
C H A P T E R  4

W O R K E R  P O L I C I N G  I N  A .  d o r s a t a

In  c o lo n ie s  o f  e u so c ia l H y m e n o p te ra , se le c tio n  c a n  ac t a t d if fe re n t  
lev e ls . In  p a r tic u la r , th e  re p ro d u c tiv e  in te re s ts  o f  in d iv id u a l w o rk e rs  d if fe r  
fro m  th o se  o f  th e  w o rk e rs  an d  q u e e n  c o lle c tiv e ly , th u s  c re a tin g  th e  p o te n tia l  
fo r c o n f lic t  o v e r  m a le  p ro d u c tio n  g iv e n  th a t, b e c a u se  o f  a rrh y n o to k o u s  
p a r th e n o g e n e s is , u n m a te d  w o rk e rs  c a n  la y  e g g s  th a t  re su lt  in  n o rm a l m a les . In  
sp e c ie s  w ith  c o lo n ie s  h e a d e d  b y  a  s in g le  q u e e n  m a te d  to  m o re  th a n  tw o  m a le s , 
su c h  as  h o n e y b e e s  (A p is)  an d  w a sp s  ( V espu la ), w o rk e rs  a re  m o re  c lo se ly  
re la te d  to  th e ir  o w n  so n s  (r  =  0 .5 ), th a n  to  th e  so n s  o f  th e ir  h a l f  s is te rs  (r  =
0 .1 2 5 ), o r  so n s  o f  th e  q u e e n  (r  =  0 .2 5 )  (R a tn ie k s , 1988). T h e s e  re la te d n e s s  
v a lu e s  m e a n  th a t  s e le c tio n  ac ts  in  fa v o r  o f  a lle le s  th a t  fo s te r  re p re s s io n  o f  
w o rk e r  re p ro d u c tio n  re n d e r in g  th e  w o rk e rs  fu n c tio n a lly  s te r ile  a n d  le a v in g  th e  
p ro d u c tio n  o f  m a le -p ro d u c in g  e g g s  to  th e  q u e e n  (R a tn ie k s , 1 9 8 8 ). H o w e v e r , 
s e le c tio n  a lso  ac ts  to  fa v o r  a lle le s  th a t  p e rm it  re p ro d u c tio n  b y  in d iv id u a ls , 
c re a tin g  an  e v o lu tio n a ry  te n s io n  b e tw e e n  th e  g e n e tic  in te re s ts  o f  in d iv id u a ls  
a n d  th e  c o lo n y  as  a  w h o le  (R a tn ie k s , 1988 ; V iss c h e r , 1996 ; B a r ro n  e t ah , in  
p re ss) .

T h is  te n s io n  b e tw e e n  in d iv id u a l a n d  g ro u p  in te re s ts  is  re s o lv e d  in  m a n y  
sp e c ie s  b y  m u tu a l su p p re ss io n  o f  re p ro d u c tio n  a m o n g  w o rk e rs . In  q u e e n - r ig h t 
c o lo n ie s , p h e ro m o n a l s ig n a ls  p ro d u c e d  b y  th e  la rv a e  (A rn o ld  e t ah , 1 99 4 ) and  
th e  q u e e n  (W o s s le r  a n d  C re w e , 1999) s ig n a l to  w o rk e rs  th a t  th e y  sh o u ld
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re f ra in  fro m  o v a ry  a c tiv a tio n  a n d  re p re ss  th e  re p ro d u c tio n  o f  a ll o th e r  w o rk e rs  
(B a rro n  e t ah , in  p re ss ) .

'W o rk e r  p o lic in g ' is th e  te rm  u s e d  fo r any  b e h a v io r  b y  w o rk e rs  th a t  ac ts  
to  re d u c e  th e  re p ro d u c tiv e  su c c e ss  o f  o th e r  w o rk e rs . T w o  m e c h a n is m s  h a v e  
b e e n  d o c u m e n te d : se lec tiv e  o o p h a g y  o f  w o rk e r- la id  e g g s  (R a tn ie k s  an d  
V iss c h e r , 1 9 89 ), a n d  a g g re ss io n  to w a rd s  in d iv id u a l w o rk e rs  w ith  a c tiv a te d  
o v a rie s  (V is s c h e r  a n d  D u k as , 1995).

W o rk e r  p o lic in g  v ia  o o p h a g y  o f  w o rk e r- la id  e g g s  is  a  w id e s p re a d  
p h e n o m e n o n  w ith in  th e  eu so c ia l H y m e n o p te ra , an d  h a s  in d e p e n d e n tly  e v o lv e d  
a t le a s t tw ic e  ( in  h o n e y  b ee s  an d  v e s p in e  w a sp s )  (F o s te r  a n d  R a tn ie k s , 2 0 0 1 ). 
A n a lo g o u s  b e h a v io r  is  a lso  p re se n t in  so m e  an t sp e c ie s  (K ik u ta  a n d  T su ji , 
1999 ; M o n n in  a n d  P e e te rs , 1999 ; T su ji , E g a s h ira  an d  H o lld o b le r , 1 9 9 9 ) an d  
w a sp s  w ith  le s s  p ro n o u n c e d  re p ro d u c tiv e  sk e w  (A re v a lo , S tra s s m a n n  a n d  
Q u e lle r , 1998).

W ith in  A p is ,  p o lic in g  v ia  o o p h a g y  o f  eg g s  h a s  b e e n  d o c u m e n te d  in  th e  
w e s te rn  h iv e  b e e  A. m e llife ra  (R a tn ie k s  a n d  V issch e r, 1 989 ), th e  d w a r f  h o n e y  
b ee  A. f lo r e a  (H a il in g  e t ah , 2 0 0 1 ), a n d  th e  e a s te rn  h iv e  b e e  A. c e ra n a  
(O ld ro y d  e t ah , su b m itte d ) . In  A. f lo r e a  (H a ilin g  e t ah , 2 0 0 1 )  a n d  A. m e llife ra  
(R a tn ie k s , 1 9 9 3 ), w o rk e r  o v a ry  a c tiv a tio n  is e x tre m e ly  ra re  in  q u e e n r ig h t  
w o rk e rs , b u t in  A. ce ra n a  u p  to  5 %  o f  w o rk e rs  h av e  a c tiv a te d  o v a r ie s . D e sp ite  
th is , n o  m a le s  a r is in g  fro m  w o rk e r  la id  e g g s  w ere  d e te c te d  in  a  sa m p le  o f  652  
p u p a e  in  A. ce ra n a  (O ld ro y d  e t ah , su b m itte d ).
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T h e  g ia n t h o n e y  b ee , A. d o rsa ta , d if fe rs  fro m  a ll o th e r  A p is  in  c o m b  
c o n s tru c tio n . U n iq u e ly , th e  c e lls  u se d  fo r re a r in g  w o rk e r  b ro o d  a n d  d ro n e  
b ro o d  a re  id en tic a l. In  a ll o th e r  sp e c ie s  th e  c e lls  u se d  fo r d ro n e  re a r in g  a re  
a b o u t 3 0 %  la rg e r  in  d ia m e te r  th a n  th e  c e lls  u se d  fo r w o rk e rs , a n d  can  b e  
re a d ily  d is tin g u is h e d  fro m  th e m  (R u ttn e r , 1988). M o re o v e r, th e  c e lls  u se d  fo r 
d ro n e  re a rin g  in  A. m ellifera , A. f lo r e a , A. a n d ren ifo rm is  a n d  A. ce ra n a  a re  
lo ca ted  in  d is tin c t a rea s , u su a lly  o n  th e  p e r ip h e ry  o f  th e  c o m b  (S e e le y , 1985 , 
R in d e re r  e t ah , 1996, H a d is o e s ilo  a n d  O tis , 1998). T h is  m e a n s  th a t  d ro n e s  a re  
re a re d  in  p a tc h e s  o f  c e lls  d is t in c t  fro m  th o s e  u se d  fo r re a r in g  w o rk e rs . In  
c o n tra s t, c e lls  u se d  fo r re a r in g  A. d o r s a ta  d ro n e s  a re  sc a tte re d  th ro u g h o u t  th e  
b ro o d  area .

In  A. m e llifera , p o lic e  w o rk e rs  u se  p h e ro m o n a l c u e s  p la c e d  o n  e g g s  b y  
q u e e n s  b u t  n o t  b y  w o rk e rs  to  d is t in g u is h  w o rk e r  a n d  q u e e n  la id  e g g s  
(R a tn ie k s , 1992; 1995). T h e s e  c u e s  m a y  b e  p ro d u c e d  b y  th e  D u fo u r 's  g la n d  
b ec a u se  th e  c o n ten ts  o f  th e  g la n d s  o f  la y in g  w o rk e rs  a n d  q u e e n s  h a v e  se v e ra l 
d is tin c t e le m e n ts  (K a tz a v -G o z a n sk y , S o ro k e r  a n d  H e fe tz , 1 997 ), a n d  b e c a u se  
b io a ssa y s  s tro n g ly  in d ic a te  th is  l in k  (R a tn ie k s , 1992; 1 9 9 5 ). H o w e v e r , th is  
sy s tem  o f  d if fe re n tia l  p h e ro m o n a l m a rk in g  o f  eg g s  is s u b je c t  to  e rro r , w ith  
so m e  w o rk e r- la id  e g g s  re s e m b lin g  q u e e n - la id  eg g s  (O ld ro y d  a n d  R a tn ie k s , 
2 0 0 0 ). T h is  m e a n s  th a t  w o rk e rs  m a y  u s e  a d d itio n a l c u e s  su c h  a s  ce ll 
m o rp h o lo g y  to  d is tin g u is h  w o rk e r  fro m  q u e e n - la id  eg g s , a n d  m a y  c o n c e n tra te  
th e ir  p o lic in g  e ffo rts  o n  d ro n e  c e lls  ra th e r  th a n  w o rk e r  ce lls .

I h y p o th e s iz e d  th a t  b e c a u se  c e lls  o f  A. d o rsa ta  u se d  fo r  re a r in g  o f  
d ro n es  a n d  w o rk e rs  a re  id e n tic a l, a n d  b e c a u se  th e y  a re  sc a tte re d  th ro u g h o u t
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th e  c o m b , th e  p o te n tia l  fo r e rro rs  b y  p o lic e  w o rk e rs  in  d is t in g u is h in g  w o rk e r-  
la id  a n d  q u e e n - la id  eg g s  is fa r g re a te r  in  th is  sp e c ie s  th a n  in  o th e r  sp e c ie s  o f  
A p is . In  A. d o r s a ta ,  th e  c a p a b ili ty  o f  w o rk e rs  to  d isc r im in a te  b e tw e e n  q u e e n - 
la id  e g g s  a n d  w o rk e r- la id  eg g s  m u s t b e  b a se d  e n tire ly  o n  p h e ro m o n a l  c u es  
a lo n e  a n d  m a y  th e re fo re  le ss  e ffe c tiv e  th a n  in  th o se  sp e c ie s  w h e re  ce ll ty p e  
g iv e s  a d d itio n a l  in fo rm a tio n  a b o u t e g g  sex , an d  p o ss ib ly  e g g  o r ig in , s in c e  
w o rk e rs  p re fe re n tia lly  lay  e g g s  in  d ro n e -s iz e d  c e lls  (O ld ro y d , H a il in g  an d  
R in d e re r , 1 9 99 ). T h a t is, w o rk e rs  m u s t p o lic e  e v e ry  c e ll , a n d  c o u ld  b e  
re m o v in g  b o th  w o rk e r  an d  m a le  e g g s  la id  b y  th e  q u e e n . A lth o u g h  w h e n  an  
e g g  is c o n s u m e d  b y  a  w o rk e r  th e  n u tr ie n ts  c o n ta in e d  w ith in  it a re  re c y c le d  
w ith in  th e  n e s t, th e  c a p a c ity  o f  q u e e n s  to  p ro v id e  re p la c e m e n t e g g s  m a y  b e  
lim ite d , a n d  th e re  is a  d e lay  e v e n  i f  q u e e n  can  e a s ily  lay  th e  e g g s . T h u s  th e  
f i tn e ss  c o n se q u e n c e s  fo r e rro n e o u s ly  re m o v in g  q u e e n - la id  e g g s  w o u ld  se e m  to  
b e  su b s ta n tia l.

G iv e n  th e s e  c o n s id e ra tio n , I h y p o th e s iz e d  th a t  A. d o r s a ta  w o rk e rs  
w o u ld  h a v e  a  m o re  p e rm is s iv e  a c c e p ta n c e  th re s h o ld  o f  w o rk e r- la id  e g g s  th a n  
o th e r  s p e c ie s  o f  A p is . T o  te s t  th is  h y p o th e s is , I d is se c te d  w o rk e rs  to  d e te rm in e  
th e  f re q u e n c y  o f  o v a ry  a c tiv a tio n  a m o n g  th em . A d d it io n a lly , I u se d  
m ic ro s a te l l i te  a n a ly s is  to  d e te rm in e  i f  th e  eg g s  th a t  g iv e  r is e  to  m a le s  a re  
w o rk e r- la id  o r  q u e e n - la id . A. d o r s a ta  is e x tre m e ly  d e fe n s iv e  o f  th e  n e s t  s ite , 
a n d  b e c a u se  o f  th is  I d id  n o t c o n s id e r  it fe a s ib le  to  d ire c tly  b io -a s s a y  th e  
su rv iv a l o f  w o rk e r- la id  an d  q u e e n - la id  eg g s  as h as  b e e n  d o n e  in  o th e r  sp e c ie s  
(R a tn ie k s  a n d  V issc h e r , 1989; H a il in g  e t ah , 2 0 0 1 ; O ld ro y d  e t  a h , su b m itte d ) . 
In  p a r tic u la r , d e q u e e n in g  a  c o lo n y  in  o rd e r  to  o b ta in  la y in g  w o rk e rs  p o se s  a 
fo rm id a b le  te c h n ic a l  d ifficu lty .
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4.1 M a te r i a l s  a n d  M e th o d s

4 .1 .1  M a te r n i ty  o f  D ro n e s

4 .1 .1 .1  S a m p le  c o l le c t io n

T o  a v o id  e rro n e o u s  sa m p lin g  o f  b ee s  d rif ted  fro m  o th e r  c o lo n ie s , o n ly  
p u p a e  b ro o d  w e re  u s e d  in  th is  e x p e rim e n t. H o w ev e r, as m e n tio n  e a rlie r , d ro n e  
c e lls  in  th is  s p e c ie s  a re  sc a tte d  th ro u g h o u t th e  co m b , a n d  th e y  a re  id e n tic a l to  
w o rk e r  ce lls . H e n c e , it n o t  p o ss ib le  to  d is tin g u ish  b e tw e e n  d ro n e  c e lls  an d  
w o rk e r  ce lls . S ev e ra l fre sh  A. d o rsa ta  c o m b s  w ere  ra n d o m ly  c u t  fro m  th e  w ild  
o r p u rc h a se d  fro m  m a rk e ts  in  T h a ila n d  in  1 9 9 8 -1 9 9 9 . F re s h  c o m b s  w e re  
w ra p p e d  in  a lu m in iu m  fo il an d  k ep t o n  ice  d u r in g  tra n s p o r ta tio n  to  th e  B e e  
B io lo g y  R e s e a rc h  U n it  C h u la lo n g k o m  U n iv e rs ity . T h ey  w e re  th e n  te m p o ra r i ly  
s to re d  in  a  f re e z e r  a t-2 0 ° c . A ll s a m p le s  w ere  tra n s p o r te d  to  th e  S ch o o l o f  
B io lo g ic a l S c ie n c e s  U n iv e rs ity  o f  S y d n ey , A u s tra l ia  a n d  th e se  sa m p le  w e re  
k e p t in  a  f re e z e r  (-7 0 °C ) u n til  th e y  w e re  u s e d  fo r m ic ro sa te l l i te  a n a ly s is .

S e a le d  b ro o d  c e lls  w e re  th e n  o p e n e d  b y  u s in g  a  p a ir  o f  fo rc e p s  to  
e x a m in e  th e  c e lls  fo r th e  p re se n c e  o f  d ro n e  p u p a e . M a le  p u p a e  h a v e  m u c h  
la rg e r  e y es  th a n  w o rk e r  p u p a e . O n ly  4  c o lo n ie s  w ith  c .a . 2 0 0  d ro n e  p u p a e  
w e re  fo u n d  a n d  th e y  w e re  u se d  in  th is  e x p e rim e n t.
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4 . 1 .1 .2  D N A  E x t r a c t i o n

D ro n e  p u p a e  w ere  re m o v e d  fro m  c e lls  an d  k e p t  in d iv id u a lly  in  
E p p e n d o r f  tu b e s . D N A  e x tra c tio n s  o f  sa m p le s  w e re  c o n d u c te d  a c c o rd in g  to  
th e  p ro to c o l in  S ec tio n  3 .1 .1 .

4 .1 .1 .3  P o ly m e r a s e  C h a in  R e a c t io n  (P C R )

F o u r  p o ly m o rp h ic  m ic ro sa te l l i te  p r im e rs  (A  14, A 2 4 , A 8 8  id e n tif ie d  b y  
E s to u p  e t ah , 1994; 1995 a n d  A d3  id e n tif ie d  b y  P a r r  e t a l, 2 0 0 1 )  w e re  u se d  to  
d e te rm in e  th e  m a te rn ity  o f  d ro n e s . T h e  p ro to c o l fo r P C R s  fo llo w e d  th e  
p ro c e d u re  d e sc r ib e d  in  S ec tio n  3 .1 .2 . D N A  te m p la te  d ilu tio n  o f  e a c h  b e e  w as  
m ix e d  w ith  P C R  m ix tu re  a n d  u n d e rw e n t a  p ro g ra m m e  a p p ro p r ia te  to  e a ch  
p r im e r  (T a b le  3 .3 ). A f te r  c y c lin g  w a s  c o m p le te d , P C R  p ro d u c ts  w e re  k e p t in  a  
re f r ig e ra te r  a t 4  ° c .

4 .1 .1 .4  E le c t r o p h o r e s i s

T h e  P C R  p ro d u c t o f  e a c h  b e e  w a s  e le c tro p h o re s e d  o n  an  a u to m a te d  
D N A  fra g m e n t a n a ly s e r  (C o rb e tt  R e se a rc h , S y d n ey ). T h e  p ro c e d u re s  fo llo w e d  
th o se  d e s c r ib e d  in  S ec tio n  3 .1 .3 .
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4 . 1 .1 .5  Q u e e n ’s  G e n o t y p e

F o r  e a c h  c o lo n y , th e  q u e e n ’ร g e n o ty p e  w as in fe r re d  b a s e d  o n  a n a ly s is  o f  
24  w o rk e r  g e n o ty p e s , as th e  tw o  a lle le s  o f  w h ic h  o n e  w a s  a lw a y s  p re s e n t  in  a 
w o rk e r ’s g e n o ty p e . T h is  a lso  a llo w e d  m e to  c o n firm  m o n a n d ry  fo r  th e  c o lo n y  
c o n c e rn e d . I f  a n y  d ro n e  h a s  a  d if fe re n t  m a te rn a l a lle le  fro m  th e  q u e e n , it can  
be  sa id  th a t  it w a s  n o t  a  so n  o f  th e  q u e e n  an d  m u s t th e re fo re  b e  a  so n  o f  a  
w o rk e r  in  th a t  c o lo n y  (S e c tio n  3 .2 ). T h u s , an y  d ro n e  w h ic h  c a rry  a n  a lle le  
d if fe rs  fro m  q u e e n ’s a lle le  w as  c o n s id e re d  as w o rk e r ’s so n  (O ld ro y d  e t ah , 
1995).

4 .1 .2  F r e q u e n c y  o f  O v a r y  A c t iv a t io n

4 .1 .2 .1  S a m p le  C o lle c t io n

A p p ro x im a te ly  1 0 0 -2 00  a d u lt  w o rk e r  b ee s  w e re  s a m p le d  in  T h a ila n d  
fro m  e a c h  o f  8 q u e e n r ig h t c o lo n ie s  in  1 9 9 8 -2 0 0 0 . T h re e  sa m p le s  w e re  fro m  
iso la te d  n e s ts , a n d  a n o th e r  5 w e re  fro m  a g g re g a tio n s . T h e  s a m p le s  w e re  
c o lle c te d  d u r in g  th e  d ry  se a so n  d u r in g  a  h o n e y  f lo w  w h e n  d ro n e  re a r in g  w a s  
v e ry  a c tiv e . T h e s e  sa m p le s  w e re  s to re d  in  7 0 %  e th a n o l u n til  d is s e c tio n  w a s  
c o n d u c ted .
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4 . 1 .2 .2  D i s s e c t i o n

W o rk e rs  w e re  f irs t  f ix e d  to  a  w a x  b o a rd  b y  an  in s e c t  p in  in se r te d  
th ro u g h  th e  th o ra x . U n d e r  a  m ic ro sc o p e , th e  th ird  a n d  fo u r th  a b d o m in a l 
se g m e n ts  w e re  s e p a ra te d  u s in g  tw o  p a irs  o f  fo rcep s . T h e  d ig e s tiv e  tra c t  w a s  
th e n  re m o v e d  to  re v e a l th e  o v a rie s , w h ic h  c o n n e c t to  th e  g e n ita l  o p e n in g  
b e tw e e n  th e  a n u s  a n d  s tin g  (D a d e , 1977). O v a rie s  w e re  s c o re d  in to  3 
c a te g o rie s ;  0 ) o v a r io le s  n o t  v is ib le , 1) o v a rio le s  c le a rly  v is ib le , 2 ) sm a ll e g g s  
a n d /o r  fu ll s ize  e g g s  p re se n t.

4 .2  R e s u l ts

4 .2 .1  M a te r n i ty  o f  D r o n e s

N o n e  o f  th e  6 6 0  d ro n e s  e x a m in e d  c a rr ie d  a lle le s  in c o n s is te n t  w ith  th e m  
b e in g  so n s  o f  th e  q u e e n , in d ic a tin g  th a t  w o rk e r  re p ro d u c tio n  is ra re  in  A. 
d o r s a ta  (T a b le  4.1 a n d  T a b le  4 .2 )  (F ig u re  4 .1 ).
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F ig u re  4 .1  Im a g e  o f  m ic ro sa te lli te  a t A 8 8  lo c u s , re s o lv e d  b y  u s in g  
p o ly a c ry la m id e  g e l e le c tro p h o re s is .
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H o w e v e r , b y  c h a n c e  it is  p o s s ib le  th a t  an y  w o rk e r- la id  d ro n e s  w o u ld  n o t 
b e  d e te c te d  i f  a p a r tic u la r  d ro n e  h as  q u e e n  a lle le s  a t all lo c i. T h is  c an  o c c u r  in  
tw o  w ay s . O n e  p o s s ib ili ty  is  th a t  th e  d ro n e  m a y  d e r iv e  a  q u e e n  a lle le  fro m  h is  
w o rk e r-m o th e r  w h o  m u s t  c a rry  a  q u e e n  a lle le  a t all loc i. T h is  s itu a tio n  e rro r  
o cc u rs  a t th e  ra te  o f  5 0 %  a t e a c h  lo c u s  e x a m in e d . A n o th e r  p o ss ib ili ty  is th a t  
th e  q u e e n  m a y  m a te  w ith  d ro n e  c a rry in g  a lle le  id e n tic a l to  h e r  o w n . T h en  th e  
d ro n e , w h ic h  c a rr ie d  a  q u e e n - lik e  a lle le , m a y  b e  c la s s if ie d  as  th e  so n  o f  th e  
q u e e n  in  th a t  c o lo n y . T h u s  th e  p ro b a b il i ty  o f  m is s -c la s s if ic a tio n  d e p e n d s  o n  
th e  n u m b e r  o f  loc i u se d , a n d  th e  p o ly m o rp h is m  o f  th e se  lo c i, a n d  th is  ra te  can  
b e  q u a n tif ie d . T o  e s tim a te  th e  ra te  a t w h ic h  e rro rs  o cc u r, th e  n o n -d e te c tio n  
e rro r  w a s  c a lc u la te d . In  e a c h  c o lo n y  a t e a c h  lo c u s , I c a lc u la te d  th e  p ro p o r tio n  
o f  th e  w o rk e rs  th a t  th e ir  fa th e rs  p o ss ib ly  h a v e  th e  sa m e  a lle le  as th e  q u e e n  
(Pk). I th e n  c a lc u la te d  th e  p ro b a b il i ty  o f  n o n -d e te c tio n  e rro r  (P nd) a t e a c h  lo cu s  
b y  u s in g  th e  e s t im a tio n  fro m  H a il in g  e t a l (2 0 0 1 ):

P nd =  0 .5 + 0 .5  pk

A c ro s s  a ll lo c i s tu d ie d , I c a lc u la te d  th e  o v e r  all p ro b a b il i ty  o f  n o n ­
d e te c tio n  u s in g  th e  e s tim a tio n :

P n d -  n \  =1 (0 .5 + 0 .5 P k)
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T h e re fo re , th e  p ro b a b il i ty  o f  d e te c tio n  is:

P d =  1- P nd

T h e  a v e ra g e  p ro b a b il i ty  o f  d e te c tio n  all fo u r  c o lo n ie s  s tu d ie d  w as  
c a lc u la te d  u s in g :

A v e ra g e  P D =  E n k=i (c o lo n y  ท X N o . o f  d ro n e s  in  c o lo n y  ท)/ T o ta l N o . 

o f  d ro n e s  fro m  a ll c o lo n ie s

T h e  a v e ra g e  p ro b a b il i ty  o f  d e te c tio n  o f  a ll 4 c o lo n ie s  e x a m in e d  w as
0 .7 9  a n d  th e  a v e ra g e  p ro b a b ili ty  o f  n o n -d e te c tio n  o v e r  a ll 4  c o lo n ie s  e x a m in e d  
w a s  0 .21 (i.e . th e re  w as  a  2 1 %  c h a n c e  th a t  a n y  o n e  w o rk e r- la id  m a le  w o u ld  
n o t  b e  d e te c ta b le  as  w o rk e r- la id  b e c a u se  it h ad  a  g e n o ty p e  c o n s is te n t  w ith  
b e in g  q u e e n - la id ) . T h u s  in  a  sa m p le  o f  6 6 0  d ro n e s , I w o u ld  e x p e c t  to  h a v e  
d e te c te d  a t le a s t  o n e  w o rk e r- la id  m a le  i f  th e  a c tu a l f re q u e n c y  o f  w o rk e r- la id  
m a le s  w a s  as lo w  as 1 in  521 . A s  n o  w o rk e r- la id  m a le s  w e re  d e te c te d , th is  
in d ic a te s  th a t  w o rk e r  re p ro d u c tio n  is e x tre m e ly  ra re  in  A. d o rsa ta .

T o  te s t  w h e th e r  th e  q u e e n  w as  th e  so le  m o th e r  o f  th e  c o lo n y  o ffsp r in g , 
th e  e x p e c te d  d ro n e  fre q u e n c ie s  w as  d e te rm in e d . T h e s e  f re q u e n c ie s  w ere  
c o m p a re  w ith  th e  o b se rv e d  d ro n e  f re q u e n c ie s  u s in g  a  x 2te s t  (T a b le  4 .2 ). T h e  
s ta tis tic a l a n a ly s is  c o n firm ed  th e  a s su m p tio n  th a t  a ll d ro n e s  e x a m in e d  d e r iv e d  
fro m  th e  q u e e n  h e a d  o f  th e  co lo ny . G iv e n  th e  c o m p le te  a b se n c e  o f  m a le s
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w h o se  g e n o ty p e  w a s  c o n s is te n t  w ith  b e in g  w o rk e r- la id , w e  c o n c lu d e  th a t  
m a le s  a r is in g  fro m  w o rk e r - la id  e g g s  a re  e x tre m e ly  ra re  in  A. d o rsa ta .

T a b le  4 .1 . Q u e e n  g e n o ty p e s  o f  4 c o lo n ie s  in fe rre d  fro m  w o rk e rs  a lle le s  o f  
e a c h  c o lo n y .

Colony Queen Genotypes

M icrosatellite Loci A14 A24 A88 Ad3

1 206/212 106/108 135/145 168/192

2 211/214 104 133/138 170/226

3 208/216 102/106 142/144 164

4 207/212 104 133/135 166



T a b le  4 .2 . F re q u e n c ie s  o f  d ro n e s  g e n o ty p e s  a n d  te s t in g  o f  d e v ia t io n .

Colony Queen genotype Observed drone genotype Observed frequencies 
of drone genotype

Expected frequencies 
of drone genotype

X2 d f p

A14 A24 A88 Ad3 A14 A24 A88 Ad3
1 206/212 106/108 135/145 168/192 206 106 135 168 5 6.5 4.62 15 0.99

206 106 135 192 8 6.5
206 106 145 168 7 6.5
206 106 145 192 4 6.5
206 108 135 168 8 6.5
206 108 135 192 7 6.5
206 108 145 168 8 6.5
206 108 145 192 8 6.5
212 106 135 168 6 6.5
212 106 135 192 6 6.5
212 106 145 168 4 6.5
212 106 145 192 5 6.5
212 108 135 168 8 6.5
212 108 135 192 6 6.5
212 108 145 168 7 6.5
212 108 145 192 7 6.5



Colony Queen genotype Observed drone genotype Observed frequencies 
of drone genotype

Expected frequencies 
of drone genotype

X2 d f p

A14 A24 A88 Ad3 A14 A24 A88 Ad3
2 211/214 104/104 133/138 170/226 211 104 133 170 17 16.5 6.79 7 0.45

211 104 133 226 12 16.5
211 104 138 170 20 16.5
211 104 138 226 16 16.5
214 104 133 170 11 16.5
214 104 133 226 14 16.5
214 104 138 170 20 16.5
214 104 138 226 22 16.5

3 208/216 102/106 142/144 164 208 102 142 164 26 27 3.70 7 0.81
208 102 144 164 30 27
208 106 142 164 22 27
208 106 144 164 31 27
216 102 142 164 21 27
216 102 144 164 29 27
216 106 142 164 30 27
216 106 144 164 27 27

4̂■ O



Colony Queen genotype Observed drone genotype Observed frequencies 
of drone genotype

Expected frequencies 
of drone genotype

X2 d f p

A14 A24 A88 Ad3 A14 A24 A88 Ad3
4 207/212 104 133/135 166 207 104 133 166 55 52 0.27 3 0.97

207 104 135 166 50 52
212 104 133 166 52 52
212 104 135 166 51 52
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4 .2 .2 . O v a r y  D e v e lo p m e n t

N o n e  o f  1 ,9 02  w o rk e rs , fro m  b o th  s in g le  c o lo n ie s  a n d  a g g re g a tio n s , h ad  
fu lly  d e v e lo p m e n t o f  o v a ry  o r  an y  d e v e lo p in g  e g g s  in  th e  o v a rio le s . H o w e v e r, 
3 4 .1 2 %  o f  w o rk e rs  e x a m in e d  h a d  a  s ig n  o f  o v a ry  d e v e lo p m e n t, i.e . v is ib le  
o v a r io le s  (T a b le  4 .3 )  (F ig u re  4 .2 ).

T a b le  4 .3 . O v a ry  a c tiv a tio n  in  A. d o rs a ta  w o rk e rs .

O v a r y  a c t iv a t io n T o ta l  n u m b e r

C o lo n y Undeveloped Visible ovarioles Fully developed o r  b e e s

1 134 66 0 20 0

2 149 56 0 205

5 179 71 0 25 0

1 164 74 0 23 8

2 131 78 0 20 9

3 135 115 0 25 0

4 168 82 0 250

5 193 107 0 300

Total 1253 . 649 0 1902

Percentage 65 .88 34 .12 0 100
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F ig u r e  4 .2  O v a r y  o f  A .  d o r s a t a  w o r k e r s .

a ] A b d o m e n  o f  a d is s e c t e d  w o r k e r  w i t h  n o  s ig n  o f  o v a r y  d e v e lo p m e n t  
( c a t e g o r y  0 ) .  G r e e n  a r r o w  in d ic a t e s  u n d e v e lo p e d  o v a r y .

b |  A b d o m e n  o f  a  d is s e c t e d  w o r k e r  w i t h  d i s t in g u is h e d  o v a r y  
d e v e l o p m e n t  ( c a t e g o r y  1). B l u e  a r r o w  in d ic a t e d  s w o l l e n  o v a r y .
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4 .3  D is c u s s io n

N o  e v id e n c e  o f  w o rk e r  re p ro d u c tio n  in  A. d o rsa ta  w a s  fo u n d . F ro m  th e  
g e n e tic  in v e s tig a tio n , th e re  w as  n o  e v id e n c e  th a t  any  m a le  w a s  d e r iv e d  fro m  a 
w o rk e r- la id  eg g . A lso  n o  in d iv id u a l w o rk e rs  h ad  a c tiv a te d  o v a rie s . T h is  
su g g e s ts  th a t  w o rk e r  re p ro d u c tio n  is ra re  in  A. d o rsa ta .

A. d o r s a ta  is u n u su a l in  th is  g e n u s  in  th a t  th e  ce lls  u se d  fo r  re a r in g  d ro n e s  
a re  se e m in g ly  id e n tic a l to  th o se  u se d  fo r  re a r in g  w o rk e rs , a n d  a re  sc a tte re d  
th ro u g h o u t th e  b ro o d  n e s t, ra th e r  th a n  b e in g  se q u e s te re d  in  d is t in c t  a re a s . T h is  
sp e c ie s -sp e c if ic  b e h a v io r  led  m e  to  sp e c u la te  th a t  w o rk e r  p o lic in g  m ig h t b e  le ss  
w e ll d e v e lo p e d  in  A. d o r s a ta  th a n  in  th e  re s t  o f  th e  g en u s . B e c a u s e  th is  b e h a v io r  
is e x p e c te d  to  in c re a se  th e  c o s ts  o f  p o lic in g  a n d  h ig h e r  re te n tio n  o f  w o rk e r- la id  
e g g s  is p re d ic te d . H o w e v e r , th e  h y p o th e s is  th a t  w o rk e r  p o lic in g  m ig h t  b e  le s s  
w e ll  d e v e lo p e d  in  A. d o r s a ta  th a n  in  o th e r  sp e c ie s  o f  its  g e n u s  is n o t  su p p o rte d  
b y  th e  re s u lts  p re s e n te d  in  th is  th e s is .

T h e  f in d in g s  in  th is  th e s is  in d ic a te  th a t  m o st, i f  n o t  a ll A. d o r s a ta  d ro n e s  
a re  so n s  o f  q u e e n s . T h e  a b se n c e  o f  w o rk e rs  w ith  d e v e lo p e d  o v a rie s , a s  sh o w n  
h e re , m a y  m e a n  th a t  p o lic in g  is d ire c te d  a t w o rk e rs  w ith  d e v e lo p e d  o v a r ie s  
(V is sc h e r  a n d  D u k a s , 1 9 9 5 ), re d u c in g  th e  n e e d  fo r p o lic in g  v ia  o o p h a g y , a n d  
sp e c ia l c e lls  fo r  th e  re a r in g  o f  m a les . T h e re fo re , w e  m ig h t c o n c lu d e  th a t  in  
A .d o rsa ta  w o rk e r  s te r ility  is s tric t. T h e  e v id e n c e  o f  w o rk e r  s te r ili ty  in  A. 
d o rs a ta  w a s  c le a r ly  sh o w n  h e re  a n d  it w a s  a lso  re p o rte d  in  th e  o th e r  sp e c ie s  (i.e . 
A. m e llife ra  (R a tn ie k s  a n d  V issc h e r , 1 989), A. f lo r e a  (H a ilin g  e t a h , 2 0 0 1 ) . S o  I 
su g g e s t th a t  w o rk e r  p o lic in g  is lik e ly  to  o c c u r  ac ro ss  th e  g en u s . T h e  o c c u rre n c e
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o f  w o rk e r  p o l ic in g  in  A. f lo r e a  in d ic a te s  th a t  th is  b e h a v io u r  m a y  b e  e v o lv e d  
p r io r  to  th e  d iv e rg e n c e  o f  th e  g e n u s  A p is . T h is  is b e c a u se  A. f lo r e a  is b e lie v e d  
to  b e  th e  f irs t  sp e c ie s  a ro se  fro m  th e  b a sa l g ro u p  w ith in  th is  g en u s . T h e  re su lts  
p re s e n te d  in  th is  th e s is  c o n firm e d  th a t  w o rk e r  p o lic in g  w as  n o t  a r ise  a f te r  th e  
d iv e rg e n c e  o f  th e  g e n u s  A p is .
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