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Abstract

Climatic conditions affect the richness of ants resulting in number variation
throughout the year. The ants present in the Neotropical system Aca-
cia-Pseudomyrmex have been previously studied considering only one sam-
pling season. In contrast, in this study we analyze the richness in two
ant-acacia systems during the rainy and dry seasons. The study was carried
out on a plot located in the state of Oaxaca, Mexico where 14 ant species, 3
mutualistic and 11 non-mutualistic were found, of which 2 represent new
records for the state. Ant species number differed between ant-acacia species
and between seasons. The highest richness was recorded in Acacia hindsii in
both rainy and dry seasons, corresponding with a low-reward host. During
the dry season, A. Aindsii represents a highly valuable resource. This study
shows that the neotropical system is much more dynamic than it has been
previously considered and offers a valuable opportunity for subsequent eco-
logical studies for a better understanding of this complex system.

Keywords

Dolichoderinae, Formicinae, Myrmicinae, Pseudomyrmex

1. Introduction

Several species of plants have evolved along with some insects, establishing a de-
fensive mutual association [1]. Among the most representative examples of this,
is the Neotropical mutualistic system Acacia-Pseudomyrmex and involves 15
species of myrmecophytic acacias and 10 species of ants, known as the Pseudo-

myrmex ferrugineus group [2] [3] [4]. Mutualistic ants increase their hosts’ fit-
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ness by protecting them from herbivores and climbing lianas. As a consequence
of such interaction, a high morphological specialization has been generated in
both participants, that is, the mutualistic ants live in spinescent stipules called
domatia; the pupae are fed with the Beltian bodies, which are food bodies pro-
duced at the apex of the leaflets; and the workers feed on the extrafloral nectar,
which contains invertase, the enzyme responsible of sucrose hydrolysis. It is impor-
tant to mention that the ants lack invertase in their digestive system, so the nectar
composition has been considered as specific for such ant-group [2] [3] [5] [6] [7].

For this reason, the idea that only mutualistic ants inhabit the domatia of
swollen-thorn acacias has been considered for a long time. Nevertheless, the re-
sources involved (domatia, Beltian bodies and extrafloral nectar) are attractive to
non-mutualistic species that exploit them without offering benefits in return and
are considered as parasites of this mutualism [6] [8] [9]. The presence of
non-mutualistic ants has recently been reported within the domatia of the Neo-
tropical ant-acacias systems, such as species from the P. gracilis group and the 2.
subtilissimus group, as well as Camponotus planatus (Roger), who have inde-
pendently developed an association with these plants and may be cohabiting to-
gether with the mutualistic ants [6] [9]-[14].

In particular, it has been found that Mexican ant-acacias, like A. mayana in
Veracruz, A. chiapensis, A. collinsii, A. cornigeraand A. mayanain Oaxaca, may
be inhabited by both mutualistic (~76%) and non-mutualistic ants (~24%),
which are located mainly in the lower parts of the plants [9] [10] [11] [14], or
also inhabited by non-mutualistic ants only, like A. cedilloi in Quintana Roo
[11]. In Central America there are reports of coexistence among the mutualistic
Pseudomyrmex ferrugineus (F. Smith) with the non-mutualistic Camponotus
planatus in Guatemala, in plants of Acacia cornigera and A. hindsii, as well as P.
favicornis (F. Smith) with the non-mutualistic P. subtilissimus (Emery) on Cos-
ta Rican acacias [15] [16].

All of these reports have been made considering only one sampling season
and one sampling site, nevertheless studies focused on ants indicate that richness
is a function of environmental parameters such as precipitation, temperature
and seasonality [17] [18]. Until now, for the Acacia-Pseudomyrmex system no
study has been performed that contemplates at least two seasons in order to
evaluate possible changes in the composition of the ant species inhabitants.
Considering the above, the present study was carried out with the purpose of
analysing the myrmecofauna present in two ant-acacias, Acacia cornigera and A.
hindsii, in one plot of Oaxaca, which is one of the two Mexican states with the
highest biological diversity. The intention was to examine the presence of both
mutualistic and non-mutualistic ants in the plants under study in two seasons
(rainy and dry), and even if the ants occupy the ant-acacias as nesting sites, in
order to provide updated information on the subject. The questions of this re-
search were: 1) are the two ant-acacias occupied by mutualistic ants only? 2) are
they occupied by the same ant species along two seasons of the year? and 3) the

ant species nest in the two ant-acacias?
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2. Materials and Methods

The study was conducted in a plot of Guadalupe Victoria, located in the Muni-
cipality of Santiago Pinotepa Nacional, Oaxaca (16°20'N, 98°03'W). The primary
vegetation in the region includes rainforest, but there are some areas of second-
ary vegetation (grasslands and paddocks) as a result of agriculture and expan-
sion of urban areas. In these last areas, Acacia cornigera and A. hindsii inhabit
and coexist, growing preferably in disturbed sites. Both are species that present
the greatest distribution among the Neotropical ant-acacias.

Ant collections were carried out during the months of November 2014 (rainy
season) and March 2015 (dry season) in all ant-acacias located in the plot, that
is, in three individuals of Acacia cornigera and four individuals of A. Aindsii.
The conditions of rainfall and temperatures in each season are indicated in Ta-
ble 1. Ants were collected directly from each acacia by cutting off the entire do-
matium. For each acacia individual, 10 - 15 domatia were cut and fixed in 70%
ethanol and then reviewed under a stereoscopic microscope Labomed 4Z. The
number of immature (eggs, larvae and pupae), workers and reproductives were
counted in order to appreciate the social structure of each species of ant and as
evidence that the ants inhabit the ant-acacias’s domatia. Some specimens were

mounted for later identification.

3. Results
3.1. Total Richness

A total of 14 species of ants were collected, belonging to six genera and four
subfamilies. Pseudomyrmecinae was the subfamily with the largest number of
species, with 6 taxa from the Pseudomyrmex genus, of which only 3 were mutu-
alistic. Myrmicinae was the second subfamily with 4 species in 2 genera. The
subfamilies Dolichoderinae and Formicinae presented two species each one in
two and one genera respectively (Table 2).

3.2. Seasonal Richness

Ant species richness differed between ant-acacia species and between seasons. A
higher number of ant species was found in Acacia hindsii than in A. cornigera.
In the rainy season, the mutualistic ant found in both ant-acacia species was
Pseudomyrmex ferrugineus, this was the only ant species present on Acacia
cornigera, while on A. hindsii two additional non-mutualistic species were

found. In the dry season, the mutualistic species P. peperi (Forel) was present in

Table 1. Rainfall conditions (in millimeters) and temperature (in Celsius degrees) in San-
tiago Pinotepa Nacional, Oaxaca. The minimum (min) and maximum (max) values of
temperature are indicated.

Month Rainfall (mm) T °C T °C (min) T °C (max)
March 0 27.2 18.6 35.8
November 19 26.5 19.4 33.7
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Table 2. List of ants collected. Mutualistic species are indicated by an asterisk. For all taxa,
the total number of individuals are indicated above the parenthesis. The number of im-
matures, workers and reproductive is indicated in that order within the parenthesis.

Rainy Season Dry Season
Subfamily Species
A. cornigera A. hindsii A. cornigera A. hindsii
Aztecas !
3 (0,1,0)
Dolichoderinae
Lo 26
apinoma sp.
-’ P (0, 26,0)
Camponotus 1
sp. 1 (0,1,0)
Formicinae
Camponotus 2
sp. 2 (0,2,0)
Cephalotes 4
minutus (0,4,0)
Cephalotes 2
scutulatus 0,2,0)
Myrmicinae
Crematogaster 42 35
larreae (0, 42, 0) (0, 35,0)
Crematogaster 1
sp. (0,1,0)
Pseudomyrmex 522 155
ferrugineus* (425, 86,11) (80, 64, 11)
Pseudomyrmex 4 3
gracilis bicolor (0, 4,0) (0,3,0)
Pseudomyrmex 3
nigropilosus (0, 3,0)
Pseudomyrmecinae
Pseudomyrmex 8
pallidus (0, 8,0)
Pseudomyrmex 334 778
peperi* (239,95,0) (495, 269, 14)
Pseudomyrmex 3
veneficus* (0,3,0)

both acacias; additionally, one non-mutualistic ant from the same genus was also
found on A. cornigera. On A. hindsii, besides P. peperi, another mutualistic spe-
cies (P. veneficus Wheeler) and ten non-mutualistic species were found (Table
2).

3.3. Social Ants Structure

With regard to castes, immature, workers and reproductives were found for two
mutualistic species (P. ferrugineus and P. peperi), while for the third mutualistic
(P. veneficus) and for all non-mutualistic species only workers were found. In
the rainy season, the number of individuals of ants, including immature, work-

ers and reproductives of all species involved, was greater for A. cornigera (522)
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than for A. hindsii (201), but in the dry season the opposite occurred, the total
number of individuals was higher for A. hindsii (859) than for A. cornigera
(342). In all cases, the greatest contribution of individuals was from the mutua-
listic ants (Table 2).

4. Discussion

Oaxaca is recognized as the wealthiest state in Mexico in terms of flora and fau-
na biodiversity [19]. Regarding ant richness, a total of 108 taxa have been re-
ported, which is a small number compared to the geographical dimensions and
complex orography of the state [18]. In the present study, 14 species were found,
of which only Cephalotes scutulatus (F. Smith) and Crematogaster larreae (Bu-
ren), both from the subfamily Myrmicinae, represent new records for Oaxaca,
thus increasing the number of ant species to 110 for the state. In particular, for
the group Pseudomyrmex ferrugineus, Varela-Hernandez et al. [20] reported a
total of four species in Oaxaca (P. ferrugineus, P. mixtecus, P. peperi and P. ve-
neficus), nevertheless in our study only three of them were found, but this could
be due to the sampling area, just in one locality.

Ants are one of the most important groups of terrestrial organisms, their im-
portance and contribution to ecological processes has been more than proven,
and therefore represent a key to the understanding of ecosystems [18]. Temper-
ature, precipitation and seasonality are included among the factors that affect
ant richness [17] [18]. In previous studies where ant species richness has been
tested as a function of seasonality, Sousa-Souto et al [18] found variations with
respect to drought and rainy seasons, that is, for arboreal ants in Brazil, a greater
richness was reported in the rainy season, in which the vegetation is abundant,
and the canopies of the trees are connected.

Contrary to the above, in the present study the highest richness of ants was
found during the dry season, where 13 species (92.8%) were recorded, compared
to three species in the rainy season. It is also important to note that of the 13
species, 11 (78.6%) were found exclusively on A. Aindsii. The fact that A. hindsii
presents the greatest richness of non-mutualistic ants in comparison to A. cor-
nigera, could be in agreement with the proposal of Heil et al [21], who classified
the ant-acacias as high- or low-reward hosts. Following this scheme, A. cornige-
rais a high-reward host, which results in an intense patrol of its resident ants, in
such a way that species of ants outside of this mutualism are driven away with
greater efficiency and the plants have a greater protection against the exploita-
tion of resources. On the contrary, A. Aindsiiis a low-reward host and therefore
has a relaxed patrol of its host ants, allowing greater proportion of ants that do
not belong to the mutualistic system to be present.

In the present study, for 12 ant species (11 of them non-mutualistic) only
workers were registered, ranging from a single individual to 42, which indicates
that these taxa only occasionally occupy these plants or do not nest in their do-

matia. On the contrary, for the mutualistic ants Pseudomyrmex ferrugineus and
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P. peperi, individuals of all castes were found, although with differences in the
two seasons. During the rainy season, the mutualistic ant present in both acacias
species was P. ferrugineus, which presented a higher number of immature and
workers in A. cornigera than in A. hindsii. During the dry season, the mutualis-
tic P. peperi was inhabiting the two ant-acacias and presented a number of
workers similar to that observed in the rainy season for P. ferrugineusin A. cor-
nigera, although with a lower number of immatures. However, in A. Aindsii a
higher number of immatures, workers and reproductives was recorded, suggest-
ing that despite the climatic conditions and despite being a low-reward host, 7.
peperi finds in this ant-acacia the adequate conditions to maintain its colonies,
as indicated also by the number of reproductives found. In this regard, there is
evidence for and against the social structure of ants being affected by the availa-
bility of resources, which can be reflected both in the propagule size and in the
number of queens [22] [23] [24].

5. Conclusions

This study shows that for the ant-acacias in the study area there is a mutualistic
ant change depending on seasonality and in consequence on the resources of-
fered by the plant, that is, during the rainy season Pseudomyrmex ferrugineus
occupies both ant-acacias. During this season the production of new leaves in-
creases and in consequence also the production of food bodies, which are used
exclusively to feed the larvae, so it is not surprising that a greater number of
immatures are found in the domatia of this ant-acacia. According to this, P. fer-
rugineus could be considered as an ant guest of high-demand. During the dry
season, when the production of leaves and Beltian-bodies is diminished, it seems
the ant-acacias cannot support P. ferrugineus, but they can maintain P. peperi,
which could be considered as a low-demand ant guest.

This study shows that during the dry season the myrmecophytic acacias and
in particular A. hindsii are a highly valuable and useful resource not only for
resident ants, but also for the rest of the myrmecofauna present, which are likely
to venture to explore ant-acacias in the search of food resources. It is important
to note that although the extrafloral nectar composition is particularly special for
resident ants, it could represent a highly profitable resource during the dry sea-
son.

Finally, it is possible to appreciate that the composition and social structure of
the mutualistic and non-mutualistic ants present in these two ant-acacias, exhi-
bit a greater dynamism than previously considered for the Neotropical Aca-
cia-Pseudomyrmex system, offering a valuable opportunity to perform further
ecological as well as molecular studies, for a better understanding of this com-

plex system.
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