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SUMMARY 

Individual  scouts  of Formica oreas are capable  of communica t ing  resource  availa- 
bility, locat ion and quality to nest  mates.  Recrui ted foragers can perceive and  respond  
to differences in rec ru i tment  s t imuli  of individual  scouts.  SignificantIy more  ,workers 
followed the p a t h  of an individual  scout f rom a more  rewarding  food source t han  from 
a less rewarding  f o o d  source. These findings suggest  r ec ru i tment  in  an t  colonies i s  
regulated by rec ru i t ed  ~vovkers " 'weighing " r ec ru i tmen t  s t imuli  of scouts r e tu rn ing  f rom 
numerous  areas about  t h e  nest.  

R E S U M E  

La r~oulation du recrutement par les individus ~c|aireurs chez Formica oreas Wheeler 
(Hymenoptera, Formicidae]. 

Chaque fourmi  6claireuse est capable de c o m m u n i q u e r  la disponibili t~,  le lieu et  
la qualit6 des ressources trouvd*es, Les fourmis  ouvri~res recrutdes peuvent,  pour  r6coRer 
ces ressources,  reconnal t re  tes differences des s t imul i  de r ec ru tement  de chaque dclai- 
reuse et  y r6pondre.  D'une mani~re significative, davantage  d 'ouvri~res suivent  le chemin 
de l '6claireuse qui a t rouvd la source de nour r i tu re  la plus fiche. Ces r6stfl tats sugg~rent  
que le r ec ru temen t  duns les colonies de fourmis  est  ddtermind par  les ouvri~res recrat6es 
qui ~ savent  a n a l y s e r ,  tes s t imuli  de r ec ru tement  des fourmis  &ta i reuses  revenant  ~t la 
fourmili~re.  

INTRODUCTION 

The ability of ants to recruit nestmates to a food source is well docu- 
mented (WILSON, 1962 ; SZELP a n d  JACOSI, 1967 ; HoLLDOBLER a n d  WILSON, 1970 ; 

H.(JLLDOBLER, 1 9 7 1 ;  H(JLLDOBLER e t  al. ,  1978).  R e c r u i t m e n t  e n a b l e s  a c o l o n y  
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to  co l l ec t  f o o d  e f f i c i en t ly  (H/JLLDOBLER a n d  WILSON, 1970; H/JLLDOBLER, 1976 ; 
TAYLOR, 1977, 1978 ; HiJLLDOBLER et  al., 1978) a n d  to  d e f e n d  a n d  g a i n  t e r r i t o r i e s  
(H/JLLtNIBLER, 1976; HOLLDOBLER et al., 1978). M e c h a n i s m s  to  c o m m u n i c a t e  
f o o d  a v a i l a b i l i t y  b y  a n t s  i n c l u d e  a n  i m p r e s s i v e  a r r a y  of  m o t o r  d i s p l a y s  a n d  
p h e r o m o n e  t r a i l s  (PARRY a n d  MORGON, 1979). The  e v o l u t i o n a r y  d e v e l o p m e n t  
of  r e c r u i t m e n t  t e c h n i q u e s  a m o n g  a n t s  is  e x p e c t e d  to  r e s u l t  in  a n  i n c r e a s e  
in  i m p o r t a n c e  o f  o r i e n t i n g  i n f o r m a t i o n  c o n t a i n e d  in  a p h e r o m o n e  t r a i l  a n d  
a d e c r e a s e  in  i m p o r t a n c e  o f  m o t o r  d i s p l a y s  (H~LLDOBLER, 1977;  TRANIELLO, 
1977). I n f o r m a t i o n  c o m m u n i c a t e d  on  r e c r u i t m e n t  wi l l  d e c r e a s e  t i m e  a n d  
e n e r g y  s p e n t  by  co lony  m a t e s  s e a r c h i n g  fo r  food .  O p t i m a l l y ,  r e c r u i t m e n t  
s h o u l d  b e  r e g u l a t e d  ; i . e .  d e g r e e  o f  c o l o n y  r e s p o n s e  s h o u l d  b e  a f u n c t i o n  
o f  n e t  b e n e f i t  a v a i l a b l e  f r o m  a g iven  f o o d  s o u r c e  (TAYLOR, 1"977, 1978). 

R e s o u r c e  q u a l i t y  is  p o s t u l a t e d  to  be  c o m m u n i c a t e d  b y  a f o r a g i n g  g r o u p ' s  
" e l e c t o r a t e "  r e s p o t l s e :  p r o p o r t i o n  o f  i n d i v i d u a l s  l ay ing  a p h e r o m o n e  t r a i l  
d e p e n d s  on  the  q u a l i t y  of  f ood  (WILSON, 1962 ; SZELP a n d  JACOaI, 1967 ; CHADAB 
a n d  RETTENMEYER, 1975). A d d i t i o n a l l y ,  in  So lenops i s  germina ta  t h e  a m o u n t  
of  p h e r o m o n e  l a id  by  an  i n d i v i d u a l  i n c r e a s e s  w i t h  h i g h e r  f o o d  q u a l i t y  
(HANGARTNER, 1969). A m o n g  t h o s e  a n t s  u s i n g  m o t o r  d i s p l a y s ,  i n t e n s i t y  o f  a 
r e c r u i t e r ' s  d i s p l a y  m a y  i n c r e a s e  w i t h  n e t  q u a l i t y  o f  f ood  source. (SZELP-FESSEL, 
1970 ; CAMMA~RTS, I977 ; SZELP arid JACOBi, 1977 ; TRANIELLO, 1977). The  a b i l i t y  
o f  c o l o n y  m e m b e r s  to d e t e c t  a n d  r e s p o n d  to  d i f f e r e n c e s  in  r e c r u i t m e n t  s t i m u l i  
f r o m  an  i n d i v i d u a l  scou t ,  h o w e v e r ,  h a s  n o t  been  e x a m i n e d  in e i t h e r  c a se  
(i.e. p h e r o m o n e  t r a i l s  o r  m o t o r  d i sp l ays ) .  In  th is  p a p e r  w e  e x a m i n e  r e g u l a t i o n  
o f  r e c r u i t m e n t  r e s p o n s e  in  a F ormi c a  oreas  c o l o n y  p r e s e n t e d  s i m u l t a n e o u s l y  
w i t h  f o o d  sou rce s  o f  d i f f e r i n g  q u a l i t y .  W e  p r e s e n t  e x p e r i m e n t a l  e v i d e n c e  
s h o w i n g  t h a t  an  i n d i v i d u a l  s c o u t  c o m m u n i c a t e s  s u f f i c i e n t  i n f o r m a t i o n  to  
r e g u l a t e  r e c r u i t m e n t  and  t ha t  c o l o n y  m e m b e r s  can  d i f f e r e n t i a t e  b e t w e e n  
r e c r u i t m e n t  s t i m u l i  of  i n d i v i d u a l  r e c r u i t e r s .  

M E T H O D S  

A queenless colony of F. areas Wheeler housed in a plastic box with nest material 
was placed in a foraging arena (150 • 60 • 4 cm). Three feeding pedestals (5 cm high) 
were placed 80 cm from the nest ;  a small petri dish ~vas placed on each pedestal. Ants 
gained access to each pedestal by climbing a 12 cm ramp;  the three ramps shared a 
common junction on the foraging arena floor at a small glass plate (3 x 5 cm). An 
aspirating tube 'was fitted over each ramp forming a tunnel through 'which ants had 
to pas s (fig. 1). 

The number of ants ascending each pedestal  ~vas counted for  ten minutes before 
any manipulation. For each recruitment experiment a petri d~sh received either 4 ml 
of 1.5 or  0.5 M sucrose solution or ,was left empty. Fie ld  experiments had indicated this 
species preferred 1.5 M solutions over stronger or more dilute solutions of sucrose 
(RIss~Na, un~b l i shed  data). Locations of solutions and controls ~vere assigned randomly 
wi th  the condition that each pedestal had a food source different from the previous 
experiment and in three consecutive experiments each pedestal received all three food 
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Fig. 1. - -  Diagraxnmatic illustration of feeding platforms (legs not drawn). Ramps are 
equal irt length. 

Fig. 1. - -  Illustration des plates-formes (pieds non dessin6s). Les rampes sont toutes 
6gales en longueur. 

sources. Thus, all pedestals ,were assigned 'with equal frequency to each experimental 
condition so that any affect of geometry (e.g. favoring central pedestal) 'would be experi- 
mentally removed. An experiment ~was initiated by adding sucrose solutions to the 
predetermined petri dishes and placing a single ant on each pedestal (by alk~wing an 
ant to climb onto a small dowel and transfering her to the pedestal). This required 
very little time and all ants were usually in place within one minute. These ants were 
marked (by lightly touching their gaster with paint;  causing very little disturbance). 
Then the ants .were allc/wed to feed on the sucrose solution (if present) and return to 
the nest. The amount of time each initial scout spent at each food source was recorded. 
All ants climbing the ramps during the next 20 minutes (after the initial scout had 
descended) ,were aspirated and counted. Thus, only the initial scout )was able to commu- 
nicate information regarding the  new food source. After each experiment all aspirated 
ants were returned to the nest ; pedestals, ramps and the glass plate were "washed vdth 
95 % ethanol and distilled ,water and returned to their original positions. Several drops 
of 1.0 M sucrose solution were placed in each petri dish bet.,veen experiments. Experi- 
ments 'were usually run every other day; a total of 9 experiments ~were performed. 

R E S U L T S  

R e c r u i t e d  w o r k e r s  d i f f e r e n t i a t e d  b e t w e e n  r e c r u i t m e n t  s t im u l i  of  indivi-  

dua l  s c o u t s  r e s u l t i n g  in s ign i f i can t ly  m o r e  ants  c l i m b i n g  m o r e  r e w a r d i n g  

pedes ta l s .  S ign i f i c an t  d i f f e r ences  ex i s t ed  in  m e a n  n u m b e r  o f  an t s  res- 

p o n d i n g  to  al l  t r e a t m e n t  cond i t i ons  (fig. 2, P < .00I, f fonckheere  Tes t ,  HOL- 

LANDER a n d  WOLF, 1973) and  b e t w e e n  c o n t r o l  vs. 0.5 M and  1.5 M vs. 0.5 M 

(P < .05, W i l c o x o n  m a t c h - p a i r e d  s igned - rank  tes t ,  SIEGEL, 1956). T h e s e  diffe- 
r e n c e s  w e r e  n o t  a f u n c t i o n  of  a m o u n t  of  t i m e  s p e n t  by  the  in i t i a l  s c o u t  a t  i ts  

r e s p e c t i v e  food  s o u r c e  (i,e. the  d i f f e r e n c e  in  t he  d e p a r t u r e  t i m e  f r o m  the  

p e d e s t a l ) ;  t h e r e  w e r e  no  s ign i f i can t  d i f f e r e n c e s  in  th i s  a m o u n t  of  t i m e  

b e t w e e n  the  3 e x p e r i m e n t a l  cond i t ions ,  e spec ia l ly  b e t w e e n  0.5 M a n d  1.5 M 
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Fig. 2. - -  M e a n  n u m b e r  o f  a n t s  c l i m b i n g  
e a c h  r a m p  d u r i n g  20 m i n u t e s  fol- 
lowing descent of an individual 
scou t .  P r o b a b i l i t y  t h a t  o b s e r v e d  
d i f f e r ences  be t~veen m e a n s  a r e  d u e  
to  r a n d o m  e f f e c t s  a l one  < 0.001 
( J o n e k h e e r  t e s t  o f  o r d e r  a l t e r n a t i v e ,  
HOLLANDER a n d  WOLFE, i973). M e a n s  
(ho r i zon ta l  l ines) ,  + I S.E.  (box) ,  
and  r a n g e  (ver t ica l  l ines) .  

Fig. 2. - -  N o m b r e  m o y e n  de  f o u r m i s  m o n -  
t a n t  c h a q u e  r a m p e  p e n d a n t  les 20 
minu~es  qu i  s u i v e u t  la  d e s c e n t e  
d ' u n e  f o u r m i  6c la i reuse .  La p roba -  
bil i t6 q u e  les  d i f f6 r ences  obse rv6es  
e n t r e  Ies m o y e n n e s  so i en t  d u e s  au  
h a s a r d  e s t  de  m o i n s  de  0,001 tvo i r  
le t e s t  J o n c k h e e r ,  HOLL,~NDER et  
W0u~ ,  1973). M o y e n n e s  ( l ignes  hori-  
zon ta l e s )  ~- I E.S.  e t  a m p l i t u d e  de  
la va r i a t i on  ( l ignes  ve r t i ca l e s / .  

Tab le  I. - -  A m o u n t  o f  t i m e  t h e  in i t ia l  s c o u t s  s p e n t  at  e a c h  food  s o u r c e .  V a l u e s  a r e  
m e a n s  ( m i n u t e s )  + 1 SD b a s e d  on  9 o b s e r v a t i o n s  (I,  2, 3). 

T a b l e a u  I. - -  T e m p s  p a s s d  p a r  c h a q u e  dc la i r euse  in i t i a le  a u  n i v e a u  de c h a q u e  s o u r c e  
a t i m e n t a i r e .  Les v a l e u r s  s o n t  d e s  m o y e n n e s  ( en  m i n u t e s )  ~ 1 DS, ~ p a r t i r  de  
9 o b s e r v a t i o n s  (1, 2. 3). 

Con t ro l  0.5 M 1.5 M 

(ra in)  ( ra in)  ( ra in)  

2.7 • 2.1 4.4 --+-_ 2.4 4.0 ~ 2.6 

(1) P robab i l i t y  t h a t  o b s e r v e d  d i f f e r e n c e s  b e t w e e n  t h e  3 m e a n s  a re  d u e  to r a n d o m  c h a n c e  
a l o n e :  P > .20 (one -way  Anova) .  

(2) P robab i l i t y  t h a t  o b s e r v e d  d i f f e r e n c e s  b e t w e e n  0.5 M ,with 1.5 M (poo led )  a n d  c o n t r o l  
is  due  to r a n d o m  c h a n c e  a l o n e :  P < .10 ( t - tes t ,  one  ta i led) .  

(3) P r o b a b i l i t y  t ha t  o b s e r v e d  d i f f e r e n c e  b e t w e e n  05  M a n d  1.5 M due  to r a n d o m  c h a n c e  
a l o n e :  P > .50 (pa i r ed  t - tes t ) .  

sucrose  solutions (table I). No significant differences exist be tween  the 
n u m b e r  of  ants  ascending the r a m p s  before  exper iments  (0.30 < P < 0.50, 
Kruskall-Wallis o n e  way analysis  of  variance,  SIE6EL 1956). 

D I S C U S S I O N  

Recru i tment  is expected  to be  regula ted  in  an t  co lonies :  as net  benef i t  
f r o m  a given food source  increases ,  the n u m b e r  of  worke r s  r e spond ing  to 
tha t  source  is expected to increase  (TAYLOR, 1977, I978). A var ie ty  of  condi- 
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tions wilt determine quality of any food source to an ant  colony including 
degree of colony starvation, distance to source, size of source, and  (especially 
in liquid feeding ants) concentra t ion of source (HANGARTNER, 1969 ; H/SLLDO- 
~LER, 1976 ; TAYLOR, 1977). Recru i tment  to food is postulated te be regulated 
by an "e lec tora l"  response, i.e. the n u m b e r  of ants that  act as recrui ters  
and lay trail pheromones  or  pe r fo rm recruit ing displays to a food source is 
directly related to food source quality (WILSON, 1962 ; SZELP and ffACOBI, 1967 ; 
CHADAB and RETTENMEYER, 1975; CAMMEARTS, 1977; HARTWICK et al., 1977; 
TRANIELLO, 1977). Recrui tment  may also be regulated by differences in indi- 
vidual motor  displays that  may vary with quality of the discovered food 
source (SZELP and JACOBI, 1967; SZELP-FESSEL, 1970; CAMMAERTS, t977; TRA- 
NIELLO, 1977). Our experiments demonst ra te  that a colony can also correctly 
regulate degree of  its recrui tment  response based upon the informat ion  
conveyed by an individual scout. 

Regtdation of recrui tment  depends on the communica t ion  of resource 
availability, location and quality. I f  only resource availability was commu- 
nicated by individual F. oreas scouts, the number  of ants arriving at each 
pedestal (including control) would be equal. If  both  availability and location 
were communicated,  then more  ants would arrive at  the sucrose solutions 
than con t ro l ;  with no differences between the two sucrose solutions. If  all 
the information (availability; location and  quality) were communica ted ,  then 
recru i tment  rate to each food source should be a function of resource quality, 
as we observed. Ability of a single ant  to communica te  this informat ion 
should reduce the time required for  a colony to modulate  the intensi ty of 
recrui tment.  

Although experiments were not conducted  to test the method of recruit- 
ment  or  communicat ing information,  there is sufficient evidence to indicate 
that a pheromone trail is involved. The related European species, Formica 
rufa (ROSENGREN, 1971) and many other  ants (WILson, 1971; PARRY and 
MO~C,,~.N, 1979) use pheromone trails in recrui tment.  More important ly ,  wor. 
kers recruited to any of the three food sources had to follow the s~tme general 
pa th  f rom nest box to the glass plate approximately 70 crfi away. At the glass 
plate all recruited ants (and any returning scouts) reached a decision point  
regarding which ramp to climb. Our data indicate these outgoing foragers 
received sufficient information from scout  ants to result  in significantly more  
ants  making a " c o r r e c t "  decision and climbing more  rewarding ramps.  This 
decision was made without  the presence of  the initial scout (i.e. the ant  placed 
on the pedestal and marked).  Clearly, the most  pars imonous  explanation of 
the method  of Communication would be a pheromone  trail. The w o r k  of  HAN- 
GARTNER (1969) suggests a possible mechanism for  communica t ion  of resource 
quality by an initial s cou t :  he has shown that  " con t i nu i t y "  and intensi ty of 
individual Solenopsis geminata pheronome trails is dependent  upon  perceived 
quali ty of the discovered food source. I t  is also possible that  rec ru i tment  in 
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F. o r e a s  is m e d i a t e d  by  some  fo rm of m o t o r  d i sp lay  (SZELP a n d  JACOBI, 1967 ; 
SZELP-FESSEL, 1970; ~4I~GLICH and  HoLLDOBLER, 1975; CAMMAERTS, 1977; TRA- 
NIELL0, 1977), however ,  we saw no such behav io r  dur ing  obse rved  scou t -worker  
encounte rs .  " T a n d e m  runn ing  ", a f o rm  of r e c r u i t m e n t  whe re  nes t  mates  
fol low a r e c r u i t e r  (often in  phys ica l  contact )  to a food source,  is unl ike ly  in 
this  case  since an t s  con t inued  to a r r ive  a t  food sources  t h r oughou t  the  20 rain. 
p e r i o d  and  d id  not  a r r ive  in a single " surge ", no r  were  they in phys ica l  contac t  
o r  close p rox imi ty  to the in i t ia l  scout  if i t  r e t u r n e d  (recal l  t ha t  on ly  the in i t ia l  
scou t  was a l lowed  to r e tu rn  to the nest  once dur ing  each expe r imen t ,  mak ing  
subsequen t  " t a n d e m  r u n n i n g "  scouts  imposs ib le) .  

F o r m i c a  o r e a s  foragers  appea r  capable  of perce iv ing  and  re spond ing  to 
d i f ferences  in p h e r o m o n e  t ra i l s  of ind iv idua l  r ec ru i t ing  nes t  mates .  F o r  this 
sy s t em of  r e c r u i t m e n t  regu la t ion  to work ,  an t s  mus t  " w e i g h  " the  i n f o r m a t i o n  
t r ans fe r red  b y  several  scouts  and  ind iv idua l  scouts  mus t  be s i m i l a r  to each 
o the r  in t he i r  eva lua t ions  of qua l i ty  of food sources  they discover .  In  par t i -  
cular ,  scouts  mus t  be of s imi la r  pe rcep t ion  of the c u r r e n t  nu t r i t i ona l  s ta te  
of  the  colony as a whole.  Such a b i l i t y  appea r s  poss ib le  given the  high degree 
of  t roph ic  exchange that  occurs  in ant  colonies  (WILSON, 1971) especia l ly  
be tween  scouts  and  o the r  foragers  (WALLIS, 1964). I t  is not  neces sa ry  for  an 
ind iv idua l  scout  to know the qua l i ty  of  o the r  food sources  in use  by the 
colony or  being d iscovered  s imul taneous ly  by  o the r  scouts ,  The ind iv idua l  
scout  need know only  the genera l  nu t r i t i ona l  s ta te  of the colony (as l ikely 
ind ica ted  by  i ts  own hunger)  and  de t e rmine  the value  of any  food source  i t  
m a y  d i scover  accordingly .  I n t eg ra t i on  of the  i n fo rma t ion  co l lec ted  by  the 
ind iv idua l  scouts  r egard ing  resource  ava i lab i l i ty  can be  p e r f o r m e d  b y  the 
foragers  as they  come in to  contac t  wi th  the r e c r u i t m e n t  t r a i l s  of the  scouts.  

This sys tem of  r e c r u i t m e n t  regula t ion,  especia l ly  in colonies  of  F o r m i c a  

spp.  which t end  to be  very popu lous  and forage over  large  t e r r i t o r i e s  (WEBER, 
1935 ; SAT~IER, 1972 ; ROSENGREN, 1971), may  be  very  adapt ive .  One po in t  that  
deserves  fu r the r  examina t ion  is w h e t h e r  r e c r u i t e d  forgers  can perce ive  a 
" m e a n  ind iv idua l  r e s p o n s e "  on the pa r t  of scout  ants ,  i.e. can r ec ru i t ed  ants  
d i f fe ren t i a te  be tween  several  scouts  laying weak  t ra i l s  and  a s ingle scout  
laying a s t rong  trai l .  
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