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Canopy cover negatively affects arboreal ant species richness
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Abstract

We tested the hypothesis of a negative relationship between vegetation characteristics and ant species richness in a
Brazilian open vegetation habitat, called candeial. We set up arboreal pitfalls to sample arboreal ants and measured
the following environmental variables, which were used as surrogate of environmental heterogeneity: tree richness,
tree density, tree height, circumference at the base of the plants, and canopy cover. Only canopy cover had a negative
effect on the arboreal ant species richness. Vegetation characteristics and plant species composition are probably
homogeneous in candeial, which explains the lack of relationship between other environmental variables and ant
richness. Open vegetation habitats harbor a large number of opportunistic and generalist species, besides specialist
ants from habitats with high temperatures. An increase in canopy cover decreases sunlight incidence and may cause
local microclimatic differences, which negatively affect the species richness of specialist ants from open areas. Canopy
cover regulates the richness of arboreal ants in open areas, since only few ant species are able to colonize sites with
dense vegetation; most species are present in sites with high temperature and luminosity. Within open vegetation
habitats the relationship between vegetation characteristics and species richness seems to be the opposite from closed
vegetation areas, like forests.
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A cobertura de dossel afeta negativamente a riqueza de formigas arboricolas
em um habitat tropical aberto

Resumo

Nos testamos a hipotese de que hé uma relacdo negativa entre as caracteristicas da vegetacdo e a riqueza de espécies
de formigas em habitats abertos como o candeial. Para isto, nds instalamos pitfalls arboricolas para a captura de
formigas e mensuramos as seguintes variaveis ambientais: riqueza de arvores, densidade de arvores, altura de arvores,
circunferéncia basal das plantas e cobertura de dossel. Somente a cobertura de dossel apresentou efeito negativo
na riqueza de formigas arboricolas. Provavelmente, as caracteristicas da vegetacdo e a composicdo de espécies de
plantas sdo mais homogéneas no candeial, o que explica a auséncia de relagdo entre a riqueza de formigas e as outras
variaveis ambientais. Formagdes abertas abrigam um grande niimero de espécies oportunistas e generalistas, além de
formigas especialistas de climas quentes. O aumento na cobertura de dossel diminui a incidéncia solar o que pode
causar diferengas microclimaticas que afetam negativamente as espécies de formigas especialistas de habitats abertos.
A cobertura de dossel regula a riqueza de espécies de formigas arboricolas em areas abertas e poucas espécies nestes
locais estdo aptas a colonizar locais com a vegeta¢ao densa. Assim, a maioria das espécies estdo presentes em locais
com alta temperatura e luminosidade. Em outras palavras, em habitats de vegetacao aberta a relacdo entre caracteristicas
da vegetacao e a riqueza de espécies pode ser oposta em comparagdo ao que € encontrado em areas que apresentam a
vegetagdo mais fechada, como florestas.

Palavras-chave: heterogeneidade ambiental, microclima, caracteristicas da vegetacao, particao hierarquica, candeia.
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1. Introduction

Several ecological processes act on the determination
and regulation of species richness in space and time (Ricklefs
and Schluter, 1993). Those related to environmental
heterogeneity, for example, are usually related to species
richness (Tews et al., 2004; Stein et al., 2014). In ecological
studies of ant communities, environmental heterogeneity is
frequently estimated by parameters of the local vegetation,
such as plant richness and density (Ribas et al., 2003), tree
size (Fonseca and Benson, 2003; Campos et al., 2006;
Costa et al., 2011), or canopy cover (Kalif et al., 2001;
Philpott et al., 2006), which are characteristics related to
quality and availability of resources or better microclimatic
conditions for ant species.

In most of the above-cited studies, and also in studies with
other taxa, the authors found positive relationships between
vegetation characteristics (surrogates of heterogeneity)
and species richness (Tews et al., 2004; Stein et al., 2014).
The positive relationship between variables that represent
environmental heterogeneity and species richness is more
common, because they are associated with mechanisms that
promote species coexistence, persistence and diversification.
Moreover, this correlation may also be a result of the
dependence of both taxa on other environmental variables,
such as tree richness (Stein et al., 2014). Studies on ant
communities in several vegetation types suggest that
there may be a positive (Ribas et al., 2003; Ribas and
Schoereder, 2007), negative (Lassau and Hochuli, 2004;
Schmidt et al., 2013) or neutral relationship (Ribas and
Schoereder, 2007; Schmidt et al., 2013) between species
richness and habitat heterogeneity (Stein et al., 2014).

A negative relationship between species richness and
environmental variables, representing habitat heterogeneity
was found in some open vegetation habitats (Stein et al.,
2014). This might be explained by a decrease in the number
of species sensitive to warmer microclimate conditions in
open vegetation habitats (Pino et al., 2000; Desrochers et al.,
2011). Open-area species can replace shade-adapted species
in disturbed forests (King et al., 1998; Madureira et al.,
2012) and these species do not perform the same functions
(Barbosa et al., 2015). Furthermore, there is a correlation
between the thermal tolerance of ants and the environment
in which they occur, as there are differences in temperatures
of optimal foraging among species in the same community
(Dunn et al., 2009). Dominant species can forage in their
optimal temperature ranges and subordinates in suboptimal,
which usually occur in warmer temperatures in open habitats
(Cerda et al., 2013). Moreover, studies with small spatial
scales might also present negative relationships between
environmental heterogeneity and species richness due to
the dominance of few species in heterogeneous habitats
(Stein et al., 2014).

Most studies regarding the relationship between species
richness and environmental heterogeneity have been
carried out in forest habitats that have diverse vegetation
characteristics and dense vegetation. Hence, there are fewer
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studies with ant diversity in Brazilian tropical open habitats,
such as fields (but see Rosumek, 2008; Lopes et al., 2012;
Viana-Silva and Jacobi, 2012). It is likely that, in these
habitats, differences in species richness patterns may remain
unnoticed, pointing to the need for studies on ant diversity
in open habitats (Klimes et al., 2012). In this study we
assessed environmental variables in open environments,
that are known to regulate the richness of arboreal ants
in other habitats, such as forests. We hypothesized an
inversion in the relationship between ant richness and
habitat heterogeneity in open vegetation habitats due to the
loss of hot climate tolerant species. Therefore, we tested
the hypothesis of a negative relationship between habitat
heterogeneity and ant species richness in a tropical open
vegetation habitat.

2. Material and Methods
2.1. Study area

The present study was carried out in October 2011
in Ibitipoca State Park (21°42°51.19”’S 43°53°48.93”W),
municipality of Lima Duarte, state of Minas Gerais,
southeastern Brazil. The park encompasses several
vegetation types, such as campos rupestres (rupestrian
vegetation on rocky outcrops), high-altitude grasslands,
riparian forests, and cloud forests (Dias et al., 2002).
The predominant vegetation is the candeia forest (hereafter
candeial), an open vegetation habitat, which represents
24% of the park’s area that is dominated by Eremanthus
erythropappus (DC.) McLeish. (Asteraceae), with some
other species of shrubs (Dias et al., 2002). The local
climate is classified as highland tropical, characterized by
a mild and rainy summer and a dry winter. The average
annual temperature is 18.9 °C and the annual rainfall is
approximately 1,395 mm.

Sampling took place in a candeial with approximately
2 ha. In addition to the predominance of E. erythropappus with
low and medium sizes (Oliveira-Filho and Fluminhan-Filho,
1999), most of which belong to the genus Eremanthus
(Scolforo et al., 2007) and are considered pioneer species
that grow on poor soils in campos rupestres and high-altitude
grasslands (Pérez et al., 2004; Santos et al., 2011).

2.2. Sampling

We sampled ants at 30 sites (N=30), 20 m apart from
each other. To do this, we set up one arboreal pitfall in
each sampling point (see Ribas et al., 2003) without a
bait at each site and left it open for 48 h. We identified the
ant genera with taxonomic keys (Bolton, 1994; Palacio
and Fernandez, 2003) and compared with vouchers to
separate the morphospecies. Specimens were deposited
in the collection of the Ant Ecology Laboratory at the
Universidade Federal de Lavras — UFLA.

In addition, we set up a 6 x 6-m plot around each tree
with a pitfall, and measured the following variables that
represent the amount and heterogeneity of resources and
variation of conditions for ants: density, richness, height
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and circumference at the base (CAB) of trees and shrubs
that had CAB > 10 c¢m, and canopy cover.

We counted all individual trees and shrubs within each
plot to calculate tree density, as well as the number of tree
and shrub morphospecies. We also estimated the height
and measured the circumference at the base of the same
trees and shrubs. In order to measure canopy cover, we
took a hemispherical photograph of the canopy, using a
camera with a fisheye objective positioned at 1.5 m above
the ground and as close as possible to the tree with the
pitfall. We analyzed the photographs in Gap Light Analyzer
(GLA) software (Frazer et al., 1999), in order to calculate
the canopy cover percentage (Engelbrecht and Herz, 2001).

2.3. Data analysis

We used a species extrapolation curve to estimate the
arboreal ant diversity in candeial (Chao and Jost, 2012) with
iNEXT online: interpolation and extrapolation (Hsieh et al.,
2013). We used hierarchical partitioning to assess the
independent effects of the five environmental variables
(tree richness, tree density, plant height, circumference
at the base, and canopy cover) on the species richness of
arboreal ants (Chevan and Sutherland, 1991). Hierarchical
partitioning is a multiple regression technique in which
all possible linear models are considered to identify the
main factors that effectively influence the response variable
(Chevan and Sutherland, 1991; MacNally, 2000). The model
assumed a Poisson distribution, which is suitable for count
data. The significance of each independent effect was
estimated through randomization with 1000 permutations
(MacNally, 2000). Data analysis was carried out with the
hier.part package (Walsh and MacNally, 2013) of R 3.0.1
(R Development Core Team, 2013).

3. Results

We collected 23 ant species of eight genera. The subfamilies
found in the study were Formicinae and Myrmicinae,
represented by nine and eleven species, respectively, and
Pseudomyrmecinae, with three species. The most common
genus was Camponotus with eight species. Camponotus
crassus Santschi, 1922 and Camponotus sp. 4 were the
most frequently captured species (Table 1). The average
richness and standard deviation was 1.77 & 1.38 ants per
pitfall. With a doubled sampling effort we would capture
approximately seven more species (Figure 1).

The average and standard deviation values of the
environmental variables per plot were: plant density
0.21 + 0.11 plant/m?, plant species 3.03 + 1.77 spp.,
tree height 2.99 + 0.82 m, circumference at the base
22.53 + 7.17 cm, and canopy cover 26.60 + 12.04%.
Only canopy cover had a significant and negative effect
on the arboreal ant species richness (p < 0.05; Z = 3.42)
(Figure 2, Figure 3). Other variables: plant density (p > 0.05;
Z=1.14), plant richness (p > 0.05; Z =-0.19), tree height
(p > 0.05; Z = -0.32), and circumference at the base of
plants (p > 0.05; Z =-0.27) did not explain the variation
in the species richness of arboreal ants.
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Table 1. Species of arboreal ants sampled with arboreal
pitfall traps (N=30) in the candeial of Ibitipoca State Park,
Lima Duarte, Minas Gerais state, Brazil.

Subfamilies Species Fregze)ncy
Formicinae  Brachymyrmex sp. 1 0.033
Camponotus crassus 0.333
Santschi, 1922
Camponotus melanoticus 0.133
Santschi, 1939
Camponotus rufipes 0.100
Fabricius, 1775
Camponotus sp. 1 0.033
Camponotus sp. 2 0.033
Camponotus sp. 3 0.033
Camponotus sp. 4 0.200
Camponotus sp. 5 0.067
Myrmicinae  Cephalotes depressus 0.067
Klug, 1824
Cephalotes sp. 1 0.033
Crematogaster sp. 1 0.067
Nesomyrmex sp. 1 0.033
Pheidole sp. 1 0.033
Pheidole sp. 2 0.033
Pheidole sp. 3 0.033
Solenopsis gr. geminata  0.033
Solenopsis sp. 1 0.167
Solenopsis sp. 2 0.100
Solenopsis sp. 3 0.033
Pseudomyrmicinae Pseudomyrmex gracilis ~ 0.033
Fabricius, 1804
Pseudomyrmex termitarius ~ 0.067
Smith, F., 1855
Pseudomyrmex sp. 1 0.067

Total 23

Ant Richness

T T T T T T T
0 10 20 30 40 50 60

Number of Samples

Figure 1. Extrapolation curve of arboreal ant species in
candeial. Black symbols represent sampled ants and the
grey symbols represent the extrapolated ant species.
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Figure 2. Distribution of the percentage of independent
effects of five environmental variables on the ant species
richness of arboreal species. The white bar represents
negative significant effects (P < 0.05), as determined by
randomization tests. Environmental variables include plant
circumference at the base (PCAB), plant height (PHEI),
plant richness (PRIC), plant density (PDEN) and canopy
cover (CCOV).

Ant Richness

Canopy Cover (%)

Figure 3. Relationship between ant richness and canopy
cover (N=30) in the candeial of Ibitipoca State Park, Lima
Duarte, Minas Gerais state, Brazil.

4. Discussion

We confirmed our hypothesis that arboreal ant species
richness is negatively related to canopy cover, a vegetation
variable that we used as surrogate for habitat heterogeneity.
Alow canopy cover allows greater sunlight incidence and
an increase in temperature, favoring ants that are adapted
to open vegetation habitats.

Captured arboreal ants that live in the candeial are
frequently found in naturally open vegetation habitats
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(e.g. rocky grasslands, Costa et al., 2015) or deforested
areas. The arboreal ant species found in the present study
(Camponotus spp., Cephalotes spp., and Pseudomyrmex
spp.) belong to genera and subfamilies that are frequently
associated with plants (Oliveira and Freitas, 2004),
including Eremanthus erythropappus (Rosumek, 2008),
the dominant plant species in the study area. Ants from the
genus Camponotus are frequently found in the candeial
soil and easily access trees (Rosumek, 2008). Comparing
ant communities from three vegetation types in the same
study area, Lopes et al. (2012) found a lower number of
cryptic species and a larger number of generalists in the
rocky outcrops (dominated by candeia), areas that have
less litter accumulation and a high number of ant genera
commonly associated with plants that have extrafloral
nectaries.

Some species found in the present study, such as
Camponotus rufipes and Solenopsis gr. geminata, are very
common generalists and opportunists in many habitats,
including those with open vegetation characteristics, such
as the candeial (Brandao et al., 2000; Neves et al., 2010;
Dattilo et al., 2011). These ants explore a wide variety of
resources, competing with specialist species (Didham, 1997,
Silvestre and Silva, 2001). E. erythropappus may be an
important resource for ant species (Rosumek, 2008). It is
possible that the candeia has some food source at the lower
part of the calyx, which attracts ants (Rosumek, 2008). At this
part of the plant, the presence of membracids is common
(pers. obs.), which may have trophobiotic relationships with
some ant species. Hence, ants (e.g. Camponotus spp.) may
be attracted to E. erythropappus by food resources, on which
they participate in opportunistic interactions (Chamberlain
and Holland, 2009; Rosumek et al., 2009). Furthermore,
senescent stem-galls in these trees are also adding shelter
resource for arboreal ants (e.g. Crematogaster spp.)
(Almeida et al., 2014).

Among the studied variables, we found only a negative
relationship between arboreal ant richness and canopy cover.
With few exceptions (e.g. Lassau and Hochuli, 2004), most
studies point to positive relationships between species
richness and environmental heterogeneity (Tews et al., 2004;
Cramer and Willig, 2005; Basset et al., 2012; Stein et al.,
2014). For ants, a higher tree density and richness may
lead to higher abundance and diversity of resources and,
ultimately, result in higher species richness (Ribas et al.,
2003; Ribas and Schoereder, 2007; Dejean et al., 2008;
Gomes et al., 2010). However, the strength of the relationships
between vegetation variables and species richness may
change according to the landscape (Powell et al., 2011).

In the present study, there was no relationship between
ant richness and plant density. The plant density in the
candeial was much lower when comparing to another
Cerrado vegetation types (Ribas et al., 2003). The lack
of relationship between plant richness and ant richness in
the candeial may be explained by the low plant species
diversity in this environment. This small number of plant
species does not considerably increase resource variety
for ants; therefore, the quality of resources does not result
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in higher ant richness. The arboreal ant community is
strongly affected by plants that offer them resources
(Dejean et al., 2008). However, another important factor
for the ant community structure is the relationship between
ants and some plant species or genera. In the candeial, the
plant species that provide resources for ants is composed
of a small group of shrubs and trees (Klimes et al., 2012).

Our results do not suggest that plant size is a factor
regulating ant richness. Larger trees (those with high
height and CAB) do also offer more resources, which are
important for structuring arboreal ant communities (Fonseca
and Benson, 2003; Campos et al., 2006; Costa et al., 2011;
Klimes et al., 2012). In the candeial, generalist ant species,
which have a broad distribution in the area and move easily
between canopy and soil (Rosumek, 2008), may interfere
in resource use and site occupation by specialized species,
which are exclusively arboreal and would potentially
colonize larger trees (Gomes et al., 2010).

Open habitats usually harbor a large number of
opportunistic and generalist species, besides specialist
ant species from sites with high temperatures (Lassau
and Hochuli, 2004). The increase in canopy cover, from
7.8 to 50.43%, observed in the present study caused a
decrease in sunlight incidence, resulting in local microclimatic
changes (for instance in humidity and temperature), which
may have negatively affected specialist ant species from
open areas. This occurs because these species have an
optimum temperature range for foraging and most of them
forage in warmer locations (Cerda et al., 2013). However,
in an open environment, where there are predominantly
shrubs, as in the candeial, temperature can be stressful.
In this environment the subordinate ants forage in higher
temperatures and demonstrate greater tolerance to temperature
changes than dominant species (Cerda et al., 2013).
In some places in the candeial (some of our plots), e.g.
in those microhabitats with high canopy cover, generalist
and opportunistic ant species are reduced or excluded, as
they are better adapted to the incidence of high sunlight
and high temperature of open areas (Schoereder et al.,
2004; Binckley and Resentarits, 2009; Pike et al., 2011).
Some of the negative relationships between environmental
heterogeneity and species richness may also occur due
to increases in energy costs in the mobility of animals
in denser habitats. These negative relationships are also
commonly found at small spatial scales (Stein et al., 2014).

On the other hand, species that are associated with
dense vegetation may have been excluded from our
study area because they are more sensitive to the severe
environmental conditions of these areas (King et al., 1998).
Although most candeial species are able to tolerate high
temperatures and low water and organic matter availability,
they cannot colonize sites with high canopy cover (Lassau
and Hochuli, 2004), whereas specific ants from dense
vegetation are probably better adapted to environments
with high humidity and low temperature (Schmidt et al.,
2013). Thus, microhabitats with a higher canopy cover
should contain just a fewer species of specialized ants.
These ants may also be more successful in colonizing
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forested areas (as the cloud forest located in the park)
than open areas with high canopy cover.

Concluding, canopy cover regulates the species richness
of arboreal ants in this open vegetation habitat, since
among most generalist and opportunistic species, only a
few are able to colonize areas with higher canopy cover.
Furthermore, it is possible to infer that in open vegetation
habitats, such as those studied here, the relationship
between environmental heterogeneity and species richness
may be the inverse of that found in some savannas and
forests, which reinforces the need for studies in other
kinds of open tropical vegetation. Studies in open areas,
that focus on detecting this pattern, are crucial because
tropical open habitats have been less studied than forests
in community ecology. It is very important to detect this
inverse pattern in open areas because we cannot simply
use the same variables that are used for forests, which
would lead us to wrong decisions for management and
conservation in those areas.
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