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Abstract

Interactions between ants and plants can form complex ecological networks, which may have their structure affected by
human-induced habitat modification, such as urbanization. In this study, we investigated if the species diversity and the
network topology of ant-plant co-occurrence networks (facultative associations between plants and ants) differs between
remnants of Neotropical savannas. We sampled 12 savanna fragments (cerrado sensu stricto) in wild, rural and urban areas
of Minas Gerais, Brazil. In total, the 12 ant-plant interaction networks were composed by 65 ant species, 83 plant species
and 432 distinct interactions. We observed that in addition to variations in species composition, wild areas exhibited higher
richness and abundance of ants compared to urban areas. However, our results show no variation in the specialization,
modularity, and nestedness of ant-plant co-occurrence networks among urban, rural, and wild areas. Despite changes in
species diversity, ant-plant interactions maintain consistent organization across studied environments, showcasing resil-

ience to anthropogenic disturbances similar to that observed in wild remanants.
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Introduction

Ecological networks formed by the relationships between
ants and plants are recognized for their remarkable diver-
sity and complexity, both in terms of species composition
and the nature of interactions involved (Juarez-Juarez et al.
2023). Ant-plant networks are commonly encountered in
tropical regions and encompass a variety of biotic interac-
tions, ranging from facultative to obligate myrmecophily
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(Rico-Gray and Oliveira 2007). These interactions include
mutualism (such as ant—plant protection systems, pollina-
tion, and seed dispersion), neutralism (where ants use plants
solely as substrates for foraging and patrolling), antagonism
(including seed predation and leaf-cutter ants), and com-
plex indirect associations that can exhibit both positive and
negative aspects (Bascompte et al. 2006; Guimaraes et al.
2007; Rico-Gray and Oliveira 2007; Del-Claro et al. 2018).
Consequently, ant-plant networks can vary widely in their
organization and species composition depending on the
intimacy of the interaction involved, ranging from higly
modular structure to symbiotic ant-myrmecophyte interac-
tions to nested structure in ant-plant interactions mediated
by extrafloral nectaries (Guimardes et al. 2007). However,
most of ant-plant network types tend to have generalized
structures with a cohesive central core of highly interact-
ing species (Guimaraes et al. 2006; Dattilo et al. 2014a).
While research on ant-plant networks in tropical ecosystems
has made significant advances (reviewed by Del-Claro et
al. 2018 and Juarez-Judrez et al. 2023), only few studies
have focused on understanding how anthropogenic impacts
affect the diversity and structure of ant-plant networks
(Miranda et al. 2022; Juarez-Juarez et al. 2023). Therefore,
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further elucidating this topic is essential to comprehensively
understand the implications of human activities on ant-plant
networks.

Several evidence suggests that anthropogenic modifica-
tion of natural habitats can significantly impact ecological
networks by reducing species diversity and altering ecologi-
cal interactions, primarily due to habitat loss, fragmentation,
pollution, and the introduction of invasive species (Fortuna
and Bascompte 2006; Dormann et al. 2017; Tylianakis and
Morris 2017; Del-Claro and Dirzo 2021). However, the
extent of anthropogenic impacts varies depending on the
ecological and evolutionary characteristics of interacting
species (Tylianakis et al. 2010). For instance, in ant-plant
mutualistic networks, the weak and asymmetric dependen-
cies make the entire ensemble more resistant to anthropo-
genic impacts (Miranda et al. 2022). Moreover, the level
of specialization and tolerance to anthropogenic distur-
bance can vary widely among ant communities (Andersen
2019), influencing the organization of ant-plant networks
based on species composition and interaction types (Plow-
man et al. 2017). Specialized ant-plant networks, involv-
ing species with few interacting partners, are expected to
be more sensitive to anthropogenic modifications (Dattilo
2012), potentially leading to the loss of specialized species
and the dominance of more generalist species (Dattilo et al.
2014b), consequently altering network organization. Thus,
higher levels of human impact and greater species special-
ization are likely to lead ant-plant networks more sensitive
to anthropogenic disturbances.

The intricate relationship between species diversity and
the organization of ant-plant networks is intricately con-
nected to the characteristics of plant communities (Sampaio
et al. 2023). Empirical evidence suggests that ant species
richness is strongly influenced by the diversity and com-
position of plant communities (Achury et al. 2022), as the
variability in resource availability among different plant
species shapes the dynamics of ant-plant interactions (Drose
et al. 2019). These findings suggest that the richness and
abundance of plants can also impact the structure of ant-
plant networks, potentially serving as a primary mechanism
through which anthropogenic impacts influence ant commu-
nity structure (Andersen 2019).

Urbanization is considered one of the primary types of
anthropogenic impacts affecting biodiversity across multi-
ple dimensions (McKinney 2006; Grimm et al. 2008), often
creating fragmentation of natural vegetation, creating iso-
lated patches surrounded by urban infrastructure (McKin-
ney 2002). Previous studies have reported that urbanization
have negative effects on interaction organization in plant—
animal networks, suggesting that in urban environments,
networks are more connected and less specialized than in
natural environments, for example, for plant-herbivore

@ Springer

(Aratijo et al. 2024) and plant-pollinator interactions (San-
tis et al. 2023). Moreover, urbanization exerts a substan-
tial influence on ant-plant interactions, leading to notable
changes in the richness and abundance of ant communities
(Sanford et al. 2009). Previous studies also indicate that
urban expansion can lead to loss of plant diversity and the
simplification of habitat structure (Walker et al. 2009; Frei-
tas et al. 2020), indirectly affecting ant populations which
rely on plants for food resources and shelter (Andersen
2019). Habitat degradation associated to urbanization often
leads to a decrease in ant species richness, with specialized
species particularly vulnerable to local extinction (Rocha
and Fellowes 2020). Despite an extensive body of literature
on ant community responses to disturbance (reviewed in
Andersen 2019), empirical studies on the impacts of urban-
ization on ant-plant interactions remain limited (Dattilo et
al. 2017; Juarez-Juarez et al. 2023).

In this study, we aimed to investigate the diversity of
interactions between ants and plants in remnants of Neo-
tropical savannas situated in urban, rural, and wild areas.
Our approach involved describing the structure of ant-plant
co-occurrence networks utilizing ant richness and abun-
dance, along with various network descriptors of species
relationships such as specialization, modularity, and nested-
ness of the networks. The ant—plant co-occurrence networks
represent facultative associations composed by multiple
types of possible interactions and the high degree of com-
plexity involving ants occurring and patrolling on plants
(Corro et al. 2019). Specifically, we have postulated that
landscape urbanization influences the diversity and struc-
ture of interactions between ants and plants. Our expected
that land use intensification would decrease ant species
richness and abundance, potentially negatively impacting
habitat specialist species while favoring generalists. Con-
sequently, the network structure would exhibit greater gen-
eralization (e.g., lower specialization and modularity) and
nestedness in urban environments compared to wild ones.
Additionally, we explored whether plant species richness
and abundance influence the species diversity and topology
of ant-plant networks. In this case, we expected that higher
diversity and abundance of plant communities would cor-
relate with greater ant richness and abundance, as well as
increased specialization in ant-plant networks.

Materials and methods
Study area
The study was conducted in different Neotropical savan-

nas (cerrado sensu stricto) located in the Northern region
of the state of Minas Gerais, Brazil (Fig. 1). The region has
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a tropical dry climate (4w in the K&ppen system), charac-
terized by well-defined precipitation periods (October to
April), an average temperature of 24.2 °C, and an annual
precipitation of 1,000 mm (Alvares et al. 2014). Neotropi-
cal savanna is the main vegetation of the Brazilian Cerrado,
being a vegetation dominated by sclerophyllous plants that
occur in nutrient-poor soils with limited water availability
(Ribeiro and Walter 2008). In the studied region, remnants
of Neotropical savannas exhibit varying levels of conserva-
tion, being founded both in urban and in wild environments
(Freitas et al. 2020).

In total, we sampled 12 areas of Neotropical savannas
located in regions with different land uses, including four
urban, three rural, and five wild areas (Fig. 1). The definition
of the categories of land use was based on a buffer zone of
1 km from the center of each fragment, where we assessed
the composition of the neighboring landscape using the
Geographic Information System (QGIS) version 3.4 (QGIS
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Fig. 1 Location of the 12 Neotropical savanna areas sampled in the
Northern Region of Minas Gerais, Brazil. Red circles represent urban
areas within the city of Montes Claros, orange triangles represent rural

Development Team 2020). Urban areas are situated within
the urban matrix of the city of Montes Claros, surrounded by
buildings and structures, making them susceptible to intense
and frequent anthropogenic pressures such as waste deposi-
tion, wildfires, tree cutting, and the presence of domestic
animals. Rural areas are located more than 10 km away the
center of Montes Claros and exhibit minimal anthropogenic
interference, with only the presence of livestock and occa-
sional wildfires observed. On the other hand, wild areas are
well-preserved remnants of Neotropical savannas located
within the boundaries of the conservation units of Serra do
Cabral State Park and Veredas do Peruagu State Park.

Sampling of ant-plant interactions
In each sampling area, five plots of 100 m? (10X 10 m) were

established, totaling 60 plots across the 12 areas. Minimum
distance between plots in each area was 20 m. Within the
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areas located approximately 50 km from the urban zone of Montes
Claros, and green squares represent wild areas located in the Serra do
Cabral State Park and Veredas do Peruagu State Park
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plots, all live woody individuals were inventoried follow-
ing the methodology described in Freitas et al. (2023).
From this inventory, the richness and abundance of plant
species were determined for each area, as indicators of veg-
etation structure. Ant sampling in each area was conducted
during two collection events in the years 2018 and 2019,
covering both the dry period (July to August) and the rainy
period (October to December). All inventoried plants had
three randomly selected branches, on which 10 beatings
were performed, and ants were collected using a modified
entomological umbrella. The collected ants were preserved
in 70% alcohol and taken to the laboratory for sorting and
identification. Ant identification was conducted based on
the guide for ant genera in Brazil (Baccaro et al. 2015), and
after genus identification, ants were morphospeciated (from
now on, referred to as species). Only data from plant species
that showed associations with ants were used to construct
the networks. We used incidence data recording the pres-
ence of a particular ant species on a specific plant species,
and summing these incidences to determine ant abundances
for each area.

Network descriptors and statistical analyses

Quantitative adjacency matrices were created from the col-
lected data, with plant species in the rows and ant species in

Area 1 - Urban
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Fig. 2 Ant-plant networks constructed for urban, rural and wild areas
of Neotropical savannas. The upper orange bars represent ant species;
the lower green bars represent plant species, and the gray lines indicate
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the columns, to construct interaction networks. The inter-
actions were quantified by the frequency of records of ant
species on each plant species. For each area, a network was
built, considering all plant and ant species sampled in the
two collection events, resulting in a total of 12 ant-plant
networks (Fig. 2). In addition to ant richness and abun-
dance, we utilized the topological descriptors specializa-
tion (Bliithgen et al. 2006), modularity (Beckett 2016), and
nestedness (Almeida-Neto et al. 2008), calculated using the
bipartite package (Dormann et al. 2008), to describe the
structure of the networks. Specialization for each network
was calculated using the H,’ index, which describes how
species of ants and plants distribute their interactions based
on partner availability throughout the community (Bliithgen
et al. 2006). The H,’ index varies from 0 (no specialization)
to 1 (total specialization). The modularity index was used
to quantify the prevalence of interactions within subsets
of species in the network. This indicates whether there are
modules in the network formed by ant species that interact
more frequently with the same set of plant species in the
community (Dormann et al. 2017). The modularity index
was calculated using the DIRTLPAwb + algorithm (Beckett
2016), ranging from 0 (non-modular) to 1 (perfectly modu-
lar), which takes into account the frequency of interactions,
using the computeModules function (Dormann et al. 2008).
We calculated nestedness using the NODF metric based on

{ { | ]
| | I g )
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interactions between the species. The width of the lines represents the
number of interactions (quantified by frequency of records of ant spe-
cies on each plant species)
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overlap and decreasing fill (Almeida-Neto et al. 2008). The
NODF takes values between 0 (perfectly non-nested) and
100 (perfectly nested). We calculated NODF using func-
tion nested (NODF2 method) seems to make more sense for
comparisons across different networks (because it is inde-
pendent of the initial presentation of the matrix) (Dormann
et al. 2008). Although our data are quantitative, we used the
NODF2 method instead of WNODF because studies on ant-
plant networks suggest that binary data are more effective
in detecting nested patterns in these networks (Dattilo et
al. 2014c; Miranda et al. 2019; Juarez-Juarez et al. 2023).
For nestedness and modularity, we calculated standardized
z-scores to enable comparison across communities (Pellis-
sier et al. 2018), using 500 null networks built from the »2d
null model in the bipartite package (Dormann et al. 2008).

To test the effects of the anthropization level (wild, rural,
and urban areas) on ant species richness and abundance, as
well as on the network descriptors (specialization, modu-
larity, and nestedness), we used generalized linear mixed-
effects models (GLMM’s). In each model, the collection
region (Montes Claros city, Veredas do Peruagu State Park,
and Serra do Cabral State Park) was used as a random
effect variable to control for potential intrinsic differences
between regions that may affect ant-plant interaction diver-
sity and structure. Because the plant diversity can affect the
insect diversity in ecological networks (Freitas et al. 2023),
we included plant species richness and plant abundance
recorded in each area as additional explanatory variables
in the GLMM’s. All explanatory variables were included in
the GLMM s as fixed-effect variables. Model residuals were
checked for distribution, and appropriate error distributions
were employed. The /me4 package (Bates et al. 2015) was
used for constructing the mixed-effects models. To compare
differences between types of areas (wild, rural, and urban),
post-hoc analyses for mixed-effect models were conducted
using the phia package (Martinez 2015).

Furthermore, multivariate analyses were employed to
test differences in ant species composition among the stud-
ied areas (wild, rural, and urban). Initially, a non-metric
multidimensional scaling (NMDS) analysis was used to
ordinate the samples based on Bray-Curtis similarity index.
Subsequently, a non-parametric permutation-based Analy-
sis of Similarities (ANOSIM) with 999 permutations was
conducted to test the significance of the groupings formed in
the NMDS. The same procedure was employed to analyze
the variation in plant species composition. These analyses
were performed using the vegan package (Oksanen et al.
2017). All statistical analyses were conducted in R version
4.2.3 (R Development Core Team 2023).

Results

The ant-plant interaction networks (Fig. 2) were represented
by 65 ant species, 83 plant species and 432 distinct interac-
tions. The most representative ant genera were Camponotus
with 12 species, Pseudomyrmex with 11 species, and Ceph-
alotes with 10 species. On the other hand, the most abun-
dant species belonged to the genus Crematogaster, namely
Crematogaster sp. 1 with 619 individuals, Crematogaster
sp. 2 with 258, and Crematogaster sp. 5 with 134. On the
other hand, 14 ant species had only one recorded individual
each (singletons). For plants, the most important genera
were Aspidosperma (Apocynaceae) and Vochysia (Vochysi-
aceae), each with four species. As for the most abundant
plant species, they were Myracrodruon urundeuva (Ana-
cardiaceae) with 62 individuals, Machaerium acutifolium
(Fabaceae) with 54, and Qualea grandiflora (Vochysiaceae)
with 39 individuals recorded.

In the wild networks, the most representative ant genus
was Pseudomyrmex with nine species, and the most abun-
dant species were the ant Crematogaster sp.1 with 614
individuals and the plant Machaerium acutifolium with
30 individuals. In the rural networks, the highlighted ant
genus was Camponotus with eight species, and the ant spe-
cies Camponotus sp.4 stood out with 57 individuals and the
plant species Hymenaea stigonocarpa (Fabaceae) with 21
individuals. In the urban networks, the richest ant genera
were Camponotus and Pseudomyrmex with seven species
each, while the most abundant species were Brachymyrmex
sp.1 with 108 individuals for ants and the Myracrodruon
urundeuva with 62 individuals for plants.

The number of ant species recorded in each network var-
ied from 10 to 28 species (mean 16.7+SD 5.6; Table 1).
Ant species richness varied significantly among areas
(Table 2), with higher richness in wild areas compared to
others (Fig. 3A). Ant abundance (incidence data) ranged
from 19 to 109 records (52.8+29.0; Table 1). Similar to
species richness, ant abundance was also higher in wild
areas compared to others (Table 2; Fig. 3B). Studied areas
also varied in the species composition of both plants (ANO-
SIM: Stress=0.074; R=0.862, P<0.001) and ants (ANO-
SIM: Stress=0.174; R=0.263, P=0.042). For plants, the
composition was distinct among urban, rural, and wild
environments (Fig. 4A), while for ants, the greatest contrast
occurred between urban and wild environments (Fig. 4B).

The specialization of networks ranged from 0.00 to 0.33
(0.19+0.08; Table 1) and did not differ among the differ-
ent studied areas (Table 2). Overall, the networks exhib-
ited modularity values ranging between —0.67 and 2.28
(0.36 £0.85; Table 1) and nestedness values ranging from
—1.98 t0 2.37 (-0.19 +1.12; Table 1). The analyses indicate
that neither modularity nor nestedness of networks differed
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Table 1 Values for the different network parameters obtained for the 12 ant-plant networks sampled in urban, rural and wild areas of Neotropical
savannas

Area  Anthropi- Ant species richness Ant abundance Network specialization Network modularity Network nestedness
zation level

1 Urban 11 19 0.125 0.202 0.018
2 Urban 19 73 0.234 -0.093 -1.988
3 Urban 18 90 0.208 1.137 -0.683
4 Urban 10 22 0.251 -0.299 0.032
5 Rural 13 26 0.181 0.005 -0.064
6 Rural 17 60 0.224 1.160 -0.209
7 Rural 17 50 0.206 -0.386 -0.090
8 Wild 13 31 0.000 -0.107 2.373
9 Wwild 23 109 0.144 0.189 0.865
10 wild 28 66 0.176 -0.677 -0.537
11 Wwild 21 62 0.242 2.287 -1.758
12 wild 10 26 0.334 0.971 -0.299
Mean - 16.7 52.8 0.194 0.366 -0.195
SD - 5.6 29.0 0.082 0.853 1.123
Table 2 Results of GLMM’s assessed the effects of anthropization
lszvel, plant species richness gnc} plgnt abundange on the ant species S A)
richness, ant abundance, specialization, modularity and nestedness of
ant-plant networks in Neotropical savannas A 8 E
Response variables  Explanatory variables %2 DF p E & a
Ant species richness  Anthropization level 19.37 2 <0.001 E

Plant species richness 17.69 1 <0.001 @ =

Plant abundance 297 1 0.085 'g .
Ant abundance Anthropization level 9.35 2 0.009 2

Plant species richness 14.55 1 <0.001 £~

Plant abundance 11.94 1 0.001 <
Network Anthropization level 1.56 2 0.458 T
specialization ,

Plant species richness  3.51 1 0.060

Plant abundance 0.03 1 0.854 = B)
Network modularity ~ Anthropization level 0.30 2 0.860 o

Plant species richness ~ 0.01 1 0.903 g F

Plant abundance 135 1 0244 S . 2
Network nestedness ~ Anthropization level 0.71 2 0.772 § ©

Plant species richness  0.80 1 0.086 ® o

Plant abundance 1.67 1 0.165 €

<

among urban, rural, and wild areas (Table 2). Addition- 3
ally, the results indicate that plant diversity variables in the

sampled areas influenced ant diversity but did not affect the wild Rural Urbars
network structure (Table 1). We observed that the greater Areas

the plant species richness, the lower the ant species rich-
ness (Fig. 5A), and the ant abundance (Fig. 5B). On the
other hand, our results show that networks with higher plant
abundance also had a greater abundance of ants (Fig. 5C).

Fig. 3 Comparison of (a) ant richness and (b) ant abundance among
wild, rural, and urban areas of Neotropical savannas. Letters indicate
significant differences (p <0.05)
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Discussion

Our study provides a novel contribution to understanding
how urbanization impacts the diversity and organization of
ant-plant co-occurrence networks. Interestingly, we found
that while ant-plant networks exhibit differences in species
diversity between urban and wild areas, the organization
of these networks remains similar across these contrast-
ing environments. Specifically, we observed higher rich-
ness and abundance of ants in neotropical savannas located
in wild areas, with distinct species compositions between

T T

0.0 0.5 1.0
NMDS1

urban and wild areas, with urban areas being the most dis-
similar. However, the specialization, modularity, and nest-
edness of the networks were consistent among wild, rural,
and urban areas, suggesting a high structural stability of
such networks.

Corroborating our expectations, we observed that both
ant species richness and abundance were higher in wild
areas than in other locations. These areas provide a con-
ducive environment for a high diversity of ant species,
offering distinct ecological niches that cater to the var-
ied needs of these social insects (Apolinario et al. 2019).
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Fig.5 Effects of plant diversity on the ant diversity in ant-plant networks. (a) Relationship between plant species richness and ant species richness.
(b) Relationship between plant species richness and ant abundance. (¢) Relationship between plant abundance and ant abundance

Preserved vegetation provides abundant food resources for
ants, ranging from flower nectar, extrafloral nectaries and
other resources (Andersen 2019). Additionally, the com-
plex structures of vegetation, such as leaves, branches,
and trunks, create microhabitats and nesting opportunities,
fostering the coexistence of different ant species (Li et al.
2017). Wild areas also can play a fundamental role in main-
taining ecological balance, contributing to the regulation
of ant populations and promoting species co-occurrence.
Additionally, our results also demonstrate that the composi-
tion of ant fauna varied among the studied areas, indicating
that different species occur in wild and urban environments.
This aligns with changes in the composition of plant spe-
cies along the urbanization gradient in neotropical savannas
(Freitas et al. 2023).

Despite detecting changes in species diversity, our results
indicate that the structure of ant-plant co-occcurrence net-
works remained similar across wild, rural, and urban areas.
The consistent network specialization observed across
diverse environments suggests a notable stability in the
functional aspects of ant-plant interactions (Dattilo et al.
2013). In a recent study by Dattilo and Vasconcelos (2019),
it was found that ant-plant networks maintain an invariant
structure, including specialization, nestedness, and modu-
larity, along environmental gradients in savannas. Sur-
prisingly, our study also revealed this invariant structure,
highlighting the pervasive connectivity within the networks
and indicating the adaptability of species to shifting envi-
ronmental conditions (Miranda et al. 2022). These network
characteristics align with previous research suggesting that
resistance and resilience are common features in ant-plant
ecological networks (Sanchez-Galvan et al. 2012; Dattilo et
al. 2013; Fagundes et al. 2018; Miranda et al. 2022). It is
important to emphasize that most of these previous studies
were characterized by networks with interactions between
plants with extrafloral nectaries and ants, whereas our study
consisted of ant-plant co-occurrence interactions, indicating
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the generality of the pattern for different types of ant-plant
interactions.

Recent studies involving different types of animal-plant
interactions (e.g., plant-herbivore and plant-pollinator inter-
actions) have reported a significant effect of urbanization
on network structure and specialization (Geslin et al. 2013;
Santis et al. 2023; Araujo et al. 2024). The differences in
response patterns of ant-plant networks to these other types
of ecological interaction networks may lie in the level of
biological association of ecological interactions (Mazziotta
et al. 2017). Considering that our networks involve faculta-
tive interactions (Cockle and Martin 2015; Mazziotta et al.
2017), networks of these interactions tend to have a more
robust structure in the face of anthropogenic disturbances
(Dattilo 2012). However, it is important to highlight that
even though the findings of our study suggest that ant-plant
co-occurrence networks have similar topology between
urban and wild areas, the alterations in species composition
along the different habitats could have implications for the
structure of interactions among these species. This suggests
that the roles of species within the networks may vary due to
species turnover (Poisot et al. 2015), and more intriguingly,
that the same species may have distinct roles in networks
located in different habitats. For example, it is possible that
ant and plant species occurring in both urban and wild areas
may have different interactions in these contrasting environ-
ments. Thus, the role of species may vary in environments
with different levels of disturbance (Falcéo et al. 2017), but
for ant-plant interactions in urbanized savannas, this still
needs to be investigated in future studies.

Another result obtained is that plant diversity affects ant
diversity in the ant-plant networks. We found a positive cor-
relation between plant abundance and ant abundance. Areas
with higher plant abundance can provide more resources
for ants, including abundant food and nesting sites (Li et
al. 2017). However, contrary to expectations, we observed
that the increase in plant richness leads to a decrease in spe-
cies richness and ant abundance. One possible explanation
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is that the sampled ant fauna also includes epigaeic ants
(e.g., some species of Camponotus, which were the most
abundant group). These ants may occasionally forage on
trees and were therefore sampled at the time of collection.
Previous studies on ant assemblages composed by epigaeic
species are usually not explained by vegetation variables
(Marques et al. 2017). This epigeic fauna may be associated
with factors other than tree vegetation diversity, such as soil
types, presence of litter, and/or presence of grasses (Costa
et al. 2010). These results are in line with previous studies
that found a negative relationship between ant diversity and
habitat diversity/complexity (e.g. Lassau and Hochuli 2004;
Achury et al. 2022; Kuchenbecker et al. 2022).

The ant species composition differed significantly among
urban, rural, and wild areas. We recorded different domi-
nant ant groups in each type of environment, such as Cre-
matogaster in wild areas, Camponotus in rural areas, and
Brachymyrmex in urban areas, although these three genera
were found in all types of areas (urban, rural, and wild).
On the other hand, the genera Gnamptogenys, Megalomyr-
mex, and Solenopsis, occurred exclusively in wild areas,
while the genus Atta, occurred exclusively in rural areas,
but no ant genus was exclusive to urban areas. The genus
Camponotus was more diverse in the present study. Most
species within this genus are arboreal or epigaeic, primarily
foraging during the night, displaying a generalist feeding
habit, and seeking carbohydrates and proteins (Holldo-
bler and Wilson 1990; Silvestre et al. 2003). Ants of this
genus can be observed on extrafloral nectaries (Junqueira
et al. 2001) and may play a role in pollinating certain plant
species (Gomez et al. 1996). Another important genus was
Pseudomyrmex, which is widely distributed in tropical and
subtropical ecosystems and establishes significant mutual-
istic associations with various plant species (Silvestre et al.
2003). Often, they provide protection against herbivores to
host plants in exchange for shelter or food sources (Sanchez
and Bellota 2015). Finally, the third most diverse genus in
the present study was Cephalotes, which is characterized
by predominantly arboreal species that specialize in can-
opy habitats (Silvestre et al. 2003). Their interactions with
plants involve exploring plant surfaces, such as leaves and
branches, in search of food resources, and the formation of
colonies in arboreal environments (Silvestre et al. 2003).
Some ant species found in Brazilian savannas are also ter-
ritorial, capable of dominating interactions with many plant
species in their foraging areas (Del-Claro et al. 2018), which
could also explain the observed results.

Interactions between ants and plants can be formed by dif-
ferent types of interactions (Del-Claro et al. 2018). Among
the plants recorded in the field in our study, no species with
domatia, i.e., myrmecophytes, were registered. On the other
hand, some species of plants with extrafloral nectaries were

recorded, such as Qualea grandiflora (which was the third
most abundant plant species in the study as a whole) and
Hymenaea stigonocarpa (which was the most abundant spe-
cies in rural areas). Although species with extrafloral nectar-
ies can accumulate many interactions in the locations where
they occur (Miranda et al. 2022), in the present study, they
represented less than 10% of the species recorded. Thus, the
vast majority of plant species recorded in the savanna areas
studied do not present any known attractant for ants. Future
studies may investigate whether the occurrence of plants
with extrafloral nectaries and consequently their interac-
tions with ants vary between urban and wild areas.

In conclusion, our study reveals that urbanization leads to
areduction in both the richness and abundance of ants, along
with alterations in species composition. However, despite
these changes, we found that the organization of ant-plant
interactions remains unchanged along the different studied
environments. This suggests a high level of resilience in ant-
plant networks to anthropogenic disturbances, maintaining
their structure in urban environments similarly to what is
observed in wild environments. Future studies could inves-
tigate the role of different ant species in in shaping these
networks, and whether these roles remain unchanged in net-
works located in urban and wild areas.
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