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Abstract

This study aimed to analyze the taxonomic and functional diversity of the ant fauna in eucalyptus plantations (Corymbia
citriodora; Eucalyptus urophylla; and E. saligna) in the Mario Xavier National Forest, state of Rio de Janeiro, Brazil.
The E. saligna plantation was adjacent to an urban area, while the others were at least 1 km away. A total of 36 ant
species from 14 genera were collected. The largest number of species was found in the C. citriodora plantation (20),
followed by E. urophylla (18) and E. saligna (9) plantations. Species composition varied significantly among the areas.
Greater numbers of guilds were found in the C. citriodora and E. urophylla plantations (6) compared to the E. saligna
plantation (4). These results indicate that environmental attributes and proximity to urban areas can affect the
richness and composition of ant species in eucalyptus plantations, consequently influencing the functional diversity.
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1. INTRODUCTION AND OBJECTIVES

Insects (Class Insecta) are the most species-rich animal
group (Lewinsohn & Prado, 2005) and have occupied most
terrestrial habitats and adapted to many aquatic habitats
(Gullan & Cranston, 2017). Thus, the behavioral diversity of
this class of organisms is highly significant (Gallo et al., 2002;
Gullan & Cranston, 2017). Regarding feeding behavior,
they can be predators, hematophagous, coprophagous,
detritivores, and feed on parts of plants or sap; many species
are detrimental to cultivated plants, causing significant
yield losses (Gallo et al., 2002; Gullan & Cranston, 2017).
However, many species are useful for agriculture and forestry,
such as pollinators, predators, parasitoids, and species that
participate in nutrient cycling in the soil (Apolinario et al.,
2019; Rosa et al., 2019; Estrada et al., 2023).

Ants (Hymenoptera: Formicidae) stand out for their
abundance, adaptability to different habitats, diverse feeding
behaviors, and high species richness, with over 14,000 described
species and an estimated total exceeding 30,000 species
worldwide (Holldobler & Wilson, 1990; Baccaro et al. 2015).

A high taxonomic diversity enables ants to form guilds
composed of species with diverse functions in ecosystems and

cultivated areas (Apolinario et al., 2019; Estrada et al., 2023).
Many species are predominantly predators, whether epigeic,
hypogeic, and arboreal (Baccaro et al. 2015; Pereira, 2021),
and can be useful for agriculture by helping to keep populations
of insect pests below economically damaging levels (Eubanks,
2001; Vogt et al., 2001). Additionally, detritivorous ant species
contribute to soil nutrient cycling processes (Holldobler &
Wilson, 1990; Baccaro et al. 2015). However, some ant species
cause damage to cultivated plants, including leafcutter ants
of the genera Amoimyrmex, Atta, and Acromyrmex (Mota
Filho, 2022; Stefanelli, 2022). They are among insects that
cause the highest production losses in forest plantations in
Brazil (Santos et al., 2008; Zanetti et al., 2000). Some ant species
protect phytophagous hemipterans from natural enemies in
cultivated areas, resulting in an ecological interaction that
can increase the damage caused by pest insects (Marchiori
et al., 2023). The diversity of ant species found in cultivated
areas in Brazil, including forest plantations, can positively
or negatively affect plant production, which highlights the
importance of comprehensive information on this topic
(Martins et al., 2011; Apolinario et al., 2019; Estrada et al.,
2023; Marchiori et al., 2023).
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Tree species commonly known as eucalyptus (genus
Eucalyptus and the species Corymbia citriodora (Hook.)
K.D.Hill & L.A.S.Johnson) are widely grown in Brazil,
occupying 7,295,309 ha, corresponding to approximately
77% of the forestry production area in 2021 (IBGE, 2023).
Eucalyptus plantations are grown for various purposes,
including fence posts, construction, firewood, charcoal,
furniture manufacturing, plywood, medium density fiberboard
(MDF), paper, and essential extracts (Ribeiro, 2020).

Eucalyptus plantations in Brazil are typically grown as
monocultures on large areas, which leads to an increase in
pest insect populations (Barbosa, 2021). The low structural
complexity of these environments tends to generate a
restricted species richness associated with the cultivated area
(Martins et al., 2011). Furthermore, environmental impacts
from areas adjacent to habitats can contribute to reducing
the myrmecofauna diversity (Nascimento, 2005). However,
forest plantations containing native trees and shrub species
among eucalyptus trees can create a more heterogeneous
environment, consequently increasing ecological niche
availability and species richness (Apolinario et al., 2019).
This environmental heterogeneity also impacts the composition
of ant species and their guilds, affecting behavioral diversity
(Apolinario et al., 2019; Pereira, 2021; Pereira & Almeida, 2023;
Estrada et al., 2023). Therefore, the ant fauna depends on
the environmental structure of the cultivated area and the
characteristics of its surroundings.

Cultivated areas with greater structural heterogeneity
have a greater species richness of plant-beneficial organisms,
such as predators, parasitoids, pollinators, and species that
participate in soil nutrient cycling, resulting in redundancy
of ecological functions beneficial to crops (Pereira, 2021).
From an agroecological perspective, increased biodiversity in
eucalyptus plantations may result in a self-regulating system
and a greater production sustainability, with healthier trees
and reduced dependence on external inputs (Altieri, 2004,
Pereira, 2021). Additionally, reducing the use of synthetic
chemical insecticides is essential for maintaining environmental
quality (Lopes & Albuquerque, 2018).

Tropical forests are highly heterogeneous environments
with a great species richness (Primack & Rodrigues, 2001;
Almeida & Vargas, 2017), including ant species (Baccaro
et al. 2015; Pereira et al., 2016), which is the case of native
forests in the Atlantic Forest Biome (Martins et al., 2011;
Montine et al., 2014; Lobo et al., 2023). The Mario Xavier
National Forest (FLONA Mario Xavier) in Seropédica, Rio
de Janeiro, Brazil, protects rare remnants of lowland Atlantic
Forest adjacent to eucalyptus plantations (Souza, 2017),
focusing on integrating forestry production and research
with biodiversity conservation (Brazil, 2000). Eucalyptus

plantations integrated with a significant variety of native
plant species can help in conserving a portion of native
biodiversity (Apolinario et al., 2019) and providing conditions
for maintaining healthy trees. Thus, this work aimed to analyze
the taxonomic and functional diversity of the ant fauna in
Eucalyptus forests in the Mdrio Xavier National Forest.

2. MATERIALS AND METHODS
2.1. Study area

The study was conducted in the Mario Xavier National
Forest (Mario Xavier FLONA) (22°43’51.15”S; 43°42°30.52”W),
in Seropédica, Rio de Janeiro, Brazil. Seropédica is part
of the Rio de Janeiro Metropolitan Region, with an area
of 265,189 km?® and a population of 80,596 inhabitants
(IBGE, 2023). According to the Koppen classification,
the region’s climate is Aw, tropical rainy, with an average
annual precipitation of 1,212.7 mm, ranging from 28.4
(July) to 194.0 mm (January), and an average annual air
temperature of 23.5 °C, ranging from 20.5 (July) to 26.8 °C
(February) (Paula et al., 2012). According to Paula et al.
(2012), the soils of the area were classified as Typic Hapludult
and Typic Haploxerult (Argissolo Vermelho-Amarelo and
Planossolo Haplico; Santos et al., 2018).

The Mario Xavier FLONA, created by Decree Law
No. 93,369 of 1986, has an area of 493.68 ha, with a native
vegetation classified as Lowland Dense Ombrophylous
Forest, a characteristic vegetation physiognomy of the
Atlantic Forest Biome (ICMBIO, 2022). The first eucalyptus
plantations in this FLONA were established approximately
80 years ago (ICMBIO, 2022). This conservation unit area
has undergone several environmental conflicts, including
invasions for sand and wood extraction, use of land for
grazing, pollution from external sources, and impacts due
to its proximity to urban areas; additionally, it is intersected
by two busy federal highways: Presidente Dutra (BR 116)
and Arco Metropolitano do Rio de Janeiro (BR-493) (Souza,
2017). Despite these factors and long history of land use,
the Mario Xavier FLONA territory still harbors endemic
and endangered species (Souza, 2017).

Ant fauna collection was carried out in three eucalyptus
plantation areas: Corymbia citriodora (Hook.) K.D.Hill &
L.A.S.Johnson (1.28 ha); Eucalyptus urophylla S.T.Blake
(28.1 ha); and E. saligna Sm. (estimated area of 5.23 ha).
The C. citriodora plantation was established approximately
27 years ago; the average spacing between trees at the time of
data collection was 3 x 5 m (660 trees ha™). The E. urophylla
plantation was established approximately 15 years ago;
the current average spacing between trees was 3 x 2.5 m
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(approximately 1333 trees ha'). The average spacing was
obtained in rows and between planting rows close to the
ant collection site. The E. saligna plantation was established
approximately 80 years ago, but had not been managed for
decades, resulting in widely spaced trees. All study areas are
located close to fragments of native forests within the FLONA.
Additionally, the E. saligna plantation is adjacent to an urban
area, whereas the sites where the myrmecofauna was sampled
in the E. urophylla and C. citriodora plantations were 1 and
1.2 km from urban areas. The presence of various species
of herbaceous plants, shrubs, and other tree species were
observed in all eucalyptus plots. However, the E. saligna
plantation had a significantly higher grass density than the
other areas.

2.2. Data collection

Ants were collected in January 2023 using 21 pitfall
traps in each eucalyptus plantation area, following the
methodology adapted from Almeida et al. (2007). Each trap
consisted of a 300 mL plastic cup filled with 100 mL of 70%
alcohol solution, maintained active for 48 hours. The traps
installed at each study area were arranged in seven groups
(replications) of three traps each; the traps of each group
were positioned at the vertices of an equilateral triangle,
spaced 2 m apart. The distance between trap groups was
10 meters. The collected ants were sent to the Laboratory of
Environmental Sciences (Trés Rios Institute at the Federal
Rural University of Rio de Janeiro - UFRR]), where they were
sorted, dry-mounted on paper triangles, and identified at the
genus level using dichotomous key by Baccaro et al. (2015).
Subsequently, the ants were grouped into morphospecies and,
when whenever possible, identified to the species level
through comparison with reference specimens and specific
identification keys for the identified genera, following a standard
methodology used for surveying ant species (Apolindrio
et al. 2019; Estrada et al,, 2023; Lobo et al. 2023; Pereira &
Almeida, 2023). The ants were further classified into guilds
based on the methodology described by Apolinario et al.
(2019) and Lobo et al. (2023). The ants were deposited in the
Entomological Collection of the Trés Rios Institute, UFRR].

The following environmental variables were collected
next to each trap: temperature at ground level, using
a digital thermo-hygrometer; and leaf litter depth, with a
graduated ruler.

2.3. Data analysis

The species richness means for each eucalyptus plantation
area were compared using analysis of covariance (ANCOVA),
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considering leaflitter depth as a covariate. Total species richness
was analyzed using the species accumulation curve (Mao Tau)
based on the frequency of species in traps. Species diversity
was compared using the Shannon diversity index t-test and the
evenness index was also calculated to quantify the distribution
of abundance among species, considering in these analyses
the frequency of the ant species in the samples (Amaral et al.,
2019; Estrada et al., 2023). Air temperature in the eucalyptus
plantations was evaluated using analysis of variance (ANOVA).

Species composition was analyzed using the Jaccard coefficient
in non-metric multidimensional scaling ordination (NMDS).
Similarity Analysis (ANOSIM) was then used to verify the
existence of significant differences in species composition
between the study areas. All analyses were performed using
the Past software (Hammer et al., 2001).

3. RESULTS AND DISCUSSION

A total of 36 ant species from 14 genera and four subfamilies
were collected (Table 1). The subfamily with the largest
number of species was Myrmicinae (23 species), followed by
Formicinae (6), Ectatomminae (4), and Ponerinae (3). The genera
with the greatest species richness were Pheidole (9), followed
by Solenopsis (6), Camponotus (4), and Ectatomma (4).
Surveys conducted throughout Brazil, including the state of
Rio de Janeiro, have shown a high species richness among
the subfamilies Myrmicinae and Formicinae and the genera
Pheidole, Solenopsis, and Camponotus, which is a pattern widely
observed both in cultivated areas and natural ecosystems
(Almeida et al., 2007; Martins et al., 2011; Estrada et al.,
2019; Lobo et al., 2023).

The largest number of species was found for the C. citriodora
plantation (20), followed by E. urophylla (18) and E. saligna
(9) plantations. Eucalyptus plantations, typically established as
monocultures, are environments with relatively low structural
heterogeneity, consequently tending to have lower diversity
of ecological niches and species richness than natural forests
(Martins et al. 2011; Apolinario et al. 2019). Martins et al.
(2011) used attractive baits to collect 24 ant species in an
ecological reforestation area in the state of Rio de Janeiro and
found 20 species in a native forest fragment and 17 species in
plantations with E. urophylla and Eucalyptus pellita F. Muell.
Apolinario et al. (2019) also surveyed ant species in the state
of Rio de Janeiro, using 24 pitfall traps per area, and collected
29 species in a secondary forest fragment and 25 species in
a C. citriodora plantation. In both studies, a greater number
of ant species was found in eucalyptus forests compared
to pastures, indicating that eucalyptus forests may provide
conditions for a more diverse ant fauna than other land uses
in simpler environments.
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Table 1. Frequency (number of samples) of the ant fauna sampled in three eucalyptus plantations (Corymbia citriodora, Eucalyptus urophylla,
and E. saligna) in the Mario Xavier National Forest, Seropédica, state of Rio de Janeiro, Brazil. AO: arboreal omnivorous; LC: leafcutters;
FG: fungus-growers; SLD: soil or litter dominants; SLO: soil or litter dominant true omnivorous; LOS: litter omnivores and scavengers;
LGP: litter generalist predators; LEP: litter specialist predators.

Subfamilies/ Species Corymbia citriodora  Eucalyptus urophylla Eucalyptus saligna

Ectatomminae

Ectatomma sp.1 - 2 - SLD
Ectatomma permagnum Forel, 1908 6 2 - SLD
Ectatomma edentatum Roger, 1863 - 1 - SLD
Ectatomma brunneum Smith, 1858 - 1 - SLD

Formicinae

Brachymyrmex sp.1 3 - - SLO

Brachymyrmex sp.2 1 - - SLO

Camponotus melanoticus Emery, 1894 4 4 - SLO

Camponotus sp.2 1 - - SLO

Camponotus crassus Mayr, 1862 1 - _ SLO

Camponotus rufipes (Fabricius, 1775) 1 - - SLO
Myrmicinae

Atta sexdens (Linnaeus, 1758) 4 - 4 LC

Crematogaster sp.1 - 1 - AO

Cyphomyrmex sp.1 1 - - FG

Pheidole sp.1 7 - LOS

Pheidole sp.2 2 1 - LOS

Pheidole sp.3 - 3 - LOS

Pheidole sp.4 2 1 - LOS

Pheidole sp.5 1 - - LOS

Pheidole sp.6 - 1 - LOS

Pheidole sp.7 - 1 - LOS

Pheidole sp.8 - - 6 LOS

Pheidole sp.9 - 1 - LOS

Sericomyrmex sp.1 - 2 1 FG

Sericomyrmex sp.2 - - 1 FG

Solenopsis sp.1 2 3 - LOS

Solenopsis sp.2 1 - 2 LOS

Solenopsis sp.3 1 - - LOS

Solenopsis sp.4 - - 1 LOS

Solenopsis sp.5 - - 1 LOS

Solenopsis sp.6 - - 1 LOS

Strumigenys sp.1 - 2 - LEP

Wasmannia auropunctata (Roger, 1863) 6 2 SLO

Wasmannia sp.1 1 1 - SLO

Hypoponera sp.1 1 - - LGP

Neoponera sp.1 1 - - LGP

Odontomachus meinerti Forel, 1905 - - 1 SLD

Total species richness was significantly lower in the  between C. citriodora and E. urophylla plantations. The species
E. saligna plantation compared to the other two areas  accumulation curves did not reach an asymptote, which is a
(Figure 1). However, no significant difference was found =~ common result in ant species surveys across Brazil, even in
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cultivated areas, due to the high diversity of ant communities
in terms of taxonomy and behavior (Apolinario et al., 2019;
Estrada et al., 2019; Marchiori, 2020; Pereira & Almeida, 2023).
The mean number of ant species varied significantly among
the studied areas (ANCOVA; F = 17.59; P < 0.01), which
was significantly lower for E. saligna than for C. citriodora
plantation (Figure 2).

Figure 1. Species accumulation curves (Mao-Tau method) for ant
fauna sampled in eucalyptus plantations (Corymbia citriodora,
Eucalyptus urophylla, and E. saligna) in the Mério Xavier National
Forest, Seropédica, state of Rio de Janeiro, Brazil.

Thus, the characteristics of the evaluated eucalyptus
plantations affected ant species richness. Studies have indicated
that the vegetation structure can significantly influence the
ant fauna in cultivated areas (Amaral et al., 2019; Estrada
et al., 2019; Pereira & Almeida, 2023). The leaf litter depth
and diversity are closely connected to type of vegetation in
the area. However, the mean species richness was not affected
by leaf litter depth (ANCOVA; F = 0.54. P = 0.59). Leaf litter
is important for epigeic ants, as it provides nesting sites and
food sources; thus, environments with deeper leaf litter may
favor a greater ant species richness (Estrada et al., 2019;
Lobo et al., 2023). However, species richness might be more
connected to the diversity of leaf litter components than the
total amount of litter material (Vargas et al., 2017). The presence
of a significant diversity of other tree and shrub species
among eucalyptus trees can promote a higher diversity of ant
species due to a more structurally heterogeneous vegetation,
which provides a wider range of ecological niches for ants
compared to simpler environments (Apolinario et al., 2019).
The dominance of grasses in the E. saligna plantation may
have negatively affected ant species richness by generating a
more homogeneous leaflitter, consequently with less diversity
of resources than the other evaluated areas. Furthermore,
the myrmecofauna can be negatively affected by several
anthropogenic impacts (Delabie et al., 2006; Rocha et al., 2015),
mainly those from nearby urban areas. Thus, the number
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of ant species may be greater in areas further away from
urban centers (Nascimento, 2005). The E. saligna plantation
is adjacent to the Seropédica urban area, which may have
contributed to the negative effects on ant species richness.

Air temperature affects insects, as they are poikilotherms
and have a development speed often accelerated by increases
in temperature, consequently affecting population growth
(Almeida & Gongalves, 2007; Almeida & Gongalves, 2009).
Additionally, temperature affects the ant activity, which
can influence the probability of capturing individuals in
pitfall traps. However, the average air temperature did not
differ significantly between C. citriodora (33.1 = 1.3 °C),
E. urophylla (34.0 £ 0.4 °C), and E. saligna (33.0 £ 0.4 °C)
plantations (ANOVA; F = 2.95; p = 0.08).

Figure 2. Mean number (+ standard deviation) of ant species
collected in eucalyptus plantations (Corymbia citriodora, Eucalyptus
urophylla, and E. saligna) in the Mario Xavier National Forest,
Seropédica, state of Rio de Janeiro, Brazil (ANCOVA; F = 17.59;
P <0.01). Different letters indicate a significant difference according
to the Tukey test at a 5% probability.

Ant species diversity did not differ significantly between
C. citriodora (2.45) and E. urophylla (2.68) (t=0.39; p =0.70)
plantations. However, a significant difference was found
between C. citriodora and E. saligna (1.91) (t=3.41;p < 0.01)
and between E. urophylla and E. saligna (t =3.03; p < 0.01).
The evenness index was higher for the ant fauna in the
E. urophylla plantation (1.02), followed by C. citriodora (0.97)
and E. saligna (0.94), showing the same trend found for species
richness and diversity. The E. saligna plantation had the lowest
uniformity due to the dominance of Atta sexdens (Linnaeus,
1758) and, mainly, Pheidole sp.8 in this area. Ant species
such as Ectatomma sp.2 and Wasmannia. auropunctata
(Roger, 1863) were relatively abundant in the C. citriodora
plantation, whereas several other species were found in only
one sampling unit. In the E. urophylla plantation, Pheidole sp.1
had a significantly higher frequency of occurrence than other
species, but most species had similar frequencies.
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Ant species composition also differed significantly among the
eucalyptus plantations (ANOSIM; R = 0.73; P < 0.01; Figure 3).
Significant differences were found between C. citriodora and
E. urophylla (R = 0.37; P < 0.01,) between C. citriodora
and E. saligna (R =0.84; P < 0. 01), and between E. urophylla and
E. saligna plantations (R = 0.91; P < 0.01). Interestingly,
the proximity of C. citriodora and E. urophylla plantations did
not necessarily result in a homogeneous ant fauna, denoting
variations in the availability of resources and ecological niches
between these areas. Furthermore, the distance to urban areas
might be another important factor, as already discussed.

Figure 3. Non-metric multidimensional scaling ordination (NMDS)
for similarity (Jaccard coefficient) of ant fauna sampled in eucalyptus
plantations with Corymbia citriodora (X), Eucalyptus urophylla (O),
and E. saligna (+) in the Mério Xavier National Forest, Seropédica,
state of Rio de Janeiro, Brazil (ANOSIM; R = 0.73; P < 0.01).

The collected ant species were grouped into eight guilds,
with the largest number of species found for the “litter
omnivores and scavengers” guild, followed by “soil or litter
dominant true omnivorous “ (Table 2). This result is consistent
with those found for native forest fragments (Lobo et al,,
2023) and eucalyptus plantations in state of Rio de Janeiro
(Apolinario et al., 2019). The collection technique used
is focused on capturing mainly epigeic species, however,
an “arboreal omnivorous” guild was recorded. The use a
wider range of collection techniques, including traps for
arboreal and hypogeic ants, may result in a greater diversity
of guilds (Lobo et al., 2023).

The results of functional richness reflected the taxonomic
richness, with a greater number of guilds in the C. citriodora
and E. urophylla plantations (each with 6 guilds) than in the
E. saligna plantation (4). Additionally, the study areas showed
significant differences in the abundance of species within guilds.
Variations in guild richness and composition may be reflected
in variations in ecological functions of the myrmecofauna in
cultivated areas, including ecological interactions potentially
beneficial for wood production, such as predation on insects
harmful to cultivated plants (Apolinario et al., 2019; Estrada
etal., 2019). Therefore, further studies are needed to provide
comprehensive understanding of factors affecting different
ant guilds and the conditions favoring the abundance of
beneficial guilds to eucalyptus plantations, such as predator
species. Only leafcutter guilds can include eucalyptus pest
species, but this guild was only represented by A. sexdens in
the present study. However, most of the collected ant species
can play beneficial roles in eucalyptus production.

Table 2. Ant species richness (R) and frequency (F) for ant guilds in eucalyptus plantations (Corymbia citriodora, Eucalyptus urophylla,
and E. saligna) in the Mario Xavier National Forest, Seropédica, state of Rio de Janeiro, Brazil.

X Corymbia citriodora
Guilds

F(%)

R

Arboreal omnivorous - -

Leafcutters 1 5
Fungus-growers 1 5

Soil or litter dominants 1 5

Soil or litter dominant true omnivorous 8 40
Litter omnivores and scavengers 7 35
Litter generalist predators 2 10

Litter specialist predators - -

4. CONCLUSIONS

Environmental variations in eucalyptus plantations
can affect the richness, diversity, and composition of ant
communities, consequently impacting their functional
diversity. Additionally, proximity to urban areas can

Eucalyptus urophylla Eucalyptus saligna

F(%) F(%) R

5.56 - - 1 2.78
- 1 11.1 1 2.78

5.56 2 22.2 3 8.33

22.2 1 11.1 5 13.9

16.7 - - 8 22.2

44.4 5 55.6 15 41.7
- - - 2 5.56

5.56 - - 1 2.78

reduce species richness and diversity, also affecting ant
fauna composition.

Although the leafcutter species Atta sexdens is an important
eucalyptus pest in Brazil, most ant species found in the
studied eucalyptus plantations can play beneficial roles in
eucalyptus production.
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