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Abstract: Termites are very abundant in tropical ecosystems and have active roles in nutrient cycling and

soil formation, but few studies of their assemblages have been undertaken in the Brazilian Atlantic

Forest. The present study analyzed the composition of termite assemblages in a fragment of Atlantic

Forest embedded within an urban matrix in northeastern Brazil. Five standardized sampling protocols of

termites were applied, with a total sampling effort of 1500m2. We encountered 45 species of termites

belonging to 25 genera and three families. The soil-feeders group demonstrated the greatest species

richness, while wood-feeders species were the most abundant. The species richness of termite in the study

area was the greatest yet recorded for an Atlantic forest site in Brazil, indicating the importance of urban

fragments for conserving tropical biodiversity.
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um fragmento urbano de Floresta Atlântica do Nordeste Brasileiro. dx.
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Resumo: Térmitas são muito abundantes em ecossistemas tropicais e possuem papéis ativos na ciclagem

de nutrientes e formação do solo, mas poucos estudos sobre suas taxocenoses têm sido realizados na

Floresta Atlântica. O presente estudo analisou a composição das taxocenoses de térmitas em um

fragmento de Floresta Atlântica inserida dentro de uma matriz urbana no Nordeste do Brasil. Cinco

protocolos padronizados de amostragem de térmitas foram aplicados, o que totalizou um esforço

amostral de 1500m2. Foram encontradas 45 espécies de térmitas pertencentes a 25 gêneros e três famı́lias.

O grupo alimentar dos humı́voros demonstrou a maior riqueza de espécies, enquanto as espécies

xilófagas foram as mais abundantes. A riqueza de espécies de térmitas na área de estudo foi a maior

registrada até o momento para uma área de Floresta Atlântica no Brasil, indicando a importância dos

fragmentos urbanos para a conservação da biodiversidade tropical.
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Introduction

The Atlantic Forest is one of the principal humid forests in

South America. It is isolated from the Amazonian and Andean

forests by a corridor of open and semi-open vegetation

formations including Caatinga (dryland), Cerrado (neotropical

savanna), and Chaco (arid lowland savanna) (Costa 2003,

Pennington et al. 2006). More than 500 years of anthropogenic

disturbances have caused the Atlantic Forest to lose more than

88.3% of its original cover (Ribeiro et al. 2009). Currently, the

Atlantic Forest is considered one of the priority areas for global

biodiversity conservation (Myers et al. 2000).

Termites are eusocial insects that have important roles in

ecosystem functioning by influencing the processes of nutrient

cycling and altering the physical and chemical structures of the

soil (Lee & Wood 1971, Wood & Sands 1978, Holt & Lepage

2000). More than 2,900 living species have been described

globally (Krishna et al. 2013), and the greatest values of a-

diversity and biomass have been recorded in humid tropical

forests (Vasconcellos 2010, Jones & Eggleton 2011). Up to 50%
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of the decomposition of organic detritus of plant origin has

been attributed to termite action in these forests (Bignell &

Eggleton 2000).

In spite of the importance of termites to tropical and

subtropical ecosystems, our knowledge of their diversity and

functional roles in their respective ecosystems are still relatively

scarce. Very few studies have been published concerning the

structure of termite assemblages in northeastern Brazil,

especially in the Caatinga and Atlantic Forest ecosystems

(Bandeira et al. 1998, Bandeira et al. 2003, Mélo & Bandeira

2004, Vasconcellos 2010, Vasconcellos et al. 2010).

Furthermore, although some studies have been performed in

fragments of Atlantic Forest in Brazil, including the study area

of this work, the species richness of termites was clearly

underestimated. Studies of termite assemblages are considered

basic prerequisites for understanding the important functions

of these insects in the ecosystem, and for identifying their

patterns of diversity and endemism. The present study therefore

sought to describe the composition of termite assemblages in a

fragment of Atlantic Forest embedded within an urban matrix

in northeastern Brazil with regard to their species richness,

numbers of encounters, and feeding groups.

Materials and methods

Study sites

The present study was undertaken in the Mata do

Buraquinho Permanent Protection Area (PPA) (07608’42’’S x

34651’54’’W) located within the urban perimeter of the

municipality of João Pessoa, Paraı́ba State, Brazil. The PPA

occupies an area of 515 ha of a slightly rolling landscape, with

altitudes varying from 35 to 85 m. The topsoilis sandy red-

yellow podzol, and the climate there is hot and humid

(classified as ‘‘As’’ in the Köppen [1936] system), with rainfall

principally from March to August (Barbosa 2008). The average

annual temperature and humidity are 276C and 80%, respec-

tively, and the mean annual rainfall is 1,482 mm (Governo do

Estado da Paraı́ba 1985). The regional vegetation is character-

ized as Seasonal Semideciduous Forest (IBGE 1992), and this

area is considered one of the largest and most important

remnants of that domain in Paraı́ba State (Barbosa 2008;

Oliveira & Melo 2009).

Sampling protocols

The termite assemblages were inventoried in December/

2010 and from May through November/2012 using standard

protocols for rapid evaluations of termite diversity. Each

protocol was performed by establishing six 65 m x 2 m transects

within forest areas without any apparent human impacts, at

minimum distances of 50 m from the forest borders and from

other transects. Five 5 m x 2 m plots were established 10 m one

from the other in each transect, totaling 30 plots (300 m2) per

protocol. The sampling effort in each plot was 1person-hour.

During this period, the termites were searched in active and

abandoned nests (up to 2 m above ground level), in tunnels and

live and dead tree trunks, in the leaf litter and the interiors of

fallen branches, in the soil (at depths up to 15 cm), under rocks,

and in dead roots. The specimens collected were stored in

labeled glass vials containing 75% alcohol and were subse-

quently deposited in the Isopteran collection of the Federal

University of Paraı́ba.

Feeding groups

Based on in situ observations of feeding and on information

available in the literature concerning Neotropical termites

(DeSouza & Brown 1994, Constantino 1999, Bandeira et al.

2003, Sena et al. 2003,Vasconcellos et al. 2005, Vasconcellos

2010), the species were classified as belonging to the following

feeding groups: (i) wood-feeders, that consume the wood of live

or dead trees in various stages of decomposition; (ii) soil-

feeders, that feed on humus and generally live in the ground;

(iii) wood/soil feeders, that consume humus as well as wood in

different stages of decomposition, and usually carrying soil into

the wood they are consuming; and (iv) wood/leaf feeders, that

consume both wood in advanced stages of decomposition and

leaf litter on the forest floor.

Analyses

Species accumulation curve was prepared using the Mao

Tau method considering the 95%, confidence intervals for 1,000

randomizations without replacement the original data. These

analyses were performed using Estimate S9.1.0 software

(Colwell 2013).

Results

Forty-five species of termites (624 encounters), belonging to

25 genera and three families were recorded in the Mata do

Buraquinho Permanent Preservation Area (Table 1). The

family Termitidae was the best-represented in terms of the

numbers of species (40; 88.9%), followed by Kalotermitidae (3;

6.7%) and Rhinotermitidae (2; 4.4%). The Termitidae were also

dominant in terms of the frequencies of encounters (86.1%). In

relation to subfamilies, Termitinae and Nasutitermitinae were

the most representative in terms of the numbers of species (12;

30%, each) and Termitinae in terms of the frequencies of

encounters (34.5%). The soil-feeders group was dominant in

terms of the number of species (19; 42.2%) and the wood-

feeders group in terms of the frequency of encounters (41.2%).

The species that constructed conspicuous nests in the area

were: Anoplotermes banksi Emerson, 1925, Embiratermes

neotenicus (Holmgren, 1906), Labiotermes labralis (Holmgren,

1906), Microcerotermes indistinctus Mathews, 1977, M.

strunckii (Sörensen, 1884), Nasutitermes corniger (Motschulsky,

1855), N. ephratae (Holmgren, 1910), N. macrocephalus

(Silvestri, 1903), N. obscurus Holmgren, 1906, and

Silvestritermes holmgreni (Snyder, 1926).

The species accumulation curve in the Mata do Buraquinho

PPA is almost stabilized (Figure 1). The upper confidence level

was 46.84 species and the lower 43.16, very close to the actual

number observed in the field (45 spp.).

Discussion

Forty-five species were encountered in the Mata do

Buraquinho PPA, of which 31 could be identified to the species

level. Including four new records of this study (Ibitermes

inflatus, Orthognathotermes longilamina, O. tubesauassu e

Termes hispaniolae), a total of 46 species are now known from

the Atlantic Forest (Bandeira et al. 1998, Brandão 1998,

Vasconcellos et al. 2005, Reis & Cancello 2007, Vasconcellos

2010, Souza et al. 2012). Considering only the region north of

the São Francisco River, 37 species have been identified to the

species level. Studies examining termite assemblages in the
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Table 1. Termite species found in the Mata do Buraquinho Permanent Preservation Area in an Atlantic Forest fragment in northeastern Brazil. W,
wood; S, subterranean; L, litter; A, arboreal; E, epigeal; I, inquiline.

Species Number of encounters Place of sampling Feeding group

KALOTERMITIDAE

Calcaritermes rioensis Krishna, 1962 8 W Wood

Neotermes sp. 1 W Wood

Rugitermes sp. 3 W Wood

RHINOTERMITIDAE

Coptotermes testaceus (Linnaeus, 1758) 19 S Wood

Heterotermes longiceps (Snyder, 1924) 56 S Wood

TERMITIDAE

APICOTERMITINAE

Apicotermitinae sp. 1 4 S Soil

Apicotermitinae sp. 2 6 S Soil

Apicotermitinae sp. 3 19 S Soil

Apicotermitinae sp. 4 6 S Soil

Apicotermitinae sp. 5 3 S Soil

Anoplotermes banksi Emerson, 1925 19 A Soil

Anoplotermes sp. 1 6 S Soil

Anoplotermes sp. 2 25 W/S Soil

Anoplotermes sp. 3 11 W/S Soil

Anoplotermes sp. 4 18 S Soil

Ruptitermes sp. 4 L Wood/Leaf

NASUTITERMITINAE

Atlantitermes sp. 2 W Wood/Soil

Convexitermes sp. 1 W Wood/ Soil

Diversitermes diversimiles (Silvestri, 1901) 4 L Wood/Leaf

Nasutitermes callimorphus Mathews, 1977 24 W Wood

Nasutitermes corniger (Motschulsky, 1855) 15 A Wood

Nasutitermes ephratae (Holmgren, 1910) 16 A Wood

Nasutitermes gaigei Emerson, 1925 25 W Wood

Nasutitermes jaraguae (Holmgren, 1910) 11 W Wood

Nasutitermes macrocephalus (Silvestri, 1903) 3 A Wood

Nasutitermes obscurus Holmgren, 1906 3 A Wood

Subulitermes microsoma (Silvestri, 1903) 3 S/I Soil

Velocitermes velox (Holmgren, 1906) 2 L Wood/Leaf

SYNTERMITINAE

Embiratermes neotenicus (Holmgren, 1906) 13 E Wood/ Soil

Embiratermes parvirostris Constantino, 1992 55 S Soil

Ibitermes inflatus Vasconcellos, 2002 2 S Soil

Labiotermes labralis (Holmgren, 1906) 19 A Soil

Silvestritermes holmgreni (Snyder, 1926) 33 A Wood/Soil

TERMITINAE

Amitermes amifer Silvestri, 1901 54 W Wood/Soil

Cavitermes tuberosus (Emerson, 1925) 7 I Soil

Cylindrotermes sapiranga Rocha & Cancello, 2007 27 W Wood

Dentispicotermes conjunctus Araujo, 1969 1 S Soil

Microcerotermes indistinctus Mathews, 1977 41 A Wood

Microcerotermes strunckii (Sörensen, 1884) 5 A Wood

Neocapritermes opacus Hagen, 1858 5 S Wood/Soil

Neocapritermes talpoides Krishna & Araujo, 1968 14 S Soil

Orthognathotermes longilamina Rocha & Cancello, 2009 2 S/I Soil

Orthognathotermes tubesauassu Rocha & Cancello, 2009 7 S/I Soil

Termes hispaniolae (Banks, 1918) 2 W/I Wood/Soil

Termes medioculatus Emerson in Snyder, 1949 20 W/I Wood/Soil

Total of species 45

Total of encounters 624
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Atlantic Forest have reported between 21% and 100% non-

determined species (Bandeira et al.1998, Silva & Bandeira 1999,

Brandão 1998, Vasconcellos et al. 2005, Reis & Cancello 2007,

Vasconcellos 2010, Souza et al. 2012). The sampling effort used

in this study was the highest ever made in a Brazilian Atlantic

Forest fragment, which could partly explain the high species

richness in relation to other studies in the same biome.

The termite fauna of the Mata do Buraquinho PPA has

been previously investigated using various methodologies

(Bandeira et al. 1998, Silva & Bandeira 1999, Vasconcellos

2010). The number of species collected in the present study (45

spp.) was greater than in any previous publication. In these

earlier works, only 0% to 12% of the insects were identified to

the species level (Bandeira et al. 1998, Silva & Bandeira 1999).

More recently, Vasconcellos (2010) evaluated the biomass and

abundance of termites and reported 29 species in the PPA.

The number of species of termites in the Mata do

Buraquinho PPA was greater than reports from other

Atlantic Forest fragments, where richness varied from 11 to

38 species (Bandeira et al. 1998, Silva & Bandeira 1999,

Brandão 1998, Vasconcellos et al. 2005, Reis & Cancello 2007,

Vasconcellos 2010, Souza et al. 2012). In terms of other

Brazilian morphoclimatic domains, the number of species

encountered here was within the amplitude reported for areas

of Cerrado vegetation (30 to 70 species) (Constantino 2005) and

for the Amazon region (11 to 88 species) (Bandeira &

Macambira 1988, Bandeira 1989, Constantino 1992, De

Souza & Brown 1994), but higher than the amplitude reported

for Caatinga areas (10 to 26 species) (Mélo & Bandeira 2004,

Vasconcellos et al. 2010, Alves et al. 2011).

Equal numbers of species were found in the present study

for the subfamilies Nasutitermitinae and Termitinae, with the

Termitinae being more abundant. Other studies examining the

termite fauna in Atlantic Forest areas have reported the

subfamily Nasutitermitinae as dominant in terms of the

numbers of species and relative abundance (Bandeira et al.

1998, Brandão 1998, Vasconcellos et al. 2005, Reis & Cancello

2007, Vasconcellos 2010, Souza et al. 2012). The low abundance

observed for the family Kalotermitidae probably underesti-

mates their true numbers, as most of the colonies of this termite

group are quite small and form inside pieces of dried wood or in

the canopies of trees, making their collection much more

difficult when using rapid survey collection techniques (Roisin

et al. 2006, Reis & Cancello 2007).

The soil-feeders group demonstrated the largest number of

species –– a pattern different from that observed in other studies

conducted in the Atlantic Forest, where the wood-feeders group

was responsible for from 39% to 64% of the total species

richness (Bandeira et al. 1998, Brandão 1998, Vasconcellos et

al. 2005, Reis & Cancello 2007, Souza et al. 2012). This fact is

certainly associated with the huge sampling effort, which

increases the sampling of rare soil-feeders species. In terms of

abundance, on the other hand, the wood-feeders group

dominated in the Mata do Buraquinho PPA. High species

richness is therefore not always directly linked to high

abundance and high biomasses in this ecosystem (Souza et al.

2012).

Approximately 35% of all termite species in humid tropical

forests in South America construct conspicuous nests

(Constantino 1992, Martius 1994, Bandeira & Vasconcellos

2002). All of the 10 species of termites known to construct

conspicuous nests in Atlantic Forest sites north of the São

Francisco River were encountered in the Mata do Buraquinho

PPA, including N. obscurus, which was identified in previous

studies as Nasutitermes sp. (Vasconcellos et al. 2005,

Vasconcellos et al. 2008, Vasconcellos 2010, Souza et al.

2012). Vasconcellos (2010) reported nine species that con-

structed arboricolous nests in a previous study undertaken in

the Mata do Buraquinho PPA. Additionally, the present study

encountered a single species (E. neotenicus) that constructed

epigeous nests.

The Mata do Buraquinho PPA contained an expressive

number of termite species for an Atlantic Forest fragment

embedded within an urban matrix. The effective conservation

of many species will depend on their capacity to persist in

fragmented habitats in the midst of modified landscapes

(Holland & Bennett 2011). Extreme urbanization almost always

reduces the species richness of vertebrates, invertebrates, and

plants, although in cases of moderate urbanization these effects

vary among the different taxonomic groups (Mckinney 2008).

Brown (1997) reported that under conditions of low environ-

mental disturbance termite species richness may even increase.

The high diversity of the termite fauna in the Mata do

Buraquinho PPA reinforces the importance of small forest

fragments in conserving the biodiversity of the Atlantic Forest

– even when these remnants sites are embedded within an urban

matrix.
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do MeioAmbiente, Brası́lia, p.319-333.

de Souza O.F.F, & Brown, V.K. 1994. Effects of habitat fragmen-

tation on Amazonian termite communities.J. Trop. Ecol. 10:197-

206.

Governo do Estado da Paraı́ba. 1985. Atlas Geográfico do Estado da
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