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d i f f e ren t  p r o c e d u r e  h a s  b e e n  e s t i m a t e d  to  b e  60,000 
(K. B.  JACOBSON a n d  P. PFUDERER, J.  biol.  Chem.  2d5, 
3938, 1970). 2. T h e  locus of a n o t h e r  g lycoly t ic  enzyme ,  
hexok inase ,  h a s  b e e n  m a p p e d  to  2-79 :i: (D. J .  F o x ,  
K.  MADHAVAN, a n d  H.  UI~SPRUI~G, unpub l i shed ) .  N o t e  
t h e  p r o x i m i t y  of t h i s  locus to  t h a t  of x -Amylase  (Tab le  I). 

Zusammen]assung. D u r c h  V e r w e n d u n g  e l ek t r opho r e t i -  
scher  E n z y m - M u t a n t e n  is t  es m6gl ich ,  bei  Drosophila 
melanogaster die  c h r o m o s o m a l e  Pos i t i on  de r  e n t s p r e c h e n -  
den  S t r u k t u r g e n e  zu b e s t i m m e n ,  l~ber  20 Gene  s ind  auf  
diese Weise  lokal i s ie r t  worden .  U n t e r s u c h u n g  de r  Gewebe-  
u n d  Stadienspezif i t /~ t  d ieser  E n z y m e ,  i m  V e r b a n d  m i t  
zy togene t i s che r  Ana lyse  de r  R i e s e n c h r o m o s o m e n ,  ve t -  

s p r i c h t  wer tvo l l e  E i n b l i c k e  in  da s  P r o b l e m  de r  Gen-  
regu la t ion .  I n  den  vo f l i egenden  Tabe l l en  s ind  die be r e i t s  
e rz ie l ten  E r g e b n i s s e  z u s a m m e n g e s t e l l t .  
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Karyotypes of Bats of the Subfamily  Carolliinae 
t ionary Implicat ions x 

T h e  N o r t h  A m e r i c a n  leaf -nosed  b a t s  of t h e  f a m i l y  
P h y l l o s t o m a t i d a e  a re  a m o s t  c o m p l e x  g roup  of an ima l s .  
Some  m e m b e r s  a re  a d a p t e d  to  feeding  on  o t h e r  ve r t e -  
b ra tes ,  insects ,  f rui t ,  nec ta r ,  b lood  (Desmodon t inae ,  see 
FORMAN et  al.*), a n d  we h a v e  obse rved  Carollia feeding 
on  t e n d e r  s t e m s  of p l an t s .  E v e n  t h o u g h  severa l  e x t r e m e  
morpho log ica l  mod i f i ca t i ons  a re  f o u n d  a n d  f o r m  t h e  
bas i s  for  t h e  severa l  subfami l ies ,  t h e  p h y l o g e n e t i c  affi-  
n i t i e s  of m o s t  g roups  a re  n o t  eas i ly  unde r s t ood .  K a r y o -  
typ ic  cha rac t e r i s t i c s  were  used b y  BAKER ~ to  h y p o t h e s i z e  
phy logene t i c  af f in i t ies  a n d  to  de l inea t e  severa l  l ines  of 
evo lu t i on  w i t h i n  t h e  fami ly .  One  l ine of evo lu t i on  
i n v o l v e d  t h e  Carol l i inae  a n d  p a r t  of t h e  Glossophaginae .  
A t  t h a t  t i m e  k a r y o t y p i c  d a t a  for  t h e  Carol l i inae  were  
based  on  two  species of Carollia. 

I n  t h i s  p r e s e n t  c o m m u n i c a t i o n  we descr ibe  t h e  chro-  
mosomes  of a n o t h e r  species of Carollia a n d  two  species 
of t h e  o t h e r  genus  (Rhinophylla) of t h e  Carol l i inae.  

Methods and Materials. Spec imens  were col lected f rom 
n a t u r a l  p o p u l a t i o n s  w i t h  t h e  a id  of m i s tne t s .  Chromo-  
soma l  p r e p a r a t i o n s  were  m a d e  a t  n e a r b y  field s ta t ions .  
A 2 h o u r  in  v i v o  cu l t u r e  of b o n e  m a r r o w  was  fol lowed b y  
t r e a t m e n t  w i t h  a 1 %  s o d i u m  c i t r a t e  so lu t ion .  F i x a t i o n  
was  b y  m e t h a n o l ,  ace t ic  ac id  (3:1) .  Mi to t i c  s l ides were  
b laze  dr ied  a n d  s t a i n e d  w i t h  G iemsa ' s  b lood  s ta in .  
Tes t i cu l a r  meio t ic  p r e p a r a t i o n s  were  b y  t h e  ace to -orce in  
s q u a s h  t echn ique .  V o u c h e r  spec imens  are  depos i t ed  in 
t he  col lec t ion of m a m m a l s ,  D e p a r t m e n t  of Biology,  

(Mammal ia;  Phyl lostomatidae)  and Their Evolu-  

T e x a s  T e c h  Un ive r s i t y .  To  m e a s u r e  t h e  r e l a t i ve  size of  
t h e  X t o  t h e  au tosomes ,  m i c r o p h o t o g r a p h s  were m a d e  
a n d  t h e  l e n g t h  of t h e  c h r o m o s o m e s  were m e a s u r e d  w i t h  
a pa i r  of d ia l  cal ipers.  

T h e  t o t a l  l e n g t h  of t h e  X c h r o m o s o m e  was  d e v i d e d  
b y  t h e  t o t a l  l e n g t h  of t h e  hap lo id  a u t o s o m a l  comple-  
m e n t .  T h e  X c h r o m o s o m e  is eas i ly  d e t e r m i n e d  in  
species of Carollia because  of i t s  s e c o n d a r y  cons t r i c -  
t i on  4,~. T h e  X of  Rhinophylla c a n n o t  b e  p o s i t i v e l y  
d e t e r m i n e d  b y  c o m p a r i n g  t h e  k a r y o t y p e s  of males  a n d  
females,  b u t  t h e  d e t e r m i n a t i o n  of t h e  genera l  size of t h e  
l a rges t  h e t e r o m o r p h i c  e l e m e n t  in  ma les  is r e a s o n a b l y  
accura te .  F u n d a m e n t a l  n u m b e r  is cons ide red  to  be  t h e  
n u m b e r  of a r m s  of t h e  a u t o s o m a l  c o m p l e m e n t .  
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Size of the X chromosome to the autosomal genome 

Karyotype Catalogue Sex Locality 
Number and Species in Colombia 

Size of X in relationship to haploid autosomal No. 
size expressed as a percentage of cells 

measured 
Low Mean High 

Z75 Carollia castanea ~ Villavicencio 
Z137 Carotlia subru]a ~ Leticia 
Z3 Carollia perspicillata ~ Restrepo 
Z146 Carollia perspicillata ~ Leticia 
Z62 Carollia perspicillata c~ Letieia 
Z124 Rhinophylla ]ischerae ~ Leticia 
Z125 Rhinophylla pumilio ~ Leticia 
Z192 Rkinopkylla pumilio c~ Leticia 

15.64 16.44 17.10 6 
14.94 17.32 18.71 6 
16.17 17.70 18.31 8 
15,44 16.51 19.61 5 
16.82 18.25 19.92 8 
6.04 6.94 8.31 7 
5.36 6.34 7.86 8 
5.02 5.39 5.65 4 

See text for method of determination. 
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Results. A brief  descr ipt ion of the  chromosomes  of t he  
species s tudied is as follows: Carollia castanea H. Allen 
(Figure 1). 2 N  = 21 $ct, 2O ~?;  F N  = 36. 

The  ka ryo type  of th is  species is l ike t h a t  repor ted  for 
Carollia subrufa and C. perspicillata s. The  au tosomes  
consist  of a v e r y  large pair  of submetacen t r i c  elements ,  
2 large pairs  of subtelocentr ic  e lements  and 6 pairs of 
smal ler  b i a rmed  elements .  The  X is a subtelocentr ic  
e l emen t  wi th  a d is t inct  secondary const r ic t ion on the  
longer  arm. The larger Y is a m e d i u m  sized acrocentr ic  
and the  smal ler  Y is do t  sized. I n  6 spreads the  size of 
t he  X chromosome to  the  haplo id  au tosomal  complemen t  
var ies  f rom 15.64 to  17.10 wi th  a m e a n  va lue  of 16.44 
(Table). S imi lar  va lues  were found for C. perspicillata 
and  C. subru/a (see Table).  Meiot ic  s tudies on 4 male  
C. perspicillata revea led  a meiot ic  pa t t e rn  ident ica l  to  
t h a t  descr ibed by  H s v  e t  al. 4, s for t h a t  species. 

Rkinopkylla fisd~erae Car te r  (Figure 2). 2 N  ~ 34, 
F N  = 56. The  autosomes  consist  of 10 pairs of meta-  
centr ic  or  submetacen t r i c  elements ,  2 pairs of subtelo- 
centr ic  elements ,  3 pairs of acrocentr ic  elements,  plus 
a v e r y  small  pai r  of chromosomes.  The  X is a med ium 
sized submetacent r ic ,  and the  Y is a smal l  acrocentric.  
I n  7 spreads the  size of the  X chromosome to  the  haploid  
au tosomal  complemen t  was f rom 6.04 to  8.31 wi th  a 
m e a n  va lue  of 6.94. 

Rhinophylla pumilio Pete rs  (Figure 3). 2 N  = 36, 
F N  = 62. The  au tosomes  consist  of 14 pairs  of me ta -  
cent r ic  or  submetacen t r i c  e lements  plus 2 pairs  of 
m e d i u m  sized and one pa i r  of small  acrocentrics.  The  X 
is a m e d i u m  sized metacentr ic ,  and the  Y is a smal l  
acrocentric.  I n  12 spreads f rom 2 animals  the  size of the  
X chromosome to  t he  haploid  au tosomal  com p lem en t  
was 5.02-7.86 wi th  a mean  6.02. 

Discussion. The  chromosomal  character is t ics  of the  
hypothes ized  line of evo lu t ion  (BAKER'S Group B) 3 
involv ing  Carollia (Subfamily,  Carolliinae) and Choero- 
niscus and  Choeronycteris (Subfamily,  Glossophaginae) 
were a low diploid n u m b e r  (16-21), a low f u n d a m e n t a l  
n u m b e r  (24-36), and an X , X ] X Y a Y  ~ sex de te rmin ing  
system.  The  chromosomes  of Carollia castanea agree wi th  
these values,  b u t  the  chromosomes  of Rhinophylla ]ischerae 
and R. pumilio have  none of these  characteris t ics ,  Karyo-  
logical  differences be tween  the  2 genera  are fur ther  
demons t r a t ed  by  the  length  of the  X chromosome to 
t he  to ta l  l ength  of t he  haploid  au tosomal  genome (Table). 
The  values  for Rhinophylla are near  those repor ted  for 
mos t  m a m m a l i a n  species studied,  whereas  t he  values  for 
Carollia are  a p p r o x i m a t e l y  th ree  t i m e  t h a t  value.  I n  
l ight  of t he  lack  of va r i a t ion  repor ted  by  OHNO 6, these  
d i f ferent  va lues  appear  to  be  qui te  significant.  

I n  fact  t he  chromosomes  of Rhinopkylla are m u c h  
more  like those  of members  of  two  o the r  lines of  evo lu t ion  
(Groups C and F) hypothes ized  by  BAKER t~ than  t h e y  
are  like Group B. This  presents  a s i tua t ion  s imilar  to 
t h a t  found in the  subfami ly  Glossophaginae where two  
ka ryo typ ica l ly  d is t inct  groups are  present .  

I n t e rp re t a t i on  of these d a t a  is difficult .  The  two  
logical choices are:  1. E v e n  though  the  two  genera  
(Carollia and Rhinophylla) are closely re la ted  (at the  
subfami ly  level) in the  evo lu t ion  of these  genera  there  
h a v e  been so m a n y  changes in t he  chromosomes  t h a t  
al l  cytological  s imilar i t ies  h a v e  been los t ;  and  2. The  
cytological  differences show t rue  re la t ionships  of t he  
respect ive  genera  (Carollia to  the  Ckoeroniscus group,  and 
Rhinophylla to  the  Phy l los tomat ine  or  S tenodermine  
group). The  second a l t e rna t ive  would mean  t h a t  the  two 
genera  should no t  be placed in the  same subfamily.  

Several  au thors  h a v e  suggested t h a t  successful chro- 
mosomal  changes are unl ikely because of the  selection 

pressure of mitosis  and meiosis. Such informat ion  favors  
t he  second in te rp re ta t ion  of  the  chromosomal  d ivergence  
in t he  Carollinae. Conversely,  t he  subfami ly  t a x o n  wi th in  
the  Phy l lo s toma t idae  is p robab ly  qui te  otd which would  
al low considerable  t ime  for the  es tab l i shment  of such 
cy togenet ic  divergence.  

Specimens E x a m i n e d  : Carollia castanea, Colombia:  
Meta:  Vil lavicencio (2 ~ ) ;  Amazonas :  Let icia  (2c~c~); 
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Fig. 1. Representative karyotype of a male Carollia castanea col- 
lected from Letieia, Colombia. 
Fig. 2. Representative karyotype of a mate Rhinophylla Iischerae 
collected from Leticia, Colombia. 
Fig. 3. Representative karyotype of a male Rhinophflla pumilio 
c~Ileeted from Leticia, Colombia. 

6 S. OHNO, in Sex Chromosomes and Sex-linked Genes (Springer- 
Verlag, New York 1967), vol. 1, p. 192. 
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Carollia perspicillata, Colombia :  M e t a :  R e s t r e p o  ( i  c~ a n d  
1 9 ) ;  A m a z o n a s :  Le t i c i a  ( 2 ~ ) ;  A m a z o n a s :  M o n k e y  
I s l a n d  (lc~);  Carollia subru]a, Colombia :  M e t a :  Vil la-  
v icencio  (lc7);  A m a z o n a s :  Le t i c i a  ( 1 9 ) ;  Rhinophylla 
]ischerae, Colombia :  A m a z o n a s :  Le t ic ia  (ld~); Rhino- 
phylla pumilio, Colombia :  A m a z o n a s :  Le t ic ia  (3~9  
and 3 ~c~). 

Carollia castanea beschr ieben .  F t i r  die G a t t u n g  Carollia 
i s t  be i  n i ed r ige r  D ip lo idzah l  (21 ~ ,  20 9~) e ine  n iedr ige  
<(nombre f o n d a m e n t a b  (34-36) cha rak t e r i s t i s ch .  F i i r  d ie  
G a t t u n g  Rhinophylla wird  eine gr6ssere D ip lo idzah l  
(34-36) u n d  eine grbssere  ( ,nombre  fondamentab>  (56-62) 
ge funden .  

R.  J.  BAKER a n d  W.  J.  BLEIER 

Zusammen/assung. Es  werden  die K e n n z e i c h e n  de r  Texas Tech University, Department o[ Biology, 
C h r o m o s o m e n  yon  Rhinophylla [ischeri, R. pumilio u n d  Box 4149, Lubbock (Texas 76409, USA), 6 July 1970. 

S o m a t i c  C h r o m o s o m e s  o f  t h e  L a m p r e y ,  I c h t h y o m y z o n  gagei ( A g n a t h a  : P e t r o m y z o n i d a e )  

I n  sp i t e  of t h e  cons ide rab le  p h y l o g e n e t i c  i n t e r e s t  of 
l a m p r e y s  t o  v e r t e b r a t e  evolu t ion is t s ,  c y t o t a x o n o m i s t s  
d id  n o t  beg in  to  ac t i ve ly  s t u d y  t h e i r  c h r o m o s o m e s  u n t i l  
a b o u t  1960. T h e  p a p e r s  on  l a m p r e y  c h r o m o s o m e s  were 
s u m m a r i z e d  b y  ROBINSON a n d  POTTER I, excep t  for tw o  
r e c e n t  r epo r t s  2,3. Of t he  8 species s tud ied ,  4 are  Old 
W o r l d  fo rms  4-9, 2 A u s t r a l i a n  1,1°, 1 N o r t h  A m e r i c a n  2, 
a n d  1 c o m m o n  to  t h e  A t l a n t i c  coas ts  of E u r o p e  a n d  
N o r t h  A m e r i c a  s . 

I t  is t h e  pu rpose  of t h i s  p a p e r  to  descr ibe  t he  soma t i c  
c h r o m o s o m e s  of a second  N o r t h  A m e r i c a n  l amprey ,  
Ichthyomyzon gagei H u b b s  a n d  T r a u t m a n .  T h e  genus  
Ichthyomyzon is e n d e m i c  to  t h e  f r e shwa te r s  of e a s t e r n  
N o r t h  A m e r i c a  a n d  h a s  n o t  b e e n  r e p r e s e n t e d  in  p r e v i o u s  
c h r o m o s o m e  s tudies .  

F i f t e e n  spec imens  of I. gagei were  col lec ted  f rom t h e  
C a h a b a  R i v e r  (Alabama ,  USA)  a n d  c h r o m o s o m e  p r e p a r a -  
t ions  were m a d e  fo l lowing t h e  t e c h n i q u e  of HOWELL a n d  
DENTON 2. A l t h o u g h  ove r  100 m e t a p h a s e  f igures  were  
e x a m i n e d ,  on ly  22 were su i t ab l e  for coun t ing ,  one  of 
w h i c h  is s h o w n  in t h e  Figure .  T h e  T a b l e  shows t h e  
d i s t r i b u t i o n  of these  c o u n t s  f rom 7 d i f f e ren t  specimens .  
A l t h o u g h  c o u n t s  r a n g e d  f rom 158 to  169, a s t rong  m o d a l  
d ip lo id  n u m b e r  of 164 was  ob ta ined .  T h e  low c o u n t s  
m a y  be  due  to  c h r o m o s o m e  loss whi le  t h e  h i g h  c o u n t s  
m a y  be  a t t r i b u t e d  to  c h r o m o s o m e  f r a g m e n t a t i o n  or 
c h r o m a t i d  sepa ra t ion .  T h e  pos i t ion  of the  c e n t r o m e r e  in  
a l l  c h r o m o s o m e s  was s u b t e r m i n a l  to  t e r m i n a l .  Con- 
s ide rab le  v a r i a t i o n  was f o u n d  in  c h r o m o s o m e  size w i t h  
t h e  l a rge r  ones  be ing  3.8 ~ m  whi le  t h e  smal l e r  ones  
were  on ly  0.6 ~rn in  l eng th .  

A c o m p a r i s o n  of t h e  c h r o m o s o m e s  of I. gagei w i t h  
t hose  of Lampetra aepyptera (Abbot t )2 ,  t h e  on ly  o t h e r  
N o r t h  A m e r i c a n  l a m p r e y  s tud ied  ch romosoma l ly ,  r evea l s  
s t r i k ing  s imi lar i t ies :  b o t h  h a v e  m o d a l  d ip lo id  n u m b e r s  
of 164, s u b t e r m i n a l  to  t e r m i n a l  cen t romeres ,  a n d  a l m o s t  
iden t i ca l  r anges  in  c h r o m o s o m e  size. Th i s  is of p a r t i c u l a r  
i n t e r e s t  as b o t h  species are  endemic  to  N o r t h  Amer ica ,  
non-paras i t i c ,  a n d  h a v e  o v e r l a p p i n g  geograph ic  ranges .  
W i t h  such  a n u m b e r  of f ea tu res  in  c o m m o n ,  i t  is poss ible  
t h a t  Lampetra a n d  Ichthyomyzon are  of m o n o p h y l e t i c  
origin.  B o t h  are  c h r o m o s o m a l l y  close to  t h e  m a r i n e  
l amprey ,  Petromyzon marinus L. 3, w h i c h  h a s  a m o d a l  
d ip lo id  n u m b e r  of 168 a n d  s imi la r  c h r o m o s o m e  sizes. 
However ,  t h e  c e n t r o m e r e s  in  some of t h e  longer  chro-  

mo s o mes  of P. marinus are  m e d i a n  to  s u b m e d i a n  in  
pos i t ion  3. 

A p p a r e n t l y ,  t h e  ear l ies t  d ip lo id  c h r o m o s o m e  n u m b e r  
r e p o r t e d  for a l a m p r e y  was t h a t  of 60 for  Lampetra ]luvia- 
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Metaphase chromosome spread from gill epithelium of Ichthyomyzon 
gagei, 2n = 164. 
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Distribution of counts for the diploid chromosome number of Ichthyomyzon gagei 

Diploid Nos, 158 159 160 161 162 163 164 165 166 167 168 169 
No. of counts 1 1 2 3 9 2 2 1 1 


