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Abstract

Karyotypes of fourteen species of the order Chiroptera are
presented. A comparative study of these karyobtypes indicates that
centric fusion has played a major role in the evolution of Chiroptera
and that cbromosoﬁg evolutién in at least two species his progressed
away from the maiﬁ line while morphological and behavior paralleliém
has been maintained,

While the data in most cases support the pfesent classification
and phylogeny qf Chiroptera,‘it also®indicates that some revision may
be necessary.

| Evolutionary trends and interrelationships are discussed for

the three families: Vespertilionidae, Molossidae, and Phyllostométidaeo



Introduction

- Recent developments in cytological technigues have caused an .
increased interest in the study of memmalian chromosomes. ¥Yet, the
use of these techniques as a2 taxonomic aid has not become widespread
among mammalian taxonomists. This can be atiributed to the fact that
cytological methods are not usuzlly needed for identification of
mammalian species and ordinarily will simply substantlate the judgements
of an experienced systematist. However, the importance of these
techniques in interpreting the phylogeny of the mammalian species and
their interrelationships should not be ignored. Cain {1958) gives an
excellent summary of the use and importance of cytology in taxonomy.

Nuclear cytology has played only a slight role in the study of
the mammalian order Chiroptera. Prior to 1948, the information
pertsining to the chromosomes of bats was very inconsistent. Van der
Strich’o'(wlo) reported a haploid num‘bgr*df 9 or 10 for Vesperugo
noctula, Athias (1912) reported an appiOXiﬁaﬁe haploid number of 16

for Rhinolophus hipposideris. Jordan (1912) and Hance {1917) both

report chromosome counts of unknown épecies. The only reliable infor-
mation during this period prior to 1948 was reported by Painter (1925).
In his study, he correctly determined the diploid number of Nyctinomus:

mexicanus (=Tadayida bragiliensis).

Makino (1948), using testicular material, determined the diploid

number of Pteropus dasymallus inopinatus to be 38. The chromosome

complement was reported to consist of thirtyuSix“metacentric and two

1



terminal chromosomes. This is the only member of the suborder Mega-
chiroptera that has been examined cytologically. The Japanese horse-

shoe bat, Rhinolophus ferfum»equinum, was also included in his study

and @ haploid number of 29 was reported for the species. ’

Tn 1949, Bovey studied fourteen species of 0ld World bats
representing three families: 1° Rhino1ophidae3 threé species; 2.
‘Nycteridae, one speciesg and 3, Vespertilionidae, nine speciss. His
: study represents the most recent investigation of chromosomes in bats
that has come to the attention ¢f the author.

The present investigation has three objectives: 1. to make
available‘to other workers eytological informetion regarding additional
species of Chiroptera; 2. to elucidate a few problems in the taxonomy
and phyiogeny of Chiropterag and 3. to present data that will be useful
in future studies concerning the evelution of mammalianAchromosomeso :

In Chiroptera, the phylogeny is complex and present interpreta=
tions are ofte_n ahbiguouso Gyto'taxonomy can play a xﬁajor role in
dlarifyingfthe relationsﬁips of many gfoups within this order. In the -
pfesenﬂ gstudy: four species in the family Phyllostomatidae, seven
, spécies in the family Vespertilionidae, and two specieé in the fémily«
R Molossidae have been examined by cytological technigues. The chromo-
.some morphology of each is described and illustrated in karyogram form
and selected photomicrographs are included.

‘ Since oniy a few scattered species within the Order have been
: studied by cytdlogical methods, only trends in phylogeny can be shown.
The resuits generally verify the classicalvtaxonomic_classification but

in some instances show that minor revisions may be necessary.



Materials and Methods

With the advent of the colchicine-hypotonic citrate method of
Ford and Hamerton (1956) the study of mammalian chromosomes has been
greatly advanced. The action of colchicine is three-~-folds: 1. it acts
" to prevent spindle formation and thereby causes an accumulation of cells
in metaphase; 2. it causes the chromosomes to shorteny and 3. it causes
the sister chromatids to separate, showing the exact position of the
centromere. The action:of the hypotonic citrate solution complements
the action of the colchicine by expanding the cell.

To date there are several good techniques utilizing the
colchicine~hypotonic citrate method. The one chosen for this study is
described by Patton (1965) and involves the following steps:

1. Inject live animals intraperitoneally with colchicine
(0.05 grams percent), 0,01 ml. per gram body weight.

2, Sacrifice the animal after seven hours and immediately
remove the complete humerus. The epiphysis is cut off and the bone
marrow removed from the shaft by flushing with 3 ml. of 1.0 percent
sodium citrate. Pipette solution vigorously to break up any cell clumps.

3. Incubate the resultant cell suspension at 37° ¢ for 30
ninutes.

L. Filter solution through two layers of cheese cloth and .-

centrifuge at 500 rpm for five minutes.

5. Pour off supernate without disrupting the button, add 3 ml. . .. .

of freshly prepared Carnoy's fixative and allow cells to fix in a éold .. ..

3



~ box for 30 minutes.

6. Centrifuge at 500 rpm for five winutes and then wash severél
times without disrupting the bﬁttono

7. Pour off supernate and add about 0.7 ml. of fixative. Re~
suspend cells by pipetting vigorously.

‘8, Pipette’dfoplets of cell suspension onto chemically clean
slides and ignite the suspension immediately, f6llowing the blaze-dry
method of Scherz (1962). Allow slides to dry.

9. Stain in aceto-orcein for one and one half hours.

10. Déhydrate in three, 30 second changes of absolute methanol
and mounve

| After the slides were prepared each was scanned for well spread
metaphase plates. Those cells that appeared intact with the cell
membrane undama‘ged by the prepafatory technigue and with chromosomes
gpread éymmetfically were used to obtain the final diploid number of the
gpecies. Cells that showed chromosomes widely separated and with other
cells in the vicinity were disregarded. Any spreads that showed
chromogomes representing different mitotic stages or reacting in differ-
ent ways to the stain were also disregarded. The cells selected to be
counted were then placed under 1280 X magnification snd counted several
times by visually dividing the chromosome complement into several groups.
Photomicrographs were taken of at least six spreads for each species
and then the chromosomal complement was again counted,

A Zeiss microscope equipped with a 35 mm. camera was used and

photomicrographs were taken on Kodak high contrast copy f£ilm,



For karyogram analysis, intact cells were chosen based on the
following criterias 1. cells showing the least smount of overlapping
of chromosomes; 2. cells exhibiting the highest degree of chromosome
morphological acuity; and 3. cells fepresenting mitotic metaphase. In
describing the karyogram, the standardized terminology of Patton (1965)
was used. In his description, there are four types of chromosomes
baged on arm ratios. The median chromosome possesses @ median centro-
mere and has an arm-ratio between 1:1.0 and 131.09; the sub-median
chromosome has a submedian centromere and an arm=ratio between 131.10
and 1:1.993 the sub-terminal chromosome has its centromere subterminal
and an arm-ratio 1:2 or greaterg the terminal chromosome has no visible
second arm. Metacentrics refers to both median and submedisn chromo-
somes while acrocentrics refers to both terminal and subterminal
chromosomes. |

For karyogram analysis, the chromosomes were separated into
groups according to their morphology and comparative size. In many
instances, a group contéined a2 series of chromosome pairs that gradually
decreased in size without any obvious breaks in the series; thus the
group was not further subdivided.

The sex chromosomes were determined on the basis of the hetero-
morphic pair found in the males. The non-hemologous pair was designated
as the sex chromosomes and X- and Y- determination was decided from the
female karyobype which consisvs of & homomorphic X-complement.

Live bats used in this study were collected in Japanese "mist®
nets and hand nels. The Japanese "mist¥ nets were employed over water

holes and in the éntrances of mine tunnels and caves. Hand nets were



employed inside mine tunnels and caves where bats were found clinging
to the walls,

Specimens were identified on the basis of external morphology
and skull characteristics. They are all now located in the museum st
the University of Arizons as part of the permanent collection. Local=
ities and catalog numbers are iisted in Appendix C.

The taxonomy and classification of the bats used in this study '

was based on Hall and Kelson (1959), Simpson (1945) and Miller (1906).



Results

Fourteen species (including four species in the family Phyllo-
stomatidae, eight species in the family Vespertilionidae, and twe
species in ihe family Molossidae) have been examined for chromosome
morphology and diploid number. The numerical results from this study
are listed in Table 1, and the morphological description of each species
karyotype is given below., Representative karyotypes and photomicro-
graphs are presented in Appendix A and B respectively.

Species Examined in the Family
Phyllostomatidae

Pteronotus davyi: Subfamily Chilonycterinaé

Two male individuale were examined and the species! diploid
number was determined to be LO. A representatiﬁe karyotype (Plate 1,
Appendix A) shows three groups into which the chromosomal complemenﬁ
was separated based on chromosome wmorphology and size.

Group A consists of six large pairs of approximately equal
sized metacentric chromosomes with either medial or submedial centro-
meres.

Group B consists of five pairs of medium sized to sma2ll meta-
centric chromosowes with either medial or submedial centromeres.

Grouplc consists of seven pairs of small to very small terminal
chromosomes.

Since only male specimens were studled, X and Y designation of

sex chromosomes was not possible. Structurally, one of the sex

7
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Table I. Summary of diploid numbers, autosomal types, sex chromosomes,
and fundamental numbers of the species studied in the order
Chiroptera.

Family and :
Species n M SH ST T X-¥ NF# o @

Payllostomatidae
Pteronotus davyi 38 L 18 e L (MT) 5 2 0

Macrotus '
watcernousii Lo 2 18 2 16 8M T 60 3 2

Leptonycteris
Nivalis 32 1 16 -= == (SMSM) 60 O 3

Choeronycteris .
MeX 168 nus 16 L L N L

-3
=]
]

? (26)>

Vespertilionidae
Myotis : ' : ‘
“thysanodes i 2 é -- 34 8MSM 50 4 1

Myotis wolans L 2 6 - 3, MT 5 11

Myotis ,
fortidens Lh 2 6 - 34 (8MT) 50 1 O

Pizonyx v
vivesy Ll 2 6 - 34 (sMT) 5 2 0

Pipistrellus
hesperus 28 8 - 6 (SM T) (L8)

Eptesicus

“fuscus 50  e= 2 == U8 (sMT) (4U8) 0 2

Lasiurus
cinereus o8 U 6 - 6 SM T L6 2 1

o
]

Lasionycteris _
noctivagans 20 L 6 2 6 SM T 30 20

Molossidae
Tadarida

“Prasiliensis 148 - 6 Lo -=  MT (5h)

Tadarida
femorosacca 48 - 8 L 36 (sMT) (58) 0 1

N
N

# M = medial centromere; SM = submedial centromereg ST = subterminal
centromereg T = terminal centromereg NF = fundamental number.



chromosomes is a small metacentric type with a submedial centromere
belonging to group B and the other a medium sized terminal chromosome

belonging to group C.

Macrotus waterhousilz Subfamily Phyllostominae

Three specimens, one male and two fewales were studiedy the
species' diploid number was determined to be 40O. Five morphological
groups can be easily separated in the karyotype (Plate 2, Appendix 4).

Group A includes eight pairs of large to medium sigzed meta-
centric chromosoﬁesa Pair L is the onlylchromosome in the karyotype
with a medial centromere.

Group B includes one small pair of submedial chromosomes.

Group C includes one characteristic pair of large subterminal
chromosones.

Group D includes five medium.sized terminal chromosomes.

Group E includes three pairs of small to very small terminal
chromosones.

The X-chromosome wasg determined to be a small submédian chromo-
some belonging to group B. The Y-chromosome, not shown in the female '

karyotyps, is a terminal chromosowme.

Choeronycteris mexicanuss Subfamily Glossophaginae

One female specimen was examined from which the species diploid
number of 16 was determined. The karyotype (Plate 3, Appendix 4) is
easily divisible into four groups.

Group A consists of two large pairs of chromosomes; pair 1

includes two large subterminal chromosomes and pair 2 includes two



10

large submedial chrowosomes.

Group B consists of two pairs of wedium size chrbmosomes; one
- gubterminal pair and one submedial pair. |

Group C consists of two small pairs of medial chromosomes.

Group D consists of two pairs of terminal chromogomes; one
large pair and one smaller psir.

Since only one female was examined the sex:-chromosomes could

not be determined.

Leptonycteris nivalis: Subfamily Glossophaginae

Three fewale specimens were examﬁ.ﬁed and a diploid number of 32
was determined for the species. The karyotype (Plate li, Appendix 4)
consisté of all metacentric chromosomes and is divisible into two
groups based on size.

Group 4 includes five pairs of large metacentric chromosomes
with elther medial or submedial centromeres.

Group B includes the remaining eleveh pairs of metacentric’
chromosomes which range from medium to small in size.

Sex chromosomes could not be delermined because only females
were examined, |

Species Examined in the Family
Vespertilionidae

Myotis thysanodes:

Three individuals were examined, two males and one female. A
diploid number of lly was determined for the species. The karyogram

(Plate 5, Appendix A) shows three morphological groups that are easily
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discernable in the karyotype.

Group A is composed of three large pairs of metacentric chromo-
somes with either submedial or medial centromeres.

Group B contains & single pair of small metacentric chromosomes
with medial centromeres.

Group C includes seventeen pairs of medium to small sized term-
inal chromosomes.

The submedial X-chromosome 1is smalier in size than the chromo-
somes of group A and larger than the chromosomes in group B. The Y-
chromosome is the smallest metacentric chromosome in the karyotype and

has a medial centromere.

Myotis volanss

Two dndividuals of this species were examined, one male and one
female. A diploid number of L) was determined for the species. As

found in Myotis thysanodes, the autosomal complement could be easily

divided into three morphological groups as shown in the spécies“ karyb»‘
gram (Plate 6, Appendii A). -

Gréup 4 includes three pairs of large metacentric chromosomes
with either medial or submedial centromeres.

Group B contains a single paiﬁ1o£ $ﬁa11 metacentric chromosomesl;
with mediél centromeres. .

Group C includes seventeen pairs=0f‘i&rge to sma;lvterminal
chromosomes. |

The X-chromosome is é'mediumfsiiéd netacentric type with o
medj.al eéntromere and is easily recognized in the karyotype because of

its characteristic size, smaller than those of group A and larger than
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“those of group B. In contrast, the ¥-chromoscme is a small terminal

chromosome of group C.

Myotis fortidens:

The karyotypes of all three Myotis studied are morphologically

indistinguishable from each other. The karyogram of Myotis fortidens

(Plate 7, Appendix A) shows chromosomes slightly larger than those of
the other two species of Myotis but this difference is due t@ the ﬁse
of an earlier stage in mitotic division.

The diploid number is Lk and the karyotype is divided into
three groups.

Group: A consists of three pairs of metacentric chromosomes with
the largest, pairs 1 and 2, having submedial centromeres and the small-
est, pair 3, having medial cenﬁromereso
| Group B is composed of a single small pair of submedial chromo-
somes . |

Group C inclﬁdes seventeen pairs of terminal chromosomesq

Since no female specimens were examined the X- and ¥Y=chromosomes
were arbitrarily assigned based oh the findings of other species. The
X-chromosome is a medium sized metacentric type with a slightly sub=. .-
medial cen’cfbmere and is easily distinguished; because of size, from

. i s .
o
the remaining chromosomes. The T-chromosome is a small terminal type

Pizonyx vivesi:

Two male gpecimens were examined and the species diploid
number was determined to be Ll. The karyotlyps (identical to the Myotis

keryotype) was divided into three groups, (Plate 8, Appendix A).
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Group A includes three large pairs of metacentric chromosomes
with either medial or submedial centromeres. All three pairs are of
approximately the same size.

Group B includes a single small palr of submedial chromosomes.

Group C consists of seventeen pairs of terminal chromosomes
varying from the largest (pair number 5) to the smallest (pair number
21).

The sex chromosomes are recognizable morphologically but could
not be designated as X or T since no females have yet been examined
cytologically. If, however, it is assumed that the same pattern is
. followed‘as was found for the genus Myotis, from which they can not be
karyologically distinguiéhed, we can arbitrarily designate the medium
gized wmetacentric sex chromosome as X and the smaller morphologically

undefined chromosome as Y.

Pipistrellus hesperus:

One female specimen was examined fromufhis species and a
diploid number of 28 was determined. Tﬁe species kar&otype (Plate 9;'
Appendix A) was divided into four-morphological groups. |
Group A includes two large pairs of metacentric chromosomesg
pair 1 has medial centromeres and pair 2 has submedial centromeres.
Group B contains eight medium sized-péirs of metacentric chromo-
somes with either medial or submedial centromeres. There is & slight - -
decrease in size from pair 3 to pair~10n. |
Group C includes a single small pair of wedial chromosomes.
Group D includes three pairs of terminal chromosomes that

exhibit @ slight decrease in size.



Sex chromosomes could not be determined since only females

were examined,

Eptesicus fuscuss

Two females were examined. The species diploid number was
determined to be 50. The karyolype of the species (Plate 10, Appendix
A) could only be divided into two morphological groups.

Group A consists of one large pair of medial chromosomes which
represents the only metacentric type found in the karyotype.

Group B is composed of the remaining twenty-four pairs of
terminal chromosomes. There is a gradual decrease in size of the
chromosome pairs without showing any breaks for further subdivision of
the group.

Sex chromosomes could not be distinguished since only females

were investigated.

Lasiurus cinereus:

Results obtained from two specimens, one male and one female,
show a diploid number of 28 for the species. The representative karyo-
type is illustrated (Plate 11, Appendix A) showing the three morpho-
logical groupings into which the autosomal complement is divided.

Group A includes six large pairs of metacenbric chromosomes
with medial or submedial centromereéa All pairs are of the same rela-
tive size with the exception of pair number 6 which is slightly smaller.

Group B inecludes four small pairs of metacentric chromosomes
with medial or submedial centromeres.

~ Group C includes three pairs of terminal chromosomes.
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The X-chromosome, as illustrated in the karyogram, is a large
metacentric with a submedial centromere and could be included in group
A based on size and morphology. The Y-chromosome, not shoun in the

female karyogram, was determined to be a small terminal chromosome.

Lasilonycteris noctivagans:

Two individusls, both males, were studied and the species
diploid number was found to be 20. The karyotype (Plate 12, Appendix A)
was divided in four autosomal groups.

Group A consists of two.large pairs of submedial chromosomes
which can bé distinguished from each other by the more distal location
of the centromeres in pair 1 and the more medial location of the centro-
meres in pair 2.

Group B includes three pairs of medium sized metacentric chromo=
somes which can be individually identified by the location of the
centromeres. Pair 3 is subterminal; pair 5} is medial and pair 5 is sube-
medial.

Group C consists of an extremely small pair of medial chromo-
somes.

Group D cpntains three small pairs of terminal chromosomes. - :

Sex chromesomeg of this species are determined mcrphologioally
but at this time cennot be designated X and Y since no females were
examined., One is a medium sized submedial chromosome and is easily
identified due to its uniqﬁe size, smaller- than the chrémosomes in group
B and larger than those of group C. The other sex chromosome appears . .
as a stained "sgpot® and is assumed to be a terminal chromosome repre- . .

senting the smallest member of group D.
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pecies Examlned in the Family
MO10831dae

Tadarida brasiiiensiss

Two spec1mens, one male and one female, have determined the
species diploid number to be L8, The karyotype (Plate 13, Appendix A) :
can be separated intQ thrée groups according to size.

Group 4 consists of a single large pair of submedian chromo-
somes .

Groﬁp B includes three medium sized pairs of submedial chromo~.
gomes.

Group C includes nineteen pairs of acrocentric autosomes with
subterminal centromeres. A

The Y-chromosome, not shown in the representative female karyb»
type, is é medium sized subiterminal acrocentric type. The X-chromo-

" some as shown-in‘the karyogram is a medium sized metacentric chromosome

with a submedial centromere.

- Tadarida femorosaccas

" The karyotype of this species (flate 1li, Appendix A) was deter-
mined from & single female individual. The species diploid number is
48, The karyntype is divided into fouf morphological groups which
easily distinguishes it from the karyotype of the related species,

Tadarida brasiliensis.

‘Group A is composed of a single large pair of submedial chromo-
somes.,
Group B consists of four medium sized pairs of chromosomes with

eqh submedial and subterminal centromeres.



Group C is composéd of a single pair of small subterminal
chromosgomes.

Group D consists of eighteen pairs of terminal chromosomes.

Since only a female specimen was examined, the sex chromosomes

of this species could not be determined.
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Discussion
Mechanisms of Chromosomal Evolution
Affecting the Karyotype

The various mechanisms of karyotype evolution were discussed
extensively by White (1945) and Swanson (1957). In this study, we were
only concerned with those relevant to the changes in chromosome numbers
and/or affecting the karyotype.

A. TFusion and Fragmentation (Robertsonian Variation). Robert-
son (1916), in his studies on insects, first suggested the phenomenon
of fusion. He suggested that the metacentric chromosomes may have
arisen by the apical fusion of two acrocentric chromosomes or according
to the formulas V=1 + 1, This implies that the reverse process, frag-
mentation or fission, is also possible but further investigations have
shown little supporting evidence in mammals.

Matthey (1945, 1949) has shown that centric fusion accounted
for a lavge part of the visible chromosome changes between different
karyotypes of allied species of lacertllian lizards. In his work he

coined the term nombre fondamental (N.F,) or fundamental number for the

total number of chromosomal arms in a complement,

B. MNon-Robertsonian Variation, In this group are &ll other
mechanisms affecting the structural changes of chromosomes including
the various types of translocations, inversions, and deletion-duplica-
tion factors. In this study, only pericenitric inversions, ones which

could transform one metacentric chromosome into an acrocentric

18
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chromoéoma or vice-versa, wouid cause g ﬁeticeable affect in the species
karyétypeu

C. Polyploidy and polysdmy_éfeinot thought to have played a
significant role in mammalian chromosémél evolufion and no evidence for>¢

either case has been found in the evolution of the Chiroptera.
Interpreting Data Derived From Karyotypes

Before interpreting the accumulaﬁive,data'in Table 2, a brief_;
discussion concerning the reliability of fundamental numbers is necessafy;

The nombre fondamental can be determinéd in. two wayss (1) by counting -

all arms in the complement including the sex chromosomes as Povey has -
done in his studys or (2) by counting-ohly the chromosomal arms of the
autosomes, excluding the sex chromosomes, és Matthey later defined the
term, o | |

Another difficulty in de’cermining.-thegNoF0 is-often encountered -
in the study of wmammalian chromosomes when:subterminal chromosomes are. -
involved. In some karyotypes, the complement includes chromosomes with
extremely small arms which are difficult to detect by the present tech-
niques. Therefore, the establishment of N.F. becomes a very delicate
task and the value can be determined only in an approximate and often -
arbitrary manner.

In the present study the fundamental number has been determined
according to the system proposed by Matthey in which all autosomal
chromosome arms are counted. In cases where only female specimens were ..
examined, two was subtracted from the total number in the assumption-

that the Y-chromosomes were terminals. With only one exception, where.
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all chromosomes of the complement were of the metaceniric type, all
determined Y;chromosames'were terminal chromosomes.

In interpréting the ranges of diploid and funda@ental numbers
in Table 2, it was assumed that all Robertsonian variation (fusion)
reduces the total number Qf chromosomes without changing the total
pumber of arms. This is to say, if all species in a family underwent

only Robertsonian variation we would expect to find a wide range in

diploid numbers but the fundamenital number of each species wou1d remaié:%‘~

equal and unchanged. If any other structural change played a role in—
ﬁhe chfemosomsl evolution of the group, we would expect to find either -
g decreise of increase in the.fundamentalrnumbere For example, if a'__p
Ametacehtric chromosome wWas formed by a-pericentric inversion instead of
by the céntric fugion of two rods, there would be an- increase of two . -
arms in the karyotype without altering- the diploid number. This can

obviously work in the reverse manner and- create one rod shaped chromo=-

some from a former metacentric type thereby decreasing the N.F. by two. -~ .. .-

in the karyotype. - In either case, the N.F. is changed by two.

‘Therefore, changes in the N.F. can only be created by non-
Robertsonian variation but, on the other hand; it is possible for noun-
Robertspﬁian variation to counteract :‘i'ts.elff'and"not change the N.F. in-
the resultant karjntype, j.0. onO peﬁicenﬁricfinversion creating a
metacentfic chrombscme and one creating a tex'minall’cypec

Assuming that both Robertsonian and non-Robertsonian variations -
have played a role in the karyoiype évolu@ian?;me.can eXpress numere - - .-
ically the degree io which each has been:invé&ved based on the range of -

N.F, within the £amily and the range of the diploid numbers. If the



Table 2. Summary of chromosome numbers and ;undamental numbers in

Chiroptera
Species 2n Mu Ac NF luvestigator
Megachirptera
Pteropodidae
Pteropus dasymallus inopinatus 38 ? 72 Makino *48
Microchiroptera
Nycteridae
Nycteris sp. L2 2 79 Bovey L9
Rhinolophidae
Rhinolophus euryale 58 2 62 Bovey 49
Rhinolophus ferrum-equinum .58 2 62 Bovey ‘L9
Rhinclophus ferrum-equinum 58 ¢ ? Makino '48
Rhinolophus hipposideros s ? 60 Bovey ‘L9
Fhyllostomatidae '
Chilonycterinae ,
Pteronotus davyi 38 22 56 Osborne 65
Phyllostominae
Macrotus waterhousii Lo 20 60 Osborne '65
Glecssophaginae
Leptonycteris nivalis 32 30 60 ‘Osborne f65
Choeronycteris mexicanus 16 12 L (26) Osborne 165
Vespertilionidae
Myotis myotis W 2 sk Bovey '49
Myotis mystacinus L 2 52-5L4  Bovey 'L9
Myotis emarginatus Ly 2 52 Bovey ‘L9
Myotis thysanodes L 8 50 Osborne 165
Myotis volans Ly 8 50 Osborne '65
Myotis fortidens Ly 8 50 Osborne 65
Myotis daubentoni 42 5l Bovey ‘L9
Pizonyx vivesi nn 50 Osborne 165
Pipistrellus pipistrellus b2 2 (51) Bovey ‘L9
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Table 2. Summary of chromosome numbers and fundamental numbers in
A Chiroptera. (continued)
Species 2n Mt Ac NF Investigator

Pipistrellug hesperus

Pipistrellus nathusii

Plecotus auritus

Rarbastella barbastellus

Eptesicus fuscus

Miniopterus schreibersii

Lasivrus cinerius

Lasionycteris noctivagans

Molossidaé
Tadarida brasilienses

Tadarida brasilienses

Tadarida femorosacca

28
Ll
32
32
50
L6
28
20

148
18
L8

22 6 (L8)
? 7 2

? 2 5k
? 7 5k
2 L8 (L8)
? 7 52
20 6 46
10 8 30

? ? ?
6 Lo (5h)
12 36 (58)

Osborne '65
Bovey ‘49
Bovey 'L9
Bovey '49
Osborne '65
Bovey L9
Osborne 165

Osborne '65

Painter 725
Osborne 165

Osborne 65

Wote: Nt = metacentric Chromosomes;

NF = fundamental number

Ac = acrocentric chromosomes;
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range of N.F, is zero then Robertsonian variation has contributed 100
percent, on the other hand if the range of N.F. is equal to the range
of diploid numbers then each type of variation has contributed exactly
50 percent. By interpolating the proportional degree of variations in
N.F. we can obtain the approximate percentage of Roberisconian variation
{fusion and/or fragmentation) and of non-Robertsonien variation.
Evolutionary Trends and Relatiounships
Within the Family Véspartilionidae
Looking at the family Vespertillonldae as a wholeg one can only'
conelude that it represents a very heberogeneous group. The dlplOld B

numbers of the seventeen species studi ed vary from the lowest count of

20 in lasionycteris noctlvagans to the hlghest count of 50 in Egt851cus o

fuscus, giving a diploid range of 30 for the family. By using the IN.F,
ag a criterion for analﬁsis, a range of 26 is observed. In either cese,
the data indicate a very diverse group; af 1easf karyotypically.

If one separates the family into two parts, one part including

all the species except Lasionycterls noctivagans and the second part

including only L. hoctivagans, one arrives at a very different conclu-
sion. We can justify this separation of 1. noctivagans. First, ana-
tomlcal and morphological studies by Winge (1941) indicate that the

genus Lasionycteris is a very divergent-membef-of the familylvespertilu

ionidae and secondly, the cytological évidence;presented here indicates - - -

that the genus occupies an isolated position -at least karyotypically. . .. :. -

from the rema2ining genera studied.
By analysing the cytological‘data-as previously described, the. .- .
results in Table 3 were obtained.
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Table ITI. Evolutionary trends in the famlly Vespertllionldae
based on diploid and fundamental numbers.

Family 3
Vespertilionidae 2n N.F. % R.V. Non-R,V,
Group 1 20=50 30-54 L7 55.3
{range 30) (range 24)
Group 2 28-50 Li6=51 81.8 18,2

(range 22) (range 8)

Note: 2h:= diplold numbers N.F. = fundamental number; R.V. =
percent of Robertsonian variation; Non-R.V. = percent of
non-Robertsonian variation. Group 1, includes all the
studied vespertilionid speciesy Group 2, includes all the
studied vespertilionid species except for L. noctivagans.

The cytological evidence indicates that Robertsonian variation

has played the major role in the evolution of the wvespertilionid bats

with the exception of the singlé genus Lasionycteris. The latter
appears to be karyoﬁypiéally divergent and occupies a position isolated
from the remaining genera in the family.

Further evidence of this hypothesis can be shown in the genus

Pipistrellus. Bovey's study of Pipistrellus pipistrellus shows that

the karyotype of the species includes nine metacentrie chromosomes and
thirty-three rod shaped chromosomes for a diploid number of héo Since
his study involved the male sex, we can subiract one X-metacentric and -
one Yuaeroéentric chromosome from the total and have remaining eight
me%écentric and thirty-two acrocentric chromosomes for the species auto-

somal karyotype. Pipistrellus hesperus, a New World representative of

this genus, bas an autosomal karyotype consisting of twenty-two meta-
centric and four acrocentric chromosomes (see Table Li). By the mechan-

ism of centric fusion we can couvert twenty-eight acrocentric
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chromosomes to fourteen metacentric chromosomes in P. pipistrellus and

theoretically evolve P.' hesperus which has a 2n number of 28, (twenty-

two metacentric and four acrocentric chromosomes).

Table IV. Chromosome counts in the genus Pipistrellus.

Speciles 2n Met.,  Acr.

P. pipistrellus L2 8 32
'P. hesperus 28 22 N

Note: Met. = metacentric chromosomes
Aer. = acrocentric chromosomes

Cytoiogidai Evidence Suggests the Taxonomic
- Revislon of Pizonyx vivesi

Miiier'(l906) changed the generic name of Myotis vivesi to its

present taxonomic status Pizonyx vivesi., This change in generic status

was based>on the following facts: 1. the size of the foot relative to
the tibia exceeded that of any of the large-footed species of Myotis
and the extreme compression of the claws was unlike any mewmber in the
related genusj 2. a glandular mass is present near the middle of the
forearm and is not found in any other closely related species. All
other characters fall within the Myotis range. - The cytolbgical data

- presented here indicates that the change by‘Millef in the genéric

status of Myotis vivesi was not valid and that Pizonyx vivesi should be

put back with the genus Myotis as first described by Menegaux (1901).

As shown in the karyograms of the three species of Myotis, M. thysas

nodes, §°>volans and M. fdrtidens, and the karyogram of Pizonyx vivesi,
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these four individuals have identical karyotypes and cytologically
are inseparable. Each species has a diploid number of Ll and ident-
dical chromosomal complement$ composed of two median, six submedieh,
and thirty-four terminal chromosomes. The size relationships between
thevfour chromosome complements appear approximately equal when the

- karyotypes from the same mitotic stages are compared.

Evolutionary Trends and Relationships
Within the Family Molossidae
Only two spécies of the.genus Tadarida were studied, both sh0w='
in a diploid number of L8, However, both karyotypes show morph-
clogical differences which can easily be used for species identifi-

cation. Tadarida brasiliensis shows a unique karyotype consisting

of eight subwedial, thirty-eight suﬁterminal and no terminal chromo-
somes. The subterminal chromosomes all have extremely small second
arms which maskes the concept of N.F. difficult to apply. If all of
the arms ﬁere to be'countéd9 fhe.resultant N.F, would equal 92 as co@e
pared to the N.F, of T. femorosacca, (58). By not counting the sub-
terminal arms, an N.F. of 5l is obtained and is more closely related
to that found in T, femorosacca which has only four subterminal chromo-
somes. This striking difference may simply be due to the technigue
used in preparing the chromosome métarial or might be explained by

a series of pericentric in%ersionsa In either case further study on
the cytology of the molossids is needed for a better understanding of

the mechanisms involved in their evolution.
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Evolutionary Trends and Relationships
Within the Family Phyllostomatidae

Within the family Phyllostomatidae, Choeronycteris mexicanus

exhibits a unique karyotype with a diploid number of 16. This repre-

gents the lowest diploid number that has thus far been determined in

the order Chiroptera. Leptonycteris nivalis, the only other speciés
gtudied belonging to the same subfamily, Glossophaginae, has a diploid

number of 32 aﬁd_the entire complement is composed of metacentric

chromosomes., The karyotype of Choeronycteris mexicanus is composed of
six pairs of metacentric, two pairs of subterminal, and two pairs of:

terminal chrdmostéso Pteronotus davyl and Macrotus waterhousili, the . .

two remaining'phyllostgmatids studied, eéch*representing separate sub«"
families, show diploid numbers of 38 and L0 respectively. From this

data, we can only assﬁme'that Choeronycteris mexicanus represents a

karyoty@ically divergent form in the family. Phyllostomatidae while
maintaining similar morphological characteristics. The other cyto-
logical exélanatian is that this species represents a different

_ evolu‘bignary lineage and sﬁows e'xﬁreme morphological convergence in
- adaptation and behavior mechanisms.

By aspuming that Choeronycteris mexicanus is a divergent form

and represents an isolated position'in the évolution of the phyllosto-
matids, We ©an Speéulate as to the mechanism involved in the evolution
of the remaining phyllostomatids by‘examining“the karyotypes of the

other three species studied. This will give us the result in Table 5 -
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which indicates that Robertsonian variation has played the major role

in the evolution of the phyilostomatids:and that Choeronycteris

mexicanus probably represents an isolated position within their evolu-
tion.
On the other hand, if we do not accept the theory that Chosre-

nycteris mexicanus represents a divergent form then the results are

reversed and non-Robertsonisn variation has played the major evolution-

ary role.

Table V. Evolutionary trends in the family Phyllostomatidae
based on diploid and fundamental numbers.

Family o

o
Phyllostomatidae 2n : N.F, % R.V. Non=-R,V.
Group 1 16-40 26-60  29.3 7047
(range 2L) (range 3L)
Group 2 32=h0 56-60 75.0 25.0

(range 8) (range L)

Notes Croup 1, includes all the studied phyllostomatid speciess
Group 2, excludes Choeronycteris mexicanus.




Summary and Conclugions

Tmproved cytological techniéues have been used in a study of
féurteen species of the order Chiroptera representing the families:
Phyllostomatidae, Vespertilionidae, and Molossidae. Diploid numbers,
fundamental numbers, and chromosome morphology have been determined for
each species and corresponding karybgraﬁs have been illustrated.

The results from this study have brobﬁded the basis for the
following conclusions: R

1. Cytological information has in most cases agreed with and
further substantiated previous work in the taxomony and phylogeny of
Chiroptera,

2. Karyotype differences can be seen in all specles examined
with the exception of two genera, Myotls and Pizonyx.

3. The three species of Myotis: M. thysanodes, M. volans, and

M. fortidens have similar karyotypes and: can not be distinguished from
each other.

i, Cytological evidence suggests that Pizonyx vivesi should

be Myotls vivesi.

5. Centric fusion has played the major role in the evolution
of Chiroptera.
6, Centric fusion can be demonstrated thecretically as the

mechanism for the evolution of the New World Pipistrellus hesperus from.

the 01d World Pipistrellus pipistrellus.

2



7. Lasionycteris noctivagans represents a divergent genus
occupying an isolated position in the phylogeny of the family Vesper-
tilionidae. |

8. Choeronycteris mexicanus shows eXtreme karyotypic diver-

gence in the family Phyllostomatidas,

30



Appendix A
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1. Representative male karyotype of Pteronotus davyi
(24,000X)
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Plate 2. Representative female karyotype of Macrotus waterhousii
(2k,000X)
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Plate 3. Representative female karyotype of Choeronycteris
tnexicanus (2li,000X)
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Representative female karyotype of Leptonycteris
nivalis (2Kk,000%)
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Plate 5. Representative male karyotype of Myotis thysanodes

(24,000%)
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Plate 6. Representative male karyotype of Myotis volans
(2k,000X)
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Plate 7. Representative male karyotype of I"Iyotis fortidens
(21] ,000X)
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Plate 8. Representative male karyotype of Pizonyx vivesi
(2U,000X)
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Plate 9. Representative female karyotype of Pipistrellus

hesperus (2%,000X)
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Plate 10. Representative female karyotype of Eptesicus fuscus
(2ti,000X)
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Plate 11. Representative female karyotype of Laslums cinereus
(2i3,000X)
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12. Representative male karyotype of Lasionycteris
noctivagans (214,000X)
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13. Representative female karyotype of Tadarida
brasiliensis (2U,000X)



1
B VY SevV¥|»#V

C V «

» 0V Vu VO VII

OV vu vv vy
VV V.V @ V'V




Appendix B

Figure 1. Pteronotus davyi: Photomicrograph of represen-
tative chromosome spread (9,600X)



Figure 2. Macrotus waterhousii: Photomicrograph of repre-
sentative chromosome spread (9>600X)

Figure 3¢« Choeronycteris mexicanus: Photomicrograph of
representative chromosome spread (9,600X)



Figure k» Leptonycteris nivalis: Photomicrograph of repre-
sentative chromosome spread (9,600X)

Figure 5 Myotis thysanodes: Photomicrograph of repre-
sentative chromosome spread (9,600X)



Figure 6. Myotis volans: Photomicrograph of representative
chromosome spread (9>600X)

Figure 7. Myotis fortidens: Photomicrograph of represen-
tative chromosome spread (9>600X)



Figure 8. Pizonyx vivesi: Photomicrograph of representative
chromosome spread (9>600X)

Figure 9. Pipistrellus hesperus: Photomicrograph of repre-
sentative chromosome spread (9>600X)



Figure 10.

Eptesicus fuscus: Photomicrograph of represen-
tative chromosome spread (9,600X)
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Figure 11. Lasiurus cinereus: Photomicrograph of repre-
sentative chromosome spread (9,600X)

Figure 12. Lasionycteris noctivagans: Photomicrograph of
representative chromosome spread (9>600X)



Figure 13.

Figure lit.

Tadarida brasiliensis: Photomicrograph of repre-
sentative chromosome spread (9>600X)

Tadarida femorosacca: Photomicrograph of repre
sentative chromosome spread (9>600X)
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Appeudix C

Pteronotus davyi: Two specimeng examined; (251), Cueve de la

Tigre, Sonora, Mexice; UA 13420, Minos Armelillo, Sonora, Mexico.

Macrotus waterhousiis Three gpecimens examineds UA 13412,

UA 13415, UA 13L16, Cueve de la Tigre, Sonora, Mexico.

Choeronycteris mexicanus: One specimen examinedy UA 11530,

Madera Canyon, Pima Co., Arizona.

Leptonycteris nivaliss Three specimens examinedg UA 13421,
Minos Armolillo, Sonora, Mexicog (57), {58), Colossal Cave, Pima Co.,
Arizona.

Myotis thysanodes: Three specimens examineds UA 11536, UA 11537, -

(225), Madgra Canyon, Pima Co., Arizona.

Myotis volans: Two specimens examireds UA 11519, UA 11522,

Santa Catalina Mts., Pima Co., Arigzona.

Myotis fortidens: One specimen examinedsy UA 11538, Colima,

MExicbo

Pizonyx vivesl: Two specimens examinedy UA 13425, UA 13426,
San Carlos Bay, Sonora, Mexico. '

Pipistrellus hesperuss One specimen examined; UA 13422, Mineos

Armolillo, Sonora, Mexico.

Eptesicus fuscuss Two specimens examined; UA 1342k, Pima Co.,

Arigonag (16l1), Tucson, Pima Co., Arizona.

Lasiurus cinereus: Two specimens examineds UA 11517, UA 11520,-

Santa Catalina Mts., Pims Co., Arizona.

53
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Lasionycteris noctivagans: Two specimens examineds UA 11518,

UA 13423, Sante Catalina Mts., Pima Co., Arizona.

Tadarida bragiliensis: Two specimens examined; UA 13418, (252),
Cueve de la Tigre, Sonora, Mexico.

Tadarida femorosaccas One specimen examineds UA 13419, Minos

Armolillo, Sonora, Mexico.
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