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SUMMARY 

A séries of experiments shows how the ant Lasius niger uses its trail recruitment 
System to select between two food sources. Simuitaneously presented wi th two IM 
sucrose solutions it concentrâtes on one of them. When offered a IM solution together 
with a O.IM solution it sélects the richer source, uniess the trail to the O.IM source had 
become welldeveloped before the IM source was introduced. In the same situation, 
however, the group/mass recruting ant Tetramorium caespitum uses its more individual 
transmission of information to switch to the IM source. A mathematical model describes 
thèse processes and its dynamics reflect the expérimental results. 

RESUME 

La prise de décision collective à travers le recrutement alimentaire 

Nous présentons une série d'expériences qui montrent comment la fourmi Lasius 
niger peut utiliser son système de recrutement par piste afin de sélectionner une des deux 
sources de nourriture. Si on leur offre simultanément deux solutions IM de saccharose, 
la société concentre son activité sur l'une des deux. Si l'on offre deux solutions, une de 
IM et l'autre de O.IM, elle sélectionne la plus riche, à moins que la piste qui mène à la 
source O.IM soit déjà bien développée au moment où l'on introduit la source IM. Face 
à la même situation, la fourmi Tetramorium caespitum, qui recrute par groupe/masse, 
utilise son mode de transmission d'information plus individuel pour changer son exploi
tation vers la source IM. Un modèle mathématique décrit ces processus, dont la dynamique 
correspond bien aux observations expérimentales. 
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I N T R O D U C T I O N 

Soc ia l i ty p r o v i d e s a n o p p o r t u n i t y f o r t h e e x c h a n g e of i n f o r m a t i o n 

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

b e h a v i o r s , t h e m e a n s by w h i c h a n u m b e r of f o r a g e r s a r e d i r e c t e d to a f o o d 

s o u r c e , h a v e been d e s c r i b e d f o r ve ry d i f f é r e n t spec i e s ( S o c i a l I n s e c t s : 

WiLSON, 1 9 7 1 ; An t s : HOLLDOBLER, 1 9 7 8 ; P A S S E R A , 1 9 8 4 ; S U D D a n d F R A N K S , 

1 9 8 7 ; T e r m i t e s : LEUTHOLD, 1 9 7 5 ; R I C K L I a n d LEUTHOLD, 1 9 8 6 ; H o n e y b e e s : 

LiNDAUER, 1 9 6 1 ; VON F R I S C H , 1 9 6 7 ; S E E L E Y , 1 9 8 5 ; G r e g a r i o u s C a t e r p i l l a r s : 

FITZGERALD a n d P E T E R S O N , 1 9 8 3 , 1 9 8 8 ) . I n t h e c a s e of b i r d s , r e c r u i t m e n t c a n 

e i t h e r b e ac t i ve o r e lse s i m p l y a s p y i n g b e h a v i o u r in w h i c h o n e a n i m a l sees 

a n o t h e r f e e d i n g a n d m o v e s to j o i n in ( W A R D a n d Z A H A V I , 1 9 7 3 ; E M L E N a n d 

DEMOMG, 1 9 7 5 ; B R O W N , 1 9 8 6 ; GOTMARK et al, 1 9 8 6 ; G R E E N E , 1 9 8 7 ) . R e c r u i t m e n t , 

h o w e v e r , is n o t on ly a s y s t e m a d a p t e d to t h e e x p l o i t a t i o n of a p a t c h y envi-

_ r o n m e n t o r of p r e y n e e d i n g c o o p é r a t i v e " e x p l o i t a t i o n , b u t c a n a l so be t h e 

t o u c h s t o n e of a co l lec t ive d e c i s i o n - m a k i n g s y s t e m d e v e l o p e d b y a n i m a l so-

c ie t ies , w h i c h w e c a n t e r m t h e n a t u r a l s é l e c t i o n of f o o d d i s c o v e r i e s . T h e 

i n t e r p l a y b e t w e e n r e c r u i t m e n t s to d i f f é r e n t f o o d s o u r c e s g é n é r â t e s c o m p l e x 

soc ia l d é c i s i o n s wel l b e y o n d t h e c a p a c i t y of a n i n d i v i d u a l . S m a l l d i f f é r e n c e s 

i n t h e d e g r e e of c o o p e r a t i v i t y of t h e r e c r u i t m e n t m e c h a n i s m , a s d e f i n e d by 

s i m p l e i n d i v i d u a l ru les , c a n l ead to t o t a l l y d i f f é r e n t soc ia l d é c i s i o n s a n d 

p a t t e r n s of f o o d exp lo i t a t i on . T h è s e i d e a s a r e i l l u s t r a t e d f o r soc i a l i n sec t s , 

t h e m o s t socia l ly i n t e g r a t e d of a n i m a i s , w i t h a s é r i e s of e x p e r i m e n t s o n 

a n t s r e c r u i t i n g to s u g a r s o u r c e s a n d a s i m p l e m o d e l . 

In a typ ica l a n t t r a i l r e c r u i t m e n t , a s c o u t d i s c o v e r s a f o o d s o u r c e a n d 

r e t u r n s to t h e nes t , l ay ing a c h e m i c a l t r a i l . At t h e n e s t , o t h e r f o r a g e r s 

d e t e c t t h e t r a i l (we neg lec t i n v i t a t i o n a l d i f f é r e n c e s ) a n d f o l l o w it t o t h e 

s o u r c e (e.g. S U D D , 1 9 6 0 ; W I L S O N , 1 9 6 2 ; W I L S O N , 1 9 7 1 ; An t s : H O L L D O B L E R , 1 9 7 8 : 

P A S S E R A , 1 9 8 4 ; S U D D a n d F R A N K S , 1 9 8 7 ) . T h o s e t h a t a r r i v e a t t h e s o u r c e load 

f o o d a n d r e t u r n to t h e n e s t r e i n f o r c i n g t h e t r a i l . U n s u c c e s s f u l t r a i l - f o l l o w e r s 

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

t h e f o o d s o u r c e . As t h e t r a i l is r e i n f o r c e d , m o r e a n t s a r e r e c r u i t e d a n d less 

r e c r u i t s lose t h e t ra i l , a n d t h e r e c r u i t m e n t is t h u s a u t o c a t a l y t i c ( C O R N E T Z , 

1 9 1 4 ; P A S T E E L S et al, 1 9 8 7 ) . T e r m i t e t r a i l r e c r u i t m e n t is v e r y s i m i l a r 

( L E U T H O L D , 1 9 7 5 ; R I C K L I a n d L E U T H O L D , 1 9 8 6 ) . 

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

fn each cxperimcnt, a hungry colony of Lasius niger vvas présentée! with two 

constantly rcplenished sucrose solutions, 60 cm apart and both 60 cm from the nest in an 

80 X 80 cm arena. The number of ants around each source was counted every minute. 

The experiments were performed on the trail recruiting ant Lasius niger and the group/ 

trail recruiting ant Tetramorium caespitum. In this latter species, the number of ants 

recruited in groups were counted. Also, as it has a smaller natural foraging arca, the 

sources were offered 30 cm apart, 30 cm from the nest. 
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R E S U L T S 

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

a s h o r t p e r i o d of e q u a l e x p l o i t a t i o n , a b i f u r c a t i o n is o b s e r v e d a n d o n e of t h e 

s o u r c e s b e c o m e s m u c h m o r e e x p l o i t e d t h a n t h e o t h e r { f i g . 1 A). If a s e c o n d 

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

s e c o n d a l w a y s r e m a i n s u n d e r e x p l o i t e d . G l o b a l î y s p e a k i n g , t h e c o l o n y 

" d é c i d e s " t o e x p l o i t o n e s o u r c e f u U y a n d t o k e e p t h e s e c o n d i n r e s e r v e , t h e 

t r a i l t o it b e i n g m a i n t a i n e d b y a l o w l e v a i of e x p l o i t a t i o n . 
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Fig. 1. — Présents experiments on the 

trail recruiting ant Lasiiis niger and 

the group/trail recruiting ant Tetra-

morium caespitum. In each expe-

riment, a hungry colony was pre-

sented with two sugar sources, and 

the proportion of ants around each 

source is presented as a function 

of time. 

two IM sucrose sources introduced simultaneously, with L. niger. (7 experi-

ments) ; 

IM source introduced 50 mins after a 0.1 M source, with L. niger (3 

experiments) ; 

IM source introduced 60 mins after a O.IM source, with T. caespitum. (3 

experiments). 

4 0 6 0 

TIME ( m i n ) 

Fig. 1. — Présente des expériences sur la fourmi Lasius niger, qui recrute par piste, et sur 

la fourmi Tetramorium caespitum, qui recrute par groupe/piste. Dans chaque expé-
rience, on présente deux solutions de saccharose à une société affamée, et on mesure 

la proportion de fourmis autour de chaque source en fonction du temps. 

A : deux solutions 1 M introduites simultanément, avec L. niger (7 expériences) ; 

B : solution 1M introduite 50 min. après une solution 0.1 M, avec L. niger (3 

expériences) ; 

C : solution 1 M introduite 60 min. après une solution 0.1 M, avec T. caespinim (3 

expériences). 
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W h a t h a p p e n s if t h e co lony is o f f e r e d t w o s o u r c e s of d i f f é r e n t s u g a r 

c o n c e n t r a t i o n s ? If t he r i c h e r s o u r c e is d i s c o v e r e d b e f o r e o r a t t h e s a m e t i m e 

a s t h e p o o r e r o n e it is alvvays t h e m o r e exp lo i t ed . H o w e v e r , if t h e r i c h e r 

s o u r c e is d i s c o v e r e d a f t e r t h e p o o r e r one , t h e n it is o n l y w e a k l y exp lo i t ed 

{fig. I B). As b e f o r e , t he co lony exp lo i t s t h e f i r s t s o u r c e d i s c o v e r e d , even 

if t h i s m e a n s neg l ec t i ng a r i c h e r s o u r c e f o r a p o o r e r o n e . W h e n f a c e d w i t h 

t w o s i m u l t a n e o u s l v d i s c o v e r e d u n e q u a l s o u r c e s it c h o o s e s t h e r i c h e r of t h e 

t w o . 

I d e n t i c a l e x p e r i m e n t s w i t h t h e t ra i l r e c r u i t i n g a n t s Iridomyrmex hiimilis 

a n d Pheidole pallidula, ail t h r e e h a v i n g ve ry d i f f é r e n t l i fe-s ty les , gave the 

s a m e q u a l i t a t i v e r e s u i t s . 

H o n e y b e e s u s e a s i m i l a r b u t d i f f é r e n t r e c r u i t m e n t m e c h a n i s m ( L I N D A U E R , 

1 9 6 1 ; VON F R I S C H , 1 9 6 7 ; S E E L E Y , 1 9 8 5 ) . A f o r a g e r t h a t h a s f o u n d a f o o d s o u r c e 

p e r s o n a l l y t r a n s m i t s t h e i n f o r m a t i o n c o n c e r n i n g i ts l o c a t i o n to n e s t m a t e s 

b y t h e d a n c e r i t ua l ( in a n t t r a i l r e c r u i t m e n t I h i s i n f o r m a t i o n is c o n t a i n e d in 

t h e t ra i l ) . H o n e y b e e co lon i e s w h e n c o n f r o n t e d w i t h t h e s a m e d é c i s i o n s as 

d e s c r i b e d a b o v e c h o o s e d i f f e r e n t i y . W h a t e v e r t he o r d e r of d i s c o v e r y , they 

a l w a y s se lec t t h e r i c h e r s o u r c e a n d exp lo i t t w o i d e n t i c a l s o u r c e s equa l ly 

( V E L T H U I S , 1 9 7 7 ; SEELEY a n d L E V I E X , 1 9 8 7 ) . 

H o n e y b e e r e c r u i t m e n t is s i m i l a r in i t s logic to g r o u p r e c r u i t m e n t in 

a n t s , in w h i c h a s u c c e s s f u i s c o u t p e r s o n a l l y g u i d e s a s m a l l g r o u p of nest-

Fig. 2. — Présents the number of T. caespitum workers recruited in groups to two 
sequentially introduced sucrose sources (0.1 M fol lowed by 1 M). The arrows mark 
the moment in time at which each of the two food sources were introduced. 

Fig. 2. — Présente le nombre d'ouvrières de T. caespitum recrutées en groupe vers deux 

sources de saccharose introduites en différé (0.1 M suivie par 1 M). Les flèches 
indiquent le moment auquel chaque source est introduite. 
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m a t e s lo t h e s o u r c e (e.g. W I L S O N , 1 9 7 1 ; in t a n d e m r e c r u i t m e n t , a t h i r d me-

c h a n i s m c lose to g r o u p r e c r u i t m e n t , a s cou t guides , p e r s o n a l l y a n d w i t h c a r e , 

on ly o n e r e c r u i t - M O G L I C H et al., 1 9 7 4 ) . One vvould t h e r e f o r e e x p e c t t h e s a m e 

se t of d é c i s i o n s of cho ice as f o u n d in honeybes s . I t is, h o w e v e r , i m p o s s i b l e 

to v e r i f y th i s a s ail t he spec ies \ve k n o w of that p r a c t i c e g r o u p r e c r u i t m e n t 

a l so u s e t r a i l r e c r u i t m e n t . At the b e g i n n i n g of a r e c r u i t m e n t , t h e r e c r u i t e r s 

l ead g r o u p s to t h e f o o d , b u t a l so lay a t ra i l b e t w e e n t h e f o o d a n d t h e n e s t . As 

th i s t ra i l b e c o m e s s t r c n g e r , the g r o u p s b e c c m c Icss f r é q u e n t a n d t r a i l 

r e c r u i t m e n t Lakes o\-er. 

T h è s e g r o u p / t r a i l r e c r u i t i n g spec ies c o m b i n e t h e t w o s e t s of d é c i s i o n s 

( P A S T E E L S et ai, 1 9 8 7 ) . Like h o n e y b e e s they exploi t t h e r i c h e r s o u r c e , w h e t h e r 

d î s c o v e r e d f i r s t o r s e c o n d , a n d like t ra i l r e c m i t i n g a n t s t hey exp lo i t t w o 

e q u a l s o u r c e s a s y m m e t r i c a l l y {fig. 1 C) ( see a l so F O W L E R , 1 9 8 7 f o r t h e s a m e 

q u a l i t a t i v e r e s u l t s f o r cho ice exper im.ents b e t w e e n t w o d i f f é r e n t f o o d t y p e s 

in T. caespitiun). W e s h o w in figure 2 h o w g r o u p s oc T. caespittim a p p e a r a t 

t h e d i s c o v e r y of e a c h of t w o sequen t i a l l y i n t r o d u c e d s u c r c s e s o u r c e s , o n l y to 

d i s a p p e a r r a p i d l y as m a s s r e c r u i t m e n t t a k e s ov^er. 

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

W h a t is b e h i n d t h è s e d i f f é r e n t se t s of déc i s i ons ? A m a t h e m a t i c a l m o d e ! 

(see a l so PASTEELS et al., 1 9 8 7 ) e n a b l e s us to l i n k t h e co l l ec t ive d é c i s i o n s t o 

t h e i n d i v i d u a l f o r a g e r s ' b e h a v i o r w h i c h def ines t h e d i f f é r e n t r e c r u i t m e n t 

Systems u s e d a n d t h u s the m o d e l ' s k ine t ics . 

C o n s i d e r a co lony of N f o r a g e r s , of w h i c h E a r e s c o u t s o r los t r e c r u i t s . 

Xj a r e a t f o o d s o u r c e i. a n d N-E-IXi a r e w a i t i n g in t h e n e s t t o b e r e c r u i t e d . 

T h e a u t o c a t l y t i c n a t u r e of t he r e c r u i t m e n t p r o c e s s c a n b e r e p r e s e n t e d by 

s t a t i n g t h a t t h e n u m b e r of r e c r u i t s p e r u n i t t i m e to s o u r c e i is g iven b y t h e 

p r o d u c t b e t w e e n a r a t e c o n s t a n t , a.,, t he n u m b e r of f o r a g e r s in t h e n e s t 

a n d t h e n u m b e r of f o r a g e r s act ively involved in e x p l o i t i n g t h a t s o u r c e . Of 

t h è s e r e c r u i t s , a f r a c t i o n r e p r e s e n t i n g t h e r e c r u i t m e n t a c c u r a c y , fj , r e a c h t h e 

s o u r c e a n d t h e c o m p l é m e n t , l-fj, b e c o m e los t a n t s . T h e s c o u t s / l o s t a n t s c a n 

r e t u r n h o m e o n a v e r a g e eve rv 1 / p t i m e u n i t s o r c a n f i n d o n e of t h e t w o 

s o u r c e s eve ry 1 / c t i m e u n i t s . The f o r a g e r s s t a y o n a v e r a g e 1 / b t i m e u n i t s a t 

t h e s o u r c e b e f o r e r e t u r n i n g to the nes t . T h u s ; 

d X i / d t = a^Xil (N-SX.-E) - bXi + cE (i = 1,2) (1) 

d E / d t = Sfa,X^(l-fi)) (N-ZX,-E) - p E - 2 c E (2) 

T h e m o d e l ' s t i m e é v o l u t i o n a n d s t a t i o n a r y s t a t e s r e p r o d u c e t h e c o m p é -

t i t i on b e t w e e n t h e r e c r u i t m e n t s to t h e t w o s o u r c e s . T h e d i f f é r e n c e b e t w e e n 

t h e t h r e e t y p e s of r e c r u i t m e n t d e s c r i b e d lies in t h e r e c r u i t m e n t a c c u r a c y , f|. 

( N o t e t h a t t h e less t h a n p e r f e c t a c c u r a c y of t h è s e r e c r u i t m e n t Systems m a y 
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o f t e n lead to the d i scovery of n e w s o u r c e s n e a r b y , e spec ia l ly if t h e s o u r c e s 

a r e c l u s t e r e d ; D E N E L B O U R G et al., 1 9 8 2 ; see a l s o f o r h o n e y b e e s a n d r ev i ew 

T o w N E a n d GOULD, 1 9 8 8 ) . I n a n t t r a i l r e c r u i t m e n t , t h e u s e of t h e t r a i l t o 

t r a n s m i t t h e f o o d loca t ion i n f o r m a t i o n i n t r o d u c e s a n é l é m e n t of c o o p e r a t i v i t y 

b e t w e e n t h e r e c r u i t e r s , a n d the r e c r u i t m e n t a c c u r a c y i n c r e a s e s w i t h t h e 

n u m b e r of r e c r u i t e r s as t he t r a i l is r e i n f o r c e d . f, c a n be r e p r e s e n t e d by a 

m o n o t o n i e i n c r e a s i n g f u n c t i o n of X;, gCXj). I n h o n e y b e e a n d a n t g r o u p re-

c r u i t m e n t , t h e r e is d i r ec t ( w o r k e r - w o r k e r ) r a t h e r t h a n c o o p é r a t i v e ( w o r k e r -

t r a i l - w o r k e r ) t r a n s m i s s i o n of the f o o d loca t ion , a n d the a c c u r a c y w i t h w h i c h 

it is t r a n s m i t t e d is c o n s t a n t a n d i n d e p e n d e n t of t he n u m b e r of f o r a g e r s 

exp lo i t i ng t h e sou rce , f j c an be r e p r e s e n t e d by a c o n s t a n t k. I n a n t g r o u p / 

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

f, m a y be r e p r e s e n t e d by a l i nea r c o m b i n a t i o n of k a n d g(Xj) . 

B o t h aj a n d f, i n c r e a s e w i t h t h e s o u r c e q u a l i t y . T h e h i g h e r t h e qua l i t y , 

t h e g r e a t e r t he q u a n t i l y of t r a i l p h e r o m o n e l a id p e r a n t t r a i l r e c r u i t e r 

( H A N G A R T N E R , 1 9 6 9 ) , the m o r e i n t e n s e t he d a n c e p e r h o n e y b e e r e c r u i t e r 

(LiNDAUER, 1 9 6 1 ; VON F R I S C H , 1 9 6 7 ; S E E L E Y , 1 9 8 5 ) , o r t h e m o r e " m o t i v a t e d " 

t h e a n t g r o u p r e c r u i t e r ( P A S T E E L S et al., in p r e p . ) . 

W i t h c o o p é r a t i v e t r a n s m i s s i o n , t h e m o d e l r e p r o d u c e s t h e a n t t r a i l 

r e c r u i t e r s se t of déc i s ions , w i t h d i r e c t t r a n s m i s s i o n it r e p r o d u c e s t h e honey-

bees ' se t of déc i s ions , a n d w i t h b o t h it r e p r o d u c e s t h e a n t g r o u p / t r a i l re-

c r u i t e r s ' se t of déc i s ions (fig. 3). P a r a m e t e r s N, a, b a n d p w e r e e s t i m a t e d 

f r o m the a n a l y s i s of f o u r e x p é r i m e n t a l r e c r u i t m e n t s to a s ing le I M s o u r c e , 

by r e l a t i n g t h e n u m b e r of a n t s e n t e r i n g a n d l eav ing t h e a r e n a to t h e n u m b e r s 

at the s ou rce , in t he a r e n a a n d in the n e s t . P a r a m e t e r c w a s e s t i m a t e d theo-

re t i ca l ly f r o m a r a n d o m w a l k m o d e l . 

D I S C U S S I O N 

C o o p é r a t i v e t r a n s m i s s i o n is t h e s o u r c e of the a s y m m e t r i c a l c h o i c e of 

e q u a l s o u r c e s . O n e t ra i l b e c o m e s b y c h a n c e a l i t t l e s t r o n g e r t h a n t h e o t h e r , 

is f o U o w e d m o r e a c c u r a t e l y , a n d is t h u s m o r e r e i n f o r c e d and b e c o m e s even 

s t r o n g e r t h a n the o t h e r , a n d so o n . O n c e a t r a i l is we l l e s t a b l i s h e d , a n e w 

and w e a k e r t ra i l to a s e c o n d , a l b e i t r i c h e r s o u r c e is u n a b l e to c o m p e t e w i t h 

it . W i t h o u t c o o p é r a t i v e t r a n s m i s s i o n o n e s o u r c e c a n n o t d o m i n a t e a n e q u a l 

or a l a t e r o n e . 

Di rec t t r a n s m i s s i o n e n a b l e s a r e c r u i t e r f r o m a n e w l y d i s c o v e r e d s o u r c e 

to l e ad r e c r u i t s t o it in s p i t e of a w e l l e s t a b l i s h e d r e c r u i t m e n t to a p r e v i o u s 

s o u r c e , even if th i s r e c r u i t m e n t is c o o p é r a t i v e . W i t h o u t d i r e c t t r a n s m i s s i o n , 

a l a t e r s o u r c e c a n n e v e r be wel l r e c r u i t e d to . T h i s is c l e a r l y s e e n in t he t r a i l 

r e c r u i t i n g a r m y a n t s , w h e r e a f o r a g e r m u s t ac t ive ly i n v i t e n e s t m a t e s o n a 

p r i n c i p a l t r a i l to de f l ec t t h e m to a n e w s o u r c e ( C H A D A B a n d R E T T E N M E Y E R , 

1975) . 
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Fig. 3. — Présents the t ime évolution of 

the model defined by eqs. 1 and 2, 

representing the expérimental si-

tuation in figure 1. 

M = 150, b = 0.17 min-l, p ^ 004 

min- ' . C = 0,02 m i n - ' . At t = 

0, X, = 1, X.. = 0, E = 0. 

a, = a.. = 0.003 m i n - ' , f, 

Fig. 

C : 

3. -

la 

N 

X 

A : 

B 

g (Xi) = (15 4- X/-') / (30 + X--') ; 

( fig. Ib). a, = 0.0025. = 0.0030 m i n - ' , = g (X,) = (15 + X,^) / (35 -i- Xj-'), 

f._, = g (X„) = <\5 + X./) / (30 + X.:-). Source 2 available after .50 min. ; 

( fig. le), idem lig. 2b except f = 0.3 k, - 0.1 g (X-). where = 0.6, k̂ . = 0.9. 

- Présente l'évolution du modèle défini par les équations 1 et 2, et qui représente 

situation expérimentale de la figure 1. . 

= 150, b = 0 .17min- i , p = 0 .04min- i , c = 0.02 m i n - i . Au temps t = 0, X^ = 1, 

, = 0, E = 0. 

( fig. la). 3; ^ â , = 0.003 m i n - ' , f̂  = g (Xi) = (15 ^ X/-') / (30 -i- X,-) ; 

( fig. Ib). a^ = 0.0025, a^ = 0.0030 m i n - ' , = g 'X,) = (15 + X^-') / (35 + X^-^). 

f.2 = g (X„) = (15 + X^^) / (30 + X..-). Source 2 disponible après 50 min. ; 

C : ( fig. Ic). idem fig. 2b e.xcepté que f̂  = 0.3 -r 0.7 g (X.), où k^ = 0.6, k^ = 0.9. 

In t e r m s of t he m o d e l , t he s y s t e m w i t h c o o p é r a t i v e r e c r u i t m e n t h a s 

m o r e t h a n o n e s t a t i o n a r y s t a t e , a n d t h e in i t ia l c o n d i t i o n s (e.g. w h i c h s o u r c e 

is d i s c o v e r e d f i r s t ) a n d r a n d o m e v e n t s c a n d é t e r m i n e w h i c h is f i na l ly r e a c h e d 

( G L A N S D O R F F a n d P R I G O G I N E , 1 9 7 1 ; N I C O L I S a n d P R I G O G I N E , 1 9 7 7 ; E D E L S T E I N -

K E S H E T , 1 9 8 8 ) . F o r t h e s a m e se t of p a r a m e t e r s , the s y s t e m w i t h d i r e c t r e c ru i t -

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

T h e r e c r u i t m e n t s ' a u t o c a t a l y t i c n a t u r e a m p l i f i e s even s m a l l q u a n t i t a t i v e 

d i f f é r e n c e s in a n d f j in r e l a t i o n to the s o u r c e ' s q u a l i t y , l e a d i n g to t h e 
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sé l ec t ion ot" t h e r i ch s o u r c e (un l e s s a t r a i l r e c r u i t m e n t is wel l e s t a b U s h e d 

to the p o o r e r s o u r c e ) . Us ing t h i s logic, \ve can p r e d i c t t h a t a n e a r e r food 

s o u r c e will be p r e f e r r e d to a d i s t a n t o n e ( F O W L E R , 1 9 8 7 , s h o w s t h a t , fo r T. 

caespiium, t he f u r t h e r t he s o u r c e , the f e w e r a n t s a r e r e c r u i t e d ) . S imi la r ly , 

t h e sé lec t ion of the bc s t nes t - s i t e can be u n d e r s t o o d in exac t ly t he s a m e 

t e r m s , ne s t -mov ing in soc ia l i n s e c t s b e i n g a l so r e g u l a t e d by r e c r u i t m e n t 

( e . g . L i . \ D A U E R , 1 9 5 5 ; W I L S O N , 1 9 7 1 ) . 

M o r e genera l ly , t hè se f o r a g i n g Systems i l l u s t r a t e c e r t a i n o r g a n i s a t i o n a l 

c h a r a c t e r i s t i c s t h a t u n d e r l i e m a n y s o r t s of co l l ec t ive ac t iv i ty in a n i m a l so-

c ie t ies . F o r e x a m p l e , t he i n f o r m a t i o n c c n t e r s d e s c r i b e d in r e l a t i o n to com-

m u n a l r o o s t i n g o r co lon ia l n e s t i n g b i r d spec i e s s h o w a s t r o n g ana logy w i t h 

soc ia l insec t co lon ies . W i t h o u t go ing in to t h e é v i d e n t a n d p o t e n t i a l d i f f é r e n c e s 

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

a c t i v e o r pass ive r e c r u i t m e n t , s i m i l a r c o m p l e x d e c i s i o n a l p a t t e r n s have been 

o b s e r v e d , a n d can be u n d e r s t o o d by s i m i l a r if no t i d e n t i c a l a n a l y s e s of t he 

i n d i v i d u a l k ine t i cs . W e a v e r b i r d s , ior e .xample, have b e e n s h o w n to s w i t c h 

f r o m a p o o r e r f o o d s o u r c e to a r i c h e r o n e ( D E G R O O T , 1 9 8 0 ) , a n d p i g e o n s 

c o n c e n t r a t e on o n e s o u r c e , n e g l e c t i n g n e a r b y i d e n t i c a l o n e s ( L E F E B V R E , 1 9 8 3 ) . 

It s h o u l d be s t r e s s e d t h a t t h e cho ices d e s c r i b e d a b o v e a r e no t t he r e s u i t 

of ind iv idua l f o r a g e r s c o m p a r i n g the q u a l i t y of t he t w o f o o d s o u r c e s , n o r 

even the r e s u i t of r e c r u i t s in t h e nes t c o m p a r i n g t h e s igna i s f r o m d i f f é r e n t 

r e c r u i t e r s , as s u g g e s t e d by CRAVVFORD a n d R I S S I N G , 1 9 8 3 . E q u i v a l e n t c o m p a -

r i s o n s by " r e c e i v e r " h o n e y b e e s a r e an i m p o r t a n t f a c t o r in t h e i r r e c r u i t m e n t 

(LiNDALER, 1 9 4 9 , 1 9 5 4 ; V E L T H U I S , 1 9 7 7 ; S E E L E Y a n d LEVIE.X, 1 9 8 7 ) . H e r e \ve 

s h o w t h a t wh i l e they m a y ex i s t a n d b e i m p o r t a n t in a n t s , t hcy a r e no t 

e s s e n t i a l f o r t he co l lec t ive d é c i s i o n to a p p e a r . I n s t e a d t h e co l lec t ive d é c i s i o n s 

a p p e a r a s an u n l o o k e d f o r b y - p r o d u c t of t h e c o m p é t i t i o n b e t w e e n t w o r ival 

a u t o c a t a l y t i c r e c r u i t m e n t s . W i t h o u t p e r h a p s it b e i n g in i t ia l ly " i n t e n d e d " , 

r e c r u i t m e n t is t h u s m o r e t h a n j u s t a m e a n s of c o n c e n t r a t i n g f o r a g e r s o n 

s o u r c e s c o n c e n t r a t e d in t i m e a n d space , a n d i t s v a r i a n t s a r e m o r e t h a n j u s t 

d i f f é r e n t t e c h n i q u e s of a c h i e v i n g t h e s a m e goal . T h e s é l e c t i o n of o n e o r t h e 

o t h e r m a y d é p e n d o n t h e a d a p t a t i v e va lue of t h e r e s u l t i n g d é c i s i o n s o r 

p a t t e r n . 

Thèse t h e o r e t i c a l i dea s c o n t r a s t s t r o n g l y w i t h a m o r e f u n c t i o n a l a p p r o a c h , 

s u c h as d e v e l o p e d in a s i m i l a r e x p é r i m e n t a l c o n t e x t by TAYLOR ( 1 9 7 7 , 1 9 7 8 ) , in 

w h i c h the co lony is s o m e h o w s u p p o s e d to m a x i m i s e s o m e m e t r i c of p e r f o r -

m a n c e . O u r r e s u l t s sugges t t h a t a s i m p l e r m e c h a n i s t i c a p p r o a c h c a n géné-

r a l e a r i c h e r set of co l lec t ive b e h a v i o u r s , q u e s t i o n s a n d e x p l a n a t i o n s t h a n 

o n e in w h i c h t h e e x p e r i m e n t s p e r f o r m e d a n d e x p l a n a t i o n s r e a c h e d a r e dic-

t a t e d by t h e e x p e r i m e n t e r ' s a priori h y p o t h è s e s . By l eav ing o p e n t h e r e a s o n s 

f o r a b e h a v i o u r , t h e m e c h a n i s t i c a p p r o a c h in fact r a i s e s m o r e q u e s t i o n s t h a n 

it a n s w e r s , w h i c h is t he v e r y m o t o r of s c i e n t i f i c p r o g r e s s . 
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