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3UPA, Laboratório de Mirmecologia, Convênio UESC-CEPEC, 45600-000 Itabuna, Bahia, Brazil

KEY WORDS Hymenoptera; cuticular hydrocarbons; oenocytes; insect; zoology

ABSTRACT The basal ant Dinoponera (Hymenoptera: Ponerinae) has lost the morphologic
queen caste so that all females may be potential reproductive individuals, and the nestmate recog-
nition results from cuticular hydrocarbons cues. However, data about the origin of that substance
in Ponerinae ants are scarce. This study reports the occurrence of epidermal glands in the abdomen
of the ant Dinoponera lucida. In this ant, the epidermis of the abdominal sternites has tall cells
with well-developed nucleus contrasting with flattened and collapsed epidermis in the tergites,
suggesting a glandular function in the epidermis of the sternites. The possible role of the glandular
epidermis in the synthesis of cuticular hydrocarbons for the nestmate recognition is discussed.
Microsc. Res. Tech. 72:28–31, 2009. VVC 2008 Wiley-Liss, Inc.

INTRODUCTION

Many Ponerinae ants lost a morphologic distinct
queen caste so that all females may be potential
reproductive individuals (Peeters et al., 1999), and
consequently this can generate conflicts that engen-
der a dominance hierarchy within the colony. In
Dinoponera quadriceps, for example, only the domi-
nant female, i.e., the gamergate or alpha, can mate,
and it exhibits an exceptional dominance behavior
bending her gaster forward, biting the tip of the
antenna of a subordinate worker and rubbing it
against its abdominal tergites (Monnin et al., 2002;
Peeters et al., 1999). In ants, cuticular hydrocarbons
play an important role for the recognition of nest,
reproductive or hierarchical status of the ant, and
egg discrimination (Cuvillier-Hot et al., 2001; Denis
et al., 2006; Endler et al., 2004; Hannonen et al.,
2002). Thus, like in other ant species, it is likely
that cuticular hydrocarbons play a role in olfactory
information in the recognition of the dominant
female and nestmates in D. quadriceps (Monnin and
Peeters, 1999; Monnin and Ratnieks, 1999; Peeters
et al., 1999); 9-hentriacontene is the main cuticular
hydrocarbon in the abdomen of the dominant female,
but it is almost absent in subordinate workers
(Monnin et al., 1998).

Although the blend of cuticular hydrocarbons has
been well documented in the abdomen of D. quadri-
ceps, there is doubt about glands that release these
substances in the body cuticle, although Monnin et al.
(2002) have pointed out that queen recognition in
D. quadriceps is performed for secretions from Dufour
glands. D. lucida is another Ponerinae with similar
behavior to that showed by D. quadriceps (Peixoto
et al., 2008). D. lucida is the largest known ant
(rough 3 cm in length), and because it is restricted to
Atlantic rainforest in Bahia and Espı́rito Santo States,

Brazil, it make this species a threatened one due to
deforestation.

The aim of this work was to evaluate the occurrence
and morphology of epidermal glands in the abdomen of
the Ponerinae ant D. lucida.

MATERIALS ANDMETHODS

Ten specimens of D. lucida were field collected in
Itamaraju, state of Bahia, Brazil (license IBAMA 118/
2004-CGFAU/LIC), and transferred alive to aqueous
Bouin fixative solution.

The ants were dissected, and all individuals were
subordinate workers since they had undeveloped ova-
ries and empty spermatheca. After the abdominal ter-
gites and sternites were isolated, they were dehydrated
in a graded ethanol series and embedded in historesin
JB4. Some 5-lm-thick sections were stained with he-
matoxylin and eosin and another set of sections sub-
mitted to the histochemical tests PAS counter stain
with hematoxylin, and mercury bromophenol blue at
pH 2.5 to detect neutral carbohydrates and total pro-
tein, respectively (Pearse, 1984).

Another set of tergites and sternites, after ethanol
dehydration were transferred to hexamethyldisilazane
and air dried. These samples were then coated with a
30-nm gold layer and analyzed in a scanning electron
microscope (SEM; LEO VP1430).
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RESULTS

The SEM analyses showed that the surface of all
tergites and sternites of D. lucida has no occurrence
of pores that can be exocrine gland openings (Figs.
1A and 1B), which is confirmed by histological analy-
ses, where there were not finding unicellular glands
containing canals which open in the abdominal
surface.

The epidermis of all tergites is a thin layer of col-
lapsed cells (Fig. 2A), whereas in all sternites, the epi-
dermis is a well-developed layer with tall cells (Fig.
2B). The epidermal cells of the sternites vary from
cubic (Fig. 2C) to columnar (Fig. 2D), and their prod-
ucts should be released through pore canals of the cuti-
cle, since excretory canals are lacking. The well-devel-
oped nucleus of these cells is spherical, containing
decondensed chromatin (Figs. 3A and 3B). The basal
cell region is folded with width canals reaching the
middle cell region characterized by longitudinal
grooves in the cytoplasm (Fig. 3B), whereas the apical
cell region is filled with unstained granules (Fig. 3A),
which were also negative for PAS and bromophenol
blue tests (Figs. 3C and 3D).

The apical surface of the tall epidermis has baso-
philic material in the subcuticular space (Fig. 3B).

DISCUSSION

An epidermis with tall cells like those found in the
sternites of D. lucida workers is referred as playing a
glandular role with their cells classified as type I,
releasing its secretion across the cuticle (Noirot and
Quennedey, 1991). The gland status of the epidermis in
the sternites is supported by its thickness, basal infold-
ings and granules in the apical cytoplasm of the cell,
and subcuticular space (Azevedo et al., 2007; Cruz-
Landim and Abdalla, 2002), which was also observed
in the antennal epidermis of D. lucida (Marques-Silva
et al., 2006). A glandular epithelium in the sternites of
D. lucida suggests that it may synthesize and/or trans-
port the cuticular hydrocarbons used in the recognition
of nestmates and/or of the dominant female such as
reported in the queen of the ant Megaponera foetens
(Hölldobler et al., 1994) and D. quadriceps (Monnin
et al., 1998; Monnin and Ratnieks, 1999; Peeters et al.,
1999). In solitary bees, the glandular epithelium is
located in different abdominal segments, and because
they do not use wax to nest building, the function of
the glandular epithelium is uncertain, although it has
been suggested that it plays a role in the cuticular
hydrocarbon production (Guerino and Cruz-Landim,
2003).

The epidermis of D. lucida may transfer the hydro-
carbons to the cuticle after production by the oenocytes
that are the main site of hydrocarbons synthesis (Fan
et al., 2003; Schal et al., 1998). Alternatively, the tall
epithelium found in the sternites could play an impor-
tant role in changing the cuticular hydrocarbons, and
this further metabolism of cuticular hydrocarbons (or
such resulting compounds) may be responsible for the
production of different amounts or types of cuticular
hydrocarbons between gamergate (dominant female)
and workers, which in the later may be associated with
nestmate recognition in D. lucida. In the ant D. quad-

riceps, the amount of 9-hentriacontene, main cuticular
hydrocarbon in the dominant female, increases in the
workers after removing the dominant ant from the
nest (Peeters et al., 1999) However, workers have other
cuticular hydrocarbons likely used in the nestmate rec-
ognition (Monnin et al., 1998; Peeters et al., 1999). It is
suggested that hydrocarbons in insect are produced by
oenocytes associated with either fat body or epithelial
tissues (Dihel, 1975; Fan et al., 2003; Romer, 1980).
Although Soroker and Hefetz (2000) stated that the fat
body is the main site of synthesis of cuticular hydrocar-
bons in ants in these insects, the oenocytes are associ-
ated with fat body. Thus, the oenocytes may be classi-
fied as a class II gland (Noirot and Quennedey, 1991)
that releases hydrocarbon into hemolymph associated
with lipophorin that are transported to target tissues
such as fat body, ovary, and cuticle, presumably
through epidermal cells (Fan et al., 2002; Schal et al.,
1998).

Because the dominant female of D. quadriceps rub
the antennae of a subordinate worker in its tergites V
and VI, the Dufour gland does not produce cuticular
hydrocarbons (Monnin et al., 1998). On the other hand,
Monnin et al. (2002) stated that contents from Dufour
gland play a role in the gamergate recognition. In the
workers analyzed here, the epidermis of all tergites
has no features of a gland, but a future study of abdom-
inal tergites in the dominant female will be useful to

Fig. 1. Scanning electron micrographs of Dinoponera lucida. (A)
Tergite surface. (B) Sternite surface.
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assure whether epidermal glands may have a similar
effect to that of Dufour gland in the gamergate, con-
tributing for the comprehension of the dominant
behavior in D. lucida.

In conclusion, the presence of a well-developed epi-
dermis in the sternites of the abdomen in D. lucida
indicates that these cells play an important role in the
release of cuticular substances.

Fig. 3. Histological sections of the integument of Dinoponera
lucida. (A) Sternite I showing epidermal cells with vacuoles (V). (B)
Sternite III showing epidermal cells with infoldings (arrows) near to
the basal membrane (BM), which almost reach the median–apical
portion of the cell. SC, subcuticale space. (C) Epidermis of the sternite

V reacted by PAS test. Note the absence of glycogen deposits. (D) Epi-
dermis of the sternite III stained with mercury bromophenol blue.
Note weakly staining of the cell cytoplasm and nucleus (n). C, cuticle;
M, muscle. Scale bars 5 10 lm.

Fig. 2. Histological sections of the integument of Dinoponera
lucida. (A) Tergite III showing flattened epidermis (arrows). (B)
Sternite I showing epidermis with tall cells (EP) containing well-
developed spherical nucleus (n). (C) Sternite II showing epidermis
with cubic cells (EP) and nucleus with decondensed chromatin (n).

(D) Sternite V showing columnar cells with well-developed nucleus
(n) and infoldings in the basal cell region (arrow). SC, subcuticular
space; BM, basal membrane; C, cuticle; FB, fat body; M, muscle. Scale
bars 5 10 lm.
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