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Abstract. The postpharyngeal gland of Cataglyphis niger (André, 1881) workers is
characterized, at the ultrastructural level, by a well-developed smooth endoplasmic
reticulum, Golgi apparatus, and numerous mitochondria and lamellar inclusions suggest-
ing an involvement in lipid metabolism. In addition, the microvillar differentiation of
the apical membrane and basal invaginations of the cell imply a transportation process.

The gland shows a clear structural as well as chemical age-dependent development.
Epithelial thickness increases with age, reaching its maximum within the first week after
emergence. Concurrently there is a progressive development of microvilli and appear-
ance of the lamellar inclusions. The gland’s secretion consists mainly of hydrocarbons,
with a predominance of monomethyl and dimethyl alkanes. Congruency was found be-
tween the hydrocarbon composition of glandular exudates and those of the epicuticular
washes. An age-dependent increase in the total amount of hydrocarbons was found
to correlate with the ultrastructural development and gross morphology (thickness of
epicuticular lining) of the gland.
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Introduction

The exocrine system of social insects is characterized by an im-
pressive number of glands, many of which play an important
role in their social organization and communication. Among the
exocrine glands that are unique to ants, the postpharyngeal gland
is outstanding in its size and shape (Delage-Darchen, 1976).
Despite its notable presence in the Formicidae, its biological
function is still open to debate. It has long been considered to be
involved in digestive processes, possibly the absorption of
lipidic substances from food (Delage, 1966; Peregrine & Mudd,
1974; Vinson et al., 1980), or as the source of substances trans-
ferred by trophallaxis between nestmates (Markin, 1970) or
worker-larvae (Naarmann, 1963; Delage, 1968). On the other
hand, the presence of hydrocarbons as the major constituents in
this gland (Vander Meer ez al., 1982) does not support its pos-
sible digestive function. Moreover, it was recently reported that
these hydrocarbons match the species-specific hydrocarbon pro-
file extractable from the epicuticle (Bagnéres & Morgan, 1991;
Do Nascimento et al., 1993). This chemical congruency, coupled
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with data suggesting that epicuticular hydrocarbons serve as
nestmate recognition cues (Bonavita-Cougourdan et al., 1987,
Morel et al., 1988; Henderson et al., 1990; Nowbabhari et al.,
1990), implies that the postpharyngeal gland is involved in a
nestmate recognition system. Indeed, application of the pentane
extracts of the postpharyngeal gland to a worker’s cuticle was
found to modify the aggression that is generally exhibited towards
alien ants by the resident ants (Bonavita-Cougourdan et al., 1987;
Soroker et al., 1994). It was recently demonstrated that hydro-
carbons are exchanged between nestmates (Soroker et al., 1994,
1995; Vienne et al., 1995), lending credence to their involve-
ment in nestmate recognition and the construction and distribu-
tion of a colony-specific odour. This nest-specific chemical
signature apparently develops shortly after emergence since alien
callow workers are rarely attacked by the resident ants
(Hélldobler & Wilson, 1990).

In view of the involvement of the postpharyngeal gland in
nestmate recognition, it was interesting to follow the onto-
genetic changes, both structural and chemical, that occur in this
gland in adult ants. Ultrastructural studies of the postpharyngeal
gland are limited to the contributions of Zylberberg er al. (1974),
Delage-Darchen (1976) and Attygalle et al. (1985), all of whom
described the gland in adult ants, but without considering
age-dependent differences.
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In this paper we present the ontogenetic changes of the
postpharyngeal gland in the desert ant Caraglyphis niger, and
correlate the morphological and ultrastuctural appearance with
the chemical profile of the secretion in workers of known age.

Material and Methods

Colonies of Caraglyphis niger (André, 1881) were collected
from the sand dunes in Ramat Aviv, Israel, and maintained in the
laboratory in artificial nests comprising interconnected plastic
boxes, at 28°C. Freshly frozen crickets or moths and sugar water
were supplied ad libitum. Callow workers, within the first 24 h
of emergence, were marked with a coloured dot on the
abdomen and re-introduced into their colony of origin.

For the morphological studies, workers of known age were
dissected, and their postpharyngeal glands fixed in 2% cold
glutaraldehyde (in 50 mm sodium-cacodylate and 150 mm
saccharose, buffered at pH 7.3) and postfixed in 2% cold osmium
tetroxide in the same buffer. Tissues were dehydrated in a graded
acetone series and embedded in Araldite resin. Semithin sections
of 1 um, stained with methylene blue and thionin, were used for
light microscope measurements of epithelial thickness. Thin
sections of 70 nm for ultrastructural analysis were examined in a
Zeiss EM 900 electron microscope. Glands for scanning
microscopy were critical point dried and observed in a Philips
SEM 515 microscope. The epithelial thickness of postpharyngeal
gland cells was measured in a light microscope. Two or three ants
were examined for each group starting from pharate adults, with
seventeen measurements for each ant.

For the chemical analysis, glands from adult workers of at
least 1 month old were dissected under distilled water and im-
mediately immersed into 100 pl of pentane for extraction. For
cuticular extracts, headless and Dufour’s glandless carcasses were
washed by immersion in 400 pl of pentane for 5 min. The samples
were analysed by coupled gas chromatography/mass
spectrometry (Finnigan quadrupole or Fisons MD 800 quadrupole)
both at the EI and CI (using methane as reagent gas) modes.
The samples were run on an HP-5 fused silica capillary column
that was heated from 150 to 250°C at a rate of 5°C per min or
alternatively on a DB-5 fused silica capillary column that was
temperature programmed from 120 to 300°C at 3°C per min with
an initial hold of 3 min. The various compounds were identified
by comparing their spectra with published spectra (Nowbahari
et al.. 1990; Bagnéres er al., 1991). Quantitative measurements
of the amount of secretion present in the glandular extracts
was performed by capillary GC (Tracor 540. SE 54 column
temperature programmed from 60 to 100°C at 20°C per min, then
from 100 to 270°C at 5°C per min). after adding 250 ng of

tetracosane as an internal standard. The quantities of each
compound were assessed by peak integration.

In all the experiments individual glands were analysed. In the
experiments in which quantities of hydrocarbons were deter-
mined, differences between treatments were compared by analysis
of variances followed by the Scheffe F-test, test on transformed
In(1+x) data. The statistical analysis was performed using a
Statview 4.01 package on a Macintosh computer and significance
was taken as P < 0.05.

Results

Morphologically, the postpharyngeal gland arose as a glove-
shaped multitubular extension from the dorsal roof of the phar-
ynx (Figs 1a and 1b). The many fingers were formed by a simple
monolayered epithelium, lined with a cuticular intima that bor-
ders the central lumen. Cell nuclei were rounded and occupied a
central position in the cell. The cytoplasm was characterized by
a well-developed smooth endoplasmic reticulum and Golgi ap-
paratus, and numerous mitochondria. In the basal region of the
cells there were well-developed basal invaginations and rounded
lamellar inclusions, as well as local glycogen deposits (Fig. 1c).

The apical cell membrane displayed a microvillar differentia-
tion, which showed a clear age-dependent development. In the
pupal postpharyngeal gland the beginning of microvilli devel-
opment was observed (Fig. 1d), with a gradual increase in both
the number and length of the microvilli as the ants got older. In
1-week-old ants a well-developed microvillar cell border was
observed in which the microvilli attained a length of ¢. 0.5 pm
(Fig. le). Another feature of the glandular cells that exhibits on-
togenetic changes was the abundance of lamellar inclusions. Al-
though no such structures were present in glands of pharate adults,
a large number was observed from day 7 on, especially in prox-
imity to the basal membrane. The cuticular layer consisted of the
three traditional layers: a thin outer electron-dense epicuticle, a
fibrillar exocuticle, and a clear endocuticle adjacent to the epi-
thelial cells (Fig. 1e). It had a constant thickness of approximately
1 um in adult ants, regardless of age. In the pupal stage,
however, a much thinner cuticle was found (0.1-0.5 um, Fig.
1d). The maturation of the gland was also characterized by an
increase in its epithelial thickness which was complete in 7-day-
old ants (Table 1).

Recent studies in C.niger revealed that hydrocarbons are trans-
ferred between nestmates by trophallaxis, and that this transfer
is independent of food transfer (Soroker et al., 1994). It was
therefore of interest to search for the existence of a system that
controls the direction of the fluid transferred by trophallaxis.
Longitudinal sections of the head revealed that the glandular

Fig. 1. (a) Scanning micrograph of cell clusters of the propharyngeal gland (Pro) and the tubiform postpharyngeal glands (Post) of a C.niger worker.
Scale bar 0.5 mm. (b) Semithin section through postpharyngeal gland tubules (3-week-old worker, scale bar 50 um). (c) Electron micrograph showing
basal cytoplasm in postpharyngeal gland epithelium (5-week-old worker). GA, Golgi apparatus; Gl. glycogen; LI, lamellar inclusions; M, mitochon-
dria: N. nucleus: SER. smooth endoplasmic reticulum. Scale bar | pum. (d) Detail of the apical part of postpharyngeal gland epithelium in a worker pupa
showing the initiation of microvillar formation. ct, cuticle: mv. microvilli: M. mitochondria. Scale bar 1 pm. (e) Detail of the apical part of postpharyngeal
aland epithelium in a 48-day-old worker showing well-developed and dense microvilli. ct. cuticle; mv, microvilli; M, mitochondria. Scale bar 1 um.
(f) Longitudinal semithin section through the head of C.niger worker (head tip to the right). showing the muscular sets (M, . ) associated with the
openings of the postpharyngeal gland (postpharyngeal gland) and the oesophagus (OE) into the bucal cavity. Scale bar 100 pm.
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