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Fig. 4. Karyotype of a female B. b. 
bengalensis collected from Rohru, 
Himachal Pradesh. • 2000. 

sample  and  it is la rge-s ized acrocentr ic  ch romosome  in the  
o the r  two  samples.  This  va r ia t ion  in t he  morpho logy  of 
t h e  X ch romosome  could have  been  b rough t  abou t  by  a 
per icentr ic  inversion.  Specimens  wi th  acrocentr ic  X 
ch romosome  are separa ted  by  more  than  800 miles f rom 
those  wi th  submet racen t r i c  X chromosome.  Since the  
deta i led  ka ryo typ ic  d a t a  of the  o the r  two species of 
Bandicota 8,4, s tudied  by  mode rn  technique ,  are no t  
avai lable  i t  is no t  possible  to  compare  the  ka ryo type  of 
B. b. be,~galensis r epor ted  in th is  paper .  

A t  present ,  i t  is very  diff icul t  to specula te  the  direct ion 
of change  in the  morpho logy  of t he  X chromosomes  in 
these  popula t ions .  The X chromosome  equat ion ,  SM 
A could be reversible.  E x a m i n a t i o n  of addi t iona l  speci- 
mens  m a y  reveal  fu r the r  course of X chromosome 
var ia t ion,  if any, in th is  subspecies 10. 

Rdsumd. Des pr6para t ions  de mo~lle osseuse on t  permis  
d '6 tab l i r  le m o m b r e  diploide (2N = 42) et  le nomb re  
f o n d a m e n t a l  (NF = 52) de Bandicota b. bengalensis 
(Gray), les sp6cimens. 6tudi6s a p p a r t e m e n t  5, t rois  popu-  

la t ions d is t inc tes  (Rohru,  Varanasi ,  Belonia, Indes).  
Le n o mb re  et  la forme des au tosomes  sont  les m~mes 
dans  les t rois  6chant i l lons alors que I 'X  peu t  ~tre acro- 
cen t r ique  ou subm6tacen t r ique ;  L ' Y  est  pe t i t  et  subm6- 
tacent r ique .  
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Second Discovery of Multiple Sex Chromosomes  

The v iv iparous  fishes of the  fami ly  Goodeidae (suborder 
Cypr inodonto idea)  are conf ined to  Mexico. Thei r  chromo-  
some n u m b e r  and  some facets  of the i r  biology and  classi- 
f ica t ion were recen t ly  summar ized  by  MILLER and FITZ- 
SIMONS 1, who included the  f irs t  k a r y o t y p e  for the  family.  
They  no ted  t h a t  the  ch romosome  n u m b e r  varies f rom 24 
to  48 in 35 (of pe rhaps  38) species. None  of these  species 
showed any  de tec tab le  differences be tween  the  sexes in 
ch romosome  n u m b e r  or form. H o w e v e r ,  one undescr ibed  
genus,  subsequen t ly  ka ryo typed ,  appear s  to be unique for 
th is  fami l iy  in hav ing  a diploid n u m b e r  of 42 in the  female 
and  41 in the  male. Like the  genus of a re la ted  group (the 
Cypr inodont idae)  wi th  2n = 48 in t he  female and  2n = 47 
in the  male 2, th is  species is known  only f rom a single 
dra inage  bas in  in Mexico. 

A m o n g  Fishes 

In  order  to ob ta in  the  ch romosome  figures gill epi the-  
l ium was  used, fol lowing the  m e t h o d  of MCPHAIL and  
JONES 8 wi th  some modif ica t ions  4. 60 cells of 4 females  and 
60 cells of 5 males were observed.  Several  pieces of tes t is  
t issue were squashed  to ob ta in  meiot ic  figures. 

The female k a r y o t y p e  has  a diploid  n u m b e r  of 42 in- 
c luding 6 large metacent r ics ,  2 smal l  metacent r ics ,  2 small  

1 R. R. MILLER and J. M. FITZSIMONS, Copeia I, 1 (1971). 
T. UYENO and R. R. MILLER, Nature, Lond. 231,452 (1971). 
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Figs. 1 and 2. Karyotype of the unnam- 
ed Mexican goodeid fish : female above, 
male below. Scale (in all figures) is 5 
[LFn. 

submetacen t r i c s  or subte locentr ics ,  2 medium-s ized  sub- 
te locentr ics ,  and  30 acrocentr ics  of m e d i u m  to smal l  size. 
In  cont ras t ,  t he  male  k a r y o t y p e  inva r i ab ly  possesses 41 
chromosomes  including 7 large metacent r ics ,  2 small  me- 
tacentr ics ,  2 smal l  submetacen t r i c s  or subte locentr ics ,  2 
medium-s ized  subte locentr ics ,  and 28 acrocentr ics  of me- 
d ium to smal l  size. Thus  the  male  has i more  large meta-  
centr ic  ch romosome  and  2 fewer acrocentr ic  ch romosomes  
t h a n  the  female (Figures 1-2). We  therefore  c o n s i d e r  
1 of t he  large me taeen t r i c s  in the  male  k a r y o t y p e  to  
be a Y ch romosome  and  believe t h a t  2 of t he  acrocentr ics  
are p robab ly  X 1 and  X 2 chromosomes ;  in t he  female  karyo-  
type ,  we consider  t h a t  4 acrocentr ics  of s imilar  size re- 
p re sen t  X I X ~ X = X  2 chromosomes ,  because the  2 a rms of 
the  Y chromosome  of the  male, which  represen t  the  original  
Y and  c o u n t e r p a r t  of X 2, are of equal  length.  The origin of 
t he  mul t ip le  sex ch romosomes  in th is  species is p robab l y  
s imilar  to  t he  case we repor ted  earl ier  ~ and  to  t he  process  
sugges ted  b y  MATTHEY 5 in  a rodent ,  M u s  m i n u t o i d e s  
Smith .  In  t he  tes t is  squash,  a t  the  diakinesis  in meiosis, 
the re  are 18 b iva lents ,  3 quadr iva len t s  which  represen t  
large me tacen t r i c s  of t he  somat ic  me taphase ,  and  a t r iva-  
lent  in wh ich  X~ and  X~ chromosomes  seem a t t a c h e d  to 
the  Y ch romosome  in an end- to -end  associat ion (Figure 3). 

If  t he  mul t ip le  sex chromosomes  o r i g i n a t e d  b y  centr ic  
fusion of all acrocentr ic  au tosome wi th  the  acrocentr ic  sex 
chromosome,  which  was o therwise  indis t inguishable ,  w e  
suspect that other species of the family Goodeidae also 

Fig. 3. Diakinesis in emiosis of the unnamed goodeid, prepared by 
testis squash; the arrow indicates the sex trivalent. 

5 R. MATTHEY, Chromosoma 16, 35 (1965}. 
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Fig. 4. Somatic chromosomes at metaphase of 2 goodeid fishes:'A) Hubbsina turneri 2n=48, and B) Characodon lateralis 2n-24. 

have  X Y  chromosomes though they  are similar  and un- 
detectable  b y  present  techniques.  

Among  the karyotypes  of goodeid fishes, Hubbsina tur- 
neri de Buen has the  s implest  pat tern ,  wi th  48 aeroeentr ic  
chromosomes  in bo th  sexes (Figure 4a). The species w i th  
the  most  der ived ka ryo type  is Characodon lateralis Gtint- 
her, which has 24 large metacentr ics  (Figure 4b) plausibly  
formed by  Rober t son ian  fusions. Other  goodeid species 
have  karyotypes  compris ing var ious  pa t te rns  and diploid 
numbers  tha t  are often reduced by  centric fusions. 

The ancestral  ka ryo type  of the  species repor ted  here 
p robab ly  had 48 chromosomes,  as in the  ma jo r i ty  of spe- 
cies in the  Goodeidae (26 among  38 examined).  The  di- 
ploid number  was subsequent ly  reduced by  successive 
Rober t son ian  fusions, as in some other  goodeids. Bu t  the  
i nvo lvemen t  of the  Y chromosome in the  fusion wi th  an 
autosome produced the  mul t ip le  sex chromosome sys tem 
so far  unique in this family,  and only the  second known 
example  among  fishes. 

The  2 species, 1 in the  family  Cypr inodont idae  and 1 in 
the  Goodeidae, which were found to possess mul t ip le  sex 
chromosomes have  several  features in common:  1. bo th  
species have  a ve ry  l imi ted  d is t r ibut ion  and are localized 
as small  populat ions  ; 2. both  are small  and exhibi t  d is t inct  
sexual  d imorphism ; 3. both  species belong to the  suborder  
Cypr inodonto idea ;  4. bo th  families represent ing these 2 
fishes have  species in which the  karyotypes  include large 

metacent r ics  der ived by  Rober t son ian  fusions; 5. bo th  
l ive in Mexico ; and 6. both  species possess unique  morpho-  
logical characters  among  the  species in thei r  respect ive 
families (to be described elsewhere). 

The  specimens used in this  s tudy  are preserved in the  
collections of the  Museum of Zoology, Un ive r s i ty  of Mi- 
chigan e. 

Zusammen/assung. Bei einer bisher n icht  beschriebenen 
mexikanischen Fischar t  werden 41 Autosomen  beim 
M/innchen und 42 be im Weibchen  gefunden. Die Befunde 
spreehen fiir ein Sys tem mul t ip ler  Sexualchromosomen 
dieser Fische. 
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New Evidence of a 38-Chromosomes  Karyotype in South American Populations of the Roof Rat, 
Rat tus  Rat tus  L. (Rodentia,  Muridae) 

In  previous issues of this periodical,  the  occurrence of 
new cases of chromosome mul t i fo rmi ty  1 in the  species 
Rattus rattus has been described 2,8. The  known 'no rmal '  
ka ryo type  of this  wide-sprea d and highly  po ly typ ic  
Euras ia t ic  species was repor ted  by several  authors  *-e to 
be composed of 42 chromosomes,  among  which no pair  
of large metacent r ics  is present.  This ka ryo type  was 
s tudied f rom strains probably  der ived f rom Japanese  and 
European  populat ions.  More recent ly,  i t  was  confirmed in 

wild Rattus rattus f rom Japan ,  Formosa,  Thai land,  Phi-  
lipines, J a v a  and Celebes 7, as well  as f rom India  s. 

Disagreements  wi th  these results were repor ted  earlier 
for strains f rom Nor th  Amer ica  0,1~ of the  same species, 
which showed 40 chromosomes,  and la ter  by  the  occurrence 
o f  monomorph ic  popula t ions  wi th  38 chromosomes  corn- 
prizing 2 large metacentr ics  in popula t ions  f rom Argent ina  
and Brasil~, n and in is land and inland popula t ions  f rom 
Tuscany,  I t a l y  3. Similar  monomorph ic  2n = 38 forms 


