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ABSTRACT Intramandibular glands have been poorly studied in polymorphic ants, where
the differences between castes were unsufficiently scrutinized. Leaf-cutting ants possess one of
the most complex systems of communication and labor division, which is polymorphic well as age
polyethism, and makes them an ideal model for the study of intramandibular glands. This study
has investigated the occurrence of intramandibular glands in female castes and subcastes of
Atta laevigata. The mandibles of the queen, medium, and minor workers, and soldiers were sub-
mitted to histological, histochemical, ultrastructural, and morphometric analyses. The class-3
gland cells and the epidermal gland with a reservoir were found in all the castes. The queens
and soldiers showed a higher number of class-3 gland cells, distributed within the mandible as
well as a greater gland size in comparison to the workers. The histochemical tests, periodic acid-
Schiff (PAS), mercury-bromophenol, and Nile blue, were similar for the class-3 gland cells and
epidermal glands with a reservoir. However, the tests evidenced differences between the castes,
with carbohydrates strongly positive in all of them, whereas neutral lipids were found in the
queen and soldiers. The protein was weakly positive in the queen, whereas in the soldier,
medium, and minor workers these reactions were strongly positive in the intramandibular
glands. Our findings in A. laevigata suggest that intramandibular glands are directly involved
in labor division and consequently in chemical communication between the castes. Microsc. Res.
Tech. 78:603–612, 2015. VC 2015 Wiley Periodicals, Inc.

INTRODUCTION

Attini include the so-called leaf-cutting ants and
deserve special interest, mainly because of their com-
plex system of labor division, polymorphism, and com-
munication (Caetano et al., 2002; Della Lucia, 2011;
Della Lucia et al., 2014; Mehdiabadi and Schultz,
2009; Wilson, 1980).

In the species of the genus Atta, the workers poly-
morphism leads to a distinct labor division among sub-
castes, wherein, the major workers (“soldiers”) are
specialized in the defense of the colony, medium work-
ers in foraging, and minor workers work within the
garden fungus (H€olldobler and Wilson, 1990; Lacerda
et al., 2010; Wilson, 1980).

In most species of social insects the adult workers
change their activity as they age. Each species has its
own pattern of temporal or age polyethism, and many
of these changes follow changes in the exocrine glands
(Della Lucia, 2011). The exocrine glands of insects are
traditionally classified into the three main classes 1, 2,
and 3, according to the classification of Noirot and
Quennedey (1974, 1991). Ants are especially rich in
exocrine glands. Seventy-five exocrine glands are cur-
rently known among the Formicidae (Billen, 2009),
which vary in their structural, chemical, and func-
tional complexity (Billen and Delsinne, 2013; Billen
and Morgan, 1998; Caetano et al., 2002).

Unlike the mandibular glands that are the most
studied, current knowledge about the intramandibular
glands is restricted to the description of their occur-
rence and morphology in the Formicidae (Billen and
Delsinne, 2013; Billen and Espadaler, 2002; Grasso
et al., 2004; Martins and Serr~ao, 2011; Martins et al.,
2013; Roux et al., 2010; Schoeters and Billen, 1994;
Toledo, 1967). However, only in Atta sexdens rubropi-
losa intramandibular glands were studied aiming to
compare the different castes (Amaral and Caetano,
2006). In Attini, in addition to the exocrine glands of
class-3, there is a different structure characterized by
the presence of an epidermal gland with a reservoir
(Amaral and Caetano, 2006; Martins and Serr~ao,
2011).

The study of intramandibular glands in ants is
important for elucidating the mechanisms involving
the exocrine system and its relationship with the
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behavior of different castes and subcastes within the
colony. Thus, this study has investigated the occur-
rence, morphology, and histochemistry of intramandib-
ular glands in the different castes of females of the
leaf-cutting ant Atta laevigata, which is certainly one
of the Attini species where the polymorphism is the
most strongly marked.

MATERIALS AND METHODS
Ants

Three colonies of A. laevigata were collected in the
Municipality of Teixeiras (20839’ S 42851’W), State of
Minas Gerais, Brazil, and maintained at the Leaf-
cutting Ants Laboratory, Federal University of Viçosa,
Viçosa, State of Minas Gerais, Brazil.

Three fertilized queens, one per colony, 12 soldiers,
medium workers, and minor workers (four individuals
for each colony) were separated according to their
head capsule width, with the width of the minor work-
ers being <1.5 mm, medium workers 2.0–2.5 mm, and
soldiers >3.0 mm.

Histology and Histochemistry

One mandible of each pair was removed from each
ant and transferred to a Zamboni’s fixative solution
(Stefanini et al., 1967) at 48C for 24 h. Then the mandi-
bles were dehydrated in a graded ethanol series (70%,

80%, 90%, 95%), at room temperature and embedded
in historesin (JB4). The mandibles were sectioned lon-
gitudinally in 3 lm thin slices in motorized Leica
2255 microtome and stained with hematoxylin and
eosin. Some slices were submitted to the following his-
tochemical tests: Mercury-bromophenol blue for pro-
tein staining; PAS for polysaccharide and glyco-
conjugate; and Nile blue for lipid identification, accord-
ing to Bancroft and Gamble (2007) and Pearse (1985).

Scanning Electronic Microscopy

The other mandible of the pair, after dissection was
transferred to Zamboni’s fixative solution for 24 h at at
48C, dehydrated in a graded ethanol series (70%, 80%,
90%, 95%) at room temperature, transferred to hexam-
ethyldisilazane (HMDS) for 5 min, and air dried. The
pieces were gold coated (20 nm) and observed under a
scanning electron microscope, LEO VP1430, in the
Nucleus of Microscopy and Microanalysis Facility of
the Federal University of Viçosa.

Transmission Electronic Microscopy

Three ants from each caste were dissected in sodium
cacodylate to buffer 0.1M at pH 7.2 and the mandible
was transferred to 2.5% glutaraldehyde in the sodium
cacodylate buffer 0.1M at pH 7.2, containing 0.3M
sucrose for 2 h. After washing the samples in the

Fig. 1. Schematic drawing of Atta laevigata soldier showing intra-
mandibular glands the position of mandible within the head capsule
and its release site. The cut out part of the mandible shows the differ-
ent types of the intramandibular glands. G3: intramandibular gland
class-3 gland cells. R: epithelial glands with reservoir. Ep: epidermis

with flattened cells. Arrows: Pores in the cuticle surface. Arrowheads:
canaliculus. Cu: cuticle. He: hemocoel. Nu: nucleus. Not drawn with
scale. [Color figure can be viewed in the online issue, which is avail-
able at wileyonlinelibrary.com.]
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sodium cacodylate buffer, they were fixed in 2%
osmium tetroxide in the same buffer for 2 h, dehy-
drated in 70% ethanol and embedded in LR-White
resin. Ultrathin sections were stained with 1% aque-
ous uranyl acetate and lead citrate and examined
under a Zeiss EM 109 transmission electron
microscope.

Morphometry

From the histological sections, the glands were ran-
domly selected, and measurements of the total cell
area, nucleus area, and nucleus/cytoplasm ratio, using
the software Image Pro-Plus, version 4.5 (Media
Cybernetics). The morphometric data were obtained
from 10 histological sections of the intramandibular
glands of the queen (n 5 3), soldier (n 5 4), major work-
ers (n 5 4), and minor workers (n 5 4).

Statistical Analysis

The morphometric data were submitted to general-
ized linear modeling (GLM), with distribution of stand-
ard errors. The statistical model resulted constituted
the cell area (y) and the different castes (x). The analy-
sis was tested by the software R (R development Core
Team, 2009), followed by residue analysis, to verify the
acceptability of the model used and occurrence of
overdispersion.

RESULTS

In A. laevigata, all castes and subcastes showed
intramandibular glands, characterized by a class-3
gland cells (Figs. 1 and 2) and an epidermal gland with
a reservoir (Figs. 1 and 3). The class-3 gland cells were
detached from the epidermis, being generally spherical
and with a conducting canal that is connected to a
cuticular pore in the upper face of the mandible (Figs.
1 and 2). In all castes, cuticular pores were present
only on the upper face of the mandible, which were dis-
tributed in a longitudinal row along the margin of the
mandibular teeth (Fig. 4).

The class-3 gland secretory cells are characterized
by an end apparatus where secretory compounds are
collected by duct cells (coducting canal) (Fig. 5). The
plasma membrane had few invaginations 2 mm deep
(Fig. 6) and the cytoplasm was rich is mitochondria
(Fig. 6) and with protein (Fig. 7) and glycogen granules
(Fig. 8). These secretory cells showed different mor-
phologies, according to the caste and subcaste. In
queens, soldiers, and minor workers, the secretory
cells had a more vacuolated cytoplasm (Figs. 9–14)
when compared with that of the medium workers
(Fig. 13). Only in queens and soldiers, the cytoplasm of
the class-3 gland cells had basophilic granules (Fig.
10), which are filled with protein (Fig. 7). In all the
ants, the nuclei of the class-3 gland cells showed decon-
densed chromatin.

Fig. 2–4. Mandible of Atta laevigata. Fig. 2: Longitudinal histologi-
cal sections showing intramandibular gland, class-3 gland cells (G3)
queen. Hematoxylin and eosin stained. Fig. 3: Longitudinal histologi-
cal sections showing epithelial glands with reservoir (R) of medium
worker. Hematoxylin and eosin stained. Nu: nucleus. Cu: cuticle. Ca:

canaliculus. Cn: secretory channel. He: hemocoel. Fig. 4: Scanning
eletron micrograph showing the upper face of mandible of medium
worker viewed SEM showing the external pores (arrows). Cu: cuticle.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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The histochemical analysis of the class-3 gland cells
showed differences among the castes and subcastes
(Table 1), except in PAS, where a strong reaction to

carbohydrates occurred in all of them (Figs. 15–18).
Proteins were fewer in queens (Fig. 19) than in sol-
diers (Fig. 20) and medium and minor workers,
whereas, neutral lipids were found only in queens and
soldiers (Figs. 21 and 22).

The class-3 gland cells had a higher total cell area in
queens (241.04 lm2) and soldiers (272.76 lm2) as com-
pared to medium and minor workers, with 138.64 and
108.56 lm2, respectively. The nucleus/cytoplasm ratio
had higher values in medium workers (F 5 34.60,
P< 0.0001) (Table 2).

The number of class-3 gland cells varied between
castes, with fewer cells in the medium and minor
workers, followed by an increase in the queens with an
agglomerate of gland cells within the mandible cavity.
In soldiers the gland cells almost filled the mandible
cavity completely (Figs. 11 and 12).

The epidermal glands with a reservoir were formed
by the hypertrophy of the epidermal cells containing a
reservoir within the mandible (Fig. 3). The epidermis
lining the mandible, which corresponded to the non-
secretory portion, consisted of flattened cells in all
castes (Fig. 23), with the nuclei containing condensed
chromatin.

The hypertrophied epidermal cells showed the cyto-
plasm rich in lipid droplets (Fig. 24) and few protein
granules (Fig. 25). Cytoplasm organelles were
restricted to some mitochondria and profile of rough
endoplasmic reticulum (Fig. 26).

Fig. 5. Transmission electron micrograph of the intramandibular
class-3 gland of Atta laevigata soldier showing the secretory cell (SC)
with protein granules (Pr) and some lipid droplets (Li). Note the end
apparatus (arrows) formed by canaliculus (arrowhead) of the conduct-
ing cell (CC). Nu: Nucleus. Tr: trachea.

Fig. 6–8. Transmission electron micrographs of the secretory cell of
intramandibular class-3 gland of Atta laevigata queen. Fig 6. Cell
surface showing short plasma membrane infoldings (arrows) and
cytoplasm with mitochondria (m). Fig. 7. Perinuclear cytoplasm

showing protein granules with different sizes and electrondensities
(Pr). Fig. 8. Two adjacente cells with closely surface (CS) showing gly-
cogen granules (g) in the cytoplasm.
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Histochemical analysis of the reservoirs of epider-
mal glands also showed differences between castes and
subcastes (Table 1). These glands had a strong reaction
to carbohydrates in all castes and a positive reaction to
neutral lipids in queens and soldiers. Positive reaction
for proteins was weaker in queens and medium and
minor workers.

DISCUSSION

The occurrence of intramandibular glands of class-
3 in A. laevigata corroborates that the presence of
these glands is a common feature in social Hymenop-
tera, as they have been reported in bees (Costa-Leo-
nardo, 1978; Cruz-Landim and Abdalla, 2002, 2011;

Romani et al., 2002, 2003; Smith et al., 1993; Wossler
et al., 2000), wasps (Romani et al., 2005; Santos et al.,
2015) and ants (Billen, 2008; Billen and Delsinne,
2013; Billen and Espadaler, 2002; Grasso et al., 2004;
Marques-Silva et al., 2006; Martins and Serr~ao, 2011;
Martins et al., 2013; Roux et al., 2010; Schoeters and
Billen, 1994; Toledo, 1967).

The upper face of the mandible of all castes of A. lae-
vigata has some pores, which represents the oppening
of class-3 gland cells. The class-3 gland cells are those
in which the cellular conducting canals open into pores
in the cuticle (Noirot and Quennedey, 1974, 1991),
which already occurs in the mandible (Billen and
Espadaler, 2002; Martins and Serr~ao, 2011; Santos

Fig. 9–14. Longitudinal histological sections of the mandible of
Atta laevigata. Hematoxylin and eosin stained. Figs. 9 and 10: Queen.
Arrow: granules, Va: vacuole. Figs. 11 and 12: soldier. Cu: cuticle, G3:
intramandibular gland class-3 gland cells, He: hemocoel, Nu: nuclei,

Va: vacuole, arrow: granules. Fig. 13: medium worker. Fig. 14: minor
worker. Cu: cuticle, G3: intramandibular gland, class-3 gland cells,
He: hemocoel, Nu: nuclei, Va: vacuole. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]
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et al., 2009, 2015). The occurrence of pores only onto
upper face of mandible of A. laevigata suggest that the
products of class-3 intramandibular glands are
released in the surface exposed to the environment
other than in the surface closely to ant mouth. How-
ever, the significance of this finding remains unclear.
Contrary, Roux et al. (2010) showed the presence of
pores on both the under and upper faces of the mandi-
bles in the ant Oecophylla longinoda.

In the castes and subcastes of A. laevigata, the
chemical compound in the cytoplasm of the class-3
gland cells, with proteins, carbohydrates, and neutral
lipids, suggests the high secretory activity of these
cells. The presence of neutral lipids in the queen and
soldiers only may be related to the specialization of
these castes for reproduction and defense, respectively,
in a similar way as several insects produce defensive
secretions, pheromones and hormones, which contain
lipidic compounds (Gilby, 1965).

In eusocial insects, the occurrence of exocrine glands
varies with caste, and the products of these glands
may be important in communication, social integra-
tion, mating, defense, food collection and storage, sex-
ual attraction, and trail marking (Cruz-Landim and
Abdalla, 2002).

In A. laevigata, the epithelium of the mandible, with
flattened cells, does not characterize a glandular epi-
thelium, unlike that observed in Ponerini ants, where
the epidermis is characterized as a class-1 gland, with

cubic or columnar epidermal cells (Martins and Serr~ao,
2011). Although class-1 gland cells are lacking in A.
laevigata, we found epidermal glands with a reservoir,
as reported for A. sexdens rubropilosa (Amaral and
Caetano, 2006). The occurrence of this gland type in
Attini is a potential apomorphy for the genus Atta
(Martins and Serr~ao, 2011). In Ponerinae, the female
dimorphism is slightly marked and the queens and
workers are similar, with incipient chemical communi-
cation (Peeters and Crewe, 1984; Wilson, 1971). Poner-
ini workers are quite active and carnivorous; the
colonies are relatively less populated, with little coop-
eration between workers, features supposedly similar
to their ancestors (Kusnezov, 1955; Peeters and Crewe,
1984). On the other hand, in Attini, the labor division
between workers is also related to the evolution of
social life, as well as to worker caste polymorphism,
nest structure, and age polyethism, which is greatly
due to the sofistication of chemical communication and
reliable signals (Jaff�e, 1984; Wilson, 1971).

The functions of the intramandibular glands require
further investigation, but the presence of carbohy-
drates, proteins, and lipid storages in both types of
intramandibular glands in A. laevigata, suggests that
these glands play a role in the production of com-
pounds involved in chemical communication. Martins
and Serr~ao (2011) stated that the intramandibular
glands of Attini and Ponerine produce different sub-
stances with distinct functions according to the

Fig. 15–18. Longitudinal histological sections of the mandibles
with histochemical tests in class-3 gland cells in different castes of
Atta laevigata. The tests were strongly positive for glycoconjugates
(PAS) in all castes (arrow). Fig.15: Queen. Fig. 16: Soldier. Fig. 17:

Medium worker. Fig. 18: Minor worker. Cu: cuticle, G3: intramandib-
ular gland, class-3 gland cells, He: hemocoel. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.
com.]
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chemical compound (glandular substances) and gland
types. Furthermore the class-3 gland cells produce
pheromones compounds as well as enzymes (Amaral
and Caetano, 2006; Quennedey, 1998). Schoeters and
Billen (1994) have pointed out that the class-3 gland
cells releases all secretions of the intramandibular
glands. In A. sexdens rubropilosa the mandibular
glands in the three castes show lipid droplets possibly
corresponding to pheromones being realeased (Pavon
and Camargo-Mathias, 2005).

In A. laevigata, only queens and soldiers possess
cytoplasmic granules, neutral lipids, and a great num-

ber of class 3 intramandibular glands, suggesting that
these glands may have different functions according to
the task that each caste plays in the colony, and may
act in intraspecific communication.

The size of the cells in class-3 intramandibular
glands is higher in queens and soldiers, but is similar
in medium and minor workers. Morphometrical data
consider that the cytoplasm increase its size according
storage of secretion. Contrary, active and inactive
nuclei have the same size. Thus, glands with low
nucleus/cytoplasm ratio may be storing higher
amounts of secretion.Together, these data suggest that

Fig. 19–23. Longitudinal histological sections of the mandible with
histochemical and Hematoxylin and eosin tests in class-3 gland cells
in different castes of Atta laevigata. Fig. 19: Histochemical tests. Pos-
itive tests for protein (mercury-bromophenol) in queen (arrows). Fig.
20: Histochemical tests. Positive tests for protein (mercury-bromo-
phenol) in soldier (arrows). Fig. 21: Histochemical tests. Positive reac-
tion for neutral lipid (Nile blue) (arrow) in queen (arrows). Fig. 22:

Histochemical tests. Positive reaction for neutral lipid (Nile blue) in
soldier (arrows). G3: class-3 gland cells, He: hemocoel. Cu: cuticle.
Fig. 23: Epidermis with flattened cells (Ep) and class-3 gland cells
(G3). Hematoxylin and eosin stained. Cu: cuticle. He: hemocoel. Nu:
nucleus. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
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soldiers are more similar to queens than to workers.
This suggests that, contrary to the established belief in
ant literature, soldiers represent an additional caste,
with an origin independent to the workers (Baroni-
Urbani and Passera, 1996), where the soldier caste is

closer to the queens than to the workers, with different
physiology, morphology, and behavior (Baroni-Urbani,
1998). In workers, medium ones shows lower activity
of class-3 intramandibular glands assessed by higher
nucleus/cytoplasm ratio, but the significance of this

Fig. 24–26. Transmission electron micrograph of the intramandibular epidermal gland with reservoir
of Atta laevigata soldier. Fig. 24: Cytoplasm showing many lipid droplets (Li). Fig. 25: Protein granules
of different sizes (Pr). Fig. 26: Detail of rough endoplasmic reticulum (RER).

TABLE 1. Results of histochemical tests of the intramandibulares glands in different castes of Atta laevigata

Class-3 gland cell Epithelial glands whit reservoir

Caste PAS Mercury bromophenol Nile blue PAS Mercury bromophenol Nile blue

Queen 111 1 111 111 1 11
Soldier 111 11 11 111 nd 1
Medium Worker 111 11 _ 111 11 _
Minor Worker 111 11 _ 111 11 _

2 No reaction, 1 weak positive reaction, 11 positive reaction, 111 strong positive reaction, nd-not determined.

TABLE 2. Measurements (mean 6 standard deviation) of the secretory cells of the intramandibular gland in different castes of Atta laevigata

Castes Total cell areaa (lm2) Nucleus areab (lm2) Cytoplasmic areab (lm2) Nucleus/cytoplasm ratioa

Queen 241.04 6 59.11a 20.58 6 8.09 220.46 6 52.37 0.09 6 0.02b
Soldiers 272.76 6 101.59a 17.72 6 8.40 255.04 6 96.70 0.07 6 0.03b
Medium 138.64 6 38.82b 14.93 6 3.85 123.70 6 37.47 0.13 6 0.04a
Minor 108.56 6 34.53b 8.99 6 4.20 99.57 6 31.20 0.09 6 0.02b

aData followed by different letters in the column differs among castes.
bData used for calculation of nucleus/cytoplasm ratio and not submitted to statistical test.
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finding should be studied in the future in association
with behavioral features of these subcaste.

Different intramandibular glands in different castes
suggest specific functions for each caste that remain
unclear. However, the morphological features of these
glands in the queens and soldiers of A. laevigata sug-
gest that these glands may play a role in the release of
sex pheromones or are involved some how in reproduc-
tion in queens and an alarm or defensive pheromones
in soldiers, while in minor and medium workers, other
functions may be attributed to these glands secretions.
Production of pheromone for intramandibular glands
occurs in the ponerine ant Neoponera villosa (Martins
et al., 2015). Therefore, these differences may be asso-
ciated with caste profile. The composition of phero-
mones varies between castes in social insects (Cruz-
Landim et al., 2011; Hern�andez et al., 1999; Hughes
et al., 2001; Nascimento et al. 1993).

In conclusion, the intramandibular glands in A. lae-
vigata are the class-3 gland cells and epidermal cells
with a reservoir, and their morphological, histochemi-
cal, and morphometric features support the hypothesis
that these glands may play an important role in labor
division in the castes and subcastes.
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Manejo. 1a ed. Viçosa: Editora UFV, vol. 1. p 419.

Della Lucia TMC, Gandra LC, Guedes RN. 2014. Managing leaf-
cutting ants: peculiarities, trends and challenges. Pest Manag Sci
70:14–23.

Gilby AR. 1965. Lipids and their metabolism in insects. Annu Rev
Ent 10:141–160.

Grasso DA, Romani R, Castracani C, Visicchio R, Mori A, Isidoro N,
Le Moli F. 2004. Mandible associated glands in queens of the slave-
making ant polyergus rufescens (hymenoptera, formicidae). Ins
Soc 51:74–80.

Hern�andez JV, Cabrera A, Jaff�e K. 1999. Mandibular gland secretion
in different caste of the leaf-cutter ant atta laevigata. J Chem Ecol
25:2433–2444.

H€olldobler B, Wilson EO. 1990. The ants. Cambridge: Belknap/Har-
vad University Press. p. 732.

Hughes WHO, Howse PE, Goulson D. 2001. Mandibular gland chem-
istry of grass-cutting ants: Species, caste, and colony variation.
J Chem Ecol 27:109–124.

Jaff�e K. 1984. Evoluci�on de los sistemas de comunicacion qu�ımica en
hormigas (hymenoptera, formicidae). Folia Ent Mex 61:189–203.

Kusnezov N. 1955. Evoluci�on de las hormigas. Dusenia 6:1–34.
Lacerda FG, Della Lucia TMC, Serr~ao JE, Cecon PR, Souza LM,

Souza DJ. 2010. Morphometry of the metapleural gland of workers
engaged in different behavioral tasks in the ant atta sexdens rubro-
pilosa. Anim Biol 60:229–236.

Marques-Silva S, Guss CPM, Delabie JHC, Mariano CSF, Zanuncio
JC, Serr~ao JE. 2006. Sensilla and secretory glands in the antennae
of a primitive ant: dinoponera lucida (formicidae, ponerinae).
Microsc Res Techn 69:885–890.

Martins LCB, Serr~ao JE. 2011. Morphology and histochemistry of the
intramandibular glands in attini and ponerini (hymenoptera, for-
micidae) species. Microsc Res Techniq 74:763–771.

Martins LCB, Delabie JHC, Serr~ao JE. 2013. Post-embryonic devel-
opment of intramandibular glands in pachycondyla verenae (forel)
(hymenoptera: formicidae) workers. Sociobiology 60:154–161.

Martins LCB, Nascimento FS, Campos MCG, Lima ER, Zanuncio JC,
Serr~ao JE. 2015. Chemical composition of the intramandibular
glands of the ant neoponera villosa (fabricius, 1804) (hymenoptera:
ponerinae). Chemoecology 25:25–31.

Mehdiabadi NJ, Schultz TR. 2009. Natural history and phylogeny of
the fungus-farming ants (hymenoptera: formicidae). Myrmecol
News 13:37–55.

Nascimento R, Morgan ED, Billen J, Schoeters E, Della Lucia TMC,
Bento JM. 1993. Variation with the caste of the mandibular gland
secretion in the leaf-cutting ant atta sexdens rubropilosa. J Chem
Ecol 19:907–918.

Noirot C, Quennedey A. 1974. Fine structure of insect epidermal
glands. Annu Rev Ent 19:61–80.

Noirot C, Quennedey A. 1991. Glands, gland cells, glandular units:
some comments on terminology and classification. Ann Soc Ento-
mol Fr 27:123–128.

Pavon LF, Camargo-Mathias MIC. 2005. Ultrastructural studies of
the mandibular glands of the minima, media and soldier ants of
atta sexdens rubropilosa (forel 1908) (hymenoptera: formicidae).
Micron 36:449–460.

Pearse AGE. 1985. Histochemistry: Theoretical and applied, Vol. 2.
Edinburgh: Churchill Livingstone. p 624.

Peeters C, Crewe RM. 1984. Insemination controls the reproductive
division of labour in a ponerine ant. Naturwissenschaften 71:50–
51.

Quennedey A. 1998. Insect epidermal gland cells: ultrastructure and
morphogenesis. Microsc Anat Invert 11:177–207.

R Development Core Team, 2009. R: A language and environment for
statistical computing. R Foundation for Statistical Computing,
Vienna, Austria. ISBN 3-900051-07-0, URL: http://ww.R-project.org.

Romani R, Isidoro N, Bin F. 2002. Male antennal glands in bombus
pascorum sap: Morphology, possible function and comparison with
hymenoptera aculeata. Ins Soc 4:115–123.

Romani R, Isidoro N, Riolo P, Bin F. 2003. Antennal glands in male
bees: Structures for sexual communication by pheromones? Apido-
logie 34:603–610.

Romani R, Isidoro N, Riolo P, Bin F, Fortunato A, Beoni L. 2005. A
new role for antennation in paper wasps (hymenoptera, vespidae):
Antennal courtship and sex dimorphic glands in antennomeres. Ins
Soc 52:96–102.

Roux O, Billen J, Orivel J, Dejean A. 2010. An overlooked mandibu-
lar- rubbing behavior used during recruitment by the african
weaver ant, oecophylla longinoda. PLoS ONE 5:e8957.

INTRAMANDIBULAR GLANDS IN LEAF-CUTTING ANT 611

Microscopy Research and Technique



Santos DE, Souza EA, Vieira CU, Zancunico JC, Serr~ao JE. 2015.
Morphology of mandibular and intramandibular glands in workers
and virgin queens of melipona scutellaris. Apidologie 46:23–34.

Santos CG, Megiolaro F, Serr~ao JE, Blochtein B. 2009. Morphology of
the head salivary and intramandibular glands of the stingless bee
plebeia emerina (friese) (hymenoptera, meliponini) workers associ-
ated with propolis. Ann Ent Soc Am 102:137–143.

Schoeters E, Billen J. 1994. The intramandibular gland, a novel exo-
crine structure in ants (insecta, hymenoptera). Zoomorphology 114:
125–131.

Smith RK, Spivak M, Taylor OR, Bennet C, Smith ML. 1993. Matura-
tion of tergal gland alkene profiles in european honey bee queens,
apis mellifera L. J Chem Ecol 19:133–142.

Stefanini M, Demartino C, Zamboni L. 1967. Fixation of ejaculated
spermatozoa for electron microscopy. Nature 216:173–174.

Toledo LFA. 1967. Histo-anatomia de glândulas de atta sexdens
rubropilosa forel (hymenoptera). Arq Inst Biol 34:321–329.

Wilson EO. 1971. The Insect Societies. Cambridge, MA: Harvard Uni-
versity Press. p 548.

Wilson EO 1980. Caste and division of labor in leaf-cutter ants
(Hymenoptera, Formicidae). I: The overall pattern in A. sexdens.
Behav Ecol Sociobiol 7:143–156.

Wossler TC, Veale RM, Crewe RM. 2000. How queen-like are the ter-
gal glands in workers of apis mellifera capensis and apis mellifera
scutellata? Apidologie 31:47–54.

Microscopy Research and Technique

612 L.C.B. MARTINS ET AL.


