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A m o n g  t h e  Sa l amandr ids ,  b o t h  t he  species of Tar'icha 
e x a m i n e d  seem to  h a v e  a genome c o m p l e x i t y  smal le r  t h a n  
t h a t  of Triturus cristatus (Figure  3), t he  l a t t e r  be long ing  
to a genus  f rom w h i c h  Taricha m i g h t  be de r iva ted .  

The  Tab le  shows t h a t  t he  h i g h l y  r epea t ed  c o m p o n e n t  
reachs  i ts  g rea t e s t  abso lu te  va lues  (pg/N) in t he  paedo-  
gene t ic  species. W h i l e  t he  D N A  of Desmognathus /uscus, 
a m e t a m o r p h o s i n g  species of t h e  a d v a n c e d  f ami ly  
P l e thodon t id s ,  shows a h ighe r  p e r c e n t a g e  of t he  same 
c o m p o n e n t .  

I t  has  been  shown  in m a n y  o rgan i sms  t h a t  h igh ly  
r epea t ed  D N A  is cha rac t e r i s t i c a l l y  local ized in t he  
cen t romer i c  h e t e r o c h r o m a t i n  ~6, a n d  in some Urodeles  a 
r e l a t i onsh ip  be twee n  c h r o m o s o m e  size a n d  t he  a m o u n t  of 
a h igh ly  r epea t ed  D N A  f rac t ion  (satell i te)  p r e s e n t  in  t he  
cen t romer i c  reg ion  has  been  d e m o n s t r a t e d  17. 

The  fac t  t h a t  also in o the r  A m p h i b i a  d i f fe ren t  a m o u n t s  
of h igh ly  r e p e a t e d  D N A  are p r e s en t  a t  t h e  c e n t r o m e r e  of 
d i f fe ren t  ch romosom es  could be  s u p p o r t e d  b y  our  f ind ing  
t h a t  no  clear  r e l a t ionsh ips  exis t  e i the r  b e t w e e n  genome  
size and  t he  a m o u n t  of h igh ly  r epea t ed  D N A  (p robab ly  
m o s t l y  cen t romer ic )  or b e t w e e n  t he  l a t t e r  and  t he  
c h r o m o s o m e  n u m b e r .  Our  resu l t s  also sugges t  t h a t  in  
genera l  species be long ing  to  more  a d v a n c e d  famil ies  
show g rea t e r  genome c o m p l e x i t y  t h a n  t he  p r i m i t i v e  
groups,  even  if t h e  l a t t e r  m a y  h a v e  a larger  D N A  c o n t e n t  
pe r  nucleus.  

W e  k n o w  t h a t  t h e  paedogene t i c  Urode les  s tud ied  show 
the  same  c h r o m o s o m e  n u m b e r  a n d  shape  b u t  h i g h e r  
nuc lea r  D N A  c o n t e n t  t h a n  t he  famil ies  f rom wh ich  t h e y  
are p r e s u m a b l y  de r ived :  th i s  could i m p l y  t h a t  t he  
increase  in D N A  m i g h t  h a v e  been  ach ieved  b y  t a n d e m  
gene dup l i ca t i ons  a long  t he  ch r om os om es  4, ts. 

The  role p l ayed  in evo lu t ion  b y  t h i s  dup l i c a t i on  
m e c h a n i s m  is sti l l  d i f f icul t  to  i n t e r p r e t e  19, h o w e v e r  
t a n d e m  gene dup l i c a t i on  seems to  h a v e  found  i ts  u t m o s t  
express ion  a m o n g  l iv ing  T e t r a p o d s  in t h e  paedogene t i c  
famil ies  of Urodeles,  w i t h  t he  poss ible  excep t ion  of t he  

Sirenids,  whose  en t i re  genome  m i g h t  h a v e  been  dupl i -  
ca ted  b y  po lyp lo id iza t ion  5. 

Riassunto. Gli Urodel i  delle famigl ie  pedogene t i che  
posseggono e n o r m i  quant i t /~  di D N A  nuc lea re ;  qu i  6 s t a t s  
s t u d i a t a  la c ine t ica  di r i n a t u r a z i o n e  del D N A  di  specie di 
t r e  famigl ie  pedogene t i che  (due delle qua l i  p r imi t ive )  e di 
specie a p p a r t e n e n t i  a famigl ie  c~ super ior i  ~>, g e n e r a l m e n t e  a 
m e t a m o r f o s i  comple ta ,  s empre  di ques to  Ord ine  di Anfibi .  
I r i su l t a t i  s e m b r a n o  ind ica re  che le specie di  famigl ie  
superiori ,  pedogene t i che  o non,  h a n n o  u n a  maggiore  
complessit/~ c ine t ica  nel  loro D N A  r i spe t to  alle specie di 
g rupp i  p r imi t iv i ,  anche  se h a n n o  meno  D N A  tota le .  
L ' i n c r e m e n t o  nel D N A  t ip ico  delle famigl ie  pedogene t iche ,  
che h a n n o  car io t ip i  s imil i  a quel l i  delle Iamigl ie  da  cui 
si sono forse or iginate ,  pu6  essere a v v e n u t o  pe r  dupl i -  
cazioni  tandem sui singoli  c romosomi ;  possibi le  eccezione 
sono forse i Sirenidi ,  che m o s t r a n o  t racce  di  pol iploidia .  
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The Incidence of Repeated Mating in the Superspecies, Drosophila paulistorum 

O b s e r v a t i o n s  of r e p e a t e d  m a t i n g  h a v e  been  m a d e  in 
severa l  species of Drosophila 1-3. R e c e n t  work  on D. 
melanogaster has  s h o w n  t h a t  t h i s  p h e n o m e n o n  m a y  be 
more  f r e q u e n t  t h a n  h a d  b e e n  p rev ious ly  suspec ted  4. The  
s p e r m  of t h e  two  or more  males  i nvo lved  in a mu l t i p l e  
m a t i n g  even t  m a y  be  used to  i n s e m i n a t e  eggs w i t h i n  a 
s ingle b a t c h  la id  b y  one female  i. Th i s  o b s e r v a t i o n  m a y  
be  of more  t h a n  i n c i d e n t a l  i n t e r e s t  if c o m p e t i t i o n  a m o n g  
l a rvae  deve lop ing  f rom a single egg b a t c h  occurs  in  na tu re .  
I t  h a s  been  shown  t h a t  l a rvae  deve lop ing  in m e d i a  p rev i -  
ous ly  i n h a b i t e d  b y  l a rvae  of a d i f fe ren t  geno type  p roduce  
more  adu l t s  t h a n  in m e d i a  p rev ious ly  u t i l ized  b y  l a rvae  
of t he  same  g e n o t y p e  5, 6. W h e t h e r  or no t  these  p h e n o m e n a  
occur  in  n a t u r e  is u n k n o w n ,  b u t  n a t u r a l  se lect ion would  
be  expec t ed  to  p roduce  increased  r e c e p t i v i t y  to  mu l t ip l e  
m a t i n g  in females  if l a rva l  c o m p e t i t i o n  a m o n g  s imi la r  geno- 
types  cons t i t u t e s  an  i m p o r t a n t  c o m p e t i t i v e  in te rac t ion .  

Drosophila paulistorum is a wide ly  d i s t r i bu t ed ,  neo- 
t rop ica l  species. A series of obs e r va t i ons  b y  DOBZHAIqSKY 
et  al. v h a v e  d e m o n s t r a t e d  t h a t  t h i s  species is a superspecies  
in  t he  process  of fo rming  5 s ib l ing  species. The  semispecies  
are  o f ten  local ly  e x t r e m e l y  a b u n d a n t  a n d  h a v e  been  
ex t ens ive ly  used b y  EHR~AN et  al. 8 to  e luc ida te  t h e  
m e c h a n i s m s  i nvo lved  in e thologica l  i so la t ion  be t w een  and  
w i t h i n  semispecies.  The  e x p e r i m e n t s  descr ibed  be low were 
des igned  to  t e s t  for t he  presence  of doub le  m a t i n g  in  

3 semispecies  of D. paulistorum: Cent roamer ican ,  Andean ,  
a n d  In te r io r .  

Methods and materials. Three  k inds  of e x p e r i m e n t s  
were conduc t ed  to t e s t  for t he  presence  of doub le  m a t i n g  
in D. paulistorum. I n  the  f i rs t  series of expe r imen t s ,  
v i rg in  females  of t he  A n d e a n  semispecies  k n o w n  to  be  
h o m o z y g o u s  for t h e  /v a l lozyme allele a t  t he  To locus 9 
were p laced  s ingly  in cu l tu re  via ls  w i t h  3 males  of the  
same  s t r a in  hemizygous  for t he  F allele. To is sex- l inked 
in D. paulistorum. Afte r  2 days  the  female  was t r an s f e r r ed  
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to  a fresh cul ture  vial and 3 males  hemizygous  for t he  S 
allele to  t he  To locus were added.  The female and  the  3 
males were t rans fe r red  to a fresh cul ture vial  every  4 days.  
Males t h a t  died were replaced wi th  males of a s imilar  
genotype .  All cul tures were kep t  a t  25 ~ W h e n  p rogeny  
eclosed f rom the  vials, 8 females  were assayed for the i r  
geno type  at  the  To locus. 

The second series of expe r imen t s  uti l ized flies of the  
Cent roamer ican  and In ter ior  semispecies.  2 s t rains  of flies 
each homozygous  for the  sex-linked, whi te -eyed  allele 
were derived f rom strains  collected in Lanceti l la,  Honduras  
(Centroamerican) and Llanos, Colombia (Interior).  
Whi t e -eyed  virgin females were confined w i t h  wild t ype  
males for 4 days. The females were then  ind iv idua l ly  
isoIated and  left to oviposi t  for 4 days.  All i n semina ted  
females p roduced  whi te -eyed  male  and red-eyed  female  
p rogeny  as expected.  The original  females  were now 
placed in fresh culture vials, 1 female per  vial, wi th  
whi te -eyed  males. P rogeny  ha t ch ing  f rom these  vials 
were scored. Two sets of replicas for each semispecies 
were completed.  

A th i rd  series of expe r imen t s  consis ted of tes t ing  females 
of the  Andean  semispecies which  were t aken  f rom 2 
popu la t ion  cages po lymorph ic  for the  F and  S alleles a t  
the  To locus. These females were indiv idual ly  isolated and 
when  larvae appeared,  t h e y  were e lec t rophoresed  to  
de te rmine  the i r  To genotype.  W h e n  the  p rogeny  appear-  
ed, 6-10 females were analyzed for the i r  To genotype.  

Results and discussion. Table I shows the  results  of the  
first  series of exper iments .  Of the  19 females which  were 
homozygous  for t h e  F allele and  ini t ia l ly m a t e d  to  F 
males,  8 had  also m a t e d  wi th  the  S males af ter  being 
confined wi th  t h e m  for 4 days.  These 8 females p roduced  
eggs which  were insemina ted  by  spe rm from bo th  males. 
4 females produced  no p rogeny  e i ther  because they  died or 
p re sumab ly  had  no t  ma ted .  Af ter  a to ta l  of 4 t ransfers  
(16 days),  all the  remain ing  females had  m a t e d  a second 

Table I. The origins of paternal gametes among progeny of Droso- 
phila paulistorum females (Andean semispecies) given the opportunity 
to mate twice 

Origin of sperm Transfer number 

1 2 3 4 5 6 

F male 7 4 1 0 0 0 
S male -- 5 13 14 7 6 
S + F males 8 6 1 -- -- -- 
No progeny 4 4 4 5 12 13 

Total 19 19 19 19 19 19 

The data refer to the number of females producing progeny whose 
paternal genomes have the origin shown. 

Table II. Incidence of double mating among white-eyed females of 
the Centroamerican and Interior semispecies of D. paulistorum 

Semispeeies 
Interior Centroamerican 

t ime.  Sperm f rom the  init ial  ma t ing  wi th  homogame t i c  
males  las ted a to ta l  of 3 t rans fe rs  or 12 days  in 1 female.  
By  the  f i f th  t r ans fe r  (20 days) all remaining  females~ 
were produc ing  eggs fert i l ized by  spe rm f rom a second 
mat ing.  This  table  demons t r a t e s  t h a t  D. pauhstorum fe- 
males wiI1 r ema te  well before sperm f rom a previous  
ma t ing  is exhaus ted .  

TabIe I I  gives the  resul ts  of t es t s  using the  sex-l inked 
whi te -eyed  stocks of t he  In te r ior  and  Cent roamer ican  
semispecies. These resul ts  again suppor t  t he  con ten t ion  
t h a t  r epea ted  ma t i n g  occurs in D. paulistorum. The large 
difference in t he  p ropor t ion  of double  mat ings  in these  
two  semispecies  were unexpec ted .  This difference m a y  
be due in pa r t  to  differing degrees of ethological  isolat ion 
be tween  the  m u t a n t  s tocks and  the  wild t y p e  cul tures 
f rom which  the  m u t a n t s  were originally isolated.  I t  is also 
possible t h a t  t he  difference observed represents  a genetic 
difference in the  p ropens i ty  for the  double  ma t i n g  in 
these  stocks. 

In  order  to  de te rmine  w h e t h e r  repea ted  ma t ings  occur 
under  the  condi t ions  of mass  cul ture in popula t ion  cages, 
females  of the  Andean  semispecies were sampled  f rom 
previously  es tabl ished cages. E a c h  female was individual ly  
isolated and  her  p rogeny  examined .  A to ta l  oI 82 females 
f rom 2 separa te  cages gave progeny.  Of these  females 18 
or 22% had  m a t e d  at  least  twice.  These figures are an 
unde re s t ima te  of the  t rue  p ropor t ion  of double  ma t ings  
since a female which choses a second m a t e  whose geno- 
t y p e  is ident ical  to  t h a t  of the  f i rs t  ma te  will no t  be 
scored as hav ing  m a t e d  twice. 

The observa t ions  show t h a t  D. paulistorum will  m a t e  
repea ted ly  under  expe r imen ta l  condit ions.  W h e t h e r  or 
no t  mul t ip le  mat ings  occur in na tu re  is unknown,  bu t  
tes ts  of wild col lected females  under  appropr i a t e  con- 
d i t ions  would answer  th is  quest ion.  The fu r ther  observa-  
t ion t h a t  females will r ema te  before exhaus t ing  s tored 
spe rm from a previous  ma t ing  and t h a t  spe rm mix ing  m a y  
occur suggests  an adap t ive  value for r epea ted  ma t i n g  in 
nature .  Compet i t ion  among  larvae is more  likely to  be 
reduced if t h e y  differ in geno type  5, ~ and  such a reduc t ion  
is more  probable  if a female is p roduc ing  eggs which  m a y  
carry  any  2 of 6 ins tead  of 4 genomes.  As these  observa-  
t ions  and  those  of o ther  workers  deal ing wi th  d i f ferent  
species of Drosophila show 1-4, r epea ted  ma t ing  in 
Drosophi la  m a y  be  a m u c h  more  co mmo n  p h e n o m e n o n  
than  has  previous ly  been  pos tu la ted .  

Rdsumd. Trois s6ries d 'exp6r iences  on t  6t6 fair pour  
vgrifier la possibili t6 d ' aecoup lemen t s  r6p6t6s chez le 
Drosophila paulistorum. A l 'a lde de marqueurs  morpho-  
logiques et  de marqueur /~  enzyme,  nous  avons  d6montr6  
que i ' a ccoup lemen t  double  se p ra t ique  f r 6 q u e m m e n t  
pa rmi  cet te  esp~ce, mSme pour  une popu la t ion  v ivan t  en 
cage. Les femelles qni se sont  accoupl6es deux Iois u t i l i sent  
le sperme des deux males  pour  fert i l iser une seule couv6e 
d'ceufs. 
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No. females 123 40 
Total mated 45 31 
No. double matings 29 6 
No. single matings 16 25 
Percent double matings 64.4 19.4 
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