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ABSTRACT. Nest structure and occurrence of three species of Azteca (Hymenoptera, Formicidae) in Cecropia pachystachya
(Urticaceae) in non-floodable and floodable pantanal areas. Thirty Cecropia pachystachya trees were examined in non-floodable
and floodable areas to investigate the association between C. pachystachya and Azteca ants in the Pantanal of Mato Grosso do Sul,
Brazil. The species Azteca ovaticeps, Azteca isthmica, and Azteca alfari were found nesting inside domatia of C. pachystachya.
A. ovaticeps was the most frequent species in the trees in the floodable area, while A. isthmica and A. alfari, in the non-floodable
area. A. ovaticeps and A. isthmica maintained more entrance/exit holes in comparison to A. alfari. All Azteca species maintained
entrance/exit holes in the closest domatia to the apical area of the branch, due to proximity to Miillerian and pearl bodies, suggesting
that these species of 4zteca were influenced by their environment during evolution and became specialized. All internodal septa of
each examined branch were perforated by ants, indicating the branches were inhabited by a single colony.

KEYWORDS. Ant-Plant; Azteca; Cecropia; Dolichoderinae; Mutualism; Non-floodable and floodable area.

RESUMO. Arquitetura de ninho e ocorréncia de trés espécies de Azteca (Hymenoptera, Formicidae) em Cecropia pachystachya
(Urticaceae) em ambiente alagavel e ndo alagavel no Pantanal. Foram analisadas 30 plantas de Cecropia pachystachya em cada
ambiente alagavel e ndo alagavel no Pantanal sul-mato-grossense, Brasil, com o objetivo de investigar a associagdo entre formigas
Azteca e C. pachystachya. Foram encontradas as espécies Azteca ovaticeps, Azteca isthmica e Azteca alfari nidificando nas
domaceas da planta. 4. ovaticeps foi mais frequente em plantas de area alagavel, enquanto A. isthmica e A. alfari em plantas em
area nao alagavel. 4. ovaticeps e A. isthmica apresentaram maior quantidade de orificios de entrada/saida em relagdo a A. alfari e
todas as espécies mantém proximo da regido apical do ramo, orificios de entrada/saida nas domaceas, devido a proximidade com
os corpusculos miiellerianos e pérola. Isto ¢, essas espécies de Azteca especializaram-se ao longo da evolugdo influenciadas pelo
ambientes. Todos os septos internodais de cada ramo analisados apresentaram-se perfurados pelas formigas, sugerindo que os

mesmos sao habitados por uma tnica colonia.

PALAVRAS-CHAVE. Ambiente nao alagavel e alagavel; Azteca; Cecropia; Formiga-Planta; Mutualismo.

The Pantanal is one of the richest floodplains in the
world in terms of species (Alho 1982). It is a habitat rich
in physiognomic vegetation types as a consequence of its
geomorphological and topographical characteristics, such as
‘capdes de mata’, and gallery forests. All these formations
are fragments of semi-deciduous forests (Ponce & Cunha
1993). ‘Capdes de mata’ are circular or elliptical-shaped
earthmounds covered by vegetation (Corréa et al. 2006)
located in a sedimentary depression. During annual floods,
the ‘capdes’ become islands that are colonized by plants
and animals (Oliveira-Filho 1992). The gallery forest of the
Miranda River is influenced by floods during water level
increase (Rodrigues & Leitdao-Filho 2004).

The alternation between long dry periods and floods is
the main control mechanism of the local biodiversity, as it
strongly affects the occurrence of most organisms, thus
resulting in variations in species composition (Alho 1982),
mainly in ants (Lange et al. 2008). Among plant species
Cecropia pachystachya (Trécul) is a pioneer, evergreen,
heliophyte and selective hygrophyte species, common in
clearings, fallow areas (‘capoeiras’), and second growth

forests, widely found in Brazil in the states of Ceard, Bahia,
Minas Gerais, Goias, from Mato Grosso do Sul to Santa
Catarina (Budowski 1965; Lorenzi 1992). Species of this
genus are known as myrmecophytes, due to their associations
with ants (Longino 1989).

In myrmecophytes, internal spaces, termed domatia (Rico-
Gray & Oliveira 2007), provides shelter to some ant species.
In Cecropia (Loefl.), these structures consist of small hollows
located in the stems or branches of trees, divided in a series
of chambers separated by septa, also known as internodes
(Yu & Davidson 1997). Species of the genus Azteca (Forel)
are considered associated with Cecropia, usually nesting in
hollow branches or building cartoon nests inside or outside
branches of the tree (Wheeler 1942). All arboreal Azteca
species build “cartoon shelves” inside internodes. These
structures are used by ants to store eggs, larvae, and pupae
(Harada & Benson 1988). Founding Azfeca queens chew a
hole through a prostoma, a dark spot located in the apical
internode, into the internodal cavity. After entering, the queen
closes the entrance hole with detritus, begins laying eggs, and
cares for larvae and pupae. The forming colony feeds on the
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proteins stored in the queen’s body until the emergence of the
first workers that perforate branches and create entrance/exit
holes. These workers then become responsible for caring for
the colony, while the queen maintains the reproductive role
(Sudd 1967; Wilson 1971).

According Harada & Benson (1988), ants exhibit a habitat
preference to nest in trees of the genus Cecropia. These
authors observed that Azteca isthmica (Wheeler) becomes
abundant in dryland forest habitats, while Azteca fasciata
(Mann) occurs occasionally in ‘capoeiras’ in floodplains and
floodable areas. Azteca alfari (Emery) can occur in dryland
habitats as well as floodplains and floodable areas, although
it prefers open areas.

These symbiotic ant-plant relationships might be products
of selection, based on complex networks of direct and indirect
interactions (Davidson & Fisher 1991). Thus, natural history
studies are essential to understand the basic requirements of
these relationships, as well as to describe the processes that
might have led to the evolutionary specializations in ant-
plant associations (Davidson et al. 1991; Davidson & Fisher
1991). This study was aimed at examining the relationship
between ant species inhabiting C. pachystachya and their
corresponding nest structures, focusing on the following
questions: What species of ants inhabit C. pachystachya in
a gallery forest and a ‘capao’? Which species are the most
frequent in each area? Are these Azfeca ants associated with
other species? Is there a pattern for the location of entrance/
exit holes in domatia in the branches of C. pachystachya?
Are there differences in the number of entrance/exit holes in
the branches in the plants of both areas? Does the number of
holes depend on the size of the branch for each ant species?
Is there internal communication between internodes in the
branches?

MATERIAL AND METHODS

Data were collected during the months of October and
November 2006, in two habitats located in the sub-regions
of Miranda and Abobral in Pantanal, Corumba — Mato
Grosso do Sul State (19°35°S, 57°2°W). The first area is
located in a section of approximately 500m of gallery forest
of the Miranda River consisted of arboreal vegetation that
seasonally floods. The second area consists of two ‘capdes’,
approximately 2.000 meters away from each other, covered
with a non-floodable open arboreal area.

Thirty C. pachystachya trees were examined along a
transect in each area (floodable and non-floodable area).
One branch of each tree up to 4m high was cut at insertion
of the branch into the trunk. The following measurements
were taken: distance between each entrance/exit hole in the
internode until insertion of the branch into the trunk (named
hole/insertion), and distance between each entrance/exit hole
in the internodes until the apical region of the branch (named
hole/apex). The number of entrance/exit holes in internodes,
branch size, as well as presence or absence of perforation
between internodal septa was examined with longitudinal
cuts in the superficial area.

Ants entering and exiting the holes from domatia were
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captured manually and later identified using the dichotomic key
of Bolton (1994, 2003) and by comparisons with specimens
of the ant collection of the Laboratério de Mirmecologia
do Centro de Pesquisas do Cacau (Ceplac/Cepec-Ilhéus,
BA). Voucher specimens were deposited in the Museu de
Biodiversidade da Faculdade de Ciéncias Biologicas e
Ambientais/ FCBA of the Universidade Federal da Grande
Dourados/UFGD, Dourados — Mato Grosso do Sul State.
Samples of Cecropia were identified by comparison with
the material deposited in the herbarium of the Universidade
Federal do Mato Grosso do Sul/Campo Grande-Brazil.

Statistical Analysis.

The relationships between the hole/apex and hole/
insertion distances, as well as the average number of entrance/
exit holes in domatia of Cecropia trees of the two habitats for
each Azteca species were examined with the U test of Mann-
Whitney for independent samples. The analysis of variance
(non-parametric test ANOVA of Kruskal-Wallis) was used to
compare the averages of hole/apex and hole/insertion distances
of the three ant species. A normality test was performed and
the Spearman’s correlation coefficient was used to examine
whether the number of entrance/exit holes was dependent on
the size of the branch.

RESULTS

Occurrence of nesting species in each habitat. Two species,
Azteca ovaticeps (Forel) and A. isthmica, were found in the
floodable habitat, and three species, 4. ovaticeps, A. isthmica,
and A. alfari, observed in the non-floodable habitat, nesting in
the internodes of C. pachystachya (Table I).

Colonization of branches. The most frequent species
found in domatia of C. pachystachya in the floodable habitat
was A. ovaticeps, while A. alfari occurred strictly in the
non-floodable habitat (Table I). Azteca isthmica occurred in
the two areas, although it was more frequently found in the
non-floodable habitat (Table I). From the 60 branches of C.
pachystachya examined, 98.3% (59 branches) were colonized
by Azteca ants, and inhabited by only one species. However,
in a single branch of a tree in the non-floodable habitat,
Crematogaster sp. (Lund) was found in a leaf domatium and
no Azteca ants inhabited this branch.

Azteca and C. pachystachya and, association with other
ants. In addition to Azteca ants, other ant species were
found foraging on the same branches of C. pachystachya,
representing 18.33% of the branches examined. The ants 4.
isthmica and Crematogastersp. 2, A. ovaticeps and Cephalotes
sp. 1 (Latreille), 4. ovaticeps and Pseudomyrmex sp. 1 (Lund),
A. ovaticeps and Cephalotes sp. 2, were observed in the same
tree in the floodable area. 4. ovaticeps and Pseudomyrmex
sp. 2, A. ovaticeps and Crematogaster sp. 2, A. alfari and
Crematogaster sp. 2, A. ovaticeps and Cephalotes sp. 1 were
observed in the non-floodable area.

Location patterns of entrance/exit holes in domatia. The
entrance/exit holes of the three Azteca species were oval
shaped with an average width of 1.45 £ 0.51 mm and length
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Table I. Number of records of Azteca species in internodes of C. pachystachya,
in two habitats of the Pantanal in Mato Grosso do Sul State.

Nesting species Gallery Forest Capao

(% for habitat) (% for habitat)
Azteca ovaticeps 28 (77.7%) 08 (22.3%)
Azteca isthmica 02 (28.6%) 05 (71.4%)
Azteca alfari -- 16 (100%)

of 2.12 £ 0.23 mm, slightly larger that the head of workers.
The location of entrance/exit holes followed a pattern, always
near the apical region of branches (Table II), regardless of the
type of habitat. However, a significant variation was found
between the average distances of the entrance/exit holes to
the apex ()’ ,, = 18.756; p=0.001) and hole/insertion ()’ ,) =
6.16; p=0.047).

Number of entrance/exit holes in domatia. The number
of entrance/exit holes varied from one to eight per branch

for A. ovaticeps, with a mean of ¥ =3.57 + 1.93 in floodable

area and ¥ =2.63 + 0.74 in the non-floodable area, both
significantly different (Z= -1.98; p=0.046). For A. isthmica,
this number varied from one to five per branch, with a mean

of X =4.00 + 1.41 in the floodable area and X =2.00 + 0.71
in the non-floodable area, also significantly different (Z=
-2.688; p= 0.007). For the species A. alfari, which was only

found in the capdo, this number varied from one to three (¥
=1.88 £ 0.81).

Number of holes and branch size. For 4. ovaticeps (r, .,
=0.15; p=0.378) as well as 4. isthmica (r,= 0.52; p= 0.223)
no positive correlation was found between the number of
holes and branch size. However, a positive correlation was
observed for the branches occupied by 4. alfari (r, = 0.792;
p=0.000).

Internal communication between internodes. Among
all branches examined in both habitats, 94.9% presented
perforated septa between internodes. Only three branches
(5.1%) of all trees in the non-floodable area lacked this type
of connection. In this case, dead A. isthmica and A. ovaticeps
queens were found.

(16)

DISCUSSION

This is the first report on the occurrence of A. ovaticeps
in the Pantanal. Wheeler (1942) and Harada & Benson
(1988) described 4. ovaticeps (= A. alfari var. ovaticeps) in
the Amazon (Brazil), nesting in Cecropia sp. and Cecropia
lyratiloba (Miquel), and in Bolivia and Costa Rica (Longino
1991). This species usually nests in other species of Cecropia,
such as Cecropia distachya (Huber) and Cecropia ficifolia
(Warb. & Snethlage), and Cecropia purpurascens (Berg) in
Panama (Longino 1991).

A. alfari was expected to be found nesting in C.
pachystachya in the Pantanal of Mato Grosso do Sul due to its
broad distribution. Wheeler (1942), and Harada and Benson
(1988) described this species in Belize, Costa Rica, Panama,
Colombia, Venezuela and in Brazil, nesting in Cecropia
adenopus (=C. pachystachya) (Mart.), Cecropia concolor

Table II. Mean ( X ), standard deviation (= SE) and U test of Mann-Whitney
for the distance of the hole/apex and hole/insertion for the three Azteca ants
in Cecropia pachystachya.

Nesting species Measurement N Mean Standard Z P

(cm) deviation

Azteca ovaticeps  Hole/apex 36 1247 12.21 -6.803 0.001
Hole/ insertion 36 137.03  68.02

Azteca isthmica  Hole/apex 07 9.62 594 -3.130 0.002
Hole/ insertion 07 119.52 53.28

Azteca alfari Hole/apex 16 4.22 2.65 -4.826 0.001
Hole/ insertion 16 90.24  49.7

(Willd.), C. distachya, C. purpurascens, Cecropia latiloba
(Miquel), Cecropia ulei (Snethlage), and C. lyratiloba; in
the Guianas, Cecropia angulata (Bailey); in Mexico, Belize,
and Costa Rica, Cecropia obtusifolia (Bertol.) and Cecropia
peltata (L.); in Guatemala, C. obtusifolia; and in Venezuela,
C. peltata. Harada & Benson (1988) also observed other
genera of ants nesting in Cecropia, such as Camponotus
(Mayr), Crematogaster, and Pachycondyla (Smith), but did
not specify if the nesting sites were branches or leaves.

In the present study, 4. ovaticeps was more frequently
observed in floodable areas; A. isthmica in non-floodable
areas as well as floodable areas; while 4. alfari was only
found in areas that never flood. Our explanation is that A.
ovaticeps might obtain resources exclusively from the tree,
while 4. alfari and A. isthmica require extra resources. This
would allow 4. ovaticeps to survive in the plant even in times
of isolation during floods, which would be more difficult for
the other species. Barnwell (1967), studying the interaction
between A. alfari and C. peltata, observed that this species
forages more on trunks near the ground, indicating that this
species forages on the ground. According to Adis (1981), the
terrestrial fauna, formed by migrant and non-migrant groups
of terrestrial and arboreal animals, need special strategies to
survive in periodically flooded habitats.

The colonization of nearly one hundred percent of plants
examined by Azteca species was not similar to the described
by Bonato et al. (2003). These authors found that 64%
of branches of C. purpurascens in Central Amazon were
colonized by ants of four species: A. alfari, Camponotus
balzani (Emery), Camponotus atriceps (Smith) (=C.
abdominalis), and Crematogaster brasiliensis (Mayr). On
the other hand, the occurrence of a single species per branch
is in agreement with the reported by Davidson et al. (1989),
where each myrmecophytic tree provides shelter to a single
ant colony and that in early stages, different founder queens
may colonize different internodes of the same Cecropia
branch, but a single colony usually dominates the entire tree,
removing the other colonies.

The occurrence of other ant species with Azfeca in
Cecropia has also been reported by other authors. Each plant
species, in general, is associated with many ant species and
each ant species may occupy several plant species (Lapola
et al. 2004). Longino (1991) observed other ant species
foraging in Cecropia insignis (Liebm.), even when A. alfari
was nested in the plant, for example, Camponotus, Solenopsis
(Westwood), and Procryptocerus (Emery).
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The shape of entrance/exit holes of the three Azteca species
is similar to the described for Azteca coeruleipennis (Emery)
in C. peltata, characterized as simple entrance/exit holes in
the central axis of the branch with 2-3 mm in diameter. Azfeca
xanthochroa (Roger), however, excavates a longitudinal slit
for the entrance/exit holes (Longino 1991).

The location pattern of entrance/exit holes nearest the
apical region of the branch for the three Azfeca species have
not been described in previous studies. Only Longino (1991)
observed that C. peltata inhabited by A. coeruleipennis
exhibited 10-20 internodes below the apex of the branch. In
addition, Harada (1989) observed holes of A. alfari from the
apical region to the median region of the branch. However, it
is possible that, as the branch grows, older holes are obstructed
by the bark of the tree and thus workers perforate a new hole
in a more apical part of the branch. The most distant apical
location of these holes might be associated with the location
of Miillerian bodies, found at the base of petiole of leaves
(Rickson 1976) and pearl bodies (O’dowd 1980) produced
in the abaixal surface of new leaves (Harada 1989), since in
Cecropia, leaves are located at the end of the branch.

The variation in the number of entrance/exit holes in
a branch has also been reported in other Azteca species.
Studies conducted with Azteca constructor (Emery) and A.
xanthochroa demonstrated that these species maintain four to
seven entrance/exit holes (Longino 1991). The larger number
of entrance/exit holes of A. ovaticeps and A. isthmica in the
floodable area might be due to physiological aspects of the
tree or as a result of the influence of the flooding. Thus, the
variation in the number of holes may be a relationship directly
proportional to aggressiveness; more aggressive ants maintain
more open holes in floodable area. This might favor a defense
strategy more suitable to protect the resources offered by the
trees. It may also partially explain why A4. alfari maintains
more entrance/exit holes as the branch grows, although
this could also be associated with the size of the colony, in
which few workers might require more holes to optimize the
response time to defend the resources of the tree (Folgarait &
Davidson 1994).

The septa perforated between internodes per branch
suggest the presence of a single colony per branch that
probably access other internodes as the population increases,
also favoring mobility to protect and obtain resources in the
apex of the branch. According to Barnwell (1967), 4. alfari
usually restricts its activities to the crown of Cecropia trees.
Longino (1991) observed that some branches occupied by
A. alfari exhibited an internal communication of up to three
holes in internodal septa.

In summary, this study reports on the occurrence of 4.
ovaticeps for the first time in the Pantanal, as well as other
more frequently observed species, inhabiting the internodes of
C. pachystachya in floodable area. A. alfari only occurred in
the non-floodable area, suggesting that this species of Azteca
might have become specialized in certain environments during
evolution. The nest structure might have been influenced by
floodable habitats, for instance, the few entrance/exit holes of
A. ovaticeps and A. isthmica in the floodable area compared
with non-floodable area. Except the location pattern of
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entrance/exit holes nearest the apical region of the branch for
the three Azteca species that would be result of the production
of Miillerian and pearl bodies, independently of non-floodable
area. Regarding aggressiveness, further studies could reveal if
ants Azteca of floodable areas are more aggressive compared
with those of non-floodable areas.
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