
C H A P T E R  5

M A T I N G  F R E Q U E N C Y  O F Æ  d o r s a t a  Q U E E N S

W h e n  so c ia l in se c t q u e e n s  m a te  w ith  sev era l m a le s  (p o ly a n d ry )  th is  lead s  
to  re d u c e d  re la te d n e s s  a m o n g  o ffsp rin g  a n d  in c re a se d  g e n e tic  v a r ia t io n  a m o n g  a 
c o lo n y ’s w o rk e rs . K in  se le c tio n  th e o ry  (re v ie w e d  in  C ro z ie r  an d  P a m ilo , 1996) 
su g g e s ts  th a t  th e  e v o lu tio n  o f  e u s o c ia lity  w as  fa c ilita te d  b y  h ig h  in tra -c o lo n ia l 
re la te d n e ss , so  re a s o n s  fo r th e  sh if t  f ro m  m o n a n d ry  a n d  h ig h  re la te d n e s s  to  
p o ly a n d ry  a n d  lo w  re la te d n e s s  a re  o f  g re a t  in te re s t. F u r th e rm o re , e a c h  m a tin g  
flig h t in v o lv e s  r is k s  to  th e  q u e e n  (M o ritz , 1985), su g g e s tin g  th a t  th e  b e n e f i ts  o f  
p o ly a n d ry  m u s t  b e  su b s ta n tia l.

S e v e ra l  h y p o th e s e s  h a v e  b e e n  p ro p o se d  fo r e x p la in in g  th e  e v o lu tio n  o f  
m u ltip le  m a tin g  in  A p is .  T h e  m o s t p la u s ib le  e x p la n a tio n s  o f  e x tre m e ly  h ig h  
le v e ls  o f  p o ly a n d ry  fo u n d  in  th e  g en u s  a re  th e  so -c a lle d  “ g e n e t ic  v a r i a b i l i t y ” 
(G V ) h y p o th e s e s  (K e lle r  an d  R e e v e , 1994 ; re v ie w e d  in  P a lm e r  a n d  O ld ro y d , 
2 0 0 0 ). T h e  lo w e r  re la te d n e s s  a m o n g  n e s t  m a te s  c a u se d  b y  m u ltip le  m a tin g  o f  th e  
q u e e n  is  p o s tu la te d  to  in c re a se  th e  re p ro d u c tiv e  su c ce ss  o f  th e  c o lo n y . T h e  
a d v a n ta g e s  o f  m u ltip le  m a tin g  fo r  c o lo n ie s  o f  eu so c ia l H y m e n o p te ra n  a re : 1) 
R e d u c tio n  in  se x  in v e s tm e n t ra tio  c o n f lic t  b e tw e e n  q u e e n  a n d  w o rk e rs  (M o ritz , 
1985 ; Q u e lle r  e t a h , 1993). 2 ) R e d u c e d  im p a c t o f  th e  g e n e tic  lo a d  o f  th e  sex  
lo c u s  o n  c o lo n y  g ro w th  d u e  to  p ro d u c tio n  o f  d ip lo id  m a le s  (o f f sp r in g  b e in g  
h o m o z y g o u s  a t  th e  se x  lo c u s) (P a g e , 1980; W o y k e , 1 980 ). 3 ) R e d u c tio n  in  
s u s c e p tib ili ty  to  p a ra s ite s  (S h e rm a n , S e e le y  an d  R e ev e , 1988; S h y k o f f  an d  
S c h m id -H e m p e l, 1991 ; S c h m id -H e m p e l, 1994 , 1995, 1998; S c h m id -H e m p e l an d  
C ro z ie r , 1999). 4 ) In c re a se d  p o s s ib ili t ie s  fo r d iv is io n  o f  la b o u r  a n d  ta sk  
p e r fo rm a n c e  (O ld ro y d , R in d e re r  an d  B u c o , 1992 a; O ld ro y d  e t a h , 1992  b;
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T h e  d e g re e  o f  p o ly a n d ry  v a r ie s  su b s ta n tia lly  a m o n g  m e m b e rs  o f  so c ia l 
H y m e n o p te ra n . V e ry  h ig h  le v e ls  o f  p o ly a n d ry  a re  o n ly  se e n  in  h o n e y  b e e s  o f  th e  
g en u s  A p is  (S tra s sm a n , 2 0 0 1 ). W ith in  th is  g en u s , th e  n u m b e r  o f  m a tin g s  se e m s 
to  be  v e ry  v a r ia b le . H o w e v e r , th e  n u m b e r  o f  m a tin g s  e x a m in e d  m a y  d e p e n d  o n  
th e  te c h n iq u e s  u se d  to  in v e s tig a te  m a tin g  freq u en c y . B o o m s m a  a n d  R a tn ie k s  
(1 9 9 6 ) re v ie w e d  th a t  fo u r  m e th o d s  h a v e  b e e n  u se d  to  in v e s tig a te  p a te rn ity  in  
so c ia l in se c ts : 1) d ire c t  o b se rv a tio n s  o f  c o p u la tio n s ; 2 ) sp e rm  c o u n ts ;  3 ) 
e s tim a te s  o f  p a te rn ity  b a s e d  o n  v is ib le  g en e tic  m a rk e rs ; 4 )  e s tim a te s  o f  p a te rn ity  
b a s e d  o n  g e n e tic  m a rk e rs . G e n e tic  m e th o d s , (u su a lly  b a se d  o n  m ic ro s a te l l i te  o r 
a llo z y m e  m a rk e rs ) , a re  m o re  re lia b le  fo r  a sse ss in g  th e  p a te rn ity  fre q u e n c y  th a n  
sp e rm  c o u n ts  o r  d ire c t  o b se rv a tio n . H o w e v e r , th e y  c a n n o t a c tu a lly  b e  u s e d  to  
a s se ss  th e  n u m b e rs  o f  t im e s  a  q u e e n  m a te s  i f  so m e  c o p u la tio n s  d o  n o t re s u lt  in  
o ffsp rin g .

C o m u e t, D a o u d i a n d  C h e v a le t (1 9 8 6 ) e v a lu a te d  th e  n u m b e r  o f  m a tin g s  o f  
a  p o p u la tio n  o f  A. m e llife ra  m e llife ra  in  F ra n c e  u s in g  a llo zy m e s . T h e y  e s t im a te d  
th e  e ffe c tiv e  n u m b e r  o f  m a tin g s  to  b e  12.4  in  th is  su b sp e c ie s . E s to u p  e t al. (1 9 9 3 ; 
199 4 ) in v e s tig a te d  th e  n u m b e r  o f  p a tr il in e s  in  th ree  d if fe re n t  h o n e y  b e e s  
su b s p e c ie s ; A. ไท. m ellifera , A .m . c a rn ica  an d  A.m . lig u s tic a , b y  u s in g  
m ic ro sa te l l i te  a n a ly s is . T h e y  fo u n d  7-21  p a tr il in e s  fro m  th e  s a m p le s  w ith  an  
e f fe c tiv e  a v e ra g e  o f  10.15 d ro n e s  p e r  q u een . T h e  h ig h e s t lev e l o f  p o ly a n d ry  
re p o r te d  in  A. m e llife ra  is  a p p ro x im a te ly  3 0  m a tin g s  p e r  q u e e n  fo r  th e  A fr ic a n  
s u b s p e c ie s  Æ . m. s c u te lla ta  (M o ritz , K ry g e r  a n d  A llso p p , 1996).

O l d r o y d  e t  a l . ,  1 9 9 3 ;  P a g e  a n d  R o b i n s o n ,  1 9 9 1 ;  R o b i n s o n  a n d  P a g e ,  1 9 8 8 ;  1 9 8 9

b ;  P a g e  e t  a l . ,  1 9 9 5 ;  F u c h s  a n d  M o r i t z ,  1 9 9 8 ) .  5 )  T o l e r a n c e  t o  u n - p r e f e r a b l e  in

e n v i r o n m e n t a l  c o n d i t i o n s  ( C r o z i e r  a n d  P a g e ,  1 9 8 5 ,  F e w e l l  a n d  P a g e ,  1 9 9 3 ) .
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M ic ro s a te ll i te  a n a ly s is  h as  b e e n  p ro v e d  to  b e  a  re l ia b le  te c h n iq u e  fo r 
d e te rm in in g  th e  g e n e tic  s tru c tu re  o f  c o lo n ie s . It a llo w s  p re c ise  e s t im a tio n  o f  
re la te d n e s s  a m o n g  in d iv id u a ls , an d  fo r th is  re a so n  th is  te c h n iq u e  h a s  b e e n  w id e ly  
u se d  to  in v e s tig a te  th e  m a te rn ity  a n d  p a te rn ity  o f  o ffsp r in g  in  s tu d ie s  o f  so c ia l 
c o lo n ie s  (S e c tio n  2 .5 .1 ).

L e v e ls  o f  p o ly a n d ry  re p o r te d  in  th e  5 sp e c ie s  o f  A p is  in v e s tig a te d  to  d a te  
a re  v a r ia b le  (T a b le  5 .1 ). T h e  lo w e s t e ffe c tiv e  m a tin g  fre q u e n c y  w a s  re p o r te d  in  
A f lo r e a  (O ld ro y d  e t ah , 1995; P a lm e r  a n d  O ld ro y d ., su b m itte d ) . A n o th e r  o p e n 
n e s tin g  s ite  h o n e y  b e e s  (A. a n d ren ifo rm is ) h a d  q u ite  s im ila r  e ffe c tiv e  m a tin g  
fre q u e n c y  (O ld ro y d  e t ah , 1997). In  a d d itio n , th e  e ffe c tiv e  m a tin g  f re q u e n c y  in  
o th e r  c a v ity -n e s tin g  sp e c ie s  (A .c e ra n a , A .k o sc h e v n ik o v i) w e re  1 2 .0 + 1 .6 , a n d  
1 0 .5 + 8 .4 , re s p e c tiv e ly  (O ld ro y d  e t a h , 1998; R in d e re r  e t a h , 1 998 ). S u rp ris in g ly , 
th e  h ig h e s t  n u m b e r  o f  m a tin g  f re q u e n c y  o f  th e  q u e e n s  o f  A. n ig ro c in c ta  w as  
re p o r te d  to  b e  th e  h ig h e s t  in  th is  g e n u s  (P a lm e r  e t a h , su b m itte d ) .
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T a b le  5 .1 . L e v e ls  o f  p o ly a n d ry  a n d  in tra -c o lo n ia l g e n e tic  re la t io n sh ip  in  th e  
g e n u s  A p is  ( r e v e a le d  b y  m ic ro s a te l l i te  a n a ly s is ) .

Species O bserved paternity 
frequency (M ean +SE )

E ffective paternity 
frequency

C oefficient o f  
relatedness

Authors

A. andreniformis 13.5+2.3 9.1+0.83 0 .3+0.007 Oldroyd et al., 1997
A. florea 8.0+1.6 5 .6+1.0 0 .35+ 0.02 Oldroyd et a l ,  1995
A. Jlorea (revised) 16.0+2.45 10.14+1.15 0 .32+ 0.005 Palmer and Oldroyd, 

submitted
A. cerana 18.0+3.03 12.0+1.6 0 .29+ 0.005 Oldroyd et al., 1998
A. nigrocincta 54 .0+ 5 .8 40 .49+ 11 .79 0 .27+ 0.004 Palmer et al, subm itted
A. koschevnikovi 16.3+10.5 10.5+8.4 0 .31+0.03 Rinderer et al., 1999
A. m ell i f  era 13.8+2.5 12.4+2.2 0 .30+ 0.009 Estoup et al., 1994
A . d o r s a ta 30.17+60 25.6+1.05 0.27+0.02 Moritz et al., 1995
A . d o r s a ta 26.7+6.6 20.0+6.6 0.29+0.007 Oldroyd et al., 1996

D a ta  on  m a tin g  fre q u e n c y  o f  A. d o r  s a t  a  w as  f irs t  re p o r te d  b y  M o r itz  e t 
a l (1 9 9 5 ) . T h re e  m ic ro s a te l l i te  p r im e rs  (A  14, A 7 6  an d  A 8 8 )  w e re  u s e d  to  
d e te rm in e  th e  p a te rn ity  f re q u e n c y  o f  A. d o rs a ta  fro m  b o th  s in g le  c o lo n ie s  a n d  
a g g re g a te d  c o lo n ie s  c o lle c te d  in  M a la y s ia  a n d  In d o n e s ia . T h e y  fo u n d  th a t  s in g le  
c o lo n ie s  h a d  th e  h ig h e r  n u m b e r  o f  p a tr il in e s  a t 28  w h ile  3 c o lo n ie s  fro m  
a g g re g a tio n  h a d  th e  n u m b e r  o f  p a tr il in e s  ra n g e  fro m  1 l t o  17. T h e  m e a n  e s t im a te  
n u m b e r  o f  m a tin g s  o f  a ll c o lo n ie s  w as  3 0 .1 7 + 5 .9 8  (ran g e  1 6 -5 3 ) a n d  th e  a v e ra g e  
o f  th e  e ffe c tiv e  n u m b e r  o f  m a tin g  w a s  2 5 .5 6 + 1 1 .6 3  (ra n g e  1 4 .0 8 -4 4 .0 8 ). 
S im ila r ly , O ld ro y d  e t a l. (1 9 9 6 ) d e te rm in e d  th e  m a tin g  f re q u e n c y  o f  A .d o r s a ta  
s a m p le d  fro m  T h a ila n d . Q u e e n s  h a d  m a te d  w ith  13-39  m a le s  (m e a n  2 6 .7 5 + 5 .4 2 ) . 
T h e  m e a n  e ffe c tiv e  m a tin g  f re q u e n c y  w a s  1 9 .9 6 + 6 .6 3 .
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B o th  in v e s tig a tio n s  c o n firm e d  th a t  A. d o r s a ta  h a d  th e  h ig h e s t  lev e l o f  
p o ly a n d ry  re c o rd e d  a t th a t  tim e . H o w e v e r , th e  sm a ll sa m p le  s iz e s  c o lle c te d  b y  
M o r itz  e t al. (1 9 9 5 )  a n d  O ld ro y d  e t al. (1 9 9 6 ) m e a n t th a t  th e y  w e re  u n a b le  to  
d e te rm in e  i f  th is  sp e c ie s  sh o w s  e x tre m e  le v e ls  o f  p o ly a n d ry . In  g en e ra l, th e  
n u m b e r  o f  p a r ti l in e s  is c o rre la te d  w ith  sa m p le  s ize . A lso , in  M o r i tz ’s w o rk , th e  
u se d  o f  a d u lt  w o rk e rs  to  d e te rm in e  th e  n u m b e r  o f  p a tr i l in e s  m a y  h a v e  re su lte d  in  
th e  e r ro r  in  p a tr i l in e  e s tim a tio n  d u e  to  m is id e n tif ic a tio n  o f  d r if te d  b e e s  fro m  
a d ja c e n t c o lo n ie s . In  b o th  re p o r ts , o n ly  th re e  m ic ro sa te l li te  lo c i w e re  u se d  in  
e a c h  in v e s tig a tio n  i.e . A 1 4 , A 7 6 , a n d  A 8 8  in  M o r i tz ’s w o rk  a n d  A 1 4 , A 8 8 , and  
B 1 2 4  in  O ld ro y d ’s w o rk . H e n c e , th e  e s tim a te s  o f  m a tin g  o f  th o se  q u e e n s  
e x a m in e d  m a y  h a v e  b e e n  g ro ss ly  u n d e re s tim a te d .

In  th is  th e s is , I c o n d u c te d  in v e s tig a tio n s  to  re -e x a m in e  m a tin g  fre q u e n c y  
in  A. d o r s a ta  to  o b ta in  m o re  p re c is e  e s tim a te s . F irs tly , to  a v o id  d r if te d  b e e s , a ll 
a n a ly s e s  w e re  c o n d u c te d  o n  p u p a e  o r  e a rly  a d u lt  s tag es . S ec o n d ly , th e  n u m b e r  o f  
b e e s  a n a ly s e d  p e r  c o lo n y  w a s  re la t iv e ly  h ig h  (ท= 2 ,6 9 6  w ith  th e  a v e ra g e  2 0 0  b ee s  
p e r  c o lo n y ). F in a lly , I u s e d  4  m ic ro sa te l l i te  lo c i fo r m y  a n a ly s e s  in c lu d in g  a  n e w  
m ic ro s a te l l i te  lo c u s  c lo n e d  fro m  A. d o rs a ta  an d  fo u n d  to  b e  h ig h ly  p o ly m o rp h ic  
in  th a t  s p e c ie s  (P a rr  e t ah , 2 0 0 1 ).

5.1 M a te r ia ls  and  M e tho d s
5.1.1 A n a ly s is  o f  p a te rn ity

5.1.1.1 Sam p le  co llec tion

T h ir te e n  fre sh  c o m b s  o f  A .d o rsa ta  w e re  c u t fro m  th e  w ild  th ro u g h o u t 
T h a ila n d  in  1 9 9 8 -1 9 9 9 . E ig h t o f  th e se  (c o lo n ie s  1-8) w ere  c o lle c te d  fro m  14 
a g g re g a te d  c o lo n ie s  in  P u a  d is tr ic t, N a n  p ro v in c e  in  th e  n o r th  o f  T h a ila n d , fro m  a
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p ro m in e n t  b ee  t re e  th a t  h o s ts  an  a g g re g a tio n  o f  g ia n t h o n e y  b e e s  e v e ry  y e a r  
(F ig u re  5 .1 .; 5 .2 ). A n o th e r  fiv e  so lita ry  c o lo n ie s  (c o lo n ie s  9 -1 3 )  w e re  c o lle c te d  
fro m  v a r io u s  p a r ts  o f  T h a ila n d  (F ig u re  5 .3 ). F re sh  c o m b s  (F ig u re  5 .4 )  w e re  
w ra p p e d  in  a lu m in iu m  fo il a n d  k ep t on  ice  d u r in g  tra n s p o r ta tio n  to  th e  B ee  
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  in  B a n g k o k . T h e y  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 sa m p le s  w e re  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  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 se d  fo r  m ic ro sa te lli te  a n a ly s is .
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F ig u re  5 .1 , F o u r te e n  c o lo n ie s  o f  A. d o r s a ta  a g g re g a te d  o n  th e  tre e .



60

F ig u re  5 .2 . S a m p le  c o l le c t io n  fro m  a g g re g a t io n
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F ig u re  5 .3  A  s in g ly  n e s tin g  c o lo n y . A  p ie c e  o f  f re sh  c o m b  w a s  c u t  fro m  
th is  s in g le  c o lo n y  fo r p a te rn ity  d e te rm in a t io n  .
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E ig u r e J L f t  A  p ie c e  o f  fre sh  c o m b  fro m  a c o lo n y  o f  A. d o rsa ta .
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5.1.1.2 D N A  E x tra c t io n

W o rk e r  p u p a e  o r e a r ly  a d u lts  p r io r  to  e m e rg e n c e  w e re  re m o v e d  fro m  
c e lls  a n d  k e p t in d iv id u a lly  in  se p a ra te  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  
s a m p le s  w e re  c o n d u c te d  a c c o rd in g  to  m e th o d s  d e sc r ib e d  in  S e c tio n  3 .1 .1 .

5.1.1.3 P o lym era se  C h a in  R ea c tion  (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  w h ic h  sp e c if ic  to  A. d o rs a ta  
(A  14, A 2 4 , A 8 8  a n d  A d 3 ) w e re  u s e d  to  d e te rm in e  th e  m a te rn ity  a n d  p a te rn ity  o f  
th o se  w o rk e rs . D N A  e x tra c tio n s  w e re  d ilu te d  1:6 w ith  d is ti l le d  w a te r. T h e  P C R  
p ro to c o l is  g iv e n  in  S e c tio n  3 .1 .2 . D ilu te d  te m p la te s  w e re  th e n  a d d e d  to  th e  P C R  
m ix tu re  a n d  u n d e rw e n t a  th e rm o c y c lin g  p ro g ra m m e  a p p ro p r ia te  to  e a c h  p r im e r  
(T a b le  3 .2  a n d  T a b le  3 .3 ). A f te r  c y c lin g , P C R  p ro d u c ts  w e re  k e p t  a t 4  ° c  fo r 
e le c tro p h o re s is .

5.1.1.4 E le c tro p h o re s is

P C R  p ro d u c ts  o f  e a c h  b e e  w a s  e le c tro p h o re se 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  w a s  d e s c r ib e d  in  
S ec tio n  3 .1 .3 .
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5.1.1.5 P a te rn ity  ana lys is

T h e  q u e e n ’s g e n o ty p e  o f  e a ch  c o lo n y  w as  d e te rm in e d  u s in g  th e  c r ite r ia  
d e s c r ib e d  in  S e c tio n  3 .2 . T h e  n u m b e r  o f  w o rk e r  p a tr i l in e s  w as  d e te rm in e d  b y  a 
c o m b in a t io n  o f  d ro n e  a lle le s  a t fo u r  m ic ro sa te l li te  loci.

5.1.2 C a lc u la tio n s

E ffe c tiv e  m a tin g  fr e q u e n c y  (m ) is th e  m a tin g  fre q u e n c y  c o r re c te d  fo r 
f in ite  sa m p le  s iz e . T h is  w a s  c o m p u te d  b y

m  =  (ท- l ) / ( n l ki=1 yi2- l )

w h e re : k  =  n u m b e r  o f  p a tr il in e s  o b se rv e d
yi =  o b se rv e d  p ro p o r tio n  o f  w o rk e r  s a m p le d  fro m  th e  ith 

p a tr il in e
ท =  n u m b e r  o f  w o rk e r  e x a m in e d

(B o o m sm a  a n d  R a tn ie k s , 1 9 9 6 ;P a m ilo ,  1993)

A v e r a g e  co e ff ic ie n t o f  re la te d n e ss  (G ) w as  w e ig h te d  a c c o rd in g  to  th e  
re la t iv e  p ro p o r t io n s  o f  e a c h  su b fa m ily . G  w a s  c o m p u te d  b y

G  =  0 .2 5 + 0 .5 S kj=i p i2

w h e re : p i =  p ro p o r tio n  o f  w o rk e rs  in  e a ch  p a tr il in e
(B o o m sm a  a n d  R a tn ie k s , 1996)
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d p  =  n  (Z q i2)

w h e re  : q i =  a lle le  fre q u e n c y  a t e ach  o f  i loci

(B o o m sm a  a n d  R a tn ie k s , 1996) 

P r o b a b il i ty  o f  n o t sa m p lin g  a  p a tr i l in e  w as  c a lc u la te d  b y

( l - p ) n

w h e re  ะ p  =  p ro p o r tio n  o f  w o rk e r  re p re se n te d  in  a  p a tr i l in e  
ท =  n u m b e r  o f  w o rk e r  e x a m in ed

E x p e c t e d  f r e q u e n c y  o f  n o n - d e t e c t e d  p a t r i l i n e s  ( d p )  w a s  c a l c u l a t e d  b y

(F o s te r  e t a h , 1 99 9 )

5.2 R esu lts

T h e  n u m b e r  o f  su b fa m ilie s  fo u n d  in  th is  in v e s tig a tio n  ra n g e d  fro m  4 7 - 
103 p e r  c o lo n y . T h e  e ffe c tiv e  m a tin g  fre q u e n c y  ra n g e d  b e tw e e n  2 6 .9  a n d  88 .5 . 
T h e  m e a n  e f fe c tiv e  m a tin g  freq u en c y  o f  a g g re g a tio n  w as  6 4 .1 1 + 7 .3 8 8  (S E ) 
(T a b le  5 .2 .1 )  w h ile  th e  m e a n  e ffe c tiv e  m a tin g  freq u en c y  o f  q u e e n s  fro m  s in g le  
c o lo n ie s  w a s  6 2 .1 4 + 1 0 .2 6 9  (S E ) (T ab le  5 .2 .2 ). T h e  lo w e s t e ffe c tiv e  m a tin g  
o c c u rre d  in  c o lo n y  4 o f  th e  a g g re g a tio n  (A g g re g a tio n -4 )  a t 2 8 .7 8 6 . T h e  m a y  b e  
c o n tr ib u te  to  a  s in g le  m a le  w as  d o m in a n t o n  sp e rm  u sa g e  in  th is  co lo n y .
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M a te rn a l  a n d  p a te rn a l  g e n o ty p e s  fo r  e a c h  c o lo n y  a re  s h o w n  in  A p p e n d ix  1. 
M ic ro s a te l l i te  im a g e  o f  w o rk e rs  w a s  s h o w n  in  F ig u re  5 .5 .
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T a b le  5 .2 .1 . E ffe c tiv e  m a tin g  fre q u e n c y  (m ), a v e ra g e  c o e ff ic ie n t  o f  re la te d n e ss  
(G ), n u m b e r  o f  su b fa m ilie s  (k ) a n d  n u m b e r  o f  b ee s  (ท) o f  A. d o r s a ta  s a m p led  
fro m  a g g re g a te d  c o lo n ie s  e x a m in e d  b y  4 m ic ro sa te l li te  loc i.

Colony number of 
bees (ท)

number of 
subfamilies (k)

Effective
mating
frequency (m)

Average 
coefficient o f 
relatedness (G)

Aggregation-1 144 72 88 0.256
Aggregation-2 189 74 80.027 0.256
Aggregation-3 111 47 37.685 0.263
Aggregation-4 248 78 28.786 0.267
Aggregation-5 204 92 77.551 0.257
Aggregation-6 206 88 64.572 0.258
Aggregation-7 235 87 62.066 0.258
Aggregation-8 156 71 74.172 0.257
Mean 186.625 76.125 64.107 0.259
Standard error 16.510 5.019 7.388 0.001



T a b l e  5 . 2 . 2 .  E f f e c t i v e  m a t i n g  f r e q u e n c y  ( m ) ,  a v e r a g e  c o e f f i c i e n t  o f  r e l a t e d n e s s

( G ) ,  n u m b e r  o f  s u b f a m i l i e s  ( k )  a n d  n u m b e r  o f  b e e s  (ท )  o f  A . d o r s a t a  s a m p l e d

f r o m  s i n g l e  c o l o n i e s  e x a m i n e d  b y  4  m i c r o s a t e l l i t e  l o c i .

Colony number o f 
bees (ท)

number o f 
subfamilies (k)

Effective mating 
frequency (m)

Average 
coefficient o f 
relatedness (G)

Single colony-9 176 83 88.506 0.256
Single colony-10 271 102 67.625 0.257
Single colony-11 288 80 55.623 0.259
Single colony-12 276 83 26.877 0.269
Single colony-13 192 85 67.661 0.257
Mean 240.6 86.6 62.137 0.26
Standard error 23.409 4.128 10.269 0.002
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F ig u re  5 .5  Im a g e  o f  m ic ro s a te l l i te  loci o f  w o rk e rs  a t A d  3 lo c u s  ( re s o lv e d
by  p o ly a c ry la m id e  g e l) . A rro w  in d ic a te s  s iz e  s ta n d a rd  at 160 b p  len g th .
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C o m p a r iso n s  b e tw e e n  a g g re g a tio n  an d  n o n -a g g re g a tio n  c o lo n ie s  sh o w n  
th a t  th e re  w e re  n o  s ig n if ic a n t d if fe re n t in  a ll p a ra m e te rs  ( n u m b e r  o f  sa m p le s  (ท), 
n u m b e r  o f  su b fa m ily  (k ), e ffe c tiv e  m a tin g  f re q u e n c y  (m ) a n d  a v e ra g e  c o e ff ic ie n t 
o f  re la te d n e s s  (G ))  e x a m in e d  (M a n n -W h itn e y  บ  te s t)  (T a b le  5 .3 ).

T a b le  5 .2 .3 . M a n n -W h itn e y  บ  te s t  o f  th e  n u m b e rs  o f  sa m p le s  (ท), th e  n u m b e r  o f  
su b fa m ilie s  (k ), th e  e ffe c tiv e  m a tin g  f re q u e n c y  (m ) a n d  th e  a v e ra g e  c o e ff ic ie n t 
o f  re la te d n e s s  (G ) b e tw e e n  a g g re g a tio n s  an d  n o n -a g g re g a tio n s .

Mann-Whitney บ test Probability Chi-square
Number o f samples (ท) 31 0.107 2.593
Number o f subfamily (k) 28 0.241 1.375
Effective mating 
frequency (m)

18 0.770 0.086

Average coefficient o f 
relatedness (G)

21 0.881 0.022

T h e  p ro b a b il i ty  o f  n o n -d e te c te d  p a tr il in e s  {d p )  w as  se p a ra te ly  c a lc u la te d  
b e tw e e n  a g g re g a tio n  a n d  s in g le  co lo n ie s . T h e  d p  o f  a g g re g a tio n  w a s  v e ry  lo w  a t
0 .0 0 0 3  w h ile  th e  d p  o f  s in g le  c o lo n ie s  w a s  0 .0 0 2 . T h is  m e a n s  th a t  fo r  a ll 13 
c o lo n ie s  a b o u t 2 .841  p a tr il in e s  m a y  c a rry  th e  sa m e  g e n o ty p e s  a n d  w a s  n o t 
d e te c te d . T h is  w a s  v e ry  lo w  c o m p a re d  to  th e  to ta l p a tr il in e s  (1 ,0 4 2  p a tr il in e s )  
h a v e  b e e n  e x a m in e d  in  th is  th es is .

T h e  n u m b e r  o f  w o rk e rs  p re se n t in  e a ch  p a tr il in e s  is  u n e q u a l. T h e re fo re , 
th e  p ro b a b il i ty  o f  n o t  sa m p lin g  a  p a tr il in e  m a y  b e  an  u n d e re s tim a te . I f  o n ly  a  
sm a ll p ro p o r tio n  o f  a  c o lo n y ’s o ffsp r in g  is re p re se n te d  in  a  sa m p le , th e
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p ro b a b il i ty  o f  n o n -s a m p lin g  is h ig h . F o r  ex am p le , in  so m e  p a tr i l in e s , o n ly  1 
w o rk e r  w a s  id e n tif ie d . T h is  lead s  to  a  h ig h  n o n -sa m p lin g  e r ro r  ra te  (P a lm e r  et 
a h , su b m itte d ) .

5.3 D iscuss ion

T h e  q u e e n  m a tin g  freq u en c y  o f  A .d o rsa ta  re p o r te d  in  th is  th e s is  is  m u c h  
h ig h e r  th a n  th e  p re lim in a ry  e s tim a te s  re p o r te d  b y  M o r itz  e t al. (1 9 9 5 )  and  
O ld ro y d  e t a l. (1 9 9 6 ). T h is  is th e  h ig h e s t  n u m b e r o f  m a tin g  o f  q u e e n s  in  th is  
g e n u s  re p o r te d  so  fa r. T h e  h ig h e r  m a tin g  freq u en c y  re p o r te d  in  th is  th e s is  
re s u lte d  fro m  th e  h ig h e r  sam p le  s ize  u se d  th an  in  th e  e a r lie r  s tu d ie s , c o m b in e d  
w ith  a d d itio n a l  m ic ro sa te l li te  loci.

T h e  e x tre m e ly  h ig h  n u m b e r  o f  m a te s  o f  q u e e n s  in  th is  g en u s  
(6 4 .1 1 + 7 .3 8 8  (S E ) in  a g g re g a tio n  a n d  6 2 .1 4 + 1 0 .2 6 9  (S E ) in  n o n -a g g re g a te d  
c o lo n ie s )  is  so m e w h a t su rp ris in g  b e c a u se  th e  m a tin g  f lig h t o f  A. d o r s a ta  q u e e n s  
is v e ry  sh o r t. Q u e e n s  f ly  fro m  n e s tin g  s ite s  to  D C A s a n d  fly  b a c k  in  th e  p e r io d  o f  
le s s  th a n  10 m in u te s  (R in d e re r  e t ah , 1993; K o e n ig e r  e t a h , 1 9 9 4 ). T h is  m e a n s  
th a t  q u e e n s  m u s t  m a te  se v e ra l tim e s  o n  sev e ra l flig h ts , a n d  e a c h  c o p u la tio n  m u s t 
b e  v e ry  sh o r t. In  th e  o b se rv a tio n  m a d e  in  B o rn eo , th e  D C A s  a p p e a r  to  b e  less  
th a n  7 0 0  m  fro m  n e s t  (K o e n ig e r  e t al. 1994) and  th is  m a y  fa c il i ta te  b r i e f  m a tin g  
f lig h ts . T a n  e t al. (1 9 9 9 ) o b se rv e d  th a t  q u e e n s  o f  th is  sp e c ie s  ta k e  se v e ra l m a tin g  
f lig h ts , th u s  p e rm itt in g  e x tre m e ly  h ig h  m a tin g  f re q u e n c ie s  d e s p ite  th e  b r ie f  
m a tin g  flig h ts .

M u ltip le  m a tin g  h as  n o w  b een  d e m o n s tra te d  in  a t le a s t 7 s p e c ie s  o f  th e  
g e n u s  A p is . T h e  e x tra o rd in a r ily  h ig h  n u m b e r  o f  m a tin g s  o f  q u e e n s  in  A. d o rsa ta
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is o f  c e n tra l o f  in te re s t a n d  se v e ra l h y p o th e se s  e x p la in in g  th e  e x tre m e ly  h ig h  
lev e l o f  p o ly a n d ry  in  A. d o r s a ta  a re  p ro p o se d .

1. A v a ila b ili ty  o f  m a les . A. d o rs a ta  c o lo n ie s  te n d  to  a g g re g a te . A t 
D C A s  n e a r  a g g re g a tio n s , v a s t n u m b e rs  o f  m a le s  a re  p re s e n t  d u r in g  th e  p e r io d  o f  
m a tin g  flig h ts . T h e re fo re , q u e e n s  o f  th is  sp e c ie s  m a y  h a v e  g re a te r  o p p o rtu n it ie s  
fo r m a tin g  th a n  q u e e n s  fro m  o th e r  sp e c ie s  o f  A pis, w h e re  th e  n u m b e r  o f  m a le s  
p re se n t a t D C A s  m a y  b e  m u c h  lo w e r. H o w e v e r, th e  re su lts  in  th is  th e s is  sh o w e d  
th a t  m a tin g  n u m b e rs  o f  q u e e n s  fro m  s in g ly  n e s tin g  c o lo n ie s  a n d  a g g re g a te d  
c o lo n ie s  is  n o t  d if fe re n t. T h e re fo re , th e  h y p o th e s is  th a t  th e  q u e e n s  c a n  m a te  
m a n y  tim e s  d u e  to  th e  h ig h  n u m b e r  o f  m a le s  a v a ila b le  a t th e  D C A s  se e m s  to  b e  
le ss  p la u s ib le . F u r th e r  re se a rc h  sh o u ld  b e  c a rr ie d  o u t to  o b se rv e  n u m b e r  o f  m a le s  
p re s e n t a t D C A s  o f  th is  sp ec ie s .

2. P a r a s ite  in festa tio n . C o lo n ie s  th a t n e s t  in  d e n se  a g g re g a tio n s  a re  
m o re  lik e ly  to  su ffe r  fro m  p a ra s ite  in fe s ta t io n  th a n  iso la te d  n e s ts  b e c a u se  b o th  
d ise a se s  a n d  p a ra s ite s  c a n  s p re a d  ra p id ly  a m o n g  th e  a g g re g a te d  c o lo n ie s . 
C o lo n ie s  w ith  h ig h  in tra -c o lo n ia l g e n e tic  v a r ia n c e  m a y  b e  m o re  re s is ta n t  to  
p a ra s ite  in fe s ta tio n  (S h e rm a n  e t a h , 1988 ; S h y k o ff  a n d  S c h m id -H e m p e l, 1991 ; 
S c h m id -H e m p e l, 1995 , 1998 ; S c h m id -H e m p e l an d  C ro z ie r , 1999). T h u s , 
se le c tio n  o n  q u e e n s  m a y  h a v e  led  to  e x tre m e  lev e ls  o f  p o ly a n d ry  to  m a x im iz e  
th e ir  g e n e tic  d iv e rs ity  o f  o ffsp rin g . T h e  o c c u rre n c e  o f  p a ra s ite s  in  b o th  
a g g re g a tio n s  a n d  s in g le  c o lo n ie s  sh o u ld  b e  s tu d ie d  to  g e t c le a re r  in v e s tig a tio n  o n  
e ffe c t o f  p a ra s ite  in fe s ta tio n .

3. U n fa vou ab le  en v iro n m en t co n d itio n s  a n d  ta sk  p e r fo rm a n c e .  
S ea so n a l m ig ra to ry  b e h a v io u r  in  th is  sp e c ie s  is  c o m m o n . E a c h  f lig h t c o s ts
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w o rk e rs  to  sp e n d  e n e rg y  a n d  tim e  to  lo ca te  n ew  n e s tin g  s ite s . A lso , d iv e rg e n c e  
o f  n o n -p re fe ra b le  e n v iro n m e n t c o n d itio n s  d u r in g  th e  f lig h t an d  a t d if fe re n t  
n e s tin g  s ite s  m a y  c a u se  th e  n e w  fo u n d in g  co lo n ie s . W o rk e rs  w ith  d iv e rse  in 
g e n o ty p e  a re  c a p a b le  to  a ss is t in  d if fe re n t task s . T h is  a lso  in v o lv e s  in  se v e ra l 
w o rk e rs  th a t  c a n  to le ra te  to  th e  d iv e rt o f  e n v iro n m en t. T h e re fo re , g e n e tic  
d iv e rs ity  o f  w o rk e rs  m a y  b e n e f it  m ig ra to ry  co lo n ie s .

4. R e d u c e  p r o b a b i l i ty  o f  in breed in g . In c re a s in g  th e  n u m b e r  o f  m a tin g s
re d u c e s  th e  p ro b a b il i ty  o f  q u e e n s  m a tin g  w ith  b ro th e rs . H o m o z y g o s ity  a t th e  sex  
lo c u s  o f  b ro o d  g iv e s  r ise  to  d ip lo id  d ro n e s  th a t re d u c e  c o lo n y  p ro d u c tiv ity . T h e se  
d ip lo id  d ro n e s  a re  e lim in a te d  a t an  e a rly  s ta g e  (S e c tio n  1 .6). In  A. d o r s a ta ,  
q u e e n s  m a te  n e a r  th e  n e s t  s ite  in c re a s in g  th e  p ro b a b ili ty  o f  m a tin g  w ith  b ro th e rs . 
Q u e e n s , in  o rd e r  to  e n su re  th a t  m a n y  o f  th e ir  m a te s  a re  n o t b ro th e rs , m a y  b e  
se le c te d  to  m a te  w ith  a  la rg e  n u m b e r  o f  m a les .

O th e r  o p e n  n e s tin g  h o n e y  b ee  sp e c ie s , A. f lo r a e  a n d  A. a n d ren ifo rm is  
h a v e  s im ila r  m a tin g  f re q u e n c ie s  to  A. m ellifera , A. ceran a , an d  A. k o sch evn ik o v i  
w h ic h  a re  c a v ity  n e s tin g  sp e c ie s  (E s to u p  e t ah , 1995; O ld ro y d  e t ah , 1995  b; 
O ld ro y d  e t a h , 1997 ; O ld ro y d  e t ah , 1998; R in d e re r  e t ah , 1998). In  c o n tra s t , 
a n o th e r  c a v ity  n e s tin g  h o n e y  b ee , A. n ig ro c in c ta  w as  fo u n d  to  h a v e  v e ry  h ig h  
e f fe c tiv e  m a tin g  fre q u e n c y  a t 4 0 .4 9 3 + 1 1 .7 9 0  (P a lm e r e t ah , su b m itte d ) . H e n c e , 
n e s tin g  b e h a v io u r  d o e s  n o t  e x p la in  th e  e x tre m e ly  h ig h  m a tin g  f re q u e n c y  o f  A. 
d o rsa ta . T h is  a lso  d o e s  n o t p ro v id e  th e  re a so n  o f  d if fe re n c e  in  d eg re e  o f  m a tin g  
fre q u e n c y  a m o n g  th e  sp e c ie s  in  th is  g en u s . T h e re fo re , it is re a so n a b le  to  d ra w  th e  
c o n c lu s io n  th a t  th e  o c c u rre n c e  o f  p o ly a n d ry  p ro b a b ly  e v o lv e d  in  a  c o m m o n  
a n c e s to r  p r io r  to  th e  a p p e a ra n c e  o f  th is  g en u s  (O ld ro y d  et ah , 1998). In  a d d itio n , 
th is  tra it  h as  b e e n  m a in ta in e d  in  ev e ry  sp e c ie s  o f  th e  g en u s  A p is  s in c e  th en .
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