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Parallel Evolution of Multiple Sex-Chromosome 
Choeroniscus 

A mul t ip le  sex-chromosome sys tem consist ing of X X  
females and X Y 1 Y  s males has been described recent ly  
for several  genera  of ba ts  of the  fami ly  Phyl los toma-  
t idae  1-e. W i t h i n  th is  group of leaf-nosed bats,  t he  sex 
chromosomes  of 2 species of t he  genus Carollia and 1 
species of  t he  genus Choeroniscus h a v e  been described. 
These species are  Choeroniscus godmani (Thomas) and 
Carollia subrufa (Hahn)7 f rom localit ies in M6xico, and 
Carollia perspicillata (Linnaeus) f rom Mdxico to Vene- 
zuela, Tr inidad,  and Brazil .  Herein,  we present  chro- 
mosomal  da t a  for 2 addi t iona l  species of CaroUia, C. bre- 
vicauda (Wied, in Schinz, 1821) and  C. castanea H. Alien, 
as  well  as for addi t iona l  mate r ia l  of Choeroniscus godmani 
f rom Costa R ica  and Carollia perspicillata f rom Costa 
R ica  and Peril .  

The  Costa R ican  specimens,  a female  C. perspicillata, 
a female  C. caslanea, and a female  C. godm~mi, were 
collected a t  Pacuare ,  Rfo Pacuare ,  Prov.  Cartago.  The  
f irs t  is deposi ted  in t he  col lect ion of t he  Costa  l~ican 
Minister io de  Agricul tura ,  Secci6n de  Pesca  y Vida  Sil- 
vestre ,  and  the  l a t t e r  two  in the  Museum of Zoology, 
Louis iana  S ta te  Un ive r s i t y  (LSUMZ 12773 and 12739, 
respectively) ,  all  as skins wi th  skulls. Most  of the  Pe ruv ian  
mate r ia l  was col lected a t  Bal ta ,  R io  Curanja ,  Depto .  
Loreto,  e leva t ion  300 m Oat. 10008 ' S, long. 71013 ' W),  
and is ca ta logued  in e i ther  t h e  Museum of Ver t eb ra t e  
Zoology, Un ive r s i t y  of California,  or  the  Museum of 
Zoology, Louis iana  S ta te  Univers i ty .  Three  species of  
Carollia are represented f rom th is  local i ty :  3 male  and 
2 female  C. perspicillata (MVZ 136444, 136445, 136446, 
136454, and L S U M Z  14151); 2 male  and 2 female  C. bre- 
vicauda (MVZ 136461, L S U M Z  14152, 14153, and 14154); 
and  3 ma le  and 2 female  C. castanea (MVZ 136462, 
136463, 136464, 136440, and L S U M Z  14134). I n  addi t ion,  
a female  C. perspicillata f rom Yar inacocha ,  Depto .  
Loreto,  Peril  was examined  (LSUMZ 14149). 

Carollia perspicillata f rom bo th  Costa Rica  and Peri l  
have  chromosomal  complemen t s  indis t inguishable  f rom 
those repor ted  elsewhere. Males are  2n = 21 w i t h  an  
X Y x Y  ~ sex complemen t  and females  are  2n = 20 wi th  
an  X X  complement .  The  au tosomes  consist  of one v e r y  
large pa i r  of submetacentr ics ,  2 medium-s ized  pairs  of 
subtelocentrics,  and 6 pairs  of  smal l  submetacent r ics  
and subtelocentr ics .  The  subte locentr ic  X is larger t h a n  
any  s imilar  au tosome and has a d is t inc t  secondary  con- 
s t r ic t ion in the  long arm.  The  two  Y-chromosomes  are 
a med ium-smal l  acrocentr ic  and  a v e r y  smal l  acrocentr ic  
(Figure 1). The  kaxyotypes  of C. brevicauda f rom Peri l  
and of  C. castanea f rom Costa  R ica  agree exac t ly  w i t h  
this  descript ion.  However ,  the  specimens of  C. castanea 
f rom Peril  (Figure 2) differ  f rom o the r  Carollia in 4 
i m p o r t a n t  features  of the  k a r y o t y p e :  1. The  diploid 
n u m b e r  is 22 for bo th  sexes; 2. There  is a single Y-chro- 
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mosome in males  (a smal l  acrocentr ic) ;  3. There  is a 
single pair  of med ium-sma l l  acrocentr ics  in the  au to-  
somal  c o m p l e m e n t ;  and 4. The  X - c h r o m o s o m e  is a smal l  
submetacent r ic  and is equa l  in size to  t he  series of s imi lar  
au tosomal  e lements .  

The  k a r y o t y p e  of  Choeroniscus godmani has been 
repor ted  on f rom males  col lected in southern  Mdxico. 
These had a diploid n u m b e r  of 19 wi th  a p resumed 
X Y x Y z  sex complement .  Females  of th is  popu la t ion  are  
expected to have  a diploid n u m b e r  of 18 x,2. The  au to-  
somes of the  Mexican specimens  consis ted of  1 v e r y  
large pair  of submetacent r ics ,  1 large pa i r  of  subtelo-  
centrics, 3 pairs of medium-s ized  subtelocentr ics ,  and  
1 small  pair  each of metacentr ics ,  submetacent r ics ,  and 
subtelocentrics.  The  X was considered to  be  a med ium-  
sized submetacentr ic ,  one Y a medium-s ized  subtelo-  
centric, and the  second Y a small  acrocentr ic .  The  female  
f rom Costa Rica,  however ,  possessed a diploid n u m b e r  
of 20, no t  the  expected  18 (Figure 3). Differences be tween  
this  ka ryo type  and t h a t  expec ted  include an ex t r a  pa i r  
of medium-sized subtelocentr ics ,  an  ex t r a  pair  of  smal l  
metacentr ics ,  and the  lack of a medium-s ized  submeta -  
centr ic  pair  corresponding to the  e lement  des ignated as 
the  X-chromosome  by  previous  invest igators .  
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Fig. 1. Karyotype of a male CavolUa perspiciUata from Balta, Rio 
Curanja, Depto. Loreto, Peril (MVZ 136445). 

Fig. 2. Karyotype of a male CaroUia castanea from Balta, Rio 
Curanja, Depto. Loreto, Perti (MVZ 136440). 
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Comparison of the relative sizes (expressed as a percentage of the haploid genome) of the X-chromosome and acrocentric autosome of Peruvian 
C. castanea with the X-chromosome of Costa Rican C. castanea 

Carollia castanea Carollia castanea 
Peril Costa Riea 

% X/haploid complement 
% A/haploid complement 
% X + Alhaploid complement 

6.17 =[= 0.52 % orig. X/haploid complement 6.07 4- 0.37 
8.82 -l- 0.61 % trans. A/haploid complement 8.56 =t= 0.54 

14.99 =t= 0.45 % neo-X/haploid complement 14.63 4- 0.62 

The numbers are mean percentages calculated from the measurement of 10 mitotic metaphases, followed by the standard error of the mean. 
For the Costa Rican specimen, the original X is considered to be that  portion of the X-chromosome including the centromere but proximal 
to the secondary constriction, and the translocated autosome to be that  part of the neo-X distal to the constriction. 

Fig. 3. Karyotype of a female Choeroniscus godmani from Pacuare, 
Rio Pacuare, Prov. Cartago, Costa Riea (LSUMZ 12739). The 
presumed X-chromosome pair is labeled, and the arrow indicates 
the unique subtelocentrie autosomal pair (see text for discussion) 

H s u  e t  al. ~ h a v e  a rgued  c o n v i n c i n g l y  t h a t  t h e  m u l t i p l e  
s e x - c h r o m o s o m e  s y s t e m  of Carollia, a n d  p r e s u m a b l y  of 
Choeroniscus, arose  b y  t h e  t a n d e m  fus ion  of a n  acro-  
cen t r i c  a u t o s o m e  on to  t h e  or ig ina l  X - c h r o m o s o m e ,  w i t h  
one  Y a n d  t h e  long  a r m  of t he  X in t h e  mu l t i p l e  s y s t e m  
r e p r e s e n t i n g  t h i s  t r a n s l o c a t e d  au tosome .  T h e i r  conclu-  
s ions a re  s t rong ly  s u p p o r t e d  b y  t he  comple t e  pa i r i ng  of 
these  e l emen t s  in  p r o p h a s e  I of meiosis.  Our  d a t a  suggest ,  
the re fore ,  t h a t  P e r u v i a n  C. castanea w i t h  a sma l l  m e t a -  
cen t r i c  X - c h r o m o s o m e  a n d  t h e  u n i q u e  p a i r  of m e d i u m -  
sma l l  ac rocen t r i c  a u t o s o m e s  r e p r e s e n t  t he  a n c e s t r a l  
s y s t e m  for  Carollia. C o m p a r a t i v e  m e a s u r e m e n t s  f rom 
10 m e t a p h a s e  mi toses  f r o m  b o t h  Cos ta  R i c a n  a n d  
P e r u v i a n  C. castanea (see Tab le )  i n d i c a t e  t h a t  t h e  p a i r  
of  ac rocen t r i c s  in  t h e  l a t t e r ' s  k a r y o t y p e  is e q u i v a l e n t  
in  l e n g t h  to  t h a t  p o r t i o n  of t h e  n e o - X  d i s t a l  to  t h e  
s e c o n d a r y  c o n s t r i c t i o n  as  well  as  to  t h e  la rge  Y e l e m e n t  
of t h e  Cos ta  R i c a n  b a t .  H o m o l o g y  b e t w e e n  t h e s e  chro-  
m o s o m e s  is s t r ong ly  ind ica t ed .  

T h e  s i t u a t i o n  in  Choeroniscus is no t ,  however ,  q u i t e  
so obvious .  F i r s t ,  t h e r e  is no  m e d i u m - s i z e d  s u b m e t a -  
cen t r i c  e l e m e n t  in  t h e  f emale  k a r y o t y p e  f rom Cos ta  R i c a  
t h a t  d i r ec t ly  co r re sponds  t o  t h e  sugges ted  X of  M e x i c a n  
males .  Second,  t h e  X a n d  t h e  l a rger  Y of t h e  M e x i c a n  
spec imens  are  s u b e q u a l  in  l eng th ,  a n  i n d i c a t i o n  t h a t  n o t  
al l  of t h e  or ig ina l  a u t o s o m e  h a d  b e e n  t r a n s l o c a t e d  o n t o  
t h e  o r ig ina l  X ,  if i ndeed  t h i s  r e p r e s e n t s  t h e  s ame  evo-  
l u t i o n a r y  m e c h a n i s m  descr ibed  a b o v e  for  Carollia. This  
p r o b l e m  can  be  resolved,  however ,  in  t h e  fo l lowing 
m a n n e r .  The  e l emen t s  u n i q u e  to  t h e  female  2n = 20 

k a r y o t y p e  a re  a sma l l  p a i r  of m e t a c e n t r i c s  a n d  a m e d i u m -  
s ized pa i r  of sub te locen t r i c s .  A s s u m i n g  t h a t  t h e  m e t a -  
cen t r i c  pa i r  r ep re sen t s  t h e  or ig ina l  X a n d  t h a t  t h e  sub-  
t e locen t r i c  p a i r  r ep re sen t s  t h e  a u t o s o m e s  to  be  t r a n s -  
loca ted ,  t h e  n e o - X  would  necessar i ly  h a v e  to  b e  f o r m e d  
b y  t h e  t r a n s l o c a t i o n  of on ly  a p o r t i o n  of t h e  long  a r m  
of t h a t  e lement .  Otherwise ,  a d i cen t r i c  n e o - X  would  
resul t .  Th i s  e x p l a n a t i o n  would  neces s i t a t e  t h e  loss of 
t h e  sho r t  a r m  of one  s u b t e l o cen t r i c  e l e m e n t  d u r i n g  t h e  
t r a n s l o c a t i o n  process,  w h i c h  would  re su l t  in  t h e  f o r m a t i o n  
of a m e d i u m - s i z e d  s u b m e t a c e n t r i c  n e o - X  on ly  s l igh t ly  
longer  t h a n  t h e  new s u b t e l o cen t r i c  Y-ch romosome .  

W e  feel t h a t  t h e  e v o l u t i o n  of th i s  s e x - c h r o m o s o m e  
s y s t e m  h a s  b e e n  para l l e l  for  Carollia a n d  Choeroniscus. 
However ,  t h e  d e v e l o p m e n t  of t h e  mu l t i p l e  s ex -ch romo-  
some  s y s t e m  m u s t  h a v e  occu r red  i n d e p e n d e n t l y  s ince  
t h e  p r i m i t i v e  X X / X Y  c o n d i t i o n  is f o u n d  w i t h i n  l iv ing  
m e m b e r s  of b o t h  genera .  T h e  p re sence  of t h e  m u l t i p l e  
s y s t e m  in  t he se  g e n e r a  c a n n o t  b e  used  to  s u b s t a n t i a t e  
a close p h y l o g e n e t i c  r e l a t i o n s h i p  b e t w e e n  t h e m ,  a l t h o u g h  
t h e  a s s u m p t i o n  of such  a r e l a t i o n s h i p  m a y  b e  v a l i d  on  
o t h e r  g r o u n d s  s. 

Resumen. Se desc r iben  los ca r io t ipos  de  Carollia perspi- 
cillata, C. brevicauda, y C. castanea de Cos ta  R i c a  y del  
Peri l ,  y de Choeroniscus godmani de Cos t a  t~ica. L a  sis- 
t e m a  de mu l t i p l e  c r o m o s o m a s  sexuales  de  m a c h o s  X Y 1 Y  J 
h e m b r a s  X X  r e p o r t a d o  p o r  i nves t i gado re s  an t e r io r e s  se 
e n c o n t r a b a  en  t odos  i nd iv iduos  con  la  excepc ion  de  
C. castanea del Per i l  y Choeroniscus godmani de Cos ta  
Rica.  E s t a s  pob lac iones  se c o n s i d e r a n  de  h a b e r s e  m a n -  
t e n i d o  la  s i s t ema  p r i m i t i v a  de  c r o m o s o m a s  sexuales  
x x / x Y .  
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