 species of
Pteropus from 12 species groups (sensu Andersen, 1912):
Pteropus alecto (alecto species group), P. conspicillatus (con-
spicillatus group), P. pelewensis, P. tonganus (mariannus
group), P. molossinus (molossinus group), P. neohibernicus
(neohibernicus group), P. capistratus (temminckii group), P. po-
liocephalus (poliocephalus group), P. leucopterus (pselaphon
group), P. anetianus, P. samoensis (samoensis group), P. scapu-
latus, P. woodfordi (scapulatus group), P. admiralitatum, P. pu-
milus, P. hypomelanus (subniger group), P. giganteus, P. lylei,
and P. vampyrus (vampyrus group).

Museum specimens referenced herein are deposited in the
American Museum of Natural History, New York (AMNH); the
Natural History Museum, London (BMNH); the Delaware
Museum of Natural History, Wilmington (DMNH); the Field
Museum of Natural History, Chicago (FMNH); Museum of
Vertebrate Zoology, Berkley (MVZ); the Nationaal Natuur-
historisch Museum, Leiden, The Netherlands (RMNH); the
Senckenberg Museum, Frankfurt (SMF); and the National Mu-
seum of Natural History, Smithsonian Institution, Washington,
D.C. (USNM). Morphological terminology and usage follow
Andersen (1912) and Giannini et al. (2006b).

Sequences and Phylogenetic Analysis

We used sequences of exon 28 of the von Willebrand Factor
gene (VWEF, 1231 bp) from Giannini et al. (2006), and generat-
ed new vWF sequences for Pteropus species for this study. We
also generated sequences of two other nuclear coding genes, the
Recombination Activating Gene 1 (RAG-1, 1084 bp), and the
Recombination Activating Gene 2 (RAG-2, 760 bp), for the to-
tal taxonomic sampling. Total DNA was obtained from pre-
served tissue samples (see voucher list in Appendix) with the
DNeasy tissue kit (QIAGEN). PCR amplification was carried
out using previously published primers [RAG-1 and RAG-2
(Teeling et al., 2000); vWF (Porter et al., 1996)]. To obtain both
forward and reverse sequences for each gene region, internal
primers were used for sequencing in addition to the PCR
primers (sequences available upon request). All sequences were
obtained with an automated ABI 3730XL sequencer. Sequence
editing and prealignment were done with the Sequencher 4.2
software (Gene Codes). GenBank accession numbers and
voucher information for megabats included in this study are
provided in Appendix. In addition, we used published sequences
for microbat outgroup taxa. GenBank accession numbers for
A. jamaicensis are AY834655 (RAG-1), AY834663 (RAG-2),
and AY 834737 (vWF); for R. hardwickei, accession numbers are
AF447518 (RAG-1), AF447535 (RAG-2), and AF447551
(VWF).

Sequences of our three genes were submitted to parsimony
analysis, separately and in combination. Here we report results
of our combined analysis based on a tree-search strategy that
consisted of 1,000 replicates of random addition sequences of
taxa, each followed by tree bisection reconnection branch swap-
ping (TBR). An additional round of TBR was done on optimal
trees obtained. Clade support was assessed using Bremer or de-
cay values (Bremer, 1994) and jackknife character resampling
(Goloboff et al., 2003a). We calculated Bremer values via incre-
mental sampling of suboptimal trees (see Giannini and Bertelli,
2004). Briefly, we saved up to 1,000 suboptimal trees one step
longer than the previous optimum in successive stages. That is,
we first searched for suboptimal trees 1 step longer than the op-
timal tree length, next saving suboptimals up to 2, 3, 4, 5, 6, 7,
8, 9, and 10 steps longer than the optimal trees (9,968 trees up
to 10 steps longer than the optimals were found). Second, jack-
knife frequencies were estimated from 5,000 replications using
unbiased symmetric resampling (Goloboff et al., 2003a). These
analyses were executed in TNT (Goloboff et al., 20035, In press).

In addition, maximum likelihood (ML) analyses were per-
formed for individual genes and the combined set using the
GTR + I model. Parameters were estimated from the data for
each gene separately, which were treated as partitions in the
combined analysis. Starting trees were obtained by maximum
parsimony and 100 runs were done on each initial tree to obtain-
ing ML trees. Statistical support was obtained with 100 boot-
strap replications. All the ML analyses were run with the pro-
gram RAXML (Stamatakis, 2006).

RESULTS

In the combined dataset, 751 sites were variable
(RAG1 = 236, RAG2 = 163, vWF = 354) and
395 were parsimony informative (RAG1 = 116,
RAG2 =92, vWF = 187). Most of the substitutions
were transitions (ti/tv: RAG2 = 10.3, RAG1 = 4.5,
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vWF = 3.9), but neither transitions nor transversions
were saturated in the sample (Fig. 1).

Our combined parsimony analysis of all three
genes resulted in 92 trees of 1,327 steps (strict con-
sensus in Fig. 2). An additional TBR round on those
trees did not increase the set of optimal trees. Ptero-
podidae was recovered as monophyletic. Nyctimene
was placed as sister to all other megachiropterans,
but the backbone of the lower section of the tree was
poorly supported. By contrast, clades representing
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FIG. 1. Saturation plots of transitions and transversions for each
gene analyzed. Proportions of each substitution type were
plotted against uncorrected p distances. Circles represent
transitions and squares represent transversions. Symbols
representing the ingroup are shown in light grey and symbols
representing the outgroup are shown in black

a number of subfamilies and other recognized sys-
tematic groups were highly supported. Clades re-
covered included Cynopterinae; a highly-supported
group of rousettines and epomophorines; Epomo-
phorinae; a weak association of Macroglossus with
a highly supported Harpyionycterinae clade; and
a well-supported pteropodine clade (marked A in
Fig. 2) inclusive of the genera Melonycteris, Acero-
don, and Pteropus.

Within the pteropodine clade, Melonycteris far-
doulisi and Pteropus leucopterus formed a trichoto-
my with a highly supported Acerodon + Pteropus
group (clade B in Fig. 2). All the species of Pte-
ropus, to the exclusion of leucopterus, were recov-
ered as monophyletic with high support (clade C in
Fig. 2). Resolution within Pferopus was poor. Only
three clades were supported with resampling fre-
quencies > 50%. These were Pteropus anetianus +
P samoensis (i.e., the samoensis species group);
Pteropus woodfordi + P. molossinus, which renders
the scapulatus species group (here represented by
P. scapulatus and P. woodfordi) paraphyletic; and
two clades with members from mixed species
groups. Partial analyses using individual gene parti-
tions (not shown) were less resolved; clades recov-
ered in those analyses are marked with symbols in
Fig. 1. In no case did P. leucopterus group with oth-
er Pteropus species.

The combined ML tree is shown in Fig. 3. This
tree agrees with the combined parsimony tree (Fig.
2) in all supported groups specifically relevant to
this study (marked A, B, and C). Groups A and B
were recovered in separate ML analyses of each of
the three genes, whereas group C was recovered in
separate analyses of RAG-1 and vWF. Also, clades
recovered within Pferopus were compatible across
analyses (cf. Figs. 2 and 3).

SYSTEMATICS

Desmalopex Miller, 1907 is a valid pteropodid
genus presently considered a junior synonym of
Pteropus Brisson, 1762. In our combined analyses,
as well as in individual-gene analyses, leucopterus
never joined other species of Preropus, demonstrat-
ing the paraphyly of Pteropus under its current
generic definition (Andersen, 1912; Simmons,
2005). However, all other species of Pteropus were
recovered as a natural group identified by shared
changes in all three genes independently and in
combination, clearly suggesting that Pteropus (at
least as represented by our sampling) is indeed
monophyletic to the exclusion of leucopterus (clade
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C in Figs. 2 and 3) and is sister to the genus Ace-
rodon (clade B in Figs. 2 and 3). ‘Pteropus’ leuco-
pterus is also easily diagnosed morphologically,
unique amongst megachiropterans in exhibiting
a mosaic of features recalling both Pteralopex and
Pteropus (cf. Andersen, 1909). As a consequence,

N. P. Giannini, F. Cunha Almeida,

N. B. Simmons, and K. M. Helgen

we remove leucopterus from Pteropus and resurrect
Desmalopex Miller, 1907, originally erected to in-
clude this sole species, and adopt the combination
Desmalopex leucopterus (Temminck, 1853). We
briefly diagnose and discuss the content and distri-
bution of Desmalopex below.
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FIG. 2. Strict consensus tree resulting from a parsimony analysis of three nuclear coding genes combined (RAG-1, RAG-2, and vWF).
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Genus Desmalopex Miller, 1907
Diagnosis

Desmalopex uniquely combines distinctive fea-
tures of both Pteropus and Pteralopex sensu lato
(i.e., incorporating both Pteralopex and Mirimiri).
Desmalopex is a pteropodid genus uniquely charac-
terized by its relatively large body size (forearm
length ca. 100-150); relatively much shortened ex-
ternal ears; pale-dark mottled wing membranes (see
below); unusually large and moderately spaced up-
per incisors, subequal in size, forming an arcuate
row; large I, (wide with one salient lateral cusp) but
highly reduced I, such that I, is about five times
larger than I;; relatively short canines, without
a large secondary posterior cusp on C; relative-
ly large first premolar that is permanent in both
jaws; relatively small cheekteeth; P* that is larger
than M!, which is subsquare rather than rectangular;

orbits deflected distinctly upward relative to the cra-
nial axis; postorbital processes that are ossified to
the zygomatic arches in mature individuals, a com-
plete alar canal (an unusual feature in megachiro-
pterans, seen elsewhere only in Mirimiri and some
Pteralopex — cf. Giannini et al. 2006b: 113); basi-
cranial configuration in which the petrosal is some-
what sunk laterally, the posttympanic and para-
condylar processes are unusually large, and the post-
glenoid foramen is displaced laterally; and relative-
ly gracile mandible featuring a low-slung sloping
symphysis and a short and slender coronoid process.
We plan to explore in greater detail these and other
morphological attributes (and their phylogenetic
significance) in subsequent contributions.

Content and Distribution

Desmalopex is endemic to the oceanic Phil-
ippines. The type and only described species of
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analysis due to the influence of its missing data on branch lengths
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Desmalopex is Desmalopex leucopterus (Tem-
minck, 1853), known only from forested habitats
(up to at least 2,300 m) on Luzon and the adjacent
land-bridge island of Catanduanes (specimens at
AMNH, BMNH, FMNH, RMNH, SMF, and
USNM). Synonyms are Pteropus chinensis Gray,
1870 (misprovenanced from China — see Ander-
sen, 1912) and an incorrect subsequent spelling
of leucopterus under the name combination ‘Spect-
rum leucopterum’ by Gray (1870). Currently unde-
scribed species referable to Desmalopex have been
recorded from the Philippine islands of Mindoro (in
the Mindoro Faunal Region — see Heaney et al.,
1998) and Dinagat (in the Mindanao Faunal Region
— K. M. Helgen, personal observation; specimens
at DMNH).

DiscussioN

Affinities of Desmalopex remain somewhat un-
certain and invite speculation and further research.
Desmalopex belongs in Pteropodinae sensu Berg-
mans (1997), but exactly where in this group is not
yet clear. Within the subfamily Pteropodinae,
Bergmans (1997) recognized three tribes: Ptero-
podini (including Pteropus, Acerodon, Neopteryx,
Styloctenium, Pteralopex, and the more recently
recognized genus Mirimiri — Helgen, 2005), a re-
stricted Macroglossini (incorporating only Macro-
glossus and Syconycteris), and Notopterini (Melony-
cteris and Notopteris). The problematic African
genus Eidolon was suggested as another candidate
member of the Pteropodinae based on morphologi-
cal evidence and a combined analysis including mi-
tochondrial genes (Giannini and Simmons, 2005),
but our current analyses using only nuclear genes
either rejected this grouping (Fig. 2) or did not pro-
vide clear support for it (Fig. 3). Also from the cur-
rent analysis (and some of our previous results —
e.g., Giannini and Simmons, 2003, 2005; Giannini
et al., 2000), it seems clear that Macroglossus (and
thus its apparently closely-related sister lineage, Sy-
conycteris — Andersen, 1912; Kirsch et al., 1995)
does not belong in Pteropodinae. However, we re-
covered Melonycteris in clade A (Figs. 2 and 3), an
arrangement recalling the DNA-DNA hybridization
results of Kirsch et al. (1995), suggesting that the
Notopterini may be part of Pteropodinae. Based
on RAG-1 changes, Desmalopex joined Melonycte-
ris and typical Pteropodini in a trichotomy (Fig. 2),
suggesting that, pending further resolution, Desma-
lopex may belong in a separate tribe within the sub-
family. The single-gene parsimony analyses did not

favor any particular association of Desmalopex in
this trichotomy. However, the combined ML analy-
sis suggested, albeit weakly, that Melonycteris may
join a clade including Desmalopex (Fig. 3).

Andersen (1912) included leucopterus in Ptero-
pus within the pselaphon species group, which is
characterized by many dental traits including heavy
teeth, strong ledges (cingula), and relative enlarge-
ment of specific incisors (I,) and premolars (P,). To
Andersen (1912: 294) “the pselaphon group shows
decidedly leanings towards the highly specialized
genus Pteralopex”. We have not had access to tissue
samples of Pteralopex, but we hypothesize that, as
suggested by Miller (1907), Desmalopex may be
part of a lineage including Pteralopex (and its more
recently described sister genus, Mirimiri) and per-
haps other pteropodine genera. To the craniodental
characters, we add several external characters that
may support such association. Some photographs of
Desmalopex that we have seen seem to show that it
has an eye with a red-orange iris, an interesting trait
shared also with Pteralopex and Mirimiri, but also
with some Pteropus species, in which genus the iris
is more usually brown (Flannery, 1995; Helgen,
2005). The external ears of Desmalopex, like those
of Pteralopex and Mirimiri, are relatively small in
comparison to most species of Pteropus (Corbet and
Hill, 1992; Helgen, 2005). Desmalopex also exhibits
an uneven distribution of pigment in the patagia
(‘melanin spotting’ of Giannini and Simmons, 2005:
character 33). This character state is shared with
Pteralopex, Styloctenium, some Pteropus species
(e.g., P. capistratus), and is carried to an extreme
in Neopteryx (see Hayman, 1946; Bergmans and
Rozendaal, 1988). Perhaps significantly, melanin
spotting is also present in Melonycteris and Ne-
sonycteris, though it also occurs in at least one phy-
logenetically unrelated lineage, the Nyctimeni-
nae, and as an individual feature in other pteropodid
genera.

Regarding relationships within Pteropus, the nu-
clear genes that we sampled lack variation sufficient
to provide resolution, suggesting that fast-evolving
genes (e.g., mitochondrial markers) should be added
to the analysis. However, we anticipate that species
groups, as traditionally recognized since Andersen
(1912), will require some major rearrangements.
While our analyses either recover or did not strong-
ly contradict some polytypic species groups (the
samoensis, tonganus, vampyrus groups), monophy-
ly of at least two such species groups was rejected.
First, P. woodfordi (scapulatus species group) ap-
peared as sister to P. molossinus (molossinus species
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group) rather than P. scapulatus. Second, P. pumilus
did not group with the other member of the subniger
species group included in our study (P. hypome-
lanus). The significance of these results will be more
fully explored elsewhere in a review of interspecific
relationships among the remainder of species classi-
fied within Pteropus.

Unfortunately, we have not had access to tissues
or sequences from Pteropus insularis, P. pselaphon,
P. pilosus, or P. tuberculatus, all of which Andersen
(1912) allied with Desmalopex leucopterus within
his ‘Pteropus pselaphon group.” Further study is
needed to firmly establish the phylogenetic place-
ment of these species. However, we note that none
of these species of Pteropus possess some of the
more distinctive phenetic anatomical attributes of
D. leucopterus, such as its mottled wings, relatively
small and subsquare M!, extraordinary discrepancy
in size between I, and I, co-ossification of the pos-
torbital processes and the jugal spine of the zygo-
matic arches, and zygomata that are parallel-sided
rather than bowed in dorsal view (each of these traits
are instead shared with Pteralopex.)

Recognition of Desmalopex as a valid genus
brings the number of recognized pteropodine genera
(sensu Giannini and Simmons, 2005: 24) to seven
(Helgen, 2005; Simmons, 2005) or eight (including
Eidolon — Giannini and Simmons, 2005). With the
exception of Eidolon, all of these lineages comprise
relatively very large-bodied bats with distributions
centered on the Indo-Australian region. One is wide-
spread throughout Australasia and the Pacific and
Indian Ocean regions (Pteropus), one is shared
between Wallacea and the oceanic Philippines
(Styloctenium), one occurs primarily throughout
Wallacea and the oceanic Philippines but also ex-
tends marginally to the Sunda Shelf region on Pala-
wan and adjacent islands (4cerodon), one is restrict-
ed to Sulawesi (Neopteryx), one is restricted to the
oceanic Philippines (Desmalopex), one is restricted
to the Solomon Archipelago (Pteralopex), and one
is restricted to Fiji (Mirimiri) (Helgen, 2005; Sim-
mons, 2005; Esselstyn, 2007).

As noted above, our results confirm that one lin-
cage formerly classified among ‘macroglossines’
(Andersen, 1912; Giannini and Simmons, 2005;
Giannini et al., 2006), represented by Melonycteris
(endemic to the Bismarck Archipelago) and Neso-
nycteris (endemic to the Solomon Archipelago), var-
iably recognized as separate genera or congener-
ic subgenera (Pulvers and Colgan, 2007), is also
referable to the Pteropodinae (Bergmans, 1997).
The West Pacific genus Notopteris (occurring in

Vanuatu, New Caledonia, Fiji, and the subfossil re-
cord of Tonga), unsampled in our study, is potential-
ly another member of this clade (Kirsch et al.,
1995). Concentration of endemic pteropodine line-
ages throughout insular archipelagos from Sulawesi
and the Philippines to the Solomons and Fiji indi-
cates a probable origin for the group within the
Indo-Pacific region’s extensive island arc systems.

Finally, our parsimony analyses and our previous
studies (Giannini and Simmons, 2005; Giannini et
al., 2006) suggest that members of Pteropodinae are
nested within Pteropodidae. By contrast, our com-
bined ML analysis and a previous study that includ-
ed a comparable sample of Pteropus species (Col-
gan and Da Costa, 2002: 19 species) place ptero-
podines in a more basal position amongst megachi-
ropterans. However, the weakly supported backbone
of both MP and ML trees (Figs. 2 and 3) indicate
only uncertainty about the placement of pteropo-
dines with this limited taxonomic sample.

CONCLUSIONS

We have provided evidence that leucopterus
does not belong within the taxonomic boundaries of
a monophyletic genus Pteropus, and resurrect
Desmalopex Miller, 1907 as a valid generic name to
accommodate this species. Morphological evidence
points to an association of Desmalopex with Pte-
ralopex and Mirimiri, and perhaps to pteropodine
genera other than Acerodon and Pteropus. With the
exclusion of leucopterus, monophyly of the genus
Pteropus (as represented by a sample of 18 species
from 12 species groups) is supported by shared
changes in three nuclear coding genes. At least two
of the currently recognized species groups of Pte-
ropus may not be monophyletic.
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