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KARYOTYPES OF BATS OF THE FAMILY
PHYLLOSTOMIDAE AND THEIR
TAXONOMIC IMPLICATIONS'

RoserT J. BAKER
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ABSTRACT. A total of 143 bats representing 27 species of the Family Phylilo-
stomidae were analyzed for their karyotypes. Analysis of karyotypic variation re-
vealed no population or geographic variation and, within a given genus. only varia-
tion int the Y chromosome(s) of Artibeus was found.

Based on similarity of karyotypes the following seven groups are evident: (A)
Prieronotus; (B) Choeronycteris, Choeroniscus and Carollia; (C) Lepionycteris.
Glossophaga, Phyllosiomus, Trachops and Macrotus; (D) Micronycteris; (E}
Anoura; (F) Artibeus, Sturnira, Vampyrops, Chiroderma, Enchisthenes and Cen-
turio; and (G) Uroderma.

The Subfamily Sturnirinae is considered to be a synonym of Subfamily Stemno-
derminae. Subfamily Glossophaginae is considered to be of polyphyletic origin but
available data are inadequate for interpretation of their phylogeny. The status of
Uroderma as a genus distinct from Artibeus is strongly supported.

This study was designed to evaluate current concepts concerning the
phylogeny of bats of the family Phyllostomidae by utilizing data from
studies of karyotypes.

METHODS AND MATERIALS. The techniques herein used were
essentially those described by Patton (1967), with the modifications
described by Baker and Patton (1967).

Phyllostomid bats (especially certain species) often died within 24
hours or less after capture, and attempts to transport live specimens
to a lahoratory were unproductive. For this reason, many cytological
slides were prepared in the field where a portable electric generator
was used to power the centrifuge. Most bats were collected during the
mght in mist nets, and processed the next day at or near the collection
site. By processing specimens in the field, few bats were lost. The only
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major problem encountered was that the stock solution of Giemsa's
Blood Stain decomposed in the heat of the tropics,

Photographs were made of metaphase spreads and individual chro-
mosomes were cut out and each paired with its hypothetical homolog
on the basis of size and centromere position,

The terms metacentric, submetacentric, subtelocentric and acro-
centric have been defined by Patton (1967).

RESULTS. Twenty-seven species (representing 6 subfamilies and 18
genera) of phyllostomids were examined. A summary of the results is
shown in Table 1.

Subfamily: Chilenycterinae

Pteronotus parnellii (Gray) 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 acrocentrics. The X chromosome is a medium
metacentric and the Y a small acrocentric.

In addition to Pteronotus parnellii, specimens of P. psilotus {(Dob-
son) and P. devyt {Gray) were examined. Both species have a kary-
otype indistinguishable from that described for P. parnellii above.

Subfamily: Phyllostominae

Macrotus waterhousii Gray 2n=46, FN=60 (Fig. 2).

The autosomes consist of four pairs of medium to small sized meta-
centrics, one large, and 3 medium to small pairs of submetacentrics
plus a series of fourteen 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. Kniazeff et al. (1967)
reported a 2n=40 specimens of this spectes collected from Riverside
Co.. California. They examined one male and one female. Oshorne
(1965) also reported a 2n—440 for specimens from Carbo, Sontora.

Trachops cirrhosus (Spix} 2n=30, FN=56 (Fig. 3).

All autosomes are biarmed, with a series of ten pairs of metacentric-
submetacentrics graded in size from large to medium and four pairs
of subtelocentrics of the medium size range. The X is a large subtelo-
centric. The Y is small acrocentric.

Micronyeteris megalotis Gray 2n=40, FN=68 {Fig. 4).

The autosomes consist of four pairs of medium-small sized graded
metacentrics, one large pair and one medium pair of submetacentrics,
nine pairs of subtelocentrics plus four pairs of small acrocentrics. The
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Fig. 4. Representative karyotype of a male Micronycteris megalobis,
Fig. 5. Representative karyotype of a male Phyllostomus discolor,
Fig. 6. Representative karyotype of & male Glossophoga soricinag.



sex chromosomes are a medium sized subtelocentric and a very minute
acrocentric. The acrocentric is probably the Y.

Phyllostemus discolor Wagner 2n=32, FN=60 (Fig. 5).

All autosomes are biarmed, and of the metacentric or submetacen-
tric type. The entire series of autosomal chromosomes grade smoothly
in size from large to small. The X is a submetacentric of medium size
and the Y a small acrocentric.

Subfamily: Glossophaginae

Glossophaga soricina (Pallas) 2n=32, FN=60 (Fig. 6).

All autosomes are biarmed, and the total complement grades in size
from large to small. Two pairs of the smaller chromosomes approach
the subtelocentric placement of the centromere; the others have meta-
centric or submetacentric centromeres, The X chromosome is a me-
dium-small submetacentric and the Y is a minute acrocentric.

In addition to G. soricina, specimens of G. commissarisi Gardner
and G. alticola Davis were examined. The karyotypes of both are
indistinguishable from that described for G. soricina above.

Leptonycteris sanborni Hoffmeister 2r=32, FN=60 (Fig. 7).

All autosomes are biarmed and graded in size from large to small.
Two pairs of the smaller chromosomes approach the subtelocentric
placement of the centromere. The X chromosome is a medium-small
submetaceniric, and the Y is a minute acrocentric.

Anoura geoffroyi Gray 2n=30, FN=56 (Fig. 8)

The autosomes consist of one disproportionally large pair of sub-
metacentrics. six pairs of small chromosomes which are near meta-
centrics, one large pair and six medium to small pairs of subtelocen-
trics or near subtelocentrics. The sex chromosomes are a submeta-
centric and a very small acrocentric. The FN is placed at 56; how-
ever, if the smallest pair of autosomes is considered acrocentric then

the FN would equal 54.

Choeronycteris mexicana Tschundi 2n=16, FN=24 or 26 (Fig. 9)

The diploid chromosomes consist of one large pair of submetacen-
trics, one large pair of subtelocentrics. a medium sized pair each of
subtelocentrics and submetacentrics, two small pairs each of meta-
centrics and of acrocentrics. Since the only available specimen was a
female, the sex chromosomes were not determined.

Choeroniscus godmani { Thomas) 2n=19 in males, FN=32 (Fig. 10).
The autosomes consist of a very large pair of submetacentrics, four
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Fig. 7. Representative karyolype of a male Leptonycteris sanborni.
Fig. 8. Representative karyotype of a male Anovra geoffroyi.
Fig. 9. Representative karyotype of a female Choeronycleris mexicana.
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Fig. 10. Representative karyolype of o male Choeroniscus godmani.
Fig. 11, Representative karyolype of a male Carollie perspicillata.
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pairs of large-medium sized subtelocentrics, plus a small pair each of
metacentrics, submetacentrics, and subtelocentrics. If the sex deter-
mining mechanism is like that found in Carollia or Artibeus theyy {he

X can be expected to be the medium submetacentric. One Y is a
medium subtelocentric and the other Y a small acrocentric. If the above
theory is true then the females should have 2n=18.

Subfamily: Corolliinae

Carollia subrufa (Hahn) 27=20 in females, 21 in males, FN=36

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 cen-
tromere. The two Y chromosomes are a large and small acrocenrtic.

Carollia perspicillata Saussure 2n=21 in males, FN=36 (Fig. 11)

Only two males of this species were examined, but their karyotypes
were 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.

Subfamily: Sturnirinae

Sturnira lilium (Geoffroy} 2n—30, FN=56 {Fig. 12}.

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 large to medium sized pairs having a subtelo-
centric placement of the centromere. The X is a fairly large subtelo-
centric and the Y, a small submetacentric.

The karyotype of “Sturnira [udovie’” is indistinguishable {rom that
described for Sturnira lilium.

Subfamily: Stenoderminae.

Uroderma bilobatum Peters 2n=44, FN=48 (Fig. 13).

The autesomes consist of a small pair of metacentrics, two pairs of
medium sized chromosomes with a subtelocentric centromere and
eighteen pairs of acrocentrics grading in size from medium to small.
The X is a fairly large subtelocentric and Y is a small submetacentric.

Yampyrops helleri Peters 2n—30, FN=56 (Fig. 14}.
The karyotype of this species 1s very similar to that described for
Sturnira lilium. Compare Fig. 14 with Fig. 12.
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Fig. 1 3. Representative karyotype of o male Uroderma bilobatum.
Fig. 14. Representative karyolype of o male Vaempyrops helleri.

Fig. 15, Representative karyotype of a male Chirodermao villosum.
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Chiroderma villosum Peters 2n—26, FN=48 (Fig. 15).
All autosomes are biarmed consisting of a series of nine pairs of
large to small metacentrics or submetacentrics Flus three Fairs of sub-

telocentrics. The X is a medium subtelocentric and the Y is a small
submetacentric.

Artibeus jamaicensis Leach 2n—30 in females, 31 in males. FN=56
{Fig. 16).

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 large to medium pairs (ranging in size from large
to medium) having a subtelocentric placement of the centromere. The
autosomes and the X are indistinguishable from that described above
for the genus Sturnira; however, there are two Y chromosomes. hoth
of which are small and acrocentric. The smaller Y is about half the
size of the larger.

Artibeus turpis Andersen 2n=30, FN=56.

The autosomal complement and X chromosome of this species are
indistinguishable from those of the other three species of Artibeus
examined. However, only a single Y occurs in the males. It is sub-
metacentric in nature, unlike either of the two Y elements found in
the other Artibeus examined.

In addition to the two Artibeus described above, specimens of Arti-
beus toltecus (Saussure) and A. lituratus Lichtenstein have been ex-
amined. The autosomes and the X element of both species appear to
be indistinguishable from the other two Artibeus. Both Y elements are
small. Karyotypes of these Artibeus are shown in Hsu et al. (in press).

Enchisthenes hartii (Thoms) 2n=30, FN=56 (Fig, 17).

All chromosomes are biarmed. Eight pairs graded in size from large
to small have the centromere near medially or medially placed,
whereas the other seven pairs, 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. 18).

All chromosomes are biarmed. They consist of 10 pairs (varying in
size [rom large to small) of metacentrics and submetacentrics. plus
four pairs of subtelocentrics. The sex chromosomes are unknown as
only a female has been examined.

DISCUSSION. Photographic mounts (see methods and materials) are
convenient and allow quick comparisons of karyotypes from different
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Fig. 16. Representative karyotype of a male Artibeus jomaicensis.
Fig. 17. Representative karyotype of a female Enchisthenes hartii,
Fig. 18. Representative karyotype of a female Centurio senex.
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animals. Since grouping of a given karyotype is based on relative size
of each chromosome to the remainder of the complement, karyotypes
in various stages of contraction can also be compared. One unfortunate
effect of such 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 submetacentrics of Trachops with the
first large pair of Phyllostomus), However, as far as phylogenetic
origin in concerned such chromosomes may or may not be homologous.

Bender and Chu (1963} point out that it is unfortunate that some
species and even genera have indistinguishable karyotypes. If one
merely seeks karyotypic differences to aid identification of individual
species, their claim may be correct. However, indistinguishable karyo-
types, unless associated with other undoubted morphological evidence
to the contrary, would be a strong testimony to indicate the close
phylogenetic relationship between the species which have remained
unchanged since their separation from the ancestral stock. The greater
the differences between two karyotypes, the less probable a direct
homology is to be found between them.

Since the concepts of systematics are based on interpretations of the
meaning of variation (or lack of it) in given characters, an under-
standing of the variation of a character at various taxonomic levels
must precede its use as a taxoilomic implement or phylogenetic indi-
cator. From the few systematic studies of karyotypic variation within
a given group of mamimals, it is evident that the magnitude of variation
occurring at a given taxonomic level in different groups is highly
variable {Baker and Patton, 1967},

The following discussion is made to evaluate the karyotypic differ-
ences at each taxonomic level in the family Phyllostomidae.

Evaluation of Karyotypic Variation

Individual level. The variation of karyotypic parameters of meta-
phase chromosomes 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).

Non-geographic variation. In most instances more than one individ-
ual was examined from a given population. “Specimens examined”
shows the species, locality and sample size of each case. 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. Other than the described sexual di-
morphism, no variation was found within members of a given species.

418



Considering that in thirteen species, individuals were examined from
localities over 300 miles apart, and in ten species, over 1000 miles
apart, {see “Specimens examined”} chromosome races seem to be
rare, inn these bats. By comparing the karyotype of Macrofus presented
here with the diploid number reported by Kniazeff et al. (1967) and
Osborne (1965) a chromosome race exists in the species Macrotus
waterhousii.

Although chromosome races appear rare in these bats, it should be
pointed out that during the transition from an old karvotype to the
new one, a chromosome race must have existed until the new one was
completely established. From Table 1 and Figs. 1-18 it is evident that
numerous chromosomal changes must have occurred since the karvo-
type of the common ancestor of all Phyllostomids.

The frequency of chromosomal races in Phyllostomid bats is similar
to that found in vespertilionid bats in which only one chromosome
race was found among 15 species at localities from 300 miles to 1600
miles apart (Baker and Patton, 1967).

Variation at the generic level. As indicated in Table 1; three species
of Pieronotus, three species of Glossophagea, two species of Corollie,
four species of Artibeus and two species of Corolliz, four species of
Artibeus and two species of Sturnira were examined. With the excep-
tion of the members of the genus Artibeus, the species within a given
genus had indistinguishable karyotypes. In Artibeus the autosomal
complement and the X chromosome do not vary among the four
species examined. But the ¥ chromosome (s} are variable, In Artibeus
jarmaicensis the males have two small acrocentric Ys, one being about
half the size of the other. In A. toltecus and A. lituraius the two Y
chromosomes are essentially the same size. In Artibeus turpis males,
only one Y occurs. This Y, however, is biarmed, unlike either of the
two Ys 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 proceeded 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. turpis. Only three male Artibeus turpis have been ex-
amined (two from Sinaloa and one from Chiapas) but all had the
single biarmed Y.

From the evidence so far available, karyotypic variation at the
generic level appears to be just as low or lower in phyllostomids as it
is in vespertilionids (Baker and Patton, 1967).

At the subfamily level. Species from six of the seven subfamilies
currently recognized (Hall and Kelson, 1959) in the family Phyl-
lostomidae have been examined (Table 1). In three, Chilonycterinae,
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TABLE 1

Summary of diplold numbers, autosomal types, sex chromosomes, fundamenial
numbers, and sample size of the species studied.

Family, sublamily Autosomes, in pairs thrmﬁf;:mnvs
amd species in MO8 St A XY NE* d @
Phyllostormidae
Chilonycterinac
Preronotus psilotus 38 11 1 0 6 SM-A 60 2 1
Pteronotus parnellii 38 11 1 0 6 SM-A 60 6 4
Pteronotus davyi 38 1 1 0 6 SM-A 60 3 2
Phvllostominae
Macrotus water housii 46 4 4 0 14 SM-A 60 3 2
Phyllostormus discolor 32 8 7 0 0 SM-A 60 301
Trachops cirrhosus 30 6 4 4 0 ST-A 36 22
Micronycteris megalotis 40 4 2 9 4 ST-A 68 10
Glossophagainae
Glossophaga soricina 32 8§ 6 1 0 M-A 60 77
Glossophaga alticola 32 8 6 1 0 M-A 60 4 0
Glossophaga commissarisi 32 § 6 1 0 M-A 60 2 3
Leptonycteris sanborni 32 8 6 1 0 M-A 60 i 4
Anoura geoffrovi 30 5 3 6 0 SM-A 36 3 0
Choeronycteris mericanat 16 2 2 2 2 ?-? 2426 0 1
Choeroniscus godmani 19 1 2 5 0 SM-ST-A 32 5 0
Carolliinae
Carollia perspicillata 2021 4 2 3 0 ST-A-A 36 2 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 ludoviei 30 7 3 4 0 ST-SM 56 1 1
Stenoderminae
Uroderma bilobatum 44 1 0 2 18 ST-S5M 48 3 01
Vampyrops helleri 30 73 4 0 ST-SM 56 2 0
Chircderma villosum 26 6 3 3 0 ST-SM 48 1 2
Artibeus jamaicensis 3031 7 3 4 0 ST-A-A 56 o 5
Aritibeus Hiuratus 3-31 7 3 4 0 ST-A-A 56 5 3
Artibeus tollecus 0-31 7 3 4 0 ST-A-A a6 1 3
Artibeus turpis 30 7 3 4 0 ST-SM. 56 301
Enchisthenes hariti+ 30 5 3 5 0 ?-? 56 0 2
Centurio senext 28 37 4 0 ?-? 52 o 1
* M=metacentric: SM=submetacentric; §I'=subtelocentri: A=acrocentric: NF=fundamental number.

See Patton (19471 for definitions,

T+ Whete only females were examined all chromosomes are included in classification ol autosomes,

Sturnirinae, and Carolliinae, members of only one genus were ex-
amined, thus data concerning variations above the generic level within
the subfamily are not available. In the other subfamilies (Phyllos-

tominae, Glossophaginae, and Stenoderminae) an examination of

420



Table 1 and the appropriate Figures reveals some indication of karyo-
typic variation at this level.

Three aspects indicate a conservative rate of karyotypic evolution
in these bats: (1) The low number of chromosome races, (2) The
presence of closely related karyotypes in all species of each genus in
which more than one species was examined, and (3} The obvious close
relationships of groups of karyotypes such as those of Vampyrops,
Sturnira, and Artibeus in one group and those of Leptonycteris and
Glossophaga In another.

The rate of karyotypic change appears to be so low that the use of
similar karyotypes as possibly indicating phylogenetic relationship
is justified. Since available data do not indicate that one type of gross
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, because some subfamilies have heen defined only on the basis
of characters which are the result of extreme modifications for food
gathering. These adaptations to food gathering could be the results of
convergent evolution and not representative of true relationship.

Taxonomic and Phylogenetic Implications

Seven groups of karyotypes are evident in the family Phyllosto-
midae. Some of these groups appear to be equivalent to the subfamilies
that have long been recognized on gross morphology (Miller, 1907).
Others, however, traverse the classical subfamily lines. In those cases
where the karyotypic data are inconclusive, classical arrangements are
followed. The following arrangement is, of course, subject to the
dangers of any classification based on a single character.

Group A includes Pieronotus, which is the only genus examined in
the Subfamily Chilonycterinae. As indicated in the description of these
karyotypes, all Preronotus studied had indistinguishable karyotypes
from each other. Thus karyotypic data support 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 phyllosto-
mids examined. a fact which lends further support to Miller's inter-
pretation that Pleronotus and related genera are sufficiently distinct
to merit at least subfamily status.

Group B includes Choeronycterts and Choeroniscus (Subfamily
Glossophaginae) and Carolfia (Subfamily Carolliinae). On morpho-
logical data the close relationship of Choeronycteris and Choeroniscus
has been pointed out (Handley, 1966). However, based only on similar
characteristics a close relationship between Carollia and the genera
just mentioned appears to be much less likely. An examination of the
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karyotypes of these genera reveals that all three possibly belong in the
same line of evolution {compare Figs. 9, 10 and 11). Karyotypic
features shared by these animals are: (1) a low fundamental number

(Qfl or &6—36), (2) a low diploid number (16-21), (3) similarity of
some autosomes, and (4) the fact that Choeroniscus and Carollia have
a XX/XY.Y, sex determining mechanism with one Y a medium size
acrocentric and the other Y a small acrocentric. If the X elements of
Carollia and Choeroniscus are homologous, then there has been a sig-
nificant rearrangement in one or both {compare Figs. 10 and 11).
The obvious secondary constriction that appears in the X of Carollia
does not appear in X of Choeroniscus. The sex determining mechan-
isms of this family are discussed in detail by Hsu et al. (In Press).

Since no males have been examined the sex determining mechanism
of Choeronycteris is unknown. If the X element of Choeronycteris is
found to be like that of Choeroniscus, the two pairs of acrocentrics of
Choeronycteris may be homologous with two pairs of the subtelo-
centrics of Choeroniscus, changed by pericentric inversions. The karyo-
types would still differ by an extra pair of subtelocentrics in the com-
plement of Choeroniscus. The differences among the autosomal ele-
ments of these three karyotypes are quite significant. 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 Leptonycteris and Glossophaga (Subfamily Glos-
sophaginae) and Phyllostomus, Trachops and Macrotus (Subfamily
Phyllostominae). That Leptonycteris sanborni, Glossophaga soricina,
G. alticola, and G. commissarisi are a natural assemblage is strongly
supported by their nearly identical karyotypes. The many similarities
between the karyotypes of Phyllostomus and the Leptonycteris group
may be true homologues, or perhaps may be only an artifact of the
method used to compare karyotypes. However, one point is obvious:
the similarities hetween the karyotypes of Phyllostormnus and Lepto-
nycleris are much greater than those between Leptonycterts and the
Choeroniscus group {B), even though Leptonycteris and Choeroniscus
are presently included in the subfamily Glossophaginae.

Similarities within group C include: (1} all members have a high
fundamental number 56-60. (2) high diploid numbers, and (3) n¢
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 elements of both Phyllostomus
and Macrotus are submetacentric. In Trachops the X element is nearly
acrocentric, the only case found so far in the family. Since the relative
size of the X element is the same in Trachops and Phyliostomus a
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pericentric inversion could account for this difference. The direction
of evolution is probably toward the acrocentric of Trachops, since all
other species in the family have distinctly biarmed X elements.

Although the autosomes of Trachops and Phyllostormnus are quite
similar in relative size and centromere placement, it must be recog-
nized that this similar condition does not necessarily imply an immedi-
ate common ancestor. If both had started with the similar complement
of graded acrocentrics, independent centric fusions could have pro-
duced quite similar karyotypes as White (1954) indicates, in animals,
there is a selection for centric fusions between acrocentrics of near
equal size. The difference of two in their diploid number and four in
fundamental number indicates that significant chromosome changes
have occurred since their separation from a cormmoen ancestor.

Group D includes only Micronycteris (Subfamily Phyllostominae).
In evaluating the karyotypic relations among the members of the Sub-
family Phyllostominae examined, two major groups are recognizable:
Trachops, Phyllostomus and Macrotus discussed above in Group C and
Micronycteris. The karyotype of Micronycieris appears to be unique
involving many chromosome changes from other phyllostomids. The
fundamental number is 68, higher than for any other species examined
(see Table 1). FEach large to medium subtelocentrics would require
at least one chromosorne change to have occurred independently. Fur-
ther. the four pairs of small acrocentrics in this species are [ound only
i Uroderma and Pteronotus which, based on the remainder of their
chromosomes, have karyotypes much different from Micronycteris.
Therefore. whether or not the karvotypes of Macrotus, T'rachops and
Phyllostomus are closely related, it must be concluded that the karyo-
type of Micronycteris contains many changes from that of other phyl-
lostomids examined.

Group E includes Anoura (Subfamily Glassophaginae) whose kary-
otype is quite different from the other glossophagines examined {com-
pare Fig. 8 with 6. 7, 9. and 10}, The affinities of the chromosomes of
Anoure 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 it resembles group B.

Group F includes Sturnira {(Subfamily Sturnirinae). Artibeus,
Vampyrops, Chiroderma, Enchisthenes, and Centurio (Subfamily
Stenoderminae). The identical autosomes of Vampyrops, Sturnira
and Artibeus show the close relationship of these genera. Although
Sturnira. the only genus included by Miller (1907} in Sturnirinae, is
presently placed in a separate subfamily, its karyotype indicates that
it must have evolved from the Stenoderminae complex. Even though
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the teeth are modified from the “normal” for that group of bats, the
separation of Sturnire into a distinct subfamily obscures its true rela-
tionship. Generic status is ample to denote its evolutionary changes.
Hence the two subfamilies are regarded here as synonymous.

The variation in the Y chromosome(s) 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 the biarmed Y were
characteristic of the primitive karyotype, a centric fission could have
produced two Y elements like those found in Artibeus jarnaicensis.
A. toltecus and A. lituratus. If this be true, then the ancestral stock
giving rise to A. furpis 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.

A second explanation is Artibeus turpis evolved from the same an-
cestor having the fission, and a centric fusion again changed the 2 Y
elements to the hiarmed 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 true Y elemeni. When this translocation
became established, a female would have an even diploid number and
males an odd diploid number, with one more chromosome than the
female.

Concerning the differences in Artibeus, if one centric fusion accounts
for all biarmed Y’s in this group the ancestral stock of Artibeus turpis
also had to be ancestral to Sturnira, Vampyrops and Chiroderma. and
the ancestral stock of the three other Artibeus (with the two Y’s) had
to be separated from the line of evolution before the fusion became
established (one translocation, one fusion), If this be true, Artibeus
turpls must represent another genus, with morphological characters
convergent with those of Artibeus but with a different evolutionary
history. However, if Artibeus turpis evolved within the complex of
species known as Artibeus, another centric fusion is required to explain
the difference {one translocation, two centric fusions).

Since all Stenodermine species examined for X and Y have biarmed
Y’s or two Y elements, such a translocation must have occurred before
the recent radiation of this group (see also group G).

The karyotype of Enchisthenes is similar to that of the Sturnira
group (compare Fig. 17 with 16 and 12). If the X element is assumed
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to be of the same morphology as others of this group, two pericentric
inversions (changing medium sized submetacentrics into subtelocen-
trics) would account for the difference.

The karyotype of Centurio is unique for this group in that it has
28 chromosomes. Some rearrangement of its chromosomes is evident,
in addition to a reduction of the diploid number by two from the
Sturnira type complement. There has been a change in the centromere
placement on at least two of the subtelocentrics. Without knowing the
sex chromosomes (only a female was examined) the changes cannot
be pin pointed.

To explain the karyotypic difference between Chiroderma and
Sturnirg 1s more difficult if one uses only the well documented mecha-
nism of chromosome evolution known in mammals. The morphology
of the X and Y elements are identical to those of Sturnira. Based on
relative size and centromere placement, there appears to have been no
change in the autosomes present. However, one pair of subtelocentrics
and one pair of submetacentrics found in Sturnira, are absent in the
chromosomal complement of Chiroderma. Casually it appears that
two deletions or two duplications have occurred, depending on the
direction of evolution. However, such mechanisms are not well docuo-
mented as playing major roles in the evolution of mammalian karyo-
types.

Group G includes only Uroderma {Subfamily, Stenoderminae). On
a gross morphological basis this species appears closely related to the
genus Artibeus. Its resemblances to Artibeus are so strong that Burt
and Stirton (1961) have suggested they are congeneric. However, the
karyotype of Uroderme 1s unique, differing from that of Artibeus as
well as all other phyllostomids examined. Of special note are the large
number of acrocentrics (18 pairs). The X and Y elements are mor-
phologically identical to that of the other stenodermines examined.
These karvolype data strongly support the generic status of this species
from Artibeus.

If the karyotype of this animal is “primitive” to that of the other
stenodermine bats examined, Uroderma must have split from this line
of evolution before the many centric fusions occurred producing the
autosome of Artibeus, Vampyrops and Sturnira, which are indistin-
guishable from one another. It is difficult indeed to account, through
convergence, for the identical autosomes of these three genera. Such
is best explained as being the autosomes of a common ancestor to the
three genera. Therefore, if Uroderma evolved from this same common
ancestor then many centric fissions and some pericentric inversions
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(to account for the difference in FN} must have occurred since diver-
gence. Centric fissions are not commonly accepted as playing a major
role in mammalian chromosome evolution.

Subfamily Glossophaginae.

In the Subfamily Glossophaginae the diploid number varies from 16
to 32 and the fundamental number from 24 to 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 so greatly are considered significant and
generally occur at a low rate in mammals. Rodents of the Genus Pero-
myscus are an exception (Hsu and Arrighi, 1966), but the type of
changes accounting for differences in Peromyscus does not seem to fit
that observed in bats.

It appears possible that the diversity of karyotypes (Table 1) in this
subfamily result from an artificial grouping of species evolving to a
nectar-feeding way of life from two or more independent lines.

The implications of these data concerning this subfamily are that
Leptonycteris and Glossophaga are more closely related to Phyllosto-
rmus; and that Choeroniscus and Choeronycteris are more closely re-
lated to Carollia than the two groups of glossophagines are to each
other. The affinities of Anoura to either group are not shown by its
chromosomes.

If the above suggested relationships are valid, then the subfamily
Glossophaginae as now recognized is an unnatural assemblage and
is not valid.

SPECIMENS EXAMINED. Specimens examined during this study are deposited
in the Department of Biological Sciences, University of Arizona. The locality and
sex of each specimen are given below,

Pteronotus psilotus (Dohson) SONORA: Alamos {1 male, 1 female). MORELOS:
Tequesquitengo. Cueva del Cerro (1 male),

Pteronotus parnellii (Gray) SONORA: Alamos (3 males). SINALOA: Rio Piaxila
on highway 15 (2 males, 2 females). GUERRERO: kilometer marker 231 on high-
way 95 (1 male). CHIAPAS: 42 kilometers W Cintalapa (1 female); kilometer
marker 184 on highway 200, N Huixtla (1 female).

Pteronocius davyt Gray SONORA: Alames (3 males, 1 female), CHIAPAS: 42
kilometers W Cintalapa (1 female).

Micronycteris megalotls Gray CHIAPAS: kilometer marker 184 on highway 200
N Huixtla (1 male).

Macrotus waterhousit Gray SONORA: Alamos {1 male, 2 females). GUERRERO:
kilometer marker 231 on highway 95 (2 males),
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Trachops cirrhosus (Spix) CHIAPAS: 42 kilometer W Cintalapa (2 females};
kilometer marker 184 on highway 200 N Huixtla (2 males).

Phyllostomus discolor Wagner CHIAPAS: 42 kilometers W Cintalapa (2 males,
1 female); kilometer marker 184 on highway 200 N Huixtla {1 male).

Ancura geoffroyi Gray CHIAPAS: 42 kilometers W Cintalapa {3 males).
Choeronyeteris mezicana Tschodi GUERRERO: Ojo de agua de Mexicapan, 3.4
kilometers N Teloloapan (1 female).

Choeroniscus godmani (Thomas) CHIAPAS: 42 kilometers W. Cintalapa (5 males}.
Leptonveteris sanborni Hoffmeister SONORA: Alamos (1 female}. Morelos: Te-
quesquitengo. Cueva del Cerro {1 male}. CHIAPAS: 42 kilometers W Cintalapa
(1 femaler. ARTZONA: Pima Co. Colossal Cave (2 females).

Glossophaga soricina (Pallas) SONORA: Alamos (2 males, 2 females), SINALOA:
Rio Piaxila on highway 15 (1 male). GUERRERQ: kilometer marker 157 on high-
wayv 93 1 male. 1 female). CHIAPAS: 42 kilometers W Cintalapa (3 males, 1
female '; kilometer marker 184 on highway 200 N Huixtla (3 females).
Glossophaga alticola Davis GUERRERO: kilometer marker 231 on highway 95 (4
males .

Glossophaga commissarisi Gardner CHIAPAS: 42 kilometers W Cintalapa (2 males.
3 females).

Carollia subrufa (Hahn) VERACRUZ: Ojo de Aqua del rio Atayac (2 males, 2 fe-
males). CHIAPAS: 42 kilometers W Cintalapa (3 males, 5 females).

Carollia perspicillata Saussure VERACRUZ: Vicinity of San Andrez. Tuxtla (2
male). Karyotypes originaliy described by Dr. T. C. Hsu {unpublished data}.
Sturnire lilium (Geoffroy) SONORA: Alamos (5 males, 2 females), MORELOS:
Qaxtepec (2 males, I female). VERACRUZ: Ojo de Aqua del rio Atayac (2 males,
1 female). GUERRERQ: Ojo de Agua de Mexicapan, 3.4 kilometers N Teloloapan
{1 female;. CHIAPAS: 42 kilometers W Cintalapa (1 female).

“Sturnira ludovic?” VERACRUZ: Ojo de Agua del rio Atayac (1 male, 1 female).

Urcderma bilobatum Peters CHIAPAS: Puente Mosquite Carretero, Arriaga a
Tapachula (2 males); kilometer 184 on highway 200 N Huixtla (1 male. 1 female).

Vampyrops hellert Peters CHIAPAS: kilometer 184 on highway 200 N Huixtla
{1 male; 42 kilometers W Cintalapa (1 male).

Chiroderma villosum Peters CHIAPAS: 42 kilometers W Cintalapa {1 male, 2 fe-
males1,

Ariibeus jamaicensis Leach SINATOA: Rio Piaxtla on highway 15 (5 males, 1 fe-
male). VERACRIUIZ: Ojo de Agua del rio Atayac {3 males). GUERRERO: kilometer
marker 231 on highway 95 (2 males, 2 females). CHIAPAS: 42 kilometer W Cin-
talapa 1 female); kilometer marker 184 on highway 200 N Huixtla (1 female).
Artibeus lturatus Lichtenstein SINALOA: Rio Piaxtla on highway 15 (1 male).
MORELDOS: Oaxtepec (3 males, 2 females). VERACRUZ: OQjo de Agua del rio
Atayac (1 female). CHIAPAS: 42 kilometers W Cintalapa (1 male}.

Artibeus ioliecus {Saussure) MORELOS: Qaxtepec (1 female). VERACRUZ: Ojpo
de Agua del rio Atayac (1 male, 1 female). CHIAPAS: 42 kilometers W Cintalapa
(1 female).
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Aribeus turpis Andersen SINOLOA: Rio Piaxtla on highway 15 (2 males).
CHIAPAS: kilometer marker 184 on highway 200 N Huixtla (1 male, 1 female).

Enchisthenes hartii (Thomas) CHIAPAS: 42 kilometers W Cintalapa (I female);
kilometer marker 184 on highway 200 N Huixtla (1 female).

Centurio senexr Gray CHIAPAS: 42 kilometers W Cintalapa (1 female).
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