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Abstract

This study reports new information on interactions betweenEctatomma tuberculatum (Ponerinae) andCrematogaster limata
parabiotica (Myrmicinae). Workers of these sympatric arboreal ant species forage on the same pioneer trees. Diurn
Ectatomma preyed onCrematogaster workers that avoided overt aggression by respecting a ‘safe distance’. At
Crematogaster initiated raids within theEctatomma nests that they apparently left with their abdomen empty, then rema
near the nest entrances where they successfully intercepted 75.2% of the returningEctatomma foragers (N = 322). Certain
intercepted workers rapidly resumed their return trip. Others (39.1%) were stopped, explored and licked during a lo
by the Crematogaster. Most of them were carrying between their mandibles a droplet of liquid food that was stolen
relationship, that appears to be a typical case of interspecific cleptobiosis, whose expression varies during the
demonstrates for the first time sugary-food robbing, instead of prey robbing, in ants.To cite this article: F.-J. Richard et
al., C. R. Biologies 327 (2004).
 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.

Résumé

Vol d’aliments sucrés chez les fourmis : un cas de cleptobiose temporelle. Les ouvrières d’Ectatomma tuberculatum
(Ponerinae) etCrematogaster limata parabiotica (Myrmicinae) fourragent sur les mêmes arbres pionniers. De jour
Crematogaster, qui évitent toute interaction agressive directe de la part desEctatomma en respectant une « distance
sécurité », peuvent leur servir de proie. De nuit, lesCrematogaster initient des raids à l’intérieur des nids d’Ectatomma, en
ressortent avec l’abdomen apparemment vide, puis restent près de l’entrée du nid, où elles interceptent 75,2 % desEctatomma
qui rentrent (N = 322). Certaines de ces dernières reprennent rapidement leur trajet de retour. Les autres (39,1 %
plupart transportaient entre leurs mandibules une gouttelette de liquide sucré qui leur fut volée, ont été explorées
pendant de longues périodes. Cette cleptobiose interspécifique, dont l’expression varie en fonction du moment de l

* Corresponding author.
E-mail address: dejean@cict.fr (A. Dejean).
1631-0691/$ – see front matter 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.
doi:10.1016/j.crvi.2004.03.002
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permet de décrire pour la première fois l’existence de vols d’aliments sucrés, et non de proies, chez des fourmis.Pour citer cet
article : F.-J. Richard et al., C. R. Biologies 327 (2004).
 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.

Keywords: ants; cleptobiosis; interspecificrelationships; French Guiana;Crematogaster limata parabiotica; Ectatomma tuberculatum

Mots-clés : fourmis ; cleptobiose ; interactions hétérospécifiques ; Guyane ;Crematogaster limata parabiotica ; Ectatomma tuberculatum
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La cleptobiose (également connue comme « k
toparasitisme » ou « piraterie ») concerne le vol d’
ments entre individus de même espèce ou d’espè
différentes. Cette forme de compétition par inter
rence constitue un moyen important par lequel
nombreuses espèces parviennent à obtenir des
sources alimentaires limitées, tout en réduisant
coûts liés à leur recherche et à leur obtention. Ce
de stratégie alimentaire, largement répandu dan
monde animal et abondamment décrit chez de n
breux vertébrés, a également été rapporté chez
vers invertébrés et notamment des fourmis, où
cas de la ponérine néotropicaleEctatomma ruidum
est un des exemples le mieux étudié. L’observa
fortuite au Panama, il y a une quinzaine d’anné
d’une relation de type parasitique entre une autre
pèce d’Ectatomma (E. tuberculatum) et la petite myr-
micine Crematogaster limata, au cours de laquell
les Crematogaster pénétraient à l’intérieur des nid
d’Ectatomma et grimpaient sur le dos des ouvrièr
pour les lécher sans subir d’agression, nous a in
à étudier de plus près ce genre d’association, afin
vérifier si une relation de type cleptobiotique n’ét
pas en jeu et d’en détailler les différentes pha
Les observations, réalisées en saison des pluie
Guyane (Petit Saut), ont concerné 36 nids d’E. tu-
berculatum, dont au moins 10 présentaient l’assoc
tion avecCrematogaster. La majorité des données
été collectée sur le nid le plus actif. Les enregis
ments ont porté sur divers paramètres, liés, d’une p
à l’activité de fourragement des deux espèces (nom
de fourrageuses d’Ectatomma sortant et entrant d
nid, flux journalier deCrematogaster près des entrée
des nids d’Ectatomma, rythme journalier d’exploita
tion des sources sucrées produites par des nymph
membracides, taux comparatif de présence des f
mis au niveau des nectaires extrafloraux d’Inga thi-
baudiana et sur 30 groupes de nymphes de Memb
cidae) et, d’autre part, à leurs interactions (proport
-

e

de fourrageuses d’Ectatomma arrêtées lors du retou
au nid, nombre d’ouvrières deCrematogaster explo-
rant les ouvrières d’Ectatomma et parties du corp
concernées par l’exploration, durée des interactio
Bien que présentant un pic d’activité plus importa
en période nocturne,E. tuberculatum est active toute
la journée et exploite en continu les nectaires extra
raux et les membracides. Comme chez la plupart
autres ponérines, les échanges trophallactiques n’
tent pas chezE. tuberculatum, et les fourrageuses qu
récoltent des liquides les transportent entre leurs m
dibules (ces liquides adhèrent grâce aux forces de
sion superficielle) avant de les redistribuer par pseu
trophallaxie à d’autres fourrageuses assurant un r
dans le transport (29,9 % des cas) ou directement
congénères à l’intérieur du nid. Jusqu’à 61,8 % des
vrières rentrant au nid transportent ainsi des liqui
sucrés (N = 377). Sur les sites alimentaires,E. tuber-
culatum rentre en compétition avec d’autres espè
de fourmis pour la récolte des sources sucrées, no
ment avec lesC. limata parabiotica, qui exploitent les
mêmes espèces de membracides, sur les mêmes a
et durant les mêmes créneaux horaires, mais géné
ment sur des branches différentes.Ectatomma tuber-
culatum est connue pour être une prédatrice effic
d’un grand nombre d’autres fourmis parmi lesque
le genreCrematogaster est largement représenté. D
jour, lesC. limata parabiotica évitent manifestemen
tout contact direct avec lesEctatomma – utilisant les
mêmes hémiptères, mais en alternance, ou bien
ploitant les individus les plus éloignés des ouvriè
d’Ectatomma et s’écartant dès que l’une d’elles se ra
proche – et servent même fréquemment de proies
Ectatomma. Les interactions comportementales en
les deux espèces changent de façon drastique pe
la nuit, l’agressivité normalement présentée par lesEc-
tatomma vis-à-vis desCrematogaster disparaissant to
talement. LesCrematogaster n’évitent plus alors le
contact avec lesEctatomma et même l’initient, l’in-
teraction se réalisant en deux phases distinctes. Dan
un premier temps, en début de période nocturne
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Crematogaster effectuent de véritables raids à l’int
rieur des nids de la ponérine. Elles en ressortent
tard, sans avoir apparemment volé de nourriture,
tent près de l’entrée et se mettent à arrêter les fou
geuses d’Ectatomma lors de leur retour au nid, tout e
faisant vibrer leur abdomen, recrutant ainsi de no
breuses congénères. Sur 322 ouvrières d’Ectatomma
rentrant ainsi au nid, 75,2 % ont été arrêtées, dont
de la moitié reprend rapidement le chemin vers l
nid. Dans tous les autres cas (126 sur les 242 arr
les petites ouvrières deCrematogaster grimpent sur le
dos de la ponérine, la lèchent et, lorsqu’une gouttel
de miellat est présente entre ses mandibules – ce
est le cas pour 88,1 % des ouvrières ainsi explorée
la volent. Ces interactions, de type « cleptobiose in
spécifique », présentent ainsi l’originalité de conc
ner des aliments sucrés et non des proies, contr
ment aux autres cas rapportés dans la littérature
plus, son expression est temporelle, car limitée à
période nocturne, et facultative, lesCrematogaster ne
dépendant pas strictement de cette stratégie pour
provisionner. Cette temporalité du phénomène po
rait s’expliquer par la forte augmentation d’activité d
Ectatomma en début de période nocturne, provoqu
une grande confusion à l’entrée des nids, ce qui ré
rait ou même annulerait le filtrage réalisé par les g
diennes et autoriserait ainsi les raids deCrematogaster
avec un minimum de risques d’agression. Cette ph
permettrait à ces dernières d’acquérir un camoufl
chimique par absorption passive d’hydrocarbones
ticulaires, camouflage qui serait par la suite inten
fié lors des léchages des fourrageuses chargées
quides sucrés.

1. Introduction

Cleptobiosis, kleptoparasitism, food robbing, thiev
ery and piracy concern the stealing of food by indiv
uals of the same or different species. This widespr
form of interference competition is an importa
means by which many animals obtain limited
sources while reducing the costs of searching for
handling food[1–3]. This foraging strategy has bee
extensively described for a large range of vertebra
including fishes[4,5], birds[2,6,7], and mammals[8,
9]. Numerous cases of intra- and interspecific clepto
biosis have also been reported in marine invertebr
[10], spiders[11,12] and insects such as thrips[13],
,

i

-

-

wasps[14], bees[15], and ants. In ants, since the fir
descriptions by Wroughton in 1892 (in[16]) and the
first use of the term ‘cleptobiosis’ in its current sen
by Forel[17], numerous cases have been reported[18–
21], particularly that of the Neotropical ponerine a
Ectatomma ruidum [22–27].

Aiming to further the understanding of the da
foraging rhythms ofEctatomma tuberculatum, Whe-
eler [28] provided a fortuitous account of a parasit
like association between this species andCremato-
gaster limata. She observed, particularly at dawn a
dusk, that hundreds ofC. limata file into the nest
entrances ofE. tuberculatum. When encountering a
E. tuberculatum worker, the smallerC. limata climbed
up one of the larger ant’s legs and onto its thorax
head, while theE. tuberculatum did not react aggres
sively to the intruders. As Wheeler[28] did not note
any aggressiveness, we decided to conduct a stud
this relationship, hypothesizing that the intriguing b
haviour of theCrematogaster workers could be relate
to cleptobiosis.

2. Materials and methods

Data were collected in Petit Saut, French Guia
mostly in July 2000. The mean temperature during
daytime was 28.5◦C, falling to 22.8◦C at night. The
mean relative humidity was 85–90% during daytim
all throughout the periods of observation.

Ectatomma tuberculatum is a monogynous (or oc
casionally polygynous) ponerine ant, widely distr
uted in Neotropical regions. Colonies have polyd
mous nests excavated at the base of a tree tr
Nest entrances are characterized by an external
nel (made with rough vegetal fibres) leaning aga
the base of the supporting tree. The opening of
tunnel is generally guarded by specialized worke
Workers concentrate most of their foraging activ
on the tree situated above their nest plus neighb
ing trees and shrubs. They solitarily gather a w
variety of small invertebrates, and exploit differe
sugary sources. As for most Ponerinae, trophalla
exchanges cannot occur inEctatomma. So, foragers
carry between their outstretched mandibles droplet
liquid substances that adhere thanks to surface ten
strengths[22,28–33].

We noted the position of 36Ectatomma nests
thanks to their characteristic entrance tunnels. Ne
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theless, due to problems of accessibility and great v
ation in the colonies’ levels of activity, detailed obs
vations were focused on the most active colony t
had four nest entrances. Ten out of the 36 nests
relationships withCrematogaster limata parabiotica,
a myrmicine species very frequent in pioneer form
tions with polydomous nests, built in hollowed stru
tures or ant gardens[34,35]. The difference in size be
tween the species was great (meanEctatomma worker
length± SE: 9.5 ± 0.8 mm;N = 20; Crematogaster:
3.5± 0.06 mm;N = 20).

As the Ectatomma circadian rhythm of activity
varies seasonally[31], we conducted a series of 1
min scans over an 8-day-long period until we h
covered each hour out of the 24. During each scan
checked the number of workers entering and leav
the nest of one colony. We also estimated the fl
of Crematogaster workers around theEctatomma nest
entrances by using a grid ranging from 0 to 4 (0: to
absence of workers; 1: one or two workers near
nest entrance; 2: up to ten workers; 3: 10 to
workers; 4: more than 50 workers).

We also studied the rhythm of the exploitation
sugary sources. Firstly, we conducted 10-min sc
per hour concerningEctatomma workers attending
membracid nymphs (Hemiptera) on a small tree,
well as Crematogaster workers on several sites i
the area where we also registered the presenc
Ectatomma (six 3-h time periods between 08:00 a
02:00). Secondly, we noted the presence of ants on
leaves of 20 juvenileInga thibaudiana (Mimosoideae)
and 30 groups of membracid nymphs in the stud
area during three periods: at night, in the morning a
in the afternoon.

We quantified the cleptobiotic events performed
Crematogaster workers through the proportions ofEc-
tatomma foragers stopped while returning to their ne
the number ofCrematogaster individuals exploring
an Ectatomma worker, the body part concerned (i.e
mouthparts, legs, abdomen and thorax), and the d
tion of the interaction.

3. Results

3.1. Circadian rhythm of activity

Although continuously active,Ectatomma workers
presented two peaks of activity at night, around 20
f

Fig. 1. (A) Circadian rhythm of activity ofEctatomma tuberculatum
through the mean number of workers entering and exiting the
per 1-h time periods (mean± SE). (B) Estimation of the flux ofCre-
matogaster limata parabiotica workers at theE. tuberculatum nest
entrance by using a grid ranging from 0 (absence ofCrematogaster
workers) to 4 (more than 100Crematogaster workers).

and 03:00. Nocturnally, between 19:00 and 05:00,
number of workers returning to their nest surpas
that of workers exiting the nest (Fig. 1A). During a
continuous 24-h-long observation period, we no
that 61.8% of the workers entering the nest transpo
sugary liquids between their mandibles (N = 377). On
the foraging sites,Ectatomma competed with other an
species, includingCrematogaster, for the exploitation
of membracid honeydew and the extrafloral necta
Inga. In spite of a reduced level of activity in th
morning, Ectatomma workers attended membracid
all day long (Fig. 2A and C). The nocturnal increas
in the number of ants exploitingInga extrafloral nectar
corresponds to the increase in the production of ne
at night[36].

Crematogaster workers also displayed both diurn
and nocturnal activity on the foraging sites (Fig. 2B–
D). Around theEctatomma nest entrances, their activ
ity level was high at night, mostly between 21:00 a
04:00, whenEctatomma foragers returned to their ne
(Fig. 1B).
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Fig. 2. (A) Dynamics of the exploitation of membracid nymphs byEctatomma tuberculatum workers at one site during a 24-h cycle. (B) The
same forCrematogaster limata parabiotica workers recorded at different sites between 08:00 and 02:00. (C) Percentages of groups o
membracid nymphs attended by ants during three periods of the day (other species:Camponotus spp.; 100% of the groups attended by a
at 10:00 and 23:00; 93.3% at 1500 hours). (D) Percentages of leaves ofInga thibaudiana (Mimosoideae) noted with ant workers exploitin
the extrafloral nectaries during three periods of the day (other species: mostlyCamponotus spp., but also someGigantiops destructor and
Cephalotes sp. in the morning; total of 39%, 7% and 72% of the leaves with ants at 10:00, 15:00, and 23:00, respectively).
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3.2. Ants attending membracids

In the studied area, bothCrematogaster and Ec-
tatomma foragers attended membracid nymphs on
same trees during the same time periods, but g
erally on different branches. They shared the sa
parts of the branches on only 25 occasions ou
194 noted during the study of their circadian rhyth
of activity. In such cases, theCrematogaster attended
the membracid individuals the most distant from
Ectatomma foragers, and they moved when anEc-
tatomma approached. The latter frequently tried
capture theCrematogaster workers: 15 attempts oc
curred on the 25 branches shared by both species
though most of them successfully escaped, we no
during a series of observations that 14 prey out
27 retrieved byE. tuberculatum foragers were ants
10 of themCrematogaster. Also four retrieved prey
were membracids originating from attended grou
two complete predatory sequences being observed
During trophobiotic relationships,Ectatomma
workers palpated the lateral parts of the membra
nymphs with their antennae in an up and down mo
ment, eliciting the secretion of honeydew. As th
stood above the nymphs with their mandibles sligh
open, they recuperated the honeydew that adhered
their mandibles thanks to surface tension streng
While repeating this behaviour, the workers open
their mandibles wider and wider as the droplets
honeydew increased in size (Fig. 3A). Then, in 70.1%
of the cases (N = 127), eachEctatomma forager re-
trieved the droplet of honeydew accumulated betw
its mandibles, after having been replaced or not b
a nestmate (25.2% and 44.9% of the cases, res
tively). In the other situations (29.9%),Ectatomma
workers specialized in honeydew transport shut
between the individuals that collected the honeyd
from the membracids and the nest (one transporte
4–7 collectors). The transfer of honeydew from
collector to the transporter followed an antennat
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ed
Fig. 3. (A) Ectatomma tuberculatum worker attending membracid nymphs and gathering a honeydew droplet between its outstretch
mandibles. (B) E. tuberculatum worker stopped by twoCrematogaster limata parabiotica workers inspecting its mouthparts. (C) Worker
of C. limata parabiotica licking a part of the honeydew droplet from aE. tuberculatum forager.
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initiated by the transporter that also made a serie
3–4 back and forth movements with its body. Th
the collecting worker again attended the membrac
while the transporter looked for other collectors.
returned to the nest when the droplet of honeyd
completely filled the space separating its wide-op
mandibles.

3.3. Relationships between Crematogaster limata
parabioticaand Ectatomma tuberculatum

While completely absent in the vicinity of theEc-
tatomma nest entrances during the daytime (Fig. 1B),
at duskCrematogaster workers entered theEctatomma
nests without any opposition, as the guards were
sent. As already reported[28], the column ofCre-
matogaster passed through the entrance tunnels i
raid-like fashion. The beginning of such raids occur
between 18:00 and 22:45, which corresponds to
peak of nocturnal activity ofEctatomma (Fig. 1A). Af-
ter these raids, theCrematogaster workers exited the
tunnel and remained around the nest entrance alm
all night long (Fig. 1B). They never had a swollen ab
domen nor any evidence of having filled their cro
Then, they stopped returningEctatomma foragers at
the base of the supporting tree trunk around the
entrance or on surrounding branches.Crematogaster
workers waved their abdomens at the approach of a
turningEctatomma forager, but no liquid droplet wa
noted at the tip of their abdomens. They also tap
their abdomens on the substrate. These behaviou
tracted nestmates that immediately arrived and rap
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aggregated around theEctatomma. CertainCremato-
gaster individuals stayed in front of theEctatomma
that remained immobile, while up to 12 others climb
on theEctatomma (3.2± 2.4; N = 98).

A study conducted on 322Ectatomma foragers re-
turning to their nest permitted us to note that only
(24.8%) were not intercepted by theCrematogaster
workers prior to the tunnel entrance. Among the 2
Ectatomma intercepted, 116 (36% of all returning fo
agers) were stopped, and remained immobile du
a short time before resuming their return trip to t
nest. The remaining 126 individuals (39.1%) we
stopped, explored and licked during a relatively lo
time (>1 min) by theCrematogaster workers. This
included 111 individuals carrying a droplet of liqu
food that was stolen (34.5%).

Of the 316Crematogaster workers thoroughly ob
served after the interception of anEctatomma for-
ager laden with a droplet of liquid food, 165 (52.2%
focused their exploration on theEctatomma mouth-
parts (seeFig. 3B and C). Each individual licked
the honeydew only during a few seconds (6.6 ±
5.4 s, N = 70). When the honeydew droplet was d
pleted, theEctatomma workers remained motionles
mandibles open, maxilo-labial mouthparts extend
allowing theCrematogaster workers to lick them dur-
ing a long time (25± 14.5 min;N = 15).

4. Discussion

We confirm therefore the existence of the unus
relationship betweenE. tuberculatum andC. limata as
reported in central Panama[28]. Nevertheless, som
new information and significant differences deserve
be pointed out.

First, Ectatomma workers constantly attende
groups of membracid nymphs thanks to two strateg
Workers collected honeydew that they transported
the nest once they were replaced by a nestmate
certain workers collected the honeydew that was t
transported to the nest by other workers. The la
cooperative behaviour, known in the Formicinae[3],
presents similarities with the ‘relay transport’ and t
‘prey chain transfer behaviour’ noted for other pon
ine ants during predation[37,38].

Second, we noted a dramatic difference inCremato-
gaster-Ectatomma interspecific relationships betwee
day and night. Although sharing branches with the
Crematogaster workers maintained a ‘safe distanc
from Ectatomma in the foraging areas during the da
the latter being able to prey on them (see also[33]).
On the contrary, at night theCrematogaster work-
ers no longer avoided direct contact withE. tubercu-
latum, but initiated the interactions. They conduct
their raids on theEctatomma nest entrances, then e
gaged in contact with theEctatomma foragers return-
ing to their nest, stopping and exploring them.

Third, Wheeler[28] noted that the behaviour o
Crematogaster workers during raids was limited i
time and consisted of a kind of ‘shampooing’ der
ing nutrition from the cuticular secretions and/or t
excess fluids (nectar and honeydew) trapped on
mandibles ofEctatomma workers. This author note
that such behaviour, first described between an
quiline ant and its host[39], could account for a mu
tualistic association of the ‘cleaner-fish’ type whe
both species derive benefits. Even if we again no
that Crematogaster workers licked the different bod
parts of theEctatomma, they mostly stopped and ex
plored theEctatomma retrieving a honeydew drople
(88.1% of the exploredE. tuberculatum foragers) and
recruited nestmates in order to rob this droplet. T
resulted therefore in a parasitic relationship of
‘cleptobiotic’ form. This nocturnal robbing behavio
only complements the food supply of theCremato-
gaster that gather most of their sugary food by atten
ing hemiptera or exploiting extrafloral nectaries.

Fourth, other cases of cleptobiosis in ants c
cerned prey robbing, with nevertheless a certain sim
itude with the present study. For example,Myrmeco-
cystus mimicus workers thoroughly inspect returnin
foragers ofPogonomyrmex spp. before robbing thei
prey [20]. The originality of the cleptobiotic activity
of C. limata parabiotica consists in exploiting the kind
of liquid transport limited to arboreal ponerine an
Indeed, they carry droplets of liquid between thei
mandibles, which are then imbibed by nestmates
adaptation to the lack of trophallaxis in most Pone
nae[40,41].

Finally, we questioned the origin of the lower no
turnal aggressiveness ofEctatomma workers towards
Crematogaster. The immobility of the Ectatomma
workers could be triggered by a secreted chemi
while the Crematogaster wave their abdomens. In
deed, secretions from the mandibular, metapleura
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Dufour glands act as repellents in severalCremato-
gaster species[42–44], and such an effect was note
in the lestobioticSolenopsis fugax [45]. Similarly, a
pacifying action on the host occurs when an indiv
ual of the parasiticFormicoxenus provancheri raises
its abdomen and extrudes the sting producing a dro
of volatile liquid before engaging in ‘shampooing’ be-
haviour withMyrmica incompleta [46].

Nevertheless, why does this not work during t
daytime? As theCrematogaster ‘raids’ coincide with
the dusk peak in activity ofEctatomma (19:00–21:00;
Fig. 1A), another hypothesis can be formulated. D
ing this period, the heavy flow ofEctatomma foragers
entering and leaving the tunnel drives the guards b
into the nest. This permits the smallCrematogaster
workers to creep inside the tunnel without being
tacked. In this situation, they can modify the comp
sition of their cuticular hydrocarbons enough to
accepted by the nextEctatomma foragers returning
to their nest, and so to lure them. A similar dece
tive mechanism, based on chemical camouflage
quisition, was proposed to explain intraspecific cle
tobiosis inE. ruidum [27]. Later, newCrematogaster
individuals can enter the tunnel, or they can acqu
cuticular compounds directly from an interceptedEc-
tatomma worker by climbing on it and licking its cuti
cle, this corresponding to the ‘shampooing’ behavi
described by Wheeler[28]. This hypothesis might b
supported by the fact thatC. limata parabiotica has the
ability to share nests and trails with different formici
and ponerine ants, in a phenomenon called ‘para
sis’, while these ants never share nests between t
[34,35,46].

In conclusion, we noted a new kind of cleptobio
in ants concerning the robbing of sugary substan
and not prey robbing as previously known. Temp
rally limited to night time and facultative, it implies th
presence ofEctatomma nests onCrematogaster terri-
tories.
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