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Absiract— We report the resulis of field observations and experiments demonsteating (hat
wirkers of Forneiea sangiined Late. and & eineren Mayr caught by & larva of an ant lion
(Myprimefenn formvivarins L) can induce rescue behaviour in their nestmales, Typical res-
cue behavieur involves both ihe altempis o pull away the aitacked ani by tugring an iis mbs,
and rapid, imense digging bebaviour: In natural mixed colonies of F eewgaines and K fueeo
L., enslaved & fusea workers display rescue behaviour when their heferospecilic nestmate is
caught by an anl oo larve, On the other hand, we did not observe nestmaie reseue behay-
iur in monospecifie £ frsea colonles. These duta suggest thal workers of 8 sangieines and
F einerea caught by an anl lon cmil some signals which summon (helr nesimales Lo arrive
al iheir rescue, Workers of £ fusea oliher do nol emit such signals, or their danger signals
fuil Lo elivit reseue behaviour in ollber ants. Expression of reseae behavioor in the studied ant
speeles is diseussed fnthe contest of thelr life strategies, of their position in the interspecit-
i¢ competitive hierarehy, and of our knowledge aboul nestmate reseue behaviour, and signals
cliciting alarm and digging behaviour in anis.
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INTRODUCTION

The research devoted to co-operative behaviour of
social inseets provided examples of some of the most
remarkable abilities for co-operation observed in the
whole animal kingdom. The most striking forms of co-
operative behaviour described in the ams inelude,
among others, co-operative nest building, various teeh-
nigues of eollective hunting and group transport of prey
and many sophisticated forms of nesimate recruitment
(Hilldohler and Wilson 19940).

Our present study reports the results of Geld obser-
valions and experiments in which we analysed a partic-
ularly remarkable example of ant co-operative behay-
iour: nestmate rescie from a life-threatening situation.

Our present data demonstrate that workers of Formioa
setgigrud e Latr and £ eémeres Mayr (hot not of £ fsea
L) eaptured by a larva of an ant lon (Myprmeleon
firrmdeetcing L) can induee a very characteristic pat-
tern of rescue behaviour in their nestmates, including
cnslaved workers of £ fusea L. inhabiting naiural mixed
colomies ol K sangueinea and F fuseo.

Cur present rescarch siarted from an aecidental
observation made in Pusaeza Biatowieska (Bialowiedn
FForest; NE Poland) in 1992 (Czechowski 1997). Al the
start of that observation, a worker of F sanguinea fell
into & pit of an ant lion larvs situated at about 1 m from
its nest. The capture of that ant by the ani lion was fol-
bowed by an immediate response of its nestmates pre-
sent nearby. Very rapidly about 10 workers converged on
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the ant lion pil and initinted a rescue operation. Their
reseue behaviour consisted in the attempls to pall the
vielim out of the pit by pulling at its antennae and legs,
and in the attempts o altack the ant lion. The ants also
displayed rapid and intense digging behaviour, brushing
away with their mandibles and thelr forelegs the sand
eovering the ant lion and its vietim. A single enslaved
worker of & fusea L which acecompanied the workers of
¥ sdtkgrudnen in that rescue operation behaved in exacl-
Iy thie same way as itz heterospecilic nestmates. As a
consequence of that attack, the confused ant lion
dropped its vielim and started Lo pounce on the anis run-
ning aeross its pit. Each time the ant lion scized a 8 san-
puinen individual, the agpressiveness of the other ants
inereased, and, conversely, the level of their aggressive-
ness showed o visible decresse cach time the vietim was
released by the ant lion. Inierestingly, that rescue belay-
iour was induced only by captured workers of F son-
greedneedt. When at last the ant lion captured the worker of
F Tuzea, ageressive behaviour of & sangiinea stopped
abruptly. The ants calmed down and returmed w their
nest, leaving the slave to its fate,

That preliminary observation sugpested strongly (1)
that workers of & semgriinea caplured by an ant lion
emit 2ome signals able to induce rescue behaviour in
their nestmates, (2) that these signals may trigger res-
cue hehaviour not only in their conspecific nestmates,
but also in enslaved workers of £ fesea, and, lastly, (3)
that workers of £ fisea either do not emit such signals,
or their danger signals do not elicit reseue behaviour in
workers of M sanprinea,

The aim of the present study was to throw more light
of the validity of ithese preliminary conclusions. We
report lurther ohaervations of behaviour of workers of #
serngperipea and & fesea during their encounters with
ant lion larvac which have captured thelr homo- and het-
crospecifie nestmates. Some of (these encounlers were
observed by us in the field, others have been provoked
experimentally. We also provide a detailed deseription of
rescuc behaviour of workers of vel another ant species,
F einerea Mayr.

MATERIALS AND METHODS

The majority of the data reported in the present
study was recorded during the field research earried out
in a complex of sandy dunes overgrown with pine forest
near Tvarminne (Hanko Peninsula, 5 Finland) in the
vears 199820010, About 30 ant species cohabit that dune
complex (Gallé 1991; see alzo Czechowski 19949, 20040,
2001, Czechowskl and Yepsailainen 2001). The most fre-
quent species include the three species discussed in this
study; £ zanguined, £ fusen and F cinererd.

F. (Raptiformiea) sangueinea Latr, (the blowd-red
ant} is a species of suecessional forest habitats, That

species is a faculiative slave-maker that raids specles of
the subgenus Sereiformden For B samguinea are
aggressive territorial ants, and during their raiding
period they do not respect the boundaries of territories
of other anl species (see Czechowski 2000, Czechowski
and Vepsildinen 2001).

F. (Serviformien) fusea L. s a enrytopic (ubigqui-
tous) speeles. These non-territorial, non-aggressive and
tvpically submissive, so-called opportunistic ants are
the widely known most frequent slave species of £ san-
giidnen (see, for Instance, Holldobler and Wilkon 1590,
Czechowskl ef al. 2002).

F. (Serpiforufea) cinerea Mayr is an oligotope of
dry grasslands (alse frequent in Hght pine loresis).
These aggressive, mosi probably territorial anis may
yet also be enslaved by F sangiinea (see Ceechowski
and Rotkiewics 19497),

Larvae of the ant llon Myrweeleon frmicarins L,
(Newropleroidea) live al very greal densities in open
sandy arcas af that site (Fig. 1), Nuptial Nights of ants of
various species (Fig 2) and raids of £ sangrcinen pro-
vide them with execllent oceasions for predation on ants.

A pari of the data reporied in this paper has been
collecled during accidental observations of encounters
between ant lion larvae and workers of & sanguineda
made during the field research devoted to raiding activ-
ities of these ants, earched out in the Tvirminne dunes
in the vears 1995-2001.

In early July 2000, an additional experiment was
also earried out in which the encounters betwieen ant
lion larvae and workers from a natural mixed colony of
E savgpinea and K fugea, and from two monospecific
colonies of £ fuzen were provoked. During that experi-
ment, four flat rectangular plastic containers (2822 cm)
filled with sand and containing each 12 big larvae of the
ant lion (M, fewedearing) were placed near ant nests in
a way which allowed the ants [ree aceess (o them. Two
containers were embedded in the sand close to a large £
sanguinen nest with £ fusea as aslave species (Fig, 3),
and iwo remaining containers were placed elose to each
of two monospecific nesis of £ fsea (Fig 4). Both the
natural course of events and the responses of the ants Lo
a situation in which their nestmate was offered o an ant
lion larva by the experimenter were observed. The ants
used as vietims in that experiment were captured by
means of tweezers and then released directly into the
mandibles of an ant lion larva, That experiment was
continmed during three sueeessive days. Allogeiher, the
course of events taking place during 24 eases of eaplure
of a worker of £ sangufnea and during 10 cases of cap-
ture of & worker of F fusea was observed,

We also report a detailed deseription of rescue
belaviour of workers of yel another ant species, F
cinerea Mayr, indueed in response to capture of a con-
specific ant (most probably their nestmate) by a larva of
the ani lion (M. formicarins). That event was observed
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Flgure 1-6. (1} Amassed pits of ani lon larvae, W frnderrins, on dines al Tvirminne, Finkasd: (2) anakate queen of Cenmpemdes benealernas (L)

crplured by an and lon larv on duses o Tvrminme; () two cantisiners with ant lon leae pliecd pear o nest of the mioed colony of £ sangeeines and

£ fusen; (4) o oondainer with ant o larme placed near o pest of F fuser; (5)osltuation in te container with ant on larvae placed near the mixed £

sangrifpee & F fusen nest just alter 1ts insertion. One & fusce warker eam be seen (in the gt bottem cormer) in the middle of absowt one huamdoed 8

sargines workers, In (e Jefl hall of the eonainer, ants are cooverging ear B st vietim of e s lien: (6) three simullanes reseue ogerations
carrisl oul by E samgiainen workers. [Photos W Crochowski),
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on o coastal dune near Lubiatowo (the Baltie Coast, N
Poland) on 2 June 2001, during an early aflernoon, at
sunny hot weather. Al that sile, the density of ant lion
pits was relatively high. Seattered workers of £ cinere
could also be observed Lo forage on that dune.

The observation of eapiure of £ efreerea by an ant
lion larva was carried oul aceidentally, The attention of
ihe observer was attracted by a fountain of sand and
poncenirated activity of the ants al thad spot. The event
wais recorded by means of a VO cameorder supplicd
with an enlarging lens. The recording started at the
moment when the vietim seized by an ant lion larva was
still wisible ahove the sand surlace together with sever-
al conspecifies moving around. It ended when the vietim
was already completely buried in the sand and appar-
ently abandoned by fis conspecifics. The whole record-
ing sesslon consisted of 127 seconds, with a 110 second
break in the middle, The recorded material was
amalysed frame by frame by the aid of iMovie 2.1 appli-
cation and & caleulatory sheel,

ReEsunrs

Responses of workers of F. sanguinea io their
nestmates attacked by ant lion larvae during raids

O the Tviirminne dunes, £ sargifuea raids mainly
F cinerea colonles which generally form vast polyde-
mous systems there. & cinerea are very efficient at
defence of their nests (see Czechowski and Kolkiewicz
1997, Crechowski 1999, 20003 and, therefore, conflicts
between these species are long-lasting and greal num-
bers of attackers scatier over many square metres. It
was requently observed that blosd-red ants participat-
ing in these raids fell prey lo ant lion larvae which,
under such eireumstances, did not even bother (o make
pits, but attacked the ants direetly from under the sur-
face of the samd. Each eapiure of a blood-red ant
induced a violent response of several o over a dozen
nestmates present nearby. Similarly as in the case of the
preliminary observation deseribed in the introduction,
this time, too, rescue behaviour shown by the ants
involved both the altempts o pull the attacked ant away
by tugging at its limbs, and furious brushing away of the
sand in an apparent attempt to reach the ant lion.
However, the ants never resulted to pull the ant lion
larva on the surface of the sand.

Responses of workers of a mixed colony of F. san-
guinea + F. fusca to their nestmates attacked by ant
lion larvae placed experimentally elose to thelr nest

£ senguines rospond very fiercely to any aclivity
near their nest. At the start of the experiment very
numerous {over 100) aggressively disposed workers

immediately ran into a freshly inserted container
(Fig. 5). Within a lew minutes, the ant lions present in
the container began to catch these ants directly from
under the sand, without digging any pits. Each capiure
of an ant by an ant lion released immediately a violent
response of its nestmates. Each lime several to over a
dozen workers rushed to the vietim and then showed
typical rescue behaviour, involving both pulling at the
limbs of the vielim and furious digging around it. This
behaviour continued until the vietim had stopped (o
show any signs of lfe. Then, after few minuies, the ants
usially ceased to show any Turiher interest either in
their nestmaie, or in the ant lion. Altogether, 20 tases of
sueh reseue behaviour were recorded during that initial
part of the experiment. In one container four simultane-
s pesene operalions were cven observed (Fig. B).

The bleod-red ants acting in the containers were
aceompanied by thelr slaves (in the proportion: a few
slaves per a few score of £ sanguinea workers). The
slaves behaved in the same way as did the blood-red
ants; they were very exciled, ran from vietim to victim
and joined the reseue operations. This initial excitement
lasted for about an hour, until the hunting aciiviiy of the
ant lions stopped.

When the observations were resumed after a few
hours' break, there already were some pits in the con-
tainers, & F sangidned workern eaptured at a relatively
long distanee from the containers (o avoid to alarm the
ants present in the vieinity of the container) was placed,
with greal care, directly in the mandibles of (he ant lion
in one of the pits in the container L At the moment when
the ant lion seized thal worker, the previously ant-lree
conlainer was stormed by about 20 bleod-red ants, run-
ning to reseue (heir nestmate. As a consequence, SeVer-
al seconds later another ant lion spontancously caught
a vietim which had fallen into s pit. This event also pro-
voked a fierce response of the ants and induced typieal
reseus behaviour, involving both pulling at the limbs of
the victim and iniense and rapid digging behaviour.

To compare the responses of the ants to captured
workers of F gangninea and £ fusea, an enshvved work-
erof F fusea was then offered to one of the ant lions from
the container 11, in which, at that moment, only over a
dozen of relatively calm bloed-red ant workers were pre-
sent. That ant was eaptured and offered to the ant lion in
exactly the same way as workers of £ sanguined.
However, its capture by the ant lion did not induce any
change in the behaviour of the blood-red ants present in
the eontainer. Only one individual looked into the pit with
the struggling victim and then indifferently went away.

The next two enslaved F fusea individuals were
offered to the ant lion larvae in the container 1, in pres-
ence of about a dogen excited blood-red ant workers.
The first victim did not elicit any interest in workers of
F sanguinea, although a large growp of them was trying
to reseue their conspecifie elose by (at 10 em only). In
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Figures 713, Frames of £ clerea reseie operation sebected from the video lm recorded on the
Baltie Const, Poland (photo M. Kozbowski). (7) An ant lon larva calches a F cinerea warker; (8)
a saml fountain thrown up by am ant lion larva; (90, b) F cireree workers approach a conspecil-
Ie et Ton vietbmg {00 four £ cfgerea workers in train of reseuing o conspeeilic ant Hon vietim;
(11} rescue behayiour of £ cierea; pulling of the attacked ant by an antenna (12) two F sirerea
workers irying 1o pull away the ant bon victim (right side) and ane more worker Is iealn of dig-
wing (Tl sklek; (13) just before the end of the resene aperation, the st reseoer o bends s
gaster lorwiard (possibly (o spray the and Bon laeva with (be formbe acid),

to the place where the ant lion had
just moved, This worker, too, left the
pit after a few seconds. In both these
cases, the K sanguinead  workers
seemed (o be little aroused. A few
minutes later, two ant lion larvae in
the same container almost simulta-
neosusly caught blood-red ants,
Several their conspecifics immedi-
ately rushed io each of the sore
points, and one of the rescue beams
was joined by a E fisea worker,

On the following day, an enslaved
worker of £ fusea was again olfered
io one of the ant lion larvae present
in the container 1. Two blood-red
ants were present close by, bul nel-
ther of them showed any response Lo
that situation, and one even passed,
unconcernedly, by the pit with the
strogeling victim.

Finally, yet another enslaved
worker of # fusca was offered to one
of the ant lion larvae present in the
container 1. At that moment, no
other ants were present in that con-
tainer, but & sangeinea were artifi-
cially disturbed by us at their nest
and in this way over a dozen individ-
nals were provoked into running into
the container. However, on entering
the container with the struoggling vie-
tim, the blood-red ants calmed down
and then turned back to their nest,
This =ituation was allogether
repeated three times,

Responses of workers of a mono-
specific colony of F. fuzgea to their
nestmates attacked by ant lion
larvae placed experimentally
close to their nest

The tests with workers [rom
monospecific colonies of & fusea
were much more difficult to carry out
than the tesis in which workers from
a nalural mixed colony of £ so-
gretdrcer amdd K fusea were used as
subjects. All the activities of the
experimenier taking place close to

the second case, one worker of £ sanguéren entered such a nest (including his attempis to capture an ant
the pit, for a few seconds was pulling lazily the antenna— which could then be offered as 8 vielim (o an ant lon
of the vietim, and then left the pit. About & minute later,  larva) had the same eflect: £ fusca workers immediate-
another worker of £ sanguinea cotered thal pit and, Iy retreated to their nest. Thus, solely in the case of three
ignoring the victim, started o brush away the sand close  vietlms (taken from two monospecific colonies of &
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fuzet) the observations were carried ouf under condi-
tions comparable to those employed before, during the
tests in which we used as viclims enslaved workers of £
Fuserr inken from a natural mixed colony of £ sotgufnea
and £ fusea, Only in these three eases the experimenter
was able to caplure the ant near its nest and then (o offer
it to an ant lon (in its pit in the container) withoul hav-
ing alarmed other ants present close to the nest, In all
three cases, desperate attempts of the victims {o escape
from the ant lion's mandibles were met with a total indif-
ference of its nestmates present nearby:

Rescue behaviour of workers of F. einerea shown
in response to a conspecific worker attacked hy an
ant lion larva in the field

The vietim was eapiured by the ant lion on the fat
sand and the ant lion larva was not visible throughout
the observation. The position of the body of the vietim
sugpested thai [t was seized by the hind part of the
gaster (Fig. 7) and then pulled down into the sand by
means of repeated tugging movements, A times, the ant
lion threw a small sand fountain (Fig. 8). Several con-
specific anis siarted to approach the victim almost
immediniely after its capture. Approaching ants first
stopped for a while with extended antennae and then
rushed to the vielim with opened mandibles, apparenily
searching for a good grip (Fig. 9a, b). At most four anis
were recruited simulianeounsly to the victim (Fig. 10).
Very soon, two ants working in coneert seized the vietim
by iis limbs and then persistently tried o pull it away
(Fig. 11). One of these ants seized the base of the left
antenna of the vietim, the other ant seized the end of its
left front tibia, Other ants in the view also approachod
the stroggling vietim and tried to dig close w it
However, the bouts of their digging behaviour were rala-
lively short (maximum lengih of a dipging bout: 7 see-
onds), and when they stopped digging, they left the vie-
tim (Fig. 12). The amt engaged in pulling the vietim away
by the antenna contiowed o display reseue behaviour
during the longest time {altogether, 119 scconds). The
worker pulling the fromt leg of the vietim approached the
victim later and was engaged in pulling it during a short-
or time (65 seconds), all that time working in coneert
with the ant pulling at the antenna of the vietim. During
the nexi 14 seeonds it continued o stay close to the vie-
tim and finally abandoned i, The ant engaged in pulling
the vietim by the antenna was the last among the res-
cuers o leave the vietim. 18 left the vietim only when it
disappearcd completely in the sand as a result of final
strong tugs of the ant lion. During the final 7 seconds of
its resene avtion that ant was alse observed to bend its
gaster in the direction of the disappearing victim {or
perhaps in the divection of the ant lion) (Fig, 13),
However, il is impossible to tell whether that threaten-
ing posture was actually accompanicd by the ejection of

venom, When that last and finally lefi the vietim, no fur-
ther signs of interest of the ants either in the ant lion, or
in its victim, could be anymore deteeted,

Discussion

Chur present data support our initial hypolhesis thal
in a life-threatening siination workers of £ sowgainen
emil some signals which effectively summon their nest-
mates o arrive af their resene. Pariicipation of enslaved
individuals of # fusea in these rescoe operations sug-
gesis that these signals can also act in a cross-specific
way. However, it is also possible that K fuses joined these
reseune operations in response to some slgnals emitted by
their exeited heterospecific nesimates already engaged
in rescue behaviour, and not directly in response to dan-
gor sigmals emitted by the victims of the ant lHons.

Very interestingly, workers of & fusen show nest-
mate rescue behaviour in response to ants from other
species, but they do not show that behaviour in response
o their own conspeeific nesimates, Workers of that
species captured by ant lion larvae also (ol to trigger
rescue hehaviour in their heterospecific nestmates, ie.,
workers of K sanguinea inhabiting natural mixed
eolonies of these two species. These data support our
earlier hypothesis that workers of F fusea captured by
ant lion larvae do not emit danger signals able 1o elicil
nestmate reseue behaviour either in conspecifie, or in
heterospecific (F sengudined) nesimates. 1T must he
stressed that this does not imply that F fusee do nol
emit any danger signals: however, these signals elearly
fail 1o elicil rescue behaviour in other ants.

Wi also demonstrated that reseue behaviour elosely
similar to that shown by & sangeiea is displayed also
v B cinerea, the second (after £ fesea ) most important
host of blood-red ants, However, in respect of bionomics
that spevies is considerably different from £ fesen (seo
Czechowski and Roetkiewiez 1997, Czechowski 1999,
Ceechowski 2001).

Presence/absence of reseue behaviour (o fairly
sophisticated form of co-operative belaviour) in the
studied ant species is elosely related to their biology and
life strategics, and, in particular, to their positions in the
interspecific competition hierarchy present within the
ant community to which they belong. Aceording to the
theory of hicrarchic structure of anl communities {see
Vepsdliinen and Pisarski 1952, Pisarski and Vepséliinen
19580y £ sanguinea and £ cinerea, both of them highly
agpressive, territorial species, represent the 57 (and the
highesi) level in the interspeciflic competition hierarchy
(Crechowski 1999). Territoriality, which consists in
guarding and defending the boundaries of foraging areas
from alien (conspecific or heterospecific) colonies of
other territorial ants, requires high level of co-operation
of workers seting outside the nest, including effeient



systems of long-range recruilment io danger spots.
sangueinee also makes well-organized dolotic raids
against eolonies of slave species (see Mori et al. 2000,
20011 ), and K rinerea, as one of the latier, is known for its
ability for wellorganized defence (even in the fore-
ground of the nest) against such attacks (Dobreanska
1876, Dobrzansks and Dobreanski 1962, Czechowski
1875, 1977, 1994, 2001). Thus, both specles are particu-
larly well-adapied to combat, and nestmate reeruitment
towards endangered nestmates, clearly manifesiing
itsell during territorial conflicts (Czechowskl, unpubl.) is
one of these adaptations. Morcover, workers of boih
specics often undertake collective hunting and colleciive
transport of large prey (Czechowski, unpubl), and for
these activities, wo, efficient remole communication is
indispensable.

In conirast o F sargained and E civeren, F fusea
Iz a non-aggressive, non-erritorial submissive species
belonging 1o the 1st, lowest level in the interspecific
competition hierarchy (see Savelainen 1989). These
ants defend neither any berritory boundaries, nor cven
their food seurces. Their foraging strategy consisis in
incessant, very gquick searching of their trophic area by
single workers colleeting tiny bits of foed (Savolainen
15B9). It even seems, in our opinion, that large agprega-
tions of individuals gathering near larger prey items are
nod formed as a resuli of nestmaie reeruitment (o food,
but arise simply as a result of aceidental finding of these
prey items by suecessive individual foragers. Colleetive
transport is unskilful and £ fasca often lose large prey
items to the advantage of ants from species belonging to
higher levels in the interspecific competition hierarchy,
lor instance, Telramorium cacspitum (L.), a species
known 1o defend food sources, and, thus, belonging to
the 2nd, intermediate level in the interspecific competi-
Lion hierarchy (Czechowski, unpubl). £ fuseq, as a rep-
resentative of the 15t level of the ani compeditive hierar-
chiy, defend only the nest (sce Vepsiliinen and Fisarski
1982, Pisarski and Vepsiiliinen 1959) and when they are
attacked by their main enemies, ! sanguines and
Polygergis rufescens (Latr), even their nest defenee is
as a rule very short and chaotic. Moreover, il is under-
taken by just a few workers, without any sioms of co-
operation and/or mutual help (eg Dobrzarnska 1976,
Crechowski, unpubl.).

In view of that general absence of (al least distinet)
helpfulness in imraspecific relations in & fesea it is
intriguing that enslaved workers of this species living in
mixed colonies with K samguines are, nevertheless,
ready to show rescue behaviour in response to their hed-
erospecific nestmates captured by ant lion larvac. This
implies that, in spite of the fact that & fsea workers fadl
Lo induee rescue behaviour in their nestmales, the over-
all behavioural repertoire of F fusee includes still the
behavioural pattern of nestmate reseue behaviour, This
in turn strongly suggeste that inability of & Fusee o elie-
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it rescue behaviour in their nestmates is a derived ovo-
lutionary trail, and that the expression of nestmate res-
cue behaviour in enslaved workers of that species rep-
resents a form of atavism, a vestigial behavioural pat-
tern retained from some earlier stage of the evolution-
ary history of that species,

Expression of nestmate rescue behaviour in enshaved
E fusea workers may be related simply to the fact that
danger signals emitled by their host species, F son-
griined (andfor signals emitted by & sangaimea workers
already engaged in rescoe operations around ant lion
vielims), possess a sulfivient behaviour-releasing eapae-
ity to attain the threshold necessary for the expression of
that behaviour. Pheromone affinity (and communication
affinity in general) beiween social parasiies and their
hosie, a prerequisite necessary for the existence of
mixed ant eolonies, seems now to be demonstrated with-
out any douht (see D'Eitore and Heinze 2001),

However, it cannot be excluded that the expression of
nestmate rescue behaviour in £ fusea individuals from
mixed colonies of F sepguinea and F fiesea is related to
some more general, non-specific modifications. of the
physinlogical state of these enslaved anis, These modifi-
eations, arising as a resull of their rearing and subse-
gquent life within a mixed eolony, may ihen exert a modu-
latory action on the expression of various behaviour pai-
terns. Behavioural repertoire of # fsea workers con-
taing other elements which are expressed only in
enslaved individuals of that species living in mixed
colonies together with thelr social parasites (F son-
greeiren, P rafeseens), bul which are not observed in nore-
mal monospecific colonies of fusea. One of these behay-
toural trails (important for our present discussion) is the
level of extranidal agpressiveness,  considerably
enbanced in enslaved workers (Dobrzatiska and Dobres-
fski 1960, Dobrzaiska 1976). As a consequence, some
slaves may even participale in raids and in robbing of
pupae from alien nests (Czechowski, unpubl.).

Nesimate reseue hehaviour deseribed by us in the
present study involved, on one hand, the attempts o
reseue the vietim of te ant lion (andfor the attempis to
attack the ant lion) and, on the other hand, digging
behaviour, Similar close interrelationship between
alarm and digging behaviour was already deseribed in
several ant speeies. In particular, many authors repori-
ed that alarm and digging behaviour may be released by
the same chemical compounds. As demonstrated by
Wilson (19558), workers of Pogomsomgrmer bodivs
(Latr) {subfamily Myrmicinac) respond to compounds
present in the mandibular gland secretion of that
species by alarm behaviour and, afier some delay, also
by digging behaviour. The same effects could also be
observed as a result of exposure of the ants (o a whole
range of other relatively volatile chemical substances,
Bimilarly, MeGurk ef al. (1966) showed that 4-meithyl-3-
heptanone present in the mandibular seeretions of
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FPogonamprmes barbatus F Smith acts both as an
attraciant and as a releaser of attack behaviour (invelv-
ing biting and stinging). After a more prolonged expo-
sure (o that ketone, the ants also started (o earry peb-
bles in their mandibles and (however, not frequently) to
make digging movements with their legs, Interestingly, a
elosely similar intervelationship between alarm and dig-
ging behaviour was also reported in ants of other sub-
families (Dolichoderinae and Ponerinac). Thus, 2-hep-
tanone prescenl in anal glands of the dolichoderine ants,
Corengrrme pyramicg (Hog), acts as o strong releas-
er of alarm, as a powerful attractant, and also as a
strong releaser of digging behaviour (Blum and Warter
1006). Similarly, alarm secretions [rom the venom gland
enhance digging activity in ponerine anis of some
species of the genus Leplogengs Rog, which employ dig-
ging when hunling for animal prey (Maschwilz and
Mihlenberg 1975).

Aceording to Hangartner (1969), rescue bebaviour
shown by ants towards thelr nestmates trapped in sand
or clay has been described already by Belt (1574) and
Lafleur (1940). Stimuli eliciting and guiding the rescoe
digging behaviour were then investigated in numerous
studies. The imporiance of ehemical stimuli in the eon-
trol of that behaviour, signalled already by Wilson
(10545), Blum and Warier (1966), and Me Gurk el al,
(1466), was conflirmed by Spangler (1965) who demon-
strated that workers of Pogonasigemer oecidenfolis
(Cresson) respond by attraction and digging noi only o
whaole buried workers, but also to parts of their bodies,
and to larvae and pupae. These responses disappearaed
in workers deprived of their antennac. Hangariner
(1060) showed that workers of Solenopsis geminala
() respond by rescue digging behaviour to low conecn-
trations of 0w released both by living ants, and as the
produet of decomposition of their dead bodies,

Stimuli of oiher modalities may also play Important
role in triggering (he nestmate reseoe behaviowr, Markl
{1067, 1973) showed that in ants of the genus Afla E res-
cue digging towards nestmates trapped in sublerranean
nest chambers is triggered by vibration signals produced
by them by means of sieldulation. Stridulation signals
also enhanees digging behaviour in the ants of the genus
Aphererecgrrster Mayr (= Novegnessor Em.) bat only in
workers alveady engaged in digging activities, acting as
a modulatory communication signal (Markl and
Hiolldobler 1975, Hilldobler and Wilson 1540,

The exact nature of danger signals emitted by work-
ers investigated in our present study remains unknown,
Failure of £ fusea workers struggling violently with the
ant lion 1o elivit nestmate rescue behaviour strongly
suggests that some highly specific chemical stimuli must
play a crucial role in the iniilation of rescue nelivities.
However, although vibrations produced by a struggling
ant are, evidently, ol sufficient to trigger these activi-
ties, they may, nevertheless, play some robe in the main-

tenance of rescue operations: the ant lion vietims were,
as a rule, left to their fate when their movements ceased,
Stridulation zignals are hardly possible to be responsi-
ble for triggering nestmate rescue behaviour, beeause
siridulation is not found in formicine ants (Hilldobler
and Wilson L5H)),

As already mentioned, some of the ants joining the
reseue operations may also respond to stimuli emitted
by the other rescuers, and not directly to the stimuli
emilled by the vietim. This gquestion remains open,
However, in any case, the participation of 2 fcsea work-
ers in the reseue of their heterospecific nestmates pro-
vides a striking example of the ability of ants (o engnge
in cross-speeific communication and co-operation. The
phenomenon of eross-specilic communication is already
well documented in ants (as well as in other soeial
inseets) and it i not limited o everyday conlacts
between the heferospecific individuals of the same
mixed colony resulted from social parasitism. The so
called “propaganda” pheromones emitted by various
dulotic species play a very important role in the sup-
pression of the defense behaviour of the raided ants
(Regnier and Wilson 1971, Holldobler 1973, Hilldobler
and Wilson 1990). Cross-specific signalling play an
important role in ritualized communication between
competing syntopic ants, for inslance, of the genera
Polgriachis P Smith, Oecophylla F Smith and
Carmponotus Mayr (Mercier and Déjean 1996, Meveler
e al. 1998), The ants may also engage in interspecifie
trophallactic exchanges, which may Jead to the so called
“trophallactic appeasement” of aggression of helerospe-
cilic ants {for instance, Bhatkar and Kloft 1977, Bhatkar
1053, Holldobler and Wilson 1990), and in interspecific
trail following and trail sharing (see eg Diean 1996,
Gobin ef of. 1998, Mercier of al. 1995),

Our present data provide o starting poind for lurther
studies devoted to fuller unravelling of mechanisms
underlying the phenomena reported. T may be hoped
that that research may throw further light on factors
intervening in the course of the evelution of eo-operative
behaviour in social insects,
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