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Abstract

The third tarsomere of the hindlegs of both workers and queens of Nothomyrmecia macrops is almost
entirely filled with a hitherto unknown exocrine gland (which does not occur in the closely related
Myrmecia). Each of the approximately 30 secretory cells is connected to the outside via a duct cell. These
open individually via large cuticular pores at the mesoventral side of the anterior part of the tarsomere. The
diameter of the duct cells is narrow near the secretory cell, but gradually increases towards their opening
site. The rounded secretory cells show a well developed Golgi apparatus and numerous clear vesicles. The
function of this gland is not yet known, although its opening site may be indicative of the deposition of
marking substances. At the mediodistal side of tarsomeres 2, 3 and 4 in the three pairs of legs, a glandular
thickening of the epidermal epithelium occurs; this represents another novel exocrine structure in ants. This
epithelial gland occurs in both Nothomyrmecia and Myrmecia.

Introduction

The ant Nothomyrmecia macrops is of special significance for myrmecology because of its
ancestral position, its limited geographic distribution in South Australia, and its simple social
organisation (Taylor 1978; Hélldobler and Taylor 1983; Jaisson ef al. 1992). On the other hand,
its apparent similarity to the bulldog ants of the genus Myrmecia has led to comparative
morphological (Kugler 1980; Billen 1990) and chemical studies (Billen er al. 1988a, 1988b;
Jackson ef al. 1990) from which a closer relationship between both Australian ant genera may be
concluded. During our study of the exocrine system of N. macrops, we discovered a conspicuous
gland in the third tarsomere of the hindlegs of both workers and queens, as well as an epithelial
gland at the mediodistal end of the tarsomeres in the three pairs of legs. We here describe both
hitherto unknown exocrine glands in ants.

Material and Methods

Workers and queens of Nothomyrmecia macrops Clark, 1934 were collected in Poochera, South
Australia. Workers of Myrmecia pyriformis F. Smith, 1858 were examined for comparison. The tarsi of
the three pairs of legs were fixed in 2% cold glutaraldehyde buffered at pH 7.3 with sodium cacodylate
and postfixed in 2% cold osmium tetroxide in the same buffer. Afier dehydration in a graded acetone
series, they were embedded in araldite and sectioned with a Reichert Ultracut E microtome using a
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. 1. SEM photograph of hindleg tarsus of N. macrops worker (T1 to T5 correspond with tarsomere
nbering). The third tarsomere shows no special external features. Scale bar, 100 p.m.

. 2. Semi-schematical view from above of the third tarsomere of the hindleg with glandular
ictures, based on reconstruction of serial sections. D, duct cells; E, glandular epithelium: t. hindleg
don; S, secretory cells; T2—4, tarsomeres 2—4.

sults

The tarsomeres of Nothomyrmecia macrops are arrow-shaped with two laterodistal processes
o, 1). The third tarsomere of the hindlegs of both workers and queens is for the greater part
>d with an exocrine gland hitherto unknown in ants. Examination of serial sections showed
t approximately 30 rounded secretory cells occur, each cell being connected to the outside via
associated duct cell (Figs 2-6). The duct cells run distally, where they divide into left and
1t bundles of approximately 15 ducts each. These bend downward in the distal portion of the
omere (Fios 2—-6). where thev curve towards the mesoventral side of the tarsal processes.
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tarsomere. For comparison, we also sectioned the third tarsomere of the hindlegs of Myrmecia
pyriformis workers, but could find no similar exocrine gland.

The secretory cells are approximately 25 pnt in diameter with a centrally located rounded
nucleus, which is about 10 pm in diameter (Fig. 7). Their cytoplasm appears dense with
numerous clear vesicles and a well developed Golgi apparatus (Fig. 8). Mitochondria are rather
sparse. Some scattered ribosomes are present, although there is no evidence for the presence of
either smooth or granular endoplasmic reticulum. A conspicuous end apparatus displays a
tortuous course in the secretory cell, as can be seen from its repeated occurrence on the same
plane of a histological section (Fig. 7). Its microvillar sheath generally shows a regular
arrangement, while the central cuticular ductule shows an electron-dense epicuticle with local
fenestrations, and a more fibrillar procuticle (Fig. 8). Its lumen has an internal diameter of
approximately 0.4 pm. Small secretory droplets may be distinguished in the lumen of the
ductule (Fig. 8). In the broader portion of the duct cells, lamellar inclusions can be seen in the
lumen (Fig. 9). The gradually increasing diameter of the duct cell is very characteristic. It ranges
from 0.4 m near its junction with the secretory cell up to 1.5 pm at the site where it opens to
the outside (Fig. 9).

In addition to the conspicuous cluster of glandular cells that fill the distal portion of the
tarsomere of the fourth hindleg, we also found a hitherto unknown glandular epithelium
underneath the mediodistal tegument of tarsomeres 1—4. This glandular epithelium occurs in the
three pairs of legs in both queens and workers (Figs 2, 6), reaching a thickness of approximately
8 wm in workers (Fig. 10) and 12 pm in queens (Fig. 11). It is characterised by an apical
microvillar border and sinuous contacts between neighbouring cells in the apical region. The
cells have a rounded nucleus with a diameter of approximately 3 pm. Their cytoplasm contains
numerous electron-dense rounded vesicles, scattered mitochondria, and a moderately developed
granular endoplasmic reticulum (Fig. 10). These epithelial glands also occur in the mediodistal
part of the various tarsomeres of Myrmecia pyriformis.

Discussion

Social insects, and ants in particular, can be thought of as walking glandular batteries
(Holldobler and Wilson 1990) as they are endowed with an impressive variety of exocrine
glands all over their bodies (Billen and Morgan 1998). Several previously unknown glands have
been found on the various leg segments in ants (e.g. Leuthold 1968; Schoeters and Billen 1993;
Holldobler ef al. 1996: Billen et al. 2000), as well as in bees (Cruz Landim ef al. 1998) and
termites (Bacchus 1979; Costa Leonardo 1994). The tarsae in ants have been reported to contain
glands in the basitarsus (Holldobler and Palmer 19895; Hélldobler er al. 1992; Ito and Billen
1998) and in the pretarsus (Holldobler and Palmer 19894), but no glandular structures have so
far been described for the intermediate tarsomeres. The conspicuous exocrine gland described
here in the distal part of the tarsomere of the third hindleg in both workers and queens of
Nothomyrmecia macrops therefore represents another novel gland.

The gland is formed by Type 111 secretory cells, according to the classification of Noirot and
Quennedey (1974), but shows the unusual characteristic of duct cells with a gradually increasing
diameter in their course from the secretory cell towards their opening to the outside. The
cytoplasmic organisation gives no clear indication as to the possible chemical nature of the
secretory products, although the presence of lamellar material inside the duct lumen may be
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ked with glandular activity (Billen and Morgan 1998). The function of this novel tarsal gland

N. macrops still remains unknown. The opening site of the ducts at the mesoventral side of
> tarsomere may conveniently allow deposition of the secretory products onto the substrate
th each foot step. It has been suggested that workers of V. macrops mark their nest entrances
th colony-specific scent signals, although the glandular origin of these has not been
ablished (Holldobler and Taylor 1983). The eventual involvement of the tarsal glands in this
haviour, however, needs to be investigated with behavioural experiments. In this regard, it is
narkable that this tarsal gland occurs in both the worker and queen caste.

Furthermore, the epithelial gland underneath the mediodistal part of tarsomeres 1-4 in all
ee legs of both N. macrops and Myrmecia pyriformis has not been described before. It is
'med by Type I secretory cells, according to the classification of Noirot and Quennedey
)74), that discharge their secretion directly through the overlaying cuticle. The function of this
ind also remains unknown at present, although the repeated occurrence in the various tarsal
yments, as well as its location at the articulation between tarsomeres may be indicative of a
nple lubricant function.

The present report of two previously unknown glands provides yet another example of the
erwhelming variety of the exocrine system in the Formicidae. The presence of the
nspicuous gland in the third tarsomere of the hindlegs of Nothomyrmecia, and its absence in
yrmecia pyriformis provides a remarkable difference between these genera (although more
=cies of Myrmecia should be examined for confirmation), and as such supports their separate
ssification. On the other hand, both genera also display a number of obvious similarities that
ooest a close relationship. Among these are also glandular characters, such as the common
sence of the mediadistal tarsomere gland as described here (although this gland may also be
>sent in other ant genera) and the presence of the sting-bulb gland, which appears to be a
ique glandular structure that does not occur in ants other than Nothomyrmecia and Myrmecia
illen 1990).
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