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FORAGING RESPONSE OF THE ANT LASIUS PALLITARSI5 

TO FOOD SOURCES W I T H  ASSOCIATED MORTALITY RISK 

P. NONACS (1) and L.M. DILL 

Behavioral Ecology Research Group, Department o~ Biological Sciences 
Simon Fraser University, Burnaby, BC V5A1S6, Canada 

:Re~u le 28 sep tembre  1987 Accept6 le 11 avril 1988 

S U M M A R Y  

Lasius pallitarsis (Provancher)  an t  colonies were offerred a choice be tween two 
food patches of equal  nutr i t ive  quali ty bu t  wi th  one of the  patches  having associated 
w i t h  it one of several types of morta l i ty  r isk indicators.  Foraging decisions appeared  to 
b e  affected only when  the L. pallitarsis foragers  could actually physically encoun te r  a 
potent ia l  mor ta l i ty  agent  (a larger  Formica subnuda Emery).  Odors of e i ther  crushed 
-conspecifics, a F. subnuda, or a F. subnuda in conflict  w i th  L. pallitarsis workers ,  were 
.sensed by L. pallitarsis workers  bu t  did not  affect pa tch  choice. 

R E S U M E  

R6ponses de la fourmi Las, ius pal, lli~arsics & des sources de nourriture 
associ6es h des risques de mortalit6 

On a offert  ~ des colonies de fourmis  Lasius pallitarsis (Provancher)  le choix ent re  
.deux sources de nour r i tu re  d'6gale valeur  nut r i t ive  mais diff6rant  quan t  au r isque per~u 
d e  mortali td,  une des sources 6tant  associ6e avec plusieurs  indices de r isque de mortal i t6.  
7Les ddcisions relatives h la recherche  de nou r r i t u r e  ne semblent  6tre affect6es que quand  
l e s  ouvri~res L. pallitarsis en t ren t  en contac t  physique avec un  r isque concret  de mor- 
talit6 (une grose Formica subnuda Emery, en l 'occurence).  Les ouvri~res de L. pallitarsis 

perqoivent  les odeurs  de consp6cifiques broydes, de F. subnuda ou de F. subnuda en 
-combat avec d 'au t res  ouvri6res de L. pallitarsis, mais  leur  choix de source de nour r i tu re  
n ' e n  est  pas  affectd. 

INTRODUCTION 

A n  a n t  c o l o n y  f o r a g e s  i n  a c o m p l e x  e n v i r o n m e n t .  F o o d  m a y  a p p e a r  

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

~at t h e  t i m e ,  t h e  c o l o n y  m a y  h a v e  t o  d e c i d e  w h e t h e r  t o  r e c r u i t  s i m u l t a n e o u s l y  

(1) Present address: Museum of Compara t ive  Zoology, Havard  University,  Cambridge 
MA 02138, USA. 
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to several  food sources,  exploit  t hem sequentially, ,  or  use  only the mos t  pro-  
fitable. Moreover ,  a colony 's  hab i ta t  cer ta inly  m u s t  be  he tergeneous  in way~ 
o ther  than  jus t  energet ic  reward .  Foragers  can fall v ic t im to b o t h  predators .  
and  compe t i to r s  f r o m  other  ant  colonies, and  r isk  of mor ta l i ty  could a l t e r  
foraging behavior .  S imula ted  p reda t ion  of worke r s  f rom the a rea  sur-  
rounding  nes t  en t rances  resul ts  in the cessat ion of foraging act ivi ty by 
Pogonomyrmex species (GENTRY, 1974 ; WHITFORD and BRYANT, 1979). Na tu rM 
preda t ion  by  spiders  at nes t  ent rances  also hal ts  foraging (MACKAY, 1982). 
Ex t r eme  ra tes  of  p reda t ion  a t  nes t  en t rances  m a y  l imit  the range  of colony 
responses  to only such dras t ic  measures  as total  cessat ion of above ground 
activity.  I f  only cer ta in  areas  of the t e r r i to ry  are  dangerous,  however ,  then 
the colony need not  s top foraging entirely, bu t  ins tead concent ra te  its ac t iv i ty  
in safer  regions.  

An ant  colony has  the potent ia l  to  c o m m u n i c a t e  complex  in format ion  
abou t  bo th  food and  risk. Numerous  studies have demons t r a t ed  the n a t u r e  
and  effect iveness of  a l a rm and r ec ru i tmen t  phe romones  in the Formic idae  
(for a review, see PARRY and MORGAN, 1979). However ,  to ou r  knowledge,  n o  
s tudy  has examined  behav ior  in which bo th  r ec ru i tmen t  to food and a la rm 
occur  s imultaneously.  Because in mos t  species different  glands and different  
Chemicals are used  in these two behaviors ,  colonies may  exhibit  a wide r ange  
of responses  to s imul taneous  stimuli .  A con t inuum of reac t ion  is possible,  
f r o m  total  cessat ion of foraging to a comple te  ignoring of the a larm.  

The goal of  this s tudy is to examine the in terac t ion  be tween a l a rm and  
food r ec ru i tmen t  in an ecologically re levant  si tuation.  To do this, we gave  
capt ive  Lasius paUitarsis (Provancher)  colonies a choice be tween  two food 
sources  of  equal  nutr i t ive  value but  wi th  di f ferent  levels of  r i sk  in t he i r  
acquisit ion.  L. pallitarsis appea r s  to possess  the behavioral  complexi ty  needed 
to handle  compet ing  st imuli  of food and a la rm.  Species of the genus Lasius 
have  sophis t ica ted  means  of communica t i on  in bo th  chemical ly  r ec ru i t ing  
foragers  via trai l  phe romones  f rom the h indgut  (ATTYGALLE and MORGAN, 
1985), and  produc ing  a l a rm substances  f r o m  Dufour  and mand ibu l a r  glands 
(PARRY and MORGAN, 1979). Moreover,  dealing wi th  mor ta l i ty  r isk  is l ikely  
to be  an integral  pa r t  of  foraging for  L. pallitarsis. This species fo rms  l a rge  
colonies in mois t  woodlands  of the pacific no r thwes t  of  Nor th  America,  a n d  
has areas  within its ter r i tor ies  where  foragers  encounte r  colonies of  b o t h  
conspecif ics  and  o ther  species. In  an ecologically s imi lar  species, L. neoniger, 
TRANIELLO (1983) hypothes ized that  aggressive in teract ions  wi th  numerous-  
o the r  species exer ted  selection p ressure  on foraging behavior .  

One species tha t  is likely to have an impac t  on L. pallitarsis behav ior  is. 
Formica subnuda Emery ,  which is a m u c h  la rger  an t  and  a facul ta t ive slave- 
make r .  Although L. pallitarsis worker s  are  not  enslaved, they tend to do. 
poor ly  in agonis t ic  encounters  wi th  F. subnuda. This species is c o m m o n l y  
found  in the same  habi ta ts  as L. paUitarsis and  has  a high over lap  in diet: 
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and nest  site preference  (pers. obs.). Fur thermore ,  CZECHOWSKI (1975) re- 
por ted  F. sanguinea raiding L. niger colonies. These species are closely 
related and similar in habit  to F. subnuda and L. pallitarsis, respectively. 

M E T H O D S  

The  co lon ies  we re  h o u s e d  in  m o i s t e n e d  s a w d u s t  in  13 x 13 x 4.5 c m  plastic- 
c o n t a i n e r s  w i t h i n  l a rge r  21 • 21 • 7 c m  p la s t i c  c o n t a i n e r s  (A in  fig. 1) a n d  g iven  u n -  
l imi t ed  acce s s  ( f r om a s ide  p o r t  o n  t he  l a rge r  con ta ine r )  to an  ar t i f ic ia l  diet .  Th i s  w a s  
s i m i l a r  to t h a t  o f  ETTERSHANK (1967), excep t  t h a t  we  r ep l aced  spec i f ic  a m i n o  ac ids  w i t h  
1.75 g of  case in ,  u s e d  on ly  15 g of  s u c r o s e  as  suga r ,  a n d  a d d e d  0.1 g of  NaC1, one  B 
c o m p l e x  v i t a m i n  a n d  one  m u l t i - m i n e r a l  t ab le t .  All food  w a s  r e m o v e d  one  day  p r i o r  
to an  e x p e r i m e n t a l  t r ia l  a n d  b e c a u s e  t he  l iqu id  d ie t  cou ld  n o t  be  s to red ,  s u c h  d e p r i v a t i o n  
a s s u r e d  t h a t  t h e  co lony  w a s  n o t  s a t i a t e d  a n d  w o u l d  act ively  r ec ru i t  to n e w  food  sou rces .  

Tr ia ls  b e g a n  by  co l lec t ing  f o r a g i n g  i nd iv idua l s  in the  l a rge  c o n t a i n e r  a n d  p l ac ing  
equa l  n u m b e r s  (2-5 ind iv idua l s )  in two  food  p a t c h e s  (C in fig. 1). Food  w a s  a v a i l a b l e  
f r o m  a coil o f  T y g o n  t u b i n g  (1.5 m m  in t e r io r  d i ame te r )  w i t h  b o t h  e n d s  b l o c k e d  w i t h  
c o t t o n  b a t t i n g  so  t h a t  t h e r e  w a s  a c o n s t a n t  d rop l e t  of  w h i c h  r e p l e n i s h e d  i t se l f  as  t he  
a n t s  fed. Af t e r  t h e  f o r a g e r s  b e c a m e  c o m p l e t e l y  sa t i a t ed ,  t he  p a t c h e s  we re  c o n n e c t e d  v ia  
Tygon  t u b i n g  (3.5 m m  i n t e r i o r  d i ame te r )  to t h e  h o m e  a r ea  (fig. 1) ;  the  a n t s  r e t u r n e d  
f r o m  b o t h  food  p a t c h e s  in  r o u g h l y  t he  s a m e  n u m b e r s  a n d  at  t he  s a m e  t ime .  Any t r i a l  
in w h i c h  t he r e  w a s  no t  an  a p p r o x i m a t e l y  s y m m e t r i c a l  r e t u r n  of  f o r a g e r s  w a s  a b a n d o n e d .  

The  ini t ia l  f o r a g e r s  n e v e r  e n c o u n t e r e d  d a n g e r  o r  r isk.  R i sk  was  a d d e d  to 
on ly  one  s ide  ( h e n c e f o r t h  r e f e r r e d  to as  " r i sky  ") ,  in one  of  f o u r  ways .  I n  
one  m e t h o d  we  c r u s h e d  1-4 of  t he  n e w  r e c r u i t s  (or  r e t u r n i n g  fo rage r s )  as  t hey  w e r e  
h e a d i n g  t o w a r d  t h e  food  s o u r c e  to  t e s t  w h e t h e r  f o r ag ing  dec i s ions  cou ld  be  a f f ec t ed  
by the  p r e s e n c e  of  f r e sh l y  ki l led  n e s t m a t e s  a lone .  A s econd  m e t h o d  w a s  to c o n s t r u c t  a 
t ube -wi th in -a - tube  p a t h w a y  (B in  fig. 1). The  i n n e r  t u b e  was  of  m e s h  t h a t  a l l owed  t h e  
p a s s a g e  o f  L. pallitarsis f o r a g e r s  to a n d  f r o m  the  food  s o u r c e  b u t  p r e v e n t e d  t h e i r  pas -  
sage  in to  t he  o u t e r  t ube .  W i t h i n  t he  o u t e r  tube ,  on  t h e  r i sky  s ide,  we  p l aced  a l a r g e  
F. subnuda w o r k e r  a f t e r  in i t ia l  f o r a g e r s  h a d  p a s s e d  on  the i r  i n w a r d  t r ip  to t h e  co lony ,  
b u t  b e f o r e  t h e y  o r  n e w  r e c r u i t s  cou ld  r e t u r n  I n  t he se  t r ia ls ,  t h e r e  w a s  no  p h y s i c a l  
c o n t a c t  b e t w e e n  L. paUitarsis a n d  t he  F. subnuda w o r k e r .  The  t h i r d  m e t h o d  w a s  i den -  
t ical to  t he  s e c o n d  excep t  t h a t  1-3 L. pallitarsis n e s t m a t e s  w e r e  p l aced  in  t h e  o u t e r  t u b e  
a t  t he  s a m e  t i m e  as  t he  F. subnuda w o r k e r .  The  a n t s  f o u g h t ,  w i t h  t he  L. pallitarsis 
w o r k e r s  gene ra l l y  be ing  ki l led ove r  seve ra l  h o u r s ,  so  t h a t  f o r a g i n g  dec i s i ons  cou ld  be  
a f f ec t ed  by  t he  o d o r  o f  t h e  F. subnuda w o r k e r  a n d / o r  t he  n e s t m a t e  a l a r m  a n d  d e f e n s e  
chemica l s .  Final ly ,  t h e  f o u r t h  m e t h o d  w a s  s i m i l a r  to t he  p r e v i o u s  two  excep t  t h a t  t he  
f ine  m e s h  t u b i n g  w a s  r ep l aced  w i t h  a T y g o n  t u b e  w i t h  o p e n i n g s  l a rge  e n o u g h  to a l l o w  
f ree  p a s s a g e  fo r  L. pallitarsis fo rage r s ,  b u t  too  s m a l l  f o r  t he  F. subnuda to  e s c a p e  the. 
l a rge r  tube .  T he re fo r e ,  p h y s i c a l  c o n t a c t  b e t w e e n  i nd iv idua l s  of  t h e  two  spec i e s  w a s  
poss ib le .  T h e  s ide  d e s i g n a t e d  to  be  r i sky  w a s  c h o s e n  r a n d o m l y  p r i o r  to e a c h  t r ia l  f o r  
all m e t h o d s .  

Tr ia l s  b e g a n  a f t e r  t he  r e t u r n  of  t h e  in i t ia l  f o r a g e r s  a n d  we re  o f  two  l eng th s ,  s h o r t  
(3-4 h o u r s )  a n d  l ong  (18-24 h o u r s ) ,  to  t e s t  f o r  t i m e - d e p e n d e n t  c h a n g e s  in  f o r a g i n g  b e h a v i o r  
(e.g. l ea rn ing) .  W h e r e  f o r a g e r s  w e r e  c r u s h e d ,  we  d id  on ly  s h o r t  t r ia ls .  T h e  food  t u b e s  
w e r e  w e i g h e d  i m m e d i a t e l y  b e f o r e  a n d  a f t e r  e a c h  tr ial .  Re la t ive  s ide  p r e f e r e n c e  was,  
m e a s u r e d  as  t he  w e i g h t  l o s s  o f  t h e  sa fe  s ide  d iv ided  b y  t he  to t a l  w e i g h t  loss  o f  b o t h  
s ides .  T he  d a t a  w e r e  a r c s i n e  t r a n s f o r m e d  b e f o r e  s t a t i s t i ca l  ana lys i s .  T u b e s  w i t h o u t  
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Fig. 1. - -  Schematic diagram o[ the 
colony and experimental design. 
A. Nest  container .  The large 
Formica subnuda could be 
placed in one of the outer  tubes  
(B) af ter  the initial foragers  had 
r e tu rned  f rom the food pa tches  
(C). Depending upon  the expe- 
r imenta l  protocol,  Lasius palli- 
tarsis foragers  may  or ma y  not  
be able to contact  the large an t  
physically. In  tr ials where  fora- 
gers were crushed,  the r isk tubes  
were replaced wi th  a single tu- 
be of the s a me  length, in which 
a few recrui t ing foragers  were 
killed. See text for  fu r the r  ex- 
planation.  

Fig. 1. - -  Schdma d'une colonie et 
plan de l'expdrience. A. Nid. La 
grosse Formica subnuda pouvait  
6tre plac6e dans  l 'un des tubes  
ext6rieurs (B) apr~s que les pre- 
mieres  ouvri~res soient  revenues  
des sources  de nour r i tu re  (C). Les 
ouvri~res de Lasius paUitarsis ont  
la possibilit6 ou non d ' en t re r  en 
contact  phys ique  a v e c l a  grosse 
fourmi  selon le protocole exp6- 
r imenta l  utilis6. Pour  les essais  
off les ouvri~res 6taient broy6es, 
les tubes  indicateurs  de danger  
6taient  remplac6s par  un  tube 
de m6me  longueur  dans  lequel 
quelques  ouvri~res revenant  de 
la source  de nour r i tu re  6taient 
d6truites.  Se r6f6rer au  texte 
pour  de plus amples  d6tails. 

access  to t hem by an ts  were kept  dur ing  trials to m e a s u r e  evaporat ive loss, which was  
su b t r ac t ed  as a correc t ion factor.  

We used  13 colonies, of which 4 were reared  f rom m a t e d  alates and  thus  had  fertile 
queens .  The r ema inde r  were  unqueened  colonies, collected f rom the field, in which 
queens  were e i ther  not  found  or had  died in the  laboratory .  All colonies had  larvae and  
anywhere  f rom about  20 to several h u n d r e d  adul t  workers .  Some colonies experienced 
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~more than one treatment, but no colony experienced every treatment. The queened colo- 
uies, being generally smaller, fed enough only in long trials to give results measurably 
different from the evaporative loss and could not be used in short trial protocols. 

With the first three experimental protocols there was a possibility that the treatments 
would have no effect because the ants were incapable of detecting chemical stimuli. To 
test for this possibility, we placed three queenright L. pallitarsis colonies in a Tygon 
tube container (10cm length, 1.2cm interior diameter) and created a continous slow 
.airflow from a n  aquarium air pump. After the colonies had settled, we injected into 
the tube connecting the colony to the pump, 3 cc of room air (the control), or air from 
a vial containing either freshly crushed conspeciflcs, a single F. subnuda worker, or a 
single F. subnuda worker in conflict with two L. paltitarsis. Workers rapidly jerk 
their bodies up and down when excited. To measure the responses to the various odors 
we counted the total number of bobs/minute by all ants on a colony for three minutes 
both before and after injection. Each treatment was presented twice to every colony 

In the first three protocols, the negative stimulus could not physically hamper 
passage of L. pallitarsis foragers, but in the fourth, the large ant could potentially block 
the food trail as well as kill individual foragers. This could affect the rate at which food 
could be delivered to the colony. To measure the magnitude of this effect we tested 
three colonies presented with only one patch, which either was without risk or had a 
F. subnuda along the trail. As in previous experiments trials were initiated by placing a 
few foragers in the food patch. After the first recruits began arriving, we recorded the 
number of foragers that returned to the colony with full food loads (easily identified by 
distended abdomens) in each 5 minute interval for one hour. 

R E S U L T S  

The  L. pal l i tars is  w o r k e r s  w e r e  c l ea r ly  c a p a b l e  of  d e t e c t i n g  conspec i f i c  

a n d  F. s u b n u d a  w o r k e r  odo r s  ( table  I) .  The  ac t iv i ty  r a t e  w a s  s ign i f i can t ly  

i n c r e a s e d  o v e r  p r e - i n j e c t i o n  levels  and  by c o m p a r i s o n  to the  c o n t r o l  i n j e c t i o n  

fo r  all  p o t e n t i a l  r i sk  s t imu l i  ( table  I I ) .  H o w e v e r ,  t h e r e  w e r e  no  s ign i f i can t  

d i f f e r ences  b e t w e e n  the  r e a c t i o n s  to  t he  va r ious  r i sk  s t imul i .  A l t h o u g h  the  

co lony  counts ,  p a r i c u l a r l y  in the  f i r s t  m i n u t e ,  m a y  have  e r r o r s  a s s o c i a t e d  

w i t h  t h e m  b e c a u s e  of  the  h igh  r a t e  of  r e sponse ,  they  w e r e  c o n s e r v a t i v e  and  

p r o b a b l y  s o m e w h a t  u n d e r e s t i m a t e  the  ac t iv i ty  levels  of  t he  colony.  

The  r e su l t s  f r o m  the  food  cho ice  e x p e r i m e n t s  i nd i ca t e  t h a t  on ly  w h e n  

fo r age r s  cou ld  phys ica l ly  con t ac t  the  l a rge  an t  w e r e  co lony  f o r a g i n g  dec i s ions  

a f fec ted .  I n  al l  cases,  w h e r e  c o n t a c t  was  poss ib le ,  the  co lon ies  s t r ong ly  pre-  

f e r r e d  the  safe  side. W i t h  all  o t h e r  e x p e r i m e n t a l  p ro toco l s ,  no  p r e f e r e n c e  

was  s h o w n  fo r  e i t h e r  t he  safe  o r  r i sky  cho ice  (fig. 2). A T u k e y  tes t  (SOKAL 

and  ROHLF, 1981 ; ~ = 0.05) d iv ided  the  r e su l t s  in to  two  s ign i f i can t ly  d i s t i nc t  

g roup ings .  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  b e t w e e n  any  t r e a t m e n t  

g r o u p s  in  w h i c h  c o n t a c t  w i t h  the  F. s u b n u d a  w o r k e r  was  poss ib le ,  b u t  al l  

these  g r o u p s  w e r e  s ign i f i can t ly  d i f f e r e n t  f r o m  all the t r e a t m e n t  g r o u p s  in 

w h i c h  c o n t a c t  was  no t  poss ib le .  

The  e x p e r i m e n t s  u s e d  b o t h  q u e e n e d  a n d  queen le s s  co lonies .  I n  no  se t  o f  

t r e a t m e n t s ,  h o w e v e r ,  d id  the  t w o  g r o u p s  d i sp lay  s ign i f i can t ly  d i f f e r e n t  reac-  
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Table  I. - -  N u m b e r  o f  b o b s  p e r  m i n u t e  by  all  L. pallitarsis w o r k e r s  in a co lony  in  r e s p o n s e  
to o d o r  p r e s e n t a t i o n s .  T h e  m i n u t e  0 f i gu re  is  t h e  a v e r a g e  level o f  ac t iv i ty  p e r  m i n u t e  
f o r  t h e  t h r e e  m i n u t e s  b e f o r e  t h e  i n j e c t i o n  o f  t e s t  odo r s .  All t h r e e  co lon ies  in  t h e  
e x p e r i m e n t  e x p e r i e n c e d  e a c h  t r e a t m e n t  t w i c e ;  t h e  d a t a  r e p o r t e d  a r e  t h e  m e a n s  p e r  
t r e a t m e n t  (n = 6) • S.E.  T h e  n u m b e r  o f  w o r k e r s  p e r  co lony  r a n g e d  f r o m  20-30. 

T a b l e a u  I. - -  N o m b r e  de  s a u t i l l e m e n t s  p a r  m i n u t e  p o u r  t o u t e s  les ouv r ib r e s  d ' u n e  
co lonie  de  L. palli tarsis en  r 6 p o n s e  a u x  p r 6 s e n t a t i o n s  d ' o d e u r s .  Le ch i f f r e  h la  
m i n u t e  0 e s t  le n i v e a u  d ' ac t iv i t6  m o y e n  p a r  m i n u t e  p o u r  les t r o i s  m i n u t e s  pr6c6-  
d a n t  l ' i n j e c t i on  de s  o d e u r s  tes t6es .  Les  t ro i s  co lon ies  u t i l i s6es  d a n s  l ' exp6r i ence  
o n t  re~u  c h a q u e  t r a i t e m e n t  d e u x  lo is .  Les  d o n n 6 e s  i nd iqu6es  s o n t  les m o y e n n e s  
p a r  t r a i t e m e n t  (n = 6) • E.S.  Le h o m b r e  d ' o u v r i ~ r e s  va r i a i t  e n t r e  20 et  30 p a r  
colonie .  

M i n u t e  C on t ro l  Formica C r u s h e d  Formica + 
( R o o m  air) Alone  Lasius Lasius 

0 0.00 -- 0.00 1.11 • 0.19 0.56 - 0.31 0.17 - 0.I1 

1 4.83 • 2.77 27.17 • 6.80 41.00 • 12.93 45.33 • 7.97 

2 1.83 • 0.68 5.00 • 4.41 16.00 - 8.97 14.33 • 3.53 

3 0.50 • 0.48 0.67 • 0.47 8.17 • 5.02 6.17 - 2.97 

Tab le  II .  - -  F v a l u e s  ( and  t h e i r  levels  o f  s ign i f i cance)  fo r  ANOVA c o m p a r i s o n s  o f  reac-  
t i ons  b e t w e e n  o d o r  p r e s e n t a t i o n  t r e a t m e n t s .  T i m e  a n d  i n t e r a c t i o n  e f fec t s  h a v e  
been  pa r t i a l l ed  ou t .  

T a b l e a u  II .  - -  V a l e u r s  d u  F (et l e u r s  n i v e a u x  de  s ign i f i ca t i on  s t a t i s t i que )  p r o v e n a n t  
d ' a n a l y s e s  de  v a r i a n c e  s u r  les r 6 a c t i o n s  de s  f o u r m i s  e n t r e  les t r a i t e m e n t s  d ' o d e u r s .  
L ' i n f l u e n c e  d u  t e m p s  et  de s  i n t e r a c t i o n s  a 6t6 p a r t i e t l e m e n t  neu t r a l i s6e .  

C o m p a r e d  to  

T r e a t m e n t  C on t ro l  Formica C r u s h e d  Formica + 
(R oom air) Alone  Lasius Lasius 

Pre- 9.36 16.10 

e x p o s u r e  (0.028) (0.010) 

Formica + 52.43 5.74 

Lasius (0.001) (>  0.05) 

C r u s h e d  11.89 1.79 

Lasius (0.018) (>  0.2) 

Formica 8.75 - -  

Alone  (0.032) 

12.65 76.54 

(0.016) (0.000) 

0.00 
(> 0.95) 
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;Fig. 2. - -  Foraging decisions in response to different types ~ risk. Preference is measured 

as  t he  p r o p o r t i o n  o f  food  t a k e n  f r o m  t h e  s ide  w i t h  t h e  a s s o c i a t e d  r i sk .  M e a n s  
( •  s t a n d a r d  e r ror )  a r e  p l o t t e d  fo r  e ach  t r e a t m e n t  g roup .  I n  p a r e n t h e s e s  a re  
t he  n u m b e r  of  co lonies  u n d e r  e ach  p ro toco l ,  f r o m  w h i c h  the  m e a n s  a re  ca lcu la ted .  
S a n d  L a re  s h o r t  a n d  long  t r ia ls ,  r espec t ive ly .  C m e a n s  r e c r u i t i n g  f o r a g e r s  a r e  c rus-  
hed .  F m e a n s  Formica subnuda  p r e s e n t ,  b u t  no  c o n t a c t  w i t h  f o r a g e r s  poss ib le .  F / L  
m e a n s  Lasius pallitarsis w o r k e r s  in  t h e  t u b e  w i t h  a F. subnuda,  b u t  no  c o n t a c t  
w i t h  foragerS  poss ib le .  F /C  m e a n s  F. subnuda  c a n  c o n t a c t  fo rage r s .  See t ex t  fo r  
f u r t h e r  c la r i f i ca t ion .  T h e  so l id  a n d  d a s h e d  l ines  r e p r e s e n t  h o m o g e n e o u s  g r o u p s  
w h o s e  m e a n s  d id  n o t  d i f f e r  s i gn i f i c an t l y  by  T u k e y  ana lys i s  a t  p = 0.05. 

:Fig. 2. - -  Ddcisions alimentaire en rdponse ~t di f fdrents  types de risques. La p r6 f6 rence  es t  
m e s u r 6 e  p a r  la  p r o p o r t i o n  de  n o u r r i t u r e  p r i s e  d u  c6t6 a u q u e l  u n  r i s q u e  e s t  associ6 .  
Les  m o y e n n e s  • u n e  e r r e u r  s t a n d a r d  s o n t  t r acdes  p o u r  c h a q u e  t r a i t e m e n t .  Le 
h o m b r e  de  co lon ies  h p a r t i r  d e s q u e l l e s  ces  m o y e n n e s  s o n t  ca lcu l6es  e s t  e n t r e  pa r en -  
t h e s e s  s o u s  c h a q u e  p ro t oco l e  e x p d r i m e n t a l .  S e t  L d6s ignen t  les e s s a i s  c o u r t s  et  
longs ,  r e s p e c t i v e m e n t .  C dds igne  les  ouv r i~ r e s  p o u r v o y e u s e s  broy6es .  F r e p r d s e n t e  
la p r d s e n c e  de Formica subnuda,  m a i s  s a n s  poss ib i l i td  de  c o n t a c t  avec  les ouvr i~res .  
F / L  r e p r d s e n t e  les ouvr i~ res  Lasius pallitarsis pr6ser / tes  d a n s  le t u b e  avec  F. 
subnuda, m a i s  s a n s  c o n t a c t  avec  les o u v r i ~ r e s  r e v e n a n t  de  la s o u r c e  de  n o u r r i t u r e ,  
t a n d i s  q u e  F /C  r e p r d s e n t e  F. subnuda p o u v a n t  e n t r e r  en  c o n t a c t  avec  les  ouvr i6 res .  
Voi r  le t ex te  p o u r  de  p l u s  a m p l e s  ddta i l s .  Les  l ignes  en  t r a i t  p l e in  et  en  t ra i t  
i n t e r r o m p u  r e p r d s e n t e n t  des  g r o u p e s  h o m o g ~ n e s  d o n t  les m o y e n n e s  ne  d i f f e r en t  
.pas de  f a~on  s ign i f i ca t ive  d ' a p r ~ s  u n e  a n a l y s e  de  T u k e y  t t p  = 0.(35. 
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Fig. 3. - -  The average rate o[ [ood gathering by colonies ~vith and wi thou t  risk. The rate  
(-- S.E.) of each colony is calculated as the number  of foragers re turning with 
full loads in each 5 minute  interval divided by the maximum n u mb er  of loaded 
foragers ever observed to re turn  in any 5 minute  interval for  each colony. 

Fig. 3. - -  Le taux moyen  de rdcolte de nourri ture  par  les colonies en prdsence et  en absence 
de risques. Le taux (---+ E.S.) de chaque colonie est calcul6 comme 6tant le nombre  
d'ouvri~res re tournant  avec une charge maximale clans chacun des intervalles de 
5 minutes,  divis6 par  le plus grand hombre  d'ouvri~res observ6es revenant  avec une 
charge parmi  tous les intervalles de 5 minutes,  pour  chaque colonie. 
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tions to r i sk  (fig. 2). There  were  also no differences be tween  shor t  or  10ng 
trials. L. paIlitarsis apparen t ly  did not  learn over  a day to associate  one 
food source  wi th  the presence  of F. subnuda odor  and  avoid it as potent ia l ly  
dangerous.  

When the large ant  could coaatact the foragers ,  i t  s ignificantly (F = 35.05 ; 
df ----- 1.2; p ~ 0.03) reduced the ra te  at  which food loads were  r e tu rned  .to 
the co lony - -on  average about  30 % (fig. 3). In  this exper iment ,  only one food 
source  was available at  a time. 

D I S C U S S I O N  

Lasius paUitarsis colonies appea red  to avoid food sources  only w h e r e  
there  was physical  contact  or  in te r ference  be tween  the foragers  and the  large; 
potent ia l ly  lethal  compet i tor ,  Formica subnuda. Although L. pallitarsis 
worker s  did reac t  to the presence  of F. subnuda, dead conspecifics,  and  the 
a l a rm  phe romones  of nes tmates ,  they did not  avoid food sources associa ted  
with  such cues. I t  is not  c lear  f rom our  s tudy  whe the r  the responses  of L. 
pallitarsis foragers  to contact ing F. subnuda were  specific to that  pa r t i cu la r  
species or  whe t he r  they were  a general  response  to potent ia l ly  lethal  en- 
counters .  I t  is s ign i fcan t ,  however ,  tha t  in response  to an ecologically rele- 
vant  th rea t  si tuation,  foraging behav ior  was  altered. 

Pa tch  preferences  could have been de te rmined  par t ly  by energet ic  r e tu rn  
rates.  In  tr ials  where  the foragers  never  physical ly encountered  the large 
ant,  the t ravel  t ime differences be tween the safe and r isky patches  were  proba-  
bly negligible. Where  physical  contac t  was  possible,  however,  the F. subnuda 
significantly reduced  the ra te  at  which food loads were  b rough t  to the colony 
(fig. 3). I f  this were  due to physical  b locking ( ra ther  than  to a behaviora l  
decision to not  forage), then this could explain the pa tch  preferences  in the  
p resen t  exper iment .  However,  when  colonies face decisions abou t  pa tches  
tha t  vary  bo th  in r isk  and nutr i t ive  value, they avoid r isk to a g rea te r  extent  
than  would  be predic ted  solely by energet ic  r e tu rn  rates  (NONACS, 1988). This  
suggests tha t  ants  avoid r isk per se. 

I t  was therefore  likely that  physical  contac t  not  only reduced  energet ic  
r e tu rn  but  also crit ically al tered the na ture  of the in format ion  the colony 
received, pe rhaps  through changes in the mot iva t ional  s tate  of the foragers .  
Contact  wi th  the large ant  may  have caused an ou tbound  forager  to abandon  
its a t t e m p t  to reach  food, and a satiated,  nes t -bound forager  to r e t u rn  rap id ly  
to the colony, wi th  reduced or  no trai l  mark ing .  Although each successful  
individual  fo rager  may  have evaluated the food sources equally in nutr i t ive  
net  re turn ,  the cumulat ive  effect  the colony's  s tandpoint  could have been  
relat ively m o r e  trail  deposit ion to the safe food source  than  to the r isky one. 
Therefore ,  over  t ime rec ru i tment  became  biased toward  the safe side. 
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A forager  m a y  also a l te r  its tacti le exci ta tory behavior .  MSGLICtt and  
HSLLDOBLER (1975) in Formica fusca and  VAN VORHIS KEY and  BAKER (1986) 
in Iridomyrmex humilis show tha t  tacti le in teract ion be tween  foragers  signi- 
f icant ly enhances  r ec ru i tmen t  to food sources.  In  L. paUitarsis foragers ,  
contac t  wi th  the F. subnuda w o r k e r  m a y  have changed the rate ,  intensity,  
o r  context  of  the i r  tact i le  communica t i on  and  therefore  also b iased foraging 
responses  t oward  the safe side. 

The above exper imen t s  cannot  conclusively dist inguish the m e c h a n i s m  
by  which L. paUitarsis communica t e s  abou t  and responds  to risk. To fully 
unde r s t and  the decision process  on the colony level, specific responses  
by  individuals to encounte red  s t imuli  will have to be investigated.  Further-  
more ,  these exper imen t s  involved changes in only one variable,  the  type of 
risk. i n  nature ,  food sources  are  likely to vary in nutr i t ive  as well  as in 
assoc ia ted  risk,  and  colonies m a y  have to make  more  compl ica ted  decisions 
which involve t rade-offs  be tween  r isk  and  nutr i t ive  re tu rn  (NoNACS, 1988). 

I t s  seems logical for  colonies to have avoided dangerous  encounte rs  
when  equally valuable,  bu t  safer,  a l ternat ive  food sources were  available.  
However ,  why  did in teract ions  which were  less severe than  physical  inter- 
ference fail to a l te r  foraging preferences  ? I t  may  be  re la ted to the in fo rmat ion  
(or lack thereof)  t r ansmi t t ed  to foragers  by these less intense st imuli .  

The crushing  of foragers  is p robab ly  not  analogous to compe t i t ion  or  
p reda t ion  effects.  I t  may  more  closely resemble  the r a n d o m  consequences  
to an ant  colony of a wor ld  inhabi ted  by  large, mobile,  ver tebra tes .  Death 
on  a trail  f r o m  being s tepped  on may  have low predict ive  p o w e r  regarding 
whe the r  repea t  occur rences  are more  or  less likely than  on o the r  trails.  
Therefore ,  c rushing m a y  have little inhibi tory  effect  because  it gives foragers  
no in format ion  abou t  fu ture  risk. L. pallitarsis colonies live in env i ronment s  
where  contac t  wi th  compet i to r s  is also inevitable.  To exploit  only food 
sources  wi thout  any  associa ted  r isk  may  res t r ic t  colonies to an imposs ib ly  
smal l  set  of  food i tems.  Therefore ,  the presence  of o ther  ants  m a y  have 
effects  only when  they direct ly in ter fere  wi th  foragers ,  as in the last  set  of 
exper iments .  I t  is in teres t ing to note  tha t  the length of tr ials  had  no effect  
on  foraging p r e f e r e n c e s :  L. pallitarsis colonies did not  eventual ly  abandon  
food sources  associa ted  wi th  compet i tors .  

Finally, i t  is s ignificant  tha t  in L. pallitarsis, foraging behav io r  was  not  
not iceably a l te red  by  queenlessness.  This m a y  be due in p a r t  to m a t u r e  
colonies of this species being very large ( to the range of abou t  100,000 indi- 
viduals) wi th  groups  of worke r s  and  larvae of ten being physical ly  s epa ra t ed  
f r o m  the ma in  nest .  Adaptive foraging behav ior  requires  rap id  and  flexible 
responses  which  m a y  be imposs ib le  to dynamical ly  coordinate  wi th  queen 
state. Therefore ,  unlike b rood  rear ing (see BRIAN 1983, for  a review),  foraging 
behav io r  m a y  be largely independent  of queen influence in L. pallitarsis. 
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