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INTRODUCTION

There are several species of bats that are
widely distributed in the Neotropical low-
lands from Central to South America but
have a peculiar disjunction between south-
eastern Atlantic Forest and northwestern
Amazonian Forest populations (e.g., Molos-
sops neglectus — R. Gregorin et. al., In
press). These two corresponding forested
regions are broadly separated by distinctly
drier open habitats of the Caatinga in east-
ern Brazil, the dry grasslands of the Cerrado

in central Brazil, the dry Chaco forest in
northwestern Paraguay and Bolivia, and the
wetlands of the Pantanal bordering south-
western Brazil, Bolivia, and Paraguay.
Vampyressa pusilla exhibits this pattern
(Lewis and Wilson, 1987), although the dis-
tribution of this species (Fig. 1) is poorly
understood given the recent discovery of 
V. p. thyone in western Amazonian Brazil
(Nogueira et al., 1999) and Guyana (Lim
and Engstrom, 2001). Extensive compar-
isons throughout its range are lacking and
the holotype from southeastern Brazil is 
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a mounted specimen with the skull enclos-
ed within the skin, which has hindered
taxonomic evaluation. In addition, V. p.
pusilla is also not well represented in col-
lections with only a few specimens from
several scattered localities in southeastern
South America.

A series of eight specimens of V. p.
pusilla was collected from a single locali-
ty in southern Brazil as part of a larger proj-
ect on surveying bat species diversity and
frugivore-plant interactions. This has af-
forded us the opportunity to compare and
review the taxonomic and distributional sta-
tus of V. p. pusilla and its distinction from 
V. p. thyone. In addition to morphological

comparison, we also present a preliminary
molecular phylogeny for the genus Vam-
pyressa (with the exception of V. melissa)
and comment on higher level relation-
ships with Chiroderma, Mesophylla, and
Ectophylla.

MATERIALS AND METHODS

A representative voucher collection of bats was
made at Caetetus Ecological Station (22°03’S,
49°40’W, 700 m a.s.l.), São Paulo State, Brazil from
17 to 29 July 1998 during the dry season. Caetetus is
a fragmented 2,178 hectare refugium of interior At-
lantic Forest surrounded primarily by coffee planta-
tions. The habitat is broadleaf semideciduous forest
with areas of primary, secondary, and swamp forest.
This collection will serve as comparative material for
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FIG. 1. Distribution map of Vampyressa thyone (circles) and V. pusilla (squares) constructed from the literature
references and specimens examined in the Species Accounts section. Notice the allopatric distribution between
the two species with separation of approximately 1,200 km centred around the dry Chaco and wet Pantanal 

of Boliva, Paraguay, and Brazil
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species richness and abundance in studies on frugi-
vore and plant interactions. Specimens will be de-
posited at the Universidade Estadual Paulista in
Araçatuba, Brazil and the Royal Ontario Museum in
Toronto, Canada. Field numbers (F) are used as a
cross-reference in the text until the collection is offi-
cially distributed between these two institutions.

Thirty-five specimens representing V. p. thyone
from northwestern South America and Central
America, and 13 specimens representing V. p. pusilla
from southeastern Brazil and Paraguay were exam-
ined for morphological and mensural study (see
Species Accounts). Museum acronyms are: BMNH,
British Museum of Natural History, London; MECN,
Museo Ecuatoriano de Ciencias Naturales, Quito; NP,
personal field number of Wagner A. Pedro, Araça-
tuba; ROM, Royal Ontario Museum, Toronto;
UMMZ, University of Michigan, Museum of Zool-
ogy, Ann Arbor; and ZSM, Zoologische Sammlung
des Bayerischen Staates, Munich. Forearm and cra-
nial measurements similar to those reported in Good-
win (1963) were recorded as follows: forearm length;
greatest length of skull; zygomatic breadth; interor-
bital breadth; mastoid breadth; greatest width across
the upper molars; maxillary toothrow length; and
mandibular toothrow length.

For molecular analysis, 17 tissue samples were
used representing specimens of V. p. pusilla, V. p. thy-
one, V. bidens, V. brocki, and V. nymphaea with Chiro-
derma trinitatum, C. villosum, Mesophylla macconn-
elli, and Ectophylla alba employed as outgroups (see

Species Accounts and Appendix I). An approximate-
ly 2,400 basepair mitochondrial (mt) DNA gene re-
gion composed of ND3, transfer (t) RNA for arginine,
ND4L, and ND4 as defined with primers LGL 772
and 773 (LGL Ecological Genetics, Inc., Bryan,
Texas) was used in a partial endonuclease digest map-
ping technique as developed by Morales et al. (1993)
and modified by Lim and Engstrom (1998). Thirteen
unique restriction enzymes (AatII, AluI, BstUI,
BstZ17I, DpnII, HaeIII, HhaI, HpaII, NdeI, NlaIII,
PstI, RsaI, and TaqI) from New England Biolabs, Inc.
(Beverly, MA) were used to indirectly survey mtDNA
variation by mapping cut sites. Phylogenetic relation-
ships were hypothesized using a branch-and-bound
parsimony algorithm with characters unordered and
equally weighted as implemented in PAUP* version
4.0b9 (Swofford, 2001). Additional heuristic search
settings included the simple addition sequence option
and polytomies were created if the maximum branch
length was zero. Branch support was summarized
with bootstrap and jackknife analyses with 1,000 rep-
lications each, and a decay index was calculated using
a converse constraints approach.

RESULTS

The mean values of all external and 
cranial measurements were larger for V. p.
pusilla than for V. p. thyone (Table 1). In
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Character V. p. thyone V. p. thyone V. p. pusilla V. p. nattereri

Forearm length 32 30–34 33–36 35
31.5 (1.2) 34.3 (1.1)

Greatest length  of skull 19.0 17.8–18.8 19.5–20.6 20.1
18.4 (0.3) 20.0 (0.4)

Zygomatic breadth 11.0 10.2–11.1 11.2–12.1 12.1
10.8 (0.2) 11.7 (0.2)

Interorbital breadth – 4.4–5.1 4.8–5.3 5.2
4.7 (0.2) 5.0 (0.1)

Mastoid breadth 9.5 8.8–9.8 9.5–9.9 10.1
9.2 (0.2) 9.8 (0.1)

Greatest width across upper molars – 7.2–8.1 8.1–8.8 8.6
7.6 (0.2) 8.4 (0.3)

Maxillary toothrow length 6.1 5.8–6.6 6.6–7.3 7.0
6.2 (0.2) 6.9 (0.2)

Mandibular toothrow length – 5.5–6.1 6.4–6.9 6.7
5.8 (0.2) 6.6 (0.2)

TABLE 1. One external and seven cranial measurements for the holotype of Vampyressa pusilla thyone (Goodwin,
1963), V. p. thyone (n = 31), V. p. pusilla (n = 10), and the holotype of V. p. nattereri (Goodwin, 1963) including
range, mean, and standard deviation (in parentheses) where applicable
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addition, three of the seven cranial measure-
ments (greatest length of skull, zygomatic
breadth, and mandibular toothrow length)
showed no overlap in range between the
two populations. Within each taxon, there
was no noticeable sexual dimorphism with
near-overlap in range for most measure-
ments. Qualitative morphological differ-
ences are described in the Species Accounts
diagnosis.

The use of 13 restriction enzymes re-
sulted in 94 unique cut sites for the 17-spec-
imen data set (Appendix II). The number of
cut sites for each enzyme were as follows:
0 AatII, 17 AluI, 0 BstUI, 1 BstZ17I, 13
DpnII, 15 HaeIII, 5 HhaI, 3 HpaII, 1 NdeI,
14 NlaIII, 1 PstI, 12 RsaI, and 12 TaqI. Nine
characters were constant, 19 were autapo-
morphic, and 66 were parsimony informa-
tive. Two equally parsimonious trees of
length 117 steps were found with consisten-
cy index of 0.7265 and retention index of
0.8150. The topology of one of these trees
(Fig. 2) had the two specimens of V. p. pu-
silla from Brazil as the sister lineage to 
V. p. thyone with samples from Panama,
Ecuador, and Guyana. The other species of 
Vampyressa were in another clade with V.
brocki sister to V. nymphaea, and V. bidens
basal to this grouping. Vampyressa was
monophyletic relative to the outgroup with
Chiroderma (trinitatum and villosum) bran-
ching next based on three unique synapo-
morphies and a clade of Mesophylla mac-
connelli with Ectophylla alba united by two
unique synapomorphies. The only differ-
ence in the two equally parsimonious trees
was the arrangement among the three sam-
ples of Mesophylla macconnelli with a tri-
chotomy or two samples from Ecuador be-
ing sister.

Support for the individual clades of 
V. p. pusilla, V. p. thyone, V. brocki, V. nym-
phaea, and V. bidens was high with boot-
strap, jackknife, and decay values of at least
96%, 94%, and 4 respectively (Fig. 2).

Likewise, support for outgroup relation-
ships was nearly as high. In contrast, rela-
tionships among taxa of Vampyressa were
not well supported. The sister-grouping of
V. p. pusilla and V. p. thyone collapsed with
a tree one step longer, and V. brocki with
V. nymphaea collapsed after two steps.
Bootstrap and jackknife values were also
moderate ranging from 52% to 71%. The
sister-relationship of V. bidens with the
clade of V. brocki and V. nymphaea had sim-
ilarly weak support.

DISCUSSION

Historical Perspective

As outlined by Goodwin (1963), the ex-
act provenance of five bats collected by
Johann Natterer during the early 1800’s in
Brazil and identified as ‘Phyllostoma pusil-
lum’ has caused some taxonomic confusion
within the genus Vampyressa. Two were
collected from ‘Sapeteba’ with one of them
becoming the holotype for V. pusilla, and
three were collected from Ipanema with the
holotype of V. nattereri presumably being
one of these (Goodwin, 1963). Unfortunate-
ly, only the two holotypes are extant with
the other three specimens lost, destroyed in
fire, or discarded. The holotype of V. pusil-
la is a dry skin with the skull enclosed of a
subadult male with the wings spread out. As
explained by Goodwin (1963), the original
description of V. pusilla by Wagner (1843)
was brief but a more detailed account was
given in Wagner (1850). An illustration was
also included with the second publication
but it was of another specimen, an adult fe-
male from Ipanema, which most probably
was one of the missing Natterer specimens. 

Because of the lack of a description or
figure for the cranial and dental characters
of the holotype due to the skull remaining in
the skin, Peters (1866) redescribed the holo-
type and had illustrations commissioned,

18 B. K. Lim, W. A. Pedro, and F. C. Passos
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FIG. 2. Most parsimonious topology from a phylogenetic analysis of restriction sites in the ND3–4 mtDNA gene
region of Vampyressa with Chiroderma, Ectophylla, and Mesophylla used as outgroups. Terminal taxa are 
cross-referenced in the Species Account and Appendix I. Numbers above the branches are branch lengths and
decay value, and below are bootstrap and jackknife percentages from 1,000 replications. Branch lengths are also

proportional to the number of character changes

that were published posthumously (Thom-
as, 1909), of an adult male from Ipanema to
represent typical V. pusilla. Thomas (1909)
subsequently used this illustration as repre-
senting V. pusilla, at that time the only
known species in the genus, during his 
description of V. nymphaea and V. thyone,

and later V. venilla (Thomas, 1924) and V.
melissa (Thomas, 1926). While sorting
through the Natterer’s notes and collection,
Goodwin (1963) designated the specimen
illustrated in Peters (1866) as the holotype
of another new species V. nattereri. Pe-
terson (1968), however, in his description

Downloaded From: https://complete.bioone.org/journals/Acta-Chiropterologica on 25 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



of V. brocki considered V. nattereri an adult
example of V. pusilla as Natterer had desig-
nated in his original notes, with which we
concur. Curiously, Goodwin (1963: 14) stat-
ed that “the differences [Thomas] noted be-
tween venilla and V. thyone are not greater
than those between subspecies of V. pusilla”
although his only example of the latter was
the subadult type specimen. This led to his
designation of venilla and thyone as sub-
species of V. pusilla. Handley (1966: 767)
followed this synonymy because “the char-
acters that are supposed to distinguish the
subspecies of this species ... are age rather
than geographic variables”, presumably
also based on the subadult holotype of 
V. pusilla. Peterson (1968: 11) concurred
that “the type of V. venilla shows close sim-
ilarity in all basic characters with V. thyone
and is here regarded as a synonym for it”,
with which we agree. However, he accepted
without comment Goodwin’s (1963) syn-
onymy of these two taxa with V. pusilla be-
cause he was not able to examine the holo-
type or any specimens from the Atlantic
Forest.

Mensural and Morphological Differences

As first explicitly reported by Myers et
al. (1983: 144), but without supporting data,
“Vampyressa [p.] pusilla from Paraguay are
larger than V. p. thyone from Central
America”. Our study, which included two of
their five specimens from Paraguay, also
found this noticeable difference in size with
the mean values for the length of forearm
and all seven cranial measurements larger
for V. p. pusilla than V. p. thyone (Table 1).
Furthermore, three of the cranial measure-
ments did not have any overlap in range.
In contrast, within V. p. thyone from north-
western South America (including popula-
tions from Venezuela, Ecuador, and Colom-
bia) and Central America (Panama and Nic-
aragua), there was no obvious geographic

variation warranting subspecies designa-
tions (Baker et al., 1973). They found no
significant differences between these popu-
lations (n = 62) based on one external and
eight cranial measurements. In addition,
there was no sexual dimorphism reported in
a population of V. bidens from Peru (Davis,
1975). The number of museum voucher
specimens for V. p. pusilla, however, are not
as numerous as for V. p. thyone. Other than
the 10 specimens measured herein, which
also included three individuals reported
from southern São Paulo State (Pedro et al.,
1997), we are only aware of published
measurements for two other specimens (an
adult and subadult) of V. p. pusilla. These
two specimens are from northwestern São
Paulo State (Taddei, 1979) and compared
favourably with our V. p. pusilla, and exhib-
ited no noticeable variation. Therefore, we
concluded that quantitative mensural data
support two distinct morphologically homo-
geneous taxa, V. p. pusilla and V. p. thyone.

We are not aware of any explicit com-
parison of a series of specimens for both
V. p. pusilla and V. p. thyone. In our direct
comparison of qualitative morphological
characters, we found several cranial and ex-
ternal characters that distinguished these
two taxa. As outlined in the Species Ac-
count diagnosis, there are differences in the
orbito-rostral region, palato-nasal region,
molariform teeth, extent of body hair, and
colouration on the noseleaf and ears.

Molecular and Chromosomal Differences

Distinct populations were also corrobo-
rated by the molecular data (see Fig. 2). The
two specimens of V. p. pusilla were collect-
ed sympatrically from southeastern Brazil
and were identical haplotypes, which was
reflected in the high support values. In con-
trast, the three samples representing V. p.
thyone were from geographically distant lo-
calities (Panama, Ecuador, and Guyana) but

20 B. K. Lim, W. A. Pedro, and F. C. Passos
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had nearly as high clade support. Interest-
ingly, although each taxon is in a strongly
supported monophyletic lineage, these two
putative conspecifics are weakly supported
as sister groups. There are, however, two
unique restriction sites (one each in AluI
and TaqI) that unite these two lineages. 

Chromosomal data have also alluded 
to the divergence of V. p. pusilla and V. p.
thyone. There has been one karyotype
(diploid number, 2n = 20 and fundamental
number, FN = 36) reported for V. p. pusilla
from Paraguay (Myers et al., 1983), which
was distinct from the three lower FN chro-
mosomal races reported for V. p. thyone.
The latter included karyotypes of 2n = 18
with FN = 20 from Central America, 2n =
23 for males and 24 for females with FN =
22 from Colombia (Baker et al., 1973), and
2n = 22 for males and 23 for females with
FN = 22 from Peru (Gardner, 1977).
Although there is chromosomal varia-
tion within V. p. thyone, this is not asso-
ciated with any noticeable quantitative or
qualitative differences in gross morphology
(Baker et al., 1973) as seen between V. p.
thyone and V. p. pusilla. Four independent
data sets (mensural, morphological, chro-
mosomal, and mitochondrial) identify dis-
tinctly divergent lineages supporting the
recognition of V. thyone and V. pusilla as
separate species.

Phylogeny of Vampyressa

Our molecular analysis within Vampy-
ressa had strongly supported monophy-
letic lineages at the species level but weak-
ly supported interspecific relationships 
(Fig. 2). This indicates that slightly slower
evolving genes would be useful in corrobo-
rating this phylogeny. Nonetheless, a previ-
ous morphological study compared favour-
ably. Peterson (1968) had placed V. brocki
and V. nymphaea into a new subgenus
Metavampyressa based on the combination

of four lower incisors and the presence of a
dorsal stripe. These two species were close-
ly allied to V. bidens, which was the only
representative he put in the subgenus Vam-
pyriscus. This relationship is identical to the
topology derived from our molecular analy-
sis (Fig. 2). However, based on individual
variation in the number of lower incisors in
a population of V. bidens from Peru, Davis
(1975) did not think Metavampyressa merit-
ed subgeneric status and included all three
species in the subgenus Vampyriscus.

Unfortunately, we were unable to con-
sistently amplify a tissue sample of V. melis-
sa from Peru provided by V. Pacheco and
test the hypothesis that this larger species
belongs in another subgenus Vampyressa
with the smaller V. pusilla and V. thyone.
They were grouped together, however,
based on similarly modified molars and the
absence of a dorsal stripe (Peterson, 1968).
Chromosomally, V. melissa has a low FN
karyotype (2n = 14; FN = 24) similar to the
chromosomal races of V. thyone (Gardner,
1977), but distinctly different from the 2n =
20 and FN = 36 karyotype of V. pusilla
(Myers et al., 1983).

Higher-level relationships
There has been much debate on the

monophyly of Vampyressa and its relation-
ship with Chiroderma, Mesophylla, and
Ectophylla. Although our molecular analy-
sis identifies a monophyletic clade for Vam-
pyressa, it is not highly supported. One pos-
sible explanation is that the ND3–4 gene re-
gion did not evolve exactly with the diversi-
fication of this group so the phylogenetic
signal is not strong for recovering the phy-
logeny. More genes need to be surveyed for
a robust molecular analysis that includes all
species within Vampyressa. Nuclear RAG2
(Recombination-Activating Gene-2) has
been sequenced as part of a larger study on
the systematics of Phyllostomidae (Baker et
al., 2000) but it included only a sampling of
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taxa (V. bidens, V. thyone, M. macconnelli,
E. alba, C. villosum) that were used in our
study. Their preliminary results had low res-
olution and grouped V. pusilla with Meso-
phylla, which formed a polytomy including
V. bidens, C. villosum, Uroderma, and a
clade composed of Platyrrhinus and Vampy-
rodes. Ectophylla was in a divergent sister
lineage.

Another recent study on phyllostomid
phylogeny used a total evidence approach,
which incorporated primarily morphologi-
cal data sets (Wetterer et al., 2000). Their
results suggested that “Vampyressa is not
monophyletic because V. pusilla, V. nym-
phaea, and V. bidens are successive sister
taxa to Ectophylla and Mesophylla” (Wet-
terer et al., 2000: 142), with Chiroderma the
basal lineage. Although they identified a
need for inclusion of all recognized spe-
cies of Vampyressa and cautioned against
nomenclatural changes until a more com-
prehensive study was done, the successive
basal branching of Vampyressa species
was a novel topology. The node uniting 
V. nymphaea with subsequent terminal taxa
is diagnosed by only the absence of a third
lower molar. This character is, however, 
individually variable in V. bidens with 6 of
33 specimens from Peru missing a third
lower molar (Davis, 1975).

Based on a consensus of combined
quantitative and qualitative morphological
data analysed with distance and parsimony
methods, Owen (1987: 33) concluded that
his resultant tree “does not support or refute
Vampyressa as a monophyletic group. How-
ever, if this genus is in fact monophyletic,
Mesophylla macconnelli must be includ-
ed in it”. His consensus topology had five
unresolved lineages, three of which were
composed of V. melissa, a trichotomy with
V. pusilla, V. brocki and V. bidens, and a
clade of V. nymphaea and M. macconnelli.
These were all novel relationships. Ecto-
phylla alba appeared in a fourth diverge 

lineage with Artibeus and Uroderma. The
fifth lineage grouped Chiroderma with
Platyrrhinus.

An alternative morphological reap-
praisal of stenodermatine phylogeny by Lim
(1993) was at the generic level and incorpo-
rated a more traditional view of bat taxono-
my with all species of Vampyressa charac-
ter-coding the same. The most parsimoni-
ous reconstructions had Mesophylla and
Ectophylla as sister-taxa, which then form-
ed a trichotomy with Vampyressa and
Chiroderma. This higher-level morphologi-
cal topology did not contradict our molecu-
lar analysis (Fig. 2) where Mesophylla and
Ectophylla were united as sister taxa based
on two unique synapomorphies. In addition,
Chiroderma and Vampyressa had three
unique synapomorphies grouping them as
each others closest relative. Although not
coded as such at the time because of its au-
topomorphy at the generic level of analysis
(Lim, 1993), all species of Vampyressa have
unique faintly and unevenly bifid cusps on
the inner upper incisors different from the
distinctly and evenly bifid teeth of Artibeus
and Uroderma. In older individuals of Vam-
pyressa, the cusp distinction is obscured be-
cause of wear giving the appearance of sim-
ple pointed incisors similar to Chiroderma,
Mesophylla, and Ectophylla.

Chromosomal data
Based on karyotypes, Greenbaum et al.

(1975) concluded that the 2n = 21 for males
and 22 for females with FN = 20 karyotype
(Baker and Hsu, 1970; Hsu and Benirschke,
1971; not FN = 22 as reported in Green-
baum et al., 1975) of M. macconnelli was
distinctly different from E. alba (2n = 30
and FN = 56). Furthermore, the two chro-
mosomal races (2n = 18 with FN = 20; 2n =
21/22 with FN = 22) of V. p. thyone known
at that time seemed more similar to M. mac-
connelli than to the other species of Vam-
pyressa. Greenbaum et al. (1975) proposed
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a phylogenetic tree with the high diploid
and fundamental number karyotype of Ecto-
phylla as the basal lineage followed by
a successivly derived karyotype for Chiro-
derma and then a clade with a paraphyletic
Vampyressa and Mesophylla. In contrast,
Gardner (1977) proposed independent chro-
mosomal rearrangements, within a presum-
ed monophyletic Vampyressa, for each spe-
cies or unique karyotype from a high dip-
loid (26) and low fundamental number (24)
hypothetical ancestral karyotype. He as-
cribed the chromosomal similarities of V. 
p. thyone and Mesophylla as karyotypic
convergence as also seen in the sex chro-
mosome systems in the divergent genera 
of Choeroniscus, Carollia, and Artibeus
(Gardner, 1977).

Assuming our phylogeny (Fig. 2) is cor-
rect, and fully bi-armed high diploid and
fundamental numbers are considered ances-
tral (Greenbaum et al., 1975), karyotype
data can be mapped onto the tree under the
following scenario. A karyotype similar to
E. alba (2n = 30 and FN = 56) would be an-
cestral to the genera under study. The 2n =
26 and FN = 48 karyotype of all species of
Chiroderma, V. bidens, and V. nymphaea
would be at the node uniting these two gen-
era. A karyotype similar to V. pusilla (2n =
20 and FN = 36) would be at the node for
the remaining species of Vampyressa. Al-
though we did not have V. melissa in our
analysis, this implies that this species is sis-
ter to V. thyone with the common ancestor
still retaining a fully bi-armed 2n = 14 and
FN = 24 karyotype. This relationship may
explain the weak support uniting V. pusilla
and V. thyone in our molecular analysis be-
cause they may not be each others closest
relative. Within the chromosomal races of 
V. thyone, which have most chromosomes
as acrocentric, other rearrangements now
appear other than autosomal fusions which 
reduced the diploid and fundamental num-
bers of the previously described species.

The 2n = 18 and FN = 20 karyotype of
Central American V. thyone can be derived
by two centric fissions and two centromeric
terminalizations. The Colombian karyotype
of 2n = 23–24 and FN = 22 is hypothesized
to evolve next with two centric and one au-
tosomal fissions with the male having an
additional small unpaired autosomal fusion.
The most derived karyotype under this sce-
nario is 2n = 22–23 and FN = 22 from Peru
which has a unique large unpaired metacen-
tric auto-some and a Y-chromosome trans-
location (Gardner, 1977).

Taxonomic Considerations

Two generic taxonomic changes have
recently been recommended, which we
think are premature especially considering
the incongruence of many of the studies.
Owen (1987) considered M. macconnelli as
congeneric with Vampyressa because it was
the sister species to V. nymphaea. Based on
the critique of Lim (1993), there is no phy-
logenetic support of this relationship nor is
there restriction site or chromosomal data to
suggest that they are sister taxa. Although
we agree with Wetterer et al. (2000) that 
M. macconnelli and E. alba are sister taxa
well supported by several morphological
and molecular synapomorphies, there are
still obvious differences suggesting that
these species are divergent and should re-
tain their generic ranks. Chromosomally, E.
alba has the proposed ancestral karyotype
for this group and that of M. macconnelli is
highly derived. However, morphologically,
there are several differences in the cranium
and dentition between the two taxa suggest-
ing that E. alba is the most modified, in-
cluding “shortened rostrum, raised nasals,
and exaggerated circular and flattened last
lower molar” (Starrett and Casebeer, 1968).
The restriction site data also identified eight
autapomorphies that defined E. alba and
five for M. macconnelli. The karyological,
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morphological, and molecular differences
are substantial for retaining the traditional
generic distinctions for E. alba and M. mac-
connelli.

Conclusions

Because of the conflicting topologies
from the different data sets and analyses,
much more work is required to confidently
hypothesize the phylogeny of Vampyressa,
Mesophylla, Ectophylla, and Chiroderma
within the larger context of phyllostomid
systematics. One emphasis for future re-
search should be on complete species-level
relationships within genera or genera-com-
plexes. There are a growing number of ex-
amples suggesting that traditionally recog-
nized genera are paraphyletic (e.g., Wet-
terer et al., 2000; Lee et al., 2002) so taxo-
nomic sampling within genera is much
more important at higher levels especially
for speciose families such as Phyllosto-
midae. There is, however, strong evidence
from quantitative mensural data, qualitative
morphological characters, chromosomal
differences, and mitochondrial synapomor-
phies to recognize V. pusilla and V. thyone
as distinctly mensural species. They are al-
so allopatrically distributed and as presently
known their ranges are separated by the
Chaco and Pantanal at a distance of about
1,200 km (Fig. 1).

SPECIES ACCOUNTS

Vampyressa pusilla (Wagner, 1843)
Phyllostoma pusillum Wagner, 1843
Chiroderma pusillum Peters, 1866
Stenoderma (Chiroderma) pusillum Pelzeln, 1883
Vampyrops pusillus Thomas, 1889
Vampyrops (Vampyressa) pusillus Thomas, 1900
Vampyressa pusilla Miller, 1907
Vampyressa pusilla pusilla Goodwin, 1963
Vampyressa nattereri Goodwin, 1963
Vampyressa (Vampyressa) pusilla pusilla Peterson,

1968

Holotype — ZSM 184312, subadult �,
skin with skull enclosed and wings spread.

Type locality — Brazil: Rio de Janeiro;
Sapitiba.

Distribution — Known from the Atlan-
tic Forest in southeastern Brazil from Minas
Gerais, Rio de Janeiro, São Paulo, Rio
Grande do Sul (Taddei, 1979), and Espírito
Santo (Zortéa and Alves de Brito, 2000),
southern Paraguay in Paraguarí (Myers et
al., 1983), and extreme northeastern Argen-
tina from Misiones (Barques et al., 1993).

Specimens examined (* indicates speci-
mens used in the molecular analysis) —
Brazil: São Paulo; Caetetus Ecological Sta-
tion, 22°23’S, 49°40’W, 700 m, 3 ��,
5 �� (F44370, F44371, F44375, F44382,
F44386, F44394*, F44429*, F44445).
Between Pariquera-Açú and Registro, 1 �,
2 �� (NP 0001, 0002, 0003). Paraguay:
Paraguarí; Parque Nacional Ybycuí, 1 �,
1 � (UMMZ 133730, 103731).

Emended diagnosis — Compared with
V. thyone, V. pusilla has a larger, more ro-
bust skull and dentition. The postorbital
processes are more developed in V. pusilla
resulting in a broader appearance to the ros-
trum. The posterior cusp of the last upper
premolar is more developed in V. pusilla
giving it an elongated shape. The upper 
molars are also broader than those in V. thy-
one. In the nasal region, V. pusilla has a
thicker anterior medial palatal extension
with a central and two lateral foraminas an-
teriorly. This is often obscured if the crani-
um is not thoroughly cleaned. The palatal
openings in this area are also not constrict-
ed posterolaterally. Externally, V. pusilla is
a slightly larger bat with the length of fore-
arm averaging longer than V. thyone (Table
1). Vampyressa pusilla is hairier with rela-
tively more fur on the forearms and legs. In
addition, the dorsal fur is longer and laxer
with hairs extending noticeably beyond the
interfemoral membrane. The noseleaf of
V. pusilla is uniformly brown and the edg-
ing on the ears is faintly paler. 

Downloaded From: https://complete.bioone.org/journals/Acta-Chiropterologica on 25 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Measurements — All seven cranial
measurements average larger in V. pusilla
than in V. thyone (see Table 1). There was
no overlap in range for greatest length of
skull, zygomatic breadth, and mandibular
toothrow length.

Vampyressa thyone Thomas, 1909
Vampyressa thyone Thomas, 1909
Vampyressa minuta Miller, 1912
Vampyressa venilla Thomas, 1924
Vampyressa thyone Hershkovitz, 1949
Vampyressa pusilla thyone Goodwin, 1963
Vampyressa pusilla Handley, 1966
Vampyressa (Vampyressa) pusilla thyone Peterson,

1968

Holotype — BMNH 97.11.7.77, adult
�, skin in alcohol and skull removed. 

Type locality — Ecuador: Bolívar;
Chimbo, 1000 feet.

Distribution — Known from northwest-
ern South America and Central America in-
cluding northern Bolivia (Anderson, 1997);
western Brazil (Nogueira et al., 1999); Peru
(Thomas, 1924; Sanborn, 1953; Gardner,
1977; Ascorra et al., 1991; Woodman et al.,
1991; Pacheco et al., 1993); Ecuador
(Thomas, 1909; Goodwin, 1963); Colombia
(Thomas, 1909; Hershkovitz, 1949; Baker
et al., 1973); Venezuela (Handley, 1976;
Ochoa et al., 1988; Ochoa, 1995); Guyana
(Lim and Engstrom, 2001); French Guiana
(Brosset and Charles-Dominique, 1990);
Panama (Miller, 1912; Handley, 1966);
Costa Rica (Goodwin, 1946; Armstrong,
1969; Gardner et al., 1970; Baker et al.,
1973); Nicaragua (Starrett and de la Torre,
1964; Jones et al., 1971; Baker et al., 1973);
Honduras (Valdez and LaVal, 1971; Baker
et al., 1973); Belize (Peterson, 1965);
Guatemala (Rick, 1968); and southern
Mexico (Davis et al., 1964; Hall, 1981) as
far north as Veracruz (Schaldach, 1964) and
Oaxaca (Arnold and Schonewald, 1972).

Specimens examined (* indicates spec-
imens used in the molecular analysis)

— Belize: Rockstone Pond, 17°46’N,
88°22’W, 1 � (ROM 33614). Colombia:
Antioquia; Remedios, Finca San Martin,
07°02’N, 74°41’W, 1 � (ROM 84983).
Cauca; Mechenguito, 02°40’N, 77°12’W, 
1 � (ROM 63213). Meta; Restrepo,
04°15’N, 73°33’W, 1 � (ROM 62500).
Tolima; Gualanday, 04°17’N, 75°02’W, 1 �
(ROM 84971). Costa Rica: Limon; near Rio
Barbilla, foothills Talamanca Mountains,
10°01’N, 83°23’W, 1 � (ROM 94244).
Ecuador: Esmeralda; 2 km S Alto Tambo,
00°54’N, 78°33’W, 1 � (ROM 105806*).
Napo; 37–76 km S Pompeya Sur, 00°38’S,
76°27’W to 00°50’S, 76°20’W, 13 ��,
3 �� (ROM 104391, 104414, 104453,
104493, 104535–6, 104544, 105226–8,
105233, 105714–5, 105882, 105995,
106332). Guyana: Mazaruni-Cuyuni; Na-
mai Creek, 5 km W of Pariuma, 05°48’N,
61°06’W, 1 � (ROM 108145). Potaro-
Siparuni; Iwokrama Forest, Cow Fly Camp,
04°22’N, 58°49’W, 1 �, 1 � (ROM
108583*, 108622). Panama: Canal Zone,
Gamboa, 09°08’N, 79°42’W, 1 �, 1 �
(ROM 78446, 91187). Chiriqui; Santa
Clara, 08°52’N, 82°45’W, 2 �� (ROM
104306, 104332). Darien; La Laguna,
08°52’N 79°48’W, 1 � (ROM 78447);
Parque Nacional Darien, Estacion Pirre,
08°00’N, 77°43’W, 1 � (ROM 104367).
Panama; Parque Nacional Altos de Cam-
pana, 08°41’N, 79°56’W, 1 �, 2 �� (ROM
99937, 104238*, 104239).

Emended diagnosis — Compared with
V. pusilla, V. thyone has a smaller, less ro-
bust skull and dentition. The postorbital
processes are less developed in V. thyone
resulting in a narrower appearance to the
rostrum. The posterior cusp of the last upper
premolar is less developed giving it a less
elongated shape. The upper molars are also
narrower than those in V. pusilla. In the na-
sal region of V. thyone, the anterior medial
palatal extension is flattened with a single
prominent anterior foraminea. The palatal
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openings in this area are also constricted
posterolaterally. Externally, V. thyone is a
slightly smaller bat with the length of fore-
arm averaging shorter than V. pusilla (Ta-
ble 1). Vampyressa thyone is not as hairy
with relatively less fur on the forearms and
legs. In addition, the dorsal fur is shorter
with hairs not extending noticeably beyond
the interfemoral membrane. For the nose-
leaf of V. thyone, the outer edge is yellowish 
and the edging on the ears is predominate-
ly yellow.

Measurements — All seven cranial
measurements average smaller in V. thyone
than in V. pusilla (Table 1). There was no
overlap in range for greatest length of skull,
zygomatic breadth, and mandibular tooth-
row length.

ACKNOWLEDGEMENTS

We thank Philip Myers (University of Michigan)
and Igor Castro (Museo Ecuatoriano de Ciencias Nat-
urales) for the loan of specimens, and Mark Engstrom
for comments on an earlier draft. Funding was gener-
ously provided by the Royal Ontario Museum Foun-
dation and Centre for Biodiversity and Conservation
Biology at the Royal Ontario Museum to B. K. Lim,
Conselho Nacional de Desenvolvimento Científico 
e Tecnológico (CNPq) to W. A. Pedro and F. C. Pas-
sos, and Fundação de Amparo à Pesquisa do Estado
de São Paulo (FAPESP 98/12556-1 and 98/08940-0)
to W. A. Pedro. This is contribution number 262 from
the Centre for Biodiversity and Conservation Biology
at the Royal Ontario Museum, and number 1372 from
the Departmento de Zoologia, Universidade Federal
do Paraná.

LITERATURE CITED

ANDERSON, S. 1997. Mammals of Bolivia, taxonomy
and distribution. Bulletin of the American Mu-
seum of Natural History, 231: 1–652.

ARMSTRONG, D. M. 1969. Noteworthy records of bats
from Costa Rica. Journal of Mammalogy, 50:
808–810.

ARNOLD, J. R., and J. SCHONEWALD. 1972. Notes on
the distribution of some bats in southern Mexico.
The Wasmann Journal of Biology, 30: 171–174.

ASCORRA, C. F., D. E. WILSON, and M. ROMO. 1991.
Lista anotada de los quirópteros del Parque

Nacional Manu, Perú. Publicaciones del Museo
de Historia Natural, Universidad Nacional Mayor
de San Marcos, Serie A, 42: 1–14.

BAKER, R. J., and T. C. HSU. 1970. Further studies on
the sex-chromosome systems of the American
leaf-nosed bats (Chiroptera, Phyllostomidae).
Cytogenetics, 9: 131–138.

BAKER, R. J., H. H. GENOWAYS, W. J. BLEIER, and J.
W. WARNER. 1973. Cytotypes and morphometrics
of two phyllostomatid bats, Micronycteris hirsute
and Vampyressa pusilla. Occasional Papers,
Museum of Texas Tech University, 17: 1–10.

BAKER, R. J., C. A. PORTER, J. C. PATTON, and R. A.
VAN DEN BUSSCHE. 2000. Systematics of bats of
the family Phyllostomidae based on RAG2 DNA
sequences. Occasional Papers, Museum of Texas
Tech University, 202: 1–16.

BARQUES, R. M., N. P. GIANNINI, and M. A. MARES.
1993. Guide to the bats of Argentina: Guia de 
los murcielagos de Argentina. Oklahoma Mu-
seum of Natural History, Norman, Oklahoma, 
viii + 119 pp.

BROSSET, A., and P. CHARLES-DOMINIQUE. 1990. 
The bats from French Guiana: a taxonomic, 
faunistic and ecological approach. Mammalia,
54: 509–560.

DAVIS, W. B. 1975. Individual and sexual variation
in Vampyressa bidens. Journal of Mammalogy,
56: 262–265.

DAVIS, W. B., D. C. CARTER, and R. H. PINE. 1964.
Noteworthy records of Mexican and Central
American bats. Journal of Mammalogy, 45:
375–387.

GARDNER, A. L. 1977. Chromosomal variation in
Vampyressa and a review of chromosomal evolu-
tion in the Phyllostomidae (Chiroptera). System-
atic Zoology, 26: 300–318.

GARDNER, A. L., R. K. LAVAL, and D. E. WILSON.
1970. The distributional status of some Costa
Rican bats. Journal of Mammalogy, 51: 712–729.

GOODWIN, G. G. 1946. Mammals of Costa Rica.
Bulletin of the American Museum of Natural
History, 87: 271–474.

GOODWIN, G. G. 1963. American bats of the genus
Vampyressa, with the description of a new spe-
cies. American Museum Novitates, 2125: 1–24.

GREENBAUM, I. F., R. J. BAKER, and D. E. WILSON.
1975. Evolutionary implications of the karyo-
types of the Stenodermine genera Ardops, Ari-
teus, Phyllops, and Ectophylla. Bulletin of the
Southern Academy of Sciences, 74: 156–159.

GREGORIN, R., B. K. LIM, W. A. PEDRO, F. C. PASSOS,
and V. A. TADDEI. In press. Range extension 
of Molossops neglectus (Chiroptera: Molossidae)
into southeastern Brazil. Mammalia.

26 B. K. Lim, W. A. Pedro, and F. C. Passos

Downloaded From: https://complete.bioone.org/journals/Acta-Chiropterologica on 25 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



HALL, E. R. 1981. The mammals of North America.
Vol. 1. Second ed. John Wiley and Sons, New
York, xv + 600.

HANDLEY, C. O., JR. 1966. Checklist of the mammals
of Panama. Pp. 753–795, in Ectoparasites of Pa-
nama (R. L. WENZEL and V. J. TIPTON, eds.). Field
Museum of Natural History, Chicago, 861 pp.

HANDLEY, C. O., JR. 1976. Mammals of the Smith-
sonian Venezuelan Project. Brigham Young Uni-
versity Science Bulletin, Biological Series, 20
(5): 1–89.

HERSHKOVITZ, P. 1949. Mammals of northern Co-
lombia, preliminary report no. 5: bats (Chiro-
ptera). Proceedings of the United States National
Museum, 99: 429–454.

HSU, T. C., and K. BENIRSCHKE. 1971. Mesophylla
macconnelli. An atlas of mammalian chromo-
somes. Volume 5, Folio 260, Springer-Verlag,
New York.

JONES, J. K., JR., J. D. SMITH, and R. W. TURNER.
1971. Noteworthy records of bats from Nica-
ragua, with a checklist of the chiropteran fauna
of the country. Occasional Papers of the Mu-
seum of Natural History, University of Kansas, 
2: 1–35.

LEE, T. E., JR., S. R. HOOFER, and R. A. VAN DEN
BUSSCHE. 2002. Molecular phylogenetics and 
taxonomic revision of the genus Tonatia (Chiro-
ptera: Phyllostomidae). Journal of Mammalogy,
83: 49–57.

LEWIS, S. E., and D. E. WILSON. 1987. Vampyressa
pusilla. Mammalian Species, 292: 1–5.

LIM, B. K. 1993. Cladistic reappraisal of Neotropical
stenodermatine bat phylogeny. Cladistics, 9:
147–165.

LIM, B. K., and M. D. ENGSTROM. 1998. Phylogeny of
Neotropical short-tailed fruit bats, Carollia spp.:
phylogenetic analysis of restriction site variation
in mtDNA. Pp. 43–58, in Bat biology and conser-
vation (T. H. KUNZ and P. A. RACEY, eds.).
Smithsonian Institution Press, Washington, D.C.,
xiv + 365 pp.

LIM, B. K., and M. D. ENGSTROM. 2001. Species di-
versity of bats (Mammalia: Chiroptera) in Iwo-
krama Forest, Guyana, and the Guianan subre-
gion: implications for conservation. Biodiversity
and Conservation, 10: 613–657.

MILLER, G. S. 1912. A small collection of bats from
Panama. Proceedings of the United States Na-
tional Museum, 42: 21–26.

MORALES, J. C., J. C. PATTON, and J. W. BICKHAM.
1993. Partial endonuclease digestion mapping of
restriction sites using PCR-amplified DNA. PCR
Methods and Applications, 2: 228–233.

MYERS, P., R. WHITE, and J. STALLINGS. 1983. 

Additional records of bats from Paraguay. Jour-
nal of Mammalogy, 64: 143–145.

NOGUEIRA, M. R., A. POL, and A. L. PERACCHI. 1999.
New records of bats from Brazil with a list of 
additional species for the chiropteran fauna of 
the state of Acre, western Amazon basin. Mam-
malia, 63: 363–368.

OCHOA G., J. 1995. Los mamiferos de la region de
Imataca, Venezuela. Acta Cientifica Venezolana,
46: 274–287. 

OCHOA G., J., H. J. SÁNCHEZ, M. BEVILACQUA, and 
R. RIVERO. 1988. Inventario de los mamiferos de
la Reserva Forestal de Ticoporo y la Serrania de
Los Pijiquaos, Venezuela. Acta Cientifica Vene-
zolana, 39: 269–280.

OWEN, R. D. 1987. Phylogenetic analyses of the bat
subfamily Stenodermatinae (Mammalia: Chiro-
ptera). Special Publications, Museum Texas Tech
University, 26: 1–65.

PACHECO, V., B. D. PATTERSON, J. L. PATTON, L. H.
EMMONS, S. SOLARI, and C. F. ASCORRA. 1993.
List of mammal species known to occur in Manu
Biosphere Reserve, Peru. Publicaciones del Mu-
seo de Hisotria Natural, Universidad Nacional
Mayor de San Marcos, Serie A, 44: 1–12.

PEDRO, W. A., C. DE CARVALHO, M. M. HAYASHI, A.
BREDT, N. M. S. ARMANI, M. M. S. SILVA, L.
GOMES, C. A. GONÇALVES, and N. F. PERES. 1997.
Notes on Vampyressa pusilla (Wagner, 1843) in
the south of São Paulo State. Chiroptera Neo-
tropical, 3: 79–80.

PETERS, W. 1866. Hr. W. Peters machte eine Mit-
theilung über neue oder ungenügend bekannte
Flederthiere (Vampyrops, Uroderma, Chiroder-
ma, Ametrida, Tylostoma, Vespertilio, Vesperugo)
und Nager (Tylomys, Lasiomys). Monatsbericht
der Königlich Preussischen Akademie der Wis-
senschaften zu Berlin, pp. 392–441.

PETERSON, R. L. 1965. The genus Vampyressa record-
ed from British Honduras. Journal of Mammal-
ogy, 46: 676.

PETERSON, R. L. 1968. A new bat of the genus Vam-
pyressa from Guyana, South America, with a
brief systematic review of the genus. Life
Sciences Contributions, Royal Ontario Museum,
73: 1–17.

RICK, A. M. 1968. Notes on bats from Tikal, Guate-
mala. Journal of Mammalogy, 49: 516–520.

SANBORN, C. C. 1953. Mammals from the Depart-
ments of Cuzco and Puno, Peru. Publicaciones del
Museum de Historia Natural ‘Javier Prado’, Uni-
versidad Nacional Mayor de San Marcos, A 12:
1–8.

SCHALDACH, W. J., JR. 1964. Notas breves sobre 
algunos mamiferos del sur de Mexico. Sobretiro

Differentiation of Vampyressa pusilla and V. thyone 27

Downloaded From: https://complete.bioone.org/journals/Acta-Chiropterologica on 25 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



de los Anales del Instituto de Biología, 35:
129–137.

STARRETT, A., and L. DE LA TORRE. 1964. Notes on 
a collection of bats from Central America, with
the third record for Cyttarops alecto Thomas.
Zoologica, 49: 53–63.

STARRETT, A., and R. S. CASEBEER. 1968. Records of
bats from Costa Rica. Contributions in Science,
Los Angeles County Museum, 148: 1–21.

SWOFFORD, D. L. 2001. PAUP*, version 4.0b9.
Sinauer Associates, Inc., Sunderland, Massa-
chusetts.

TADDEI, V. A. 1979. Phyllostomidae (Chiroptera) 
do norte-ocidental do estado de São Paulo. 
III. Stenodermatinae. Ciência e Cultura, 31:
900–914.

THOMAS, O. 1909. Notes on some South-American
mammals, with descriptions of new species.
Annals and Magazine of Natural History, 8 (4):
230–242.

THOMAS, O. 1924. On a collection of mammals made
by Mr. Latham Rutter in the Peruvian Amazons.
Annals and Magazine of Natural History, 9 (13):
530–538.

THOMAS, O. 1926. The Godman-Thomas expedition
to Peru. — III. On mammals collected by Mr. R.
W. Hendee in the Chachapoyas region of north

Peru. Annals and Magazine of Natural History, 9
(18): 156–167.

VALDEZ, R., and R. K. LAVAL. 1971. Records of 
bats from Honduras and Nicaragua. Journal of
Mammalogy, 52: 247–250.

WAGNER, A. 1843. Diagnosen neuer Arten brasili-
scher Handlflüger. Archivalische für Naturge-
schichte, 9 (1): 365–368.

WAGNER, A. 1850. Kenntniss der Saugthiere Ameri-
kas. Abhandlungen Bayerischen Akademie der
Wissenschaften, 5: 125–208.

WETTERER, A. L., M. V. ROCKMAN, and N. B. SIM-
MONS. 2000. Phylogeny of phyllostomid bats
(Mammalia: Chiroptera): data from diverse mor-
phological systems, sex chromosomes, and re-
striction sites. Bulletin of the American Museum
of Natural History, 248: 1–200.

WOODMAN, N., R. M. TIMM, R. ARANA, V. PACHECO,
C. A. SCHMIDT, E. D. HOOPER, and C. PACHECO A.
1991. Annotated checklist of the mammals of
Cuzco Amazonico, Peru. Occasional Papers of
the Museum of Natural History, University of
Kansas, 145: 1–12.

ZORTÉA, M., and B. F. ALVES DE BRITO. 2000. Tents
used by Vampyressa pusilla (Chiroptera: Phyllo-
stomidae) in southeastern Brazil. Journal of Trop-
ical Ecology, 16: 475–480.

28 B. K. Lim, W. A. Pedro, and F. C. Passos

Additional specimens examined for mensural and
morphological study. * — indicates specimens used
in the molecular analysis. Museum acronyms are:
MECN, Museo Ecuatoriano de Ciencias Naturales,
Quito; and ROM, Royal Ontario Museum, Toronto.

Chiroderma trinitatum — Guyana: Potaro-Siparuni;
Iwokrama Forest, Turtle Mountain, 2 �� (ROM
108993*, 108950).

Chiroderma villosum — Guyana: Potaro-Siparuni;
Iwokrama Forest, Turtle Mountain, 1 � (ROM
108998*).

Ectophylla alba — Costa Rica: Limon; Cano Palma
Biological Station, 1 � (ROM 108296*).

Mesophylla macconnelli — Ecuador: Napo; 38 km S
Pompeya Sur, 2 �� (ROM 105492*, MECN
0854*). Guyana: Demerara-Mahaica; Ceiba Bio-
logical Center, 1 � (ROM 113723). East Berbice-
Corentyne; Mapenna River, 1 � (ROM 100305).
Potaro-Siparuni; Iwokrama Forest, Cow Fly
Camp, 1 �, 1 � (ROM 108582*, 108620). Upper

Takutu-Upper Essequibo, Cacique Mountain, 1
� (ROM 113524).

Vampyressa bidens — Colombia: Vaupes; Mitu, 1 �
(ROM 45277). Ecuador: Napo; 34–76 km S
Pompeya Sur, 12 ��, 4 �� (ROM 103994–5,
104065, 104479, 104503, 104534, 104551,
105133–4, 105505*, 105612, 105722, 105929,
105961, 106074, 106335). Guyana: Barima-
Waini; Baramita, 1 � (ROM 100964). Cuyuni-
Mazaruni; Namai Creek, 5 km W Paruima, 2
��, 1 � (ROM 108143, 108174, 108205).
Potaro-Siparuni; Iwokrama Forest, Cow Fly
Camp, 1 � (ROM 108618); Iwokrama Forest, 25
km SSW Kurupukari, 1 � (ROM 104742). Upper
Demerara-Berbice; 1.6 km E Ituni, 1 � (ROM
59590); 11.2 km NE Ituni, 1 � (ROM 59895);
Lucky Spot, 3 �� (ROM 60394, 66587, 66596).
Upper Takutu-Upper Essequibo; Chodikar River,
55 km SW Gunn’s Strip, 1 �, 1 � (ROM
106592, 106616); Curary Wau, E of Shea Village,
1 �, 1 � (ROM 37296, 37297); Kamoa River, 50
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km SWW Gunn’s Strip, 1 � (ROM 106718); 5
km SE Surama, 1 � (ROM 103043).

Vampyressa brocki — Guyana: Demerara-Mahaica;
Ceiba Biological Center, 2 �� (ROM 113614,
113807). Potaro-Siparuni; Iwokrama Forest, 4
��, 2 �� (ROM 107227, 108584*, 108850,
111935, 112094*, 112095). Upper Demerara-
Berbice; Arampa,  4.8 km E Ituni, 1 � (ROM
59745); Wismar, 1 � (ROM 68008). Upper

Takutu-Upper Essequibo; Oshi Wau head near
Marurawaunowa, 1 � (ROM 38515, holotype).

Vampyressa nymphaea — Costa Rica: Limon; Cano
Palma Biological Station, 1 � (ROM 108322);
Rio Barbilla, Talamanca Mountain foothills, 1 �,
1 � (ROM 94237, 94246); Tortuga Lodge, Tor-
tuguero, 1 � (ROM 108288*). Panama: Panama;
Parque Nacional Altos de Campana, 2 ��

(ROM 104236*, 104270).

Presence (1) or absence (0) of 94 restriction cut
sites in the ND3–4 mtDNA gene region for Vampy-
ressa and associated outgroup taxa. Each of the fol-
lowing 11 restriction enzymes are listed from left to
right from the 5’ end and separated by a space begin-
ning with the corresponding voucher specimen cata-
logue number (see Species Accounts and Appen-
dix I): AluI, BstZ17I, DpnII, HaeIII, HhaI, HpaII,
NdeI, NlaIII, PstI, RsaI, and TaqI.

F44394 — 01100100100100100  0  1111010000011
000001000101000  00110  000  0
00111010100111  0  010010000100
000110010000;

F44429 — 01100100100100100  0  1111010000011
000001000101000  00110  000  0
00111010100111  0  010010000100
000110010000;

ROM 104238 — 01000000000100100  1
1111010001001  000000010101000  00000  000
0  00011001101111  1  010000000100
001100010000;

ROM 105806 — 01000000000100010  1
1111010001001  000000010101000  00000  000
1  00011001101111  1  010000000100
001100010000;

ROM 108583 — 01000000000100100  1
1111010001001  000000010101000  00000  000
1  00011001101111  1  010000000100
001100010000;

ROM 108584 — 11000000010000101  0
1111100000001  101001000101000  01000  000
0  00011000100111  0  010001010000
011100000000;

ROM 108618 — 11000000100001001  0
1111010000000  000101000101001  00000  001
0  10011000100111  0  010000011100
001100000110;

ROM 105505 — 11000000100000001  0

1111010000001  000101000101001  00000  001
0  10011000100111  0  010000011100
001100000110;

ROM 104236 — 11000010000000000  1
1111000000000  100001000101000  00000  010
0  00111000100111  0  110101010100
000100000010;

ROM 108288 — 11000010000000100  1
1111000010000  101010000101000  00000  010
0 00111000100111  0  110101010100
000100000010;

ROM 112094 — 11000010010010000  0
1111100000001  101001000101000  01000  000
0  00011000100111  0  010001010000
011100000000;

ROM 108993 — 11000000000000100  1
1111010000101  000000100101100  00000  000
0 01011100110100  0  011000000111
001100100000;

ROM 108998 — 01001000000000000  1
1111010000001  000000100101100  00000  000
0  00011000100100  0  011000000110
000100000000;

ROM 108582 — 00000001110000010  0
1111001000001  010000001000010  00000  000
0 01010000100100  0  011000100100
101100101010;

ROM 105492 — 00000001110000110  0
1111001000001  010000001000000  00000  000
0 01010000100100  0  011000110100
101100101010;

MECN 0854 — 00000001110000110  0
1111001000001  010000001000000  00000  000
0  01010000100100  0  011000110100
101100101010;

ROM 108296 — 00010000001000110  0
1111100100001  010000100010000  10001  100
0  00010000100100  0  010000110100
000101000001
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