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Abstract

Despite the numerous records of ant-mimicking arthropods, reports of ant species that
are mimics among themselves are still rare. In the savanna of central Brazil we found two
ant species that are remarkably similar in color pattern and body size, Pseudomyrmex
termitarius and Camponotus blandus. Both species are widely distributed in the
Neotropical Region, but the cases of mimicry between them are apparently restricted
to populations inhabiting nests of the termite Cornitermes cumulans in the Brazilian
Cerrado. Field observations and excavation of the termitaries revealed that Camponotus
blandus shares nest chambers and foraging trails with P. termitarius, and workers of both
species are mutually tolerant. Our observations suggest that the morphological and
behavioral similarities between these species represent a Batesian mimicry relationship
in which the relatively palatable Camponotus blandus mimics the unpalatable P.
termitarius for predator avoidance. The pacific association between the termitophilous
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colonies of these species may also suggest some level of parabiotic interaction.

Introduction

Mimicry is considered a conspicuous demonstration
of Darwinian selection (Fisher 1930) and can incorporate a
wide range of sensory modalities, including visual, auditory,
vibrational and chemical (Pasteur 1982). Batesian mimicry has
been described as the mechanism by which a palatable species
look similar to an unpalatable one to avoid predation. Mimetic
systems have been recorded in a vast range of invertebrates
and despite the fact that the majority of quantitative studies of
Batesian mimicry have examined defensive visual mimicry
among lepidopterans (e.g. Joron & Mallet 1998), social
insects are one of the most common “models” of Batesian
mimics (Holldobler &Wilson 1990; Mclver & Stonedahl
1993; Cushing 1997; Ceccarelli & Crozier 2006). It occurs
because social insects may have strong defense mechanisms
that are effective against predators. Nevertheless, records of
social insects mimicking themselves are relatively rare.

Batesian mimicry has been suggested in few ant
species (Ward 1984; Holldobler & Wilson 1992; Gobin
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et al. 1998; Merrill & Elgar 2000; Ito et al. 2004), despite
the vast diversity of arthropods that mimic ants (e.g. Pie &
Del-Claro 2002; Taniguchi et al. 2005; Nelson & Jackson
2009). Here we provide a novel account of a remarkable
similarity between two species of unrelated ants. We found
workers of the formicine ant Camponotus blandus (Fr. Smith)
reproducing the body coloration and sharing nest chambers
and foraging trails of the pseudomyrmecine Pseudomyrmex
termitarius (Fr. Smith). The two species are exclusively
Neotropical, occurring from Central America to northern
Argentina. However, the records of Batesian mimicry in these
species are apparently restricted to the populations inhabiting
termite nests in the savanna of central Brazil.

Like most members of Pseudomyrmecinae, P
termitarius is a very aggressive ant with precise mandibles
and a painful, venomous sting which serves as a solid
deterrent to many potential predators. As its name suggests, P,
termitarius has a preference for establishing its colonies inside
termite nests, although subterranean nests can also be found
(Mill 1981; Jafté et al. 1986; Pulgarin 2004). This species is
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an opportunistic predator and, when inhabiting termitaries,
it can prey upon termite brood or inquiline arthropods that
also occupy the termite nests. Populations of P. termitarius
are widespread in the Brazilian Cerrado, where they can they
can most commonly be found inside nests of the termite
Cornitermes cumulans (Kollar) (Redford 1984), although
colonies can also be found in open soil and in association with
other termite species (Kempf 1960).

In contrast, the defense mechanisms of formicine ants
are limited to a formic acid spray, since these ants do not
possess a functional sting. This is the case with Camponotus
blandus. The formic acid of these ants renders some of
them unpalatable to some predators. However, lacking more
substantial defenses, many formicines may be relatively more
vulnerable to predation (Lamon & Topoff 1981; Montgomery
1985; Merrill & Elgar 2000). For example, ants of the genus
Camponotus are among the most commonly preyed upon
by Australian birds (Barker & Vestjens 1990). Like many
species of this genus, C. blandus is a polymorphic, generalist
ant (Fernandez 2003). The nests are found in the soil, in
preexisting cavities under rocks, decaying logs or termite
mounts. The foraging is largely arboreal but the workers can
be efficient ground predators, preying on terrestrial arthropods
and even raiding termite galleries (Fowler & Crestana 1987;
Mendonga & Resende 1996).

Morphologically, Camponotus blandus
highly variable regarding the color patterns along its wide
geographical distribution, but as far as we know, only in the
Brazilian Cerrado this species assumes the reddish and black
pattern typical of P. termitarius. Both species can share nests of
Cornitermes cumulans in central Brazil. Our morphological,
geographical and behavioral lines of evidence indicate that
one species is a visual model of the other. We argue that C.
blandus, a member of a normally highly predated genus,
mimics an aggressive and venomous ant, P. termitarius, in
order to reduce the risk of predation in the open areas of
central Brazil. This is the first formal report of mimicry of
an ant by another ant in the Neotropical Region and may also
represent a new case of parabiosis between ant species.

can be

Materials and Methods

Collecting and observations on interactions between
Camponotus blandus and Pseudomyrmex termitarius were carried
out in two field stations. The first one, Estagdo Experimental
Embrapa Cerrados, is located in the Planaltina municipality, near
Brasilia, in Brazil’s Federal District (15,36°35,5”’S; 47,44°09,5”W).
It is a 3,500 hectares site with permanent ecological reserves
and 10 different Cerrado phytophysiognomies (Embrapa
2010). The second station, Reserva Acangatl, is situated in the
Paracatu municipality, State of Minas Gerais (17,12°08,2”’S;
474°19,6°W). It is classified as a Private Natural Heritage
Reserve of 3,000 hectares, where the Cerrado sensu strictu is the
prevalent physiognomy (INMET 2011).

We made qualitative behavioral observations of
workers from five colonies of Camponotus blandus and
P termitarius cohabiting in termitaries of Cornitermes
cumulans (Fig. 1a). Termitaries containing colonies of both
species were excavated to determine the position of the ant
nests and internal organization of the colonies. Then, eight
and three additional colonies were collected for P. termitarius
and Camponotus blandus, respectively, from termitaries
of both study sites. These additional colonies were found
to be isolated, without the presence of the second species.
Our observations were made throughout the day, primarily
to establish the periods when the ants were most active and
abundant above the ground. When possible, all the individuals
present in the colonies were collected, including sexuals and
brood, and fixed in 70% ethanol. Voucher specimens are
deposited at the insect collection of the Instituto de Biologia,
Universidade de Brasilia (UnB), DF, Brazil.
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Fig. 1 A typical termitary of Cornitermes cumulans in the Brazilian
Cerrado (a), worker of Pseudomyrmex termitarius foraging solitarily
on a termitary (b), mixed sample from a nest chamber containing
individuals of Camponotus blandus (Cb) and Pseudomyrmex
termitarius (Pt) (c).

Results

The foraging behavior of Pseudomyrmex termitarius
is predominantly solitary (Fig. 1b); however, workers may
follow disperse trails on the surface of termitaries and in the
adjacent areas. We found workers of the mimic Camponotus
blandus sharing the trails of P. termitarius in colonies studied
from both study sites, though workers of Camponotus blandus
could be seen foraging independently.

Termitaries excavation revealed that P. termitarius
forms polydomous colonies, occupying several chambers
inside the termite nests. These chambers were normally found
on the hypogaeic portion of the termitaries, from 40 cm high to
15 cm below the soil surface and, in many cases, were shared
with colonies of Camponotus blandus (Fig. 1c). It was not
possible to observe if brood of both species was kept together,
but no agonistic interaction was observed between workers
of the two species. The presence of the termitary builder
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(Cornitermes cumulans) is not a requirement for the presence
of the ants, since ant nests were found in both abandoned and
occupied termite nests. In general, colonies of P. termitarius
were larger than those of Camponotus blandus, with an
average number of individuals of 45 and 23, respectively,
including brood and sexuals.

Morphologically, the most conspicuous similarity
between these two species is their color pattern. Both share
the reddish antennae, mesosoma, waist, anterior segments of
gaster, and distal portion of legs, and the black head, coxae
and apical segments of gaster. Additionally, the total body
length is also very similar in both species, about 7 mm (Fig.
2). Extensive collecting was performed in other areas where
the species co-occur and the study of specimens of both
species deposited in myrmecological collections indicates that
the morphological similarity only occurs in populations of
termitaries in central Brazil. Most of the Camponotus blandus
specimens found without the association with P. termitarius
are predominantly blackish in color. Still, regarding all the
species phylogenetically related (subgenus Myrmaphaenus)
to Camponotus blandus, the termitophilous populations of
this species are the only ones to exhibit the color pattern
observed here.

Fig. 2 Lateral view of workers: Pseudomyrmex termitarius (a) and
Camponotus blandus (b).

Discussion

The color combination exhibited by P. termitarius and
Camponotus blandus is most likely aposematic. The black
and reddish coloring can frequently be seen as a warning
pattern in unpalatable plants and animals of different groups
and regions (Lythgoe 1979). Many ichneumonoid wasps
and butterflies of the “tiger-complex” combine these colors,
apparently to advertise mechanical or chemical defenses to
potential predators (Quicke et al. 1992; Beccaloni 1997).
Similar reddish and black color patterns can be found within
a variety of species in the Australian ant genus Myrmecia.
Species of these ants are among the most aggressive ants in
the World (Haskins & Haskins 1950; Hoélldobler & Wilson
1990).

Populations of Camponotus blandus occupying
termite nests in the Brazilian Cerrado differ in worker caste
from the majority of the conspecific populations with arboreal
habits and also from those of different biomes and geographic
regions. While most species of Camponotus have a wide
range of size classes, termitophilous Camponotus blandus
exhibits relatively little variation in the size of the foragers.
This conservative caste system helps to create a more
consistent congruence in size between Camponotus blandus
and P, termitarius foragers, and thus increases the efficacy of
mimicry, given that P. termitarius is a monomorphic species.

Mimicry will be most effective when the ranges of
the mimic and its model overlap broadly, such that predators
encountering the mimic are likely to have had some experience
with the model (Pough 1994). The range of Camponotus
blandus lies entirely within that of P. termitarius, although the
mimicry cases between both species are apparently restricted
to the termitaries in central Brazilian Cerrado. The geographic
sympatry of these species is even tighter at the ecological
level. Both Camponotus blandus and P. termitarius share the
same nesting and foraging strategies in the open areas of the
Cerrado. More significantly, however, is the fact that workers
of both species can share nest chambers inside the termitaries,
showing an almost complete ecological overlapping.

Theory also predicts that mimicry will be most
effective when the model is relatively abundant (Lindstrom
et al. 1997), and in all our observations P. termitarius is
relatively more common than Camponotus blandus within
their range, with more individuals per colony. Museum
collections corroborate this finding; P. termitarius is well
represented in the ant collection of the Museu de Zoologia
da USP (MZSP), with more specimens than for most of its
congeners (RMF, pers. obs.).

The striking similarities between P. termitarius and
Camponotus blandus are obviously unlikely to be derived from
acommon phylogenetic ancestry given that the formicines and
pseudomyrmecines are very divergent phylogenetic lineages
(Brady et al. 2006). Instead, our observations suggest that
these similarities represent a Batesian mimicry relationship
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in which the relatively palatable Camponotus blandus mimics
the unpalatable P. fermitarius in order to escape predation.

Batesian mimicry in ants has been reported in
Pheidole nasutoides, Camponotus bendigensis, Polyrhachis
rufipes and Camponotus sp. The major workers of Pheidole
nasutoides mimic soldiers of nasutitermitinae termites, which
have formidable chemical defenses against predation in the
Costa Rican tropical forest (Holldobler & Wilson 1992).
Camponotus bendigensis shares body size and color patterns
with Myrmecia fulvipes, a very aggressive Australian ant
with a painful venomous sting (Merrill & Elgar 2000). In
the Oriental tropics, the species Polyrhachis rufipes is often
found on trails of Gnamptogenys menadensis. Workers of
Polyrhachis rufipes can follow the trails of G. menadensis and
thus reach sugar sources (Gobin et al. 1998). Finally, workers
of an undescribed species of an arboreal Camponotus were
exclusively observed on foraging trails of the myrmicine ant
Crematogaster inflata in western Malaysia. The bright yellow
and black color pattern, as well as the walking behavior, are
very similar in both species (Ito ef al. 2004).

The most remarkable result of our study is the finding
of Camponotus blandus sharing nest chambers and foraging
trails with Pseudomyrmex termitarius, and the mutual
tolerance between workers of both species during foraging
and intranidal activities. It must be confirmed in the future
whether Camponotus workers can recognize signals from
Pseudomyrmex termitarius and vice versa, but our observations
may suggest some level of parabiotic interaction between these
species. Parabiosis is defined as a particular form of facultative
or obligatory symbiosis in which two or more species utilize the
same nest structure and sometimes even the same odor trails,
but normally keep their broods separate (Holldobler & Wilson,
1990). It is important to emphasize the facultative nature of
this particular association, since neither of the participating
species is dependent on the other. Parabiotic associations have
been described for ant species from all over the globe, but
most records report facultative relations concentrated in the
Neotropics, where several cases, generally involving members
of different subfamilies, have been recorded (e.g. Adams 1990;
Ipinza-Regla ez al. 2005; Sanhudo et al. 2008).

It remains to be explained why this tight association
between the wide distributed Camponotus blandus and
Pseudomyrmex termitarius involves only the termitophilous
populations of these species in the Brazilian savanna. The
variables favoring this mimetic and probably parabiotic
system may include the predation of Camponotus blandus by
birds and terrestrial reptiles, both are extremely common in
the savanna of central Brazil. It is likely that these predators
have sufficient spectral sensitivity to detect the color pattern
exhibited by these ants, especially in the open lands of the
Cerrado, where foragers are more exposed than in the forests
and woodlands where Camponotus blandus also occurs.

The efficient defensive mechanisms of Pseudomyrmex
termitarius and the solid protection of the termitaries of

Cornitermes cumulans have apparently resulted in the evolution
of the mimicry and parabiotic syndromes in Camponotus blandus.

Acknowledgements

We thank the staff of the termitology laboratory of
Universidade de Brasilia for their assistance in the field and
the colleagues of Embrapa and Reserva Acangatl for the
collecting permits. Thanks to the PEC-PG program for the
grant offered and to Universidad del Cauca, Colombia. This
study was funded by CAPES, PRONEX-FAPDF-CNPQ
project (proc.193.000563-2009). We acknowledge the research
grant received from Fundacdo de Amparo a Pesquisa do Estado
de Sao Paulo to R.M. Feitosa (no. 11/24160-1).

References

Adams, ES. (1990) Interaction between the ants Zacryptocerus
maculatus and Azteca trigona: interspecific parasitization of
information. Biotropica, 22: 200-206.

Barker, RD. & Vestjens, WIM. (1990) The food of Australian
birds. II Passerines. CSIRO, Melbourne, 557 pp.

Beccaloni, GW. (1997) Vertical stratification of ithomiine butterfly
(Nymphalidae: Ithomiinae) mimicry complexes: the relationship
between adult flight height and larval host-plant height. Biological
Journal of the Linnean Society, 62: 313-341.

Brady, SG., Schultz, TR., Fisher, BL. &Ward, PS. (2006)
Evaluating alternative hypotheses for the early evolution and
diversification of ants. Proceedings of the National Academy of
Sciences USA, 13 (48): 18172-18177.

Ceccarelli, FS. & Crozier, RH. (2006) Dynamics of the
evolution of Batesian mimicry: molecular phylogenetic
analysis of ant-mimicking Myrmarachne (Araneae: Salticidae)
species and their ant models. Journal of Evolutionary Biology,
20 (1): 286-295. DOIL: 10.1111/j.1420-9101.2006.01199.x

Cushing, PE. (1997) Myrmecomorphy and myrmecophily in
spiders: a review. Florida Entomologist, 80: 165-193.

Embrapa (2010) Home page.< http://www.cpac.embrapa.br/
unidade/historia>. Acessed August, 12 2011.

Fernandez, F. (2003) Capitulo 21: Subfamilia Formicinae.
Fernandez F. (ed.). Introduccion a las Hormigas de la Region
Neotropical. Instituto de Investigacion de Recursos Biologicos
Alexander von Humboldt, Bogota, Colombia. XXVI + 398 p.

Fisher, RA. (1930) The genetical theory of natural selection,
2nd edn. Dover, London. X+ 195 pp.

Fowler, HG. & Crestana, L. (1987) Group recruitment and
its organization in Camponotus blandus (Fr. Smith) (Hym.:
Formicidae). Revista Brasileira de Entomologia, 31: 55-60.

Gobin, B., Peeters, C., Billen, J. & Morgan, ED. (1998)
Interspecific trail following and commensalism between the



Sociobiology 61(3): 281-285 (September 2014)

285

ponerine ant Gnamptogenys menadensis and the formicine ant
Polyrhachis rufipes. Journal of Insect Behaviour, 11: 361-368.

Haskins, CP. & Haskins, EF. (1950) Notes on the biology and
social behaviour of the archaic ponerine ants of the genus
Myrmecia and Promyrmecia. Annals of the Entomological
Society of America, 43: 461-491.

Holldobler, B. & Wilson, EO. (1990) The Ants. Cambridge:
Harvard University Press. 732 pp.

Holldobler, B. & Wilson, EO. (1992) Pheidole nasutoides,
a new species of Costa Rican ant that apparently mimics
termites. Psyche, 99: 15-22.

Instituto Nacional de Meteorologia — INMET. Normais
climatologicas. Home page <http://www.inmet.gov.br/html/
clima.php>. Acessed in February 20" 2011.

Ipinza-Regla, J., Fernandez, A. & Morales, AM. (2005)
Hermetismo entre Solenopsis gayi Spinola, 1851y Brachymyrmex
giardii Emery, 1894 (Hymenoptera, Formicidae). Gayana, 69:
27-35. doi.org/10.4067/S0717-65382005000100005

Ito, F., Hashim, R., Huei, YS., Kaufmann, E., Akino, T. &
Billen, J. (2004) Spectacular Batesian mimicry in ants.
Naturwissenschaften, 91: 481-484.

Jaffé, K., Lopez, ME. & Aragot, W. (1986) On the
communication systems of the ants Pseudomyrmex termitarius
and P, triplarinus. Insectes Sociaux, 33: 105-117.

Joron, M. & Mallett, JLB. (1998) Diversity in mimicry: paradox
or paradigm? Trends in Ecology and Evolution, 13: 461-466.

Kempf, WW.(1960) Estudo sobre Pseudomyrmex I.(Hymenoptera:
Formicidae). Revista Brasileira de Entomologia, 9: 5-32.

Lamon, B. & Topoff, H. (1981) Avoiding predation by
army ants: Defensive behaviours of three ant species of the
genus Camponotus. Animal Behaviour, 29 (4): 1070-1081.

Lindstrom, L., Alatalo,. RV. & Mappes, J. (1997) Imperfect
Batesian mimicry — the effects of the frequency and the
distastefulness of the model. Proceedings of the Royal Society
of London B, 264: 149-153.

Lythgoe, JN. (1979) Ecology and vision. Clarendon, Oxford.
xi 244 pp.

McClure, M., Chouteau, M. & Dejean, A. (2008) Territorial
aggressiveness on the arboreal ant Azteca alfari by
Camponotus blandus in French Guiana due to behavioural
constraints. Comptes Rendus Biologies, 331: 663-667. Doi :
10.1016/j.crvi.2008.06.008

Mclver, JD. & Stonedahl, G. (1993) Myrmecomorphy:
morphological and behavioral mimicry of ants. Annual
Review of Entomology, 38: 351-379.

Mendonga, GM. & Resende, JJ. (1996) Predagdo de
Syntermes molestus (Burmeister, 1839) (Isoptera-Termitidae)
por Camponotus blandus (Fr. Smith, 1858) (Hymenoptera-

Formicidae) em Feira de Santana-Ba. Sitientibus, 15: 175-182.

Merrill, DN. & Elgar, MA. (2000) Red legs and golden gasters:
Batesian mimicry in Australian ants. Naturwissenschaften,
87:212-215.10.1007/s001140050705

Mill, AE. (1981) Observations on the ecology of Pseudomyrmex
termitarius (F. Smith) (Hymenoptera, Formicidae) in Brazilian
Savannas. Revista Brasileira de Entomologia, 25: 271-274.

Montgomery, GG. (1985) Movements, foraging and food
habits of the four extant species of neotropical vermilinguas
(Mammalia; Myrmecophagidae). In: Montgomery, GG. (ed) The
Evolution and ecology of armadillos, sloths, and vermilinguas.
Smithsonian Institution Press. Washington. D.C. 365-377.

Nelson, XJ. & Jackson, RR. (2009) Collective Batesian
mimicry of ant groups by aggregating spiders. Animal
Behaviour, 78: 123-129. doi:10.1016/j.anbehav.2009.04.005

Pasteur, G. (1982) A classificatory review of mimicry systems.
Annual Review of Ecology and Systematics, 13: 169-199.

Pie, MR. & Del-Claro, K. (2002) Male-Male agonistic
behavior and ant-mimicry in a Neotropical richardiid
(Diptera: Richardiidae). Studies on Neotropical Fauna and
Environment, 37: 19-22.

Pough, FH. (1994) Mimicry and related phenomena. In: Gans,
C. & Huey, R.B. (eds) Biology of the reptilia, vol 16. Branta,
Ann Arbor. 153-254.

Pulgarin, JA. (2004) Algunas observaciones sobre la estructura
del nido y composicion de colonias de Pseudomyrmex
termitarius (Hymenoptera: Formicidae) en una localidad de
Bello (Antioquia, Colombia). Revista de la Facultad Nacional
de Agronomia, Medellin.

Quicke, DLJ., Ingram, SN., Proctor, J. & Huddleston, T.
(1992) Batesian and Miillerian mimicry between species
with connected life histories, with a new example involving
braconid wasp parasites of Phoracantha beetles. Journal of
Natural History, 26: 1013-1034.

Redford, KH. (1984) The termitaria of Cornitermes cumulans
(Isoptera: Termitidae) and their role in determining a potencial
keystone species. Biotropica 16,: 112-119.

Sanhudo, CED., Izzo, TJ. & Branddo, CRF. (2008) Parabiosis
between basal fungus-growing ants (Formicidae, Attini). Insectes
Sociaux, 55: 296-300. DOI:10.1007/s00040-008-1005-6

Taniguchi, K., Maruyama, M., Ichikawa, T. & Ito, F. (2005)
A case of Batesian mimicry between a myrmecophilous
staphylinid beetle, Pella comes, and its host ant, Lasius
(Dendrolasius) spathepus: an experiment using the Japanese
treefrog, Hyla japonica as a real predator. Insectes Sociaux,
52:320-322. DOI: 10.1007/s00040-005-0813-1

Ward, PS. (1984) A revision of the ant genus Rhytidoponera
(Hymenoptera: Formicidae) in New Caledonia. Australian
Journal of Zoology, 32: 131-175.



