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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 
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have  recent ly  been found in wild popu la t ions  f rom Aus- 
tralia,  New Zealand and New Guinea, p robab ly  in t roduc-  
ed by  m a n  12. Moreover,  1 popu la t ion  wi th  ch romosome  
p o l y m o r p h i s m  compr is ing  individuals  wi th  42 and  38 
chromosomes  was repor ted  for J a p a n  13, whereas  ano the r  
po lymorph ic  sys tem compriz ing  individuals  wi th  38, 
42 and 54 chromosomes  has recent ly  been descr ibed in 
1 popula t ion  f rom near  E1 Cairo, Egypt l~.  Other  popu-  
la t ions of R a t t u s  ra t tus  f rom J a p a n  and  Thai land  5~ and  
f rom Malaysia 1., 17 are known to show o the r  kinds of 
po lymorph i sm.  

R a t t u s  ra t tus  is, therefore ,  h igh lyvar i ab le  in ch romosome  
n u m b e r  and s t ructure ,  showing b o t h  geographic  (and 
subspecific ?) mu t t i fo rmi ty  and  p o l y m o r p h i s m  I in karyo-  
types .  In  order  to t e s t  t he  ex t en t  of these  var ia t ions ,  we 
s tudied  new samples  f rom South  America,  coming f rom 
such d i s t an t  localities as Caripe, Venezuela  (in the  S ta te  
of Monagas),  and Mehuin,  Chile (in tile P rov ince  of 
Valdivia).  1 male  and  1 female indiv idual  were avai lable 
f rom Caripe, and tile cor responding  specimens  are now 
cata logued in the  In s t i t u t e  of Tropical  Zoology, Central  
Un ive r s i ty  of Venezuela.  3 males  and  3 females f rom 
Mehuin were s tudied,  f rom speciemes now in t he  I n s t i t u t e  
of Zoology, Aus t ra l  Un ive r s i ty  of Chile (Valdivia), t he  
above -men t ioned  Venezuelan  Ins t i tu te ,  and  the  Museum 
of Na tu ra l  His tory ,  Un ive r s i ty  of Kansas .  Chromosome 
spreads  were ob ta ined  by  the  known  colchic ine-hypotonic  
p r e t r e a t m e n t  technique,  using b o t h  bone -mar row and 
spleen. K a r y o t y p e s  were cons t ruc ted  f rom the  Mehuin 
specimens,  bu t  the  sample  f rom Venezuela  p roved  to  be 
qui te  cons is ten t  w i th  them,  b o t h  in chromosome n u m b e r  
and  s t ructure .  

All the  specimens  s tudied  p roved  to  have  a k a r y o t y p e  
of 2n ~ 38 chromosomes,  ident ical  wi th  those  descr ibed 
by  BIANCHI et al. 2 for Argen t in ian  and  Brazi l ian popu-  
lat ions,  as d e m o n s t r a t e d  in the  Figure.  As regards  t he  
Tuscanian  popula t ions ,  our results  are in close agreement ,  
w i th  only a sl ight  except ion.  CAPANNA et al. 3 descr ibed in 
t h e m  the  18th pai r  as be ing  metacen t r ic ,  ins tead  of 
submetacen t r i c  as shown b y  BIANCHI et  al. * and  in our  
results.  The E g y p t i a n  v a r i a n t  of 38 chromosomes  describ-  
ed by  BADR and  BADR 14 would correspond,  in th is  respect ,  
s t r ic t ly  to the  Tuscanian  form. However ,  ka ryomet r i c  
compara t i ve  tes t ings  would  have  to  be pe r fo rmed  in order  
to  subs t an t i a t e  th is  difference.  Ano the r  fea ture  which  
m u s t  be po in ted  out  in our ka ryo type  is t h a t  th is  pai r  of 
au tosomes  is s l ight ly he t e romorph ic  in all the  individuals  
s tudied,  one of the  chromosomes  showing the  cen t romere  
more  t e rmina l  in posi t ion t h a n  the  other.  This he te romor-  
p h i s m  is also seen in t he  figures publ i shed  by  BIANCttI 
e t  al. 2. 

Though  more  in fo rmat ion  on fu r the r  popula t ions  f rom 
South  Amer ica  is obvious ly  required,  these  resul ts  suggest  
t h a t  South  Amer ican  popula t ions  of R a t t u s  ra l tus  are 
monomorph ic  for the  2n ~ 38 ch romosome  va r i an t  of 
the  species. R a t t u s  ra t tus  is a weed species in Sou th  
America,  in t roduced  by  m a n  dur ing  repea ted  t rave ls  
f rom the  Old World,  in to  d i f fe rent  harbours  t h r o u g h o u t  
t he  Cont inent .  F r o m  those  i n t roduc to ry  points ,  the  colo- 
nizers invaded  the  surroundings ,  c rea t ingwi ldpopu la t ions .  
In  view of t h e  occurrence of only  38 ch romosome  forms 
in d i f ferent  and  qui te  d i s t an t  points ,  i t  seems safe to 
conclude t h a t  the  Sou th  Amer ican  popula t ions  came 
f rom monomorph ic  Medi te r ranean  popula t ions ,  as those  
descr ibed by  CAPANNA et  al.3 for Tuscany.  

We suggest  t h a t  th is  invas ion  migh t  have  occurred 
r epea ted ly  a t  var ious  poin ts  of the  Sou th  Amer ican  coast  
on the  ar r iv ing ships.  Likewise, we also suppose t h a t  
t h rough  those  r epea ted  in t roduct ions ,  some 42-chromo- 
somes  s tocks f rom elsewhere m i g h t  also have  been in t roduc-  

ed. The descendan t s  of these  la t t e r  p robable  invas ions  
e i ther  have  no t  ye t  been  discovered,  or were unsuccessful  
as colonizers due to some inferior  f i tness  of the  42-chromo- 
somes form as compared  wi th  t he  a l ready es tabl ished 38- 
chromosomes  form. The occurrence of m o n o m o r p h i c  
popula t ions  wi th  38 chromosomes  in Austral ia ,  New 
Zealand and  New Guinea could also be expla ined by  the  
same a rgument .  

I t  is to be po in ted  out,  however ,  t h a t  the  chromosomes  
of th is  g rea t ly  po ly typ ic  species are far  f rom being known 
in all the i r  geographic  forms. I t  would no t  be surpr iz ing 
if fu r the r  research could d e m o n s t r a t e  a more  wide- 
spread  occurrence of popula t ions  wi th  38 chromosomes ,  
which  could be po ten t i a l ly  responsible  for the  invas ion  
of d i f ferent  colonizing areas. R a t t u s  ra t tus  is ma in ly  an 
I n d o , M a l a y a n  species is, the  s ta tus  of the  subspecies of 
which,  and  the i r  evo lu t ionary  character is t ics ,  are stil l  
obscure. The occurrence of 38-chromosome forms, b o t h  as 
m o n o m o r p h i c  popula t ions  or as pa r t  of a po lymorph ic  
sys t em in t he  per iphera l  areas of d i s t r ibu t ion  and  in 
colonizing popula t ions ,  would suggest,  moreover,  some 
kind of selective advan t age  of this  va r i an t  outs ide  the  
geographic  center  of d i s t r ibu t ion  of t he  species. 

As regards  the  mechan i sm of t r ans fo rma t ion  of original  
2n = 42 s tocks into t he  2n ~ 38 forms, the  suggest ion of 
various au thors  3,13,14,17 of Robe r t son ian  r ea r r angemen t s  
by  centr ic  fusion seems to  the  p resen t  au thors  to be a cogent  
exp lana t ion  19. 
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Fig. 1. Karyotypes of Rattus 
rattus L. from Mehuin (Valdi- 
via, Chile). Upper: female; 
lower: male. Bone-marrow. 
Giemsa stain. 

Resumen. E n  dos poblaciones  de Rattus rattus, una  de 
Mehuin  (Valdivia, Chile) y o t ra  de Capripe (Monagas, 
Venezuela) ,  se encont r6  un car iot ipo de 2n = 38 cromo- 
somas  en todos  los indiv iduos  es tudiados.  Es t e  cariot ipo 
cor responde  al que p r e sen t an  en forma monom6rf ica  otras  
poblac iones  de la ra ta  negra  de Am6rica del Sur y de 
I tal ia ,  y difiere del car io t ipo normal  de la especie, que es 
de 42 cromosomas.  Se pos tu la  que las d i s t in tas  poblacio-  
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nes sudamer icans  de Rattus rattus deben  haber  invadido 
el Cont inente ,  acompaf iando al hombre ,  en d is t in tas  irrup- 
ciones, a pa r t i r  de una  fo rma  de 38 cromosomas  de origen 
medi terr~neo.  
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