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ABSTRACT All termite species (Isoptera) are eusocial. These insects live in societies where the
division of labor is a predominant characteristic, conditioned by the presence of castes with differ-
ent morphology, ontogeny, and development. The soldier caste is unique among social insects and it
is responsible for colony defense. Soldiers belonging to the Nasutitermitinae subfamily are very pe-
culiar, since they may be polymorphic and present a nasus in addition to either developed or vestig-
ial mandibles. The defensive secretions of soldiers of the neotropical Nasutitermitinae have been
the aim of several chemical studies, but few data exist concerning the anatomy and histology of the
exocrine glands. This article presents a comparative study on the anatomy of the frontal gland of
soldiers of several Nasutitermitinae species: Syntermes dirus (Burmeister), Syntermes nanus (Con-
stantino), Constrictotermes cyphergaster (Silvestri), Nasutitermes corniger (Motschulsky) and
Velocitermes heteropterus (Silvestri), with emphasis on the ultramorphology and ultrastructure of
the frontal tube.Microsc. Res. Tech. 69:913–918, 2006. VVC 2006 Wiley-Liss, Inc.

INTRODUCTION

The division of labor is a predominant characteristic
of the social system of the Isoptera, with each caste
showing morphological adaptations related to their func-
tion (Noirot, 1969). According to Grassé (1986), termites
are classified into seven families, with four of them be-
ing found in Brazil: Rhinotermitidae, Kalotermitidae,
Serritermitidae, and Termitidae. The Termitidae are the
most diverse, comprising four subfamilies: Macrotermi-
tinae, Termitinae, Apicotermitinae, and Nasutitermiti-
nae. Nevertheless, only the three latter subfamilies
occur in Brazil (Constantino, 1999).

Roisin (2000) remarks that the presence of the sol-
dier caste is the most characteristic autapomorphy of
the Isoptera. This caste presents a sclerotized head
with defensive structures and its development is al-
ways via a presoldier instar. Noirot and Darlington (2000)
affirm that the soldier caste of termites is unique
among the social insects because of its particular mor-
phology, development, and behavior. These authors
also emphasize that the soldiers never participate in
the construction of the nest or in the collection of food
and are not even able to feed by themselves; thus, it is
possible that their role in trail deposition is a derived
condition (Traniello and Beshers, 1985). In some spe-
cies of termites, particularly those belonging to the
families Termitidae, Rhinotermitidae, and Serritermi-
tidae, the soldiers only receive liquid food and their
gut is poorly developed, specially the hindgut (Noirot
and Darlington, 2000).

Generally, the soldier originates from an undifferenti-
ated larvae or worker and this transformation includes
the development or alteration of certain organs, mainly
muscles, defensive glands, cephalic capsule, and mandi-
bles, as well as the disappearance of structures such as

some mouth parts (Deligne et al., 1981). This transfor-
mation makes the soldiers quite different from the work-
ers, specially the soldiers of the Nasutitermitinae, which
show a frontal gland on the head and may also present
a rather long and characteristic nasus (Miura and Ma-
tsumoto, 2000; Quennedey, 1984).

In these soldiers, known as nasutes, there is a ros-
trum that arises as a prolongation of the insect’s head
capsule. This nose might vary from a shallow cone
open to a long tube, which corresponds to the frontal
tube and has the function of expelling the secretion
produced by the frontal gland (Costa-Leonardo, 1998,
2001; Costa-Leonardo and Barsotti, 1996; Costa-Leo-
nardo and De Salvo, 1987; Fontes, 1987). According to
Kriston et al. (1977), the soldier caste in the subfamily
Nasutitermitinae is always peculiar and different from
the other individuals of the colony, so much so that for
Deligne et al. (1981), this caste is the most specialized
among all the castes of social insects.

Fontes (1987) reports that the polymorphism of the
Nasutitermitinae soldier can be observed in the varia-
tions in size and morphology, mainly with regard to
the head. The soldiers of some Nasutitermitinae are
polymorphic, representing two or three different sizes.
In general, when two types of soldiers occur (dimorphic
caste), one type is small because it originates from
smaller workers, while the other type is large, less
abundant, and derived from large workers (McMahan,
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Viçosa-MG, Brazil. E-mail: casantos@insecta.ufv.br

Received 7 February 2006; accepted 7 July 2006

DOI 10.1002/jemt.20365

Published online 9 October 2006 in Wiley InterScience (www.interscience.
wiley.com).

VVC 2006 WILEY-LISS, INC.

MICROSCOPY RESEARCH AND TECHNIQUE 69:913–918 (2006)



1974; McMahan and Watson, 1975; Noirot, 1969).
According to Noirot and Darlington (2000), this poly-
morphism appears to be frequently correlated to poly-
ethism, but this issue is poorly explored in Isoptera.

The main exocrine glands of termite soldiers are the
frontal gland, the sternal gland, the mandibular
glands and the salivary glands. Numerous authors
have devoted their studies to the chemical nature of
the defensive secretions of the Isoptera (Deligne et al.,
1981; Prestwich, 1979, 1983, 1988); however, the mor-
phological and ethological data concerning the defense
of termites are scarce and incomplete (Deligne et al.,
1981; Quennedey, 1984), specially in regard to the Neo-
tropical termites.

In view of these facts, this is a comparative study on
the anatomy of the frontal gland of the soldier caste of
some species of Nasutitermitinae, with emphasis on the
ultramorphology and ultrastructure of the frontal tube.

MATERIALS AND METHODS
Insects

Soldiers of the following species were used: Syn-
termes dirus, collected in Viçosa (Minas Gerais, Bra-
zil), Constrictotermes cyphergaster, collected in Brasi-
lia (DF, Brazil), Syntermes nanus, Nasutitermes cor-
niger, and Velocitermes heteropterus, collected in Santa
Rita do Passa Quatro (São Paulo State, Brazil).

Anatomy

The frontal gland of a soldier of S. dirus was drawn
(Fig. 1) through the transparency of the integument
with the aid of a camera lucida (o que siginfica)
coupled to a stereomicroscope.

Histology

Inclusion in Paraffin. Whole soldiers of S. dirus
(Fig. 2), and C. cyphergaster (Fig. 3) were fixed in
Bouin, dehydrated in a standard alcohol series (70–
95%), and included in paraffin.

Inclusion in Resin. Heads of the soldiers were
fixed in 4% paraformaldehyde in sodium phosphate
buffer. Next, the material was dehydrated in a stand-
ard ethanol series and embedded in JB4 infiltration
resin. The histological sections from the material,
included in resin or paraffin, were stained with hema-
toxylin and eosin and examined under a Zeiss photo-
microscope.

Ultramorphology. Whole termite soldiers or iso-
lated heads of N. corniger (Fig. 4) and V. heteropterus
(Fig. 5) were used for this study. The material was first
fixed in Karnovsky and dehydrated in a standard etha-
nol series (plus three 15-min baths in 100% ethanol).
Next, the material was placed inside a mixture of alco-
hol and acetone (1:1), and finally, in pure acetone.
Afterwards, the material was critical-point dried (Bal-
zers CPD 030) for complete dehydration, fixed on an
aluminum support, gold sputtered (Balzers SCD 050),
and photographed using a scanning electron micro-
scope (Jeol or Phillips).

Ultrastructure. For this analysis, the heads of sol-
diers of V. heteropterus (Fig. 6) were fixed in 2.5% glu-
taraldehyde in 0.1 M cacodylate buffer, pH 7.4, post-
fixed in 1% osmium tetroxide in the same buffer, dehy-

drated in ethanol/acetone, and finally embedded in
Epon/araldite resin. The sections were contrasted with
uranyl acetate and lead citrate and observed and docu-
mented under a Zeiss transmission electron micro-
scope.

RESULTS

The analysis of anatomical structure of the frontal
gland in the S. dirus shows that the gland of these sol-
diers is sac-shaped, unpaired, and small in relation to
the insect’s head (Fig. 1).

The histological data confirm that the frontal gland
consists of a simple sac formed by an epithelium of cy-
lindrical cells (Fig. 2A). These cells expel their secre-
tion into the glandular lumen, which also functions as
a reservoir for the storage of the product. A tangential
section of the gland shows the insertion of striated
muscles, which appear to be in close contact with the
glandular cells (Fig. 2B).

The cells of the glandular epithelium show elongated
nuclei, apical brush borders that correspond to micro-
villi, and a thick apical cuticle (Fig. 2C). This epithe-
lium is composed by type I cells according to the classi-
fication of Noirot and Quennedey (1974, 1991).

Unlike the mandibulate Syntermes, the histological
sections of a nasute soldier with vestigial mandibles,
as in the case of C. cyphergaster, confirm that the fron-
tal gland is an unpaired structure that occupies most
of the insect’s head (Fig. 3A). The shape of the frontal

Fig. 1. Schematic representation of the frontal gland (gf) of a sol-
dier of S. dirus.
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gland in this soldier resembles a vase with a wide base
presenting a characteristic glandular epithelium. The
neck of this vase forms a thin and elongated tube that
penetrates the frontal tube and opens into the frontal
pore or fontanella, which is the glandular opening
(Fig. 3A). A thin layer of cells with apical chitin coat
can be observed in the frontal tube (Fig. 3B). A well-
developed muscle layer surrounds the frontal gland
and is connected to the cephalic integument (Fig. 3A).

The head of a soldier of N. corniger is pear-shaped
(Fig. 4A). In soldiers of this species, the end of the fron-
tal tube presents a brown coloration, lighter than the
rest of the nasus. A frontal pore is present at this end.
At the end of the frontal pore, there are hairs that are
probably sensory; four of these hairs are long and the
others are shorter (Fig. 4B).

Glandular pores that correspond to the openings of
glandular cells of type III are also present at the fron-
tal tube (nasus) of the nasute soldiers (Figs. 4B, C, and
5B). Campaniform sensilla, which are mechanorecep-
tors, were also observed on this structure with scan-
ning electron microscopy, as shown in Figure 4C.

In Velocitermes, which shows a trimorphic soldier
caste, the frontal tube of the soldiers is adorned with

presented sensory hairs, sensilla, and glandular pores
(Fig. 5). Ultrastructural sections of the frontal tube of
the major soldier revealed an internal cuticular layer
(Fig. 6) and that the cells that surround this cuticular
ring produce secretions that are expelled into the
lumen of this tube through cuticular ducts (Fig. 6B).
These cells belong to class III according to the classifi-
cation of Noirot and Quennedey (1974, 1991) and are
evident in Figures 6A and B. These cells were charac-
terized by the presence of strongly electron dense
secretion vesicles (Fig. 6A) that appear empty (Fig. 6B)
after expelling their secretory product.

DISCUSSION

According to Noirot and Quennedey (1991), the exo-
crine glands are structures specialized in the emission
and storage of secretory products. Consequently, the
glandular cells show a specific ability for the uptake of
precursor molecules and the subsequent biosynthesis
of a product, in addition to the effective regulation of
the liberation of the secretion (Billen and Morgan,
1998).

When disturbed, the monomorphic soldiers of Syn-
termes secrete a clear liquid, which is expelled through
the frontal pore of the short nasus. Termites of this ge-
nus are leaf-cutters and show crepuscular and noctur-

Fig. 2. (A) Longitudinal section of the frontal gland of a soldier of
S. dirus. eg, glandular epithelium; l, glandular lumen; s, secretion
(scale bar ¼ 50 lm). (B) Longitudinal and tangential section of the
frontal gland showing the striated muscle fibers (m) associated to the
secretory epithelium (scale bar ¼ 50 lm). (C) Detail of the glandular
epithelium (eg) in a soldier of S. dirus. Note the striated margin
(arrow) that corresponds to the microvilli above the cells, as well as
the thick apical cuticle (c). n, nucleus (scale bar ¼ 10 lm).

Fig. 3. (A) Sagittal section of the head of a soldier of C.
cyphergaster evidencing the contorted shape of the gland (*) and the
associated musculature (m), which is connected to the cephalic
integument. Note the secretory epithelium (arrow) located at the base
of the gland (scale bar ¼ 50 lm). (B) Longitudinal section of the fron-
tal tube. pf, frontal pore (scale bar ¼ 50 lm).
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nal foraging behaviors (Mathews, 1977). According to
Baker et al. (1981), at the time when the workers
return to the nest with the food, the soldiers guard
open trails of foraging workers with their mandibles
opened and their heads roosed. This soldier position is
defensive, and given that this soldier is a mandibulate
nasute, it seems to use both mechanical (mandibles)
and chemical defense (frontal gland secretion).

Noirot and Darlington (2000) argued that many spe-
cies of Termitidae lack specialized characters for the
ejection of the secretion, and, thus, its use remains
conjectural. This seems not to be the case of Syn-
termes, in which the chemical secretion of the frontal
gland has already been identified and consists mainly
of a terpenoid compound (cis-b-ocimene), which is toxic
when applied topically on ants (Howse, 1984).

The morphological pattern shown by the frontal
gland of Syntermes has already been described for sol-
diers of other species of Nasutitermitinae, such as Cor-
nitermes and Armitermes (Costa-Leonardo, 1998, 2001;
Costa-Leonardo and De Salvo, 1987; Quennedey,
1984). This morphological pattern can be described as

sac-shaped, lacking a glandular neck, and the associ-
ated musculature consists of short fibers that are not
connected to the integument. The brush border has al-
ready been described in glandular cells of other ter-
mite soldiers and its main function is to increase the
area used for the elimination of the secretion.

The frontal gland of C. cyphergaster follows the pat-
tern found in other nasute termites with atrophied
mandibles, such as Nasutitermes, Velocitermes, and
Trinervitermes (Costa-Leonardo, 1992; Costa-Leonardo
and De Salvo, 1987; Quennedey, 1984). The presence of
an epithelium composed by class I cells at the base of
the gland and a well developed muscle layer that is
connected to the integument are always characteristics
of this structural pattern of the frontal gland. The exis-
tence of a glandular neck that ends at the posterior
half of the cephalic capsule and opens into a wide res-
ervoir, as well as the presence of pores on the external
integument of the frontal tube are additional charac-
teristics of these nasute termites.

Transmission electron microscopy (TEM) revealed
the presence of class III cells distributed over the fron-

Fig. 4. (A) General view of a small soldier ofNasutitermes corniger
evidencing the pear-shaped head (scale bar ¼ 1 mm). (B) Detail of the
apical portion of the nasus showing the four larger sensory hairs
among differently-sized hairs, in addition to rather conspicuous glan-
dular pores (arrows) (scale bar ¼ 0.1 mm). (C) Detail of the pores (p)
and a bell-shaped sensillum (scale bar ¼ 5 lm).

Fig. 5. (A) Head of a large soldier of V. heteropterus (scale bar ¼
50 lm). (B) Detail of the frontal tube (nasus). The arrow indicates the
frontal pore and the arrowheads show the glandular pores scattered
on the nasus among the sensory hairs (scale bar ¼ 25 lm).
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tal tube of the full nasutes (Fig. 6), and also that the
secretory product of these cells must be an important
component of the final secretion of the frontal gland of
these soldiers, given that this product is discharged
directly into the lumen of the frontal tube. Quennedey
(1984) also found this same glandular morphology in
soldiers of Trinervitermes; however, Prestwich (1983)
reported the presence of different mixtures of terpenes
in the frontal gland of the both types of soldiers found
in this genus. Nevertheless, the morphology of the
frontal gland shown in the present study for both
small and large soldiers of N. corniger was identical to
the one reported previously, as well as for the three
types of soldiers found in Velocitermes.

In general, the secretion produced by soldiers of the
genus Nasutitermes is a sort of glue composed by diter-
penes in a monoterpene solvent (Prestwich, 1979).
Baker et al. (1984) isolated a trinervitane from the
frontal gland of C. cyphergaster. According to Pre-
stwich (1983), there is a great variety of chemical com-
pounds produced by the frontal glands of soldiers of
the Nasutitermitinae.

In the termites examined, the frontal pore was
always located at the apex of the frontal tube. In Syn-
termes, the secretion seems to drip from the nasus
aided by an intrinsic musculature. On the other hand,
in Constrictotermes, Nasutitermes, and Velocitermes,
the opening of the tube is narrow and the viscous
secretion is ejected by the contraction of an extrinsic
musculature. Chapman (1998) defines a visceral mus-
culature as extrinsic when it originates from the wall
of the insect’s body and intrinsic when it is only associ-
ated to the organ in question (i.e., the frontal gland)
and lacks a connection with the body wall.

Several types of sensory hairs are associated to the
frontal pore (Deligne et al., 1981). There are hundreds
of hairs surrounding the frontal opening of Corni-
termes cumulans (Costa-Leonardo, 1998). Neverthe-
less, Quennedey (1984) found only four larger hairs
surrounding the frontal pore of Trinervitermes, such as
the ones described in the present study for Veloci-
termes. Campaniform sensilla have already been
described on the labrum of some soldiers of the family
Rhinotermitidae and on the frontal tube of Spinitermes
brevicornutus and Embiratermes festeivellus (Costa-
Leonardo and Barsotti, 1996). According to Deligne
et al. (1981), both the sensory hairs and the sensilla
must provide data concerning the distortion of the in-
tegumental cuticle when the soldiers are in contact
with enemies, thus playing a role in mechanorecep-
tion. Noirot and Darlington (2000) emphasized that a
high proportion of soldiers seems to be found in the
genera of termites that show a well-developed chemi-
cal defense system, such as the genus Nasutitermes.
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