DEFINING SPECIES AND SPECIES BOUNDARIES IN URODERMA (CHIROPTERA
PHYLLOSTOMIDAE) WITH A DESCRIPTION OF A NEW SPECIES
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ABSTRACT

Anew species of Peter’s tent-making bat, genus Uroderma (Chiroptera: Phyllostomidae), is
described from Venezuela’s Cordillera del Caribe and piedmonts of the Eastern Cordillera of the
Colombian Andes. Cranial morphology of the new species approaches that of U. magnirostrum,
with a notable enlargement of the nasals in the post-orbital region, giving the skull a flatter ap-
pearance in lateral profile than typical specimens of U. bilobatum. The new species of Uroderma
can be distinguished easily from U. magnirostrum by several discrete skin and cranial charac-
ters. Taxonomic affinities among geographic variants of U. bilobatum were assessed through
analyses of morphologic, karyotypic, and molecular variation. Although statistical support for
well-defined groups was low in morphological assessments, four morphotypes were recognized
based on geographic structure and previously reported karyotypic and molecular data. In addition
to the newly recognized species, U. convexum Lyon 1902 is elevated to species status, and U.
c. molaris is treated as a subspecies of U. convexum. Further, based on reciprocal monophyly
of supported clades present in analyses of mitochondrial DNA data, assortment of karyotypes
distinguished by three rearrangements, and reduced fitness in hybrids, U. davisi Baker and Mc-
Daniel 1972 is treated as a species. These taxonomic revisions result in a genus comprised of
five species (U. bilobatum, U. convexum, U. davisi, U. magnirostrum, and U. bakeri sp. nov.).

Key words: Colombia, taxonomic revision, Uroderma, U. bakeri sp. nov., U. bilobatum,
U. convexum, U. c. molaris, U. davisi, Venezuela

RESUMEN

Se describe una nueva especie de murciélago constructor de tiendas de Peter Uroderma
(Chiroptera: Phyllostomidae) de la Cordillera del Caribe en Venezuela y el piedemonte oriental
de la Cordillera Oriental de los Andes de Colombia. La morfologia craneal de la nueva especie
es cercana a aquella de U. magnirostrum, con un notable ensanchamiento de los nasales en la
region postorbital, dandole al craneo una apariencia mas plana en perfil lateral en comparacion
con craneos tipicos de U. bilobatum. La nueva especie puede ser facilmente diferenciada de
U. magnirostrum por varios caracteres discretos de piel y crdneo. Las afinidades taxondmicas
entre las variantes geograficas descritas para U. bilobatum fueron re-evaluadas teniendo en
cuenta su variacion morfologica, cariotipica y molecular previamente descrita. A pesar de un
bajo soporte estadistico en los analisis morfologicos, cuatro grupos fueron identificados de
acuerdo a su estructura geografica ¢ informacion cariotipica y molecular previamente descrita.
Adicionalmente, U. convexum Lyon 1902, es elevada a estatus especifico, y U. c¢. molaris es
considerada como subespecie de U. convexum. De otra parte, teniendo en cuenta monofilia
reciproca en clados estructurados presentes en datos de ADN mitocondrial, asi como, cariotipos
identificados por tres arreglos cromosomicos y €xito reproductivo reducido en hibridos, U. davisi
Baker and McDaniel 1972 es reconocido como una especie valida. Esta revision taxonomica
resulta en un género compuesto por cinco especies (U. bilobatum, U. convexum, U. davisi, U.
magnirostrum,y U. bakeri sp. nov.).

Palabras clave: Colombia, revision taxonomica, Uroderma, U. bakeri sp. nov., U. bilo-
batum, U. convexum, U. c. molaris, U. davisi, Venezuela
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INTRODUCTION

Tent-making bats, genus Uroderma (Peters 1886),
are distributed from Mexico to Brazil (Simmons 2005,
Gardner 2007). Presently, only two species of Uroder-
ma, U. bilobatum and U. magnirostrum (Davis 1968;
Baker et al. 2003; Simmons 2005), are recognized.
Although U. bilobatum exhibits substantial karyotypic
and DNA sequence variation, the use of morphol-
ogy to separate karyotypic and genetic phylogroups
has generated conflicting interpretations and debate
(Baker and Lopez 1970; Baker 1981; Greenbaum
1981; Barton 1982; Hafner 1982; Lessa 1990; Owen
and Baker 2001; Hoffmann et al. 2003). To date, six
subspecies of U. bilobatum have been described: U.
b. bilobatum (Peters 1866), U. b. convexum (Lyon
1902), U. b. thomasi (Andersen 1906), U. b. trinitatum
(Davis 1968), U. b. molaris (Davis 1968), and U. b.
davisi (Baker and McDaniel 1972). Simmons (2005)
recognized three phylogroups associated with the
chromosomal lineages identified by Baker (1981) and
molecular clades reported in Hoffmann et al. (2003).

Maximum cytochrome-b genetic distances (< 3.7%)
among phylogroups of U. bilobatum identified in Hoff-
mann et al. (2003) were lower than average percentages
identified among the majority of recognized phyllosto-
mid sister species (Bradley and Baker 2001; Baker and
Bradley 2006). However, at a hybrid zone in Pacific
Nicaragua, Honduras, and El Salvador between karyo-
typic races of U. b. convexum and U. b. davisi (Baker
1981; Owen and Baker 2001; Hoffimann et. al. 2003),
the concordance of mtDNA and karyotypic geographic
boundaries revealed defined geographic structure and
geographic isolation maintained by negative hetero-
sis (Barton 1982). Based on these results, Simmons
(2005) encouraged further systematic revisions of U.
bilobatum subspecies to clarify their taxonomic status.
In this paper, morphologic variation in U. bilobatum
and U. magnirostrum is reviewed and the evolutionary
concordance of molecular and karyotypic phylogroups
assessed by Hoffmann et al. (2003) is evaluated.

MATERIALS AND METHODS

Variation in skull morphology within the genus
Uroderma was analyzed from 433 adult specimens (222
males and 211 females) representing U. magnirostrum
and all currently recognized subspecies of U. bilobatum
(sensu Gardner 2007) from most of the distribution of
the genus (Appendix I). Age of specimens was deter-
mined based on the degree of ossification of phalangeal
epiphyses and completeness of basisphenoid suture
ossification. Specimens examined were archived in
the Instituto de Ciencias Naturales, Universidad Na-
cional de Colombia (ICN), the National Museum of
Natural History (NMNH), and the Museum of Texas
Tech University (TTU). Museum abbreviations follow
Hafner et al. (1997).

Taxonomic identification.—All specimens were
evaluated for each diagnostic character mentioned in
the original descriptions of each recognized species and
subspecies for the genus (Peters 1866 - U. b. bilobatum;
Lyon 1902 - U. b. convexum; Andersen 1906 - U. b.
thomast, Davis 1968 - U. b. molaris, U. b. trinitatum,
and U. magnirostrum), as well as geographic criteria
depicted in Davis (1968), Baker and McDaniel (1972),
and Baker and Clark (1987).

Measurements.—Originally, 16 craniodental
measurements were recorded including: greatest length
of skull (GLS); condylo-basal length (CBL); palatal
length (PAL); zygomatic width (ZW); mastoid width
(MW); brain-case width (BCW); interorbital constric-
tion width (I0C); maxillary width (MxW); maxillary
height (MxH); rostral depth (RD); distance across third
upper molars (M-M); internal width between third
upper molars (IMW); distance across upper canines
(C-C); canine-maxillary second molar length (CM2);
mandibular length (MDL); and mandibular tooth row
length (cm3). All measurements were taken in millime-
ters to the nearest 0.1 mm with a dial caliper (Mitutoyo
Absolute Snap series 573).

Selection of informative measurements.—In
order to avoid redundancy among the 16 recorded
measurements and to determine the minimum number
of variables to be used in analyses, a preliminary prin-
cipal components analysis (PCA) was performed and
correlated variables were eliminated through a PCA
Cattel Scree plot test in the Statgraphics 15 package
(Statgrahics 2009). Multiple correlation coefficients
for the analyzed variables were calculated and ordered
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(low to high) for the number of variables suggested
in the Scree plot. Partial correlation matrices were
evaluated and those variables possessing significant
differences were eliminated. In addition, values of
a variance/covariance matrix from standardized data
were calculated and the minimum number of variables
to be included was determined based on the multiple
correlation coefficient value.

Sexual dimorphism.—Sexual dimorphism was
evaluated for each recognized taxon using a Hotelling’s
T?test in the statistical package PAST (Hammer et al.
2001). The 16 recorded craniodental measurements
from 222 adult males and 211 adult females were used
in this analysis.

Assessment of skull morphometric variation
within Uroderma.—To analyze the phenetic similarities

within the genus Uroderma, a PCA and a discriminant
function analysis (DFA) were performed in the statis-
tical packages PAST (Hammer et al. 2001) and SPSS
9.0 (SPSS Inc. 1999), respectively. The selected,
informative craniodental measurements were used in
these analyses.

Evaluation of an unidentified morphogroup.—
Morphological differences between U. magnirostrum
and an unrecognized morphotype, identified herein as
ECNV (for castern Colombia and northern Venezuela),
also were assessed statistically using a PCA and a DFA
performed on the selected craniodental variables. Both
PCA and DFA were performed separately for males and
females in PAST (Hammer et al. 2001) and SPSS 9.0
(SPSS Inc. 1999) softwares, respectively.

REsuLTS

Selection of informative measurements.—Six
craniodental measurements were selected for the
morphometric analyses, as follows: GLS; MW; BCW;
10C; M-M; and MDL. Seclected variables were tested
for normality by the application of an Energy test in R
mvnorm.etest for independent variables.

Sexual dimorphism.—Although statistically sig-
nificant differences were found between measurements
of males and females in three of the analyzed taxa (U. b.
bilobatum, U. b. convexum, and U. b. davisi), all groups
possessed percentages of correctly assigned individu-
als greater than 70% in the Hotelling’s T*-test: U. b.
bilobatum (85%; Hotelling=58.1; F=2.03; p=0.03);
U. b. thomasi (95%; F=2.19; p=0.06); U. b. convexum
(71.77%; Hotelling=54.5; F=2.98; p>0.01); U. b. davisi
(85.21%; Hotelling=124.42; F=5.7; p>0.01); U. b. mo-
laris (91.67%; Hotelling=67.38; F=1.66; p=0.15); and
U. magnirostrum (95.24%; Hotelling=80.55; F=1.81;
p=0.2). The limited sample size for U. b. trinitatum
(N=8) prevented a test for sexual dimorphism in that
taxon.

Assessment of skull morphometric variation
within Uroderma.—Because sexual dimorphism was
depicted for some taxa, PCA and DFA were performed
separately for males and females. The PCA including

all taxa revealed low levels of morphometric variation
within the genus Uroderma for the six selected vari-
ables (Fig. 1). The first principal component accounted
for 80.44% and 62.52% of the variation among males
and females, respectively. Loadings on the first compo-
nent were all positive and relatively uniform in value for
both males and females, indicating variation in general
skull size for both sexes. The remaining components
were variable in magnitude and sign in both datasets,
indicating variation in shape (Table 1). Similarly, DFA
revealed a low overall morphometric differentiation
within the genus. However, U. magnirostrum and
representatives of the unrecognized morphotype ECNV
were discriminated from U. bilobatum sensu Davis
(1968) (Fig. 2, Table 2). Although not statistically sup-
ported, the DFA revealed some differentiation between
Central and South American U. bilobatum samples,
particularly among male specimens (Fig. 2, Table 2).

Evaluation of an unidentified morphogroup.—
Uroderma magnirostrum and the unrecognized mor-
photype ECNV proved to have statistically supported
different skull morphologies in both male and female
datasets. Skulls of U. magnirostrum were smaller, had
wider interorbital constrictions, and possessed deeper
rostri than those of the ECNV morphotype (Table 3,
Fig. 3). The first principal component accounted for
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Figure 1. Principal component analysis of six craniodental measurements of 222 male (left) and 211 female (right) Uroderma specimens representing all
recognized taxa in the genus. Abbreviations of the five measurements with the highest loadings: greatest length of skull (GLS); mastoid width (MW),
brain-case width (BCW); distance across third upper molars (M-M); and mandible length (MDL).
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88.95% and 76.59% of the variation among male and Chi-square=46.30; df=15; P=4.7"° for male dataset;
female datasets, respectively (Fig. 3). All analyzed  and Wilks’ Lambda=0.005; Chi-square=31.14; df=12;
individuals of both U. magnirostrum and ECNV were ~ P=0.0018 for female dataset; Table 4).

assigned correctly in the DFA (Wilks” Lambda=0.002;

Table 1. Loading of vectors, Eigen values, and percentage of variance explained by each component in a principal
component analyses (PCA) applied to six selected craniodental variables of 222 adult male and 211 adult female
specimens representing eight identified phylogroups across the range of distribution of Uroderma. Abbreviations of
measurements: GLS: greatest length of skull;, MW: mastoid width, IOC: interorbital constriction; BCW: braincase
width; M-M: distance across first upper molars;, and MDL: mandible length.

Variable Sex Axis 1 Axis 2 Axis 3 Axis 4 Axis 5 Axis 6
GLS a -0.6112 0.04605 0.1813 -0.2823 -0.6897 -0.1898
L

Q 0.4250 -0.3985 0.4996 0.1339 -0.2538 -0.5733

a -0.6652 0.3928 -0.0055 0.4954 0.3879 0.08597
MW

Q 0.3990 0.3948 0.0700 -0.6862 0.3842 -0.2480

a -0.0950 0.0564 0.6838 -0.5368 0.4251 0.2266
10C

Q 0.1138 -0.7334 -0.5208 -0.4200 0.0059 0.0396
BCW 3 -0.1309 -0.7040 0.3716 0.3488 0.1486 -0.4532

Q 0.4372 0.0727 -0.4801 0.5734 0.4479 -0.2091
MM 4 -0.1114 -0.4222 0.0642 0.2244 -0.2346 0.8365

Q 0.4463 0.3362 -0.3409 -0.0424 -0.7453 0.1201
MDL 3 -0.3812 -0.4080 -0.5978 -0.4633 0.3407 0.0090

Q 0.5068 -0.1708 0.3572 0.06497 0.1789 0.7417

a 1.0026 0.1325 0.0390 0.0349 0.0224 0.0148
Eigen Value

Q 0.6680 0.2375 0.0749 0.0363 0.0307 0.0211

a 80.4480 10.6330 3.1305 2.8030 1.7945 1.1911
Variance

Q 62.5210 222310 7.0068 3.3962 2.8703 1.9740
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Table 2. Wilks’ lambda values of the discriminant function analyses performed on six
cranial measurements of 222 adult male and 211 adult female specimens representing
eight identified phylogroups across the range of distribution of Uroderma. Groups were
discriminated a priori according to their morphology.

Test of Function(s) Wilks” Lambda Chi-square df Sig.
Males

1 through 5 0.201 344.102 35 0.000
2 through 5 0.524 138.499 24 0.000
3 through 5 0.821 42.264 15 0.000
4 through 5 0.929 15.875 8 0.044

5 0.985 3.199 3 0.362

Females

1 through 6 0.052 583.546 42 0.000
2 through 6 0.298 239.891 30 0.000
3 through 6 0.554 117.092 20 0.000
4 through 6 0.795 45.326 12 0.000
5 through 6 0.925 15.342 6 0.018

6 0.991 1.885 2 0.390

Table 3. Loadings of principal components analysis performed on the six selected variables for
U. magnirostrum and ECNV. Abbreviations of measurements: GLS: greatest length of skull; MW:
mastoid width; BCW: braincase width; I0C: interorbital constriction; M-M: distance across first
upper molars; and MDL: mandible length.

Variable PC1 PC2 PC3 PC4 PC5 PC6
Males
GLS 0.4156 0.4166 0.2727 0.0861 -0.1777 0.3455
MW 0.0676 -0.1901 -0.1377 -0.2697 -0.1112 0.5423
BCW 0.2183 0.1001 -0.2537 0.0100 -0.0444 -0.1512
10C -0.1400 0.2640 —0.1625 0.0899 0.0219 -0.1794
M-M -0.3550 0.0406 0.0417 -0.6275 0.0986 -0.0646
MDL -0.3648 -0.0597 0.1378 0.5572 0.0227 0.4179
Females
GLS 0.2682 0.2826 0.2731 0.0141 -0.0414 0.1156
CBL 0.2982 0.2062 0.4585 0.0870 0.1171 -0.1497
10C -0.3737 0.0956 0.0997 -0.4149 0.0683 -0.1059
MW -0.3396 0.2179 0.2096 0.1943 0.2922 -0.3319
BCW -0.1701 -0.1986 0.2046 -0.3850 -0.0059 0.2048

M-M -0.0256 -0.1436 -0.2300 -0.1587 -0.2482 -0.0989
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Table 4. Casewise results of the classification obtained from the discriminant function analyses between
the unrecognized morphotype ECNV (Group 1) (N=12) and U. magnirostrum (Group 2) (N=26). For
both male and female datasets, 100% of the individuals were classified within the hypothesized groups. In
column three, P (D>d | G=g) is the significance level of such a .

P (D>d | G=g) Squared Mahalanobis Discriminant Scores
Actual Group  Predicted Group p Distance to Centroid Function 1

18 1 0.79 0.07 24.84
14 1 0.52 0.41 23.93
18 1 0.76 0.09 24.88
18 1 0.30 1.08 23.53
18 1 097 0.00 24.53
14 1 0.20 1.65 25.85
14 1 0.89 0.02 24.43
24 2 0.97 0.00 -17.24
24 2 0.21 1.57 -15.95
24 2 0.01 7.82 -20.00
24 2 0.62 0.25 -16.70
24 2 0.63 0.23 -16.72
24 2 0.76 0.09 -17.51
24 2 0.53 0.39 -17.82
24 2 0.91 0.01 -17.09
28 2 0.27 1.19 -16.11
24 2 0.01 7.82 -20.00
24 2 0.62 0.25 -16.70
24 2 0.63 0.23 -16.72
24 2 0.76 0.09 -17.51
24 2 0.27 1.19 -16.11
24 2 0.74 0.11 -16.87
19 1 0.58 0.31 -23.14
1Q 1 0.98 0.00 -23.72
1Q 1 0.59 0.28 -2422
19 1 0.98 0.00 -23.72
12 1 0.59 0.28 -24.22
29 2 0.93 0.01 6.37

29 2 093 0.01 6.37

29 2 0.93 0.01 6.37

29 2 0.93 0.01 6.37

29 2 093 0.01 6.37

29 2 0.93 0.01 6.37

29 2 0.20 1.65 5.18

29 2 0.13 225 4.96

29 2 0.16 1.95 7.86

29 2 0.79 0.07 6.20

29 2 0.87 0.03 6.62




















































