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I nt r o du c t i o n  

It is a c onsiderable t ime aga relat ive th at att ent ion was drawn t o  th e f act th at 
kar yot ypes of VespertiIionidae r epr esentat ives differ in r espect of th e number of 
chr omosomes, wh er eas th e number of arms of autosomes in th e major it y  of 
Vespertilionidae spec ies is th e same (NFa = 50) (cf .  review in CAPANNA and CIVI
TELL! 1970) .  Th er e is thu s no dou bt th at th e basis f or differ ent iat ion of th e ch romo
some f ormu la in Vespertilionidae c onsist ed of c ent ric fu sions. Convent ionally 
st ained ch romosomes made it impossible t o  c onelu de wh ich of th e ch romosomes 
(or arms of chromosomes) are h omologou s  with each oth er . It was not u nt il th e 

t ech niqu e  of different ial st aining of chr omosomes was applied (ch ief ly th e G-band
ing t echniqu e) th at it bec ame possible t o  ident if y  accu rat ely th e different arms 
of chromosomes. BICKHAM (1979 a, b) intr oduc ed model nomenelatur e f or chr omo
some arms in variou s  North Americ an spec ies of Vespertilionidae, and th is 
nomenelatur e h as been succ essfu Uy applied in stu dies on Eur opean spec ies (ZIMA 
1982, FEDYK and RUPRECHT 1983 a, b) . It was fou nd th at differ ent arms of ch romo
somes in Palaearctic and Nearct ic spec ies h ave th e same banding patt erns. 

Up to th e present t ime desc ript ions h ave been given, on th e basis of c onven
t ionally st ained preparat ions, of ch romosomes in th ree spec ies of th e genu s  
Vespertilio. Th e chromosomes of V. murinus h ave been desc ribed by VORONTSOV 
et al. (1969) and ZIMA (1978) .  Th e kar yot ype of V. orientalis was desc ribed by 
OBARA and SAITOH (1977), ANDO et al. (1977) and TSUCHIYA (1979) .  Th e ch romo
somes of V. superans ar e known fr om th e descr ipt ions of VORONTSOV et al. (1969), 
ANDO et al. (1977) and ANDO et al .  (1980) .  An ident ic al chr omosome f ormu la was 
f ou nd in all thr ee spec ies : 2N = 38 ; NFa = 50. 

OBARA and SAITOH (1977) and ANDO et al. (1980) also different ially st ained th e 
chromosomes of V. orientaIis and V. superans. Th ey u sed th e C-banding t ech niqu e, 
wh ich does not pr oduc e suf fic ient ly accur at e  different iat ion of th e different chro
mosome arms. In th e present paper th e G-banding t echniqu e  h as been u sed f or 
th e fir st t ime in different ial st aining of th e ch romosomes of Vespertilio murinus. 

M at e r i a l  a n d  m et h o d s  

Seven male V. murinus, c aught du r ing th e year s  1968-1976 at Bialowieza 
(Bialyst ok Pr ovinc e) - 52°42' N, 23°51' E - wer e  used f or th e stu dies. Th e chromo
somes obt ained f rom th ese individu als wer e  c onvent ionally st ained with lact o
ac et o-orc eine. One male V. murinus was c aught on Au gu st 10, 1 983 at Kowal 
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(Wloclawek Province) - 52°32' N, 1 9°09' E. The chromosome preparations oE this 
individual were stained by the G-banding method. Thirty minutes beEore anaes
thetizing, the anima! was given an intraperitoneal injection of the Colchineos 
preparation in amounts oE 0.002 mg per 1 gram oE body weight. Preparations were 
made from thc spleen and bone man"mv, using a lS-minute hypotonie shock in 
0.075 M oE KCI solution at room temperature. Thc cells oE the spleen and marrow 
were fixed in Carnoy's fluid (1 : 3 glacial acetic acid and ethanol). The preparations 
were made by thc air-drying mcthod. The chromosomes werc conventionally 
stained with lacto-aceto-orceinc, while G-bands were obtained after digesting 
with trypsin and staining with a buffered Giemsa solution. 

R e s u l t s  

38 chromosomes were found in all thc males examined, i. c. 6 pairs of large 
hvo-armed autosomes with centromercs localizcd in a median or submedian posi
tion, one pair oE small autosomes with submedial ccntromeres and 1 1  pairs of 
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Fig. 1.  Thc karyotypc of Vcspertilio murinus (0). 2N = 3.8 ;  NFa = 50 

Fig. 2. Banding pattern of Vespcrtilio mUl'inus chromosomes. The chromosomcs 

are numbcrcd aftcr BfCKHi\1\1 (1979 a) 
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single-armed aut osomes of gradually decreasing dimensions, among wh ich th e 
two smallest pairs of aut osomes mu st be considered as dot -like chr omosomes. 
Th e second smallest pair of single-armed aut osomes h as a dist inct secondary con
st rict ion. Ch romosome X is su bmet acent ric, slight ly larger th an th e longest single
armed aut osomes, wh ile ch romosome Y is a dot -like ch romosome (Fig. 1) . Th e 
number of arms of aut osomes in V. murinus is thu s NFa = 50. 

Th e individu al arms of th e ch romosomes were ident ified by comparing th e 
. banding patt erns obt ained with th e patt erns given by BICKHAM (1979 a, b) and th e 
model karyot ype of Eptesicus serotinus and Eu ropean Plecotus and Barbaste11a 
(FEDYK and RUPRECHT 1983 a, b) . Th e numerical nomenc1atu re of arms (1-25) int ro
du ced by BICKHAM (1979 b) was u sed. 

It was fou nd th at th e composit ion of arms on 7 two-armed aut osomes is as 
follows : no. 1 connect ed with no. 2, no. 3 connect ed with no. 4, no. 5 with no. 6, 
nO. 7 with no. 1 1 ,  no. 8 with no. 9, no. 13 with no. l0, no. 16 with no. 17. Th e re

maining eleven pairs of single-armed aut osomes h ave th e f ollowing numerat ion : 
12, 14, 15, 18, 19, 20, 21, 22, 23, 24, 25. Th e two-armed X chromosome also h as th e 
ch aract erist ic syst em of bands ident ical with th at observed in oth er species of 
Vespertilionidae (Fig. 2) . 

D i s cu s s i o n  

Th e ch romosome formu la of V. murinus fou nd in th e present stu dy (2N = 38 ; 
NFa = 50) is ident ical with th e formu la for th is species given from th e Ussu ri 
region (VORONTSOV et a1. 1969) .  ZIMA (1978), on th e oth er h and, gives NFa = 52 
for th e V. murinus popu lat ion from Czech oslovakia. Th e difference arises as th is 
auth or h as t reat ed one pair of dot aut osomes as two-armed ch romosomes .. Ident ical 
ch romosome formu lae (2N = 38 ; NFa = 50) were fou nd for two Asian species : 
VespertjJio orientalis (OBARA and SAITOH 1977, ANDO et a1. 1977, TSUCHIYA 1979) 
and in Vespertilio superans (VORONTSOV et a1. 1969, ANDO et al. 1 977, 1 980) .  Thu s  

th e genu s  Vespertilio is not different iat ed in respect of th e ch romosome formu la. 
C-banding cent romeric h et erochromat in examined on th e ch romosomes of 

V. orientalis (OBARA and SAITOH 1977) and V. superans (ANDO et a1. 1980) h as th e 
same syst em in both species. Th e pericent ric bands revealed allowed u s  t o  draw 
conc1u sions as t o  eliminat ion of cent romeric h et eroch romat in du ring fu sion pro
cesses of ch romosome arms. Th is meth od is, h owever, not appropriat e  f or dist in
gu ish ing th e different arms of ch romosomes, and consequ ent ly we h ave no direct 
proof th at th e oth er two species (V. superans and V. orientalis) h ave a combina

t ion of arms ident ical with th at of Vespertilio murinus. Neverth eless th is con
clu sion wou ld appear correct. It is most probable th at processes of specific diver
gence with in th e genu s  Vespertilio were not accompanied by divergence of th e 
karyotype. 

Th e karyot ype occu rring in cont emporary species of th e genu s  Eptesicus was 
t aken as th e ancest ral karyotype for Vespertilionidae, i. e. : 2N = 50 ; NFa = 48 
(FEDYK and RUPRECHT 1 983 a) . By means of cent ric fu sion and single pericent ric 
inversion th e karyot ype ch aract erist ic of th e majorit y  of species of th e genu s  
Myotis ar ose from th is karyot ype. As a resu lt of th ese aberrat ions 4 t wo-armed 
ch romosomes were f ormed : 1/2, 3/4, 5/6, 16/17 (2N = 44 ; NFa = 50) - BICKHAM 
(1979 b) . Th e same st age of evolut ion of th e karyot ype h as been att ained by 
several species of Pipistrellus (ZIMA 1982) and Nyctalus fUTlJUS (HARADA et a1. 
1982) . Th ese species also h ave each 44 chr omosomes, and among th e aut osomes 
fou r pairs of two-armed ch romosomes with arm combinat ions 1/2, 3/4, 5/6, 16/17. 



1 22 S. FEDYK et al. : Banded Chromosomes of Vespertilio murinus 

It h as been suggest ed th at all species in wh ich th e 1/2, 3/4, 5/6, 1 6/17 combinat ion 
of  arms was found, h ave passed th rough th e Myotis evolut ionary st age and are 
defined as Myotinj sensu lat o  (FEDYK and RUPRECHT 1983 b) . Th e genus Vespertilio 
h as also passed th rough th e Myotini s. 1. st age, dur ing a cert ain period th e ances
t ors of Vespertilio h ad a kar yot ype ident ical with cont empor ary species of Myotis 
(2N = 44 ; NFa = 50) .  Several radiat ions appeared at th is st age of evolut ion of 
Vespertilionidae ch romosomes. Th e ancestors of th e cont empor ar y species of th e 
genus Vespertilio exh ibit ed th ree furth er fusions, giving two-armed chr omosomes 
with th e arm combinat ions 7/11, 9/8 and 13/10, wh ich result ed in r eduction of 2N 
to 38. Fusion betweens 13  and 10 also t ook place in Nyctalus lasiopterus (2N = 42 ; 
NFa = 50) - HARADA et al. (1982) .  It is difficult t o  decide wh eth er th is aberr at ion 

t ook place independent ly in N. Iasiopterus and Vespertilio, or wh eth er th e wh ole 
genus VespertiJjo t ogeth er with N. lasiopterus and pr obably also N. noctula, 
passed thr ough th is evolut ionar y  st age of th e karyot ype. Th is second possibilit y  
suggest s  a elose r elat ionsh ip between Vespertilio and Nyctalus. 

Th e arm combinat ion 13/10 also occurs in Rhogeessa tumida f rom Honduras 
(2N = 34 ; NFa = 50), on th e oth er h and, in th e same species fr om Trinidad occur 

th e arm combinat ion 11/7 (2N = 30 ; NFa = 50) - BICKHAM and BAKER (1977) .  It 
must ,  h owever, be considered th at th ese two fusions in Rhogeessa tu mida t ook 
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Table 1. Chromosome arm composition of two-armed chro mosomes in some representatives of vespertilionid bats 

Species Arm composition References 

Eptesicus sp. - - BICKHAM (1979 a), FEDYK and 

RUPRECHT (1983 a) 

Miniopterus li2 5/6 BICKHAM and HAFNER (1978) 
schreibersi 

Nycticeius 3/4 (inv) 8/7 BICKHAM (1979 a) 

humeralis 

Myotis 1 /2 3/4 5/6 1 6/17 BICKHAM (1979 b) 
(11 species) 

Pipis tre IIus 1/2 3/4 5/6 1 6/ 17  ZrMA (1982) 
(3 species) 

Nyctalus 1 /2 3/4 5/6 1 6/ 17  HARADA et a 1 .  (1982) 
furDus 

Nyctalus 1/2 3/4 5/6 1 6/17 1 3/1 0 IiARADA et a1. (1982) 
Iasiopterus 

Lasiurus 1/2 3/4 5/6 1 6/1 7 1 1/10 14/7 1 3/8 1 2/9 1 9/ 18  20/ 15  25/22 21/16-17 acro BrCKHAM (1979 a) 

(5 species) 
--

VespertiJio 1/2 3/4 5/6 1 6/ 17  1 3/10 7/1 1 9/8 this paper 

murinus 

BarbasteIJa 1 /2 3/4 5/6 1 6/ 17  12/10 1 3/9 1 5/1 1 22/8 19714 21/7 BrcKHAM (1979 a), 

Plecotus (Plecotus) FEDYK and RUPRECHT (1983 b) 
P. (Corynorhinus) 

Plecotus 1/2 3/4 5/6 1 6/ 17  12/10 1 3/9 1 5/1 1 22/8 1 9/14 21/20 23/ 18  BICKHAM (1979 a) 

(I dionycteris) 

Rhogeessa 1 6/ 17  7/1 1 1 5/2 10/4 1 3/8 5/1 14/19 23/3 22/12 20/8 21/9 BICKHAM and BAKER (1977) 
tumida (Honduras) 

"---

(Trinidad) 1 6/ 1 7  1 3/10 15/4 1 1/ 1  14/19 23/3 22/ 12  20/8 21/9 BrCKHAM and BAKER (1977) - -
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place independent ly of VespertiIio, since th e genu s  Rhogeessa f orms an indepen
dent Hne in r espect of chr omosomes, did not pass thr ou gh th e Myotini st age and 
h as only one chr omosome (16/17) t ypical of Myotis. 

Th e th ir d  r adiat ion is f ormed by Plecotini (gener a  Barbastella and Plecotus with 
th e su bgener a  I dionycteris, Corynorhinus and Plecotus) . In th ese f orms two
armed chr omosomes occu r :  1/2, 3/4, 5/6, 16/17 and 5 pair s  common t o  th e wh ole of 
Plecotini (12/10, 23/9, 15/11 ,  22/8 and 19/14) .  Furth er kar yological diver gence 
with in Plecotini consist s  of th e f ormat ion of a two-armed chr omosome 21/7 in 
Barbastella and th e su bgener a  Corynorhinus and Plecotus, wh ile in Idionycteris 
t wo fu sions appear ed, giving chromosomes 21/20 and 23/18 (BICKHAM 1979 a, 
FEDYK and RUPRECHT 1983 b). As th e combinat ion of arms 7/11 ,  9/8 and 13/10 
(typical of Vespertilio) does not occur in r epr esent at ives of Plecotini it mu st be 
consider ed th at th e r adiat ion in Vespertilio was complet ely independent of PIe co
Uni (Fig. 3, Table 1). 

It mu st be r emember ed th at cert ain species r epr esent ,  from th e kar yological 
aspect ,  a st age int ermediat e  between Eptesicus and Myotis (cf. Table 1), e. g. 
Miniopterus schreibersi (2N = 46 ; NFa = 50) h as only t wo pair s  of two-armed 
aut osomes with an arm combinat ion of 1/2 and 5/6 (BICKHAM 1979 a). Also in 
Nycticeius humeralis (2N = 46 ; NFa = 48) only two t wo-armed aut osomes oceur , 
but th ey h ave an arm combinat ion of 3/4 and 8/7, arm no. 4 being invert ed (BICK
HAM 1979 a). Species of th e genu s  Lasiurus may aIso be allocat ed t o  th e int er 
mediat e  st age, even th ou gh th ey h ave as many a s  1 1  two-armed aut osomes 
(2N = 28 ; NFa = 48), but only chromosomes 1/2, 3/4, and 5/6 occur among th em, 
wh ile th e invert ed chr omosome 16/17 as a single arm h as u nder gone fu sion with 
arm no. 21 (BICKHAM 1979 a). In Rhogeessa also, despit e  th e f act th at 9-11 fu sions 
of th is kind h ave t aken place, only chr omosome 16/17, t ypical of th e Myotini s. 1. 
st age, occur s (BICKHAM and BAKER 1977) .  

Th ese int ermediat e  st ages sh ou ld be  tr eat ed as  independent r adiat ions, st em
ming direct ly fr om th e ancestr al Eptesicus-like tru nk. 
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S u mm ar y  

Conventional and differential staining of chromosomes revealed that the chromosome 

formula of Vespertilio murinus L., 1758 from the Bialowieza and Kujawy populations takes 

the form of 2N = 38 ; NFa = 50. Its karyotype consists of 6 pairs of large-size two-armed 

autosomes with centromeres localized in the medial or submedial position, one pair of 

small-size autosomes with submedial centromeres and 11 pairs of single-armed autosomes 

of gradually decreasing size. Chromosome X is submetacentric, slightly larger than the 

longest single-armed autosomes, while chromosome Y is dot-like. Differential staining 
(G bands) showed that 7 two-armed pairs of chromosomes in V. murinus have the follow-
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ing composition of arms : 1/2, 3/4, 5/6, 16/17 (these 4 pairs are typical of a large number 
of Vespertilionidae species) and the remaining 3 pairs the following arm composition : 
13/10, 7/11, 9/8 are characteristic of the species examined. The results of differential 
staining provided a basis for discus·sing the probable evolution mechanisms of the chromo
some formulae in Vespertilionidae, taking the karyotype of contemporary species of the 
genus Eptesicus (2N = 50; NFa = 48) as ancestral. 

Zu s amm e nf a s su n g 

Herkömmliche und spezifische Chromosomen färbung (G-banding) zeigten, daß die Chro
mosomenformel von Vespertilio murinus L., 1758 der Populationen von Bialowieza und 
Kujawy 2N = 38, NFa = 50 ist. Der Karyotyp besteht aus 6 Paaren großer, zweischenkliger 
Autosomen, bei denen die Centromere medial oder submedial lokalisiert sind, einem Paar 
kleiner Autosomen mit submedialen Centromeren und 11 Paaren einfacher Autosomen von 
graduell abnehmender Größe. Das x-Chromosom ist submetazentrisch, wenig größer als 
das läng·ste einfache Autosom, während das y-Chromosom kugelförmig ist. Spezifische 
Färbungen (G-bands) erwiesen, daß 7 zweischenklige Chromosomenpaare von V. murinus 
die folgende Zusammensetzung der Schenkel haben : 1/2, 3/4, 5/6, 16/17 (diese 4 Paare 
sind typisch für eine große Zahl von Vespertilioniden-Arten), die verbleibenden 3 Paare 
die Zusammensetzung 13/10, 7/11,  9/8, was für die untersuchte Art charakteristisch ist. 
Die Ergebnisse der spezifischen Färbungen liefern eine Grundlage für die Diskussion der 
wahrscheinlichen Evolutionsmechanismen der Chromosomenformel der Vespertilionidae, 
wobei der Karyotyp der rezenten Arten der Gattung Eptesicus (2N = 50; NFa = 48) als 
ursprünglich betrachtet wird. 
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