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Abstract 
The richness of spider species on the foliage of Mexican ant-acacias in Los 
Tuxtlas (Veracruz), and Santiago Pinotepa Nacional (Oaxaca) was docu-
mented. A total of 11 species, grouped into five families were found; in Los 
Tuxtlas five species representing two families were identified, whereas in San-
tiago Pinotepa Nacional, the number of taxa was eight, belonging to five fam-
ilies. The richness of spiders in Santiago Pinotepa Nacional was higher than 
that found in Los Tuxtlas. In both locations Nephila clavipes Linnaeus and 
Eustala illicita O. Pickard-Cambridge, both from Araneidae, were found; 
these species had been previously reported as common inhabitants of Central 
American ant-acacias. The presence of E. illicita in Mexican myrmecophytic 
acacias was confirmed. A total of 10 species grouped into five families are re-
ported for the first time inhabiting Mexican ant-acacias, increasing the rich-
ness of spider interactions documented in Mexico. This study showed that the 
occurrence of spiders in the Vachellia-Pseudomyrmex mutualism system has 
been overlooked and is likely more common than what has been reported un-
til now. This opens an opportunity for the study of the evolution of spid-
er-ant-plant interactions. 
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1. Introduction 

The mutualistic relationship between myrmecophytic acacias and their ant inha-
bitants is one of the best-known symbioses so far and is frequently cited as an 
example of coevolution since Janzen’s [1] work. There are 15 species of Neo-
tropical ant-acacias, each belonging to the formerly Acacia genus, now Vachellia 

How to cite this paper: Gómez-Acevedo, 
S.L. (2021) New Reports of Spiders in 
Three Mexican Ant-Acacias. Open Journal 
of Ecology, 11, 32-40.  
https://doi.org/10.4236/oje.2021.111003  
 
Received: November 16, 2020 
Accepted: January 1, 2021 
Published: January 4, 2021 
 
Copyright © 2021 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution-NonCommercial 
International License (CC BY-NC 4.0). 
http://creativecommons.org/licenses/by-nc/4.0/ 

  
Open Access

https://www.scirp.org/journal/oje
https://doi.org/10.4236/oje.2021.111003
https://www.scirp.org/
https://orcid.org/0000-0002-6473-2505
https://doi.org/10.4236/oje.2021.111003
http://creativecommons.org/licenses/by-nc/4.0/


S. L. Gómez-Acevedo 
 

 

DOI: 10.4236/oje.2021.111003 33 Open Journal of Ecology 
 

[2] [3] and can be identified by the establishment and maintenance of an obli-
gatory association with one of ten ant species from the Pseudomyrmex ferrugi-
neus group. The collective distribution of both species covers the area between 
central Mexico and northwestern Colombia [4] [5] [6]. 

The origin of this relationship dates back to the transition between the end of 
the Miocene (5.44 ± 1.93 Ma) and the beginning of the Pliocene (4.58 ± 0.82 Ma) 
in the Mesoamerican region, with an eventual diversification of both groups in 
Mexico [6] [7]. As a result of this evolutionary interaction, a high degree of 
morphological specialization in both members of the interaction is produced. 
The ant-acacias provide food (Beltian bodies and extrafloral nectaries) and per-
manent shelter and nesting space (domatia) to their resident ant partners, who 
in turn remove herbivorous insects and fungus spores from their host’s leaves 
[1] [5]. The Beltian bodies are made up of lipids (1% - 10% of dry mass), pro-
teins and free amino acids (8% - 14% of dry mass), carbohydrates (3% - 11% of 
dry mass) and water (18% - 24% of total mass) and are used as a food source for 
the larvae of the mutualistic ants [8]. 

Due to the food rewards offered, these relationships are commonly exploited 
by other species, who collect the rewards provided by the plants but do not pro-
tect them against herbivores or competitors [9] [10]. Parasitic ants have been 
reported to take advantage of this mutualism [10] [11], and even the spider 
Bagheera kiplingi Peckham and Peckham (Salticidae) has been observed to feed 
on both Beltian bodies and extrafloral nectaries of two ant-acacias in Mexico and 
Costa Rica [12]. This spider inhabits myrmecophytic acacias almost exclusively, 
and hundreds of them can live on a single plant; they construct their nests on the 
tips of the older leaves, hence avoiding the patrolling of the mutualistic ants. In 
Mexico, B. kiplingi inhabits Vachellia collinsii and the Beltian bodies make up 
91% of its diet, while in Costa Rica it lives in V. collinsii and V. cornigera, where 
Beltian bodies represent 60% of its diet, which is complemented with extrafloral 
nectar from the acacia, ant larvae, small flies, and rarely, small spiders [12]. 

To date only two more cases of spiders inhabiting neotropical ant-acacias have 
been documented. In Panama Eustala illicita O. Pickard-Cambridge and E. ob-
longa Chickering, both belonging to the Araneidae family, were found on V. col-
linsii and V. melanoceras respectively [13] [14]. Styrsky [15] mentioned that E. 
oblonga does not feed on the rewards provided by the plant, but rather exploit 
the enemy-free space provided by the patrolling ants and occupies the 
ant-acacias to construct a web and capture insects flying through the acacia fo-
liage and probably insects that perch on it. Some authors consider these spiders 
myrmecophilous, that is, living in tight association with ants [14] [15]. It should 
be noted that myrmecophily has only been documented in 40 spider species, 
grouped in 13 families [16] [17]. 

The neotropical Vachellia-Pseudomyrmex mutualism has been traditionally 
studied regarding the ants, the ant-acacias, or both, emphasizing aspects of their 
life cycle, ecology and evolutionary history [1] [4] [7] [8] [9] [10] [11] [18]. 
However, despite the fact that Mexico has the largest number of ant-acacias [19], 
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little is currently known about other organisms that could be present in this sys-
tem, particularly spiders. In this sense, it is important to highlight that the bio-
diversity of a region is a function of not only the number of species, but also the 
richness of interactions among them. 

This study was carried out with the aim of documenting the richness of spider 
species in ant-acacias from two populations in Oaxaca and Veracruz, two Mex-
ican states with geographical separation by two major mountain ranges, where 
there is high biological diversity per se. This will in turn allow for comparisons 
between the two localities and provide information regarding the similarity of 
spider richness between the species of ant-acacias of each locality and between lo-
calities. The questions that led to this study were: 1) will ant-acacias present spiders 
on their foliage? and if this is the case, 2) will the same species of spiders be found in 
two geographically different sites?, 3) will the same species of spiders be found in 
different species of ant-acacias in the same locality? and 4) does the presence of 
spiders on the ant-acacias depends on which mutualistic ant is present? 

2. Materials and Methods 

The study was carried out in “Los Tuxtlas” (LT) Tropical Biology Station in the 
state of Veracruz and in Santiago Pinotepa Nacional (SPN), Oaxaca. LT region is 
located at 95˚04' - 95˚09' West Longitude and 18˚34' - 18˚36' North Latitude, 
while SPN is at 98˚03' West Longitude and 16˚20' North Latitude. LT characte-
ristic vegetation is mainly evergreen lowland rainforest and is currently a relic of 
what the Tuxtlas area was; it is surrounded by open sites (grasslands and pad-
docks) distributed throughout the region due to human activities such as agri-
culture and livestock grazing. Two ant-acacias are present in this region: Vachel-
lia cornigera and V. mayana. The first grows particularly in open sites, while the 
second is only found in the preserved forest of LT. The mutualistic ant species is 
Pseudomyrmex ferrugineus F. Smith in both species. In SPN, nearly half is pri-
mary vegetation that includes rainforest, and to a lesser extent patch of sand 
dunes, mangroves, savannas and cattail wetlands. The remaining secondary ve-
getation is a result of agriculture and expansion of urban areas. This region is 
particularly inhabited by ant-acacias that grow in disturbed sites, such as V. cor-
nigera and V. hindsii, the mutualistic ant species present in both ant-acacias is 
Pseudomyrmex peperi Forel. 

Field work took place during the months of June/November (LT) and Ju-
ly/December (SPN) in 2014. The following individuals of ant-acacia were located 
at the sampling sites: V. cornigera (22) and V. mayana (5) in LT, and V. corni-
gera (14) and V. hindsii (6) in SPN. Each plant was georeferenced and after-
wards, observations were made. We assured that no sudden movements were 
made, or foliage was touched, in order to prevent spiders from escaping. Even 
so, on few occasions some spiders quickly escaped from plants when they no-
ticed human presence. Each plant was observed for about 15 minutes in search 
of spiders. Not all ant-acacias had spiders, and when they were found behavioral 
observations were carried out on their diurnal activities by approximately ten 
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minutes. Behaviors were classified according to the four types proposed by 
García and Styrsky [14]: 1) crouching: the spider rested with its body pressed 
against the plant surface and its legs folded close to its body, 2) standing: the 
spider was motionless but with its body elevated, legs outstretched, and sup-
ported by the plant surface, 3) crawling: the spider was walking or running 
across the plant surface, and 4) on webs or web strands: the spider was not in 
contact with the plant surface. After the observations, the specimens were cap-
tured manually and only during the day (from 9:00 to 13:00), using pruners, 
paintbrushes and entomological forceps. Specimens were preserved in 70% 
ethanol for later identification and curation and were then incorporated as part 
of the Arachnid National Collection (CNAN) at the Institute of Biology of the 
National Autonomous University of Mexico. 

3. Results 
3.1. Richness between Localities 

A total of 11 spider species from five families (Araneidae -the most abundant-, 
Pisauridae, Salticidae, Sparassidae and Tetragnathidae) were collected. In LT, 
five species were recorded, three of which were only found in this site. In SPN 
eight species were found, of which six were present only in this region (Table 1, 
Figures 1(A)-(F)). In both localities, Eustala illicita (Figure 1(D)) and Nephila 
clavipes Linnaeus, 1767 (Figure 1(A) and Figure 1(B)) were found. It is impor-
tant to mention that E. illicita was only captured on V. cornigera and not on V. 
mayana in LT. Similarly, N. clavipes was only recorded on V. hindsii but not on 
V. cornigera in SPN (Table 1), even though both acacias were very close to each 
other in the sampling zone. 
 

 
Figure 1. Spiders found on ant-acacias in Los Tuxtlas ((A) and (B)) and in Santiago Pi-
notepa Nacional ((C)-(F)), Mexico. (A) Nephila clavipes on Vachellia cornigera; (B) Ne-
phila clavipes on V. mayana; (C) Argiope argentata on V. hindsii; (D) Eustala illicita (as-
terisk) and Tinus sp. (arrow). Some patrolling ants can be seen; (E) and (F) Leucage cf. 
mariana on V. hindsii. 
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Table 1. List of the spider species found on the foliage of the Mexican ant-acacias. Types 
of behavior sensu García & Styrsky [14]: 1) crouching, 2) standing, and 4) on webs or web 
strands. 

Spider species 
Spider 

behavior 

Los Tuxtlas Santiago Pinotepa Nacional 

V. cornigera V. mayana V. cornigera V. hindsii 

Araneidae      

Argiope argentata 4    • 

Eustala illicita 1 •  • • 

Eustala sp. 4   •  

Larinia directa 4 •    

Nephila clavipes 4 • •  • 

Verrucosa arenata 4 • •   

Pisauridae      

Tinus sp. 1   • • 

Salticidae      

Metaphidippus sp. 2 •    

Plexippus sp. 2   •  

Sparassidae      

Curicaberis sp. 2   •  

Tetragnathidae      

Leucauge cf. mariana 4   •  

3.2. Richness between Ant-Acacia Species 

The highest spider richness was present in Vachellia cornigera foliage, with five 
species within three families in LT and six species within five families in SPN; 
the lowest richness was on V. mayana with just two species into two families. 
Four spider species, belonging to three families (Table 1) were collected on V. 
hindsii. It should be highlighted that E. illicita and Tinus sp. were found very 
near to each other on a single A. hindsii individual; E. illicita on the leaflets, and 
Tinus sp. on a domatium (Figure 1(D)). 

3.3. Spider Behavior 

Only immobility behaviors (types 1, 2 and 4) were observed in spiders of both 
LT and SPN (Table 1). Of the six species from the family Araneidae, five were 
observed on web strands (type 4), and Eustala illicita in a crouching position 
(type 1) (Figures 1(A)-(D)). Species from the family Pisauridae were also ob-
served performing a behavior type 1 (Figure 1(D)). All the species from the Sal-
ticidae and Sparassidae families were found in a standing behavior (type 2), and 
the species from the family Tetragnathidae on a web strand, that is, not in con-
tact with the plant surface, which corresponds to the behavior type 4 (Figure 
1(E) and Figure 1(F)). 
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4. Discussion 

The neotropical Vachellia-Pseudomyrmex system is considered a highly stable 
obligate mutualism, in which their mutualistic ants actively patrol the plants, 
chasing away and eliminating any other organism [1] [4]. However, during the 
fieldwork for this study, a variety of insects (flies, wasps, bedbugs and ladybugs; 
unpublished data) and spiders were occasionally noticed and recorded. The 
spiders seemed not to be bothered nor chased away by the resident ants, even 
when they were very close to them or on domatia. 

Styrsky [15] showed that despite the effectiveness of the patrol activities of the 
mutualistic ants (Pseudomyrmex satanicus Wheeler) on the Panamanian myr-
mecophytic Vachellia melanoceras, the spider Eustala oblonga is abundant on 
adult plants, and hundreds of individuals, both adults and juveniles, can coexist. 
Moreover, Meehan et al. ([12], supp. mat.) mentioned that in Mexico (Quintana 
Roo), a single V. collinsii individual may host more than 200 spiders, while in 
Costa Rica the individuals of V. collinsii and V. cornigera have barely a few or-
ganisms of Bagheera kiplingii on their foliage. Unlike in Quintana Roo and Pa-
nama, but similar to Costa Rica, in both areas of this study few individuals of 
each spider taxon were found on each acacia individual, only about five or fewer 
per day. 

García and Styrsky [14] defined four types of behavior based on the spiders 
that inhabit the Panamanian myrmecophytic V. melanoceras. Of all these beha-
viors, only one of them involves the individuals being in movement (type 3) and 
the remaining three imply different versions of immobility (types 1, 2 and 4). In 
the present study, all the spiders behaved in some category of immobility. This 
work highlights the importance of myrmecophytic acacias, providing the spiders 
with important sites for resting and feeding. It is even appropriate to point out 
that spider richness was higher in ant-acacias located in the paddocks of both 
study areas (V. cornigera and V. hindsii), than on V. mayana, which inhabits 
only the preserved original vegetation area of LT, suggesting that spiders could 
prefer plants located in open spaces as habitats. Several authors have shown that 
spiders are highly selective of both their microhabitat and their foraging sites to 
maximize their survival and reproductive success [20] [21]. 

Previous works where the presence of spiders in the Vachellia-Pseudomyrmex 
system is documented [12] [13] [14] [15] do not mention if these taxa show any 
preference for inhabiting a particular ant-acacia. On the contrary, the results 
found in this study suggest a tendency for spiders to occupy V. cornigera, the 
species on which spider diversity was highest in both study areas, regardless of 
which mutualistic ant species is present. That is, Pseudomyrmex ferrugineus in-
habited the domatia of V. cornigera and V. mayana in LT, while in SPN, the 
resident ant of V. cornigera and V. hindsii is P. peperi; so the choice of a myr-
mecophytic plant over another is not a function of the patrolling activities of the 
resident ant, but rather a function of the host traits. The fact that higher spider 
diversity was found on V. cornigera was surprising, since it is considered a 
“high-reward” host for its resident ants, and thus displays a greater defense and 
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protection against herbivorous and exploiters compared to V. hindsii, which of-
fers a “low-reward” and therefore receives less care and defense from its ants 
[11]. 

5. Conclusions 

The presence of 11 species of spiders (10 new records) on the foliage of three 
Mexican ant-acacias suggests that these taxa in the Vachellia-Pseudomyrmex 
system are more common than previously thought and represent an opportunity 
for the study of the evolution of biological relationships in Mexico. All of these 
spiders were found in some types of immobility (mainly in their webs), beha-
viors that probably do not involve any alarm signals for mutualistic ants. In ad-
dition, the fact that the largest number of spiders found in this study belongs to 
the Araneidae family suggests that either this spider family is more tolerated by 
mutualistic ants, or that it has evolved highly efficient strategies to avoid being 
detected by them, which may tend toward a more stable evolutionary relation-
ship. 

Also, it would be useful to carry out future studies on the structural, morpho-
logical and/or physiological traits present in V. cornigera that could make it a 
more attractive or favorable acacia for spiders, as well as the mechanisms that 
spiders (mainly the Araneidae family) may employ to avoid or coexist with the 
mutualistic ants. Moreover, this study lays foundations for complementary stu-
dies regarding the spider richness over the whole range of the distribution of 
both V. cornigera and V. hindsii, two widely represented species in Mexico. In 
this sense, it is important to take into account that biological interactions have 
become an essential component in the evolution of the world´s biodiversity and 
that they are inherently a part of a continuous gradient of interrelationships, in 
which the outcome of an interaction could change both spatially and temporally 
as a result of the presence or absence of any of the interacting species, in accor-
dance with the geographic mosaic theory of coevolution [22] [23]. 
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