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Fertile diploid drones  in africanized honeybees ,  Apis mell i fera adansoni i  

J. Chaud-Ne t to  

Departamento de Cigncias Exatas da Faculdade de Filoso/ia, Cigncias e Letras de Araraquara, Caixa Postal 774, l&8OO- 
Araraquara, S. P. (Brasil), 17 May 1976 

Summary. 59 diploid drones  of Apis mellifera adansonii ,  12-37 days  old, were tes ted  for the  presence of semen af ter  
p rovoked  ejaculat ion;  13 drones  e jacula ted  semen enough to  be used in an i n s t rumen ta l  inseminat ion ,  bu t  only three  
of t h e m  (50/o) furnished 1 m m  a of semen. The problems referr ing to the  a t t a i n m e n t  of descendan t s  f rom the  2n drones 
are briefly discussed. 

Homozygos i ty  of X alleles in Apis mellifera causes reduc- 
t ion in the  size of the  tes tes  of diploid drones  and the  
inher i tance  of th is  charac te r  is in accordance wi th  the  
addi t ive  act ion of polygenes~-a. This paper  repor t s  da ta  
about  the  percentage  of fertile diploid drones in Africanized 
honeybees  (Apis mellifera adansonii) .  59 diploid drones 
of Apis mellifera adansoni i  were reared by  "VVoyke's 
me thod  ~. These drones  (12-37 days  old) were tes ted  for 
the  presence of semen on the  penis tip, a f ter  p rovoked  
ejaculat ions.  The males were marked  on the  first  day  of 
life (with special pa in t  on the  thorax)  and ma in ta ined  in 
a s t rong queenless colony unti l  the  exper iment .  This 
colony was housed in a L a n g s t r o t h  nes t  wi th  9 frames,  
6 wi th  sealed brood and 3 wi th  honey  and  poIen. 
Haploid  drones of Apis mellifera, 8 10 days  old, are 
sexual ly matureS, 6 and ejaculate  an average of 1.7 m m  a 
of semen,  this  volume being equivalent  to 11 million 
spe rmsL Camargo s found 6 million sperms per  m m  a in 
haploid  drones of Apis mellifera adansonii ,  appa ren t ly  
the  only race t h a t  can produce  diploid drones wi th  large 
tes tes  2. Honeybee  queens t h a t  received f rom i to 20 m m  3 
of semen in ins t rumen ta l  inseminat ions  presen ted  1.4-5.8 
million sperms in the  spe rmateca  v. This represents  a per- 
centage  of success vary ing  f rom 20 to 25% approx imate ly .  
Only 13 diploid drones from our sample (22%) presented  

semen.  These drones had  the  following ages: 12 days  
(2 drones),  13 (1), 15 (1), 17 (2), 23 (2), 25 (1), 30 (2), 
33 (1), 37 (1). The volume of semen collected f rom the  
fertile 2n drones  var ied f rom 0.3 m m  a to 1 m m  a. Never-  
theless  only th ree  of the  t h i r t e en  fert i le drones e jacula ted  
1 m m  a of semen (approx imate ly  5% of the  sample).  
Therefore,  prac t ica l ly  only these 3 drones  would have  a 
chance to produce  descendants .  These facts  expla in  w h y  
it  is so diff icul t  to ob ta in  descendan t s  f rom diploid drones  
of Apis melliferag. 
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Light-dependent  h o m o s e x u a l  activity in males  of a mutant  of Drosophi la  m e l a n o g a s t e r  
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Summary. Cytogenet ical  and behavioura l  s tudies  on a y- ray- induced m u t a n t  of Drosophila melanogaster is repor ted.  
The males of this  m u t a n t  show abnormal  pho to tac t i c  response and t igh t -dependen t  homosexua l  ac t iv i ty .  

Sexual  ac t iv i ty  in males of Drosophila, like in mos t  
o the r  animals  including man,  is a complex  innate  be- 
hav ioura l  process which can be pa r t i t ioned  into a) ac t  of 
p re -copula to ry  cour t sh ip  and  b) copulat ion.  A sexual ly 
act ive Drosophila male per forms  acts of cour tsh ip  con- 
sist ing of a) recogni t ion of female and or ienta t ion,  b) wing 
v ib ra t ion  which is species specific and c) licking of female 
genital ia  and  a t t e m p t e d  copulat ion,  in a predic table  
order  2-s. The first  e lement  of this  series, the  recogni t ion 
of the  female, is b rough t  abou t  t h rough  the  agency of 
sex-pheromones  emi t t ed  by  ma tu re  females% Thus,  the  
sexual  arousal in males is o l fac tory  in na tu re  and visual 
or o ther  factors 2 do no t  seem to p lay  a major  role in the  
sexual  ac t iv i ty  of males of Drosophila melanogaster. In  
th is  communica t ion ,  an in teres t ing  case of l ight -depen-  
den t  sexual ly abnorma l  behav iour  of males of a m u t a n t  
of Drosophila melanogaster is repor ted .  This m u t a n t  arose 
dur ing  exper imen t s  designed to  isolate abnorma l  pho to -  

tac t ic  mu t an t s .  In  these exper iments ,  one-day  old 
Oregon-K males were i r radia ted  wi th  3 k R  of y-rays and 
m a t e d  to a t t a c h e d  X virgin females.  Resul t ing  p rogeny  
was sub jec ted  to  pho to t ac t i c  screening,  using ]3ENZER'S 7 
counter  cur ren t  d i s t r ibu t ion  me thod .  Flies no t  responding  
to l ight  were isolated and des igna ted  as 's luggish' .  Males 
of one such sluggish m u t a n t ,  besides showing abnorma l  
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p h o t o t a c t i c  r e s p o n s e  ( F i g u r e  1) o n  e x p o s u r e  t o  l i gh t ,  h a d  
a b n o r m a l  s e x u a l  b e h a v i o u r .  T h e  l i g h t - t r i g g e r e d  s e x u a l  
a c t i v i t y  is c o n d i t i o n a l ,  i . e .  i t  l a s t s  o n l y  as  l o n g  as  t h e  
f l ies  a r e  e x p o s e d  t o  l i g h t  a n d  is a b n o r m a l  in  t h e  s e n s e  
t h a t  s u c h  s e x u a l l y  a c t i v e  m a l e s  do  n o t  d i s c r i m i n a t e  be -  
t w e e n  t h e  s e x e s  w h i l e  p e r f o r m i n g  t h e  a c t  o f  c o u r t s h i p .  
H o m o s e x u a l  t e n d e n c y  in  m a l e s  o f  a m u t a n t  of  Drosophila 
h a s  b e e n  r e p o r t e d  b y  GILL s. M ore  r e c e n t l y  BENZER 9 h a s  
r e p o r t e d  a m u t a n t  ' f r u i t y '  w h e r e  m a l e s  p u r s u e  e a c h  
o t h e r  r a t h e r  t h a n  f e m a l e s .  T h e  m u t a n t  r e p o r t e d  h e r e  a lso  
s h o w s  a h o m o s e x u a l  t e n d e n c y .  I t s  d e p e n d e n c e  on  l i g h t  
for  a b n o r m a l  s e x u a l  a c t i v i t y  a t t r a c t e d  o u r  a t t e n t i o n  a n d  
t h e  m u t a n t  w a s  p u t  t o  g e n e t i c  a n d  b e h a v i o u r a l  a n a l y s i s .  

A d e t a i l e d  g e n e t i c  a n d  c y t o l o g i c a l  e x a m i n a t i o n  re-  
v e a l e d  t h a t  a) t h e  m a l e s  of  t h i s  m u t a n t  a re  p a r t i a l l y  
fer t i le ,  b) h o m o z y g o u s  f e m a l e s  a r e  s l u g g i s h  b u t  s ter i le ,  
c) t h e r e  is c o m p l e t e  s u p p r e s s i o n  of  c r o s s i n g  o v e r  in  X -  
c h r o m o s o m e  in  h e t e r o z y g o u s  f e m a l e s  ( g e n o t y p e  + / y  c v  
v f car) ,  a n d  d) t h e  s l u g g i s h  f l ies  h a v e  a r e c i p r o c a l  t r a n s -  
l o c a t i o n  b e t w e e n  X -  a n d  I I I - c h r o m o s o m e s .  T h e  a n a l y s i s  
of  s a l i v a r y  g l a n d  c h r o m o s o m e s  s h o w e d  t h a t  t h e  p o i n t s  of  
e x c h a n g e  i n v o l v e  t h e  X - 2  e s e g m e n t  of  t h e  X - c h r o m o s o m e  
a n d  t h e  3L-97A-10 s e g m e n t  of  t h e  t h i r d  c h r o m o s o m e .  T h u s ,  

t h e  o b s e r v e d  b e h a v i o u r a l  p h e n o t y p e  m a y  be  d u e  e i t h e r  
t o  a g e n e  m u t a t i o n  in  t h e  t r a n s l o c a t e d  s e g m e n t s ,  o r  to  
t h e  p o s i t i o n  e f f ec t  b r o u g h t  a b o u t  b y  t h e  t r a n s p o s i t i o n  of  
t h e  t h i r d  c h r o m o s o m e  s e g m e n t  to  t h e  X - c h r o m o s o m e .  
T h e  d a t a  on  g e n e t i c  a n a l y s i s  ( table) ,  h o w e v e r ,  s h o w  t h a t  
t h e  m u t a n t  p h e n o t y p e  is r e c e s s i v e  a n d  fo l lows  a s e g r e g a -  
t i o n  p a t t e r n  t y p i c a l  of  a s e x - l i n k e d  c h a r a c t e r .  

I n  o r d e r  to  s t u d y  t h e  i n f l u e n c e  of  l i g h t  on  s e x u a l  be -  
h a v i o u r ,  m u t a n t  a s  wel l  a s  w i ld  t y p e  ( O r e g o n - K )  m a l e s  
we re  m a i n t a i n e d  w i t h  a t t a c h e d - X  f e m a l e s  in  d a r k .  4 - 5  
d a y s  p r i o r  t o  t e s t ,  v i r g i n  m a l e s  a n d  f e m a l e s  w e r e  s e p a -  
r a t e d  f r o m  t h e  s t o c k  b o t t l e s  a n d  s t o r e d  o n  n o r m a l  f o o d  
in  d a r k .  B e h a v i o u r a l  s t u d i e s  we re  c a r r i e d  o u t  in  r e d  a n d  
w h i t e  l i gh t .  T h e  l i g h t  s o u r c e  u s e d  w a s  a 40 W f l u o r e s c e n t  
t u b e  f i t t e d  a t  o n e  m e t e r  d i s t a n c e  f r o m  t h e  o b s e r v a t i o n  
de sk .  F o r  r e d  l i g h t  a K o d a k  s a f e t y  l a m p  f i t t e d  w i t h  a r ed  
f i l t e r  w a s  u s e d .  E a c h  o b s e r v a t i o n  cell,  a g l a s s  t u b e  of  
10 x 2.5 c m ,  c o n t a i n e d  a b o u t  25 p a i r s  of  v i r g i n  f e m a l e s  
a n d  m a l e s .  T h e  o b s e r v a t i o n s  m a d e  o n  s e x u a l  b e h a v i o u r  
s h o w  t h a t  u n l i k e  n o r m a l  m a l e s  w h o s e  s e x u a l  a c t i v i t y  w a s  
i n d e p e n d e n t  of  l i g h t  c o n d i t i o n s ,  t h e  s e x u a l  a w a k e n i n g  in  
m u t a n t  m a l e s  w a s  l i g h t - d e p e n d e n t .  T h e s e  m a l e s  d i d  n o t  
m a t e  in  d a r k  w i t h  m a t u r e  v i r g i n  f e m a l e s .  E x p o s u r e  t o  

Analysis of F 2 progeny of selfed F 1 of a cross involving virgin Or-K 
females and sluggish males 

Phototactic response 
of the flies Males �9 Females  Total 

Positive phototactic 330 549 924 
'Sluggish' 3364 24 o 360 

Total flies 666 618 1284 

Half of the males in Fe, segregating for mutan t  phenotype, suggest 
a sex-linked inheritance and 336:1284 ratio fits into an expected 
monogenie segregation, bActual nmnber of males in this class were 
168 which were corrected to 336 on the presumption that  50% of the 
males carrying deficiencies or duplications of X or 3rd chromosomes 
will be lethal because of translocation. ~ females need not be 
sluggish since even in a normal population, a few individuals could 
be expected to have a very poor phototaetic response and be mistaken 
as sluggish. 
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Fig. 1. Phototactic response of mutan t  males (O-- �9  and attached 
X-females ( e - - . )  measured by BENZ~R'S ~ counter current distri- 
bution method. Fraction numbers indicate the tube number  where 
tube No. 0 is the starting tube and will retain the flies having poor 
light response while tube No. 5 will have the best responders. 

Fig. 2. Courtship behaviour in mutan t  males of Drosophila melano- 
gasler, aA chain of three sexually active males, the lower one is seen 
vibrating a wing. bA male is seen beginning to mount  another male. 
c2 males seen in the process of transient pseudocopulation. 
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normal  l ight,  however ,  resul ted  in abou t  40-50%,  some- 
t imes  even more,  copula t ing  pairs  wi th in  a per iod of 
10 min.  Also, sexual ly  aroused males did no t  d i scr imina te  
be tween  the  sexes and, besides cour t ing  females,  showed 
a pe r s i s t en t  cour t ing  of males (Figure 2). W h e n  the  ob- 
serva t ion  tube  had  only  males,  or when  the  p ropor t ion  of 
males to females was ve ry  high, chains  or r ings of 4 to 5 
males cour t ing  each o ther  was observed.  In teres t ingly ,  
the  males being followed did no t  flicker the i r  wings, a 
behavioura l  p rope r ty  of normal  males. These observa-  
t ions suggest  t h a t  the  sexual  arousal  in the  m u t a n t  males, 
unlike the  normal  males, is no t  med ia ted  t h rough  female 
sex-pheromones .  Ins tead ,  l ight p robab ly  t r iggers  the  ve ry  
initial s tep of th is  complex  process. 

Besides the  effect  of normal  light, observa t ions  were 
also made  on the  influence of d i f ferent  wave- leng ths  of 
l ight  on the  sexual  ac t iv i ty  of m u t a n t  males. For  this, a 
rec tangular  (30 • 30 cm), l ight  proof ca rd -board  box was 
used. I t  was f i t ted  wi th  a 100 W bulb  on the  t op  and an 
opening in one side wall wi th  sliding shu t t e r  to accom- 
moda te  a monoch roma t i c  filter. Monochromat ic  l ight  was 
ob ta ined  by  employing  monochromat i c  filters - ap- 
p rox ima te  b a n d  pass 30 n m  and wave  leng th  coverage of 
660-420 nm. M u t a n t  males,  app rox ima te ly  50 in n u m b e r  
and isolated wi th in  6-8 h of eclosion, were kep t  in dark  
on normal  food for 4-5 days.  Jus t  before observat ions ,  
males were t ransfer red ,  in dark,  into e m p t y  glass tubes  

(10 • 2.5 cm) and kep t  a t  a d is tance  of abou t  30 cm f rom 
the  opening  in the  box. Flies were observed under  var ious  
wave  lengths  of light. E a c h  shif t  in wave  leng th  was 
preceeded by  a 2-minute  da rk  period.  Sexual  ac t iv i ty  
measured  in t e rms  of ac ts  of cour t sh ip-wing  v ib ra t ion  and  
a t t e m p t e d  copula t ion  was recorded for 5 rain a t  each 
wave length.  I t  was not iced  t h a t  the  red and orange p a r t  
of the  l ight  s p ec t ru m (wave length  660-595 nm) had  no 
influence on the  sexual  ac t iv i ty ,  t h o u g h  males move  
abou t  normally.  Yellow light (wave length  575 nm) 
resul ted in a to ta l  of 80-90 a t t e m p t s  of cour t sh ip  and  
pseudo-copula t ion  among  males ( a t t empt s  m a d e  b y  in- 
dividual  males were no t  recorded).  Sexual  ac t iv i ty  a t  
wave  lengths  up to 515 n m  was more  or less of the  same 
order  as t h a t  in yellow light. However ,  wave  lengths  
near ing violet  (420 nm) could induce only  15-20 cour t sh ip  
and copula t ion  a t t emp t s .  Fur ther ,  the  abnorma l  sexual  
ac t iv i ty  induced  in yellow l ight  (and o ther  pa r t s  of t he  
spect rum) could be in s t an t aneous ly  t e rmina t ed  and  re- 
gained by  i n t e r m i t t e n t  exposure  to red and yellow light. 
This f inding is of impor t ance  and will be of grea t  help  in 
del ineat ing events  f rom the  percep t ion  of the  s t imu la to ry  
signals t h ro u g h  t ransmiss ion  to the  nervous  s y s t em and  
up to the  effects on effector  organs.  
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Summary. New centr ic  fusions (Rb 8 14 Rma)  have  been descr ibed in a 22-chromosome ka ryo type  f rom a Mus musculus  
popula t ion  in southern  Central  I taly.  The diakinesis  of hybr ids  ob ta ined  by  crossing mice wi th  d i f ferent  22-chromo- 
some complemen t s  show a r ing-mul t iva len t  made  up 16 metacen t r i c s  pa i r ing  a rm- to -a rm.  

i n  previous papers~, a we repor ted  on a popula t ion  of 
feral house mice (Mus musculus  L.) found in the  Centra l  
Apennines ,  charac te r ized  by  a 22-chromosome comple-  
ment .  This unusual  ka ryo type  arises f rom the  40-chromo- 
some s t anda rd  mouse ka ryo type  4 th rough  Robe r t son ian  
fusions involving all acrocentr ic  pairs  excep t  the  smal les t  
au tosomal  pair,  i.e. No. 19 of the  s t andard ,  and  the  
he te rochromosomes .  The a r r a n g e m e n t  of the  acrocentr ic  
au tosomes  in forming the  9 pairs of Rober t son ian  meta -  
centr ics  has a l ready  been demons t r ed  5,6 b y  means  of a 
Tryps in-Giemsa  band ing  procedure.  
As a consequence  of an extens ive  field s t u d y  carr ied out  
in a large area of Central  I ta ly ,  mice were observed in 
sou theas te rn  p a r t  of the  Centra l  Apennines  w i th  a 22- 
chromosome karyotype ,  bu t  in which  the  9 Robe r t son ian  
me tacen t r i c  pairs  were found  to be d i f ferent  f rom those  
previously  descr ibed in the  Apennine  mice. These dif- 
ferences, a l though  no t  marked ,  were revealed by  a care- 
ful ka ryomet r i c  analysis.  The di f ferent  morpho logy  of 
the  chromosomes  was in t e rp re t ed  as indicat ive  of a dif- 
fe rent  a r r a n g e m e n t  of the  acrocentr ic  arms,  i.e. the  
acrocentr ic  ch romosomes  of the  s t anda rd  mouse karyo-  
type ,  in se t t ing  up the  Robe r t son ian  metacent r ics .  
The d i s t r ibu t ion  area of th is  new 22-chromosome popula-  
t ion of mice is shown in figure 1; i t  includes several  

m o u n t a i n  and hill localit ies of Molise, the  Gargano penin-  
sula and p a r t  of no r t e rn  Puglia.  Karyological  s tudies  
were carr ied ou t  in 20 animals  col lected f rom 6 d i f fe ren t  
villages. A l abo ra to ry  imbred  s t ra in  has been  ob ta ined  
and  it is, a t  p resen t ,  kep t  in our  breeding s ta t ion.  The 
animals  of th is  s t ra in  have  been marked  by  the  code CB, 
whereas  the  animals  be longing to t he  s t ra in  resul t ing  
f rom the  22-chromosome mouse  popu la t ion  previous ly  
descr ibed 2, a, 5 are ind ica ted  by  the  code CD. 
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