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S U M M A R Y  

Paraponera clavata foragers employ a trail pheromone  and activation within the 
nes t  to obtain mass recrui tment  to simulated nectar  sources. Foragers leaving and 
returning to the nest  normally follow the same path. The existence of a trail pheromone 
was inferred f rom a series of experiments in which different  techniques were employed 
to disrupt  main foraging routes. Individuals bai ted to simulated nectar  sources ~vere 
observed to drag their  gasters in a dist inctive fashion ~vhen returning to the main 
trail. The re turn  of an individual from a bai t  site resulted in greatly increased foraging 
activity f rom the colony. A maximum of 352 individuals ,were rec ru i t ed  within an hour  
following presenta t ion of the bait. Recruited individuals 'were able to find the bait  
site in the absence of the initial forager by following the path  taken by the initial 
forager. Even under  normal,  unbaited, conditions ants leave colonies in a temporal  
sequence that  suggests social facilitation. 

R E S U M E  

Recrutement de masse vers des sources de nectar chez Paraponera clavata : 
une 6tude de terrain 

Les fourrag~res de Paraponera clavata emploient  une phdromone de piste et l'acti- 
-cation dans le nid pour  obtenir  un recru tement  de masse  vers des sources de nectar  
artificielles. Les fourrag~res allant et revenant  au hid suivent normalement  la m6me 
direct ion.  L'existence d 'une ph6romone de piste  d6coule d 'une s6rie d'exp6riences dans 
lesquelles diffOrentes techniques furent  employdes afin de rompre  les principales routes 
de  fourragement .  Des individus attir6s vers d e s  sources de nectar  artificieltes f u r e n t  
observOs t i rant  leur abdomen d,une mani~re particuli~re en re tournant  ~ la piste prin- 
cipale. Le re tour  de l ' individu du site de l 'appgt  provoqua un grand accroissement  de 
l 'activit6 de fourragement  de la colonie. Un maximum de 352 individus rut  recrut6 dans 
1'heure suivant la pr6sentat ion de l 'appgt. Des individus recrut6s furent  capables de 
t rouver  le site de l 'app~t en l 'absence de la fourrag~re initiale en suivant la direction 
pr ise  par  cette derni&re. M6me dans des condit ions normales,  sans appgtt, les fourmis 
qui t ten t  les colonies dans une s6quence temporel le  qui sugg~re une facilitation sociale. 
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Ponerine ants include morphological ly primitive ants ; studies of them 
have special value in unders tanding the evolution of recrui tment  systems. 
In  the ponerines transit ions f rom insectivory to o ther  pat terns  of feeding 
are observed as well, making them impor tan t  in unders tanding the relation- 
ships between the evolution of food preferences and recrui tment  systems. 
The purpose  of this s tudy was to quantify certain aspects of the recru i tment  
system of the giant tropical ant, Paraponera clavata. 

P. clavata is characterist ic  of lo~vland tropical  forests of the New World  
and has been studied in Brazil (MANN, 1916), Ecuador  (HERMANN, 1975 ; YOUSG 
and HERMANN, 1980), Panama (JANzEN and CARROLL, 1983), and Costa Rica 
(YouNG and HERMANN, 1980; present  study). Previous reports  have focused 
on foraging behavior  (YouNG and HF.RMANN, 1980) and activity cycles (HERMANN, 
1975 ; MCCLUSKEY and BROWN, 1972). JANZEN and CARROLL (1983) give a brief 
account  of the natural  his tory of the species and describe nest  s t ructure  and 
populat ion size. P. clavata nests are found at the base of trees and foragers  
move primari ly in the canopy of the nest  tree and adjacent  trees that  are 
reached via canopy connections or trails on the ground (YOUNG and HERMANN, 
1980). A variety of food items are collected including nectar,  insect prey, 
carrion, and plant  material.  This species departs  f rom the typical ponerine 
condit ion of en tomophagy in that the major i ty  of successful foragers re turn  
with large drops of nectar  carried between the mandibles (YOUNG and HER- 
MANN, 1980 ; personal  observations).  Other  ponerines known to exploit liquid 
food include the closely related Ectatomma ruidum (VALENZUV.LA and LACHAUD, 
1982) and Odontomachus (EVANS and LESTON, 1971). 

Several excellent recent studies have repor ted  on recrui tment  in ponerine 
ants (H~LLDOBLER and TRANIELLO, 1980 a, b ; H~LLD.OBLER, 1983 ; MOGLICH, 1973), 
calling, and trail pheromones  (HSLLDOBLER, 1978). MASCHWITZ and MUHLENBERG 
(1975) documented  a complex recrui tment  mechanism in predatory  ants in 
the genus Leptogenys. Recently LACHAUD (1984) documented  a g roup  preda tory  
strategy in Ectatomma ruidum. Our paper  reports  the existence of a trail 
pheromone and mass recrui tment  in the context of recrui tment  to liquid food 
in Paraponera clavata. 

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

Field site 

This study was conducted at La Selva Station, The Organisation for Tropical Studies 
Heredia, Costa RiGa, during January, 1984. Preliminary observations were made at La 
Selva in May, 1979. The primary study area wasthe arboretum, an area in which the 
understory is cleared allowing easy access to nests. A total of fourteen nests were 
located and studied; the presence of a fifteenth was postulated and its approximate 
location was determined. A detailed description of the study site, an analysis of tree-nest 
associations, and a map of nest locations will be published elsewhere (BENNETT and 
BREED, in press). 
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Experimental methods 

Foragers .were marked  with Testor 's  model  airplane enamel ,when individual identifi- 
cat ion ,was necessary. For certain experiments,  foragers leaving the nest  ~vere fed a 
concentra ted  sugar solution (50/50, v/v). In some cases, individual foragers ~vere baited 
or  carr ied a, way f rom the main foraging route and then fed. For all nests  there  ~ a s  
only one main foraging route up the t runk of the " h o m e "  tree. The bait ~vas presented  
a,way f rom the main route, so that the ants detoured f rom their normal  route. Baiting 
was accomplished by at tract ing the ant ,with a drop of sugar 'water at the tip of a 
dropper.  The ant  could be " l ed"  'with this bai t  to a site .5-1.5 m off the main trail. 
The existence of trail pheromones  ,was tes ted by 'observational studies of re turning baited 
ants  for gaster  dragging, marking paths  of fed ants,  observation of the route utilized 
by subsequent  foragers, and physical disrupt ion of traversed areas. 

R E S U L T S  
F o r a g i n g  ac t iv i ty  

A t h e  L a  S e l v a  s t a t i o n ,  P. r i s  a c t i v e  t h r o u g h o u t  t h e  p h o t o c y c l e .  Ac- 

t i v i t y  d a t a  w a s  c o l l e c t e d  p e r i o d i c a l l y  f r o m  0 430 to  2 000. I n d i v i d u a l s  w e r e  

2 

Fig. 1. - -  Foraging route  of a typical nest  ; route  is up the t runk of the nest  tree, through 
the crawns of two adjacent  trees, to the ground, and then up into the canopy of 
another  tree. 

Fig. 1. - -  Route de fourragement  d 'un nid typique ; la route monte  sur  le t ronc de l 'arbre 
du hid, ~ travers les branches de deux arbres  adjacents,  sur le sol, et  ensuite 
monte  dans la canopde d 'un autre arbre. 
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observed entering and leaving the nest  continuously during this interval 
al though activity was lowest between 1 100 and 1 400. Records of boo ty  
brought  into the nest indicate that  nectar  and solid prey items were  available 
during the entire observat ion period. Our observations of activity and booty  
are consistent  with those oy YOUNG and HERMaNr~ (1980) at a nearby  site. 

Observations of the paths of foraging individuals indicate a high degree 
of fidelity to specific routes up the t runk  of the home tree and into the canopy. 
Route fidelity is best  i l lustrated by an example f rom one nest  at  the base 
of a small (6.4 cm dbh) Pentactethra macroloba tree (fig. 1). 68 foragers  vcere 
observed leaving and returning to this n e s t ;  none were seen to deviate f rom 
the i l lustrated path. Typically, there is a single t ra i l  leaving the nes t ;  this 
trail does not  b ranch  until it enters the canopy. 

Ants f rom this nest  and other  nests ~vere typically observed on their 
foraging routes  singly. Of over 1800 individuals observed leaving nests, no 
evidence of t andem running or  o ther  type of direct  communica t ion  between 
individuals was seen. Extensive records were kept  of temporal  sequences of 
ants leaving colonies for  statistical analysis. Figure 2 shows the f requency 
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Fig. 2. --  Histogram of time intervals bet- 
'ween foragers leaving colonies. Smooth 
curve indicates Poisson expected distri- 
bution, based on a mean interval of 
50.5 s. 

Fig. 2. - -  Histogramme des intervalles de 
temps entre les fourrag~res quittant 
les colonies. La courbe "continue indi- 
que la distribution de Poisson attendue, 
basde sur un intervalle de moyerme de 
50,5 secondes. 

distr ibution of t ime intervals between ants leaving the nests. I f  ants left in 
a r andom m a n n e r  wi th  respect  to each other,  then the t ime intervals would 
be expected to have a Poisson distribution. The actual dis tr ibut ion differs 
dramatical ly (p ~ .001) f rom the expected distribution, wi th  an excess of 
ants leaving within a few seconds of each other  and an excess of long gaps. 
This supports  the hypothesis  that  communicat ion,  which could be behavioral  
activation or  pheromone  release, is occuring within the nest, a point  that  is 
tested fu r the r  below. 
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Fig. 3. - -  The main foraging 
route goes up the larger 
branch .in this case (indi- 
cated by arrc~v). The ant 
on the other branch has 
been moved to a bait site 
there ; after feeding it 
dragged its gaster and left 
a trail used by other ants. 

Fig. 3. - -  La principale route de 
fourragement monte sur 
la plus grosse branehe 
dans ce cas (fl6che). La 
fourmi sur l'autre branche 
a ~t6 d6plac6e vers un 
appfit; aprbs s'6tre nour- 
rie, elle tire son gastre en 
laissant une piste utilis6e 
par d'autres fourmis. 

F i e l d  d e m o n s t r a t i o n  o f  a trai l  p h e r o m o n e  

Single  fo ragers  'were b a i t e d  to a l oca t i on  a t  leas t  25 c m  f r o m  the m a i n  
trail .  The  b a i t e d  a n t  was  fed suga r  w a t e r  a n d  m o r k e d  at  th is  loca t ion .  F o r  
p u r p o s e s  of i l l u s t r a t i o n  one  rep l i ca te  'will be  de sc r i be d  (fig. 3). I n  th is  repli-  
Cate an  a n t  l eav ing  t h e n e s t  was  b a i t e d  40 cm f r o m  the  m a i n  fo rag ing  rou te .  
W h e n  this  a n t  h a d  c o l l e c t e d a  m a x i m u m  load,  i t  r e t u r n e d  to the  m a i n  fo rag ing  
rou t e  d ragg ing  the  v e n t r a l  su r face  of the  d i s ta l  p o r t i o n  of t h e  gaster .  I n  
the  300 s b e t w e e n  the  t ime  w h e n t h i s  a n t  e n t e r e d  the  n e s t  w i t h  food a n d  
r e t u r n e d  to the  food  s i te '  19 an t s  lef t  the  nes t ,  al l  of w h i c h  left  the  m a i n  
fo rag ing  p a t h  a n d  folRrwed the  p a t h  u s e d  b y  the  o r ig ina l  a n i m a l  when  
r e t u r n i n g  f r o m  t h e  bai t .  As m o r e  a n t s  c a m e  tO the  b a i t  the  p a t h  was  m o d i f i e d  
s l igh t ly  to a l low m o r e  d i r ec t  t ravel .  Two s t r i k i n g  f ea tu re s  of th is  a n d  o t h e r  
r ep l i ca tes  w e r e  t h a t  the  b a i t  wa s  f o u n d  in  the  a b s e n c e  of the  b a i t e d  an ima l ,  
i n d i c a t i n g  a n  a b s e n c e  of t a n d e m  r u n n i n g ,  a n d  tha t  r e c r u i t e d  a n t s  we re  able  
to d i s t i n g u i s h  the  n e w  t ra i l  l a id  to the  b a i t  f r o m  the  m a i n  fo rag ing  trai l .  
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Six r e p l i c a t e s  of  th i s  e x p e r i m e n t  w e r e  c o n d u c t e d .  I n  e a c h  case ,  t h e  
b a i t e d  a n t  d r a g g e d  i t s  g a s t e r  on  t h e  s u b s t r a t e  b e t w e e n  the  b a i t  a n d  t h e  m a i n  
t ra i l .  An t s  l eav ing  the  n e s t  a l 'ways f o l l o w e d  th i s  p a t h  to  t h e  b a i t .  

C o n t r o l s  w e r e  c o n d u c t e d  to  t e s t  f o r  p o s s i b l e  c o n f o u n d i n g  f a c t o r s .  Of 
p a r t i c u l a r  c o n c e r n  'was t h e  p o s s i b i l i t y  t h a t  t he  f o o d  i t se l f  w a s  a c t i n g  as  a n  
a t t r a c t a n t .  To t e s t  fo r  t h i s  d r o p s  of  b a i t  w e r e  p l a c e d  10 c m  f r o m  the  m a i n  
f o r a g i n g  r o u t e  a t  s e v e r a l  nes t s .  The  m e a n  t i m e  to  t r a v e r s e  25 c m  of  t r a i l  
a d j a c e n t  to  t h e  b a i t  w a s  r e c o r d e d  f o r  a n t s  l eav ing  (5.83 s, s --  5.33, n ---- 23) 
a n d  r e t u r n i n g  to  t he  n e s t  (4.23 s, s = 3.86, n ---- 30 ; n o t  s i g n i f i c a n t l y  d i f f e r e n t  

f r o m  the  u n b a i t e d  c o n d i t i o n ,  l eav ing  : x ---- 5.41 s, s ~- 2.68, n = 17 ; r e t u r n i n g  : 

x ---- 4.16 s, s = 2.21, n ---- 19). No  a n t  w a s  o b s e r v e d  to  l eave  the  t r a i l  o r  to  
engage  in  s e a r c h i n g  ( looping)  o r  o t h e r  c h a n g e d  a c t i v i t y / p a t t e r n s  in  t h e  v i c i n i t y  
o f  t he  b a i t .  

T h r e e  t r e a t m e n t s  w e r e  u s e d  to  t e s t  fo r  t he  ex i s t ence  of  t r a i l  p h e r o m o n e s  
on  the  m a i n  f o r a g i n g  rou t e s .  S u r v e y  t a p e  'was t i e d  a r o u n d  t h e  t r u n k s  o f  
n e s t  t r e e s  to  f o r m  a 2.54 c m  b a r r i e r .  I n  e a c h  o f  t h e  f o u r t e e n  n e s t s  o b s e r v e d ,  
th i s  r e s u l t e d  in  t e m p o r a r y  d i s r u p t i o n  o f  f o r a g i n g  ac t iv i ty .  An t s  ex i t i ng  t h e  
n e s t  s t o p p e d  a n d  m o v e d  e r r a t i c a l l y  in  t he  a r e a  a d j a c e n t  to  the  t a p e  o r  r e t u r n e d  
to the  nes t .  R e t u r n i n g  f o r a g e r s  w e r e  a l so  d i s r u p t e d  a l t h o u g h  f o r a g e r s  w i t h  
b o o t y  m o v e d  m u c h  f a s t e r  a n d  t e n d e d  to  r u n  p a s t  t he  t a p e  ,with o n l y  s l igh t  
h e s i t a t i o n .  I n  a s ing le  r e p l i c a t e ,  a s h e e t  of  c l ean  w h i t e  p a p e r  'was u s e d  to  
e n c i r c l e  a b r a n c h  a long  w h i c h  a f o r a g i n g  r o u t e  ran .  I n  th i s  case ,  6 f o r a g e r s  
w e r e  o b s e r v e d  to  e n c o u n t e r  the  p a p e r ;  5 w e r e  d e t e r r e d  a n d  one  s u c c e e d e d  
in  t r a v e r s i n g  the  p a p e r .  A f t e r  24 h o u r s  t h e  f o r a g i n g  r o u t e  a p p e a r e d  to  have  
been  a b a n d o n e d .  The  i n t e r p r e t a t i o n  of  t he  p r e c e e d i n g  e x p e r i m e n t s  c o u l d  b e  
c o n f o u n d e d  b y  the  p r e s e n c e  o f  a f o r e i g n  o b j e c t  on  the  t r a i l .  Thus ,  t r a i l s  
w e r e  a lso  d i s r u p t e d  b y  s c r a p i n g  the  s u b s t r a t e  o v e r  w h i c h  the  t r a i l  p r o c e e d e d .  
I n  f ive r e p l i c a t e s ,  40 f o r a g e r s  .were o b s e r v e d  a t  t h e  d i s r u p t e d  a r ea s .  A s i m i l a r  
r e s u l t  to t h a t  d e s c r i b e d  fo r  t he  p a p e r a n d  t a p e  xvas o b s e r v e d ;  a l l  f o r a g e r s  
d i s p l a y e d  d i s r u p t e d  l o c o m o t i o n  a n d  l o o p i n g  b e h a v i o r .  Again ,  f o r a g e r s  w i t h  
b o o t y  w e r e  m o r e  s u c c e s s f u l  in  t r a v e r s i n g  the  d i s t u r b e d  a r ea s .  T h e  m a i n  
t r a i l s  in  t h e s e  r e p l i c a t e s  a p p e a r e d  to  b e  q u i t e  b r o a d  : an  a r e a  a p p r o x i m a t e l y  
10 c m  'wide 'was d i s r u p t e d  b u t  s o m e  i n d i v i d u a l s  w e r e  ab l e  to  f o l l o w  t h e  pe r i -  
p h e r y  of  t h e s e  a r ea s .  

M a s s  r e c r u i t m e n t  

A se r i e s  of  e x p e r i m e n t s  'were c o n d u c t e d  in  'which  r e c r u i t m e n t  to  b a i t s  
was  d e t a i l e d  a n d  ana lyzed .  I n  each  case  t he  o r i g i n a l  m a r k e d  f o r a g e r  r e t u r n e d  
a t  l e a s t  once  to  t he  b a i t  s i te .  M a r k e d  f o r a g e r s  s p e n t  a m e a n  o f  284.5 s (s = 
174,1 ; n = 11 ; r a n g e  = 59 s to  669 s) in  t h e  n e s t  b e t w e e n  t h e  f i r s t  f e e d i n g  
a n d  the  r e t u r n  to  t h e  b a i t  s i te .  S u b s s e q u e n t  to  t he  f i r s t  t r i p  8 o f  t h e  13 
m a r k e d  a n t s  r e t u r n e d  t w o  o r  m o r e  t i m e s  ( m e a n  t i m e  s p e n t  in  n e s t  = 426.4 s, 
s = 443.2), (n = 17 t r i p s ,  r a n g e  = 1 - -  5) to  t h e  b a i t  s i te .  Figure 4 ( o p e n  b a r s )  
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shows the regular  t iming of these trips. The remaining five individuals 
re turned  only a second time or  not  at all. The larger mean  for  subsequent  
trips reflects the inclusion of one individual that  remained in the nest  1 922 s 
and another  1 067 s. Returning foragers  were marked  at three nests to 
determine if t ime spent within the nest  for  unbai ted  individuals was within 
the same range as spent inside the nest  by bai ted foragers. Of the 28 
re turning foragers  so marked  none emerged within the 700 second time range 
observed for  baited foragers. Two emerged and proceeded into the canopy 
af ter  much  longer times inside the nest  (2 749 s ; 1 868 s). Two other  indivi- 
duals briefly emerged f rom the nest  bu t  re tu rned  to the nest  'without leaving 
the vicinity of the nest entrance. 

The first  stage of recrui tment  consists of a small number  (x = 7.57, 
sd = 6.27, n = 7, range = 1 -  18) of ants responding only to the initial nest  
visit by  the baited ant. The responding ants re tu rn  to the nest, and in some 
instances lay more  trail or  lay trail on a more  direct  route to the main trail. 
Recru i tment  of a large number  of ants occurs  af ter  the initial ant  re turns  to 
the nest  a second time. Returning recruits  also contr ibute  to this effect (fig. 4). 

Recrui tment  was also analyzed by measur ing  the rate of ants leaving 
the nest. After the re turn  of the original forager  to the nest, dramat ic  
increase in the numbers  of foragers emerging was noted. The number  of 
these new recrui ted individuals arriving at the bait  was recorded for  a 
one hour  block of  time subsequent  to the r e tu rn  of the initial baited animal 
to the nest  (fig. 4) .  As each recruit  arr ived it was marked to distinguish 
between new and re turning recruits. The pa t te rn  in each case was for  the 
n u m b e r  of new recruits  emerging f rom the nest  to peak between 25 and 
35 minutes  af ter  the baiting began and then to .fall off. In  mos t  cases this 
decline was large relative to the  peak numbers  of new recruits  leaving 
the nest  (nests 6, 9, and 1 2 ) b u t  in nest  1 (fig. 4) the rate of recrui tment  
remained  more  stable through the 1 h observat ion period. In  nests 12, 
9 and 1 recrui ts  often re turned for subsequent  loards, yielding ra ther  
large aggregations of foragers at  the bait  site. In  one case (ne~t 6), there 
was a high rate of initial recrui tment .  Ants that  re turned to the nest  
with food tended not  to come to the feeding site for  a second feeding bout.  
Thus ants were  spending greater  periods of t ime in the nest. In  this case 
the size of the foraging aggregation at the bait  site xvas considerably smaller. 
One nest  wi th  a very small populat ion xvas located (nest 13, fig. 4), and it 
was  possible to individually mark  a lmost  all of the foragers in this nest. 
10 foragers  'were identified. These made  a total  of 20 visits to the site in an 
one hour  observat ion period. The mean  t ime spent  by foragers in this nest  
(187.1 s, s = 81.1, n = 9) ~vas not  significantly different  f rom the mean t ime 
:in nest  de termined for  larger nests (t = 1.478, p ---- n.s.). The total number  
of recrui ted ants for  each nest  was de termined by summing the number  of 
unmarked  ants leaving the nest  over the observat ion period. 352 recruits  
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Fig. 4. - -  Pattern of recruitment in five 
nests. Time of baiting the first 
forager is indicated by the dashed 
line. As a control, the rate of 
ants leaving the colony prior to 
baiting is indicated (open bars to 
the left of the dashed line). A 
single forager .was fed (solid bar) 
at time 0. The hatched bars 
indicate recruits. Some recruits 
came to the feeding site a second 
time (stippled bars). The num- 
ber of recruits at the bait at any 
one time is indicated by the solid 
line in each graph. 

Fig. 4. - -  Patron de recrutement de 
cinq nids. Le temps pour appftter 
la premiere fourrageuse est indi- 
qu6 par la ligne en tirets. Le 
nombre de fourmis quittant la 
colonie avant ]e pidgeage est indi- 
qu6 en contr61e (en blanc, ~ gau- 
che de la lig-ne en tirets). Une 
seule fourrageuse a dtd nourrie 
au temps 0 (barres pleines). Les 
barres hachurdes indiquent les 
individus recrutds. Le nombre 
d'individus recrutds h l'appfLt 
pour la premiere lois est indiqu6 
par la ligne continue sur chaque 
graphique. 

w e r e  r e c o r d e d  f r o m  nes t  6, 221 f r o m  n e s t  12, 197 f r o m  nes t  1, 49 f r o m  nes t  9, 
a n d  10 f r o m  n e s t  13. 

DISCUSSION 

O u r  m a j o r  f i nd ing  is t h a t  the  m a s s  r e c r u i t m e n t  s y s t e m  of  P. clavata 
p r o v i d e s  an  e f f e c t i v e - m e c h a n i s m  f o r  b r i n g i n g  l a rge  n u m b e r s  of  an t s  to  r i c h  

l i q u i d  f o o d  sources .  S t a t i s t i c a l  ana lys i s  o f  ex i t s  f r o m  u n b a i t e d  co lon ies  

i n d i c a t e s  t h a t  a n t s  l eave  the  n e s t  in n o n - r a n d o m  t e m p o r a l  s equence .  This  

sugges t s  t h e  h y p o t h e s i s  t h a t  socia l  f a c i l i t a t i o n  is t a k i n g  p lace  w i t h i n  t he  nes t  
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and tha t  foragers  m a y  be p r i m e d  to leave by  incoming foragers  wi th  booty.  
Our  observat ions ,  however ,  shaw a m o r e  subt le  sys tem of r ec ru i tmen t  than  
the group  foraging and  " t a n d e m  r u n n i n g "  r epor t ed  by  YOUNG and  I"IERMANN 
(1980) at  o the r  sites. In  fact ,  we  did not  observe  any  behav io r  tha t  could 
be classif ied as t a n d e m  r u n n i n g ;  in this respec t  ou r  r epo r t  differs f rom 
previous  r epor t s  on this species. 

Mass r ec ru i tmen t  in P. cIavata involves two components .  First,  a trail  
is laid f r o m  the food source  to the ma in  foraging path.  The recrui t ing  ant  
drags  its gas te r  over  the subs t ra t e  and moves  slowly, in a m a n n e r  s imi lar  to 
o the r  t rai l  laying ants  (WILSON, 1971). Second, ants  wi th in  the nest  are 
ac t iva ted  by  an u n k n o w n  m e c h a n i s m  to leave the nest  and  search  for  the 
new food source.  Responses  to r ich ba i t s  are  quite d ramat ic ,  bu t  it  should 
be emphas ized  again tha t  even unde r  unba i t ed  condi t ions the ants  do not  
leave t h e  nes t  in a r a n d o m  t empora l  sequence,  HERMANN (1973) r epor t ed  
" p r e f o r a g e  aggregat ions " in P. clavata. He in t e rp re t ed  these  as p r epa ra t i on  
for  g roup  raiding. We found no evidence for  g roup  p reda t ion  in this species. 
Perhaps  HERMAN (1973) observed  groups  of ants  leaving to forage on f lowers  
tha t  p roduce  nec ta r  dur ing res t r ic ted  t imes.  YOUNG and  HERMANN (1980) 
r e fe r r ed  to non- random sequences of depar tu res  f r o m  the colony as t andem 
running.  We observed  no t andem running  in this species (HiSLLDOBLER and 
TRANIELLO, 1980 a). 

The p resence  of a foraging sys tem which mixes p r imi t ive  sol i tary insecti- 
vorous  foraging wi th  the use of t ra i l  p h e r o m o n e s  and mass  r ec ru i tmen t  to 
nec ta r  sources  provides  special  insight into the evolut ionary  labili ty of  
r ec ru i tmen t  systems.  This sys tem is s imi lar  to tha t  employed  by  poner ines  
tha t  ra id  t e rmi te  colonies (H~fLLDOBLER and TRANIELLO, 1980 b). In  each case 
the use of a trail  p h e r o m o n e  enhances exploi ta t ion of a large, s t a t ionary  food 
source.  This sys t em al lows for  r ec ru i tmen t  of m o r e  individuals m o r e  rapidly  
t han  t a n d e m  running  (H~LLDOBLEI~, 1977). This sys tem of mass  r ec ru i tmen t  
bears  s t r ik ing s imi lar i ty  to mass  r ec ru i tmen t  sys tems  in h igher  ants  (JAFFE 
and HOWSE, 1979 ; H~SLLDOBLER, 1971 ; H/SLLDOBLER and WILSON, 1977). 

Field observa t ion  of P. clavata demons t r a t ed  trail  laying behav io r  remar-  
kably s imi lar  to tha t  descr ibed in o ther  ants.  Main foraging routes ,  pe rhaps  
s imi lar  to  t runk  trai ls  in o ther  ants  (HtJLLDOBLER and LUMSDEN, 1980) are 
appa ren t ly  main ta ined  th rough  the use  of  chemical  cues. Observa t ions  of  
foraging behav io r  in vegeta t ion indicate  tha t  foragers  in the canopy  search 
in a sol i tary fashion away  f r o m  the ma in  trail  for  insect  p r ey  and  nec ta r  
sources  (YOUNG and HERMANN, 1980; JANZEN and CARROLL, 1983). 

Some  in teres t ing and  as yet  unanswered  quest ions  concerning r ec ru i tmen t  
in P. clavata include the mechan i sm by  which  recru i t s  are  able to ident i fy 
the locat ion at which the trail  to the new food source  diverges f r o m  the main  
trail. The possibi l i ty  exists tha t  two p h e r o m o n e s  are used,  one for  t r unk  
t rai l  and  one for  r ec ru i tmen t  to new food sources  (e.g. H~LLDOBLER and WILSON, 
1977). This suggest ion r emains  to be  tested.  Second, highly concen t ra ted  
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f o o d  r e w a r d s  w e r e  u s e d  a s  b a i t s  i n  t h e s e  e x p e r i m e n t s .  T h e  r e l a t i o n s h i p s  

a m o n g  f o o d  q u a l i t y ,  d i s t a n c e  o f  t h e  f o o d  f r o m  t h e  n e s t ,  a n d  t h e  l e v e l  o f  

a c t i v a t i o n  a c h i e v e d  a r e  i m p o r t a n t  i n  u n d e r s t a n d i n g  a m a s s  r e c r u i t m e n t  

s y s t e m  (TRANIELLO, 1983). F i n a l l y ,  t h e  m e c h a n i s m  b y  w h i c h  t h e  r e t u r n i n g  

f o r a g e r  s t i m u l a t e s  a n t s  t o  l e a v e  t h e  n e s t  s e e k i n g  a s p e c i f i c  f o o d  s o u r c e  r e m a i n s  

t o  b e  c h a r a c t e r i z e d  (MOGLICH, 1973 ; MOGLICH a n d  HOLLDOBLER, 1975). 
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