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Abstract The simplification of native habitats leads to biodiversity decline in tropical

terrestrial ecosystems. We evaluated how conversion of three types of native Cerrado

vegetation (open grassland, typical savanna, and woodland savanna) to two human-man-

aged land uses (Eucalyptus plantations and pastures) affects ant richness and composition

in arboreal, epigaeic, and hypogaeic ant communities. We also sampled vegetation and soil

characteristics to determine which specific features could be driving differences in ant

communities with land use conversion. In general, biodiversity was negatively affected by

conversion to Eucalyptus plantations and pastures regardless of vegetation type. But these

impacts do not act in the same way in each ant strata or vegetation type. Grass and

herbaceous cover was the most important environmental variable correlated with diversity

in open grassland and plant richness and litter diversity were the most important envi-

ronmental variables for ant species in typical and woodland savannas. Our results indicate

that expanding Eucalyptus plantations may have stronger negative impacts from conver-

sion of open vegetation types while pasture implementation may have stronger negative

effects if implemented in closed vegetation types. Thus, we show the need of protection of

the diversity of all native vegetation found in the Brazilian Cerrado (from open to forested

habitats).
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Introduction

Modern landscapes are fragmented and include both patches of native vegetation and

several other human-managed land use types (Kissling et al. 2012). These human-managed

habitats are usually less diverse in species richness and differ in species composition and

ecosystem functions (Barlow et al. 2007; Gardner et al. 2009). Thus, most native fauna and

flora are retained in small patches of native vegetation (Turner and Corlett 1996).

Replacement of native vegetation with pastures and plantations is one of the greatest

threats to biodiversity (Newbold et al. 2015). Land use types like pastures and monocul-

tures have the strongest impacts on biodiversity, dramatically changing diversity in

comparison to primary forests (McGill 2015; Newbold et al. 2015). In general, anthro-

pogenic impacts have reduced species richness by more than 10% and future species losses

are already predicted (Newbold et al. 2015). However, despite strong negative effects of

fragmentation and habitat transformation, some native environments are more or less

resilient than others with different biodiversity impacts (Holling 1973; Marimon et al.

2014).

The Brazilian savanna, called Cerrado, is one of the world’s most diverse environments

(Furley 1999; Klink and Machado 2005), and is the second largest biome in Brazil,

covering 21% of the territory (Bridgewater et al. 2004), but the Cerrado is severely

threatened by land use change (Furley 1999; Brannstrom et al. 2008; Espı́rito-Santo et al.

2016). The Cerrado is considered a Biodiversity Hotspot, supports high species richness

and thousands of endemic species (Myers et al. 2000). Part of this huge biodiversity can be

associated with the diversity of native vegetation types (e.g. grasslands, shrublands, typical

savannas, and woodland savannas) that differ in grass cover, percentage of canopy cover,

and dominant plant species as well as fire dynamics and water availability (Oliveira and

Marquis 2002). Native vegetation types also differ in terms of soil characteristics; grass-

lands have shallower and rockier soils than do woodland savannas (Oliveira and Marquis

2002). Even though the Cerrado supports high levels of biodiversity, only 20% of native

Cerrado vegetation is protected under Brazilian law. Thus, threats to this biome are

growing, especially following changes to the Brazilian Forest Code enacted in 2012 that

may allow increases in deforestation (Sparovek et al. 2012; Loyola 2014; Alarcon et al.

2015). The conversion of Cerrado into pastures and croplands is the most common human

activity in the biome but some native habitats are also negatively impacted by mining and

deforestation (Brannstrom et al. 2008).

Two of the major land use types that have replaced native vegetation in the Cerrado are

pastures and Eucalyptus plantations. In the last 50 years, exotic grasses (e.g. African

grasses) have been introduced in the Cerrado in attempts to intensify cattle production with

intensive pasture management (Martha-Jr and Vilela 2002; Sano et al. 2010). In addition,

conversion of Cerrado into Eucalyptus plantations to produce paper, charcoal, and wood

for furniture has been intensified (Eldridge et al. 1993; Zinn et al. 2002). Typically, both

pastures and Eucalyptus plantations support less biodiversity than native areas, however,

the degree to which ecological interactions are affected may depend on the landscape in

which they are implemented (Marinho et al. 2002; Braga et al. 2010; Neves et al. 2013;
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Schmidt et al. 2013; Beiroz et al. 2014). The conversion of Cerrado habitats to pastures and

Eucalyptus plantations can be harmful in many ways. The introduction of African grasses

into open grasslands may affect species communities due to management, such as plowing,

fertilizers and addition of limestone (Martha-Jr and Vilela 2002) and to increasing soil

compaction due to cattle trampling. On the other hand, typical and woodland savannas

converted in pastures are environments that suffer more with simplification due to total or

large vegetation suppression that hampers several animal-plant associations (Leite et al.

2016). Afforestation, such as that caused by Eucalyptus plantations in the Cerrado, can

completely alter soil nutrient cycling in formerly grass-dominated environments. This

phenomenon may also limit productivity of grass-dominated environments while reducing

habitats for animals adapted to open environments (Veldman et al. 2015). So, conversion

of native habitats in more dissimilar environments, in terms of vegetation and soil, can

cause higher impacts in animal communities.

Some species or groups of organisms can be used to help us evaluate and compare these

costs of habitat transformation (McGeoch 1998). Ants (Formicidae) are one of the most

common insects in tropical systems (Hölldobler and Wilson 1990). They are associated

with plants, mainly because their interactions with extrafloral nectaries (present in

approximately 25% of Cerrado plant species) and plant-feeding trophobiont insects (Oli-

veira and Oliveira-Filho 1991). This close relationship with plants is one of the reasons that

environmental complexity (e.g. richness and architecture of plant species) strongly cor-

relates with ant abundance and richness at both local and landscape scales (Ribas et al.

2003; Schoereder et al. 2010; Costa et al. 2011; Pacheco and Vasconcelos 2012a). Ants

have been used as indicators of environmental changes such as mining activities, defor-

estation or afforestation, urbanization, fire, and conversion of natural habitats to cropland

and pastures (Andersen et al. 2002; Philpott et al. 2010; Ribas et al. 2012). Ant colonies

are, in general, sessile and ants display certain characteristics that make them ideal indi-

cators of habitat disturbance such as high diversity, known taxonomy, occupying different

strata, easy and cheap to sample, and sensitivity to changes in habitat (Majer 1983; Philpott

et al. 2010; Ribas et al. 2012).

In the Cerrado, ant studies have helped to evaluate the effects of fire (Maravalhas and

Vasconcelos 2014; Vasconcelos et al. 2016), mining (Rabello et al. 2015), habitat edges

(Brandão et al. 2011), agriculture (Frizzo and Vasconcelos 2013), and the importance of

native vegetation remnants (Pacheco et al. 2013) on biodiversity and ecosystem func-

tioning. However, there are two shortcomings in our knowledge. First, we do not know

how transformation of native vegetation to Eucalyptus plantations and pastures affect ants

or what are the specific vegetation or soil characteristics that are driving changes. Second,

because research on ants has largely focused on arboreal and epigaeic strata (Schmidt and

Solar 2010; Pacheco and Vasconcelos 2012b), we know little about how land use change

affects ants from different foraging strata (mainly hypogaeic). Ants that forage in different

strata may respond in different ways to changes in environmental complexity (e.g. vege-

tation structure) and soil compaction (Neves et al. 2013; Schmidt et al. 2013, 2016).

In this study, we aimed to understand the structure (richness and composition) of ant

communities in native vegetation types and human-managed land use types in the Cerrado.

Our study specifically investigated the response of ant communities (arboreal, epigaeic,

and hypogaeic) of native vegetation (open grassland, typical savanna, and woodland

savanna) to conversion into two human-managed land use types (Eucalyptus plantation and

exotic pasture). We asked the following research questions: i) Is ant species richness higher

in native vegetation types than in human-managed land use types? ii) Does ant species

composition differ between native vegetation types and human-managed land use types?
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and iii) Do changes in vegetation complexity and soil compaction correlate with any

observed changes in ant species richness and composition? We want to know, in each case,

the effects of conversion of the three vegetation types in Eucalyptus plantations and

pastures on diversity. In general, we expected that the conversion of open grasslands into

pastures as well as the conversion of woodland savannas into Eucalyptus plantations will

be less damaging to ant communities because of similarities among native vegetation and

human-managed land use types. Thus, typical savanna would present intermediate inten-

sities of changes in ant communities. Specifically, we predicted that arboreal and epigaeic

ants would suffer more from tree suppression in pasture converted sites in typical and

woodland savannas due to the absence of or large decrease in vegetation complexity (e.g.

lower plant richness and litter diversity). Further, we predicted that hypogaeic ant com-

munities from open grasslands and typical savanna, on the other hand, would likely

undergo greater changes in richness and composition patterns due to changes in com-

paction caused by conversion into Eucalyptus plantations that increase soil depth.

Materials and methods

Study region

Our study was performed in Minas Gerais state, southeastern Brazil. Minas Gerais state is

an important milk-producing region. However, in the last two decades, exotic Eucalyptus

spp. plantations have expanded within the Cerrado biome, used mainly for the fence posts,

paper, cellulose, wood, and charcoal production (AMS 2013), but tree monocultures (in-

cluding Pinus spp. and other tree species) still cover a small part of the land in this state

(Scolforo and Carvalho 2006; Rezende et al. 2013; Fernandes et al. 2016). Dairy farming is

the main economic activity in many small cities, including Itutinga, Itumirim and Boa

Esperança, where we conducted the fieldwork and now Eucalyptus plantations rises as

alternative culture for many farmers. Our sampling sites are based on the Rio Grande basin

which has a total area of 86,500 km2. This region is covered by Cerrado native vegetation

(3.67% is open grasslands, 0.06% is typical savanna, and 1% is woodland savanna), more

than 88% of total area is converted in pastures, monocultures, exposed soil, urban areas or

other land use types and reforested areas, including Eucalyptus plantations that cover

0.30% of the total area, and the last part (*6–7%) is covered by other types of Cerrado and

Atlantic Rainforest native vegetations (Scolforo and Carvalho 2006) (Fig. 1). Due to the

characteristics of the distribution of the Cerrado vegetation (Oliveira and Marquis 2002) is

not possible to find nearby areas that presented these three vegetation types to test the

effects of conversion of native vegetation in land use systems simultaneously in Rio

Grande basin.

Study sites and experimental design

We conducted the fieldwork from January to March 2014. The study region is charac-

terized by a dry winter (April to September) and a wet summer (October to March). The

sampling sites were between 780 and 1045 m above sea level, and rainfall averages

1500 mm per year. In this region, we selected one area characterized by open grassland

(near Itutinga), one area characterized by typical savanna (near Itumirim) and one area

characterized by woodland savanna (near Boa Esperança) (Fig. 1a). All three areas have
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experienced land use conversion to both pasture and Eucalyptus plantations. In the Itutinga

area, we sampled five open grassland sites, five Eucalyptus sites, and five pasture sites. In

the Itumirim area, we sampled five typical savanna sites, three Eucalyptus sites, and five

pasture sites. In the Boa Esperança area, we sampled five woodland savanna sites, four

Eucalyptus sites, and five pasture sites. Thus, overall, we sampled a total of 42 sites,

including five open grassland, five typical savanna, five woodland savanna, 12 Eucalyptus,

and 15 pasture sites. All sampling sites were located in private farms containing pastures or

Eucalyptus plantations as well as native vegetation remnants. Native remnants were not

free of cattle grazing, fire (natural and managed), or vegetation extractivism (legal and

illegal). Plantations varied from four to eight years in age, and rarely had understory

vegetation (Appendix S1 in Supporting Information). Sites were separated by at least

200 m to ensure independence of the ant colonies sampled in each site. We established the

minimum distance among sampling points and sites considering the foraging distance of

ant species (Bernstein 1975; Kaspari 1996; Cuissi et al. 2015). In each site, we installed a

200 m transect with 10 sampling points each separated by 20 m (420 sampling points in

total). In each sampling point we installed unbaited pitfall traps to collect ants and mea-

sured environmental variables in a 6 9 6 m quadrant (Fig. 1b).

Fig. 1 a Map of the study landscapes in Itutinga, Itumirim, and Boa Esperança, southern Minas Gerais,
Brasil and the experimental design used to sampling ants and environmental variables (above). b In each
point in the map we installed a 200 m transect with ten sampling points each separated by 20 m. In each
sampling point we installed pitfall traps (A Arboreal, E Epigaeic, and H Hypogaeic) to collect ants and
measured environmental variables in a 6 9 6 m quadrant (below)
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Ant sampling

We sampled all ants with pitfall traps and groups of ants (e.g. arboreal, epigaeic, hypo-

gaeic) were defined by the pitfall strata in which they were trapped. We considered as

arboreal ants those captured in pitfall traps placed in plants, epigaeic ants as those collected

in pitfalls placed on the ground and in leaf litter, and hypogaeic ants as those collected in

subterranean pitfall traps. We used unbaited pitfall traps that consisted of plastic containers

(diameter = 11 cm; height = 12 cm) with a liquid solution 200 ml of water, glycerol and

salt (5 and 0.9% of total volume). We protected arboreal and epigaeic pitfall traps from

rain and sun using a plastic roof. All pitfalls remained in the field for 48 h. We installed the

arboreal pitfall traps at 1.3 m above ground level in trees. The pitfall traps were tied to the

trees as close as possible to the trunk (Ribas et al. 2003) and in plants with [5 cm

circumference at the base. We did not install arboreal pitfall traps in sites without trees.

Epigaeic pitfalls were buried flush at ground level (Bestelmeyer et al. 2000). The hypo-

gaeic pitfalls were buried 20 cm under the ground surface and had four lateral holes to

allow access by hypogaeic ants (see Schmidt and Solar 2010).

We sorted and identified ants to genus level according to Baccaro et al. (2015). Ant

identification to the species level was carried out by T. S. R. da Silva and G. Camacho from

Laboratório de Sistemática e Biologia de Formigas, Universidade Federal do Paraná

(UFPR) where all voucher specimens were deposited. They used the following keys for

identification: (DeAndrade and Baroni-Urbani 1999; Mayhé-Nunes and Brandão

2002, 2005; Wilson 2003; Lattke et al. 2007).

Environmental variable sampling

We also sampled vegetation and soil variables that represent environmental complexity in

each sampling point (Ribas et al. 2003; Neves et al. 2013; Queiroz et al. 2013; Schmidt

et al. 2016). At each sampling point, we measured canopy cover, percentage grass and

herbaceous cover, litter weight and diversity, tree number, density, height and diameter

(circumference at basis height at 30 cm above ground level[5 cm), and soil compaction.

We measured canopy cover with digital images using a fish-eye lens attached to a camera

positioned at 1.5 m above ground level, and analyzed images with Gap Light Analyser 2.0

software (Frazer et al. 1999). We estimated the percentage of grass and herbaceous cover

within a 1 9 1 m quadrat placed on the ground. Within the same quadrat, we collected

litter from the ground. We dried litter samples for 96 h at 60 �C and then weighed them

with a precision balance. We assessed litter diversity (invD—Inverse Simpson) by

counting the number of different leaves, branches and sticks (modified from Queiroz et al.

2013). We counted the density, and richness of woody plants (e.g. trees and shrubs),

estimated plant height and measured the circumference at basis height (CBH) of those

plants for diameter data. Finally, we measured soil compaction by dropping a pointed sharp

metal knife from 1.5 m above ground and then measured the depth (cm) mark.

Data analyses

We generated extrapolation curves to compare ant species richness from each stratum

(arboreal, epigaeic, hypogaeic) among different habitats (native vegetation, Eucalyptus,

pasture) in each vegetation type (open grassland, typical savanna, woodland savanna) using

‘iNEXT’ package (Hsieh et al. 2016). We used extrapolation curves with confidence

2022 Biodivers Conserv (2020) 29:2017–2034

123



intervals of 95%, generated by permutations, to allow us to statistically compare richness

where sampling intensity and capture rates differed.

We examined if ant species composition from three strata in three habitats change with

the conversion of native vegetation to pastures and Eucalyptus plantations with multi-

variate analysis. We performed a non-metric multidimensional scaling (NMDS) to assess

the species composition of ants among habitats, strata, and vegetation type, and then

performed analysis of similarities (ANOSIM) to detect the differences of composition

among areas. We used ant frequency data from each site and Bray-Curtis index. We did not

test differences in arboreal ant composition between native vegetation types and pastures

due to low captures of arboreal ant species within pastures.

To test for correlations between ant species richness (response variable) and environ-

mental variables (explanatory variable) we used generalized linear models (GLMs). We

used generalized linear models with a Poisson distribution, adjusted to Quasipoisson when

necessary (Crawley 2013). We selected the variables according to strata, as described

above, and simplified the complete model removing the non-significant explanatory

variables. For each ant group, we selected four environmental variables most relevant to

that group. For arboreal ants we included plant richness, plant density, circumference at

base height, and canopy cover. For epigaeic ants we used litter diversity, litter dry weight,

grass and herbaceous cover, and canopy cover. For hypogaeic ants we used soil com-

paction, litter dry weight, grass and herbaceous cover and canopy cover. Finally, we

submitted our models to residual analysis to evaluate the adequacy of the error distribution

(Crawley 2013).

To examine which environmental variables influenced ant species composition we

performed a multivariate regression procedure with the same variables mentioned above.

The models showed which environmental variables were correlated with changes in spe-

cies composition. The models were fit against a redundancy analysis (RDA) (Legendre and

Legendre 2012), a constrained ordination, and we used ant frequency data from each

transect and Bray-Curtis index with the ‘vegan’ package (Oksanen et al. 2015).

All data analyses were carried out with R software 3.2.2 (R Development Core Team

2015). For all data analyses, we constrained comparisons among the native vegetation type

and the two human-managed land uses (open grassland, typical savanna, woodland

savanna, and respectives Eucalyptus plantations and pastures) to sites located in the same

study area as depicted in Fig. 1a. We made analyses for each stratum (9 comparisons for

analysis). We did not use the above-mentioned analyzes to presume cause-effect

relationships.

Results

We collected a total of 217 species (82 identified at species level and 135 morpho-species),

distributed in 46 genera, and seven subfamilies (Appendix S2 in Supporting Information).

The richest subfamily was Myrmicinae, with 122 species and 24 genera. The richest genera

were Pheidole (38), Camponotus (27) and Solenopsis (14). Pheidole oxyops was the most

common species in our study. We collected 76 species in open grassland, 105 species in

typical savanna, and 102 species in woodland savanna native sites. We collected 48, 46,

and 58 species in their respective converted Eucalyptus plantations, and 54, 56, and 62 in

their converted pastures. Considering each vegetation type and strata, all native vegetation

areas presented higher species richness and higher mean number of species (Table 1).
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Species richness patterns

In most of our species extrapolation curves, with confidence intervals of 95%, we observed

native vegetation richer than Eucalyptus plantations and pastures (Fig. 2). In the open

grassland area, arboreal ant species richness was similar between open grassland and

pastures, but was lower in Eucalyptus plantations (Fig. 2a). For epigaeic and hypogaeic

ants, open grassland showed higher species richness than Eucalyptus plantations but did

not differ between open grassland and pasture (Fig. 2b, c). In the typical savanna area,

arboreal ant species richness was higher in typical savanna than in Eucalyptus plantation

(Fig. 2d), but pastures were intermediate between these areas. Epigaeic ant species rich-

ness was higher in typical savanna than in Eucalyptus plantations or pastures, but we did

not find differences between the two human-managed land uses (Fig. 2e). Hypogaeic ant

species richness was similar across all habitats (Fig. 2f). Finally, in the woodland savanna

area, arboreal and epigaeic ant species richness was higher in woodland savanna than in

Eucalyptus plantations and pastures (Fig. 2g, h), but hypogaeic ant richness did not differ

between woodland savanna and the two human-managed land uses (Fig. 2i).

Species composition patterns

We found several differences in species composition between habitat types for all ant

groups. In the open grassland area, arboreal ant species composition did not differ by

habitat type (p = 0.105, R = 0.105), but epigaeic ant composition was different in all

three categories compared (p\ 0.001, R = 0.796). Further, hypogaeic ant composition

was similar only between open grassland and Eucalyptus plantations (p = 0.002,

R = 0.435). In the typical savanna area, arboreal, epigaeic, and hypogaeic ant species

composition all differed among typical savanna, Eucalyptus plantations, and pastures

(arboreal: p = 0.001, R = 0.522; epigaeic: p = 0.001, R = 0.486; hypogaeic: p = 0.001,

R = 0.531). Finally, in the woodland savanna area, arboreal ant species composition

differed between woodland savanna and Eucalyptus plantations (p = 0.007, R = 0.528),

epigaeic ant species composition differed among woodland savanna, Eucalyptus planta-

tions, and pastures (p\ 0.001, R = 0.876), and hypogaeic ant composition differed

between woodland savanna and human-managed land uses (p = 0.008, R = 0.575). More

details and results of pairwise comparisons in Appendix S3 and S4 in Supporting

Information.

Table 1 Mean ± SE values of
ant richness from each area and
strata in open grasslands, typical
savanna, woodland savanna, Eu-
calyptus plantations, and pastures
in southern Minas Gerais, Cer-
rado region, Brazil

Land use systems Arboreal Epigaeic Hypogaeic

Open grassland 3.33 ± 0.69 27.20 ± 1.18 9.60 ± 0.54

Eucalyptus 1.60 ± 0.23 17.20 ± 0.87 5.60 ± 0.11

Pasture 4.25 ± 0.47 23.20 ± 1.07 8.60 ± 0.90

Typical savanna 15.00 ± 0.51 38.60 ± 0.39 11.20 ± 0.17

Eucalyptus 4.00 ± 0.67 18.00 ± 1.16 10.33 ± 0.51

Pasture 3.33 ± 1.07 16.80 ± 1.43 5.40 ± 0.58

Woodland savanna 14.00 ± 0.63 36.40 ± 1.62 8.00 ± 0.68

Eucalyptus 5.50 ± 0.77 20.25 ± 1.56 5.75 ± 0.72

Pasture 1.50 ± 0.75 24.80 ± 0.91 5.00 ± 0.58
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Ant richness and environmental variables

We found different patterns in the study region characterized by open grasslands compared

with those characterized by typical or woodland savanna (Table 2, Appendix S5 in Sup-

porting Information). In the study area characterized by open grassland, differences in

arboreal ant species richness did not correlate with differences in plant richness, plant

density, circumference at base height, and canopy cover, but epigaeic ant richness was

positively correlated with grass and herbaceous cover. In the study area characterized by

typical savanna and the study area characterized by woodland savanna, arboreal and

epigaeic species richness were positively correlated with plant richness and litter diversity,

respectively. We did not find any correlation between hypogaeic ant species richness and

the environmental variables in our models for any of the three study areas.

Fig. 2 Species richness curves comparing ant richness across all land use systems and strata. Letters
represent each comparison: arboreal (a), epigaeic (b), and hypogaeic (c) in open grasslands (OGR), (d, e,
f) in typical savanna (TSA), and (g, h, i) in woodland savanna (WSA). Different symbols illustrate native
vegetation (circles), Eucalyptus plantation (squares), pasture (diamonds). Shaded colors represent the
confidence interval (95%). (Color figure online)
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Ant composition and environmental variables

We also found differences in species composition as environmental variables changed

(Table 2; Fig. 3). In the study area characterized by open grassland, arboreal ant com-

position did not correlates with environmental variables (Fig. 3a), but changes in epigaeic

ant composition were correlated with all environmental variables (litter diversity and

weight, grass and herbaceous cover and canopy cover) (Fig. 3b), and changes in hypogaeic

ant composition were correlated with canopy cover (Fig. 3c). In the study region char-

acterized by typical savanna changes in arboreal ant composition were correlated with

Table 2 P and F values from generalized linear models (GLMs) and redundancy analyses (RDA) per-
formed to evaluate the correlation among ant species richness and composition and environmental variables
in the study regions characterized by open grassland, typical savanna, and woodland savanna in southern
Minas Gerais, Cerrado region, Brazil

Strata Family Variable Open Grassland Typical Savanna Woodland Savanna

p F p F p F

Richness—GLM

Arboreal Quasi-Poisson PRI 0.080 3.782 0.004 14.249 0.007 12.870

Quasi-Poisson PDE 0.053 4.783 0.577 0.342 0.696 0.171

Quasi-Poisson CBH 0.116 3.103 0.441 0.681 0.363 0.970

Quasi-Poisson CCO 0.349 1.004 0.255 0.172 0.786 0.079

Epigaeic Quasi-Poisson LDI 0.133 2.598 0.001 17.888 0.007 10.369

Quasi-Poisson LDW 0.294 1.215 0.653 0.218 0.208 1.810

Quasi-Poisson GCO 0.022 6.791 0.272 1.351 0.525 0.438

Quasi-Poisson CCO 0.518 0.449 0.984 0.001 0.054 4.459

Hypogaeic Quasi-Poisson SCO 0.574 0.338 0.895 0.019 0.911 0.013

Quasi-Poisson LDW 0.204 1.787 0.137 2.572 0.363 0.902

Quasi-Poisson GCO 0.407 0.737 0.653 0.215 0.207 1.778

Quasi-Poisson CCO 0.476 0.544 0.840 0.043 0.922 0.010

Index Variable p F p F p F

Composition—RDA

Arboreal Bray-Curtis PRI 0.050 2.010 0.006 2.177 0.018 2.403

Bray-Curtis PDE 0.985 0.319 0.120 1.384 0.263 1.273

Bray-Curtis CBH 0.655 0.792 0.009 1.809 0.729 0.738

Bray-Curtis CCO 0.470 0.990 0.361 1.086 0.722 0.735

Epigaeic Bray-Curtis LDI 0.040 1.781 0.002 2.543 0.001 5.370

Bray-Curtis LDW 0.002 2.747 0.002 2.829 0.003 3.039

Bray-Curtis GCO 0.006 2.493 0.211 1.282 0.315 1.140

Bray-Curtis CCO 0.003 2.966 0.309 1.162 0.120 1.655

Hypogaeic Bray-Curtis SCO 0.336 1.138 0.772 0.709 0.124 1.529

Bray-Curtis LDW 0.124 1.573 0.011 2.247 0.048 1.811

Bray-Curtis GCO 0.309 1.127 0.662 0.813 0.010 2.476

Bray-Curtis CCO 0.016 2.804 0.599 0.858 0.213 1.297

Plant richness (PRI), plant density (PDE), circumference at basis height (CBH), canopy cover (CCO), litter
diversity (LDI), liter dry weight (LDW), grass and herbaceous cover (GCO), and soil compaction (SCO)
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plant richness and basal plant circumference (Fig. 3d); changes in arboreal ant composition

were also correlated with plant richness in woodland savanna areas (Fig. 3g). In both

typical and woodland savanna areas, changes in epigaeic ant composition were correlated

with litter diversity and litter dry weight (Fig. 3e, h) and changes in hypogaic ant com-

position were correlated with litter dry weight and grass and herbaceous cover (Fig. 3f, i).

Discussion

We found similar patterns of species loss between typical and woodland savannas that

differed from patterns in open grasslands. The conversion of Cerrado to Eucalyptus planta-

tions and pastures leads to communities with fewer species and distinct ant species compo-

sition. But these impacts do not act in the sameway in each ant strata or vegetation type.Grass

and herbaceous cover was the most important environmental variable correlated with

Fig. 3 Redundancy analysis of ant composition at three land use systems [native vegetation (NAT),
Eucalyptus plantation (EUC), and pasture (PAS)] and eight environmental variables [plant richness (PRI),
plant diversity (PDI), circumference at basis height (CBH), canopy cover (CCO), litter diversity (LDI), liter
dry weight (LDW), grass and herbaceous cover (GCO), and soil compaction (SCO)]. Letters represent each
comparison: arboreal (a), epigaeic (b), and hypogaeic (c) in open grasslands (OGR), (d, e, f) in typical
savanna (TSA), and (g, h, i) in woodland savanna (WSA). Different symbols illustrate native vegetation
(circles), Eucalyptus plantation (squares), pasture (diamonds). (Color figure online)
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diversity in open grassland and plant richness and litter diversity were the most important

environmental variables for ant species in typical and woodland savannas. Thus, both ant

strata and the original vegetation type may have important implications for understanding

how land conversion will affect ant communities. This is the first study that evaluates and

shows differences in the responses of ant biodiversity in the Cerrado after conversion into

Eucalyptus plantations and pastures in distinct strata and vegetation types.With these results,

we can explore the links between land-use and biodiversity, and provide useful information

for supporting biological conservation in the Cerrado (Mattison and Norris 2005).

In this study, we collected dozens of common ants in Cerrado biome. Pheidole oxyops

dominates in the samples and is widespread through Cerrado landscapes (Wilson 2003).

We also found the presence of species belonging to common genera in arboreal and

epigaeic strata (e.g. Cephalotes, Pseudomyrmex, and Ectatomma) (Brandão et al. 2011;

Schoereder et al. 2010). In the study region characterized by open grasslands, genera such

as Tapinoma and Dorymyrmex were often sampled and these are ants typically collected in

open Cerrado areas (Pacheco and Vasconcelos 2012a). Azteca, Crematogaster, Ne-

somyrmex and Hypoponera were more common when tree cover in savannas increased

(Pacheco and Vasconcelos 2012a). Cephalotes atratus was found only in the typical

savanna study area while Cephalotes pusillus was collected in the both the typical and

woodland savanna areas which was expected given that these ants associate with native

vegetation and related to Cerrado flora (Ribas et al. 2003; Pacheco and Vasconcelos

2012a). Ectatomma, especially E. edentatum, is an indicator of Cerrado habitats (Pacheco

et al. 2013) and was common in all native habitats sampled in our study. Interestingly, we

found Ochetomyrmex, maily, in native areas, Nomamyrmex exclusively in the native open

grassland area, and many Trachymyrmex exclusively in the typical savanna area - both

Ochetomyrmex and Nomamyrmex are uncommon genera in Minas Gerais (Janicki et al.

2016). The occurrence of Cyatta abscondita (Sosa-Calvo et al. 2013), an endemic species

from Brazil, in woodland savanna areas reinforces that there are many rare species in these

increasingly fragmented habitats.

Structure of ant communities

Conversion to human-managed habitats affected ant richness and composition in most of

our comparisons. Conversion of native vegetation into simple human-managed habitats can

affect species communities (Philpott et al. 2008) and Cerrado native vegetation supports a

higher number of ant species (both above and below ground) than human-managed areas

(Pacheco et al. 2013). In this study, we confirm the findings of previous studies showing

losses of ant richness and differences in species composition after Cerrado simplification to

pastures, Eucalyptus plantations, and other disturbed habitats (Almeida et al. 2011; Gries

et al. 2012; Frizzo and Vasconcelos 2013; Pacheco et al. 2013; Rabello et al. 2015). In

addition, we show that even though Eucalyptus plantations increase tree abundance, these

plantations did not support arboreal ant diversity likely because Eucalyptus trees do not

provide necessary ant resources that are provided by native Cerrado plants (Oliveira and

Oliveira-Filho 1991).

In the study region characterized by open grassland, the impacts of pasture conversion

on ant richness were smaller than those caused by Eucalyptus plantations. It is possible that

the structural similarity in pastures and native vegetation can present similarities in ant

species requirements (Audino et al. 2014; Solar et al. 2015; Queiroz and Ribas 2016).

However, land use change affects ant species composition in epigaeic and hypogaeic strata

(Pacheco and Vasconcelos 2012b; Schmidt et al. 2013). We observe that hypogaeic ant
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species composition was similar in Eucalyptus plantations and native open grasslands,

therefore we suppose that soil structure found in pastures can be more affected by the soil

management (e.g. soil tillage) (DeBruyn 1999).

The study regions characterized by typical and woodland savannas shared many sim-

ilarities in terms of shifts in richness and composition resulting from land use change.

Shifts to both pastures and Eucalyptus plantations had extreme impact on typical and

woodland savanna communities of all strata as has been demonstrated previously (Pacheco

et al. 2013). In this sense, we highlight two inferences: first, the exchange of native trees

for Eucalyptus does not seem to effective in maintaining the native biodiversity of ants.

Second, and perhaps most importantly, the conversion of typical and woodland savannas

into pastures leads to a true mass extinction of arboreal ant fauna—one of the richest in

tropical biomes (Oliveira and Freitas 2004; Schoereder et al. 2010). In addition, we saw a

large decrease in hypogaeic ant richness in pastures likely due to environmental shifts

resulting from beef production—a practice that is most common in the typical savanna area

(pers. obs.). Cattle grazing reduces ant species richness (Boulton et al. 2005), and we

supose that the degree to which species are lost may depend on the cattle handling and the

management intensity of the cattle farming (Rogers et al. 1972; Crist and Wiens 1996;

Jerrentrup et al. 2014). Even though these observed shifts in ants may be due to current

land practices, we cannot discard historic land use, as not all native vegetation was directly

converted to Eucalyptus or pastures. In addition, factors such as distance to native habitats

and soil texture may also be important factors driving ant diversity and community

composition in these areas.

Environmental variables and ant communities

There are large differences in ant richness and composition between native and human made

habitats and most of the environmental factors are also likely to differ massively between

them. Open grassland, for example, a native habitat with naturally rare shrubs and trees, did

not show a distinct arboreal ant community and patterns for arboreal ants. In the other hand,

the decrease in epigaeic ant richness is in the open grassland area was correlated with

decreases in grass and herbaceous cover. Thus, conversion of open grasslands into pastures

may be slightly less harmful to ants than the conversion into Eucalyptus plantations due to

the similarity in environmental structure (Frizzo and Vasconcelos 2013). Surprisingly, we

found similarity between species from native open grasslands and Eucalyptus plantations in

hypogaeic stratum, correlated with the canopy cover. We consider the soil exposure as a

possible explanation. Soil exposure, which is higher in pastures (less covered by plants,

litter or thick tufts of grass), receive more solar radiation. Once soil temperature and

moisture affect ants (Rivas-Arancibia et al. 2014) hypogaeic ants can indirectly suffer

without plant cover and try to find wet soils to establish, and thereby likely avoid pastures.

Higher plant richness is an important factor to arboreal ant diversity in the study regions

characterized by typical and woodland savannas and even ecological interactions of ants

(Ribas et al. 2003; Pacheco et al. 2009; Lange and Del-Claro 2014). In the woodland

savanna region, we found higher similarity between the arboreal ant community of native

vegetation and Eucalyptus plantations. Epigaeic communities were highly dissimilar

between native vegetation and pastures that were correlated with differences in litter

diversity. We presume that plant richness and litter diversity regulate ant species richness

and composition in typical and woodland savannas. In other studies, litter presence and

diversity is also an important food and nesting resource for ants (Campos et al. 2007;

Paolucci et al. 2010; Queiroz et al. 2013). Moreover, in our study, the difference in
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hypogaeic ant species composition in typical savanna area was related to litter weight. The

presence of higher amounts of litter in Eucalyptus plantations can increase moisture, which

would hinder ants to colonize these soils (Kaspari and Weiser 2000). Grass and herbaceous

cover was the most important agent affecting hypogaeic ant species composition in the

study region characterized by woodland savanna. In this case, only native vegetation areas

have native herbaceous cover, and many ant species do associate with particular species of

native herbaceous plants (Christianini et al. 2012).

Conclusions

We found different intensity of impacts associated with the conversion of Cerrado to

Eucalyptus plantations and pastures in the different vegetation types and the strata where

ants were sampled. In general, biodiversity was negatively affected by conversion to

Eucalyptus plantations and pastures regardless of vegetation type. Thus, we show the need

of protection of the diversity of all native vegetation found in the Brazilian Cerrado (from

open to woodland savanna habitats). Yet we did find some differences in the magnitude of

effects on ants in different human-managed land uses. Our results indicate that expanding

Eucalyptus plantations may have stronger negative impacts from conversion of open

vegetation types while pasture implementation may have stronger negative effects if

implemented in closed vegetation types.

Pastures are common in the Cerrado, mainly in typical savanna areas, but Eucalyptus

plantations are currently spreading into all Cerrado vegetation types. We conclude that

impacts of Eucalyptus plantations and pastures are not uniform when implemented in areas

with different natural histories. We recommend that legislators take certain steps to pro-

mote biodiversity conservation such as: (a) propose increases in the amount of protected

areas within farms where the major crops affect biodiversity more intensely; (b) increase

the amount of protected areas for rare vegetation types in the Cerrado such as woodland

savanna; (c) imposing penalties (e.g. fines) for farmers and companies that do not comply

with the new law or proposals or reward those farmers that follow the recommendations of

good management. Without implementing some of these changes, the recent changes

confirmed after the revision of the Brazilian Forest Code may result in rapid biodiversity

loss with worrying consequences (Soares-Filho et al. 2014).
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