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S U M M A R Y  

Mixed-species colonies of Polyergus lucidus and Fdrmica schaufussi xvere s tudied 
in New York. Slave raids were conducted in late afternoon,  past  the peak in diurnal 
temperature.  Multiple raids on di f ferent  Formica colonies xvere common,  as ~vere re-raids 
on the same colony. In laboratory nests, about 75 % of the raided Formica brood 
was eaten. 

Of 27 days on ,which raids occurred in the laboratory, 25 ~vere o n  Formica nests  
scouted on the day of the raid. Polyergus scouts are among the oldest individuals in 
the colony, and call~ws do not participate in scouting during the entire season of their  
eclosion. The group of Polyergus workers that  circle on the surface near  the nest  pr ior  
to raiding has a dynamic composi t ion. .  The most  f requent  behavioral t ransit ion ~vas 
from circling on one day to scouting on the next. The next most  common change was 
from SCOUting to circling. 

The f irs t  scouting of the spring season occurred only one day after  the appearance 
of Polyergus larvae. The first slave raid 'was conducted 4 days later. Formica brood 
was present  in freeliving colonies from I-4 weeks earlier than Polyergus brood in mixed 
nests. Although workers  of Polyergus 'were usually fed by regurgitation f rom Formica, 
they occasionally drar~k and ate eggs independently.  The Polyergus queen ~vas 
sur rounded only by Formica ~vorkers. Polyergus eggs hatched into larvae in approxi- 
mately 12 days, ~vith the larval stage lasting an additional 9-12 days. Eclosion of call~ws 
took place ~vithin 20-23 days after pupation. 

Newly mated  Polyergus queens follow slave raids and a t tempt  adoption into target 
n e s t s  ~vhen the Formica are scattered during a slave raid. The process of budding ~vas 
never observed. 

Z U S A M M E N F A S S U N G  

fiberfallsorganisation und Verhaltensentwicklungin der Sklaven 
machenden Ameise Po]yergus l,uci,dus Mayr 

Im staate New York sind Kolonien gemischter  Arten yon Polyergus lucidus und 
Formica schaufussi untersucht  ,worden. Am sptiten Nachmittag,  nach dem H6hepunkt  
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der Tagestemperatur, ~vurden Sklavenraubzuge ausgeftihrt. Mehrfache Raubziige auf 
verschiedene Kolonien von Formica gerichtet 'waren normal. Dazu geh6ten auch ~vieder- 
holte Raubztige auf dieselbe Kolonie. In den Laboratoriumnestern ,wurden etwa 75 % 
des geraubten Formica Gebrfits gefressen. 

Aus einer Gruppe yon 27 Raubziige die im Laboratorium stattfanden, 'wurden 25 
auf Formica Nester ausgefiihrt die am Tage des t0berfalles erkundschaftet ,worden vcaren. 
Polyergus Kundschafter geh.Sren zur den iiltesten Individuen der Kolonie ; frischgeschliipfte 
Evwachsene beteiligen sich nicht an Erkundungen 'w~ihrend ihrer ganzen Schliipfungs- 
saison. Die Zusammensetzung der Gruppe von Polyergus Arbeitern die unmittelbar vor 
dem t3berfall auf der Oberflfche in der Nghe des Nestes umhergehen, 'wechselt sich 
kontinuierlich. Die verhaltens~inderung die am hiiufigsten auftrat year die vom Herum- 
gehen an einem Tag zum Kundschaften am niichsten Tag. Die z"weithiiufigste Anderung 
war die vom Kundschaften zum Herumstreifen. 

Das erste kundschaften der Friihlingssaison fand nur einen Tag nach Erscheinung 
der Polyergus Larven staat. Der erste Sklavenraubzug wurde dann 4 Tage spiiter 
ausgefuhrt. Formica Gebriit 'war in frielebenden Kolonien bis zu 4 Wochen friiher 
an'wesend als Polyergus Gebriit in gemischten Nestern. Ob~vohl Polyergus Arbeiter 
gewShnlich durch Erbrechen des Speisebreies von Formica gefiittert ,werden, trar~ken 
und frassen sie gelegentlich auch Eier unabhiingig yon Formica. Die Polyergus KSningen 
war immer nur  yon Formica Arbeiter umgeben. Polyergus Eier kriechen in etwa 12 Tagen 
zu Larven aus, ~vorauf das Larvenstadium noch 9 bis 12 Tagen dauert. Schltipfung der 
Erwachsenen land 20 his 23 Tage nach dem Puppenstadium statt. 

Frischbefruchtete PoIyergus KSniginnen folgen Sklavenraubzfige und versuchen yon 
den iiberfallen Nesten adoptiert zu ~verden indem sie die Verwirrung der Formica 
wiihrend eines t3berfalles benutzen. Abspaltung von Toch[el-kolonien wurde nie beobachtet. 

INTRODUCTION 

Social  p a r a s i t i s m  in  ants ,  w h e t h e r  f acu l t a t ive  or  ob l iga tory ,  occurs  
p r i nc ipa l l y  in  e ight  gene ra  be l ong i ng  to two a n t  sub f a mi l i e s  (ALLOWAY, 1980). 
In  Eu rope ,  de ta i l ed  s tud ies  have been  c o n d u c t e d  on  the b e h a v i o r  a n d  ecology 
of P.  rufescens (BF.RGSTROM a n d  L/JFQVIST, 1968 ; CZECHOWSKI, 1977 ; DOBRZAN- 
SKA, 1978 ; DOBRZANSKA a n d  DOBRZANSKI, 1960). I n  N o r t h  America., the  ecology 
and  o r i e n t a t i o n  b e h a v i o r  of the w e s t e r n  species  P. breviceps has  b e e n  inves-  
t iga ted  by  WHEELER (1916) and  by  TOPOFF et al. (in press ,  a, b, c). By fa r  the  m o s t  
t h o r o u g h l y  s tud ies  species  in N o r t h  Amer i ca  is P. lucidus, for  w h i c h  we have  
ex tens ive  da t a  o n  the ecology of r a id ing  (TALBOT, 1967 ; HARMAN, 1968 ; MARLIN, 
1969) a n d  on  co lony  r e p r o d u c t i o n  (MARLIN, 1968, 1971 ; TALBOT, 1968). 

I n  this  p a p e r  'we p r e s e n t  the  resu l t s  of f ield a n d  l a b o r a t o r y  s tud ies  on  the 
ecology of r a i d i n g  behav io r ,  ne s t  f ound ing ,  a n d  behav io ra l  d e v e l o p m e n t  in  
Polyergvs htcidus. The success  of the s t u d y  'was fac i l i t a ted  by  o u r  ab i l i t y  to 
i n d i v i d u a l l y  m a r k  P. hwidus  w o r k e r s ,  a n d  to e s t ab l i sh  co lonies  of Polyergus 
a n d  Formica in  the  l a b o r a t o r y  so tha t  species- typical  slave ra ids  cou ld  be 

obse rved  u n d e r  con t ro l l ed  cond i t ions .  
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M E T H O D S  A N D  M A T E R I A L S  

Field studies 

Mixed species colonies of P. lucidus and F. schaufussi were studied during the 
summers  of 1976 and 1977, in South Centereach, Long Island, N.Y. In this pine barrens- 
type habitat,  the p redominant  trees are scrub oak, pitch pine, and chake cherry. 

On observat ion days, Polyergus ~orke r s  were monitored continuously during periods 
of daytime activity. Identification of individual Polyergus ,was accomplished by the 
same marking technique used for  the laboratory study (see below), except that  only 
individuals per forming specific tasks (e.g., scouting)~were marked.  

During the 1977 season, a plaster  ring (8.0 cm w i d e ) ' w a s  poured into a shal lo~ 
ditch around the per imeter  of the nest  at a radius of 1 m. The ring was marked 
with compass bearings (at 10 degree intervals) to facilitate quantifying the movements  
of inbound and outbound ants. All slave raids were followed, except when  a colony 
staged simultaneous raids on more  than one Formica colony. In these instances, the 
largest raid was traced, while the others were loosely moni tored for pa th  direction and 
target site. 

Laboratory studies 

Entire  queenright  colonies of P. lucidus and F. schaufussi were collected from a 
pine-barrens habi ta t  in South Centereach, Long Island, and t ransfer red  to an inter- 
connecting complex of laboratory nests and foraging arenas (fig. 1). The permanent  
laboratory nes t  for  each mixed-species colony consisted of four round lucite containers 
(18 cm diam.) ,with a dental stone substrate.  These containers were interconnected ~with 
vinyl and lucite tubing (1.25 cm diam.) so that  ants could move among the nest  modules 
and to the external arena. By differentially moistening the four modules,  a relative 
humidity gradient  of 20-90 % (as measured 'with pH Hydron paper) was maintained 
within the nest  complex. To minimize disturbances from other  l abo ra to ry  activities, 
the mixed-species nests  ,were cushioned by foam rubber  pads and surrounded by an 
opaque enclosure. 

Free-living colonies of Formica were kept under  similar conditions,  except that  
each nest  consisted of only two modules. The Polyergus-Formica mixed nest  and each 
F. schaufussi nest  were  connected to a large foraging arena containing a white-sand 
substrate  (see fig. 1 for dimensions). Each nest  had 24-hour access to its adjacent 
foraging arena, but  the interconnecting tubes 'were open only during periods of 
observation. 

Food for the mixed colonies consisted of thawed insects collected from the ants '  
habitat.  Both the mixed and slave species also received meal'worm larvae and pupae, 
and a 50 % honey/dist i l led ,water solution. 

In the mixed colonies, each Polyergus 'worker .was marked wi th  three dots of enamel 
paint, one each on the thorax, petiole, and gaster. The use of seven colors permit ted  
each individual ant to have a unique color combination.  In addit ion to individual 
recognition, the color code identified post-eclosion age. Marking 'was accomplished by 
isolating and cooling individual ants (at - -  2 ~ C for 3-5 min.), and then isolating them 
with Formica slaves, food and water  for 36 hours~ 

During the 1976 study season, the mixed nest  'was i l luminated ,with red light. In 
1977, however, observat ions took place 'with the ants habi tuated to low-intensity incan- 
decent light. Behavioral observations were conduced wi th  the aid of a swivel dissecting 
microscope. Continuous observations ~were made on the behavior of all Polyergus 
individuals in the complex f rom the time of tube opening until raiding activity ceased 
for the day (or until 1800 h on days of no slave raid). 
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Fig. 1. - -  Laboratory complex of  interconnecting nests  (N),  foraging arenas (FA), and 
empty  boxes  (B).  All distances among segments  are in cm. 

Abb. 1. - -  Die Anordnung von untereinander verbundenen Nester (N), Futterarena (FA), 
und leere GehSuse (B). Alle Abst5nde zwischen den Segmenten sind in cm 
angegeben. 

RESULTS 

D a i l y  a c t i v i t y  d u r i n g  ra id ing  s e a s o n  

Three mixed  colonies of P. lucidus and F. schaufussi  were  comple te ly  
excavated. The 1976 laboratory colony contained 416 adult Polyergus and 
2,502 adult Formica. The 1977 lab colony was somewhat smaller, containing 
385 adult Polyergus and 1,500 Formica slaves. The 1977 field colony had the 
largest population, with 1,139 adult Polyergus, 731 callo'w Polyergus, and 
6,067 Formica individuals .  Thus despi te  the large va r ia t ion  in colony size and 
species  compos i t ion ,  the re la t ive  number s  of Formica slaves 'were r e m a r k a b l y  
s imi la r  (86 %, 80 %, and 84 % for the three  colonies respect ively) .  

In  the field, no P. lucidus w or ke r s  a p p e a r e d  ou ts ide  the nes t  unt i l  ear ly  
a f te rnoon .  Morning  act ivi ty  was domina t ed  by  Formica forag ing  and  nest  
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m a i n t e n a n c e .  Formica a c t i v i t y  d e c r e a s e d  d u r i n g  the  w a r m e s t  h o u r s  of  t he  
day ,  a n d  as  t h e i r  n u m b e r s  i n c r e a s e d  aga in  in  t he  a f t e r n o o n ,  Polyergus a l so  
e m e r g e d  fo r  s c o u t i n g  ac t iv i ty .  Typ ica l ly ,  the  P. lucidus s c o u t s  d e p a r t e d  f r o m  
the  n e s t  j u s t  a f t e r  the  p e r i o d  o f  m a x i m u m  soi l  t e m p e r a t u r e .  W h e n  r a i d s  
o c c u r r e d ,  t h e y  u s u a l l y  f o l l o w e d  the  i n i t i a l  s c ou t ' s  a p p e a r a n c e  b y  a t  l e a s t  
o n e  h o u r .  I n  b o t h  t he  l a b o r a t o r y  a n d  f ie ld ,  t he  a p p e a r a n c e  of  t he  f i r s t  
Polyergus w o r k e r  o u t s i d e  t he  n e s t  w a s  c lose ly  f o l l o w e d  b y  t h e  e m e r g e n c e  
o f  m a n y  i n d i v i d u a l s  t h a t  c i r c l e d  a r o u n d  the  n e s t  e n t r a n c e .  The  n u m b e r  of  
t h e s e  c i r c l e r s  i n c r e a s e d  t h r o u g h o u t  t he  a f t e r n o o n ,  o f t e n  r e a c h i n g  a p e a k  
j u s t  p r i o r  to  r a i d i n g .  

table I. - -  Raiding activity, f ield: 7/9/77 - 9/22/77. 

Fabelle I. --jr~iger, Aktivit~itsfeld : 7/9/77 - 9/22/77. 

Number of raids observed 
Total brood taken on observed raids 
Average raids per raid day 
Reraids ,within 24 hours 
Number of different nests raided 
Nest finding failures 
Failure to find brood at nest 
Failures as per cent of total raids 
Estimated total raids for season (6/25 - 9/22) 
Estimated total brood taken (6/25 - 9/22) 

50 
5.573 

3.5 
8 

22 
11 
2 

26 % 
107 

11.753 

I n  t he  f ie ld ,  n ine  succe s s fu l  r a i d s  w e r e  o b s e r v e d  in 1976 a n d  50 in 1977, 
~.xll c o n d u c t e d  b y  the  s a m e  co lony  o f P .  lucidus. I n  t he  l a b o r a t o r y ,  r a i d s  w e r e  
m o n i t o r e d  on  22 days  (29 ra ids )  in 1976, a n d  on  seven  days  (13 r a i d s )  in  1977. 
F o r  the  1977 f i e ld  da t a ,  table I s u m m a r i z e s  t he  s i g n i f i c a n t  p a r a m e t e r s  of  s lave  
r a ids ,  i n c l u d i n g  t h e  p r o p o r t i o n  of  suc c e s s fu l  a n d  u n s u c c e s s f u l  r a i d s ,  a n d  the  
a m o u n t  of  Formica b o o t y  r e t r i e v e d .  The  d i r e c t i o n s  a n d  d i s t a n c e s  to  t a r g e t  
c o l o n i e s  a r e  s h o w n  in figure 2. Since  the  m a x i m u m  d i s t a n c e  a t t a i n e d  b y  
a r a i d  'was 48 m,  the  p o t e n t i a l  a r e a  t h a t  a Polyergus c o l o n y  c a n  c o v e r  is  a 
c i r c l e  w i t h  a 48-m r ad iu s .  As figure 2 shows ,  h o w e v e r ,  c e r t a i n  s e c t o r s  w e r e  
r a i d e d  f a r  m o r e  f r e q u e n t l y  t h a n  o the r s .  F ina l ly ,  in  b o t h  t h e  l a b o r a t o r y  a n d  
f i e ld  t h e r e  was  o f t e n  m o r e  t h a n  one  r a i d  p e r  day .  M u l t i p l e  r a i d s  on  d i f f e r e n t  
n e s t s  a t  s i m u l t a n e o u s  o r  o v e r l a p p i n g  t i m e s  w e r e  c o m m o n ,  a s  xvere r e r a i d s  
on  the  s a m e  Formica nes t .  

A f t e r  a s u c c e s s f u l  s lave  r a id ,  r e t u r n i n g  Polyergus w o r k e r s  e i t h e r  d r o p p e d  
t h e i r  b o o t y  a t  t he  n e s t  e n t r a n c e ,  o r  c a r r i e d  i t  i n to  t he  n e s t  w h e r e  i t  w a s  
d r o p p e d  o r  r e l i n q u i s h e d  to  a Formica s lave  w o r k e r .  The  b o o t y  w a s  t h e n  
e i t h e r  p l a c e d  w i t h  o t h e r  b r o o d  in the  nes t ,  i m m e d i a t e l y  ea t en ,  o r  (in t he  case  
o f  p u p a e )  d e c o c o o n e d  a n d  e a t e n  soon  a f t e r w a r d .  
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Fig. 2. - -  Distances and directions of Formica schau#lssi nests raided during 1977 field 
season. Dates of raids appear alongside raid site locations. 

Abb. 2. - -  Abst5nde und Richtungen zu Formica schaufussi Nester die ,wtihrend der 197'7 
Feldsaison iiberfallen wurden. 

I n  t h e  l a b o r a t o r y  co lon ies ,  a l a rge  p r o p o r t i o n  of  a l l  r e t r i e v e d  b r o o d  w a s  
c o n s u m e d .  M a n y  eggs a n d  l a rvae  w e r e  e a t e n  b y  Polyergus a d u l t s  a n d  l a rvae ,  
a n d  b y  Formica adu l t s .  At  the  e n d  of  the  1977 r a i d  s e a s o n  the  f i e ld  c o l o n y  
c o n t a i n e d  6,067 Formica adu l t s ,  d e s p i t e  the  f ac t  t h a t  11,753 Formica b r o o d  
i n d i v i d u a l s  h a d  b e e n  c a p t u r e d .  These  a n t s  l ive a t  l e a s t  t w o  y e a r s ,  so if  even  
ha l f  of  t h e  p o p u l a t i o n  s u r v i v e d  f r o m  the  p r e v i o u s  year ,  on ly  3,034 of  t h e s e  
r a i d e d  b r o o d  i n d i v i d u a l s  'would  be  r e p r e s e n t e d  as  a d u l t s  in  t he  1977 c o l o n y  
(wi th  t he  r e m a i n i n g  8,719 hav ing  p r e s u m a b l y  b e e n  ea ten ) .  Th is  r e p r e s e n t s  
a b o u t  75 % of  t he  t o t a l  l a rva l  a n d  p u p a l  b r o o d  t a k e n  d u r i n g  r a i d s .  Even  i f  
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we make  the ex t reme  a s sumpt ion  tha t  the ent i re  Formica popu la t i on  was  
rep laced  dur ing  the 1977 season, 48 % of the r a ided  b r o o d  wou ld  sti l l  have 
to be p r e s u m e d  eaten.  

Scouting 

In bo th  the l a b o r a t o r y  and field, same-day scout ing of r a ided  F. schaufussi 
nests  'was the  rule.  Of 27 days on which  ra ids  occu r r ed  in the l abora to ry ,  
25 were  on Formica nests  'which had  been  scou ted  on the day  of the raid.  In  
the remain ing  two cases, the r a ided  nests  were  a t t a c k e d  on the prev ious  r a id  
day. But  in mos t  cases, even when the same Formica nest  was  r a i d e d  several  
days in succession,  it  'was typical ly  rescou ted  on the day of the raid.  The 
du ra t ion  of the in terva l  bet~,~een the scout ' s  r e tu rn  f rom the t a rge t  colony 
and  the onse t  of ra id ing  was  quite var iable ,  w i th  a range of 1 - 60 minutes .  

Removal  of all  scouts  on each of 3 days in the f ield and on 7 days in the 
l abo ra to ry  r e su l t ed  in the absence of slave raids .  F u r t h e r m o r e ,  the  remova l  
of scouts  f rom a pa r t i cu l a r  180-degree sec tor  on 5 days in the f ield r e su l t ed  
in the absence  of ra ids  in those direct ions .  

L a b o r a t o r y  observa t ions  showed tha t  a Formica nest  may  be en te red  
r epea ted ly  by  a single scout,  or  by  several  scouts  dur ing  the p re - ra id  act ivi t ies  
of any a f te rnoon.  Although Formica nests  are  of ten r a ided  a f te r  only one 
scout  entry,  add i t iona l  scouts  f requent ly  go at  leas t  p a r t w a y  t o w a r d  the 
po ten t ia l  t a rge t  nest  (often several  t imes) a f te r  it has been  loca ted  by  the 
f i rs t  scout.  In  many  cases, scouts  r e tu rn  to the mixed nest  a f te r  t ravel l ing  
about  2/3 of the d is tance  to the target ,  and there fore  only reach  the Formica 
colony 's  foraging arena.  In  the l abora to ry ,  no nes ts  were  r a ided  unless  a 
P. lucidus scout  reached  the in te r io r  of the  ta rge t  Formica nest  ent rance .  
Because  mos t  scouts  did not  get fu r the r  than the ent rance ,  a fa i r ly  super f ic ia l  
a s se s smen t  of a Formica nes t  c lear ly  qual i f ied  it as a po ten t i a l  target .  In  
both  t h e  l abo ra to ry  and field, ra ids  were  of ten conduc ted  on i n a p p r o p r i a t e  
targets ,  inc luding  nests  conta in ing no brood,  or  no queen and  no brood .  
Indeed  two ra ids  were  conduc ted  into unoccup ied  nests,  several  days a f te r  
the F. shaufussi had emigra ted .  

The behav io r  of m a r k e d  Polyergus scout  leaders  was obse rved  on 13 days 
in the l a b o r a t o r y  and on 3 days in the field. The scout  tha t  in i t ia l ly  loca ted  
the Formica nest  was typical ly  respons iMe for  a rous ing  and  recru i t ing  
nes tma te s  to pa r t i c ipa t e  in the slave raid.  This scout  ran  i n t e r m i t t e n t l y  
at  the head  of the Polyergus s w a r m ;  per iod ica l ly  she moved  back  in the 
column,  weaving  in and out  among the ra iders ,  bu t  invar iab ly  r e s um e d  the 
leading role. In  the labora tory ,  where  the en t rance  to each F. schaufussi 
nest  was known,  the scout  leader  was f requent ly  (but not  invar iably)  the  f i rs t  
Polyergus r a ide r  to en ter  the target  nest.  In  the field, the scout  l eader  was 
not  alw:,.vs successful  at  re locat ing  the ta rge t  co lony ;  indeed  on several  
occas i ( , r  the scout  and slave-raid swarm came wi th in  less than  0.5 m of 
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the Formica nes t ,  be fo re  s topping ,  m i l l i ng  a r o u n d ,  a n d  e v e n t u a l l y  r e t u r n i n g  
to the i r  mixed-spec ies  nest .  On all  r e t u r n  t r ips ,  r ega rd le s s  of the  success  
of the  ra id ,  the  scou t  d id  no t  lead the  r e t u r n i n g  ants .  

Scouts  and circlers 

The g roup  of Polyergus ~vorkers c i rc l ing  ~vithin a 1-m r a d i u s  of the  nes t  
e n t r a n c e  p r i o r  to r a i d i n g  has  a d y n a m i c  compos i t i on .  I n d i v i d u a l s  s cou t ing  
a reas  a w a y  f r o m  the  m a i n  nes t  typ ica l ly  r e t u r n  a n d  j o i n  the  c i rc l ing  g roup  
for  va ry ing  pe r iods  of t ime.  They  m a y  t h e n  e n t e r  the  nes t ,  a n d  l a t e r  emerge  
to r e s u m e  s c o u t i n g  act ivi t ies .  Thus ,  a l t h o u g h  c i rc l ing  b e h a v i o r  is d is t in-  
gu i shab l e  f r o m  scout ing ,  c i rc lers  do no t  c o m p r i s e  a b e h a v i o r a l  g r oup  of a n t s  
tha t  is q u a l i t a t i v e l y  d i f f e r en t  f rom scouts .  

All s cou t s  c i rc le  on  the  n e s t  su r face  a n d  pa r t i c i pa t e  i n  s lave ra ids ,  b u t  
m a n y  P. lucidus worke r s  c i rcle  a nd  ra id  'wi thour  p r i o r  scout ing .  F ina l ly ,  m o s t  
r a ide r s  n e i t h e r  c i rcle  n o r  scout  on  a ny  g iven  day. An average  of on ly  8,3 % of 
all  r a i d i n g  Polyergus were  scouts  on  t ha t  d a y ;  on ly  5-15 % of the  r a i d i ng  
Polyergus were  act ive  before  the r a id  as e i the r  scouts  or  c i rc lers .  These  
p e r c e n t a g e s  r e p r e s e n t  c h a n g i n g  g roups  of i nd i v i dua l s  f r o m  one  day  to the  
next ,  w h i c h  imp l i e s  c o m p a r a b l e  changes  in  i n d i v i d u a l  Polyergus behav io r .  
To ver i fy  this ,  the  behav io ra l  t r a n s i t i o n s  b e t ' ~ e e n  ra id ing ,  c i rc l ing,  a nd  
s cou t ing  w e r e  m o n i t o r e d  in  the l a b o r a t o r y  for  49 d i f f e ren t  Polyergus w o r k e r s ,  
d u r i n g  consecu t i ve  pe r iods  of 5-14 days (table II). 

Table II. - -  Scouts, circlers and raiders - Transitions bet'ween behavioral roles by P. 
lucidus. 
Data based on the laboratory observations of 14 different scouts on 5-14 consecutive 
days. 

Tabelle II. - -  Kundschafter, Herumstreifer, J~iger-Rollen,wechsel bei Polyergus lucidus. 

Transition Frequency % of all 
type of transition transitions 

type represen ted 

Scout - Circler 25 15 
Scout - Raider 13 8 
Scout remains in nest 14 9 
Scout returns to exterior role 13 8 
Circler - Scout 38 23 
Circler - Raider 16 10 
Circler remains in nest 15 9 
Circler returns to exterior role 4 3 
Raider - Scout 7 4 
Raider - Circler 10 6 
Raider remains in nest 5 3 
Total observed transitions 162 
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The m o s t  f r e q u e n t  t r a n s i t i o n  'was f r o m  c i rc l ing  on  one  day to s cou t ing  
o n  the  s u b s e q u e n t  day. The  nex t  m o s t  c o m m o n  behav io ra l  change  ~r f r o m  
scou t ing  to c i rc l ing .  Once  an  i n d i v i d u a l  a p p e a r e d  as e i the r  a scou t  o r  a 
c i rc ler ,  a l t e r n a t i o n  b e t w e e n  these  p re - ra id  roles  c o n t i n u e d  for  severa l  
consecu t ive  days.  This  pe r iod  was  of va r i ab le  length ,  a n d  scou ts  a n d  c i rc le t s  
o f t en  also b e c a m e  on ly  r a ide r s  or  r e m a i n e d  in  the  nes t  on  c e r t a i n  days a n d  
t h e n  r e t u r n e d  a f t e r  1-5 days to s cou t ing  or  circl ing.  I f  m o r e  t h a n  a b o u t  
five days e l apsed  s ince  the i r  las t  p re - ra id  act ivi ty ,  they  s u b s e q u e n t l y  on ly  
r a ided  or  r e m a i n e d  inac t ive  in  the  nes t .  

S ince  s c o u t i n g  a n d  pre - ra id  c i rc l ing  'were no t  exh ib i t ed  b y  85-95 % of 
the  Polyergus w o r k e r s ,  some  f o r m  of p o l y e t h i s m  w a s  c lear ly  in  effect.  By 
m a r k i n g  age g roups  d i f fe ren t i a l ly  in  the  l abo ra to ry ,  i t  'was d e t e r m i n e d  tha t  
the  f i r s t  scouts  of the season  were  a m o n g  the o ldes t  i nd i v i dua l s  in  the  co lony  
(table III). W o r k e r s  f r o m  i n t e r m e d i a t e  age g roups  were  r e p r e s e n t e d  in  the  
scou t ing  force soon  a f t e rward .  I n  the field, i t  was  typica l ly  deep ly -p igmen ted  
Potyergus i n d i v i d u a l s  t ha t  a p p e a r e d  f i rs t  in  the  season  as scouts .  W o r k e r s  
eclosed a t  the  e n d  of the  p rev ious  r a id ing  season  w e r e  the  las t  to b e c o m e  
scouts .  S ign i f i can t ly ,  no  cal lows ac ted  as scouts  d u r i n g  the  en t i r e  season  
of the i r  ec los ion  (even though  two d i s t i nc t  b r o o d s  =were p r o d u c e d  each 

Table III. - -  The relationship of scouting activity to the age of individuals and the 
progress of the raiding season. 
O = oldest, third active season; M = mature, second active season; Y = youngest, 
eclosed previous season. 

Tabelle III. - -  Verh~iltnis der Kundschafteraktivit~it zum alter der Einaeltiere und der 
verlauf der Beutezugsaison. 

% of individuals Individuals scouting 
scouting as % of total in age class 

Date O M Y O M Y 

6/27 100 0 0 5 0 0 
6/28 100 0 0 7 0 0 
6/29 80 20 0 7 2 0 
6/30 45 36 18 8 7 1 
7/4 46 31 23 10 7 1 
7/5 33 27 40 9 8 3 
7/6 53 20 27 7 5 2 
7/7 40 20 40 4 2 1 
7/8 40 20 40 4 2 1 
7/11 23 18 59 9 7 6 
7/12 33 28 39 II 9 3 
7/13 44 31 31 11 7 2 
7/14 19 19 63 5 5 4 
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season).  Some  of the ca l lows  eclosing dur ing the la t ter  p a r t  of the raiding 
season did pa r t i c ipa te  in emigrat ions  and emigra t ion  raids (KwAIT and TOPOFF, 
1983) 'when they  were  only three  days old. While a few of these cal lows also 
pa r t i c ipa ted  in slave ra ids  (including booty  retr ieval) ,  mos t  did not  take pa r t  
in slave ra ids  unt i l  the season af ter  their  eclosion. 

Onset of  the raiding season 

Checking the undersur faces  of s tones placed over  nests  of F. schau[ussi 
and over  mixed  colonies revealed that  Formica brood  was p resen t  in freeliving 
colonies f r o m  one to four  weeks  earl ier  than Polyergus brood  in mixed nests.  
In  the 1977 l abo ra to ry  colony, the f irst  scouting of the year  occur red  only one 
day a f t e r  the appea rance  of larvae in the mixed nest,  and the f irst  slave raid 
was conduc ted  four  days later.  The onset  of raiding in the field colony for  
1977 was  known  wi th in  four  days. Since the deve lopmenta l  dura t ion  f rom 
larval  ha tch ing  to cal low eclosion had  been previously  calculated to be 32 days, 
it was ca lcula ted  tha t  the hatching of larvae in the field colony also occur red  
within  the four-day range  when  raiding began for  the season. Fu r the rmore ,  
because  Formica brood  is present  earl ier  in any given season,  even the f irst  
Polyergus slave raids  typically mee t  wi th  success. 

Activity ins ide  the mixed  nest  

The 1977 l abo ra to ry  colony had 10 ergatoid  females  when  excavated  in 
May. The larges t  individual  laid eggs la ter  in the s eason ;  the nest  queen 
was  laying concurrent ly .  Other  ergatoids had  no Formica a t tendants ,  left 
the nest  dur ing  slave raids,  and were  never  observed laying eggs. 

Formica 'workers  ate eggs, larvae, pupae ,  insect pa r t s  and  honey  water .  
Polyergus occasional ly  d rank  independant ly  and also consumed  eggs. Although 
wo rke r s  of  Polyergus were  usually fed by regurgi ta t ion f rom Formica (as well  
as f r o m  o ther  Polyergus), they were of ten given eggs or  larvae by  the Formica 
slavesl On these occasions,  the Polyergus grasped  the larvae in thei r  man-  
dibles, an t enna t ed  a n d  s t roked  them ~vith their  forelegs, and '  l icked the 
resul t ing larval  secret ions.  Frequent ly  the squeezing was  so in tense  that  
larvae were  mangled.  

The Polyergus larvae 'were given insect  par ts ,  eggs, and  regurg i ta ted  
mate r i a l  f r o m  Forrnica. The Polyergus queen 'was usually fed by  regurgi ta t ion  
f r o m  Formica, bu t  occasionally also f rom Polyergus workers .  The queen was 
typical ly s u r r o u n d e d  by 12-40 Formica workers ,  and the n u m b e r  increased  
substant ia l ly  dur ing per iods  of egg lay ing .  Although a smal l  n u m b e r  of 
Potyergus w o r k e r s  periodical ly en t e r ed  this group,  they typical ly c lus tered 
together  away  f r o m  the queen. Indeed,  the Polyergus queen of ten behaved  
aggressively towards  her  w o r k e r  offspring.  

Polyergus pupae  and  Formica pupae  re t r ieved f rom slave raids  were  
in te rmingled  in the same area  of the nest.  I t  was  not  possible  to de te rmine  
whe the r  the larvae of bo th  ant  genera  were  s imilar ly mixed. Polyergus eggs 
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ha tched  into larvae in approximately 12 days, with the larval stage lasting 
an addit ional 9-12 days. Eclosion of callo'ws took place within 20-23 days 
after  pupation.  The process of eclosion 'was assisted pr imari ly  by Formica 
workers  and occasionally by Polyergus. Callow Polyergus tended to cluster  
together  for  the first few days after  eclosion, af terwhich they moved freely 
a round  the nest. 

Mating and nest founding 

In the 1977 field study, winged P. lucidus queens were marked  before 
mating to indicate their nest  of origin. During the entire season, 25 dealate 
queens f rom three marked  nests and at least one unknown nest  arrived at 
the s tudy colony. Nine of these queens followed the colony's slave raids on 
five d i f f e ren t  days. Some of these newly-mated queens  originated f rom 
the study colony. A few dealate queens 'were observed following paths  of 
scouts or  raids conducted earlier in the day, both  on ou tbound  and mixed 
nest-bound directions. This indicates that  queens may follow odor  trails to 
locate Formica nests for immediate adoption, or  to locate Polyergus colonies 
that  will eventually lead them to Formica nests. 

New queens arrived back at the mixed nest as much  as 2 h before raiding 
began, and cont inued to arrive during and after  "the raid. By climbing on 
stems and hiding in nearby brush, they avoided contact  with o ther  Polyergus 
until raid onset. They sometimes .waited several days for this to happen. 
One queen originally f rom the study colony, and known to have mated  with 
a brother ,  was picked up by a F. schaufussi worker  f rom the same colony 
and carried into the nest. She was not present  in the nest, however,  ~ h e n  
it was excavated at the end of the raiding season. 

When following slave raids, the dealate queens remained alongside or 
behind the column. Contact 'with P. lucidus workers  elicited aggressive 
behavior, and in one case a queen was killed by a raiding worker .  In  the four 
adopt ion a t tempts  observed, queens entered the target Formica colonies with 
the slave-raid column or alone shortly after  the raid. I t  ~ a s  'difficult to 
determine the results of these adoption a t tempts  because new colonies form 
near the end of the active season and frequently emigrate before they can be 
checked for b rood  product ion in the spring. Both of the colonies that 
remained at the same site through the winter  retained the Polyergus queen, and 
the appearance of P. lucidus brood was conf i rmed in one co lony  during the 
spring of 1978. In  two years of observation, budding (the process in which 
Polyerg'~ls raiders remain at the target nest  ~v~th a new queen) was never 
observed. 

D I S C U S S I O N  

The results of this study verify previous reports  that  P. lucidus scouting 
and raiding take place after  the peak in af ternoon temperature .  Scouts make 
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a r a t h e r  superf ic ia l  a s sessments  of ta rget  colonies, because  they typical ly get 
no fu r t he r  than  the in ter ior  of the nest  entrance.  This s t ra tegy  is successful ,  
however ,  because  m o s t  freeliving F. schaufussi  colonies contain  b rood  dur ing 
the ra iding season.  Target  en t rance  location wi thou t  deep-nest  pene t ra t ion  
is also typical  of lone scouts  in the s lave-making species Harpagoxenus ameri- 
canus and  Leptothorax duloticus (ALLOWAY, 1979). 

The slave ra ids  of P. Lucidus are usual ly p receded  by  same-day scouting 
of the ta rge t  nest ,  as suggested previously  by  TALBOT (1967) and MARLIN (1969). 
This is in m a r k e d  con t ras t  to the earl ier  hypothes is  tha t  colonies of Polyergus 
s imply  ra id  along wel l - f requented pa ths  and a t t ack  any sui table slave nes t  
encoun te red  en rou te  (DOBRZANSKA and DOBRZANSKI, 1960; DOBRZANSKI, 1961). 
The occasional  raids  that  occur  wi thou t  same-day scouting are invar iably  
d i rec ted  towards  Formica colonies that  were  scouted on the previous  ra id  day. 
The absence  of this in fo rmat ion  on p r io r  scouting had  led WHEELER (1910) and 
TALBOT (1967) to quest ion the direct  re la t ionship of same-day scout ing to raid 
site location. 

In  a recent  s tudy  of or ienta t ion  in the wes tern  s lave-making ant  Potyergus 
breviceps, TOPOFF et el. (in press ,  a) found that  scouts  use optical  or ienta t ion 
(the pos i t ion  of the sun and polarized light) when re turn ing  to the mixed nest 
and  when leading the Polyergus s w a r m  back  to the target  colony. During this 
second ou t bound  trip, however ,  the scout  deposi ts  a r ec ru i tmen t  trail  for  
ra ider  or ienta t ion,  and the raiding w o r k e r s  deposi t  a chemical  trail  tha t  they 
use ( together  'with opt ical  cues) for  or ient ing on the h o m e w a r d  tr ip a f te r  the 
raid. Although comparab l e  studies on P. lucidus have not  yet been conducted,  
it is l ikely that  s imi lar  processes  of or ienta t ion  and  communica t ion  are  utilized. 

The role of p re ra id  circlers is still unclear ,  a l though their  p rox imi ty  to 
re tu rn ing  scouts  places them in a posi t ion to receive and pass r ec ru i tmen t  
st imuli .  At the m o m e n t  of scout  re turn ,  these circlets  increase the f requency  
and  t empo  at  which they en te r  and leave the nest.  Thus the circlers  may  be 
specialized to funct ion in secondary  rec ru i tment ,  a process  descr ibed for  many  
ant  species (SzLEP-FESSEL, 1970 ; CHADAB and RETTENMEYER, 1975 ; TOPOFF et al., 
1980). This specialization is consis tent  with the observa t ion  tha t  the mos t  
f requent  behaviora l  t ransi t ion in P. lucidus is f rom scout to circler  and  vice 
versa.  

Division of l abor  among  Polyergus workers  is evidenced by  the fact  that  
only 8.3 % funct ion as scouts  and only 5-15 % are active at all be fore  raids on 
a given day. This dist inction is par t ly  among  individuals of the same age, 
a l though t em pora l  po lye th i sm is also occurring.  Thus P. lucidus callows do 
not  becom e  scouts  until  the season a f te r  their  eclosion. Indeed  mos t  will 
not  scout  unti l  two seasons post-eclosion. This deve lopmenta l  schedule may  
be adapt ive,  in tha t  scouting has a higher  mor ta l i ty  ra te  than  raiding. 
Never theless ,  some callows par t ic ipa te  actively in raiding and emigra t ion  as 
ear ly  as three  days a f te r  eclosion. This ear ly emergence  f r o m  the nest  is very 
s imi lar  to the behav io r  of callo'w a r m y  ants,  which  also par t i c ipa te  in group- 
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p r e d a t o r y  r a ids  by  the  end  o f  the f i r s t  week  a f te r  ec los ion  (ToPOFF a n d  
MIRENDA, 1978 a, b). Thus  the  ear ly  emergence  of ca l lows m a y  be  a b e h a v i o r a l  
p a t t e r n  c h a r a c t e r i s t i c  of g r o u p - p r e d a t o r y  ants .  

Adop t ion  of s ingle  dea la te  Polyergus  queens  in to  F. s c h a u f u s s i  nes t s  a f te r  
ra ids  was  the  on ly  m e t h o d  of co lony  r e p r o d u c t i o n  o b s e r v e d  in  th is  s tudy.  
Al though  MARLIR (1968) ind ica te s  tha t  this  m e t h o d  is typ ica l  for  P. l uc idus /F .  
n i t i d i ven t r i s  m i x e d  nes t s  in  I l l inois ,  he also desc r ibed  b u d d i n g  a s  a f r e q u e n t  
m e t h o d  of co lony  f o u n d a t i o n  in  sp r ing  a n d  fall. 

Queens  fe r t i l ized  by  b r o t h e r  males ,  as wel l  as rea la tes  f r o m  o t he r  colonies ,  
fo l lowed ra ids  of the  s t udy  co lony  a n d  a t t e m p t e d  a d o p t i o n  of f ree l iv ing  
F. s c h a u f u s s i  nes ts .  A l though  mixed  colonies  of P. luc idus  a n d  F o r m i c a  incer ta  
o c c u r r e d  n e a r e r  to the  s t udy  co lony  t h a n  a ny  P. l uc idus /F ,  s c h a u f u s s i  f rom 
which  ra id - fo l lowing  queens  o r ig ina ted ,  no  queens  f r o m  these  he te rospec i f i c  
F o r m i c a  mixed  nes t s  a p p r o a c h e d  the s t udy  co lony  a f te r  ma t ing .  This  is 
c o n s i s t e n t  w i t h  the  hypo thes i s  tha t  the success fu l  a d o p t i o n  of a n e w  q u e e n  
r e q u i r e s  l oca t ing  a n e s t  of the  same  F o r m i c a  species  xvhich was  ens laved  by  
he r  p a r e n t  colony.  The fact  tha t  each co lony  of Polyergus  ra ids  on ly  tha t  
species  of F o r m i c a  w h i c h  it  c u r r e n t l y  ens laves ,  c o m b i n e d  w i t h  the above 
o b s e r v a t i o n  on  the  t axonomi c  speci f ic i ty  of ra id- fo l lowing  queens ,  suggests  
tha t  some  f o r m  of r e p r o d u c t i v e  i so la t ion  m a y  be opera t ive  a m o n g  Polyergus  
colonies  ens l av ing  d i f fe ren t  Form ic a  species.  
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