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ABSTRACT
The Neotropical ant Ectatomma tuberculatum (Olivier) shows a polymorphic social organization with strictly monogynous or facultative polygynous populations along its distribution
range. The causative factors of these variations in social organization are unknown but biotic and abiotic environmental factors might explain the differences. In particular, recent
studies have suggested that parasites and parasitoids could have an impact on host colony
phenotype. Here, we report on eucharitid wasps and mermithid nematodes that attack the
only known Mexican polygynous population of E. tuberculatum in Veracruz, Mexico. The results were compared with those previously obtained from a monogynous population in Chiapas, Mexico; the aim being to investigate environmental inﬂuences on colony social
organization. The rather similar prevalence of parasitism between the 2 populations suggests that the hypothesis of an increased resistance to parasites and parasitoids as one of the
factors responsible for the emergence of polygyny in E. tuberculatum populations does not
apply. More likely, other kinds of environmental stress or constraints facilitate the development of polygyny, such as nest site limitations, risks of dispersal and/or high rates of predation.
Key Words: ectatommine ants, prevalence of parasitism, social structure, facultative polygyny, nest site limitation, Mexico
RESUMEN
La hormiga neotropical Ectatomma tuberculatum (Olivier) presenta una organización social
polimorfa, con poblaciones estrictamente monogínicas o bien, poligínicas facultativas a lo
largo de su rango de distribución. Los factores responsables de estas variaciones en su organización social se desconocen, pero factores ambientales bióticos y abióticos podrían explicar
estas diferencias. En particular, estudios recientes sugieren que parásitos y parasitoides pudieran afectar el fenotipo de las colonias hospederas. Aquí reportamos sobre avispas eucharitidas y nemátodos mermitidos que atacan a la única población poligínica de E.
tuberculatum conocida para México, en Veracruz. Se comparan estos resultados con los que
se obtuvieron anteriormente de una población monogínica de Chiapas (México), con el objetivo de analizar las inﬂuencias ambientales sobre la organización social de las colonias. La
prevalencia de parasitismo bastante similar entre ambas poblaciones sugiere que la hipótesis de una mayor resistencia a parásitos y parasitoides como uno de los factores responsables
de la aparición de la poligínia en E. tuberculatum no es válida. Parece más probable que
otras clases de estrés o limitantes ambientales estén implicadas, tales como limitación en sitios de nidiﬁcación, riesgos de dispersión o altas tasas de depredación.
Translation provided by the authors.

The importance of environmental pressure in
shaping both species socioecology and community structure is a growing point of interest in recent studies on social insects in general (Oldroyd

& Beekman 2009; Wilson et al. 2009; Korb &
Foster 2010), and ants in particular (Sorvary &
Hakkarainen 2004; Robson & Kohout 2007;
Linksvayer & Janssen 2009; McGlynn 2010).
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Variation in social organization (the number of
individuals in a social group, their behavioral
and genetic relationships, and the way in which
reproduction is partitioned among them) has
been regarded as the product of diverse extrinsic
and intrinsic selection pressures related both to
local ecological factors and to competitive and cooperative interactions among group members
(Ross & Keller 1995; Smith et al. 2008). By comparison with the numerous studies focused on
behavioral and genetic mechanisms (see for example: Keller 1993; Chan et al. 1999; Clark et al.
2006; Goodisman et al. 2008; Gotzek & Ross
2008; Haag-Liautard et al. 2009; Suni & Gordon
2010), little attention has been paid to biotic environmental factors such as predation, competition, parasitism, or disease. However, such environmental factors are known to be important in
structuring ant communities and populations.
Predation by army ants on other ant species, for
example, is thought to be a major factor affecting
leaf litter community structure and life-history
traits of ant colonies in the neotropics (Kaspari
& O’Donnell 2003; O’Donnell et al. 2007), while
high densities of predators such as larval ant lions (Gotelli 1996) or lizards (Huang et al. 2008)
can strongly alter ground-foraging ant assemblages. Furthermore, various studies have
shown that attacks by parasitoid phorid ﬂies
(Feener 2000; Philpott et al. 2009), eucharitid
wasps (Lachaud & Pérez-Lachaud 2009; PérezLachaud et al. 2010), or pathogens (Keller
1995a; Schmid-Hempel 1998; Naug & Camazine
2002) represent another important potential
source of disturbance that can affect the composition and dynamics of ant communities as well
as colony phenotype.
The social structure of an ant species is related, inter alia, to the number of reproductive
queens in mature colonies. True polygyny - the
occurrence of several reproducing queens per
colony—is particularly common in ants (Pamilo
1991; Keller 1995b), queen number being variable among colonies of the same species and
even of the same population (Chapuisat et al.
2004). Several authors have discussed the evolution of polygyny as an ecologically ﬂexible trait
driven by environmental factors (Hölldobler &
Wilson 1977; Nonacs 1988; Keller 1995b). Different hypotheses have been generated to account
for variation in queen number including competition, nest site limitation, food availability, risks
of dispersal, and inter- and intraspeciﬁc social
parasitism (Keller 1995b; Gardner et al. 2007;
McGlynn 2010). Polygyny and/or multiple mating (polyandry) are thought to be beneﬁcial to
the colony by increasing resistance to parasites
and pathogens due to an enhancement in the genetic diversity of the workers (Schmid-Hempel
1994, 1998; Hughes et al. 2008). More speciﬁcally, genetically diverse host populations are
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predicted to have lower levels of infection or parasitism prevalence, but studies addressing this
issue are scant (Hughes & Boomsma 2004; Gardner et al. 2007; Reber et al. 2008), and the results are not always consistent (see Castella et
al. 2010).
Ectatomma tuberculatum (Olivier) (Hymenoptera: Formicidae: Ectatomminae) is a
Neotropical ground-nesting, predatory ant that
occurs in both wet forest and dry forest habitats
from Mexico to northern Argentina, and from
sea level to about 1500 m in altitude (Weber
1946; Brown 1958; Valenzuela et al. 1995;
Quiroz-Robledo & Valenzuela-González 2007).
This species, regarded as a potential biocontrol
agent in different agroecosystems (Cook 1904a,
b; Weber 1946; Lachaud et al. 1996; IbarraNúñez et al. 2001), is ecologically dominant in
coffee and cocoa plantations in Chiapas, Mexico
(Schatz & Lachaud 2008), and in the arboreal
ant mosaic of cocoa plantations in Brazil (Majer
et al. 1994). Colony structure and social organization of E. tuberculatum populations seem to
vary according to as yet unidentified regional
causative factors. For example, the population at
Rosario Izapa, in the Soconusco region of Chiapas, Mexico, is characterized by the presence of a
single, large queen per colony, well-differentiated from the workers (Pérez-Lachaud et al.
2010); from 253 nests of E. tuberculatum collected from the whole Soconusco region over 16
yr, only 3 were digynous and one contained 4
non-functional, mermithised dealate females
(Lachaud, unpublished data). At that site, nest
population ranged from 22 to 1849 adults (mean
colony size = 515, n = 104, Lachaud & PérezLachaud, unpublished data), and nest density
was estimated at between 600 and 1500 nests/ha
(Schatz & Lachaud 2008). In contrast, facultative polygyny (colonies coexisting as monogynous or polygynous in the same population) is
characteristic of populations in Brazil (Hora et
al. 2005b), but also in a population found at
Apazapan, Veracruz, Mexico (Hora et al. 2001,
2005a), where nest population ranged from 6 to
429 adults (mean colony size = 106, n = 29, recalculated from Hora et al. 2001).
Because of the clearly established differences
between the 2 Mexican E. tuberculatum populations studied so far (Chiapas and Veracruz), some
doubts emerged concerning species identiﬁcation.
However, the results of current genetic polymorphism analyses using speciﬁc microsatellite loci
(see Poteaux et al. 2003) conﬁrmed that both populations belong to the same species and only differ by a reduced number of nucleotide base pairs
(Nettel et al., unpublished data). Different selective environmental pressures have been put forward to explain the observed differences in social
organization (Hora et al. 2005b; Zinck et al. 2007,
2008), including differences in genetic diversity
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and resistance to parasitism (Pérez-Lachaud et
al. 2010). Though the 2 above-mentioned populations have been the object of extensive studies, no
comparative study has been made concerning the
diversity of parasites attacking them.
Here we report on 2 groups of parasites, eucharitid wasps and mermithid nematodes, which attack the polygynous E. tuberculatum population
of Apazapan, Veracruz, with the aim of adding information on the ecology of this species in order to
better understand the mechanisms underlying
facultative polygyny.
MATERIALS AND METHODS
Study Site

The study site was located at Apazapan, Veracruz, Mexico (19°19’38”N; 96°43’21”W, 300 m
above sea level); nests were collected at the same
site (referred to as Apz 1, see Hora et al. 2005a)
where both polygynous and monogynous E. tuberculatum colonies infested by Ectatomma parasiticum Feitosa & Fresneau had been previously collected by Hora et al. (2001). This site is
a remnant of tropical dry forest and has an irregular orography. Surrounding natural vegetation
is characteristic of lowland deciduous scrub
(Castillo 1995). The climate of the region is
warm, subhumid, with heavy rains during the
summer months and at the beginning of autumn, and sparse rains during winter. The annual average temperature is 25.5°C with an average annual total rainfall of 1250 mm. The
Rendzina type soil (dark, grayish-brown, humus-rich, shallow soil over limestone that has
calcareous topsoil) supports a semi-deciduous
tropical rain forest characterized by the presence of Cecropia peltata L., C. obtusifolia Bertol.
(Cecropiaceae), Heliocarpus pallidus Rose, H.
mexicanus (Turcz.) (Tiliaceae), Enterolobium cyclocarpum (Jacq.) Griseb. (Mimosaceae), and
groves of evergreen oaks, Quercus peduncularis
Née, Q. polymorpha Schltdl. & Cham., and Q.
oleoides Schltdl. & Cham. (Fagaceae) (MoraAguilar & Montes de Oca 2009).
Sampling Method for Eucharitid Wasps

Eucharitidae (Hymenoptera: Chalcidoidea)
are speciﬁc, specialized ectoparasitoids of ant
brood, with a highly modiﬁed life cycle (Clausen
1941; Heraty 1994). Adults emerge inside the
host nest, mating occurs outside, females lay eggs
into or on plant tissue, and the very mobile ﬁrstinstar larvae (planidia) are presumed to attach to
foraging ant workers (or to intermediate hosts)
for passive phoretic transport to the ant nest
(Clausen 1940; Heraty 2000). The planidia actively seek the suitable developmental host stage
(Clausen 1940, 1941; Heraty 1994; personal ob-
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servation) and further development takes place
on the newly transformed ant pupae (Clausen
1940; Pérez-Lachaud et al. 2006b).
Nine nests of Ectatomma tuberculatum were
thoroughly excavated on 21 Sep and 23 Sep 2010
and taken to the laboratory. The presence or absence of alate and dealate females in each nest
was noted, as well as the number of males, workers, cocoons (pupae), larvae, and the presence of
eggs. Cocoons were isolated in plastic containers
topped with wire mesh and kept at room temperature (28 ± 2°C and 75 ± 5% relative humidity)
for about one week to wait for parasitoid emergence. Then the identity, number, and sex of
emerging adult wasps were recorded. After this
period, all the cocoons were dissected under a
stereomicroscope (Nikon, 75x), and both the
number and stage of development of parasitoids
(planidia, late larvae, pupae and pharate adults)
were recorded. Larvae were also inspected, and
the presence of round melanized scars (evidence
of the previous attachment of a planidium), and
both the number and location of planidia, if
present, were recorded.
Sampling Method for Mermithid Nematodes

No complete life cycle of any mermithid parasite of Neotropical ants is known; but in a manner similar to the European mermithid Pheromermis villosa Kaiser that parasitizes sexuals
of Lasius ﬂavus (Fab.) and L. niger (L.) (Kaiser
1986), they are thought to have an indirect life
cycle; i.e., the ant—which corresponds to the developmental host—becomes infected by eating
paratenic hosts containing infective stages of the
mermithid. Infection of the ant occurs in the larval stage in that the mermithid juvenile enters
the body cavity of the ant larva and initiates development. Known mermithids infecting Ectatomma species (Wheeler 1930; Weber 1946;
Poinar et al. 2006) are carried into the adult
stage of the ant. Upon emergence from the ant,
the post-parasitic juvenile enters an aquatic or
moist habitat to mature, mate, and oviposit (Poinar et al. 2006).
Adult workers parasitized by mermithids were
recognized from the morphological modiﬁcations
of the ants brought about by the parasites and
were maintained in the laboratory. Post-parasitic
juveniles emerged from worker ants, and were
maintained in water until the mermithids molted
to the adult stage 3 wk later. Identiﬁcation of the
mermithid nematodes was performed by George
Poinar, Jr. (Oregon State University, USA).
Voucher specimens of ants and parasitoids
were deposited in the Arthropod collection of
ECOSUR at Chetumal, Quintana Roo, Mexico.
Mermithids were deposited in the collection of the
USDA Nematode Laboratory, Beltsville, Maryland.
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Only 2 of the E. tuberculatum nests were parasitized by eucharitid wasps, which accounted for
a global nest parasitism of 22.2%. From a total of
57 cocoons collected from 5 nests, 15 were parasitized, i.e., the global prevalence of parasitism of cocoons was 26.3% (Table 1). Three larvae, 6 pupae
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21/09/2010
21/09/2010
21/09/2010
21/09/2010
23/09/2010
23/09/2010
23/09/2010
23/09/2010
23/09/2010

Eucharitid Parasitism

Pupae

From the 9 nests collected, 6 had only workers
and brood, and only 3 contained dealate females:
one with 1 dealate female, 1 with 2 dealate females and 1 with at least 7 dealate females and
several alate females at the moment of collection.
However, the following day, when the latter nest
was cleaned and individuals were counted, most
of the winged alate females had lost their wings
leading to a total of 18 dealate females and 3 alate
females (Table 1). No small size females, belonging to the social parasite species Ectatomma parasiticum, which resembled E. tuberculatum females in all morphological characteristics but
size, were found. Worker numbers ranged from 7
to 150 at the moment of collection (72.3 ± 13.5,
mean ± SEM). Five out of the 9 nests collected had
cocoons and only 3 had a few larvae.

Workers

Colony Composition

Alate
females

Ectatomma tuberculatum nests at Apazapan
were characterized by a loose architecture. The
entrance of the nest exhibiting the characteristic
external chimney gallery, made of rough plant fibers and soil particles, was located at the base of
a tree and could run vertically up to a height of
60-90 cm (2 to 3 ft) (Wheeler 1924). However at
Apazapan there was no central vertical gallery
with several horizontal chambers spreading from
it, as is typical for nests in Chiapas and Brazil
(Cook 1904a; Valenzuela et al. 1995; Hora et al.
2005b). Instead, the main gallery just under the
entrance, followed the roots of the supporting
tree, skirted round large and medium sized
stones, and was extended backwards almost horizontally following the slope of site. By contrast
with the 3 to 6—and sometimes up to 10—chambers (empty spaces whose soil and ceiling were
compacted with debris and cocoon remains) found
in nests in Chiapas (Lachaud, unpublished data),
no chambers were observed in the nests in Apazapan. Workers and brood were found scattered in
hollow cavities formed behind stones or between
roots and stones, and loosely dispersed in the soil.
Finally, while E. tuberculatum nests collected in
Chiapas reached depths of up to 2 m (Valenzuela
et al. 1995), nests at Apazapan hardly reached
0.60 m.

Dealate
females

Nest Architecture

Collecting date

RESULTS

Mermithized
workers
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TABLE 1. CHARACTERISTICS AND COMPOSITION OF ECTATOMMA TUBERCULATUM NESTS FROM APAZAPAN, VERACRUZ, PREVALENCE OF EUCHARITID PARASITISM AMONG ANT
BROOD, AND MEAN NUMBER OF ADULT EUCHARITIDS AND MERMITHERGATES IN PARASITIZED NESTS.
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and 7 adult eucharitids were retrieved: 6 adults
belonged to Isomerala coronata (Westwood) (2 females, 4 males) and one was a Dilocantha lachaudii Heraty male. One case of superparasitism was
identiﬁed. In fact, most of the cocoons (42/57) belonged to the same nest from which 14 were parasitized by eucharitids accounting for a prevalence of parasitism of cocoons of 33.3% for that
nest. Furthermore, from a total of 9 larvae collected from 3 nests only 1 larva was parasitized
(i.e., a global prevalence of parasitism of larvae of
11.1%), and bore a planidium attached to the left
maxilla.
Mermithid Parasitism

Six workers, all belonging to the largest polygynous nest collected, had enlarged gasters and all
were found to be mermithized. One of the workers
died before mermithid emergence but 5 post-parasitic juvenile mermithids emerged from the
other workers, causing their death. Of these, 2
adults were retrieved and were killed in hot water
at 50°C and then placed in ﬁxative (5% formalin).
Both specimens were juvenile females identiﬁed
as belonging to the genus Meximermis Poinar,
Lachaud, Castillo & Infante and, most probably,
to the same species, M. ectatommi Poinar,
Lachaud, Castillo & Infante as that parasitizing
E. ruidum Roger in Chiapas (see Poinar et al.
2006). However, in the absence of males and mature females, species identiﬁcation could not be
certiﬁed.
DISCUSSION
Apart from some scarce myrmecophiles found
very occasionally within their nest, such as a gastropod, a small diplopod (Merocheta), a lepismatid or nicoletiid thysanuran, a worm infesting the
refuse dumps, and a histerid beetle (Cook 1905;
Pérez-Lachaud & Lachaud, unpublished data),
colonies of E. tuberculatum are mainly parasitized by eucharitid parasitoid wasps and
mermithid nematodes. Parasitism of E. tuberculatum by the eucharitid wasp I. coronata was
known only from an earlier report on a Guatemalan population (Cook 1905). More recent studies
in Chiapas, Mexico (Lachaud et al. 1998; PérezLachaud et al. 2006a, 2010) conﬁrmed parasitism
by I. coronata and additionally reported 2 other
eucharitid parasitoids attacking this ant host, belonging to 2 different genera, D. lachaudii and an
undescribed, uncommon species of Kapala. Regarding nematode parasitism, originally reported
for E. tuberculatum populations from Panama
and Trinidad and, perhaps, from Costa Rica (Emery 1890; Wheeler 1930), it has also been observed in at least 16 out of 253 nests collected
from the Soconusco population (Lachaud, unpublished data). On the other hand, the facultatively
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polygynous population of Apazapan is the only
one where the social ant parasite E. parasiticum
is known to occur (Hora et al. 2001, 2005a;
Feitosa et al. 2008), but neither eucharitid nor
mermithid parasitism had ever been reported for
it before.
Although nest sample size at Apazapan was
relatively small, it is worth noting that the same
multi-species system of parasitoids and parasites
attacked E. tuberculatum colonies both in Veracruz and in Chiapas, whatever the social structure (monogyny or facultative polygyny) of their
populations. Both populations hosted a
mermithid parasite, presumably the same species
in both cases; though the specimens from Chiapas
have not yet been identiﬁed. Moreover, the polygynous population from Veracruz, hosted the same
predominant eucharitid parasitoid species, D.
lachaudii and I. coronata, as the monogynous
population from Chiapas (Pérez-Lachaud et al.
2010). In Apazapan most of the individual parasitoids belonged to I. coronata, while D. lachaudii
prevailed as the main parasitoid of E. tuberculatum in the Rosario Izapa population. However,
populations of both eucharitid species in Chiapas
appeared to vary inversely in frequency, with predominance of one or the other species during the
year (Pérez-Lachaud et al. 2010), and such patterns could also occur at Apazapan; but a larger
sample, distributed along the year, is needed to
verify this trend.
Nest collection at Apazapan was performed
over too short a period to allow extrapolation of
the real annual prevalence of parasitism at the
scale of the population. However, the value of
26.3% obtained for the global prevalence of eucharitid parasitism for cocoons from the 9 nests collected at the end of Sep was fully compatible with
that recorded in Chiapas during the same period
of the year and with a similar sample size for the
monthly collected nests: 27.1% for Oct 2004 (n =
8) and 14.4% for Sep 2005 (n = 10) (see Table 1 in
Pérez-Lachaud et al. 2010). These results suggest
that the prevalence of parasitism was rather similar between both populations and, therefore, that
the hypothesis of increased resistance to parasites and parasitoids as one of the factors responsible for polygyny emergence in E. tuberculatum
populations is not supported. This conclusion
seems to be given further weight by 2 apparently
adaptive biological traits related to parasitism,
which make unnecessary the emergence of polygyny, i.e., i) the apparent potential of E. tuberculatum, at least for the Rosario Izapa population
(Pérez-Lachaud et al. 2010), to modulate the impact of eucharitids on the colonies through differences in the seasonal timing of eucharitid main
attack and sexual brood production by ants, and
ii) the polydomy that seems to characterize this
species (García-Pérez et al. 1991; Hora et al.
2005b) and that would reduce the probability of
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any given colony having its whole brood parasitized (Pérez-Lachaud et al. 2010).
Variation in morphological, behavioral, physiological and life history traits is thought to enable
an individual (or a colony in the case of social insects) to maximize its reproductive success under
a wide range of conditions, and thus cope better
with variable ecological constraints (Foitzik et al.
2010). The causes of the facultative polygyny
found at Apazapan or in Brazil thus seem to have
originated from environmental stress or constraints other than parasitism. Nest site limitation, risks of dispersal, and/or high rates of predation that could be linked (see Bourke 1999; Kaspari & O’Donnell 2003; Linksvayer & Janssen
2009) to the lower colony sizes recorded for polygynous populations (Brazil: Hora et al. 2005b;
Apazapan: Hora et al. 2001 and these results)
could be promising candidate explanations. An
important difference between Chiapas and Veracruz sites is the type and structure of the soil,
which seemingly determined the structure of the
nests at both sites. At Apazapan, our observations
indicate that the number of trees available as
nest supports is more than enough, but digging
difﬁculties due to the very rocky soil of the site
could be a much more limiting factor for
foundresses. In such conditions, the founding of a
new colony by dispersed females would be extremely risky and, as suggested by Keller
(1995b), could favor the selection of young mated
queens seeking adoption into established colonies
(secondary polygyny), or readoption in their
mother colony, as apparently occurs in the Brazilian population (Zinck et al. 2007). Further studies
detailing the soil characteristics in the different
sites and their consequences on both nest structure and colony foundation possibilities, along
with within colony genetic diversity studies
would help reach a better understanding of the
environmental pressures controlling the emergence of polygyny in E. tuberculatum and the socioecology of this species.
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