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ABSTRACT

In tropical systems, habitat heterogeneity and resource availability have
been reported as important factors driving ant species richness and composi-
tion. For this reason, these variables have been widely used as indicators of
forest disturbance. The aim of this study was to compare the composition
and richness of arboreal ants between the dry and wet seasons in three suc-
cessional stages of a tropical dry forest at the Parque Estadual da Mata Seca,
northern Minas Gerais state, Brazil. Ant sampling was performed in 15 plots
in three different forest secondary stages: early, intermediate and late. Ants
were sampled during the wet and dry seasons, using five pitfall traps per plot.
We collected 43 ant species, distributed in 19 genera. Our results indicated a
change on ant species composition along the successional gradient (p < 0.05).
However, ant species richness did not differ between stages and seasons (p >
0.05) and was not affected by the variables used here as surrogates to habitat
heterogeneity (tree richness) and resource availability (tree density) (p >
0.05). Ant composition did not change significantly between the dry and
wet seasons for the early successional stage, but plots from the intermediate
and late stages were clearly segregated according to seasons. We suggest that
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it is likely that 25 years of forest regeneration are enough to restore most
of the arboreal ant communities in tropical dry forests, strengthening the
importance of secondary habitats to biodiversity maintenance.

Key-words: habitat heterogeneity, resource availability, secondary succes-
sion, species richness, species composition.

INTRODUCTION

Ants represent an important group of terrestrial organisms due to their
high taxonomic diversity and dominance in many ecosystems (Erwin 1983,
Tobin 1997). Moreover, ants occupy various trophic levels and make sub-
stantial contributions to ecosystem processes (Holldobler & Wilson 1990,
Jouquet ez al. 2006). In tropical systems, habitat heterogeneity and resource
availability have been reported asimportantfactorsdrivingantspeciesrichness
(Bestelmeyer & Wiens 2001, Ribas ez /. 2003, Armbrecht ez 2. 2004, Ribas
& Schoereder 2007). For these reasons, ants are considered to be sensitive
to seasonal and landscape structure variations (Reddy & Venkataiah 1990,
Lindsey & Skinner 2001). Further, ants have been suggested as tools to assess
the response of animal biodiversity to forest regeneration after disturbance
(Castro et al. 1990, Leal et al. 1993, Bustos & Ulloa-Chacén 1996, Estrada
& Fernandez 1999, Vasconcelos 1999, Nichols & Nichols 2003, Schnell e#
al. 2003, Ottonetti et al. 2006, Silva ez al. 2007, Santos ez al. 2008).

In tropical forests, post-disturbance plant succession is characterized by an
increase in the habitat structural complexity, together with resource quantity
and diversity (Brown 1994, Aide et al. 1996, Guariguata & Ostertag 2001,
Kaldcskaeral. 2004, Madeiraeral.2009). Forarthropod communities, species
diversity has been found to be positively associated with habitat complexity
(Hansen 2000, Ribas ez 4. 2003, Sperber ez al. 2004, Lassau e al. 2005, Las-
sau & Hochuli 2005). Thus, it is likely that ant diversity will increase during
forest regeneration, and this group can be potentially used as indicator of
forest successional condition (Santos ez 4/. 2008).

In the Americas, Tropical Dry Forests (TDFs) have been the preferred
ecosystems for human settlements (Murphy & Lugo 1986, Sanchez-Azofeifa
etal.2005). Activities such as wood extraction, agriculture, pasture, forestry,
mining practices and urbanization processes have severely disturbed TDFs
(Denevan 1992, Guariguata & Ostertag 2001, Miles e 4/. 2006, %esada et
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al. 2009). Further, tropical dry forests are considered the most threatened
of all tropical ecosystems (Janzen 1986, Sinchez-Azofeifa ez al. 2005). The
land cover matrix of this ecosystem is characterized by exploited areas that
are abandoned after short time after clear-cutting resulting on a combination
of primary and secondary fragments (Kalacska ez a/. 2004, Arroyo-Mora ez
al. 2005, Quesada ez al. 2009).

In TDFs, the marked seasonality significantly affects ecosystem structure
and function (Murphy & Hugo 1986). These forests are highly deciduous due
to the prolonged dry season, which limits plant productivity to 3-5 months
per year, when rainfall is very concentrated (Sinchez-Azofeifa ez 4/.2005). In
response to this strong seasonal variation in resource availability, fluctuations
in abundance and species richness have been documented for some Neotro-
pical insect groups (Janzen 1984, Basset ez al. 2003). Seasonality is known
to influence ant activity in Mexican TDFs (Gove e 4/. 2005) but there have
been no studies designed to investigate this in South America.

Successional and seasonal changes in insect species diversity and composi-
tion have rarely been documented for TDFs (see Lewinson ez4/.2005). Given
the potential use of antsasbioindicators (Alonso 2000, Alonso & Agosti 2000,
Delabie ez al. 2006) of habitat disturbance, understanding their spatial and
temporal distributions across regeneration gradients can be very helpful to
TDFs conservation. In this study, we aimed to test the following hypotheses
in a TDF in southeastern Brazil: (I) the arboreal ant composition changes
and their richness increases along a successional gradient; (II) the arboreal
ant composition changes and their richness decreases from the wet to the dry
season; (IIT) habitat heterogeneity (indicated by tree species richness) and
resource availability (indicated by tree density) positively influence arboreal
ant species richness.

MATERIAL AND METHODS

Study Area

This study was conducted in the Parque Estadual da Mata Seca (hereafter
PEMS), a conservation unit of integral protection managed by the Instituto
Estadual de Florestas (IEF- State Forestry Institute). The PEMS has an area
of 10,281 ha and is located in the valley of the Sao Francisco River, Minas
Gerais state, Brazil, between 14°48°36” — 14°56’59” S and 137 43°55°12” -



4 Sociobiology Vol. 56, No. 1, 2010

44°04’12” W. The original vegetation of the park is seasonally dry tropical
forests, growing on plain and nutrient-rich soils (IEF, 2000). These forests
are dominated by deciduous trees, with almost 90-95% of leat drop during
the dry season (May-October) (Pezzini ez al. 2008). The climate of the region
is tropical semi-arid (Képpen’s classification), characterized by a severe dry
season duringthe winter months. The average temperature of the study region
is 24 °C (Antunes 1994), and the average annual precipitation is 818 + 242
mm (Madeira et /. 2009). The main economic activities in the area before
protection were cattle raising and bean and corn plantations. Approximately
1,525 ha of the PEMS are covered with abandoned pasture fields in different
regeneration stages, and the remaining area supports secondary and primary
dry forests (Madeira ez al. 2009).

Study Plots

Ants were sampled in 15 plots of 50 x 20 m (0.1 ha each) in early, inter-
mediate and late forest stages of natural regeneration (five plots per stage).
All plots were located along a 7 km transect encompassing all stages, and
were placed inside an area in which management practices were similar for
all pasturelands in the last 30 years, when the property belonged to the same
owner. The early regeneration stage is characterized by a forest area composed
of sparse patches of woody vegetation, shrubs, herbs and grasses with a single
stratum of tree crowns composinga very open canopy up to4 meters. Thisarea
was used as pasture for at least 20 years and abandoned in 2000. Intermedi-
ate successional stages have two vegetation layers: the first one is composed
of deciduous trees 10-12 m in height and some emergent trees up to 15 m.
The second layer is formed by a dense understory with many young trees and
abundant lianas. This area was used as pasture for an unknown period and
was abandoned in late 1980’s. The late successional stage is also characterized
by two strata, the first stratum is composed by taller deciduous trees which
form a closed canopy 18-20 m high, the second stratum is formed by a sparse
understory with reduced light penetration and low density of young trees and
lianas. There are no records of clear-cutting in this area for the last 50 years
(Madeira ez al. 2009). Plots from the same regeneration stage were located
approximately 0.2-1.0 km from each other. For a detailed description of the
study plots see Madeira ez a/. (2009).
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Ant Sampling

Ants were sampled twice during the study, in February 2007 (289.5 mm
of rain), which represents the end of the wet season, and September of the
same year (no rain since May), the end of the dry season. Ant sampling was
conducted using pitfall traps attached to the tree trunk, at 1.3 meters above
the ground (see Ribas ez 4. 2003, Campos ez al. 2006). In cach plot, 5 traps
were placed in different trees (regardless of the species) with circumference at
breast height > 15 cm, at least 6 m apart from each other. Traps were baited
with honey and sardine and stayed in the field for 48 hours. After this pe-
riod, pitfalls were removed and taken to the laboratory, where the collected
specimens were counted and identified. We calculated ant species richness
per plot for each season and the accumulated richness for both sampling
periods. Voucher specimens were deposited in the Entomological Collection
of the Laboratério de Biologia da Conservagao at Universidade Estadual de
Montes Claros, Montes Claros, and in the collection of the Laboratério de
Mirmecologia, Centro de Pesquisa do Cacau, Ilheus, under the reference
number #5506.

Data Analyses

Variationsinant community composition between season and successional
stages were analyzed through a detrended correspondence analysis (DCA,
Bestelmeyer & Wiens 1996). We used ant species composition in each plotat
cachseasonas the grouping parameter between plots. The effects of seasonality
and successional stage on ant species composition were analyzed using general
linear models (GLMs) (Crawley 2002). The scores obtained for each plot in
the axis 1 and 2 of the DCA were used as response variables (see Santos &
Thomaz 2007, Basset ezal.2008), and the season and successional stages were
used as explanatory variables in the GLMs. We also tested the influence of
season and successional stages on ant species richness using a GLM.

We used tree species richness at each plot as a surrogate of habitat hetero-
geneity, and tree density (number of tree individuals with a diameter at breast
height > 5 cm) in each plot as a surrogate of resource availability to arboreal
ants (see Ribas ez 4/. 2003). These data were obtained from a floristic study
conducted in 2006 by Madeira ez /. (2009). To evaluate the effects of habi-
tat heterogeneity and resource availability on ant species richness, we used a
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GLM with accumulated ant species richness as response variable and the tree
richness and density as explanatory variables.

All GLMs were submitted to residual analyses, so as to evaluate adequacy
of error distribution (Crawley 2002). If significant, factor levels (stages)
were compared through contrast analysis by aggregating level and compar-
ing deviance change (Crawley 2002). If the level of aggregation did not alter
significantly the deviance explained by the model, the levels were pooled
together (amalgamation), simplifying the model. The complete models were
simplified by stepwise omission of non-significant terms. The DCA analysis
was performed using the statistical package PC-ORD v3.15 for Windows
(McCune & Mefford 1997) and the other analyses were conducted with the
software R (R Development Core Team 2008).

RESULTS

We collected 43 ant species, distributed in 19 genera. The most speciose
subfamily was Myrmicinae (17 species) followed by Formicinae (11 species),
Dolichoderinae and Pseudomyrmecinae (five species each), Ponerinae (four
species) and Ecitoninae contained only one species (Table 1). The Campono-
tus genera exhibited the higher richness, with nine species (21% of the total).
Only four species occurred in the three successional stages, in both seasons:
Camponotus atriceps, C. melanoticus, C. sericeiventris and Pheidole fowleri
(Table 1). The species C. renggeri occured in the three stages only in the wet
season, and five species (C. arboreus, C. crassus, C. vittatus, Cephalotes pusillus
and Crematogaster erecta) occurred in the three stages only in the dry season
(Table 1).

In total, we collected 31 ant species in the plots at early successional stage,
28 inintermediate and 29 in late plots. Six species were restricted to early stage
plots, whereas three species were sampled exclusively in the intermediate stage
and and only one species occurred solely in the late stage. In the early stage,
we recorded 24 species in each season, with moderate changes in the species
composition between seasons (Table 1). At intermediate stage we collected 19
species in the wet season and 21 in the dry season. In late stage 16 species were
recorded in the wet season and 21 in the dry season. In the intermediate and
late stages the similarities in species composition between seasons were reduced
(Table 1). In the early stage, 48 % of the species were collected in both seasons,
decreasing to 38 % in the intermediate stage and to 28 % in the late stage.
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Table 1. Species of arboreal ants sampled at the Parque Estadual da Mata Seca during the wet and

dry seasons, in three successional stages.

Stage/Season

Species Early Intermediate Late

wet dry wet dry wet dry
Subfamily Myrmicinae
Acromyrmex subterraneus subterraneus (Forel) X X X X
Cephalotes atratus L. X X X
Cephalotes eduarduli (Forel) X X
Cephalotes minutus (Fabricius) X
Cephalotes nilpiei De Andrade X X X
Cephalotes pellans De Andrade X
Cephalotes pusillus (Klug) X X X X X
Crematogaster erecta Mayr X X X X X
Crematogaster obscurata Emery X X
Crematogaster victima Smith X X X
Pheidole fowleri Wilson X X X X X X
Pheidole rufipilis Forel X X
Pheidole scalaris Wilson X
Pheidole sp.1 X
Solenopsis sp.1 X X
Wasmannia auropunctata (Roger) X X X
Wasmannia rochai Forel X X
Subfamily Dolichoderinae
Azteca alfari Emery X
Dolichoderus voraginosus Mackay X
Dorymyrmex sp.1 X X X
Forelius pusillus (Santschi) X X
Tapinoma sp.1 X X
Subfamily Formicinae
Brachymyrmex sp.1 X X
Brachymyrmex sp.2 X
Camponotus arboreus (Smith) X X X X X
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Table 1. Species of arboreal ants sampled at the Parque Estadual da Mata Seca during the wet
and dry seasons, in three successional stages (continued).

Stage/Season

Species Early Intermediate Late

wet dl‘y wet dry wet dl‘y

Camponotus atriceps (Smith) X X X X X X
Camponotus cingulatus Mayr X X
Camponotus crassus Mayr X X X X X
Camponotus melanoticus Emery X X X X X X
Camponotus novogranadensis Mayr X X
Camponotus renggeri Emery X X X X
Camponotus sericeiventris (Guerin) X X X X X X
Camponotus vittatus Forel X X X X X
Subfamily Ecitoninae

Neivamyrmex sp.1 X X

Subfamily Ponerinae

Ectatomma suzanae Almeida X X
Gnamptogenys sulcata (Smith) X

Odontomachus bauri Emery X X
Pachycondyla villosa (Fabricius) X X X
Subfamily Pseudomyrmecinae

Pseudomyrmex gracilis (Fabricius) X X X X
DPseudomyrmex schuppi (Forel) X X X X
Pseudomyrmex sp.1 X X X X
Pseudomyrmex sp.2 X X X
Pseudomyrmex termitarius Smith X

Total 24 24 19 21 16 21

The DCA ordinate the plots according to the successional gradient (axis
1, eigenvalue = 0.38) and scasonality (axis 2, eigenvalue = 0.21) (Fig. 1).
Three statistically different groups of plots were formed, based on arboreal
ant species composition (Fig. 1, Table 2): the axis 1 separated the early stage
plots from the others, regardless of the season. The axis 2 separated the plots
from intermediate and late stages in two groups, according to the season. Thus
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Table 2. Analyses of deviance of the minimal adequate models showing the effects of season and
successional stages on the scores from axis 1 and 2 obtained from a detrended correspondence

analysis (DCA).

Response variable Explanatory variable df F g
Score (axis1) Successional stage 1 215 <0.001
Score (axis2) Season 1 26.66 <0.001
Successional stage 1 8.8 <0.01
Interaction season: successional stage 1 16.55 <0.001
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Fig. 1. Plot ordination of the arboreal ant composition sampled in wet (filled circles) and dry
(open circles) seasons in early (E), intermediate (I) and late (L) successional stages, using detrended
correspondence analysis (DCA). Dashed lines separate statistically distinct groups (p < 0.05) through
the analysis of the scores obtained from the DCA.
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our results indicate that ant communities are affected by forest succession from
carly to advanced stages, and the effects of seasonality are stage-dependent,
affecting only intermediate and late forests.

We did not verify any influence of seasonality and successional stage on ant
richness (p > 0.05, Fig. 2). Also, the variables used here as surrogates for habitat
heterogeneity (tree richness) and resource availability (tree density) did not
affect the accumulated richness of arboreal ant in each plot (p > 0.05).

DISCUSSION

Weverified substantial changes in ant community composition alongSTDF
succession, especially from early to intermediate-late stages. From the forty-
three sampled species, only ten (23.3%) occurred in all stages and six species

12 —

10 — J

—
——

Ant species richiness
o
|

early intermediate late

Fig. 2. Mean (+ SE) arboreal ant richness per plot in wet (gray bars) and dry (white bars) seasons in
early (p > 0.05), intermediate and late successional stages (p > 0.05).
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collected in the early stages were not collected in the intermediate and late
stages. A similar result was found for terrestrial and arboreal ants in Mexican
TDF’s(Goveeral.2005), withantassemblages differingbetween conservation
habitat types and having similar composition between regrowth and forest
assemblage. This result shows that ant species are probably affected by habitat
changing across a secondary succession in TDFs, with several arboreal ants
showing preference for intermediate-late stages (see Gove ez al. 2005).

The high similarity between arboreal ant communities in intermediate and
late stages suggests that approximately 25 years of forest regeneration may be
enough to restore most ant diversity to pre-disturbance levels. This time is the
same recorded for the recovery of ant species in tropical rain forests (Dunn
2004, Coclho e al. 2009), which vary from 20 to 40 years. We concluded
that secondary TDFs can provide suitable habitats for forest ant species (see
Laurance 2007), contradictinga recent study conducted by Bihn ez 4/. (2008)
on epigeic and hypogeic ants at an Atlantic Rain Forest fragment in southern
Brazil, which showed that secondary forests do not act as refuges for ants.

Though ant species composition varied substantially between stages, the
same was not observed for species richness. The absence of successional ef-
fects on ant richness was already reported for a tropical rain forest in Brazil
(Schmidt 2008, Coelho ez 4/.2009). The same trend was verified for arboreal
ants in Mexican TDFs (Gove ez 4/. 2005), in which ant species richness did
not differ between habitats with different perturbation levels. It is possible
that the greatest structural complexity of the late stages in the PEMS (see
Madeiraeral.2009) provide an adequate habitat for the establishment of large
colonies of aggressive species, formingdominance mosaics typically observed
in the canopy of tropical wet forests (Dejean & Corbara 2003, Primack &
Corlett 2005, Bliithgen & Stork 2007, Sanders ez /. 2007). In fact, some
ant species sampled here, such as those belonging to Azzteca, Camponotus
and Crematogaster genera can influence the distribution of less competitive
species in tropical canopies (Dejean e al. 2003, Dejean & Corbara 2003).
Alternatively, it is possible that a higher ant richness in the early stage is a
consequence of ground-nesting ants foraging in trees, a phenomenon not
observed in the late stage. Thus, trees in early successional stages would
be occupied by both ground-nesting and arboreal ants, whereas exclusive
arboreal ants predominate in late-stage trees. A similar result was observed
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for the ant community of a tropical system (Dejean ez a/. 2003), where not
ground-nesting but arboreal-foraging species were initially favored during
carly succession. In late successional stages, ants with this type of behavior
decreased in importance (see Dejean ez /. 2003, Dejean & Corbara 2003).

No significant effect of cither tree species richness (used as a surrogate of
habitat heterogeneity) or tree density (surrogate of resource availability) on
ant richness was observed. These results contradict several previous studies
suggesting that ant richness is a good indicator of habitat disturbance status
(e. g Armbrecht ez al. 2004, Corréa ez al. 2006, Vargas et al. 2007). How-
ever, Lassau & Hochuli (2004) verified higher ant richness in less complex
habitats in Australia. The authors proposed several possible explanations for
this pattern, including increased foraging and nest construction efficiency,
facilitated chemical orientation and lower soil moisture and shadow levels.
Thus, further studies are necessary to understand the mechanisms driving
arboreal ant species richness along complexity gradients such those observed
during tropical dry forest succession.

We did not verify seasonal differences in arboreal ant species richness
in this study. This result contradicts several studies in tropical regions that
recorded higher ant diversity during the wet season (Reddy & Venkataiah
1990, Lindsey & Skinner 2001). Given the drastic change in vegetation
structure and cover between rainy and dry periods, TDFs were expected to
present the greatest seasonal fluctuations in ant richness, a pattern already
recorded for litter-dwelling and ground-foraging ants in the Argentinean
Chaco (Delsinne ez /. 2008), arboreal and terrestrial ants (Gove ez /. 2005)
and dungbectles (Andersen 2005,2008) in Mexican TDFs. The same factors
that might explain the highest ant diversity in less complex habitats can ac-
count for the slightly higher richness recorded during the dry season for all
successional stages. The lack of leaves causes habitat structural simplification
and decreases humidity and shadow levels, which can facilitate ant foraging
and nest construction (Lassau & Hochuli 2004).

In spite of that, there were marked changes in ant community composition
between rainy and dry seasons, especially for intermediate and late stages. In
these advanced stages, environmental conditions are deeply altered, mainly
in the forest floor, going from low temperature and light exposure and high
humidity during the wet season to the extreme opposite duringthe dry season.
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Severe leaf drop in the onset of the dry season brings not only a shift in envi-
ronmental conditions, but also changes the resource availability for arboreal
ants in the canopy, such as extrafloral nectar and honeydew produced by
trophobionts (Delabie 2001, Dejean & Corbara 2003). Such alterations are
attenuated in early successional stages, where the canopyislowand discontinu-
ous. Probably, the ant species occurring in the arboreal stratum in this stage
are opportunisticand already adapted to open areas. In contrast, intermediate
and late stages probably support a highly forest-specialized ant community
during the wet season, which can be colonized by more generalist ant species
during the dry season. Thus, arboreal ant communities in advanced stages of
TDFs may form mosaics of dominant species during the wet season, when
conditions are highly favorable, precluding epigeic ants foraging on trees. In
the dry season, arboreal ant species’ dominance can be weakened, allowing
the occurrence of epigeic ants that thrive better in exposed soil and increased
litterfall conditions. However, information on the ecology of most species
collected hereislacking, preventingmore precise conclusions. Further studies
on the biology of individual species of Brazilian TDFs may help explain the
changes in community composition both spatially and temporally.

Our results indicate that ant community composition may be a better
indicator of habitat quality in tropical forests than species richness. Based
in the successional patterns observed in the TDF studied here, it is likely
that 25 years of forest regeneration are enough to restore arboreal ant com-
munities, strengthening the importance of secondary habitats to biodiversity
maintenance in these ecosystems. Itislikely that certain componentsof TDF
structure, such as plant species richness and density, have less influence on ant
richness and community composition than in Cerrado. In TDFs, the pro-
nounced effects of seasonality can break dominance mosaics and constitute
a strong determinant of ant diversity, particularly in advanced regeneration
stages.
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