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S U M M A R Y  

In order  to determine the role of  early social experience on the ontogeny of 
cocoon recognit ion by a slave-ant species, laboratory experiments  were carried out 
in Formica cunicularia, a c o m m o n  slave of Formica sanguinea. In a choice-test, adu l t  
F. cunicularia workers  coming f rom a pure colony tended only the homospecif ic  cocoons, 
whereas destroyed the heterospecific unfamil iar  ones (F. sanguinea and F. lugubris). 
Subsequently,  3 groups of artificial colonies were set up with callow F. cunicularia 
workers  of the same age experimentally removed f rom their  cocoons. After a 15-day 
training period wi th  homospecif ic  cocoons (group C), F. sanguinea cocoons (group T), 
o r  i n  absence of any cocoons (group I), these workers  were  given a choice-test between 
F. cunicularia and F. sanguinea cocoons. The choice of the workers  belonging to  groups 
C and T was always directed towards  the cocoons wi th  which workers  had become 
familiar during the training period. Moreover, early deprivation of cocoons disrupted 
the cocoon discrimination and care ability of ants  belonging to group I. On the basis 
of these data and those recently obtained by us on nes tmate  recognition in the same 
species, we can assume that  social experience immediately following eclosion of F. 
cunicularia workers  can fully explain their  enslavement in nature  and, therefore, the 
interspecific al truism of this host  species towards  the parasite.  

RESUME 

Pourquoi une esp6ce esclave de fourmi accepte et prend soin de cocons 
de son esclavagiste 

Afin de ddterminer  le r61e de l 'expdrience s0ciale prdcoce sur l 'ontogen6se de la 
reconnaissance des cocons par  une esp6ce esclave de fourrni, des exp6riences de labo- 
ratoire  ont 6t6 r6alisdes sur  Formica cunicularia, une esp6ce commundment  esclave de 
Formica sanguinea. Dans un test  de choix, des ouvri6res adultes de F. cunicularia pro- 
venant  d'une colonie pure soign6rent uniquement  des cocons homosp6cifiques, tandis 
qu'elles d6truisirent  les cocons hdt~rospdcifiques, non familiers (F. sanguinea et F. lugu- 
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bris). Apr~s quoi, 3 groupes de colonies artificielles ont 6t6 constitu6s avec de jeunes 
ouvri~res de F. cunicularia de m6me ~ge, retir6es exp6rimentalement de leurs cocons. 
Apr~s une p4riode d'entralnement de quinze jours avec des cocons homosp6- 
cifiques (groupe C), des cocons de F. sanguinea (groupe T), ou en l'absence de 
tout cocon (groupe I), ces ouvri~res furent soumises ~t un test de choix entre des 
cocons de F. cunicularia et de F. sanguinea. Le choix des ouvri6res des groupes C et T 
rut toujours en faveur des cocons auxquels elles avaient 4t4 familiaris6es au cours de la 
p6riode d'entralnement. En outre, la privation des cocons rompit la discrimination des 
cocons et l 'aptitude aux soins des fourmis du groupe I. Sur la base de ces donn4es et de 
celles que nous avons obtenues r6cemment sur la reconnaissance des partenaires du nid 
chez la m6me esp6ce, nous pouvons soutenir que l'exp6rience sociale suivant imm6diate- 
ment l'4closion chez l'ouvri~re de F. cunicularia pent expliquer son esclavage dans la 
nature et, par  cons6quent, l 'altnaisme intersp4cifique de cet h6te h l'6gard de son parasite. 

I N T R O D U C T I O N  

S l a v e r y  (or  du los i s )  in  a n t s  is  a f o r m  of  soc ia l  p a r a s i t i s m  in w h i c h  the  
s l a v e - m a k i n g  spec i e s  c o n d u c t  g r o u p  r a i d s  a g a i n s t  n e a r b y  co lon ies ,  a t t a c k i n g  
t h e  a d u l t s  a n d  s t e a l i n g  t h e i r  b r o o d .  I n  t he  s l a v e - m a k e r s '  nes t ,  t h e  s laves  
e m e r g i n g  f r o m  the  u n c o n s u m e d  p o r t i o n  of  t he  c a p t u r e d  b r o o d  b e h a v e  as  
fu l l  m e m b e r s  of  the  p a r a s i t i c  co lony  (WILSON, 1975 ; BUSCHINGER et al., 1980 ; 
STUART, 1984). F r o m  such  b e h a v i o u r  t h e  i n t e r e s t i n g  q u e s t i o n  of  t h e  o r ig in  
of  s lave  f o r m s  a r i s e s .  The  h y p o t h e s i s  t h a t  e a r l y  o l f a c t o r y  l e a r n i n g  a c c o u n t s  
fo r  t he  soc ia l  i n t e g r a t i o n  of  h o s t  a n d  p a r a s i t e  has  b e e n  a d v a n c e d  (cf. JAISSON, 
1975 ; LE MOLI, 1980). On the  o t h e r  h a n d ,  s u b s t a n t i a l  e v i d e n c e  of  i m p r i n t i n g -  
l ike  p h e n o m e n a  has  b e e n  p r e s e n t e d  in  s e v e r a l  f o r m s  of  a n t s '  soc ia l  b e h a v i o u r  
( f o r  a r e v i e w  see  JAISSON, 1985). I n  p a r t i c u l a r ,  w e  f i r s t  d e m o n s t r a t e d  (cf. 
LE MOLI a n d  MORI, 1985) t h a t  e a r l y  e x p e r i e n c e  i n f l u e n c e s  n e s t m a t e  reco-  
g n i t i o n  a n d  the  d i r e c t i o n  of  a gg re s s ive  b e h a v i o u r  in  F o r m i c a  cunicu lar ia  
w h i c h  is in  n a t u r e  a c o m m o n  s lave  of  t he  s l a v e - m a k e r  F o r m i c a  sanguinea.  
E a r l y  e x p e r i e n c e ,  t h e r e f o r e ,  e x p l a i n s  t he  a c c e p t a n c e  o f  p a r a s i t e "  b y  h o s t  a n d  
m a y  a c c o u n t  f o r  t he  i n t e g r a t i o n  o f  s l a v e - w o r k e r s  in  t h e  n a t u r a l  du lo t i c  
soc ie t i e s .  

N e v e r t h e l e s s ,  s ince  t h e  succes s  of  s l a v e - m a k i n g  a n t s  d e p e n d s  u p o n  t h e  
a b i l i t y  of  w o r k e r s  o f  t he  h o s t  spec ies  to  a c c e p t  n o t  on ly  a d u l t  w o r k e r s  of  t he  
r a i d e r  b u t  e s p e c i a l l y  i ts  b r o o d ,  w e  h e r e  a t t e m p t  to  d e t e r m i n e  w h e t h e r  e a r l y  
l e a r n i n g  is a l so  invo lved  in  c o c o o n  r e c o g n i t i o n  a n d  n u r s i n g  b e h a v i o u r  b y  
F. cun icu lar ia  w o r k e r s .  
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M A T E R I A L S  A N D  M E T H O D S  

Response  of  F. c tmicu l a r i a  workers  f r o m  a pure colony to homo- 
and heterospecif ic  cocoons 

In  order  to see if F. cunicularia possesses a natural  tendency to care specifically 
for  cocoons of its slave-maker F. sanguinea, F. cunicularia adults were given a laboratory 
choice-test be tween homo- and heterospecific (F. sanguinea or F. lugubris) worker  co- 
coons. Since these workers  were taken in the field f rom a pure  colony, they were 
familiar  wi th  only their  own cocoons. 

Thirty artificial colonies (see LE MOLI and PASSETTI, 1978) each containing about 
200 adult  F. cunicularia workers  were set up and divided into 3 groups. The ants of 
group 1 received 5 cocoons of F. cunicularia (Fc) and 5 of F. lugubris (FI), a species 
belonging to the Formica tufa group not  related to F. cunicularia. The workers  of 
group 2 were supplied with 5 homospecific (Fc) and 5 F. sanguinea (Fs) cocoons. The 
cocoons supplied to the workers  of group 3 belonged to Fs and Fl. According to JAISSON 
(1975) all the cocoons used in this and in the following test  were  killed by freezing. 

Following JAISSOn and FRESNEAU (1978), the number  of undamaged cocoons of both  
species was plot ted against t ime (in days) for  each group of colonies to obtain cocoon 
survival curves. As criterion of adoption we used a survival index for each kind of 
cocoon, which was obtained by the number  of days elapsed multiplied by the n u mb er  of 
undamaged cocoons pooled over the 13 days of observation. Thus each colony yielded 
two cocoon survival indices. Statistical comparisons of survival indices within groups 
were  obtained wi th  a 1-tailed Wilcoxson test  to the matched pairs of indices in each 
group. Between group comparisons were made with a 2-tailed Mann-Whitney ' U '  test. 

Response  o f  F. c u n i c u l a r i a  workers,  eclosed in dif ferent  social  env ironments  
to homo- and heterospecif ic  cocoons 

Fifteen artificial colonies (see above), each containing about  200 newly-eclosed 
workers  of F. cunicularia experimentally removed f rom their  cocoons on the same day, 
were set up and divided into 3 groups. The control group (C) consisted of ants kept  for 
a for tnight  af ter  eclosion (cf. LE MOLI and MORI, 1985) in the presence of 10 Fc worker  
cocoons. The experimental treated group (T) was set up with ants maintained for 15 days 
af ter  eclosion wi th  I0 Fs worker  cocoons. During this period each damaged cocoon in 
bo th  groups was replaced wi th  a n  intact one. The experimental isolated group (I) 
consisted of callows isolated f rom all cocoons during the first  for tnight  af ter  eclosion. 
After the exposure period, all cocoons were removed f rom the groups C and T, and a 
choice-test between Fc and Fs worker  cocoons was carried out in colonies of the 3 groups. 
Survivorship curves of cocoons were obtained by the above described procedure,  and 
a similar statistical analysis was per formed to evaluate between group differences in the 
survival indices recorded in each of these colonies. Within group comparisons  were 
obtained f rom a 1-tailed randomizat ion test. 

R E S U L T S  

Response  of  F. ctm~cu,laria workers  f rom a pure colony to homo- 
and heterospecif ic  cocoons 

T h e  l i f e  s p a n  o f  Fc c o c o o n s  w a s  f o u n d  t o  b e  c l e a r l y  h i g h e r  i n  b o t h  t h a t  

o f  Fl i n  g r o u p  1 (p = 0.025 ; fig. la) ,  a n d  t h a t  o f  Fs i n  g r o u p  2 (0.01 < p <~ 
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Fig. 1. - -  Response  of  F. cunicularia w o r k e r s  to homo-  and  he terospeci f ic  cocoons.  The 
su rv ivo r sh ip  curves  of  cocoons  were  recorded  f r o m  choice-tests  o f :  a-c) w o r k e r s  
t aken  in the field f r o m  a p u r e  colony ; d-f) w o r k e r s  rea red  fo r  a f o r t n i g h t  f r o m  
eclosion respect ively w i th  homospec i f i c  cocoons  (d), F. sanguinea cocoons  (e), and  
w i t h o u t  cocoons  (f). 
n = n u m b e r  of  in tac t  c o c o o n s ;  t = t ime in days.  

= cocoons  of  F. cunicularia; = cocoons  of  F. lugubris; 
. . . . . . . . . . .  cocoons  of F. sanguinea. 

Fig. 1. - -  R6ponse  des ouvr ibres  de F. cunicularia 5. des cocons homo-  et h~t6ro-sp6cifiques.  
Les cou rbes  de survie  des cocons  on t  6t6 enregis t r6es  h p a r t i r  de t es t s  de cho ix :  
a-c) d 'ouvr i~res  pr i ses  d a n s  la n a t u r e  dans  urge colonie p u r e ;  d-f) d 'ouvr i~res  61ev6es 
p e n d a n t  une  quinzaine  de j o u r s  apr~s  l '6closion r e spec t ivemen t  avec des cocons  
homosp6c i f iques  (d), des cocons de F. sanguinea (e), et sans  cocons  (f). 
n = n o m b r e  de cocons  in tac ts  ; t = dur6e en jours .  

= cocons de F. cunicularia" = cocons  de F. lugubris; 
. . . . . . . . .  : cocons  de F. sanguinea. 
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0.025; fig. lb) .  In  contrast ,  in group 3 the difference be tween  he te rospec i f ic  
cocoon survival  indices was not  significant,  since bo th  kinds of alien cocoons 
rap id ly  d i sappea red  (fig. lc).  The compar i sons  of  the series of survival  in- 
dices be tween  groups  showed tha t  there  was no difference be tween  life 
span  of Fc cocoons in groups  1 and  2. No difference was found  be tween  
survival  indices of  Fs and Fl cocoons a m o n g  the 3 groups.  This discrimi- 
na t ion  be tween  fami l i a r  and  alien cocoons was very rapid,  since s imi lar  
resul ts  were  shown  by  stat is t ical ly compar ing  da ta  collected on the 5th day 
of observat ion.  

Response  of  F. cunicu, laria workers  eclosed in  different  social env ironments  to 
homo- and heterospecific cocoons 

The compar i sons  of Fc and Fs survival  indices wi th in  group  showed tha t  
the life span  of  homospec i f ic  cocoons was clearly higher  (p = 0.032) than  
tha t  of he terospeci f ic  ones in group C (fig. ld) .  However ,  worke r s  of  g roup  T 
(fig. le) took  care  of  Fs cocoons and des t royed those of the i r  own species 
(p = 0.032). Finally, the ants  of  group I des t royed bo th  kind of cocoon at  
comparab l e  ra tes  (fig.. l f) .  The difference be tween  Fc versus  Fs survival  in- 
dices"~va~ not  significant.  

The salient  resul t  ar is ing f rom the compar i sons  be tween  groups  is 
tha t  there  was  no difference be tween  Fc (group C) and Fs (group T) cocoon 
survival  indices. Moreover ,  the compar i sons  of Fc survival  indices showed 
a significant d i f ference be tween  groups  C and T, and  be tween  groups  C and I 
(in bo th  cases p = 0.008), but  no difference was found be tween  groups  T 
and  I. Concerning the Fs cocoons,  a significant difference of survival  indices 
occur red  be tween  groups  T and  C, and  be tween groups  T and  I (in bo th  
cases p = 0.008). On the contrary ,  no difference existed be tween  groups  
C and I for  these cocoons. Again, s imi lar  resul ts  were  shown by  staffs- 
t ically compar ing  da ta  collected on the 5th day of observat ion.  

C O N C L U S I O N  - D I S C U S S I O N  

F. cunicularia worker s  coming f r o m  a pure  colony in na tu re  always 
d iscr iminate  (fig. la, b) homospeci f ic  cocoons f r o m  those of heterospecif ics  
(F. lugubris ; F. sanguinea). In  fact ,  they did not  care  for  bo th  kinds  of alien 
cocoons bu t  rap id ly  des t royed them at  comparab l e  ra te  (fig. lc),  according  
to JAISSON'S observa t ions  (1975) in the closely re la ted species, F. fusca. This 
behav iour  means  tha t  F. cunicularia w o r k e r s  do not  possess  a na tura l  
t endency  to care  fo r  cocoons of F. sanguinea c o m p a r e d  wi th  o the r  heterospe-  
cific ones, a l though there  are odour  s imilari t ies  be tween  this slave species 
and  its s lave-keeper  (BERaSTR/SM and L6F0WST, 1968). 

One the cont ra ry ,  the social env i ronmen t  at  the emergence  of F. cuni- 
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cularia w o r k e r s  s t rong ly  i n f luences  the  c o c o o n  r e c o g n i t i o n  a n d  ca re  b e h a v i o u r  

of  adu l t s .  I n  fac t ,  w o r k e r s  o f  g r o u p  C (fig. l d )  and  T (fig. le )  f a m i l i a r  d u r i n g  

t h e  s ens i t i ve  p e r i o d  w i t h  a p a r t i c u l a r  k i n d  of  cocoon ,  r a p i d l y  d e s t r o y  un- 

f a m i l i a r  cocoons ,  b o t h  homo-  a n d  h e t e r o s p e c i f i c  (F. sanguinea) ,  w h i l e  t hose  

f a m i l i a r  a r e  k e p t  i n t ac t  m u c h  longer .  M o r e o v e r ,  w o r k e r s  of  g r o u p  I (fig. l f )  
m a i n t a i n e d  in  to t a l  ab sence  of  cocoons  d u r i n g  the  trainir~g pe r iod ,  s h o w e d  

no  c a p a c i t y  to  r ecogn ize  any  type  of  c o c o o n  n o r  to  p e r f o r m  p a r e n t a l  cares .  

T h e r e f o r e ,  i t  is ev iden t  t h a t  ea r ly  e x p e r i e n c e  soon  a f t e r  e c lo s ion  is de ter -  

m i n a n t  f o r  s u b s e q u e n t  c o c o o n  d i s c r i m i n a t i o n  and  n u r s i n g  b e h a v i o u r  by  adu l t  
an t s  of  th i s  species .  

T h e s e  resu l t s ,  t o g e t h e r  w i t h  t hose  p r e v i o u s l y  o b t a i n e d  on  the  deve- 

l o p m e n t  o f  aggress ive  b e h a v i o u r  in  F. cunicularia  (LE MOLI a n d  MORI, 1985), 

exp l a in  t h e  i n t e g r a t i o n  and  the  s u b s e q u e n t  h e t e r o s p e c i f i c  a l t r u i s m  t o w a r d s  

b r o o d  a n d  a d u l t s  of  s l ave -worker s  in t he  n a t u r a l  soc ie t ies  of  du lo t i c  ants .  
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