
Insectes Sociaux, Paris 
1989, V o l u m e  36, n ~ 3, p p .  219-234 

�9 M a s s o n ,  P a r i s ,  1989 

DOMINANCE OF OVARIECTOMIZED FOUNDRESSES 

OF THE PAPER WASP, POLISTES GALLICUS (1) 

P.-F. ROSELER and I. ROSELER 

Zoologisches Institut (II) der Universitiit, R6ntgenring 10, D - 8700 Wiirzburg, FRG 

Requ le 11 avr i l  1988 Acceptd  le 22 j a n v i e r  1989 

S U M M A R Y  

By m e a n s  of  o v a r i e c t o m y  it w a s  pos s ib l e  to s e p a r a t e  socia l  a n d  r e p r o d u c t i v e  
d o m i n a n c e  in f o u n d r e s s e s  of  P. gallicus. O v a r i e c t o m i z e d  f o u n d r e s s e s  cou ld  ach ieve  a n d  
m a i n t a i n  t he  d o m i n a n t  pos i t ion .  C h a r a c t e r i s t i c s  of  socia l  d o m i n a n c e  ( t i m e  on  nes t ,  low 
c o n t r i b u t i o n  to food  col lect ing,  d o m i n a n c e  b e h a v i o u r )  we re  f o u n d  n o t  to be  c o n n e c t e d  
to t he  p r e s e n c e  of  ovar ies .  R e p r o d u c t i v e  d o m i n a n c e ,  howeve r ,  d id  n o t  o c c u r  in ovar iec to-  
m i zed  f o u n d r e s s e s .  O v a r i e c t o m i z e d  d o m i n a n t  f e m a l e s  d id  no t  inh ib i t  e g g - f o r m a t i o n  in  
s u b o r d i n a t e s  to the  s a m e  degree  as  i n t ac t  d o m i n a n t  fe rna les  d id  a n d  they  d id  no t  s h o w  
zl i fferent ial  oophagy .  For  b o t h  c h a r a c t e r i s t i c s  t he  p r e s e n c e  of ac t ive  ova r i e s  is n e c e s s a r y .  

R E S U M E  

Pr6dominance des fondatrices ovariectomis6es chez ,, la gu~pe cartonni/~re- 
Po,lis~tes ga, l,licus 

L ' o v a r i e c t o m i e  des  f o n d a t r i c e s  de P. gallicus p e r m e t  de  d i s t i n g u e r  u n e  d o m i n a n c e  
'.~,ociale d ' u n e  d o m i n a n c e  de r e p r o d u c t i o n .  Lcs  f o n d a t r i c e s  o v a r i e c t o m i s d e s  p e u v e n t  a c q u d r i r  
un  r a n g  d o m i n a n t  et le conse rve r .  Les  c a r a c t d r i s t i q u e s  de  la d o m i n a n c e  sociale  ( t e m p s  
pa s s6  au  n id ,  fa ible  rdcol te  de n o u r r i t u r e ,  c o m p o r t e m e n t  de  d o m i n a n c e )  n o  s o n t  p a s  li6es 
a la p rd sence  des  ovaires .  P a r  con t re ,  ]es o v a r i e c t o m i s d e s  ne  m a n i f e s t e n t  p a s  de d o m i n a n c e  
de r e p r o d u c t i o n .  El les  n ' i n h i b e n t  p a s  la f o r m a t i o n  des  ceufs  des  s u h o r d o n n d e s  avec  la 
m ~ m e  in t ens i t d  que  les d o m i n a n t e s  i n t ac t e s  ; el les ne  p r a t i q u e n t  p a s  d ' o o p h a g i e  d i f fdren-  
tielle. Ces d e u x  ca rac t~ re s  i m p l i q u e n t  la p r d s e n c e  d ' o v a i r e s  act i fs .  

1. I n  1979 it  w a s  p r o p o s e d  t h a t  t he  n a m e  gallicus s h o u l d  be  c h a n g e d  to dominulus 
a n d  gallicus s h o u l d  be  t r a n s f e r r e d  to foederatus. H o w e v e r ,  t he  s w i t c h  of  a wel l  k n o w n  
n a m e  to a n o t h e r  spec ies  on ly  l eads  to c o n f u s i o n .  T h e r e f o r e ,  in t h e  p r e s e n t  p a p e r  t he  
t r a d i t i o n a l  n a m e  P. gallicus is u sed .  
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INTRODUCTION 

I n  spr ing ,  f o u n d r e s s e s  of P o l i s t e s  ga l l i cus  of ten  c o o p e r a t e  in  s t a r t i n g  a 
ne s t  (HELDMANN, 1936; PARDI, 1942, 1948; GERVET, 1964a, 1964b; TURILLAZZI 
e t  al., 1982; R/JSELER, 1985). They  f o r m  smal l  a s soc ia t ions  w h i c h  r a r e ly  
c o n t a i n  m o r e  t h a n  4 females .  A l i nea r  d o m i n a n c e  h i e r a r c h y  is e s t a b l i s h e d  
a m o n g  them.  One of the  f o u n d r e s s e s  achieves  the  d o m i n a n t  ** pos i t ion ,  
o r  social  d o m i n a n c e :  she s u b o r d i n a t e s  the  o the r  f o u n d r e s s e s  of the  g r oup  
by  a specif ic  b e h a v i o u r  a n d  she sol ici ts  t h e m  for  food, The  d o m i n a n t  
female  c~ r e m a i n s  on  the c o m b  m o s t  of the  t ime  a n d  se ldom p a r t i c i p a t e s  
in  fo rag ing  for  food. The  socia l ly  d o m i n a n t  f o u n d r e s s  also achieves  the  
r e p r o d u c t i v e  d o m i n a n c e .  She b e c o m e s  the  p r i n c i p a l  or  even  the  sole egg- 
l ayer  of t h e  group .  Eggs occas iona l ly  la id  by  s u b o r d i n a t e s  are  r e gu l a r l y  
ea t en  by  the  d o m i n a n t  f ema le  (d i f fe ren t ia l  oophagy,  GERVET, 1964a). 

P rev ious  s tud ies  have s h o w n  tha t  d o m i n a n c e  is c o n n e c t e d  to h igh e n d o c r i n e  
ac t iv i ty  (R/JSELER e t  al., 1980, 1984; TURILLAZZI et  al., 1982). As a rule ,  the  
female  wi th  the  h ighes t  e n d o c r i n e  ac t iv i ty  is the m o s t  d o m i n a n t  female .  By 
i n j e c t i o n  of j u v e n i l e  h o r m o n e  I o r  20-hydroxyecdysone  d o m i n a n c e  b e h a v i o u r  
(social d o m i n a n c e )  could  be i n d u c e d  (R/SSELER et  al., 1984). However ,  the  
prec ise  c o n t r i b u t i o n  of b o t h  h o r m o n e s  to social  d o m i n a n c e  is no t  yet  clear.  
I n  a p rev ious  p a p e r  we have  s h o w n  tha t  ova r i ec tomized  f o u n d r e s s e s  wi th  
a low ecdys t e ro id  t i t re  in  the  h a e m o l y m p h  are  also able  to achieve the  
d o m i n a n t  pos i t i on  (RoSELER et  aI., 1985). They  even in i t i a t e  a nes t ,  t hough  
cell c o n s t r u c t i o n  ceases  a f t e r  some  t ime.  I n  o r de r  to tes t  wh ich  b e h a v i o u r s  
cha rac t e r i s t i c  of d o m i n a n c e  are  c o n n e c t e d  to the p re sence  of ovar ies ,  we  

have s t ud i ed  two - a n d  th ree  - f o u n d r e s s  assoc ia t ions  w i th  o v a r i e c t o m i z e d  
ct females .  The  o b s e r v a t i o n s  were  ca r r i ed  out  f rom the  c o n s t r u c t i o n  of 
the f i rs t  cell u n t i l  a b o u t  th ree  weeks  a f te r  the e me r ge nc e  of the f i r s t  adul t s .  

M A T E R I A L  A N D  M E T H O D S  

Wasps 

Wasps were collected from their overwintering sites near Marseille (France) in 
January and kept in small plastic boxes (10 x 10 • I0 cm) filled with soft paper and a 
water source in a refrigerator at 10-15oC in dim daylight until used. 

Formation of foundress groups 

Females were taken out of the refrigerator in the morning~ individually marked 
and separated into small cages (10 x 10 • 10 cm) supplied with honey and water. The 
cages were kept at room temperature. After 24 hr the cages were heated up to about 
30 ~ C by a lamp. After one hour two-foundress groups and three-foundress groups 
were formed and their dominance rank was tested (R6sELER et al., 1984). During the 
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first encounter  the wasps fight for  dominance. After a short  time one foundress  
becomes the dominant:  she climbs upon the other,  antennates  her  and chews on her  
body. The subordinated wasp behaves passively. On the following day some dominant  
foundresses were ovariectomized as described previously  (ROSELER et aI., 1985). The 
groups were then t ransferred into plastic cages (20 • 25 • 16 cm) supplied with water,  
honey and small crickets, one wall was covered with soft  paper  for cell construction.  
We observed 4 two-foundress groups with intact  females and 4 two-foundress groups 
with ovariectomized a females, 2 three-foundress groups wi th  intact  females and 5 
three-foundress groups with ovariectomized ~z females. The dominance hierarchy did 
not change after the  operation. During the observation periods some foundresses  died 
(3 intact females, 1 ovariectomized female) and 3 ovariectomized females were dissected. 
These colonies were not observed further.  

O b s e r v a t i o n  

On 5 days of the week the cages were heated up to about 30o C by a lamp for 7 hr  
each day (warm days). The rest  of the day and during the night the wasps were kept 
at 15 oC. During the following 2 days the lamps were not switched on and the cages 
were also kept at 15 oC (cold days). On warm days, all activities of the wasps were 
observed for at least one hour. Observation s tar ted one hour or two hours af ter  
'_;witch-on of the lamps alternately f rom day to day (9 a.m. resp. 10 a.m.). Most of the 
eggs are laid in the first hours after switch-on of the light. Egg-laying and egg-eating 
were additionally recorded throughout  the day, whenever we observed them. One person 
was always present  in the room and kept his eye on the colonies, so that  especially 
during the egg-period both events were carefully recorded. In this way, approximately 
30% of egg-laying and egg-eating were recorded outside of the observation hours. 

Development of colonies we have divided into 3 periods: 

1. Egg-period: from the first oviposition until hatching of the first larva. The durat ion 
is 15 days (11 warm days, 4 cold days). 

2 Larval~pupal-period: from the appearance of the first  larva until emergence of the 
first worker.  This period lasts 48 days (34 warm days, 14 cold days). 

3. Postemergence-period: after eclosion of the first adult. The colonies were observed on 
the following 18 warm days. 

S t a t i s t i c s  

Data were analyzed using • and the non-parametric Wilcoxon-U-test (WEBER, 
1986). The number  of observations was compared for statistical significance. 

R E S U L T S  

P r e s e n c e  o n  n e s t  

M u l t i p l e - f o u n d r e s s  n e s t s  h a v e  t h e  a d v a n t a g e  t h a t  t h e  c o m b  is r a r e l y  l e f t  

u n a t t e n t e d .  I t  h a s  b e e n  s h o w n  f o r  s e v e r a l  Pol i s t e s  s p e c i e s ' t h a t  t h e  d o m i n a n t  

f o u n d r e s s  s p e n d s  m o s t  o f  t h e  t i m e  o n  t h e  c o m b ,  w h e r e a s  s u b o r d i n a t e s  

p e r f o r m  t h e  m a j o r i t y  o f  f o r a g i n g  t a s k s  (P. gal l icus:  PARDI, 1942; P. cana- 
densis ,  P. i u sca tu s :  WEST EBERHARD, 1969; P. m e t r i c u s :  GAMBOA et aL, 1978). 
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Table I. - -  Time spent  on nes t  (percentage of t ime, mean values and  SD) of different  
r anked  fonndresses  of P. gallicus in associat ions wi th  in tac t  foundresses  and  wi th  
ovariectomized 6~ foundresses.  
+ = in tac t  females; - -  = ovariectomized females; N = n u m b e r  of colonies ; 
n = hours  of observat ion.  

Tableau I. - -  Temps pass6 au nid (en pourcentage,  valeurs moyennes  et dispersions)  pa r  
les fondat r ices  de rangs  ~, [3, T des colonies di ou tr igynes dans  lesquelles la 
dominan te  (.60 est  in tacte  ou  ovariectomis6e (P. gatIicus). 
+ = femelle i n t ac t e ;  - -  = femelle ovar iectomis6e;  N = n o m b r e  de co lonies ;  
n = heures  d 'observat ions.  

Egg-period 
Rank ovaries N n % 

Larval /pupal-  Postermergence 
per iod per iod 

N n % N n % 

+ 4 45 81 ___ 19 3 

Two-foundress {3 + 40 • 33 
associat ions 

- -  4 27 76 • 20 
[3 + 33 ___ 30 3 75 

+ 89 • 10 
[3 + 2 20 70 • 19 2 

Three-foundress  T + 58 • 42 
associat ions 

- -  72  • 26 
13 + 5 30 46 • 29 3 
T + 27 • 24 

84 89 • I0 3 51 81 • 17 
60 • 27 48 • 29 

8 7 •  2 46 9 2 •  13 
65 • 22 61 • 15 

92--- 7 8 5 •  9 
57 79_____ 14 2 38 78 4- 11 

7 4 •  80 4- 10 
. . . . . . . . . . . . . . . . . . . . . .  

85 _____ 22 94 • 6 
70 78---- 18 1 33 89 • 13 

51 • 29 61 • 16 
. . . . . . . . . . . . . . . . . . . . . . . . .  

I n  t h i s  w a y ,  t h e  d o m i n a n t  is  a b l e  t o  p r o t e c t  h e r  e g g s  a n d  t o  p r e v e n t  n o n -  

a s s o c i a t e s  f r o m  u s u r p i n g  t h e  n e s t .  

I n  o u r  s t u d i e s ,  t h e  i n t a c t  ~ f e m a l e s  o f  t w o  a n d  t h r e e  - f o u n d r e s s  

g r o u p s  s p e n t  b e t w e e n  8 0 %  a n d  9 0 %  of  t h e  t i m e  o n  t h e  c o m b  d u r i n g  t h e  

t h r e e  p e r i o d s  ( table I).  T h e  ~ f e m a l e s  w e r e  l e s s  t i m e  o n  t h e  c o m b .  I n  t w o -  

f o u n d r e s s  g r o u p s  t h e  d i f f e r e n c e  b e t w e e n  e a n d  13 f e m a l e s  is  h i g h l y  s i g n i f i c a n t  

i n  a l l  p e r i o d s  (P  < 0.001). I n  t h r e e - f o u n d r e s s  a s s o c i a t i o n s ,  h o w e v e r ,  t h e  

f e m a l e s  s p e n t  m u c h  m o r e  t i m e  o n  t h e  c o m b  t h a n  ~ f e m a l e s  o f  t w o - f o u n d r e s s  

g r o u p s  (P  < 0.001).  T h u s ,  t h e  d i f f e r e n c e  i n  t h e  m e a n  p e r c e n t a g e  o f  t i m e  

o n  n e s t  b e t w e e n  e a n d  ~ f e m a l e s  i n  t h r e e - f o u n d r e s s  g r o u p s  is  h i g h l y  sig-  

n i f i c a n t  o n l y  i n  t h e  l a r v a l / p u p a l - p e r i o d ,  b u t  i n  o t h e r  p e r i o d s  P < 0.005. 

T h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  ~ a n d  y f e m a l e s ,  t h o u g h  

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

O v a r i e c t o m i z e d  ~ f e m a l e s  s p e n t  n e a r l y  t h e  s a m e  p e r c e n t a g e  o f  t i m e  

o n  t h e  n e s t  a s  u n m u t i l a t e d  ~ f e m a l e s  d i d .  I n  t w o - f o u n d r e s s  g r o u p s  t h e  

d i f f e r e n c e  b e t w e e n  ~ a n d  ~3 f e m a l e s  is  h i g h l y  s i g n i f i c a n t  in  a l l  p e r i o d s ,  

w h e r e a s  t h e  d i f f e r e n c e  i n  t h r e e - f o u n d r e s s  g r o u p s  is  s i g n i f i c a n t  a t  t h e  

P < 0.025 l e v e l  i n  t h e  l a r v a l / p u p a l - p e r i o d  a n d  i n  t h e  p o s t e m e r g e n c e . p e r i o d .  

I n  c o n t r a s t  t o  t h r e e - f o u n d r e s s  g r o u p s  w i t h  i n t a c t  f e m a l e s ,  t h e  13 f e m a l e s  o f  

a s s o c i a t i o n s  w i t h  o v a r i e c t o m i z e d  e f e m a l e s  s p e n t  s i g n i f i c a n t ! y  m o r e  t i m e  

o n  t h e  n e s t  t h a n  y f e m a l e s  i n  a l l  p e r i o d s  (P  < 0.005).  
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Foraging 

In  multiple-foundress associations a division of labour is established: 
subordinates  forage for food, the dominant  remains on the comb. When 
the dominant  female leaves the nest, she mainly collects pulp for cell 
construct ion.  Table II  shows the contr ibut ion of foundresses to collecting 
pulp or food. We have only counted the number  of foraging trips, since 
it was not  possible to estimate the amount  of pulp or food brought  back 
to nest per trip. 

Pulp 

Egg-laying dominants  contr ibute to pulp-collecting for the most  part .  
In  subordinates,  however, a s trong positive correlation also exists between 
eggqaying and pulp-collecting (r = 0.67; df = 20; P < 0.001). Though the 
mean value indicates a nearly similar contr ibut ion of ~ a n d ~  females dur ing 
the first period, the foundresses contr ibuted to this task according to 
reproduct ion.  The contr ibut ion of non-eggqaying subordinates is zero, 
whereas that  of egg-laying subordinates  is sometimes up to 90%. In the 
larval/pupal-period and in the postemergence-period the mean contr ibut ion 
of ~ females increases, because egg-laying by subordinates more and more  
ceases. The contr ibut ion of ~r females we found to be fairly low in all 
periods. 

The connection between egg-laying and pulp-collecting is clearly seen 
in ovariectornized foundresses. In three-foundress groups, we never observed 
ovariectomized females collecting pulp, whereas in two-foundress groups 
their contr ibut ion is significantly lower than that of ~ foundresses (P < 0.001). 
The difference between ovariectomized ~ foundresses and egg:laying ~ foun- 
dresses is also highly significant (P < 0.001). 

Food 

In the egg-period, exclusively honey was collected by the wasps; crickets 
were eaten outside the nest. When larvae were present, wasps ~ilso brought  
pieces of crickets to the nest. In tac t  ~ females foraged significantly less 
for food  than ~ females during the egg - and larval/pupal-period (P ( 0 . 0 0 1 ) .  
Dominant  females of two-foundress groups part icipated more often in col- 
lecting food than dominant  females of three-foundress groups during the 
first two periods, but  the difference is not significant. In the post- 
emergence period, 0~ females of both  associations contr ibuted to food col- 
lecting to a similar degree of up to 30%. 

Ovariectomized ct females of both two - and three-foundress groups 
foraged for food only during the first and second period. They foraged 
significantly less than ~ females (P < 0.001). The propor t ion of foraging 
was similar to that of unmuti la ted 0~ females in two - foundress associa- 
tions. There is no significant difference between ovariectomized females 
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Table II .  - -  Cont r ibu t ion  (percentage, median  values and  ranges) of different  r anked  
foundresses  of P. gallicus to total  foraging in associat ions wi th  in tac t  foundresses  
and  wi th  ovar iectomized ~ foundresses,  
+ = i n t a c t  female; - -  = ovariectomized female; N = n u m b e r  of  colonies; n = 
n u m b e r  of observat ions .  

Egg-period Larval /pupal-per iod 
pulp honey pulp 

Rank  Ovaries N n % n % N n % 

Two-foundress 
associat ions 

Three-foundress  

+ 

+ 4 192 

qa 

+ 4 95 

+ 

+ 2 

Y + 

90 

54 50 71 
(5-100) (0-67) (43-93) 

46 6 50 3 276 29 
(0-92) (33-100) (7-57) 

0 �9 10 10 
(0-31) (0-23) (3-41) 

100 27 90 3 221 90 
(69-100) (77-100) (59-97) 

48 0 48 
(17-79) (0-0) (40-56) 

52 9 57 2 308 34 
(21-83) (14-100) (17-51) 

0 43 18 
(0-0) (0-86) (10-27) 

associat ions 6~ 

3' 

- -  0 0 
(0-11) (0-0) 

+ 5 61 63 3 241 56 
(20-100) (44-100) 

+ 37 44 
(0-80) (0-56) 

0 
(0~) 

196 67 
(4doo) 

33 
(0-96) 

a n d  c o n t r o l s .  H o w e v e r ,  i n  t h e  p o s t e m e r g e n c e - p e r i o d  t h e  c o n t r i b u t i o n  o f  

f e m a l e s  d e c r e a s e d  t o  n e a r l y  z e r o .  

D o m i n a n c e  b e h a v i o u r  

A f t e r  a d o m i n a n c e  h i e r a r c h y  h a s  b e e n  e s t a b l i s h e d  i n  P. gallicus, n o  

s e v e r e  f i g h t s  o c c u r  a m o n g  f o u n d r e s s e s .  D o m i n a n c e  b e h a v i o u r  b e c o m e s  

m o r e  a n d  m o r e  r i t u a l i z e d .  I n  e n c o u n t e r s ,  t h e  d o m i n a n t  f e m a l e  s h o r t l y  

a n t e n n a t e s  t h e  s u b o r d i n a t e ,  w h i c h  i m m e d i a t e l y  a d o p t s  a s u b m i s s i v e  p o s t u r e ,  

i.e. t h e  b o d y  is  p r e s s e d  to  t h e  g r o u n d ,  h e a d  a n d  a n t e n n a e  a r e  l o w e r e d .  

M o s t l y ,  t h e  s u b o r d i n a t e  o f f e r s  r e g u r g i t a t e d  f o o d .  O t h e r  b e h a v i o u r s  s u c h  
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Tableau II. - -  Contribution (en pourcentage, valeurs m6dianes et rangs) aux rdcoltes de 
papier  ou de nourri tures (miet, grillon) des fondatrices de rangs ~, 9, 3" des colonies 
di ou trigynes dans lesquelles la dominante (~) est intacte ou ovariectomis6e 
(P. gallicus). 
+ = femelle in tac te ;  - -  = femelle ovariectornis6e; N = n o m b r e  de colonies;  
n = n o m b r e  d'observations. 

Postemergence-period 
honey crickets pulp honey crickets 

% n ~ N n % n % n % 

63 

19 14 63 31 17 
(13-21) (2-17) (48-78) (23-31) (4-27) 

81 121 86 3 163 5 101 33 160 55 
(79-87) (83-98} (0-37) (3-34) (35-66) 

- -  - -  15 36 18 
(0-17) (35-74) (17-61) 

37 

20 16 12 0 1 
(0-36) (0-20) (0-24) (0-0) (0-2) 

80 75 84 2 143 74 95 28 135 66 
(64-100) (80-100) (50-98) (25-31) (63-69) 

- -  - -  14 72 33 
(2-26) (69-75) (31-35) 

53 

0 2 61 48 34 
(0-0) (0-4) (59-62) (34-62) (33-34) 

46 87 49 2 145 30 123 27 106 41 
(36-56) (47-52) (22-38) (22-32) (40-42) 

54 49 10 23 20 
(44-64) (44-53) (3-16) (16-29) (15-24) 

- -  - -  0 3 6 

(0-0) (0-5) (2-II) 

47 

9 5 0 0 0 
(0-27) (0-13) 3 0 3 

73 123 55 1 304 34 84 5 80 46 
(29-82) (26-75) 63 95 5] 

18 41 
(0-66) (13-69) 

as  " a b d o m i n a l  w a g g i n g "  a n d  " r u b b i n g  b e h a v i o u r "  a r e  so  c l o s e l y  r e l a t e d  to  

d o m i n a n c e  t h a t  t h e y  a r e  r e g a r d e d  as  c o m p o n e n t s  o f  d o m i n a n c e  b e h a v i o u r .  

Domina t ion  

T h e r e  a r e  g r e a t  d i f f e r e n c e s  in  t h e  f r e q u e n c i e s  o f  d o m i n a t i o n  b e t w e e n  t h e  

a s s o c i a t i o n s ,  p r o b a b l y  d e p e n d i n g  o n  t h e  d i f f e r e n c e  in  d o m i n a n c e  l eve l  
b e t w e e n  f o u n d r e s s e s  (PARDI, 1948). F o u n d r e s s e s  o f  s i m i l a r  d o m i n a n c e  l eve l  

i n t e r a c t  m o r e  o f t e n  t h a n  f o u n d r e s s e s  m o r e  d i s t a n t  in  d o m i n a n c e  l eve l .  T h e  

r e s u l t s  o n  f r e q u e n c i e s  o f  d o m i n a t i o n  l i s t e d  in  table I I I  i n d i c a t e  t h e r e f o r e  

o n l y  t e n d e n c i e s ,  t h e  d i f f e r e n c e s  a r e  n o t  s i g n i f i c a n t .  
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In  two-foundress  groups,  some ovar iec tomized  ~ females  subord ina t ed  
females  m o r e  often than  intact  ~ females  did during the egg-period. The  

f requency  increased in in tact  foundresses  dur ing the la rva l /pupa l -per iod ,  
whereas  ovar iec tomized  ~ females  domina ted  the ~ females  as f requent ly  
as dur ing the egg-period. Unmut i la ted  a females  in three- foundress  asso- 
ciat ions subord ina ted  ~ females  more  often than  a females  in two-foundress  
groups  did. The f requency  also increased dur ing the la rva l /pupal -per iod .  
Ovar iec tomized dominan t  foundresses  in three-foundress  associat ions domi- 
na ted  the subord ina tes  less f requent ly  than  unmut i l a t ed  a females  did. 
The y females  received less a t ten t ion  f rom the dominan t  than  the B females  
in all per iods.  Since y females,  however ,  were  addi t ional ly subord ina ted  by  

females,  bo th  subord ina tes  exper ienced a s imilar  a m o u n t  of domina t ion .  

Abdominal wagging 
Dominan t  foundresses  of ten show abdomina l  wagging, i.e. rapid  hor izontaI  

oscil lat ions of the gaster.  In  P. metricus, three  types of gas ter  osci l la t ions 
have ben  descr ibed by GAMBOA and DEW (1981). I t  is t h o u g h t  tha t  this 
behav iour  is a v i b r a t i o n  signal involved in adult- larva and in adul t -adul t  
communica t ion ,  though it is not  exactly analyzed. In  P. galIicus, only 
one type of gas ter  oscil lation occurs,  which resembles  the " a b d o m i n a l  
wagging"  of P. metricus; however,  in P. gallicus the oscil lat ions last  no t  
longer than  2-3 seconds. This behav iour  is exhibited in di f ferent  contexts ,  
I t  is f requent ly  p e r f o r m e d  dur ing larvae feeding. In  the presen t  s tudy w e  
have not  observed  a significant difference be tween  ovar iec tomized  and  
unmut i l a ted  a females  in exhibit ing this behaviour .  Both  types of foun- 
dresses equally par t i c ipa ted  in larvae feeding and bo th  p e r f o r m e d  this  
v ibrat ion signal. Abdominal  wagging connected to dominance  is s o m e t i m e s  
shown by  the dominan t  foundress  when she antennates  a subordinate .  The. 
la t ter  r e t rea t s  and then often leaves the comb for f o r a g i n g .  Moreover,. 
foundresses  somet imes  p e r f o r m  abdomina l  wagging when  they inspect  cells: 
containing eggs, or  a f te r  they have b rough t  pulp  to the comb.  

In  associat ions wi th  unmut i l a t ed  foundresses ,  abdomina l  ~vagging was: 
shown by a females  as well as by  ~ females  dur ing the egg-period, when  
they inspect  cells containing eggs or, occasionally,  p r io r  to oviposi t ion 
(table IV). We have never  observed this behav iour  in y females.  During 
the la rva l /pupal -per iod  the f requency  of abdomina l  wagging increased.  I n  
tha t  phase,  this behav iour  was also shown in encounters  wi th  subord ina tes  
dur ing an tenna t ion  as well as wi thout  any direct  body contact .  Abdomina l  
wagging was also exhibited by foundresses  when  they had  landed wi th  pulp  
on the comb.  In  the pos temergence-per iod ,  foundresses  only se ldom showed 
abdomina l  wagging when  they inspected cells wi th  eggs, bu t  f requent ly  in_. 
encounters  wi th  subordina tes  and  a f te r  re tu rn  wi th  pulp.  In  general,  we 
have observed  abdomina l  wagging more  of ten in three-foundress  g roups  
than  in two-foundress  groups  th roughou t  the observa t ion  per iods  (P < 0.001). 
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Ovariectomized ~ foundresses rarely per formed abdominal  wagging in 
context with egg inspection. This behaviour,  however,  was elicited in encoun- 
ters with subordinates  even in the egg-period during which we have not  
observed it in associations with intact  foundresses. Ovariectomized found- 
resses re tur ing with pulp also showed this behaviour.  In  ovariectomized %- 
males of three-foundress groups we have not  observed abdominal  wagging 
more  often than in ovariectomized females of two-foundress groups. 

Rubbing behaviour 

Foundresses  sometimes rub the gaster on the pedicel of the comb, 
whereby the surface is presumably  coated with an ant  repellent (TURILLAZZI 
and UCOLINI, 1979). Since dominant  foundresses more  often show this 
behaviour,  a dominance pheromone  might  be applied. 

In  control  groups, the intact  ~ foundresses rubbed the gaster  against 
the pedicel Significantly more  often than B females (~: 41x; ~: 11x during 
the whole observat ion period; P < 0.001). Ovariectomized ~ females rubbed 
the gaster on the pedicel to the same degree (42x) as intact  ~ females did, 
but  the subordinates  showed this behaviour  even more  frequently (52x). 
In  three-foundress groups with ovariectomized dominants,  the y females also 
exhibited this behaviour.  

Reproduction 

The reproduct ive output  of multiple-foundress nests is greater than 
that of single-foundress nests (RoSELER, 1985), though egg-laying is more  or  
less restr icted to the ~ foundress.  By the division of labour, however,  the 
dominant  foundress  is able to invest more  energy in egg-formation than a 
lone foundress,  which must  also per form the energetically expensive foraging 
tasks. In  multiple-foundress associations, the e females a t tempt  to mono- 
polize reproduct ion by preventing other  females f rom reproducing in 
several ways:  Egg-formation in subordinates is reduced or  even completely 
inhibited in presence of a dominant.  The mechanisms involved (behaviour? 
pheromones?)  are unknown.  When eggs are laid by subordinates,  they are 
most ly eaten by the dominant  (differential oophagy, GERVET, 1964a). 

Egg-laying and oophagy 

The first sign of egg-laying is an a t tempt  to oviposit (essai de ponte, 
GERVET, 1964b). Previously we have found that  ovariectomized foundresses 
did not show this behaviour (R/3sELER et al., 1985). In  the present  s tudy we 
have observed five ovariectomized foundresses a t tempt ing to lay eggs. We 
have dissected three females: one of them was not  completely ovariectomized 
the remains of the ovaries containing a ripe egg; another  had a swelling 
t umor  at the rectum; the third one had a swollen rec tum and was not  able 
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t o  d e f a e c a t e .  T h u s ,  a m e c h a n i c a l  s t i m u l u s  m i g h t  h a v e  r e l e a s e d  l a y i n g  

b e h a v i o u r  i n  t h e s e  f e m a l e s .  

W e  h a v e  e g g - l a y i n g  a n d  o o p h a g y  r e c o r d e d  n o t  o n l y  d u r i n g  t h e  o b s e r v a -  

t i o n  h o u r ,  b u t  w h e n e v e r  w e  h a v e  s e e n  t h e m .  All  t h e  d a t a  g i v e n  b e l o w  a r e ,  

t h e r e f o r e ,  t h e  t o t a l  a m o u n t  w e  h a v e  o b s e r v e d  i n  t h e  d i f f e r e n t  p e r i o d s .  E g g -  

e a t i n g  c o u l d  b e  c l e a r l y  j u d g e d  t o  b e  d i f f e r e n t i a l  o o p h a g y  o n l y  i n  t h e  egg-  

p e r i o d .  W h e n  l a r v a e  a r e  p r e s e n t ,  e g g - e a t i n g  r e g u l a r l y  o c c u r s .  T h e n  e v e n  

a l o n e  f o u n d r e s s  o f t e n  e a t s  h e r  o w n  eggs  a n d  f e e d s  l a r v a e .  

In two of the two-foundress  groups wi th  in tac t  foundresses  the  ~ females also laid 
eggs, In  b o t h  colonies we have observed a total  of 37 oviposi t ions of ~z females and  
22 oviposi t ions of [~ females in the egg-period. Sixteen ~ eggs were seen to be eaten 
by the dominan t  foundresses  wi th in  30 min. In  nests  in which the  6~ females were the  
sMe egg-layers, we  have not  observed oophagy dur ing tha t  period. In the  subsequen t  
larval /pupal-per iod,  b o t h  [3 females cont inued egg-laying bu t  they oviposi ted less t han  

females. We have seen 66 oviposi t ions by ~ females and  19 oviposi t ions by 13 females  
in bo th  nests.  Four teen  [3 eggs were eaten by the  dominants .  However,  in all colonies 
we have observed tha t  a females ate the i r  own eggs as well (2 eggs) and  tha t  [3 females 
ate the i r  own eggs (5 eggs) and even one ~ egg. In t h e  postemergence-per iod we not iced 
only one [3 female still laying 7 eggs, of which three  were observed to be eaten by the  
dominant .  In  general,  egg-eat ing decreased in tha t  period, and  we have not  observed 
an  egg-eating [3 female. 

In bo th  three-foundress  groups wi th  unmut i l a t ed  females, subord ina tes  also laid eggs. 
In the f irst  per iod we observed 34 oviposit ions by ~ females, 21 oviposi t ions by [3 females, 
and  9 oviposi t ions by one of the y females. We have seen egg-eating by nearly all egg- 
laying foundresses:  ~ females: 4 [3 eggs and 5 y eggs; one [3 female. 7 a eggs; one y female: 
3 [3 eggs. In  the subsequent  larval /pupal-per iod egg-laying by subord ina tes  decreased. We 
have observed 60 oviposi t ions by b o t h  ~ females, 17 oviposi t ions by bo th  ~ females, 
and  6 oviposi t ions by b o t h  T females. As in the  preceding period, aI1 foundresses  
par t ic ipa ted  in oophagy: bo th  t~ females: 1 t~ egg, 8 ~ eggs, 5 y egg~; bo th  [3 females: 
5 ~ eggs, 3 [3 eggs, 1 y egg; one T female: 2 ~ eggs, 2 ~ eggs, 1 y egg. In  the post- 
emergence-period,  egg-laying, was more  res t r ic ted  to ct females We have seen only one 

female egg-laying and  one cc female egg-eating. 

In all two-foundress  associat ions wi th  ovariectomized ~ females all the 13 females  
laid eggs. In con t ras t  to control  groups, oviposi t ions by [3 females did ,not decrease 
dur ing the observa t ion  periods.  We have observed them laying 8 eggs/female in the egg- 
period, 11 eggs/ female  in the larval /pupaPper iod,  and  14 eggs/female in the  postemergence-  
period. In the egg-period, oophagy did not  occur. The ovariectomized a females of ten 
inspected cells wi th  eggs, but  they tolera ted the  eggs laid by [3 females. In the larval /  
pupal-period, b o t h  foundresses  s ta r ted  egg-eating (ovariectomized ~ females: 12 eggs, 
I$ females: 3 eggs). In the postemergence-period,  we only once saw an  egg-eating 
ovariectomized 6~ female and  once a 13 female. 

In three-foundress  groups wi th  ovariectomized ~ females, all five [3 females and 
f o u r  of five y females laid eggs dur ing the f irst  per iod (10 eggs/~ female; 8 eggs/y  female). 
In  the larval /pupal-per iod we observed 19 ovipositions/[3 female and  8 ovipos i t ions /y  
female. Oophagy occurred in four  groups dur ing the  f i rs t  period. We saw 13 females 
.eating 10 y eggs and  one T female eating one [3 egg. Only one ovariectomized a female 
was once seen eat ing a [3 egg. In  the larval /pupal-per iod all foundresses  par t ic ipa ted  

:in oophagy. We observed in three  nests:  ovariectomized ~z females: 12 [3 eggs, 10 T eggs; 
females: 8 ~ eggs, 13 y eggs; T females: 2 13 eggs, 2 T eggs. In the  postemergence-period,  
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Table V. - -  Mean  size of  c o m b s  and  a m o u n t  of  b r o o d  in assoc ia t ion  of  P. gallicus wi th  
in tac t  f o u n d r e s s e s  and  w i t h  ova r i ec tomized  a foundres ses .  + ---- in tac t  females ;  
- -  --- ova r i ec tomized  females ;  N -= N u m b e r  of  colonies;  r ange  in b racke t s .  

Tableau V. - -  Taille des n ids  ( nombre  de cellules) et  quant i t6  de couva in  (ceufs, larves,  
nymphes )  des  colonies  di ou t r igynes  don t  la d o m i n a n t e  (~) es t  in tec te  ou ova- 
r iec tomis6e  (P. gallicus). 
+ = femel le  i n t a c t e ;  m = femel le  ova r i ec t omi s6e ;  N = n o m b r e  de colonies .  
Valeurs  m6dianes  et  e n t r e  pa ren th6ses ,  rangs .  

E n d  of  egg-per iod 

Rank  Ovaries  N ceils eggs 

E n d  of  l a rva l /pupa l -pe r iod  

N cells eggs 

Two- foundres s  

+ 4 38 29 3 82 30 
+ (31-45) (22-38) (55-112) (16-38) 

assoc ia t ions  
- -  4 18 13 3 47 23 
+ (14-21) (I0-16) (28-57) (1-36) 

Three - foundres s  

+ 

+ 2 40 32 2 77 23 
y + (31-48) (25-38) (74-80) (22-24) 

a ssoc ia t ions  

+ 5 29 23 3 56 21 
y + (21~8) (14-38) (37-81) (4-48) 

E n d  of  p o s t e m e r g e n c e  pe r iod  
la rvae  pupae  tota l  

N cells eggs larvae p u p a e  to ta l  

20 26 76 4 98 32 23 24 89 
(17-28) (18-40) (51-113) (55-138) (15-44) (18-47) (15-36) (48-127) 

7 12 42 2 64 25 29 7 61 
(4-9) (11-13) (23-53) (57-71) (13-37) (28-30) (3-11) (52-70) 

27 23 31 81 
27 24 74 2 89 (22-32) (21-25) (28-34) 81 

(25-29) (23-25) (73-75) (85-93) 

12 12 45 1 114 46 45 9 100 
(8-17) (11-13) (30-72) 
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the ~ female of the one colony laid the majority of eggs. We have not observed the 
ovariectomized ~ female nor the y female egg-eating, but the [3 female was seen eating 
5 y eggs. 

Reproduc t ive  success  of nests  

The n u m b e r  of cells and  the a m o u n t  of b r o o d  were  coun ted  every day. 
Table V shows the mean  size of nests  a t  the end of each of the th ree  
per iods .  Associa t ions  wi th  in tac t  foundresses  had  la rger  nes ts  on average 
and  more  b r o o d  than  assoc ia t ions  wi th  ovar iec tomized  ~ foundresses .  The 
d i f ference  is s igni f icant  in two-foundress  groups  (P < 0.025), bu t  no t  in 
th ree- foundress  groups.  

D I S C U S S I O N  

Dominance  in Polistes consis ts  of social  dominance  as well  as of repro-  
<tuctive dominance .  In  the  field, bo th  are  closely connected:  the social ly  
�9 dominan t  females  atso achieve r ep roduc t ive  dominance .  Exper imenta l ly ,  
b o t h  componen t s  of dominance  can be s epa ra t ed  by means  of ovar iec tomy.  
In  a p rev ious  inves t iga t ion  we have shown tha t  ova r i ec tomized  foundresses  

-are able to achieve the d o m i n a n t  pos i t ion  and to in i t ia te  a nest  (R/~SELER 
e t  al., 1985). The p resen t  resu l t s  show, moreover ,  tha t  ova r i ec tomized  foun- 
d r e s s e s  a re  also able  to m a i n t a i n  the i r  social  dominance  r ank  over  in tac t  
s u b o r d i n a t e s ,  a t  leas t  unt i l  the pos temergence-per iod .  This conf i rms  the 
o b s e r v a t i o n  of GERVET (1964b), who has  r e m a r k e d  in a shor t  not ice  t ha t  
ova r i ec tomy  of the  dominan t  foundress  does not  change social  h ie rarchy .  

Charac te r i s t i c s  of social  dominance  are not  c o n n e c t e d  to the p resence  
�9 of ovaries.  Dominan t  foundresses  wi thou t  ovar ies  behave  as do d o m i n a n t  
foundresses  wi th  ovaries.  They spend  mos t  of the i r  t ime  on the  comb,  
they se ldom forage for  food, bu t  they  sol ici t  for  food. They p a r t i c i p a t e  in 

i la rvae  feeding to the  same extent  as in tac t  foundresses .  Ovar iec tomized  
.dominan t s  exhibi t  the comple te  dominance  behav iour  inc luding  a b d o m i n a l  
w a g g i n g .  

Charac te r i s t i c s  of r ep roduc t ive  dominance ,  by  cont ras t ,  are  connec ted  
t o  the  p re sence  of active ovaries.  Previously  we have found  tha t  ovar iecto-  
:mized foundresses  are  able  to s t a r t  a nest  and  to cons t ruc t  some cells 
(RSSELER et al., 1985). In  the  p re sen t  s tudy,  ovar i ec tomized  foundresses  

a s s o c i a t e d  wi th  in tac t  subord ina t e s  r a re ly  p a r t i c i p a t e d  in col lect ing pulp;  
in th ree - foundress  groups  we have never  seen them p e r f o r m i n g  this  task .  

T h i s  behaviour ,  therefore ,  is p r e s u m a b l y  St imula ted  by several  fac tors ,  by  
the in ten t ion  to s t a r t  a nest ,  by  the in ten t ion  to lay eggs, by  the need of the 

�9 colony. 

Di f fe ren t ia l  oophagy  is an i m p o r t a n t  fac tor  in the cont ro l  of repro-  
oduction. In  con t r a s t  to u n m u t i l a t e d  ~ females ,  the  ovar i ec tomized  ~ females  
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accepted the eggs laid by subordinates,  in three-foundress groups the eggs 
of B females as well as of ~r females. I t  is yet unknown by which cues foun- 
dresses are able to distinguish the origin of eggs. Since the presence of 
active ovaries and egg-laying are prerequisi tes for this behaviour,  wasps 
are thought  to learn the smell of their own eggs during oviposition or  
during subsequent  antennat ion (GERVET, 1964a), On the other  hand, wasps 
were not able to recognize their own eggs after  the abdominal  nerve cord 
was severed, and they ate their own eggs as well as eggs derived f rom other  
foundresses. GEVRET (1964a) has assumed <, que la Gu6pe n '6tant  plus infor- 
m6e de l 'acte de ponte consid~re alors comme 6trangers tous les ~eufs ren- 
contr6s ,,. When larvae are present,  all females start  egg-eating in order  
to feed larvae. During that  period ovariectomized foundresses also eat eggs. 

Unmuti la ted dominant  foundresses are able to inhibit egg-formation in 
subordinates,  which cease egg-laying after a certain time. There exist great 
differences between foundress associations depending on the distance in 
dominance among foundresses. Some foundresses with small and apparent ly  
inactive corpora  allata immediately behave subordinat ly in the first encoun- 
ter and they never oviposit (R6sELER et al., 1980. 1984). The dominance 
level is far f rom that of the ~ female. Other females with very large, active 
corpora  allata and developed ovaries are subordinated only after severe 
fights. They may oviposit in the first days of colony establishment,  but  
sometimes they continue egg-laying during the preemergence-period. In  
general, egg-laying by subordinates  decreases with time. Ovariectomized 
foundresses are not able to prevent  subordinates  f rom egg-laying. Since 

females wi thout  ovaries dominate the subordinates to the same extent or 
even more  frequently than do ~ females with ovaries, dominance behaviour  
alone is not sufficient to completely suppress egg-formation. Other beha- 
viours preferentially shown by dominants  (abdominal wagging, rubbing 
behaviour) also do not seem essentially to influence egg-formation in subor- 
dinates. However,  nests of associations headed by ovariectomized dominants  
tended to be smaller and to contain less brood than nests headed by intact  
dominants.  This could be a hint that  egg-formation in subordinates is inhi- 
bited to a certain degree. Probably several factors must  act synergistically 
to sterilize subordinates.  I t  is likely that  they are connected to egg-formation 
or oviposition of the dominant.  

Previously it was not possible to distinguish between social dominance 
and reproduct ive dominance. PARDI (1948) deduced f rom the correlat ion 
between them a causal connection. This resulted in the severe debate between 
him and DELEURANCE (DELEURANCE, 1952; PARDI, 1952). 
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