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ABSTRACT

The legs of workers of the ponerine ant Amblyopone reclinata harbour at least � ve
different exocrine glands. The pretarsal arolium gland is a common structure in the legs
of all Hymenoptera, the pretarsal footprint gland is also found in the hindlegs of other
Amblyopone species, while the epithelial metatibial gland is found in ants of the doryline
section. Two novel glands are added to this repertoire: an epithelial gland surrounding
a central reservoir space occurs in the tibia of the front- and hindlegs, and a cluster
of three secretory cells was found in the distal part of the hindleg tibia adjacent to the
metatibial gland, their accompanying duct cells open through the articulation membrane
that connects the hindleg tibia and metatarsus. A possibly glandular epithelium was found
in the tibial spur of the hindlegs.
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INTRODUCTION

The large variety of exocrine glands represents a well-known character-
istic of social insects, with a correspondingly vast number of secretory
products that form the cornerstone of the social organization and com-
munication system of these insect societies (HÖLLDOBLER & WILSON,
1990). The number of known exocrine glands among the Formicidae has
steadily increased in the past few decades, with the discovery of several
novel glands made possible because of the use of plastic embedding and
new sectioning techniques (BILLEN & MORGAN, 1998). This has also
resulted in the � nding of several previously unknown glands in the ap-
pendages such as the antennae (BILLEN, 2000; ISIDORO et al., 2000) and
especially the legs.

We here report on at least two novel glands that occur in the legs of
workers of the ponerine ant Amblyopone reclinata.
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MATERIAL AND METHODS

Amblyopone reclinata Mayr, 1879 colonies were collected in the Bogor
Botanical Gardens, Indonesia, and kept in arti� cial plaster nest boxes.
The various leg parts of worker individuals were � xed in cold 2% glu-
taraldehyde, buffered at pH 7.3 with 0.050 M Na-cacodylate and 0.150 M
saccharose, and post� xed in 2% osmium tetroxide in the same buffer. De-
hydration was carried out in a graded acetone series and preceded embed-
ding in Araldite. Semithin 1 ¹m sections were stained with methylene
blue and thionin and viewed in a Zeiss Axioskop microscope, double
stained 70 nm thin sections were examined in a Zeiss EM900 electron
microscope.

RESULTS

The legs of Amblyopone reclinata workers contain an impressive variety
of exocrine glands (� g. 1). The pretarsus is characterised by the presence
of the ventrally opening epithelial arolium gland in all six legs that is a
common feature for all Hymenoptera, as well as a dorsally situated and

Fig. 1. Schematical survey of the hindleg of an A. reclinata worker with indication
of the various exocrine glands. The novel structures described here are shown in black.

bt = basitarsus, c = claw, F = femur, pt = pretarsus, T = tibia, t = tarsomere.
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equally epithelial ‘footprint gland’ in the hindlegs only (occurrence shared
with the congeneric A. australis, see HÖLLDOBLER & PALMER, 1989a).
The distal part of the hindleg tibia displays at its ventral side a conspicuous
epithelial metatibial gland that is shared with other species belonging
to the doryline section (HÖLLDOBLER et al., 1996). In contrast to the
smooth external cuticle lining this gland in other species, A. reclinata
shows conspicuous hairs in this region (� gs 4, 5). In addition to these
glands that were already known for other ponerine species, we found some
other glandular structures.

Centrally located in the distal part of the tibia of the hindleg, and to a
lesser extent also in the foreleg, is a glandular epithelium that surrounds
a central reservoir with a lumen diameter around 40 ¹m (� gs 1 and 2).
The epithelium has a thickness between 7 and 10 ¹m and is formed
by cubic cells that display a microvillar apical cell membrane (� g. 3).
The cytoplasm contains many mitochondria and large lipid droplets.
The cells are covered by a cuticular intima with a thickness around
1 ¹m that is characterised by the presence of pore canals (� g. 3).
Histological sections indicate a connection between this gland and the
tibial tendon, although their precise relationship could not be determined
due to technical problems with the serial sections in this region.

Adjacent to the metatibial gland in the hindlegs we found a cluster of
three rounded glandular cells with a diameter of approx. 20 ¹m (� gs 4
and 5). Each cell has an end apparatus that continues in a slender duct cell,
that opens into the articulation space between the tibia and the basitarsus.
The glandular cells contain numerous lipoidic inclusions with a diameter
around 1 ¹m (� g. 6).

In addition to these glandular structures inside the hindleg tibia, the
epidermis of the hindleg tibial spur appears as a fairly thick epithelial
layer with a thickness of approx. 10 ¹m, which may represent another
novel glandular tissue (� g. 7). Ultrastructural examination revealed the
presence of a well developed granular endoplasmic reticulum. The cuticle
shows small pore canals to the outside.

DISCUSSION

The high number of exocrine structures found in the legs of Amblyopone
reclinata is an obvious example of the wealth of exocrine glands that occur
in ants in general, and in ponerine species in particular (e.g. see JESSEN
& MASCHWITZ (1983) and JESSEN et al. (1979) for an illustration of the
variety of abdominal glands). The occurrence of exocrine glands in ant
legs has been well documented in the past 10 years with glands found
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in the various leg parts: coxa (SCHOETERS & BILLEN, 1993), femur
(BILLEN et al., 2000a), various glands in the tibia (LEUTHOLD, 1968;
BILLEN, 1984; HÖLLDOBLER et al., 1996; BILLEN, 1997; BILLEN et
al., 2000a), basitarsus (HÖLLDOBLER & PALMER, 1989b; HÖLLDOBLER
et al., 1992), the tarsomeres (BILLEN et al., 2000b), and the pretarsus
(HÖLLDOBLER & PALMER, 1989a; BILLEN & MORGAN, 1998).

The novel glands described in the present article have never been found
before in ponerine ants, although they show similarities to glandular struc-
tures encountered in other subfamilies. The tibial epithelial gland sur-
rounding a reservoir and somehow associated with the tibial tendon may
be similar to the tibial gland that so far has only been found in the hindleg
of species of the myrmicine genus Crematogaster (LEUTHOLD, 1968).
Also the ultrastructural features show obvious similarities , such as the
well developed microvillar border, the occurrence of lipid droplets, and
the presence of cuticular pore canals (BILLEN, 1984). In Crematogaster
ants, this tibial gland is the source of trail pheromones, that � nd their way
to the outside at the leg’s distal extremity via the hindleg tendon (PAS-
TEELS et al., 1970). In Amblyopone, however, the apparently unique foot-
print gland in the hindleg pretarsus is involved in the elaboration of re-
cruitment substances. This was shown for A. australis by HÖLLDOBLER
& PALMER (1989a), and con� rmed by own observations on A. reclinata
using extracts of the hindleg pretarsi. Extracts of the hindleg tibia, con-
taining the here described tibial gland, however, did not elicit any trail
following activity of the kind shown in Crematogaster ants (LEUTHOLD,
1968), which makes the function of the tibial epithelial gland in A. recli-
nata still questionable .

The cluster comprising three glandular cells in the distal part of the
hindleg tibia occurs in a similar position as a gland cluster with � ve to

Fig. 2. Semithin section through hindleg tibia, showing the epithelial gland (EG) surround-
ing a central reservoir. Scale bar: 100 ¹m.
Fig. 3. Electron micrograph of epithelial gland in hindleg tibia. Note pore channels in cu-
ticle. Scale bar: 1 ¹m.
Fig. 4. Semithin section through distal part of hindleg tibia near articulation with ba-
sitarsus, showing epithelial metatibial gland and adjacent cluster of three secretory cells
(arrows). Scale bar: 50 ¹m.
Fig. 5. Electron micrograph showing epithelial metatibial gland and cluster of three glan-
dular cells. Arrow indicates section through duct cell. Scale bar: 10 ¹m.
Fig. 6. Ultrastructural detail of secretory cell with end apparatus (EA) and duct cells (dc)
in the hindleg metatibia. Scale bar: 2 ¹m.
Fig. 7. Semithin section through hindleg tibial spur with apparently glandular epithelium
inside. Scale bar: 20 ¹m.
ct = cuticle, ld = lipid droplet, M = mitochondria, MF = muscle � bres, MG = metatibial

gland, mv = microvilli, N = nucleus, R = reservoir, t = tracheole, ts = tracheal sac.
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ten cells found in the hindleg tibia of workers of the army ant Dorylus
molestus (BILLEN, 1997). Its function remains unknown, although the
opening of the ducts at the articulation between tibia and basitarsus,
together with the presence of lipoid inclusions in the secretory cells, may
indicate a smearing function. Such function could be well understood in
ponerine ants that are known to have a heavily sclerotised tegument. The
presence of a conspicuous epithelium inside the hindleg tibial spur may
represent yet another novel exocrine structure in ant legs, although further
studies on its occurrence and function will be needed.
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