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Twenty-seven taxa of bats from late Pleistocene fossils originated from five caves in Bahia, 
Brazil. In one cave, humeri of Mormoops megalophylla were dated radiometrically to 
20,060 ± 290 years ago. In another cave, a cranium of Desmodus rotundus was found 
adhering to the underside of a coprolite of a sloth (Nothrotherium) that had a radiometric 
age of 12,200 ± 120 radiocarbon years ago. Among taxa represented by the fossils were 
one extinct species {Desmodus draculae), the first South American fossil records for Mimon 
bennettii, Furipterus horrens, and Tadarida brasiliensis, and the first Brazilian fossil re
cords for M. megalophylla, Phyllostomus discolor, Diphylla ecaudata, and Nyctinomops 
macrotis. All caves but one occur within the semiarid Caatinga biome today. However, 
fossil occurrences of several species (M. megalophylla, M. bennettii, and Eptesicus fuscus), 
which today select moister habitats or humid caves, suggest that conditions in the area 
during part of the late Pleistocene were wetter than at present.
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The first mention of Quaternary bats in 
Brazil was by Lund (1840), who listed sev
eral species among many other fossil mam
mals that he collected from caves in the val
ley of the Rio das Velhas near Lagoa Santa 
in Minas Gerais. Lund’s (1840) list was re
peated, with the taxonomy updated, by de 
Paula Couto (1950; here updated further). 
The bats included Phyllostom a dorsale 
(= Chiroderma doriae), Phyllostoma linea- 
tum (=Platyrrhinus lineatus), Phyllostoma 
aff. spectro (= Chrotopterus auritus), four 
different Phyllostoma  ( = Phyllostomidae 
genera indeterminate), Vespertilio (= Ves- 
pertilionidae genus indeterminate), Dysopes 
aff. Temminckii {—Molossops temminckii), 
and Dysopes (=Molossidae genus indeter
minate). Later Winge (1893) studied more 
of the specimens that were collected by 
Lund (1840) and sent to Denmark where 
they were placed in the Zoological Museum 
of the University of Copenhagen. Once

again based on nomenclature updated by de 
Paula Couto (1946), Winge (1893) recorded 
26 species as fossils from about seven caves 
in Minas Gerais (Table 1).

After those initial reports, two isolated 
occurrences of fossils of Quaternary bats 
were reported for Brazil. They included 
Chrotopterus auritus and Desmodus dra
culae in the state of São Paulo (Ameghino, 
1907; Trajano and de Vivo, 1991). Recent
ly, Cartelle and Abuhid (1994) reported 12 
species of bats as fossils in four caves in 
the state of Bahia.

This paper resulted from further exami
nation of fossils of small vertebrates partly 
sorted from matrix collected in five caves 
in Bahia, including four previously noted 
by Cartelle and Abuhid (1994), plus one ad
ditional cave (Fig. 1). Those caves were 
Toe a da Boa Vista, Toca da Barriguda, Gru
ta dos Brejões, Gruta do Túnel de Santana, 
and Toca dos Ossos.
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M a t e r ia l s  a n d  M e t h o d s

Specimens of fossil bats described in this pa
per are in the collections of the Museu de Ciên
cias Naturais (MCL), Pontifícia Universidade 
Católica de Minas Gerais, Belo Horizonte, the 
Instituto de Geociências (1GC) of the Universi
dade Federal de Minas Gerais, Belo Horizonte, 
and the Oklahoma Museum of Natural History 
(OMNH). Comparative specimens of Recent 
bats were examined in the Seção da Mastozool- 
ogia, Museu Nacional de Rio de Janeiro 
(MNRJ), from the United States National Mu
seum of Natural History, Washington, D.C., and 
from the OMNH. All measurements presented 
herein are in millimeters unless indicated oth
erwise.

The most important locality for fossils of bats 
is Toca da Boa Vista. This cave occurs at 600 
m above mean sea level in the Município do 
Campo Formoso, 120 km by road west of Cam
po Formoso, and southeast of the small village 
of Laje dos Negros. The cave is formed in Pre- 
cambrian carbonates of the Una Group (Auler, 
1993). The Una Group is divided into a lower 
Bebedouro Formation (terrigenous sedimentary 
rocks) and an upper Salitre Formation (carbon
ate rocks—Indá, 1979). Specifically, Toca da 
Boa Vista is formed in a unit known as BS 2 
(Misi, 1978), which consists of dolomites with 
chert inclusions. Toca da Boa Vista is the largest 
cave in Brazil, and by 1996, 64,000 m of its 
interfingering passages had been surveyed. Most 
vertebrate fossils occur near the main entrance 
in regions of the cave known as Além Mundo 
and Boa Vista Classica. In addition to Pleisto
cene megafauna, fossils include small verte
brates such as frogs, lizards, marsupials, rodents, 
and bats of several families.

In one room in Toca da Boa Vista, abundant 
remains of mormoopid bats were preserved in a 
sedimentary layer deposited in a depression (a 
former pool ca. 3 by 1 by 0.5 m) that was cov
ered over by a compact calcareous layer figu
ratively called a jangada. Bones from this de
posit are mostly brown in color and represent 
Mormoops and Pteronotus. The jangada over the 
layer of bones of bats held a complete articulat
ed skeleton of the extinct canid Protocyon trog
lodytes (Cartelle, L995). From among hundreds 
of bones of bats collected beneath the jangada, 
we selected a sample of humeri of Mormoops 
megalophylla. These were submitted to the In
stitute of Geological and Nuclear Sciences Lim

ited, Lower Hutt, New Zealand, for radiometric 
dating by Accelerator mass spectrometer. The 
age of this sample (NZA 6982) was 20,060 ± 
290 radiocarbon years before present.

Elsewhere in Toca da Boa Vista, in a small 
room far from the main entrance, is a deposit in 
the floor covering ca. 15 m2 of surface area and 
^2 0  cm thick. The deposit is composed almost 
entirely of an enormous quantity of bones and 
jaw fragments representing hundreds of individ
uals of M. megalophylla and Pteronotus pamel- 
lii. No other species was present. Mormoopids 
are gregarious cave dwellers known to form 
large colonies (Bateman and Vaughan, 1974; 
Linares, 1986), some of which have been esti
mated at 400,000-800,000 individuals. The re
markable death assemblage in Toca da Boa Vista 
possibly was the result of a flooding event that 
trapped a colony (probably a maternity colony; 
some of the bones indicate immature animals) 
within the room by closing off passages and 
eventually starving bats to death. The sedimen
tary packet in which these bones occur is ho
mogeneous; bones themselves are all of a yel
lowish color, occasionally with small spots of 
manganese oxide on them and a reddish matrix 
(fine clay and limestone) adhering to some of 
them. These bones were not radiometrically 
dated. Many other specimens of bats were col
lected in still other areas of Toca da Boa Vista, 
as noted in the taxonomic accounts below. In 
addition to bats, 20 other species of larger mam
mals are known in the cave (Cartelle and Har- 
twig, 1996).

Toca da Barriguda forms part of the same 
cave complex as Toca da Boa Vista. Although 
the entrance to Toca da Barriguda is ca. 4 km 
north of the principal entrance to Toca da Boa 
Vista, the two caves are <1 km apart under
ground. No connection has yet been found be
tween the two caves. The fossils from Toca da 
Barriguda described in this report are the first to 
be mentioned from this cave. Most are heavily 
encrusted with (or even entombed within layers 
of) pale-brown calcite spar.

Gruta dos Brejões is on the Rio Jacaré (which 
flows through the cave) in the Município de 
Morro do Chapéu, ca. 70 km northeast of the 
town of Morro do Chapéu. It is ca. 130 km 
southwest of Toca da Boa Vista. As with many 
caves in Bahia, Gruta dos Brejões is formed in 
carbonate rocks (mostly dolomite) of the Bam- 
bui Group, in Unit A, of Pedreira and Torquato
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T a b l e  1 .— Occurrence o f Quaternary bats in Brazil: Minas Gerais — caves near Lagoa Santa 
(from Winge, 1893, with nomenclature updated by de Paula Couto, 1946); São Paulo — Caverna 
Santana (Trajano and de Vivo, 1991) and another (unspecified) cave near lporanga (Ameghino,
1907); Bahia — total list o f  species fo r  all five 
(1994).

caves covered herein and by Cartelle and Abuhid

Toca Grata Toca Grata do Toca da
Minas Sao da Boa dos dos Túnel de Barri-

Taxon Gerais Paulo Bahia Vista Brejões Ossos Santana guda

Emballonuridae X X
Peropteryx macrotis X

Mormoopidae
Mormoops megalophylla X X
Pteronotus parnellii X X
Pteronotus davyi X X

Phyllostomidae
Micronycteris megalotis X
Micronycteris X x«*
Tonatia bidens X X X X
Tonatia X X
Mimon crenulatum X
Mimon bennettii X X X
Phyllostomus hastatus X X X X
Phyllostomus discolor X X
Chrotopterus auritus X X X X X
Glossophaga soricina X
Lonchophylla mordax X X
Anoura caudifera X
Carollia perspicillata X X X
Sturnira lilium X
Platyrrhinus lineatus X
Platyrrhinus X X
Chiroderma doriae X
Chiroderma X X
Artibeus lituratus X
Artibeus jamaicensis X X X
Diphylla ecaudata X X X
Desmodus rotundus X X X X X
Desmodus draculae X X X X

Natal idae
Natalus stramineus X
Natal us X X

Furipteridae
Furipterus horrens X X

Vesperti 1 i oni dae X X
Myotis nigricans X
Myotis X X X
Eptesicus brasiliensis X
Eptesicus fuscus X X X
Histiotus velatus X
Lasiurus blossevillii X
Las turns ega X
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T a b l e  I.— Continued.

Toca Gruta Toca Gruta do Toca da
Minas São da Boa dos dos Túnel de Barri

Taxon Gerais Paulo Bahia Vista Brejões Ossos Santana guda

Molossidae
Tadarida brasiliensis X X X
Nyctinomops macrotis X X
Molossops temminckii X
Eumops bonariensis X
Eumops abrasus X
Eumops perotis X X X
Promops nasutus X X X
Molossus molossus X X

Total number of families 5 1 n 7 3 1 I 2
Total number of genera 22 2 24 19 10 1 1 6
Total number of species 26 2 27 19 10 1 1 6

to a skeleton (MCL 1020) of the sloth Nothroth- 
erium maquinense with which the coprolite was 
associated (L. Duarte and M. M. Souza, in litt.). 
Dry-preserved fossil dung of Pleistocene mam
mals provides some of the most reliable organic 
residues for radiocarbon dating (Mead and 
Agenbroad, 1992). A sample of the plant frag
ments from the Gruta dos Brejões coprolite was 
dated by Accelerator mass spectrometer (NZA 
6984) to 12,200 ± 1 2 0  radiocarbon years before 
present. Other fossils of vertebrates from this 
cave include 11 species of larger mammals (Car
telle, 1995).

Gruta do Túnel occurs in the basin of the Rio 
Corrente in the Município de Santana in south
western Bahia, 130 km west of Bom Jesus de 
Lapa. It is ca. 530 km southwest of Toca da Boa 
Vista. It is formed in calcareous oolites of the 
Lagoa do Jacaré Formation of the Bambui 
Group. This cave consists of a 90-m-long tun
nel-like passage between two dolines, with a 
small labyrinth of side passages extending off 
one end. Most fossils of vertebrates occurred in 
these side passages and included remains of ex
tinct sloths (Scelidodori), horses (Hippidion), ca- 
melids {Palaeolama), plus one bat listed below 
(Cartelle et al., 1989).

Toca dos Ossos occurs in the Município da 
Ourolândia, ca. 100 km southwest of Toca da 
Boa Vista and 40 km east of Gruta dos Brejões. 
This cave contains ca. 3,100 m of surveyed pas
sages. It supports a broad array of larger verte
brates (19 species) in addition to an extinct bat 
(Cartelle, 1995).

(1983). The cave has 6,570 m of surveyed pas
sages. Most of the bones from this cave are 
white or ivory colored.

One of the fossils from Gruta dos Brejões is 
a cranium of a vampire bat that was found ad
hering to the underside of a coprolite attributed

yw A2>W 30„w
8-S +- -I- •+. a-s

200 Km

F ig . 1.—Map of the state of Bahia, Brazil, 
showing localities of caves producing late Pleis
tocene fossils. Localities of fossils are: 1, Toca 
da Boa Vista and Toca da Barriguda; 2, Gruta 
dos Brejões; 3, Toca dos Ossos; 4, Gruta do Tú
nel de Santana.
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4  mm

F ig . 2.—Late Pleistocene fossils of bats from caves in Bahia, Brazil: a) Emballonuridae, left 
humerus (MCL 10238), anterior and posterior views of proximal end; b) Natalus species indeter
minate, left humerus (MCL 10237), anterior and posterior views of proximal end; c) Furipterus 
horrens, right humerus (MCL 10234), anterior and posterior views of proximal and distal ends; d) 
Micronycteris species indeterminate, left dentary fragment with p4-ml (MCL 10245), labial and 
occlusal views; e) Furipterus horrens, left maxilla with P4-M2 (MCL 10233) in labial and occlusal 
views.

R e s u l t s

Emballonuridae (genus and species in
determ inate).— A complete left (MCL 
10238; Fig. 2) and incomplete right humer
us (MCL 10239) from Toca da Boa Vista 
show the strongly ovate head and other 
morphological features characteristic of the 
Emballonuridae (Smith, 1972). A lack of 
cranial material or jaws from this cave, and 
the paucity of postcranial remains available 
as comparative material in museum collec
tions hinder the more precise identification 
of this small bat. Measurements (mm) of 
the two humeri, respectively, are: total 
length, 23.8, 23.4; proximal width, 2.8, 
distal width, 2.5, —; shaft diameter at mid
point, 1.0, 1.0.

Mormoops megalophylla.—Toca da Boa 
Vista is the only cave in which this and the 
two other species of Mormoopidae listed

below occurred as fossils. Many of the 
bones of Mormoops occurred in the jangada 
deposit. This species was reported by Car
telle and Abuhid (1994) as Mormoops aff. 
M. megalophylla. They mentioned numer
ous jaws and also illustrated two skull frag
ments. There are also many humeri (MCL 
10171 and uncataloged specimens) and ra
dii, but here we include measurements of 
only some of the humeri. From the jangada 
deposit we measured two cranial fragments 
(Table 2) and 28 complete humeri (Table 3).

In a different passage of Toca da Boa 
Vista, a death assemblage that was possibly 
the result of a flooding event included 
thousands of bones of bats, all from two 
species, M. megalophylla and P. parnellii. 
From a bulk sample of these yellowish 
bones, we selected some of the most com
plete humeri to measure. When sorted,
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T able 2 .— Measurements o f crania and rostra o f fossil Mormoopidae from  caves in Bahia, Brazil.

*
Measurement

M. megalophylla P. pamellii P. davyi

NJC-5 NJC-6 10206
Mean of 

six rostra* 10212 10213

Zygomatic breadth 9.84 11.92
Rostral breadth 7.60 8.10h 7.84 7.69 7.15 7.36b
Length of maxillary toothrow 8.16 8.43 8.33 8.07 6.64 6.69
Interorbital constriction 5.52 4.41
Breadth of postpalatal extension 1.54 1.50 1.59
Condylobasal length 18.68
Breadth of braincase 10.65
Mastoidal breadth 10.05
Depth of braincase 9.05
Zygorostral length 14.48

» Includes M CL 10206.
b Broken; estimated measurement.

these humeri included 51 of Mormoops and 
three of P. pamellii for a crude assessment 
of relative abundance. Measurements of 
some of these humeri of Mormoops are in
cluded in Table 3. Dentaries referable to M. 
megalophylla in this deposit include MCL 
10163 and OMNH 54141 and 54142. In yet 
another passage of Toca da Boa Vista, two 
partial humeri (MCL 10259) and the prox
imal portion of a radius (MCL 10260) of 
M. megalophylla were found together with 
the bones of the extinct primate Caipora 
bambuiorum (Cartelle and Hartwig, 1996).

Several species of Mormoops are known 
as fossils in the late Pleistocene of the West 
Indies (Silva Taboada, 1974, 1979; Morgan, 
1989); these include M. blainvillii, M. me
galophylla, and M. magna. Silva Taboada 
(1974) named the species M. magna from 
Quaternary cave deposits in Cuba. This 
species was based solely on a left and a 
right humerus (holotype and paratype, re
spectively); no cranial or mandibular fossils 
are known. M. magna was diagnosed as 
having a humerus like that of M. megalo
phylla but larger and stouter. Silva Taboada 
(1974) found humeri of these two species 
together in the same layer of cave deposits, 
indicating sympatry and contemporaneity 
of the two in the Pleistocene in Cuba. Fos
sils of a third species, M. blainvillii, also 
occurred in the same cave, in layers where

it co-occurred with remains of M. megalo
phylla, but not with M. magna.

In measuring the length of the fossil hu
meri from Cuba, Silva Taboada (1974) did 
not include the distal spinous process. Our 
measurements of humeral length for the 
fossils from Bahia (Table 3) include the spi
nous process and, thus, are not directly 
comparable to Silva Taboada’s measure
ments. Nevertheless, taking into account the 
difference in length of the spinous process, 
humeri of Mormoops from Bahia are about 
the same size as those of M. magna and 
larger than the fossil humeri from Cuba as
signed to M. megalophylla (Silva Taboada, 
1974:table 6). Cranial fragments of Mor
moops from the cave deposits in Bahia also 
are large, nearly as large as the largest-bod- 
ied samples of extant M. megalophylla 
measured by Smith (1972). It is possible 
that specimens from Bahia should be re
ferred to M. magna, but we tentatively refer 
them to M. megalophylla. Reasons for this 
are: 1) certain samples of extant M. megal
ophylla examined by Smith (1972) have 
cranial dimensions that approach or equal 
those of fossils from Bahia, and 2) an extant 
population of M. megalophylla exists in 
northwestern South America (M. megalo
phylla carteri, in Colombia and Ecuador 
west of the Andes Mountains) with cranial 
dimensions (Smith, 1972) that are still larg-
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er than the rostra from Bahia that are as
sociated with large (M . magna-sized) hu
meri. Regardless, fossils from Bahia indi
cate the presence in the late Pleistocene of 
a large form of Mormoops in Brazil far be
yond the present geographic range of the 
genus.

As Cartelle and Abuhid (1994) noted, M. 
megalophylla no longer occurs in Brazil. In 
the modem fauna, it occurs no closer than 
central Venezuela (Eisenberg, 1989; Koop- 
man, 1982, 1993). It is known in the late 
Pleistocene in Mexico (Arroyo-Cabrales, 
1992; Arroyo-Cabrales and Alvarez, 1990) 
and far outside the limits of its present 
range, in Tobago, the West Indies, and Flor
ida, USA (Eshelman and Morgan, 1985; 
Morgan, 1989).

Pteronotus pamellii. — Cartelle and Abu
hid (1994) identified some specimens from 
Toca da Boa Vista as Pteronotus aff. P. gym- 
nonotus. Reexamination of those and addi
tional new specimens indicates that all are re
ferable to P. pamellii. Identified specimens 
from the jangada deposit (contemporaneous 
with the dated bones of Mormoops) include 
eight partial crania (MCL 10206-10211; 
OMNH 54138, 54139; Table 2), 26 dentaries 
(MCL 10162; OMNH 54135-54137), and 
several uncataloged humeri and radii. From 
the death-assemblage deposit in Toca da Boa 
Vista, four fragments of distal humerus and 
a few jaw fragments were recovered. In yet 
another part of this cave, an edentulous right 
dentary (MCL 10251) of P. pamellii was 
among the bones of the holotype skeleton of 
the extinct primate Caipora bambuiorum 
(Cartelle and Hartwig, 1996). In South Amer
ica, the fossil record of P. pamellii was re
stricted previously to the late Pleistocene of 
the island of Tobago (Eshelman and Morgan, 
1985).

Pteronotus davyi.—Two rostra (Fig. 3; 
MCL 10212 and 10213) and 14 dentaries 
(MCL 10214) were identified in the jangada 
deposit from Toca da Boa Vista, where re
mains of this species were third in abun
dance after those of M. megalophylla and 
P. pamellii. The infraorbital foramen is lo-
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5 mm

F i g . 3.—Late Pleistocene fossils of bats from caves in Bahia, Brazil: a) Pteronotus davyi, partial 
rostrum with right M l-M3 (MCL 10212), palatal and lateral views; b) Carollia perspicillata, rostrum 
(MCL 10225), palatal view; c) Nyctinomops species indeterminate, edentulous right dentary (MCL 
14025), occlusal and labial views; d) Promops nasutus, partial skull (MCL 14008), lateral view.

cated behind the anterolabial root of M l in
stead of between the roots of the P4 and 
M l. A small diastema is present between 
the outer upper incisor alveolus and the C l 
alveolus. The alveoli of the upper incisors 
are smaller and show a larger diastema than 
in P. pamellii. Measurements of the two 
cranial fragments are given in Table 2. Al
though it was (erroneously) reported pre
viously in the Recent fauna from Brazil 
(Willig and Mares, 1989), this species does 
not occur in the country today (da Fonseca 
et al., 1996; Koopman, 1993). This the first 
record of P. davyi in the Pleistocene.

Micronycteris species indeterminate.— 
Two dentaries were recovered from Toca da 
Boa Vista, a right dentary (MCL 10244) 
with m l-m3 plus all alveoli for the other 
teeth including two for the lower incisors, 
and a left dentary fragment (MCL 10245; 
Fig. 2) with p4-ml. A large alveolus for the 
p2 is about the same size as the alveolus

for cl. The two alveoli for p3 are smaller 
and situated close together; p4 has a rather 
rectangular base and two roots. Measure
ments of the more com plete specimen 
(MCL 10244) are: length of mandibular 
toothrow, 7.4; height of dentary at coro- 
noid, 4.0.

Tonatia bidens.— Cartelle and Abuhid
(1994) identified two specimens from Gruta 
dos Brejões as Tonatia and noted their sim
ilarity to T. bidens. In addition, 10 speci
mens are available from Toca da Boa Vista 
and five from Toca da Barriguda.

Both specimens from Gruta dos Brejões 
are rostra. The first (MCL 8852) includes 
the right M2 and most upper alveoli; the 
second (MCL 8854) includes the left M2 
and all upper alveoli. Measurements of 
these specimens are: rostral breadth, 9.8, 
9.7; breadth across C l-C l, 7.0, 6.8; breadth 
across M3-M3, 10.3, 10.0; length of max-
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illary toothrow, 9.7, 9.4; interorbital con
striction, 6.5, -.

Specimens from Toca da Boa Vista in
clude two partial crania (MCL 10255, IGC 
1949) and nine dentaries (MCL 10215- 
10222; OMNH 54140). Mean measure
ments (±SD) for the dentaries are: total 
length of dentary, 17.13 ±  0.35 (n = 6); 
length of mandibular toothrow, 10.68 ± 
0.32 (n — 7); height of dentary at coronoid, 
7.16 ± 0.37 (in = 6).

Specimens from Toca da Barriguda are 
crania or crania with articulated mandibles 
(IGC 1957, 1958, 1963, 1966, 1968). As in 
many other specimens from this cave, these 
specimens are partly embedded in or partly 
encrusted with calcite layers. Measurements 
of the crania and rostra from several caves 
in Bahia are in Table 4.

Based on the relatively broad interorbital 
constriction in some cranial fragments and 
the presence of an anteromedial foramen 
between incisive foramina and upper inci
sors (or their alveoli) in others, specimens 
represent Tonatia bidens or T. saurophila 
and not T. silvicola. Unfortunately, many of 
the cranial fragments either lack the rear of 
the braincase, are broken in the mastoid 
area, or have this part of the skull embed
ded in calcite, so that the diagnostic differ
ence between T. saurophila and T. bidens 
in the shape of the mastoid region (Wil
liams et al., 1995) is impossible to judge. 
However, Williams et al. (1995) also noted 
in their emended diagnoses that these two 
morphologically similar species could be 
distinguished in part by the average breadth 
across the postorbital constriction (= inter
orbital constriction in our tables). The 
breadth of the postorbital constriction in 
Recent T. bidens is larger, averaging 5.9 
mm (range 5.5-6.2 mm), than that of T. 
saurophila, which averages 5.4 mm (in 
South America) or 5.6 mm (in Central 
Am erica; range in different subspecies, 
5.0-5.9—Williams et al., 1995). Among 
our 17 Pleistocene specimens, nine are cra
nia, rostra, or other cranial fragments. Of 
these, four have intact interorbital regions.
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These four specimens and breadths of their 
interorbital constrictions are: MCL 10255, 
6.03; IGC 1949, 6.35; MCL 8852, 6.46; 
IGC 1963, 6.21. These measurements are 
above the range observed by Williams et al.
(1995) for T. saurophila. They are within 
(or even larger than) the range observed in 
modern T, bidens.

Another difference between these two 
species is in the lower premolars (Williams 
et al., 1995). The second lower premolar is 
more reduced in T. bidens than in T. sau
rophila. In T. bidens, the crown of this 
tooth is mostly obscured in occlusal view 
by the cingula of the adjacent premolars 
ahead of and behind it. In T. saurophila, the 
crown of the second lower premolar is less 
than one-half hidden by the cingula of the 
adjacent teeth. Among the fossils, the lower 
jaws that still bear these teeth (including 
one that is articulated with a cranium IGC 
1966) show the condition diagnostic of T. 
bidens rather than T. saurophila. Therefore, 
we conclude that all the Quaternary fossils 
of Tonatia from caves in Bahia pertain to 
T. bidens.

M imon bennettii.—  Two rostra (MCL 
10170), each containing the left P4 and one 
also containing the posterior portion of the 
right P2, were recovered from Toca da Boa 
Vista. The dental formula for the upper 
toothrow is i2/, c l/, p2/, m3/. The P2 has 
two roots; the anterior root is small, round
ed, and situated far to the labial side of the 
maxilla, crowded behind the canine. The 
posterior root of P2 is transversely broad 
and strongly bilobed. The P2 remnant is 
concave posteriorly, with the lingual por
tion forming a relatively large, rounded, 
dished basin rather like a talon basin. This 
feature is characteristic of M. bennettii and 
absent in the smaller M. crenulatum. The 
base of the P4 lacks an anterior lobe as 
seen, for example, in Tonatia, Phyllosto
mus, and Chrotopterus. Its smaller anterior 
root is transversely broadened and slightly 
bilobed. Its posterior root is transversely 
broader and strongly bilobed.

Two additional specimens, a cranium

lacking the braincase and with articulated 
mandible (IGC 1955) and a right dentary 
(IGC 1944), were found in Toca da Barri
guda. In the skull lacking its braincase, all 
teeth are present and heavily worn. Dental 
formula is i2 /l, cl/1, p2/2, m3/3, total 30. 
The dentary contains all teeth, which are 
little worn in this specimen. Size and mor
phology of all specimens from Bahia 
matches M. bennettii. The specimens from 
Bahia represent the first fossil records for 
this species in South America.

Phyllostomus hastatus.— Remains of this 
species were found in Gruta do Túnel de 
Santana and Gruta dos Brejões. Cartelle and 
Abuhid (1994) reported a cranium (MCL 
10167) from Gruta do Túnel; an additional 
new specimen is a rostrum (MCL 14004) 
having both its P4s, the right M l, the root 
of the right C l, and the empty alveoli for 
all other upper teeth. Measurements of the 
first specimen (MCL 10167), including a 
light encrustation of calcite, are: greatest 
length of skull, 37.9; condylobasal length, 
31.3; length of maxillary toothrow, 13.8. 
Those of MCL 14004 are: rostral breadth, 
12.1; interorbital constriction, 7.1; length of 
maxillary toothrow, 12.7; posterior edge of 
palate to anterior edge of premaxilla, 15.0; 
breadth of the postpalatal extension, 4.4; 
breadth across C l-C l, 9.9; breadth across 
M3-M3, 14.0.

Specimens from Gruta dos Brejões in
clude a cranium and two dentaries. The cra
nium (MCL 8850) appears to have all the 
upper cheekteeth (P4-M3 on both sides) but 
is heavily encrusted with calcite. Only one 
measurement was made on this specimen; 
its condylobasal length (including calcite 
rind) is 34.3. Dentaries are a right (MCL 
14007) with p4-m3 and a left (MCL 14021) 
with m2-m3. The latter is encrusted heavily 
with calcite.

Phyllostomus discolor.—Six partial den
taries of this species were recovered from 
Toca da Boa Vista. Of these specimens, one 
(MCL 10226) includes m l, m2, and a frag
ment of m3; one (MCL 10227) includes 
m2; three (MCL 10228-10230) are eden
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tulous; one (MCL 10231) is a fragment 
with m l-m2. Mean (±SD ) lengths of the 
more complete of these dentaries are: total 
length of dentary, 18.65 ± 0.65 (n = 4); 
length of mandibular toothrow, 11.05 ± 
0.26 (n = 5); height of dentary at coronoid, 
6.93 ± 0.46 in = 3). This is the first fossil 
record for the species in Brazil. Linares 
(1968) reported P. discolor as a late Pleis
tocene or Holocene fossil in Venezuela.

Chrotopterus auritus.— One specimen 
was collected in Toca da Boa Vista and 
three in Toca da Barriguda. The specimen 
from Toca da Boa Vista is a densely min
eralized cranium with associated right half
mandible (MCL 10156) that was discussed 
by Cartelle and Abuhid (1994). Specimens 
from Toca da Barriguda are a cranium, a 
right dentary fragment, and the proximal 
portion of a left humerus. The cranium 
(IGC 1946) bears only four teeth, both IIs 
and both P4s. It shows unusual preservation 
in that it is heavily encrusted with calcite 
except on these four teeth, which almost to
tally lack any calcite encrustation and, thus, 
permit ready identification. Because of the 
calcite, measurements are a crude estimate 
of size and include the calcite rind: con
dylobasal length, 31.6; breadth across P4- 
P4, 8.6. The dentary fragment (IGC 1945) 
has p4-m3 and is not calcite-encrusted. The 
incisive alveolus and one-half of the canine 
alveolus are broken away in this specimen, 
but length of mandibular toothrow could be 
estimated as 14.7. The proximal humerus 
fragment (IGC 1947) lacked speleothem en
crustation. Its measurements are: greatest 
proximal width, 7.8; shaft diameter, 3.5; 
head diameter, 4.1.

Carollia perspicillata.—A rostrum (MCL 
10225; Fig. 3) and two dentaries (MCL 
10223, 10224) were recovered from Toca 
da Boa Vista. Measurements of the rostrum 
are: interorbital constriction, 5.5; rostral 
breadth, 7.8; length of maxillary toothrow, 
7.4; breadth of postpalatal extension, 1.8; 
breadth across C l-C l, 4.7. Measurements 
of the dentaries are: total length of dentary, 
15.0, 14.6; length of mandibular toothrow,

8.5, 8.6; dentary height at coronoid process, 
5.3, 5.3. These specimens represent the first 
record of the species as a fossil in Bahia.

Platyrrhinus species indeterminate.— 
This taxon is represented in the fauna of 
Toca da Boa Vista by a single specimen, a 
fragment of a left dentary containing a par
tial m l plus alveoli for m2 and m3 (MCL 
10246). Despite incom pleteness of the 
specimen, morphology of the tooth remnant 
and jaw fragment is consistent with that in 
comparative specimens of Platyrrhinus and 
differs from other stenodermatines. It is not 
possible to make meaningful measurements 
or a species identification on this specimen.

Chiroderma species indeterm inate .— 
Among specimens from Gruta dos Brejões 
is a left dentary (MCL 14011) with m2 and 
the alveoli for m l, p4, and the posterior 
portion of an alveolus of p3. A short dia
stema is present between alveoli for the pre
molars. No m3 existed in the specimen. 
Based on sizes of alveoli, the m l was much 
smaller than the m2 and about the same size 
as p4. The absence of m3, size and position 
of diastema between premolars, cusp mor
phology, and relative sizes of the teeth 
clearly indicate the specimen belongs to 
Chiroderma. Measurements of the speci
men are: height of dentary at coronoid pro
cess, 6.7; length of m2, 3.0; width of m2, 
1.8.

No species of Chiroderma occurs today 
in Bahia, but two (C. trinitatum and C. vil- 
losum) occur in Amazonia, and a third (C. 
doriae) is endemic in the Atlantic forest to 
the south. Thus, the fossil from Bahia con
stitutes an extralimital record for the genus, 
but at present it is not possible to assign the 
specimen to a species.

Artibeus jamaicensis.—Remains of this 
species were recovered from Toca da Boa 
Vista and Gruta dos Brejões. A nearly com
plete cranium (IGC 1954; Table 5) is avail
able from Toca da Boa Vista, which is com
plete except that it lacks periotics and bul
lae, pterygoid wings, and most teeth. The 
only tooth present is a split left P4. The 
alveoli indicate an upper tooth formula of
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T a b l e  5 .— Measurements and occurrence o f M3 alveolus o f skulls and partial skulls o f  Artibeus 
jamaicensis from  Toca da Boa Vista (IGC 1954) and Gruta dos Brejões (all others), Bahia, Brazil-

MCL number

Measurement 1954 8860 8849 8851 8859 8862 8863

Rostral breadth 13.23 12.64 12.30 12.66 12.56 13.13 12.11
Zogyomatic breadth 17.64 18.37 17.09 17.10 17.73
Interorbital constriction 7.26 7.45 6.94 6.99 7.07 7.32 6.93
Breadth across upper ca

nines 7.83 7.93 7.77 7.63 7.98 7.94 7.62
Breadth across upper M2s 13.19 12.79 12.36 12.45 12.81 13.27 12.30
Breadth of braincase 12.99 12.87 12.60 12.69 12.47
Depth of braincase 10.63 10.98 11.00 10.46
Breadth of the postpalatal

extension 3.88 3.81 3.59 3.73 3.55 3.66
Posterior edge of palate to

anterior edge of premax
illa 14.61 14.02 13.52 13.89 14.06

Length of maxillary tooth
row 10.29 10.00 9.79 10.26 9.96 10.85 9.72

Greatest length of skull 28.46 27.28 28.32
Breadth across occipital

condyles 7.83 7.46 7.88 7.50
Condylobasal length 25.72 24.42 24.99 25.40
Mastoidal breadth 15.07 15.12 14.89 15.10
Basioccipital constriction 3.68 4.10 3.40 3.57
M3 alveolus present? yes yes yes yes R yes; L no yes yes

i2/, c l/, p2/, m3/. The preorbital and post
orbital processes are present but poorly de
veloped.

Five crania (MCL 8849, 8851, 8858, 
8859, and 8860; Table 5) and two rostra 
(MCL 8862, 8863) from Gruta dos Brejões 
were mentioned by Cartelle and Abuhid 
(1994). We also note five mandibles or frag
ments (MCL 8867, 14009, 14010, 10252, 
10253) from Gruta dos Brejões. The spec
imens are similar in size to the one from 
Toca da Boa Vista. One of the mandibles 
(MCL 14009) is from an immature animal 
and contains erupting e ls  and p4s. The four 
others each lack their molars, but all show 
alveoli for a single-rooted small m3.

Diphylla ecaudata.— A cranial fragment 
(MCL 10265) from Toca da Boa Vista in
cludes part of the rostrum, the interorbital 
area, some of the broken anterior edges of 
the braincase, and the left side of the palate 
including halves of all the alveoli. Two par
tial crania (IGC 1950, 1953) partly embed
ded in calcite were recovered from Toca da

Barriguda. Arroyo-Cabrales (1992) listed 
Quaternary fossils of this species from the 
Yucatan Peninsula of Mexico. Specimens 
from Bahia represent the first fossil record 
of the species in South America.

Desmodus draculae.—Cartelle and Abu
hid (1994) reported and illustrated a nearly 
complete cranium (MCL 10168) of this 
species from Toca dos Ossos that was in 
association with a cranium of the extinct 
horse Equus (Amerhippus) neogeus. We re
port an additional specimen, a whitish 
braincase (MCL 10261), from Toca da Boa 
Vista. It is not one of the specimens asso
ciated with the dated bones of Mormoops 
but came from a different area in the cave. 
This specimen lacks auditory bullae and 
periotics, and occipital condyles are broken 
away.

The braincase from Toca da Boa Vista 
differs from the holotype (from Cueva del 
Guácharo, Venezuela) described by Morgan 
et al. (1988), a cranium (from Cavema San
tana, São Paulo, Brazil) reported by Trajano
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and de Vivo (1991), and the cranium col
lected in Toca dos Ossos in two ways. First, 
in posterior view, the profile of the brain
case is not nearly so high and peaked; in
stead, it is lower and more rounded, with 
better development of a sagittal crest than 
in the holotype and specimens from Toca 
dos Ossos. Second, there are more promi
nent bulges on either side of the back of the 
braincase halfway down each side of the 
nuchal crests toward the mastoid regions. 
These bulges, presumably covering the lat
eral lobes of the cerebellum, are more ap
parent on the parietals than on the supraoc- 
cipitals.

The specimens from caves in Bahia 
(Toca dos Ossos and Toca da Boa Vista) 
and from Venezuela lack the square-shaped 
prominence of the lambdoidal crest seen in 
the specimen from São Paulo (Trajano and 
de Vivo, 1991). This and the aforemen
tioned differences are attributed to individ
ual variation. Measurements of the speci
mens from Bahia and all other known skulls 
of D. draculae are presented in Table 6.

Desmodus rotundus.—Cartelle and Abu
hid (1994) reported a fossil of D. rotundus 
from Toca da Boa Vista. We recognize ad
ditional specimens from Gruta dos Brejões 
(braincase, MCL 8856) and Toca da Barri
guda (two crania, IGC 1943, 1951). The 
braincase from Gruta dos Brejões was ad
hering to the underside of the sloth copro
lite that has an age of 12,200 radiocarbon 
years before present. Previous Quaternary 
records of D. rotundus in South America 
include fossils from Cueva de Quebrada 
Honda and Cueva de la Brnjula, Venezuela 
(Linares, 1968, 1970), and Lapa da Lagoa 
do Sumidouro, Brazil (Winge, 1893).

Natalus species indeterm inate.— Two 
complete left humeri (MCL 10201, 10237; 
Fig. 2) from Toca da Boa Vista were the 
only remains of Natalidae from the caves 
in Bahia. Two species of Natalus, N. tumi- 
dirostris and N. stramineus, occur in north
ern South America today, but humeri are 
insufficient to identify the fossils to species. 
Specimens represent the first fossil record

of Natalus in Bahia; Winge (1893) previ
ously had reported N. stramineus as a fossil 
in the caves of Lagoa Santa, Minas Gerais.

Furipterus horrens.— Five specimens 
were recovered from Toca da Boa Vista. 
They consist of a left maxilla (MCL 10233; 
Fig. 2) and four partial or complete humeri 
(MCL 10234-10236, 10240; Fig. 2). The 
maxilla contains P4-M2 and alveoli for 
most other teeth. Incisive alveoli are dam
aged, but there appears to be one each for 
the two incisors; only a tiny edge of the 
wall of the II alveolus is preserved. There 
is one laterally compressed alveolus for C 1. 
There are two clearly separate alveoli for 
the anterior upper premolar, unlike the sin
gle-rooted P3 in two modem comparative 
specimens of F. horrens. There are three 
(occupied) alveoli for the P4 and three for 
each of the upper molars. Preserved teeth 
are identical in size and morphology to 
those of F. horrens. Length of maxillary 
toothrow is 4.5 mm. The lingual cusp of P4 
is narrow, but high and distinct. M l and M2 
lack hypocones and have keels (paraloph 
and metaloph) extending from bases of the 
paracone and metacone across the trigon 
basin toward, but not reaching, the proto
cone. The infraorbital canal opens above 
the middle of the P4 and extends a short 
distance posteriorly to exit above the para- 
style of M l and anterior to the anterior edge 
of the orbit, slightly higher on the side of 
the rostrum than the infraorbital foramen. 
There also is a larger posterior opening 
within the orbit at its anterior edge. On the 
dorsal anterior part of the fragment, enough 
bone remains to show that the shape of the 
snout was rather tubular anteriorly.

Measurements of humeri for specimens 
MCL 10234, 10235, 10236, and 10240, re
spectively, are: length of humerus, 19.99, 
19 (broken; estimated), 19 (broken; esti
mated), —; width of proximal end, 2.82, - , 
- ,  2.72; width of distal end, 2.60, 2.56, 
2.72, - ;  midshaft diameter, 0.90, 0.88, 0.96, 
0.89. The humeral head is relatively small 
and rounded. The greater tuberosity is sit
uated close to the head and extends proxi-
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T a b l e  6 .— Skull measurements o f specimens o f  Desmodus draculae from  South America. Mea
surements o f Venezuelan specimens (holotype and paratype) are taken from  Morgan et al. (1988).

Measurement
MCL
10168

MCL
NP-0007

MZUSP
26851 Holotype Paratype

Greatest length of skull 32.86a 31.71 31.2
Condylobasal length 29.92 28.93 29.7
A n te r io r  e d g e  o f  fo ra m e n  m a g n u m

to anterior edge of premaxilla 26.36 26.44
Breadth of rostrum 10.49 11.44 9.2
Interorbital constriction 6.25 5.62 6.78 5.7 6.7
Zygomatic breadth 16.06a 16.24"
Mastoid breadth 15.91 15.15 16.84b 15.2 15.5
Breadth of braincase 15.89 14.96 14.86" 14.8 14.5
Depth of braincase 13.26 12.53 13.25 14.8 13.4
Postpalatal spine to lambdoid crest 17.27 16.85
Distance from interorbital

constriction to lambdoid crest 22.05 21.00 20.94 21.1 22.4
Postpalatal spine to

anterior edge of premaxilla 14.16 13.60
Basioccipital constriction 3.36 3.05 3.64b
Width across C l-C l 8.48 8.60
Width across M l-M l 8.74 9.03
Diameter of foramen magnum 6.46 6.45 6.48b
Dorsal margin of foramen magnum

to top of lambdoid crest 5.30 5.34 6.12
Postpalatal constriction 3.47 3.46
Anterior edge of foramen magnum

to postpalatal spine 12.60 14.48*
Breadth across

paraoccipital processes 12.47 11.87 12.30b
Width across external edges of

occipital condyles 9.25 8.27a 9.40»
Alveolar length of

maxillary toothrow 5.16 5.26
Alveolar length of 11 4.65 4.08
Transverse width of 11 1.16 1.37
Crown height of 11 3.98a 3.91a
Alveolar length of C l 2.45 3.00
Transverse width of C l 1.14 1.30
Crown height of Cl 3.34
Alveolar length of premolar 1.30 1.27
Transverse width of premolar 1.35 1.37
Crown height of premolar 1.41 1.35
Alveolar length of Ml 1.14 1.11
Transverse width of M 1 1.32 1.33
Crown height of M 1 1.08a
Alveolar length of M2 0.55
Transverse width of M2 0.47 0.37
Crown height of M2 0.35

a Estimated m easurem ent o f  dam aged specimen.
b M easurement o f one side from the midline and doubled to give an estim ate o f  the full dimension.
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mally beyond the level of the head. A broad 
flange extends distally from the lesser tu
berosity and ends abruptly at the level of 
the middle of the pectoral ridge. Viewed an
teriorly, the distal articular surface is offset 
laterad from the shaft. The medial epicon- 
dyle is damaged slightly along its disto- 
medial edge in the illustrated specimen, but 
otherwise specimens match the configura
tion shown by Smith (1972: 18 and 19, fig. 
3 and 4). These specimens represent the 
first fossil record for the Furipteridae.

M yotis species indeterm inate.—  Four 
specimens were recovered in Toca da Boa 
Vista and one in Toca da Barriguda. Those 
from Toca da Boa Vista include a rostrum 
(MCL 10232) and three edentulous left 
dentaries (MCL 10241-10243). The ros
trum contains the right M l and alveoli for 
upper teeth (two incisors, canine, three pre
molars, and three molars). The P2 and P3 
alveoli are subequal in diameter; the P3 is 
not displaced medially from the tooth row. 
The M l has a strong paraconule. The fore
head profile rises moderately abruptly from 
the rostrum. Measurements of the rostrum 
are: rostral breadth, 5.5; length of maxillary 
toothrow, 5.2; interorbital constriction, 3.3; 
breadth across C l-C l alveoli, 3.4; breadth 
across M3-M3 alveoli, 5.3.

Two small species of Myotis probably are 
represented by the dentaries from Toca da 
Boa Vista. One specimen (MCL 10243) is 
smaller than the other two (MCL 10241, 
10242) and has a distinctly shorter coronoid 
process. The alveoli in the smaller speci
men indicate presence of a two-rooted p4, 
while those in larger specimens indicate 
one-rooted p4s. But precise identifications 
of specimens are not possible with the ma
terial at hand. Measurements of the smaller 
dentary followed by those of the two larger 
ones: total length of dentary, 10.5, 11.1, 
11.7; length of mandibular toothrow, 6.7,
6.5, 6.7; height of dentary at coronoid pro
cess, 3.4, 4.5, 4.6.

The specimen from Toca da Barriguda is 
a cranium (IGC 1948) that is embedded in 
a layer of calcite. Only the dorsal surface is

visible through the calcite. No direct mea
surement is possible without removing it 
from the matrix, but its total length is ca. 
14-15 mm.

Eptesicus fuscus.—Specimens of Eptesi
cus from Toca da Boa Vista previously had 
been identified by Cartelle and Abuhid
(1994) as E. brasiliensis. However, on com
paring the measurements of the specimens 
from Toca da Boa Vista (13 rostra or frag
mentary skulls, MCL 10155 containing 11 
rostra, MCL 10254, and OMNH 54134; Ta
ble 7) with specimens in collections of Re
cent mammals at MNRJ, OMNH, and in the 
literature, they are clearly larger than E. 
brasiliensis and similar in size to E. fuscus. 
Today, E. fuscus occurs in Brazil only in 
Amazonia (da Fonseca et al., 1996). Fossils 
of E. fuscus of late Pleistocene or Holocene 
age are known elsewhere in South America 
only from Cueva de Quebrada Honda, Ven
ezuela (Linares, 1968).

Tadarida brasiliensis.— Cartelle and 
Abuhid (1994) recorded fossils of this spe
cies in Toca da Boa Vista. Their specimens 
occurred in the jangada deposit dated for 
this study. We also recognize one additional 
specimen from Gruta dos Brejões. This is a 
rostrum (MCL 14006) that is heavily en
crusted with calcite but appears to represent 
T. brasiliensis. It represents the first occur
rence of the species in South America as a 
fossil.

Nyctinomops macrotis.—A partial skull 
(MCL 8853), incompletely encrusted with 
calcite, was recovered from Gruta dos Bre
jões. It lacks the braincase but retains the 
basisphenoid, which has deep basisphenoid 
pits. Among living species of Nyctinomops, 
only N. macrotis has deep basisphenoid 
pits. Available measurements are: length of 
maxillary toothrow, 8.28; interorbital con
striction, 4.72; breadth of postpalatal exten
sion, 3.47; breadth across C l-C l, 5.27; 
breadth across M 3-M 3, 8.68; rostral 
breadth, 7.92. Length of maxillary toothrow 
and interorbital constriction are similar to 
comparable measurements provided by 
Freeman (1981) for N. macrotis. This is the
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first fossil record for the species in South 
America.

Nyctinomops species indeterminate.— 
Seven specimens (a cranial fragment and 
six dentaries) were recovered from Gruta 
dos Brejões. The cranium (MCL 14005) is 
too heavily encrusted with calcite to pro
vide useful measurements. Dentaries each 
possess four premolar alveoli, are long and 
thin, and have long, low coronoid processes 
(Fig. 3). Measurements of the dentaries of 
MCL 14024, 14025, 14028, 14033, 14043, 
and 14049, respectively, are: total length of 
dentary, - ,  15.72, 14.5 (estimated), 14.2 
(estimated), 13.95; length of mandibular 
toothrow, - , 9.36, 9.22, —, 9.32, 8.37; height 
of coronoid, 3.51, 3.55, 3.23, 3.32, 3.55.
Compared with measurements provided by 
Freeman (1981), measurements of speci
mens from Bahia indicate that at least one 
of the dentaries (MCL 14025) might be re
ferable to N. macrotis, while others are 
smaller and possibly pertain to N. aurispi- 
nosa. However, in the absence of more 
complete specimens, we identify them only 
to genus.

Eumops perotis.—A well-preserved cra
nium (MCL 10250) with a thin partial rind 
of calcite was recovered from Gruta dos 
Brejões. It contains the left periotic and all 
the upper teeth except for the I Is, the left 
C l, and the tiny, laterally displaced P3s, al
though the alveoli for these teeth are pre
served. It possesses deep basisphenoid pits. 
The posterolingual edge of C l lacks the 
tiny notch present in E. dabbenei, but ab
sent in E. perotis. This is the first fossil rec
ord of this species in Bahia; other Quater
nary records from South America include 
one at Lapa da Escrivania, Minas Gerais, 
Brazil (Winge, 1893) and one at Cueva de 
Quebrada Honda, Venezuela (Linares, 
1968). From the same cave, two humeri 
also were recovered, a complete right and 
the proximal portion of a left. These humeri 
indicate a large molossid and probably be
long to E. perotis.

Promops nasutus.—Two rostra (MCL 
8869, 14008; Fig. 3) and two dentaries
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(MCL 14014, 14015) were recovered from 
Gruta dos Brejões. The rostra show a tiny 
alveolus for a P3 crowded between the C l 
and P4 alveoli and toward the outside edge 
of the tooth row. The palate is domed and 
basisphenoid pits of moderate depth are 
present. Measurements of the rostra (MCL 
8869 and 14008, respectively) are: length 
of maxillary toothrow, 6.19, 6.06; interor- 
bital constriction, 4.01, 4.07; breadth of 
postpalatal extension, 3.17, 2.84; breadth 
across upper canines, 4.55, 4.32; breadth 
across upper molars, 8,06, 8.15; rostral 
breadth, 7.62, 7.82; breadth of braincase, 
9.81; depth of braincase, 7.47; zygomatic 
breadth, 11.1 (estim ated); m astoid 
breadth, 10.7 (estimated). Dentaries are 
short with a deep symphysis and relatively 
robust teeth. Length of mandibular tooth
row is 7.3 and 7.4 in the two specimens. 
This is the first record of this species as a 
fossil in Bahia; Winge (1893) recorded P. 
Inasutus from a cave in Minas Gerais, Bra
zil.

D isc u ssio n

Most of the caves in Bahia (Toca da Boa 
Vista, Toca da Barriguda, Gruta dos Bre
jões, and Toca dos Ossos) are situated in 
what in historic times was the arid-to-semi- 
arid Caatinga biome (now heavily disturbed 
by humans) according to a vegetation map 
of Brazil (Instituto Brasileiro de Geografia 
e Estatística, 1993). One cave, Gruta do Tú
nel, is located in the Cerrado biome (Insti
tuto Brasileiro de Geografia e Estatística, 
1993; Mares et al., 1981). Of bats identified 
herein as fossils in caves of Bahia, most are 
eurytopic in the modem environment (da 
Fonseca et al., 1996) and, hence, are unin
formative about reconstructing the paleoen- 
vironment of Bahia as reflected in the hab
itat selection of cavemicolous bats. How
ever, two of the species, M . bennettii and 
F. horrens (both occurring in the 20,060- 
year-old jangada deposit), were listed by da 
Fonseca et al. (1996) as occurring today 
only in two biomes, Mata Atlantica (Atlan
tic Forest) and Amazonia (although Mares

et al., 1981, noted that F. horrens was rare 
in the Caatinga, where it occurred only in 
small granitic mountains that interrupt the 
generally flat terrain of the Caatinga, and 
Marinho-Filho, 1996, listed F. horrens as 
occurring also in the Cerrado). One other 
species, E. fuscus, was listed as occurring 
today in Brazil only in Amazonia (da Fon
seca et al., 1996). If we assume that all fos
sils of bats in Toca da Boa Vista are con
temporaneous with those in the dated jan
gada deposit, then, by comparison with 
these modem occurrences of bats from wet
ter habitats, fossils suggest that the local en
vironment near Toca da Boa Vista was 
moister 20,000 years ago than it is today.

Mormoopid bats are uncommon in north
eastern Brazil today. M. megalophylla is 
completely absent from Brazil. P. davyi and 
P. pam ellii are present but rare in the Caa
tinga and Cerrado biomes, where they seem 
to occur in the relatively mesic areas 
(Mares et al., 1981; Willig, 1983; Willig 
and Mares, 1989). Although mormoopids 
today use moist to semiarid or dry forest 
habitats at low elevations (Eisenberg, 1989; 
Handley, 1976; Smith, 1972) for foraging, 
species such as M. megalophylla, P. par- 
nellii, and P. davyi roost exclusively in 
caves in which they select chambers with 
stable microclimates that are hot and humid 
(Bonaccorso et al., 1992; Morgan, 1989; 
Silva Taboada, 1979). Maternity colonies of 
morm oopids require deep chambers of 
caves where ventilation is minimized and 
tem peratures are m aximized (33-36°C); 
males and non-reproductive females usually 
use chambers with more air movement and 
lower temperatures (26-34°C— Bonaccorso 
et al., 1992). Relative humidity of cave 
roosts used by mormoopids typically ex
ceeds 90% (Rodríguez-Durán, 1995; Silva 
Taboada, 1979).

Past episodes of humidity in the paleo- 
climate of a region are reflected directly in 
the humidity and water-dependent process
es within caves (such as speleothem for
mation—Hennig et al., 1983). A regional 
drying in northeastern Brazil since the late
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Pleistocene might have contributed to the 
drying of microclimates within caves, re
sulting in the areal disappearance of Mor
moops and the present rarity of Pteronotus.

Other factors also might have affected 
faunal changes in Bahia since the late Pleis
tocene. Based on the late Pleistocene mam
malian fauna of Toca da Boa Vista and oth
er caves in Bahia, Cartelle (1995) conclud
ed that the paleoenvironment of what is 
now Bahia included a more heterogeneous 
vegetational mosaic than today. This is sim
ilar to the greater heterogeneity of habitat 
suggested for many parts of the world in 
the Pleistocene (Graham, 1986; Lundelius, 
1989). Mammalian species, including bats, 
probably responded individualistically to 
post-Pleistocene habitat changes in Bahia as 
they seem to have done in many other parts 
of the world. As noted by Lister and Sher
(1995), climates of Quaternary glacial and 
interglacial periods prior to the Holocene 
fluctuated constantly and rapidly, in con
trast to the abnormally stable climate for the 
Holocene itself. Those authors further noted 
that instability of the Pleistocene might 
have somehow contributed to the mainte
nance of a greater heterogeneity in plant 
communities. Even today, availability of 
mesic enclaves within the relatively arid 
Caatinga and unpredictability in timing of 
droughts (Mares et al., 1981, 1985) may 
provide a mosaic of habitats in Bahia that 
allows some mesic-adapted species, like F. 
horrens, to continue to exist there. This sit
uation may have been even more pro
nounced in Bahia during the late Pleisto
cene. Conversely, presence of fossils of 
species (e.g., M. megalophylla, M. bennet
tii, Chiroderma, and F. horrens) that today 
are found preferentially in Amazonia and 
Atlantic forest reinforces the possibility that 
a transition between these two biomes (as 
was proposed by Coimbra-Filho and Gus
mão Câmara, 1996; Rizzini, 1963) existed 
in Bahia in the late Pleistocene.
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