
Ferreira,  Renan  Rodrigues,  Lucena,  Emanuelly  Félix  de,  Koroiva,  Ricardo,
Azevedo,  Renato  Almeida  de,  Haugaasen,  Torbjørn,  Peres,  Carlos  A.,  Hawes,
Joseph  ORCID  logo  ORCID:  https://orcid.org/0000-0003-0053-2018  and
Vasconcellos,  Alexandre (2023) Amazonian forest  termites:  a  species  checklist
from the State of Acre, Brazil. Biota Neotropica, 23 (4). e20231551. 

Downloaded from: http://insight.cumbria.ac.uk/id/eprint/7486/

Usage of  any items from the University  of  Cumbria’s  institutional repository ‘Insight’ must  conform to the
following fair usage guidelines.

Any item and its associated metadata held in the University of Cumbria’s institutional repository Insight (unless
stated otherwise on the metadata record) may be copied, displayed or performed, and stored in line with the JISC
fair dealing guidelines (available here) for educational and not-for-profit activities

provided that

• the authors, title and full bibliographic details of the item are cited clearly when any part
of the work is referred to verbally or in the written form 

• a hyperlink/URL to the original Insight record of that item is included in any citations of the work

• the content is not changed in any way

• all files required for usage of the item are kept together with the main item file.

You may not

• sell any part of an item

• refer to any part of an item without citation

• amend any item or contextualise it in a way that will impugn the creator’s reputation

• remove or alter the copyright statement on an item.

The full policy can be found here. 
Alternatively contact the University of Cumbria Repository Editor by emailing insight@cumbria.ac.uk.

http://www.ukoln.ac.uk/services/elib/papers/pa/fair/
mailto:insight@cumbria.ac.uk
http://insight.cumbria.ac.uk/legal.html#section5


Biota Neotropica 23(4): e20231551, 2023
www.scielo.br/bn

Amazonian forest termites: a species checklist from the State of Acre, Brazil

Renan Rodrigues Ferreira1 , Emanuelly Félix de Lucena1 , Ricardo Koroiva2 , 

 Renato Almeida de Azevedo3 , Torbjørn Haugaasen4 , Carlos A. Peres5 , Joseph E. Hawes4,6  & 

Alexandre Vasconcellos1*   

1Universidade Federal da Paraíba, Centro de Ciências Exatas e da Natureza, Laboratório de Termitologia, 
Departamento de Sistemática e Ecologia, 58051-900, João Pessoa, PB, Brasil.

2Universidade Federal do Pará, Instituto de Ciências Biológicas, 66075-110, Belém, PA, Brasil.
3Instituto Nacional de Pesquisas da Amazônia (INPA), Coordenação de Biodiversidade-COBIO, Av. André 

Araújo, 2936, Petrópolis, 69083-000, Manaus, AM, Brasil.
4Norwegian University of Life Sciences, Faculty of Environmental Sciences and Natural 

Resource Management, Ås, Norway.
5University of East Anglia, School of Environmental Sciences, Norwich, NR4 7TJ, United Kingdom.

6University of Cumbria, Institute of Science and Environment, Ambleside, Cumbria, LA22 9BB,  
United Kingdom.

*Corresponding author: avasconcellos@dse.ufpb.br

FERREIRA, R.R, LUCENA, E.F., KOROIVA, R., AZEVEDO, R.A., HAUGAASEN, T., PERES, C.A., 
HAWES, J.E., VASCONCELLOS, A. Amazonian forest termites: a species checklist from the State of Acre, 
Brazil. Biota Neotropica 23(4):e20231551. https://doi.org/10.1590/1676-0611-BN-2023-1551

Abstract: The Brazilian state of Acre is located in the southwestern Amazon and it is characterized by a humid 
tropical forest vegetation that covers plains and mountains. Up to this point, the composition of termite species 
in the state is not known. The aim of this study was to provide a checklist of termite species or recognizable 
taxonomic units for the state of Acre. Sampling was conducted through field expeditions at the Serra do Divisor 
National Park, Chandless State Park, Humaitá Forest Reserve, and Chico Mendes Environmental Park using a 
standardized rapid termite inventory protocol in the first two areas and active searching collections in the others, 
without a specific protocol. This study also included occurrence records published in the scientific literature. A 
total of 128 species and morphospecies of termites were found in Acre, distributed across 59 genera and four 
families. The most frequently occurring species in Acre was Heterotermes tenuis (Hagen, 1858). The study also 
identified six new species records for Brazil. The predominant feeding groups were soil-feeders and wood-feeders, 
as expected from data obtained from surveys in humid tropical forests. Despite the significant number of new 
records for Acre (112), it is concluded that a larger sampling effort is still required, as many areas of the state have 
not yet been studied for termites.
Keywords: insect fauna; biodiversity; feeding groups; Isoptera; Neotropics.

Térmitas da Floresta Amazônica: uma lista de espécies do Estado do Acre, Brasil

Resumo: O estado brasileiro do Acre está localizado no sudoeste da Amazônia e é caracterizado por uma vegetação 
de floresta tropical úmida que cobre planícies e montanhas. Até então, a composição de espécies de térmitas no 
estado não é conhecida. O objetivo desse estudo foi construir um checklist de espécies ou unidades taxonômicas 
reconhecíveis de térmitas para o estado do Acre. A amostragem foi conduzida através de expedições de campo no 
Parque Nacional da Serra do Divisor, no Parque Estadual Chandless, na Reserva Florestal Humaitá, e no Parque 
Ambiental Chico Mendes utilizando o protocolo rápido de diversidade de térmitas nas duas primeiras áreas e 
coletas avulsas nas demais, sem um protocolo específico. Este estudo também incluiu registros de ocorrência 
publicados na literature científica. Um total de 128 espécies e morfoespécies de térmitas foram encontradas no Acre, 
distribuídas em 59 gêneros e quatro famílias. A espécie de ocorrência mais frequente no Acre foi Heterotermes tenuis 
(Hagen, 1858). O estudo também identificou seis novos registros de espécies para o Brasil. Os grupos alimentares 
predominantes foram os humívoros e xilófagos, como esperado a partir de dados obtidos de pesquisas em florestas 
tropicais úmidas. Apesar do número significativo de novos registros para o Acre (112), conclui-se que ainda é 
necessário um esforço amostral maior, uma vez que muitas áreas do estado ainda não foram estudadas para térmitas.
Palavras-chave: fauna de insetos; biodiversidade; grupos alimentares; Isoptera; Neotropical.
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Far beyond its recognized biodiversity, the biome is of great importance 
to global ecology as it regulates regional hydrological cycles and climate 
patterns (Hutyra et al. 2007, Silva & Rezende 2022), and stores up to 
100 billion tons of carbon (Copertino et al. 2019). However, the Amazon 
Basin continues to experience rapid deforestation and forest degradation 
(Vergopolan & Fisher 2016, INPE 2021), which threaten the balance 
of the entire ecosystem.

The state of Acre, located in the westernmost part of the Brazilian 
Amazon, has particular environmental characteristics that favor high 
biodiversity due to the influence of the Andean Cordillera (Sombroek 
2000). Despite several protected areas, Acre has experienced particularly 
high rates of deforestation in recent decades (INPE 2021), highlighting 
the need to rapidly improve our knowledge of the region. One example 
is the Serra do Divisor National Park, which harbors some of the greatest 
biodiversity on earth, and is threatened by proposed bills that seek to 
reduce its protected status, likely leading to increased degradation within 
the park boundaries (Koga et al. 2022). For many termite species, there 
are only a few records from Acre, which suggests an underestimation 
of termite gamma diversity and highlights the need for further studies 
to better understand their distribution in the area. Improving the current 
knowledge of this taxon will be useful in developing conservation 
strategies and contributing to protected area management plans. Our 
aim here is therefore to provide a comprehensive checklist of the species 
or recognizable taxonomic units for termites occurring within four 
important protected areas within the Brazilian state of Acre.

Material and Methods

1. Study areas

The state of Acre (Figure 1) has an area of 164,173.431 km², is located 
entirely in the Amazon biome and belongs to the northern region of Brazil. 

Introduction

Termites are abundant eusocial insects that act as decomposers 
and ecosystem engineers in tropical and subtropical regions of the 
world (Bignell et al. 2011). Their presence alters the environment as 
a result of their foraging behavior and nest-building, making nutrients 
trapped in plant organic matter more readily available to the soil, and 
creating new microhabitats for a wide variety of organisms of different 
trophic categories (Bignell & Eggleton 2000, Holt & Lepage 2000). 
Low-latitude regions tend to have higher temperatures and higher 
precipitation, which contribute to elevated levels of species diversity 
(Lomolino 2001). This is true for Brazil, one of the countries with 
the greatest biodiversity, which has a recorded 348 termite species, a 
value clearly underestimated (Cancello et al. 2014, Constantino 2022). 
Currently, 2,970 extant termite species are known worldwide, 615 of 
which species are recorded in the Neotropical region, surpassed only 
by the Oriental and Ethiopian regions (Constantino 2022).

Termite studies in Brazil have increased our understanding about 
the diversity of this group and its distribution across different biomes 
(Constantino 2005, Vasconcellos & Moura 2014, Feitosa et al. 2021, 
Vasconcellos et al. 2023). Some species lists have already been 
published for the Amazon (Emerson 1925, Bandeira 1979, Constantino 
1992, Constantino & Cancello 1992, Issa 2000, Bahder et al. 2009, Palin 
et al. 2011, Dambros et al. 2012, Castro et al. 2021a) but to date there are 
no published checklists for any of the federal states of northern Brazil. 
The lack of a species inventory is especially detrimental because of the 
importance of these data for establishing ecological and biogeographical 
baselines to better inform conservation strategies (Silveira et al. 2010, 
Koroiva et al. 2020).

The Amazon biome is characterized by dense tropical forests. About 
60% of its extent is in Brazil, but it also extends into Peru, Bolivia, 
Ecuador, Colombia, Venezuela, French Guiana, Guyana and Suriname. 

Figure 1. Locality map of the areas where termite sampling was conducted in the state of Acre, Brazil. 1, Serra do Divisor National Park; 2, Chandless State Park; 
3, Humaitá Forest Reserve; 4, Chico Mendes Environmental Park.
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It borders the Amazon River to the north, Rondônia to the east, and the 
international borders with Peru to the west and Bolivia to the south. The 
relief of Acre is mainly composed of depressions, except for a small 
plateau in the north, and lowlands closely related to the hydrographic 
basin of the state (Cavalcante 2006). The hydrography of Acre consists of 
extensive rivers that are part of the Amazon River system, flowing from 
the southwest to the northeast and forming two important hydrographic 
basins for the state: the Acre-Purus Basin and the Juruá Basin.

According to Koppen’s climate classification, Acre has a tropical 
savanna, equatorial and monsoon climate, with an average temperature 
of 25.1 °C, an annual precipitation of 2,169 mm. Although the vegetation 
of Acre is predominantly humid tropical forest, it has variations that 
include 11 forest typologies (IBGE 2005). Acre is the second-largest 
state in the legal Amazon region in terms of vegetation coverage, with 
86% of its territory covered by the Amazon rainforest, second only 
to the state of Amazonas, which boasts 91% coverage (INPE 2021).

For this study, sampling was conducted in four protected areas across 
the state of Acre: Serra do Divisor National Park (SDNP—8°02’39.0” S 
73°33’55.0” W), Chandless State Park (CSP—9°55’15” S 70°09’45” W), 
Humaitá Forest Reserve (HFR—9°45’49” S 67°38’40” W) and Chico 
Mendes Environmental Park (CMEP—10°02’14” S 67°47’38” W). The 
SDNP and CSP protected areas are under special protection regimes 
that aim to preserve biodiversity, natural ecosystems, and unique 
environmental characteristics. These areas are recognized as important 
for the preservation of biological diversity and have a territorial extension 
of 843,012.28 ha and 695,303.00 ha, respectively. In contrast, HMF 
(2,000 ha) is located in a forest fragment near the state capital of Rio 
Branco, and CMEP (57 ha) is an urban park located in the Rio Branco 
suburbs. These two sites have lower protected status and clearly present 
different environmental pressures than those observed at SDNP and CSP.

2. Species sampling

Five sample expeditions were carried out in May and December 
2019. In May, collections were carried out in SDNP, CSP, HFR, and 
CMEP, and in December, an additional collection was conducted in 
SDNP. The rapid inventory protocol adapted by Cancello et al. (2014) 
was applied twice in SDNP and once in CSP. The application of this 
protocol is important not only because it captures a high number of 
species and feeding groups with a quick field effort, but also because it is 
a standardized method that allows for more reliable comparisons between 
different locations, enabling the development of ecological studies at larger 
scales. This protocol consists of six transects spaced at least 100 m apart, 
and divided into five plots of 5 × 2 m spaced 10 m apart. Sampling effort 
was 1 hour/plot/person, searching in all possible environments within the 
plot, such as on the ground, in fallen logs, in the leaf litter, under rocks, 
and on trees up to about 2 m high. Collected material was placed in flasks 
containing 80 °GL ethyl alcohol for sorting in the laboratory. In HFR and 
CMEP, collections were conducted using active searching for termites 
along the path traversed in those areas, without a specific protocol. The 
reduced number of days in the HFR and CMEP expeditions restricted the 
implementation of the rapid inventory protocol at these sites.

Termite sampling and transport were authorized by the Brazilian 
Biodiversity Information and Authorization System (SISBIO), Chico 
Mendes Institute for Biodiversity Conservation (ICMBio), Ministry of 
Environment (MMA) (SISBIO authorization number 68077-1, 50565-2 
and 72337-1). All specimens sampled in this project were deposited in 

the Termite Collection of the Department of Systematics and Ecology 
at the Federal University of Paraíba (UFPB).

Identification of species and morphospecies was based on material 
available in the scientific literature (Constantino 1998, 2002, Bourguignon 
et al. 2016a, Carrijo et al. 2023), and comparison of specimens with 
previously identified material deposited in the UFPB termite collection. 
Given the limited identifiability of specimens of the soldierless subfamily 
Apicotermitinae, it was necessary to dissect their enteric valves (see 
Supplementary Material, Figures S1, S2 and S3), which contain essential 
taxonomic characters for this subfamily, in addition to their gut topology 
(Bourguignon et al. 2016b). This necessitates the loss of specimens 
subjected to this procedure because part of their intestine is destroyed. 
Therefore, nine termite samples deposited in the UFPB termite collection 
were not included in this checklist because they contained five or fewer 
specimens, and as a result, could not be identified.

To complete the list, data were added from the Taxonomic Catalog 
of Isoptera from Brazil (Constantino 2022) and from the Web of Science 
(Clarivate Analytics 2023) and Google Scholar (Google Scholar 2023) 
databases using the keywords “Termite” and “Acre state”. Of the 
termites found in the scientific literature for the state of Acre, only 
those represented at the species or genus morphotype level that were 
not part of the sampling conducted in this work are considered, since 
it is impossible to know whether the morphotypes designated in third 
party studies are different from those analyzed in this work.

3. Feeding groups

Termites were classified into feeding groups according to the 
proposals of Plaza (2019) and Donovan et al. (2001). The first 
classification of feeding groups (FG1) is part of one of the criteria 
analyzed for the characterization of Amazonian termite guilds 
(Plaza 2019). The characterization of these feeding groups follows 
criteria adapted from earlier studies (De Souza & Brown 1994, 
Eggleton et al. 1995, Vasconcellos et al. 2010, Cancello et al. 2014). 
Although it is gray literature, the use of this classification was 
appropriate due to the regional proximity of the studied material, i.e., 
termites from the Amazon. Five categories are proposed, considering 
the feeding habits of termites: (1) W = wood-feeders that feed on 
wood and litter, regardless of the stage of decomposition; (2) L = 
leaf-feeders that cut living plant material during foraging to feed; (3) 
S = soil feeders that feed on decaying organic material and soil; (4) 
W/S = wood/soil interface feeders that use wood in an advanced stage 
of decomposition, already in the phase of incorporation into the soil; 
and (5) I = obligate inquiline termites that feed on organic compounds 
of the nest-building species of which they are inquilines. The second 
food group classification (FG2) establishes a humification gradient 
and divides termites into four groups based on differences in stomach 
contents, morphology, and internal anatomy (Donovan et al. 2001).

Results

For the state of Acre, a total of 128 species and morphospecies of 
termites were recorded, including those from this study and from other 
previously published studies. Of these, 89 species (69%) could be 
identified at the species level, while for 39, it was only possible to identify 
morphospecies (for 17 it was possible to identify the genus level, for 15 
it was possible to identify only the subfamily level, and for the remaining 
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seven species, there was some uncertainty, and we attributed a qualifying 
word, like aff. and cf., to each to indicate the degree of uncertainty).

In this study, 59 genera were recorded distributed across four 
families: Kalotermitidae (four genera, six species), Rhinotermitidae 
(four genera, six species), Serritermitidae (one genus, one species), 
and Termitidae (50 genera, 115 species and morphospecies). The high 
diversity within the Termitidae can be examined at the subfamily level, 
with 15 genera and 40 species and/or morphospecies for Apicotermitinae, 
12 genera and 31 species and/or morphospecies for Nasutitermitinae, 12 
genera and 23 species and/or morphospecies for Syntermitinae, and 11 
genera and 21 species and/or morphospecies for Termitinae. The resulting 
checklist, across all families, includes 112 new records of termite species 
for Acre and six new records of termite species for Brazil (Figures 2–6).

The SDNP was the site with the greatest species richness (89), 
followed by CSP (62), HFR (19) and CMEP (4). Literature data registered 

only 16 species for the whole of Acre. Of the 128 records for Acre, 52 were 
collected only in the SDNP, 22 only in the CSP, two species in the HFR, 
two in the CMEP and four only found in the literature. Only nine species 
occurred in three or more localities. Seventy-four species (58%) were 
exclusively sampled through the rapid inventory protocol, while 27 species 
(21%) were exclusively sampled through active searching. Overall, 23 
species were recorded building conspicuous nests, both in this study and 
in the literature (Mathews 1977, Bandeira & Fontes 1979, Constantino 
1991, 1992, 1995, Laffont et al. 2004, Fougeyrollas et al. 2017). 

The soil-feeding termites (category S from FG1) were predominant 
across Acre, representing 42% of the species found in samples from this 
study, followed by wood-feeders, represented by 34% of the species. 
According to the classification based on worker morphology by Donovan 
et al. (2001) (FG2), feeding groups II and III were most represented, 
with 28% and 46% of the species found, respectively (Table 1).

Figure 2. Soldiers of termite species with a new occurrence record for Brazil. Dolichorhinotermes tenebrosus major soldier (A, B); Dolichorhinotermes tenebrosus 
minor soldier (C, D); Cornitermes bolivianus (E, F); Uncitermes almeriae (G, H). Scale bar: 1 mm.
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Figure 3. Aparatermes thornatus worker, new occurrence for Brazil. Lateral view of habitus (A); profile view, with lateral view of head and thorax (B); dorsal view 
of head (C); enteric valve in detail (D); complete view of enteric valve cushions (E).

Figure 4. Humutermes krishnai worker, new occurrence for Brazil. Lateral view of habitus (A); profile view, with lateral view of head and thorax (B); dorsal view 
of head (C); enteric valve in detail (D); complete view of enteric valve cushions (E).
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Figure 5. Rubeotermes jheringi worker, new occurrence for Brazil. Lateral view of habitus (A); profile view, with lateral view of head and thorax (B); dorsal view 
of head (C); enteric valve in detail (D); complete view of enteric valve cushions (E).

Figure 6. Location map of new records for Brazil of the species Cornitermes bolivianus (A), Rubeotermes jheringi (B), Uncitermes almeriae (C), Dolichorhinotermes 
tenebrosus (D), Humutermes krishnai (E), Aparatermes thornatus (F). Dark grey: Amazonia.
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Table 1. List of termite species from the state of Acre, Brazil, and classification of feeding groups. Sampling locality: SDNP, Serra do Divisor National Park; CSP, 
Chandless State Park; HFR, Humaitá Forest Reserve; CMEP, Chico Mendes Environmental Park. Previously published records (Literature): 1, (Santos et al. 2022); 
2, (Constantino 2022); 3, (Thomazini & Thomazini 2002); 4, (Santos 2022). FG, Feeding-Groups: FG1 (Plaza 2019): L, leaf-feeders; S, soil-feeders; I, inquiline; 
W/S, wood/soil interface feeders; W, wood-feeders. FG2: (Donovan et al. 2001). ¹Rapid termite inventory protocol (Cancello et al. 2014). ★New incident record for 
Brazil. *Species that build conspicuous nests according to literature records. **Species that were collected in conspicuous nests in this study.

Family/subfamily/species Sampling locality Literature Feeding groups
SDNP CSP HFR CMEP FG1 FG2

KALOTERMITIDAE
Calcaritermes rioensis Krishna, 1962 X¹ W I
Calcaritermes aff. temnocephalus (Silvestri, 1901) X X W I
Eucryptotermes hagenii (Müller, 1873) X¹ W I
Glyptotermes sp. X W I
Rugitermes sp.1 X¹ W I
Rugitermes sp.2 X¹ W I
RHINOTERMITIDAE
Coptotermes testaceus (Linnaeus, 1758) X¹ X¹ X 1;2 W I
Dolichorhinotermes longilabius (Emerson, 1924) X¹ X¹ X 2 W I
Dolichorhinotermes tenebrosus (Emerson, 1925)★ X¹ W I
Heterotermes tenuis (Hagen, 1858) X¹ X¹ X 2;3;4 W I
Rhinotermes hispidus Emerson, 1925 X 2 W I
Rhinotermes marginalis (Linnaeus, 1758) X¹ X¹ 2 W I
SERRITERMITIDAE
Glossotermes sulcatus Cancello & DeSouza, 2005 X¹ W I
TERMITIDAE
Apicotermitinae
Anoplotermes banksi Emerson, 1925** X¹ S III
Anoplotermes meridianus Emerson, 1925 X¹ X¹ S III
Anoplotermes sp.1 X¹ X¹ X S III
Anoplotermes sp.2 X¹ S III
Anoplotermes aff. pacificus Müller, 1873 X¹ S III
Anoplotermes susanae Scheffrahn, Carrijo & 
Castro, 2023 X¹ S III

Aparatermes silvestrii (Emerson, 1925) X X W/S III
Aparatermes thornatus Pinzon & Scheffrahn, 2019★ X¹ W/S III
Apicotermitinae sp.1 X¹ S III
Apicotermitinae sp.2 X¹ X¹ S III
Apicotermitinae sp.3 X¹ X¹ S III
Apicotermitinae sp.4 X¹ X¹ X S III
Apicotermitinae sp.5 X¹ S III
Apicotermitinae sp.6 X¹ S III
Apicotermitinae sp.7 X¹ S III
Apicotermitinae sp.8 X¹ S III
Apicotermitinae sp.9 X¹ S III
Apicotermitinae sp.10 X¹ S III
Apicotermitinae sp.11 X¹ S III
Apicotermitinae sp.12 X S III
Apicotermitinae sp.13 X¹ X¹ X S III

Continue...
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Family/subfamily/species Sampling locality Literature Feeding groups
SDNP CSP HFR CMEP FG1 FG2

Apicotermitinae sp.14 X¹ S III
Apicotermitinae sp.15 X¹ X S III
Compositermes vindai Scheffrahn, 2013 X¹ 2 S IV
Disjunctitermes aff. insularis Scheffrahn, 2017 X¹ S IV
Disjunctitermes insularis Scheffrahn, 2017 X S III
Grigiotermes hageni (Snyder & Emerson, 1949) 2 S IV
Hirsutitermes kanzakii Scheffrahn, Carrijo & 
Castro, 2023 X S III

Humutermes krishnai Bourguignon & Roisin, 2016★ X¹ S IV
Hydrecotermes kawaii Bourguignon & Roisin, 2016 X¹ S III
Krecekitermes daironi Scheffrahn, Carrijo & 
Castro, 2023 X¹ S III

Longustitermes manni (Snyder, 1922) X¹ S IV
Mangolditermes curveileum Scheffrahn, Carrijo & 
Castro, 2023 X¹ X¹ S III

Patawatermes nigripunctatus (Emerson, 1925) X X S IV
Patawatermes turricola (Silvestri, 1901) X¹ S IV
Rubeotermes jheringi (Holmgren, 1906)★ X¹ S IV
Ruptitermes franciscoi (Snyder, 1959) X¹ L III
Ruptitermes piliceps Acioli & Constantino, 2015 X¹ X¹ L III
Ruptitermes sp. X¹ L III
Rustitermes boteroi Constantini, Castro & 
Scheffrahn, 2020 X¹ X W/S III

Nasutitermitinae
Agnathotermes aff. crassinasus Constantino, 1990 X S IV
Agnathotermes glaber (Snyder, 1926) X¹ S IV
Atlantitermes oculatissimus (Emerson, 1925) X¹ W/S IV
Atlantitermes osborni (Emerson, 1925) X¹ W/S IV
Atlantitermes sp. X¹ W/S IV
Coatitermes clevelandi (Snyder, 1926) X¹ X W/S III
Coatitermes kartaboensis (Emerson, 1925) X X¹ W/S III
Constrictotermes cavifrons (Holmgren, 1910)** X W II
Convexitermes convexifrons (Holmgren, 1906) X X¹ W/S III
Diversitermes diversimiles (Silvestri, 1901) X W II
Hyleotermes brevipilus (Emerson, 1925) X¹ W II
Nasutitermes acangussu Bandeira & Fontes, 1979* X X¹ 2 W II
Nasutitermes banksi Emerson, 1925 X¹ W II
Nasutitermes callimorphus Mathews, 1977 X¹ X W II
Nasutitermes cf. bivalens (Holmgren, 1910) X X¹ X W II
Nasutitermes cf. bolivari (Snyder, 1959) X¹ W II
Nasutitermes chaquimayensis (Holmgren, 1906) X¹ W II
Nasutitermes corniger (Motschulsky, 1855)* X¹ X 1;2 W II
Nasutitermes ephratae (Holmgren, 1910)** X¹ W II

...Continuation

Continue...
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Family/subfamily/species Sampling locality Literature Feeding groups
SDNP CSP HFR CMEP FG1 FG2

Nasutitermes guayanae (Holmgren, 1910)** X¹ X¹ W II
Nasutitermes longirostratus (Holmgren, 1906) X¹ X W II
Nasutitermes rotundatus (Holmgren, 1906) X¹ X W II
Nasutitermes sp. X¹ W II
Nasutitermes surinamensis (Holmgren, 1910)* X¹ X¹ W II
Nasutitermes wheeleri Emerson, 1925* X W II
Rotunditermes bragantinus (Roonwal & 
Rathore, 1976)* X W II

Subulitermes sp. X S III
Triangularitermes triangulariceps Mathews, 1977 X¹ S III
Velocitermes sp.1 X¹ X¹ W II
Velocitermes sp.2 X¹ X¹ W II
Velocitermes sp.3 X W II
Syntermitinae
Armitermes sp. 1 S III
Cornitermes bequaerti Emerson, 1952** X 2 L II
Cornitermes pugnax Emerson, 1925* X X¹ X L II
Cornitermes bolivianus Snyder, 1926★ X¹ X¹ L II
Cornitermes pilosus Holmgren, 1906 X L II
Curvitermes odontognathus (Silvestri, 1901) X S III
Cyrilliotermes angulariceps (Mathews, 1977) X¹ S III
Embiratermes neotenicus (Holmgren, 1906)** X¹ X W/S III
Embiratermes sp. X¹ S III
Labiotermes labralis (Holmgren, 1906)* X S IV
Mapinguaritermes peruanus (Holmgren, 1906) X¹ W/S III
Rhynchotermes amazonensis Constantini & 
Cancello, 2016 X¹ L II

Silvestritermes heyeri (Wasmann, 1915)* X¹ X W/S III
Silvestritermes minutus (Emerson, 1925)* X¹ W/S III
Syntermes aculeosus Emerson, 1945* X¹ L II
Syntermes brevimalatus Emerson, 1945 X¹ L II
Syntermes chaquimayensis (Holmgren, 1906)* 2 L II
Syntermes molestus (Burmeister, 1839) X¹ X¹ L II
Syntermes spinosus (Latreille, 1804)* X L II
Syntermes cf. territus Emerson, 1924 X¹ L II
Uncitermes almeriae Carrijo, 2016★ X W/S III
Uncitermes teevani (Emerson, 1925) X X W/S III
Vaninitermes ignotus (Constantino, 1991) X¹ S III
Termitinae
Cavitermes tuberosus (Emerson, 1925) X X S III
Cornicapritermes mucronatus Emerson, 1950 X¹ S III
Crepititermes verruculosus (Emerson, 1925) X¹ S III

...Continuation

Continue...
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Family/subfamily/species Sampling locality Literature Feeding groups
SDNP CSP HFR CMEP FG1 FG2

Cylindrotermes flangiatus Mathews, 1977 X¹ W II
Cylindrotermes parvignathus Emerson, 1949 X¹ W II
Inquilinitermes sp. 1 I III
Microcerotermes arboreus Emerson, 1925* X¹ W II
Microcerotermes strunckii (Sörensen, 1884)* X¹ X¹ X 1 W II
Neocapritermes guyana Krishna & Araujo, 1968 X¹ W III
Neocapritermes pumilis Constantino, 1991 X¹ 2 W III
Neocapritermes talpa (Holmgren, 1906) X¹ X 2 W III
Neocapritermes talpoides Krishna & Araujo, 1968 X¹ W III
Neocapritermes utiariti Krishna & Araujo, 1968 X W III
Orthognathotermes sp.1 X S IV
Orthognathotermes sp.2 X S IV
Planicapritermes planiceps (Emerson, 1925) X¹ W III
Spinitermes trispinosus (Hagen, 1858) X¹ S III
Termes ayri Bandeira & Cancello, 1992 X¹ X S III
Termes fatalis Linnaeus, 1758* X S III
Termes hispaniolae (Banks, 1918)* X¹ S III

Termes medioculatus Emerson, 1949** X¹ X¹    S III
Species Richness 89 62 19 4 16   

...Continuation

Discussion

Considering the data presented in this study, together with the 
species and morphospecies already published (Thomazini & Thomazini 
2002, Constantino 2022, Santos 2022, Santos et al. 2022), there are a 
total of 128 species recorded for the Brazilian state of Acre, representing 
an increase of 112 new species now known in Acre. Six species are 
new records for Brazil, revealing that although much is already known 
about Brazilian biodiversity, improved sampling in even a few sites can 
contribute new records for Brazil, plus new taxa to science.

The geographic proximity of Acre state to other South American 
countries, such as Peru and Bolivia, means that species already known 
to occur in these countries may also occur in Brazilian territory, since 
the similar climatic conditions and the short distance between these 
countries can favor their dispersion (Tatem & Hay 2007, Seebens et al. 
2013, 2015). An example of this is the species Uncitermes almeriae 
Carrijo, 2016 (Figure 2G, 2H), which was recorded here in Brazil for 
the first time but which was detected previously in Peru and Ecuador 
in 2016 (Carrijo et al. 2016). Faunal inventories, such as this one, can 
decrease gaps in sampling (Wallacean shortfall), improving information 
on the geographical distribution of taxa. They can also provide important 
taxonomic contributions, especially considering that, in the case of 
termites, the precise and correct identification of some taxa can be 
complicated, and specific groups have many species still undescribed 
(Linnean shortfall) (Hortal et al. 2015).

Although not a megadiverse insect group, termite taxonomy is 
relatively difficult. Considering the new vouchers found here for the 
state of Acre, 32 morphospecies are identified at the genus (17) and 
subfamily (15) levels. The subfamily Apicotermitinae has the largest 
number of morphotyped records, 18, including all morphospecies 
at the subfamily level. In many published termite species lists, 
the subfamily Apicotermitinae appears with notable taxonomic 
inaccuracies (Bandeira & Vasconcellos 2002, Bandeira et al. 2003, 
Vasconcellos 2010, Araújo et al. 2015, Couto et al. 2015, Silva et al. 
2019). This problem is largely due to the absence of the soldier caste 
in Neotropical species of the subfamily Apicotermitinae, since this 
caste comprises the main morphological characters important for 
termite taxonomy (Carrijo et al. 2023). Identification in this subfamily 
is also difficult due to differences among workers of the same species, 
which can indicate intrapopulation variations (Bourguignon et al. 
2016b). As a result, comparative analyses at the species level are 
not always possible, making it harder to carry out ecological studies 
for different assemblages using literature data (Dambros et al. 2017, 
Cerezer et al. 2020).

The pattern of species richness for sites sampled in this study 
roughly follows those found in other studies conducted in humid 
forests (Roisin et al. 2006, Jones & Eggleton 2011), where Termitidae 
has the highest species richness, with Apicotermitinae being the most 
species-rich subfamily within this family. Regarding feeding groups, a 
similar pattern to literature data is also observed, where the majority of 
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biodiversity knowledge for the area, but also influence conservation 
policies for protected areas.

The SDNP has a high rate of endemism (Souza et al. 2003, 
Almeida et al. 2022). One of the key factors that make this area 
special is the influence exerted by the Andes Mountains. Currently, 
through paleoclimatic modeling and molecular analyses, it is known 
that geomorphological and phylogenetic modifications in the Amazon 
occurred in parallel (Hoorn et al. 2010). The uplift of the Andes 
created an orographic barrier, altering the influence of moisture from 
the Pacific Ocean on the Amazon (Poulsen et al. 2010), and changes in 
the topography affected the direction of river flow within the Amazon 
basin (Costa et al. 1996, Figueiredo et al. 2009). All of these dynamics 
also influenced the composition of the soil in the region, with the soil 
in the western portion being much richer than that in the eastern portion 
(Quesada et al. 2010).

Among the nine existing state Conservation Units in Acre, CSP 
presents the highest known biodiversity, with 1,392 species including 
insects, reptiles, amphibians, birds, mammals, and plants, and this value 
is obviously underestimated (Lacerda et al. 2022). This study contributes 
to the knowledge of the park’s biodiversity, adding to its preservation 
as a Conservation Unit, which provides important socio-environmental 
services such as protection of flora and fauna, an area for scientific 
research, significant for the development of environmental education 
activities, ecotourism, protection and maintenance of water sources, and 
the promotion of health and well-being for those who interact with the 
natural landscape (Lacerda et al. 2022). 

The HFR and CMEP areas, despite being smaller, encompass 
important diversity of animal and plant groups, having already been 
the subject of several studies (Pinheiro et al. 2015, Venâncio & Souza 
2016, Lima et al. 2021). However, termites had not yet been sampled 
in these areas, given the importance of this work for the knowledge 
of biodiversity in these forest fragments. Being smaller and relatively 
closer to urban centers, these protected areas are excellent spaces for 
the development of environmental education activities, especially with 
children, since they are close to schools, making the fragments accessible 
didactic resources for the production of local environmental knowledge 
(Cerati & Lazarini 2009). Additionally, urban forest fragments, such as 
CMEP, promote sociability by providing environments that stimulate 
physical exercise, reduce stress and attention deficit in adolescents and 
children, contributing to the improvement of the population’s well-being 
by enhancing the city’s environmental quality, regulating temperature 
and air humidity, protecting water bodies, reducing pollution, among 
many other benefits (Rosso et al. 2021).

Species inventories are important and have an impact on several 
areas of knowledge beyond taxonomy, being fundamental to compose 
ecological analyses (Wijas et al. 2022), for example. In this study, we have 
an increase of 128 species for one Brazilian state, plus six new records 
for the country. Because it harbors the greatest biodiversity on the planet 
(Vieira et al. 2005), it is crucial to know which species exist in the Amazon, 
so that new and rare species can be identified, helping to conserve entire 
ecosystems (Ngiam & Cheong 2016). Species inventories can help to 
understand the degree of threat that species face and as a consequence, 
guide conservation efforts and allocate resources more effectively to 
protect biodiversity, as many species may be at risk of extinction but 
not yet identified as threatened or endangered (Costello et al. 2013). 

termite species feed on soil (42%) and wood (34%) (Davies et al. 2003, 
Ernesto et al. 2014, Silva et al. 2019, Castro et al. 2021b).

The higher species richness of soil-feeders is possibly related to 
soil type and use of sampling protocols that use time per area, which 
favors more soil sampling in search of termite colonies. In general, 
sandy soils provide little stability for building tunnels and underground 
nests by termites, disfavoring soil-feeders, which apparently prefer 
clayier soils (Lee & Wood 1971, Vasconcellos et al. 2005). Several 
other studies carried out in Amazonia also found a higher proportion 
of soil-feeder species (Davies 2002, Bourguignon et al. 2011). Termite 
soil-feeders tend to be more abundant and more evenly distributed in 
areas with denser forests because environmental conditions favor the 
development of more humus-rich soils (Davies et al. 2021). In other 
ecosystems in Brazil, there are records of higher species richness of 
wood-feeders, such as in the Caatinga and some locations in the Atlantic 
Forest (Vasconcellos 2010, Souza et al. 2012, Cancello et al. 2014). 

Regarding the presence of conspicuous nests, most nest-building 
species are widely distributed throughout the Amazon Rainforest 
(Constantino 1992, Palin et al. 2011, Dambros et al. 2012, Castro et al. 
2021b). Termite nests, both active and abandoned, are part of the 
structure of tropical ecosystem and can serve as shelter and sites for 
predation and reproduction for various species of distinct functional 
groups, including other insect, arachnids, amphibians, reptiles, and 
birds (Cunha & Brandão 2001, Vasconcelos et al. 2015). Furthermore, 
the type (epigeal, arboreal, etc.) and density of nests, in addition to the 
composition of the building termite community, can provide relevant 
information about the levels of anthropogenic disturbance at local and 
regional scales (Vasconcellos et al. 2008).

This study provides an essential contribution to our knowledge 
of biodiversity in Acre and Brazil, even though only four areas were 
sampled, and only two of these using the rapid termite inventory 
protocol. Thus, in the case of the Amazon, which hosts the greatest 
species diversity on Earth (Flores et al. 2010), the number of species 
presented here is certainly less than the actual diversity. The Amazon 
hosts about 70% of all termite species known in Brazil (Constantino 
2022), yet many species are still unknown in the Amazon. In addition 
to Serra do Divisor National Park, there are ten other federal protected 
areas in Acre, as well as state parks such as Chandless State Park and 
other smaller protected areas such as Humaitá Forest Reserve and 
Chico Mendes Environmental Park, which were sampled in this study. 
Conducting and expanding expeditions beyond these areas is essential 
for improving our knowledge of termite diversity in Acre and Brazil.

The urgent need for these studies is exemplified by the case of 
Serra do Divisor National Park, considered one of the most diverse 
areas in the world (Koga et al. 2022) but now threatened by a highway 
development to connect the municipalities of Cruzeiro do Sul, in Acre, 
and Pucallpa, in Peru, that would cross the park, causing irreparable 
environmental impacts (Koga et al. 2022). Limited species inventories 
have been conducted here for some groups, such as bats (Nogueira et 
al. 1999), but the biodiversity for SDNP is still notably undersampled 
in comparison to other areas of Acre that have been better covered by 
surveys for taxa including ants (Miranda et al. 2012), snakes (Silva et al. 
2010, Bernarde et al. 2011), butterflies (Mielke et al. 2010), mammals 
(Botelho et al. 2012), scorpions (Lira et al. 2021) and dragonflies 
(Miranda Filho et al. 2022). New inventories contribute not only to 
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In addition, knowledge of the diversity of the Amazon can reveal the 
presence of bioindicator species (Rodríguez et al. 1998), contributing to 
the monitoring of environmental changes, such as habitat loss, climate 
change, as well as other factors that affect biodiversity.

Supplementary Material

The following online material is available for this article:
Figure S1 – Enteric valves of Apicotermitinae morphospecies 

presented in this article. Apicotermitinae sp.1 (A), Apicotermitinae sp.2 
(B), Apicotermitinae sp.3 (C), Apicotermitinae sp.4 (D), Apicotermitinae 
sp.5 (E), Apicotermitinae sp.6 (F), Apicotermitinae sp.7 (G), 
Apicotermitinae sp.8 (H), Apicotermitinae sp.9 (I), Apicotermitinae sp.10 
(J), Apicotermitinae sp.11 (K), Apicotermitinae sp.12 (L), Apicotermitinae 
sp.13 (M), Apicotermitinae sp.14 (N) and Apicotermitinae sp.15 (O).

Figure S2 – Enteric valves and junction S/P3 (only A) of 
Apicotermitinae species presented in this article. Compositermes 
vindai (A, B), Longustitermes manni (C), Hirsutitermes kanzakii (D), 
Patawatermes turricola (E), Rustitermes boteroi (F), Mangolditermes 
curveileum (G), Aparatermes silvestrii (H), Anoplotermes banksi (I), 
Krecekitermes daironi (J), Anoplotermes susanae (K), Anoplotermes 
aff. pacificus (L), Anoplotermes meridianus (M), Disjunctitermes aff. 
insularis (N), Disjunctitermes insularis (O), Hydrecotermes kawaii (P) 
and Patawatermes nigripunctatus (Q).

Figure S3 – Enteric valves of Anoplotermes morphospecies presented 
in this article. Anoplotermes sp.1 (A) and Anoplotermes sp.2 (B).

Acknowledgments

We are grateful to several colleagues for their help: Antonio Carvalho 
da Silva Neto, for help with identification and teaching enteric valve 
dissection techniques; Tarsila Almeida Cavalcanti and José Victor Alves 
Ferreira, for help with fieldwork. This study was partially funded by the 
Fundação de Apoio à Pesquisa do Estado da Paraíba (FAPESQ) and 
carried out with the support of the Coordination for the Improvement 
of Higher Education Personnel (CAPES). Sampling in Serra do Divisor 
National Park was part of the Amazon Biodiversity and Carbon (ABC) 
Expeditions project, financed by the Research Council of Norway (project 
no. 288086), and we would like to thank all members of this project for 
their logistical and field support. RRF (88887.670390/2022-00) and 
EFL (88887.462219/2019-00) received scholarships from CAPES. JEH 
was supported by a postdoctoral position from the Research Council of 
Norway (288086). AV received a productivity grant (309820/2020-0), 
from the National Council for Scientific and Technological Development 
(CNPq). We are very grateful to the residents and managers of all our 
study sites for their support and assistance. This is publication #3 of the 
Amazon Biodiversity and Carbon Expeditions.

Author Contributions

Renan Rodrigues Ferreira: methodology; specimens’ identification; 
writing – original draft; writing – review & editing.

Emanuelly Félix de Lucena: methodology; sampling; specimens’ 
identification; writing – original draft; writing – review & editing.

Ricardo Koroiva: writing – original draft; writing – review & 
editing.

Renato Almeida de Azevedo: sampling; writing – original draft; 
writing – review & editing.

Torbjørn Haugaasen: resources; writing – original draft; writing – 
review & editing.

Carlos A. Peres: resources; writing – original draft; writing – 
review & editing.

Joseph E. Hawes: sampling; writing – original draft; writing – 
review & editing.

Alexandre Vasconcellos: conceptualization; resources; methodology; 
sampling; specimens’ identification; writing – review & editing.

Conflicts of Interest

The authors declares that they have no conflict of interest related 
to the publication of this manuscript.

Ethics

This study did not involve human beings and/or clinical trials that 
should be approved by one Institutional Committee.

Declaration of Generative AI and AI-Assisted 
Technologies in the Writing Process

During the preparation of this work, the author(s) used 
ChatGPT-3.5, an AI language model developed by OpenAI, exclusively 
for the purpose of enhancing readability and language quality during 
the writing process. After using this AI tool, the author(s) reviewed 
and edited the content as needed and take(s) full responsibility for the 
content of the publication.

Data Availability

The datasets generated during and/or analyzed during the current 
study are available at: https://doi.org/10.48331/scielodata.ENCMUK

References
ALMEIDA, M.R.N., ROCHA, V.J. & BERNARDE, P.S. 2022. Notas sobre a 

ocorrência de pequenos mamíferos pouco conhecidos no Parque Nacional 
da Serra do Divisor, estado do Acre, Brasil. Notas Mam. Sud. 4(1):1–8. 
https://doi.org/10.31687/SaremNMS22.9.3

ARAÚJO, V.F.P., SILVA, M.P. & VASCONCELLOS, A. 2015. Soil-sampled 
termites in two contrasting ecosystems within the semiarid domain 
in northeastern Brazil: abundance, biomass, and seasonal influences. 
Sociobiology. 62(1):70–75. https://doi.org/10.13102/sociobiology.
v62i1.70-75

BAHDER, B.W., SCHEFFRAHN, R.H., KŘEČEK, J., KEIL, C. & WHITNEY-
KING, S. 2009. Termites (Isoptera: Kalotermitidae, Rhinotermitidae, 
Termitidae) of Ecuador. Annales de la Société entomologique de France 
(N.S.). 45(4):529–536. https://doi.org/10.1080/00379271.2009.10697634

BANDEIRA, A.G. 1979. Notas sobre a fauna de cupins (Insecta: Isoptera) do 
Parque Nacional da Amazônia (Tapajós), Brasil. Boletim do Museu Paraense 
Emílio Goeldi. (96):1–12.

BANDEIRA, A.G. & FONTES, L.R. 1979. Nasutitermes acangussu, a new 
species of termite from Brazil (Isoptera, Termitidae, Nasutitermitinae). Rev. 
Bras. Entomol. 23(3):119–122.

BANDEIRA, A.G. & VASCONCELLOS, A. 2002. A quantitative survey of 
termites in a gradient of disturbed highland forest in Northeastern Brazil 
(Isoptera). Sociobiology. 39(3):429–439.

https://doi.org/10.1590/1676-0611-BN-2023-1551


13

Amazonian forest termites

Biota Neotrop., 23(4): e20231551, 2023

https://doi.org/10.1590/1676-0611-BN-2023-1551 http://www.scielo.br/bn

BANDEIRA, A.G., VASCONCELLOS, A., SILVA, M.P. & CONSTANTINO, R. 
2003. Effects of habitat disturbance on the termite fauna in a highland 
humid forest in the Caatinga Domain, Brazil. Sociobiology. 42(1):117–127.

BERNARDE, P.S., MACHADO, R.A. & TURCI, L.C.B. 2011. Herpetofauna da 
área do Igarapé Esperança na Reserva Extrativista Riozinho da Liberdade, 
Acre-Brasil. Biota Neotropica. 11(3):117–144. https://doi.org/10.1590/
S1676-06032011000300010

BIGNELL, D.E. & EGGLETON, P. 2000. Termites in ecosystems. In Termites: 
Evolution, Sociality, Symbiosis, Ecology (T. Abe, D. E. Bignell, & 
 M. Higashi, eds) Springer, Dordrecht, p.363–387. https://doi.
org/10.1007/978-94-017-3223-9_17

BIGNELL, D.E., ROISIN, Y. & LO, N. 2011. Biology of Termites: A Modern 
Synthesis. 2 ed. Springer Science & Business Media.

BOTELHO, A.L., CALOURO, A.M., BORGES, L.H. & CHAVES, W.A. 
2012. Large and medium-sized mammals of the Humaitá Forest Reserve, 
southwestern Amazonia, state of Acre, Brazil. Check List. 8(6):1190–1196. 
https://doi.org/10.15560/8.6.1190

BOURGUIGNON, T., LEPONCE, M. & ROISIN, Y. 2011. Beta-diversity of 
termite assemblages among primary French Guiana rain forests. Biotropica. 
43(4):473–479. https://doi.org/10.1111/j.1744-7429.2010.00729.x

BOURGUIGNON, T., SCHEFFRAHN, R.H., NAGY, Z.T., SONET, G., HOST, 
B. & ROISIN, Y. 2016a. Towards a revision of the Neotropical soldierless 
termites (Isoptera: Termitidae): redescription of the genus Grigiotermes 
Mathews and description of five new genera. Zoological Journal of the 
Linnean Society. 176(1):15–35. https://doi.org/10.1111/zoj.12305

BOURGUIGNON, T., ŠOBOTNÍK, J., DAHLSJÖ, C.A.L. & ROISIN, Y. 
2016b. The soldierless Apicotermitinae: insights into a poorly known and 
ecologically dominant tropical taxon. Insect. Soc. 63(1):39–50. http://link.
springer.com/10.1007/s00040-015-0446-y

CANCELLO, E.M., SILVA, R.R., VASCONCELLOS, A., REIS, Y.T. & 
OLIVEIRA, L.M. 2014. Latitudinal variation in termite species richness 
and abundance along the Brazilian Atlantic Forest hotspot. Biotropica. 
46(4):1–10. https://doi.org/10.1111/btp.12120

CARRIJO, T.F., CASTRO, D., WANG, M., CONSTANTINI, J.P., 
BOURGUIGNON, T., CANCELLO, E.M., ROISIN, Y. & SCHEFFRAHN, 
R.H. 2023. Diminishing the taxonomic gap in the neotropical soldierless 
termites: descriptions of four new genera and a new Anoplotermes species 
(Isoptera, Termitidae, Apicotermitinae). ZooKeys. 1167317–352. https://
doi.org/10.3897/zookeys.1167.100001

CARRIJO, T.F., CONSTANTINI, J.P. & SCHEFFRAHN, R.H. 2016. 
Uncitermes almeriae, a new termite species from Amazonia (Isoptera, 
Termitidae, Syntermitinae). ZooKeys. 5951–6. https://doi.org/10.3897/
zookeys.595.8626

CASTRO, D., CARRIJO, T.F., SERNA, F.J. & PEÑA-VENEGAS, C.P. 2021b. 
Can Rubber Crop Systems Recover Termite Diversity in Previously 
Degraded Pastures in the Colombian Amazon Region? Neotrop Entomol. 
50(6):899–911. https://link.springer.com/10.1007/s13744-021-00905-y (last 
access in 11/10/2023)

CASTRO, D., FERNANDEZ, F., SCHEFFRAHN, R.H. & PEÑA-VENEGAS, 
C. 2021a. Ant and termite diversity of the Colombian Amazon soils. In 
Proceedings of the Global Symposium on Soil Biodiversity 2021 FAO, 
p.273–278. http://www.fao.org/documents/card/en/c/cb7374en (last access 
in 11/10/2023)

CAVALCANTE, L.M. 2006. Aspectos Geológicos do Estado do Acre e 
Implicações na Evolução da Paisagem. 1 ed. Embrapa Acre, Rio Branco. 
https://www.infoteca.cnptia.embrapa.br/bitstream/doc/511250/1/doc104.pdf

CERATI, T.M. & LAZARINI, R.A. de M. 2009. A pesquisa-ação em educação 
ambiental: uma experiência no entorno de uma unidade de conservação 
urbana. Ciência & Educação. 15(2):383–392. https://doi.org/10.1590/
S1516-73132009000200009

CEREZER, F., AZEVEDO, R., NASCIMENTO, M., FRANKLIN, E., MORAIS, 
J. & DAMBROS, C. 2020. Latitudinal gradient of termite diversity indicates 
higher diversification and narrower thermal niches in the tropics. Global 
Ecol. Biogeogr. 29(11):1967–1977. https://doi.org/10.1111/geb.13167

CLARIVATE ANALYTICS. 2023. Web of Science. https://clarivate.com/
webofsciencegroup/solutions/web-of-science/ (last access in 01/03/2023)

CONSTANTINO, R. 1991. Termites (Isoptera) from the lower Japurá River, 
Amazonas State, Brazil. Boletim do Museu Paraense Emílio Goeldi, série 
Zoologia. 7(2):189–224.

CONSTANTINO, R. 1992. Abundance and diversity of termites (Insecta: 
Isoptera) in two sites of primary rain forest in Brazilian Amazonia. 
Biotropica. 24(3):420–430. https://doi.org/10.2307/2388613

CONSTANTINO, R. 1995. Revision of the Neotropical Termite Genus Syntermes 
Holmgren (Isoptera: Termitidae). The University of Kansas Science Bulletin. 
55(13):455–518.

CONSTANTINO, R. 1998. Catalog of the living termites of the New World 
(Insecta: Isoptera). Arquivos de Zoologia. 35(2):135–230. https://doi.
org/10.11606/issn.2176-7793.v35i2p135-230

CONSTANTINO, R. 2002. An illustrated key to Neotropical termite genera 
(Insecta: Isoptera) based primarily on soldiers. Zootaxa. 67(1):1–40. https://
doi.org/10.11646/zootaxa.67.1.1

CONSTANTINO, R. 2005. Padrões de diversidade e endemismo de térmitas 
no bioma Cerrado. In Cerrado: ecologia, biodiversidade e conservação 
(A. Scariot, J. M. Felfili, & J. C. S. Silva, eds) Ministério do Meio Ambiente, 
Brasília, p.319–333.

CONSTANTINO, R. 2022. Termite Database. http://termitologia.net (last access 
in 07/08/2023)

CONSTANTINO, R. & CANCELLO, E.M. 1992. Cupins (Insecta, Isoptera) da 
Amazônia Brasileira: distribuição geográfica e esforço de coleta. Revista 
Brasileira de Biologia. 52(3):401–413.

COPERTINO, M., PIEDADE, M.T.F., VIEIRA, I.C.G. & BUSTAMANTE, 
M. 2019. Desmatamento, fogo e clima estão intimamente conectados na 
Amazônia. Ciência e Cultura. 71(4):4–5. http://dx.doi.org/10.21800/2317-
66602019000400002

COSTA, J.B.S., BEMERGUY, R.L., HASUI, Y., BORGES, M.D.S., FERREIRA 
JÚNIOR, C.R.P., BEZERRA, P.É.L., COSTA, M.L.D. & FERNANDES, 
J.M.G. 1996. Neotectônica da região amazônica: aspectos tectônicos, 
geomorfológicos e deposicionais. RG. 4(2):23–44. https://doi.org/10.18285/
geonomos.v4i2.199

COSTELLO, M.J., MAY, R.M. & STORK, N.E. 2013. Can we name Earth’s 
species before they go extinct? Science. 339(6118):413–416. https://doi.
org/10.1126/science.1230318

COUTO, A.A.V.A., ALBUQUERQUE, A.C., VASCONCELLOS, A. & 
CASTRO, C.C. 2015. Termite assemblages (Blattodea: Isoptera) in a habitat 
humidity gradient in the semiarid region of northeastern Brazil. Zoologia. 
32(4):281–288. https://doi.org/10.1590/S1984-46702015000400003

CUNHA, H.F. & BRANDÃO, D. 2001. Invertebrates associated with the 
neotropical termite Constrictotermes cyphergaster (Isoptera: Termitidae, 
Nasutitermitinae). Sociobiology. 37(3):593–600.

DAMBROS, C.S., MENDONÇA, D.R.M., REBELO, T.G. & MORAIS, J.W. 
2012. Termite species list in a terra firme and ghost forest associated with 
a hydroelectric plant in Presidente Figueiredo, Amazonas, Brazil. Check 
List. 8(4):718–721. https://doi.org/10.15560/8.4.718

DAMBROS, C.S., MORAES, J.W., AZEVEDO, R.A. & GOTELLI, N.J. 2017. 
Isolation by distance, not rivers, control the distribution of termite species 
in the Amazonian rain forest. Ecography. 40(10):1242–1250. https://doi.
org/10.1111/ecog.02663

DAVIES, A.B., PARR, C.L. & EGGLETON, P. 2021. A global review of termite 
sampling methods. Insect. Soc. 68(1):3–14. https://doi.org/10.1007/s00040-
020-00797-y

DAVIES, R., HERNÁNDEZ-TRIANA, L., EGGLETON, P., DIDHAM, R., 
FAGAN, L. & WINCHESTER, N. 2003. Environmental and spatial 
influences upon species composition of a termite assemblage across 
Neotropical forest islands. J. Trop. Ecol. 19(5):509–524. https://doi.
org/10.1017/S0266467403003560

DAVIES, R.G. 2002. Feeding group responses of a Neotropical termite 
assemblage to rain forest fragmentation. Oecologia. 133(2):233–242. https://
doi.org/10.1007/s00442-002-1011-8

https://doi.org/10.1590/1676-0611-BN-2023-1551


14

Ferreira R.R. et al.

Biota Neotrop., 23(4): e20231551, 2023

http://www.scielo.br/bn https://doi.org/10.1590/1676-0611-BN-2023-1551

DE SOUZA, O.F.F. & BROWN, V.K. 1994. Effects of habitat fragmentation on 
Amazonian termite communities. J. Trop. Ecol. 10(2):197–206. https://doi.
org/10.1017/S0266467400007847

DONOVAN, S.E., EGGLETON, P. & BIGNELL, D.E. 2001. Gut content 
analysis and a new feeding group classification of termites. Ecol. Entomol. 
26(4):356–366. https://doi.org/10.1046/j.1365-2311.2001.00342.x

EGGLETON, P., BIGNELL, D.E., SANDS, W.A., WAITE, B., WOOD, T.G. 
& LAWTON, J.H. 1995. The species richness of termites (Isoptera) under 
differing levels of forest disturbance in the Mbalmayo Forest Reserve, 
southern Cameroon. J. Trop. Ecol. 11(1):85–98. https://doi.org/10.1017/
S0266467400008439

EMERSON, A.E. 1925. The termites of Kartabo: Bartica District, 
British Guiana. Zoologica. 6(4):291–459. https://doi.org/10.5962/
p.19032410.5962/p.190324

ERNESTO, M.V., RAMOS, E.F., MOURA, F.M. da S. & VASCONCELLOS, 
A. 2014. High termite richness in an urban fragment of Atlantic Forest 
in northeastern Brazil. Biota Neotropica. 14(3):e20140052. https://doi.
org/10.1590/1676-06032014005214

FEITOSA, R.M., MORINI, M.S.C., MARTINS, A.C., RIBEIRO, T.M.A., 
NOLL, F.B., SANTOS, E.F., CANCELLO, E.M. & CONSTANTINI, J.P. 
2021. Social insects of the Atlantic Forest. In The Atlantic Forest (M. C. M. 
Marques & C. E. V. Grelle, eds) Springer, Cham, Switzerland, p.151–183. 
https://doi.org/10.1007/978-3-030-55322-7

FIGUEIREDO, J., HOORN, C., VAN DER VEN, P. & SOARES, E. 2009. Late 
Miocene onset of the Amazon River and the Amazon deep-sea fan: Evidence 
from the Foz do Amazonas Basin. Geology. 37(7):619–622. https://doi.
org/10.1130/G25567A.1

FLORES, M., LOPES DA SILVA JR., U., MALONE, H., PANUNCIO, M., 
RIVEROS, J.C., RODRIGUES, S., SILVA, R., VALENZUELA, S., 
ARANCIBIA, D., BARA-NETO, P. & SYMINGTON, M. 2010. WWF’s 
Living Amazon Initiative: A comprehensive approach to conserving the 
largest rainforest and river system on Earth. Grambs Corporación Gráfica, 
Lima. https://wwfint.awsassets.panda.org/downloads/living_amazon_
strategy_summary_final.pdf (last access in 31/05/2023)

FOUGEYROLLAS, R., KŘIVÁNEK, J., ROY, V., DOLEJŠOVÁ, K., 
FRECHAULT, S., ROISIN, Y., HANUS, R. & SILLAM‐DUSSÈS, D. 2017. 
Asexual queen succession mediates an accelerated colony life cycle in the 
termite Silvestritermes minutus. Molecular Ecology. 26(12):3295–3308. 
https://doi.org/10.1111/mec.14095

GOOGLE SCHOLAR. 2023. About Google Scholar. https://scholar.google.com/
intl/en/scholar/about.html (last access in 01/03/2023)

HOLT, J.A. & LEPAGE, M. 2000. Termites and Soil Properties. In Termites: 
Evolution, Sociality, Symbioses, Ecology (T. Abe, D. E. Bignell, & M. 
Higashi, eds) Springer Netherlands, Dordrecht, p.389–407. https://doi.
org/10.1007/978-94-017-3223-9_18

HOORN, C., WESSELINGH, F.P., TER STEEGE, H., BERMUDEZ, M.A., 
MORA, A., SEVINK, J., SANMARTÍN, I., SANCHEZ-MESEGUER, 
A., ANDERSON, C.L., FIGUEIREDO, J.P., JARAMILLO, C., RIFF, 
F.R., D. Negri, HOOGHIEMSTRA, H., LUNDBERG, J., STADLER, 
T., SÄRKINEN, T. & ANTONELLI, A. 2010. Amazonia Through Time: 
Andean Uplift, Climate Change, Landscape Evolution, and Biodiversity. 
Science. 330(6006):927–931. https://doi.org/10.1126/science.1194585

HORTAL, J., BELLO, F., DINIZ-FILHO, J.A., LEWINSOHN, T., LOBO, J. 
& LADLE, R. 2015. Seven shortfalls that beset large-scale knowledge 
of biodiversity. Annu. Rev. Ecol. Evol. S. 46(1):523–549. https://doi.
org/10.1146/annurev-ecolsys-112414-054400

HUTYRA, L.R., MUNGER, J.W., SALESKA, S.R., GOTTLIEB, E., DAUBE, 
B.C., DUNN, A.L., AMARAL, D.F., DE CAMARGO, P.B. & WOFSY, 
S.C. 2007. Seasonal controls on the exchange of carbon and water in an 
Amazonian rain forest. J. Geophys. Res-Biogeo. 112(3):1–16. https://doi.
org/10.1029/2006JG000365

IBGE. 2005. Potencial florestal do Estado do Acre : relatório técnico : resultados 
preliminares. ftp://geoftp.ibge.gov.br/documentos/recursos_naturais/
manuais_tecnicos/potencial_florestal_ac.pdf (last access in 02/03/2023)

INPE. 2021. Projeto PRODES: Monitoramento da floresta amazônica brasileira 
por satélite. http://www.obt.inpe.br/prodes/ (last access in 31/05/2023)

ISSA, S. 2000. A Checklist of the Termites from Venezuela (Isoptera: 
Kalotermitidae, Rhinotermitidae, Termitidae). The Florida Entomologist. 
83(3):379. https://doi.org/10.2307/3496364

JONES, D.T. & EGGLETON, P. 2011. Global Biogeography of Termites: 
A Compilation of Sources. In Biology of Termites: a Modern Synthesis 
Springer, Dordrecht, Alemanha, pp.477–498.

KOGA, D.M., BROWN, I.F., FEARNSIDE, P.M., SALISBURY, D.S. & SILVA, 
S.S. da. 2022. Serra do Divisor National Park: A protected area under threat 
in the south-western Brazilian Amazon. Environ. Conserv. 49(2):74–82. 
https://doi.org/10.1017/S0376892922000091

KOROIVA, R., NEISS, U.G., FLECK, G. & HAMADA, N. 2020. Checklist 
of dragonflies and damselflies (Insecta: Odonata) of the Amazonas state, 
Brazil. Biota Neotropica. 20(1):e20190877. https://doi.org/10.1590/1676-
0611-BN-2019-0877

LACERDA, C.M.B. de, DEUS, C.E. de & BOUFLEUER, N.T. 2022. 
Implementação do zoneamento ecológico-econômico do Acre - Unidades 
de conservação estaduais: ações para a valorização da sociobiodiversidade. 
In Conservação e Biodiversidade Amazônica: potencialidade e incertezas 
(F. M. B. Romero, R. B. Castro, J. C. R. Tello, F. A. Schmidt, & A. C. 
Carvalho, eds) Editora Científica Digital, Guarujá, p.125–138.

LAFFONT, E.R., TORALES, G.J., CORONEL, J.M., ARBINO, M.O. & 
GODOY, M.C. 2004. Termite (Insecta, Isoptera) fauna from natural 
parks of the northeast region of Argentina. Sci. agric. (Piracicaba, Braz.). 
61(6):665–670. https://doi.org/10.1590/S0103-90162004000600016

LEE, K. & WOOD, T. 1971. Termites and soils. Academic Press., London.
LIMA, M.S. de, SILVA, F. dos S., SIMONE, L.R.L., SALVADOR, R.B. & 

GUILHERME, E. 2021. Terrestrial gastropods of Reserva Florestal Humaitá, 
southwestern Brazilian Amazon. Check List. 17(1):269–281. https://doi.
org/10.15560/17.1.269

LIRA, A.F. de A., GUILHERME, E., SOUZA, M.B. de & CARVALHO, 
L.S. 2021. Scorpions (Arachnida, Scorpiones) from the state of Acre, 
southwestern Brazilian Amazon. Acta Amazon. 51(1):58–62. https://doi.
org/10.1590/1809-4392202001551

LOMOLINO, M.V. 2001. Elevation gradients of species-density: historical 
and prospective views. Global Ecol. Biogeogr. 10(1):3–13. https://doi.
org/10.1046/j.1466-822x.2001.00229.x

MATHEWS, A.G.A. 1977. Studies on Termites from the Mato Grosso State, 
Brazil. Academia Brasileira de Ciências.

MIELKE, O.H.H., CARNEIRO, E. & CASAGRANDE, M.M. 2010. 
Lepidopterofauna (Papilionoidea e Hesperioidea) do Parque Estadual do 
Chandless e arredores, Acre, Brasil. Biota Neotropica. 10(4):285–299. 
https://doi.org/10.1590/S1676-06032010000400033

MIRANDA FILHO, J. da C., PENAGOS, C.C.M., CALVÃO, L.B., MIGUEL, 
T.B., BASTOS, R.C., FERREIRA, V.R.S., LIMA, D.V., VIEIRA, L.J., 
BRASIL, L.S. & JUEN, L. 2022. Checklist of Damselflies and Dragonflies 
(Odonata) from Acre state, and the first record of Drepanoneura loutoni von 
Ellenrieder & Garrison, 2008 for Brazil. Biota Neotropica. 22(2):e20211320. 
https://doi.org/10.1590/1676-0611-BN-2021-1320

MIRANDA, P.N., OLIVEIRA, M.A., BACCARO, F.B., MORATO, E.F. & 
DELABIE, J.H.C. 2012. Check list of ground-dwelling ants (Hymenoptera: 
Formicidae) of the eastern Acre, Amazon, Brazil. Check List. 8(4):722–730. 
https://doi.org/10.15560/8.4.722

NGIAM, R.W.J. & CHEONG, L.F. 2016. The dragonflies of Singapore: An 
updated checklist and revision of the national conservation statuses. Nature 
in Singapore. 9(1):149–163.

NOGUEIRA, M.R., POL, A. & PERACCHI, A.L. 1999. New records of bats 
from Brazil with a list of additional species for the chiropteran fauna of the 
state of Acre, western Amazon basin. Mammalia. 63(3):363–368.

PALIN, O.F., EGGLETON, P., MALHI, Y., GIRARDIN, C.A.J., ROZAS-
DÁVILA, A. & PARR, C.L. 2011. Termite Diversity along an Amazon-
Andes Elevation Gradient, Peru: Termite Diversity along an Elevation 
Gradient. Biotropica. 43(1):100–107. https://doi.org/10.1111/j.1744-
7429.2010.00650.x

https://doi.org/10.1590/1676-0611-BN-2023-1551


15

Amazonian forest termites

Biota Neotrop., 23(4): e20231551, 2023

https://doi.org/10.1590/1676-0611-BN-2023-1551 http://www.scielo.br/bn

PINHEIRO, R., FERREIRA, E.J. & SANTOS, E. 2015. Florística e 
fitossociologia de comunidades de palmeiras na Reserva Florestal Humaitá, 
Acre. Enciclopédia Biosfera. 11(22):276–292.

PLAZA, T.G.D. 2019. Caracterização das guildas de cupins em uma área de 
Floresta Amazônica, Rondônia, Brasil, Doctoral thesis, Museu de Zoologia, 
Universidade de São Paulo, São Paulo. https://doi.org/10.11606/T.38.2019.
tde-14102019-162303

POULSEN, C.J., EHLERS, T.A. & INSEL, N. 2010. Onset of Convective 
Rainfall During Gradual Late Miocene Rise of the Central Andes. Science. 
328(5977):490–493. https://doi.org/10.1126/science.1185078

QUESADA, C.A. et al. 2010. Variations in chemical and physical properties of 
Amazon forest soils in relation to their genesis. Biogeosciences. 7(5):1515–
1541. 10.5194/bg-7-1515-2010

RODRÍGUEZ, J.P., PEARSON, D.L. & BARRERA, R.R. 1998. A test for the 
adequacy of bioindicator taxa: Are tiger beetles (Coleoptera: Cicindelidae) 
appropriate indicators for monitoring the degradation of tropical forests in 
Venezuela? Biol. Conserv. 83(1):69–76. https://doi.org/10.1016/S0006-
3207(97)00017-7

ROISIN, Y., DEJEAN, A., CORBARA, B., ORIVEL, J., SAMANIEGO, M. & 
LEPONCE, M. 2006. Vertical stratification of the termite assemblage in a 
neotropical rainforest. Oecologia. 149(2):301–311. https://doi.org/10.1007/
s00442-006-0449-5

ROSSO, P., BENINCÁ, E.M., DE FRAGA, F.B.F.F. & TONETTO, G. 2021. 
Áreas verdes urbanas e trilhas ecológicas como locais e instrumentos de 
Educação Ambiental. RevBEA. 16(4):536–553. https://doi.org/10.34024/
revbea.2021.v16.11421

SANTOS, R.S. 2022. Heterotermes tenuis (Hagen) (Blattodea: Rhinotermitidae): 
principal térmita associado a espécies florestais, em campo de apodrecimento 
de madeiras, em Rio Branco, Acre, Brasil. Nativa Sinop. 10(3):327–332. 
https://doi.org/10.31413/nativa.v10i3.13669

SANTOS, R.S., GODOY, K.B. & COSTA, J.E. da S. 2022. Termitofauna 
(Blattodea) em sistemas agroflorestais no sudoeste da Amazônia, Acre, 
Brasil. Biota Amazônia. 12(1):57–60.

SEEBENS, H., ESSL, F., DAWSON, W., FUENTES, N., MOSER, D., PERGL, 
J., PYŠEK, P., VAN KLEUNEN, M., WEBER, E. & WINTER, M. 2015. 
Global trade will accelerate plant invasions in emerging economies 
under climate change. Glob. Change Biol. 21(11):4128–4140. https://doi.
org/10.1111/gcb.13021

SEEBENS, H., GASTNER, M. & BLASIUS, B. 2013. The risk of marine 
bioinvasion caused by global shipping. Ecology letters. 16(6):782–790. 
https://doi.org/10.1111/ele.12111

SILVA, I.S., VASCONCELLOS, A. & MOURA, F.M.S. 2019. Termite 
assemblages (Blattaria, Isoptera) in two montane forest (Brejo de Altitude) 
areas in northeastern Brazil. Biota Neotropica. 19(1):e20180519. https://
doi.org/10.1590/1676-0611-BN-2018-0519

SILVA, M.V., DE SOUZA, M.B. & BERNARDE, P.S. 2010. Riqueza e dieta 
de serpentes do Estado do Acre, Brasil. Revista Brasileira de Zoociências. 
12(2):165–176.

SILVA, V.V.C. e & REZENDE, E.N. 2022. Os rios voadores e as mudanças 
climáticas ocasionadas pelo desmatamento da Floresta Amazônica: uma 
perspectiva a partir do constitucionalismo latino-americano. Rev. Bras. 
Direito Anim. 16(3):96–113. https://doi.org/10.9771/rbda.v16i3.47626

SILVEIRA, L.F., BEISIEGEL, B. de M., CURCIO, F.F., VALDUJO, P.H., 
DIXO, M., VERDADE, V.K., MATTOX, G.M.T. & CUNNINGHAM, 
P.T.M. 2010. Para que servem os inventários de fauna? Estudos Avançados. 
24(1):173–207. https://doi.org/10.1590/S0103-40142010000100015

SOMBROEK, W. 2000. Amazon landforms and soils in relation to biological 
diversity. Acta Amaz. 30(1):81–81. https://doi.org/10.1590/1809-
43922000301100

SOUZA, H.B.A., ALVES, W.F. & VASCONCELLOS, A. 2012. Termite 
assemblages in five semideciduous Atlantic Forest fragments in the northern 

coastland limit of the biome. Rev. Bras. Entomol. 56(1):67–72. https://doi.
org/10.1590/S0085-56262012005000013

SOUZA, M., SILVEIRA, M., LOPES, M.R., VIEIRA, L., GUILHERME, E., 
CALOURO, A. & MORATO, E. 2003. A biodiversidade no Estado do 
Acre: conhecimento atual, conservação e perspectivas. T&C Amazônia. 
3(1):45–56.

TATEM, A.J. & HAY, S.I. 2007. Climatic similarity and biological exchange 
in the worldwide airline transportation network. Proceedings of the 
Royal Society B: Biological Sciences. 274(1617):1489–1496. https://doi.
org/10.1098/rspb.2007.0148

THOMAZINI, M.J. & THOMAZINI, A.P. de B.W. 2002. Levantamento de 
insetos e análise entomofaunística em floresta, capoeira e pastagem no 
Sudeste Acreano. Embrapa Acre, Rio Branco. https://ainfo.cnptia.embrapa.
br/digital/bitstream/CPAF-AC/4705/1/bp35.pdf

VASCONCELLOS, A. 2010. Biomass and abundance of termites in three 
remnant areas of Atlantic Forest in northeastern Brazil. Rev. Bras. Entomol. 
54(3):455–461. https://doi.org/10.1590/S0085-56262010000300017

VASCONCELLOS, A., BANDEIRA, A.G., ALMEIDA, W.O. & MOURA, 
F.M.S. 2008. Térmitas construtores de ninhos conspícuos em duas áreas 
de Mata Atlântica com diferentes níveis de perturbação antrópica. Neotrop. 
entomol. 37(1):15–19. https://doi.org/10.1590/S1519-566X2008000100003

VASCONCELLOS, A., BANDEIRA, A.G., MOURA, F.M.S., ARAÚJO, V.F.P., 
GUSMÃO, M.A.B. & CONSTANTINO, R. 2010. Termite assemblages in 
three habitats under different disturbance regimes in the semi-arid Caatinga 
of NE Brazil. Journal of Arid Environments. 74(2):298–302. 10.1016/j.
jaridenv.2009.07.007

VASCONCELLOS, A., CANCELLO, E.M., MOURA, F.M. da S., 
CONSTANTINI, J.P., ERNESTO, M.V., COUTO, A.A.V. de O. & DA 
SILVA NETO, A.C. 2023. Termites from the Northern Atlantic Forest, 
Brazil: Ecology and Conservation. In Animal Biodiversity and Conservation 
in Brazil’s Northern Atlantic Forest (G. A. Pereira Filho, F. G. R. França, 
R. R. N. Alves, & A. Vasconcellos, eds) Springer International Publishing, 
Cham, p.121–132. https://doi.org/10.1007/978-3-031-21287-1_8

VASCONCELLOS, A., MÉLO, A.C.S., SEGUNDO, E.D.M.V. & BANDEIRA, 
A.G. 2005. Cupins de duas florestas de restinga do nordeste brasileiro. 
Iheringia, Sér. Zool. 95(2):127–131. https://doi.org/10.1590/S0073-
47212005000200003

VASCONCELLOS, A. & MOURA, F.M. da S. 2014. Térmitas de oito 
ecossistemas inseridos no domínio do Semiárido Brasileiro. In Artrópodes 
do Semiárido: Biodiversidade e Conservação Printmidiap, Feira de Santana, 
p.99–109.

VASCONCELOS, M.F., HOFFMANN, D., ARAÚJO, M.C. & VASCONCELOS, 
P.N. 2015. Bird-termite interactions in Brazil: A review with perspectives 
for future studies. Biota Neotrop. 15(1):. https://doi.org/10.1590/1676-
06032014003514

VENÂNCIO, N.M. & SOUZA, M.B. de. 2016. Anfíbios do Parque Ambiental 
Chico Mendes, Rio Branco – Acre, Brasil. Biotemas. 29(1):85–95. https://
doi.org/10.5007/2175-7925.2016v29n1p85

VERGOPOLAN, N. & FISHER, J.B. 2016. The impact of deforestation on the 
hydrological cycle in Amazonia as observed from remote sensing. Int. J. 
Remote Sens. 37(22):5412–5430. https://doi.org/10.1080/01431161.201
6.1232874

VIEIRA, I.C.G., SILVA, J.M.C. da & TOLEDO, P.M. de. 2005. Estratégias 
para evitar a perda de biodiversidade na Amazônia. Estudos Avançados. 
19(54):153–164. https://doi.org/10.1590/S0103-40142005000200009

WIJAS, B.J., LIM, S. & CORNWELL, W.K. 2022. Continental‐scale shifts in 
termite diversity and nesting and feeding strategies. Ecography. 1(1):1–12. 
https://doi.org/10.1111/ecog.05902

Received: 15/08/2023
Accepted: 30/10/2023

Published online: 08/12/2023

https://doi.org/10.1590/1676-0611-BN-2023-1551



