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ABSTRACT

Termites were sampled in six different habitats in the Brejo dos
Cavalos, Brazil, an island of humid, evergreen, highland forest sur-
rounded by caatinga (dry savanna). One transect of 200 x 10 m divided
into 20 plots of 10 x 10 m was sampled in each habitat. Diversity was
drastically reduced by habitat disturbance, and no termite was found
at the site under annual monoculture. The humus-feeders were more
severely affected, followed by intermediate-feeders. Wood-feeders were
more resilient and some species were favored in secondary forests, but
they also tend to disappear in agricultural sites where there is little or
no wood. The termite fauna at the brejo has a lower diversity when
compared to the Amazon and northern Atlantic Forests, which may be
a consequence of habitat disturbance as well as of altitude and degree
of isolation. This fauna contains elements both from the Amazon and
Atlantic Forests, but it is more similar to the latter. The brejos are
currently under high human pressure and preservation of these areas
is urgent, as they represent refuges for forest species and seem to be
centers of endemicity.

Keywords: termites, species richness, habitat change, functional
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INTRODUCTION

Termites are among the most abundant insects in tropical terrestrial
ecosystems, especially in tropical forests, where their density and
biomass may reach 10400 individuals.m-2 and 120 g.m-2, respectively
(Eggleton et al. 1996). Termite diversity may reach 90 species in one
hectare of Amazonian rain forest (Martius 1994). The feeding habits of
termites and their nesting, foraging and tunneling behavior cause a
strong effect in plant decomposition process, carbon flux, and chemical
and physical properties of the soil (Lee & Wood 1971, Wood & Sands
1978, Lawton et al. 1996). They have also been considered potential
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ecological indicators, due to their response to environmental distur-
bances (Brown 1991).

The Caatinga biome of Northeastern Brazil is a dry forest and
savanna system covering an area of 834.600 km2, about 10% of the
country. It is dominated by xerophytic vegetation adapted to the semi-
arid conditions of this region. In some points along the eastern side of
the Borborema highlands, there are islands of humid forest, called
locally “brejos de altitude” (Mayo & Fevereiro 1982). These forest
patches have a colder and more moist climate than the surrounding
caatinga. During the Pleistocene, the brejos were connected both to the
Atlantic and Amazonian forests, and today they are refuges for some
species of plants (Andrade-Lima 1982) and animals (Vanzolini 1981,
Rodrigues & Borges 1997). Because the brejos are more suitable for
agriculture and pastures than the caatinga, they have been under
strong human pressure, which caused fragmentation and habitat
degradation.

Bandeira & Vascocellos (2002) studied the termite diversity and
abundance in three different habitats in a highland forest patch called
“Brejo dos Cavalos”. In the present study, we evaluate the impact of
disturbance on the termite assemblages of six different habitats in the
same area. We also discuss the relationship of the termite fauna at the
brejo with those of the Atlantic and Amazonian forests.

METHODS

Study sites
The study was conducted in a highland evergreen forest patch of

about 7500 ha known as Brejo dos Cavalos, southeast of Caruaru,
Pernambuco State, Brazil (08º22’S and 36º2'W at base camp, Fig. 1).
Mean annual rainfall is around 1400 mm (Sales et al. 1998), and annual
temperature varies from 14 to 30º (Silva et al. 1989, Pôrto 1992).

We sampled six different habitats with various degrees of distur-
bance: 1) Primary forest: undisturbed forest with emergent trees up to
35 m. 2) Disturbed forest: primary forest where the understory was
cleared about 90 years ago to grow coffee (Coffea arabica); the largest
trees were preserved, some reaching 35 m in height. In 1960 the
plantation was abandoned and the forest has been regenerating since
then. 3) High secondary forest: cleared and used for agriculture between
1910 and 1960, after which it was abandoned and allowed to regenerate
to a height today of 25 m. 4) Low secondary forest: cleared as in site 3,
but with slower regeneration, the largest trees only reaching 15 m. 5)
Banana plantation: cleared around 1900 and used for agriculture,
currently bananas, with a dense herbaceous weed layer. 6) Chayote
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plantation: probably cleared before 1900 and today used for growing
chayote (Sechium edule); it has been irrigated in the dry season and
treated with organic fertilizer; there are very few weeds. Sites 1 and 2
are located on plateaus with elevation between 915 and 930 m; sites 3-
5 were located on hillsides with slopes between 10 and 20 degrees, and
altitude between 850 and 880 m; and site 6 was located in a valley, at
around 830 m altitude.

Sampling and analyses
Field work was conducted from July 1997 to January 1998. In each

site, the sampling was conducted in one 200 X 10 m transect divided
into 20 plots of 10 x 10 m. Termites were thoroughly searched in each
plot, in nests, tunnels, dead wood, litter, around base of trees, and
under bark of trees. Collecting activities were exclusively diurnal and
subterranean termites that forage on the surface at night (such as
Syntermes) may be under represented. Representatives of all castes
present were collected and preserved in 75% ethanol for identification.
Soil termites were sampled using the Tropical Soil Biology and Fertility
Program (TSBF) protocol (Anderson & Ingram 1989): a soil monolith (30
cm depth x 20 cm width) was taken at the center of five randomly chosen
plots at each site. Termites present in the monolith were hand sorted

Fig. 1. Location of the study site (Brejo dos Cavalos) and approximate limits of the Amazon and
Atlantic Forest biomes.
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and preserved in 75% ethanol. Specimens were deposited in the
entomological collection of the Universidade Federal da Paraíba, João
Pessoa, Brazil. Species were identified using the available literature and
with reference to the collections at the Museu de Zoologia da Universidade
de São Paulo, Universidade Federal da Paraíba, and Universidade de
Brasília. References and taxonomic authorities can be found in
Constantino (1998).

The plot sampling provided semi-quantitative data, which were used
to calculate diversity and equitability indices (Brandão & Souza 1998,
Jones 2000). Given the difficulties in defining colony limits in the field,
we refer to the number of “encounters” as individual samples. Each
encounter corresponds to either a colony (e.g. a well defined nest) or a
foraging group. We tried to avoid collecting more than one sample from
the same colony as much as possible, but the number of samples is not
expected to be an estimate of the number of colonies. The Shannon-
Wiener index of diversity, H, was calculated with logarithm base 2. The
equitability index, E, was calculated as the proportion H/Hmax. Assem-
blage similarity between habitats was estimated by Sorensen’s index
(Krebs 1998).

The species were classified into four functional groups based on
information from the literature (e.g. Bandeira 1989, Constantino 1992,
DeSouza & Brown 1994) and on our own observations, as follows: 1)
Wood-feeders: termites that feed on dead wood in any stage of decay,
excluded those that feed on extremely decayed and friable wood. 2)
Humus-feeders: termites that feed on humus and ingest mineral soil. 3)
Intermediate-feeders: termites that feed on crumbly decayed wood,
mixed with mineral soil. 4) Litter-feeders: termites that feed on dead
leaves; some of them harvest leaves and store them inside their nests.
We do not follow the functional group classification of Donovan et al.
(2001) because it contains very limited information on Neotropical
termites and has some obvious errors, such as classifying Serritermes
as a wood-feeder.

RESULTS

A total of 26 species was recorded and the richness decreased from
non-disturbed to more disturbed sites (Table 1). No termites were found
in the chayote plantation. Of 182 samples in the five sites, 158 (86.8%)
belonged to family Termitidae. The most common species were
Anoplotermes sp. a (17%), Nasutitermes ephratae (16.5%), and
Diversitermes cf. castaniceps (12.1%). The latter species was the only
one present in all five sites. The most common species in the disturbed
sites, N. ephratae, was not found in the primary forests.
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Eleven species were wood-feeders, which were proportionally more
abundant in the disturbed sites than in the primary forests (Fig. 2). On
the other hand, humus-feeders (8 spp.) and intermediate-feeders (5
spp.) were much more abundant in the primary forests than in the more

Species Number of encounters per habitat Place of Feeding Distribution
 encounter habit

PF DF HSF LSF PL Total

KALOTERMITIDAE 20
Glyptotermes sp. a 3 2 4 9 W W ?
Glyptotermes sp. b 3 3 W W ?
Rugitermes cf. niger 1 2 3 W W T
Rugitermes sp. 1 3 1 5 W W ?
RHINOTERMITIDAE 4
Rhinotermes marginalis 2 2 W W M, T
Heterotermes longiceps 1 1 2 W W T
TERMITIDAE 158
Anoplotermes sp. a 13 9 9 31 W,S S ?
Anoplotermes sp. b 1 2 3 S S ?
Anoplotermes sp. c 1 1 S S ?
Armitermes holmgreni 3 7 1 11 W,N I M
Atlantitermes stercophilus 2 1 1 4 W S T
Diversitermes cf. castaniceps 3 4 12 1 2 22 W,L,N W/L T
Embiratermes neotenicus 1 1 2 W,M I M
Embiratermes parvirostris 4 2 6 S S M
Grigiotermes sp. 2 3 1 6 S S ?
Ibitermes cf. curupira 1 1 S S T
Labiotermes labralis 1 2 3 M,W S M, T
Nasutitermes corniger 6 1 5 12 W,L,N W M, T
Nasutitermes ephratae 11 12 7 30 W,L,N W M, T
Nasutitermes jaraguae 5 2 5 12 W W T
Nasutitermes rotundatus 2 2 4 W W T
Neocapritermes guyana 1 1 S I M
Neocapritermes sp. a 1 1 L I ?
Neocapritermes sp. b 3 2 5 S I ?
Ruptitermes sp. 2 2 L L ?
Velocitermes sp. 1 1 W,L L ?

Total 54 40 44 25 19 182
Number of species 18 13 11 7 7 26

Index of diversity (H’) 2.57 2.34 1.87 1.56 1.7

Equitability (E) 0.89 0.91 0.78 0.8 0.9

Table 1. Termites collected in five habitats under different levels of disturbance in a highland forest
patch in northeastern Brazil.  Habitats: PF= primary forest; DF= disturbed forest; HSF= high secondary
forest; LSF= low secondary forest; PL= banana plantation.  Feeding habits and place of encounter:
W= wood; S= soil/humus; L= leaf litter; I= intermediate; N= nest.  Distribution: T= Atlantic Forest; M=
Amazonia.  No termite was found in the chayote plantation.



6 Sociobiology Vol. 42,  No. 1, 2003

disturbed sites. The two litter-feeders (Ruptitermes sp. and Velocitermes
sp.) were found only in the banana plantation (Table 1 and Fig. 2).

Most termite species (17) were found either nesting or foraging in
dead wood on the ground. Nine species were found exclusively in wood,
including all Kalotermitidae and Rhinotermitidae (Table 1). The arbo-
real nests of N. ephratae were abundant in low secondary forest, where
their density was estimated as 25 nests.ha-1. Nest density, both arboreal
and epigeic, was estimated as 5 ha-1 in the primary forest and 10 ha-1

in the disturbed forest. Nests of Armitermes holmgreni, Labiotermes

Fig. 2. Distribution of functional termite groups (feeding habits) in five sites with different levels of
disturbance in northeastern Brazil. PF = primary forest; DF = disturbed primary forest; HSF = high
secondary forest; LSF = low secondary forest; PL = banana plantation. No termites were found
in the chayote plantation.
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labralis and Embiratermes neotenicus were present only in sites of
primary and high secondary forest.

The dendrogram in Fig. 3 shows that the faunas of the primary forests
are very similar, but are very different from the most disturbed sites.

Fig. 3. Dendrogram of similarity (Sorensen’s index) between termite assemblages of five habitats
with different levels of disturbance in a highland forest patch in northeastern Brazil.

DISCUSSION

Termite diversity tends to be higher in dense tropical forests than in
open or disturbed areas (Wood 1975, Eggleton et al. 1995, Jones 2000).
The pattern observed in the present study (Table 1 and Fig. 3) is
consistent with this generalization: sites with open vegetation or which
have suffered stronger ecological disturbance showed lower termite
diversity, and their fauna was very different from that of the primary
forest. Some species, which are typical and abundant in the Amazon
and Atlantic Forests, such as Armitermes holmgreni, Embiratermes
neotenicus, and Labiotermes labralis (Bandeira et al. 1998; Constantino
1998), were present only in the primary and high secondary forests at
Brejo dos Cavalos. However, even the termite fauna of the two sites of
primary forest were different (similarity of 77%), in spite of being located
relatively close to each other. DeSouza & Brown (1994) reported an even
lower similarity (46.4%) between close sites of primary forest in Central
Amazonia, indicating that species turnover is usually high in forest
termites.

The Termitidae tend to be more sensitive to environmental distur-
bances than the Kalotermitidae and Rhinotermitidae. Both the number
of species and colonies were reduced. Among the Termitidae, the
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humus-feeders were the most affected, as has been observed in other
tropical ecosystems (DeSouza & Brown 1994< Eggleton et al. 1995;
Jones 2000). In contrast, some wood-feeders, mainly N. ephratae and
some Kalotermitidae, were more abundant in disturbed sites and seem
to be favored in more open forests with lower humidity and higher
abundance of dry wood. But the Kalotermitidae cannot live in a
completely cleared site, as they live exclusively inside wood, and were
not present in the plantations. Specialized litter-feeders such as
Ruptitermes and Velocitermes also seem to be favored in open habitats,
as they were present only in the banana plantation. At the most
disturbed site, the chayote plantation, all termites seem to have been
eliminated. The scarcity or absence of food sources, the large microcli-
mate changes, the destruction of subterranean nests by plowing, and
the use of pesticides are the probable causes of the absence of termites.
The elimination of termites, especially the humus-feeders, may be
harmful to the soil. Without their activity, the soil may become more
compact and crusted, with consequent decrease in rain water infiltra-
tion (Lee & Wood 1971, Bandeira 1979).

The termite fauna of Brejo dos Cavalos contains elements both from
the Amazon and Atlantic Forests. Among the species that could be
identified (Table 1), seven are known to be present in the Atlantic Forest,
four in the Amazon Forest and four in both. The termite fauna of the
surrounding caatinga (dry savanna) is very different and, apparently,
there is little or no overlap (Martius et al. 1999). However, the forest at
Brejo dos Cavalos showed a significantly lower termite diversity when
compared to the Amazon Forest and the Brazilian Atlantic Forest
(Martius 1994, Bandeira et al. 1998). Although the “brejos” were
probably connected to the Amazon and Atlantic Forests in the past
(Andrade-Lima 1982), they are currently forest islands and have been
disturbed by agriculture and other human activities. Both the island
effect and the habitat disturbance are probable causes of their reduced
diversity (DeSouza & Brown 1994, Eggleton et al. 1995, Jones &
Eggleton 2000). According to DeSouza & Brown (1994), fragmentation
of the Amazonian Forest greatly reduces termite diversity and some
species are much more sensitive than others, being affected by moder-
ate forest disturbance. They recorded 54 species in a site of continuous
primary forest in Central Amazonia, but only 21 and 13 species in
fragments of 10 and 1 ha, respectively. Other possible cause of the lower
termite diversity at the “brejos” is their altitude, which is much higher
than most parts of the Amazon and of the Atlantic Forest. Jones (2000),
for instance, reported fewer species at an altitude of 1000 m than at 100
m in Malaysia.
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