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C h r o m o s o m e s  of  S o u t h  A m e r i c a n  B u f o n i d a e  ( A m p h i b i a  a n u r a )  

T h e  fami ly  13ufonidae is classified a m o n g  the  a m p h i b i a  
a n u r a  because  of i ts  degree of evolut ion,  s ince i t  is one  
of t he  m o s t  r ep re sen t a t i ve  groups  of  t he  order  Salientia.  

Some  years  ago we began  to  s t u d y  severa l  species of 
t he  genus  Bu[o using the  squash  t echn ique .  SAEZ, ROJAS 
and  D~  R O ~ R ~ I S  ~-~ descr ibed  the  meiot ic  process  in 
male  B.  arenarum and  ind ica ted  t h a t  th is  species has  
2n = 22 chromosomes ,  SAEZ and  BRUM ~, BIANCHI and  
LAGUENS s, MORESCALCHI 7-~, ULLIgRICH ~0 BOGART 11 
BRUM-ZORRILLA x~ and  BE~AK ~z aiso found  2n = 22 
ch romosomes  in d i f fe ren t  species  of th i s  genus,  w i th  t h e  
excep t ion  of t hose  be longing  to  t h e  regular is  g roup  f rom 
Afr ica  in  w h i c h  MORESCALCHI 9 f o u n d  2n = 20 ch romo-  
somes.  The  spec imens  e x a m i n e d  and  the i r  source of 
origin are  s h o w n  in Table  I. 

I n  eve ry  species s tudied ,  22 m e t a c e n t r i c  and  sub- 
m e t a c e n t r i e  c h r o m o s o m e s  were  found  g rouped  in 6 pairs  
of long ch romosomes  and  5 pai rs  of shor t  chromosomes .  
The Figure  i l lus t ra tes  t he  id iograms  of t h e  d i f fe ren t  
species. The b iva l en t  conf igura t ions  are s imilar  to  those  
found  in all  a m p h i b i a  anu ra  and  a t  d ip lonema  consis t  
of a r ing - shaped  e l e men t  hav ing  2 d is ta l  ch iasmata .  A t  
t h e  beg inn ing  of  m e t a p h a s e  I, t h e  b iva len t s  lose t he i r  
anu la r  f o r m  and  b ecome  h igh ly  condensed  c o m p a c t  
e l emen t s  whose  s t ruc tu r e s  are  di f f icul t  to  d is t inguish .  

I n  all  ind iv idua l s  of t h e  d i f fe ren t  species, t h e  meio t ic  
process  is s imi lar  to  t h a t  s tud ied  a n d  descr ibed  b y  SAEz, 
ROJAS a n d  DE ROBERTIS *. Pos i t ive  he te rop icno t i c  chro-  
m o s o m e s  were  n o t  found  in a n y  s tage  of t he  meiot ic  
p rophase  or in t he  f i rs t  meiot ic  me taphase .  

As r epo r t ed  b y  o the r  au thors ,  in t he  species s tud ied  
here, the re  was  genera l ly  a morphologicaI  un i fo rmi ty ;  
h o w e v e r  MORESCALCHI 8 found  h e t e r o c h r o m a t i c  regions 
loca ted  in d i f fe ren t  species of t h e  genus  Bu[o.  In  male  
B.  arenarum,  BIANCHI and  LAGUENS ~ found  s econda ry  
cons t r i c t ions  in t h e  sho r t  a r m s  of  t h e  homologues  of  t he  
s e v e n t h  pa i r  a n d  BRUM-ZORRILL2~ 1~ found  t h e  s ame  in 
t h e  females.  Table  I I  shows  the  va lues  of t he  cen t romer ie  
i n d e x  o b t a i n e d  a t  somat ic  m e t a p h a s e  in t h e  d i f fe ren t  
species.  W e  were  unable  to  f ind he t e romorph i c  homo-  
logous pairs  in a n y  of t he  species. 
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Our inves t iga t ions  on a m p h i b i a  anura ,  f u n d a m e n t a l l y  
on S o u t h  Amer i can  amphib ia ,  s t a r t e d  several  years  
ago, b u t  have  no t  d e m o n s t r a t e d  tile p resence  of cy to-  
logically d i f f e ren t i a t ed  sex ch romosomes  in Bufon idae  
(SAEz et  a13 -* and  BRUM-ZORRILLA12), Ce r a t o p h r y d a e  
(SAEZ a n d  ]~RUM14,1~), L e p t o d a c t y l i d a e  (BRUM-ZORRILLA 
and  SAEZ 16) or Hyl idae  species (BRuM-ZoRRILLA and  
SAEZ ,7) 

Similar  resul ts  were  found  in o the r  species of anu ra  
b y  GALGANO 18, WICKBOM 1O, MAKINO ~0, MORESCALCHI 7,S, 
a n d  BE~AK 13,21. 

However ,  severa l  a u t h o r s  h a v e  found  h e t e r o m o r p h i c  
pa i r s  wh ich  h a v e  been  label led  as sex  chromosomes .  

Table I. Specimens examined and source of origin 

Species Diploid Source 
number (2n) 

B. ?narinc~s 
B. Varacnemis 
B. ictericus 
B. arenarum 
B. arenarum c~ 
B. spinulosus spinulosus 
B.g. /ernandezae 
B.g. d' orbignyi 
B. cruci/er 

22 
22 
22 
22 
22 
22 
22 
22 
22 

Paramafibo (Suriname) 
Artigas (Uruguay) 
Sao Paulo (Brazil) 
Montevideo (Uruguay) 
Montevideo (Uruguay) 
La Paz (Bolivia) 
Corrientes (Argentina) 
Montevideo (Uruguay) 
Sao Paulo (Brazil) 
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Idiogram of the different species : 1. Bu]o arenarum; 2. Bu]o iclericus 
ictericus; 3. Bufo paracnemis; 4. Bu]o marinus; 5. Bu]o cruci/er; 
6. Bu/o granuIosus d'orbignyl; 7. Bu]o granulosus ]ernandezae; 8. Bu]o 
spinulosus spinulosus. 
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Table II. Centromeric index of 8 species studied 
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Pair of chromosomes 1 2 3 4 5 6 7 8 9 10 11 

B. marinas 0.45 0.50 0.40 0.44 0.50 0.44 0.50 0.50 0.50 0.46 0.40 
B. paracnemis 0.40 0.50 0.37 0.34 0.44 0.39 0.50 0.50 0.50 0.50 0.40 
B. ictericus 0.50 0.45 0.38 0.33 0.40 0.40 0,44 0.50 0.42 0.50 0.50 
B. arenarum~ 0.48 0.36 0.41 0.48 0.45 0.50 0.47 0.45 0.45 0.45 0.42 
B.arenarumC~(somaticchromosomes) 0.47 0.39 0.42 0.48 0.44 0.48 0.45 0.44 0.45 0.44 0.43 
B. spinulosus spinulosus 0.41 0.45 0.50 0.33 0.40 0.39 0.46 0.44 0.45 0.50 0.48 
B.g. d'orbigny 0.47 0.45 0.33 0.45 0.49 0.45 0.45 0.45 0.47 0.50 0.50 
B. cruci]er 0.46 0.45 0.40 0.45 0.47 0.40 0.48 0.50 0.48 0.48 0.50 
B.g. [erna~z'~ae 0.46 0.49 0.33 0.46 0.40 0.46 0.45 0.45 0.45 0.50 0.45 

YOSIDA ~2 descr ibed  an X Y  pair  in the  male  Hyla 
arbores, WEILER and  O~INo2a found  h e t e r o m o r p h i s m  in 
the  f ema le  Xenopus laevis, IVIORESCALCHI s descr ibed  
t h e m  in Discoglosus pictus, and  MANNA and  BHUNYA 2~ 
r e p o r t e d  h e t e r o g a m e t y  in t he  B. melanostictus female.  
SAEZ et  al. 1-4 s tud ied  in de ta i l  t he  ex is tence  of the  sex  
ch romosomes  in a m p h i b i a  anu ra  special ly in t h e  B. are- 
nature species.  They  conc luded  t h a t  t he  p r e s u m e d  sex 
ch romosomes  found  in d i f fe ren t  species of a m p h i b i a  b y  
o the r  au thors  were  only  b iva le t s  t h a t  had  a d i f fe ren t  
behavior .  In  th is  work,  i t  was po in t ed  ou t  t h a t  th is  
b iva l en t  e l emen t  and  behav io r  are  only  c o m m o n  chro- 
mosomes  which  can have  d i f fe ren t  shapes ,  sizes and  
a f fec t  d i f fe ren t  c h r o m o s o m e s  of t he  s ame  individual .  
Therefore  we pos tu l a t e  t h a t  t he re  is no t  y e t  suff ic ient  
d a t a  avai lable  t o  p rove  t h e  ex i s tence  of t h e  sex  ch romo-  
somes,  inspire  of t he  presence  of d i f ferences  in size of  t he  
m e m b e r s  in a soma t i c  pa i r  oI homologues  ~.  

Resumen. Se e s tud ia ron  los car io t ipos  de  ocho especies  
de  Bufon idae  sudamer i canos :  B. arenarum, B. ictericus 

ictericus, B. paracnemis, B. marinus, B. cruci/er, B. gra- 
nulosus d'orbignyi, B. granulosus [ernandezae and  B. spi- 
nulosus. E n  todas  los especies se e n c o n t r a r o n  2n = 22 
ch romosomas .  No se encont r6  en el macho ,  n ingun  par  
he te romdrf ico ,  ni b iva len te  con carac te r i s t i cas  y compor -  
t a m i e n t o  que ind icara  la presencia  de  c romosomas  
sexuales.  
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Inher i t ed  S e m i s t e r i l i t y  for  Contro l  of  H a r m f u l  I n s e c t s .  I. P r o d u c t i o n s  of  S e m i s t e r i l i t y  due  to  
T r a n s l o c a t i o n  in the  M o s q u i t o ,  Culex pipiens L., by  X - R a y s  

Inhe r i t ed  semis ter i l i ty ,  i.e. the  inv iab i l i ty  of approx i -  
m a t e l y  hal f  of t h e  gametes  of an o rgan i sm and  as a 
consequence  hal f  of t he  zygotes,  was  observed  for t he  
f i rs t  t i m e  a l r eady  65 years  ago as a na tu r a l  p h e n o m e n o n  
in d i f fe ren t  p l a n t  species L Cytological  inves t iga t ions  on 
o the r  p l a n t  species p rov ided  the  clue to  t he  cause of 
semis te r i l i ty  2. Semister i le  ind iv idua ls  of p l an t s  or ani-  
mals  are he t e rozygo te s  for rec iprocal  c h r o m o s o m a l  t r ans -  
locat ions  or per icen t r ic  invers ions.  ~, 

Soon a f t e r  t h e  e p o c h - m a k i n g  d i scovery  o f  t h e  m u t a -  
genic a c t i v i t y  of X - r a y s  by  MULLER s, i t  was  recognized  
t h a t  ionizing i r r ad ia t ion  p roduces  to  a g rea t  e x t e n t  also 
c h r o m o s o m a l  abbe r r a t i ons  like t r ans loca t ions  a n d  inver -  
sions. Severa l  a u t h o r s  h a v e  s tud ied  the  p r o d u c t i o n  of 
t r ans loca t ions  in Drosophila u n d e r  q u a n t i t a t i v e  and  qua -  
l i t a t ive  aspec t s  4-G. A v e r y  in t e r re s t ing  side l ine of these  
inves t iga t ions  on t r ans loca t ions  was  t h e  ar t i f ica l  com-  
pos i t ion  of a Drosophila s t r a in  w i t h  2 d i f fe ren t  t r ans -  
locat ions,  which  was  r ep roduc t i ve ly  i so la ted  f rom no rma l  
s t ra ins  L 

Al ready  in 1940, SEREBROVSXY s sugges ted  t h e  release 
of ind iv idua ls  w i t h  t r ans loca t ions  in to  a na tu ra l  popula-  
t ion  as a new means  for pes t  control .  H o w e v e r  his pape r  
r ema ined  u n k n o w n  and  has  no t  s t imu la t ed  any  efforts  
for pes t  cont ro l  b y  the  m e c h a n i s m  suggested.  W i t h o u t  

k n o w i n g  the  p a p e r  of SEREBROVSKY, the  p re sen t  au tho r  ~ 
and  CURTIS 10 have  recen t ly  and  i n d e p e n d e n t l y  again  
sugges ted  t r ans loca t ions  and  the  ensuing semis ter i l i ty  as 
a poss ib i l i ty  for cont ro l  of h a r mf u l  insects.  We were  led 
to  th is  new a p p r o a c h  a f te r  t he  f i rs t  successful e rad ica t ion  
of t he  mo s q u i t o  species Culex /atigans in a B u r m e s e  
vi l lage t h r o u g h  the  p reex i s t ing  mechan i sm of cy top l a smic  
i n c o mp a t i b i l i t y  n .  This  is a ve ry  rare  genet ica l  mecha -  
n ism,  only  k n o w n  f rom no t  more  t h a n  3 d i f f e r en t  g roups  
of insects  (4 species). Therefore  we s t a r t e d  to  exp lore  
t h e  poss ib i l i ty  of  p roduc ing  t r ans loca t i ons  a n d  semi-  
s te r i l i ty  in  d i f fe ren t  mosqu i to  species.  

x j .  BELLI~C, Z. indukt. Abstamm.- u. VererbLehre 12, 303 (1914). 
J. BELLI~6, Z. indukt. Abstamm.- u. VererbLehre 39, 286 (1926). 

n H. J. MVLZER, Science 66, 84 (1927). 
* H. J. Mt'LL~R and E. ALTESBUR6, Genetics 15, 283 (1930). 

T. DOBZHANSKY, Genetics 15, 347 (1930). 
6 j .  T. PATTERSON, W. S. STO~E, S. B~OICUEX and M. SVCHE, Am. 

Nat. 68, 359 (1934), 
7 B. T. KOZHEVmKOV, Biol, Zh. 5, 741 (1936). 
s A. S. SEREBROVSRV, Zool. Zh. 19, 618 (1940). 
9 H. LhVEN, Anz. Seh~idlingsk. dl, 1 (1968). 

x0 C. F. CURTIS, Bull. ent. Res. 57, 509 (1968). 
n H. LAVEN, Nature, Lond. 276, 383 (1967). 


