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T h e e a r l i e s t r e p o r t on the r e l a t i o n s h i p be tween C a m p o n o t u s 
l a t e r a l i s O l . a n d C r e m a s t o g a s t e r s c u t e l l a r i s O l . is 
g iven by G e n e ( 1 8 4 2 ) . A c c o r d i n g to th is au thor , the c o l o n i e s of these 
two s p e c i e s a r e somet imes cont iguous and the t r a i l s that connect 
the nes ts w i t h the s o u r c e s of food a r e he ld in common. L a t e r E m e r y 
(1886 , 191 5 ) d e s c r i b e d the s i tua t ion in g r e a t e r de ta i l and s ta ted that 
the nes ts of the two s p e c i e s a r e a l w a y s s e p a r a t e , but suggested that 
C a m p o n o t u s, wh ich c h r o m a t i c a l l y mimics C r e m a s t o g a s t e r , 
uses the t r a i l s of the l a t t e r in o r d e r to p r o t e c t i t se l f f r o m m y r m e c o -
phagous an ima ls that a r e r e p e l l e d by the c h a r a c t e r i s t i c a l l y u n p l e a -
sant odour of C r e m a s t o g a s t e r . T h e subsequent l i t e r a t u r e c o n -
ta ins s c a t t e r e d o b s e r v a t i o n s on the r e l a t i o n s h i p b e t w e e n these two 
s p e c i e s and a l s o ind ica tes the p o s s i b i l i t y of ana logous r e l a t i o n s h i p s 
b e t w e e n o t h e r s p e c i e s of these two g e n e r a . Z i m m e r m a n n (1934) i m -
p l i e s that the r e l a t i o n s h i p b e tween C a m p o n o t u s t r u n c a t u s 
S p i n , and C r . s c u t e l l a r i s is somet imes I ike that b e t w e e n C . 
l a t e r a l i s and C r . s c u t e I I a r i s . Ana logous s i tua t ions have 
been pos tu la ted be tween C a m p o n o t u s s i c h e l i v a r . g u a n c h a 
S a n t . and C r e m a s t o g a s t e r n o u a l l i e r i Em. on the i s land of 
T e n e r i f e by S a n t s c h i (1919) and be tween C a m p o n o t u s v i t r e u s 
v a r . a n g u s t u I a Em. and C r e m a s t o g a s t e r v a n d e r m e e r -
- m o h r i Men. in S u m a t r a by M e n o z z i ( 1930 ) . T h e c a s e of C a m p o -
n o t u s f e m o r a t u s F . and C r e m a s t o g a s t e r p a r a b i o t i c a 
F o r . c i t e d by W h e e l e r (1921) is much m o r e complex . T h e s e two s p e -
c i e s , wh ich nest toge ther in 9 0 % of the ant g a r d e n s of B r i t i s h G u i a -
na, f o r a g e toge ther and r e g u r g i t a t e food r e c i p r o c a l ly . M o r e r e c e n -
t ly Goe tsch (1942 , 1951, 1953) and K a u d e w i t z (1955) have r e d e s c r i -
bed the r e l a t i o n s h i p s of C . l a t e r a l i s and C . t r u n c a t u s w i t h 
C r . s c u t e l l a r i s as a new type of soc ia l p a r a s i t i s m . By inducing 
C a m p o n o t u s to fo l low f a l s e t r a i l s m a r k e d by 4% formol o r 
H C O O H , G o e t s c h d e m o n s t r a t e s that C a m p o n o t u s is a t t r a c t e d to 
C r e m a s t o g a s t e r by e s s e n t i a l l y o l f a c t i v e r e l e a s e r s . F u r t h e r -
m o r e , both a u t h o r s d e s c r i b e a k ind of h e t e r o s p e c i f i c dominance o r -
d e r in the in i t i a l s tages of the r e l a t i o n s h i p b e t w e e n two s p e c i e s , 
w i t h C r e m a s t o g a s t e r h o s t i l e t o w a r d s C a m p o n o t u s . T h e m a -
n i f e s t a t i o n s of host i I i ty a r e accep ted by C a m p o n o t u s in the t y p i -



c a l l y dominated pos i t ion wh ich these a u t h o r s c a l l "Demuts te l lung" 
o r " W a r teste l lung" . A f t e r C r e m a s t o g a s t e r ' s in i t i a l phase of 
h o s t i l i t y , the two s p e c i e s seem to get used to each o t h e r and cont inue 
to f o r a g e t o g e t h e r . 

S i n c e 1 have had ample oppor tun i ty to make f i e l d and l a b o r a t o r y 
o b s e r v a t i o n s on these t h r e e s p e c i e s and s ince my conc lus ions d i f f e r 
somewhat f r o m what has h i t e r t o been w r i t t e n , it seems useful to s t a -
te my p r i n c i p a l o b s e r v a t i o n s and conc lus ions . F o r s i m p l i c i t y ' s sake , 
I shal I r e f e r only t o C . l a t e r a l i s , the m o r e common s p e c i e s , in the 
tex t , but , as f a r as I cou ld see , the b e h a v i o u r of C . t r u n c a t u s is 
i d e n t i c a l . 

A . T h e nes ts o f C . l a t e r a l i s and C r . s c u t e l l a r i s , though 
a l w a y s s e p a r a t e , a r e of ten c l o s e t o g e t h e r , and t h e i r b o u n d a r i e s may 
even i n t e r d i g i t a t e . T h i s wou ld seem to ind ica te that a l though the two 
s p e c i e s can c e r t a i n l y l i v e independent ly , C r e m a s t o g a s t e r holds 
a s t r o n g a t t r a c t i o n o v e r the founding f e m a l e s o f C a m p o n o t u s . 
W h e n the l a t t e r se lec t the s i t e of a co lony , they c l e a r l y take into a c -
count the locat ion of C r e m a s t o g a s t e r nests w h e n e v e r p o s s i b l e . 
T h i s is f u r t h e r c o n f i r m e d by my o b s e r v a t i o n n e a r S i r o l o (Ancona) 
the 17th of Augus t , 1956 of a w i n g I ess femal e o f C . t r u n c a t u s f o l -
lowing a t r a i l o f C r . s c u t e l l a r i s f o r a good s t r e t c h . In n a t u r e 
the c l o s e n e s s of some nes ts and d e g r e e of i n t e r p é n é t r a t i o n of b o u n -
d a r i e s in some c a s e s would lead us to c o n s i d e r them as a s ing le nest 
he ld in common if it w e r e not that when the nes ts a r e b r o k e n , the two 
s p e c i e s a t tack each o t h e r v i o l e n t l y . F u r t h e r m o r e , in a r t i f i c i a l nes ts , 
I have n e i t h e r succeeded in get t ing C r e m a s t o g a s t e r to adopt 
newly f e r t i I ¡zed femal es o f C a m p o n o t u s n o r in ob ta in ing the f u s i -
on of co lon ies of the two s p e c i e s at v a r i o u s d e g r e e s of deve lopment . 
In both c a s e s f igh t ing seems i n e v i t a b l e and, in the l a t t e r , it ends only 
w i t h the e x t e r m i n a t i o n of one of the two s p e c i e s . 

B . C r e m a s t o g a s t e r and C a m p o n o t u s f o r a g e t o g e t h e r , and 
members of the l a t t e r s p e c i e s a r e u s u a l l y t o l e r a t e d if they a r e not 
too numerous . I d e v i s e d a s i m p l e e x p e r i m e n t in n a t u r e to cast a f u r -
t h e r l ight on the r e l a t i o n s h i p be tween these two s p e c i e s . It c o n s i s -
ted in p l a c i n g l a r g e q u a n t i t i e s of s w e e t e n e d w a t e r on t r a i l s of C r e -
m a s t o g a s t e r at spots n e a r t r o p h o p o r i c f i e l d of o t h e r n e c t a r i v o -
r o u s s p e c i e s . A s soon as the t h i r d s p e c i e s a r r i v e d at the spot in 
s u f f i c i e n t numbers , f igh t ing inev i tab ly ensued b e t w e e n it and C r e -
m a s t o g a s t e r , whi le C a m p o n o t u s kept we 11 out of the way and 
did not r e t u r n to that p o r t i o n of the t r a i l unt i l c a l m had been r e g a i -
ned. 

C . Unques t ionab ly C a m p o n o t u s fol lows the o l f a c t i v e t r a i I s of 



C r e m a s t o g a s t e r to r e a c h the same s o u r c e s of food. T h i s is e a -
s i l y d e m o n s t r a t e d by B o n n e t ' s s imple e x p e r i m e n t and c o n f i r m e d in 
n a t u r e by the fac t that C a m p o n o t u s cont inues to use C r e m a s t o -
g a s t e r t r a i l s even in the co ldes t n ights o r a f t e r the w a r m w e a t h e r 
has ended, when C r e m a s t o g a s t e r no longer l e a v e s the nes t , w h e -
r e a s C a m p o n o t u s is n e v e r seen b e f o r e C r e m a s t o g a s t e r , e -
ven on t r a i l s that a r e used y e a r a f t e r y e a r . N e v e r t h e l e s s I w a s n e -
v e r a b l e to induce C a m p o n o t u s to f o l l o w f a l s e t r a i l s t r a c e d w i t h 
4% fo rmo l o r H C O O H as G o e t s c h ( I . e . ) c l a i m s to have done. O n the 
c o n t r a r y , when I t r a c e d a c u r v e d t r a i l f r o m the C a m p o n o t u s nest 
to a deposi t of s w e e t e n e d w a t e r , C a m p o n o t u s , i g n o r i n g the f a l s e 
t r a i l , c o n s i s t e n t l y f o l l o w e d a s t r a i g h t l i ne to the new s o u r c e of food 
by photomenotact ic o r i e n t a t i o n ( d e m o n s t r a t e d by the m i r r o r e x p e r i -
ment) . T h i s r e s u l t is not unexpected if one r e f l e c t that a l l o u r p r e -
sent knowledge of t r a i l subs tances i n d i c a t e s that they a r e h igh ly s p e -
c i f i c . If C a m p o n o t u s had such a b r o a d r e l e a s i n g c a p a c i t y . i t 
wou ld be h igh ly excep t iona l and would p e r m i t it to f o l l o w t r a i l s made 
by o t h e r s p e c i e s of ants . 

D . T h e r e l a t i o n s h i p b e t w e e n C r e m a s t o g a s t e r and C a m p o n o -
t u s is g e n e r a l l y c h a r a c t e r i z e d by r e m a r k a b l e t o l e r a n c e o r even i n -
d i f f e r e n c e . 1 w i t n e s s e d m a n i f e s t a t i o n s of h o s t i l i t y only o c c a s i o n a l l y , 
in p a r t i c u l a r n e a r the nest o r the s o u r c e of food o r when C a m p o n o -
t u s w a s p r e s e n t in l a r g e n u m b e r s . T h e r e a c t i o n of C a m p o n o t u s 
to contact w i t h C r e m a s t o g a s t e r is a lmost a l w a y s one of hasty 
e s c a p e , soon f o l l o w e d by a r e t u r n to the t r a i l at a n e a r b y po in t . T h i s 
b e h a v i o u r is g r a p h i c a l l y r e p r e s e n t e d in f ig . 1. 

*: F i q . 1. T r a c k of a C a m p o n o t u s 
upon meet ing a C r e m a s t o g a s t e r 

* ,*' on an o l f a c t o r y t r a i l . 

I have n e v e r o b s e r v e d C a m p o n o t u s in the exact pos i t ion d e s c r i -
bed by Goe tsch and by K a u d e w i t z as "Demuts te l Iung" and " W a r t e s -
t e l l u n g " . H o w e v e r , when the t e m p e r a t u r e is r a t h e r low, C a m p o n o -
t u s somet imes r e a c t s to contact w i t h i ts hosts by i m m o b i l i z i n g i t -
se l f in a tana to t ic pos i t ion r a t h e r than by escap ing . 

E . T h u s w e see that C r e m a s t o g a s t e r has a double and a n t i -
the t ica l e f fec t on C a m p o n o t u s . On the one hand a l a r g e r number 
of the f o r m e r on a t r a i l w i l l l e a v e a s t r o n g e r odour m o r e e a s i l y r e -
c o g n i z a b l e by C a m p o n o t u s , and, on the o t h e r , l a r g e r n u m b e r s of 
C r e m a s t o g a s t e r w i l l f u r t h e r de lay each C a m p o n o t u s on the 
t r a i l . A t th is point we can ask what the opt imum s i t u a t i o n f o r C a m -
p o n o t u s may be, and how t h e i r poss ib i l i ty of us ing the t r a i l is a f -



fec ted by the v a r i a t i o n in number of t h e C r e m a s t o g a s t e r . L e t 
us pose: 

L = length of the t r a i l 
2 n = number o f C a m p o n o t u s 
2m = number of C r e m a s t o g a s t e r 
V = speed of C a m p o n o t u s 
v = speed of C r e m a s t o g a s t e r 
d = del ay of a C a m p o n o t u s upon meet ing a C r e m a s t o g a s t e r 

S i n c e it has been shown e x p e r i m e n t a l l y that the r e l a t i o n V>v a lways 
holds, it is taken that the C a m p o n o t u s w i l l be de layed only by me-
et ing C r e m a s t o g a s t e r coming f rom the opposi te d i r e c t i o n . 
W e shal l suppose that the ants a r e d i s t r i b u t e d un i fo rmly over a t r a i l 
t r a v e r s e d in both d i r e c t i o n s so that n C a m p o n o t u s meet the m 
C r e m a s t o g a s t e r coming f rom the opposi te d i r e c t i o n . 
F i r s t let us c o n s i d e r only the negat ive e f fect of the C r e m a s t o g a s -
t e r that delay the C a m p o n o t u s w i th each encounter , and let us 
choose as a f i r s t hypothesis the case of a s ing le C r e m a s t o g a s t e r 
on the t r a i l . In the in te rva l of t ime d the s i n g l e C r e m a s t o g a s t e r 
w i l l c o v e r the por t ion of the t r a i l X = d v , o n which ^ C a m p o n o -
t u s w i l l be found. In this p e r i o d , h o w e v e r , it w i l l not only meet the 
n r ^ C a m p o n o t u s that a r e on t r a c t X , but a lso al I those that a r e 

on the t r a c t X, = dV that a r e ab le to r e a c h t r a c t X in a p e r i o d of t ime 
± d. T h e number of these w i l l be . T h u s the total number of 

C a m p o n o t u s encountered by the s ing le C r e m a s t o g a s t e r in 
t ime d w i l l be - ^ ^ - ( v + V ) . 
A f t e r a c e r t a i n amount of t ime, the number of C a m p o n o t u s off the 
t r a i l because of encounters wi th C r e m a s t o g a s t e r w i l l r ema in 
constant because each new encounter w i l l c o r r e s p o n d to the r e t u r n 
of another C a m p o n o t u s p r e v i o u s l y put off the t r a i l . T h e r e f o r e at 
any moment the number n, of C a m p o n o t u s on the t r a i I is g iven by 

n, = n _ (v + V) = n ( 1- d_ ( v • V )) = n (1-h) 
w h e r e h=_d(v+V). L L 

h is a constant of the model that s a t i s f i e s the r e l a t i o n 0 < h < 1 . In 
fac t , f rom n, < n it fo l lows that h > 0 , and f rom n, > o it fo l lows that 

h < 1 . Note that h < l impl ies that d ( v + V ) < i and t h e r e f o r e 
d (v+V) < L - I n o ther w o r d s , the length of the t r a i l must a lways 

be g r e a t e r than the product d ( v + V ) . 
Now let us c o n s i d e r the case in which m C r e m a s t o g a s t e r t r a v e l -
l ing in the same d i r e c t i o n a r e un i formly d i s t r i b u t e d o v e r a t r a i l of 
length L at a g iven moment of t ime. T h e whole t r a i l L can be s u b d i -
v ided into k t r a c t s , each one having the length dv . Thus k = - L 
If m , the number of C r e m a s t o g a s t e r , is g r e a t e r than k , onVa 



s i n g l e t r a c t dv t h e r e w i l l be m o r e than one C r e m a s t o g a s t e r . 
T h e f i r s t of these meets a C a m p o n o t u s wh ich l e a v e s the t r a i l and 
r e t u r n a f t e r t ime d and t h e r e f o r e a f t e r a l l the C r e m a s t o g a s t e r 
that f o l l o w the f i r s t at a d i s t a n c e of l ess than dv have gone by . 
T h e r e f o r e of a l l the C r e m a s t o g a s t e r on a s i n g l e t r a c t dv . o n -
ly the f i r s t has any e f fec t on the C a m p o n o t u s and t h e r e f o r e on 
the p r o b l e m in quest ion . F r o m th is it f o l l o w s that w h e n e v e r m ^ k , 
the number of C r e m a s t o g a s t e r e n c o u n t e r i n g C a m p o n o t u s at 
any moment w i l l a l w a y s be k . 
N o w let us examine the s i t u a t i o n o v e r a p e r i o d of t ime d . T h e f i r s t 
C r e m a s t o g a s t e r l e a v e s n ,=n ( 1 - h ) C a m p o n o t u s on the 
t r a i l f o r the f i r s t C r e m a s t o g a s t e r of the fol lowing g roup to m e -
et . T h i s C r e m a s t o g a s t e r in t u r n w i l I l e a v e n2 = n,(1-h) = n( l -h) 2 

C a m p o n o t u s on the t r a i l . S i n c e when m ^ k , the total number of 
C r e m a s t o g a s t e r t hat i n t e r a c t a r e k , the C a m p o n o t u s r e -
main ing on the t r a i l w i l l be nk = n ( i - h ) k . [ l ] 
Ins tead , when m < k w e have nm=n (1-h)m. [ 2 ] 
Bo th funct ions of n a r e r e p r e s e n t e d g r a p h i c a l l y in f i g u r e 2. 

F i g . 2. V a r i a t i o n of the number 
of C a m p o n o t u s ( n ) w i t h the 
v a r i a t i o n of the number of C r e -
m a s t o g a s t e r ( m ) o n a t r a i I , 
c o n s i d e r i n g only the n e g a t i v e e f -
fec t of the l a t t e r . 

S i n c e 1-h <1 , then n ( l - h ) m is a funct ion that tends t o w a r d s O f o r m 
„ . H o w e v e r when n < k , the funct ion nk no l o n g e r depends on m 

and w i l l t h e r e f o r e be r e p r e s e n t e d by a s t r a i g h t l i ne p a r a l l e l to the 
a b s c i s s a a x i s . 
W i l s o n (1962) has a l r e a d y d e m o n s t r a t e d that the number of ants a t -
t r a c t e d to a t r a i l is in d i r e c t p r o p o r t i o n to the amount of t r a i l s u b s -
tance emi t ted and t h e r e f o r e to the number of m a r k e r ants p r e s e n t on 
the t r a i l . In o u r c a s e we can t h e r e f o r e w r i t e that n = a m , in w h i c h a 
is a p r o p o r t i o n a l i t y c o e f f i c i e n t . M a k i n g the p r o p e r subs t i tu t ions in 
[l] and [2] we set 

nk = a m (1 - h)k when m^k 
nm= a m ( l - h ) m when m<k. 

L e t us study the two funct ions s e p a r a t e l y , nk = a m and n k = c m , in 
w h i c h c=a(l-h)kis a constant in r e l a t i o n to m , w i t h c < a . T h e s e f u n c t i -
ons a r e r e p r e s e n t e d in f ig . 3 . Ins tead , in the second c a s e , we sha l l 
have the equat ion nm=a m bm , in wh ich a and b a r e constan ts in r e l a -
t ion to m and b < l . T h e c o r r e s p o n d i n g c u r v e is g iven in f i g u r e 4 . 



In fact when m=0 , nm = 0 , and when 

•V 1 
«•a.,nm—>0. T h e maximum point of 

F i g . 3. V a r i a t i o n of the number 
o f C a m p o n o t u s on a t r a i l as 
an ef fect of the v a r i a t i o n of the 
number of C r e m a s t o g a s t e r 
c o n s i d e r i n g only the o l f a c t o r y 
a t t r a c t i o n and accord ing to the 
equat ion nk=cm. 

the funct ion has the absc issa m=-

nrl 1 

1 and its va lue wi l l be 
log ( 1 - h ) 

F i g . 4 . V a r i a t i o n of the number 
o f C a m p o n o t u s in funct ion of 
the number of C r e m a s t o g a s -
t e r accord ing to the equat ion 

,m n =a m b 

. B y super impos ing the two c u r v e s we obtain the 
e Jog (1-h) u . . . . 

two poss ib le g raphs shown in f i g u r e 5. 

m k k m 
F i g . 5. G r a p h i c r e p r e s e n t a t i o n of the two poss ib le models e x p r e s -

s ing the v a r i a t i o n in number of C a m p o n o t u s on an o l f a c t o r y t r a i I 
of C r e m a s t o g a s t e r , tak ing into account both the pos i t ive and n e -
ga t i ve ef fect of the l a t t e r . 

A mathemat ical study of the r a n k r e l a t i o n between m and k shows that 
the r e l a t i o n m< k a lways holds. In fac t , f r o m T Taci, iron - |Qg '(1_h)<k fo l lows 

h > l - e " K . On the o ther hand h = x + T = T + T 7 i n w ^ i c i h ~k'>_k" s i n c e 

S i n c e it has a l r e a d y been stated that -i- »1-e""« , it is c l e a r 
+ ~ t t T h e r e f o r e model A of f i g u r e 5 is the only v a -

that 
V > v 

that - r - * - fT k 
I id one. 
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E x p l a n a t i o n of p l a t e 
1. A C a m p o n o t u s l a t e r a l i s w o r k e r (C) of f a C r e m a s t o -

g a s t e r s c u t e l l a r i s t r a i I a f t e r e n c o u n t e r w i t h the C r e m a s t o -
g a s t e r C r . 

2. C a m p o n o t u s l a t e r a l i s (C) and C r e m a s t o g a s t e r s c u -
t e l l a r i s ( C r ) f o r a g i n g toge ther on a s w e e t e n e d w a t e r deposi t n e a r 
the C r e m a s t o g a s t e r n e s t . N o t e the C r e m a s t o g a s t e r 
m a r k e d w i t h an a s t e r i s k c l e a r l y in a l a r m pos i t ion and b i t i n g the leg 
of a C a m p o n o t u s . 

3 . Some C a m p o n o t u s l a t e r a l i s (C) and C r e m a s t o g a s t e r 
s c u t e l l a r i s ( C r ) w o r k e r s toge ther a t tend ing an aphid co lony on 
S i l e n e a l b a ( M i l l e r ) . 


