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Qual ¢ o Efeito do Uso do Solo sobre as Comunidades de Formigas?

RESUMO - Estudos sobre as comunidades de formigas em agroecossistemas tém contribuido para
o conhecimento do efeito das praticas agricolas sobre as comunidades biologicas. O objetivo deste
trabalho foi avaliar o efeito do uso do solo nas comunidades de formigas. Foi testada a hipotese de
que ha um decréscimo na riqueza de espécies de formigas e uma mudanga na composigdo de espécies
em habitats com uso mais intenso do solo. As formigas foram amostradas com iscas de sardinhas,
armadilhas subterraneas e por coleta direta em quatro habitats com diferentes usos do solo (mata
secundaria, inicio de sucessdo vegetal, reflorestamento com Acacia e cultivo misto). A riqueza nio
diminuiu com a intensidade de uso do solo. Na area em inicio de sucessao vegetal, o nimero de espécies
coletadas por iscas de sardinha foi significativamente diferente do obtido pelas armadilhas subterraneas.
A composic¢do de espécies teve uma pronunciada varia¢do, sendo que a fauna de formigas epigéica e
hipogéica do habitat com maior intensidade de uso do solo (cultivo misto) mostrou baixa similaridade
com as comunidades de formigas dos outros trés habitats. As espécies predadoras restringiram-se aos
habitats com baixa intensidade de uso do solo (mata secundaria e sucessdo vegetal). Assim, a composi¢ao
de espécies refletiu melhor as mudangas funcionais nas comunidades de formigas ao uso do solo do
que a riqueza de espécies. Os resultados podem ajudar a escolher o componente das comunidades de
formigas mais adequado e que melhor corresponde a resposta da biodiversidade aos impactos causados
pelas atividades agricolas.

PALAVRAS-CHAVE: Agroecossistema, biodiversidade, bioindicador, monitoramento ambiental,
Formicidae

ABSTRACT - Studies on ant communities in agroecosystems have contributed to the knowledge of
the effect of agricultural activities on biological communities. The aim of this study is to explain the
effect of soil use on ant communities. We tested the hypothesis that there was a decrease in ant species
richness and a change in the species composition at habitats with more intense soil use. We collected
ants using sardine baits, subterranean traps and direct sampling at four habitats with different soil use
(secundary forest, Acacia forestry, initial stage of succession and mixed crops). The ant species richness
did not decrease with intensity of soil use. In successional habitat the species numbers collected using
sardine baits and subterranean traps were significantly different. Species composition of communities
had a pronounced variation, with the epigaeic and hypogaeic ant faunas of the habitat with high intense
soil use (mixed crops) had low similarity with ant communities of the three other habitats. The predator
species were restricted to habitats with low intensity of soil use. Then, species composition could better
reflect the functional changes on ant communities than species richness. Our data can help to choose the
component of ant community that better reflect the response of biodiversity to agricultural impacts.

KEY WORDS: Agroecosystem, biodiversity, bio-indicator, environmental monitoring, Formicidae
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The intensive exploitation of natural resources affects
integrity of biodiversity and changes the structure of
the biological communities (Wilson 1997, Altieri et al.
2003). Agriculture is one of the main agents of changes
in biodiversity and fragmentation of ecosystems (Benhin
2006). It changes the local landscape, the composition

and the structure of biological communities, especially
through the introduction of exotic species, and exclusion of
native species. The insects represent the largest part of live
fauna and play essential roles in the dynamics of ecosystem
processes (Folgarait 1998, Thomazini & Thomazini 2000,
Samways 2005). Furthermore, insect fauna has an important
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role in integrated pest management programs (Altieri et al.
2003). Thus, methods to evaluate the impacts of agricultural
activities on biodiversity, especially on insect fauna, are
extremely useful.

Among the insects, ants are an abundant group (Wilson
1971) and consist of more than 11,800 described species
(Agosti & Johnson 2005). Moreover, ants, bees, wasps and
termite comprise 75% of the total insect biomass (Ho6lldobler
& Wilson 1990). Ants have a wide geographic distribution,
and local communities are affected by several factors. Among
these factors are the physical and chemical characteristics
of the soil. For example, the number of ant species in dry
soils is small (Kusnezov 1957). Moreover, in sites with
pronounced variation of humidity during the year, species
richness is smaller during the dry season (Bestelmeyer &
Wiens 1996).

The way and intensity of soil use can also change the
richness and composition of the ant fauna. Thus, habitats with
disturbed soils, that had humidity or mineral concentration
modified by cultivating or mining activities are likely to
differ from undisturbed habitats with respect to ant species
richness and composition (Majer 1983, Andersen 1997, Diehl
et al. 2004). Moreover, environments at different succession
stages can also host different ant communities. Habitats at
the initial stage of succession harbour ant communities with
low number of species and only few species dominate the
habitat. Habitats at advanced successional stages with more
microhabitats allow the establishment of more species and
decrease the dominance of some ant species (Fowler ef al.
1991, Vasconcelos 1999, Silva et al. 2007). Nevertheless,
according to Dauber & Wolters (2005), at initial succession
stages there is an increase in ant species richness that is not
necessarily related to the increase of the structure complexity
and richness of vegetation.

Research on ants has shown that it is possible to relate the
presence or absence of ant species with structure complexity
and stage of habitat conservation or restoration (Hoffmann &
Andersen 2003, Ribas et al. 2003, Underwood & Fisher 2006).
Thus, studies of ant communities in agroecosystems have
contributed to the knowledge of the influence of agriculture
activities on natural environments (Castro & Queiroz 1987,
Lobry de Bruyn 1999, Fernandes et al. 2000). Studies of ant
communities in agroecosystems have also helped to identify
ant species with potential for biological control in several
types of crops (Castro & Queiroz 1987, Carroll & Rish 1990,
Fernandes et al. 1994). Furthermore, several authors consider
ants as ecosystem engineers, because ants respond to changes
in physical and chemical properties of the soil, increasing its
drainage, aeration and nutrient quantity, which contribute to
agricultural practices of low ecological impact (Brussaard et
al. 1997, Folgarait 1998, Lobry de Bruyn 1999).

Ants have high sensibility to environmental changes
and are easily sampled (Silva & Brandao 1999, Underwood
& Fisher 2006) making these insects useful to evaluate the
impacts of agriculture on natural environments. Therefore,
our aim is to explain the effect of different soil uses on ant
communities. We tested the hypotheses that there was a
decrease in ant species richness and a change in the species
composition at habitats with more intense soil use.

Material and Methods

Study area. In the state of Rio Grande do Sul, south of Brazil,
there are two main distinct agroecosystems. The southern part
of'the state is characterized by large areas with pasture. In the
north and northeast, familiar agriculture at small properties
are more common (Brose 1999). Agriculture and pasture
occupy about 72% of surface of the state (Secretaria do Meio
Ambiente do Rio Grande do Sul 2002).

We carried out the study in Rolante City (29°36°32.2”S;
50°31°39.1”W; altitude 370 m) in December, 2003. The
climate of the region is subtropical (Cfb) according to the
Koppen classification. Teixeira et al. (1986) reported that
the pristine vegetation of the region consisted of a transition
area among three forest formations: semideciduous stationary
rainforest; forests dominated by Araucaria angustifolia
(Bertol.) (Kuntze) and Atlantic coastal rain forest.

The studied area was a farm of 30 ha, consisting of a
mixed landscape with different kinds of environments:
crop areas, pastures, forestry and native forest remnants at
different stages of succession.

Sampling design. We collected ants at four habitats types: (1)
Secondary forest (10 ha, preserved area) consisting of forest
remnants with sporadic wood extraction activities; (2) a site
at the initial stage of succession (3 ha, five-years old) with
Baccharis dracunculifolia (DC) as the main plant species,
a characteristic species of the initial stage of succession; (3)
Acacia forestry (10 ha, 10-years old) with Acacia mearnsii
(De Wild) and a well-developed herb-stratum; (4) mixed
crops (3 ha, 20-years old) with different kinds of crops (corn,
cassava and several vegetables) during the year.

In each habitat, we collected ants using three sampling
methods: sardine baits, subterranean traps and direct
sampling. Sardine baits and subterranean trapping were
disposed along two parallel transects of 100 m, 50 m apart
from each other. Each transect had ten sampling units, 10
m apart. Each sampling unit consisted of one sardine bait
and one subterranean trap. Then, in each habit there were
20 sardine baits and 20 subterranean traps. Sardine baits
consisted of a portion (1 cm?) of sardine with vegetable oil on
a filter paper (9 cm?), which remained in the field for 1h. The
subterranean traps (Silvestre, R. personal communication)
consisted of small plastic pots (3.3 cm diameter, 5.0 cm
height) with small holes in the lateral side. Each pot was
baited with a portion (1 cm?) of sardine with vegetable oil.
The traps were placed at 20 cm depth in the soil for 48h.
Direct sampling consisted of manual collection of ants during
1h between each two transects / transect.

Identification of ant species. We sorted and identified the
collected ants to genera with the help of the identification key
of Bolton (1994), and we adopted the subfamily classification
suggested by Bolton (2003). Species identification was
carried out according to the Formicidae reference collection
of the Laboratory of Social Insects — UNISINOS, where all
voucher specimens were deposited. The occurrence of ant
species was confirmed with the catalogues of Kempf (1972)
and Branddo (1991).
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Statistical analyses. The analyses were carried out with data
from sardine baits and subterranean traps at each habitat. We
analysed the response of ant species richness to intensity
of soil use by two methods: calculating the mean species
richness per sample, and estimating species richness in each
habitat. The first method compared the local species richness
at the samples in each habitat. The other compared the total
species richness among the habitats.

In the analysis of mean species richness per sample we
compared the species richness (response variable) in each
habitat type sampled by each sampling method and the
interaction between these variables (explanatory variables)
by ANOVA using Poisson errors distribution. The analysis
was carried out using the R software (R Development Core
Team 2005), followed by residual analysis to check for the
suitability of the model and error distribution.

The estimated species richness was calculated using Chao
2 estimator of the EstimateS program (Colwell 1997). We
used 95% confidence intervals.

The data from direct samples were used only to
complement the ant community composition data obtained
by sardine baits and subterranean traps. To compare the
similarity in species composition in the different habitats the
Serensen similarity coefficient followed by cluster analyses
with Euclidean distance was used in the Krebs/Win 0.9
program (Krebs 1997).

Results and Discussion

We sampled 35 species from 17 genera and seven
subfamilies. The more speciose subfamily was Myrmicinae
(20 species), followed by Formicinae (six species),
Dolichoderinae and Ponerinae, each one with three species.
Ecitoninae, Ectatomminae and Pseudomyrmecinae each
contained only one species (Table 1).

In subtropical regions the number of ant species tends to
be lower than in tropical zones, and the variation in species
richness among habitats with different structural complexities
is small (Kusnezov 1957, Benson & Harada 1988). Our data
are in agreement with other studies on ant species richness
in environments that differ at structural complexity such as
primary and secondary native forests (Diehl ez al. 2005a),
eucalyptus forestry (Fonseca & Diehl 2004), restinga
(Sacchett & Diehl 2004, Diehl et al. 2005b), copper mines
(Diehl et al. 2004) and urban areas (Haubert et al. 1998) in
the State of Rio Grande do Sul.

The mean species richness per sample varied according
to sampling method (F, ., = 12.13, P < 0.001), but not to
habitat type (F, ,,,=0.70,P=0.55). The interaction term was
significant (F, |, = 5.79, P <0.001), with the mean species
richness higher in sardine baits than in subterranean traps in
initial succession and mixed crops habitats. However, there
was no significant difference between the sampling methods
in secondary forest and Acacia forestry environments (Fig.
D).

There were no significant differences in estimated
species richness from sardine baits among the habitats (Fig.
2). Nonetheless, in subterranean traps, Acacia forestry and
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mixed crops environments have higher estimated species
richness than secondary forest and initial succession habitats
(Fig. 3).

The two analyses (mean species richness per sample
and estimated species richness) showed that ant species
richness did not decrease in habitats with more intense soil
use. However, in the habitats of Acacia forestry and mixed
crops, some species of Camponotus, Dorymyrmex and
Hylomyrma were collected (Table 1), that had been reported
by Brown Jr. (2000) as generalist genera. Opportunist species
as Linepithema sp. increase at low to moderate levels of
disturbance owing to their preference for more open habitats
(Underwood & Fisher 2006). According to these authors,
the more specialized groups such as cryptic and specialized
predators are often absent following ecological disturbance.
We collected specialist ant species only in habitats with a
lower intensity of soil use. In particular, predator species such
as Gnampotogenys moelleri (Forel), Odontomachus chelifer
(Latreille) and Pachycondyla striata (Smith) were restricted
to secondary forest and initial succession habitats.

Considering epigaeic ants, those sampled by sardine baits,
the initial succession habitat may accumulate specialists
from the secondary forest and generalist species from the
more disturbed habitats (4Acacia forestry and mixed crops).
This may occur due to the spatial distribution of these
habitats (Roth et a/.1994, Underwood & Fisher 2006) since
the initial succession in the local of this study was between
secondary forest and the other habitats. This hypothesis may
be inferred observing Figs. 1 and 2, which show a trend
towards higher species richness in the initial succession
habitat. It was reported that at inicial successional stages of
an disturbed environment there is an increase in ant species
richness (Dauber & Wolters 2005). However, the relationship
between ant species richness and composition in a fragmented
landscape is a complex trade off, which shape, edge and
spatial distribution of the areas sampled could have different
influences (Sobrinho et al. 2003, Sobrinho & Schoereder
2007). Then, our hypotheses just represent a suggestion to
the pattern observed.

Analysing hypogaeic ants, we hypothesize that habitat
disturbance may be responsible by the observed results.
There is smaller mean species richness in the more disturbed
habitats than in the secondary forest (Fig. 1) and higher
estimated species richness in the disturbed habitats (Fig.
3), as reported by some authors (Andersen 1997, Lobry de
Bruyn 1999, Vargas et al. 2007). This may be caused if some
opportunist ants, like Linepithema, colonize local habitats
in the disturbed environments and prevent them of being
colonized by other species (Hoffmann & Andersen 2003).
Moreover, each of these local habitats may be colonized
by a different set of species causing a higher local turnover
of species in disturbed habitats than in secondary forest
(Underwood & Fisher 2006).

The higher estimated species richness collected in
subterranean traps in the secondary forest than in the
initial succession could be caused by a rehabilitation of
ant species composition after agricultural activities by the
decrease of generalist ant species. However, to have a better
understanding of these environmental changes we should
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Table 1. Ants collected at four habitats with distinct soil use in Rolante, State of Rio Grande do Sul, in the south of
Brazil. SF = secondary forest; IS = initial succession site; AF = Acacia forestry; MC = mixed crops. 1 = direct sampling; 2
= sardine baits; 3 = subterranean traps.

Taxa SF IS AF MC

Dolichoderinae

Dorymyrmex sp.
Dorymyrmex sp.1
Linepithema sp. 2 2 2;3 2;3
Ecitoninae
Labidus praedator (Smith) 2;3
Ectatomminae
Gnamptogenys moelleri (Forel) 2 1
Formicinae
Brachymyrmex sp.2
Camponotus (Myrmaphaenus) fastigatus Roger 2 2 2 2
Camponotus rufipes (Fabricius) 2 1
Camponotus sp.11 1
Paratrechina sp. 2;3 2
Paratrechina sp.1 1
Myrmicinae
Acromyrmex lundi (Guérin) 1
Crematogaster (Orthocrema) quadriformis Roger 1 2
Hylomyrma sp.1
Pheidole gr. fallax Mayr
Pheidole fimbriata Roger 2
Pheidole sp.2 3
Pheidole sp.3 3 1
Pheidole sp.5 2
Pheidole sp.6 2 2
Pheidole sp.7 2 2
Pheidole sp.10
Pheidole sp.14 3
Pheidole sp.17 3 3 3
Pheidole sp.22
Pheidole sp.23 3 3
Solenopsis invicta Buren 2;3
Solenopsis (Diplorhoptrum) sp. 2;3 2;3 2;3
Solenopsis sp.3 3
Solenopsis sp.4 3 3
Wasmannia sp.1 2 2
Ponerinae
Hypoponera foreli (Mayr) 1 2
Odontomachus chelifer (Latreille)
Pachycondyla striata (Smith)
Pseudomyrmecinae
Pseudomyrmex sp.4 2 2
Total species richness 17 16 17 16




July - August 2008

N
9

0 Sardine baits
e Subterranean traps

1

g
=]

o

o

1 k)

o
n

i

Secondary forest Initial succession

Habitats

Mean species richness per sample

<
=]

Acacia forest Mixed crops
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compare the response of generalist and specialist ant species
to the effects of human disturbance (Sobrinho ef al. 2003).

Cluster analysis revealed two distinct groups: a group
of epigaeic ants consisting of the ants collected with the
sardine baits at the soil surface; and a group of hypogaeic
ants consisting of the ants collected using subterranean
traps (Fig. 4). In both groups, the ant community of the
mixed crops had a lower similarity compared to the other
ant communities. For the other three habitats, the similarity
among the ant communities of the epigaeic group was higher
than that of the hypogaeic group (Fig. 4). These data show
that agricultural practices have a strong effect on ant species
composition and agree with other studies that observed a
changing in ant species abundance, frequency and dominance
after agriculture activities (Fernandes et al. 2000) and
different ant composition in natural and crops areas (Castro
& Queiroz 1987).

Differences in ant species composition collected with
different sampling methods show the necessity of surveys
comprising more than one sampling method, in order to better
understand the ecological characteristics of local ant fauna
(Romero & Jaffe 1989, Parr & Chown 2001, Underwood &
Fisher 2006). The cluster analysis with data of sardine baits
and subterranean traps revealed two distinct groups of ants
(epigaeic and hypogaeic), in agreement with studies of ant
fauna in the Atlantic rain forest and the Amazon rain forest.
In these two forests a pronounced partitioning between the
ant fauna was observed, as well as low similarity on species
composition and large differences in the number of species
between epigaeic ants collected at the soil surface and
hypogaeic ants collected in the subterranean strata (Fowler &
Delabie 1995, Fowler et al. 2000,Silva & Silvestre 2004).

Furthermore, the presence of seven species of the genus
Pheidole in the crop habitat could have a beneficial effect.
Many Pheidole species are predators of eggs and immature
stages of insects and have been reported as efficient agents
for biological control of pests in several crops (Way &
Khoo 1992, Fernandes ef al. 1994). However, the presence
of Solenopsis invicta (Bruen) in agroecosystems has been
reported as dubious, because this ant is an important predator
of pests, but also has harmful effects on populations of
natural enemies of several insect pests (Way & Khoo 1992).
These fire ant species can increases the abundance of aphids
through mutualistic relationships, which can cause severe
crop damage (Eubanks 2001, Kaplan & Eubanks 2002).

Therefore, it is difficult to have a clear understanding of
the effects that an environmental disturbance could have on
ant communities, because the response of species richness
and species composition could be different (Dunn 2004,
Ottonetti 2006). Ant species, species groups and functional
groups all show variable responses to environmental
disturbance according to the habitat, intensity of the
disturbance or time since the disturbance (Hoffmann &
Andersen 2003). However, in our study, both epigaeic and
hipogaeic groups species richness showed no change with
soil use, but species composition had a pronounced variation
in the two ant groups.

In conclusion, the soil use affects species composition
more than it affects species richness. Thus, species
composition could better reflect the functional changes on
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Fig. 4. Cluster analysis of ant communities at four habitats with distinct soil use. Percentages indicate Serensen similarity.

the structure of ant communities than species richness, and
could be more useful in environmental monitoring that use
ant community to evaluate the effects of agricultural activities
on biodiversity. However, more research is needed on the
mechanisms that link the occurrence of determined ant
species with ecological conditions of the environment and
human disturbance.
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