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S U M M A R Y  

The colony-moving of Myrmica rubra L. was induced in he laboratory by worsening 
the microclimate of the nest. 

A detailed analysis of the whole process is given; it is based both  on observation 
and on traffic measurements  between the old and the new nests. Three periods can 
be recognized : exploration, emigration, and final exploration. Two recrui tment  
methods  occur, initiated by distinct motor  displays:  group recrui tment  takes place 
first, whilst  carrying behaviour becomes the main technique later. 

The organization of the group is described. The recruiter  extrudes its sting ~vhile 
returning to the old nest and while leading the group. Tracks left on soot-coated 
glasses are analyzed. Sticks crushed with either the poison gland or the Dufour's gland 
are effective in leading the ants. 

Most adult carrying postures are typical for myrmicines : the occurrence of atypical 
postures is discussed. All the carrying acts (of brood and adults) are effected by 25 '% 
of the workers  (on average); carrying activity is age-dependent. The stability of the 
group of carr iers  is tested during successive emigrations. 

Social regulation potentiality is s t rong :  even queens or callows can move with 
their larvae 'when isolated from the rest of the colony. 

R E S U M E  

Etude du comportement social Iors du ddm6nagement 
chez la fourmi Myrmica rubra L. (Hym. Form.) 

Le d6mdnagement de soci6tds de Myrmica rubra L. a dtd induit  en laboratoire en 
ddgradant le microcl imat  des nids. 

L'analyse ddtaill6e du processus de ddmdnagement s 'appuie sur l 'observation et sur 
la mesure du trafic entre l 'ancien et le nouveau nid. On distingue trois phases :  
l 'exploration, l '6migration, et l 'exploration finale. Myrmica rubra utilise deux modes 
de recrutements  initids par des comporternents d ' invitation d is t inc ts :  les recrutements  
de groupe dominent  au d6but, les t ranspor ts  par  la suite. L'organisation du groupe 
est dtudi6e. Le <, leader ,, dmet une ph6romone issue de l 'appareil  h venin. Nous avons 
tentd d 'en pr6ciser l'origine glandulaire (glande de Dufour ou glande h poison) par  
des expdriences de leurre et l 'analyse de traces sur du noir de fum6e. 
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La plupar t  des t ransports  se font  selon la posi t ion typique des myrmic ines ;  la 
signification des t ranspor ts  atypiques est discut6e. Le t ranspor t  de compagnes ou de 
eouvain est effectu6 par  25 % des ouvri~res (en moyenne),  dont  la majori t6 mont re  une 
forte pigmentat ion cuticulaire. La stabilit6 de ce groupe d'ouvri6res t ranspor teuses  est 
test6e au cours de d6m6nagements successifs. 

Le pouvoir de r6gulation sociale est 61ev6 : des reines ou des jeunes ouvri6res isoMes 
du reste de la colonie peuvent mener  un d~m~nagement h bien. 

INTRODUCTION 

Nest-moving in ants is a primordial social event as it is essential for 
the survival of the colony 'whenever the ecological conditions change too 
drastically. For example, during the severe summer drought of 1976, 
numerous  nest-movings of Myrmica rubra 'were observed near  Brussels. 
Moreover,  C. DE VROEY (personal  communica t ion)  observed colonies of 
M. rubra driving away alien colonies of the same species or being dragged 
away f rom their  nest  by an expanding L. niger society. 

Moving is a highly organized social activity, ,which involves the entire 
colony. I t  const i tutes  therefore  a good oppor tun i ty  for  s tudying social 
behaviour.  

If  ~ve exclude the peculiar  case of the daily migrat ions of a rmy ants, 
complete detailed descriptions of nest-movings have only been given 
recently for  several species of Leptothorax (M6GLICH, 1978). Usually. the 
studies turn  on par t icu lar  aspects of emigration,  such as recru i tment ,  carrying 
behaviour  and division of labour  (H6LLDOBLER, 1971 ; M/SGLICH, 1973 ; M6GLICU 
and H6LLDORLER, 1974; MEUDEC, 1976, 1977). 
Myrmica rubra L. ( =  Myrmica laevinodis N y l ) 'w as  chosen for this study 
because its social behaviour  has been already studied in o ther  c i rcumstances  : 
food recru i tment  (CAMMAERTS, 1978, DLUSSKY, 1978) a la rm (CREWE and BLUM, 
1970), defence (CAMMAERTS, 1975, DE VROEY and PASTEELS, 1978), brood-rearing 
(BRIAN, 1974). Moreover, M. rubra is known to move of ten in natural  
conditions, at least 'when the colonies are small (DOBRZANSKA and DOBRZANSKI, 

1976). 

MATERIALS  AND M E T H O D  

Our experimental  societies contain around 100-200 workers ,  1-5 queens, 60-100 larvae 
and nymphs,  and 20-200 eggs. These societies ~were obtained by dividing large laboratory 
colonies. According to WEIR (1958), the exit of ants caused by graded dis turbances is a 
function of their  polyethism. In order  to get balanced experimental  colonies, the 
workers  were equally distr ibuted as soon as they left their  nest,  the lat ter  being tapped 
repeatedly. Finally, the nest was opened, and the remaining ants -xere also distr ibuted.  

Emigrat ions were  induced in the laboratory by worsening the microcl imate of the 
nest, and providing the ants 'with a more  suitable nest  at a distance of about  75 cm. 
The factors inducing movement  were chosen according to the known facts of the 
biology of the species (Table I). The result ing experimental  set-up is i l lustrated on 
figure I. 
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Tab le  t .  - -  L a b o r a t o r y  c o n d i t i o n s  i n d u c i n g  n e s t - m o v i n g  in  Myrmica rubra. 

T a b l e a u  I . -  C o n d i t i o n s  e x p d r i m e n t a l e s  u t i l i s6es  p o u r  i n d u i r e  les d d m 6 n a g e m e n t s .  

129 

F a c t o r s  i n d u c i n g  Bio logy  of  N e s t  c o n d i t i o n s  
n e s t - m o v i n g  Myrmica rubra Old n e s t  N e w  n e s t  

1. D r o u g h t  P r e f e r e n c e  fo r  No  ~r is Well  h u m i d i f i e d  
d a m p  p l ace s  p r o v i d e d  for  
( m e a d o w s - s p a r s e  a b o u t  10 days  
w o o d l a n d )  b e f o r e  

e x p e r i m e n t  

2. L igh t  P r e f e r ence  fo r  A 60 W a t t  b u l b  Red  c e l l o p h a n e  
s h a d o w e d  p l a c e s ;  a b o u t  30 c m  cove r s  t he  n e s t ;  
No  v i s ion  of  d i s t a n t  f r o m  the  in s ide  l u m i n o s i t y  : 
r ed  co l ou r  n e s t  is s w i t c h e d  88 Lux  

on ,  p r o v i d i n g  the  
n e s t  w i t h  a l i g h t  
o f  44,000 Lux  

3. T e m p e r a t u r e  Myrmica rubra The  l igh t  c a u s e s  + 21 ~ 
l ives in  a a 6-7 ~ t e m p e r a t u r e  
t e m p e r a t e  i n c r e a s e  
c l i ma t e  in  t h e  n e s t  

4. Lack  of  T h i g m o t a c t i s m  N e s t - s p a c e  m o r e  Nes t - space  a b o u t  
c o n f i n e m e n t  t h a n  1 c m  h i g h  0.3 c m  h i g h  

d 

DIRECTION OF THE MOVING 'locm' 
Fig. 1 . -  E x p e r i m e n t a l  se t -up.  

1 a n d  2 : po lyv iny l  ch lo r ide  a r e a s  ; 3 : c a r d b o a r d  b r i dge  ; 4 : 60 Wa t t  b u l b  ; 5 a n d  6 : 
Pe t r i  d i s h e s :  " old  " a n d  " n e w "  n e s t s ;  a :  t h i n  l ayer  of  p l a s t e r  o f  P a r i s ;  b :  t h i ck  
l ayer  o f  p l a s t e r  of  P a r i s ;  c :  r ed  c e l l o p h a n e ;  d :  w a t e r - p r o v i d i n g  tube .  
T h e  a r r o w s  i nd i ca t e  t h e  t h r ee  p l aces  w h e r e  t h e  p a s s i n g  a n t s  w e r e  c o u n t e d .  

Fig. 1 . -  D i spos i t i f  exp6 r i men t a l .  
i e t  2 :  bac s  en  c h l o r u r e  de po l i v i ny l ;  3 :  p o n t  en  c a r t o n ;  4 :  l a m p e  (60 W a t t ) ;  
5 et  6 :  bo i t e s  de P e t r i :  ,, a n c i e n ~  e t  ~ , n o u v e a u ,  n i d s ;  a :  f ine  c o u c h e  de  pl&tre 
de  P a r i s ;  b :  c o u c h e  6pa i s se  de  pl&tre de  P a r i s ;  c :  c e l l o p h a n e  r o u g e ;  d :  t u b e  
p o u r  l ' h u m i d i f i c a t i o n  d u  pl&tre. 
Les  f l~ches  i n d i q u e n t  les t ro i s  e m p l a c e m e n t s  de  m e s u r e  du  t r a f i c  des  f o u r m i s .  
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For marking the ants, little spots of silver lacquer of different shapes 'were placed 
on different parts of their body. Usually the ants kept these marks for at most 10 hours. 
When long term marks 'were necessary, the petiole 'was surrounded with a thin copper 
thread (DOBRZANSKI, 1966). 

R E S U L T S  

1. - -  Tempora l  organization of the nest -moving 

Five  m o v e m e n t s  'were ana lysed  f r o m  b e g i n n i n g  to end.  We r e c o r d e d  the  

t r a f f i c  of  t he  an t s  in each  d i r e c t i o n  d u r i n g  succes s ive  t i m e  l apses  of  t w o  rain. 

These  m e a s u r e m e n t s  w e r e  t aken  a t  t h r e e  d i f f e r e n t  p l aces  i n d i c a t e d  by  the  

a r r o w s  on  f igure  1. F igu re  2 g ives  the  r e su l t s  o b t a i n e d  fo r  one  typ ica l  
m o v e m e n t :  the  t r a f f i c  m e a s u r e m e n t s  a re  p l o t t e d  a long  the  t i m e ;  the  

m o m e n t  at  ,which the  bu lb  is s w i t c h e d  on, and  a t  'which  the  n e w  nes t  is 

p r o v i d e d  is c o n s i d e r e d  as t i m e  ze ro  ( a b o u t  9 a.m.). F i g u r e  3 s h o w s  the 

s e t t l e m e n t  in the  n e w  nes t  d u r i n g  the  m o v e m e n t  i l l u s t r a t e d  in f i gu re  2. The  
w o r k e r s ' s e t t l e m e n t  in the  n e w  nes t  was c a l c u l a t e d  f r o m  the  t r a f f i c  

m e a s u r e m e n t s ,  w h i l e  b r o o d  s e t t l e m e n t  w a s  d e d u c e d  f r o m  the  n u m b e r  of  

an t s  'which  c a r r i e d  the  b rood .  This  las t  m e a s u r e m e n t  is t hus  an  approx i -  

m a t i o n  s ince  one  an t  m a y  c a r r y  seve ra l  eggs o r  sma l l  l a rvae .  T h r e e  

succe s s ive  phases  a p p e a r  c l e a r l y :  

a - an  e x p l o r a t i o n  pe r iod ,  

b - an  e m i g r a t i o n  pe r iod ,  

c -  a f ina l  e x p l o r a t i o n  per iod .  

a - Exp lora t ion  per iod  

The  f i r s t  p e r i o d  is c h a r a c t e r i z e d  by a ve ry  low t r a f f i c  a t  the  t h r ee  

loca t ions ,  Only  a few scou ts  exp lo re  the  a reas  and  the  n e w  nes t .  M o s t  scou ts  

do no t  go fa r  f r o m  the  n e s t ;  if they  do, they  usua l ly  s tay fo r  a long  t ime 

( los t  ?) in e a c h  area .  A few hou r s  a re  usua l ly  n e e d e d  b e f o r e  a f i r s t  s cou t  
m a y  a r r ive ,  a p p a r e n t l y  i n d e p e n d e n t l y  f r o m  each  o the r ,  b u t  usuaJ ly  no  m o r e  

d i s c o v e r s  the  n e w  nest .  Be fo re  the  b e g i n n i n g  of  r e c r u i t m e n t ,  up  to 20 scouts  

Fig. 2 . -  Organisation temporelle d'un ddmdnagement : mesures du trafic. 
A. Trafic h l'entrde de l'ancien nid, 
B. Trafic sur le pont. 
C. Trafic ~t l'entrde du nouveau nid. 
Pour chaque direction de circulation, on enregistre le hombre de passages durant 
des laps de temps successifs de 2 min. Les valeurs obtenues sont portdes en 
ordonnde. La ligne continue joint les points correspondant h la direction ancien 
hid vers nouveau hid; la ligne pointillde correspond h la direction opposde. 
In : dernier transport de couvain ; t : temps (en heures) ; tl : premier transport ; 
tn : dernier transport ; tr : trafic; ~ : passage de la reine; Final explor.: 
phase d'exploration finale; --~: indiquent les pics correspondant h u n  m6me 
recrutement enregistrd aux 3 points de comptage; . . .~  : indique le pic des retours 
vers l'ancien nid qui suit chaque pic de recrutement (graph. A). 
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Fig. 2. - -  Temporal organisation of a movement : t raf f ic  measurements. 
A. Traf f ic  measurements at the entrance of the old nest. 
B. Traf f ic  measurements on the bridge. 
C. Traf f ic  measurements at the entrance of the new nest. 
For each direct ion of the traf f ic,  the number of passing ants is counted dur ing 
succes s ive  t i m e  l apses  of  2 rain.  T he  va lue s  so  o b t a i n e d  a re  p u t  o n  t h e  o rd ina t e .  
The  c o n t i n u o u s  l ine jo ins  t he  p o i n t s  c o r r e s p o n d i n g  to the  d i r e c t i o n  o ld  ne s t  to n e w  
nes t .  The  d o t t e d  line c o r r e s p o n d s  to t h e  r eve r se  d i rec t ion .  In : l as t  b r o o d  
t r a n s p o r t  ; t : t i m e  (in h o u r s )  ; t l  : f i r s t  t r a n s p o r t  ; tn  : las t  t r a n s p o r t  ; t r  : t r a f f i c  ; 

: q u e e n ' s  go i ng  p a s t  r o u t e ;  f ina l  explor .  : f inal  e x p l o r a t i o n  pe r iod .  
Sol id a r r o w s  ind ica t e  p e a k s  c o r r e s p o n d i n g  to t he  s a m e  r e c r u i t m e n t  ac t  a t  t h e  t h r e e  
m e a s u r e m e n t  p laces .  I n  p lo t  A, for  e ach  of  t he se  peaks ,  d o t t e d  a r r o w s  ind ica t e  
the  c o r r e s p o n d i n g  peak ,  f o r  the  t r a f f i c  in t he  oppos i t e  d i rec t ion .  
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Fig. 3 . -  Temporal  organization of a m o v e m e n t :  se t t lement  of the new nest,  and 
t ranspor t  to the entrance of the new nest.  Same occasion as in figure 2. 
Cumulative plots : �9 : number  or workers  ; �9 : number  of brood carried ; • : total 
number  carried (brood and nest-mates).  
(D: workers  car r ied;  9 : entrance of the queen. 

Fig. 3 . -  Organisation temporelle d 'un d6m6nagement :  peuplement  du nouveau nid et 
t ranspor ts  h l 'entr6e de celui-ci. Ce graphique correspond au m6me d6m6nagement 
que la figure 2. Courbes cumulat ives :  O :  nombre  d 'ouvri~res;  �9 : n o m b r e  de 
t ranspor ts  de couvain ; x : n o m b r e  de t ranspor t s  total (couvain + compagnes).  
(3 :  t ranspor t  d 'ouvri~res;  ~ : entr6e de la reine dans le nouveau nid. 

than 5 ants explore the nest at the same time (fig. 3). The scouts remain 
for a long time practically motionless in the ne~v nest. During their  active 
periods, they 'walk across the nest. Their exploration is frequently 
in ter rupted by self g rooming ;  mutua l  grooming is tess frequent.  The 
scouts may or may not explore the ne ighoourhood of the nest-site before 
leaving for the old nest. I f  the scout succeeds in finding its "way to the old 
nest, it often travels back and for th  once or  a few times between the nests 
before performing the first effective recrui tment .  The end of the exploration 
period is difficult to determine for  two main  reasons. On one hand, scouts 
are still exploring the new nest-site when  the first recru i tment  occurs. On 
the other  hand, even recrui ted ants may explore the new nest  before they 
star t  recruit ing themselves. 
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b - E m i g r a t i o n  per iod 

This stage is character ized by  an intense t raff ic  at  each level (fig. 2 A, B, 
C.), and  the se t t lement  in the new nest  is i m p o r t a n t  (fig. 3). 

The emigra t ion  per iod s tar ts  ,with the f i rs t  high peak  of t raff ic .  Such 
a peak  cor responds  to the passage  of a g roup  of ants,  which  resul ts  f rom 
an effective recru i tment .  

The height  of peaks  cor responding  to the passage  of the same  group 
at  the three  points  of observat ion decreases  roughly f rom plot  2 A to plot  2 C : 
Two examples  are given by  the solid a r rows  on these plots.  The r ec ru i tmen t  
m e t h o d  is thus not  very effective. This can be explained by  considering 
plot  2 A:  each t raff ic  peak  cor responding  to the direct ion towards  the new 
nest  (e.g. those indicated by solid a r rows)  is immedia te ly  fol lowed by a 
t raff ic  peak  cor responding  to the opposi te  direct ion (b roken  ar rows) .  Most 
of the ants  lose their  l eade r ;  then, e i ther  they r e tu rn  to the old nest,  or  
they finally reach the new nest  by  themselves.  This is p robab ly  the reason 
vghy the nest  se t t lement  does not  s h o ~  the discont inuous g rowth  which  
could have been expected of group recru i tments .  

The height  of the peaks,  and thus the effect iveness of the recru i tment ,  
decreases  wi th  t ime (fig. 2 A). Brood  and adul t  t r anspo r t a t i on  begins about  
one hour  a f te r  the first  group recru i tment ,  and increases  sharp ly  one half 
hour  la ter  (fig. 3). 

F r o m  about  the tenth hour,  mos t  of the ants  travell ing back  and  for th  
are carr iers ,  and the traff ic  in bo th  direct ions is abou t  equal.  This is 
par t icu lar ly  evident  at the level of the br idge (fig. 2 B). 

Two somewha t  over lapping phases  may  thus be  dis t inguished in the 
emigra t ion  per iod : 

- -  a group rec ru i tmen t  period, 

- -  a t r anspor ta t ion  period. 

The over lapping be tween  bo th  per iods  may  be as i m p o r t a n t  as in the 
example  of f igure 2, bu t  they may  somet imes  be m u c h  more  ,clear-cut. 
During the t rans i t ion period, one ant  may  bo th  carry,  and  lead nest-mates .  

The n u m b e r  of t ranspor ta t ions  pe r  uni t  of t ime increases  dur ing the 
emigra t ion  per iod  (fig. 3). This indicates tha t  the n u m b e r  of  car r ie rs  or  
(and)  their  act ivi ty grows ,with t ime ; this ,will be discussed later.  There  are 
no dist inct  phases  of t r anspor t  for  the b rood  and  the adults ,  wh ich  'were 
bo th  carr ied  in no apparen t  o rder  (fig. 3). The m o m e n t  at ,which the queens 
migra te  (ei ther  being carried,  or  by  themselves)  var ies  great ly  f r o m  one 
moving  to the other ,  bu t  always occurs  'well 'within the emigra t ion  period.  

c - Final  exp lora t ion  per iod 

After the emigrat ion,  the old nest,  and, to a lesser  extent  b o t h  areas,  
are still explored for  some time. This shor t  per iod  is shown on the plot  2 A 
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by a n  i n c r e a s i n g  t ra f f ic  at  the  e n t r a n c e  of the old nes t ,  wh i l e  no,  or  very  
few, n e s t - m a t e s  or  b r o o d  are  left  in  the nes t .  

I n  ou r  e x p e r i m e n t a l  cond i t ions ,  the  e m i g r a t i o n  pe r iods  l as ted  f r o m  
00-620 rain,  m o s t  of t h e m  las t ing  b e t w e e n  150-300 min .  The  f ina l  e x p l o r a t i o n  
pe r iod  neve r  las ted  m o r e  t h a n  20 min .  The  d u r a t i o n  of the  e x p l o r a t i o n  
pexiod is fa r  m o r e  d i f f icu l t  to evaluate .  I n  ou r  e x p e r i m e n t s ,  1-10 h o u r s  
pa s sed  b e t w e e n  the m o m e n t  a t  w h i c h  the  n e w  nes t  'was p r o v i d e d  a n d  the  
f i r s t  r e c r u i t m e n t .  

2. - -  Group recruitment behaviour 

The f i r s t  a c t i on  of a r e c r u i t e r  c o m i n g  b a c k  in  the  old  nes t  is u s u a l l y  
a sho r t  b o u t  of self-cleaning.  The an t  s tops  however ,  a n d  p e r f o r m s  an  
i n v i t a t i o n  b e h a v i o u r .  'which cons i s t s  in  a m o t o r  d i sp lay  c h a r a c t e r i z e d  by 
very  sho r t  a n d  fast  runs .  This  b e h a v i o u r  is mos t ly  d i r ec t ed  to 'wards g roups  
of ants ,  i n s t e a d  of t owards  s ingle  ind iv idua l s .  Some  'workers  are  j o s t l e d  as 

a resul t .  
The  r e c r u i t e r ' s  m a n d i b l e s  r e m a i n  '-,vide o p e n  d u r i n g  the  whole  process .  
N u m e r o u s  nes t -ma te s  i m m e d i a t e l y  ans 'wer  by  r u n n i n g  all over  the nes t ,  the i r  
a n t e n n a e  be ing  m o r e  or  less erect .  Some  g a t h e r  n e a r  the  exit. Af ter  10-30 
sec the r e c r u i t e r  s u d d e n l y  leaves the nest .  I t  is t hen  fo l lowed  by  a va ry ing  
n u m b e r  of n e s t m a t e s .  W h e n  the i n v i t a t i o n  b e h a v i o u r  is very  effect ive,  the 
g roup  of an t s  m a y  cons i s t  of up  to 40 ind iv idua l s .  
A few o b s e r v a t i o n s  suggest  the  i n t e r v e n t i o n  of a chemica l  s ignal  d u r i n g  the 
i n v i t a t i o n  behav iou r .  Not  all the  r e c r u i t e d  an t s  have been  e n c o u n t e r e d  by  
the r ec ru i t e r .  Moreover ,  some  r e c r u i t m e n t s  are effect ive 'wi thout  a ny  m o t o r  
d isp lay  be ing  p e r f o r m e d .  

t 

Fig. 4 

Fig. 4 et 5 . -  Groups of recruits lead by the 
recruiter (arrow). 

Fig. 4 and 5. - -  Recrutement de groupe; la 
fl~che indique l'ouvri~re-guide. 

Fig. 6 . -  Leader of a group with its sting 
extruded (arro'w). 

Fig. 6 . -  Fourmi guidant un groupe: la fl~che 
indique son aiguillon. 

Fig. 5 

Fig. 6 
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Figures  4 and 5 i l lus t ra te  typica l  g roups  of w o r k e r s  fol lowing a leader.  
The recru i te r ,  'which always leads the  group,  is cha rac te r i zed  by  its of ten 
ex t ruded  st ing (fig. 6). The rec ru i t s  fol low the l eade r  a t  a d i s tance  of a 
few m m  to about  1 c m ;  bodi ly  contac t s  a re  very f leet ing and  a p p e a r  to 
occur  by chance only. 

As shown by the t raff ic  measu reme n t s ,  the  cohes ion  of the group is not  
very strong.  Al though a few tens of ants  m a y  have left  the nes t  fol lowing 
the leader ,  the group consists  of no more  than  2-10 nes t -mates  at  the level 
of the br idge,  the smal l  groups  be ing  far  more  numerous  than  the large 
ones (fig. 7). The r ec ru i t e r  is of ten qui te  alone.  The d is loca t ion  of the 
group always seems to co r respond  to a hes i t a t ion  of the leader ,  'whose sting 
is then  re t rac ted .  While enter ing the ne,w nest ,  the  leader  is usual ly  foLloxved 
by  no more  than  5 nest-mates.  Severa l  a m o n g  them ,were not  rec ru i ted  
in the old  nest  :. they have encoun te red  the l e a d e r  by  chance,  and  have 
fo l lowed it. Some ants  wander ing  in the a rea  m a y  fol low a r ec ru i t e r  on its 
way towards  the old nest. The cohesion of such groups  is 'weak ;  the ants  
fol low the leader  for  only a shor t  d is tance,  reaving it one by one. 

N' 

20- 

loJ 

1 [ I ,  
2 3 4 5 6 7 8 9 F  

Fig. 7. - -  Size of the groups. F : number of 
followers; N: number of groups of each 
size. The groups ~vere observed at the level 
of the bridge during nine emigrations. 

Fig. 7. - -  Effectif du groupe (mesur6 au niveau du 
pont). F :  hombre de fourmis guid6es. N: 
hombre de pelotons observ6s. 

The lack of physical  contact  be tween  the l eader  and  the recru i t s  s t rongly  
suggests  tha t  the la t te r  perceive an a t t r ac t ive  p h e r o m o n e  emi t t ed  by the 
leader .  The f requent  ext rus ion of the r ec ru i t e r ' s  s t ing suggests  tha t  the 
leading phe romone  is p roduced  by  the po ison  a p p a r a t u s  (fig. 6). St icks  of 
w o o d  ~with e i ther  a poison  gland or  a Dufour ' s  g land c rushed  on the i r  t ip 
may  bo th  be used  to guide the 'workers  t ow a r ds  the new nest.  However,  
our  exper imen t s  do not  al low us yet  to dec ide  ,which pheromone(s )  is (are)  
emi t t ed  by the leader.  

The st ing of the rec ru i t e r  is not  only ex t ruded  ,when it leads  the group,  
bu t  also dur ing  its way back to the old  nest .  This behav iour  co r responds  
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p r o b a b l y  to  t h e  p r o d u c t i o n  of  an  o r i e n t a t i o n  s ignal .  I n  o u r  e x p e r i m e n t a l  
c o n d i t i o n s ,  t he  c h e m i c a l  o r i e n t a t i o n  'was n o t  v e r y  e f f e c t i v e :  n u m e r o u s  a n t s  
( r e c r u i t e r s  o r  r e c r u i t s ) , w e r e  los t .  H o w e v e r ,  t he  ex i s t ence  o f  a t r a i l  m a y  be  
d e m o n s t l . a t e d  b y  the  fo l l owing  "s t ra tagem.  A s l a t  w a s  l a id  as  a g u i d e  l ine  
b e t w e e n  the  b r i d g e  a n d  the  n e w  n e s t  d u r i n g  the  e m i g r a t i o n  p e r i o d ;  i t  wa:~ 
m o v e d  a~cay a f t e r  a few h o u r s .  The  a n t s  t h e n  ~vent on  t r a v e l l i n g  on  the  
" p a s s "  t h a t  ,was d e t e r m i n e d  b y  the  s la t .  W e  m a y  t h u s  a s s u m e  t h a t  e ach  
r e c r u i t e r  l ays  a n  o r i e n t a t i o n  p h e r o m o n e ;  b u t  to  be  e f fec t ive ,  t h e  t r a i l  h a s  
to  be  r e i n f o r c e d  b y  n u m e r o u s  d e p o s i t s .  

I n  o r d e r  to  ge t  a b e t t e r  u n d e r s t a n d i n g  o f  t he se  p h e r o m o n e  e m i s s i o n s ,  
the  m e t h o d  p r e v i o u s l y  d e s c r i b e d  b y  HANGARTNER ( 1 9 6 9 ) ' w a s  u sed .  A soot-  
c o a t e d  g lass  p l a t e  ,-,vas l a id  on  t h e  b r i d ge .  The  t r a c k s  le f t  b y  t h e  c r o s s i n g  
a n t s  ,were ana lysed �9  T y p i c a l  s l i des  'were u s e d  as  n e g a t i v e s  fo r  p h o t o g r a p h i c  
e n l a r g m e n t s  (fig.  8 ) . .  The  o b s e r v e d  t r a c k s  'were of  the .  f o u r  t y p e s  a l r e a d y  
d e s c r i b e d  b y  HANGARTNER (1969) in  Solenopsis geminata F a b r .  : 

- -  T r a c k s  of  t a r s a e  a lone .  

T r a c k s  of  t a r s a e  + a b d o m i n a l  se tae .  

- T r a c k s  of  t a r s a e  + a b d o m i n a l  se tae .  + s t ing.  

T r a c k s  o f  t a r s a e  + s t ing.  

O~ 
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Fig. 8 . -  Tracks left on a soot-coated glass by a recruiting ant going towards the new 
nest-site. 
A: tracks left by the tarsae;  B:  tracks left by the abdominal setae; C: combined 
tracks (abdominal setae + sting); D:  tracks left by the sting. 

Fig. 8 . -  Traces laiss6es sur une plaque de verre noircie h la fum6e, par une fourmi 
recruteuse se dirigeant vers le nouveau nid. 
A: traces de tarses;  B : traces des soies abdominales; C : traces mixtes 
(soies + aiguillon); D:  traces d'aiguillon. 

Scou t s ,  l o s t  a n d  r e c r u i t e d  an t s ,  as  we l l  as  r e c r u i t e r s  a t  t he  e n d  of  the  f ina l  
e x p l o r a t i o n  p e r i o d ,  l e f t  t ype  A t r a c k s  : t h e y  p r o b a b l y  do  n o t  lay  a n y  c h e m i c a l  
s ignal .  D u r i n g  the  e m i g r a t i o n  p e r i o d ,  r e c r u i t e r s  o r  c a r r i e r s  a l 'ways  le f t  
t ype  B, C. o r  D t r a c k s ,  ~vhatever  t he  d i r e c t i o n  of  t h e i r  c r o s s i n g .  T y p e  B 
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t racks  are  very s h o r t :  the i r  length  lies be tween  0.12 and  1.40 ram. Their  
f requency var ies  g r e a t l y :  dur ing  a single c ross ing  of one ant ,  the t r acks  
may  be a few cm apar t ,  o r  qui te  close to each other .  St ing t racks ,  e i ther  
of type C or  D, are  less f requent  than  setae B t racks ,  and  al,ways in t e rmixed  
wi th  them. Their  length  varies be tween  0.12 and 2.40 mm. 

3. - -  S o c i a l  c a r r y i n g  b e h a v i o u r  

The car ry ing  act  is in i t i a ted  by an inv i ta t ion  behav iour  ~vhich recal ls  the 
one observed  dur ing group rec ru i tmen t s .  The ampl i tude  of the movemen t  
is weaker ,  and  i t  is more  d i rec ted  t owar ds  one la rva  or  one ant ,  i n s t ead  of 
t owards  groups  of ants.  I t  looks thus  more  like a j e r k  than l ike a run.  

This m o t o r  d isp lay  is usual ly  obse rved  in the old nest  dur ing  the 
t r anspo r t a t i on  per iod.  However ,  i t  may  be p e r f o r m e d  towards  ants  ~which 
s tay mot ion less  in the area,  and  i t  of ten occurs  dur ing  the f inal  exp lo ra t ion  
per iod.  In  the la t te r  case the ants  address  the j e rks  to any ,worker 
encountered ,  even to fo rmer  car r ie rs ,  and  the j e r k s  may  also be effected 
wi thou t  any nes t -mate  being p r e s e n t ;  this  demons t r a t e s  the high mot iva t ion  
level of the fo rmer  ca r r ie r s  which  have not  found ano the r  load. 

Eggs, larvae or  pupae  are  quickly  seized a f te r  a few jerks .  No o r d e r  
appea r s  in the t r a n s p o r t  of the b r o o d :  the ca r r i e r  ind i f fe ren t ly  choses a 
group of eggs or  larvae  of f i rs t  ins tar ,  one more  m a t u r e  larva,  or  one 
pupa.  A nest -mate  is f i rs t  s l ightly pul led  a b o u t ;  an tenna l  contac t s  occur,  
and  the j e rks  may s t a r t  again. The invi ted ant  then usual ly  folds  its 
an tennae ,  and  flexes i ts legs. The ca r r i e r  grasps  i t  a t  the head  (" neck" ,  or  
" cheeks" )  or less f requent ly  at  the p ro thorax .  The r ight  o r i en ta t ion  of the 
ca r r i ed  ant  is ob ta ined  by successive a d j u s t m e n t  of the grip. The ca r r i ed  
ant  immedia t e ly  ans'wers by flexing its gas ter  above its nes t -mate ' s  head,  in 
a typical  myrmic ine  car ry ing  pos tu re  (fig. 9). If  a nest -mate  does not  ans,wer 
to the mo to r  display,  the ca r r i e r  may  seize the non-responding  ,'worker the  
bes t  it  can, w i th  the resul t  tha t  the ca r ry ing  pos tu re  is a typ ica l  (fig. 10). 
Such a typical  pos tures  of ten occur red  'when very young ants  were  carried~ 

Fig. 9 . -  Typical carrying posture 
(queen carried). 

Fig. 9. - -  Transport d'une reine 
selon une position typique. 

Fig. 10. - -  Atypical carrying pos- 
ture; The arrow indicates the 
extruded sting. 

Fig. 10. - -  Transport d'ouvri6re 
selon une position atypique ; 
la fl~che indique l'aiguillon 
de la fourmi qui transporte. 
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W h i l e  c a r r y i n g  a l o a d ,  t h e  a n t  u s u a l l y  e x t r u d e s  i t s  s t i n g  ( f ig .  10), a n d  

s o m e t i m e s  g u i d e s  a f e w  r e c r u i t s .  

D u r i n g  6 n e s t - m o v i n g s ,  143 a n t s ,  o r  23.0 % of  t h e  w h o l e  w o r k e r  p o p u l a t i o n  

'was  c a r r i e d .  

4. - -  P o l y e t h i s m  

1 ~ - Worker polyethism 

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

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

D u r i n g  8 n e s t - m o v i n g s  p e r f o r m e d  b y  5 d i f f e r e n t  c o l o n i e s ,  t h e  p e r c e n t a g e  

o f  c a r r i e r s  r a n g e d  f r o m  18 % t o  34 % ,  ,w i th  a m e a n  o f  25 % (219  o u t  o f  

878 w o r k e r s ) .  

Table II. -- Dis t r ibut ion  of carrying ants  among dif ferent  age categories.  

Tableau II. - -  R4par t i t ion  des ouvri6res t ranspor teuses  pa rmi  les diff6rentes  classes d'~tge. 

AGE CATEGORIES 

u n -  

1 and  2 3 4 5 know 
(2) 

col. C N C/N C N C/N C N C/N C N C/N C 

1 
1"(1) 
2 
2* 
3 
3* 
4 
5 

m 

25 0 % 
20 0 % 
21 0 %  
21 0 % 
20 0 % 
25 0 % 
34 0 % 
2 0 %  

6 43 14,0% 
5 40 12,5'% 
1 21 4,8% 
5 30 16,7% 

- -  25 0 '% 
1 22 4,6% 

12 59 20,3% 
- -  10 0 % 

20 47 42,5% 
17 45 37,8% 
22 52 42,3'% 
16 42 38,1% 
17 51 33,4% 
9 42 21,4'% 

15 43 34,9% 
15 65 23,1% 

1 2 50,0 % ] 2 
4 6 66,7 % t 3 
4 9 44,5 % 3 
1 4 25,0% I - -  
4 14 28,6 % 2 
8 17 47,1% ] 1 

- -  1 0 % 7 
9 20 45,6 % 9 

-- 168 0 %  30 250 12,0% 131 387 33,3% 31 73 42,5%1 27 

p < .0005 .15 <p< .25 
X2 p < .0005 

N :  total  n u m b e r  of ants  in each age category. 
C:  n u m b e r  of carriers .  
Col. : colonies. 
(1) The as ter isk  indicates  a second movemen t  induced w i th  the previous colony. 
(2) The age category of the carr iers  were observed a f te r  the end of the m o v e m e n t ;  some 

of them,  having lost the i r  mark ,  vcere not  identified. 

N :  h o m b r e  to ta l  de fourmis  pou r  chaque classe d'ftge. 
C :  h o m b r e  de fourmis  actives. 
Col. : colonie. 
(1) L'ast6risque indique qu'i l  s 'agi t  d 'un  second d6m6nagement  indui t  avec une m6me 

colonie. 
(2) La classe d'~ge des t r anspor teuses  a 6t6 observ4e apr~s le d6m4nagement  ; cer ta ines  

ayant  perdu  leur  marque,  ne pu ren t  pas 6tre identifi4es. 



NEST-MOVING IN MYRMICA R U B R A  L. 139 

The  ca r ry ing  ac t iv i ty  is a g e - d e p e n d e n t  (Tab le  II) .  This  cou ld  be  
d e t e r m i n e d  by  so r t i ng  the  an t s  i n to  five b r o a d  age ca tegor ies  acco rd ing  to 
the i r  p i g m e n t a t i o n  (CAMMAERTS-Tt~ICOT, 1974 a). No y o u n g  a n t s  ( p i g m e n t a r y  
g roups  1 a n d  2) ever  car r ied ,  a n d  m o r e  ca r r i e r s  ~ e r e  e n c o u n t e r e d  a m o n g  the 
g roups  4 a n d  5 t h a n  a m o n g  y o u n g e r  a n t s  b e l o n g i n g  to g r oup  3, No s ign i f i can t  
d i f fe rence  could  be obse rved  bet~veen the  p r o p o r t i o n s  of ca r r i e r s  a m o n g  
the an t s  b e l o n g i n g  to the g roup  4 a n d  5. 

A c o n s i d e r a b l e  v a r i a t i o n  in  the  i n d i v i d u a l  ac t iv i ty  'was o b s e r v e d  a m o n g s t  
the car r ie rs ,  a m i n o r i t y  of i nd iv idua l s  m a d e  m o s t  of the  t r a n s p o r t s .  Dur ing  
one  expe r imen t ,  27 'workers  effected 121 c a r r y i n g  acts,  a m o n g  w h i c h  75 'were 
p e r f o r m e d  by  on ly  5 ,workers (fig. 11). This  f igure  i l l u s t r a t e s  also t ha t  there  
is a p p a r e n t l y  no  spec ia l iza t ion  in  the  t r a n s p o r t  of e i t he r  b r o o d  or  adul t s .  

30 

-15 

-10 

5 813142024256 7 922232715 61912 3262181QI 4 11 1621 
44  3.443443.44 4 4 4 4 3 3 4 3 - 4 4 3 4 4 4 4 3 - 4 4  

Fig. 1 1 . -  Each column of the sociogram represents the number of carrying acts 
performed by one carrier of the colony. The number attributed to each individual 
ant, and its age category are indicated under each column. In black: nest-mate 
transport; in 'white: brood transport. ~ : queen transport. 

Fig. 11. - -  Sociogramme montrant le nombre de transports effectu6s par chaque ouvri6re 
active, au cours d'un d6m6nagement. Le num6ro attribu6 h chaque fourmi, et sa 
classe d'f~ge sont pr6cis6s sous les colonnes. En noir:  transport d'ouvri6re; en 
blanc: transport de couvain; ~ : transport de reine. 
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Fig. 1 2 . -  Individual carrying activity during time (t, in hours). Same moving as in 
figure 11; the number designate the same individual ants in both figures. In 
black: adult transport; in white:  brood transport. 
A. Individual activities. The sequence of the transports in one columfl must be 
read from bottom to top, 

�9 B. Combined activity of all the workers which only carried once. 
Fig. 1 2 . -  Activit6 individuelle de transport au cours du temps (t, en heures). M~me 

d6m6nagement que la figure 11: les num6ros d6signent les m6mes individus dans 
les deux figures. En noir:  transport d'adulte; en blanc: transport de couvain. 
A. Activit6 individuelle : la s6quence de transports darts chaque colonne doit 6tre lue 
de la base vers le sommet. 
B. R6partition temporelle des transports effectufis par toutes les ouvri~res qui n'ont 
amen6 qu'une seule charge au nouveau hid. 

The  i n d i v i d u a l  ac t iv i ty  t h r o u g h  t i m e  of  all  c a r r i e r s  d u r i n g  one  m o v e m e n t  
is g iven  in f igu re  12;  The  n u m b e r  of  c a r r y i n g  ac t s  m a d e  by e a c h  an t  

d e p e n d s  less  on  the  t i m e  ,when ac t iv i ty  beg ins  t h a n  on  an i n d i v i d u a l  r y t h m  : 

an t s  n u m b e r  12 a n d  16, ~vhich h a v e  b o t h  b e g u n  to  c a r r y  a t  a b o u t  t h e  s a m e  
t i m e  m a d e  r e s p e c t i v e l y  3 a n d  15 t r a n s p o r t s .  The  an t  n u m b e r  21 p e r f o r m e d  
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31 c a r r y i n g  ac t s  d u r i n g  a p p r o x i m a t e l y  t he  s a m e  t i m e  l apse .  The  r y t h m  of 
one  t r a n s p o r t  e v e r y  3 m i n  'was m a i n t a i n e d  f o r  m o r e  t h a n  one  h o u r !  

The  a c t i v i t y  of  t he  c a r r i e r s  o f t e n  i n c r e a s e s  ,vvith t i m e  (fig.  12:  an t s  
n u m b e r  4,16 a n d  1i) .  The  t r a i l  p r o b a b l y  b e c o m e s  m o r e  e f f i c i e n t  a n d  the  
k n o w l e d g e  of  p o s s i b l e  v i sua l  l a n d m a r k s  c o u l d  inc rease .  

To t e s t  t he  s t a b i l i t y  of  t he  c a r r y i n g  ac t iv i ty ,  t 'wo s u c c e s s i v e  m o v e m e n t s  
w e r e  i n d u c e d  w i t h  t he  s a m e  co lony ,  a t  8-10 days  i n t e rva l .  Th is  was  
p e r f o r m e d  'wi th  t h r e e  d i f f e r e n t  co lon i e s  ( T a b l e  I I I ) .  A m o n g  the  c a r r i e r s  of  

Table I I I . -  Stability of the group of specialists among the xvo~kers of age categories 
4 and 5. 
Two movings 'were induced at 8-10 days interval xvith three colonies (col.). 

Tableau I I I . -  Stabilit6 du groupe de sp6cialistes du transport. Pour trois colonies 
(col.), deux d6m.6nagements furent induits avec 8-10 jours d'intervalle. 

C1 e l ,  2 
col. N C~ C2 C1, 2 x 2 

N C~ 

1 51 19 21 13 .373 .619 p <  .05 
2 61 20 15 9 .328 .600 p < . 0 5  
3 65 15 16 8 .231 .500 p <  .025 

177 54 52 30 .305 .577 p ~  .0005 
r ~ k  

N: Number of ants of age categories 4 and 5. 
C1: Number of carriers during the first emigration. 
Co Number of carriers during the second emigration. 
C~, o : Number of carriers during both emigrations. 
The'x 2 tests compare the number of C~,o among C_~ to the number of C~ among N. 

N:  Nombre de fourmis appartenant aux classes d'&ge 4 et 5. 
C1: Nombre de fourmis actives pendant le premier d6m6nagement. 
C~ Nombre de fourmis actives pendant le second d6m6nagement. 
C~, , :  Nombre de fourmis actives pendant les deux d6m6nagements. 

the  s e c o n d  e m i g r a t i o n ,  t he  p r o p o r t i o n  of  the  a n t s  "which h a d  a l I :eady c a r r i e d  
d u r i n g  the  f i r s t  e m i g r a t i o n  'was s i g n i f i c a n t l y  h i g h e r  t h a n  ,would have  been  
e x p e c t e d  if  t h e y  'were d i s t r i b u t e d  b y  c h a n c e  on ly  a m o n g  the  a n t s  of  age 
c a t e g o r i e s  4 a n d  5. Thus  the  p r o b a b i l i t y  fo r  any  a n t  of  age  c a t e g o r i e s  4 o r  5 
to  c a r r y  d u r i n g  one  n e s t - m o v i n g  is f a r  h i g h e r  if i t  ha s  a l r e a d y  p a r t i c i p a t e d  
ac t i ve ly  in a p r e v i o u s  one.  W e  m a y  c o n c l u d e  t h a t  the  g r o u p  of  c a r r y i n g  a n t s  
is r a t h e r  s t ab le .  

M o r e o v e r ,  t he  a n t s  t h a t  have  a l r e a d y  ,worked  d u r i n g  a p r e v i o u s  emig ra -  
t ion  a r e  f a r  m o r e  ac t ive  t h a n  t h e i r  n e s t - m a t e s  d u r i n g  a f o l l o w i n g  o n e :  fo r  
the  t h r e e  co lon ies ,  30 c a r r i e r s  of  the  f i r s t  e m i g r a t i o n  p e r f o r m e d  193 t r a n s p o r t s  
d u r i n g  the  s e c o n d  e m i g r a t i o n ,  ,while 38 n o n - c a r r i e r s  of  t he  f i r s t  e m i g r a t i o n  
e f f e c t e d  81 t r a n s p o r t s .  Th is  d i f f e r e n c e  is h igh ly  s i g n i f i c a n t  (p  ~ .0005, 
X 2 tes t ) .  
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Ants which carry during the moving are also active 'when faced with 
o ther  tasks. Carriers 'were marked  during the moving of four  colonies. 
During the following 'week, the activity of the ants outside the nest  'was 
recorded several times a day, The propor t ion  of marked  worke r s  among 
all the ants which fed or drunk (56.0 %), and that  of marked  workers  
among all the ants 'which foraged (51.2 %), ,were far  higher (p < .0005, X ~ test) 
than the propor t ion of marked  ants among all the ~vor, kers of age categories 3, 
4 and 5 (26.2 %). Six days after  a moving, DE VROEY tested the aggressivity 
of the carriers against Myrmica  sabule t i  intruders.  The carr iers  effected 
significantly more  seizings than the non-carriers (p ----- .006, WILCOXON test). 
The carriers are thus more  agressive (DE VROEY, in press). 

The age category of most  ants carr ied 'was recorded during 6 migrations.  

67 ants carried belong to age categories 1,2; 

37 ants carried belong to age categories 3;  

10 ants carried belong to age categories 4 ;  

0 ants carried belong to age categories 5. 

This distr ibution is significantly different (P < .0005, X 2 test) f rom the 
distr ibution of the total populat ion into the different age categories 
(respectively 132, 181, 279 and 52 ants). 

b - Queen  p o l y e t h i s m  

During sixteen nest-movings, 51 queens migrated.  Most of them followed 
a leader, or  found the new nest by themselves, probably  guided by the trail. 
At the level of the bridge, 18 queen t ranspor ts  'were obse rved ;  in all of 
them, the posture ',,gas typical for myrmicines  (fig. 9). 

c - Social  regulat ion 

The efficiency of emigration was assessed for unbalanced colonies with 
one the follgwing compos i t ion :  

- -  20 larvae and 25 'workers of age categories 1 or 2. 

- - 2 0  larvae and 25 workers  of age category 3. 

- -  20 larvae and 25 'workers of age categories 4 or 5. 

- -  15 larvae and 6 queens. 

The efficiency in moving of each of those colonies 'was compared  to that  of 
a control  society with a bet ter  balanced populat ion : 20 larvae, 1 queen, and 
24 workers  equally distr ibuted among age categories 1 or  2, 3, and 4 or 
intermediates between 4 and 5. 

To avoid ageing of the ants before the experiments,  the migrat ions 
were induced only 24 hours after the settling of the nest by the ants. The 
colonies being not yet f irmly established in their nest, the red cellophane 
was taken away, but no light was switched on. 
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Each  co lony  'was able  to move,  b u t  the  t ime  spe n t  be fo re  all  the  la rvae  
were  ca r ied  (Table  IV). 

Table IV. - -  Time before all larvae were moved to the new nest (for colonies of abnormal 
composition, and more balanced control colonies). Twenty larvae were present 
in each colony, except for those composed of queens only, which received 15 larvae. 
* Some of the workers may have been older than expected. 

Tableau IV. - -  Temps (en jours) dcoul~ avant le dernier transport de couvain dans le 
nouveau nid, pour des colonies de diverses compositions. Chaque colonie comporte 
20 larves, saul celle composde exclusivement de reines, qui en comporte 15. 
* A la fin de l'exp@ience, 5 ouvri~res avaient atteint un degrd de pigmentation 
correspondant ~t la classe 3. 

Adult 
composition 

25 Workers of age categories 

1 'and 2 

O 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

13 
16 

(3) * 
5 

4 and 5 
6 queens 

9 10 
4 10 17 
5 6 14 
4 4 12 

Con t ro l : l  ~ and8  
of each category 

The con t ro l  co lony was  nea r ly  al,ways the f i rs t  to move,  the  co lony  
p c p u l a t e d  by  w o r k e r s  of i n t e r m e d i a t e  age (ca tegory  3) m o v e d  a p p r o x i m a t e l y  
a t  the s ame  t ime.  The queens  -were al-ways the las t  to move.  Paradoxica l ly ,  
the  an t s  of age categor ies  4 a n d  5, a m o n g  "which the m o s t  ac t ive  ca r ry ing  
an t s  are  u sua l l y  recorded ,  -were no t  the  f i rs t  to m i g r a t e  ,when i so la ted  f r o m  
the i r  y o u n g e r  nes t -mates .  The e x p l a n a t i o n  can  be f o u n d  in  the  d i f fe rence  
in  b e h a v i o u r  d u r i n g  the  se t t l ing  of the  " o l d "  n e s t :  'while in  a b a l a n c e d  
colony,  or  in  a colony 'with ,workers of age ca tegory  3, the  ~vorkers soon 
ga the red  the  sca t t e red  larvae,  in  a co lony  w i t h  on ly  o lde r  'workers ,  the 
la rvae  'were left  for  a long t ime  alone.  This  b e h a v i o u r a l  d i f f e rence  is st i l l  
obse rved  ,when the  new  nes t  is p r o v i d e d :  the o lder  an t s  d i scove red  the ne w  
nes t  very  soon,  b u t  they only  took care  of the  larvae a f t e r  a r a t h e r  long t ime.  
The reverse  is obse rved  for the colonies  w he r e  on ly  y o u n g  an t s  are  p resen t .  
The an t s  s tayed  n e a r  the brood ,  a n d  s pe n t  a long t ime  be fo re  d i scover ing  
the new  nest .  The t ime spen t  be fore  the  e nd  of the  m i g r a t i o n  thus  de pe nds  
h ighly  of the  cohes ion  of the society.  

Not  on ly  d id  the queens  migra te ,  b u t  t h e y  ca r r i ed  the  larvae ,  a l though  
it  took  a r a t h e r  long t ime.  However ,  they  never  e x t r u d e d  the i r  s t ing  or  
d i sp layed  an  i n v i t a t i o n  s e q u e n c e ;  they reached  the  ne w  nes t  i n d e p e n d e n t l y .  
The i r  ab i l i ty  to move  'was h ighly  v a r i a b l e :  in  all  th ree  e x p e r i m e n t s  2-3 
queens  died, a n d  some of the su rv iv ing  queens  did  no t  p a r t i c i p a t e  in  the  
t r a n s p o r t  of the  b rood .  
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D I S C U S S I O N  

The t raff ic  m e a s u r e m e n t s  clearly indicate tha t  nes t -moving in Myrmica 
rubra is organized in three  dist inct  p e r i ods :  explorat ion,  emigra t ion ,  and  
final explorat ion.  

We do not  k n o w  if the ants  m a r k  the new nest  dur ing  the i r  f irst  
explorat ion,  and this possibi l i ty  should be investigated.  

I t  'was r epor t ed  tha t  Myrmica rubra m a r k s  any newly d i scovered  area  
'with a secret ion issued f r o m  the Dufour ' s  gland (CAMMAERTS et al., 1977). 
This secret ion has a recrui t ing effect  which  does not  last  for  m o r e  than  
3 min,  and also a long last ing m a r k i n g  effect. The br ie f  rec ru i t ing  effect  
could not  be very effect ive in our  exper imenta l  condit ions,  the scout  ants  
being very few at  the level of the new nest. The longer  las t ing ef fec ts  of 
this secretion,  however ,  could play a role in de te rmin ing  ~when the scouts  
will leave the newly '  d iscovered nest,  and  begin to recruit .  

The final explora t ion of the old nest  could be cons idered  s imply  as the 
prolongat ion  of the emigra t ion  period,  cor responding  to the t ime  needed  
by  the ants for  get t ing the in fo rmat ion  tha t  all the b rood  has  been  moved.  
However ,  such explora t ion could be  quite funct ional  in na tu ra l  cond i t i ons :  
as the s t ruc tu re  of the nest  is then  m o r e  intr icate,  adul ts  and  b r o o d  could 
be left  behind.  Besides,  in an unl imi ted  area,  more  ants  could get lost  
a round  the nest. 

During the emigrat ion,  two more  or  less over lapping phases  can be 
dist inguished. During the first,  g roup  rec ru i tmen ts  are  p e r f o r m e d ,  while 
carry ing behav iour  is the ma in  activi ty in the second. 

Two dist inct  r e c ru i tmen t  mechan i sms  occurr ing in two s o m e w h a t  
different  phases  have  been descr ibed in several  species of Leptothorax 
(M6CLICH, 1978). During the f irst  phase,  only t endem rec ru i tmen t s  were  
obse rved ;  the recrui ts  la ter  recru i t  themselves  ei ther  by t a n d e m  running  
or by t ranspor t .  

Group r ec ru i tmen t  ,was a l ready observed  dur ing foraging in Myrmica 
rubra (EIDMANN, 1927; CAMMAERTS, 1977; DLUSSKY et al., 1978). .It is also 
known to occur  dur ing nest-moving in Camponotus socius, (}-I/JLLDOBLER 1971). 
According to the descr ip t ion  given by CAMMAERTS, the invi tat ion behav iour  
of M. rubra appea r s  to be  s imilar  in bo th  moving and  foraging.  Possible  
differences could only be detected by more  re f ined  techniques.  On the 
o ther  hand,  the invi tat ion behav iour  seems to differ  in several  aspects  
be tween C. socius and M. rubra. The recru i te rs  p e r f o r m  br ief  runs  in bo th  
species, but  in M. rubra, the ,waggling and  jerking v ibra t ions  descr ibed  for  
C. socius have not  been  noticed. Moreover ,  in C. socius, the f i rs t  invi ta t ion 
is very s imilar  to those observed  dur ing food recru i tment ,  the m o t o r  display 
changing la ter  f rom a 'waggling to a je rk ing  movement .  In  M. rubra, no 
clear  evolution of the invi tat ion behav iou r  'was observed.  Also, in M. rubra, 
the invitat ion behav iour  is never  fol lowed by the aggregat ion of nes t -mates  
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a round  the recrui ter  as described for C. socius. Our observations however,  
suggest that  a chemical signal is involved in the invitation behaviour,  since 
are often alerted without  having been in contact  with the recruiters.  The 
opening wide of the mandibles during the whole invitation sequence suggests 
that  alarm pheromones f rom the mandibu la r  glands could be released at 
that  time. 

According to CAMMAERTS (1977), the recrui ter  emits the Dufour 's  gland 
pheromone  ,while leading a group towards  the food, and a trail pheromone  
issued f rom the poison gland ,when coming back  to the nest. She supports  
this conclusion by relating the aspect of t racks  left by the ants on smoked 
glasses, and the glandular origin of the pheromones  emitted. The tracks 
left by the tip of the abdomen 'while leading a group are short  and regularly 
spaced, in contrast  to those left when  laying a trail, which are much  longer 
and continuous (C.~MMAERTS-TRICOT, 1974b). The tracks observed during 
nest-movings do not fit 'well into those categories. The relation between 
the aspect of the tracks and the glandular  origin of the chemical cues may 
thus not be t ransposed to the very different  context that  is nest-moving. 

Transpor t  is used as a secondary means  of 'worker recru i tment  and 
about  20 % of the colony is carried to the new nest. The impor tance  of 
this recrui tment  technique is low when compared  to Formica fusca (M/SGLICl:t 
and H6LLDOBLER, 1975), and Leptothorax species (M/SGLICH, 1978), in which 
most  of the ants are carried to the new nest. Nest-mates are usually carried 
all the time during the emigrat ion period, but  in some movements ,  most  
were carried after the brood. This is at  variance 'with the results obtained 
by LANE (1977) in Leptothorax unifasciatus, where nest-mates are carried 
before the brood, and the queen is moved last. In our  experimental  
conditions, no ordering was noticed during brood  transport .  This is not  in 
accordance 'with the observations of LE MASNE (1953) in Ponera eduardi, in 
which eggs, larvae and pupae are carr ied successively. LE MASNE suggests 
that  this could be a general feature in ants  according to the observations of 
other  authors 'with other species. Most of these observations,  however,  
were made in emergency situations, ra ther  than in organized movings. 

In Myrmica rubra, one ant appears to carry  indifferently a nest-mate or 
a larva. ROSENGREN (1971) reports  that  in Formica rufa the ants which carry 
larvae and those which carry nest-mates belong to slightly different categories. 
However,  the circumstances were also somewhat  d i f ferent :  the t ranspor ts  
were made between two permanent  nests, not  f rom an old into a new one. 

During the movement,  all the carrying acts ,were effected by only 18-34 % 
of the workers.  This activity is age-dependent. The major i ty  of the carriers 
were found among the most  pigmented workers ,  whereas no callows 'worked. 
However,  individual activity varies greatly among the carriers, and most  of 
the carrying acts ,were made by only a few ants. During successive emigra- 
tions, the group of carriers, and in par t icular  the most  active ants among 
them, seems to be rather  stable. Specialisation is not so strong as it is in 
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s o m e  o t h e r  s p e c i e s :  in F o r m i c a  fusca ,  a few w o r k e r s  ( s o m e t i m e s  2 o r  3) 
p e r f o r m  al l  t he  t r a n s p o r t s  (MGcLICH a n d  HGLLDOBLER, 1975). I n  T a p i n o m a  
e r ra t i cum ,  h o w e v e r ,  t he  p e r c e n t a g e  of  a c t i ve  a n t s  m a y  r e a c h  70 % (MEUDEC, 
1977). 

Soc i a l  r e g u l a t i o n  p o t e n t i a l i t y  is v e r y  s t r o n g :  even  q u e e n s  o r  call(~ws 
a re  a b l e  to  m o v e  'wi th  t h e i r  l a r v a e  ,when i s o l a t e d  f r o m  the  r e s t  of  t he  co lony .  
I t  s e e m s  to  be  m o r e  i m p o r t a n t  t h a n  in s o m e  o t h e r  s p e c i e s :  in  F o r m i c a  
sangu inea  a n d  C a m p o n o t u s  se r i ceus  (M6GLICH a n d  H/JLLDOBLER, 1974), r e m o v i n g  
the  g r o u p  of  r e c r u i t i n g  a n t s  c o n s i d e r a b l y  i n c r e a s e s  t he  t i m e  n e e d e d  fo r  
m i g r a t i o n .  M o r e o v e r  the  co lon ie s  ,were a l m o s t  u n a b l e  to  ach ieve  a n  o r g a n i z e d  
e m i g r a t i o n  'when the  g r o u p  of  r e p l a c e m e n t  m o v e r s  'was r e m o v e d  in i t s  tu rn .  

T h a t  c a l l a w s  a r e  ab l e  to  c a r r y  b r o o d  has  a l r e a d y  b e e n  s h o w n  in o t h e r  
spec i e s  (MEUDEC, 1976). Though ,  i t  w o u l d  be  i n t e r e s t i n g  to  see  i f  r e c r u i t m e n t  
ac t s  a r e  p e r f o r m e d  b y  those  callo,ws in  ,which on ly  t h e  D u f o u r ' s  g l a n d  cou ld  
p r o d u c e  r e c r u i t m e n t  p h e r o m o n e .  I n d e e d ,  no  t r a i l  p h e r o m o n e  can  be  d e t e c t e d  
in t h e i r  p o i s o n  g l a n d  (CAMMAERTS-TRICOT a n d  VERHAEGHE, 1974) a n d  t h e y  do  
n o t  r e p o n d  to  t he  m a n d i b u l a r  g l a n d  s e c r e t i o n  (CAMMAERTS-TRICOT, 1974 a). 

At  f i r s t  s ight ,  i t  m a y  a p p e a r  a s t o n i s h i n g  t h a t  q u e e n s  a r e  a b l e  to  m i g r a t e  
w i t h  t h e i r  l a rvae .  H a w e v e r ,  q u e e n s  of  M. rubra  o f t e n  s h a w  a h igh  deg ree  
of  a u t o n o m y  ,when p l a c e d  in e x t r e m e  c o n d i t i o n s :  a f t e r  a l ong  p e r i o d  of 
s t a r v a t i o n ,  t h e y  m a y  leave  the  n e s t  to  ea t  o r  d r i nk .  Th is  c o u l d  be  l i n k e d  to 
the  f ac t  t h a t  M. rubra  is a r a t h e r  p r i m i t i v e  m y r m i c i n e ,  in  w h i c h  t h e  poly-  
m o r p h i s m  is l aw.  H o w e v e r ,  no r e c r u i t i n g  b e h a v i o u r  m a d e  b y  a q u e e n  has  
b e e n  o b s e r v e d .  Th is  c o u l d  be  r e l a t e d  to  the  l a c k  of  t r a i l  p h e r o m o n e  
p r o d u c t i o n  (PASTEELS a n d  VERHAEGHE, 1974). A m o n g  queens ,  t he  c a p a c i t y  to 
e m i g r a t e  a n d  c a r r y  l a r v a e  s e e m s  to v a r y  f r o m  one  i n d i v i d u a l  to  a n o t h e r .  
Th is  v a r i a b i l i t y  m a y  be  a g e - d e p e n d e n t ,  b u t  t he  i n d i v i d u a l  b e h a v i o u r  of  
q u e e n s  in p o l y g y n o u s  soc i e t i e s  r e m a i n  to be  m o r e  c lose ly  a n a l y s e d .  
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