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A type of unicoloniality within the native range of the fire
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Une forme d’unicolonialité dans son aire d’origine chez la fourmi de

feu Solenopsis saevissima

Jean-Michel Martin, Olivier Roux, Sarah Groc, Alain Dejean *
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A B S T R A C T

To determine if a type of unicoloniality exists in the fire ant Solenopsis saevissima in its

native range, we conducted intraspecific aggressiveness tests in French Guiana between

workers originating from 15 human-disturbed sites. We identified two ‘‘colonial groups’’

spread over 54 km and 12.5 km, respectively. Workers from the same group never attacked

each other, but inter-group confrontations resulted in a high level of aggressiveness. These

large ‘‘colonial groups’’ enhances the threat occasioned by S. saevissima for both

agriculture and the environment.

� 2011 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

R É S U M É

Afin de déterminer si la fourmi de feu Solenopsis saevissima peut être unicoloniale dans son

aire d’origine, nous avons effectué en Guyane française des tests d’agressivité

intraspécifique. Nous avons identifié deux « entités coloniales » s’étendant respectivement

sur 54 km et 12,5 km. Les ouvrières d’une même entité coloniale ne s’attaquent pas, mais

sont agressives durant les confrontations « inter-entités ». La présence de ces « entités

coloniales » s’étendant sur de vastes zones a des incidences agricoles et environnemen-

tales.

� 2011 Académie des sciences. Publié par Elsevier Masson SAS. Tous droits réservés.
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1. Introduction

Invasive ants, which are among the most harmful
bioinvaders known, penetrate ecosystems by eliminating
native ants; then, they directly or indirectly affect all other
organisms, disrupting native communities [1]. Among
them, fire ants belong to the Solenopsis genus (Myrmicinae:
Solenopsidini) that refers to a Neotropical species assem-
blage of the Solenopsis saevissima species-group including,
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among others, Solenopsis geminata (Fabricius),
Solenopsis invicta Buren, Solenopsis richteri Forel and S.

saevissima (Smith). S. geminata, has been spread pan-
tropically through human activity, invading open areas [1].
S. invicta and S. richteri, which can hybridise, were
accidentally imported into the southern United States
from northern Argentina [2]. S. richteri is confined to
Mississippi and northern Alabama, while S. invicta has now
colonized 15 states in the continental USA, Puerto Rico, and
parts of Australia and Asia [1,3].

A survey based on mitochondrial DNA sequences
proved the monophyly of the S. saevissima species-group,
consistent with a single Neotropical origin and radiation of
lsevier Masson SAS. All rights reserved.
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this group of ants [4]. More recently, it was demonstrated
that S. richteri, S. invicta and S. saevissima show a strong
regional genetic differentiation within their native ranges,
corresponding to long-term lineage independence. In fact,
the occurrence of morphologically cryptic species has been
shown in ‘nominal’ S. invicta and in S. saevissima [5,6]. It has
been proposed that S. saevissima populations from the
southern highlands, southeastern Atlantic, and central
Atlantic regions of Brazil constitute new, undescribed
species; S. saevissima sensu stricto extends over a very wide
area of southwestern, northwestern and Amazonian parts
of Brazil [6].

This study focuses on S. saevissima, a species that has
been little studied although it is considered to be a major
pest ant in human-disturbed areas in its native range,
which is located between southern Brazil and Suriname
and suspected to have the potential to become invasive
[3,6–8]. Indeed, it shares some lineages with S. invicta,
S. richteri and even S. geminata [6]. Also, S. saevissima and
S. invicta workers are morphologically very similar, their
colonies are difficult to distinguish and their sting is
similarly potent [3,8]. Like invasive ants, S. saevissima is
omnivorous, actively recruits nestmates to large food
sources and displaces other ants [3,7,8]. Its colonies have
been considered to be monodomous and monogynous (one
nest and one queen per colony) [7]; yet, we noted that each
mound is connected to the surrounding mounds through a
network of galleries. The workers first dig a trench
between two nests; as they dig deeper and deeper, the
upper edges close over the top of the trench, forming a
gallery. Subterranean foraging trails radiating out from the
nest, permitting foragers to travel less than 0.5 m above
ground to gather food, were noted for S. invicta and
S. richteri and considered to reduce the hazard of attacks by
parasitoids [9,10], but not to interconnect the mounds.

Using confrontation tests, we examine to what extent
these interconnections have spread in human-disturbed
areas of French Guiana.
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2. Materials and methods

This study was conducted in French Guiana where
S. saevissima is frequent in human-disturbed areas [11].
The study sites ranged from the Petit Saut dam to
Sinnamary and Kourou, two cities connected by Route
No. 1 (RN1) (Fig. 1). We collected S. saevissima workers
from mounds situated at 15 different sites (Fig. 1). Workers
from Kourou served as a reference. The 14 other sites were
situated along the road between Petit Saut and Sinnamary
(64 km in total; Fig. 1), each indexed according to its
corresponding kilometric point (KP) on the road.

We used a shovel to recuperate the upper parts of the
mounds composed of freshly turned-over earth and
containing several hundred workers. Then, we put every-
thing into plastic basins whose walls were coated with
Fluon1 to prevent the workers from climbing out. These
basins were transported to the laboratory where we placed
a Petri dish containing a piece of humid cotton and drops of
honey into each basin, while the workers rearranged the
earth, digging cavities and galleries. Interaction bioassays
were conducted less than 24 h later.

We employed the standard behavioural tests common-
ly used in such studies [12,13] to test the level of
antagonism between the S. saevissima individuals collected
from the different sites. Indeed, many behavioural experi-
ments have suggested that aggressiveness towards non-
nestmates is induced by the chemosensory detection of
differences in the cuticle-associated lipids of which
hydrocarbons are the dominant constituents, although
volatiles also play a role [14,15]. For the tests, two
individual workers were placed into a neutral arena (Ø:
6 cm; height: 2 cm) whose walls were coated with fluon1

to prevent the ants from climbing out. We scored the
interactions between the workers over a 5-minute period
on a scale from 1 to 4 (1: physical contact, but no
aggressive response [may include antennation or trophal-
laxis]; 2: aggressiveness [biting for less than 3 s]; 3: attack
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workers from Kourou resulted in a high level of aggressiveness (P< 0.01

e was true during confrontations involving workers from the two different

colonial groups did not result in aggressiveness (P> 0.05 when compared
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[a physical attack by one or both of the workers, including
biting for more than 3 s]; and 4: fighting [prolonged
aggressiveness, including prolonged biting and the use of
the sting by one or both ants]). We repeated the
confrontations 15 times, retaining the highest value noted
each time, and used each worker only once. The experi-
ment, for which there were a total of 1575 confrontations
involving workers from the 15 different sites, was
conducted twice: at the end of the dry season in 2007
and mid-2008 during the rainy season. Because the results
were identical, we present only one data set.

Levels of aggressiveness between colony pairs were
compared using the Kruskal-Wallis test. A post hoc test
(Dunn’s test) was then conducted to isolate the groups that
differed from the others. All of the statistical analyses were
conducted using GraphPad Prism 4.03, Inc. software.

3. Results and discussion

In no case did the confrontations between two
S. saevissima workers gathered from the same nest result
in aggressive behaviour as only a ‘‘level 1 behaviour’’ (i.e.
antennations and trophallaxis) was noted. These interac-
tions were then used as a reference for the other cases.

We noted a high level of aggressiveness during all of the
confrontations involving workers from Kourou and ants
from all of the 14 other sites (P< 0.01 when compared to
encounters between nestmates).

On the contrary, the interactions did not result in
aggressiveness during the confrontations between work-
ers from each of two groups of nests (see below) as we
noted mostly ‘‘level 1 behaviour’’ and very rarely ‘‘level 2
behaviour’’ (P> 0.05 when compared to encounters
between workers gathered from the same nest). The first
group is composed of nests from 10 sites situated along
54 km of road from Petit Saut to KP 102 on RN1 (Fig. 1A).
The second group includes nests from four sites situated
along 12.5 km of road from KP 107.5 to the city of
Sinnamary (KP 120) (Fig. 1B). We again noted a high level
of aggressiveness during confrontations between workers
gathered from the nests belonging to the two different
colonial groups described above. Biting and stinging were
frequently observed during these confrontations, but
generally, one worker then escaped or avoided the other
after the first aggressive encounter. Gaster flagging,
already described in S. invicta as the airborne dispersal
of venom during a heterospecific encounter [16], was
frequent; while reciprocal full attacks were rare.

The present study has shown that in human-disturbed
areas in its native range S. saevissima can form large
colonial groups with workers tolerating each other in the
same way that they tolerate nestmates gathered from the
same nest. Similar ecological patterns have also been noted
in invasive, unicolonial ant species, so that it is thought
that their ability to adapt to disturbances within their
native habitats might be a key factor in their invasive
success [17]. The interconnection of S. saevissima nests
over a wide range implies that, even if each mound
contains only one queen [7], the colonial groups are both
polygynous (multiple queens) and polydomous (multiple
nests), two traits that can favour the expansion of
‘‘colonies’’ [1]. Note that monogyny or polygyny can occur
in S. invicta and S. richteri [18]. In both cases, colonies of the
monogynous form defend foraging territories, so that their
nests are relatively uniformly spaced, while workers from
polygynous colonies may show little aggressiveness
toward conspecific, alien workers and do not defend
territories [19,20].

The large size of the colonial groups enhances the threat
occasioned by S. saevissima for both agriculture and the
environment [3,8] because it makes this species difficult to
control. Indeed, roads serve as interconnections between
human-disturbed areas over which the colonial groups can
spread, so that eliminating only some of the nests is futile
as this species can very rapidly re-occupy these sites.

The ‘nominal’ S. saevissima includes several morpho-
logically cryptic species. Yet, the distribution of what is
now considered to be S. saevissima sensu stricto is very
wide, extending from southwestern to northwestern Brazil
and to the Amazon basin [6]. It is therefore likely that the
Guianese population belongs to this group. The fact that
S. saevissima colonial entities can extend over wide areas
(this study) is alarming because this species likely has the
ability to become invasive if imported into wet tropical
countries [8]. Indeed, it shares biological and ecological
characteristics with the invasive species S. invicta and
S. richteri with which it can hybridise [3,6–8].
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Negrini for their help during field work and data
processing. Financial support for this study was provided
by the Programme Amazonie II of the French Centre national

de la recherche scientifique (Project 2ID) and the Programme

Convergence 2007–2013, Région Guyane, from the European
community (Project DEGA).

References

[1] D.A. Holway, L. Lach, A.V. Suarez, N.D. Tsutsui, T.J. Case, The causes and
consequences of ant invasions, Annu Rev Ecol Syst 33 (2002) 181–233.

[2] E.J. Caldera, K.G. Ross, C.J. DeHeer, D.D.W. Shoemaker, Putative native
source of the invasive fire ant Solenopsis invicta in the USA, Biol
Invasions 10 (2008) 1457–1479.

[3] S.W. Taber, Fire ants, Texas A&M University Press, College Station, 2000.
[4] D.D. Shoemaker, M.E. Ahrens, K.G. Ross, Molecular phylogeny of fire

ants of the Solenopsis saevissima species-group based on mtDNA
sequences, Mol Phylogenet Evol 38 (2006) 200–215.

[5] K.G. Ross, M.J.B. Krieger, L. Keller, D.D. Shoemaker, Genetic variation
and structure in native populations of the fire ant Solenopsis invicta:
evolutionary and demographic implications, Biol J Linnean Soc 92
(2007) 541–560.

[6] K.G. Ross, D. Gotzeck, M.S. Ascunce, D.D. Shoemaker, Species delimita-
tions: a case study in a problematic ant taxon, Syst Biol 59 (2010) 162–
184.

[7] J.C. Trager, A revision of the fire ants, Solenopsis geminata group (Hy-
menoptera: Formicidae: Myrmicinae), J N Y Entomol Soc 99 (1991)
141–198.

[8] http://www.landcareresearch.co.nz/research/biocons/invertebrates/
Ants/invasive_ants/solsae_info.asp (2010).

http://www.landcareresearch.co.nz/research/biocons/invertebrates/Ants/invasive_ants/solsae_info.asp
http://www.landcareresearch.co.nz/research/biocons/invertebrates/Ants/invasive_ants/solsae_info.asp


J.-M. Martin et al. / C. R. Biologies 334 (2011) 307–310310
[9] S.D. Porter, W.R. Tschinkel, Foraging in Solenopsis invicta (Hymenop-
tera: Formicidae): effects of weather and season, Environ Entomol 16
(1987) 802–808.

[10] P.J. Folgarait, L.E. Gilbert, Phorid parasitoids affect foraging activity of
Solenopsis richteri under different availability of food in Argentina, Ecol
Entomol 24 (1999) 163–173.

[11] J.H.C. Delabie, R. Céréghino, S. Groc, A. Dejean, M. Gibernau, B. Corbara,
et al., Ants as biological indicators of Wayana Amerindians land use in
French Guiana, C. R. Biologies 332 (2009) 673–684.

[12] A.V. Suarez, N.D. Tsutsui, D.A. Holway, T.J. Case, Behavioral and genetic
differentiation between native and introduced populations of the
Argentine ant, Biol Invasion 1 (1999) 43–53.

[13] H.Y. Fadamiro, H.E. Xiaofang, L. Chen, Aggression in imported fire ants:
an explanation for shifts in their spatial distributions in Southern
United States? Ecol Entomol 34 (2009) 427–436.

[14] S. Martin, F. Drijfhout, A review of ant cuticular hydrocarbons, J Chem
Ecol 35 (2009) 1151–1161.
[15] C. Errard, A.-M. Le Guisquet, J.-P. Christid, J.-L. Mercier, A. Lenoir, A.
Hefetz, Early learning of volatile chemical cues leads to interspecific
recognition between two ant species, Insectes Soc 55 (2008) 115–122.

[16] M.S. Obin, R.K. Vander Meer, Gaster flagging by fire ants (Solenopsis
spp.): functional significance of venom dispersal behavior, J Chem Ecol
11 (1985) 1757–1768.

[17] J. Orivel, J. Grangier, J. Foucaud, J. Le Breton, F.X. Andrès, H. Jourdan,
et al., Ecologically heterogeneous populations of the invasive ant
Wasmannia auropunctata within its native and introduced ranges, Ecol
Entomol 34 (2009) 504–512.

[18] K.G. Ross, M.J.B. Krieger, D.D. Shoemaker, Alternative genetic foundations
for a key social polymorphism in fire ants, Genetics 165 (2003) 1853–1867.

[19] S.B. Vinson, L. Greenberg, The biology, physiology, and ecology of
imported fire ants, in: S.B. Vinson (Ed.), Economic impact and control
of social insects, Praeger Publishers, New York, 1986, pp. 193–226.

[20] W.R. Tschinkel, The reproductive biology of fire ant societies, Biosci 48
(1998) 593–605.


	A type of unicoloniality within the native range of the fire ant Solenopsis saevissima
	Introduction
	Materials and methods
	Results and discussion
	Disclosure of interest
	Acknowledgements
	References


