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INTRODUCTION

The family Molossidae occupies tropical and temperate zones in both the
eastern and western hemispheres and has come to encompass a distinctive
group of chiropterans that count among their most notable features a double
articulation of the shoulder joint, a tail that projects conspicuously beyond the
free edge of the uropatagium, and a narrow wing that results from the fifth
digit being scarcely longer than the metacarpal of the first (Miller, 1907). To-
gether with other refinements in skeletal structure, musculature, and general
exophenotype, molossids are deemed highly adapted for rapid flight and ma-
neuverability (Vaughan, 1978).

Although the family ranges worldwide, the first molossid to be described
was a member of the endemic New World genus Molossus and was named Ves-
pertilio molossus by Pallas in 1766. The specific epithet was inspired by the dog-
faced appearance of the bat and its resemblance to a large black mastiff from
the Greek Province of Molossis (Freeman, 1981). During the next 147 years,
there was a veritable explosion in the number of named forms thought to oc-
cupy the Neotropics. Miller himself (1913) recognized no fewer than 19 spe-
cific taxa, many of these restricted to single islands of the Greater and Lesser
Antilles. Multiple factors contributed to this proliferation of species names,
not the least of which was the prevailing philosophical position of the early
and middle 1800s that viewed species as immutable entities. Consequently,
many authors of early descriptions of species felt little compulsion to refer to
specific specimens, examine series, or provide more than a cursory allusion to
place of origin. Thus, type specimens often were individuals of unknown sex
with little label information and without special notation identifying them as
types in the repositories in which they were housed. Even with the awakening
concept of variation as a key element to be reckoned with in defining species,
researchers still were hampered by improperly preserved, damaged, or lost
type material, and were forced to make what sense they could of incomplete
and occasionally inaccurate published records when attempting to relate new
material to already described taxa.

Marked sexual dimorphism and unusually high degrees of local variation
superimposed on a background of strong phenetic similarity continued to
confound later attempts to identify species groupings and produced yet more
taxa assigned to Molossus (J. A. Allen, 1916; Goodwin, 1956, 1959; Gardner,
1966). Genoways et al. (1981) recently demonstrated significant mensural dif-
ferences between intraisland populations of M. molossus that substantiated
claims by Jones et al. (1971) of extremely localized occurrences of this species,
presumably resulting in genetically independent demes.

The last generic treatment was that of Miller (1913). With the addition of
considerable material collected since that time and the application of sensitive
statistical tests, it is now possible to examine patterns of geographic and non-
geographic variation in morphology, to separate morphotypes, and to deter-
mine whether a model of pronounced mensural divergence among popula-
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tions is typical of the genus as a whole and if so search for common causal
relations. Because some geographic regions are poorly represented in collec-
tions, this study focused primarily on those portions of Central America north
of the Canal Zone in Panama. However, several extralimital samples were in-
cluded in order to resolve as many nomenclatorial questions of synonymy and
distribution as possible within the constraints imposed by limited geographic
representation. .

The ultimate delineation of a species depends on defining gene pools and
establishing limits of genic exchange. In this study, electrophoretic data have
been useful in determining species groupings by identifying and substantiat-
ing (by means of isoelectric focusing) fixed allelic differences in several of the
morphotypes. Analyses of intraspecific variation in gene frequencies also have
served to test independently the supposition that populations are isolates and
subject to consequent levels of inbreeding sufficient to promote morphologi-
cal and genetic divergence.

Advancements in chromosomal banding techniques during the past decade
have provided a means whereby putative homologous segments can be identi-
fied and the number and types of rearrangements associated with the evolu-
tion of taxa traced. The reality of chromosomal variation, and especially the
occurrence of karyotypic megaevolution, which is well documented by Baker
and Bickham (1980) for the Chiroptera has spawned much debate and re-
sulted in the formulation of two principal models. Wilson et al. (1975), Bush et
al. (1977), and Lande (1979) maintain that small, inbred demes acting in con-
cert with local bottlenecks and extinctions promote the fixation of new ar-
rangements. The canalization model of Bickham and Baker (1979) attaches
little weight to deme size and attributes chromosomal variation to the set of
new selective pressures encountered by a lineage when it invades a novel
niche that allows a greater number of rearrangements to exist at a selective
advantage; geologically older groups exhibit fewer karyotypic differences as a
result of selection for an optimum karyotype. Baker and Bickham (1980) have
suggested the likelihood that karyotypic megaevolution also might be related
to genetic and environmental factors that increase rates of chromosomal mu-
tation or decrease crossing over. The importance of deme size and inbreeding
in determining rates of chromosomal evaluation can be tested in part by study-
ing mastiff bats. If morphological and genetic analyses describe populations
of Molossus as isolates engaging in little genic exchange, then chromosomal
variation is to be expected.

Unravelling the systematic relationships of Molossus has necessitated the use
of a broad-based data set. Only after the patterns and limits of morphological,
karyotypic, and genetic variation have been established over a wide geographic
range has it been possible to gain sufficient insight to recognize interspecific
norms and interpret departures from these standards associated with geo-
graphic and nongeographic variation. The systematic relationships described
here for Central American Molossus appear reasonably sound. But the com-
plete answer is still not in. South America is scantily represented in collections,
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and thus the number of species of mastiff bats and their distribution on that
continent remain poorly understood. Conspecificity between the small Mo-
lossus inhabiting the Greater Antillean islands and those occupying the main-
land and Lesser Antilles also has yet to be shown conclusively. Due to the
complex patterns of intraspecific variation associated with localization and iso-
lation, resolving these and other questions of molossid taxonomy will require
future researchers to use multiple character states in the taxonomic descrip-
tions of populations.



MATERIALS AND METHODS

In 1977 and 1978, 618 Molossus were collected from México southward to
Chepo in Panamé and used in a morphological analysis of species relation-
ships. Tissue for electrophoresis was taken from 558 of these for a genic sur-
vey, and additional tissues from selected bats were stored for chromosomal
analysis. Specimens were prepared either as standard museum study skins or
were preserved in alcohol; in a few instances, only the skull was retained. All
material is housed in The Museum, Texas Tech University (TTU).

A supplemental sample of 170 specimens from outside the primary study
area was included in the multivariate analysis to help illuminate nomencla-
torial questions and to clarify distributional limits, bringing the total to 788.
The total multivariate sample represented 60 localities from seven Caribbean
islands and 10 Central and South American countries. Also, 16 type speci-
mens (measurements provided by D. C. Carter) were inserted into the data set
as unique taxonomic units to determine their phenetic relationships to larger,
geographically diverse samples of Molossus. Although more types than this
exist, sufficient cranial and external measurements were unavailable for the
remainder to permit their inclusion in a multivariate analysis. Finally, several
localities sampled during the 1960s by D. C. Carter were revisited during the
course of this work and yielded additional specimens that allowed me to inves-
tigate the interplay between time and morphological change. A key to the spe-
cies recognized, sample size, population, and locality is presented in Table 1.

In the species accounts that follow, the total number of specimens examined
for each taxon is given in parentheses. Populations representing collections
made during this study are listed by number and indexed in Table 1. Other
localities refer to specimens for which sufficient mensural data were available
(courtesy of D. C. Carter) to allow confident assignment to a taxon. These are
arranged alphabetically and are followed by the number examined from that
place and the repository. Institutional abbreviations are: AMNH—American
Museum of Natural History, New York; BMNH—British Museum (Natural
History), London; CM—Carnegie Museum of Natural History, Pittsburgh;
KU—Museum of Natural History, University of Kansas, Lawrence; LACM—
Los Angeles County Museum of Natural History, Los Angeles; MNHN—Mu-
séum National d’Histoire Naturelle, Paris; MSU—Michigan State University,
The Museum, East Lansing; SMF—Natur-Museum und Forschungs-Institut
Senckenberg, Frankfurt a.M.; TCWC—Texas Cooperative Wildlife Collec-
tion, Texas A&M University, College Station; USNM—National Museum of
Natural History, Washington, D.C. Selected additional records also are in-
cluded from the published literature.

Morphological Analysis

The following external and cranial measurements, 16 in number, were re-
corded for the 788 individuals included in the analysis: total length (TL),
length of tail (LT), length of hind foot (HF), length of ear from notch (EAR),
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length of forearm (FA), length of metacarpal 111 (MET3), length of metacar-
pal IV (MET4), greatest length of skull (GLS), condylobasal length (CB),
zygomatic breadth (ZB), breadth of braincase (BB), postorbital constriction
(PC), depth of skull (DS), length of maxillary toothrow (MT), greatest breadth
across molars (BM), greatest breadth across canines (BC). All cranial measure-
ments as well as measurements of the forearm and metacarpals were made to
the nearest 0.1 millimeter (mm.) with dial calipers. Other external dimensions
were recorded directly from museum specimen labels. Specimens were consid-
ered to be adults only if the basioccipital-basisphenoid suture was visibly fused.

Individual, age, and secondary sexual variation were analyzed for speci-
mens from México and Central America with the statistical analysis system
(SAS) designed and implemented by Barr et al. (1976). Means were calculated
for each character noted above and a one-way analysis of variance was used to
test for differences between age classes and between sexes for each locality.
Coefhcients of variation (CV) were calculated to determine the extent of char-
acter variability.

Geographic variation was analyzed by means of univariate (mean, standard
deviation, standard error) and multivariate statistics. To assess the degree of
divergence among localities with all characters considered simultaneously, a
multivariate analysis of variance (MANOVA) in SAS was used. This program
provided weighted combinations of the measurements, which maximized the
distinction among groups. Significant differences among groups were not as-
sumed a priori. Four criteria (Hotelling-Lawley’s Trace, Pillai’s Trace, Wilke’s
Criterion, and Roy’s Maximum Root Criterion) were used to test the hypothe-
sis of no overall locality effect, that is, no significant morphological differences
between or among samples. Characteristic roots and vectors were then ex-
tracted and mean canonical variates computed for each locality. New orthogo-
nal axes, termed canonical variates, were constructed to extract the next best
combination of characters to discriminate among samples. Characters with
the least within-sample and greatest between-sample variation were empha-
sized. Each eigenvalue and its corresponding canonical variate (characteristic
root) represent an identifiable fraction of the total variation. Sample means
and individuals were plotted on those canonical variates that accounted for
the greater fractions of total variation. The relative importance of each origi-
nal variable to a particular canonical variate was computed by multiplying the
vector variable coefficient (eigenvalue) by the mean value of the dependent
variable, summing all variable values for a particular vector, and then calculat-
ing the percent relative influence (percent loading) of each variable per vector.

Chromosomal Analysis

Tissue samples from embryos or ears of adult Molossus were collected un-
der sterile conditions in the field and stored in Ham’s F-10 Nutrient Mix-
ture supplemented with 20 percent fetal calf serum, 1.8 percent Penicillin-
Streptomycin, and 0.9 percent Mycostatin suspension to combat fungal and
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TaBLE 1.—Populations of Molossus examined. Sample size is given with males preceding females. Both
genetic and morphological data were taken from populations 1 through 52; the two data sets for population
59 were collected on different specimens.

Species Population N Locality
M. rufus 1 7, 14 México. Nayarit: Rio de Caias
" 2 0, 4 México. Guerrero: 10 km. E Acapulco, Rio
de la Sabana
" 3 7,1 México. Chiapas: Pijijiapan
México. Chiapas: Huehuetin
" 4 8, 11 México. Chiapas: 6 km. E Cintalapa de
Figueroa
" 52 0,0 México. Yucatan: Merida
" 6 3,6 Guatemala. Santa Rose: 10 km. S, 14 km.
E Chiquimulilla, Rio Margarita
El Salvador. Ahuachapan: Rio San Francisco
and Hwy. 2
" 7 15, 15 El Salvador. Cuscatlan: Suchitoto
" 8 13, 13 El Salvador. Sosonate: La Libertad
" 9 4,11 El Salvador. San Miguel: Rio San Antonio
" 10 1 Honduras. Santa Barbara: Santa Barbara

7,8
" 11 13,5 Honduras. Yoro: Santa Rita
" 12 3,3 Honduras. Cortes: San Francisco de Yojoa
1,1
3,4
5,1

" 13 . Honduras. Yoro: Yoro

" 14° ; México. Oaxaca: Tehuantepec, San Blas
M. pretiosus 15 , 18 Nicaragua. Boaco: 14 km. S Boaco, Los

Cocos

" 16 2,8 Costa Rica. Guanacaste: Liberia
M. bondae 17 4, 12 Nicaragua. Zelaya: Rama

o 18 14, 6 Costa Rica. Cartago: Turrialba
M. coibensis 19 17, 16 Panama. Chiriqui: La Concepcion

Panama. Chiriqui: Alanje

" 20 4, 16 Panamad. Veraguas: San Francisco
" 21 3,8 Panama. Los Santos: Los Santos
! 22 9, 15 Panama. Panama: Chepo
" 23 9,7 Panama. Panama: Colén
M. sinaloae 242 0,0 México. Yucatan: Merida
" 25 0,1 México. Chiapas: Pijijiapan
" 26 1,2 México. Jalisco: El Grullo
# 27 6, 7 Honduras. Yoro: Santa Rita
Honduras. Cortes: San Francisco de Yojoa
" 28 5, 15 Honduras. Yoro: Yoro
" 29 0,2 Nicaragua. Zelaya: 4 km. W Rama
" 30 2,0 Nicaragua. Matagalpa: 6 km. N El Tuma
Y 31 11, 12 Costa Rica. Alajuela: Cariblanco
" 43 1,5 Nicaragua. Zelaya: Rama
M. aztecus 32 0,1 México. Jalisco: El Grullo
" 35 1,1 Guatemala. Huehuetenango: Aguacatan
" 39 2,2 Nicaragua. Matagalpa: 6 km. N El Tuma
M. molossus 33 3,4 México. Oaxaca: Tehuantepec, San Blas
1977
" 34 1,0 México. Chiapas: Huehuetan
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TABLE 1.—Continued.

Species Population N Locality
» 36a 3,2 Guatemala. Santa Rosa: 10 km. S, 14 km.
E Chiquimulilla, Rio Margarita
s 36b 0,1 El Salvador. Ahuachapan: Rio San Francisco
and Hwy. 2
" 37 8,3 El Salvador. San Miguel: Rio San Antonio
v 38 3,1 El Salvador. Sosonate: La Libertad
" 40, 44 6, 16 Nicaragua. Rivas: 6 km. NE Rivas, San Jorge
" 41 4,3 México. Oaxaca: Tehuantepec, San Blas
1978
" 42 0,2 El Salvador. Cuscatlan: Suchitoto
¥ 46 0,2 Panamd. Veraguas: San Francisco
M. coibensis 50 2,0 Venezuela. Miranda: Guatopo National Park
M. molossus 51 1,9 Venezuela. Guarico: 45 km. S Calabozo
" 52 0,1 Venezuela. Guarico: 45 km. S Calabozo
" 53 21, 33 Perd. Loreto: 1 mi. SW Aguaytia
" 54 16, 12 Ecuador. Napo Pastaza: 4 mi. W Puyo, Shell-
Mera
M. coibensis 56 2,1 Peru. Huanuco: 19 mi. S Tingo Maria
M. molossus 57 0,5 Perti. Huanuco: 2 mi. N Tingo Maria
M. aztecus lambi® 58 1,1 México. Chiapas: 11 km. NW Escuintla
M. molossus 59 3,0 Dominica. St. Paul: Antrim Valley
" 60 11, 11 Guadeloupe. Basse-Terre: 2 km. N Ballif
“ 61 3,8 Montserrat. St. Anthony: mouth of Belham
River
" 62 2,9 Trinidad. St. George: Maracas Valley
" 63 6,0 Trinidad. Maracas Valley, San Rafael Estate
# 64 0,1 Puerto Rico. El Verde Research Station
" 65 0,2 Haiti. Dept. du Sud: 3 km. S Beaumont
" 66 3,3 Jamaica
M. pretiosus 67 1,0 Venezuela. Miranda: Guatopo National Park
M. pretiosus* 69 3,3 Venezuela. Distrito Federal: La Guaira
M. pretiosus* 68 1,0 Venezuela. Distrito Federal: La Guaira
M. barnesi* 71 0,1 French Guiana. Cayenne
M. longicaudatus* 73 0,1 ?Probably somewhere in Lesser Antilles
M. obscurus® 74 1,0 Antilles. Martinique (by restriction—
Husson, 1962)
M. o. currentium* 75 1,0 Argentina. Corrientes: Goya
M. rufus’< 76 1,0 French Guiana. Cayenne (by restriction—
Miller, 1913)
M. coibensis* 77 1,0 Panama. Coiba Island
M. daulensis* 78 1,0 Ecuador. Guyas: Daule
M. pygmaeus* 79 0,1 Curacao
M. fortis* 81 1,0 Puerto Rico. Luguilla
M. nigricans* 82 1,0 México. Tepic: Acaponeta
M. bondae* 83 0,1 Colombia. Magdalena: 7 mi. E Santa Marta,
Bonda
M. debilis* 85 0,1 West Indies. St. Kitts Island
M. trinitatus™® 86 1,0 Trinidad. Belmont: Port-of-Spain
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TABLE 1.—Continued.

Species Population N Locality

1960 Sampling

M. rufus 10, 10 México. Sinaloa: Acaponeta

M. rufus 10, 8 El Salvador. Cuscatlan: Suchitoto
M. coibensis 10, 10 Panama. Chiriqui: La Concepcion
M. sinaloae 10, 10 Costa Rica. Alajuela: Cariblanco
M. aztecus 10, 10 Guatemala. Huehuetenango: Aguacatan
aOnly forearm measurements available, therefore excluded from MANOVA.

bropotype.

¢ paratype.

dsyntype.

<lectotype.

*holotype.

bacterial contamination. In the laboratory, fibroblast cultures begun from
these tissues were maintained in the above media, without Mycostatin, at
35°C. Dividing cells were arrested at metaphase by applying 0.1 to 0.5 milli-
liters of 0.0005 percent Velban in 15 milliliters of media for 20 minutes and
then were harvested with 0.25 percent trypsin. Karyotypes were prepared
and G-bands produced as outlined by Greenbaum et al. (1978). Procedures
for C-banding follow those of Baker and Bass (1979).

The most frequently encountered chromosome number in counting 10
or more spreads on a single slide was taken as the diploid number (2N) for
that species. Terminology describing centromeric placement is according to
Patton (1967).

Electrophoretic Analysis

Heart and kidney extracts collected in the field were stored together and
frozen in liquid nitrogen; liver biopsies were frozen separately. Tissue was
prepared for electrophoresis by masceration in approximately five milliliters
of a stock grinding solution (0.01M Tris-0.001M EDTA, pH 6.8; four mil-
liliters 0.01M NADP stock solution) and spun in a refrigerated centrifuge
for 20 minutes. The supernatant collected was frozen for later use. Instruc-
tions for the preparation of buffers and biochemical stains were taken from
Selander et al. (1971). A summary of the systems examined in this study is
given in Table 2 together with experimental conditions.

Allelic designation follows Greenbaum (1978) with the most common allele
at a locus being 100, if migration is anodal, or —100, if movement is cathodal.
Other alleles are described in terms of percentage migration relative to the
100 (—100) allele. When more than one locus was found within a system, the
locus with the greatest mobility was designated “1” and progressively slower
loci received increasing numerical values. Allelic differences were confirmed
by serial side-by-side comparisons.



DOLAN—MIDDLE AMERICAN MOLOSSUS 9

TABLE 2.—Summary of test conditions and materials used in the electrophoretic analysis of Molossus.

Milli-
amperage Time

Gel type Tissue (ma.) (hrs.) Stains
Continuous Liver 75 6 Esterase (EST)
Tris-Citrate 1 aGlycerophosphate dehydrogenase
pH 8.0 (a-GPD)

Alcohol dehydrogenase (ADH)

Glutamic oxalacetic transaminase

(GOT)

Albumin (ALB)

General Protein (GP)

Sorbitol dehydrogenase (SDH)
Continuous Kidney 75 4 Malate dehydrogenase (MDH)
Tris-Citrate 11 Lactate dehydrogenase (LDH)
pH 6.7 (gel) Isocitrate dehydrogenase (IDH)
pH 6.3 (tray) Hemoglobin (Hb)

Liver 50 5-6 Phosphoglucomutase (PGM)

Glutamate dehydrogenase (GDH)
Tris EDTA Borate Kidney 7-8 Indophenol oxidase (IPO)
pH 8.8 Glucose-6-phosphate dehydrogenase

(G6P)

Estimates of genetic variability within and among populations were ob-
tained by means of Wright's (1965) F-statistics as modified by Nei (1977) using
a computer program developed by R. K. Chesser. A chi-square test was used
to identify significant heterogeneity in allele frequencies among molossid
populations.

Coefficients of genetic similarity (Rogers’ ) and distance (Nei’s D) were cal-
culated for all pair-wise comparisons of populations. D is a measure of the
accumulated number of recognizable codon differences per locus (Nei, 1972),
and S is based on the sum of geometric differences between allelic frequencies
for each locus of every pair of populations being compared (Rogers, 1972). A
cluster analysis was performed on the genetic similarity matrix of Rogers’ §
values using the unweighted pair-group method with arithmetic averages
(UPGMA) provided in the NTSYS computer package (Rohlf and Kispaugh,
1972) to obtain a phenogram of population relationships.

Isoelectric Focusing

Vertical slab equilibrium polyacrylamide gels were run on critical loci
(a-GPD, EST-2) to confirm similarities and differences. Gels, with total vol-
ume of 36 milliliters, consisted of: 1.75 milliliters pH 3-10, 40 percent ampho-
lyte; 9.0 milliliters 30 percent acrylamide, 0.8 percent Bis stock solution; 2.1
milliliters Riboflavin-TEMED stock; 23.15 milliliters water. Weak UV ex-
posure for 1.5—2.0 hours was used for polymerization. Samples for testing
were mixed in a one-to-one ratio of 50 percent sucrose, eight percent carrier
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ampholyte mixture. Aliquots of approximately 20 microliters were overlayed
with a 10 percent sucrose, eight percent carrier ampholyte solution. Gels were
run 24 hours at 300V with a 0.02M NaOH cathode buffer and a 0.01M POy
anode buffer. Biochemical stains were the same as those used for the elec-
trophoretic analysis. Stained gels were fixed in a methanol, acetic acid, and
water mixture overnight, photographed, and dried. Isoelectric points were
determined by measuring migration distance of bands from the wells and
plotting those values against pH gradients taken from the gel. Quantitative
counts of band number and intensity were made with a densitometer.



REsuLTS
Nongeographic Variation

Sexual dimorphism.—The number of adult males and females, respectively,
included in a one-way ANOVA to test for sexual variation within each species
are given in parentheses followed by those characters out of the 16 examined
not showing variation due to sex at a probability level of P less than or equal to
0.05: M. rufus (43, 66) HF; M. pretiosus (7, 27) DS, HF, LT; M. bondae (18, 18)
GLS, ZB, DS, LT; M. sinaloae (26, 44) BB; M. coibensis (43, 66) all characters
significantly different; M. molossus (30, 37) PC, DS, HF, EAR, FA, METS3,
MET4; M. aztecus (3, 4) PC, DS, HF, EAR, LT, FA, MET3, MET4. A key to
abbreviations appears in the section on materials and methods. Data reported
here are a composite of all populations within a species factored only by sex,
but identical trends were evinced when populations were analyzed separately.
Males averaged larger than females in almost every respect in all species, but
sexual differences were especially evident when comparing cranial features.
Among the smaller taxa, M. aztecus and M. molossus, there was a marked con-
vergence in size that tended to obscure the sexual differences of external
characters. Representative cranial and external measurements are provided
in Tables 3 and 4 for both sexes in geographically selected populations of each
Central American species recognized in this work. As a consequence of dis-
cernible size variation between sexes, males and females were not pooled in
subsequent MANOVAs. _

Age variation.—Incomplete fusion of the basioccipital-basisphenoid suture
and little-to-no toothwear were characters used to identify juveniles. Of the
618 Central American specimens collected, only 40 were classified as such,
and most of these were members of the species rufus. For this reason, only
M. rufus was used to test for morphological differences between age classes.
Populations were pooled but partitioned by sex and age class within sex.

A one-way classification ANOVA revealed an interesting difference within
sexes. The number of characters significantly different at the P less than or
equal to 0.05 level together with the minimum number of adults and juveniles
sampled, respectively, were found to be: males (85, 8) GLS, ZB, PC, DS, CB,
BC, TL, HF, EAR; females (108, 7) GLS, ZB, TL. A greater disparity in size
was noted between adult and nonadult males than among females, suggest-
ing, perhaps, a more rapid maturation rate among the latter. Because there
was detectable interclass size variation, juveniles were excluded from addi-
tional morphological analyses. However, their tissue samples were included in
the genetic portion of this study.

Data gathered here extend the information on the reproductive strategy of
polyestry described by Carter (1970) for two species of Molossus to five, and in
all likelihood it is the inherent pattern ascribed to by all members of the
genus. Females of all taxa, with the exception of M. sinaloae and M. aztecus,
were taken that were simultaneously lactating and carrying embryos. Given
the polyestrous habit of mastiff bats, the dearth of young (40) encountered

11
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