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Abstract

Ant communifies were assessed in plots fertilized with nifrogen and phosphorus in an area of
secondary forest in the Eastern Amazon. Collections were made from April to September 2004, using
the mini-Winkler extractor method. A total of 4893 ant individuals were obtained distributed in three
subfamilies, 22 genera and 82 species. The most frequent species were Wasmannia auropunctata
(100%), Pyramica sp1 and Solenopsis spl (75%). The Shannon diversity index showed low values,
the Jaccard index presented dissimilarity, the equitability index showed that the distribution of
the abundance of individuals was not homogeneous and the species richness also presented low
values. There was variation in the composition of the ant fauna in soils fertilized with N, N + P and P.
The study corroborated other research in degraded areas, showing that the species composition is
modified compared to more complex environments.
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Avdliagao das comunidades de formigas em floresta
secunddaria na Amazénia Oriental

Resumo

Avadliaram-se comunidades de formigas, em parcelas fertilizadas com nitrogénio e fésforo em
uma drea de floresta secunddria na Amazdnia Oriental. As coletas ocorreram durante os meses
de abril e setembro de 2004, utilizando-se o método de extrator de mini-Winkler. Foram obtidos
4893 individuos de formigas distribuidos em trés subfamilias, 22 géneros e 82 espécies. As espécies
mais freqUentes foram Wasmannia auropunctata (100%), Pyramica spl e Solenopsis spl (75%).
O indice de diversidade de Shannon apontou baixos valores, o indice de Jaccard apresentou
dissimilaridade, no indice de Equitabilidade verificou-se que a distribuicdo da abundéncia dos
individuos ndo foi homogénea e a Riqueza de Espécies também apresentou baixos valores. Houve
variacdo na composicdo da fauna de formigas em solos fertilizados com N, N + P e P. O estudo
corrobora com outras pesquisas em dreas degradadas, mostrando que a composicdo de espécies
é modificada quando comparadas com ambientes mais complexos.
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Introduction

Tropical forests occupy about 7% of
the land surface and are home to more than
50% of all known species on the planet (Ewers
& Laurance, 2006). Of this amount, the Brazilian
Amazon contains about 40% (Kirby et al., 2006).
It is estimated that 62% of the deforested areas
in the Eastern Amazon are destined for livestock
undertakings, where about 25 million hectares of
pasture have been implanted. Of this total, it is
calculated that half is degraded or in the process
of degradation (Wright et al., 1992; Dias-Filho,
2007). After use for livestock raising, pastures
are abandoned and go through successive
stages of secondary forest. In these locations the
records show slow forest recovery, resulting in a
smaller evotranspiration from the ecosystem, net
loss of carbon into the atmosphere, greater fire
frequency and possible loss of biological diversity
(Vitousek, 1994).

Degraded forest recovery is hindered
by the strong disturbance and breakdown of
the efficient nutrient cycling mechanisms of the
forest so that these elements are lost through
burning, lixiviation and soil erosion. However, is
little is known about nutrient cycling during the
successionalstages of forests degraded by pasture,
which eliminates the certainty in predicting the
special-temporal variations in carbon kidnapping,
greenhouse gas production and the nutrient loss
to river waters (Davidson et al., 2004).

In an endeavor to understand the
nutrient cycling process during the successional
stages of the tropical secondary forests, the
role of the limitation exercised by nitrogen and
phosphorus availability was assessed on the
plant biomass accumulation and recovery of the
biogeochemical cycles.

Astropicalsecondaryforest maintenance
depends on the action of several organisms,
ants (Hymenoptera: Formicidae) were selected
because of their importance in this process. The
ant is a dominant animal in most of the earth
ecosystems, and one of the largest groups of
social insects, widely distributed geographically,
and they are found from temperate regions to
the equator, on all the oceanic islands and are
more abundant in locations with fropical climate
(Wilson, 1987). These insects are represented by
27 subfamilies, 365 genera and more than 12,000

species (Bolton 2003; Agosti & Johnson, 2009),
and it is estimated that there are from 3000 fo
8000 species for the neotropical region (Fowler et
al., 1991).

Thus, studies on these communities are
very relevant because they portray the fransitory
or permanent situation of the habitat assessed,
emphasizing its conservation or degradation,
frequently associated to the soil use by man
(Spellerberg, 1993), impacts of forestry practices,

success in ecological recovery, comparison
of different management fools, impact of
disturbances on conservation areas and

assessment of the biological diversity (Oliveira &
Branddo, 1991).

Considering the importance of the ant
communities and their role in maintaining and
recovering degraded areas, the objective of
this study was to assess ant communities in plofts
fertilized with nitrogen and phosphorus in an area
of secondary forest in the Eastern Amazon.

Material and Methods

Study area

The study was carried out on the Vitéria
Farm located at 6.5 km northwest of the city of
Paragominas, Pard (02°59° S and 47°31° W), in
the Eastern Amazon, Brazil. The plant coveris the
wet tropical forest type with 50 to 118 min height.
The climate is hot and wet, with 1700 mm mean
annual rainfall, characterized by a period with
much rain, from January to May, and a period
with little rain, from June to December.

The fertilization experiment was set up
in a Panicum maximum (Jacq) 7.25 ha pasture.
The area presented a rofational pasture regimen
in 1984. At the start of the experiment there
was some grass, herbs and bush cover and the
vegetation was dominated by trees, that had an
average of 2 cm DBH (Diameter Breast Height),
with 11.4 cm maximum diameter and 7.5 m
maximum height. The fertilization was applied in
November 1999 (in the dry season), January 2000
(start of the wet season) and in February 2001.

Four treatments were carried out using
20 x 20m plotfs with three replications in each.
The freatments used were: 1-without fertilization
(control); 2-nitrogen (N): 100 kg/ha; 3-phosphorus
(P) 50 kg/ha and 4-nifrogen+ phosphorus (N+ P),
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using the same rates.

The ants were collected in April (wet
season) and September (dry season) in 2004 in
the 12 plots. Twenty-five points were installed with
2 x 2 m spacing in the sample areas.

In the collection period, three points
per plot were sampled, totaling 36 samples per
collection. At each sample point a standardized
50 x 50 cm area of litter was removed using
the mini-Winkler exiractor (Bestelmeyer et al.,
2000). The material remained in the mini-Winkler
exiractor for 48 hours so that the ants could
migrate to a flask collector containing 70%
alcohol.

The ants were identified using specific
keys and compared with material deposited in
the Invertibrate Collection at the Emilio Goeldi
Paraense Museum (MPEG).

The relative frequency of occurrence
was calculated individually for the species in
each sampling per plot. Specieswere considered
rare that had a relative frequency of less than
25%. The convergence or divergence between
the composition and the sampled fauna among
the plots was assessed by the Jaccard similarity
index, defined by the following formula: §, = a/
a+b+c, where §=Jaccard coefficient; a= number
of species in the plot a; b= number of species in
plot b; c= number of species common to both
the plofs.

The ant diversity was measured by the
Shannon-Wienerindex (Shannon & Weaver, 1949).
This index is appropriate to test random samples
of species of a community or sub community of
interest, using the following equation

H=-zpilng P, (1)

Where: p, is the proportion of the species
in relation to the total number of specimens
found in the surveys.

The Equitability index refers fo the
distribution of the individuals among the species,
and is proportional to the diversity and inversely
proportional to dominance. The Equitability or
Equity measurement compares the Shannon-
Weiner diversity with the distribution of the species
observed that maximizes the diversity. This index
is obtained by the equation: J = H'/H__, where:
H' is the Shannon-Wiener index and H_ _ is given

by the following expression: H__ = Log s, where s
is the number of species sampled. Two important
points were considered before using this index: 1)
all the samples were from the same environment
and, 2) the sampling was sufficient to count
samples of all the species.

Results and Discussion

A fotal of 4893 ant specimens were
collected belonging to three subfamilies, 22
genera and 80 species. The most frequent
species in the plots in April 2004 were Wasmannia
auropunctata (Roger) (100%), Pyramica sp.l,
Solenopsis sp.1 (75%), Paratrechina sp.7 (67%) and
Parafrechina sp.6 (50%). The following species
were most frequent in September 2004: W.
auropunctata (100%), Solenopsis sp.1 (75%) and
Pyramica sp.3 (58%), showing the high frequency
of species from the Myrmicinae subfamily, a
successful group ecologically, because they
are extremely adaptable to the most varied
ecological niches. These results corroborated
the statements by Fowler et al. (1991), that the
structural complexity of the habitats presumably
provides a wide availability of food resources
and nesting locations.

Wasmannia aquropunctata was the
species with greatest relative frequency (Table
1); this ant was observed nesting in the litter and
in the surface soil layers. Delabie & Fowler (1995)
reported that this species is highly competitive,
opportunistic and invasive and spreads when the
environmentis subject fo any stress ormodification
for agricultural or forestry purposes or other
anthropic actions. Vasconcelos et al. (2000) also
detected high frequency of this species (100%)
when using the same plot dimensions (20 x 20 m)
in abandoned pasture in the Brazilian Cenfral
Eastern Amazon.

This species occurred throughout the
study area (Table 1), according to McGlynn
(1999) and Wetterer & Porter (2003) it is present
in almost all the tropical regions of the planef,
especially in in island environments, damaging
native communities and is also an agricultural
pest. This is explained by its facility to adapt to
environmental variations that make this species
one of the most competitive and aggressive
ecologically in all the Neotropical region and in
the environments where it was infroduced.
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Table 1. Relative frequency of ant species and morphospecies per collection season. Paragominas County, Pard

State, Brazil.
Subfamily Species Season

Wet Dry
Ponerinae Anochetus mayri Emery 1884 17 25
Ponerinae Anochetus sp.2 8 -
Formicinae Brachymyrmex sp.5 8
Formicinae Brachymyrmex sp.1 8 8
Formicinae Brachymyrmex sp.2 25 17
Formicinae Brachymyrmex sp.3 8
Formicinae Camponotus senex (Smith) - 8
Myrmicinae Carebara sp.1 8 25
Myrmicinae Carebara sp.2 8 -
Myrmicinae Carebara sp.3 8 17
Myrmicinae Carebara sp.4 8 -
Myrmicinae Crematogaster sp.4 8 -
Myrmicinae Crematogaster sp.1 - 17
Myrmicinae Crematogaster sp.2 - 17
Myrmicinae Crematogaster sp.3 8 -
Myrmicinae Cyphomyrmex sp.1 8 -
Myrmicinae Cyphomyrmex sp.2 8 17
Myrmicinae Cyphomyrmex sp.3 - 17
Myrmicinae Cyphomyrmex sp.4 8 -
Myrmicinae Cyphomyrmex sp.5 8 -
Ponerinae Discothyrea sp.3 42 -
Ponerinae Discothyrea sp.1 17 -
Ponerinae Discothyrea sp.2 - 8
Ponerinae Ectatomma tuberculatum (Olivier) - 8
Ponerinae Hypoponera sp.1 - 33
Ponerinae Hypoponera sp.2 8 42
Ponerinae Hypoponera sp.3 - 8
Ponerinae Hypoponera sp.4 17 17
Ponerince Hypoponera sp.5 - 8
Ponerinae Hypoponera sp.6 8 8
Ponerinae Hypoponera sp.7 17 -
Ponerinae Hypoponera sp.9 8 -
Myrmicinae Leptothorax sp.1 8 25
Myrmicinae Mycocepurus smithii Forel, 1893 33 25
Myrmicinae Mycocepurus sp.1 8 -
Myrmicinae Mycocepurus sp.2 17 -
Myrmicinae Mycocepurus sp.3 - 8
Formicinae Myrmelachista sp.1 - 8
Ponerinae Odontomachus bauri Emery 8 -
Ponerinae Pachycondyla constricta Mayr, 1884 - 8
Ponerinae Pachycondyla harpax Fabricius, 1804 17
Formicinae Paratrechina sp.9 25 -
Formicinae Paratrechina sp.1 33 8
Formicinae Paratrechina sp.10 17
Formicinae Paratrechina sp.2 8 8
Formicinae Paratrechina sp.3 33 33
Formicinae Paratrechina sp.5 17 -
Formicinae Paratrechina sp.6 50 17
Formicinae Paratrechina sp.7 67 25
Formicinae Paratrechina sp.8 17 8
Myrmicinae Pheidole sp.1 8 -
Myrmicinae Pheidole sp.10 8 -
Myrmicinae Pheidole sp.11 8 -
Myrmicinae Pheidole sp.2 33 -
Myrmicinae Pheidole sp.3 33 25
Myrmicinae Pheidole sp.4 8 -
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Myrmicinae Pheidole sp.5 - 8
Myrmicinae Pheidole sp.7 8 -
Myrmicinae Pheidole sp.8 25

Myrmicinae Pheidole sp.9 17 8
Myrmicinae Pseudomyrmex sp.1 8 -
Myrmicinae Pyramica sp.1 75 33
Myrmicinae Pyramica sp.2 42 -
Myrmicinae Pyramica sp.3 33 58
Myrmicinae Rogeria sp.1 42

Myrmicinae Rogeria sp.2 8 8
Myrmicinae Rogeria sp.3 - 8
Myrmicinae Rogeria sp.4 17 25
Myrmicinae Rogeria sp.5 17 8
Myrmicinae Rogeria sp.6é 8 -
Myrmicinae Solenopsis sp.1 75 75
Myrmicinae Solenopsis sp.2 17 -
Myrmicinae Solenopsis sp.3 8 8
Myrmicinae Solenopsis virulens (Smith) 8 -
Myrmicinae Strumigenys sp.1 - 8
Myrmicinae Strumigenys sp.2 - 8
Myrmicinae Strumigenys sp.3 17 -
Myrmicinae Sfrumigenys trudifera Kempf & Brown 8

Myrmicinae \]/\g;imcmma auropunctata Emery, 100 100
Myrmicinae Wasmannia rochai Forel, 1912 - 8

The second most frequent species was
Solenopsis sp.1 (Table 1), that is typical of altered
areas. These results are in line with those by Ramos
et al. (2003) who stated that most of the species
of this genus conftribute substantially to the forest
recovery process, in agricultural and/or native
environments. According to Delabie & Fowler
(1995), they can withstand long periods of food
scarcity and compete with other ants species or
animal groups because they have an efficient
mass recruitment strategy. According to Bueno
& Campos-Farinha (1999) the Solenopsis genus is
very abundant and dominant in the Neotropical
region, is widely distributed geographically and
some species are nafive to South America.
They are generally small, monomorphic or
polymorphic and nest in the litter and the surface
soil layers. According to Marinho et al. (2002), this
genus is outstanding because of its aggressive
use of resources and ability to withstand long
periods of food scarcity, and most of the species
are omnivorous.

The third most frequent species was
Pyramica sp. that belongs to a very abundant
genus in tropical forests (Longino, 2006). Some
species of this genus nest in the litter and
underneath tree trunks and are Collembola
predators affect waste-feeding

and can

populations because of their feeding habits
(Deyrup & Trager, 1984).

These species were probably present
because of alterafions in the ecological niche.
Alteration by fire and pasture may have increased
the foraging territory for some species and/or
decreased competition with the other species
that use the same resources. This explains the
dominance of W. auropunctata that according
to Wetterer & Porter (2003) and Longino &
Ferndndez (2007) is a generalist, invading species
with a great capacity to adapt.

The occurrence of more rare species
(46 species) than abundant species (17 species)
in the wet season (April) than in the dry season
(September) with 30 and 14
abundant species (Table 1), in areas altered by fire

rare species

and pasture with fertilization process, shows that
locations where the limiting factors act intensively
along with interspecific competition, the diversity
tends to decrease, that is, the number of more
(greater number
of individuals) and the rarer species decrease.
Vasconcelos et al. (2000) and Kalif et al. (2001)
found that degraded areas abandoned by
agriculture, livestock raising or lumber extraction

common species increases

undergo a gradual regeneration process of the
vegetation and ant fauna. Especially, the areas
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degraded by pasture recover more slowly than
those degraded for other reasons. But this factor
can also be related to others, such as the land
use history that explains the non-recovery of the
original composition of the ant community.

The
resulted in low values, for the two periods

Jaccard  similarity  coefficients

studied and in September the Jaccard means
were greater (0.35 and 0.36). The coefficients
indicated that the plots analyzed sheltered two
different communities (Figure 1). These results
show an alteration in the communities because
of the period studied.
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Figure 1. Jaccard coefficient of the ant samples in the plots to april and september 2004 in Paragominas County,

Pard State, Brazil.

In April the plots fertilized with phosphorus
reached the highest diversity means (H' = 1.61),
compared to the plots fertilized with nitrogen (H’
= 1.33), nitrogen and phosphorus (H' = 1.22) and
the conftrol plots (H' = 1.04).
ant diversity was smaller and the confrol plots (H’
= 1.42) and those treated with phosphorus (H' =

In September the

1.41) (Figure 2) were outstanding.

The ant diversity, according to the results
of the Shannon Index (Figure 2), was low and
the fertilized plots were different between each
other and in relation to the conftrol plots. The
ecological condifions encountered in the study
area involving different habitats caused variation
in the ant fauna composition.
differences observed in the study areas due to

The structural

the ferfilization process used were the quantity
litter, climate, vegetation, etc., that contributed
to the variation in the ant diversity among the
fertilized and confrol plots.

The low genera and species richness
observed was certainly related to the degree
of degradation of the studied area. According

to Fowler et al. (1991), ant diversity increases
in function of the structural complexity of the
in function of

environment and is modified

several factors. Because the studied area
was a degraded environment, the fertilization
process may have affected the ant community,
contributing fo the increase in species in the
location, a fact that was also observed in studies
by Pereira et al. (2007) in the Atlantic rainforest.
Another factor to consider is the low fertility of
the soil in the Eastern Amazon that, according to
Fittkau & Klinge (1973), can reflect in low primary
productivity and poor litter quality, the habitats
used by an enormous variety of ant species.

The variation in the diversity among
the ferfilized plotfs taking into consideration the
Shannon index (Figure 2) showed higher means
for the plots treated with P (1.61) and lower for
the control (1.04) in April. The inverse occurred in
September when the highest means were found
in the control plot (1.42) and decreased for that
of P (1.41) and N+P (0.81). Generally, the fertilized
plots presented a greater number of species,
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this was probably related to the increase in the
plant complexity (bushes, herbs and grasses)
with the increase in the biomass and vegetation
structure in function of fertilization. On the
other hand, Sternberg et al. (2007) showed that
plants close to nests of Atta columbica (Guerin-
Meneville) and Atta laevigatta (Smiyth) fertilized
with N presented high calcium concentration
and concluded that these ants may play an

3508
3.00
2500

2.00 -

Shannon index (H")

important role in the transport, redistribution
and concenfration of critical micronutrients in
savannas and neo tropical forests.

The Equitability index, that estimates
the species distribution in the sample, verifying
the homogeneity of the numerical occurrence,
indicated that the abundance distribution of the
individuals was not homogeneous for the two
collection dates (Figure 3).
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—— April 1.33 1.61 122 1.04
Variables evaluated

Figure 2. Shannon diversity Index of the ant samples in the plofs for april and september 2004 in Paragominas

County, Pard State, Brazil.
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Figure 3. Equitability of the ant samples in the plots for april and september 2004 in Paragominas County, Pard State,

Brazil.
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In the plots studied in April, there were
higher richness means for the areas fertilized with
N+ P (S=14) and those fertilized with P (S=14).The
control plots came close to this value (S=13), and
only the plofts fertilized with nitfrogen presented
lower values (S = 8). In September, the highest
mean observed was in the plots fertilized with N +
P (S=11), that was similar to the control plofs (S =
9). The other plots presented lower values, those
fertilized with P (S = 8) and N (S = 6). This showed
the ants” preference for soils fertilized with N + P.
The low richness values found were associated to
the low structural complexity of the environment
(Figure 4) and corroborated the hypothesis by
Silveira Neto et al. (1976) that homogeneous
environments are dominated by one or a few

ant species, unlike heterogeneous environments,
where the relative species dominance is low.

The results obtained in this study are in
line with those reported by Davidson et al. (2004),
in the same area, when the freatments with
fertilization significantly influenced the increase in
the biomass and vegetation structure. However,
differences were not found in the composition
and diversity of the ant community and other
invertebrates among the same plots. Therefore,
the response of the communities studies varied
according fo time and the fertilization processes.
Thus other studies are suggested for a longer
period to understand the complexity of the ant
community structure.
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Figure 4. Richness of the ant samples in the plots for april and september 2004 in Paragominas County, Pard State,

Brazil.

Conclusions
It that
processes with N, P and N + P enable a

was concluded fertilization
modification in the mirmecofauna composition
and vegetation growth, differentiating them
from more complex environments, as in ferfilized

areas.
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