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S UMMA R Y 

The  i n v e s t i g a t e d  spec ies  of  t h e  g e n u s  Leptothorax h a v e  s m a l l  c o l o n i e s  a n d  n e s t  in 
f r ag i l e  n e s t  s i tes .  T h u s  t h e y  d e p e n d  on  f r e q u e n t  ne s t  e m i g r a t i o n s ,  i f  t h e  eco logica l  
c o n d i t i o n s  a re  no  l o n g e r  f a v o r a b l e .  F i e l d  o b s e r v a t i o n s  of n e s t  s i t e s  o f  L. rugatulas 
a re  r e p o r t e d  a n d  e x p e r i m e n t s  s h o w  t h a t  even  s l i gh t  p h y s i c a l  d i s t u r b a n c e s  e a s i l y  r e l e a se  
n e s t  e m i g r a t i o n s .  Six  spec i e s  (L. muscorum, L. ragalulus, L. longispinosus, L. curvi- 
spinosas, L. acervoram a n d  L. crassipilis) u s e  b o t h  t a n d e m  r u n n i n g  a n d  c a r r y i n g  b e h a v i o r  
d u r i n g  n e s t  e m i g r a t i o n .  T a n d e m  r u n n i n g  is  s t r i c t l y  l i m i t e d  to t h e  f i r s t  p h a s e  o f  n e s t  
e m i g r a t i o n ,  w h e r e a s  c a r r y i n g  b e h a v i o r  is  t h e  p r e d o m i n a n t  t e c h n i q u e  (84 %) .  T h i s  is t h e  
f i rs t  case  d i s cove red  in  a n t s  w h e r e  t w o  d i f f e r en t  r e c r u i t m e n t  t e c h n i q u e s  a r c  e m p l o y e d  fo r  
d i f f e r en t  p u r p o s e s  d u r i n g  one  r e c r u i t m e n t  t a sk .  W o r k e r s  w h i c h  a r e  r e c r u i t e d  b y  t a n d e m  
r u n n i n g  i n s p e c t  t h e  n e w  n e s t  s i te .  I f  t h e y  accept  it,  t h c y  j o i n  t he  s c o u t  fo rce  a n d  l e ad  
or  c a r r y  n e s t m a t e s  to the  n e w  n e s t  b y  t h e m s e l v e s .  T h u s  t h e  r e c r u i t m e n t  o f  w o r k e r s  b y  
t a n d e m  r u n n i n g  s e rve s  to i n c r e a s e  t he  n u m b e r  of  ac t ive  s c o u t s  a n d  << m o v e r s  >> (<< r e c r u i t -  
m e n t  of  r e c r u i t e r s  >>). T h e  e f f ic iency  is  c o n s i d e r a b l y  h i g h e r  in  t h e  s p e c i e s  w h i c h  u s e  
t h i s  c o m b i n e d  t e c h n i q u e  t h a n  in  L. nylanderi, a spec ies  in  w h i c h  t a n d e m  in  o n l y  t h e  
oppos i t e  d i r ec t i on  cou ld  be  recorded .  T h e s e  r e v e r s e  t a n d e m s  do n o t  i n c r e a s e  t h e  n u m b e r  
of  scou t s .  I t  is  n o t  y e t  p r o v e n  w h i c h  w o r k e r s  r decide >> w h e t h e r  o r  n o t  s t i l l  m o r e  n e w  
r e c r u i t e r s  a r e  to be  r ec ru i t ed .  A h y p o t h e s i s  i s  d i s c u s s e d  t h a t  t h e  s e v e r i t y  o f  t h e  eco logica l  
c o n d i t i o n s  i n s i de  t h e  old n e s t  a f fec ts  t he  b e h a v i o r a l  t h r e s h o l d  o f  worke1"s to  r e s p o n d  to 
t h e  s i g n a l s  of  a t a n d e m  ca l l i ng  n e s t m a t e .  

Z USAMMENFASS UNG 

Sozia|e Organisation des Nestumzuges 
bei Leptothorax (Hym., Form.) 

Die u n t e r s u c h t e n  A r t e n  de r  G a t t u n g  Leptothorax b i l d e n  k l e ine  K o l o n i e n  a n  Nes t -  
p l i i tzen,  de r en  5ko log i sche  B e d i n g u n g e n  s ich  l e i ch t  v e r i i n d e r n  k 6 n n e n .  A u s  d i e s e m  G r u n d  
m i i s s e n  sic hi iuf ig einer~ n e u e n  N e s t p l a t z  s u c h e n  u n d  die  g e s a m t e  K o l o n i e  d o r t h i n  
v e r l a g e r n .  F r e i l a n d b e o b a c h t u n g e n  h a b e n  gezeigt ,  d ab  s c h o n  ger inge ,  y o n  u n s  a m  Nes t  
i n d u z i e r t e  S t S r u n g e n  N e s t u m z i i g e  a u s l 6 s e n .  6 von  7 u n t e r s u c h t e n  A r t c n  (L. muscorum, 
L. rugatulus, L. longispinosus, L. curvispinosus, L. acervorum u n d  L. crassipilis) 
v e r w e n d e n  b e i m  N e s t u m z u g  s o w o h l  den  T a n d e m l a u f  a l s  a u c h  T r a g e v e r h a l t e n ,  u m  Nes t -  
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genossinnen in das neue Nest zn bringen. Tandemrekrutierung ist aussehlieBlich auf die 
erste Phase der Nestemigration beschr~inkt, w~ihrend die meisten Arbeiterinnen zum neuen 
Nest getragen werden (84 %). Es konnte erstmals fiir Ameisen nachgewiesen werden, dab 
zwei verschledene Rekrutierungsweisen zur Organisatlon einer Rekrutierungsaufgabe 
verschiedene Funktionen besltzen. Arbeiterinnen, die im Tandem rekrutiert werden, 
untersuchen den Nestplatz in gleicher Weise wie die ersten Kundschafterinnen. Wird 
der Nestplatz akzeptiert, dann beteiligen sle sich aktiv am Umzug, indem sie selbst Nest- 
genossinnen zum neuen Nest fiihren oder tragen. Die Tandemrekrutierung zu Beginn 
eines Nestumzuges erhSht somit die Zahl der Kundschafterinnen sowie der Tr~iger 
(>>recruitment of recruitersr Dadurch wird eine schnellere Verlagerung der Kolonie 
ermSglicht. Bei L. nylanderi wurden nur Tandempaare entgegen der Umzugsrichtung 
beobachtet, wodurch die Zahl von Rekruteuren nicht erh6ht wird. Wir konnten noch nicht 
kHiren, durch welche Arbeiterinnen es >>entschieden(r wlrd, ob immer noch neue Nest- 
genossinnen als Rekruteure geworben werden sollen. Wir nehmen an, dab die 5kolo- 
gischen Bedingungen im alten Nest die Antwortschwelle der Arbeiterinnen herabsetzen, 
den Signalen sterzelnder Nestgenossinnen zu folgen. 

I N T R O D U C T I O N  

Nest emigra t ions  are common among the social  insects and serve severa l  

different  purposes  (see r e v i e w  in WILSON, 1971). In m a n y  social  H y m e n o p t e r a  

and in some of the h igher  termites  colony mult ipl icat icm is ach ieved  by a par t ia l  

nest emigrat ion.  Fo r  example  w h e n  a honey  bee colony reaches  a ce r ta in  

degree of congest ion in the spring,  the old queen and a por t ion  of w orke r s  
depar t  and move to a new nest site. This  mode of colony mul t ip l i ca t ion  is 

also employed  by several  ant species w h i c h  form large polygynous  societies.  

A second major  type of nest emigra t ion  involves  the whole  co lony  and is 

i ndependen t  f rom reproduc t ion .  Social  insect  colonies  w h i c h  are no longer  

able to cope wi th  changes of thei r  env i ronmen t  are forced  to move to o ther  

nest sites. A cons iderable  decrease in food supply, a drast ic  change in 

t empera tu re  or  humid i ty  or  an increase  in pressure  by enemies  and compet i to r s  

can force a colony to move to a new nest site. Espec ia l ly  those species w h i c h  

form small~ societ ies  and are therefore  less able to regulate  t empera tu re  and 

humid i ty  by the i r  own means  and w h i c h  often occupy  re la t ive ly  unstable  

nest ing sites are occas ional ly  requ i red  to emigrate  to o ther  locali t ies.  

The  ant genus Leptothorax belongs to this group (GSsSWALD, 1932; TALBOT, 

1957). Leptothorax colonies  can f requent ly  be observed  in the field moving  

f rom one site to another,  yet  very lit t le has been learned  about the social  

organiza t ion  of nest emigra t ion  in this ant genus. 

MATERIALS AND METHODS 

Seven species of Leptothorax which were collected from several localities in West- 
Germany and USA (table I) were included in this study. Entire colonies were housed 
in artifieial nest chambers made with plaster of Paris or in little cardboard chambers 
(2 • 6 • 0.2 era). The latter nest type was ideal for observing the behavior of the 
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TABLE I. - -  Species of Leptothorax inves t iga ted  in th is  s t u d y ;  nes t  site a nd  local i ty  are 
indicated.  

TABELLE I. - -  Nestpl~itze und  Fundor te  der  u n t e r s u c h t e n  Leptothorax-Arten. 

Species Nest site Locality 

L. nylanderi (Foerster) . . . . . . . .  

L. aceroorum (Fabr.) . . . . . . . . .  

L. muscorum (Nyl.) . . . . . . . . . .  

L. longispinosus (Roger) . . . . . .  

L. curuispinosus (Mayr) . . . . . . .  

L. rugatulus (Emery) . . . . . . . . . .  

L. crassipilis (Wheeler) . . . . . . .  

�9 Hollow twigs.  

Hollow twigs. 

Hollow twigs. 

Acorns. 

Acorns. 

Under  rocks. 

Under  rocks. 

Oak forest  ne a r  F r a nk fu r t ,  
W e s t - G e r m a n y .  

Nt i rnberger  Reiehswald ,  
W e s t - G e r m a n y .  

Nfirnberger  Reichswald ,  
W e s t - G e r m a n y .  

Es tahrook  Woods ,  
Oak fo res t  ne a r  

Concord, Mass., U.S.A. 
Es tabrook  Woods ,  

Oak fores t  ne a r  
Concord, Mass.,  U.S.A. 

Chi r i cahua  Mounta ins ,  
Portal ,  Arizona,  U.S.A. 
Chi r icahua  Mounta ins ,  
Portal ,  Arizona,  U.S.A. 

a n t s  inside the nes t  and it also al lowed the easy t r a n s f e r  of whole colonies du r ing  
expe r imen t s  w i t h o u t  any  dis turbance .  The colonies were fed wi th  h o n e y w a t e r  and  insect 
prey (cockroaches) and  had  access to a water  supply  located in the  s u r r o u n d i n g  foraging 
arena.  

In  order  to release nes t  emigra t ions  I removed the covering red glass  l ids  and  exposed 
the  colonies to a b r igh t  l ight  source.  T h u s  I changed ecological fac tors  l ike l ight ,  
h u m i d i t y  and  t empe ra tu r e  wi th in  the  nes t  chambers .  S i m u l t a n e o u s l y  I offered one or 
more  n ew  nes t  chamber s  in an  ad jacen t  a rena  wi th  op t imal  condi t ions .  Both  a renas  
were connected by wooden bridges over which  the  a n t s  could move  to the  new nes t  
sites. The e t h o g r a m s  were taken  e i ther  by tape recording of verbal  descr ip t ions  or 
b y  a 10-channe l  event  recorder (Miniscript  Z, BBC Metrawat t ,  Niirnberg,  Wes t -Germany) .  
In order  to get da ta  concerning divis ion of labor, behav iora l  specializiation and  par t ic i -  
pa t ion  of ind iv idua l  workers  dur ing  different stages of the  nes t  emigra t ion ,  I t r ied 
several  m a r k i n g  techniques .  Unfo r tuna t e ly  all a t t e mp t s  fa i led  due to the  smal l  size 
and  the considerable  sens i t iv i ty  of  the  Leptothorax workers  to pa in t .  W h e n  I succeeded 
in apply ing  t iny  pa in t  spots,  n e s t m a t e s  removed the m a r k s  by in t ens ive  grooming.  I 
also applied microscopic f luorescent  dus t  by blowing it dry t h r o u g h  cap i l l a ry  tubes  onto 
the  ants .  However,  th i s  me thod  also fai led because I could no t  p reven t  o ther  workers  
f rom being con tamina ted .  For  some observa t ions  I m a r k e d  a few a n t s  by clipping 
one or bo th  epinota l  spines  in addi t ion  to j u s t  one spot  of pa in t .  The  behav ior  then  
h ad  to be observed t h r o u g h  a movable  microscope to de te rmine  the  iden t i t y  of a single 
ant .  This  m e thod  was l imited,  however,  to very smal l  colonies. Thus ,  because all 
a t t empted  m a r k i n g  techniques  were unsa t i s fac to ry ,  I was  forced to de t e rmine  the  par t i -  
c ipat ion of  ind iv idua l  workers  by wa tch ing  a single worker  du r ing  the  whole  exper iment .  
This  m e th o d  was  ex t remely  t ime  consuming  especial ly since very  of ten  s ight  contact 
could not  be m a i n t a i n e d  t h r o u g h o u t  the  exper iment .  

The field work  was  conducted in the Chir icahua  Moun ta in s  ne a r  the  Sou thwes te rn  
Research  Stat ion in Portal ,  Arizona. 
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EXPERIMENTS AND RESULTS 

1. Field observations on nest sites 
and nest moving in Leptothorax rugatulus 

L. rugatulus c a n  be  f o u n d  n e s t i n g  u n d e r  r o c k s  or  in  c r e v i c e s  of  s p t i t t e d  

rocks .  Our  s t u d y  a rea  w a s  l o c a t e d  in  a m i x e d  o a k - j u n i p e r  f o r e s t  in  t h e  

C h i r i c a h u a  M o u n t a i n s  at an e l eva t ion  of abou t  2100 m. A p l o t  42.67 • 36.58 m 

Fro. 1. - -  Colony of Leptothorax rugatulus at na tura l  nest  site af ter  stone was turned  
over. Black arrows : Base of the nest  chamber ;  whi te  arrows : Remaining f ragments  
of the chamber  walls. 

ABB. 1. - -  Kolonie von Leptothorax regatulus an nat i i r l ichem Nestplatz nach Umdrehen 
des Steines. Schwarze Pfeile : Boden der Nes tkammer ;  WeiBe Pfeile : Reste der 
begrenzenden Sei tenwand der Nestkammer.  

w a s  s u b d i v i d e d  b y  a r e m o v a b l e  s t r i n g  g r i d  i n t o  s q u a r e s  of  9.3 ms.  T h e  a rea  

w a s  m o d e r a t e l y  s t e e p l y  s loped ,  a n d  n u m e r o u s  p o s s i b l e  n e s t  s t o n e s  w e r e  s c a t t e r e d  

a r o u n d .  

T h e  w h o l e  p o p u l a t i o n  w a s  f i rs t  c h e c k e d  on  one  d a y  b y  t u r n i n g  o v e r  e v e r y  
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s t o n e  on  t h e  p l o t  fo r  a t i m e  of a b o u t  1 m i n u t e  o r  less  f o r  i d e n t i f i c a t i o n  o r  

s a m p l i n g  of s i n g l e  w o r k e r s .  By c h e c k i n g  2091 t u r n a b l e  n e s t  s t o n e s  w e  f o u n d  

228 c o l o n i e s  of Leptothorax. A r a n d o m  s u b s a m p l e  of 51 c o l o n i e s  w a s  e x a m i n e d  

m o r e  c lose ly ,  w h i c h  r e q u i r e d  a s o m e w h a t  l o n g e r  e x p o s u r e ,  b u t  usual l .y  d i d  n o t  

e x c e e d  t h e  t i m e  of 5 r a in .  S i n c e  al l  c o l l e c t e d  s a m p l e s  c o n s i s t e d  e n t i r e l y  of 

L ~ ! 3.05 m 

J .  
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Fro. 2 . -  Dis t r ibu t ion  of colonies of Leptothora~ rugatulus in a mixed  oak- jun iper  
forest  a t  Chi r icahua  Mounta ins  near  Por ta l ,  Ar izona ;  e levat ion : 2100 m. Each 
t r i ang le  represents  one colony. 

A~m 2. - -  Karte  der  Koloniever te i tung von Leptothorax rugatalas in e inem Eichen-  
J u n i p e r u s  Wa ld  in den Chir icahua Mounta ins  (Portal ,  Arizona).  HShe : 2100 ra ii.M. 
Jcde Kolonie wird  durch  ein schwarzes Dreieck symbol is ie r t .  

L. rugatulus i t  is v e r y  l i ke ly  t h a t  t h e r e  w e r e  n o  o t h e r  ~pec i e s  of  Leptothorax 
p r e s e n t  i n  "~his a rea .  

T h e  c o l o n i e s  c o n t a i n e d  u s u a l l y  o n e  q u e e n ,  a n  a v e r a g e  of 109 w o r k e r s  ( r a n g e  

30 to o v e r  200) a n d  a n  u n e s t i m a t e d  a m o u n t  of b r o o d .  D r y  b r o w n  o a k  leaves ,  
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j un ipe r  needles, little twigs and a divers i ty  of other p lan t  mater ia ls  formed the 
bases of the nest  chambers ,  wh ich  showed flat, often unb roken  surfaces. Thus  
the whole colony was exposed after ihe stone was tu rned  (fig. 1). 

The ants were crowded together ei ther  on the top of the mater ia l  or ups ide  

down on the stone ceiling. Sometimes, however,  a few small chambers  were 
buil t  into the base of the nest. Although the space covered by the rock measured  
219 • 292 am 2 (range 32-1 800 am 2) the nest  chambers  were cons iderably  smal ler  
(24 • 17 cm2; range 2.4-63 cm2). The walls  conf ining the nest chambers  were  
const ructed out of fine mater ia l  like soil and small vegetation part icles.  

As the map of the dis t r ibut ion of Leptolhorax colonies shows (fig. 2), we 
found a max imum densi ty  of 7 colonies per  grid square but  most of the squares 
held fewer colonies (mean densi ty  1.5 ~_ 0.9 per  9.3 1112). The d i s t r ibu t ion  

seems to depend on the height of the slope, whereas nei ther  the n u m b e r  of 
available nest  sites no r  the pressure by other ant species seem to set l imi ta t ions  

on the d i s t r ibu t ion  of the popula t ion  (MSGLICH, in prep.).  

As we poin ted  out, ant species wi th  small  colonies and fragile nest  sites 

should be expected to conduct  nest  emigrat ions  relat ively often. What  do we 
cons ider  fragile nest  sites and  what  are the parameters  that  cause the ants 

to move in  the field ? As HOLLDOBLER (1976) showed, there can be in t ra -  and  
interspecif ic competi t ion.  When  colonies of Pogonomyrmex barbatus, P. mart- 
cope and P. rugosus establish their  foraging t e r r i to r ies ' too  close to each other, 
increases  in  aggressive in te rac t ions  can force weaker  colonies to emigrate.  

Although the field studies of L. rugatulus are not yet completed, there is no 
evidence for any int ra-  or interspecif ic  competi t ion leading direct ly to spacing  
by means  of nest emigrations.  Sometimes we found more than  one L. rugatulus 
colony unde r  one stone, or we found  L. rugatulus shar ing  the space u n d e r  

stones wi th  the nest  ent rances  and the uppe r  nest chambers  of other ant  species. 
We have no in fo rmat ion  about predators  and  there is no know n  slave r a id ing  
parasite.  A possible cause of nest  emigrations,  however,  are phys ica l  
dis turbances ,  i.e. t u rn ing  over of stones by erosion or larger animals.  

In  order  to test whether  such d is turbances  can lead to emigrat ion,  we tu rned  
occupied nest  stones several  times. We thereby broke up the enclosure  and  
exposed the colony to light for a short  per iod  wi thout  changing other parameters  
too much.  Of 207 colonies checked, 30 % had already moved after one t u r n  
of the i r  nest  stone. After we dis turbed them three times, 58 % of the colonies 

had  absconded their  nest  site. 

To test the effect of different per iods  of d is turbance  we set up two test 
groups. One was opened only less than  10 sec, the other about 5 min.  The 

percentage of nest  emigrat ions  did not  differ significantly.  We recorded 37 % 
(N = 162) in  the first case and 4 1 %  (N = 31) in the second one. Thus  a longer  
exposure to light does not increase the n u m b e r  of moving  colonies. Labora tory  

observat ions confirm that  species of Leptothorax tolerate exposure to l ight  as 
long as they are still  enclosed (e.g. ins ide  a na r row glass tube;  L. rugatulus, own 

observat ions;  L. duloticus, WILSON, 1975). 
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Because the appl ied dis turbance and the check ing  p rocedure  are ident ical ,  

we w e r e  not  able to set up a control  group to check  how m a n y  undis tu rbed  

colonies  emigra ted  dur ing the test per iod.  Nevertheless ,  we  have  ind i rec t  

ev idence  that  our  dis turbance p rov ided  the major  cause of nest  emigrat ion.  If 

we look at test groups where  the Second check occured  after  d i f ferent  t ime 

per iods  (6 [30], 10 [16], 11 [143, 12 [162] days;  N in [ ]), we  f ind  that  for  

all four  cases the por t ion  of emigra ted  nests do not differ  s ignif icantly.  The  

data are 30, 37, 28 and 36 % (mean 33 ~ 4 %). If there  had  been a large por t ion  

of nest emigra t ions  due to other  factors,  we  should have observed  more  nest 

emigra t ions  in the test groups whe re  the second check  occured  la ter  than w h e n  
it occu r red  ear l ier  (1). 

These  few exper iments  c lear ly  demonstra te  that  phys ica l  d i s tu rbance  easily 

affects the very  fragile nests of L. rugatulus and it is the re fore  obvious that  nest 

emigra t ions  play an impor tan t  role in the ecology of the species.  Fur the rmore ,  

if we cons ider  how easily other  Leptothorax species '  nes t  sites, such as acorns  

or hol low twigs on the ground,  can be dis located o r  destroyed,  it becomes clear  

h o w  impor t an t  i t  is for such small  colonies  to move quickly  to a new nest site. 

In the fo l lowing labora tory  study I invest igated the social  organiza t ion  and 

the communica t ion  techniques  w h i c h  enable Leptothorax to effect ively emigrate  
w i th  the ent i re  colony. 

2. B e h a v i o r  during nest e m i g r a t i o n  

If  one changes the light, t empera ture  and hunfidi ty condi t ions  of a laboratory  

colony of var ious  Leptothorax species and provides  a new enclosure  wi th  

opt imal  condi t ions ,  soon scouts wi l l  start  sea rch ing  for new nest  possibil i t ies.  

Newly  d i scovered  nest sites are inspec ted  by the scout ins ide  and outside, 

then she moves  out and back to her  colony. Sometimes she re turns  again 

to the new nest site repeatedly,  before  she finally starts to r ec ru i t  nest mates. 

Recent ly  we  have analysed the communica t ion  behav io r  invo lved  in r ec ru i tmen t  

in Leptothorax (M6GLICH et al., 1974). We d i s c o v e r e d  a new k ind  of signal in 

ant communica t ion ,  wh ich  we called chemica l  t andem calling. A re turn ing  

scout r ap id ly  antennates several  nestmates w h i c h  it encounters  ins ide  the nest. 

The rea f t e r  she turns around, slants her  gaster upwards  and w i t h  the sting 

ex t ruded  she discharges poison gland secret ion.  Nestmates are a t t rac ted  by this 

substance ( tandem call ing pheromone)  and as soon as one w o r k e r  touches the 

cal l ing ant, tandem running  starts. The  nestmate is then led to the new nest 

(1) We were not able to check, if previously absconded stones had been occupied 
by colonies. If this occured, then the actual percentage of nest emigrations could be 
larger than observed for one or more of the test groups. Out of 2091 suitable stones 
228 (11%) were occupied. After the test period, an average of 33 % of the occupied 
stones were found evacuated. If we assume that a previously occupied stone has the 
same probability of being moved to as a r new ~ stone, then the total probability for 
reoecupation calculates as 3.63 % (product of percentage of occupied stones being 
absconded (33 %) times the percentage of occupied stones (11%). Thus the percentage 
of nest emigrations could be at most 36.63 % (33 % + 3.63 %). 
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Fro. 3 . -  Chemica l  t a n d e m  ca l l ing  b e h a v i o r  of  a w o r k e r  of  Leptolhorax aeeruorum. 
The gas te r  is r a i s ed  u p w a r d s  in to  a s l a n t i n g  pos i t ion .  S i m u l t a n e o u s l y  t h e  s t ing  
is e x t r u d e d  a n d  po i son  g land  sec re t ion  is d i scha rged .  

ABm 3 . -  T a n d e m s t e r z e l u  e lne r  A r b e i t e r i n  yon Leptothorax aceruorum. W~ihrend die  
Gas ter  sehr~ig n a e h  oben a n g e w i n k e l t  is t ,  w i r d  de r  Staehcl  ausges t r eek t  u n d  Gif t -  
d r i i s ensekre t  abgegeben.  

FIG. 4 . -  T a n d e m  r u n n i n g  in Leptothorax rugatulus. A n e s t m a t e  is led  in to  t h e  
n e w  nes t .  

ABa. 4. - -  T a n d e m l a u f  bei  Leplothorax rugatulus. Eine  Nes tgenoss in  w i r d  in das  neue  
Nest  gef i ihr t .  



LEPTOTHORAX (HYM., FORM.) 213 

site. Dur ing  tandem runn ing ,  mechan ica l  and chemical  signals are involved to 
keep or to restore contact (fig. 3 and 4). 

In  addi t ion to rec ru i tment  by the tandem r u n n i n g  technique,  even more 
frequent ly  scouts can be observed ca r ry ing  nestmates to the  ne w  nest. The 
ca r ry ing  posture is typical  to that of most species of the subfami ly  Myrmic inae  
(see M6GLICH and HCiLLDOBLER, 1974). The t ranspor ted  ant is ei ther  seized at 
the mandibles ,  the r neck >> or the r cheeks >> and is curled over the head of the 
t ranspor t ing  worker  (fig. 5 a and  b). 

Tables II and III summarize  the data of several nest moving  exper iments  
conducted  wi th  seven species of Leptothorax. For  example, dur ing  5 nest 
emigrat ions  performed by 3 different colonies of L. muscorum the average 

. z  

a b 

Fit;. 5. - -  Carrying behavior in Leptothorax rugatulus. A worker (a) and a female (b) 
are carried into the new nest in the typical carrying posture of the Myrmieinae. 

AmL 5 . -  Trageverhalten bei Leptothorax rugalulus. Eine Arbeiterin (a) und ein 
Weibchen (b) werden in der fiir Myrmieinen typischen Tragehaltung in das neue 
Nest transportiert. 

por t ion  of workers  recrui ted by tandem r u n n i n g  is 14 % (11-17 %). Thus  
ca r ry ing  behavior  can be cons idered  the major  r e c r u i t m e n t  technique  being 
used dur ing  nest moving, and as tables I[ and II[ show, the same pat tern was 
obtained in most of the other Leptothorax species. 

3. The sociogram of nest emigration 

To obtain more detailed in format ion  on the temporal  organizat ion of nest 
enfigrations, all data concern ing  tandem r u n n i n g  and car ry ing  behavior  were 
recorded as ethograms over time. The results of 5 nest  emigrat ions  of 
L. nmscorum are given in  figure 6. The number  of ants recru i ted  by t andem 
r u n n i n g  or car ry ing  behavior  are plotted over time. For  bet ter  dis t inct ion,  
the curves for both behavior  pa t te rns  are graphed separately (C, T). In  addi t ion,  
figure 7 (a-d), shows the sociogram of 4 single nest emigrat ions in  detail. Each 
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TAaLE II.  - -  C o m p a r i s o n  of the  o rgan i za t i on  of  some nes t  e m i g r a t i o n s  of  7 species  of  
Leptothorax. 

Many m o r e  nes t  e m i g r a t i o n s  were  conducted b u t  were  recorded  in a d i f fe ren t  
way.  T h u s  some  of  the  conc lus ions ,  l ike the  cons ide ra t ion  of  L. curvispinosus and  
L. crassipilis a s  species which  gene ra l ly  use  t a n d e m  r u n n i n g  d u r i n g  the  f i rs t  s tage 
of nes t  e m i g r a t i o n  a r e  based  on  more  obse rva t i ons  t h a n  are  given in t h i s  table .  

* Record ing  uncomple t ed .  

TABELLZ II.  - -  O r g a n i s a t i o u  des Nes tumzuges .  Z u s a m m e n f a s s e n d e  Da ten  fi ir  e inige Nest-  
umziige yon 7 Leptothorax-Arten w e r d e n  vergl ichen.  

Es w u r d e n  zah l re iche  we i t e re  Nestumzi ige  durchgef i ihr t ,  die a b e r  in a n d e r e r  
Weise  au fgeze ichne t  w u r d e n .  Z u o r d n u n g e n  e inze lner  Ar ten  zu d e r  Gr uppe  yon  
Leptothorax, die zu Beginn yon  Nes tumzi igen  h~iufig im T a n d e m  rek ru t i e r en ,  b a s i e r e n  
deshald  a u f  we i r  m e h r  B eobach t ungen  als  in dieser  Tabelle  au fge f i i h r t  s ind  (z.B. 
L. curoispinosus, L. crassipilis). 

* Beobach tung  abgebrochen .  

Time Number 
Number until of 

start  of workers Species of recruit- 
colony merit carrying 

(rain.) workers 

Tandem to new Number 
nest site of Number  

tandem of 
pairs workers  

% to old carrying 
of total nest brood 

r recruit- site 
ment 

L, lnuscorllm 

1 35 135 
2 20 142 
3 30 230 
2 30 129 
3 30 193 

18 1 2  0 242 
21 13 0 248 
48 17 2 237 
23 15 0 234 
23 11 0 197 

L. rugatulus 

1 48 ' 48  
l 58 59 
1 118 61 
1 42 59 

12 20 0 29 
5 8 3 30 

" 9  13 0 32 
9 13 2 29 

L. longispinosus 

I 85 24 
1 70 22 
2 85 25 
1 77 -28 
1 71 23 
1 43 23 

7 23 0 ? 
8 27 0 ? 
5 17 0 ? 
3 10 0 96 
5 18 0 85 
1 4 0 90 

L. curpispinosus 1 55 42 2 6 5 136 
1 78 38 0 0 10 147 

1 70 27 * 12 ? * 0 ? 
2 30 179 1 1 0 239 

L. acervorum 3 15 60 0 0 0 120 
4 40 108 0 0 0 59 
4 42 93 ~ 0 0 0 176 
3 30 79 0 0 0 78 

L. crassipilis 1 115 127 1 1 ? 116 
1 235 71 9 13 14 ? 

L. nylanderi 

1 158 54 1 2 29 ? 
2 290 116 0 0 16 233 
3 40 21 2 9 1 90 
2 505 115 0 0 22 118 
4 154 71 0 0 6 63 
1 93 23 0 0 0 2 8  
5 375 18 1 5 1 57 
2 423 52 0 0 1 94 
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TABLE I I I .  - -  C o m p a r i s o n  of p e r i o d  of  t i m e  a n d  p o r t i o n  of t a n d e m  a n d  c a r r y i n g  r e c r u i t -  
m e n t  d u r i n g  n e s t  e m i g r a t i o n  of  7 spec ies  of L e p t o t h o r a x .  

TABELLE I I I .  - -  P r o z e n t u a l e r  A n t e i l  u n d  Z e i t v e r l a u f  yon T a n d e m l a u f  u n d  T r a g e v e r h a l t e n  
bei  N e s t u m z i i g e n  yon  7 L e p t o t h o r a x - A r t e n .  

Species 

Port ion 
Time between Time between of nest  Port ion 

Number  first tandem first carrying emigrat ions of total  
of nest and first behavior and completed recrui tment  

emi- carrying terminat ion at the end accomplished 
grat ions behavior  of tandem of tandem by tandem 

(min.) (min.) recrui tment  (%) 
(%) 

L. m u s e o r a m  . . . . .  5 

L.  r u g a t u l u s  . . . . . .  5 

L.  l o n g i s p i n o s z z s  . . .  6 (3) 

L. c u r v i s p i n o s u s  . . .  2 

L.  a c e r o o r u m  . . . . .  1 

L. c r a s s i p i l i s  . . . . .  1 

21 -4- 14 29 -- 6.5 33 -- 6.7 14 -4- 2.4 

32 ---- 23.5 51 -4- 37.9 41 ----. 21.6 14 -- 5.0 

43----- 16.5 0.8 -4- 2.0 11 -4- 6.8 17 • 8.4 
(3) 

32 -4- 45 .3  0 3.0 -4- 4 ,2  3.0 -4- 4.2 

5 0 1 1 

25 20 23  7.0 --  8.5 

L. n y l a n d e r i  . . . . . .  8 - -  - -  2 • 3.3 
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FIG. 6. 

R e c r u i t m e n t  b y  c a r r y i n g  b e h a -  
v i o r  ( C )  a n d  t a n d e m  r u n n i n g  
( T )  d u r i n g  5 n e s t  e m i g r a t i o n s -  
of  3 d i f f e r en t  c o l o n i e s  of 
L e p t o t h o r a x  m u s c o r u m  ( to t a l  
n u m b e r  of a n t s  ove r  t i m e ) .  

ABB. 6. 

R e k r u t i e r u n g  d u r c h  T r a g e v e r -  
h a l t e n  (C) u n d  T a n d e m l a u f  
( T )  bei  5 N e s t u m z f i g e n  yon  
d re i  v e r s c h i e d e n e n  K o l o n i e n  
von  L e p t o t h o r a x  m u s c o r u m  

( G e s a m t a n z a h l  yon  A m e i s e n  
gegen  die  Ze i t ) .  

TIME (min) 
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Fro. 7. - -  Sociograms of 4 nes t  emi-  
e gra t ions  in Leplo thorax  muscorum.  

Each column represen ts  a 5-rain 
count  of the  n u m b e r  of ca r ry ing  

acts (C, above O-line) and  t andem pai rs  (T, below O-line). The t ime  of the  first 
r ec ru i tmen t  is ind ica ted  in mln  above the first column. 

ABa, 7 . - - S o z i o g r a m m e  yon 4 Nestumzfigen bet Lepto thorax  muscorum.  Die S~iulen 
geben die Anzahl  yon Trageakten  (C, oberha lb  der  O-linie) sowie der  T a n d e m p a a r e  
(T, u n t e r b a l b  der  O-Linie) ffir 5-min  In te rva l le  an. Die Zei t  vom Beginn  des 
Exper imentes  bis  zu r  ers ten  Rekru t i e rung  is t  in rain fiber der  ers ten  SSule angegeben.  

c o l u m n  r e p r e s e n t s  a 5 - m i n  c o u n t ;  c o l u m n s  b e l o w  t h e  O- l ine  s h o w  t h e  t a n d e m  

r u n n i n g  (T) a n d  t h o s e  a b o v e  s h o w  t he  c a r r y i n g  r e c r u i t m e n t  (C). 

T h e  d a t a  of  e x p e r i m e n t s  w i t h  L. m u s c o r u m  as p r e s e n t e d  i n  fig. 6 a n d  7 

u n c o v e r  t h e  f o l l o w i n g  p a t t e r n s  : 1. Nes t  e m i g r a t i o n s  s t a r t  w i t h  t a n d e m  r u n n i n g .  

In  f o u r  e a s e s  w e  o b s e r v e d  t a n d e m s  d u r i n g  20-40 r a i n  b e f o r e  t h e  f i r s t  w o r k e r  w a s  

c a r r i e d .  2. N e v e r  d o e s  t a n d e m  r e c r u i t m e n t  c o n t i n u e  t h r o u g h  t h e  e n d  of  t h e  

n e s t  e m i g r a t i o n .  I t  s t o p s  a t  a n  a v e r a g e  t i m e  of  29 r a i n  (20-35 m i n )  a f t e r  c a r r y i n g  
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behavior  s':arted. Thus t andem recru i tment  is te rminated  at a t ime when  an 
average of 33 % (26-40 %) of the total rec ru i tment  task is completed.  3. The 
f requency of t andem pairs  remains  relative constant,  whereas  the n u m b e r  of 
ca r ry ing  ants per  time in terva l  increases considerably  dur ing  the first stage of 
recrui tment .  There  are two possible exp l a na t i ons :  Ei ther  the same n u m b e r  of 
carr iers  work  faster over t ime or the n u m b e r  of carr iers  increases.  Since a 
recru i t ing  in terva l  (picking up a nestmate - -  r u n n i n g  to the new nest  - -  d ropp ing  

the nesimate  - -  r u n n i n g  back to the old nest  and rec ru i t ing  again) does not 
decline s ignif icant ly dur ing  the nest emigrat ion,  more and more  workers  must  
start to car ry  nestmates. This  suggests that the pool of recru i te rs  is enlarged 
by the first workers  be ing recrui ted,  which  are the t andem followers. The 
compar ison  of the four sociograms in figure 7 demonstrates  quite clearly the 
consis tency of the temporal  organizat ion of nest emigrat ion.  Similar  pa t te rns  
were observed in  the other species of Leptothorax, which  wil l  now be discussed 
briefly. 

Leptolhora:r rugatulus 

We conducted  21 nest emigrat ion exper iments  wi th  this species. Figure 8 
gives one representa t ive  example and shows that the general  character is t ics  of 
the r ec ru i tmen t  procedure  are basical ly the same as in L. nmscorum, although 
the time per iods  of exclusive tandem recru i tment  and tandem te rmina t ion  are 
not so consis tent  in L. rugatulus (table III). 

Leptothorax longispinosus 

Three representat ive  cases out of 13 exper iments  are shown in  figure 9 (a-c). 
Because we only had small colonies of this species to work  with,  the frequencies  
of both rec ru i tment  techniques  were much  lower. Nevertheless,  the overall 
pat tern  of nest  emigrat ion is sim{lar to that of the two species discussed above. 
An in teres t ing  difference seems to be the temporal  separat ion of t andem and 
carrying,  wh ich  is indica ted  by a very short time in which  r ec ru i tmen t  is termi-  
nated after ca r ry ing  started (table l iD.  

Leptothorax curvispinosus 

Colonies of L. curvispinosus organize their  nest  emigrat ion basical ly in the 
same way as described,  al though 5 conducted  exper iments  showed a considerable  
number  of tandems going in  the opposite direct ion.  

Leptothorax acervorum 

In  L. aeervorum the organizat ion pat terns  differ among nest  emigrations.  
Tile start  by tandem was only observed twice out of 6 nest  emigrat ions.  Dur ing  
the exper iment  shown in  figure 10 only one tandem pa i r  was recorded before 
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I Fro. 8. - -  Soe iogram of  a nes t  
| | e m i g r a t i o n  of Leptothorax 
| l |  | rugatulus. (for de ta i l s  see 

h l l  I II ~ig. ~ oud text). 
�9 I lmnnlnun A,,a 8 - -  S o z i o g r a m m  eines I I I  " " . 

�9 i | I I== l= l l l= l l l  �9 -- Nestumzuges bel Leptothorax 
I I  i I I I  I I  ragatulus. (Einzelheiten siehe 

�9 I �9 �9 Abb. 7 und  Text).  

20 

a 2 16 I 

f ...... 

FIfi. 9. 

Fro. 9. - -  Soe iograms  of  3 nes t  e m i g r a t i o n s  of  Leptothorax longlspinosus. ( for  de ta i l s  
see Fig. 7 and  tex t ) .  

ABa. 9. - -  S o z i o g r a m m e  yon 3 Nes tumzi igen  bei Leptothorax longispinosus. (E inze lhe i ten  
siehe Abb. 7 u n d  Text) .  

Fro. 1 0 . -  Soe iogram of a nes t  e m i g r a t i o n  of  Leptothorax aceroorum. (for de ta i l s  see 
Fig. 7 and  text) .  

AaB. 1 0 . -  Soz iogram eines Nes tumzuges  bei Leptothorax acervorum. (Einze lhe i ten  
siehe Abb. 7 u n d  Text) .  

Fro. 11. - -  Soe iogram of a nes t  emig ra t ion  of  12 
Leptolhorax crassipilis. The wh i t e  co- 
l u m n s  r e p r e s e n t  the n u m b e r  of reverse  8 
t a n d e m s  (RT) pe r  5 -min  t ime  interval .  C 
( for  deta i l s  see Fig. 7 and  text) .  

4 
ABm 11. - -  S o z i o g r a m m  eines Nes tumzuges  

bei Leptothorax crassipilis. Die weiBen 
Shulen  geben die Anzah l  yon T a n d e m -  0 
p a a r e n  in en tgegengese tz te r  R ieh tnng  z u m  
N e s t u m z u g  an  (reverse t andems ,  RT).  4~ T II RT 
(Einze lhe i ten  s iehe Abb. 7 and  Text).  



LEPTOTHORAX (HYM., FORM.) 219 

the ca r ry ing  technique  took over completely. However,  dur ing  another  experi-  
ment  12 tandems were observed at the beginning.  Since in  addi t iona l  4 experi-  
ments  no r ec ru i tmen t  by t andem r u n n i n g  was recorded,  one can conclude that  
L. acervorum f requent ly  organizes nest  emigrat ions by the ca r ry ing  rec ru i tmen t  
technique alone (table II). 

Lepto thorax  crassipil is  

This  species also shows the typical  temporal  pat tern  of r ec ru i tmen t  proce- 
dures du r ing  nest  emigrat ion (8 experiments) .  However,  I r ecorded  here an 
unusua l  large number  of tandem recru i tments  in  the opposite direct ion,  i.e. from 
the new nest back to the old one (white colmnns in  fig. 11, RT). These reverse 
tandems tend to begin towards the end of the normal  tandem rec ru i tmen t  activity 
(old nest  to new nest). 

Reverse tandems also occurred very sporadical ly  in L. muscorum,  L. ruga- 
tulus, L. curv isp inosus  and L. longispinosus, whereas  in  L. acervorum I have not 
yet observed them. The i r regular i ty  of their  occurrence  suggests that  they may 
not play an impor tan t  role in nest emigration.  

Lepto thorax  ny lander i  

During  8 nest emigrat ions I observed reverse tandems even more frequent ly  
in  L. nylander i .  The case graphed in figure 12 starts wi th  ca r ry ing  behavior  
and does not show a single worker  recrui ted by tandem to the new nest. On 
the con t ra ry  I recorded 16 reverse tandems, which  seem to follow no regular  
time characteris t ics .  It is a genera l  result that reverse tandems - -  when  they 
occur - -  were  mostly dis t r ibuted throughout  the nest emigrat ion.  Table II 
summarizes  the results for all 8 nest emigrations.  I only saw a few regular  
tandems in three nest emigrations,  but recorded reverse t andems  in almost all 
experiments .  

In  order  to compare the efficiency of the rec ru i tment  to the new nest sites 
in L. nf f landeri  with  one of the other species, (e .g .L.  museorum)  I plotted the 
ca r ry ing  and tandem frequencies  of a nest emigrat ion of each slSecies over t ime 
(fig. 13). This  shows clearly that the number  of car ry ing  acts per  t ime interval  
(solid l ine) does not increase in L. nylanderi ,  whereas  L. m u s e o r u m  shows an 
exponent ia l  increase  of ca r ry ing  runs  dur ing  the first phase of the emigrat ion 
process (dashed line b). It can also be seen that this increase  coincides  wi th  
the per iod  of heavy tandem rec ru i tment  (dotted l ine a). This  result  suggests 
that L. m u s e o r u m  first recrui ts  new secondary recrui ters  by the t andem technique 
( recru i tment  of recrui ters) ,  and increases thereby the ca r ry ing  worker  force 
du r ing  the in i t ia l  phase of nest emigrat ion.  It also indicates  that  the <( reverse 
tandems ~), recorded in L. ny lander i  do not have the same effect. 

Thus  the system employed by L. muscorum is cons iderably  more  efficient 
(with a mean  ca r ry ing  rate of 3.8 workers / ra in)  than that of L. n y h m d e r i  
(0.9 worker / r a in ) .  With these different efficiencies the same por t ion  of both 

INSECTES SOCIAUX, 1978, V. 25, ~~ 3. 15 
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Fire 12. 

Sociogram of a nest  emigra t ion  
of Lep to thorax  ny lander i .  (for 
details  see Fig. 7 and  11, and 
text). 

ABB. 12. 

Soziogramm eines Nes tumzuges  
bet Lep to thorax  ng lander i .  
(Einzelheiten si.ehe Abb. 7 und 
11 sowle Text). 

FIG. 13. - -  Comparison of recrui tment  
efficiency (in number  of ants  recruited) 
during a nest  emigrat ion of Lepto thorax  
m u s c o r u m  (dotted line a = t andem 
recru i tment ;  dashed line b = carrying 
recrui tment)  and Lepto thorax  ng lander i  200-  

(solid l ine ----- carrying recrui tment) .  
The period of t ime f rom the s tar t  of 
carrying differs in both  spec ies :  t ime 
axis * = L. nglander i ;  t ime axis 0 =- L. 
muscorum.  The arrow indicates the z 1so- 
point ,  where  the carrying recrui tment  
of L. muscorum exceeds that  of L. 
nglanderi .  5 

t~ 
o 

ABB. 1 3 . -  Vergleich yon Rekrut ierungs-  ~: loo- 
effektivit~it (Anzahl yon Ameisen, die ~. 
rekrut ie r t  werden) zwischen einem Nest- o 
nmzug yon Lep to thorax  muscorum (ge- :~ 
punktete  Linie a = Tandeml~iufe; ges- 
tr ichelte Linie b ---- Trageakte) und 
Lep to thorax  nglander i  (durchgezogene so -  

Linie = Trageakte). Fiir beide Arten 
gelten versehiedene Zeitaehsen : Zei- 
tachse * = L. nglander i ;  Zeitachse 0 = - 
L. muscorum.  Der Pfeil markier t  den 
Zeitpunkt,  an dem die Zahl der getra- o- 
genen Arbei ter innen yon L. muscorum 
die yon L. ng lander i  iibersteigt. 
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c o l o n i e s  is m o v e d  32 ra in  (L.  m u s c o r u m )  or  72 m i n  (L.  n y l a n d e r i )  a f t e r  c a r r y i n g  

r e c r u i t m e n t  s t a r t e d  (see a r r o w  in  f igure  13). 

T h e  r e su l t s  so f a r  d e m o n s t r a t e  t h a t  e x c e p t  fo r  L. n y l a n d e r i  all o t h e r  L e p t o -  

t h o r a x  s p e c i e s  s t u d i e d  s h o w  b a s i c a l l y  t h e  s a m e  t e m p o r a l  p a t t e r n  of r e c r u i t m e n t  

d u r i n g  nes t  e m i g r a t i o n s  : D u r i n g  the  f i r s t  p h a s e  s co u t s  r e c r u i t  n e s t m a t e s  b y  t h e  

t a n d e m  r u n n i n g  t e c h n i q u e ,  w h e r e a s  d u r i n g  t h e  s e c o n d  p h a s e  the  c o l o n y  is  

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

d u r i n g  the  f i rs t  p h a s e  a d d i t i o n a l  p o t e n t i a l  c a r r i e r s  a r e  r e c r u i t e d  b y  t a n d e m !  

r u n n i n g .  A f t e r  i n s p e c t i n g  the  n e w  n e s t  s i t e  t h e y  in  t u r n  m a y  also r e c r u i t  a d d i -  

t i o n a l  r e c r u i t e r s  b e f o r e  f ina l ly  t he  w h o l e  c o l o n y  is  m o v e d  by  t h e  c a r r y i n g  

t e c h n i q u e .  
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4. Behavior of  indiv idual  workers  

I a t tempted to test this hypothesis  by gather ing COUlplete ethograms of 
ind iv idua l  ants. Since I did not  succeed in m a r k i n g ' i n d i v i d u a l  ants, I conti- 
nuous ly  observed single ants which  were being led in  tandem dur ing  the first 
par t  of the nest  emigration.  Because the ants  were  not  marked,  m a n y  were lost 
from sight dur ing  the experiment.  If there was the slightest doubt  of the iden-  
tity, the exper iment  was stopped and started again on another  day. Those ants 
we have been able to follow through the major  par t  of the nest  emigrat ion 
(L. rugatulus, N = 6) showed exactly the behavior  predicted.  Three  typical  
ethograms are given in figure 14 (a-c). The graphs show the t ime intervals  
ind iv idua l  workers  spent wi th in  the old nest  (A), at the bridge and  connected 
arenas  (B), and  wi th in  the i nne r  chamber  of the new nest (C). Different 
ha tchings  d i s t i ngu i sh  the recru i t ing  behavior  of ca r ry ing  and t a n d e m  runn ing .  

After the workers  were recrui ted  by a tandem leader, it took them some 
t ime to assess the si tuat ion themselves (28_.+ 3 rain).  This  phase between an 
ind iv iduaFs  arrival,  passively led by a nestmate,  and  the start  as an active 
recru i te r  is character ized by f requent  locality changes between the i nne r  nest 
chamber  of the new nest and its outer a rena  and the bridge. The three workers  
left the new nest 4 - -  6 times and spent  roughly equal amounts  of t ime inside 
(43___ 1 1 % )  and outside the i nne r  chamber  of file new nest (51 ___ 14 %). Once 

they entered the old nest, they started to recrui t  almost at once (tel d nest 
2_____ 2 rain).  Worker  (a) (fig. 14, a) carr ied brood twice and nestmates 4 times 
into the new nest. She was very fast compared to the other two workers,  as 
ind ica ted  by an average total time for one rec ru i t ing  run  o f  2 . 0 _  0.5 min  
(N = 6). After the last ca r ry ing  run  the worker  came back to the old nest twice, 
but  met only other scouts there, because the nest  emigra t ion  was completed. 
The scouts refused being picked up by her  and she finally re tu rned  to the new 
nest. 

Worke r  (b) (fig. 14, b) recrui ted 5 nestmates by tandem before she started 
carrying.  Total  recru i tment  time was 10 .0_  2.3 rain per  run  (N = 4; two 
r ec ru i tmen t  runs  were not completed, because the follower was 'lost on the way 
to the new nest) no matter  if the tandenl  or the ca r ry ing  technique  was used. 

The th i rd  ethogram (fig. 14, c) demonstrates  the behavior  of a worker  which  
led one tandem and then switched to ca r ry ing  behavior  ( recru i tment  t ime 
7.5 ___ 1.3 rain per  run ;  N ---- 3; one worker  was picked up at the bridge). 
I i nc luded  this example because this worker  seemed to need m a n y  reassurances  
even after she started recruit ing.  This is shown by the f requent  swi tch between 
inne r  chamber  and arena or bridge after the first active tandem and after the 
first ca r ry ing  rec ru i tment  as well. 

To summarize  the demonstra ted ethograms and  other addi t iona l  single- 
worker-observat ions,  we found that in  all cases the worker  wh ich  was recrui ted 
by t andem became an active recru i te r  herself,  leading a n d / o r  ca r ry ing  other 
nestmates  to the new nest site throughout  the whole nest emigrat ion.  
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FIG. 14. ~ E t h o g r a m  o f  s i n g l e  t a n -  
d e m  f o l l o w e r s  o f  Leptothorax 
rugatulus. T h e  g r a p h s  s h o w  t h e  
t i m e s  ( h o r i z o n t a l  a x i s )  s p e n t  by  
t h r e e  d i f f e r en t  w o r k e r s  (a, b, c) 
a t  t h r e e  d i f f e r en t  l o c a l i t i e s  : A : 
The  old  n e s t  w i t h  u n f a v o r a b l e  
c o n d i t i o n s ;  B : A r e n a  o f  t h e  n e w  
n e s t  a n d  b r i d g e  w h i c h  c o n n e c t s  
b o t h  n e s t s ;  C : I n n e r  c h a m b e r  o f  
t h e  n e w  nes t .  T h e  h a t c h i n g s  re -  
p r e s e n t  t h r e e  d i f f e r e n t  c a t e g o r i e s  
of  b e h a v i o r  : B l a c k  : C a r r y i n g  
b e h a v i o r ;  S t r i ped  : T a n d e m  r u n n -  
i n g ;  Dot ted  : Al l  o t h e r  a c t i v i t i e s  
w h i c h  a r e  p e r f o r m e d  b y  t h e  a n t  
w i t h o u t  c o n t a c t  to  o t h e r  a n t s  
(wh ich  i n c l u d e s  in  t h e s e  o b s e r v a -  
t i o n s  : W a l k i n g ,  r e s t i n g ,  s e l f -  
g r o o m i n g ) .  T h e  r e c o r d i n g  s t a r t s  
a t  t h e  m o m e n t  w h e n  t h e  w o r k e r  
loses  t a n d e m  c o n t a c t  to  h e r  l e a d e r  
a n t  i n s ide  t h e  i r iner  c h a m b e r  o f  
t h e  n e w  nes t .  I n  a a n d  e t h e  
w o r k e r  w a s  o b s e r v e d  t h r o u g h  t h e  
w h o l e  e x p e r i m e n t ;  w o r k e r  b w a s  
los t  ou t  of  s i g h t  s h o r t l y  b e f o r e  t h e  
n e s t  e m i g r a t i o n  w a s  c o m p l e t e d .  
The  n u m b e r  o f  w o r k e r s  e n c o u n -  
t e red  w i t h  i n v i t a t i o n  b e h a v i o r  
( a n t e h n a t i n g )  b e f o r e  t a n d e m  o r  
c a r r y i n g  s t a r t e d  is  i n d i c a t e d  a t  
t h e  b e g i n n i n g  o f  e ach  r e c r u i t m e n t  
run .  In  t h e  ease  o f  c a r r y i n g  
b e h a v i o r ,  i t  is  d i s t i n g u i s h e d  w h e -  
t h e r  a w o r k e r  (~V) o r  b r o o d  (B) 
w a s  ca r r i ed .  

5min 

ABB. 14. - -  E t h o g r a m m  v o n  i n d i v i -  
d u e l l e n  T a n d e m f o l g e r i n n e n  y o n  
Leptothorax rugatulus. Die D ia -  
g r a m m e  ze igcn  die  Z e i t e n  (ho r i -  
z o n t a l e  Aehse) ,  d ie  y o n  dre i  ve r -  
s c h i e d e n e n  A r b e i t e r i n n e n  (a, b, 
c) an  drei  Or t en  d e r  V e r s u e h s -  
a n l a g e  v e r b r a e h t  wu~ 'den .  A : 
Al tes  Nes t  m i t  s e h l e e h t e n  5ko lo -  
g i s e h e n  B e d i g u n g e n  ; B : A r e n a  
des  n e u e n  Nes t e s  u n d  Br i i eke ,  d ie  
be ide  N e s t e r  v e r b i n d e t ;  C : I n -  
nc re  K a m m e r  des  n e u e n  Nes t e s .  

F o l g e n d e  S y m b o l e  so l l en  die a n  den  e n t s p r e e h e n d e n  Or t en  geze ig ten  V e r h a l t e n s w e i s e n  
w i e d e r g e b e n .  S e h w a r z  : T r a g e n  y o n  N e s t g e n o s s i n n e n ,  W e i b c h e n  ode r  B r u t ;  S e h r a f -  
f ier t  : T a n d e m f i i h r e n  y o n  N e s t g e n o s s i n n e n ;  R a s t e r  : Al le  a n d e r e n  V c r h a l t s e n s w e i s e n  
o h n e  d i r e k t e n  K o n t a k t  zu  N e s t g e n o s s i n n e n  (h ie r  : L a n f e n ,  a m  Ort  v e r h a r r e n ,  P u t z e n  yon  
A n t e n n e n  u n d  B e i n e n ) .  Die R e g i s t r i e r u n g  b e g i n n t  j e w e i l s  d a n n ,  w e n n  d ie  A r b e i t e r i n  
in  de r  i n n e r e n  K a m m e r  des  n e u e n  Nes t e s  den  K o n t a k t  zu  i h r e r  T a n d e m f i i h r e r i n  
ver l ie r t .  In  den  E x p e r i m e n t e n  a u n d  c k o n n t e  die  A r b e i t e r i n  j e w e i l s  f i be r  den  
g e s a m t e n  N e s t u m z u g  h i n w e g  b e o b a c h t e t  w e r d e n ,  w~ihrend d ie  A r b e i t e r i n  in  E x p e -  
r i m e n t  b n a c h  d e m  T r a g e a k t  a u s  de r  K o n t r o l l e  v e r l o r e u  w u r d e .  Die  Z a h l  d e r  
N e s t g e n o s s i n n e n ,  die  vo r  d e m  j e w e i l i g e n  R e k r u t i e r u n g s a k t  d u r e h  A n t e n n e n b e t r i l l e r n  
a u f g e f o r d e r t  w u r d e n ,  i s t  zu  B e g i n n  j e d e s  R e k r u t i e r u n g s l a u f e s  a n g e g e b e n .  An  g l e i e h e r  
Stel le  w u r d e  z w i s c h e n  T r a g e n  e i n e r  A r b e i t e r i n  O,V) ode r  B r n t  (B) u n t e r s e h i e d e n .  
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These results lead necessar i ly  to the quest ion : What  is the behav io r  of those 

workers  w h i c h  are car r ied  into the new nest ? Again we induced  nest emigra-  

t ions in L. rugatulus and observed  6 single worke r s  w h i c h  had  been carr ied .  

It t u rned  out that  they did not go back to the old nest to r ec ru i t  by themselves  

(see fig. 15). Although the first worke r s  car r ied  in a nest emigra t ion  brief ly 

Fro. 15. 

Ethogram of a single worker after 
being carried to the new nest 
(for details see Fig. 14). 

ABB. 15. 

Ethogramm einer einzelnen arbei- 
terin, nachdem sic in das neue 
Nest getragen worden war. (Ein- 
zelheiten siehe Abb. 14). 
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left the new nest several, times, they never  went  back to the old nest to rec ru i t  

nestmates.  Workers  ca r r i ed  la ter  in the exper iment  did not  even leave the 

inne r  chamber  after they had been d ropped  down, but sat most ly together  w i th  
other  nestmates close to the brood.  

D I S C U S S I O N  

Species  of the ant genus Leptothorax rec ru i t  nestmates to new food sources  

exclus ively  by the tandem running  technique,  but nest emigrat ions  are organized 

by a r ec ru i tmen t  system in w h i c h  t andem runn ing  and ca r ry ing  behav io r  
interact .  

Six of the seven invest igated species of Leptothorax (L. muscorum, L. ruga- 
tulus, L. longispinosus, L. curvispinosus, L. acervorum, L. crassipilis) start  a 

nest emigra t ion  wi th  several  t andem rec ru i tmen t  acts, before the ent i re  colony 

is moved  by ca r ry ing  behav io r  in w h i c h  brood,  queens and worker s  are ca r r i ed  

by a few << movers  >> to the new nest site. Continuous observat ions  of ind iv idua l  

workers  (L. rugatulus) w h i c h  had just been led by tandem to the new nest site 

revea led  that  they became rec ru i te r s  themselves ;  I call this phenom enon  

<r r ec ru i tmen t  of recru i te r s  >>. This  process  occurs  exclusively  in the ini t ial  

phase of the nest emigrat ion,  and it  p robab ly  serves to increase  the number  of 

scouts inspec t ing  the new nest site before  a r decis ion >> is made  w h e t h e r  to 

move.  In addit ion,  r r ec ru i tmen t  of recru i te r s  >> also increases  the number  of 

act ive << movers  >>, and thereby  faci l i ta tes  an efficient nest emigrat ion.  
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As I po in ted  out, the worker s  r ec ru i t ed  by the tandem runn ing  t e c h n i q u e  

apparent ly  decide  by themselves  about the nest quali ty and w h e t h e r  or not  to 

recru i t  nestmates.  To be able to do so,  they need the same i n f o r m a t i o n  the 

first scouts have  acqui red ,  concern ing  the location,  distance,  d i rect ion,  di f f icul ty  

of te r ra in  and cond i t ions  of the new nest  site. Being led in t andem is far  more  

l ikely to p rov ide  all this  in fo rmat ion  then being pass ively  carr ied .  In  fact,  

I never  observed  a w o r k e r  w h i c h  was c a r r i e d  to the new nest  re turn  to the old 

nest site and become a recrui ter .  

Whi le  6 inves t iga ted  species of Leptothorax proved  extens ive ly  s imi la r  in 

the organiza t ion  of the i r  nest emigrat ions,  L. nylanderi showed  a d i f fe ren t  

pattern.  This  species  used almost exclus ively  ca r ry ing  behavior .  T a n d e m  pairs ,  

however ,  were  f requen t ly  observed in the opposite  d i rec t ion  of r ec ru i tmen t .  

Sometimes these reverse  tandems appeared  to be less stable than a t andem in 

the rec ru i t ing  d i rec t ion .  Often ne i the r  the leader  ant wa i ted  nor  the fo l l ower  

searched for t h e  r ec ru i t ing  ant if  the tandem contac t  was in te r rup ted .  I demons-  

trated that  r everse  t andems  in L. nylanderi do not affect the e f f ic iency  of  

r ec ru i tmen t  because  they  do not  increase  the number  of r ec ru i t i ng  ants. 

It has recen t ly  been repor ted  that  some ant species use d is t inct  r e c r u i t m e n t  

techniques  for food r ec ru i tmen t  and nest emigra t ion  (HOLLDOBLER, 1971; M•GLICH 

and HSLLDOBLER, 1975). It is also known that  in some cases more  than one 

rec ru i tment  t e chn ique  can be employed  dur ing nest moving,  as desc r ibed  for  

Leptothorax in this report .  In this genus however ,  I was able to demons t ra t e  

that both r ec ru i tmen t  techniques  have different  functions.  

It remains  a quest ion w h i c h  worker s  r decide ~ w h e t h e r  or not more  ac t ive  

<~ movers  >> are still  needed.  If the r decis ion )> is made  by the t andem cal l ing  

scouts, by inv i t ing  stil l  more  nestmates to fol low in t andem ins tead of c a r r y i n g  

them, it is difficult  to unders tand  w h i c h  pa ramete r  can p rov ide  i n fo rma t ion  

about the needed  size of the moving  force. It is more l ikely that  the sever i ty  

of the ecological  condi t ions  ins ide  the old nest could affect the behav io ra l  

threshold of worke r s  to respond to the signal of a t andem cal l ing nestmate.  

Thus the worse  the condi t ions  ins ide  the old nest, the more  easily r move r s  >> 

would  be r ec ru i t ed  and the faster the colony could be moved.  
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