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S U M M A R Y  

Leptothorax unilasciatus workers  differentiate new areas f rom those previously 
explored. Indeed,  a " coming and go ing"  behaviour  appears  more  f requent  on a virgin 
paper  t h a n  on a familiar one. The decrease of activity on a new paper  af ter  some hours  
indicates tha t  this species rapidly gets to known such an area in the experimental  
device used here.  The experiments  suggest that  the area is chemically modif ied by the 
ants '  activity, but  the possibility of a specific marking behaviour was not fur ther  
investigated. 

Three factors  control  the level of foraging activity in L. unifasciatus: 
1 ~ . The na ture  of  the  foraging area (familiar o r  virgin). 

2*. The size of the society. 

3*. The age of the nest-site. 

Societies newly established in their  nest  show a higher level of foraging activity 
on a virgin area than on a familiar one. In every case, there is a l inear relat ion between 
the size of  the  society and its activity. Long-settled societies always show a lower 
activity than recently established ones, and no difference was observed when they 
recrui ted on a virgin and a familiar area. Moreover, the society size appears  to be less 
impor tan t  in de termining the general level of activity than  for  recently-sett led societies. 

These results  a r e  tentatively in terpre ted  in coo-ethological terms,  taking into 
account a main biological characterist ic  of Leptothorax societ ies:  f requent  nes t  emigra- 
tions that  are e i ther  seasonal or  due to fragile nest-sites. 
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RESUME 

Recrutement alimentaire chez Lepto thorax  tmifasciatu,s : 
rinfluence de la connaissance de I'aire de rdcolte et de la dur6e 

d'occupation du hid 

Les ouvri~res de Leptothorax unifasciatus diff~rencient de nouvelles aires de celles 
pr6c6demment explor6es. En effet, un comportement de ,< va-et-vient ,, apparait plus 
fr6quent sur un papier vierge que sur un papier familier ~t la colonie. La chute d'activit6 
sur un papier vierge aprbs quelques heures indique que ce dernier devient rapidement 
familier h la colonie dans le dispositif exp6rimental utilis6. Les exp6riences sugg~rent que 
le territoire est modifi6 chimiquement par l'activit6 des fourmis, mais la possibilit6 
d'un marquage chimique n'a toutefois pas 6t6 explor6e. 

Trois facteurs contr61ent le niveau d'activit6 de fourragement chez L. uni[asciatus : 
1" la nature de l'aire de rdcolte (connue ou inconnue) ; 

2 ~ la taille de la soci~t6 ; 

3* le temps de s6jour de la soci6t6 dans un m6me hid. 

Des soci6t6s 6tablies r6cemment dans leur hid montrent un niveau d'activit6 de 
fourragement plus 61ev6 sur une aire de r6colte inconnue que sur une aire famili~re. 
Dans t o u s l e s  cas, il existe une relation lin6aire liant la taille de la soci6t6 et son 
activit6. Des soci6t6s 6tablies depuis longtemps dans un m6me nid montrent toujours 
une activit6 inf6rieure aux soci6tds r6cemment 6tablies. Aucune diff6rence n'est observ6e 
entre une aire de r6colte inconnue et famili~re. De plus, la taille de la soci6t6 apparait 
6tre moins influente sur  son aetivit6 g6n6rale que pour une socidt6 r6cemment 6tablie 
dans son nid. Ces r6sultats sont interpr6t6s en termes 6eo-6thologiques, tenant compte 
d'une caract6ristique biologique essentielle des soci6t6s de L. uni[asciatus: les d6m6na- 
gements frequents, saisonniers ou lids ~t la pr~carit6 des nids. 

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

Leptothorax unifasciatus is a c o m m o n  m e d i o - E u r o p e a n  M y r m i c i n a e .  I t  

is a m o n o m o r p h i c  and  m o n o g y n i c  an t  w i t h  n a t u r a l l y  s m a l l  soc i e t i e s  o f  100 

to  300 ind iv idua l s  ( excep t iona l ly  l a rge  soc ie t i e s  of  900 w o r k e r s  w e r e  o b t a i n e d  

in  the  l abo ra to ry ) ,  l iv ing  in  p r e c a r i o u s  nes t - s i tes  u n d e r  s tones  a n d  i n  r o c k s  

i n t e r s t i c e s  (PLATEAUX, 1978). N e s t  e m i g r a t i o n  s e e m s  to  be  f r e q u e n t  in  

Leptothorax spec ies  in n a t u r a l  c o n d i t i o n s  (M/fGLICH, 1978), c o l o n i e s  s e t t l i ng  

in to  n e w  t e r r i t o r i e s .  Like  o t h e r  Leptothorax, thi,s spec ies  r e c r u i t s  n e s t m a t e s  

by t a n d e m - r u n n i n g  and  t ra i l  p h e r o m o n e  to  suga r  food- sources ,  n e w  nest-  

Sites, a n d  v i rg in  a reas  (LANE, 1977). 

D u r i n g  o u r  s tud ies  o f  L. unifasciatus' food  r e c r u i t m e n t  d y n a m i c s ,  w e  

d i s c o v e r e d  tha t  t he  soc ie ty ' s  ac t iv i ty  is s t r o n g l y  i n f l u e n c e d  by  t w o  c o n d i t i o n s  

m o d i f i e d  by  nes t  e m i g r a t i o n :  t e r r i t o r i a l  f a m i l i a r i t y  a n d  age of  t h e  nes t -s i te .  

The  i n f l u e n c e  of  t hose  p a r a m e t e r s  on  the  f o r a g i n g  ac t iv i ty  wi l l  be  d e s c r i b e d  

in th is  pape r .  We wi l l  f i r s t  d e m o n s t r a t e  t h a t  L. unifasciatus is a b l e  to  discr i -  
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m i n a t e  b e t w e e n  n e w  a n d  f a m i l i a r  a r e a s .  A l~ though  t h i s  d i s c r i m i n a t i o n  c a n  

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

a n t s '  a c t i v i t y ,  t h e  p o s s i b i l i t y  o f  a s p e c i f i c  t e r r i t o r i a l  m a r k i n g  is  n o t  f u r t h e r  

a n a l y s e d  h e r e .  R e c r u i t m e n t  a c t i v i t y  i n  l o n g - s e t t l e d  s o c i e t i e s  a n d  i n  s o c i e t i e s  

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

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

s p e c i e s '  b e h a v i o u r a l  e c o l o g y .  

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

All the  exper iments  were pe r fo rmed  on queenr ight  L. unifasciatus societies collected 
f rom schis ts  in the  vicinity of Treignes (Belgium) dur ing  Sep tember  81 and  June  85. 
The societies were  reared  in l abora to ry  p las te r  nes ts  disposed on  polyvinyl areas 
(20 • 30 • 4 cm). The inner  boa rds  of the  areas were coated wi th  talc to prevent  
escape. 

Societies were  fed ad l ib i tum wi th  b r o w n  sugar  solut ion by means  of bot t les  
s toppered  wi th  cotton,  and  cockroaches.  Water  was cont inual ly  available nea r  the nest.  
The societies were kept  th roughou t  the  year  in  cons tan t  env i ronment  at  20~ wi th  
12 hours  day - -  12 hours  night.  In  these labora tory  condit ions,  b rood  of all stages 
including eggs was  a b u n d a n t  all the  year-round.  The exper iments  were  pe r fo rmed  f rom 
Janua ry  to October,  all nests  having been  collected at  least  th ree  m o n t h s  p r io r  to the i r  
f i rs t  exper iment .  

Two different  sets of exper iments  were realized. Set  1 served to s tudy the  behaviour  
of the  ants  on new areas.  Exper iments  were  pe r fo rmed  on recent ly insta l led societies 
(see below), which  were never  starved.  The me thod  was previously used by JAFF~ et al. 
(1979). Two sheets of paper  (5 x 5 cm) were placed 15 cm f rom the  nes t -ent rance  and 
5 cm f rom each other ,  a t  least  3 days before  exper imenta t ion .  The n u m b e r  of ants  on 
these  fami l ia r  papers  was then compared  to tha t  observed on freshly placed papers.  
F u r t h e r  details will be given in the text. 

To s tudy the  a l imentary  r ec ru i tmen t  dynamics  in L. unilasciatt,s, set 2 was per- 
formed.  We s ta rved  each society for  10 days before  conduct ing  food-recrui tment  
exper iments  which  lasted 180 minutes .  Exper iments  were always conducted  at  the  same 
t ime  of day, f rom 10 h to 13 h. In  each exper iment ,  the societies exploited one food- 
source  (I M sucrose) pIaeed on  a foraging a rea  (20 • 30 • 4 cm) connec ted  by  a br idge 
to the  nes t  area. Each  society's r ec ru i tmen t  behav iou r  was observed on  2 types of 
foraging a r e a :  fami l ia r  ( f requented by the  society for  at  least  15 days), or  new (clean, 
v i rg in  area).  The locat ion of the nests  in the  l abora to ry  and  the  geometry of the experi- 
m e n t a l  set-up were  kept  identical.  No visual  cues were  modified.  The n u m b e r  of ants  
in  the  foraging area  and  a round  the  source were recorded  at  in tervals  of 3 min.  

Some societies were encouraged to move to a new nes t  site on  the  foraging area 
in the  following way :  h igh humidi f ica t ion  and  cont inua l  art if icial  i l lumina t ion  of the 
old  nes t  for  one week followed by removal  of the  glass sheet  covering the  nes t  cavity. 
The foraging activity of societies of d i f ferent  sizes and  nest-si te ages were  compared.  

When we refer  in this  art icle t o  the  concept  of nest-si te  age, w h e t h e r  in  labora tory  
or  na tu ra l  condi t ions,  we refer  to the  length  of t ime  dur ing  which  an  an t  society has  
been  set t led in i ts p resen t  nest-site. 

Sta t is t ica l  tes ts  used were taken  f rom Slra;~ (1956) and  ROHLF and  SOKAL (1981). 
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R E S U L T S  

Discrimination between familiar and v i r g i n  a r e a s  

W e  h a v e  s t u d i e d  i f  t h e  a n t s  w e r e  a b l e  t o  d i s c r i m i n a t e  b e t w e e n  a f a m i l i a r  

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

e v e r y  m i n u t e  f o r  15 m i n u t e s ,  a f t e r  e a c h  o n e  o f  t h e  f i v e  f o l l o w i n g  p h a s e s  : 
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Fig. 1. - -  Average n u m b e r  of workers  and  s t anda rd  e r ro r  (N = 4) r epor t ed  for  two types 
of paper s  successively replaced over 15 min.  
F x and  F2:  famil iar  papers.  
V :  virgin paper.  

Fig. 1. - -  N o m b r e  moyen  d 'ouvri~res observd sur  15 rain. e t  e r r eu r  s t a n d a r d  -;- (N = 4) 
pou r  deux types de papiers, successivement  remplacds.  
F 1 e t F 1 : papiers  farniliers. 
V :  pap ie r  vierge. 
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(1) 
(2) 
(3) 
(4) 

(5) 

Fig. t presents  the average number  of ants on the above papers .  

the two familiar papers  F1 and F2 are placed on the foraging ground  ; 

F~ and F2 are removed and immediately rep laced;  

F2 is put  back, F1 is replaced by a virgin paper  (V) ; 

F~ and F2 are put  b a c k ;  

F1 is put  back, F o is replaced by a virgin paper  (V). 

We 
observed that the ants did not  appear  dis turbed by our  manipulat ions,  and 
that  the number  of exploring ants increased on virgin paper.  This high 
exploratory activity decreased when the new paper  was replaced by a famil iar  
one. 

In  22 replicates, we compared  the activity on two papers F1 vs F2 and 
F1 or  F2 vs a virgin one. Two familiar  papers already marked  gave no signi- 
ficant difference between the n u m b e r  of ants walking on them (P > 0.05). 
On the o ther  hand, ants were always more  numerous  on a virgin paper  than 
on a familiar  one (P < 0.01; Wilcoxon matched-pairs  signed-ranks test). 
This high number  of workers  is not  necessarily due to an exploratory 
recrui tment .  Indeed,  we never observed tandem-running to new virgin 
papers.  An explanation could be that  ants  stay longer on a virgin than  on a 
familiar  paper.  The average values obtained were respectively 17.7 sec 
(S.D. = 17.2 sec, N = 50) and 11.7 sec (S.D. = 8.0 sec, N = 50) and were not 
statistically different (P ~ 0.24; Mann-Whitney U test). However,  ants  show 
a " c o m i n g  and go ing"  behaviOur consisting of leaving the paper  and imme- 
diately returning. This behaviour appears  more  freouently on a virgin paper  
than on a familiar one (P < 0.00003 ; Mann-Whitney U test). This behaviour  
induces us to measure  the time spent by ants as fo l lows:  the total t ime 
spent by one ant  on a paper  = the total amount  of time this ant  was on the 
paper  wi thout  leaving it for  a distance greater  than 1.5 cm. Only the t ime 
spent  on the paper  was taken into account.  Whereas ants spend an average 
t ime of 15.1 sec (S.D. = 9.6 sec, N = 40) on a familiar  paper,  this value 
increases to 42.5 sec (S.D. = 29.8 sec, N = 40) on a virgin one. Such results 
are significantly different (P ~ 0.00003 ; Mann-Whitney U test). 

In  order  to determine the lapse of time needed for  a society to become 
familiar  with the paper,  one of the two familiar  papers  was replaced by a 
new one. We measured the activity on each paper  every 5 min dur ing several 
hours.  

The results obtained clearly show that  af ter  about  2 h 30 the ant  
populat ion on the test paper  was already the same as on the control  (fig. 2). 

These results demonst ra te  that  L. unifasciatus workers  differentiate 
new areas f rom those previously explored, mos t  probably  by means of 
chemical  cues. Indeed,  all papers  were  identical in every respect  before 
they were deposited on the nest  area. Familiar  paper  must  be chemically 
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Fig. 2. - -  Time evolution of the number of workers on two papers. The arrow indicates 
replacement of one familiar paper by a virgin one. 
O : familiar papers. 
A : virgin paper. 

Fig. 2. - -  Evolution temporel]e du nombre d'ouv-ci~res sur 2 papiers. 
La fl6che indique le remplacement d'un papier familier par  un papier vlerge. 
O : papiers familiers. 
A : papier vierge. 

d i f f e r e n t  f r o m  v i rg in  p a p e r ,  a n d  th i s  c h e m i c a l  m o d i f i c a t i o n  c a n  on ly  r e s u l t  
e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  f r o m  t h e  a c t i v i t y  o f  t h e  a n t s  e x p l o r i n g  t h e  
p a p e r s .  

Foraging recruitment 

W h e n  L. unifasciatus w o r k e r s  d i s c o v e r e d  a f ood - sou rc e ,  t h e y  r e c n l i t e d  
n e s t m a t e s  u s i n g  t a n d e m - r u n n i n g  a n d  t r a i l  p h e r o m o n e  (LANE, 1977 ; 
DE GEYTER, 1982). 

I n  32 e x p e r i m e n t s ,  t he  f o o d - r e c r u i t m e n t  d y n a m i c s  o n  a f a m i l i a r  a n d  a 
v i r g i n  a r e a  w e r e  s t u d i e d  fo r  11 soc ie t i e s  of  d i f f e r e n t  s izes  a n d  nes t - s i t e  ages  : 
soc i e t i e s  i n s t a l l e d  in  t h e i r  n e s t  f o r  a t  m o s t  o n e  m o n t h  ( r e c e n t l y - i n s t a l l e d  
soc ie t i e s )  a n d  soc ie t i e s  i n s t a l l e d  in  t h e i r  n e s t  f o r  m o r e ' t h a n  one  m o n t h  
( l o n g - s e t t l e d  soc ie t i e s ) .  P r e l i m i n a r y  a n a l y s i s  s h o w e d  t h a t  t h e  cho ice  of  one  
m o n t h  w a s  a p p r o p r i a t e  to  d i f f e r e n t i a t e  t h e  t w o  g r o u p s  o f  soc ie t i e s .  
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Fig.  3. - -  T ime  evolu t ion  (in min)  of  t h e  n u m b e r  of  w o r k e r s  on  the  fo rag ing  a rea  (F) 
and  a r o u n d  the  food - sou rce  (S) 
- -  for  t he  recen t ly -se t t l ed  soc ie ty  B (950 w o r k e r s )  on a f ami l i a r  a r ea  (3.a) a n d  a 
vi rgin  a rea  (3.b) ; 

f o r  t he  smal l  r ecen t ly - se t t l ed  soc ie ty  D (300 worke r s )  on  a v i rg in  a rea  (3.c). 
Access to a v i rg in  a rea  e l ic i ted  no  act iv i ty  in smal l  long-se t t led  socie t ies .  
- - f o r  t he  popu lous  soc ie ty  B (900 w o r k e r s )  on  a v i rgin  area,  10 m o n t h s  a f t e r  nes t -  
moving  (3.d). 

Fig. 3. - -  Evo lu t ion  t e m p o r e l l e  (en rain.) du  n o m b r e  d 'ouvr i6 res  s u r  l ' a i re  d e  rdco l te  (F) 
et  & la source  de n o u r r i t u r e  (S) 
- -  p o u r  la soci6td .]3 (950 ottvri6res) r d c e m m e n t  instal l~e dans  son  hid,  s u r  u n e  aire  
famil i~re  (3,a) et  su r  une  a i re  v ie rge  (3.b) 
- -  p o u r  la soci6t6 D (300 ouvr i~res )  r 6 c e m m e n t  ins ta l lde  dans  s o n  nid ,  s u r  u n e  a i re  
vierge (3.c). L ' a cc~s  ~ u n e  a i re  v ierge  n ' e n t r a l n a  auc tme  act ivi t6 p o u r  des  pe t i t e s  
socidtds 6tabl ies  depu i s  l o n g t e m p s  d a n s  u n  m 6 m e  nid.  
- - p o u r  la soci6t6 B (900 ouvri~res)  s u r  t ree aire  vierge,  10 m o i s  apr~s  son  
ddmdnagemen t .  
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F r o m  the beginning of the  exper iments ,  the ant  popu la t ion  in the  
foraging a r e a  and  a round  the food-source g r e w  more  or  less r ap id ly  towards  
a p la teau  v a l u e  (which is de t e rmined  by  the average popula t ion  calcula ted 
for  the last  60 min  of exper imenta t ion) .  Some exper iments  d iscussed  la ter  
on are  i l lus t ra ted in figure 3. 

The foraging activities of  the two groups  of societies gave quite 
di f ferent  results.  For  recently-instal led societies, the n u m b e r  of w o r k e r s  
observed  on the foraging a rea  at  the p la teau  value increased cons iderably  
accordir~g to we the r  the a rea  fami l i a r  o r  virgin. This d i f ference  became  
m o r e  p ronounced  according to the size of the society (see fig. 4). Indeed,  
regress ion lines 1 and 2 show the existence of a sgnificant l inear  re la t ion  
b inding the size of the society and  its activity. Moreover,  the  var ia t ions  
in activity according to the society size a p p e a r  stat ist ically d i f ferent  if the 
a rea  is virgin or  familiar .  A compar i son  of the confidence l imits  of the 
slopes of the two lines show tha t  they are  significantly d i f ferent  a t  the 
95 % level. 

For  long-settled societies, the colony size seems not  to be a d e t e r m i n a n t  
p a r a m e t e r  controll ing the i r  activity,  wha teve r  the nature  of  the  foraging 
area.  The corre la t ion coefficients  are  posi t ive bu t  not  s tat is t ical ly significant.  
The low level of act ivi ty of long-sett led societies should be s t ressed  and  of 
course  quant i ta t ive  t rends  a re  the m o r e  difficult to demons t ra t e .  No 
significant difference of the  to ta l  n u m b e r  of  worke r s  recru i ted  to  a fami l i a r  
o r  a virgin area  was observed.  A compar i son  of the level of act ivi ty  on the  
two types of foraging area  be tween  nests  of s imi lar  sizes (225 <~ N ~< 750) 
shows no significant difference (P ~ 0.05 ; Mann-Whitney U test).  

When the n u m b e r  of ants  feeding are  compared ,  a significant  l inear  
re la t ionship wi th  colony size is again observed  fo r  recently-set t led societies, 
bu t  not  f o r  long-settled societies (fig. 5). However  no dif ference was  
observed  for  bo th  type of societies according  to the kind of the  areas  on 
which they foraged. This demons t r a t e s  tha t  the the higher  level of  act ivi ty 
r epor t ed  above for  recently-set t led societies foraging on virgin a rea  resul ts  
f r o m  the high n u m b e r  of rec ru i t s  which  explored the new foraging g round  
wi thout  collecting food. 

A r emarkab l e  resul t  is the decrease  of the level of general  act ivi ty 
for  long-settled societies. This con t ras t  s tands  out  par t icu lar ly  when  we 
fo l lowed the societies '  r e c ru i tmen t  dynamics  on a virgin a r ea .  Food recruit-  
m e n t  was studied on such an a rea  for  five societies of d i f ferent  nest-site 
ages. Two exper iments  are i l lus t ra ted  on figure 3. A small  long-installed 
society which complete ly  avoided  a virgin area  (it was obse rved  tha t  the 
ants  reaching the virgin a rea  t u r n e d  back  on the  br idge r a t h e r  than  pene- 
t ra te  it) showed an increased act ivi ty  in the same  expe r imen ta l  s i tuat ion,  
a f t e r  i t  was  induced to move  into a new nest  (see fig. 3c). Inversely,  all the 
very  active recently-installed societies showed s o m e  months  a f t e r  the i r  nest- 
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Fig. 4. - -  C o m p a r i s o n  be tween  the average n u m b e r  of  w o r k e r s  obse r ve d  fo r  t he  las t  
60 m i n  of  expe r i m en t a t i on  on  a fami l i a r  a n d  a virgin fo rag ing  a rea  f o r  recently-  
set t led and  long-set t led societies of  va r ious  sizes. 
Regress ion  l ines 1 and  2 of  recent ly-set t led societ ies r ec ru i t ing  respect ive ly  o n  a 
virgin (Z~) a n d  a fami l i a r  (O) a rea  a re  
Y1 = 0.25 x 1 - -  44; r 1 = 0.94; P < 0.001 
Y2 = 0 . 0 7 x ~ - - 8 ;  r 2 = 0.99; P < 0.001 
The 95 % conf idences  l imits  of  the  two  s lopes  a re  [0.33 - -  0.18[ f o r  l ine 1 a n d  [0.07 - -  
0.06[ fo r  line 2. 
Regress ion  l ines 3 and  4 of  long-set t led societ ies  r ec ru i t ing  respect ive ly  on  a v i rg in  
( A )  and  a fami l i a r  (0) a rea  a re  
Ya = 0.03 x s - 6 ;  r a = 0.61; N.S. 
Y4 = 0.01 x 4 + 2 ;  r 4 = 0.66; N.S. 

Fig. 4. - -  C o m p a r a i s o n  du  n o m b r e  m o y e n  d 'ouvr ib res  observ6es  a u  c o u r s  des 60 de rn ib res  
m i n u t e s  de l 'exp6rience s u r  tune aire  de r6col te  famil i6re  et s u r  u n e  a i re  v ierge  p o u r  
des soci6t6s r 6 c e m m e n t  6tablies dans  l eur  h id  et  p o u r  des soci6t6s insta116es depuis  
long temps .  
L 'absc isse  es t  la taille de la soci6t6. 
Les dro i tes  de r6gress ion  1 et 2 des soci8t6s r 6 c e m m e n t  instal l6es r e c r u t a n t  respect i-  
v e m e n t  s u r  u n e  aire  vierge ( A )  et s u r  u n e  a i re  famil ibre  (O) s o n t :  
YI = 0.25 x I - -  44; r I = 0.94; P < 0.001 
Yg. = 0 . 0 7 x ~ - - 8 ;  r 2 = 0.99; P < 0.001 
Les l imi tes  de conf iance /~ 95 % des 2 pe n t e s  son t  [0.33 - -  0.18[ p o u r  la  dro i te  1 et 
0.07 - -  0.06[ p o u r  la droi te  2. 
es dro i tes  de rdgress ion  3 et 4 des socidtds dtablies depu i s  l o n g t e m p s  d a n s  u n  

m ~ m e  nid,  r e c r u t a n t  r e spec t ivement  s u r  u n e  a i re  vierge ( � 9  et  s u r  u n e  a i re  fami-  
fibre (B) son t  : 
Ya = 0.03 x a - 6 ;  r a = 0.61; N.S. 
Y4 = 0.01 X 4 + 2 ;  r 4 = 0.66; N.S. 
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Fig, 5. - -  C o m p a r i s o n  be t w een  the  average  n u m b e r  of  w o r k e r s  at food- source  obse rved  
fo r  the  las t  60 m i n  of  expe r i m en t a t i on  on  a fami l ia r  and  a virgin f o r ag ing  a rea  fo r  
recently-sett led and  long-set t led societ ies of  var ious  sizes. 
R e g r e s s i o n  l ines 1 and  2 of  recent ly-set t led societies recru i t ing  o n  a v i r g i n  ( A )  
and  a fami l ia r  (O) a rea  are  
Y1 = 0.03 x 1 - 3 ;  r 1 = 0.91; P < 0.01 
Y2 = 0.03 x 2 - 4 ;  ~ = 0.92; P < 0.01 
The 95 % conf idence  l imits  of  t he  t w o  s lopes  are  [0.04 - -  0.02[ fo r  l ine 1 and  10.05 - -  
0.02[ for  line 2. 
Regress ion  lines 3 and  4 of  long-set t led societies recru i t ing  respect ively  on  a virgin 
( � 9  and a fami l i a r  ( t )  a rea  are  
Y3 = 0.007 x a -  2 ; ra = 0.44; N.S. 
Y4 = 0.006 x 4 - -  03 ; r 4 = 0.76 ; N.S. 

Fig. 5. - -  C o m p a r a i s o n  du  h o m b r e  m o y e n  d 'ouvr i~res  ~t la source  obse rvdes  aLL cours  
des 60 dernibres  m i n u t e s  de l 'expdrience s u r  une  aire de rdcolte famil i~re  ou  vierge 
p o u r  des socidtds r d c e m m e n t  6tablies dans  leur  hid, et  p o u r  des soci6tds instalIEes 
depuis  long temps .  
L 'absc isse  est  la taille de la societal. 
Les droi tes  de r eg res s ion  1 et 2 des socidtds r 6 c e m m e n t  install6es r e c r u t a n t  respec- 
t ivement  s u r  une  aire vierge ( A )  et s u r  une  aire famil ibre  (O) son t  : 
Y1 = 0.03 x 1 - 3 ;  r 1 = 0.91; P < 0.01 
Y2 = 0.03x 2 - 4 ;  r 2 = 0.92; P < 0.01 
Les l imites de conf iance  ~ 95 % des 2 pen tes  son t  10.04 - -  0.02[ p o u r  la dro i te  1 et 
[0.05 - -  0.021 p o u r  la droi te  2. 
Les droi tes  de reg ress ion  3 et 4 des sociEtds 6tablies depuis  l o n g t e m p s  dans  u n  
mEme nid, r e c r u t a n t  r e spec t ivemen t  s u r  une  aire  vierge ( � 9  et s u r  u n e  a i re  fami-  
li~re (0) s o n t :  
Ya = 0.007 x 3 - -  2 ; r a = 0.44; N.S. 
Y4 = 0.006 x~ - -  0.3; r 4 = 0.76; N.S. 
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moving  a cons iderable  decrease in act ivi ty on a virgin a rea  ( compare  
figs. 3b and 3d). 

I t  has  been  r epor t ed  (PLATEAUX, 1970) tha t  L. nylanderi exhibi ts  a fall 
of  act ivi ty f r o m  N o v e m b e r  to J anua ry  despi te  the cons tan t  l abo ra to ry  
envi ronment .  However ,  all the stat is t ical  tests  p e r f o r m e d  to show a rela- 
t ionship be tween  the societies '  act ivi ty and  the seasonal i ty  were  inconclu- 
sive. No exper imen t s  were  p e r f o r m e d  in N o v e m b e r  and D e c e m b e r  and  the 
highest  act ivi ty level was observed in J anua ry  for  recenly m o v e d  societies. 
I f  a small  effect  due to seasonal i ty  did occur  it was  cer ta in ly  m a s k e d  by  
o the r  fac tors  influencing the L. unifasciatus' foraging activi ty : the fami l ia r i ty  
of the foraging area  and the nest-site age. 

D I S C U S S I O N  

In  L. unifasciatus, the foragers  reac t  qui te  different ly to a f ami l i a r  o r  a 
virgin area.  In  every case, a virgin p a p e r  induced a " coming and  g o i n g "  
behav iour  of  the worke r s  which entai led an  increased act ivi ty on such a 
paper .  A s imi lar  " t e r r i to ry  cho ice"  has  been  r epor t ed  by  RoIsIN (1982) for  
the te r r i tor ia l  species Tetramorium impurum:  the worke r s  " c h o s e "  to 
s tay on a virgin p a p e r  r a the r  than  to leave it. Our  resul ts  show tha t  L. 
unifasciatus rap id ly  becomes  fami l ia r  wi th  a new area,  taking only a few 
hours  for  a smal l  surface close to the nest.  The exper iments  we re  designed 
so as to e l iminate  any possible  cues ( textural  or  visual) bu t  chemica l  ones. 
There  is no doub t  that .  the papers  are  chemical ly  modi f ied  by  the an t s '  
act ivi ty which  perceive and  reac t  to these modif icat ions .  This suggests  tha t  
L. unifasciatus could be  ter r i tor ia l  and  m a r k  its ter r i tory .  This possibi l i ty  
deserves m o r e  investigation.  There  is some evidence :in the  l i t e ra ture  indi- 
cat ing tha t  o the r  Leptothorax species are  terr i tor ial .  

BUSCI-IIN6ER et al. (1980) r epor ted  tha t  scouts  of the s l a v e m a k e r  Harpa- 
goxenus sublaevis perceive the previous  p resence  of its hos t  species,  Lepto- 
thorax acervorum, in a given terr i tory .  For  Leptothorax ambiguus, L. cur- 
vispinosus, and  L. longispinosus (ALLOWAY, 1980) and  fo r  L. muscorum 
(STUART and ALLOWAY, 1982, 1983), te r r i tor ia l  f ights are  repor ted .  

Our  resul ts  show tha t  the foraging r e c r u i t m e n t  dynamics  va ry  consi- 
derab ly  accord ing  to the type of foraging area,  the s ta te  of  the society,  and  
its size. 

The length of t ime  that  ants have inhabi ted  their  nes t  grea t ly  inf luences 
the general  act ivi ty  of the society. On the  one hand,  the  level of  general  
act ivi ty of the  recently-instaUed societies was  always g rea te r  than  tha t  
of  the long-installed societies. On the o the r  hand,  recent ly  m o v e d  societies 
showed  a h igher  level of activity on a virgin a rea  than  on a fami l i a r  one. 
Two c o m p l e m e n t a r y  explanat ions could be  p resen ted  to  accoun t  for  the 
high n u m b e r  of  worke r s  on the v i r g i n  foraging a rea  : 
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1 ~ More ants  are  recru i ted  on a virgin area,  and  a smal le r  p ropor t ion  
ar r ive  a t  the food source. DE GV-YTnR (1982) showed tha t  the  r ec ru i tmen t  
accuracy  (the ra t io  be tween the n u m b e r  of  ants  reaching  the  food  source  
and  the n u m b e r  of  ants  leaving the nest) varies cons iderably  wi th  the na ture  
of the foraging area,  independent ly  of any possible  visual  cue (62 % in a 
fami l ia r  a rea  - -  18 % in a virgin area).  

LANE (1977) observed  the existence of an explora tory  r e c r u i t m e n t  to new 
virgin areas  leading to the dispers ion of workers .  De Geyter ' s  resul ts  could 
there fore  be  par t ly  due to the combina t ion  of an exp lora to ry  and  an ali- 
m e n t a r y  r ec ru i tmen t  in a virgin area.  

2 ~ The ants  stay longer in a virgin than  in a fami l ia r  area..  The shapes  
of  the curves in [igures 3.a and 3.b strongly suggest  this possibil i ty.  
Whereas  the n u m b e r  of  ants reached  a p la teau value a f t e r  abou t  100 rain 
for  a fami l ia r  area,  this  n u m b e r  still increased a f t e r  180 min  in the virgin 
area,  suggesting tha t  the area  acts  as a " t r a p "  for  the foragers  which  spend 
a long t ime exploring it before  re tu rn ing  to the nest .  

Long-sett led societies show no significant difference in the i r  reactions.  
Our  exper iments  show that  the length of t ime dur ing which  the  ants  have 
inhabi ted  their  nest  has  a grea ter  influence or~ the i r  act ivi ty t han  their  
absolute  sizes. Two societies of d i f ferent  sizes, bu t  w h i c h  have  been  esta- 
bl ished in thei r  nests  for  a long time, are  more  al ike in thei r  behav iou r  than 
two societies of the same size, bu t  which  have been es tabl i shed fo r  different  
per iods  of time. 

We know nothing of the mechan i sms  responsible  for  these  behavioura l  
differences in the worke r ' s  explora tory  and  foraging activities.  The  moving 
i tself  appa ren t ly  raises the general  level of act ivi ty  of  the society,  which 
appea r s  m o r e  " u n s t a b l e "  than  a long-installed society. An a l te rna t ive  or  
c o m p l e m e n t a r y  hypothes is  is tha t  a new nest  has less d rawing  p o w e r  on the 
worke r s  than  an old nest  s t rongly impregna ted  wi th  the society 's  odours.  
Indeed  we have observed that  it is very difficult  to induce the emigra t ion  of 
a long-established society. The nest  must l i terally be  des t royed  and  opened  
to induce moving.  The chemical  mark ing  of the  nes t  m a y  encourage  the 
worke r s  to r em a i n  inside, and  the society m a y  a p p e a r  m o r e  " s t a b l e "  
Exper imen t s  are needed to test  the inf luence of this poss ib le  m a r k i n g  on the 
fo ragers '  behaviour .  

Leptothorax unifasciatus nests  in precar ious  sites w i thou t  bui lding com- 
plex nest  s t ructures .  Nest  emigra t ions  could thus  occur  in na tu re  af ter  
accidental  des t ruc t ion  of the  nests.  These accidents  could well  be  ex- 
per ienced  by  m a n y  species of Leptothorax (MS~LICH, 1978). Seasonal  emi- 
grat ions  were  also r epor t ed  in L. uni~asciatus (Du MERLE et al., 1978), and 
na tu ra l  popula t ions  of L. uni[asciatus seem to be  charac te r ized  by  a high 
though locally var iable  nest  density, a s i tuat ion ve ry  s imi lar  to  tha t  descr ibed 
by  M~GLICH (1978) for  the Nor th  Amer i can  Leptothorax rugatuIus. Many of 



350 S. A R O N ,  J.M. P A S T E E L S ,  J.L. D E N E U B O U R G ,  and  J.L. B O E V E  

t h e  l a b o r a t o r y  s i t u a t i o n s  c o n s i d e r e d  i n  th i s  p a p e r  c o u l d  t h u s  r e p r o d u c e  
n a t u r a l  s i t u a t i o n s .  I n  n a t u r e ,  w e  m u s t  e x p e c t  to  e n c o u n t e r  soc i e t i e s  s e t t l e d  
in  t h e i r  n e s t s  f o r  v a r i o u s  p e r i o d s  o f  t i m e s  a n d  soc i e t i e s  w h i c h  h a v e  r e c e n t l y  
e m i g r a t e d  i n t o  a v i rg in  t e r r i t o r y .  W e  m a y  s u p p o s e  t h a t  t he  r e a c t i o n s  o f  t he  
a n t s  in  n a t u r e  w o u l d  be  q u a l i t a t i v e l y  s i m i l a r  to  t h o s e  r e p o r t e d  in  t h e  
l a b o r a t o r y .  A h y p o t h e t i c a l  e c o - e t h o l o g i c a l  i n t e r p r e t a t i o n  w h i c h  w o u l d  st i-  
m u l a t e  f i e l d  o b s e r v a t i o n s  c o u l d  t h e n  b e  p r o p o s e d .  

A s o c i e t y  t h a t  has  r e c e n t l y  m o v e d  i n t o  a v i r g i n  t e r r i t o r y  s h o w s  a b o v e  
a l l  a n  i n t e n s i v e  e x p l o r a t o r y  a c t i v i t y  o f  t h e  u n k n o w n  t e r r i t o r y .  Th i s  e x p l o r a -  
t i o n  is s t r e n g t h e n e d  b y  the  l o w  a c c u r a c y  o f  f o r a g i n g  r e c r u i t m e n t  
o b s e r v e d  in  th i s  s i t ua t i on .  Th is  t e n d a n c y  is s i m i l a r  to  t h a t  p r o p o s e d  
b y  PASTEELS et  al. (1982) a n d  DENEUBOURG et  al. (1983), w h e r e b y  a n  o p t i m a l  
a c c u r a c y  in  f o r a g i n g  r e c r u i t m e n t  w o u l d  m a x i m i s e  t h e  f o r a g i n g  b e n e f i t  v i a  
t h e  d i s c o v e r y  o f  n e w  sou rces  b y  " l o s t  ' '  a n t s .  On an  u n k n o w n ,  v i r g i n  t e r r i -  
t o ry ,  i t  m a y  b e  of  p r i m e  i m p o r t a n c e  t o  d i s c o v e r  t h e  r e s o u r c e s  a s  s o o n  as  
p o s s i b l e  a n d  to  e v a l u a t e  the  m i l i e u ' s  r i c h n e s s .  I f  t he  t e r r i t o r y  is r e w a r d i n g ,  
t h e  s o c i e t y  s e t t l e s  there .  The  m o r e  r e w a r d i n g  t h e  t e r r i t o r y ,  t h e  l o n g e r  t he  
s o c i e t y  s t a y s  in  t he  s a m e  l o c a t i o n  ( if  t h e y  a r e  n o t  o b l i g e d  to  m o v e  w i t h  t h e  
s e a s o n s  o r  f o r  r e a s o n s  o f  n e s t  f r ag i l i t y )  a n d  the  e x p l o r a t i o n  of  a m o r e  a n d  
m o r e  f a m i l i a r  t e r r i t o r y  dec r ea se s .  

F ina l l y ,  i t  s h o u l d  be  s t r e s s e d  t h a t ,  i f  t h e  b e h a v i o u r  of  t h e  soc i e t i e s  c o u l d  
b e  q u a l i t a t i v e l y  s i m i l a r  in  t he  l a b o r a t o r y  a n d  in  n a t u r e ,  t he  i n t e n s i t y  o f  t h e i r  
r e a c t i o n s  m a y  b e  qu i t e  d i f f e ren t .  T h e  i n t e n s i t y  a n d  p e r m a n e n c e  o f  c h e m i c a l  
m a r k s  d u e  to  t h e  a c t i v i t y  of  the  a n t s  c o u l d  b e  s t r o n g l y  d e p e n d e n t  o n  t h e  
n a t u r e  o f  t h e  s u b s t r a t  a n d  the  c l i m a t i c  c o n d i t i o n s .  
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