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Territory and trophic cascading effects of the ant Azteca chartifex  
(Hymenoptera: Formicidae) in a tropical canopy
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Abstract

Consumer pressure on species interactions is considered one of the major forces in organizing ecological communities. 
Dominant ants are commonly reported to be efficient predators and, by constantly patrolling their territories, can  
regulate prey / enemy population sizes and distribution. However, cascading effects involving dominant ants in tropical 
forest canopy are poorly understood, especially when taking a multitrophic approach. Here, we evaluated the trophic 
cascading effect caused by the arboreal ant species Azteca chartifex Forel, 1896 on coexisting arthropods (other pred-
ators and chewing herbivores) and leaf herbivory levels in a tropical forest canopy associated with the dominant tree 
species Byrsonima sericea (Malpighiaceae). We investigated the effects of the presence of A. chartifex on: i) arthropod 
diversity (species richness, abundance, and composition) and ii) host plant herbivory levels. We sampled 68 trees, half 
of which had no records of A. chartifex patrolling their crowns while the other half has constantly been patrolled by this 
ant species for about two decades. The presence of A. chartifex corresponded to lower species richness and abundance 
of other predators, and reduced chewing herbivores abundance. Our findings suggest that A. chartifex may be capable 
of modifying the arthropod species composition and have important top-down effects on the community structure 
of arthropods in B. sericea, though manipulative experiments are needed to test this hypothesis. Our results help to 
understand how top-down cascading effects influence the community structure of forest canopies. We also added some 
important implications on how canopy communities are assembled and maintained over time.
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Introduction
In most trophic interactions, predation is one of the most 
important forces driving population dynamics and com-
munity structure and promoting species diversity in nat-
ural ecosystems (Romero & Koricheva 2011, Garvey & 
Whiles 2016). Paine (1966) was the first to experimentally 
demonstrate how predation maintains community diver-
sity by controlling competitors and herbivores. Trophic 
interactions such as predation trigger cascading effects 
by causing indirect effects across the food web, that is, 
effects that change abundance or biomass in more than one 
inferior trophic level (Paine 1980, Polis & al. 2000). Since 
then, studies have highlighted the influence of predator 
species in community structure using species of different 
trophic levels, such as predatory ants (Vandermeer & 
al. 2010).

Known for their efficient predation ability, ant species 
are considered excellent models to understand community 
assembly (Dejean & al. 2018) via cascading effects on 
lower trophic levels (Sanders & Platner 2007, Moreira 
& al. 2012). Through constant patrolling of their host 
plants, dominant ants (i.e., characterized by dominance 
behavior, with inter-and intraspecific confrontations to 
defend resources and territory, and by having populous 
colonies; Davidson 1998) are able to reduce species rich-
ness and species composition, mostly involving potential 
competitors (such as spiders, ladybugs, and other ants) 
and herbivorous insects, thereby modulating the distri-
bution of other organisms and reducing leaf damage in 
plants (Novotny & al. 1999, Rosumek & al. 2009, Trager 
& al. 2010, Vandermeer & al. 2010, Nahas & al. 2012, 
Lourenço & al. 2015, Schmitt & al. 2020). Addition-
ally, some dominant ant species are skilled at building 
large nests for the main colony, which are connected by a 
network of small bivouac nests and sometimes related to 
polydomy (Davidson 1998), as in the genus Azteca. Such 
a complex housing system of the dominant ants facilitates 
their movement along the tree branches and allows a broad 
territory defense. Consequently, greater arthropod species 
richness is found in sites not occupied by dominant ants, 
avoiding direct confrontation (thus, an enemy-free space 
sensu Ribeiro & al. 2013, Lourenço & al. 2015). However, 
detailed studies delving further than a description of the 
effect of dominant ants on arthropod diversity in cano-
pies are relatively rare (Yanoviak & Kaspari 2000, do 
Espírito Santo & al. 2012, Ribeiro & al. 2013).

Dominant ant species are able to alter species connec-
tion patterns in ecological networks as they are competi-
tively superior in monopolizing resources and preventing 
access by other arthropods (Díaz-Castelazo & al. 2013). 
In addition, dominant ant species are extremely abundant, 
which favors high recruitment rates and well-established 
territories, resulting in a great number of interactions 
with their host plants and other arthropods (Dáttilo & 
al. 2013, 2014, Costa & al. 2016). Thus, the territory of 
dominant ants can also alter the community structure 
among other arthropods and host plants. For example, the 
dominant genus Azteca is well known for participating as a 

mutualist in several neotropical systems, promoting biotic 
defense (Dejean & al. 2009, Oliveira & al. 2015) and im-
proved reproductive success (Pringle 2014) for their host 
plants. Additionally, we may expect that dominant ants are 
also able to change the functional structure of the arthro-
pod species present in their territory, restricting or favor-
ing the activity of these arthropods in the environment.

Among well-known dominant ant species, Azteca char-
tifex Forel, 1896 (Formicidae: Dolichoderinae) stands out 
for its territorial and dominant behavior (Longino 2007). 
The territory of A. chartifex is dominated by many workers 
who patrol the territory by monopolizing resources and 
removing competitors (Longino 2007). The genus Azteca 
is well known due to the symbiosis of these ants with trees 
of the genus Cecropia being one of the most successful 
relationships of mutualism in the Neotropics (Davidson 
& McKey 1993). This tree provides shelter and food for 
Azteca, which in turn protects the plant against herbivory 
and vines (Rico-Gray & Oliveira 2007). Therefore, A. 
chartifex might be a suitable model to investigate the effect 
of a dominant arboreal ant species on other species assem-
blies, especially in multitrophic systems, considering its 
potential to protect tree species.

Here, we evaluated the trophic cascading effect of 
the ant Azteca chartifex on coexisting arthropods (other 
predators and chewing herbivores) and leaf herbivory 
levels in a forest canopy dominated by Byrsonima sericea 
DC (Malpighiaceae) tree. Due to the dominant behavior 
and high patrolling activity of A. chartifex (see Longino 
2007, Baccaro & al. 2015, Adams 2016), we formulated 
two hypotheses: i) The presence of A. chartifex reduces 
species richness and abundance and changes the com-
position of co-existing arthropod predators (including 
ants) and chewing herbivores in B. sericea crowns, and 
ii) the presence of A. chartifex restricts the occurrence of 
chewing herbivores and consequently decreases B. sericea 
herbivory levels. Hence, if our predictions are true, we 
may start paving the way to understand the potential of A. 
chartifex as a mutualistic partner for B. sericea.

Materials and methods

Study area
The study was conducted in the Rio Doce State Park 

(hereafter PERD, relating to the Portuguese acronym) (19° 
48' - 19° 29' S and 42° 38' - 42° 28' W), Minas Gerais State, 
southeastern Brazil. The climatic regime of the region is 
tropical seasonal (Aw) according to the Köppen’s classifi-
cation (Alvares & al. 2013). The climatic seasons are well 
defined, with the dry period between May - September and 
rainy season between October - April. Average precipita-
tion is around 1500 mm per year (Alvares & al. 2013). 
The PERD covers an area of approximately 36,000 ha 
of semideciduous Atlantic Forest, varying from 200 to 
500 m above sea level, and is part of the largest natural 
Neotropical lake system. Approximately 11% of the area 
of the park is covered by its 42 lakes, which are the same 
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age and have an intimate, though evolutionarily young, 
history with the forest (Fonseca-Silva & al. 2015, 2019). 
These lakes evolved on the very same soil and, thus, pro-
vide quite a similar background for the three population 
patches studied here (Fonseca-Silva & al. 2015, 2019). 
Inside these patches, the trees are in lines with distance 
of a few meters from each other. The lake system inside 
the park supports very particular ecotonal areas that are 
characterized by natural transitions of forest-lake, where 
the trees grow branches bent towards the water as they 
seek light. This results in what has been called “brought 
low canopy”, which is, strictly speaking, a typical canopy 
habitat resting close to the ground, on the ecotone shore, 
or over the lakes (Lourenço & al. 2019). The PERD is an 
International Long-Term Ecological Research site (ILTER) 
whose tree-arthropod system has been investigated since 
1999 (Campos & al. 2006a, b, Coelho & Ribeiro 2006, 
Ribeiro & al. 2008).

Study system
Byrsonima sericea is a dominant and pioneer tree spe-

cies that defines most of ecotone vegetation in the PERD, 
forming a long-lived and complex canopy architecture 
(Barbosa 2014). In these ecotones, B. sericea crowns are 
structured by branches growing vertically as well as by 
branches and foliage bent towards the lakes, positioned 
at the same height as the understory (Fig. S1, as digital 
supplementary material to this article, at the journal’s 
web pages). Flowering and fruiting of B. sericea occurs 
between the second fortnight of October and the end of 
April (Teixeira & Machado 2000). According to the 
assessments carried out here, B. sericea trees studied in 
the PERD had a mean density of 550.58 leaves per sample 

(± 28.9 standard error, SE), mean height of 5.68 m (± 0.13 
SE), and mean diameter at breast height of 59 cm (± 3 SE).

Azteca chartifex was identified using the key of Bac-
caro & al. (2015) and subsequent assistance by Rodrigo 

Fig. 1: Byrsonima sericea tree populations (PI, PII, and PIII) and sampling design distributed across the studied populations 
located at three distinct forest-lake ecotones in Rio Doce State Park, Brazil. Colors represent the arrangement of two categories: 
i) Azteca chartifex present (red circle) and ii) A. chartifex absent (blue circle).
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Feitosa from Universidade Federal do Paraná and Museu 
Nacional de São Paulo. Azteca chartifex is a polydomic 
species (i.e., multiple nests per colony) from a strictly 
Neotropical group of arboreal ants (Longino 2007) and 
builds its nests using cellulose and processed fibers, which 
protects the colony that may contain thousands of indi-
viduals (Wheeler 1986, Baccaro & al. 2015). This ant 
species preys upon living insects (Hölldobler & Wilson 
1990) that cause damage to the plant and has a potential 
mutualistic association with Byrsonima sericea trees, 
wherein the ant establishes its main nest on the principal 
tree trunk and numerous smaller satellite nests along the 
secondary branches of surrounding B. sericea individu-
als (Fig. S1). In the PERD, it was observed that when A. 
chartifex is present, B. sericea trees within its territory 
were constantly patrolled by a large number of A. chartifex 
workers. For instance, an average of 23 satellite nests were 
counted per tree in a radius of 8 m around the main nest.

Experimental design
To assess whether Azteca chartifex influences arthro-

pod diversity, in March 2016, 68 individuals of Byrsonima 
sericea were arbitrarily selected and divided into two cat-
egories (Tab. 1): i) Azteca chartifex present (n = 32) – trees 
that were naturally colonized by this ant; and ii) A. char-
tifex absent (n = 36) – trees that, according to the records 
of the present research group, had no A. chartifex nests 
for at least a decade (Campos & al. 2006a, b, Coelho & 
Ribeiro 2006). Trees from three independent populations 
of B. sericea located in ecotones of three distinct lakes 
were sampled, separated by hills high enough to prevent 
dispersion and covered with denser forest than that in the 
ecotone, thus without B. sericea individuals, as this is a 
typical lowland tree. Each population was arranged into 
the following categories: population I (PI): A. chartifex 
present (n = 4) and A. chartifex absent (n = 16); population 
II (PII): A. chartifex present (n = 9) and A. chartifex absent 
(n = 11); and population III (PIII): A. chartifex present (n 
= 19) and A. chartifex absent (n = 9) (Fig. 1).

In March 2017, half of the previously studied plants 
were resampled (Tab. 1). Thirty-four individuals of Byr-
sonima sericea were randomly selected and sampled (16 
trees with Azteca chartifex and 18 without A. chartifex) 
distributed within each population, following the cate-

gories arrangement: PI: A. chartifex present (n = 1) and 
A. chartifex absent (n = 9); PII: A. chartifex present (n = 
5) and A. chartifex absent (n = 5), and PIII: A. chartifex 
present (n = 10) and A. chartifex absent (n = 4). Only 
half of the same plants were sampled because the other 
34 individuals of B. sericea were used for an experiment 
parallel to this work (Soares & al. 2022).

Arthropod sampling and herbivory estimation
Arthropods and leaves from Byrsonima sericea crowns 

were sampled with the aid of an aluminum ladder (max. 
5 m high) and basic climbing security gear. Arthropods 
were collected via beating technique using entomological 
adapted umbrellas (Ribeiro & al. 2005) by performing 
10 beats on at least three randomly selected branches, a 
suitable method to show the community of arthropods 
associated with trees (Campos & al. 2006b, Neves & al. 
2013, 2014). Arthropods were identified with taxonomic 
keys and the aid of revisions (Arnett & al. 2002, Bac-
caro & al. 2015, Anzaldo 2017), as well as the assis-
tance of experienced taxonomists (Rodrigo Feitosa from 
Universidade Federal do Paraná and Museu Nacional de 
São Paulo, Adalberto José dos Santos from Universidade 
Federal de Minas Gerais, and Germano H. Rosado Neto 
from Universidade Federal do Paraná). In this study, only 
adult arthropods were considered (except for Lepidoptera 
caterpillars that were included), which were classified 
into predators and chewing herbivores. Vouchers were 
deposited at the Laboratório de Ecologia do Adoecimento 
& Florestas, Instituto de Ciências Biológicas, Universidade 
Federal de Ouro Preto, Minas Gerais, Brazil. Permits for 
the field studies were issued by the state authority (Insti-
tuto Estadual de Florestas – IEF) and national authority 
(Sistema de Autorização e Informação em Biodiversidade / 
Instituto Chico Mendes de Conservação da Biodiversidade 
– SISBIO / ICMBio).

The leaves were collected to estimate herbivory level 
with the guidance of wire-framed cubes (dimensions of 
a cube = 30 cm on each side) positioned at three distinct 
locations inside the tree crowns (adapted from Shaw & 
al. 2006, Ribeiro & Basset 2007) (Fig. S2), defined first 
by the safety of access while still being a blind specific 
location to avoid visual bias. Sampling locations were po-
sitioned at a maximum possible distance from each other 

Tab. 1: Number of trees sampled over two years from Byrsonima sericea populations (PI, PII, and PIII) with Azteca chartifex 
present or absent.

Year Azteca chartifex

Byrsonima sericea populations

PI PII PIII Total of individuals
2016 present 4 9 19 32

absent 16 11 9 36

total 20 20 28 68

2017 present 1 5 10 16

absent 9 5 4 18

total 10 10 14 34
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while climbing the tree and represented contrasting parts 
of the crown (closer to the top and two opposite sides); 
this methodology guarantees a random leaf sampling 
that avoids bias from choosing leaves with higher levels 
of herbivory, which has commonly been documented in 
herbivory studies (Kozlov & al. 2015). In order to better 
represent the tree herbivory, the cube was positioned using 
a ladder and climbing devices and three different branches 
were sampled inside the crowns, randomly positioned by 
coordinates and prior visual contact. All the leaves that 
were inside the cube were collected, resulting in a final 
volume of 0.081 m3 per tree. The leaves were digitalized 
and analyzed in ImageJ software (version 1.50i) (Sch-
neider & al. 2012). The proportion of leaf area removed 
was calculated via ImageJ software using the following 
formula: removed area * 100 / total area of each leaf, and 
then averaged per plant. Subsequently, herbivory levels 
were quantified by measuring the proportion of foliar 
damage from the sum of the leaf area removed from each 
leaf in relation to the total leaf area.

Data analysis
For each individual of Byrsonima sericea studied (n = 

68 in 2016 and n = 34 in 2017), the following were quan-
tified: i) species richness, abundance, and composition 
of coexisting arthropods, including other predators (i.e., 
spiders, some beetles, mantis, and other ants, excluding 
Azteca chartifex as it was the factor to be tested) and the 
chewing herbivores (the orders: Coleoptera, except the 
families Carabidae, Coccinellidae, and Staphylinidae; 
Lepidoptera; and Orthoptera; Tab. S1); and ii) herbivory 
levels. A model including the richness and absolute abun-
dance of ant species was built, showing ant foraging mosaic 
distribution in each of the populations studied and how A. 
chartifex affects the distribution of other ants.

Generalized Linear Mixed Model (Bates & al. 2015) 
(GLMM, “glmer” function for the data with lme4 package 
in R software version 4.0.0; R Core Team 2020) was 
used to test the effect of Azteca chartifex on coexisting 
arthropod diversity, using the presence / absence of A. 
chartifex as explanatory variable and species richness and 
abundance of coexisting arthropods (other predators and 
chewing herbivores) as response variables. Additionally, 
the effect of A. chartifex on the herbivory level was tested 
by using the presence / absence of A. chartifex as the ex-
planatory variable and the proportion of leaf area removed 
by chewing herbivores as the response variable. In these 
models, the treatments presence / absence of A. chartifex 
were fitted as an explanatory variable of fixed effects and 
populations (I, II, and III) were treated as explanatory 
variable of random effects in order to control variance 
into the intercepts. All the data are difficult to combine 
into single analyses because of uneven sampling between 
years; therefore, the data were considered as two separate 
sets (2016 and 2017). Appropriate families were selected 
based on the data distribution. Significance of variables 
in the models was verified by contrasting the predictive 
models with a null model, and models were selected when 

there was a difference in the explanatory power compared 
with the null model (α < 0.05). Lastly, data-distribution ad-
equacy was tested by residual analysis (Zuur & al. 2009).

A multivariate analysis with Generalized Linear Mod-
els (GLMs) was used to test the influence of presence / ab-
sence of Azteca chartifex on species composition of other 
predators and chewing herbivores. This analysis was car-
ried out in R software (version 4.0.0) (R Core Team 2020) 
using the “manyglm” function in the “mvabund” package 
(Wang & al. 2012). This analysis fits a GLM via resam-
pling for each sampled species using species abundances 
(Wang & al. 2012), and allows for multiple species testing 
and resampled p-values to detect significance where the 
null-hypothesis (H0) considers A. chartifex to have no 
effect on the species composition of other predators and 
chewing herbivores. A negative binomial distribution was 
used and model assumptions were evaluated by exam-
ining plots of residuals (Wang & al. 2012). The “anova.
manyglm” function in “mvabund” was used to test for 
significant effects of A. chartifex on species composition 
of other predators and chewing herbivores. Subsequently, 
Non-metric Multidimensional Scaling (NMDS) was used, 
using abundance data and Bray-Curtis dissimilarity index, 
to visually summarize species composition.

Results

General results
Over two years, we captured a total of 7775 arthropod 

individuals, with predators and chewing herbivores total-
ing 5257 individuals (67.6% of total community) distrib-
uted in 154 morphospecies (115 predators and 39 chewing 
herbivore species; Tab. S1). Predator species were mainly 
represented by spiders (56%), followed by ants (30%), bee-
tles (10%), grasshoppers (2%), and mantis and pseudoscor-
pions (1% each). Chewing herbivore species were mainly 
represented by beetles (85%), followed by grasshoppers 
and crickets (10% total), and caterpillars (5%).

We also observed an ant mosaic distribution in the 
ecotones, with Azteca chartifex corresponding to the 
absence of non-dominant ants in the territory (Fig. 2). 
Azteca chartifex had a minimum overlap with the next 
dominant and abundant species, Crematogaster sp.1, 
which occurred in 89% of the trees not occupied by A. 
chartifex. In Figure 2, we can see that in PI, where there 
was lower patrolling activity of A. chartifex (n = 184), 
there was higher Crematogaster sp.1 abundance (n = 80). 
Conversely, subordinate ant species, such as Cephalotes 
minutus and Camponotus sanctaefidei, occurred with 63% 
and 52% of overlap with A. chartifex territory, respectively, 
thus shown to be tolerated by this ant.

Effects of Azteca chartifex on Byrsonima seri-
cea arthropod species richness, abundance, and 
composition

In both years of sampling, we found that Byrsonima 
sericea trees with presence of Azteca chartifex corre-
sponded to lower predator species richness (2016: 7% and 



108

2017: 24%), lower predator abundance (2016: 52% and 
2017: 64%), and reduced chewing herbivores abundance 
(2016: 35% and 2017: 43%) (Fig. 3, Tab. 2) when compared 
with trees without A. chartifex nests. However, in the two 
years studied, chewing herbivore species richness (mean ± 
standard deviation, SD: with A. chartifex in 2016 = 2.18 ± 
1.51, and in 2017 = 3 ± 1.63; without A. chartifex in 2016 
= 2.44 ± 1.59, and in 2017 = 4.11 ± 2.02) was not affected 
by the presence of A. chartifex (Tab. 2).

We also found that the presence of Azteca chartifex 
may be capable of inhibiting the occurrence of coexisting 
arthropods, resulting in a difference in species compo-
sition (Fig. 4). In 2016, the species composition of the 
community of other predators differed in the presence of 
A. chartifex (GLMmv: Deviance, Dev: 154.5, p = 0.002), 
while there were no differences in the species composition 
of the chewing herbivores community in relation to the 
presence / absence of A. chartifex (GLMmv: Dev: 32.49, 
p = 0.18). The following year, the species composition of 
both communities showed differences in the presence of A. 
chartifex: other predators (GLMmv: Dev: 149.4, p = 0.004) 
and chewing herbivores (GLMmv: Dev: 48.79, p = 0.01).

Effects of Azteca chartifex on Byrsonima ser-
icea leaf herbivory levels

Despite lower chewing herbivore abundance on Byr-
sonima sericea trees with Azteca chartifex nests, the leaf 
herbivory levels were not affected by its presence. Finally, 
there was no difference in mean leaf herbivory between 
trees with and without A. chartifex nests in both studied 
years (mean ± SD: with A. chartifex in 2016 = 0.04 ± 0.03, 
and in 2017 = 0.02 ± 0.01; without A. chartifex in 2016 = 
0.06 ± 0.03, and in 2017 = 0.03 ± 0.02) (Tab. 2).

Discussion
Our findings suggest that Azteca chartifex generated 
restrictive effects on the arthropod community of a for-
est canopy dominated by Byrsonima sericea trees. The 
presence of A. chartifex on the host plant corresponded to 

Fig. 2: Scheme of distribution of species richness and absolute 
abundance of ant species and Azteca chartifex territory among 
three sampled populations of Byrsonima sericea tree (PI, PII, 
and PIII). A) PI – sample with lower patrolling activity of A. 
chartifex (n = 184) and higher Crematogaster sp.1 abundance 
(n = 80). B) PII – higher aggregated patrolling activity of A. 
chartifex (n = 1802). C) PIII – higher dispersed patrolling 
activity of A. chartifex (n = 1750).

Tab. 2: Summary of mixed effects model fitted to test the effect of the ant Azteca chartifex on other predators, chewing herbi-
vores, and herbivory levels. Coef﻿ficient estimates and standard errors are shown for the fixed effects. In these models, we fitted 
the treatments presence / absence of A. chartifex as fixed effects and treated the populations (I, II, and III) as random effects in 
order to control variance into the intercepts. Plotting models were, hence, y ~ aztec + (1|pop). In order to plot such models, coef-
ficients have been re-estimated, keeping only the significant terms in the model. For each model, the deviance (X²), the degrees 
of freedom (df), and p-Value are given.

Model

2016 2017
Estimate Std. 

Error
χ² df z-value P Estimate Std. 

Error
χ² df z-value P

predator species 
richness ~ aztec

0.52 0.13 15.55 1 3.93 < 0.05 0.48 0.16 8.92 1 2.99 < 0.05

predator 
abundance ~ aztec

0.78 0.10 54.40 1 7.20 < 0.05 0.78 0.12 41.33 1 6.35 < 0.05

herbivore species 
richness ~ aztec

0.22 0.17 1.64 1 1.28 0.20 0.36 0.21 3.17 1 1.69 0.07

herbivore 
abundance ~ aztec

0.60 0.11 28.48 1 5.30 < 0.05 0.86 0.13 42.62 1 6.51 < 0.05

herbivory ~ aztec 0.13 0.34 0.14 1 0.38 0.70 0.14 0.67 0.04 1 0.21 0.82
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lower species richness and abundance of other predators 
and reduced chewing herbivores abundance. In addition, 
A. chartifex may be capable of affecting the community 
organizational structure of coexisting arthropods (both 
predators and chewing herbivores), although, the her-
bivory rate generated by chewing herbivores was not af-
fected by the presence of A. chartifex.

Our study suggests that Azteca chartifex was efficient 
in patrolling and defending its territory, reducing the 
species richness and abundance of coexisting arthro-
pods, resulting in a mosaic distribution following the pat-
tern expected for the interior canopy (Majer & al. 1994, 
Blüthgen & Stork 2007, Dejean & al. 2007, Ribeiro & 
al. 2013). Territorial ants like A. chartifex perform osten-
sible and strategic patrols on their host trees, preventing 
or discouraging the arrival of other arthropods (Oliveira 
& Freitas 2004, Fernandes & al. 2005, Rosumek & al. 
2009, Lourenço & al. 2015, Zhang & al. 2015). The detec-
tion of the mosaic distribution of A. chartifex, a dominant 
upper canopy ant species in the forest ecotone, shown here 
supports the hypothesis of Lourenço & al. (2019) that the 
ecotone (brought low canopy) is equivalent to the upper 
canopy of the forest interior. In fact, we observed that A. 
chartifex generally occurred with many individuals and 
in aggregate spaces in nearby trees, where coexisting ar-
thropods tended to avoid or were prevented from sharing 
the same foliage (Fig. 2). Thus, locations associated with 
less susceptibility to natural enemies (enemy-free spaces) 
are preferentially selected by herbivorous insects, which 
seems to be an important cause of spatial distribution 
patterns of other arthropods in the canopies (Jeffries & 

Lawton 1984, Ribeiro & al. 2013, Lourenço & al. 2015). 
Additionally, we found that the presence of A. chartifex 
corresponded to lower species richness and abundance of 
other predators (2016: by 7% and 52%, respectively; 2017: 
by 24% and 64%, respectively), most likely due to the effect 
of A. chartifex on forcing opportunistic and non-domi-
nant predators to leave the territory (e.g., Crematogaster 
sp.1 which in this study was only recorded outside the A. 
chartifex territory; Fig. 2). Likewise, in a study conducted 
in other tropical regions, the community composition of 
ants also changed where Azteca seiceasur were present 
(Schmitt & al. 2020).

We also observed a decrease in the chewing herbivore 
abundance in locations that correspond to the Azteca 
chartifex territory in both years (by 35% in 2016 and 43% 
in 2017). More precisely, A. chartifex seems to decrease 
the abundance of important specialist chewing herbivores, 
such as the beetles Strabala sp.1, Cylindrocopturinus sp.1, 
and Entiminae sp.8, which together comprise 69% of all 
abundance in A. chartifex absence. It is known that these 
chewing herbivore insects are long-term stable species in 
association with Byrsonima sericea (see Ribeiro & al. 
2008), therefore by preventing a large number of these 
insects from inhabiting the crowns, A. chartifex could 
provide quite significant protection from chewing of the 
leaves. However, the reduction of specialist chewing her-
bivore abundance that we saw in A. chartifex territory did 
not reflect a reduction in the herbivory rate. This result is 
potentially due to the main chewing herbivores, including 
beetles Strabala sp.1 (Alticini tribe), being known for their 
remarkable jumping abilities, similar to fleas, and using 

Fig. 3: Azteca chartifex presence / absence effects on coexisting arthropods of Byrsonima sericea canopy in two sample years 
(2016 and 2017). The effects of A. chartifex presence (grey boxplot) and A. chartifex absence (white boxplot) on: A) and B) predator 
species richness, C) and D) predator abundance, E) and F) herbivore abundance, and G) and H) herbivore abundance. In order to 
represent such models, coefficients have been re-estimated keeping only the significant terms in the model. Lines represent the 
first and fourth quartiles, boxes represent the second and third quartiles, and lines within the box represent the median. Points 
outside of the boxplot represent atypical data, while different letters above boxplots indicate significant differences (α < 0.05).
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this behavior to escape from predators or move in the 
vegetation (Furth 1988). Consequently, when confronted 
with A. chartifex, it is likely that Strabala sp.1 jumps and 
lands on another leaf, suggesting that the ant does not 
necessarily prey upon these beetles but may chase them 
away. Additionally, pioneer trees, such as B. sericea, often 
have short-lived leaves (< 1 year). Especially in open ar-
eas / sunny environments, pioneer plants have relatively 
short leaf longevity, replacing them frequently (Kikuzawa 
& Lechowicz 2011). As PERD soils are rich in nitrogen 
(Pinto & al. 2021), resources are more available, and loss 
of leaf tissue does not seem to be a problem. Thus, the cost 
of the leaf production should be lower than producing sec-
ondary defense compounds (Pinto & al. 2021). This may 
have caused low herbivory rates due to the low longevity 
of the leaves, limiting the accumulation of leaf damage.

Connectivity between canopies, which is favored by the 
presence of lianas, also facilitates both access and escape, 
thus helping the dispersion of herbivorous insects (Campos 

& al. 2006a, Madeira & al. 
2009). Therefore, the intense 
patrolling of Azteca chartifex 
that occurs in the studied 
system, despite being an im-
portant behavior, may not re-
sult in host plant protection, 
as some specialist herbivores 
likely use strategies to escape 
this defense and continue to 
feed on the plant, resulting  
in herbivory rates being 
unaffected by A. chartifex. 
Likewise, in another study, 
the authors expected to find 
a negative effect of the pres-
ence of Azteca sericeasur on 
the species richness of other 
ants (potential predators 
of possible decomposers), 
which would result in an in-
crease in leaf litter decompo-
sition. However, they did not 
detect any effect on species 
richness of other ants and 
on decomposition possibly 
due to a potential behavioral 
adaptation of non-dominant 
ants to avoid A. sericeasur 
(walking on soil to avoid 
encounters) (Schmitt & al. 
2020). In addition, a study 
carried out with Azteca  
alfari and Cecropia trees 
in Brazilian Amazonia also 
found no difference between 
the herbivory rates in terri-
tories with removal or pres-
ence of Azteca (Faveri & 

Vasconcelos 2004), which reinforces the discussion that 
some strategies may be used by arthropods to avoid the 
dominant ants. However, several studies have already 
demonstrated the effects of the ants’ presence in reducing 
herbivory (Rosumek & al. 2009, Sanchez & Bellota 2015, 
Fagundes & al. 2017), including showing the role of Azteca 
as a mutualistic partner resulting in success for the host 
plants (Dejean & al. 2009, Pringle 2014, Oliveira & al. 
2015, Gomes & al. 2021).

Canopy studies have documented that ants can achieve 
up to 94% of the total arthropod abundance of this for-
est stratum (Dial & al. 2006, Rico-Gray & Oliveira 
2007, Dejean & al. 2018). Forest canopies provide strong 
segregation among ant species, evidenced by the fact 
that territories are almost exclusively occupied by a few 
dominant species (Ribeiro & al. 2013, Dejean & al. 2015, 
Yusah & al. 2018). Territorially dominant ants, such as 
Azteca spp., have complementary spatial distribution 
and suppress density and activities of hierarchically  

Fig. 4: Non-metric multidimensional scaling ordination based on composition of (A, B) other 
predators and (C, D) chewing herbivorous insects within treatments (Bray-Curtis dissimilarity). 
Each point corresponds to species of other predators and chewing herbivores encountered in a 
single tree. Symbols represent the treatments: Azteca chartifex present (circle grey) and Azteca 
chartifex absent (circle white). Outlines encompass all of the points for each treatment.
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inferior species (Dejean & al. 2018). Our findings suggest 
that Azteca chartifex territorialism may be capable of 
changing the arthropod species composition, restrict-
ing the occurrence of both predators and herbivores. In 
this way, we identified that the distribution of organ-
isms in this canopy system seems not to be arbitrary, 
evidencing a hierarchical structure among arthropods, 
emphasizing functional dominance of A. chartifex. For 
example, when we assessed the spatial distribution of 
associated ants, it was possible to detect an A. chartifex 
monodominance where it occurs, even with the pres-
ence of other dominant ant species (Fig. 2). In our study, 
A. chartifex had a minimum overlap with other dom-
inant and abundant ant species (Crematogaster sp.1) 
and with subordinate ant species, (Cephalotes minutus 
and Camponotus sanctaefidei) demonstrating that A. 
chartifex may be able to restrict or allow the perma-
nence of other species, directing the assembly of canopy  
arthropods.

In conclusion, Azteca chartifex is a dominant species 
that may be capable of restricting other species with im-
portant effects on the community structure of arthropods 
associated with Byrsonima sericea. However, strategies 
likely used by specialist chewing herbivores result in the 
ability to bypass the ants’ defenses and maintain herbivory 
rates. Our findings contribute to the current knowledge on 
how species dominance regulates species coexistence in 
tropical forests (Yanoviak & Kaspari 2000, do Espírito 
Santo & al. 2012, Ribeiro & al. 2013). Further, our results 
provide strong evidence on the potential of a unique spe-
cies in prompting cascading effects on complex network 
of interactions (Paine 1980, Polis & al. 2000). The next 
steps should be to explore the effects of dominant species 
on host plant reproductive success. This will inform about 
the potential of those species to modulate disproportional 
effects on distinct lower trophic levels (Paine 1980, Polis 
& al. 2000). Understanding the cascading effects associ-
ated with a dominant species in forest canopies helps to 
understand how canopy communities are assembled and 
maintained over time, with further implications on its 
ecological and evolutionary persistence.
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