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Abstract: Wet enclaves of montane forests in Caatinga domain, locally known as “Brejos de Altitude”, are associated 
with plateau at altitudes greater than 500 m a.s.l. and to orographic rainfall. Termite assemblage structures were 
studied in two areas of montane forest (Brejo de Altitude) located in the municipalities of Bezerros and São Vicente 
Ferrer, Pernambuco State, Brazil. Sampling was performed in 65 x 2 m transects, totaling 300 m2/per area; the 
densities of nests in each area were estimated using six 1300 m2 plots. A total of 35 morphospecies were recorded 
that belonged to 21 genera and three families, with 133 encounters. The soil-feeders feeding group predominated, 
followed by wood-feeders species. A total of five species constructing conspicuous nest were recorded in the 
two areas. The mean density of active conspicuous nests was 2.6 ± 6.3 nests/ha (mean ± sd) in Bezerros, and 
21.8 ± 21.4 nests/ha in São Vicente Ferrer. Termite richness in the study areas were within the amplitude ranges 
recorded in other montane forests. Thus, the results presented here, combined with data from literature, reinforce 
need additional studies of the termite fauna in montane forest areas, once the “Brejos” are currently under high 
ecological pressure and their preservation is urgent.
Keywords: Biodiversity, feeding groups, nest density, Acorhinotermes, Neotropical region.
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Resumo: Enclaves de floresta úmida de altitude nos domínios da Caatinga, localmente conhecidos como “Brejos de 
Altitude”, estão associados a áreas com mais de 500 m de altitude e às chuvas orográficas. O presente estudo teve 
como objetivo caracterizar a estrutura da taxocenose de térmitas em duas áreas de Brejo de Altitude localizadas nos 
municípios de Bezerros e São Vicente Ferrer, Estado do Pernambuco, Brasil. A amostragem foi realizada através 
de transectos de 65 m x 2 m, totalizando 300 m2/por área. Em cada área, a densidade de ninhos foi estimada em 
seis parcelas de 1300m2. Trinta e cinco morfoespécies foram registradas nas duas áreas, pertencentes a 21 gêneros 
e três famílias, com 133 encontros. O grupo alimentar dos humívoros foi predominante, seguido pelos xilófagos. 
Um total de cinco espécies construtoras de ninhos conspícuos foram registradas nas duas áreas. A densidade média 
de ninhos conspícuos ativos foi de 2,6 ± 6,3 ninhos/ha (média ± dp) em Bezerros, e de 21,8 ± 21,4 ninhos/ha em 
São Vicente Ferrer. A riqueza de térmitas das áreas estudadas ficou dentro da amplitude já registrada para áreas 
de Brejo de Altitude. Assim, os resultados aqui apresentados, combinados com dados da literatura, reforçam a 
necessidade de estudos adicionais da fauna de térmitas em áreas de floresta montana, uma vez que os Brejos estão 
atualmente sob alta pressão ecológica e sua preservação é urgente.
Palavras-chave: Biodiversidade, grupos alimentares, densidade de ninhos, Acorhinotermes, Região Neotropical.
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Introduction
The Caatinga domain is a mosaic of spiny shrubs and seasonally 

dry tropical forests covering approximately 735,000 km2 in northeastern 
Brazil (Leal et al. 2005). The Caatinga domain is bordered by the 
Atlantic Forest to the east, the Amazon Forest to the west, and Cerrado 
(neotropical savanna) to the south (Leal et al. 2005, Prado 2003), and it 
harbors enclaves of humid montane forests locally known “Brejos de 
Altitude” or “Brejos Nordestinos” (Andrade-Lima, 1982). The origin 
of these mountains has been associated with climatic shifts during the 
Pleistocene, with the current forest enclaves representing the results of 
expansion and retraction cycles of more humid forests within the dryer 
Caatinga matrix (Andrade-Lima 1982, Santos et al. 2007). 

Montane forests are associated with plateaus at altitudes greater 
than 500 m a.s.l. and orographic rainfall with precipitation levels above 
1200 mm/year (Andrade-Lima 1960, Veloso et al. 1991, Tabarelli & 
Santos 2004), with perennial, sub-perennial, and sub-deciduous forests 
predominating on the highest slopes (Andrade-Lima 1966, Andrade-
Lima 2007). When compared to adjacent semiarid regions, those 
montane forests show milder temperatures and higher humidity levels 
(Andrade-Lima 1966, Rodal & Sales, 2008). Studies focusing on the 
phylogeography of anuran amphibians (Carnaval, 2002; Carnaval & 
Bates, 2007), reptile distributions (Borges-Nojosa & Caramaschi, 2003), 
arboreal physiognomy and diversity (Tavares et al., 2000; Rodal & Sales, 
2008), and parsimony analyses of woody plant endemism (Santos et 
al., 2007) have all indicated that the areas have a biota with distinct 
characteristics between them. These forests have high rates of endemism 
(Andrade-Lima, 1982), biological communities little known (Silva et 
al. 2018), and there is a strong degradation of the original formation, 
being considered currently priority areas for the conservation of the 
biodiversity (Prado 2003; Silva et al. 2018).

Termites are eusocial insects of the infraorder Isoptera (order 
Blattaria) that have important functions in the dynamic ecological 
processes of nutrient recycling, soil aeration, and the maintenance of soil 
fertility (Wood & Sands 1978, Holt & Lepage 2000), and their activities 
are principally associated with benefits to primary production (Bignell 
& Eggleton 2000). Termite distribution is predominately tropical, with 
humid equatorial forests and savannas having the greatest species 
richness, abundance, and biomass; diversity declines with increasing 
latitude and altitude (Eggleton 2000, Jones & Eggleton 2011, Cancello 
et al. 2014; Nunes et al., 2017).

Termite fauna of montane forests have been investigated in six 
different areas, generating species lists (Vasconcellos & Moura 2014, 
Couto et al. 2015) and studies of the influence of anthropogenic 
disturbances on termite assemblages (Bandeira & Vasconcellos 
2002, Bandeira et al. 2003, Bandeira & Vasconcellos 2004) and their 
vertical stratification (Araújo et al. 2015). The present study sought to 
characterize the structures of termite assemblages in two montane forest 
areas in northeastern Brazil in terms of their species richness, relative 
abundance, feeding groups, and nest densities.

Materials and Methods

1.	 Study area 

The present study was undertaken in two areas of montane forest 
in northeastern Brazil: i) Mata Vertentes (BEZ) in the municipality 

of Bezerros, Pernambuco State, Brazil (8º11’12”S x 35º47’29”W); 
ii) the Mata do Estado Municipal Reserve (SVF) in the municipality 
of São Vicente Ferrer, Pernambuco State, Brazil (7º37’07”S x 
35º30’15”W) (Figure 1). The Mata Vertentes comprises an area of 
129 ha at approximately 960 m a.s.l. The climate there is tropical 
rainy, usually with dry summers (KÖppen 1936, Alvares et al. 2013); 
the mean annual rainfall is 442.5 mm (APAC 2017), with a mean 
annual temperature of 22.9 ºC (DCA 2016). The Mata do Estado 
Municipal Reserve comprises an area of 600 ha, at approximately 
570 m a.s.l., with a rainy tropical climate with dry summers (KÖppen 
1936, Alvares et al. 2013), a mean annual rainfall rate of 928.7 
mm (APAC 2017), and mean annual temperatures between 22º C 
and 26º C (SEMAS 2014). The vegetation of the studied areas is 
perennial, formed by fragments of montane rain forests. Due to 
anthropogenic disturbances, vegetation varies from primary forests 
to highly impacted secondary forests (Veloso & Góes Filho 1982; 
Andrade-Lima 2007).

Figure 1. Locations of the study areas in northeastern Brazil. (1) Mata Vertentes, 
municipality of Bezerros, Pernambuco State, Brazil (2) Mata do Estado 
Municipal Reserve, municipality of São Vicente Ferrer, Pernambuco State, Brazil.

2.	 Sampling protocols 

The termite assemblages were sampled between April and July/2017 
using protocols based on transect sampling (modified from De Souza & 
Brown [1994] and Jones & Eggleton [2000]) similar to those described 
by Cancello et al. (2014). Six 65 m x 2 m transects (separated one from 
the other by at least 200 m) were established in each locality. Each 
transect was subdivided into five 5 x 2 m plots every 10 m, totaling 
30 plots (300 m2) per locality. The sampling effort in each plot was 1 
hour-person. We searched for termites in active and abandoned nests 
(up to 2 m above the ground), in tunnels, in the trunks of live and dead 
trees, in the leaf litter, inside the fallen tree boughs, beneath the ground 
(up to 15 cm below the surface), under stones, and within dead roots. 
The specimens collected were stored in flasks containing 80% alcohol 
and subsequently deposited in the Isoptera Collection at the Federal 
University of Paraíba.
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3.	 Species determination  

The genera were determined using taxonomic keys present in 
Constantino (2002) and Bourguignon et al. (2016). At the species level 
were used the descriptions listed in Constantino (1998; 2017). All the 
material was compared with the species housed in the Entomological 
Collection of the Termitology Laboratory/LabTermes of the Federal 
University of Paraíba, Brazil.

4.	 Feeding groups

Feeding group assignments were based on in situ observations and 
information available in the specialized literature concerning neotropical 
termites (De Souza & Brown 1994, Constantino 1999, Bandeira et al. 2003, 
Sena et al. 2003, Vasconcellos et al. 2005, Cancello et al. 2014). The species 
were classified as belonging to the following feeding groups (FG1): (i) wood-
feeders, those that consume the wood of living trees, or of dead trees in various 
stages of decomposition; (ii) soil-feeders, those that feed on humus and 
generally live in the soil; (iii) wood/soil-feeders, those that consume humus, 
as well as wood in different stages of decomposition and generally transport 
soil to within the wood they are consuming; and (iv) wood/leaf-feeders, those 
that consume wood in advanced stages of decomposition, as well as leaves 
gathered on the forest floor. The termites were also categorized following 
the proposals of Donovan et al. (2001) (see Table 1, FG2).

5.	 Nest densities

In each area, the densities of conspicuous nests were estimated 
within six 65 x 20 m plots established parallel to the transects used in 
the faunal inventory. All nests with volumes ≥ 2.0 L in those plots were 
identified, counted, and characterized as: (i) arboreal, nests constructed 
on the trunks and branches of living or dead trees; (ii) epigeal, nests 
generally initiated below ground level, but eventually growing and 
emerging with an above-ground portion.

6.	 Analyses

The number of plots in which a given species was present (encounters) 
was used as an indirect measure of relative abundance (Jones 2000). 

Species accumulation curves were constructed using the Mao Tau method, 
considering 95% confidence intervals for 1000 randomizations without 
replacement of the original data. Chao 2 non-parametric estimator was 
used to evaluate species richness in each area. Those analyses were 
performed using EstimateS 9.1.0 software (Colwell 2017).

Results

A total of 35 termite species were recorded in the two study areas, 
of which 19 (54%) were identified and 16 (46%) were morphotyped; 
they belonged to 21 genera and three families, with 133 encounters 
(Table 1). The family Termitidae comprised the greatest numbers of 
species (80.0%) and encounters (93.2%), Rhinotermitidae comprised 
11.4% of the species and 3.0% of the encounters, while Kalotermitidae 
comprised 8.6% of the species and 3.8% of the encounters.  

Fifteen termite morphospecies were encountered in Bezerros, 
belonging to 12 genera and three families, with 54 encounters. São 
Vicente Ferrer had a richness of 24 morphospecies belonging to 14 
genera and three families, with 79 encounters. The most abundant 
species in Bezerros was Nasutitermes corniger (Motschulsky, 1855) (14 
encounters), and the two most abundant species in São Vicente Ferrer 
were Apicotermitinae sp.4 and Diversitermes diversimiles (Silvestri, 
1901) (12 and 9 encounters respectively) (Table 1). 

In relation to the subfamilies of Termitidae, the subfamily 
Apicotermitinae had the greatest species richness (6 species; 50.0%) and 
numbers of encounters (26 encounters; 53.1%) in Bezerros, while the 
subfamily Nasutitermitinae had the greatest number of species (9; 45%) 
and number of encounters (38; 50.1%) in São Vicente Ferrer (Figure 2).

The estimated species richness in Bezerros was 16.16 ± 0.32 (mean 
± standard error) (Chao2), and the estimated species richness in São 
Vicente Ferrer was 50.58 ± 4.03 (Chao2). The species accumulation 
curve in Bezerros had a slight tendency towards attaining its asymptote; 
the accumulation curve in São Vicente Ferrer had an ascending tendency. 
According to the confidence intervals, there were no significant differences 
between the species accumulation curves of the two areas (Figure 3). 

Figure 2. Species richness (a) and numbers of encounters (b) of termites per subfamily of Termitidae in the municipalities of Bezerros (BEZ) and São Vicente 
Ferrer (SVF), Pernambuco State, Brazil. 
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Table 1. Species richness, relative abundances (numbers of encounters), feeding group, and micro-habitats of termites in the study areas in the municipalities of 
Bezerros (BEZ) and São Vicente Ferrer (SVF), Pernambuco State, Brazil. Micro-habitat: Li, leaf litter; Wo, wood; Ne, nest; So, soil. FG: feeding groups. FG1: 
W, wood-feeders; S, soil-feeders; W/L, wood/leaf-feeders; W/S, wood/soil-feeders. FG2: following the categories of Donovan et al. (2001). * Conspicuous nest.

Family/subfamily/species Sites Micro-habitat Feeding groups
BEZ SVF FG1 FG2

KALOTERMITIDAE
Glyptotermes sp. 1 Wo W I
Neotermes sp. 1 Wo W I
Rugitermes sp. 3 Wo W I
RHINOTERMITIDAE
Acorhinotermes sp. 1 Wo W I
Heterotermes longiceps (Snyder, 1924) 1 Wo W I
Heterotermes tenuis (Hagen, 1858) 1 Wo W I
Rhinotermes hispidus Emerson, 1925 1 Wo W I
TERMITIDAE
Apicotermitinae
Anoplotermes sp.1 1 So S IV
Anoplotermes sp.2 5 1 So S IV
Apicotermitinae sp.1 1 So S IV
Apicotermitinae sp.2 6 So S IV
Apicotermitinae sp.3 3 So S IV
Apicotermitinae sp.4 12 So S IV
Apicotermitinae sp.5 9 So S IV
Apicotermitinae sp.6 4 So S IV
Apicotermitinae sp.7 3 So S IV
Grigiotermes sp. 1 So S IV
Ruptitermes reconditus (Silvestri, 1901) 4 Li/So W/L III
Nasutitermininae
Diversitermes diversimiles (Silvestri, 1901) 9 Li/Wo/So W/L II
Nasutitermes calimorphus Mathews, 1977 3 Li/Wo W II
Nasutitermes corniger (Motschulsky, 1855) 14* 5* Wo/Ne W II
Nasutitermes ephratae (Holmgren, 1910) 2* Wo/Ne W II
Nasutitermes gaigei Emerson, 1925 5 Wo W II
Nasutitermes jaraguae (Holmgren, 1910) 2 7 Wo W II
Subulitermes microssoma (Silvestri, 1903) 1 So S III
Subulitermes sp. 2 3 Wo/So S III
Velocitermes velox (Holmgren, 1906) 3 Li/Wo/So W/L II
Syntermitinae
Embiratermes neotenicus (Holmgren, 1906) 5* So/Ne W/S III
Embiratermes parvirostris Constantino, 1993 1 So S III
Ibitermes inflatus Vasconcellos, 2002 1 So S III
Labiotermes labralis (Holmgren, 1906) 1* Ne S IV
Silvestritermes holmgreni (Snyder, 1926) 5* Li/Wo/Ne W/S III
Termitinae
Dihoplotermes inusitatus Araujo, 1961 2 So S III
Microcerotermes strunckii (Sörensen, 1884) 1 Wo W II
Neocapritermes sp. 2 So W/S III
Encounters 54 79
Morphospecies 15 24
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The soil-feeders (FG1) were predominant in Bezerros, representing 
53.3% of the species and 50.0% of the encounters; the second most 
predominant feeding group was wood-feeders. There were equal 
numbers of soil-feeders and wood-feeders termite species (41.7% 
each) in São Vicente Ferrer, with the soil-feeders demonstrating the 
greatest numbers of encounters (38.0%) (Figure 4). According to the 
classification of Donovan et al. (2001), feeding groups III and IV 
demonstrated the greatest numbers of species in Bezerros (33.3% each), 
while group II (33.3%) and group IV (29.2%) had the greatest numbers 
of species in São Vicente Ferrer (Table 1, FG2).

The mean nest density in Bezerros was 2.6 ± 6.3 (mean ± standard 
deviation) active nests/ha, with Nasutitermes corniger being the only 
termite that built conspicuous nests, while the mean nest density in 
São Vicente Ferrer was 21.8 ± 21.4 active nests/ha. Four arboreal 
nest building species were encountered in the latter area: Labiotermes 
labralis (Holmgren, 1906) (2.6 ± 6.3 active nests/ha), Nasutitermes 
corniger (3.8 ± 6.4), Nasutitermes ephratae (Holmgren, 1910) (5.1 
± 6.3), and Silvestritermes holmgreni (Snyder, 1926) (2.6 ± 4.0). 

Embiratermes neotenicus (Holmgren, 1906) was the only species 
recorded in the study that constructed epigeal nests, with a density of 
7.7 ± 6.9 active nests/ha in São Vicente Ferrer.

Discussion 

A total 35 species were found, of which 19 (54%) were identified and 16 
(46%) were morphotyped. The species Rhinotermes hispidus, Nasutitermes 
gaigei, and Velocitermes velox represent new records for montane forests. 
Including those three new records, approximately 48 species have now been 
identified to the species level in eight inventoried montane forests (Bandeira 
& Vasconcellos 2002, Bandeira et al. 2003, Bandeira & Vasconcellos 2004, 
Vasconcellos & Moura 2014, Araújo et al. 2015, Couto et al. 2015). Studies 
focusing on termite diversity in montane forests have usually been unable to 
identify between 24 and 53% of the morphospecies encountered, indicating 
the existence of new species and/or taxonomic difficulties (principally 
related to the subfamily Apicotermitinae). The report here of the genus 
Acorhinotermes sp. in São Vicente Ferrer is notable, as it is currently 
considered monospecific (Acorhinotermes subfusciceps) and no records 
of encounters have yet been published for Brazil. Its current distribution is 
mainly related to the Amazonian, occurring in Guiana and French Guiana 
(Emerson 1925, Davies 2002, Davies et al. 2003), and little is known 
about its biology or ecology. Only one colony of Acorhinotermes sp. was 
encountered in the decomposing bark of a live tree in the present research.

The species richness of termites in the study areas (15 and 24 spp.) 
were within the amplitude ranges reported for other montane forest areas 
sampled by several protocols and sampling efforts (between 17 and 29 
spp.) (Bandeira & Vasconcellos 2002, Bandeira et al. 2003, Bandeira 
& Vasconcellos 2004, Vasconcellos & Moura 2014, Couto et al. 2015). 
In relation to the areas sampled with the same protocol employed in the 
present study, the numbers of morphospecies reported here were within 
the amplitude ranges for the studies in the Montane Forests (16 to 29 
spp.) (Vasconcellos & Moura 2014, Couto et al. 2015), in the Atlantic 
Forest (4 to 34 spp.) (Souza et al. 2012, Cancello et al. 2014); and in the 
Caatinga domain (7 to 36 spp.) (Mélo & Bandeira 2004, Vasconcellos 
et al. 2010, Alves et al. 2011, Vasconcellos & Moura, 2014).

Figure 3. Accumulation curves of termite species (Mao Tau), and 95% confidence 
intervals (CI).

Figure 4. Species richness (a) and numbers of termite encounters (b) per feeding group (category FG1).
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The observed and estimated species richness at Bezerros were 
relatively similar, indicating sufficient sampling efforts for that site. The 
richness estimates for São Vicente Ferrer (especially that suggested by 
the Chao2 estimator) were larger than the observed richness. This result 
may be related to the fact that 45.8% of the species recorded for that area 
were represented by single sample (uniques). Using the same sampling 
protocol used in the present study, Cancello et al. (2014) reported that 
Atlantic Forest remnants in northeastern Brazil demonstrated greater 
numbers of uniques in relation to Atlantic Forest remnants at higher 
latitudes, indicating the necessity of greater sampling efforts for rare 
species at lower latitudes.  

In relation to the species richness and abundances of the subfamilies 
of Termitidae, we found the Apicotermitinae to be predominant in 
Bezerros while Nasutitermitinae was predominant in São Vicente Ferrer. 
Previously published studies concerning the termite fauna in montane 
forests (Bandeira et al. 2003), Atlantic Forests (Reis & Cancello 2007, 
Vasconcellos 2010, Souza et al. 2012), and Caatinga sites (Vasconcellos 
et al. 2010; Viana Junior et al. 2014) have cited the predominance 
of the subfamily Nasutitermitinae, although Vasconcellos & Moura 
(2014) noted variations in the predominance of different subfamilies 
of Termitidae in montane forests. 

In general, the present study encountered greater richness of 
soil-feeders and wood-feeders termites, respectively, corroborating 
other studies in similar ecosystems (Bandeira & Vasconcellos 2002, 
Bandeira et al. 2003, Vasconcellos & Moura 2014, Couto et al. 2015). 
Studies undertaken in humid tropical forests in Brazil (Amazon and 
Atlantic forests), degraded montane forests, and Caatinga vegetation 
have reported the predominance of wood-feeders termites (Bandeira 
et al. 1998, Brandão 1998, Bandeira et al. 2003, Vasconcellos et al. 
2005, Reis & Cancello 2007, Vasconcellos et al. 2010, Souza et al. 
2012, Alves et al. 2011, Viana Junior et al. 2014). No previous study 
undertaken in montane forests used the feeding group classification 
proposed by Donovan et al. (2001), which may be related to the lack 
of detailed information available concerning the Neotropical termite 
fauna (Bandeira et al. 2003). At the global level, soil (group IV) and 
humus (group III) consumers have been reported to represent the greatest 
fraction of termites in Humid Tropical Forests in Africa (Cameroon), 
South America (French Guiana), and Southeast Asia (Borneo) (Davies 
et al. 2003; Jones & Eggleton 2011).

Twelve species of termites constructing conspicuous nests are 
known to inhabit montane forest areas (varying between one and 
seven species per site) (Bandeira & Vasconcellos 2002, Vasconcellos 
& Moura 2014, Couto et al. 2015). Among those 12 species, only one 
was encountered in Bezerros and five in São Vicente Ferrer. Their nest 
densities were greater in São Vicente Ferrer (21.8 nests/ha) than in 
Bezerros (2.6 nests/ha). Those densities are below published records for 
the Atlantic Forest (24 to 92.8 nests/ha) (Vasconcellos 2010), but within 
the amplitude for Caatinga vegetation (0.7 to 89 nests/ha) (Martius et 
al. 1999, Mélo & Bandeira 2004, Vasconcellos et al. 2010, Alves et al. 
2011). The nest density recorded here for São Vicente Ferrer is greater 
than that reported by Bandeira et al. (2003) in another area of montane 
forest (5 to 10 nests/ha).

In summary, the following findings should be emphasized: (i) as 
compared to Bezerros, the São Vicente Ferrer site had greater species 
richness and abundance and higher densities of conspicuous nests, 
which may be related to factors such as: elevation, climatic variables, 

levels of anthropogenic disturbances, and/or the sizes of those two areas. 
The greatest area extension of São Vicente Ferrer can reduce both, the 
edge effect and the anthropic disturbances on the communities that 
comprise this ecosystem. Bandeira et al. (2003) consider the effects of 
environmental degradation and the higher altitude as possible factors 
resulting in the lower termite diversities observed in montane forests; (ii) 
was found a greater richness of soil-feeders and wood-feeders termites. 
Bandeira & Vasconcellos (2002) report that decrease in species richness 
of termites, mainly by the reduction of humus and intermediate feeders 
can associated with levels of environmental disturbance; (iii) although 
some studies underway in Brazil, new records of species such as the 
Acorhinotermes sp. are still little known. Thus, the results presented 
here, combined with data from literature, reinforce need additional 
studies of the termite fauna in montane forest areas, once the Brejos are 
currently under high ecological pressure and their preservation is urgent.
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