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Overview of the Morphology of Neotropical Termite Workers: History and Practice

Introduction

Adapted to a strict diet of cellulose and lignocellulose 
compounds, termites are eusocial hemimetabolous insects 
that live in organized colonies, with castes that can be recognized 
morphologically and functionally. Although the group contains 
only a moderate number of species for insects (approximately 
3000 species worldwide and 650 Neotropical species), and 
they are most commonly known as pests (structural, agricultural, 
and forest), termites have critical roles in tropical and 
subtropical ecosystems, and are hence termed ecosystem 
engineers (“soil ecosystem engineers,” Jones et al., 1994). 
Most of these roles (e.g., damage and engineering) are largely 
linked to the worker caste, and these attributes led Noirot 
(1982) to consider workers as the main caste responsible for 
the evolutionary success of termites.

Nine families are presently recognized: Mastotermitidae, 
Hodotermitidae, Archotermopsidae, Stylotermitidae, Kaloter-
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mitidae, Stolotermitidae, Rhinotermitidae, Serritermitidae and 
Termitidae; the last five occur in the Neotropical Region (Krishna 
et al., 2013). Today, the Termitidae includes about 75% of 
termite species worldwide, and according to Krishna et al. 
(2013) is classified in eight subfamilies: Sphaerotermitinae, 
Macrotermitinae, Foraminitermitinae, Cubitermitinae, Apico-
termitinae, Syntermitinae, Nasutitermitinae, and Termitinae. 
These last four occur in the Neotropical Region and are 
treated here.

Very generally, termite colonies contain soldier, worker, 
and reproductive castes, which perform the functions implicit 
in these terms. However, workers and reproductives cannot 
be defined simply, without entering into their complex diffe-
rentiation of castes and development. It is incorrect to say 
that soldiers and workers are always sterile as opposed to 
reproductives, since there are records of soldiers with relatively 
developed gonads (Imms, 1919) or acting as true reproductives 
(Thorne et al., 2003). As far as workers are concerned, the 
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possibilities are many, complex and widely debated (e.g., 
Roisin & Korb, 2011). Thus, the termitology jargon includes 
several terms that merit more-detailed explanation (see Thorne, 
1996; Korb & Harfelder, 2008). Here we will treat the terms 
relating to juveniles, and subsequently those for workers.

As the soldier caste shows distinct characters, termites 
have traditionally been identified based on this caste. However, 
there are practical reasons for attempting to use the worker 
caste for identification. These include the identification of 
specimens in samples that lack soldiers (such samples are 
commonly left unidentified in collections); triage of miscellanea 
provided from field work; and to better understand the 
relationships among taxa, i.e., to understand the evolution 
of the group, since worker characters provide substantial 
taxonomic information (Donovan et al., 2000; Inward et al., 
2007; Rocha et al., 2017).

A fine history of termitology was provided by Krishna 
et al. (2013), who highlighted the role of Niels F. Holmgren 
as the most important researcher to study the morphology 
of termites. Holmgren (1909) described the gut in situ of 
imagoes, soldiers, and workers of the same species in several 
genera representing different groups. Holmgren’s work was 
essential for a classification system of the group, and laid the 
foundation for all who came after him.

Some early authors investigated the digestive tract 
of termites, although they were concerned with studying 
the intestinal symbionts, initially called parasites (e.g., 
Lespès, 1856, Leidy, 1881, and Grassi & Sandias, 1893). 
Cleveland (1924), in his seminal work on the relationship 
between protozoan symbionts and their hosts, provided a 
detailed history of the studies that dealt with these symbionts, 
emphasizing that initially, the authors studied either the 
termites or the protozoa, but few attempted to understand 
the relationship between them. He cited Buscalione and 
Comes (1910) and Imms (1920), who referred to a symbiotic 
relationship between the intestinal protozoa and their hosts, 
but without a solid experimental basis. Through hundreds 
of laboratory experiments, Cleveland himself definitively 
proved that a true symbiotic relationship exists between 
some of the intestinal protozoa and the termites, and even 
demonstrated that some other intestinal protozoa were not 
symbionts but merely commensals. He also stated that no 
member of Termitidae contains protozoan symbionts, which 
was evidenced by many later studies. Today there is a vast 
literature on the intestinal symbionts of Termitidae, which 
include bacteria and fungi (König & Varma, 2010; Ohkuma 
& Brune, 2011; Brune & Dietrich, 2015, among others).

Pierre Paul Grassé and Charles Noirot studied many 
African species, also investigating the digestive tract of 
workers. In 1955, they proposed a new subfamily, Apicoter-
mitinae (Termitidae), based mainly on the gut anatomy of the 
workers. They provided detailed comparisons between the 
new subfamily and the very concept of Termitinae at that time, 
for both soldiers and workers.

Even after this study, few taxonomic descriptions at 
that time included such characteristics (Noirot, 1966; Deligne 
& Pasteels, 1969). Noirot and Kovoor (1958) contributed 
significantly to knowledge of the comparative anatomy 
of the gut of African Termitinae, from the perspective of 
understanding the evolution of these characters. Jacqueline 
Kovoor (1969) continued these studies of comparative 
anatomy, including photographs of the enteric valve for the 
first time. She studied the Nasutitermitinae, which at that time 
included the genera which are today in Syntermitinae, that is, 
she also studied Neotropical species. This study was definitive 
for all researchers who continued to work with termites in the 
Neotropical Region.

Noirot and Noirot-Thimothée (1969) composed the 
chapter on the termite digestive system in the first volume 
of a two-volume work, the fundamental Biology of Termites 
(Krishna & Weesner, 1969, 1970), to this day an obligatory 
reference for termitologists and a “Bible” for the Isoptera until 
the publication of the treatise “Termitologia” by Grassé (1982, 
1984, 1986). Sands (1972), in his study on soldierless termites 
of Africa, proposed a new classification of the Termitidae, 
broadening the definitions of Apicotermitinae (to include 
Anoplotermes) and Termitinae (to include Amitermitinae). 
For this purpose, he studied in detail the general external 
morphology, morphology of the mandibles, and the anatomy 
of the gut of workers. Johnson (1979) perceived that the 
greatest problem in termite population ecology was to identify 
workers, which were often collected from soil as mixtures of 
species. He developed the convention, still in use today, for 
illustrating the in situ gut morphology of Termitidae workers 
(e.g., Figs 1–4). While Johnson’s (1979) studies involved 
African taxa, Mathews (1977), in his study on the termites of 
the Mato Grosso region of Brazil, recorded some characters 
of the gut of certain species (enteric valve and/or uncoiled gut 
of new genera of Apicotermitinae).

From the 1980s onward, termitologists began to describe 
workers more completely, especially with descriptions of the 
gut (Miller, 1984; Fontes, 1985; Constantino, 1991b, 1995; 
Roisin et al., 1996, among others). Now in the 21st century, 
virtually all descriptions of new Termitidae taxa and revisions 
include a study of the gut and mandibles of the workers 
(e.g., Cancello & Myles, 2000; Cancello & Noirot, 2003; 
Bourguignon et al., 2008, 2010; Carrijo et al., 2011; Cuezzo 
& Nickle, 2011; Constantino & Carvalho, 2012; Rocha et al., 
2012; Cuezzo et al., 2017; Hellemans et al., 2017).

Noirot (1995, 2001) compiled all the studies on the 
species of all families of Isoptera, with illustrations and 
descriptions, including important discussions about the evolu-
tionary significance of the differences among the various parts 
of the gut, especially in the Termitidae (Noirot, 2001). These 
two studies are a fundamental basis for this area of research. 
Even though it deals with African fauna, one cannot fail to 
mention the book by Sands (1998) on the workers of African 
termites, with its 1568 drawings and 18 photographic plates.  
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The descriptions of the external morphology and of the 
mandibles are exemplary, and those of the gut are definitive. 
For a better understanding of the worker caste, it is also 
important to mention studies of the mandibles, such as those 
of Ahmad (1950), who proposed a phylogeny of the Isoptera 
(today completely outdated) based only on the imago-worker 
mandibles; and Deligne (1966, 1999), who dealt in detail 
with the functional morphology of the mandibles and their 
modifications during development.

The origin and evolution of the worker caste have 
been a subject of discussion, and several studies have 
investigated this fundamental aspect of termite colonies in 
the different taxonomic groups (Noirot & Pasteels, 1987; 
Korb, 2007, 2008; Inward et al., 2007; Legendre et al., 2008; 
Roisin & Korb, 2011; Bourguignon et al., 2017). In recent 
years, remarkable insights have been gained on the termite 
worker caste, with important implications, for example, for 
the genetic, hormonal and ecological influences on caste 
differentiation, developmental pathways, and polyethism, and 
the microbial symbionts in the gut and their co-evolution with 
termite hosts. This knowledge reinforces the importance of 
the role of the worker caste and the successful evolution of the 
group (Bignell et al., 2011).

This review summarizes recent progress in 
morphological characterization of workers of the Neotropical 
termite fauna, covering all families and subfamilies that 
occur in this region and their importance in taxonomy and 
phylogeny. Much advancement is needed, but we indicate 
several further steps that may accelerate taxonomic decisions 
and help in other areas such as structural, agricultural, and 
forest “pest species”. We hope that with the present study and 
those to come, knowledge and identification of workers will 
become more and more common in the day-to-day routine of 
the termitologist.

Material and Methods

Descriptive terminology

We use the terminology of Weesner (1969) for the 
external morphology of the true worker; Noirot (1995, 2001) 
to refer to the different parts of the gut (Fig 1–4) [foregut with 
crop (C), gizzard (G); midgut (M); and hindgut with: ileum 
(P1), enteric valve (P2), enteric-valve seating (EVS), paunch 
(P3), colon (P4), and rectum (P5)]; and Emerson (1933, 1960) 
to describe details of the worker mandibles (Fig 5–12). We 
follow Krishna et al. (2013) for the taxonomic classification.

Since termites are hemimetabolous insects, all 
juveniles should be called nymphs, but the term “larva” has 
become classic for the first-instar juveniles, with no wing bud 
or soldier features; and the term “nymph” is used for juveniles 
with wing buds of different sizes, that is, which are in the 
imaginal lineage (Roisin & Korb, 2011). The soldier before 
the last molt is called “white soldier” and already exhibits 
some of the distinct features of the soldier of the species. The 
so-called “white-gutted soldier (WGS)” (Scheffrahn et al., 2017) 
in contrast, is fully developed and has functional mandibles

Most simply, one can define the different types of 
workers as follows (adapted from Korb & Hartfelder, 2008):

1) Pseudergate sensu stricto: in all families except 
Termitidae, the “larvae” are totipotent with respect to 
development, and can become soldiers or reproductives, or can 
undergo “stationary molts”, without developing wing buds or 
characteristics of soldiers. They can even undergo regressive 
molts, when the nymph with a wing bud molts to an instar 
without a wing bud. Grassé and Noirot (1947) coined the term 
“pseudergate” for a juvenile that undergoes a regressive molt. 
However, this raises practical problems, because it is necessary to 
follow the development of a nymph with wing buds to discover 
whether it goes through a regressive molt and loses them.

Figs 1–4. Worker gut of Cornitermes cumulans in 1- dorsal; 2- left; 3- ventral and 4- right views [foregut with crop (C), gizzard (G); midgut: 
mesenteron (M); mixed segment (MS), mesenteric tongue (MT) and hindgut with ileum (P1), enteric valve (P2), enteric-valve seating (EVS), 
paunch (P3a and P3b), colon (P4) and rectum (P5)], (figures not to scale).
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2) Pseudergate sensu lato: In this broader definition, 
any “larva” or nymph that could potentially undergo stationary, 
regressive or progressive molts is called a “pseudergate”.

In both the above definitions, the individuals are little 
sclerotized and whitish, and may be functional workers. Other 
terms exist, such as “false worker” and “helper”, with different 
definitions, including in relation to the work that they perform 
in the colony (see discussions by Noirot & Pasteels, 1987). 
Here, “pseudergate” is used in the broader sense.

3) True workers: These are individuals that 
differentiate early and irreversibly from the imaginal line 
of development, and are less flexible than “pseudergates”, 
i.e., they are not totipotent and cannot undergo regressive 
or stationary molts. Morphologically they lack wing buds 
and have rudimentary sexual organs. These individuals are 
responsible for practically all the tasks of the colony except 
reproduction, including defense. True workers are present in 
Mastotermitidae, Hodotermitidae, in some Rhinotermitidae, 
and in all Termitidae. Here, the term “worker” is used.

Digital images and drawings

The line drawings were made with a camera lucida, 
and the photographs were taken with a digital camera coupled 
to a stereomicroscope, at different focal points, and merged 
with software. The enteric valve and crop of workers were 
mounted on a slide with glycerin and photographed under an 
optical microscope.

Techniques

For details of methods to study the mandibles and 
gut of workers, some suggested references include those by 
Sands (1972, p. 10; 1998, p. 15–17), Fontes (1987b, p. 505) 
and Constantino (1999, p. 392).

Readers should note that in older workers the 
mandibles often appear worn, with the tips of the teeth not 
pointed, tapered but blunt; and the edges of the marginal teeth 
may appear to be interrupted or serrated due to wear.

Another factor is the degree of filling of the gut, 
which may alter the relative position of the parts from that 
in published illustrations and photographs. To prevent large 
differences between descriptions, it is useful to inspect several 
individuals before selecting one for illustration. Normally, the 
relative position does not change so much that it prevents the 
recognition of the patterns illustrated in more recent studies.

Key to the families found in the Neotropical Region, based on 
the worker or pseudergate (Stolotermitidae, Kalotermitidae, 
Rhinotermitidae, Serritermitidae, Termitidae)

1a. Pronotum as wide or nearly as wide as head capsule  
(Fig 13)…2
1b. Pronotum substantially narrower than head capsule  
(Fig 14)…3

2a. Left mandible with four marginal teeth; right mandible 

with two marginal teeth and a subsidiary tooth (Fig 5)… 
Stolotermitidae (Porotermes)
2b. Left mandible with two marginal teeth (M1+2 and 
M3); right mandible without subsidiary tooth (Fig 6)… 
Kalotermitidae

3a. Pronotum flat or with very small anterior lobe (Fig 15, 16)… 4
3b. Pronotum saddle-shaped, with clearly defined anterior 
lobe (Fig 17)… 6

4a. Left and right mandibles with large apical tooth; left 
mandible with one (Serritermes) or two marginal teeth 
(Glossotermes); right mandible without subsidiary tooth (Fig 
9)… Serritermitidae
4b. Left mandible with three marginal teeth; right mandible 
with one subsidiary tooth (Fig 8)… 5

5a. Pronotum with very small anterior lobe, less than half 
as long as posterior lobe (Fig 16), enteric-valve cushions 
as in figures 18, 19… Rhinotermitidae (Heterotermes, 
Coptotermes, and Reticulitermes)
5b. Pronotum flat, anterior lobe absent (Fig 15), enteric-
valve cushions as in Fig 20… Rhinotermitidae: 
Prorhinotermitinae (Prorhinotermes)

6a. Left mandible with three marginal teeth; right mandible 
with one subsidiary tooth (Fig 7), enteric-valve cushions 
as in figure 21… Rhinotermitidae: Rhinotermitinae 
(Acorhinotermes, Dolichorhinotermes, and Rhinotermes)
6b. Mandibles variable, but left mandible never with three 
unfused marginal teeth (Fig 10–12)… 7

7a. Left mandible with conspicuous incision between fused 
first plus second (M1+2) and third marginal teeth (M3) (Fig 
10, thick arrow); mesenteric tongue, if present, located on 
concave face of mesenteric arch, first proctodeal segment 
long and tubular, forming loop between rectum and paunch in 
ventral view... Termitidae: Apicotermitinae
7b. Left mandible variable, but without incision between M1+2 
and M3 (Fig 11, 12); mesenteric tongue, if present, located 
on convex face of mesenteric arch, first proctodeal segment 
not forming loop between rectum and paunch in ventral 
view (Cylindrotermes workers have a ventral loop, but the 
other characters differ from Apicotermitinae)... Termitidae: 
Nasutitermitinae, Syntermitinae, and Termitinae

Families found in the Neotropical Region: characterization of 
the worker or pseudergate

Stolotermitidae

Engel et al. (2009) assigned a status novo to this 
monophyletic family, with Porotermitinae (one extant genus, 
Porotermes, and one fossil genus, Chilgatermes) and 
Stolotermitinae (one extant genus, Stolotermes), previously 
recognized in Termopsidae (Grassé school) or Hodotermitidae 
(Emerson school).
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Porotermes has three extant damp-wood species: P. 
adamsoni, native to coastal and adjacent highland areas from 
southern Queensland to South Australia, and considered an 
invasive termite in New Zealand (Pearson et al., 2010); P. 
planiceps, from the western Cape region of South Africa 
(Coaton & Sheasby, 1976); and Porotermes quadricollis, in 
southern Chile and Argentina (Camousseight & Vera, 2005; 
Torales et al., 2005). Villan (1972) redescribed Porotermes, 
with new diagnoses and a key to the three species, for imagoes, 
soldiers, and pseudergates.

Characteristics of the pseudergates of Porotermes 
are: compound eyes more or less developed, depending on 
the stage of development of the individual; ocelli absent; 
pronotum half-moon-shaped; tarsi with three tarsomeres on 
each leg, with a triangular arrangement on the posterior leg; 
cerci with five articles, styli are present in males and females.

For identification of the pseudergates, in addition to the 
mandibular pattern, Noirot (1995) described the gut coiling 
in situ and gave details of its anatomy in P. adamsoni and 
Stolotermes africanus. Krishna et al. (2013) described the 
gut of Porotermitinae in detail and compared some characters 
with other families.

Compared to non-wood-nesters, the pseudergates of 
both Kalotermitidae and Stolotermitidae show proportionally 
short legs, with an enlarged coxa; and their behavior is different, 
as they live inside wood, crawling in very slow movements.

Kalotermitidae

Kalotermitidae is represented worldwide by 22 genera 
and 459 extant species. The Neotropical Region has the largest 
number of genera (12), although the Oriental Region has the 
most species diversity. The so-called dry-wood termites, 

Figs 5–12. Worker mandibles in dorsal view: 5- Porotermes quadricollis; 6- Rugitermes rugosus; 7- Rhinotermes marginalis; 8- Coptotermes 
gestroi.; 9- Glossotermes oculatus; 10- Anoplotermes pacificus, 11- Microcerotermes sp., 12- Crepititermes verruculosus, [apical tooth (A), 
subsidiary tooth (s), marginal tooth 1, 2, 1+2, 3, 4 (respectively M1, M2, M1+2, M3, M4), molar tooth (mt), molar prominence (MPr) and 
molar plate (MPl)], (figures not to scale).
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Figs 13–14. Pseudergates in dorsal view: 13- Prorhinotermes simplex; 14- Rugitermes sp.

e.g., certain species of Cryptotermes, and Incisitermes, can 
cause enormous damage in urban areas. Constantino (2002) 
mentioned three species of this family that were introduced 
from other regions and became urban pests: Cryptotermes 
brevis, C. dudleyi, and C. havilandi, and noted that there are 
several yet-undescribed species of Cryptotermes in South 
America. In Brazil, C. brevis is a major pest in many cities 
(Constantino, 2002). We may expect that some species, 
originally restricted to the natural environment and coming 
into contact with cities expanding into pristine forests, may 
become urban pests. An example is Glyptotermes canellae, an 
Atlantic Forest species reported from inside wooden furniture 
in Santos, state of São Paulo (E.M.C. personal observation).

True workers are absent, and pseudergates contribute 
to the tasks within the colony. In general, given the uniformity 
of their external morphology, only the mandibles are usually 
used for identification, even though they show a similar 
pattern, as seen in the illustrations by Krishna (1961). 
No specific diagnoses were provided for pseudergates 
until Scheffrahn (2011) described the pseudergates of 
Calcaritermes, illustrating their mesonotal “rasp” and/or the 
concave posterior margin of the pronotum. The mesonotal 
rasp is the first external character used to provide a diagnostic, 
generic identification of an immature kalotermitid.

Dr. R. H. Scheffrahn (University of Florida) has been 
actively studying the taxonomy of Kalotermitidae in the 
Neotropics, mainly in the Caribbean Basin, alone (Scheffrahn, 
1994, 2011, 2014a) or with collaborators (Scheffrahn & Su, 
1994; Scheffrahn et al., 1998a, 1999, 2000, 2001, 2009, 2015, 
among others).

Gonçalves (1979) studied the gut of Rugitermes niger, 
and Noirot (1995) provided some insights on Kalotermes, 
Neotermes, Cryptotermes, Glyptotermes, and Pterotermes. 
More recently, Godoy (2004) treated the Neotropical genus 
Tauritermes. The midgut length, ornamentation, and shape 
of the P1 and P2, and the ornamentation of the rectal valve 
seem to be useful for separating taxa, although more studies 
are needed.

Serritermitidae

Serritermitidae is the only termite family with 
exclusively extant Neotropical representatives (records 
from Brazil, Guyana, and French Guiana). The taxon was 
originally proposed by Holmgren (1910) as a subfamily in the 
Mesotermitidae (nomen nudum, related to Rhinotermitidae) 
and raised to family rank by Emerson (1965). The family 
presently contains three species in two genera, Glossotermes 
and Serritermes, according to Cancello and DeSouza (2005).

The mandibles of the imago and the pseudergate are 
unique (Ahmad, 1950; Cancello & DeSouza, 2005), with long 
acuminate apical teeth, a reduced number of marginal teeth 
(left mandible with one marginal tooth in Serritermes, and two 
in Glossotermes), and the molar regions with well-developed 
ridges (Fig 9). The gut shares similarities with members of 
the family Rhinotermitidae, except in the reduction of the 
stomodeal valve and the simplification of the structures present 
on P1 and P2 (Noirot, 1995; Cancello & DeSouza, 2005). The 
clear differences between the worker mandibles in the two 
genera, Glossotermes and Serritermes, are easily seen and are 
enough to separate them.
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Figs 15–17. 15- Prorhinotermes simplex, pseudergate in profile; 16- 
Coptotermes gestroi, pseudergate in profile and 17- Dolichorhinotermes 
latilabrum, worker in profile.

Rhinotermitidae

Rhinotermitidae is the most widely distributed termite 
family in the world, occurring from tropical to temperate 
regions. Some species of this family, popularly known as 
subterranean termites, are especially important because of 
their potential as pests, and can cause enormous damage 
(Constantino, 2002; Vargo & Husseneder, 2009).

Rhinotermitidae was initially described as a subfamily 
of Mesotermitidae (nomen nudum, Holmgren, 1910), and 
was later raised to family rank. The relationship between 
the genera of Rhinotermitidae and the other termite families, 
especially Termitidae, Serritermitidae, and Stylotermitidae, 
has been widely debated. The present consensus is that 
Rhinotermitidae is not a natural group (Lo et al., 2004; Inward 
et al., 2007; Legendre et al., 2008, 2013; Bourguignon et al., 
2014). The family is composed of the genera Prorhinotermes 
(three species in the Neotropical Region), Termitogeton, and 
Psammotermes (outside the Neotropical Region), of uncertain 
position, although each was classified in a different subfamily 
by Krishna et al. (2013); and two relatively consistent 
groups: the Rhinotermitinae, composed of Parrhinotermes, 
Schedorhinotermes, and Macrorhinotermes (outside the 
Neotropical Region); plus Acorhinotermes, Rhinotermes, and 
Dolichorhinotermes (Neotropical); and the group composed of 
Coptotermes, Heterotermes, and Reticulitermes (Bourguignon 
& Roisin, 2011; Bourguignon et al., 2014). This last group was 
traditionally divided into two subfamilies, Coptotermitinae 
(Coptotermes) and Heterotermitinae (Heterotermes and 
Reticulitermes); however, in all recent phylogenies using 
molecular data the genus Coptotermes supports the subfamily 
Heterotermitinae as paraphyletic (e.g., Lo et al., 2004; 
Inward et al., 2007; Legendre et al., 2008; Bourguignon et 
al., 2014). Thus, we use here “Heterotermes group” for the 
three genera Coptotermes, Heterotermes, and Reticulitermes. 
The Heterotermes group is probably a sister-group of the 
Termitidae and will likely be raised to family rank (Lo et al., 
2004; Legendre et al., 2013; Bourguignon et al., 2014).

Workers of Rhinotermitidae can be easily recognized by 
the three marginal teeth on the left mandible, and a subsidiary 
tooth on the right mandible (Fig 7–8). The gizzard is shorter 
and considerably more separated from the esophagus than in 
the other, non-Termitidae families. The transition from P1 
to P2 is well marked. P1 is short and narrowed distally. The 
transition from P1 to P2 has six cushions of two orders (I and 
II). In P1, the cushions have small homogeneous spines, with 
cushions I nearly rectangular, and II triangular and narrowed 
distally. Cushions I are well developed and ornamented 
in P2; Noirot (1995) described them as a “sharp-pointed 
escutcheons”, with the distal tip protruding at the opening of 
the P2 in P3. Cushions II are reduced in P2.

The ornamentation of the “escutcheons” is somewhat 
characteristic of the genera and/or groups of genera. In 
Prorhinotermes, the “escutcheons” are elongated and arranged 
in a proximal cluster with 3–4 rows of one-, two-, or three-pointed 

scales (Fig 20). In the Rhinotermitinae, the proximal cluster has 
scales with larger spines in the center of the “escutcheons”, but 
not as large as the spines in the Heterotermes group (Figs 18, 
19). Both Rhinotermitinae (Fig 21) and the Heterotermes group 
also have two distal clusters of fine setae, and Rhinotermitinae 
has a central cluster of spines that are less sclerotized than the 
proximal cluster, but more so than the corresponding setae of 
the distal clusters (Noirot, 1995).

Among the groups with Neotropical representatives, 
the external morphology of the workers is quite varied. In 
workers of Rhinotermitinae, the second marginal tooth of 
the mandible is smaller than the first marginal tooth (Krishna 
et al., 2013); the pronotum is saddle-shaped; the wall of the 
abdomen may be transparent or slightly opaque; and the head 
is large in relation to the body size (Fig 17). In workers of 
the Heterotermes group, the first marginal tooth of the left 
mandible is smaller than (Coptotermes and Heterotermes) or 
equal to (Reticulitermes) the apical, second and third marginal 
teeth (Krishna et al., 2013); the pronotum is not saddle-shaped 
as in Termitidae, with at most a small elevation on the anterior 
margin (i.e., a very small anterior lobe); the head is relatively 
smaller in relation to the body; and the abdomen is always 
whitish and opaque (Fig 16).

Termitidae

This family has the highest diversity of extant genera 
(261) and species (2097), with 81 genera and 428 species in 
the Neotropical Region. They occur in a wide diversity of 
habitats, mainly in tropical and subtropical regions worldwide.
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Species of Termitidae exploit the most varied types 
of lignocellulosic substrates as food. Most of the genera 
of Nasutitermitinae can be considered xylophagous (e.g., 
Cortaritermes, Caribitermes, Nasutitermes); others are 
humivores (e.g., Cyranotermes, Subulitermes); some feed 
on leaf litter (e.g., Velocitermes); or have specialized diets, 
such as some species of Constrictotermes that have peculiar 
feeding habits such as scraping lichens and tree bark. The diets 
of Syntermitinae encompass the entire humification gradient 
(Rocha et al., 2017), so that among its species it is possible 
to find all the morphotypes associated with their respective 
food resources. Among the Termitinae, again, the species 
cover almost the entire humification gradient; some are strict 
xylophages (e.g., Cylindrotermes) and others are humivores 
(e.g., Cavitermes) or are intermediate. Most members of 
Apicotermitinae are restricted to a humus-rich diet, and others, 
such as several species of Ruptitermes, eat grasses.

A worker caste can be recognized in the Termitidae, 
with a line of development, morphology, and distinct functions 
within the colony. Importantly, the mandibles of Termitidae 
are not the only components needed for rapid identification, 
as in the other families, but must be considered together with 
the characters of the gut and external morphology for an 
accurate determination.

The morphological characters that allow identification 
of workers have been treated in several studies over time. For 
example, the numbers of antennomeres and tibial spurs, in 
addition to the mandibles, were reported in detail by Weesner 
(1969), Grassé (1982), and Krishna et al. (2013). Characters 
of the internal morphology such as the gut coiling in situ, the 
mixed segment, the shape of the mesenteric tongue, and the 
insertion and arrangement of the Malpighian tubules (usually 
numbering four), and the enteric valve are derived mainly from 
the studies by Grassé and Noirot (1954), Noirot and Kovoor 
(1958), Kovoor (1969), Sands (1972, 1998), and Noirot (2001).

Apicotermitinae

A total of 50 genera and 217 species are recognized 
worldwide, with 14 genera and 52 species in the Neotropical 
Region. Advancement of taxonomic knowledge of 
Apicotermitinae in the world, and particularly in the 
Neotropical Region, presents a difficult challenge. Partly 
this is due to the absence of soldiers in most of the genera, 
and researchers have concentrated, consequently, on the 
identification and delimitation of the taxa based on the 
characters of the gut, which necessarily requires more time 
and training. Another consideration is the high rates of 
abundance and diversity of Apicotermitinae in the various 
ecosystem types, especially in humid forests, emphasizing 
their ecological importance (Cancello, 1994; Eggleton et al., 
1996; Kambhampati & Eggleton, 2000; Davies et al., 2003; 
Ackerman et al., 2009; Bourguignon et al., 2011; Palin et al., 
2011; Cancello et al., 2014).

The group is presently under study in different 
laboratories, which have a growing interest in improving 
taxonomic knowledge of the group and advancing studies 
in other areas (phylogeny, biogeography, phylogeography, 
ecology, and behavior).

For 104 years, the genus Anoplotermes united 
all the Neotropical species of termites without soldiers, 
until the descriptions of Grigiotermes and Ruptitermes by 
Mathews (1977) and of Aparatermes and Tetimatermes by 
Fontes (1986). These five genera remain the references for 
non-taxonomist termitologists who use the most widely 
disseminated keys for the group.

In the last eight years, nine genera and 21 species 
have been described, a product of the revisions of part of 
Anoplotermes (Longustitermes; Bourguignon et al., 2010), 
Grigiotermes (Amplucrutermes,  Humutermes, Hydrecotermes, 
Patawatermes and Rubeotermes; Bourguignon et al., 2016) 

Figs 18–21. Enteric valve armature of: 18- Heterotermes tenuis; 19- Coptotermes testaceus; 20- Prorhinotermes oceanicus and 21- 
Rhinotermes marginalis.
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and of Ruptitermes (Acioli & Constantino, 2015), in addition 
to the descriptions of Compositermes (Scheffrahn, 2013; 
Carrijo et al., 2015), Disjunctitermes (Scheffrahn et al., 
2017), and Echinotermes (Castro et al. 2018).

The available keys for workers of Apicotermitinae are 
those of Fontes (1985, 1992), based mainly on characters of 
the gut coiling; Constantino (1999, 2002), who concentrated 
on characters of the external morphology; and Bourguignon 
et al. (2016), who used the ornamentation of the enteric valve. 
This last is the most up-to-date key at present, although it does 
not include Disjunctitermes or Echinotermes. These keys can 
serve as a point of departure for identification, but as discussed 
above, the great diversity among the Apicotermitinae remains 
understudied. Attempts to group new taxa within these known 
genera have been very common in surveys of the termitofauna, 
which are consequently inadequate and counterproductive, 
rendering unreliable those ecological analyses that include the 
Apicotermitinae.

The Neotropical genera present the following set of 
characters: the absence of the soldier caste; the presence of an 
incision between the M1+2 and the M3 on the left mandible 
(Fig 10, arrow); the P1 long, forming a loop that in ventral 
view surrounds the P3 (Figs 22, 23); and the presence, in 
most genera, of an enteric-valve seating (EVS, not exclusive 
to Apicotermitinae) (Noirot, 2001; Fig 24, arrow). The EVS 
is the distinct proximal region of the P3, shaped as a tubular 
ring or trilobate, and separated from the main portion of the 
P3 by a constriction. The P2, with variable organization and 
ornamentation, is invaginated in the EVS.

Figs 22–23. Ventral view of the gut: 22- Compositermes bani and 23- Anoplotermes pacificus. The arrows 
indicate the mesenteron limit (22) and the inflated portion of the mesenteric tongue (23, highlighted).

Fig 24. Ruptitermes maraca, right view of the gut (arrow: trilobate 
enteric-valve seating- EVS).
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Certain recurring features aid in the delimitation 
of morphospecies and establishment of identity for 
Apicotermitinae; many of these are derived from the studies 
of Sands (1972, 1998) and Noirot (2001). The foreleg shows 
several characters that deserve attention. The foretibia may 
show a gradient of intumescences, from heavily inflated 
(Amplucrutermes inflatus, fig 2B of Bourguignon et al., 
2016) to slender (Ruptitermes arboreus, fig 4B of Acioli & 
Constantino, 2015), and a modified spoon-like tibia, possibly 
used for excavation (Tetimatermes oliveirae, Fig 25). The 
presence of thick bristles on the foretibia and forefemur, 
arranged in rows or not, and of thick bristles on the 
forecoxa has also been observed in certain described species 
(Rubeotermes jheringi, Fig 26, Ruptitermes spp., Acioli & 
Constantino, 2015) and species awaiting description (e.g., 
Apicotermitinae sp., Fig 27).

In studying the gut coiling, for most groups there is no 
need for dissection is not needed, since the gut can be examined 
through the transparent body. In this examination it is important 
to evaluate certain features that are briefly discussed here. 

The mixed segment is an informative region for the study of 
Apicotermitinae. Noirot (2001) defined the absence (Fig 22) 
or presence of the mixed segment (Fig 23); or even vestigial 
mixed segments, in which there is no proper mesenteric tongue, 
but an oblique portion of the midgut. The joining of the P1 
(through the P2) with the P3 may be visible in dorsal view, 
right lateral view (and in this case can be seen both dorsally and 
ventrally), or in ventral view. The shapes of EVS often vary. 
Both the gizzard and the insertion of the Malpighian tubules in 
the Neotropical Apicotermitinae have been little studied.

Figs 25–26. Worker legs of Apicotermitinae: 25- Tetimatermes 
oliveirae, spoon-like tibia; 26- Rubeotermes jheringi, thick bristles 
on forecoxae.

Fig 27. Worker leg of Apicotermitinae sp., one of two rows of tick 
bristles on tibia.

Among the important characteristics is the enteric valve 
or P2, which, differently from the mixed segment, requires 
dissection. Analysis of the P2 under a microscope offers the 
possibility of studying the arrangement and ornamentation 
of the scales that form the cushions. As observed for the 
species of Anoplotermes (including those recently revised by 
Bourguignon, 2010), the external morphology of the worker 
is very homogeneous, and it is impossible to distinguish them 
without examining the P2. The enteric valve is also very 
important for identification of the species of Patawatermes, 
although P. turricula and P. nigripunctatus are more easily 
distinguished through their morphometry and pilosity.

Examination of the enteric valve alone, however, is 
sometimes not enough to distinguish some Apicotermitinae, 
such as species of Hydrecotermes (see Bourguignon et al., 
2016, fig. 4A, B; and a new species currently being described 
by JPC, Fig 28). The same can be said of some species within 
the same genus, such as Ruptitermes (figs 24F and K, 25A and 
E of Acioli & Constantino, 2015) and Aparatermes (Figs 29 
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and 30); or even between species of different genera, such as 
Ruptitermes franciscoi (fig. 24 J–K of Acioli & Constantino, 
2015) and Aparatermes cingulatus (Fig 30), or Ruptitermes 
bandeirai (Fig 31) and Tetimatermes oliveirae (Fig 32), 
where the scale distribution and/or spine ornamentation is 
very similar. Also, it is crucial to consider the existence of 
intraspecific variations, such as those observed in Anoplotermes 
janus (compare fig. 2E of Bourguignon et al., 2010 and Fig 
33) and Anoplotermes pacificus (Figs 34, 35, JPC and TFC, 
personal observation).

Nasutitermitinae

Nasutitermitinae constitutes a well-established 
monophyletic group, but the evolutionary relationships 
among its genera remain unknown (Bourguignon et al., 2017; 
Inward et al., 2007). The subfamily includes 81 genera and 
more than 600 species worldwide; of these, 172 species and 
31 genera are Neotropical (Table 1).

Nasute soldiers have vestigial, non-functional mandibles, 
and practice a chemical defense; components of the frontal gland 
open in a narrow-tipped frontal tube, termed the nasus, non-
homologous with that of the Syntermitinae subfamily (see 
above). The workers vary little in their external morphology, but 
some characters can easily associate workers of the same genus 
in a mixed sample without the need to dissect the mandibles 
or the gut. Angularitermes, Caetetermes, Coendutermes, 
Constrictotermes, Tenuirostritermes, and Velocitermes have 
comparatively longer tibiae; Agnathotermes has relatively short 
tibiae and characteristic tarsi (Fig 36); open-forager genera such 
as Constrictotermes, Velocitermes, Tenuirostritermes, and some 
species of Nasutitermes often have black or dark-brown, well-
sclerotized tergites, while in the remaining genera the tergites are 
usually translucent, allowing examination of the gut coiling in 
species with few or no fat bodies.

The mandibles of the workers have been used 
for identification for more than a century. Diversitermes, 
Ngauratermes, Muelleritermes, Parvitermes, Obtusitermes, 

Figs 28–30. Enteric valves of Apicotermitinae: 28- Hydrecotermes sp.; 29- Aparatermes abbreviatus; 30- Aparatermes cingulatus.

Figs 31–32. Enteric valves of Apicotermitinae: 31- Ruptitermes bandeirai; 32- Tetimatermes oliveirae.
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Figs 34–35. Enteric valves of Apicotermitinae: 34- Anoplotermes 
pacificus, from Ilha do Cardoso, SP; 35- Anoplotermes pacificus, 
from Santa Teresa, ES. Fig 36. Tarsi of Agnathotermes sp. (arrows: specialized regions).

Velocitermes, and Tenuirostritermes have a striated and 
slightly concave molar plate, well-developed marginal 
dentition, and a small apical tooth; the left mandible has a sharp 
edge, a left-mandible index of less than 1.0, and the margin 
between M1 + 2 and M3 concave (Figs 37, 38). Caetetermes, 
Coendutermes, Rotunditermes, and Sandsitermes have a 
similar mandibular pattern, although the molar ridges are 
more apparent (Fig 39). In Caribitermes, Constrictotermes, 
Cortaritermes, and Nasutitermes the marginal dentition is 
similar, but the molar plate is flat, with conspicuous ridges. 
In Agnathotermes, Araujotermes, Atlantitermes, Coatitermes, 
Convexitermes, Paraconvexitermes, and Subulitermes the 
mandibles have a well-developed apical tooth and a 
comparatively less-prominent marginal dentition, with a 
wide, concave, less-striated molar plate. In Anhangatermes, 
Angularitermes, Cyranotermes, Sinqasapatermes, and 
Tiunatermes the marginal dentition is incomplete (M3 of the 
left mandible and M2 of the right mandible are reduced or 
absent) and the molar plate is concave and without ridges or 
with a few shallow ridges (Fig 40).

Fig 33. Enteric valve of Anoplotermes janus.

In contrast to Apicotermitinae, Syntermitinae, and 
Termitinae, in Nasutitermitinae it is possible to recognize 
more than one type of worker by a mandibular dimorphism 
(Fontes, 1981, 1987a). The gap between M3 and the molar 
plate on the left mandible can be narrow or broad (Figs 37, 38). 
This character has been recorded for all Neotropical genera 
of Nasutitermitinae except Angularitermes, Cyranotermes, 
Sinqasapatermes, and Tiunatermes. Considering that this 
mandibular dimorphism appears not to be associated with 
sex, it is probably related to the instar of the worker (a narrow 
gap in the first instar and a broad gap in the second instar), a 
hypothesis that is presently under investigation.

The characters of the gut are certainly the most 
important for accurate identification of the workers. The 
crop of Constrictotermes is strongly dilated and, when full, 
occupies almost half of the anterior region of the abdomen. 
The ornamentation of the gizzard is well developed, with 
both columns and pulvilli; the exception is Agnathotermes, 
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which has the columns completely reduced, leaving only the 
first- and second-order pulvilli. In turn, the first- and second-
order columns can bear some characteristic structures: 
Angularitermes and Coendutermes have spines (Fig 41); 
and Anhangatermes and Tiunatermes have a single, well-
developed projection on the anterior margin (Fig 42).

The midgut forms an arch around the P3 and shows 
no diagnostic characteristics. The Malpighian tubules are 
generally difficult to observe, especially in old material. 
They are inserted on the margin between the midgut and P1, 
generally internal to the midgut arch, but in Angularitermes 
and many species of Velocitermes they are inserted directly on 
the midgut. In Anhangatermes, Araujotermes, some species 
of Atlantitermes, Coatitermes, Ereymatermes, Diversitermes, 
Paraconvexitermes, and Subulitermes the Malpighian tubules 
are inserted in pairs on a nodule that is more or less developed 
from the mesenteric tissue, and are dilated only proximally. In 
genera such as Caribitermes, Cortaritermes, Rotunditermes, 
Nasutitermes, and Triangularitermes the Malpighian tubules 
appear to be dilated along the length of the mixed segment, 
with varying patterns of insertion.

The P1 of Agnathotermes, Angularitermes, 
Anhangatermes, Araujotermes, Atlantitermes, Caetetermes, 
Coatitermes, Convexitermes, Cyranotermes, Constrictotermes, 
Ereymatermes, Paraconvexitermes, Sinqasapatermes, 
Subulitermes, and Tiunatermes is short compared to the 
length of the midgut, and generally terminates on the left side 
of the abdomen. Sandsitermes and Cortaritermes have the 
P1 terminating in a semicircular loop in the dorsal or right 
lateral region of the abdomen, respectively; in Caribitermes, 

Figs 37–40. Worker mandibles in dorsal view: 37- Diversitermes diversimiles, narrow gap; 38- Diversitermes diversimiles, broad gap; 39- 
Caetetermes taquarussu, broad gap; 40- Tiunatermes mariuzani. 

Obtusitermes, and Parvitermes sensu stricto (excluding P. 
bacchanalis) the P1 forms a long loop with parallel sides 
ventral or transverse to the P3 (Fig 43). In Antillitermes the 
P1 forms three loops on the sides of the abdomen before the 
insertion in the P3, on the left side. Parvitermes bacchanalis is 
the only species of Nasutitermitinae in which the P1 follows a 
counterclockwise direction and terminates beneath the mixed 
segment, in the dorsal region (Fig 44).

The P2 varies widely in its location, and can be 
found on the dorsal, left or right side of the abdomen. The 
ornamentation of the enteric valve is widely variable among 
the genera, as it is among the species, and because of this 
it deserves special attention in the identification. Generally, 
the enteric valves of soil-feeding Nasutitermitinae are more 
variable and complex than those of wood-feeding species. The 
extent of its variation must be described case by case, which 
is outside the scope of this contribution, although we mention 
some references in Table 1. In Diversitermes, Oliveira & 
Constantino (2016) suggested that an identification of the 
species based on the soldiers should be confirmed through 
analysis of the enteric valve of the workers.

The P3 is generally globose or ellipsoid, with little 
taxonomic importance. In many groups there is a torsion in 
the direction of the P2, giving the appearance of an inverted 
“J” in ventral view. In some genera the enteric-valve 
seating (EVS) is quite differentiated. This is the case for 
Agnathotermes, Araujotermes, Atlantitermes, Caetetermes, 
Coatitermes, Coendutermes, Cyranotermes, Diversitermes 
(Figs 45, 46), Ereymatermes, Muelleritermes, Rotunditermes, 
Sandsitermes, Sinqasapatermes, and Tiunatermes. 
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Particularly in Araujotermes and Sinqasapatermes the EVS 
is trilobate. Tenuirostritermes has a diverticulum in the P3. 
The distal region of the P3 passes through the mesenteric arch 
and can be spiral, quite variable in size, or only protrude and 
connect to the P4 without forming a “dorsal torsion” as in 
Constrictotermes, Caribitermes, Cortaritermes, Obtusitermes, 
Parvitermes sensu stricto, and Nasutitermes. In these genera, 
the isthmus is not apparent in the right dorsal region, which 
separates the P3 from the P4. In Constrictotermes the distal 
region of the P3 is completely covered by the crop.

The P4 is generally tubular and forms an arch that 
passes beneath the midgut to the P5. In Angularitermes, 
Cyranotermes, Ereymatermes, and Sinqasapatermes the P4 is 
dilated in this passage beneath the midgut. In Antillitermes 
the P4 is entirely displaced to the ventral region. The P5 is 
fusiform or globose and has no taxonomic significance.

Figs 41–42. Gizzard columns: 41- Coendutermes tucum and 42- Tiunatermes mariuzani, showing spines.

Figs 43–44. Worker gut in situ: 43- Caribitermes discolor, right 
view; 44- Parvitermes bacchanalis, dorsal view (the mesenteron 
position is indicated by the dotted lines, figures not to scale).

Syntermitinae

The subfamily Syntermitinae is endemic to the 
Neotropical Region, and presently includes 18 genera and 103 
species (Constantino, 2018). The soldiers have the frontal tube 
of various sizes, and functional mandibles for defense, which 
has given them the informal designation of “mandibulate 
nasutes”. The earliest classifications considered the group to 
be part of the subfamily Nasutitermitinae (Holmgren, 1912; 
Hare, 1937), which also included the “true nasutes” (whose 
soldiers have vestigial mandibles). However, phylogenetic 
studies showed that the frontal tube arose independently in the 
two groups during the evolution of termites (Inward et al., 2007; 

Figs 45–46. Worker gut in situ of Diversitermes diversimiles: 45- 
dorsal view; 46- detail of P3, in posterior view (EVS, short arrow, 
constriction, long arrow, figures not to scale).
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Bourguignon et al., 2017). Even though the “mandibulate 
nasutes” and the “true nasutes” were recognized very early in 
the development of termitology, the subfamily Syntermitinae 
was only formally described by Engel and Krishna (2004), 
and a more-detailed diagnosis was provided by Constantino 
and Carvalho (2011).

Among the studies on the gut anatomy of species of 
Syntermitinae, the pioneer was that of Kovoor (1969), who 
compared some species of “mandibulate nasutes” and “true 
nasutes”. However, Kovoor (1969) did not question the unity 
of Nasutitermitinae, and interpreted the differences between 
the groups in accordance with the proposal of Ahmad (1950), 
who suggested that the “true nasutes” were derived from the 
“mandibulate nasutes”.

At present, among Neotropical termites the gut 
anatomy of the Syntermitinae is best known, with consistent 
and updated descriptions for most of the species and genera 
(Table 1). There are also studies of comparative anatomy, 
such as that of Rocha and Constantini (2015), who described 
patterns of internal ornamentation of the P1 of 36 species of 
Syntermitinae, including representatives of all the genera. 
The most recent treatment is the phylogenetic scheme 
proposed by Rocha et al. (2017), where the authors proposed 
homologies among gut structures of a representative portion 
of the Syntermitinae.

When collecting in the field, most samples of 
Syntermitinae include the soldier caste, mainly when it was 
collected inside the nests. On the other hand, the nests of 
Syntermitinae serve as shelter for a large number of other 
species of Isoptera, of both Syntermitinae as well as other 
subfamilies, and it is common for samples to contain a 
mixture of soldiers and workers of many species. Therefore, 
to correctly screen the material and associate both workers 
and soldiers with their respective species, knowledge of the 
worker anatomy is essential.

Fig 48. Thoracic nota of Armitermes armiger worker (arrows: 
serrated margins).

Fig 47. Thoracic nota of Syntermes spinosus worker (arrows: lateral 
projections).

Fig 49. Forecoxa of Embiratermes neotenicus worker (arrow: lateral 
projection).

Some characteristics of the external morphology 
that help in the identification of workers of Syntermitinae 
are the shape and the margins of the thoracic nota and the 
structures on the legs. Nota with lateral projections (Fig 
47) occur exclusively in the workers of Syntermes (except 
in S. nanus and S. molestus), and the margins with serrate 
structures (Fig 48) are exclusive to the workers of Labiotermes 
(present only on the meta- and mesonotum), Macuxitermes, 
and Armitermes (present on all three nota); in Uncitermes 
and Mapinguaritermes they are polymorphic (they may or 
may not be present in different individuals). With respect 
to the leg structures, workers of Embiratermes festivellus, 
E. chagresi, E. neotenicus, E. latidens, and E. transandinus 
(= Embiratermes sensu stricto) and those of Rhynchotermes 
(see Scheffrahn, 2010; Constantini & Cancello, 2016) have 
a characteristic projection on the forecoxa (Fig 49). Workers 
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of Cornitermes have a row of short thick setae on the inner 
margin of the foretibia (Fig 50), which characterizes the 
genus (but which also can be found in some species of 
Neocapritermes, Termitinae).

Fig 51. Mapinguaritermes sp., ornamentation of spines at 
the base of the first-order pulvillus of the gizzard.

The insertion of the stomodeal valve varies depending on the 
species and genus; in the majority the position is apical and 
above the midgut, but in the species of Procornitermes it is 
displaced and continues into the mesenteric arch (Fig 52).

The members of Syntermitinae have a well-developed 
mesenteric tongue that is quite varied in shape and may 
have filiform parts, rounded forms, and a smaller, secondary 
tongue (Figs 53–55). However, in general the midgut does 
not possess diagnostic characteristics, except for the species 
of Silvestritermes belonging to the “lanei group” (S. duende, 
S. gnomus, S. lanei, and S. minutus), which have a nodule of 
mesenteric tissue that surrounds the base of the Malpighian 
tubules [the Termitinae genera of the Termes-Cavitermes group 
(see below) also have a nodule of mesenteric tissue in a similar 
position, but it is separated from the Malpighian tubules]. 

Figs 52–55. Details of gut structures in Syntermitinae species. 
52- stomodeal valve insertion in Procornitermes striatus; 53- 
mesenteric filiform connection of Armitermes armiger; 54- 
proximal constricted mesenteric tongue of Procornitermes araujoi; 
55- detail of external (left) and internal (right) mesenteric tongues 
of Cornitermes cumulans (figures not to scale).

Fig 50. Foretibia of Cornitermes cumulans worker.

Certain species or groups of species of Syntermitinae 
show marked synapomorphic characteristics of the internal 
anatomy. The gizzard and crop generally follow the basic 
plan for the Termitidae (as described by Noirot, 2001), but 
Ibitermes curupira, Embiratermes robustus, and the species of 
Mapinguaritermes show a very characteristic ornamentation 
of spines at the base of the first-order pulvilli (Fig 51).  
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number of cushions, and types of ornamentation, and is quite 
useful to confirm identifications (see Table 1 for references).

The P3 is relatively unimportant as a diagnostic 
character, although in some species it shows marked features, 
such as the EVS just after the P2 (tubular or globose), or a 
partial diverticulum (Armitermes armiger and A. bidentatus).  
The distal portion of the P3 is generally strongly protracted 
dorsally, forming a characteristic “U” in most species. The 
connection between the P3 and P4 can show a distinct isthmus, 
depending on the genus. The isthmus is inserted apically on 
the P4 in most of the Syntermitinae, but subapically (Fig 59, 
arrow) in a very peculiar group of taxa (Acangaobitermes, 
Noirotitermes, Ibitermes tellustris, Embiratermes parvirostris, 
E. ignotus, E. brevinasus, and E. silvestrii), which is composed 
of the smallest species of the subfamily; otherwise the P4 and 
P5 are not known to be informative.

Termitinae

Termitinae is presently composed of 107 species in 
20 genera in the Neotropical Region, and 662 species in 65 
genera worldwide (Constantino, 2018).

The first genus described in this subfamily was Termes 
(Linnaeus, 1858), and the most recent was Palmitermes 
(Hellemans et al., 2017). Among all the Neotropical genera, 
only five keys to identify the species have been developed, 
for Neocapritermes (Krishna & Araujo, 1968), Cavitermes 
(Krishna, 2003), Cylindrotermes (Rocha & Cancello, 2007), 
Orthognathotermes (Rocha & Cancello, 2009), and Divinotermes 
(Carrijo & Cancello, 2011). All these keys are based on the 
morphology of the soldiers.

Except for Cyrilliotermes species and Procornitermes araujoi, 
all other Syntermitinae have the four Malpighian tubules, with 
the insertion in two distinct pairs or with the four bases very 
close together; some species have well-developed ampules 
(Procornitermes araujoi with four tubules and P. triacifer with 
two ampules, each with two tubules), but as with the tongue, 
these structures by themselves have no diagnostic value.

The P1 is dilated, ranging from fusiform to globose 
depending on the species, and the enteric valve (P2) is always 
located on the left side of the body. These characteristics are 
not exclusive to the species of this subfamily: some genera 
of Termitinae also have the first proctodeal segment inflated, 
although these can be differentiated from the Syntermitinae 
by certain combinations of characteristics. The internal 
ornamentation patterns of the P1 are generally quite 
characteristic for each species but dissection of this region of 
the gut is not easy, making them impractical as a diagnostic 
feature for identification (Rocha & Constantini, 2015).

Although the P2 is always on the left side of the body, 
the direction in relation to the antero-posterior axis varies 
greatly among the genera. The connection may be simple 
and wide (Fig 56) or by means of a constricted portion, 
forming a loop (Fig 57). The position along the abdomen is 
a diagnostic feature of some genera: in Cyrilliotermes and 
Embiratermes sensu stricto (species that form a homogeneous 
group (Rocha et al., 2012): E. festivellus, E. chagresi, E. 
neotenicus, E. latidens, and E. transandinus), the P2 is located 
near the midlength of the abdomen (Figs 56, 58), while in 
the other genera it is located much farther distally (Fig 59).  
The ornamentation of the P2 varies widely among the species, 
with different patterns and combinations of symmetry, shape, 

Figs 56–59. Worker gut: 56- left view of Embiratermes neotenicus (arrow: P1-P3 wide connection); 57- left view of Silvestritermes lanei 
(arrow: dorsal loop); 58- left view of Cyrilliotermes sp. (arrow: P1-P3 connection); 59- dorsal view of Acangaobitermes krishnai (arrow: 
subapical P4 connection, figures not to scale).
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Figs 60–61. Worker gut of Amitermes amifer 60- dorsal view; 61- 
right view (arrows: insertion of enteric valve on the right side of P3).

Termitinae has constantly been recovered as a non-
monophyletic group (Donovan et al., 2000; Inward et al., 
2007; Bourguignon et al., 2014; Bourguignon et al., 2017). 
This reflects the morphological diversity found in the soldier 
and worker castes of the taxa that are presently included in 
this subfamily. In the near future, it is probable that new 
subfamilies will be designated or re-erected to accommodate 
some of the genera that are recognized today as members of 
Termitinae. In view of this likelihood, and the absence of 
diagnostic characteristics for the subfamily, here we will treat 
the characteristics that group some of the genera.

Based on the characteristics of the soldiers, the 
Neotropical Termitinae can be divided into the following 
groups of genera: the Amitermes group, composed of Amitermes, 

Gnathamitermes, and Hoplotermes; the Cavitermes-Termes 
group, which includes the Cavitermes subgroup: Cavitermes, 
Cornicapritermes, Dihoplotermes, Divinotermes, Palmitermes, 
and Spinitermes, and the Termes subgroup: Inquilinitermes 
and Termes; the Neocapritermes group, composed of 
Neocapritermes, Planicapritermes, and Crepititermes; and the 
Orthognathotermes group, which includes Dentispicotermes 
and Orthognathotermes. Some genera, such as Cylindrotermes, 
Genuotermes, Microcerotermes, and Onkotermes, are so 
distinct that they cannot be assigned to a group.

In the Amitermes group, the mandibles of the workers 
are all characteristic of xylophages, i.e., with the apical tooth 
equal to or smaller than the marginal teeth, and the molar 
regions with a distinct ridge. In the gut, the stomodeal valve is 
situated far apically; the mixed segment is very distinct and the 
mesenteric tongue is long; the P1 is dilated, being fusiform in 
Gnathamitermes and Amitermes and broader in Hoplotermes; 
and the P2 inserts on the right side of the body (Figs 60, 61). 
In Gnathamitermes the region of the EVS is differentiated, 
appearing as a small sac in ventral view. Examples of enteric 
valves are given in Figs 62 and 63.

The workers of the Cavitermes-Termes group have 
humivorous mandibles, i.e., with a large apical tooth, much 
larger than the marginal teeth, and with the molar plate 
concave and without ridges. The principal characteristic of the 
gut is the displaced and subapical insertion of the stomodeal 
valve, and the mesenteric nodule internal to the arch, at the 
junction with the P1, i.e., at the base of the mixed segment. 
The enteric valve is inserted on the left side of the body. In 
the Cavitermes subgroup, the P1 is always tubular, whereas 
it is more voluminous in the Termes subgroup. The P3 has 
a fold, which is visible in ventral view, and occurs in all 
genera except in Cornicapritermes, where the enteric valve 
is inserted ventrally and the P1 is longer, in the shape of an 
inverted “C”. In the Termes subgroup, the proximal region 
of the mesenteric tongue is relatively narrow (see Table 1). 
Examples of enteric valves are given in Figs 64–66.

Figs 62–63. Enteric valve armature of: 62- Amitermes amifer; 63- Gnathamitermes perplexus.
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The workers of the Neocapritermes group are 
heterogeneous in both the mandibles and the gut, but the 
group was recovered as monophyletic by Bourguignon et 
al. (2017). A possible synapomorphy is the abscission line 
on the first abdominal tergite (Fig 67, arrow), present in all 
species of this group (autothysis occurs in other Termitinae, 
but apparently the abdomen breaks in other regions).  

Figs 64–65. Enteric valve armature of: 64- Cavitermes tuberosus; 65- Dihoplotermes inusitatus.

Fig 66. Enteric valve armature of Termes fatalis.

In workers of Neocapritermes, the most obvious character is 
the pair of protuberances in the distal region of the midgut, 
which are visible on the right side, and may differ in shape 
among the species (Fig 68, arrow). An external feature that 
can be used to identify several species of Neocapritermes is 
a row of bristles on the inner part of the foretibia, as is also 
found in Cornitermes (Syntermitinae). The enteric valve of 
Neocapritermes opacus is shown in Fig 69.

In Crepititermes the P1 is very short. The workers of 
this genus may be confused with some small nasutes such as 
Subulitermes and Coatitermes, although generally the midgut 
has a characteristic appearance, with more-distinct punctations, 
which differentiates them from the small nasutes whose midgut 
has a more homogeneous texture. In workers of Crepititermes 
the distal region of the P3 has a diverticulum (Fig 70), which is 
a good diagnostic character, since this is the only genus in the 
Neotropical Termitinae with this feature. The enteric valve of 
Crepititermes is also diagnostic (Rocha & Cuezzo, 2015).

Fig 67. Crepititermes verruculosus worker (arrow: abscission line 
on the first abdominal tergite, highlighted).

Fig 68. Neocapritermes opacus worker gut in situ, right view (arrow: 
bilobate protuberance in the distal region of the mesenteric tongue).
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The workers of Planicapritermes have a somewhat 
flat body, due to their habitat beneath the bark of fallen tree 
trunks. Refer to the description by Constantino (1998).

The Orthognathotermes group unites species whose 
workers have mandibles with a marked geophagous pattern, 
the stomodeal valve is inserted apically, and the mixed 
segment is very distinct. The P1 is characteristic, long and 
tubular, passing parallel to the mesenteric arch, with the enteric 
valve inserted on the right side of the body in dorsal position 
(Fig 71). The P2 in both genera is very characteristic, with 
digitiform projections directed toward the lumen of the P3 
(Figs 72, 73). The workers of this group have a characteristic 
profile, with the abdomen very globose.

The genus Cylindrotermes is easily recognized by 
the tubular P1, which forms a clockwise loop (in ventral 
view) that crosses the abdomen distally, ending on the left 
side in ventral view (i.e., on the individual’s right) (Figs 74, 
75). The Neotropical Apicotermitinae have a similar loop, 
but its members are easily recognized by the mandibles, as 
mentioned above; and when a mesenteric tongue is present, 

Fig 69. Enteric valve armature of Neocapritermes opacus.

Figs 70–71. Worker gut in situ: 70- Crepititermes verruculosus, 
right view (arrow: distal P3 diverticulum); 71- Orthognathotermes 
sp., dorsal view (arrow: P1-P3 connection).

it is situated in the inner part of the mesenteric arch, whereas 
in Cylindrotermes it is in the outer part. The enteric valve of 
these species is very difficult to dissect (Fig 76).

The workers of Microcerotermes have xylophagous 
mandibles and construct an arboreal nest, with covered tunnels 
passing down the trunk to the ground, very similar to several 
species of Nasutitermes. Because of this it is common for 
only workers to be collected, without the soldiers. Although 
this is not a diagnostic characteristic, the head of some of the 
workers has a peculiar coloration, ranging from light yellow 
to brown. The gut is not very informative; the P1 is slightly 
dilated, with a distal loop; and the P2 insertion is on the left 
side of the body. None of these characteristics is striking 
compared to the other Neotropical genera, and the lack of a 
revision for the Neotropical Region makes their identification 
difficult. Specimens of Microcerotermes should be carefully 
compared with the illustrations provided by Sands (1998).

Figs 72–73. Enteric valve armature of: 72- Dentispicotermes conjunctus; 73- Orthognathotermes sp. (arrows: digitiform projections into P3 lumen).
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Fig 76. Enteric valve armature of Cylindrotermes sapiranga partially 
dissected, the musculature is partially removed, one of the three 
cushionsis highlighted in the figure. 

Figs 74–75. Worker gut of Cylindrotermes parvignathus in 74- 
dorsal and 75- right view (arrows: P1-P3 connection).

The gut of Genuotermes was described in detail 
by Rocha (2013) and shown to be more closely related to 
genera of Syntermitinae than to other members of Termitinae 
(Rocha et al., 2017). The gut morphology is very similar to 
Cyrilliotermes and Silvestritermes, but with the peculiarity 
that the insertion of the isthmus in the P4 is subapical.

Onkotermes was described by Constantino et al. 
(2002), who transferred the species Amitermes brevicorniger 
to the new genus, basing this, among other arguments, on 
the morphology of the gut, which is highly peculiar in this 
genus. Members of Onkotermes are found in open areas in the 
southern Neotropics (Pampas and Chaco Seco regions), and 
it is highly uncommon to find soldiers in collections, which 

makes identification of the workers particularly important. 
In the workers, the mandibles are highly developed for 
xylophagy, the mesenteric arch shows the mixed segment 
convexly arched, and the P1 is inserted in a well-marked EVS 
in the P3 (Torales & Fontes, 2008).

Final considerations

The ability to identify termites using only the worker 
caste is increasingly necessary. For example, various 
ecological studies use collection methods (using soil 
monoliths or termite mounds) that indiscriminately sample 
the diversity of termite species present, often represented 
only by the workers. This contribution summarizes the 
recent advances in the taxonomy of Neotropical termite 
workers. Modern descriptions of taxa treat the worker 
caste in detail, although many questions remain to be 
answered. Little is known about the internal anatomy of 
pseudergates, especially in the Kalotermitidae, and it is 
possible that other taxonomically useful features exist, that 
have not yet been explored, including a better study of the 
mandibles or gizzard (Myles, 1997). Also, there is a need 
to continue and expand comparative studies of members of 
Termitidae, particularly for Termitinae and Apicotermitinae. 
As noted above, the Termitinae is not a natural group, and 
investigating the internal anatomy of workers based on 
established characters, or possibly new characters, will help 
in analyses of the relationships and evolutionary history of 
the species, and will also help in the rapid identification 
of pest or ecologically important species. Further studies 
of the internal morphology of the various parts of the gut 
may help to test the hypotheses on fixation and movement 
of intestinal symbionts. Outside of the field of taxonomy 
and systematics, it is necessary to encourage research on 
the actual diets, such as analyses of gut contents, of several 
species of Termitidae, to enable comparison with the fine 
morphology of the mandibles and the gut.

For all the subfamilies of Termitidae the number 
of specific studies on feeding behavior is insufficient, and 
current hypotheses are based more on the morphology 
of the mandibles and characteristics of the gut anatomy 
of workers, as well as information on the collection site.  
To better understand the true food sources of many species 
of Termitidae, more effort is needed, including studies of gut 
contents, which can provide clues to the food type.

The present contribution is an attempt to summarize 
a broad array of characters, so that the process of screening 
and identifying termites using the worker caste can be 
decentralized from the hands of experienced taxonomists and 
made useable by any interested researcher. In the near future, 
it is hoped that every termitologist, even with little experience, 
will be able to identify termites regardless of the availability 
of the soldier or imago caste.
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Apicotermitinae

Amplucrutermes Bourguignon et al. (2016; A. inflatus: figs 2c, 7b, enteric valve; fig. 8b, digestive tube)

Anoplotermes

Bourguignon et al. (2010; A. pacificus: fig. 2f P2, fig. 6a, digestive tube; A. banksi: fig. 2d, enteric valve; A. 
janus: fig. 2e, enteric valve; A. parvus: fig. 3bc, enteric valve; fig. 6b, digestive tube); Scheffrahn et al. (2006; 
A. bahamensis: fig. 4i, enteric valve; fig. 4l, digestive tube; A. inopinatus: fig. 4m, digestive tube). There is 
no information on the digestive tube of the other Anoplotermes species, whose descriptions were based on the 
external morphology of the imagoes and need revising.

Aparatermes
Fontes (1986; A. abbreviatus: figs 23–26, gut coiling; figs 26–29, digestive tube. Fig 25 shows the insertion 
region of P2 in P3 without an apparent EVS.; Fontes (1998; A. cingulatus: new combination; there is no 
digestive tube information)

Compositermes
 Scheffrahn (2013; C. vindai: fig. 3, digestive tube; fig. 4, EVS; fig. 5, enteric valve); Carrijo et al. (2015; 
C. bani fig. 6, digestive tube; figs 7–8, enteric valve; figs 9–11, EVS/P3 junction. The ventral view in fig. 6 
wrongly indicates P4, where P3b should be)

Disjunctitermes Scheffrahn et al. (2017; D. insularis: fig. 2, digestive tube; figs 3a–d, enteric valve. Fig 2a wrongly indicates P4, 
where P3b should be)

Echinotermes Castro et al. (2018; E. biriba: fig. 1, head, mandibles, foreleg and digestive tube; fig. 2, enteric valve)

Grigiotermes Bourguignon et al. (2016; G. hageni: figs 1a, 7a, enteric valve; fig. 8a, digestive tube)

Humutermes Bourguignon et al. (2016; H. krishnai: figs 3e, 7c, enteric valve; fig. 8c, digestive tube; H. noiroti figs 3d, 7d, 
enteric valve)

Hydrecotermes Bourguignon et al. (2016; H. arienesho: figs 4a, 7e, enteric valve; fig. 8d, digestive tube; H. kawaii: figs 4b, 7f, 
enteric valve)

Longustitermes Bourguignon et al. (2010; L. manni: fig. 4b, enteric valve; fig. 6c, digestive tube)

Patawatermes Bourguignon et al. (2016; P. turricola: figs 5a, 7g, enteric valve; P. nigripunctatus figs 5b, 7h, enteric valve; fig. 8e, 
digestive tube)

Rubeotermes Bourguignon et al. (2016; R. jheringi: figs 6be, 7i, enteric valve; fig. 8f, digestive tube)

Ruptitermes Acioli and Constantino (2015; fig. 23, digestive tube and comparative gut coiling for Ruptitermes spp.; figs 24–26, 
enteric valve of all species)

Tetimatermes Fontes (1986; T. oliveirae: figs 7–10, digestive tube) 

Nasutitermitinae*

Agnathotermes Fontes (1987a; A. glaber: figs 29–30, digestive tube; fig. 45, Malpighian tubules; figs 64–65, enteric valve; figs 98–101, 
gut coiling); Constantino (1990a; A. crassinasus: fig. 3, enteric valve)

Angularitermes
Mathews (1977; A. orestes: Plate 54, enteric valve); Fontes (1987a; A. orestes: fig. 1, gizzard; figs 32–35, 
digestive tube; fig. 46, Malpighian tubules; fig. 62, enteric valve; figs 102–109, gut coiling); Carrijo et al. (2011; 
A. coninassus: figs 4–6, digestive tube in situ and Malpighian tubules, fig. 7, gizzard; fig. 8, enteric valve)

Anhangatermes

Constantino (1990b; A. macarthuri: figs 9–10, enteric valve; fig. 11, Malpighian tubules; figs 12–15, gut 
coiling); Oliveira et al. (2014; A. anhanguera: fig. 2, gizzard; fig. 3a, enteric valve; A. eurycephalus: figs 3b, 
c, enteric valve; A. juruena: fig. 3d, enteric valve; A. pilosus: fig. 3e, enteric valve); Carrijo et al. (2015; A. 
macarthuri, fig. 18, gizzard; fig. 22, enteric valve)

Antillitermes Roisin et al. (1996; A. subtilis: fig. 1f, gut coiling, figs 2e–f, enteric valve)

Araujotermes
Fontes (1987a; A. caissara: figs 4–8, digestive tube; fig. 42, Malpighian tubules; fig. 58, enteric valve; figs 66–73, 
gut coiling); Roisin (1995; A. zeteki: fig. 16, gut coiling; fig. 20, enteric valve); Constantino (1991b; A. nanus: 
fig. 58, enteric valve)

Atlantitermes

Fontes (1987a; A. guarinim: figs 22–28, digestive tube; fig. 41, Malpighian tubules; fig. 61, enteric valve; 
figs 90–97, gut coiling); Roisin (1995; A. kirbyi: fig. 18, gut coiling; fig. 22, enteric valve); Constantino and 
DeSouza (1997; A. stercophilus: figs 7–8, enteric valve); Cancello and Noirot (2003; A. guarinim: fig. 8h, 
Malpighian tubules; figs 8j–n, enteric valve; A. raripilus: fig. 8e, P3) 

Caetetermes Fontes (1981; C. taquarussu: figs 13, 16–19, gut coiling; fig. 14, Malpighian tubules; fig. 15, gizzard); Cuezzo 
et al. (2015; C. taquarussu: figs 13–14, gizzard; fig. 15, enteric valve cushions)

Caribitermes Roisin et al. (1996; C. discolor: fig. 1e, gut coiling, fig. 2h, enteric valve)

Table 1. List of taxonomic studies that treat the worker caste of Neotropical Termitidae genera.
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Coatitermes Fontes (1987a; C. clevelandi: figs 9–13, digestive tube; fig. 40, Malpighian tubules; fig. 60, enteric valve; figs 74–77, 
gut coiling); Roisin (1995; C. clevelandi: fig. 24, enteric valve)

Coendutermes Cuezzo (2016; C. tucum: fig. 13, gizzard; fig. 14, enteric valve)

Constrictotermes Křeček et al. (1996; C. guantanamensis: fig. 4, gut coiling; fig. 5, enteric valve); Constantino and Acioli (2009; 
C. cyphergaster: fig. 6g, enteric valve)

Convexitermes Fontes (1987a; Convexitermes sp.: figs 18–20, digestive tube; fig. 44, Malpighian tubules; fig. 57, enteric valve; figs 
78–85, gut coiling); Cancello and Noirot (2003; C. convexifrons, fig. 8d, P3; C. manni: fig. 8g, Malpighian tubules)

Cortaritermes Cuezzo et al. (2015; C. intermedius: figs 13–14, gizzard; fig. 15, enteric valve)

Cyranotermes

Mathews (1977; C. timuassu: Plate 55, enteric valve); Fontes (1987a; C. timuassu: figs 36–38, digestive tube; 
fig. 47, Malpighian tubules; fig. 63, enteric valve; figs 110–113, gut coiling); Constantino (1990c; C. glaber: fig. 
11, enteric valve; C. caete: fig. 12, enteric valve); Rocha et al. (2012; C. karipuna: fig. 5, enteric valve); Carrijo 
et al. (2015; C. timuassu: fig. 19, enteric valve)

Diversitermes

Constantino and Acioli (2009; D. diversimiles: figs 6c–d, enteric valve); Oliveira and Constantino (2016; D. 
castaniceps: figs 10a–d, digestive tube; 10e, junction P2-P3; figs 10f–g, mixed segment, Malpighian tubules; D. 
diversimiles: figs 10h–k, digestive tube; figs 10l–m, junction P2-P3; figs 10n–o, mixed segment, Malpighian tubules; 
D. tiapuan: figs 10p–s, digestive tube; figs t–u, junction P2-P3, figs 10v–x, mixed segment, Malpighian tubules)

Ereymatermes
Constantino (1991a; E. rotundiceps: fig. 13, enteric valve; figs 14–17, digestive tube; fig. 18, Malpighian 
tubules); Roisin (1995; E. panamensis: fig. 19, gut coiling; fig. 23, enteric valve); Cancello and Cuezzo (2007; 
E. piquira: figs 3a–f, digestive tube, gut coiling; fig. 4a, gizzard; fig. 4b, enteric valve)

Muelleritermes Oliveira et al. (2015; M. fritzi: fig. 5a–b, gizzard; figs 6a–d, digestive tube; figs 6g–h, mixed segment, 
Malpighian tubules; figs 7ab, enteric valve)

Nasutitermes

Constantino and Acioli (2009; N. corniger: fig. 6a, enteric valve; N. surinamensis: fig. 6b, enteric valve); Cuezzo et 
al. (2017; N. aquilinus: fig. 24, enteric valve; N. stricticeps: fig. 26, enteric valve; N surinamensis: fig. 26, enteric 
valve; N. rotundatus: fig. 27, enteric valve; N. octopilis: fig. 28, enteric valve; N. comstockae: fig. 29, enteric valve; 
N. acangussu: fig. 30, enteric valve; N. macrocephalus: fig. 31, enteric valve; N. similis: fig. 32, enteric valve; N. 
wheeleri: fig. 34, enteric valve; N. hubbardi: fig. 34, enteric valve; N. banksi: fig. 35, enteric valve)

Ngauratermes Constantino and Acioli (2009; N. arue: figs 3a–d, digestive tube; figs 3ef, Malpighian tubules; fig. 4a, gizzard; 
figs 4b–d, enteric valve)

Obtusitermes
Roisin et al. (1996; O. panamae: fig. 1c, digestive tube; fig. 2h, enteric valve); Cuezzo and Cancello (2009; O. 
formosulus: figs 4a–d, digestive tube; figs 4g–i, mixed segment, Malpighian tubules; fig. 5a, gizzard; fig. 5b, 
enteric valve)

Paraconvexitermes Cancello and Noirot (2003; P. acangapua: figs 8a–c, gut coiling; fig. 8f, Malpighian tubules; figs 8i–l, enteric valve)

Parvitermes

Roisin et al. (1996; P. aequalis: fig. 2b, enteric valve; P. antillarum: fig. 2c, enteric valve; P. brooksi: fig. 1a, gut 
coiling; fig. 2a, enteric valve; P. toussainti: fig. 1b, gut coiling; fig. 2, enteric valve); Scheffrahn and Roisin (1995; 
P. pallidiceps: fig. 15, gut coiling; P. collinsae: fig. 17, enteric valve); Scheffrahn et al. (1998; P. dominicanae: fig. 
9, enteric valve); Scheffrahn (2016; P. brooksi: figs 1b–c, enteric valve; P. mexicanus: figs 2a–b, enteric valve; P. 
mesoamericanus: figs 2c–d, enteric valve; P. yucatanus: figs 2e–f, enteric valve)

Rotunditermes Fontes (1998, R. bragantinus: figs 81–84, digestive tube in situ)

Sandsitermes Cuezzo et al. (2017; S. robustus: figs 15–18, digestive tube; fig. 20, Malpighian tubules, mixed segment; fig. 21, 
enteric valve; figs 22–23, gizzard)

Sinqasapatermes Cuezzo and Nickle (2011; S. sachae: figs 8–11, digestive tube; fig. 13, Malpighian tubules; fig. 15, enteric-valve seating)

Subulitermes Fontes (1987a; S. microsoma: figs 14–1,7 digestive tube, fig. 43, Malpighian tubules, fig. 59, enteric valve, figs 
86–89, digestive tube); Roisin (1995; S. denisae: fig. 17, gut coiling; fig. 21, enteric valve)

Tenuirostritermes Fontes (1998, T. tenuirostris: figs 73–76, digestive tube in situ)

Tiunatermes Carrijo et al. (2015; T. mariuzani: figs 11–12, digestive tube; fig. 13, Malpighian tubules; figs 14–17, gizzard; 
figs 20–21, enteric valve)

Triangularitermes Constantino and Acioli (2009; T. triangulariceps: fig. 6e, enteric valve)

Velocitermes Constantino and Acioli (2009; V. heteropterus: fig. 6f, enteric valve); Roisin et al. (1996; V. barrocoloradensis: 
fig. d, gut coiling; fig. 2i, enteric valve)

Table 1. List of taxonomic studies that treat the worker caste of Neotropical Termitidae genera. (Continuation)
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Syntermitinae

Acangaobitermes Rocha et al. (2011; A. krishnai: fig. 3, worker mandibles; figs 4a–e, worker digestive tube in situ; fig. 5, worker 
molar plate; fig. 6, enteric-valve armature)

Armitermes
Rocha et al. (2012; A. armiger: figs 21B, worker mandibles, C–G digestive tube in situ, figs 22 C, detail of first-
order pulvillus of gizzard, D, E. enteric-valve armature; A. bidentatus: figs 23 B–F, digestive tube in situ; fig. 
24, detail of enteric-valve armature; A. spininotus: figs 26B, worker mandibles, C–D, digestive tube in situ)

Cahuallitermes Constantino (1994; Cahuallitermes intermedius: figs 14–17, digestive tube; figs 19–21, worker mandibles; fig. 
22, enteric-valve armature)

Cornitermes Fontes (1998: C. cumulans: figs 29–32, digestive tube in situ)

Curvitermes

Fontes (1998; C. odontognathus: figs 53–56, digestive tube in situ); Carvalho and Constantino (2011; C. minor: 
figs 3 A–H, digestive tube in situ; I, crop and gizzard; J, mixed segment and attachment of Malpighian tubules; 
figs 4, C. odontognathus: A, gizzard armature; C, enteric-valve armature; D, worker mandibles; C. minor: 
E, enteric-valve armature; F, worker mandibles.); Rocha et al. [2012; C. odontognathus: fig. 11B, worker 
mandibles in dorsal view (left mandible) and in frontal view (right mandible)]

Cyrilliotermes

Constantino and Carvalho (2012; figs 10, worker mandibles: A, C. angulariceps; B, C. brevidens; C, C. 
crassinasus; D, C. strictinasus; E, C. strictinasus: molar plate; figs 11, A–D; C. strictinasus: digestive tube 
in situ; E, mixed segment; F, attachment of Malpighian tubules; figs 12, enteric-valve armature, A–B, C. 
angulariceps; C–D, C. brevidens; E–F, C. crassinasus; G–H, C. strictinasus; fig. 13, C. angulariceps, gizzard 
armature). Fontes (1998; C. cupim, digestive tube in situ, figs 45–48; jun. syn. of C. strictinasus).

Embiratermes Fontes (1998: E. festivellus, figs 41–44, digestive tube in situ)

Ibitermes Fontes (1998: I. curupira, figs 37–40, digestive tube in situ)

Labiotermes

Constantino et al. (2006; figs 13, worker mandibles: A, L. brevilabius; B, L. emersoni; C, L. guasu; D, L. labralis; 
E, L. laticephalus; F, L. leptothrix; G, L. longilabius; H, L. oreadicus; I, L. orthocephalus; J, L. pelliceus; figs 
14, digestive tube in situ, A, L. guasu; B, L. labralis; C, L. laticephalus; D, L. leptothrix; E, L. oreadicus, F, L. 
orthocephalus; figs 15, mixed segment of workers, A–B, L. brevilabius; C–D, L. emersoni; E–F, L. guasu; G–H, L. 
labralis; I–J, L. laticephalus; K–L, L. leptothrix; M–N, L. longilabius; O–P, L. oreadicus; Q–S, L. orthocephalus; 
T–U, L. pelliceus; figs 16: enteric-valve armature, A, L. brevilabius; B, L. emersoni; C, L. guasu; D, L. labralis; 
E, L. laticephalus; F, L. leptothrix; G, L. longilabius; H, L. oreadicus; I, L. orthocephalus; J, L. pelliceus).
Fontes (1998, L. emersoni: figs 17–20, digestive tube in situ; L. brevilabius: figs 21–24, digestive tube in situ)

Macuxitermes

Constantino (1997; M. triceratops: figs 1–4, digestive tube in situ; fig. 5, enteric valve; fig. 6, insertion of 
Malpighian tubules; fig. 7, enteric-valve armature; Postle & Scheffrahn (2016; M. colombicus: fig. 3, digestive 
tube in situ; figs 4A, worker head and thorax; B, worker mandibles; figs 5A, P2 and connection with P3; B, 
enteric-valve ridges; C, aciculiform spines near junction of P1 and mixed segment; fig. 7, P1 showing position 
and arrangement of spines) 

Mapinguaritermes Rocha et al. (2012; M. peruanus: figs 12B, 13B, mesenteric tongue; M. grandidens: figs 41C–G, digestive tube 
in situ; fig. 42B, detail of first-order pulvillus of gizzard; C, enteric valve)

Noirotitermes Cancello & Myles (2000; N. noiroti: figs 9–10, worker mandibles; fig. 11, digestive tube, uncoiled; fig. 12, 
digestive tube in situ; fig. 13, enteric-valve armature, fig. 14, insertion of Malpighian tubules)

Paracurvitermes Constantino & Carvalho (2011; P. manni: figs 2A, B, head; C, mandibles; D, crop and gizzard; E, mixed segment; 
F, insertion of Malpighian tubules; G–J, digestive tube in situ; E, enteric-valve armature; F, gizzard armature)

Procornitermes

Cancello & Rocha (2013; figs 1–3, digestive tube in situ: 1. P. striatus, 2. P. araujoi; 3. P. triacifer; figs 4–6, (a) 
Insertion of stomodeal valve; (b) detail of Malpighian-tubule attachment and mesenteric tongue on inner face 
of gut coil: 4. P. striatus; 5. P. araujoi; 6. P. triacifer; fig. 7, P1, proximal portion and mesenteric tongues: (a) P. 
lespesii, (b) P. araujoi). Fontes (1998; P. lespesii, digestive tube in situ, figs 26–28)

Rhynchotermes

Constantini and Cancello (2016; R. perarmatus: fig. 8 A–C, worker habitus; R. piauy: fig. 8 D worker 
mandibles; R. nasutissimus: fig. 9 A and B, Gizzard; C, enteric valve, fig. 10 A–D, digestive tube in situ). 
Scheffrahn (2010; R. bulbinasus: fig. 5 habitus of workers, fig. 6 enteric valve). Fontes (1998; R. nasutissimus, 
digestive tube in situ, figs 33–36)

Silvestritermes

Rocha et al. (2012; S. euamignathus: fig. 12 A, D, fig. 13 C, mesenteric tongue, fig. 27 C, worker mandibles, 
F–I, digestive tube in situ, fig. 28B, enteric valve; S. almirsateri: fig. 32. C–F, digestive tube in situ; S. duende: 
fig. 33A, worker mandibles, C–G, digestive tube in situ; S. lanei: fig. 36A, worker mandibles, C–F, digestive 
tube in situ; S. minutus: fig. A, worker mandibles)

Table 1. List of taxonomic studies that treat the worker caste of Neotropical Termitidae genera. (Continuation)
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Syntermes

Constantino (1995; figs 18–19, worker mandibles: 18. S. grandis; 19. S. spinosus; 20. S. brevimalatus; 21. 
S. longiceps; 22. S. nanus; S. wheeleri: figs 28–31, digestive tube in situ; figs 32–33, mixed segment; fig. 
34. insertion of Malpighian tubules; S. tanygnathus: fig. 35, mixed segment; S. barbatus: fig. 36–37, mixed 
segment; fig. 38, insertion of Malpighian tubules; S. dirus: figs 39–40, mixed segment; S. longiceps: figs 41–44, 
digestive tube in situ; 45–46, mixed segment; fig. 47, insertion of Malpighian tubules; S. molestus: fig. 48–51, 
digestive tube in situ, 52–53, mixed segment). Fontes (1998: S. dirus: figs 13–16, digestive tube in situ)

Uncitermes
Rocha et al. (2012; U. teevani: fig. 12 C, fig. 13 D, mesenteric tongue; fig. 17, enteric-valve armature; fig. 39 
D–G, digestive tube in situ). Carrijo et al. (2016; U. almerie: fig. 3, head capsule; fig. 4 A, gizzard; 4 B, enteric 
valve armature).

Termitinae

Amitermes Holmgren (1909; A. amifer, fig. 19, head; fig. 60, digestive tube in situ); Hare (1937; A. foreli, pl. 13, fig. 51a, 
mandibles); Ahmad (1950; A. amifer, fig. 13, mandibles); Mélo and Fontes (2003; A. nordestinus, fig. 7, mandibles)

Cavitermes
Hare (1937; C. tuberosus, pl. 12, fig. 46a, mandibles); Ahmad (1950; C. tuberosus, fig. 16, mandibles); Mathews 
(1977; C. parvicavus, fig. 62, mandibles; pl. 24, enteric valve); Noirot (2001; Cavitermes sp., fig. 7G, enteric 
valve); Hellemans et al. (2017; C. tuberosus, fig. 7A, enteric valve)

Cornicapritermes Ahmad (1950; C. mucronatus, fig. 17, mandibles); Krishna (1968; C. mucronatus, fig. 37, mandibles)

Crepititermes
Ahmad (1950; C. verruculosus, fig. 16, mandibles); Rocha and Cuezzo (2015; C. verruculosus; fig. 8, 
mandibles; figs 9–12, digestive tube in situ; figs 13, mixed segment; fig. 14, insertion of Malpighian tubules; 
fig. 15, gizzard; figs 16–17, enteric valve; figs 18–19, ornamented cuticle of ileum)

Cylindrotermes
Hare (1937; C. macrognathus, pl. 13, fig. 52a, mandibles); Ahmad (1950; C. nordenskioldi, fig. 13, mandibles); 
Noirot (2001; Cylindrotermes sp., fig. 12D, digestive tube in situ); Rocha and Cancello (2007; Cylindrotermes sp., 
fig. 1, mandibles)

Dentispicotermes Ahmad (1950; D. brevicarinatus, fig. 16, mandibles); Mathews (1977; D. pantanalis, fig. 65, mandibles; pl. 27, 
enteric valve); Bandeira and Cancello (1992; D. cupiporanga, fig. 11, mandibles)

Dihoplotermes Krishna (1968; D. inusitatus, fig. 39, mandibles); Mathews (1977; D. inusitatus, fig. 69, mandibles)

Divinotermes
Mathews (1977; D. allognathus, fig. 60, mandibles; Pl. 23, enteric valve); Carrijo and Cancello (2011, D. 
tuberculatus, fig. 8A and 8C, pronotum; D. allognathus, fig. 9A, mandibles; fig. 9B, galea and lacinia; figs 10A–
D, digestive tube in situ; fig. 10E, insertion of Malpighian tubules; fig. 11A, gizzard; fig. 11B, enteric valve)

Genuotermes Mathews (1977; G. spinifer, pl. 26, enteric valve); Rocha (2013; G. spinifer, figs 14–19, digestive tube in situ; 
fig. 18, insertion of Malpighian tubules; fig. 19, mandibles; figs 20–21, gizzard; figs 22–23, enteric valve)

Gnathamitermes Ahmad (1950; G. perplexus, fig. 13, mandibles); Noirot (2001, G. perplexus, fig. 6J, mixed segment and 
insertion of Malpighian tubules)

Hoplotermes Ahmad (1950; H. amplus, fig. 12, mandibles);

Inquilinitermes Scheffrahn (2014b; I. johnchapmani, fig. 5, enteric valve; fig. 6, worker in lateral view; fig. 7, mandibles; fig. 8; 
digestive tube in situ)

Microcerotermes

Holmgren (1909; M. strunckii, fig. 22, head; fig. 61, digestive tube in situ); Ahmad (1950; M. strunckii, fig. 12, 
mandibles); Sands (1998; M. strunckii, figs 640–642, mandible of largest worker; figs 643–645, mandibles of 
smallest worker; figs 652–653, digestive tube in situ; fig. 662, digestive tube, dissected and uncoiled; fig, 667, 
mixed segment and insertion of Malpighian tubules); Hare (1937; M. arboreus, pl. 13, fig. 55a, mandibles)

Neocapritermes

Holmgren (1909; N. opacus, fig. 18, head); Krishna and Araujo (1968; N. opacus, fig. 1, mandibles); Krishna 
(1968; N. opacus, fig. 43, mandibles); Hare (1937; N. angusticeps, pl. 12, fig. 49a, mandibles); Ahmad (1950; 
N. angusticeps, fig. 14, mandibles); Constantino (1991c; N. pumilis, fig. 2, mandibles; N. unicornis, fig. 4, 
mandibles); Constantino (1998; N. opacus, figs 14–17, digestive tube in situ; fig. 18, mixed segment and 
insertion of Malpighian tubules); Constantino (1999; N. villosus, fig. 10, mandibles); Constantino (2002; N. 
opacus, fig. 214, right view of gut, showing the two lobes on mixed segment)

Onkotermes Constantino et al. (2002; O. brevicorniger, figs 5–6, head; figs 7–9, large worker mandibles; figs 10–12, small worker 
mandibles; figs 16–19, digestive tube in situ; fig. 20, mixed segment; fig. 21, insertion of mesenteric valve in P3)

Orthognathotermes

Hare (1937; O. wheeleri, pl. 12, fig. 47a, mandibles); Ahmad (1950; O. wheeleri, fig. 16, mandibles); Mathews 
(1977; O. aduncus, pl. 26, enteric valve); Constantino (1991b; O. humilis, fig. 29, enteric valve; fig. 30, mandibles); 
Rocha and Cancello (2009; O. insignis, figs 24A–D, digestive tube in situ; fig. 26, mandibles; fig. 26, enteric valve; 
fig. 28A, gizzard; fig. 28B, mixed segment; O. humilis, fig. 27, enteric valve)

Table 1. List of taxonomic studies that treat the worker caste of Neotropical Termitidae genera. (Continuation)
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Palmitermes Hellemans et al. (2017; P. impostor, fig. 4, mandibles; fig. 5, digestive tube in situ; fig. 6A–B, gizzard; fig. 
6C–D, enteric valve)

Planicapritermes
Ahmad (1950; P. planiceps, fig. 14, mandibles); Constantino (1998; P. longilabrum, figs 4–7, digestive tube 
in situ; P. planiceps, figs 8–11, digestive tube in situ; fig. 12, mixed segment; fig. 13, position of enteric valve 
insertion in P3)

Spinitermes

Ahmad (1950; S. nigrostomus, fig. 15, mandibles); Mathews (1977; S. nigrostomus, pl. 21, enteric valve; S. 
trispinosus, pl. 22, enteric valve); Constantino (1991b; S. longiceps, fig. 22, mandibles; fig. 24, enteric valve); 
Constantino (1999; S. longiceps, fig. 9, mandibles); Noirot (2001; Spinitermes sp., fig. 12C, paunch); Carrijo 
and Cancello (2011; S. robustus, fig. 8B, pronotum)

Termes

Hare (1937; T. panamaensis, pl. 12, fig. 48a, mandibles); Ahmad (1950; T. fatalis, fig. 16, mandibles); Mathews 
(1977; Termes sp., pl. 28, enteric valve); Miller (1991) (T. fatalis only); Bandeira and Cancello (1992; T. ayri, 
fig. 16, mandibles); Godoy and Torales (1993; T. riograndensis, figs 1–4, digestive tube in situ; fig. 5, stomodeal 
valve; fig. 6, mixed segment and insertion of Malpighian tubules; fig. 7, position of enteric valve; fig. 12, gizzard; 
fig. 13, enteric valve; fig. 15, uncoiled digestive tube; T. nigritus, figs 8–11, digestive tube in situ; fig. 14, enteric 
valve); Godoy and Torales (1999; T. riograndensis, figs 3 and 6, digestive tube in situ; fig. 9, mixed segment); 
Hellemans et al. (2017; T. fatalis, fig. 7B, enteric valve)

Table 1. List of taxonomic studies that treat the worker caste of Neotropical Termitidae genera. (Continuation)

Termitinae

Acknowledgments 

We received financial support from the National 
Council for Scientific and Technological Development, Brazil 
(CNPq) through grant 307681/2016-5 to E.M. Cancello, grant 
165116/2013-7 to R.G. Santos, and grant PROTAX-001/2015 
to M.M. Rocha; and from the São Paulo Research Foundation, 
Brazil (FAPESP) through grant 14/11982-1 to J.P. Constantini, 
grant 13/03767 to T.F.Carrijo, and grant 13/20068-9 to E.M. 
Cancello. We thank R. Scheffrahn for his meticulous revision 
and important contributions as a reviewer, and also the 
anonymous reviewer, whose corrections were accepted.

References 

Acioli, A.N., & Constantino, R.(2015). A taxonomic revision 
of the Neotropical termite genus Ruptitermes (Isoptera, 
Termitidae, Apicotermitinae). Zootaxa, 4032: 451–492. doi: 
10.11646/zootaxa.4032.5.1

Ackerman, I.L., Constantino, R., Gauch, Jr, H.G., Lehmann, 
J., Riha, S.J. & Fernandes, E. (2009). Termite (Insecta: 
Isoptera) species composition in a primary rain forest and 
agroforests in Central Amazonia. Biotropica, 41: 226–233. 
doi: 10.1111/j.1744-7429.2008.00479.x

Ahmad, M. (1950). The phylogeny of termite genera based 
on the imago-worker mandibles. Bulletin of the Museum of 
Natural History, 95: 43–86.

Bandeira, A.G. & Cancello, E.M. (1992). Four new species 
of termites (Isoptera, Termitidae) from the Island of Maracá, 
Roraima, Brazil. Revista Brasileira de Entomologia, 36: 423–435.

Bignell, D.E., Roisin, Y., Lo, N. (2011). Biology of termites: 
A modern synthesis. Springer, Dordrecht, Heidelberg, 
London, New York, 576p.

Bourguignon, T. & Roisin, Y. (2011). Revision of the termite 
family Rhinotermitidae (Isoptera) in New Guinea. ZooKeys, 
148: 55–103. doi: 10.3897/zookeys.148.1826

Bourguignon, T., Leponce, M. & Roisin, Y. (2008). Revision 
of the Termitinae with snapping soldiers (Isoptera: Termitidae) 
from New Guinea. Zootaxa, 1769: 1–34.

Bourguignon, T., Leponce, M. & Roisin, Y. (2011). 
Beta-Diversity of termite assemblages among primary 
French Guiana rain forests. Biotropica, 43: 473–479. doi: 
10.1111/j.1744-7429.2010.00729.x

Bourguignon, T., Lo, N., Cameron, S.L., Šobotník, J., Hayashi, 
Y., Shigenobu, S., Watanabe, D., Roisin, Y., Miura, T. && 
Evans, T.A. (2014). The evolutionary history of termites as 
inferred from 66 mitochondrial genomes. Molecular Biology 
and Evolution, 32: 406–421.

Bourguignon, T., Lo, N., Šobotník, J., Ho, S.Y., Iqbal, N., 
Coissac, E., Lee, M., Jendryka, M., Sillam-Dussès, D., 
Křížková, B., Roisin, Y. & Evans, T.A. (2017). Mitochondrial 
phylogenomics resolves the global spread of higher termites, 
ecosystem engineers of the tropics. Molecular Biology and 
Evolution, 34: 589–597. doi: 10.1093/molbev/msw263

Bourguignon, T., Scheffrahn, R.H., Křeček, J., Nagy, Z.T., 
Sonet, G. & Roisin, Y. (2010). Towards a revision of the 
Neotropical soldierless termites (Isoptera: Termitidae): 
redescription of the genus Anoplotermes and description of 
Longustitermes, gen. nov. Invertebrate Systematics, 24: 357–370.

Bourguignon, T., Scheffrahn, R.H., Nagy, Z.T., Sonet, G., 
Host, B. & Roisin, Y. (2016). 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: 15–35. doi: 10.1111/zoj.12305



Sociobiology 66(1): 1-32 (March, 2019) 27

Brune, A. & Dietrich, C. (2015). The gut microbiota of 
termites: digesting the diversity in the light of ecology and 
evolution. Annual Review of Microbiology, 69: 145–166. 
doi: 10.1146/annurev-micro-092412-155715.

Buscalione, L. & Comes, S. (1910). La digestione delle 
vegetali per opera dei Flagellati contenuti nell intestino dei 
Termitidi e il problema della simbiosi. Atti dela Accademia 
Gioenia di Scienze Naturali in Catania, 5: 1–16.

Camousseight, A. & Vera, A. (2005). Acerca de la validez 
de las subespecies de Neotermes (Isoptera: Kalotermitidae) 
descriptas de Chile. Bosque, 26: 39–45.

Cancello, E.M. (1994). Termites from the Northeastern 
Brazilian formations. In A. Lenoir, G. Arnold & M. Lepage 
(Eds.), Les Insectes Sociaux (pp. 277). International Congress 
of IUSSI (International Union for the Study of Social Insects), 
XII. Paris. Villetaneuse, Université Paris Nord. 

Cancello, E.M. & Cuezzo, C. (2007). A new species 
of Ereymatermes Constantino (Isoptera, Termitidae, 
Nasutitermitinae) from the northeastern Atlantic Forest, 
Brazil. Papéis Avulsos de Zoologia, 47: 283–288.

Cancello, E.M. & DeSouza, O. (2005). A new species of 
Glossotermes (Isoptera): reappraisal of the generic status 
with transfer from the Rhinotermitidae to the Serritermitidae. 
Sociobiology, 45: 31–52.

Cancello, E.M. & Myles, T.G. (2000). Noirotitermes noiroti 
(Isoptera, Termitidae, Nasutitermitinae): a new genus and new 
species from northeastern Brazil. Sociobiology, 36: 531–546.

Cancello, E.M. & Noirot, C. (2003). Paraconvexitermes 
acangapua (Isoptera: Termitidae, Nasutitermitinae), a new 
genus and new species of the so-called “small Neotropical 
soil-feeding nasutes” from South America. Annales de la 
Société Entomologique de France, 39: 187–193.

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: 441–450. doi: 10.1111/btp.12120 

Carrijo, T.F. & Cancello, E.M. (2011). Divinotermes (Isoptera, 
Termitidae, Termitinae), a new genus from South America. 
Sociobiology, 58: 537–556.

Carrijo, T.F., Cuezzo, C.& Santos, R.G. (2015). Tiunatermes 
mariuzani gen. nov. et sp. nov., a new nasute termite from the 
Brazilian savannah (Isoptera: Termitidae). Austral Entomology, 
54: 358–365. doi: doi: 10.1111/aen.12137.

Carrijo, T.F., Rocha, M.M., Cuezzo, C. & Cancello, E.M. 
(2011). Key to the soldiers of Angularitermes Emerson with a 
new species from Brazilian Amazonia (Isoptera: Termitidae: 
Nasutitermitinae). Zootaxa, 2967: 61–68.

Carrijo, T.F., Scheffrahn, R.H. & Křeček, J. (2015). Compositermes 
bani sp.n. (Isoptera, Termitidae, Apicotermitinae), a new species 

of soldierless termite from Bolivia. Zootaxa, 3941: 294–298. 
doi: 10.11646/zootaxa.3941.2.10

Carvalho, S.H.C. & R. Constantino (2011). Taxonomic revision 
of the Neotropical termite genus Curvitermes Holmgren (Isoptera: 
Termitidae: Syntermitinae). Sociobiology, 57: 643–657.

Cleveland, L.R. (1924). The physiological and symbiotic 
relationships between the intestinal protozoa of termites and 
their host, with special reference to Reticulitermes flavipes 
Kollar. The Biological Bulletin, 46: 203–227.

Coaton, W.G.H. & Sheasby, J.L. (1976). National survey of 
the Isoptera of southern Africa. 12. The genus Porotermes 
Hagen (Termopsidae: Porotermitinae). Cimbebasia (Series 
A), 3: 173–182.

Constantini, J.P. & Cancello, E.M. (2016). A taxonomic 
revision of the Neotropical termite genus Rhynchotermes 
(Isoptera, Termitidae, Syntermitinae). Zootaxa, 4109: 501–
522. doi: 10.11646/zootaxa.4109.5.1

Constantino, R. (1990a). Agnathotermes crassinasus, new 
species of termite from the Amazon Basin (Isoptera: 
Termitidae: Nasutitermitinae). Boletim do Museu Paraense 
Emílio Goeldi, Série Zoologia, 6: 43–46.

Constantino, R. (1990b). Anhangatermes macarthuri, a new 
genus and species of soil-feeding nasute termite from Amapá, 
Brazil (Isoptera, Termitidae, Nasutitermitinae). Goeldiana 
Zoologia, 3: 1–6.

Constantino, R. (1990c). Notes on Cyranotermes Araujo, 
with description of a new species (Isoptera, Termitidae, 
Nasutitermitinae). Goeldiana Zoologia, 2: 1–11.

Constantino, R. (1991a). Ereymatermes rotundiceps, new 
genus and species of termite from the Amazon Basin (Isoptera, 
Termitidae, Nasutitermitidae). Goeldiana Zoologia, 8: 1–11.

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

Constantino, R. (1991c). Notes on Neocapritermes Holmgren, 
with description of two new species from the Amazon Basin 
(Isoptera, Termitidae, Termitinae). Goeldiana Zoologia, 7: 1–13.

Constantino, R. (1994). A new genus of Nasutitermitinae with 
mandibulate soldiers from tropical North America (Isoptera: 
Termitidae). Sociobiology, 26: 285–294.

Constantino, R. (1995). Revision of the Neotropical termite 
genus Syntermes Holmgren (Isoptera: Termitidae). The University 
of Kansas Science Bulletin, 55: 455–518.

Constantino, R. (1998). Description of a new Planicapritermes 
from Central Amazonia, with notes on the morphology of the 
digestive tube of the Neocapritermes-Planicapritermes group 
(Isoptera: Termitidae: Termitinae). Sociobiology, 32: 109–118.

Constantino, R. (1999). Chave ilustrada para identificação dos 



MM Rocha, et al. – Worker Morphology of Neotropical Termites28

gêneros de cupins (Insecta: Isoptera) que ocorrem no Brasil. 
Papéis Avulsos de Zoologia, 40: 387–448.

Constantino, R. (2002). An illustrated key to Neotropical 
termite genera (Insecta: Isoptera) based primarily on soldiers. 
Zootaxa, 67: 1–40.

Constantino, R. (2017). On-line termite database. Available 
from http://164.41.140.9/catal/

Constantino, R. & Acioli, A.N.S. (2009). Ngauratermes arue, 
new genus and species of nasute termite (Isoptera: Termitidae) 
from the Amazon. Zootaxa, 2239: 22–30.

Constantino, R. & Carvalho, S.H.C. (2011). Paracurvitermes, 
a new genus of Syntermitinae (Isoptera: Termitidae). Sociobiology, 
57: 377–388.

Constantino, R. & Carvalho, S.H.C. (2012). A taxonomic 
revision of the Neotropical termite genus Cyrilliotermes Fontes 
(Isoptera, Termitidae, Syntermitinae). Zootaxa, 3186: 26–41.

Constantino, R. & DeSouza, O.F.F. (1997). Key to the soldiers 
of Atlantitermes Fontes 1979, with a new species from Brazil 
(Isoptera: Termitidae: Nasutitermitinae). Tropical Zoology, 
10 (2): 205–243.

Constantino, R., Acioli, A.N.S., Schmidt, K., Cuezzo, C., 
Carvalho, S.H.C. & Vasconcellos, A. (2006). A taxonomic 
revision of the Neotropical termite genera Labiotermes 
Holmgren and Paracornitermes Emerson (Isoptera: 
Termitidae: Nasutitermitinae). Zootaxa 1340: 1–44.

Constantino, R, Liotta, J. & Giacosa, B. (2002). A 
reexamination of the systematic position of Amitermes 
brevicorniger, with the description of a new genus (Isoptera, 
Termitidae, Termitinae). Sociobiology, 39: 453–463.

Cuezzo, C. (2016). Coendutermes tucum Fontes (Isoptera, 
Termitidae, Nasutitermitinae): description of the imago 
caste and additional notes. Zootaxa, 4205(5), 491–495. doi: 
10.11646/zootaxa.4205.5.9.

Cuezzo, C. & Cancello, E.M. (2009). A new species of 
Obtusitermes (Isoptera, Termitidae, Nasutitermitinae) from 
South America. Zootaxa, 1993: 61–68.

Cuezzo, C. & Nickle, D.A. (2011). A new genus and species 
of termites (Isoptera, Termitidae, Nasutitermitinae) from the 
rainforest of northern Peru. ZooKeys, 159: 1–9. doi: 10.3897/
zookeys.159.2311.

Cuezzo, C., Cancello, E.M. & Carrijo, T.F. (2017). 
Sandsitermes gen. nov., a new nasute termite genus from 
South America (Isoptera, Termitidae, Nasutitermitinae). 
Zootaxa, 4221:562–574. doi: 10.11646/zootaxa.4221.5.5

Cuezzo, C., Carrijo, T.F. & Cancello, E.M. (2015). Caetetermes 
taquarussu Fontes (Isoptera, Termitidae, Nasutitermitinae): 
description of the imago caste and new distributional records. 
Zootaxa, 3918(2): 295-300. doi: 10.11646/zootaxa.3918.2.10

Cuezzo, C., Carrijo, T.F. & Cancello, E.M. (2015). Transfer 
of two species from Nasutitermes Dudley to Cortaritermes 
Mathews (Isoptera: Termitidae: Nasutitermitinae). Austral 
Entomology, 54: 172–179. doi: 10.1111/aen.12107

Davies, R.G., Hernández, L.M., Eggleton, P., Didham, R.K., 
Fagan, L.L. & Winchester, N.N. (2003). Environmental and 
spatial influences upon species composition of a termite 
assemblage across Neotropical forest islands. Journal of Tropical 
Ecology, 19: 509–524.

Deligne, J. (1966). Caractères adaptatifs au régime alimentaire 
dans la mandibule des termites (Insectes Isoptères). Comptes 
Rendus Hebdomadaires des Seances de L´ Academie Des 
Sciences, 263: 1323–1326.

Deligne, J. (1999). Functional morphology and evolution of a 
Carpenter’s plane-like tool in the mandibles of termite workers 
(Insecta Isoptera). Belgian Journal of Zoology, 129: 201–218.

Deligne, J. & Pasteels, J.M. (1969). Morphology, development 
and affinities of Labidotermes Celisi gen. nov., sp. n. (Isoptera, 
Amitermitinae) from Kivu. Revue de Zoologie et de Botanique 
Africaines, 79: 145–164. 

Donovan, S.E., Jones, D.T., Sands, W.A. & Eggleton, P. 
(2000). Morphological phylogenetics of termites (Isoptera). 
Biological Journal of the Linnean Society, 70: 467–513.

Eggleton, P., Bignell, D.E., Sands, W.A., Mawdsley, N.A., 
Lawton, J.H., Wood, T.G. & Bignell, N.C. (1996). The 
diversity, abundance and biomass of termites under differing 
levels of disturbance in the Mbalmayo Forest Reserve, southern 
Cameroon. Philosophical Transactions of the Royal Society 
of London, Series B: Biological Sciences, 351: 51–68. doi: 
10.1098/rstb.1996.0004

Emerson, A.E. (1933). Conditioned behavior among termites 
(Isoptera). Psyche: A Journal of Entomology, 40: 126–129.

Emerson, A.E. (1960). New genera of termites related to 
Subulitermes from the Oriental, Malagasy, and Australian 
regions (Isoptera, Termitidae, Nasutitermitinae). American 
Museum Novitates, 1986: 1–28.

Emerson, A.E. (1965). A review of the Mastotermitidae 
(Isoptera), including a new fossil genus from Brazil. American 
Museum Novitates, 2236:1–46.

Engel, M.S., Grimaldi, D.A & Krishna, K. (2009). Termites 
(Isoptera): their phylogeny, classification, and rise to 
ecological dominance. American Museum Novitates, 3650: 
1–27.URI: http://hdl.handle.net/2246/5969

Engel, M.S. & Krishna, K. (2004). Family-Group names for 
termites (Isoptera). American Museum Novitates, 2432: 1–9. 
URI: http://hdl.handle.net/2246/2797

Fontes, L.R. (1981). Caetetermes taquarussu, a new genus and 
species of Ecuadorian nasute (Isoptera, Termitidae, Nasuti-
termitinae). Revista Brasileira de Entomologia, 26: 135–140.



Sociobiology 66(1): 1-32 (March, 2019) 29

Fontes, L.R. (1985). Potentialities of the appearance of 
the worker gut in situ for the identification of neotropical 
genera of Apicotermitinae (Isoptera, Termitidae). Annals of 
Entomology (India), 3: 1–6.

Fontes, L.R. (1986). Two new genera of soldierless 
Apicotermitinae from the Neotropical region (Isoptera, 
Termitidae). Sociobiology, 12: 285–297.

Fontes, L.R. (1987a). Morphology of the worker digestive 
tube of the soil-feeding nasute termites (Isoptera, Termitidae, 
Nasutitermitinae) from the Neotropical region. Revista 
Brasileira de Zoologia, 3: 475–501.

Fontes, L.R. (1987b). Morphology of the alate and worker 
mandibles of the soil-feeding nasute termites (Isoptera, 
Termitidae, Nasutitermitinae) from the Neotropical region. 
Revista brasileira de Zoologia, 3: 503–531.

Fontes, L.R. (1992). Key to the genera of New World 
Apicotermitinae (Isoptera: Termitidae). In D.A. Quintero & A. 
Aiello (Eds.), Insects of Panama and Mesoamerica: selected 
studies (pp. 242–248). Oxford: Oxford University Press.

Fontes, L.R. (1998). Novos aditamentos ao “Catálogo dos 
Isoptera do Novo Mundo,” e uma filogenia para os gêneros 
neotropicais de Nasutitermitinae. In L.R. Fontes & E.B. Filho 
(Eds.), Cupins: o desafio do conhecimento (pp. 309–412) São 
Paulo: Fundação de Estudos Agrários Luiz de Queiroz.

Godoy, M.C. (2004). Gut structure of two species of the 
Neotropical genus Tauritermes Krishna (Isoptera: Kalotermitidae). 
Neotropical Entomology, 33: 163–167. doi: 10.1590/S1519-
566X2004000200006

Godoy, M.C. & Torales, G.J. (1993). Morfología del tubo 
digestivo de obreras del género Termes (Isoptera:Termitidae). 
Revista de la Sociedad Entomológica Argentina, 52: 123–132.

Godoy, M.C. & Torales, G.J. (1999). Modificaciones del 
sistema digestivo y de la cadena ganglionar de imagos hembras 
jóvenes en reinas de Termitidae neotropicales (Isoptera). 
Revista de la Sociedad Entomológica Argentina, 58: 181–188.

Gonçalves, I.S. (1979). Anatomia do tubo digestivo de 
Rugitermes niger Oliveira, 1979 (Isoptera, Kalotermitidae). 
Revista Brasileira de Entomologia, 23: 229–243.

Grassé, P.-P. (1982). Termitologia. Vol. 1. Anatomie, 
Physiologie, Reproduction. Paris: Masson, xiv + 676p.

Grassé, P.-P. (1984). Termitologia. Vol. 2. Fondation des 
Sociétés, Construction. Paris: Masson, ix + 1 + 613p.

Grassé, P.-P. (1986). Termitologia. Vol.3. Comportement, 
Socialité, Écologie, Évolution, Systématique. Paris: Masson, 
xi + 715p.

Grassé, P.-P. & Noirot, C. (1947). Le polymorphisme social 
du Termite à cou jaune (Calotermes flavicollis F.). Les faux-
ouvriers ou pseudergates et les mues régressives. Comptes 
Rendus de l’Académie des Sciences, 224: 219–221.

Grassé, P.-P. & Noirot, C. (1954). Apicotermes arquieri 
(Isoptère): ses constructions, sa biologie. Considérations 
générales sur la sous famille des Apicotermitinae. Annales 
des Sciences Naturelles, 16: 345–388.

Grassi, B. & Sandias, A. (1893). Costituzione e sviluppo 
della società dei termitidi: osservazioni sui loro costumi 
con un’appendice sui protozoi parassiti dei termitidi e sulla 
famiglia delle embidine. Atti dell’Accademia Gioenia di 
Scienze Naturali, Catania 6–7: 1–150 + 5 pls.

Hare, L. (1937). Termite phylogeny as evidenced by soldier 
mandible development. Annals of the Entomological Society 
of America, 37: 459–486. doi: 10.1093/aesa/30.3.459

Hellemans, S., Bourguignon, T., Kyjaková, P., Hanus, R. & 
Roisin, Y. (2017). Mitochondrial and chemical profiles reveal 
a new genus and species of Neotropical termite with snapping 
soldiers, (Termitidae: Termitinae). Invertebrate Systematics, 
31: 394–405. doi: 10.1071/IS16089

Holmgren, N. (1909). Termitenstudien. 1. Anatomische 
Untersuchungen. Kungliga Svenska Vetenskaps-Akademiens 
Handlingar, 44: 1–215.

Holmgren, N. (1910). Das System der Termiten. Zoologischer 
Anzeiger, 35: 284–286.

Holmgren, N. (1912). Termitenstudien. 3. Systematik der 
Termiten. Die Familie Metatermitidae. Kungliga Svenska 
Vetenskaps-Akademiens Handlingar 48: 1–166 + 4 pls. 

Imms, A. D. (1920). On the structure and biology of 
Archotermopsis, together with descriptions of new species of 
intestinal protozoa, and general observations on the Isoptera. 
Philosophical Transactions of the Royal Society of London, 
209: 75–180. doi: 10.1098/rstb.1920.0002 

Inward, D.J., Vogler, A.P. & Eggleton, P. (2007). A 
comprehensive phylogenetic analysis of termites (Isoptera) 
illuminates key aspects of their evolutionary biology. 
Molecular phylogenetics and evolution, 44: 953–967. doi: 
10.1016/j.ympev.2007.05.014

Johnson, R.A. (1979). Configuration of the digestive tube as an 
aid to identification of worker Termitidae (Isoptera). Systematic 
Entomology, 4: 31–38. doi: 10.1111/j.1365-3113. 1979.tb00609.x

Jones, C. G., Lawton, J. H. & Shachak, M. (1994). Organisms as 
Ecosystem Engineers. Oikos, 69: 373–386. doi: 10.1007/978-
1-4612-4018-1_14

Kambhampati, S. & Eggleton, P. (2000). Taxonomy and 
phylogeny of termites. In T. Abe., D.E, Bignell & M. Higashi 
(Eds.), Termites: evolution, sociality, symbioses, ecology: 
(pp. 1–23). Dordrecht: Kluwer Academic Publishers.

König, H. & Varma, A. (2010). Intestinal microorganisms of 
termites and other invertebrates. Springer, Berlin, 483p.

Korb, J. (2007). Workers of drywood termite do not work. 
Frontiers in Zoology, 4: 1–7. doi: 10.1186/1742-9994-4-7.



MM Rocha, et al. – Worker Morphology of Neotropical Termites30

Korb, J. (2008). The ecology of social evolution in termites. 
In J. Korb & J. Heinze (eds), Ecology of Social Evolution, 
(pp. 151–174). Berlin: Springer-Verlag.

Korb, J. & Hartfelder, K. (2008). Life history and 
development‐a framework for understanding developmental 
plasticity in lower termites. Biological Reviews, 83: 295–313. 
doi: 10.1111/j.1469-185X.2008.00044.x

Kovoor, J. (1969). Anatomie comparée du tube digestif des 
termites II. Sous-famille des Nasutitermitinae. Insectes Sociaux, 
16:195–234.

Křeček, J., Scheffrahn, R. & Roisin, Y. (1996). Greater 
Antillean Nasutitermitinae (Isoptera: Termitidae): Constrictotermes 
guantanamensis, a new subterranean termite from eastern 
Cuba. Florida Entomologist, 79: 180–187.

Krishna, K. (1961). A generic revision and phylogenetic 
study of the family Kalotermitidae (Isoptera). Bulletin of the 
American Museum of Natural History, 122, article 4. URI: 
http://hdl.handle.net/2246/1674

Krishna, K. (1968). Phylogeny and generic reclassifcation of 
the Capritermes complex (Isoptera, Termitidae, Termitinae). 
Bulletin of the American Museum of Natural History, 138: 
261–323.

Krishna, K. (2003). A New Species, Cavitermes rozeni (Isoptera, 
Termitidae, Termitinae), from Brazil. Journal of the Kansas 
Entomological Society, 76 (2): 92–95. URI: http://www.jstor.
org/stable/26086093

Krishna, K. & Araujo, R.L. (1968). A revision of the 
Neotropical termite genus Neocapritermes (Isoptera, 
Termitidae, Termitinae). Bulletin of the American Museum 
of Natural History, 138: 83–130. URI: http://hdl.handle.
net/2246/1107

Krishna, K. & Weesner, F.M. (1969). Biology of termites. 
Vol. 1. New York: Academic press, xiii + 598 p. 

Krishna, K. & Weesner, F.M. (1970). Biology of termites. 
Vol. 2. New York: Academic press, xiv + [1] + 643 p.

Krishna, K., Grimaldi, D.A., Krishna, V. & Engel, M.S. 
(2013). Treatise on the Isoptera of the world. Bulletin of the 
American Museum of Natural History, 377: 1–2704. doi: 
10.1206/377.4 

Legendre, F., Whiting, M.F. & Grandcolas, P. (2013). 
Phylogenetic analyses of termite post‐embryonic sequences 
illuminate caste and developmental pathway evolution. Evolution 
& Development, 15: 146–157. doi: 10.1111/ede.12023

Legendre, F., Whiting, M., Bordereau, C., Cancello, E.M., 
Evans, E.T. & Grandcolas, P. (2008). The phylogeny of termites 
(Dictyoptera: Isoptera) based on mitochondrial and nuclear genes: 
implications for the evolution of the worker and pseudergate 
castes, and foraging behaviors. Molecular Phylogenetics and 
Evolution, 48: 615–627. doi: 10.1016/j.ympev.2008.04.017

Leidy, J. (1881). Parasites of the termites. Academic Natural 
Science, Philadelphia, 8: 426–427.

Lespès, C. (1856) Recherches sur l’organisation et les moeurs 
du termite Lucifuge. Annales Sciences Naturelles Zoologie, 
5: 227–282.

Linnaeus, C. (1758). Systema naturae per regna tria natura, 
secundum classes, ordines, genera, species, cum characteribus, 
differentiis synonymis, locis [10th ed. (revised), Vol. 1]. 
Stockholm: Laurentii Salvii. 824 p.

Lo, N., Kitade, O., Miura, T., Constantino, R. & Matsumoto, T. 
(2004). Molecular phylogeny of the Rhinotermitidae. Insectes 
Sociaux, 51: 365–371. doi: 10.1007/s00040-004-0759-8

Mathews, A.G.A. (1977). Studies on Termites from the Mato 
Grosso State, Brazil. Rio de Janeiro: Academia Brasileira de 
Ciências, 267 p.

Mélo, A.C.S. & Fontes, L.R. (2003). A new species of Amitermes 
(Isoptera, Termitidae, Termitinae) from northeastern Brazil. 
Sociobiology, 41: 411–418.

Miller, L.R. (1984). Invasitermes, a new genus of soldierless 
termites from northern Australia (Isoptera: Termitidae). Austral 
Entomology, 23: 33–37. doi: 10.1111/j.1440-6055.1984.tb01902.x

Miller, L.R. (1991). A revision of the Termes-Capritermes 
branch of the Termitinae in Australia (Isoptera: Termitidae). 
Invertebrate Taxonomy, 4: 1147–1282. doi: 10.1071/IT9901147

Noirot, Ch. (1966). Descriptions et affinities de deux nouveaux 
genres d’Amitermitinae (Isoptera, Termitidae). Insectes Sociaux, 
13: 329–345. doi: 10.1007/BF02222393

Noirot, Ch. (1982). La caste des ouvriers, élément majeur du 
succès des termites. Rivista di Biologia, 75: 157–195.

Noirot, Ch. (1995). The gut of termites (Isoptera). Comparative 
anatomy, systematics, phylogeny. I. Lower termites. Annals 
de la Société Entomologique de France, 31: 197–226.

Noirot, Ch. (2001). The gut of Termites (Isoptera). Comparative 
anatomy, systematics, phylogeny. II. Higher Termites 
(Termitidae). Annales de la Société Entomologique de 
France, 37:431–471.

Noirot, Ch. & Kovoor, M. J. (1958). Anatomie comparée du 
tube digestif des termites. Insectes sociaux, 5: 439–474. doi: 
10.1007/BF02226857

Noirot, Ch. & Noirot-Timothee, C. (1969). The digestive 
system. In K. Krishna & F. M. Weesner, (Eds.) Biology of 
termites, Vol. 1 (pp. 49–88). New York: Academic Press.

Noirot, Ch. & Pasteels, J.M. (1987). Ontogenetic development 
and evolution of the worker caste in termites. Cellular and 
Molecular Life Sciences, 43: 851–860.

Ohkuma, M. & Brune, A. (2011). Diversity, structure and 
evolution of the termite gut microbial community. In D.E. 



Sociobiology 66(1): 1-32 (March, 2019) 31

Bignell, Y. Roisin & N. Lo (Eds.). Biology of Termites: A 
Modern Synthesis (pp. 413–438). Springer, Dordrecht.

Oliveira, D.E. & Constantino, R. (2016). A taxonomic revision 
of the neotropical termite genus Diversitermes (Isoptera: 
Termitidae: Nasutitermitinae). Zootaxa, 4158: 221–245. doi: 
10.11646/zootaxa.4158.2.5

Oliveira, D.E., Cunha, H.F. & Constantino, R. (2014). 
A taxonomic revision of the soil-feeding termite genus 
Anhangatermes (Isoptera: Termitidae: Nasutitermitinae). 
Zootaxa, 3869: 523–536. doi: 10.11646/zootaxa.3869.5.2.

Oliveira, D.E., Rocha, M.M. & Cancello, E.M. (2015). 
Muelleritermes: A new termite genus with two species from the 
Brazilian Atlantic Forest (Isoptera: Termitidae: Nasutitermitinae). 
Zootaxa, 4012: 268–270. doi: 10.11646/zootaxa.4012.2.2

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. Biotropica, 43: 100–
107. doi: 10.1111/j.1744-7429.2010.00650.x

Pearson, H. G., Bennett, S. J., Philip, B. A., & Jones, D. 
C. (2010). The Australian dampwood termite, Porotermes 
adamsoni, in New Zealand. New Zealand Plant Protection, 
63: 241–247.

Postle, A.C. & Scheffrahn, R.H. (2016). A new termite (Isoptera, 
Termitidae, Syntermitinae, Macuxitermes) from Colombia. 
ZooKeys, 587:21–35. doi: 10.3897/zookeys.587.7557

Rocha, M.M. (2013). Redescription of the enigmatic genus 
Genuotermes Emerson (Isoptera, Termitidae, Termitinae). 
ZooKeys, 340: 107–117. doi: 10.3897/zookeys.340.6131

Rocha, M.M. & Cancello, E.M. (2007). Estudo taxonômico de 
Cylindrotermes Holmgren (Isoptera, Termitidae, Termitinae). 
Papéis Avulsos de Zoologia, 47: 137–152.

Rocha, M.M. & Cancello, E.M. (2009). Revision of the 
Neotropical termite genus Orthognathotermes Holmgren 
(Isoptera: Termitidae: Termitinae). Zootaxa, 2280: 1–26.

Rocha, M.M. & Constantini, J.P. (2015). Internal ornamentation 
of the first proctodeal segment of the digestive tube of 
Syntermitinae (Isoptera, Termitidae). Deutsche Entomologische 
Zeitschrift, 62: 29–44. doi: 10.3897/dez.62.8550

Rocha, M.M. & Cuezzo, C. (2015). Redescription of the 
monotypic Neotropical genus Crepititermes Emerson 
(Termitidae: Termitinae). Neotropical Entomology, 44:457–
465. doi: 10.1007/s13744-015-0307-4

Rocha, M.M., Cancello, E.M. & Carrijo, T.F. (2012). 
Neotropical termites: revision of Armitermes Wasmann 
(Isoptera, Termitidae, Syntermitinae) and phylogeny of the 
Syntermitinae. Systematic Entomology, 37: 793–827. doi: 
10.1111/j.1365-3113.2012.00645.x

Rocha, M.M., Cancello, E.M. & Cuezzo, C. (2011). A new 
genus and species of mandibulate nasute termite (Isoptera, 

Termitidae, Syntermitinae) from Brazil. ZooKeys, 148: 126–
134. doi: 10.3897/zookeys.148.1278

Rocha, M.M., Carrijo, T.F. & Cancello, E.M. (2012). An 
illustrated key to the soldiers of Cyranotermes Araujo 
with a new species from Amazonia (Isoptera: Termitidae: 
Nasutitermitinae). Zootaxa, 3196: 50–57.

Rocha, M.M., Morales-Corrêa e Castro, A.C., Cuezzo, C. 
& Cancello, E.M. (2017). Phylogenetic reconstruction of 
Syntermitinae (Isoptera, Termitidae) based on morphological 
and molecular data. Plos One, 12: e0174366. doi: 10.1371/
journal.pone.0174366

Roisin, Y. (1995). Humivorous nasute termites (Isoptera: 
Nasutitermitinae) from the Panama Canal area. Belgian Journal 
of Zoology, 126: 283–300.

Roisin, Y. & Korb, J. (2011). Social organisation and the 
status of workers in termites. In D.E. Bignell, Y. Roisin & 
N. Lo (Eds.), Biology of Termites: A Modern Synthesis (pp. 
133–164). Springer, Dordrecht.

Roisin, Y., Scheffrahn, R.H. & Křečk, J. (1996). Generic 
revision of the smaller nasute termites of the Greater Antilles 
(Isoptera, Termitidae, Nasutitermitinae). Annals of the 
Entomological Society of America, 89: 775–787. doi: 
10.1093/aesa/89.6.775

Sands, W.A. (1972). The soldierless termites of Africa 
(Isoptera, Termitidae). Bulletin of the British Museum 
(Natural History), Supplement, 18: 1–244.

Sands, W.A. (1998) The identification of worker castes of 
termite genera from soils of Africa and the Middle East.
Wallingford, U.K., CAB International, 500 p.

Scheffrahn, R.H. (1994) Incisitermes furvus, a new drywood 
termite (Isoptera: Kalotermitidae) from Puerto Rico. Florida 
Entomologist, 77: 365–372.

Scheffrahn, R.H. (2011). Distribution, diversity, mesonotal 
morphology, gallery architecture, and queen physogastry of 
the termite genus Calcaritermes (Isoptera, Kalotermitidae). 
ZooKeys, 148: 41–53. doi: 10.3897/zookeys.148.1505

Scheffrahn, R.H. (2013). Compositermes vindai (Isoptera: 
Termitidae: Apicotermitinae), a new genus and species of 
soldierless termite from the Neotropics. Zootaxa, 3652: 381–
391. doi: 10.11646/zootaxa.3652.3.6.

Scheffrahn, R.H. (2014). Inquilinitermes johnchapmani, a 
New Termite Species (Isoptera: Termitidae: Termitinae) from 
the Llanos of North Central Bolivia. Sociobiology, 61: 95–99. 
doi: 10.13102/sociobiology.v61i1.95-99.

Scheffrahn, R.H. (2014). Incisitermes nishimurai, a new 
drywood termite species (Isoptera: Kalotermitidae) from the 
highlands of Central America. Zootaxa, 3878:471-478. doi: 
10.11646/zootaxa.3878.5.5

Scheffrahn, R.H. (2016). Parvitermes (Isoptera, Termitidae, 



MM Rocha, et al. – Worker Morphology of Neotropical Termites32

Nasutitermitinae) in Central America: Two new termite 
species and reassignment of Nasutitermes mexicanus. 
ZooKeys, 617: 47–63. doi: 10.3897/zookeys.617.10040

Scheffrahn, R.H. & Křeček, J (1999). Termites of the genus 
Cryptotermes Banks (Isoptera: Kalotermtidae) from West 
Indies. Insecta Mundi, 13(3–4):111– 171

Scheffrahn, R.H. & Roisin, Y. (1995). Antillean Nasutiter-
mitinae (Isoptera: Termitidae): Parvitermes collinsae, a new 
subterranean termite from Hispaniola and redescription of P. 
pallidiceps and P. wolcotti. Florida Entomologist, 78: 585–600.

Scheffrahn, R.H. & Su, N.Y. (1994). Keys to soldier 
and winged adult termites (Isoptera) of Florida. Florida 
Entomologist, 77(4): 460–473.

Scheffrahn, R.H., Carrijo, T.F., Postle, A.C. & Tonini, F. 
(2017). Disjunctitermes insularis, a new soldierless termite 
genus and species (Isoptera, Termitidae, Apicotermitinae) 
from Guadeloupe and Peru. ZooKeys, 665: 71–84. doi: 
10.3897/zookeys.665.11599

Scheffrahn, R.H., Křeček, J., Chase, J.A. & Su, N.Y. 
(1998). Cryptotermes abruptus, a new drywood termite 
(Isoptera: Kalotermitidae) from southeastern Mexico. Florida 
Entomologist, 81(2): 188–193.

Scheffrahn, R.H., Křeček, J., Chase, J.A., Maharajh, B. & 
Mangold, J.R. (2006). Taxonomy, biogeography, and notes 
on termites (Isoptera: Kalotermitidae, Rhinotermitidae, 
Termitidae) of the Bahamas and Turks and Caicos Islands. 
Annals of the Entomological Society of America, 99: 463–486. 
doi: 10.1603/0013-8746(2006)99[463:TBANOT]2.0.CO;2

Scheffrahn, R.H., Roisin, Y. & Su, N.Y. (1998). Greater 
Antillean Nasutitermitinae (Isoptera: Termitidae): Parvitermes 
dominicanae, a new subterranean termite from Hispaniola. 
Florida Entomologist, 81: 179–187.

Scheffrahn, R.H., Su, N.Y., Chase, J. A., Mangold, J.R., 
Kenneth, J. & Yates, J.R. III (2000). First record of Cryptotermes 
cynocephalus Light (Isopera: Kalotermitidae) on Oahu, 
Hawaiian Islands. Proc. Hawaiian Entomol.Soc., 34:141–145.

Scheffrahn, R.H, Su, N.Y. & Křeček, J. (2001). Glyptotermes 
amplus, a new dampwood termite (Isoptera: Kalotermitidae) 
from St. Lucia. Florida Entomologist, 84(3):426– 430.

Scheffrahn, R.H, Křeček, J., Pipa, R. & Luppichini, P. (2009). 
Endemic origin and vast anthropogenic dispersal of the West 
Indian drywood termite. Biological Invasions, 11: 787–799.  
doi: 10.1007/s10530-008-9293-3

Scheffrahn, R.H., Mullins, A.J., Křeček, J., Chase, J.A., 
Mangold, J.R., Myles, T. Nishimura, T, Setter, R., Cannings, 
R.A., Higgins, R.J., Lindgren, B.S., Constantino, R., Issa, S. 
& Kuswanto, E. (2015). Global elevational, latitudinal, and 
climatic limits for termites and the redescription of Rugitermes 
laticollis Snyder (Isoptera: Kalotermitidae) from the Andean 
Highlands. Sociobiology, 62(3): 426–438. doi:  10.13102/
sociobiology.v62i3.793

Thorne, B. L. (1996). Termite terminology. Sociobiology, 28: 
263–263.

Thorne, B.L., Breisch, N.L. & Muscedere, M.L. (2003). 
Evolution of eusociality and the soldier caste in termites: 
Influence of intraspecific competition and accelerated 
inheritance. Proceedings of the National Academy of 
Sciences, 100: 12808–12813. doi: 10.1073/pnas.2133530100

Torales, G.J., Laffont, E.R., Godoy, M.C., Coronel J.M. & 
Arbino, M.O. (2005). Update on Taxonomy and distribution 
of Isoptera from Argentina. Sociobiology, 45: 853–886

Vargo, E.L. & Husseneder, C. (2009). Biology of subterranean 
termites: insights from molecular studies of Reticulitermes 
and Coptotermes. Annual Review of Entomology, 54: 379–
403. doi: 10.1146/annurev.ento.54.110807.090443

Villan, L.A. (1972). El género Porotermes Hagen en Chile 
(Isoptera, Termopsidae). Boletín de la Sociedad de Biología 
de Concepción, 44: 39–46.

Weesner, F.M. (1969). External Anatomy. In K. Krishna & 
F.M. Weesner (Eds.), Biology of Termites. Vol. 1 (pp. 19–
47). New York: Academic Press.


