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Abstract

The Neotropical bat genus Lophostoma (Phyllostomidae: Phyllostominae) currently includes seven species. Two taxa, Lo-
phostoma aequatorialis and Lophostoma silvicolum occidentalis, occur west of the Andes in Ecuador and Peru. In the de-
scription of L. aequatorialis, these two taxa were compared solely on the basis of morphology because DNA sequence
data could not be obtained from the type series of L. s. occidentalis. Here, comparisons are based on molecular data and
extensive morphological comparisons. The congruence between the morphological and molecular variation in our analy-
ses support the recognition of L. occidentalis as a valid species and the consideration of L. aequatorialis as a junior syn-
onym of L. occidentalis. Phylogenetic analysis of Lophostoma based on cytochrome-b sequences indicates that L.
occidentalis is closely related to L. schulzi. L. occidentalis can be recognized by its white to pale post-auricular patches;
dorsal side of the forearm naked; well-developed lateral projection of mastoid process; wide basioccipital; shallow basis-
phenoid pits weakly separated by a septum; P3 and P4 distal accessory cusp present; M1 ectocingulum strongly devel-
oped; M1 mesostyle absent; M1 mesostylar crest present; M1 anterior ectoflexus deep and posterior ectoflexus shallow;
M1 lingual cingulum present; M2 mesostyle absent; and M2 mesostylar crest present.
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Resumen

El género Lophostoma (Chiroptera: Phyllostomidae: Phyllostominae) incluye siete especies. Dos taxa habitan las laderas
occidentales de los Andes en Ecuador y Perú, Lophostoma aequatorialis y Lophostoma silvicolum occidentalis. En la de-
scripción de L. aequatorialis, la comparación entro los taxa de occidente fue solo morfológica, debido a los infructuosos
intentos de obtener secuencias de ADN de la serie tipo de L. s. occidentalis. En el presente estudio se presenta una com-
paración extensiva basada en datos moleculares y morfológicos. Se sugiere el reconocimiento de la subespecie L. s. occi-
dentalis como especie plena la cual debe incluir a L. aequatorialis, como sinónimo menor. Los análisis filogenéticos de
Lophostoma, basados en secuencias del gen mitocondrial citocromo-b, indican que L. occidentalis esta cercanamente rel-
acionada a L. schulzi. L. occidentalis, puede reconocerse por tener parches post-auriculares blancos o blancuzcos; super-
ficie dorsal del antebrazo desnudo; proyección lateral de los procesos mastoideos bien desarrollada; basioccipital bien
desarrollado; fosas del basiesfenoides poco profundas, débilmente separadas por un septum; cúspide accesoria presente
en el P3 y P4; ectocingulo fuertemente desarrollado en la M1; mesostilo ausente en el M1; cresta mesostilar presente en
el M1; ectoflexus anterios profundo y ectoflexus posterior poco profundo en el M1; cingulo lingual en el M1 presente;
mesostilo ausente en el M2; y cresta mesostilar presente en el M2.

Palabras clave: Lophostoma, Bosque Seco Ecuatorial, Phyllostominae, sistemática, taxonomía
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Introduction

The Neotropical bat genus Lophostoma d’Orbigny, 1836 is distributed from southern Mexico to central Paraguay
(Simmons 2005; Williams & Genoways 2008). The genus Lophostoma currently consist of seven species of small
to medium-sized bats (forearm 33–56 mm, greatest length of skull 18–31 mm, Williams & Genoways 2008): L.
aequatorialis Baker, Fonseca, Parish, Phillips, & Hoffmann, 2004; L. brasiliense Peters, 1867; L. carrikeri (Allen,
1910); L. evotis (Davis & Carter, 1978); L. schulzi (Genoways & Williams, 1980); L. silvicolum d’Orbigny, 1836
(type species); and L. yasuni Fonseca & Pinto, 2004.

d’Orbigny (1836) described Lophostoma based on a specimen of L. silvicola collected in Bolivia, the only spe-
cies he included in the genus (d’Orbigny 1836; d’Orbigny & Gervais 1847). Dobson (1878) listed three species for
Lophostoma: L. bidens (Spix, 1823), L. brasiliense Peters, 1867, and L. amblyotis Peters, 1867; he also listed L. sil-
vicolum as a junior synonym of L. amblyotis. Based on Dobson’s taxonomic arrangement and because L. bidens
could be assigned to the genus Tonatia Gray, 1827, Palmer (1898) treated Lophostoma as a junior synonym of
Tonatia Gray, 1827. The inclusion of Lophostoma under Tonatia was not challenged until studies of G-banded
karyotypes, allozymes, and albumin immunology (Patton & Baker 1978; Baker & Bickham 1980; Arnold et al.
1983; Honeycutt & Sarich 1987) showed that the T. bidens complex was sharply divergent from the other species
of the genus. Lee et al. (2002) examined DNA sequence variation in the mitochondrial ribosomal genes and
detected significant differentiation and paraphyly within the genus Tonatia. Based on these results, Lee et al.
(2002) recommended restricting Tonatia to bidens and saurophila and transferring brasiliense, carrikeri, evotis,
schulzi, and silvicola to Lophostoma.

Lophostoma silvicolum is one of the most widespread species of the genus (Simmons 2005; Williams & Geno-
ways 2008). Presently, four subspecies are recognized within L. silvicolum: Lophostoma s. centralis (Davis &
Carter, 1978) found in Honduras, Nicaragua and Costa Rica; L. s. laephotis (Thomas, 1910) occurring from the
Guianas into the lower Amazon basin of Brazil; L. s. occidentalis (Davis & Carter, 1978) occurring from the Río
Chira drainage basin of northwestern Peru and southwestern Ecuador; and L. s. silvicolum d’Orbigny, 1836, distrib-
uted in Panama, Colombia, Venezuela, Paraguay, Brazil, and east of the Andes in Ecuador, Peru, and Bolivia.

Davis & Carter (1978) described Lophostoma silvicolum occidentalis [Tonatia silvicola occidentalis] (Fig. 1)
from 18 specimens collected in the drainage basin of the Rio Chira in southwestern Ecuador and northwestern
Peru. In 2004 Baker and collaborators described Lophostoma aequatorialis from six specimens collected along the
western lowlands of Ecuador; morphological comparisons were restricted to only L. s. silvicolum and L. s. occiden-
talis. Meanwhile, their genetic analyses included all known species in the genus (except for L. yasuni) and repre-
sentatives of all the recognized subspecies of silvicolum except occidentalis. L. s. occidentalis was not included in
Baker et al. (2004) molecular analysis because attempts to amplify cyt-b fragments from the type series were
unsuccessful. According to Baker et al. (2004), L. silvicolum occidentalis can be distinguished from L. aequatoria-
lis by its whitish post-auricular patches and heavily frosted ventral pelage. Lophostoma aequatorialis lacks the
post-auricular patches and has a pale olive brown venter. Otherwise, these two taxa are similar in size and appear-
ance.

As a product of a number of surveys recently conducted in northwestern Peru resulted in the capture of several
individuals of L. s. occidentalis. In this paper we use these specimens to re-examine the systematics and taxonomy
of Lophostoma silvicolum occidentalis. We analyzed molecular, morphometric, and morphological data to clarify
the evolutionary history, species limits, and taxonomy of this taxon.

Material and methods

The phylogenetic relationships of the putatively assigned Lophostoma silvicolum occidentalis specimens were first
explored through the analyses of sequence variation of the cytochrome b gene and then specimens were morpho-
logically assessed to test for congruence among these datasets. The examined specimens and tissues used for this
study belong to the following institutions:

AMNH American Museum of Natural History, New York, USA.
CMNH Carnegie Museum of Natural History, Pittsburgh, Pennsylvania, USA.
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FMNH Field Museum of Natural History, Chicago, Illinois, USA.
MSB (NK) Museum of Southwestern Biology, University of New Mexico, Albuquerque, New Mexico, USA.
MUSM Museo de Historia Natural de la Universidad Nacional Mayor de San Marcos, Lima, Peru.
MVZ Museum of Vertebrate Zoology, University of California, Berkeley. California, USA.
ROM (F, FN) Royal Ontario Museum, Toronto, Ontario, Canada.
TCWC Texas Cooperative Wildlife Collection, Texas A&M University, College Station, Texas, USA.
TTU (TK) Museum of Texas Tech University, Lubbock, Texas, USA.
USNM National Museum of Natural History, Smithsonian Institution, Washington, D.C., USA.

FIGURE 1. Photograph of an adult female Lophostoma occidentalis captured at El Venado, El Angolo Hunting Preserve, Peru,
in November 2006 (MUSM 34637). Note the two genal vibrissae (photograph by Richard Cadenillas).

Molecular analyses. To evaluate the phylogenetic position of Lophostoma silvicolum occidentalis among the
other species of the genus, we sequenced the complete cytochrome-b gene of one specimen from western Peru with
the morphological characteristics of L. s. occidentalis and one of L. silvicolum from eastern Peru. In addition, all
the sequences of cyt-b of the species of Lophostoma used in the analysis of Baker et al. (2004) were kindly shared
by R. J. Baker and F. G. Hoffmann for use in our analyses. Phyllostomus hastatus, Tonatia bidens, T. saurophila,
and Vampyrum spectrum were used as outgroup taxa to root the trees. The sequences produced in this study, Gen-
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Bank accession nos. JF923847 and JF923859, together with the sequences from Baker et al. (2004) GenBank
accession nos. JF923842–JF923846, JF923848–JF923858, and JF923860–JF923864, are presented in Table 1.

TABLE 1. Species, tissue collection number, and GenBank Accession Numbers for the Lophostoma and outgroup samples
used in this study.

a Paratype of Lophostoma aequatorialis.
b Holotype of Lophostoma aequatorialis.

DNA isolation and sequencing for our samples were performed in the Pritzker Laboratory for Molecular Sys-
tematic and Evolution of the Field Museum of Natural History.

Total genomic DNA from tissue samples was isolated from a small (~0.05 g, wet weight) portion of liver or
muscle that had been frozen or preserved in either ethanol or lysis buffer. DNA was extracted using a Puregene
DNA isolation kit (Gentra System, Minneapolis, Minnesota). Polymerase chain reaction (PCR) and sequencing

Taxon Museum/Tissue Numbers Locality Genbank Acces-
sion Numbers

Lophostoma brasiliense ROM 104269/TK 49896/F 38112 Panama: Panama JF923842

Lophostoma brasiliense ROM 106608/TK 49898/F 38605 Guyana: Upper Takutu–Upper 
Essequibo

FJ155486

Lophostoma carrikeri ROM 107190/TK 49899/F 39143 Guyana: Potaro–Siparuni JF923843

Lophostoma carrikeri ROM 107391/TK 49900/F 39537 Guyana: Potaro–Siparuni JF923844

Lophostoma evotis ROM 95626/TK 49870/FN 29417 Mexico: Campeche JF923845

Lophostoma evotis ROM 95705/TK 49871/FN 29496 Mexico: Campeche FJ155491

Lophostoma evotis TTU 84384/TK 101727 Honduras: Atlantida JF923846

Lophostoma occidentalis MUSM 19334 Peru: Tumbes JF923847

Lophostoma occidentalisa TTU 85277/TK 104505 Ecuador: Esmeraldas JF923848

Lophostoma occidentalisb QCAZ 6500/TTU 85292/TK 104520 Ecuador: Esmeraldas JF923849

Lophostoma schulzi ROM 101128/TK 49888/F 35126 Guyana: Barima–Waini JF923850

Lophostoma schulzi ROM 104727/TK 49897/F 38318 Guyana: Potaro–Siparuni FJ155485

Lophostoma silvicolum A MSB 68337/TK 49884/NK 25209 Bolivia: La Paz JF923851

Lophostoma silvicolum A TK 56635 Paraguay: San Pedro JF923852

Lophostoma silvicolum A TK 56716 Paraguay: San Pedro FJ155493

Lophostoma silvicolum B ROM 100949/F 34947 Guyana: Barima–Waini FJ155492

Lophostoma silvicolum B CMNH 63684/TK 10279 Suriname: Saramaca JF923853

Lophostoma silvicolum B CMNH 63669/TK 10403 Suriname: Brakopondo JF923854

Lophostoma silvicolum C TTU 84904/TK 104132 Ecuador: Pastaza JF923855

Lophostoma silvicolum C TTU 84930/TK 104158 Ecuador: Pastaza JF923856

Lophostoma silvicolum C ROM 104232/TK 49879/F 38067 Panama: Panama JF923857

Lophostoma silvicolum C University of Panama/TK 49880/F 
38068

Panama: Panama JF923858

Lophostoma silvicolum C FMNH 203542 Peru: San Martín JF923859

Lophostoma silvicolum C CMNH 98608/TK 22709 Peru: Huánuco JF923860

Lophostoma silvicolum C CMNH 78340/TK 19191 Venezuela: Bolívar JF923861

Lophostoma silvicolum C CMNH 78337/TK 19233 Venezuela: Bolívar JF923862

Phyllostomus hastatus CMNH 78333/TK 19243 Venezuela: Bolívar FJ155479

Tonatia bidens MVZ 185959 Brazil: São Paulo JF923863

Tonatia saurophila ROM 103414/TK 49891/F 36877 Guyana: Upper Demerara–
Berbice

JF923864

Vampyrum spectrum TTU 61070/TK 40370 Honduras: Atlantida FJ155482
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reactions were carried out with primers L14724 and H15915 from Irwin et al. (1991). PCR conditions include an
initial denaturation step at 95–94ºC for 3–5 min, followed by 35 cycles of PCR. The cycles involved denaturation
at 95ºC for 30 s, annealing at 50–52ºC for 30–90 s, polymerization at 68–72ºC for 1–2 min, and a final extension at
72ºC at 5–8 min. The PCR reagents in a 25 μl sample were 2 μl of FMNH Taq, 2.5 μl 10X reaction buffer, 2.5 μl of
8 mM premixed deoxynucleotide triphosphates, 15 μl of ddH2O, 1 μl per primer (10 μM), and 1 μl genomic DNA.
The PCR products were cycle-sequenced using ABI PRISM Big Dye v. 3.1 (Applied Biosystems, Foster City, CA).
The cycling protocol used involved an initial denaturation step at 96ºC for 60s, followed by 25 cycles of denatur-
ation at 96ºC for 10 s, annealing at 50ºC for 5 min, and extension at 60ºC for 4 min. Cycle-sequencing products
were purified through an EtOH–EDTA precipitation protocol and run on an ABI PRISM 3730 Genetic Analyzer
(Applied Biosystems, Foster City, CA) using the amplification primers. Sequences were edited and compiled using
SequencherTM 4.1.2 software (Gene Codes). Base–calling ambiguities between strands were resolved by choosing
the call on the cleanest strand.

The sequence data were analyzed using Maximum Parsimony (MP), Maximum Likelihood (ML), and Bayes-
ian inference (BI) methods. The MP analyses were conducted using PAUP* 4.0b10 (Swofford 2003). The branch-
and-bound search algorithm was used to find the most parsimonious tree(s). Parsimony bootstrap was estimated
using the heuristic search method with 1000 replicates.

jModelTest version 0.1.1 (Posada 2008) was used to find the best model for the ML and Bayesian analyses
under the Akaike information criterion. The ML analyses were conducted using GARLI 0.96b (Zwickl 2006) with
the following parameters: rate matrix (21.6822, 95.2166, 10.8522, 4.4010, 261.5195, 1.0000); base frequencies (A
= 0.2888, C = 0.3729, G = 0.1286, T = 0.2097); proportion of invariable sites (0.5430); gamma distribution shape
parameter (1.1760). Bootstrap support was estimated with 1000 replicates.

Bayesian analyses were conducted using MrBayes version 3.1.2 (Huelsenbeck & Ronquist 2001) with random
starting trees without constraints; four simultaneous Markov chains were run for 10,000,000 generations, with a
sampling frequency of 500 steps.

Morphological analyses. Based on the results of our molecular analyses, museum specimens were segregated
and analyzed for congruence with patterns detected in the gene sequences. External and osteological characters
were based on, but not restricted to, those defined by Baker et al. (2004), Velazco (2005), Velazco & Simmons
(2011), and Wetterer et al. (2000). The dental homology nomenclature for the premolars follows Miller (1907):
first upper premolar (P3), second upper premolar (P4), first lower premolar (p2), second lower premolar (p3), and
third lower premolar (p4). We examined 391 specimens of adult Lophostoma (200 males and 191 females; appen-
dix) representing all the species of Lophostoma: 78 specimens of Lophostoma brasiliense, 13 of L. carrikeri, 3 of
L. evotis, 32 of L. occidentalis, 4 of L. schulzi, 260 of L. silvicolum, and 1 of L. yasuni (see Appendix for complete
specimen data). We used digital calipers to take 2 external and 16 craniodental measurements to the nearest 0.01
mm on each specimen (Fig. 2). Descriptive statistics (mean and observed range) were calculated for all samples.
The craniodental, mandibular, and external measurements used in this study were:

Forearm Length (FA): Distance from the elbow (tip of the olecranon process) to the wrist (including the carpals).
This measurement is made with the wing at least partially folded.

Metacarpal III Length (MET-III): Distance from the joint of the wrist (carpal bones) with the third metacarpal to
the metacarpophalangeal joint of third digit.

Greatest Length of Skull (GLS): Distance from the posteriormost point on the occiput to the anteriormost point on
the premaxilla (including the incisors).

Condyloincisive Length (CIL): Distance between a line connecting the posteriormost margins of the occipital con-
dyles and the anteriormost point on the upper incisors.

Condylocanine Length (CCL): Distance between a line connecting the posteriormost margins of the occipital con-
dyles and a line connecting the anteriormost surface of the upper canines.

Braincase Breadth (BB): Greatest breadth of the globular part of the braincase, excluding mastoid and paraoccipital
processes.

Zygomatic Breadth (ZB): Greatest breadth across the zygomatic arches.
Postorbital Breadth (PB): Least breadth at the postorbital constriction.
Palatal Width at Canines (C–C): Least width across palate between lingual margins of the alveoli of upper canines.
Mastoid Width (MSTW): Least breadth across the base of the zygomatic arches.
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Mastoid Process Width (MPW): Greatest breadth across the mastoid processes.
Palatal Length (PL): Distance between the posterior palatal notch and the anteriormost border of the incisive alve-

oli.
Maxillary Toothrow Length (MTRL): Distance from the anteriormost surface of the upper canine to the posterior-

most surface of the crown of M3.
Molariform Toothrow Length (MLTRL): Distance from the anteriormost edge of P3 to the posteriormost edge of the

crown of M3.
Width at M2 (M2–M2): Greatest width of palate across labial margins of the alveoli of M2s.
Dentary Length (DENL): Distance from midpoint of condyle to the anteriormost point of the dentary.
Mandibular Toothrow Length (MANDL): Distance from the anterior–most surface of the lower canine to the poste-

rior–most surface of m3.
Coronoid Height (COH): Perpendicular height from the ventral margin of mandible to the tip of the coronoid pro-

cess.

TABLE 2. Measurements (mm) and sample statisticsa of Lophostoma species.

a Summary statistics [mean and standard deviation (first line), observed range and sample size (second line)] of measurements
for each species (see Appendix for a list of specimens measured). All measurements in millimeters.

All measurements were log–transformed to achieve normality for statistical analyses. Principal component
analyses (PCAs) using correlation matrices were performed in order to test for 1) sexual dimorphism and 2) to
assess the phenetic variation among analyzed groups. Three different PCAs were performed: (a) an analysis com-

Character L. brasiliense L. carrikeri L. evotis L. occidentalis L. schulzi L. silvicolum L. 
yasuni

FA 35.2 ± 2.0
(30.1–39.6) 78

46.1 ± 1.1
(44.1–47.7) 13

49.7 ± 1.5
(48.7–51.4) 3

53.9 ± 1.4
(51.2–56.8) 32

43.0 ± 1.1
(41.6–44.4) 4

54.1 ± 0.2
(45.4–60.4) 260

43.9

MET III 28.1 ± 1.5
(21.9–31.3) 78

38.2 ± 0.8
(37.0–40.0) 13

38.8 ± 1.4
(37.5–40.3) 3

42.1 ± 1.2
(40.3–45.7) 32

35.3 ± 1.0
(34.4–36.7) 4

43.4 ± 2.1
(37.3–50.2) 260

37.3

GLS 20.0 ± 0.9
(18.2–21.8) 78

24.3 ± 0.8
(23.0–25.3) 13

25.3 ± 0.3
(24.9–25.5) 3

26.6 ± 0.7
(25.5–28.7) 32

23.2 ± 0.3
(22.8–23.6) 4

27.7 ± 1.0
(25.1–31.1) 260

26.6

CIL 17.5 ± 0.8
(16.1–19.3) 78

21.0 ± 0.5
(20.2–21.9) 13

21.9 ± 0.2
(21.6–22.0) 3

23.1 ± 0.6
(22.1–24.4) 32

20.1 ± 0.4
(19.8–20.6) 4

24.2 ± 0.9
(22.3–27.4) 260

23.5

CCL 17.0 ± 0.7
(15.6–18.8) 78

20.4 ± 0.5
(19.5–21.3) 13

21.1 ± 0.2
(20.9–21.3) 3

22.3 ± 0.5
(21.5–23.7) 32

19.5 ± 0.4
(19.0–20.0) 4

23.4 ± 0.9
(21.4–25.8) 260

22.6

BB 8.1 ± 0.3
(7.5–8.6) 78

9.6 ± 0.3
(9.1–10.3) 13

10.0 ± 0.3
(9.7–10.2) 3

10.3 ± 0.3
(9.8–11.2) 32

9.5 ± 0.2
(9.3–9.8) 4

9.6 ± 11.7
(10.6–0.3) 260

10.0

ZB 9.5 ± 0.5
(8.2–10.6) 78

11.2 ± 0.4
(10.2–12.1) 13

12.0 ± 0.3
(11.6–12.3) 3

12.7 ± 0.3
(12.1–13.4) 32

11.4 ± 0.3
(11.0–11.8) 4

13.4 ± 0.6
(11.4–15.2) 260

12.7

PB 3.2 ± 0.1
(2.8–3.6) 78

3.8 ± 0.2
(3.3–4.1) 13

4.0 ± 0.2
(3.8–4.2) 3

4.1 ± 0.1
(3.9–4.4) 32

3.8 ± 0.2
(3.7–4.1) 4

4.1 ± 0.2
(3.7–4.7) 260

4.0

MSTW 8.4 ± 0.4
(7.3–9.5) 78

9.7 ± 0.3
(9.0–10.1) 13

10.3 ± 0.2
(10.1–10.5) 3

10.5 ± 0.3
(10.1–11.3) 32

9.7 ± 0.2
(9.5–10.0) 4

11.1 ± 0.4
(10.2–12.6) 260

10.3

MPW 9.3 ± 0.4
(8.2–10.2) 78

11.6 ± 0.6
(10.8–12.8) 13

12.3 ± 0.0
(12.3–12.3) 3

12.8 ± 0.5
(11.9–13.8) 32

11.9 ± 0.2
(11.6–12.1) 4

13.5 ± 0.6
(12.1–15.0) 260

12.7

PL 8.9 ± 0.4
(8.2–10.0) 78

10.7 ± 0.4
(10.0–11.1) 13

11.4 ± 0.2
(11.3–11.6) 3

12.2 ± 0.3
(11.6–13.0) 32

10.1 ± 0.4
(9.7–10.6) 4

13.0 ± 0.6
(11.5–14.6) 260

11.8

MLTRL 7.0 ± 0.3
(6.3–7.7) 78

7.0 ± 0.2
(6.6–7.3) 13

7.2 ± 0.1
(7.1–7.2) 3

7.6 ± 0.3
(7.0–8.1) 32

6.4 ± 0.2
(6.0–6.6) 4

8.0 ± 0.4
(7.0–9.9) 260

7.9

M2–M2 6.3 ± 0.3
(5.6–10.0) 78

7.5 ± 0.2
(7.1–7.9) 13

7.9 ± 0.1
(7.7–8.0) 3

8.5 ± 0.2
(8.2–9.0) 32

7.4 ± 0.2
(7.2–7.6) 4

8.8 ± 0.4
(7.7–9.7) 260

8.8

DENL 12.6 ± 0.6
(11.5–14.0) 77

15.0 ± 0.5
(13.8–15.9) 13

15.8 ± 0.3
(15.6–16.1) 3

17.0 ± 0.4
(16.1–18.4) 32

14.6 ± 0.2
(14.2–14.8) 4

17.9 ± 0.7
(16.4–19.9) 260

16.9

MANDL 7.7 ± 0.4
(7.0–8.6) 77

9.3 ± 0.3
(8.8–9.7) 13

9.9 ± 0.1
(9.7–10.0) 3

10.6 ± 0.3
(10.1–11.2) 32

9.1 ± 0.3
(8.8–9.3) 4

11.0 ± 0.4
(10.0–12.1) 260

10.7
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paring males and females within L. occidentalis to investigate possible sexual dimorphism; (b) an analysis compar-
ing males and females within L. silvicolum; and (c) an analysis comparing all the species of Lophostoma, excluding
L. brasiliense. L. brasiliense was excluded from the morphometric analyses because by being the smaller species of
the genus it is easily discriminated from the other species of the genus (Table 2). Components with eigenvalues
greater than 1 were retained. The three analyses each extracted three components that accounted for 73.8, 75.7, and
85.5% of the variation, respectively. Principal component (PC) scores were plotted to show relationships between
species groups in morphospace. Analyses were performed using IBM SPSS Statistics for Windows, version 19.

Results

Molecular analysis. The cytochrome-b (1140 bp) analyses included 30 specimens of Lophostoma and the out-
groups. Unweighted MP analysis resulted in one most parsimonious tree (CI = 0.53; tree length = 1038). The MP,
ML, and BI analyses recovered similar, strongly supported topologies (Fig. 3). Lophostoma silvicolum occidentalis
(MUSM 19334) was recovered nested within two specimens (holotype [TK104520] and paratype [TK104505]) of
L. aequatorialis. Other relationships reflect the results of Baker et al. (2004). The Lophostoma silvicolum occiden-
talis clade (including L. aequatorialis) is sister to L. schulzi, and is next joined to the clade formed by L. brasiliense
and L. carrikeri. The other individuals of L. silvicolum were not found to be monophyletic; instead, three strongly
supported clades were recovered. The first clade (A) included specimens from Bolivia and Paraguay, the second
(B) included specimens from Guyana and Suriname, and the third (C) included specimens from western Ecuador
and eastern Peru, Panama, and Venezuela and was found as sister to L. evotis (Fig. 3).

The average cyt-b pairwise distance (Table 3) between the Lophostoma silvicolum occidentalis clade and the
other L. silvicolum clades ranged from 11.8% to 12.6%. The pairwise distances among the three remaining clades
of L. silvicolum ranged from 4.39% to 6.23%. Pairwise distance between the Peruvian specimen of L. occidentalis
(MUSM 19334) and the holotype of L. aequatorialis (TK104520) is 0.18%, reinforcing the placement of L. aequa-
torialis as a junior synonym of L. occidentalis.

TABLE 3. Uncorrected pairwise cytochrome-b sequence divergence (%) among Lophostoma clades (average ± standard error).

Morphological analyses. PCA plots from sexual dimorphism analyses (PCAs a and b) showed that males and
females of L. occidentalis and L. silvicolum overlap completely, indicating an absence of sexual dimorphism in
both of these species (plots not shown). In the PCA plot for the interspecific analysis (PCA c), individuals of L.
occidentalis and L. silvicolum cluster together, with L. occidentalis falling at the lower end of the cluster on PC1
(Fig. 4). The PC1 represents overall size variation, with smaller individuals clustering along the lower scores of
PC1 and the bigger, more robust, individuals clustering along the higher scores of PC1 (Fig. 4; Table 4). Along PC2
and PC3 (not shown), these two species overlap, reflecting shape similarities (Fig. 4; Table 4).

1 2 3 4 5 6 7 8

1 – Lophostoma brasiliense 7.81

2 – Lophostoma carrikeri 11.52 ± 
0.56

0.61

3 – Lophostoma evotis 13.44 ± 
0.63

12.48 ± 
0.07

0.35 ± 
0.09

4 – Lophostoma occidentalis 13.27 ± 
0.53

13.76 ± 
0.07

12.25 ± 
0.14

1.05 ± 
0.76

5 – Lophostoma schulzi 12.46 ± 
0.33

11.15 ± 
0.26

12.21 ± 
0.24

11.24 ± 
0.10

0.44

6 – Lophostoma silvicolum A 13.23 ± 
0.22

12.74 ± 
0.25

6.10 ± 
0.20

11.84 ± 
0.40

12.38 ± 
0.34

0.94 ± 
0.53

7 – Lophostoma silvicolum B 13.32 ± 
0.26

11.75 ± 
0.10

5.51 ± 
0.07

12.60 ± 
0.17

12.09 ± 
0.26

6.01 ± 
0.20

0.29 ± 
0.10

8 – Lophostoma silvicolum C 13.77 ± 
0.52

12.78 ± 
0.32

4.19 ± 
0.29

12.54 ± 
0.17

12.71 ± 
0.37

5.79 ± 
0.22

4.87 ± 
0.26

1.54 ± 
0.72
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FIGURE 2. Diagram of the cranium of an adult Lophostoma showing limits of cranial and dental measurements.
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TABLE 4. Factor loadings for first three axes from PCA of 18 variables from Lophostoma carrikeri, L. evotis, L. occidentalis,
L.schulzi, L. silvicolum, and L. yasuni.

Discussion

Phylogenetic assessments based on molecular data of phyllostomid species characterized by relatively wide distri-
butions have revealed a greater diversity than the one previously documented in morphological analyses (e.g., Arti-
beus jamaicensis – Larsen et al. 2010, Marchan et al. 2010; Carollia castanea – Solari & Baker, 2006; Platyrrhinus
helleri –Velazco et al. 2010; Vampyrodes caraccioli – Velazco & Simmons 2011). Accordingly, it is not surprising
that L. silvicolum, distributed from Honduras to Paraguay, was found to be paraphyletic by Baker et al. (2004) and
confirmed in our study.

Four subspecies – centralis, laephostis, occidentalis, and silvicolum – are recognized for L. silvicolum (Wil-
liams & Genoways 2008). Based on the results of our molecular and comparative morphological analyses, we con-
clude that L. occidentalis (Davis & Carter, 1978) is not a subspecies of L. silvicolum, but rather represents an
independent lineage. We also reject the hypothesis of Lophostoma aequatorialis Baker et al., 2004 as an indepen-
dent evolutionary lineage from L. occidentalis, and we suggest its consideration as a junior synonym of L. occiden-
talis (Davis & Carter, 1978).

Four clades were recovered from L. silvicolum as currently recognized (Fig. 3), one corresponding to L. occi-
dentalis. The paraphyly (Fig. 3) and pairwise distances among the three remaining clades of L. silvicolum, ranging
from 4.39% to 6.23%, demonstrate the need for a more comprehensive review of this species complex, with more
complete sampling and additional molecular markers. We did not match the silvicolum clades with the subspecific
taxa currently available –– L. s. centralis, L. s. laephotis, and L. s. silvicolum –– because after examining approxi-
mately 300 specimens of L. silvicolum throughout its entire distribution we could not find a clear morphological or
morphometric pattern that matched the three molecular clades. Solving this conundrum will require additional
molecular evidence, including one or two nuclear markers, and more extensive samples for the molecular and mor-
phological components.

Correlations

Variable PC 1 PC 2 PC 3

FA 0.800 –0.375 0.292

MET III 0.833 –0.340 0.197

GLS 0.954 –0.046 0.015

CIL 0.964 –0.063 0.007

CCL 0.729 0.057 –0.176

BB 0.847 0.238 –0.073

ZB 0.932 0.088 –0.177

PB 0.631 0.584 0.477

C–C 0.914 0.051 –0.091

MSTW 0.910 0.114 –0.142

MPW 0.884 0.103 –0.234

PL 0.940 –0.112 0.021

MTRL 0.955 –0.054 0.096

MLTRL 0.809 –0.079 0.167

M2–M2 0.900 0.036 –0.010

DENL 0.977 –0.025 –0.020

MANDL 0.958 –0.008 0.055

COH 0.897 –0.032 –0.240

Proportion of variation 78.2% 4.0% 3.3%
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FIGURE 3. Cytochrome-b maximum likelihood phylogram for seven species of Lophostoma. Support statistics from a parsi-
mony bootstrap analysis, a maximum likelihood bootstrap analysis, and a Bayesian analysis are indicated at each resolved
node. For the parsimony and maximum likelihood analyses (MP and ML, respectively), white indicates bootstrap frequencies
≤50%, grey indicates bootstrap frequencies between 50% and 75%, and black indicates bootstrap frequencies ≥75%. For the
Bayesian analysis (BPP), white indicates posterior probabilities <0.95, whereas black indicates posterior probabilities ≥0.95.

As in the case of Lophostoma silvicolum, a hidden diversity is potentially present in Lophostoma brasiliense
where the specimen from Panama differs by 7.81% from the Suriname specimen in cyt-b sequence divergence
(Table 3) and morphologically, a considerable range of size is present (FA 30.1–39.6, GLS 18.2–21.8; CCL 15.6–
18.8; Table 2).

We conclude this note with a redescription of Lophostoma occidentalis. The morphological characterization
was based on the same specimens used in the morphometric analysis.
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FIGURE 4. Principal components analysis (performed on cranial, dental and two external variables) showing dispersion of
scores along the first and second axes. PC1 represents a size axis (with larger specimens appearing toward the right side of the
plot) and PC2 portrays a difference in shape.

Systematics

Family Phyllostomidae Gray, 1825

Subfamily Phyllostominae Gray, 1825

Genus Lophostoma d’Orbigny, 1836

Lophostoma occidentalis (Davis & Carter, 1978)
Western Round-eared Bat
Figures 1 and 5

Tonatia silvicola occidentalis Davis & Carter, 1978: 6; type locality “4 mi. W Suyo, 1000 ft., department of
Piura, Perú.”

T[onatia]. silvicola occidentalis: Czaplewski, 1990: 235; name combination.
Lophostoma aequatorialis Baker, Fonseca, Parish, Phillips, & Hoffmann, 2004: 1; type locality “Ecuador,

Province of Esmeraldas, Estación Experimental La Chiquita, near San Lorenzo town (1°16’60”N, 78°49’60”W)
(UTM zone 17: 748935 E 0136902 N; 979 m).”

[Lophostoma] occidentalis: Simmons, 2005: 406; name combination.
L[ophostoma]. aequatorialis: Tirira, 2007: 276; name combination.
L[ophostoma]. s[ilvicolum]. occidentalis: Williams & Genoways, 2008: 270; name combination.
Type material. The type material includes 18 specimens from three localities: ECUADOR: Loja, 15 mi N. of

Catacocha, 2000 ft (TCWC 11702 ♂); PERU: Piura, 4 mi. W. Suyo, 1000 ft (TCWC 11703 ♀, 11704 ♀ [holotype],
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11705 ♀); PERU: Piura, Ayabaca, Paymas (FMNH 81126 ♂); PERU: Morropon, Hacienda Bigote (FMNH 81113
♂, 81114–81119 ♀, 81120 ♂, 81121 ♀, 81122 ♂, 81123–81125 ♀). Davis & Carter (1978) assigned the locality of
“Peru: Piura: Salitral” to the 14 Peruvian specimens housed at the FMNH. After reviewing specimen labels, we
affirm that these specimens came from the localities shown above.

Distribution. Lophostoma occidentalis is known from the provinces of Esmeraldas, Los Ríos, and Pichincha
in the western lowlands of Ecuador and from the departments of Tumbes and Piura in northeastern Peru (Fig. 6).

Emended diagnosis. Lophostoma occidentalis is a moderately large Lophostoma (FA 51.2–56.8, GLS 25.5–
28.7; CCL 21.5–23.7; Table 2), easily distinguished from L. brasiliense, L. carrikeri, and L. schulzi by its larger
size and longer skull (Table 2), from L. schulzi and L. silvicolum by its paler throat, venter and auricular patches,
and from L. yasuni by the restriction of white–pale ventral hairs to the throat and chest in L. occidentalis. L. occi-
dentalis has white to pale post-auricular patches (Fig. 1) and the dorsal surface of the forearm is naked. Lateral pro-
jection of mastoid process is well developed (Fig. 5); basioccipital is wide; basisphenoid pits are shallow, weakly
separated by a septum (Fig. 5); clinoid processes thin and curved laterally. Labial cingulum of the upper canines
absent; P3 distal accesory cusp present; P4 distal accessory cusp present; P4 labial cingulum absent; M1 ectocingu-
lum strongly developed; M1 mesostyle absent; M1 mesostylar crest present; M1 anterior ectoflexus deep and pos-
terior ectoflexus shallow; M1 lingual cingulum present; M2 mesostyle absent; M2 mesostylar crest present; M2
lingual cingulum present.

Description and comparisons. Lophostoma occidentalis is not sympatric with any other species of Lophos-
toma. Lophostoma brasiliense is the smallest species of the genus and, with a forearm length less than 40 mm
(Table 2), is unlikely to be confused with L. occidentalis, a moderately large Lophostoma (FA 51.2–56.8, GLS
25.5–28.7; CCL 21.5–23.7; Table 2). Linear measurements of L. occidentalis overlap with those of L. evotis, L. sil-
vicolum, and L. yasuni; whereas L. occidentalis is larger than L. brasiliense and L. schulzi (Table 2). Dorsal pelage
in all Lophostoma species is dark brown and long, individual hairs tricolored with a short white base that makes up
roughly 15% of the total length of each hair, a long dark brown (~80% of the total length of each hair) subterminal
band, and a very short pale to whitish terminal band; gular fur is whitish in L. occidentalis, L. carrikeri, and L.
yasuni (dark brown in L. brasiliense, L. evotis, L. schulzi, and L. silvicolum); L. occidentalis and L. evotis present
white to pale gray post-auricular patches (absent in L. brasiliense, L. carrikeri, L. schulzi, L. silvicolum, and L.
yasuni); post-auricular patches not connected by a thin line of pale hairs to the pale fur on the chest in L. occidenta-
lis (connection present in L. evotis); ventral fur white to beige across the chest but restricted laterally over the stom-
ach and abdomen by the presence of pale brown fur on the side of the body in L. occidentalis, L. carrikeri, and L.
yasuni (pale brown in L. brasiliense and L. schulzi; pale to dark brown chest in L. evotis and L. silvicolum); abdom-
inal fur pale brown in L. occidentalis, L. brasiliense, and L. schulzi (white in L. carrikeri and L. yasuni; dark brown
in L. evotis and L. silvicolum). Folds in the naked pinna are well marked; band of skin connects the internal base of
the pinnae. Uropatagium sparsely haired on the proximal third and nearly naked posteriorly. The dorsal surface of
the forearm is naked in L. occidentalis, L. schulzi, and L. silvicolum (the proximal third covered with sparse, short
hair in L. brasiliense, L. carrikeri, L. evotis, and L. yasuni); ventrally the proximal third of the forearm covered
with long pale brown hair in L. occidentalis, L. brasiliense, L. carrikeri, and L. evotis (short pale brown hair in L.
schulzi and L. silvicolum). The dorsal surface of the forearm, digits, and legs, and sagittal midline of noseleaf lack
wart-like granulations in L. occidentalis, L. brasiliense, L. carrikeri, L. evotis, and L. silvicolum (present in L.
schulzi). Metacarpal III is shorter than metacarpal V. Tibia is naked. Dorsal surfaces of the feet are naked; calcar
longer than foot. L. occidentalis, L. brasiliense, and L. silvicolum have an elongated clitoris but the labia are not
swollen; in L. carrikeri the clitoris is elongated and labia are swollen; whereas in L. schulzi the clitoris is remark-
ably elongated and resembles the penis of males. Two genal vibrissae are present in L. occidentalis; along with
approximately eight submental vibrissae on each side of chin and two interramal papillae each bearing several
short vibrissae.

The skull of Lophostoma occidentalis has a slender rostrum with an accentuated postorbital constriction resem-
bling that of L. brasiliense and L. carrikeri (rostrum is robust in L. evotis, L. schulzi, L. silvicolum, and L. yasuni).
Sagittal crest well developed in males (FMNH 81120) and moderately developed in females (FMNH 81119). Lat-
eral projection of mastoid process is well developed in L. occidentalis, L. evotis, L. schulzi, L. silvicolum, and L.
yasuni (absent or weakly developed in L. brasiliense; moderately developed in L. carrikeri). The basioccipital is
wide; basisphenoid pits are shallow, weakly divided by a septum. Clinoid processes thin and curved laterally. The
mandibular rami in L. occidentalis are variable; some individuals have curved rami (FMNH 81122), while others
are straight (FMNH 81119, Fig. 5).
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FIGURE 5. Different views of skull and mandible of an adult female of Lophostoma occidentalis (FMNH 81119) collected in
Hacienda Bigote, Morropon, Piura, Peru: (above, left) dorsal view of cranium; (above, right) ventral view of cranium; and
(below) lateral view of cranium and mandible.
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FIGURE 6. Map showing collecting localities of Lophostoma occidentalis (circles) and the type localities of L. aequatoriolis
(star) and L. occidentalis (triangle).

Upper central incisors (I1) well developed and orthodont; outer upper incisors (I2) well developed. I2 dis-
placed dorsally and excluded from occlusal toothrow by close apposition of the I1 and canines. Height of I1 greater
than the height of I2 but less than twice the height of I2 in L. occidentalis, L. schulzi, and L. silvicolum (height of I1
at least twice that of I2 in L. brasiliense, L. carrikeri, and L. evotis). Weakly developed indentation present on the
lingual cingulum of the upper canine. Labial cingulum of the upper canines absent in L. occidentalis and L. brasil-
iense (weakly developed in L. carrikeri, L. evotis, and L. silvicolum; strongly developed in L. schulzi). P3 well
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developed; P3 postparacrista decreases sharply in height near paracone and does not extend to distal edge of tooth
in L. occidentalis, L. silvicolum, and L. schulzi (postparacrista extends as a continuous crest to the distal aspect of
the tooth in L. brasiliense, L. carrikeri, and L. evotis); P3 distal accessory cusp present in L. occidentalis (absent in
L. brasiliense, L. carrikeri, L. evotis, L. schulzi, and L. silvicolum). P3 labial cingulum weakly developed in L.
occidentalis, L. carrikeri, L. evotis, L. silvicolum, and L. schulzi (absent in L. brasiliense). P4 postparacrista
decreases sharply in height near paracone and does not extend to distal edge of tooth in L. occidentalis, L. silvi-
colum, and L. schulzi (P4 postparacrista extends as a continuous crest on the distal aspect of the tooth in L. brasil-
iense, L. carrikeri, and L. evotis); P4 distal accessory cusp present in L. occidentalis (absent in L. brasiliense, L.
carrikeri, L. evotis, L. schulzi, and L. silvicolum). P4 length greater than width in occlusal view in L. occidentalis,
L. brasiliense, L. carrikeri, L. evotis, and L. silvicolum (length and width subequal in L. schulzi); P4 labial cingu-
lum absent in L. occidentalis and L. brasiliense (weakly developed in L. carrikeri, L. evotis, L. schulzi, and L. silvi-
colum). Metacone and paracone of M1 subequal in height; M1 ectocingulum strongly developed in L. occidentalis
and L. silvicolum (weakly developed in L. brasiliense, L. carrikeri, and L. schulzi; absent in L. evotis); M1 post-
paracrista does not contact premetacrista, trigon open labially in L. occidentalis, L. evotis, and L. silvicolum (post-
paractista contacts premetacrista on labial aspect of M1, trigon closed labially in L. brasiliense, L. carrikeri, and L.
schulzi); M1 mesostyle absent in L. occidentalis (present in L. brasiliense, L. carrikeri, L. evotis, L. silvicolum, and
L. schulzi); M1 mesostylar crest present in L. occidentalis and L. silvicolum (absent in L. brasiliense, L. carrikeri,
L. evotis, and L. schulzi); M1 parastyle present in L. occidentalis, L. brasiliense, L. evotis, L. schulzi, and L. silvi-
colum (absent in L. carrikeri); M1 anterior ectoflexus deep and posterior ectoflexus shallow in L. occidentalis and
L. evotis (both deep in L. silvicolum; both shallow in L. brasiliense, L. carrikeri, and L. schulzi); M1 hypocone
moderately to well developed in L. occidentalis, L. brasiliense, L. schulzi, and L. silvicolum (absent or poorly
developed in L. carrikeri and L. evotis); M1 lingual cingulum present in L. occidentalis (absent in L. brasiliense, L.
carrikeri, L. evotis, L. schulzi, and L. silvicolum). Metacone and paracone of M2 subequal in height; M2 ectocingu-
lum strongly developed in L. occidentalis and L. silvicolum (weakly developed in L. brasiliense, L. carrikeri, and
L. schulzi; absent in L. evotis); M2 postparacrista does not contact premetacrista, trigon open labially in L. occiden-
talis, L. evotis, and L. silvicolum (postparactista contacts premetacrista on labial aspect of M2, trigon closed labi-
ally in L. brasiliense, L. carrikeri, and L. schulzi); M2 mesostyle absent in L. occidentalis (present in L. brasiliense,
L. carrikeri, L. evotis, L. silvicolum, and L. schulzi); M2 mesostylar crest present in L. occidentalis and L. silvi-
colum (absent in L. brasiliense, L. carrikeri, L. evotis, and L. schulzi); M2 parastyle present in L. occidentalis, L.
brasiliense, L. evotis, L. schulzi, and L. silvicolum (absent in L. carrikeri); M2 hypocone moderately or well devel-
oped in L. occidentalis, L. brasiliense, L. evotis, L. schulzi, and L. silvicolum (absent in L. carrikeri); M2 lingual
cingulum present in L. occidentalis (absent in L. brasiliense, L. carrikeri, L. evotis, L. schulzi, and L. silvicolum).

Crowns of the lower inner incisors are wider than long in L. occidentalis and L. silvicolum (subequal in L.
brasiliense, L. carrikeri, and L. schulzi; length greater than width in L. evotis). Labial cingulum of the lower
canines absent in L. occidentalis, L. brasiliense, and L. carrikeri (present in L. evotis, L. schulzi, and L. silvicolum).
p3 aligned in toothrow when seen in occlusal view in L. occidentalis, L. carrikeri, L. schulzi, and L. silvicolum (p3
labially displaced, not in line with other teeth in L. brasiliense and L. evotis). Labial p4 cingulid straight in L. occi-
dentalis, L. silvicolum, and L. schulzi (undulate in L. brasiliense, L. carrikeri, and L. evotis).

Natural history. The northern populations of Lophostoma occidentalis inhabit evergreen lowland forest char-
acterized by the presence of Brosimum utile, Castilla elastica (Moraceae); Wettinia quinaria, Phytelephas aequato-
rialis (Arecaceae); Guarea polymera (Meliaceae); Otoba gordoniiflora (Myristicaceae); Inga silanchensis
(Fabaceace); Theobroma gileri (Malvaceae); and Xanthosoma daguense (Araceae) (Gentry 1986, Céron et al.
1999). In contrast, the southern populations inhabit lowland deciduous forest characterized by the presence of Lox-
opterygium huasango (Anacardiaceae); Tabebuia chrysantha, Tecoma weberbaueriana (Bignoniaceae);
Cochlospermum vitifolium (Bixaceae); Ceiba trichistandra, Eriotheca ruizii (Malvaceae); Cordia lutea, Cordia
peruviana (Boraginaceae); Bursera graveolens (Burseraceae); Colicodendron scabridum (Capparaceae); Ipomoea
carnea, Ipomoea philomega (Convolvulaceae); Muntingia calabura (Muntingiaceae); Acacia macracantha, Pithe-
cellobium multiflorum, Prosopis pallida (Fabacea); Psittacanthus tumbecensis (Loranthaceae); and Ficus jacobii
(Moraceae) (Odar 2010, Linares-Palomino & Pennington 2007, Leal-Pinedo & Linares Palomino 2005, Linares-
Palomino & Ponce-Alvarez 2005).

In Ecuador, Lophostoma occidentalis have been captured with Micronycteris megalotis, Micronycteris sp. A,
Micronycteris sp. B, Mimon crenulatum, Phyllostomus elongatus, P. hastatus, Tonatia saurophila, Rhinophylla
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alethina, Carollia castanea, C. perspicillata, Artibeus aequatorialis, A. lituratus, Chiroderma trinitatum, Derma-
nura spp., Platyrrhinus dorsalis, P. matapalensis, Sturnira luisi, and Vampyressa thyone (Baker et al. 2004). In
Peru, L. occidentalis have been captured with Pteronotus davyi, Micronycteris megalotis, Mimon crenulatum, Phyl-
lostomus hastatus, P. discolor, Phylloderma stenops, Vampyrum spectrum, Desmodus rotundus, Diaemus youngi,
Lonchophylla hesperia, Glossophaga soricina, Carollia brevicauda, C. perspicillata, Artibeus fraterculus, A.
aequatorialis, A. lituratus, Chiroderma villosum, Platyrrhinus matapalensis, Sturnira luisi, Uroderma bilobatum,
Eptesicus innoxius, Myotis nigricans, M. riparius, Rhogeessa velilla, Molossus molossus, Nyctinomops aurispino-
sus (Pacheco et al. 2007, 2009).

A lactating female was captured in January (Baker et al. 2004). Two bat flies Mastoptera minuta (Costa Lima
1921) and Trichobius dybasi Wenzel 1966 have been found on L. occidentalis (J. Chavez, pers. comm.). Tricholei-
peria peruensis Vargas et al. 2009 was described as a new species of nematode from L. occidentalis captured at
Cerros de Amotape National Park, Tumbes, Peru.

Karyology. The karyotype is 2n = 34, FN = 62. The autosomes comprise a graded series of 15 pairs of meta-
centric and submetacentric chromosomes that range from large to small. No biarmed autosome consistently has an
arm ratio less than one to two; however, in some spreads, pair 13 is subtelocentric in centromere placement. The
smallest pair of autosomes is acrocentric. The X is a medium-sized submetacentric and the Y is a small acrocentric
chromosome, approximately twice as large as the pair of acrocentric autosomes (Baker et al. 2004).

Remarks. A subfossil left upper canine of Lophostoma occidentalis was reported from the Late Pleistocene
(Lujanian) in the Talara tar seeps, Peru (Czaplewski 1990). Myotis sp., Eptesicus cf. innoxius, and Eptesicus cf. fus-
cus were also recovered from the same deposits (Cadenillas & Martinez 2005).
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APPENDIX

The following list includes all the specimens examined in this study, with their respective localities. See Materials and Methods
for abbreviations.

Lophostoma brasiliense (78)
BOLIVIA: Cochabamba: Chapare, Sajta (AMNH 264927). BRAZIL: Pará: Belém (USNM 336990, 460096); Igarape

Mirim, Tapajos River (AMNH 95497–95498). COLOMBIA: Antioquia: Zaragoza, 25 Km S, 22 Km W, at La Tirana
(USNM 499293–499294). COSTA RICA: Guanacaste: Palo Verde Wildlife Refuge (USNM 566438). Heredia: Parque
Nacional Braulio Carrillo, 1 Km S, 11.5 Km E San Miguel (USNM 562760). ECUADOR: Pichincha: Santo Domingo, 47
Km S (By Road), Rio Palenque Science Center (USNM 528484–528485). FRENCH GUIANA: Cayenne: Sinnamary,
Paracou (AMNH 267101, 267103, 267916–267917). GUYANA: Barima-Waini: North West district, Baramita (USNM
582273). PANAMA: Bocas Del Toro: Cerro Azul (USNM 323065); Changuinola, 7 Km SSW (USNM 315219); Isla San
Cristobal, Bocatorito (USNM 449604); Sibube (USNM 335106–335107). Canal Zone: Barro Colorado Island, Lutz
Ravine (USNM 582080); Buena Vista Peninsula, 1.75 Km NNW Frijoles (USNM 503446); Fort Sherman (USNM
314221). Chiriqui: Progreso, 1.5 mi SW (USNM 362457); Progreso, 1 mi SW (USNM 362456); Progreso, 8 mi S (USNM
362458); San Vicente (USNM 331113); San Vicente, 2 mi W (USNM 331114). Darien: Jaque, Junction Rios Jaque and
Imamado (USNM 362453); Jaque, Junction Rios Jaque and Imamado, 2 hours Downstream (USNM 362455); Jaque, Río
Jaque, 20 minutes below junction with Río Imamado (USNM 362454). Los Santos: Cerro Hoya (USNM 323067); San
Blas: Armila, Quebrada Venado (USNM 335108–335109); Mandinga (USNM 305185). PERU: Junín: Satipo, ca. 32 Km
N, Río Perene, Km 68 on La Merced - Satipo road (USNM 507167). Loreto: Curaray river (AMNH , 71620, 71623,
71625–71627). Madre De Dios: Manu, Pakitza (USNM 566488). TRINIDAD AND TOBAGO: Trinidad: Nariva, Claro
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river (AMNH 205370); Saint Andrew, Guaico (AMNH 175622, 175625); Saint George, Port of Spain (AMNH 207062);
Saint Patrick, Cedros, Irois Forest (AMNH 185312–185313). VENEZUELA: Amazonas: 65 Km SSW Puerto Ayacucho,
near Morganito (USNM 407285); San Juan, 163 Km ESE Puerto Ayacucho, Río Manapiare (USNM 407278–407282).
Apure: Nulita, 29 Km SSW Santo Domingo, Selvas de San Camilo (USNM 418965–418968). Barinas: Altamira (USNM
418960); Altamira, 2 Km SW Altamira (USNM 418961). Bolivar: El Manaco, 59 Km SE El Dorado, Km 74 (USNM
385453). Carabobo: Palmichal, 23 Km N. Bejuma (USNM 562891); San Esteban (USNM 142567). Falcón: Urama, 19
Km NW Urama, Km 40 (USNM 371448, 371454, 371456–371462). Monagas: Hato Mata De Bejuco, 55 Km SSE Matu-
rin, near Río Tigre (USNM 385454). Trujillo: Valera, 19 Km N Valera, near Agua Viva (USNM 371463). Vargas: Macuto
(USNM 102919). Yaracuy: Urama, 11 Km NW Urama, El Central (USNM 373484, 373487).

Lophostoma carrikeri (13)
BOLIVIA: Beni: Mamore, opposite Costa Marques, Brazil, Río Itenez (AMNH 209322). BRAZIL: Pará: Belém, Mocambo,

Igapo (USNM 393005); Belém, Varzea (USNM 460095). PERU: Ucayali: Río Curanja, Balta (LSUMZ 14076–14077).
VENEZUELA: Amazonas: Cerro Neblina Base Camp, Río Mawarinuma (USNM 560556); San Juan, 163 Km ESE
Puerto Ayacucho, Río Manapiare (USNM 407274). Bolivar: Río Mocho (AMNH 30177–30180, 30182–30183).

Lophostoma evotis (3)
BELIZE: Toledo: Columbia Forest, Crique Negro, Collin's Trail (USNM 506465); Columbia Forest Station (USNM 506466).

GUATEMALA: Izabal: El Estor, El Estor airstrip (AMNH 267635).

Lophostoma occidentalis (32)
ECUADOR: Esmeraldas: Comuna San Francisco de Bogota (TTU 103215); Estación Científica La Chiquita, San Lorenzo

(QCAZ 6500 [holotype of Lophostoma aequatorialis]). Guayas: Reserva Ecológica Manglares Churute, Cerro Pancho
Diablo (TTU 103573, 103583–103584). Los Ríos: El Papayo, 7 km SW from Pueblo Viejo (USNM 522064). Pichincha:
Estacíon Científica Río Palenque, 47 km S from Santo Domingo (USNM 528483). PERU: Piura: Ayabaca, Paymas
(FMNH 81126); Morropon, Hacienda Bigote (FMNH 81113–81125). Tumbes: Tumbes, Pampas de Hospital, Quebrada
Angostura (MUSM 19332–19336, 22164–22168); Zarumilla, Matapalo, Río Zarumilla, Cabaña INRENA (MUSM
22169).

Lophostoma schulzi (4)
FRENCH GUIANA: Cayenne: Sinnamary, Paracou (AMNH 267106, 267421, 267920). GUYANA: Barima-Waini: North

West District, Baramita (USNM 582274).

Lophostoma silvicolum (260)
BOLIVIA: Pando: Federico Roman, left bank of Beni River (AMNH 262425). BRAZIL: Amazonas: Dist. Agropecuario da

Suframa, Manaus, 80 Km N (By Road) (USNM 530950); Sao Gabriel do Cachoeira, Taua, Uaupes River (AMNH 78637,
78639, 78642). Pará: Altamira, 54 Km SSW, E Bank Rio Xingu (USNM 549347); Baiao, Tocantins River (AMNH
97011–97013); Belém, Station A. Ian (USNM 361510); Cameta, Tocantins River, Ilha do Taiuna (AMNH 96961–96963,
96965–96971, 96973–96978, 96980–96990, 96992–96994, 96996, 97000–97002, 97005–97006); Igarape Mirim, Tapajos
River (AMNH 95442); Mocajuba, Tocantins River (AMNH 97007); Porto de Moz, Xingu River (AMNH 96008); Tapajos
River, Inajatuba (AMNH 95449–95450, 95452–95457); Tapajos River, Limoal (AMNH 95443–95447); Tapajos River,
Limontuba (AMNH 95431–95439). Roraima: Recreio, Majari River (AMNH 96009). COLOMBIA: Cundinamarca:
Guaicaramo (USNM 252068). La Guajira: Fonseca, Las Marimondas, East Andes (USNM 281053). ECUADOR: Napo:
San José Nuevo (AMNH 64031, 66798, 67938, 67940, 67942–67943, 67946–67949, 67952); Suno River (AMNH 64026).
Pastaza: Curaray River mouth (AMNH 71464, 71469, 71471); Taculin, below Puyo (USNM 548066); Tiguino, 130 Km S.
of Coca (USNM 574504). FRENCH GUIANA: Cayenne: Sinnamary, Paracou (AMNH 267107–267108, 267923).
GUYANA: Upper Demerara-Berbice: Kwakwani, Aroaima Mining Company (USNM 588492); Tacama Trail, 5.5 mi
from Ituni junction (USNM 582275). Upper Takutu-Upper Essequibo: Dadanawa, Rupununi Savanna, Imprenza (AMNH
182718). PANAMA: Bocas del Toro: Isla San Cristobal, Bocatorito (USNM 449605); Nuri (USNM 575457–575463);
Tierra Oscura, 3.5 Km S. Tiger Key (USNM 449606). Canal Zone: Barro Colorado Island (USNM 304876, 332045,
519698); Barro Colorado Island, Pearson Creek (USNM 539805); Fort Sherman (USNM 396400–396401); Frijoles,
Bohio Peninsula, 4 Km NNW (USNM 461096–461097); Frijoles, Bohio Peninsula, 4.5 Km NW (USNM 461095); Frijo-
les, Bohio Peninsula, 6 Km NW (USNM 461099); Frijoles, Buena Vista Peninsula, 1.75 Km NNW (USNM 461100–
461101); 6 mi N of Gamboa (USNM 520547–520549). Darién: Cerro Mali (USNM 337974–337975); Jaque, 30 minutes
downstream from rios Jaque and Imamado (USNM 362459–362460); mouth of Río Paya (USNM 306549); Tacarcuna Vil-
lage Camp (USNM 309357). Los Santos: Guanico Arriba, Jobero (USNM 323080, 323082); Las Palmitas, Jobero (USNM
323068–323069, 323071–323077). Panamá: Cerro Azul (USNM 306548). San Blas: Armila, Quebrada Venado (USNM
335114–335116). PERU: Cuzco: La Convención, 2 km SW of Comunidad Nativa Tangoshiari (MUSM 13400); La Con-
vención, Camisea, Armihuari (MUSM 13973; USNM 582791–582793); La Convención, Camisea, San Martín (MUSM
13975); Paucartambo, Consuelo, 15.9 km SW Pilcopata (MUSM 19706). Junín: Chanchamayo, Chanchamayo (MUSM
1191–1197). Loreto: Alto Amazonas, Nuevo San Juan, Galvez River (AMNH 272746, 272800–272801, 272829, 272833,
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273074, 273087; MUSM 13272–13276, 15284); Alto Amazonas, Puerto Melendez, Marañon River (AMNH 98732–
98733); Alto Amazonas, Santiago River mouth, at mid Marañon River (AMNH 98735–98736); Alto Amazonas, Trueno,
aprox. 2 Kms al NO de la boca del Río Pastaza (MUSM 16398); Apayacu, Rio Amazonas (AMNH 74374); Maynas, 25
km S de Iquitos, Estación Biológica Allpahuayo (MUSM 16498); Maynas, Alto Nanay, Quebrada Agua Blanca (MUSM
24421); Maynas, Estación Biológica Quebrada Blanco 1 (MUSM 21176); Maynas, Lagartococha River, Campamento Cat-
alino (MUSM 21183–21184); Maynas, Orosa, Amazon River (AMNH 73721, 74101–74102); Maynas, P.V. Arcadia, Napo
River (MUSM 21180–21181); Maynas, P.V. Castaña, Aguarico River (MUSM 21182); Maynas, Puerto Indiana, Amazon
River (AMNH 73526–73527); Requena, Sierra de Contamana, Cerros de Contaya (MUSM 20428); Ucayali, Sarayacu,
Ucayali River (AMNH 75318–75319); Ucayali, Sierra de Contamana (MUSM 20431). Madre de Dios: Manu, Estación
Biológica Cocha Cashu (MUSM 5098); Manu, P.N. Manu, Estación Biológica Pakitza (MUSM 6816–6818, 12596,
12598–12601); Manu, Quebrada Aguas Calientes a 2,75 Km al Este de Shintuya (MUSM 16748); Manu, Manu River, 40
km arriba de la desembocadura (MUSM 187); Tambopata (MUSM 1198); Tambopata, Reserva Cusco Amazónico, 15 km
NE de Puerto Maldonado (MUSM 6256); Tambopata, S.N. Pampas del Heath, P.C. Enahuipa (MUSM 11718); Tambopata,
S.N. Pampas del Heath, Refugio Juliaca (MUSM 11719); Tambopata, Tambopata River, 30 km arriba de la desembocadura
(MUSM 186). Pasco: Oxapampa, Nevati Mission, Puerto Madrid (AMNH 230125); Oxapampa, Pozuzo, Yanahuanca
(MUSM 10991); Oxapampa, Puerto Bermudez, Nevati River (AMNH 230123–230124); Oxapampa, San Juan (USNM
364278, 364280, 364282–364283, 364285, 364287–364300); Oxapampa, San Pablo (AMNH 230126–230129). San Mar-
tín: Moyobamba, Area de Conservación Municipal Mishquiyacu Rumiyacu-Almendra, Orquidiario Waqanki (FMNH
203542). Ucayali: Coronel Portillo, Pucallpa, Ucayali River (MUSM 1343); Coronel Portillo, Yarinacocha (MUSM 1201–
1202). VENEZUELA: Amazonas: Belen, 56 Km NNW Esmeralda, Río Cunucunuma (USNM 388748, 388752);
Capibara, 106 Km SW Esmeralda, Brazo Casiquiare (USNM 407291, 407293–407295, 407297–407299); Capibara,
Casiquiare Canal (USNM 407286); Cerro Neblina, Base Camp (USNM 560800–560801); Río Mavaca, 108 Km SSE
Esmeralda (USNM 388753). Bolivar: Los Patos, 28 Km SE El Manteco (USNM 385455). Falcón: Urama, 19 Km NW
Urama, Km 40 (USNM 373489–373490). Trujillo: Valera, 25 Km NW Valera, near Agua Santa (USNM 370084, 371468,
371470–371471). Zulia: El Rosario, 60 Km WNW Encontrados, Boca del Río de Oro (USNM 418970).

Lophostoma yasuni (1)
ECUADOR: Orellana: Yasuní National Park and Biosphere Reserve, Yasuní Research Station (QCAZ 4935 [holotype of

Lophostoma yasuni]).


