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ABSTRACT 

A total of 158 bats representing 25 species of the Family 

Phyllostomidae, one species of the Family Noctilionidae and one species 

of the Family Desmodontidae were analyzed for their karyotypes. 

Analysis of karyotypic variation in these bats revealed no population 

or geographic variation and, within a given genus, only variation in 

the Y chromosome(s) was found. 

The present classification of bats of the Family Phyllostomidae 

is based on morphological features (including dentition, rostral length, 

wing membranes, and wing attachment) which presumably have been strongly 

modified for the specific way of life characteristic of the bat (e.g. 

nectar feeding, fruit eating, insect eating, blood feeding). Since 

the karyotype of an animal probably is not directly influenced by the 

same selection pressures which result in parallelism and convergence of 

gross morphological characters in relatively unrelated groups, karyo

types merit special consideration as possible indicators of relationship. 

Based on similarity of karyotypes eight groups are evident. 

The genera included in each group are: (A) Pteronotus: (B) Choeronyc-

teris. Ghoeroniscus and Carollia: (C) Leptonvcterls. Glossonhaga. 

Phvllostomus. Trachops and Macrotus; (D) Micronvcterls; (E) Anoura; 

(F) Artlbeus. Sturnlra. Vampyrops. Chiroderma. Enchisthenes. and Genturlo: 

(G) Uroderma: and (H) Desnodus. 

The Subfamily Sturnirinae is considered to be a synonym of 

Subfamily Stenoderminae, The Family Desmodontidae is arranged as Sub

x 



xi 

family Desraodontinae in Family Phyllostomidae, Subfamily 

Glossophaginae is considered to be of polyphyletic origin but available 

data are inadequate for an interpretation of their phylogeny. The 

status of Uroderraa as a genus distinct from Artibeua is strongly 

supported. 



INTRODUCTION 

The use of karyotypes as a phylogenetic indicator is not new. 

As exemplified by the classical works of Patterson and Stone (1952) and 

Stebbins (1950)> both animal and plant taxonomists have established the 

value of karyotypic relationships in understanding the phylogeny of 

certain groups. Such studies of mammalian phylogeny, however, were de

layed by the absence of a suitable technique. With the advent of the 

colchicine-hypotonic citrate method the study of mammalian karyotypes 

has developed rapidly (see Matthey, 1952; Tobias, 1956; Bender and Chu, 

1963; Klinger, et al. 1963; Nadler, 1963, 1964., 1966; Sign and McMillin, 

1966; Patton, 1967; Baker and Patton, 1967). 

Among mammals, karyotype data have not been determined for many 

families. Among bats of the family Phyllostomidaa, the subject of this 

study, the karyotypes for four species (a total of 9 specimens) have 

been described (Osborne, 1965). Each of these four species belongs in 

a different genus, and the four are grouped in three different sub-, 

families. The karyotypes of most North American members of the family 

Vespertilionidae have been described (Baker and Patton, 1967). Bovey 

(194-9) described the karyotypes of some European bats including Nycterls 

sp., Family Nycteridae; Rhinolophus euryale. R. ferrum-eaulnum. and R. 

hlpposideros. Family Rhinolophidae; and Myotis myotis. M. mystacinus. 

M. sm&rgin&tua, M. daubentoni. Pipistrellus plplstrellus. F. nathusii. 

Plecotus auritus. Barbastella barbastellus. and Mlnlopterus schreibersli. 

Family Vespertilionidae. Of these studies only the papers by Osborne 

1 



2 

(1965) and Baker and Patton (1967) used the karyotype data to interpret 

phylogeny within a given group. 

This study was designed to evaluate current concepts concerning 

the phylogeny of bats of the family Phyllostomidae by utilizing data 

from studies of karyotypes. To accomplish this objective, the karyo

types of as many species of Phyllostoraids as possible were determined, 

and from these karyotypes an evaluation of the degree of karyotypic 

variation was made at the individual, population, subspecific, specific, 

generic, and subfamily levels. Only with an understanding of the karyo

typic variation occurring at the various taxonomic levels would it be 

possible to determine the areas of usefulness of karyotypes in a phylo-

genetic study. Specific aims were to determine the paths of chromosome 

evolution within the family, and the type of chromosome aberrations 

which produced the variations. 

The phylogeny of bats is not well known. This can be said for 

almost any mammalian order, but it is especially true of Ghiroptera. 

Fossils are rare in collections and because of the small size and 

ecological specificity of most bats, the fossil record probably will 

never be adequate for tracing phylogenetic lines. 

The available record reveals that the Order Chiroptera was well 

established by middle Eocene. By middle Eocene specialization within the 

order appears to be just as great as that seen in living bats. Consider

ing that specialization found among different modern species is for 

insectivorous, nectivorous, piscivorous, frugivorous and sanguivorous 

ways of life, the Eocene bat fauna wa3 very complex. 
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Because of the inadequate fossil record, it, is impossible to 

determine whether evolutionary lines present in the Eooene persisted, 

giving rise to modern families and genera or whether most became extinct 

and living families and genera resulted from a later radiation of only 

one or a few Eocene lines. Without a fossil record to demonstrate 

otherwise, the possible Eocene origin of living phylogenetic lines must 

not be ignored. 

Phyllostomidae, as considered in this study, possibly dates from 

the Faleocene. This assumption is based upon the fact that the fossils 

Zanvceteris and Pierodus may be referable to this family (Simpson, 1935, 

1937). Simpson points out the great similarity of these fossil fragments 

to living Fhyllostomids, but the fragments are so incomplete that there 

is a possibility that they may not be specimens of Chiroptera but of 

some other unknown Faleocene group. 

Thus, there is a possibility that the subfamilies and genera of 

phyllostomids may be very old geologically. This would allow a great 

deal of time for development of convergences, divergences, and parallel

isms that might mask ancestral characteristics of various subgroups. 

Obviously, the greater the modification of ancestral characteristics, 

the greater is the problem of delineating the phylogeny of modern groups. 

Since the fossil record is so poor, it is necessary to rely on 

indirect evidence (the study of living forms) to determine phylogeny. 

The classical anatomical studies of Dobson, 1875} Winge, 1923-24.; and 

Miller 1907 have furnished the basis of various, often conflicting, con

clusions concerning relationships within the Order Chiroptera. The 

large number of areas of disagreement points out the difficulty in using 



living animals to interpret phylogeny. One obvious difficulty is the 

convergence of characteristics resulting from adaptions to a given way 

of life. For example, a bat adapted to feeding on nectar will have one 

set of characteristics including an elongated tongue, bristles on the 

tongue, an elongated rostrum, reduced teeth, incisors modified to allow 

the tongue to protrude, wing membrane and musculature of the wing modi

fied for hovering at flowers, and the musculature of the tongue modified 

for extending and retracting it. A frugivorous bat will have another 

constellion of modifications including an enlarged crushing surface of 

molarform teeth, a short rostrum, and a wide mouth. These features will 

be present no matter what the phylogenetic origin of the species. There

fore, characters which are modifications for a certain way of life should 

not be the only ones used to indicate relationships between higher taxa 

such as families, subfamilies, and genera. In the present classification 

of phyllostomids, however, this is the case. 

Ideally characters which are used to indicate relationship be

tween higher groups should be non-adaptive. However, no character, 

generally speaking, has been shown to be non-adaptive, but some are ap

parently not adaptive to a particular way of life (e.g. the baculum). 

Theoretically at least, the karyotype of an animal would not be adaptive 

to a given way of life. For example, it is difficult to understand how 

any one karyotype would be so adaptive to nectar feeding that all nectar 

feeders would have it, and another karyotype so adaptive to a sanguiv

orous way of life that all sanguivorous bats would have it. It appears 

more probable that two species of bats, one nectarivorous and the other 

sanguivorous, which have evolved from a common ancestor, each developing 
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the morphological modifications necessary for its way of life, yet each 

retains the karyotype that was characteristic of their common ancestor. 

The fact that the Fish-eating bat (Myotls vivesi) has modified 

morphology for collecting small fish and crustaceans from below the sur

face of the water and yet has retained the karyotype found in all other 

North American Mvotls (Baker and Patton, 1967) supports this concept. 

Bender and Chu (1963) have summarized the usefulness of data 

resulting from a comparative study of the karyotypes of a taxonomic 

group: 

Of all morphological characteristics, the karyotype, or 
number and form of the chromosomes, is the most inti
mately associated with the genetic make-up of an organism. 
Any change in the karyotype, with its consequent rearrange
ment of genetic material, is very likely to result in a 
change in its possessor. Such changes are frequently 
lethal. Al3o, most nonlethal changes are in one way or 
another detrimental. Changes which produce as a genetic 
consequence a deviation from the norm will, especially 
in highly adapted species, be rapidly selected against 
and eliminated from the population. Thu3, selection con
fers an enormous degree of stability on the karyotype, and 
successful changes are rare. It is not surprising, then, 
that with very few exceptions there is only one karyotype 
that is characteristic of each species. 

Although the number of mammalian species which have more than one 

karyotype is far greater than Bender and Chu thought, their reasoning as 

to why karyotypes usually have a slow rate of evolution may well explain 

the conservative nature of the karyotypes of vespertilionid bats (Baker 

and Patton, 1967). Bats then, may fit into Bender and Chu's "highly 

adapted category." 

Considering the possible great age of present phyllostomid 

groups and the possible obscuring effects of such processes as converg

ence, the need for a "conservative" character that retains indications 
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of past relationships is obvious. Farther if the rate of evolution of 

a given character is too rapid, changes since separation from a common 

ancestor would obscure past relationships in even short periods of time. 

Bender and Chu (1963) point out that it is unfortunate that some species 

and even genera have indistinguishable karyotypes. With their inter

pretation that the occurrence of indistinguishable karyotypes is 

"unfortunate," I cannot agree. The probability that two dissimilar 

karyotypes might evolve to the point where they are indistinguishable, 

although possible, is slight. Further the chance that a translocation, 

or pericentric inversion which became established in one of two or more 

evolving species will become established independently in the other 

species seems highly improbable. Therefore, indistinguishable karyo

types, unless associated with other undoubted morphological evidence to 

the contrary, would be a strong indication that the karyotype exhibited 

by both species is like that of their common ancestor, remaining un

changed since their separation from the ancestral stock. 



METHODS AND MATERIALS 

The techniques used in this study were essentially those de

scribed by Patton (1967) and are as follows: 

1. Inject (IP) live animals with a 0.05 grams percent solution 

of vinblastine sulfate (Velban of Eli Lilly and Co.), 0.01 ml per gram 

body weight. The purpose of the velban is two fold: it breaks down 

the spindle fibers thus preventing dividing cells from proceeding past 

metaphase, and it contracts and swells the chromosomes for an increased 

resolution of morphological detail. 

2. After three hours sacrifice the animal, excise the humerus, 

cut off the epiphyses, and flush the shaft with 3 ml of 1.0 percent sodium 

citrate. Pipette vigorously to break up any cell clumps. 

3. Incubate the resultant cell suspension for 5 minutes. 

L,. After incubation, filter the suspension through two layers 

of cheesecloth and centrifuge at 500 RPM for 5 minutes. 

5. Discard the supernatant fluid, being careful to leave the 

button of cells undistrubed. Add 3 ml of freshly prepared Carnoy's fixa

tive (3 parts absolute methanol to 1 part glacial acetic acid) and allow 

cells to fix as indicated try brown color of button. After fixing re-

suspend cells. 

6. Centrifuge at 500 RPM for 5 minutes, and then pour off super-

nate. Resuspend cells in 1.0 ml of fixative and centrifuge as before. 

This process is repeated 3 or U times. After final washing, cells are 

resuspended in 1.0 ml of fixative. 

7 
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7. Three or four drops of cell suspension are placed on a 

clean slide and ignited. Four slides from each specimen are usually 

prepared. 

8. Slides are stained with Glemsa's (l part Gierasa's stock 

solution to 10 parts distilled water) for 15 minutes. 

9. Pass slides through two baths of acetone, one of acetone 

and xyol (1:1) and two of xylol, then mount under a cover slip with 

Permount. 

Phyllostomid bats (especially certain species) often died with

in 2U hours or less after capture, and attempts to transport live speci

mens to a laboratory were unproductive. For this reason, many karyotype 

slides were prepared in the field where a portable electric generator 

was used to power the centrifuge. Most bats were collected during the 

night in mist nets, injected with Velban at dawn and "processed" after 

the three hour incubation period. On two occasions specimens which had 

died after less than one hour*3 incubation were processed immediately 

after death with good results. By processing specimens in the field or 

at a nearty hotel, few bats were lost. The only major problem encounter

ed during this procedure was that the stock solution of Giemsa's Blood 

Stain decomposed in the heat of the tropics. 

To determine the correct karyotype of an animal, "spreads" in 

which the morphology of all included chromosomes could be discerned were 

selected for analysis. The total number of chromosomes in a spread was 

then counted. Each chromosome in the complement, was sketched and the 

number of biarmed, and unlarmed chromosomes in size range was determined. 

Results from different spreads from the same individual and from other 
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individuals were then compared, for each species approximately 50 such 

spreads were studied but as few as twenty were obsei*ved for two species. 

Photographs were made of spreads and individual chromosomes were cut out. 

On the basis of 3ize and centromere placement each chromosome was paired 

with its theoretical homologue. Jex chromosomes were determined for a 

species on the basis of the hateromorphic pair which remained after all 

other chromosomes had been satisfactorily paired in the male complement. 

Of the heteromorphic elements found in the male, the one that occurred 

twice in the female complement was considered the X and the chromosome(s) 

that only appeared in the male complement designated as Y. Homologous 

chromosomes were grouped with others of similar size and centromere 

placement and mounted on cardboard. A photograph of one niojnt represen

tative of each species (Fig. 1-27) is provided. The descriptions given 

in the "results" section are the result of evaluation of data from both 

the photographs and the stadias of spreads made directly with the aid of 

a microscope. 

Photographic mounts are convenient and allow quick comparisons 

of karyotypes from different animals. Even slight difference may be 

noticed by thi3 method of classification. Jince grouping of a given 

karyotype is based on relative size of each chromosome to the remainder 

of the complement, karyotypes in. various 3tages of contraction can also 

be compared. One unfortunate effect of 3uch groupings is the tendency 

to consider chromosomes of one karyotype to be homologous•with those of 

another karyotype (e.g., compare the first large pair of metacentrics 

of Trachops with the first large pair of i hvilostomus). However, as 

far as phylogenetic origin is concerned such chromosomes may or may not 



be homologous. The implication of indistinguishable karyotypes was 

discussed in the introduction and the probability that one can recog

nize homologous pairs or groups between such karyotypes is the basis 

for implying their close relationship. But the greater the differ

ences between two karyotypes, the less probable direct homologues can be 

found between them. 

After the karyotype for a species was determined by using the 

above criteria, other specimens of that species were considered 

"examined," and are included in the section "specimens examined," if as 

many as ten good spreads were available, and these spreads indicated 

that the karyotype of the animal in question was indistinguishable from 

that determined for the species. This is justified in part by the fact 

that in no case (3ee below) where more than ten spreads were available 

were the results from the first ten misleading, and it is further justi

fied by the conservative nature of karyotypes in these bats (see results 

and discussion). In one ca3e (Macrotus) the first ten spreads counted 

were indecisive as to diploid number with four having 4-6, one 45 and 

five having UU, On the basis that no one type of chromosome wa3 always 

missing from the complements with a lower diploid number and the fact 

that the spreads that had the lower diploid number, were those with the 

chromosomes scattered over a wider area suggesting that chromosomes 

could easily be missing, it could be inferred at that point that the 

correct diploid number was 4.6. Further counts confirmed this number. 

Although the data were not treated statistically, it was found that the 

higher the diploid number and the more minute chromosomes in a species, 

the more variable were.the first results for that species. Macrotus 



11 

has the highest diploid number found in the members of the family 

Phyllostomidae studied. AI30 Macrotus has two pairs of minute 

chromosomes, further explaining the variation in the first ten counts 

made on spreads from this species. In no case were the individual 

counts made from animals for which only a few satisfactory spreads 

were available, different from that described for the species. 

The terminology in the following discussion, after Patton (1967), 

uses a four-class system based on relative chromosome arm ratios: (1) 

metacentric-with arm ratio of less than 1:1.1, (2) 3ubmetacentrics-

with a ratio between 1:1.1 and 1:1.9, (3) subtelocentric-with an arm 

ratio of 1:2 or greater and (4) acrocentric-chromosomes with no visible 

second arm. Fundamental number ("Nombre Fundamental" of Matthey, 1951) 

is defined as the number of chromosome arms of the autosomal complement 

of a given species. That is, a value of two (two arms) assigned to each 

metacentric, submetacentric, or subtelocentric and a value of one (one 

arm) assigned to each acrocentric, of a chromosome complement excluding 

the sex chromosomes. The sum of these values is the Fundamental Number 

for that complement. 



RESULTS 

Twenty-five species (representing 5 subfamilies and 16 genera) 

of phyllostomids were examined. Additional data concerning two other 

species formerly included in the family Phyllostomidae are presented. 

A summary of the results is shown in Table I. 

Family: Phyllostomidae 

Subfamily: Chilonycterinae s 

Pteronotus psilotus (Dobson) 2N=38 FN=60 (Fig. 1); 

The autosomes consist of a series of eleven pairs of metacentrics 

graded in size from large to small, one small pair of submetacentrics, 

and six pairs of small graded acrocentrics. The X chromosome is a medium 

metacentric and the Y a small acrocentric. One of the small pairs above 

considered acrocentrics often appears to be biarmed. If it is consid

ered blarmed the fundamental number (FN) will be 62. 

Pteronotus parnellil (J. A. Allen) 2N=38 FN=60 (Fig. 2). 

Pteronotus davyi Gray 2N=38 FN=60 (Not shown). 

These two species of Pteronotus have a karyotype indistinguish

able from that described for Pteronotus pallotua above (compare Figs. 1 

and 2). A photograph of the chromosomes of Pteronotus dawi is given in 

Osborne (1965). In using Pteronotus for the generic name of P. parnellii 

and P. psilotus I follow Burt and Stirton (1961) rather than Hall and 

Kelson (1959). In using parnellil as the specific name rather than 

rubigenosus I follow Koopman (1955) rather than de la Torre (1955). 

12 
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Subfamily: Phyllostominae: 

Macrotus waterhousli Gray 2N=4.6 FN=60 (Fig. 3). 

The autosomes consist of four pairs of medium to small sized 

metacentrics, one large, and 3 medium to small pairs of submetacentrics 

plus a series of thirteen pairs of acrocentrics graded in size from 

large to small including two pairs of dot chromosomes. The X is a 

medium submetacentric and the Y a small acrocentric, 

Phyllostonius discolor Wagner 2N=32 FN=60 (Fig. U). 

All autosomes are biarmed, and of the metacentric or submeta

centric type. The entire series of autosomal chromosomes grade smoothly 

in size from large to small. Eight pairs are arbitrarily called meta

centrics. The X is a submetacentric of medium size and the Y a small 

acrocentric. 

Trachops cirrhosus (Spix) 2N=30 FN=56 (Fig. 5). 

All autosomes are biarmed, with a series of ten pairs of meta

centric-submetacentrics graded in size from large to medium and four 

pairs of subtelocentrics of the medium size range. The X is a large 

subtelocentric. The Y is a small acrocentric. 

Micronvcteris megalotls Gray 2N=4.0 FN=68 (Fig. 6). 

The autosomes oonsist of four pairs of medium-small sized graded 

metacentrics, one large pair and one medium pair of submetacentrics, 

three large pairs of subtelocentrics plus four pairs of small acro

centrics. The sex chromosomes, which cannot be designated X and Y be

cause only a male was examined, are a medium sized subtelocentric and a 

very minute acrocentric. 
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Subfamily: Glossophaginae: 

Glossophaga aoriclna (Pallas) 2N=32 FN̂ 60 (Fig. 7 ) .  

All autosomes are biarmed, and the total complement grades in 

size from large to small. Three pairs of the smaller chromosomes ap

proach the subtelocentric placement of the centromere, the others have 

metacentric or submetacentric centromeres. The X chromosome is a 

medium-small submetacentric and the Y is a dot acrocentric. 

Glossophaga commlsaarlsi Gardner 2N=32 FN=60 (Fig. 8). 

The karyotype of this species is indistinguishable from that 

described for Glossophaga soricina above (compare Figs. 7 and 8). 

Leptonvcteris sanbornl Hoffmeister 2N-32 FN=60 (Fig. 9). 

All autosomes are biarmed, and grade in size from large to 

small. Three pairs of the smaller chromosomes approach the subtelo

centric placement of the centromere. The X chromosome is a medium-small 

submetacentric and the Y is a dot acrocentric. 

Anoura geoffrovi Gray 2N=30 FN=56 (Fig. 10), 

The autosomes consist of one unproportionally large pair of 

submetacentrics, six pairs of small chromosomes which are near meta

centrics, one large pair and six medium to small pairs having subtelo-

centrio or near subtelocentric placement of the centromere. The sex 

chromosomes are a submetacentric and a very small acrocentric. The FN 

is placed at 56; however, if the smallest pair of autosomes is con

sidered acrocentric then the FN would equal 54. 

Choeroniscus godmanl (Thomas) 2N=19 in males FN=32 (Fig. 11). 

The autosomes consist of a very large pair of submetacentrics, 

four pairs of large-medium sized subtelocentrics, plus a small pair each 
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of metacentrics, submetacentrics, and subtelocentrics. If the sex 

determining mechanism is like that found in Carollia or Artibeua then 

the X can be expected to be the large submetacentric, the Y]_ is a 

medium subtelocentric and Y£ a dot acrocentric. If the above theory 

is true then the females should have 2N=18. 

Choeronvcterls mexicana Tschudi 2N=16 FN=24 or 26 (Fig. 12). 

The chromosomes are one large pair of submetacentrics, one 

large pair of subtelocentrics, a medium sized pair of subtelocentrics 

and submetacentrics, two small pairs of metacentrics and of acrocen

trics. Since the only available specimen was a female, the sex 

chromosomes were not determined. 

Subfamily: Carolliinae: 

Carollia subrufa (Hahn) 2N=20 in females, 21 in males FN-36 (Fig.13). 

All autosomes are biarmed, and consist of one large and one small 

pair of submetacentrics, four small pairs of metacentrics, two large 

pairs and a medium pair of subtelocentrics. The X is a large subtelo-

centric with a secondary constriction on the longer arm near the centro

mere. The two Y chromosomes are a large and small acrocentric. 

Carollia persplclllata Saussure 2N=21 in males FN=36 (Fig. 14.), 

Only one male of this species was examined but its karyotype 

va3 identical with that described~"for males of Carollia subrufa above. 

Assuming the sexual dimorphism to be the same as that occurring in C. 

subrufa. females would have a diploid number of 20. 
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Subfamily: Sturnirinae: 

3turnlra lillum (Geoffroy) 2N= 30 FN=56 (Fig. 15). 

All autosomes are biarmed consisting of a series of 10 pairs 

graded in size from large to small having the centromere placed medially, 

or near medially, plus four pairs (ranging in size from large to medium) 

having a subtelocentric placement of the centromere. The X is a fairly 

large subtelocentric and the Y a small submetacentric. 

Sturnira ludovlci Anthony 2N=30 FN=56 (Fig. 16). 

The karyotype of this species is indistinguishable from that 

described for Sturnira lllium (compare Figs. 15 and 16). 

Subfamily: Stenoderminae: 

Uroderma bilobatum Peters 2N=44 FN=50 (Fig. 17). 

The autosomes consist of a small pair of metacentrics, three 

medium sized chromosomes with a subtelocentric centromere and seventeen 

pairs of acrocentrics graded in size from medium to small. The X is a 

small submetacentric and the Y is a minute acrocentric. 

Vampyrops helleri Peters 2N=30 FN=56 (Fig. 18). 

Indistinguishable from S. lillum with all autosomes biarmed and 

consisting of a series of 10 pairs graded in size from large to small 

having the centromere medially or near medially placed, plus four pairs 

(ranging in size from large to medium) having a subtelocentric place

ment of the centromere. The X is a fairly large subtelocentric and the 

Y a small submetacentric. 

Chlroderma villosum Peters 2N=26 FN=4.8 (Fig. 19). 

All autosomes are biarmed consisting of a series of nine pairs 
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of large to small metacentrics or submetacentrics plus three pairs of 

subtelocentrics. The X is a fairly large subtelocentric and the Y a 

small submetacentric. Thi3 karyotype is indistinguishable from that 

described for Sturnlra llllum except that one pair of subtelocentrics 

and metacentrics are missing. 

Artibeua .iamalcensia Leach 2N=30 in females 31 in males FN=56 
(Fig. 20). 

All autosomes are biarmed with a series of 10 pairs graded in 

size from large to small having the centromere medially or near medially 

placed, plus four pairs (ranging in size from large to medium) having a 

subtelocentric placement of the centromere. As with the autosomes the 

X is indistinguishable from that described for the genus Sturnlra: 

however, there are two Y chromosomes, which are small and acrocentric. 

The smaller Y about 1/2 the size of the larger. 

Artibeua llturatus (Lichewstein) 2N=30 in females and 31 in males 
FN=56 (Fig. 21). 

The karyotype of this species is indistinguishable ftom that 

described for Artibeua .1 amalcenals (compare Figs. 20 and 21). 

Artibeus turpls Andersen 2N=30 FN=56 (Fig. 22). 

The autosomal complement and X chromosome of this species are 

indistinguishable from those of the other three species of Artibeus 

examined (compare Figs. 20, 21 and 23 with Fig. 22). However, only a 

single Y occurs in the males. It ia submetacentric in nature, unlike 

either of the two Y elements found in the other Artibeus examined. 

Artibeus toltecua (Sauasure) 2N=30 in females; 31 in males 
FN=56 (Fig. 23). 

The karyotype of this species i3 indistinguishable from that 
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Table I. Summary of diploid numbers, autosomal types, sex chromosomes, 
fundamental numbers, and sample size of the species studied. 

Family, Subfamily 
and Species 2n M 

Autosomes, 
in pairs 
SM St A 

Sex Chro 
mo somes 
X-Y NF* 

c? ? 

Phyllostomidae 
Chilonycterinae 
Pteronotus nsilotus 38 11 1 0 6 M-A 60 2 1 

Pteronotus parnellii 38 11 1 0 6 M-A 60 6 4 

Pteronotus dawi 38 11 1 0 6 M-A 60 3 2 

Phyllostominae 
Mkcrotus waterhousii 46 4 4 0 14 SM-A 60 3 2 

Phvllostomu3 discolor 32 8 7 0 0 SM-A 60 3 1 

Trachotis cirrhosus 30 6 4 4 0 A-A 56 2 2 

Microrxvcteris meealotis 40 4 2 9 4 ST-A 68 1 0 

Glossophagainae 
Glossoohasa soricina 32 8 6 1 0 SM-A 60 12 7 

GlossoDhaea commissarisi > 32 8 6 1 0 SM-A 60 2 3 

LeDtonvcteris sanborni 32 8 6 1 0 SM-A 60 1 2 

Anoura eeoffrovi 30 5 3 6 0 SM-A 56 3 0 

Choeronycteris mexioana** 16 2 2 2 2 ?-? 24-26 0 1 

Choeronisous godmanl 19 1 2 5 0 SM-St-A 32 5 0 

Carolliinae 
Carollia Derscicillata 20-21 4 2 3 0 ST-A-A 36 1 0 

Carollia subrufa - 20-21 4 2 3 0 ST-A-A 36 5 7 

Sturnirinae 
Sturnira lilium 30 7 3 4 0 ST-SM 56 9 6 

Sturnira ludovici 30 7 3 4 0 ST-SM 56 1 1 
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Family, Subfamily 
and speciea 

Autosomea, 
in pairs 

2n M SM 3t A 

Sex Chro
mosomes & 9 
X-Y NF* 

Stenoderminae 
Uroderma biliobatum 44 1 0 3 17 SM-A 50 3 1 

Vamnyrocs helleri 30 7 3 4 0 ST-M 56 2 0 

Chiroderma villosum 26 6 3 3 0 ST-M 48 1 2 

Artibeus .lamaicensis 30-31 7 3 4 0 ST-A-A 56 10 5 

Artibeus lituratus 30-31 7 3 -4. 0 ST-A-A 56 5 3 

Artibeus toltecus 30-31 7 3 4 0 ST-A-A 56 1 3 

Artibeus turds 30 7 3 4 0 ST-SM 56 3 1 

Enchisthenes hartii*# 30 5 3 5 0 ?-? 56 0 2 

Genturio senejq*" 28 3 7 4 0 ?-? 52 0 1 

Noctilionidae 
Noctlllo leporlnus, 34 ST-A 62 7 0 

Desmodontidae 
Desniodus rotundus 28 SM-A 52 5 5 

* M = metacentric; SM - submetacentric; ST = subtelocentric; 
A = Acrocentric; NF = fundamental number. See text for definitions. 

»* Where only females were examined all chromosomes are included in 
classification of autosomes. 
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Figure 1. Karyotype of a male Pteronotus 
•psilotus from near Alamos, Sonora. 
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Figure 2. Karyotype of a male Pteronotua 
Darnellii from near Alamos, Sonora. 
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Figure 3. Karyotype of a male Macrotus waterhousii 
from near Iguala, Guerrero. 

Figure 4-. Karyotype of a male Phyllo3tomas discolor 
from near Cintalapa, Chiapas. 
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Figure 5. Karyotype of a male Trachops cirrhosus 
from near Cintalapa, Chiapas. 
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Figure 6. Karyotype of a male Micronycteris 
megalotis from near Huixtla, Chiapas, 
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Figure 7. Karyotype of a male Glossophaga 
aoricina from Alamos, Sonora. 
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Figure 8. Karyotype of a female Gloasophaga 
from near Cintalapa, 

Chiapas. 
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Figure 9. Karyotype of a female Lentonvcterla 
sanborni from Alamos, Sonora. 

Figure 10. Karyotype of a male Anoura geoffrovi 
from near Gintalapa, Chiapas. 
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Figure 11. Karyotype of a male Choeroniscua 
frodmani from near Cintalapa, Chiapas. 

II il li u 
* • »« Aft ** 

Figure 12. Karyotype of a female Choeronvcteris 
mexicana from near Teloloapan, 
Guerrero. 
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Figure 13, Karyotype of a female Carollia 
subrufa. 
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Figure 14-. Karyotype of a male Carollia 
perspicillata from near San Andrez, 
Veracruz. 
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Figure 15. Karyotype of a male Sturnlra 1 ilium 
from near Cordoba, Veracruz. 

H B l a  M  

Figure 16. Karyotype of a female Sturnira 
ludovici from near Cordoba, Veracruz. 
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Figure 17. Karyotype of a female Uroderma 
bilobatum from near Huixtla, Chiapas. 
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Figure IS. Karyotype of a male Vflmpvrnp.q helleri 
from near Huixtla, Chiapas. 
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Figure 19. Karyotype of a male Chlroderma 
villoaum from near Gintalapa, Chiapas. 
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Figure 20. Karyotype of a male Artibeus 
•iamaicensis. 
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Figure 21. Karyotype of a male 
lituratug. 

Artibeua 
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Figure 22. Karyotype of a MleArtiban. tm-nla. 
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Figure 23. Karyotype of a male Artibeus toltecus. 
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Figure 24. Karyotype of a female Enchisthenes 
hartii from near Huixtla, Chiapas. 
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Figure 25. Karyotype of a female Centurio senex 
from near Cintalapa, Chiapas. 
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Figure 26. Karyotype of a male Noctilio lenorinus 
from near Huixtla, Chiapas. 
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Figure 27. Karyotype of a male Desrnodus rotundus. 
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described for Artibeus iamaicensis (compare Figs. 20 and 23). 

Lnchisthenes hartli (Thomas) 2N=30 FN-56 (Fig. 24). 

All chromosomes are biarmed. Eight pairs graded in size from 

large to small have the centromere near medially or medially placed, 

whereas the other eight pair3, ranging in size from large to medium, 

are subtelocentrics. As only females were examined the sex chromo

somes cannot be determined. 

Centurio senex Gray 2N=28 FN--52 (Fig. 25). 

All chromosomes are biarmed. They consist of 10 pairs (vary

ing in size from large to small) of metacentrics and submetacentrics, 

plus four pairs of subtelocentrics. The sex chromosomes are unknown as 

only a female has been examined. 

Family: Noctilionidae 

Noctillo leporlnus (Linnaeus) 2N=34 FN=62 (Fig. 26). 

3ix pairs of metacentrics and submetacentrics are large when 

compared to the remainder of the autosomal complement. There are five 

pairs of medium sized metacentrics and submetacentrics and five small 

pairs of subtelocentrics. The X is a subtelocentric of medium size 

and the Y a medium sized acrocentric. 

Family: Desmodontidae 

Desmodus rotundus E. Geoffroy 2N=28 FN=52 (Fig. 27). 

All autosomes are biarmed, consisting of a series of 10 pairs of 

medium to large metacentrics and submetacentrics, plus 3 pairs of sub

telocentrics of medium size. The X is a large submetacentric and the 

Y a dot chromosome. 



DISCUSSION 

Since the concepts of systematica are based on interpretations 

of the meaning of variation (or lack of variation) in given characters, 

an understanding of the variation of a character at various taxonomic 

levels must precede its use as a taxonomic tool or phylogenetic indica

tor. From the few systematic studies of karyotypic variation within a 

given group of mammals, it is evident that the magnitude of variation 

occurring at a given taxonomic level in different groups is highly 

variable (Baker and Patton, 1967). Conclusions concerning the taxonomic 

level at which karyotypes will provide the most information in mammals 

have also varied. For instance, Nadler (1966), from ground squirrels 

of the subgenus Spermophllus. concluded: "At the subspecies level 

chromosomes make a greater contribution than at the species level because 

gross morphological characters are less definitive." By contrast Baker 

and Patton (1967), on vespertilionid bats, concluded: "...will generally 

not be useful as subspecific characters, and often may not separate 

species within a single genus... appear, therefore, to be good indicators 

of relationships between groups above the species level (e.g., subgenus, 

genus, or subfamily)." 

The following discussion is designed to evaluate the karyotypic 

variation at each taxonomic level in the family Phyllostomidae. Emphasis 

is placed on those cases where, on evidence from other sources, phylo

genetic relationships are best understood. Conclusions from these cases 

are then used to give some basis for interpretation of karyotypic data 

35 
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in other cases where phylogenetic relationships are obscure. 

Evaluation of Karyotypic Variation 

At the individual level. The variation of karyotypic parameters 

of spreads from a given specimen appears to be comparable to that found 

by other workers with most diploid number variants having a lower value 

than that assumed to be characteristic of the individual (see Singh and 

McMillan, 1966). By far the most frequent variant found was 2N-1, with 

2N-2, being next in frequency. In these spreads no one chromosome ap

peared to be missing more often than another. The absence of one or 

more chromosomes from a cell is probably due to the techniques required 

to get the chromosomes "spread out" on a slide where the morphology of 

each chromosome can be discerned rather than its being due to natural 

phenomenon. Of course, spreads with a higher diploid number than that 

described for the species would occur when one of the displaced chromo

somes was fixed within the full chromosome complement of a second cell. 

Non-geographic variation. In most instances more than one 

individual was examined from a given population. The appendix, "speci

mens examined", shows the species, locality and sample size of these 

cases. Other than sexual dimorphism in karyotypes, no karyotypic 

variation was found between individuals of the same species from the 

same locality. 

Variation at the species level. To check for geographic varia

tion and sometimes subspecific variation, specimens were examined from 

widely separated geographic localities. Different localities from which 

specimens were examined and the sample size from each locality are shown 



in Table II. Other than the described sexual dimorphism, no variation 

was found within members of a given speoies. Considering that in thir

teen species, individuals were examined from localities over 300 miles 

apart, and in ten species specimens from localities over 1000 miles 

apart were examined, chromosome races seem to be rare in these bats. 

These data agree with those for vespertilionid bats where in 15 species 

specimens were examined from localities from 300 miles to 1600 miles 

apart and only one chromosome race was found (Baker and Patton, 1967). 

Variation at the generic level. As indicated in Table I three 

species of Pteronotua. two species of Glossophaga. two species of 

Carollla. four species of Artibeua and two species of Sturnlra were 

examined. With the exception of the members of the genus Artlbeus. 

the species within a given genus had karyotypes indistinguishable from 

that described for the other member(s) of the genua. In Artibeus the 

autosomal complement does not vary among the four species examined but 

in three species—Artibeus .lamalcensls. A. toltecus and A. lituratus— 

the males have, in addition to the single subtelocentric X, two small 

acrocentric Y'.i, One Y is about half the size of the other. All 15 

males of these three species examined had the two Y chromosomes. In 

Artlbeus turpis males, only one Y occurs in addition to the subtelo

centric X. This Y, however, is biarmed, unlike either of the two Y's 

of the other three species. It may have been formed by a centric 

fusion of the two Y elements seen in the other three species, or if 

evolution has preceded in the other direction, the two Y elements may 

have been derived from a centric fission of a Y element similar to that 

found in A. turpls. Only three male Artlbeus turpis have been examined 
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Table II. Species (and general localities from which samples were 
taken) in which samples were examined from widely separate 
chromosome races in phyllostomid bats. 

a* 9 
Species General Locality Sample Size 

Pteronotus parnellii s. Sonora 3 0 
s. Sinaloa 2 2 

Guerrero 1 0 
Chiapas 0 2 

Pteronotus psilotus 3. Sonora 1 1 
Chiapas 0 1 

Pter'onotu3 davyi n J, Sonora 3 1 
Chiapas 0 1 

Macrotus waterhousii 3. Sonora 1 2 
Guerrero 2 0 

Gloasophaga soricina 3. Sonora 2 2 
rf o. Sinaloa 1 0 

Guerrero 6 1 
Chiapas 2 4 

LeDtonycteri3 aanborni Arizona* 0 1 
3. Sonora 0 1 

Morelos 1 0 
Chiapas 0 1 

Choeronvcteris mexicana Arizona* 0 1 
Guerrero 0 1 

Carollia subrufa c. Veracruz 2 2 
Chiapas 3 5 

Sturnira lilium s. Sonora 5 2 
Morelos 2 1 

G. Veracruz 2 1 

Artibeus .iamaicensis s. Sinaloa 5 1 Artibeus .iamaicensis 
c. Veracruz 3 0 

Guerrero 2 2 
Chiapas 0 2 

Artibeus toltecus Morelos 0 1 
G. Veracruz 1 1 

Chiapas 0 1 
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Table II. (continued) 

Species General Locality** 
& 

Sample size 

Artibeus lituratus 8. Sinaloa 1 0 
Morelos 3 2 

C. Veracruz 0 1 
Chiapas 1 0 

Artibeus turpis S. Sinaloa 2 0 
Chiapas 1 1 

* Analyzed by Oaborno (1965). 
Specific localities are given in the Appendix. 



(2 from Sinaloa and one from Chiapas) but all had the single biarmed Y. 

In vespertilionid bats the karyotypes of 14 species of Myotis 

were indistinguishable (see Baker and Patton, 1967). Three species of 

Eptesicus also had indistinguishable karyotypes. Two of three species 

of Rhogeessa examined had indistinguishable karyotypes while the third 

had a different karyotype. However, both karyotypes could have been 

derived from a common ancestor by three independent centric fusions. 

Three of four species of Laslurus had indistinguishable karyotypes, how

ever one of the three had a chromosome race involving only the X element. 

The karyotype of the fourth was quite different, varying from the 

others in diploid number (by 2, 26 instead of 28) and fundamental number 

(by 6, 40 instead of 46). It could have been derived from a karyotype 

like that of the other three species by two pericentric inversions plus 

the loss or whole translocation of a small pair of acrocentrics. In 

the genus Plecotus the two members examined have karyotypes requiring : 

a centric fusion, plus the loss or whole translocation of a small pair 

of acrocentrics, to change the karyotype of P. townsendl to that of 

P. phyllotus. Incidentally, these two species have in past times been 

considered as generically distinct. In Pipistrellua. the two species 

examined, while different are probably of polyphyletio origin and not 

generically related. Thus they are not pertinent to this discussion. 

Karyotypic variation occurred in four of six vespertilionid 

genera in which more than one species were examined. However two of 

these four genera had two or more species with indistinguishable karyo

types (Baker and Patton, 1967). In phyllostomids, variation occurred in 

only one of five genera from which more than one species was examined. 
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From the evidence so far available, karyotypic variation at 

the generic level appears to be just as low or lower in phylloatomids 

as it is in vespertilionids. 

At the subfamily level. Species from five of the six sub

families currently reoognized in the family Phyllostomatidae have been 

examined (Table I). In three, Chilonycterinae, Sturnirinae, and 

Carolliinae, members of only one genus were examined, thus data concern-
i 

ing variations within the subfamily are not available. 

In the other subfamilies (Phyllostominae, Glossophaginae, and 

Stenoderminae) the extremes in the two most commonly used karyotype 

measurements, diploid numbers and fundamental number, give some indica

tion of the karyotypic variation at this level. In Phyllostominae 

where four genera were examined, the diploid number ranges from 30 to 

46 with the fundamental number ranging from 56-68. In the Glossophaginae 

(six genera) the diploid number ranges from 16 to 32 and the fundamental 

number from 24 or 26 to 60. In the Stenoderminae (six genera) the 

diploid number ranges from 26-44 and the fundamental number from 4-8 to 

56. The variation between the two extremes in each subfamily i3 shown 

in Table I. A discussion of relationships of karyotypes within and 

between subfamilies will follow. 

Three aspects of the above data indicate a conservative rate of 

karyotypic evolution in these bats: (1) The absence of chromosome races 

(see geographic variation), (2) The presence of closely related karyo

types in all species of the genera in which more than one species was 

examined (see variation at the generic level), and (3) The obvious close 

relationships of groups of karyotypes such as those of Vampvrops. 
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Sturnira. and Artibeus turpls in one group and those of Leptonvcterla 

and Gloa3Qphaga. 

As previously discussed, few chromosome races are known in 

either phyllostoraid or vespertilionid bats. By contrast, chromosome 

races are more common in rodents. In ground squirrels, three chromo-

somê races have been described for Gitellus townsendl and two for 

C. srllosoma eind C. richardsoni (Nadler, 1966; Nadler and Hughes, 1966). 

In five other species from this genus, specimens were examined from 

separate localities, but no geographic variation was found. In 

Peromyscus eight races have been described in P. manlculatus. and two 

for F. leucopus (Singh and McMillan, 1966J Hsu and Arrighi, 1966). 

Patton (1965) found four chromosome races in Perognathus goldmanl and 

two in P. pernix. Specimens from three other species of Perognathus 

were examined by Patton from widely separate localities, but no geo

graphic variation was detected. 

Another indicator of rate of evolution of karyotypes is the 

relationship between the number of species within a genus which have 

different karyotypes, and the number in the same genus which have 

indistinguishable karyotypes. In ground squirrels (Gitellus) where 

ten species have been examined, seven species had unique karyotypes 

while three had indistinguishable karyotypes (Nadler, 1966; Nadler and 

Hughes, 1966). In Peromyscus eight of eight species examined had 

unique karyotypes (Hsu and Arrighi, 1966). In Perognathus the 15 species 

examined had unique karyotypes and in Dipodomys seven of seven species 

examined had different karyotypes (Patton unpublished data). Again, a 

comparison of the variation of karyotypes within a genus shows a 



striking difference. For instance all 14 species of the genus Hvotls 

had indistinguishable karyotypes, while all 1; species studied in the 

genus Perognathus had different karyotypes. These data further indicate 

a alow rata of karyotypic evolution in bats as compared to the rate in 

rodents. 

Certainly the rate of evolution of a species or one character 

in a group of animals is a complex function of the inter-relations be

tween the environment, the animal and the population structure of the 

animals involved. Any discussion of.reasons for varying rates of evolu

tion is handicapped by the lack of knowledge concerning both the animal 

and its environment, not to mention their subsequent interactions. In 

spite of these Limitations, the following discussion attempts to 

evaluate causal differences in rates of karyotyiic variation between 

rodents and bats. 

Chromosome races may be the result of a change in a species from 

a less favorable karyotype to a more favorable karyotypic mutation, or 

it may be the jroduot of karyotyj ic adaptations to the different ecolog

ical pressures -snco'-int^red by different populations. In the first case 

a chromosome race would last only until the Leas favorable karyotype 

was completely removed from the population, the rate of its removal 

depending on the ra:idity of dispersal of the favorable mutation and the 

amount of selective advantage the favorable mutation had over the less 

favorable one. The dynamics of the second oam would depend on the 

dynamics of the ecology whicy by natural selection had favored one karyo

type or another. Chromosome races may also be the result of a combina

tion of these two factors. If chromosome races in both bats and rodents 



are simply the result of changing from one karyotype to a more favor

able one, then the mobility of bats as opposed to the mobility of 

rodents can be used to explain the observed difference in frequency 

of races. The high mobility of bats allows for rapid dispersal of a 

beneficial gene or karyotype mutation. Relatively speaking, the period 

when a bat species would have two karyotypes (the period during the_ 

transition from a less favorable to a more favorable karyotype) would 

be very short. In contrast the time required for a new favorable 

karyotype or gene to disperse over the same area in rodents or other 

less mobile animals would be much longer, thus the chances of observing 

chromosome races at any one time would be greater. 

However, if the rate of dispersal of a favorable gene is the 

only factor involved, and if favorable and unfavorable mutants occur 

at the same rate in rodents and bats, then diversity of karyotypes in 

the various species of a given bat genus should have essentially the 

same variation as that observed in a rodent genua. As is obvious from 

the above comparisons, this is not true. For instance, in bats fourteen 

species of Hvotla all had indistinguishable karyotypes (Baker and 

Patton, 1967). In Perognathus individuals sampled from 15 different 

species all had unique karyotypes (Patton pers. comm.). Assuming the 

criteria for "a genus" are comparative in the two groups, the results 

must be interpreted as a difference in natural selection for karyotypic 

variants. Changes are favored much more often in the rodents studied 

than in the bats studied. The chromosome races in rodents are probably 

adaptations to ecological differences and are not merely transitory. 
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Stone (1962), using extensive data from Pr030phlla. demonstrat

ed beyond doubt that it is natural selection, not chance, which has 

chosen the surviving karyotype variants and selected against the 

non-surviving variants. That the frequency of types of changes (such 

as paracentric inversion, pericentric inversion, translocations and 

fusions) is a function of natural selection and not a function of the 

probability of their physical occurrence is also proven. Further, as 

is found between bats and rodents, the number of karyotyplc changes that 

has occurred within a given group varies in Drosophila. For example, 

compare the number of paracentric inversion characteristics of most 

species of Drosophila (Stone, 1962) with the number found in the 

Repleta group (VJassermn, 1962). In the repleta group, salivary gland 

chromosome analysis demonstrated a remarkable stability of the euchro-

matic sequence during their evolution, while in mo3t other groups, 

natural selection has favored numerous heterozygous paracentric inver

sions. 

No matter what natural selection pressures cause difference in 

rate of change in karyotypes, between bats and rodents, the rate of 

change in bats appears to be so low that the use of karyotypes as 

indicating phylogenetic relationships is justified. Since nothing indi

cates that one type of gro33 chromosome morphology is more adaptive to 

a given way of life than another, any patterns seen in this family of 

bats become of special interest. This is especially true, since many 

subfamilies have been defined, on the basis of characters which are the 

result of extreme modifications for a special way of life. 
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That karyotypic evolution has occurred in the dicloid number, 

fundamental number and chromosome arrangements in the family lhyllosto-

midae is obvious from Table I. Chromosome changes detectable within 

the sensitivity of the methods used ir. this -study are discussed by 

3ender and Ghu (1963). The evolution of the karyotype is discussed in 

detail in Swanson (1957). The mechanism used to account for karyotypic 

changes are discussed also by Patterson and Stone (1952) and elsewhere. 

In relating karyotypes or group.3 of karyotypes the line of least 

resistance will be followed (Occam's razor), taking into consideration 

both karyological and gross anatomical data. Where applicable, an event 

will be assumed to have occurred only once. This assumption is based 

on the fact that the probability that a change having occurred twice is 

the square of the probability that it occurred only once. It most 

cases where more than three changes would have been required to convert 

one karyotype to another, no attempt is made to explain possible evolu

tionary sequences. This is simply an acknowledgment that such large 

number of combinations of events could have occurred that any single 

interpretation would probably be meaningle33. 

Taxonomic and Phylogenetic Implications 

Based upon the forms examined karyotypically in the family 

Phylloslomidae, eight distinct lines of evolution are evident, oome 

of these groups (or evolutionary lines) appear to be equivalent to the 

subfamilies (see Table III and Fig. 28) that have long been recognized 

on gross morphology (Millar, 1907). Others, however, cut across the 

classical subfamily lines. In those cases where the karyotypic data 

are inconclusive, classical arrangements are followed. 



Table III. Relationship of group assignments as defined in text, to 

present taxonomic arrangements. 

Family, Subfamily 

and Genus A B 

Karyotypic Groups 
C D E F G H 

Phyllostomidae 

Chilonycterinae 

Pteronotus A 

Phyllostominae 
Macrotus C 

Phvllostomus c 

Traohops c 

Micronycteris D 

Glossophagainae 
GlossoDhaea C 

Leptonycteris C 

Anoura E 

Choeronvcteris B 

Choeroniscus B 

Carolliinae 
Carollia B 

Sturnirinae 

Sturnira F 

Stenoderminae 

Uroderma G 

Vampyrops F 

Chiroderma F 

Artibeus F 

Enchisthenes F 

Centurio F 

Desmodontidae 

Desmodus H 



Figure 23. This hypothetical phylogenetic tree is presented 
as a visual sumary of some of the possible 
inter relationships among the karyotypes of the 
genera examined of the Family I hyllostomidae. 
It is based primarily on karyotypic data; thus 
it had the same inherent li-iitati-jn's of any 
phylogenetic treo based only on a single character. 



Pteronotus (Chilonycterinae) 

Choeronycteris (Glossophaginae) 

Choeroniscus (Glossophaginae) 

Carollia (Carolliinae) 

Anoura (Glossophaginae) 

Leptonycteris (Glossophaginae) 

Glossophaga (Glossophaginae) 

Phyllostomus (Phyllostominae) 

Trachops (Phyllostominae) 

Macrotus (Phyllostominae) 

Micronycteris (Phyllostominae) 

Uroderma (Stenoderminae) 

Sturnira (Stenoderminae) 

Vampyrops (Stenoderminae) 

Artibeus turpis (Stenoderminae) 

Artibeus (Stenoderminae) 

Enchisthenes (Stenoderminae) 

Chiroderma (Stenoderminae) 

Centurio (Stenoderminae) 

Desmodus (Desmodontinae) 
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Group A includes only Pteronotus. which is the only genus 

examined in the Subfamily Chilonvcterinae. As indicated in the de

scription of these karyotypes, all species studied had indistinguish

able karyotypes. Thus karyotypic data supports the gross morphological 

data used by Miller (1907) in assuming a common origin of these species. 

The karyotype of this group is unique among the phyllostomids examined, 

a fact which lends further support to Millar's (op. cit.) interpreta

tion that Pteronotus and related genera are sufficiently distinct to 

merit subfamily status. 

Noctilio has been considered a member of the Subfamily 

Chilonvcterinae (Wing, 1923-24), but Miller (op. cit.) ranked this genus 

as a separate family, Noctilionidae, that was thought to be related to 

the Emballonuridae and Rhinopomidae. A comparison of the karyotypes of 

Pteronotus (Figs. 1 and 2) and Noctilio (Fig. 26) furnishes little in

formation useful in clarifying this relationship. The similarity of 

the fundamental numbers (60 and 62 respectively) appears suggestive, but 

until cytological data are available for Emballonuridae and Rhinopomidae 

its significance cannot be evaluated. 

Group B includes Ghoeronvcterls and Ghoeroniscua (Subfamily 

Glossophaginae) and Carollia (Subfamily Carolliinae). On morphological 

data the close relationship of Choeronvcterls and Choeronlscus has been 

pointed out (Handley, 1966). However, based only on similar data a close 

relationship between Carollia and the other genera appears to be much 

less likely, even though all members lack an ossified zygomatic arch. 

An examination of the karyotypes of these genera reveals that all three 

probably belong in the same line of evolution (Figs. 11, 12, 13 and L4). 
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Karyotypic features shared by these animals are (1) a low fundamental 

number (24 or 26-36), (2) similarity of some autosomes, and (3) the 

fact that Choeroniacus and Carollia have a XX/XY-jĴ  sex determining 

mechanism with a medium size acrocentric and Y2 a small acrocentric. 

If the X elements of Carollia and Choeroniscus are homologous, then 

there has been a significant rearrangement in one or both (compare 

Figs. 12 and 14.). Since no males have been examined the sex determining 

mechanism of Choeronvcterls is unknown. If the X element of Choeronyc-

teris is found to be like that of Choeroniscus. then the two pairs of 

acrocentrics of Choeronycterls may be homologous with two pairs of the 

subtelocentrics of Choeroniscus. changed by pericentric inversions. The 

karyotypes would still differ by an extra pair of subtelocentrics in 

the complement of Choeroniscus. The differences among the autosomal 

elements of these three karyotypes are quite significant, and so great 

between Carollia and the other two genera that no attempt will be made 

here to explain their evolution. However, these differences are not 

nearly as great as the differences between members of group B and all 

other phyllostomid karyotypes examined. 

Group C includes Leptoavcteris and Glossophaga (Subfamily, 

Glossophaginae) and Phyllostomus. Trachop3 and Macrotus (Subfamily, 

Phyllostominae). That Leptonvcteris sanborni, Glossophaga soriclna and 

G. commlssarisi are a natural assemblage is strongly supported by their 

nearly identical karyotypes. The many similarities between the karyo

types of Phyllostomus and the Leptonvcteris group may be true homologues 

or perhaps, may be only an artifact of the method used to compare karyo

types. However, one point is obvious: the similarities between the 
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karyotype of Phyllostomus and the Leptonycterls group are much greater 

than those between the Leptonvcterls group and the Ghoeronlscus group 

(group B), even though Leptonycterls and Ghoeronlscua are presently 

included in the Subfamily Glossophaglnae. 

Similarities within group G include: (l) all members have a 

high fundamental number 56-60; (2) all have completely ossified _ 

zygomatic arches; and (3) all have no acrocentric autosomes, with the 

exception of Macrotus. 

With seven centric fusions the autosomes of Macrotus could be 

quite similar to those of Phyllostomus. The X element of both 

Phyllostomus and Macrotus is submetacentric. In Trachops the X element 

is acrocentric, the only case found so far in the family. Since the 

relative size of the X element is the 3ame in Trachops and Phyllostomus 

a pericentric inversion might well account for this difference. The 

direction of evolution is probably toward the acrocentric of Trachops. 

since all other species in the family have biarmed X elements. 

Although the autosomes of Trachops and Phyllostomus are quite 

similar in relative size and centromere placement, it must be recognized 

that this similar condition does not necessarily imply an immediate com

mon ancestor. If both had started with the similar complement of graded 

acrocentrics, independent centric fusions could have produced quite 

similar karyotypes as White (1954.) indicates, in animal3, there 13 a 

selection for centric fusions between acrocentrics of near equal size. 

The difference of two in their diploid number indicates that significant 

chromosome changes have occurred since their separation from a common 

ancestor. A deletion in Trachops. or a duplication in Phyllostomus. of 



a pair of medium sized sutonetacentric chromosomes might account for the 

difference. However, such mechanisms are not well documented as play

ing major roles in the evolution of mammalian karyotypes and when such 

aberrations are found in humans, they are usually accompanied by 

deleterious effects. 

Group D includes only Mlcronvcterls (Subfamily, Phyllostominae). 

In evaluating the karyotypic relations among the members of the Sub

family Phyllostominae examined, two major groups are recognizable: 

Trachop3. Phyllostomus and Macrotus discussed above in group C and 

Micronycterls. the only member of this group. Micronycterls appears to 

be a unique line of evolution involving many chromosome changes from 

other phyllostomida. The fundamental number is 68, higher than for any 

other species examined in the family (see Table I). Each of the large 

to medium subtelocentric3 would require at least one chromosome change 

to have occurred independently. Further, the four pairs of small acro

centrics in this species are found only in "Jroderma and Pteronotus which, 

based on the remainder of their chromosomes, have karyotypes much dif

ferent from that of Mlcronvcteris. Therefore, whether or not the lines 

of evolution represented by Macrotus. Trachons and Phvllostomus are 

closely related karyotypically, it must be concluded that the karyotype 

of Micronycterls represents a line of evolution distant from that of all 

other phyllostomids examined. 

Group E includes Anoura (Subfamily, Glossophaginae) whose karyo

type is quite different from the other glossorhagids examined (compare 

Fig. 10 with 7, 9, 11 and 12). This genus is also unique in that it 

retains the second upper premolar teeth which are not found in other 



glos3ophagid genera (Lonchoglossa although not examined karyotypically, 

is herein considered congeneric with Anoura. after Tamsitt and 

Valdivieso, 1966). Its affinities with either group B or C are obscure. 

In fundamental number and X and Y elements, it resembles group C. In 

morphology of some autosomes and the loss of the lower incisors it 

resembles group B. In zygomatic arch ossification it is intermediate 

in that known species of the genus tend to exhibit both conditions. 

In some respects (for instance the retention of upper premolar 2) this 

species appears to be primitive, and may represent a link between mem

bers of group B and group G. 

Group F includes 3turnlra (Subfamily, Sturnirinae), Artibeus. 

Vampyrops. Ghiroderma. Lnchisthenes. and Genturlo (Subfamily, Stenoder-

minae). The identical autosomes of Vampyropa. ..iturnira and Artibeus 

show the close relationship of these genera. Although Sturnjra was 

placed in a separate subfamily (Sturnirinae)' by Miller (1907), its 

karyotype indicates that it must have evolved from thi3 group and even 

though the teeth are strongly modified from the "normal" for this group 

of bats, the separation of Sturnlra into a distinct subfamily obscures 

its true relationship. Generic status is ample to denote its evolution

ary changes. 

The variation in the Y chromosome(3) of Artibeus has already 

been discussed (see variation at the generic level). There are several 

ways to explain this variation in relationship to the other members of 

this group. A biarmed Y occurs in all forms where the sex chromosomes 

are known, except in the Artibeus in question. If this were character

istic of the primitive karyotype, a centric fission of the biarmed 
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single Y element could have produced two Y elements like those found 

Artibeua jamaioensis, A. toltecus and A. 1 ituratua. If this be 

true, then the ancestral stock giving rise to A. turpis may have been 

separated from the ancestral stock giving rise to the other three 

species (requires 1 fission only) before the centric fission became 

established. Perhaps, hovraver, Artlbeus tur; is evolved from the same 

ancestor having the fission, and a centric fusion again changed the 

2 Y elements to the biarmed condition (which requires one fusion and 

one fission). 

A third explanation is that the second Y element was formed by 

a translocation of a small autosome onto the X element, but its homologue 

did not attach to the small Y element. When this translocation became 

established, a fomale would have an ever, diploid number and males an 

odd diploid number, with one more chromosome than the female. This 

3ee:ningly awkward arrangement might be retained because of beneficial 

genes on the second Y, .Since ail species have biarmed Y's or two Y 

elements such a translocation must have occurred before the recent radia

tion of this grout, Concerning the differences in Artibeu3. if one 

centric fusion accounts for ail biarmed Y's in this group, the ancestral 

st-'Ck of Artibeua t;urris had to be ancestral to oturalra. Vanuvrors and 

Chlroderma (one translocation one centric fusion) and the ancestral 

stock of the three other Artibeus (with the two Y's) had to be separated 

before the fusion occurred (one translocation, one fusion). If t/'.is be 

true, Artibeua tarvls must represent another genua, with morphological 

characters convergent with those of Artlbeus but with a different evolu

tionary history. However, if Artlbeus turpis evolved within the complex 
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of species known as Artibeus. another centric fusion is required to 

explain the difference (one translocation, two centric fusions). 

The karyotype of Snchisthenes is similar to that of the 

Sturnlra group (compare Fig. 25 with 15 and 22). If the X element i3 

assumed to be of the same morphology as others of this group, two 

pericentric inversions (changing medium sized submetacentrics into 

subtelocentrics) would account for the difference. 

The karyotype of Centurio is unique for this group in that it 

has 23 chromosomes. Some rearrangement of it3 chromosomes is evident. 

There has been a change in the centromere placement on at least two of 

the subtelocentrics when compared with the Sturnlra type complement. 

Without knowing the sex chromosomes (only a female was examined) the 

changes are difficult to pin point. 

To explain the karyotypic difference between Ghlroderma and 

Sturnlra is more difficult if one uses only the well documented mechan

ism of chromosome evolution known in mammals. The X and Y elements are 

indistinguishable from those of Sturnlra. Based on relative size, and 

centromere placement, there appears to have been no change in the auto

somes present. However, one pair of subtelocentrics and one pair of 

submetacentrics found in Sturnlra. are not present in the chromosome 

complement of Ghlroderma. It appears that two deletions or two dupli

cations have occurred, depending upon which direction evolution has 

taken place. 

Group G includes only Uroderma (Subfamily, Stenoderminae). On 

a gross morphological basis this animal appears to be very closely 

related to the genus Artibeus. Its resemblances to it are so strong 



that 9urt and Stirton (.1961) have suggested they are congeneric. How

ever, the karyotype of Uroderma is unique, differing from that of 

Artibeus as well as all other phyllostomids examined. Of special note 

are the large number of acrocentrics (17 pairs) and sex elements (X is 

a small submetacentric, Y i3 a small acrocentric). 

If this karyotype is more primitive than those of group F, then 

centric fusions may have produced many of the biarmed chromosomes of 

the karyotypes seen in group F. However, the difference in fundamental 

number (50 in Uroderma. 56 in most members of group F) indicates that 

chromo3ome changes other than centric fusions have also occurred. The 

occurrence of the single acrocentric Y might be explained as the condi

tion before the hypothesized translocation (see group F) giving rise to 

the Y-]̂  condition and later the biarmed Y of group ?, Uroderma appears 

to be strongly differentiated from the other species of otenoderminae 

examined and its generic status is strongly supported by the karyotypic 

data. 

Group H includes only Desmodus (Family, Desraodontidae). In many 

respects the karyotype of Desmodus is similar to that described for the 

majority of species in group F. There are ten pairs of near metacentric 

autosomes in the relative 3ize range of those described for the Sturnira 

group. However, there are only three (not four) pairs of medium sub-

telooentrics. The X element in Desmodus is much larger and of a sub

metacentric nature. The Y is a small dot acrocentric, not a biarmed 

element. These karyotypic similarities may indicate a close relation

ship to the Stenoderminae of the Family Phyllostomidae, Some of the 
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Stenoderminae (Vanrpyriscus) do have reduced dentition, n̂ aring the 

reduction found in one member of the Desmodontidae (Diphylla). 

The relationship suggested by these similarities is that the 

ancestor of the vampire, Desnodus. evolved from the stenodermid 

ancestor after the autosomal complement became much like that found 

in 3turnira and Artlbeus today. Of course the similarities may be 

an artifact of methods U3ed and may not represent relationships at all. 

Based on both karyotypic and gross morphological data, the 

affinities of the members of the fa;."dly Deamodontidae appear to lie 

with the phyllostomids. '•filler, in his description of this family 

(1907), stated: 

Like the Phyllostomidae in respect to the 
wing, pectoral girdle, and pelvis, except 
that the tuberosities of the humerus are 
mora nearly equal in size, and both more 
distinctly exceed head. . . . Nostrils 
surrounded by dermal outgrowx/ris that form 
a very rudimentary no3eleaf. . . . The 
Desmodontidae are somewhat closely related 
to the rhyllostonidae, as shown by the 
structure of the palate, wing, and shoulder 
girdle, but their modification for strictly 
sanguivorous habits is so extreme that it 
seems quite unnatural to retain them in 
the 3ame family. 

The modification of Ghoeronvcteria to nectar feeding is extreme. 

The adaptation <;f Centurio to a fruit eating is also extreme. The dif

ferences between Chilonvcterinae or Centurio and other phyllostomids are 

no less than these seen between the de3modontid3 and the phyllostomids. 

The question posed by this situation is: do adaptations to one 

way of life (blood feeding) merit family status while adaptation from 

the same phylogenetic origin to another (e.g. nectar or fruit feeding) 



merit only subfamily status? Certainly all living members of the 

Family Phyllostoraidae are well adapted to their respective ways of 

life. If the classification of bats is to be based on natural 

assemblages rising from a common origin, and not simply the degree of 

morphological modification necessary to survive in adapting to differ

ent niches, then the desmodontids must be considered to be a subfamily 

of the Phyllostomidae. 

Based on the evidence presented above, it is ay opinion that 

the relationships of the desmodontids are best expressed by arranging 

them as a subfamily in the complex family Phyllostomidae. 

In the Subfamily Glossophaginae the diploid number varies from 

16 to 32 and the fundamental number from 24- or 26 to 60. Although such 

variations in diploid number are common within a group of reasonably 

closely related animals such chromosome changes which would alter the 

fundamental number 30 greatly are considered significant and generally 

occur at a low rate in mammals. Rodents of the Genus Peronyscus are an 

exception (Shu and Arrighi, 1966) but the type of changes accounting for 

differences in Peromvscus does not seem to fit that observed in bats. 

This wide range of variation in karyotypic data is no greater 

than the diversity of tooth evolution in the Subfamily Glossophaginae. 

For example one general type of tooth structure is present: rudimentary 

or vestigial teeth. In fact, this is one reason why all nectar feeders 

are included in the Subfamily Glossophaginae (Miller, 1907). However, 

all mammals which live on a liquid diet, whether bats, rodents or others, 

have rudimentary or vestigial teeth. A closer look at the vestigial 

teeth in the glossophagids reveals that in some, one dental complement 



is present while in others another dental complement exists. Indeed 

to have all the teeth represented in some living member of this 

subfamily present in a common ancestor requires a dental complement of 

(Table IV), a formula so general that it could give rise to all other 

subfamilies in the Family Phyllostomidae. No living member of the 

family has this hypothetical "primitive" dental complement. This 

ancestral stock giving rise to all glossophagids was probably a general

ized phyllostomid, not a nectar feeder. It therefore appears likely 

that considerable specialization and tooth loss (in contrast to the 

degeneration in size associated with the nectar feeding habit) must have 

occurred before the nectar feeding habit developed in the suofamily, Of 

course, on a strictly theoretical basis, an alternative explanation is 

that the ancestor had lost teeth to the point that the diversity of 

dental formulas resulted from the re-evolution of certain teeth. Thi3 

appears unlikely for several reasons: (a) there has been a reduction, 

not an increase, in need for teeth in these bats; (b) the determination 

of which taeth are present is based on the fact that rudimentary cusps 

retained on these are similar to those on the same teeth of more general

ized phyllostomids. In the few mammals where teeth have re-evolved, the 

cusps Eire not at all like those found on teeth of their generalized 

ancestors. It appears more probable that the diversity both of dental 

formulas (Table IV) and of karyotypes (Table I) in the subfamily result 

from an artificial grouping of species evolving to a nectar-feeding way 

of life from two or more independent lines. Two evolutionary lines of 
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Table IV. Dental formulas of glo3sophagid bats examined karyotypically. 
See text for discussion of "primitive" formula. 

I,P 2 2g._L.pm0...2 .2 ,4m| 2,2,*- Anoura 
0 0 0  1  0 2 3 4 1 2 3  

!§• Q oC~i~Pino 2 3 3" = Choeronycteria. Ghoeronlgcus 

I.Q 2 ̂ C-——PmQ 2 3 ,4m̂ - £ .3. = "primitive" 
1 2 0 1  0 2 3 4 1 2 3  

* I = incisor, C - canine, Pm - premolar, M - molar. 0 - tooth is absent, 
Number -- tooth is present. Modified after Miller (1907). 



flower feeders are already recognized in this fanily; the ! hylior.ycter-

inae of the Caribbean islands are thought to be indeferident in evolution 

from the Glossophaglnae. Unfortunately, no members of the 

Phyilonycterinae have b^en examined karyotypically. Thsun the karyo-

typic relationship of the two groups is not known. As was indicated 

.in the preceding discussion bats currently grouped in the Subfamily 

Glossophaglnae are thought, to represent distinct lines of r.hylloatonid 

evolution, and are more closely related to members of other subfa".11 i^s 

than they are to each other. [f this be true, then the nubfamily now 

recognized is an unnatural assemblage and ia not valid. 



SUMMARY AND CONCLUSIONS ? 

A total of 158 individuals representing 25 species of the 

Family Phyllostomidae, one speois3 of the Family Noctilionidae and one 

species of the Family Desmodontidae were analyzed for their diploid 

number, fundamental numoer and chromosome morphology. 

In the species of the Family I-hyllostomidae the diploid number 

varies from 16 to 4.6 and tne fundamental number from 24. or 26 to 68, 

Eighteen have a fundamental number of 56 or 60j nineteen have all bi-

armed autosomes. 

Analysis of karyotypic variation revealed no population or 

geographic variation. In cases where more than one species was examined 

in a given genus, no variation was found in four genera and the varia

tion found in the fifth genus concerned only the Y eleaent(s). 

The rate of karyotypic evolution was found to be low. This plus 

the fact that a given karyotype is not considered to be adaptive to a 

given way of life indicates that karyotypes deserve serious consideration 

in evaluating phylogenetic relationships. 

Based on karyotypes, eight lines of evolution are evident. The 

genera included in each group are: (A) Pteronotus; (B) Choeronycteris. 

Choeronlscus and Carollia: (C) Leptonycteris. Glossophaga. Phyllostomus« 

Trachopa and Macrotus; (D) Mlcronycterls: (£) Anoura: (F) Artibeus. 

Sturnlra. Vampyrops. Chlroderma. Enchl3thenes. and Centurlo: (G) 

Uroderma; and (H) Desmodus. 
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The common origin of species examined in the genera Pteronotus. 

Gloaaophaga. Carollia. and Sturnlra is strongly supported as is the 

common origin of Artibeus lituratus. A. toltecus. and A. .lamalcensis. 

However, the karyotype of A. turpis suggests that this species may have 

had a different evolutionary past than the other species examined in 

the Genus Artibeus. 

Correlations of karyotypic data presented in this paper with 

gross morphology reveals that the Subfamily Sturnirinae should be con

sidered a synonym of Subfamily Stenoderminae and Family Desmodontidae 

should be arranged as Subfamily Desmodontinae in Family Phyllostomidae. 

Further, Subfamily Glossophaginae as currently recognized appears to be 

of polyphyletic origin. However the relationships in these subfamilies 

cannot adequately be judged until additional data are available. In the 

meantime, the retention of the present arrangement of the Subfamily 

Glossophaginae seems best. 



AF FEND IX 

Specimens examined during this study are deposited in the 

Department of Biological Sciences, University of Arizona. One of the 

slides prepared for karyotypic studies from each specimen examined is 

on deposit at the Section of Cytology, M. D. Anderson Hospital and Tumor 

Institute, Houston, Texas. The remainder of the slides from each speci

men examined are at the Department of Biological Sciences, University of 

Arizona. The locality and 3ex of each specimen are given below. 

Pteronotus psllotaa (Dobson) 30N0RA: Alamos (l male, 1 female). 

MORELOS: Tequesquitengo, Cueva del Cerro (l male). 

Ptaronotu3 parnellii (J. A .  Allen) 30N0RA: Alamos (3 males). 

SINALOA: Rio Piaxtla on highway 15 (2 males, 2 females), GUERRERO: 

kilometer marker 231 on highway 95 (1 male). CHIA;A3: 4.2 kilometers W 

Cintalapa (1 female); kilometer marker 184. on highway 200, N Huixtla 

(l female). * 

Pteronotus iav/1 Gray 30N0RA: Alamos (3 male3, 1 female). 

CHIAPAS: 4.2 kilometers W Cintalapa (1 female). 

Mlcronvcteris meealotls Gray CHIAPAS: kilometer marker 184- on 

highway 200 N Huixtla (1 male). 

Macrotus waterhousll Gray SONQRA: Alamos (l male, 2 females); 
V 

GUERRERO: kilometer marker 231 on highway 95 (2 males). 

Trachops clrrhosus (3pix) CHIAPAS: 4-2 kilometer W Cintalapa 

(2 females); kilometer marker 184 on highway 200 N Huixtla (2 males). 
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Phyllostomus discolor Wagner CHIAPAS: 4-2 kilometers W Cintalapa 

(2 males, 1 female); kilometer marker I84 on highway 200 N Huixtla 

(1 male). 

Anoura geoffroyi Gray CHIAPAS: 42 kilometers W Cintalapa 

(3 males). 

Choeronycteris mexlcana Tschudi GUERRERO; Ojo de agua de 

Mexicapan, 3.4 kilometers N Teloloapan (1 female). 

Choeronlscus godmani (Thomas) CHIAPAS: 1*2 kilometers W 

Cintalapa (5 males). 

Leptonycteris sanbornl Hoffrueister S0N0RA: Alamos (l female). 

MQRELOS: Tequesquitengo, Cueva del Cerro (1 male). CHIAPAS: 4-2 

kilometers W Cintalapa (1 female). 

Glossophaga soricina (Pallas) S0N0RA: Alamos (2 males, 2 fe

males). SINALOA: Rio Piaxtla on highway 15 (1 male). GUERRERO: 

kilometer marker 231 on highway 95 (6 males, 1 female); kilometer marker 

157 on highway 95 (1 male, 1 female). CHIAPAS: 4-2 kilometers W 

Cintalapa (2 males, 1 female); kilometer marker 184 on highway 200 N 

Huixtla (3 females). 

Glossophaga commis3arlsi Gardner CHIAPAS: 42 kilometers W 

Cintalapa (2 males, 3 females). 

Carollia subrufa (Hahn) VERACRUZ: Ojo de Aqua del rio Atayac 

(2 males, 2 females). CHIAPAS: 42 kilometers W Cintalapa (3 males, 

5 females). 

Carollia persplcillata Saussure VERACRUZ: Vicinity of San 

Andrez, Tuxtla (1 male). 
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Sturnlra 1ilium (Geoffrey) SONQRA: Alamos (5 males, 2 females). 

MQREL03: Oaxtepec (2 males, 1 female), VERACRUZ: Ojo de Agua del rio 

Atayac (2 males, 1 female). GUERRERO: Ojo de Agua de Mexicapan, 3.4-

kilometers N Teloloapan (1 female). CHIAPAS: 4.2 kilometers W Cintalapa 

(l female). 

Sturnlra ludovlol Anthony VERACRUZ: Ojo de Agua del rio Atayac 

(1 male, 1 female). 

Uroderma bilobatum Peters CHIAPAS: Puente Mosquito Carretero, 

Arriaga a Tapachula (2 males); kilometer 184 on highway 200 N Huixtla 

(l male, 1 female). 

Vampyropa helleri Peters CHIAPAS: kilometer 134. on highway 200 

N Huixtla (1 male); 4-2 kilometers V Cintalapa (1 male). 

Artlbeus jamaioensls Leach SINALOA: Rio Piaxtla on highway 15 

(5 males, 1 female). VERACRUZ: Ojo do Agua del rio Atayao (3 males), 

GUERRERO: kilometer marker 231 on highway 95 (2 males, 2 females), 

CHIAPAS: 4-2 kilometer W Cintalapa (l female); kilometer marker 184 on 

highway 200 N Huixtla (1 female). 

Artibeus lituratus (Lichenstein) SINALOA: Rio Piaxtla on 

highway 15 (1 male). MQREL0S: Oaxtepec (3 males, 2 females). VERACRUZ: 

Ojo de Agua del rio Atayac (1 female). CHIAPAS: 4-2 kilometers W 

Cintalapa (1 male). 

Artibeus toltecus (Saussure) MQREL0S: Oaxtepec (1 female). 

VERACRUZ: Ojo de Agua del rio Atayac (1 male, 1 female). CHIAPAS: 42 

kilometers W Cintalapa (1 female). 
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Artibeus turris Andersen SINALOA: Rio Piaxtla on highway 15 

(2 males). CHIAPAS: kilometer marker 184 on highway 200 N Huixtla 

(1 male, 1 female). 

Enchisthenes hartli (Thomas) CHIAPAS: 42 kilometers W 

Cintalapa (l female); kilometer marker 184 on highway 200 N Huixtla 

(1 female). 

Centurlo senex Gray CHIAPAS: 42 kilometer W Cintalapa 

(l female). 

Chiroderma villosum Peters CHIAPAS: 42 kilometers W Cintalapa 

('1 male, 2 females). 

Noctilio leporinus (Linnaeus) CHIAPAS: Puente Mosquito 

Carretera Arriaga a Tapachula (7 males). 

Degaodus rotundu3 Geoffroy MGRLL03: Oaxtepec (2 males, 2 fe

males). VERACRUZj Ojo de Agua del rio Atayac (2 females). CHIAPAS: 

42 kilometers W Cintalapa (3 males, 1 female). 
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