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a b s t r a c t

The maxillary and propharyngeal gland of all 3 castes of Monomorium pharaonis were examined with
light and electron microscopy. Although both glands possess a pouch in which secretion can be stored
temporarily, a proper reservoir is lacking. The paired maxillary gland opens at the base of the maxilla and
consists of 4 secretory cells, which are smaller in workers as compared to queens and males. A digestive
role is unlikely as the gland is not directly linked to the digestive system and the amount of rER is
negligible. The propharyngeal gland consists of 2 clusters of 16 secretory cells, which open in the
pharyngeal atrium through a duct. Secretory cells are smallest in males. Two types of endoplasmic
vesicles are observed around the end apparatus, suggesting a release of at least 2 substances. High levels
of rER indicate the production of digestive enzymes as one of its functions. No differences between
mated versus virgin queens were observed for both glands. Further experiments on chemical and
behavioural essays can improve our understanding of the role of both glands in the ant colony. Literature
on this topic is very inconsistent. We provide a survey to unravel this chaotic nomenclature issue.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Ants, as other social insects, possess a wide variety of exocrine
glands that produce pheromones as well as a variety of substances
that are indispensable for the maintenance of the colony's social
structure. A substantial number of these glands are situated in the
head (Fig. 1). Due to their close association with the mouthparts or
digestive tract, most of the cephalic glands were initially regarded
as digestive structures (Bausenwein, 1960; Forbes and McFarlane,
1961; Kürschner, 1971; Paulsen, 1969). However, multiple func-
tions have since been revealed. Especially the mandibular and
postpharyngeal glands have been the subject of functional research
as their considerable size and the presence of a reservoir allows
chemical identification and bioassays. Mandibular gland secretions
for instance have been shown to release an alarm response in
several ant species (Moser et al., 1968; Crewe and Blum, 1970;
Brough, 1978; Billen and Morgan, 1998). In honey bees, mandib-
ular glands received considerable attention, because they produce
queen pheromones by which queens suppress ovary development
in workers (Butler and Simpson, 1958; Butler and Fairey, 1963;
S. Boonen), johan.billen@bio.
Hoover et al., 2003). The postpharyngeal gland is mainly involved
in nestmate recognition (Bagn�eres and Morgan, 1991; Vander Meer
and Morel, 1998; for a review see Eelen et al., 2004).

Unlike the mandibular (Boonen et al., 2012) and postpharyngeal
gland (Eelen et al., 2004), few studies have been done on the less
conspicuous maxillary and propharygeal gland. Furthermore it is
difficult to comprehend the existing literature on this matter
because of great inconsistency in gland nomenclature. Various
authors assign different names to the same gland in different
species. In all ant species investigated, the maxillary gland typically
consists of secretory cells which open individually at the base of
each maxilla through duct cells (Bausenwein, 1960; Emmert, 1968;
Kürschner, 1971; Beck, 1972) (Fig. 1). So far, no clear purpose has
been assigned to the gland. According to Bausenwein (1960) a
digestive role is unlikely as the gland is not directly connected to
the digestive system.

The propharyngeal gland, on the other hand, generally has been
associated with digestion or trophallaxis (Bausenwein, 1960;
G€osswald and Kloft, 1960; Forbes and McFarlane, 1961; Ayre,
1967; Paulsen, 1969; Beck, 1972; Billen and Peusens, 1984; Billen
et al., 2013). Its secretory cells are arranged in two clusters
located near the infrabuccal cavity. Each secretory cell individually
opens in a pharyngeal pouch on either side of the pharynx through
an associated duct cell (Bausenwein, 1960; Forbes and McFarlane,
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Fig. 1. Schematic drawing of a longitudinal (A) and a cross section (B) through a
Pharaoh's ant's head. The scissors icon in (A) marks the position of cross section B.
A ¼ atrium, IBC ¼ infrabuccal cavity, M ¼ mandible, MG ¼ mandibular gland,
Mx ¼ maxillary stipes, MxG ¼ maxillary gland, Ph ¼ pharynx, PPG ¼ postpharyngeal
gland, PrG ¼ propharyngeal gland.
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1961; Toledo, 1967; Kürschner, 1971; Phillips and Vinson, 1980;
Gama and Cruz Landim, 1982; Amaral and Caetano, 2005;
Niculita et al., 2007; Billen et al., 2013) (Fig. 1). The main secre-
tion products consist of proteinaceous substances or digestive en-
zymes like invertase (Bausenwein,1960; Ayre,1967; Paulsen,1969).
Also an involvement in the production of larval nutrition, especially
by nursing workers, has already been postulated (Otto, 1958; Beck,
1972).

In this paper, we examine the maxillary and propharyngeal
glands histologically in queens, males and workers of the pharaoh's
ant, Monomorium pharaonis, a highly polygynous and poly-
morphous species. In temperate regions it is often considered a pest
species, because the ants prefer to nest inside heated buildings,
where they can cause damage to electronic devices or transmit
diseases caused by Salmonella, Pseudomonas, Clostridium and
Staphylococcus (Beatson, 1972). Glands of individuals of different
ages, and in case of queens also a different mating status (mated
versus virgin), are analysed by means of light and electron micro-
scopy. Furthermore, some functional implications of the morpho-
logical findings are discussed. Finally we aim to clarify
inconsistencies in the nomenclature of both glands used by
different authors.
2. Material and methods

Queens, males and workers were sampled from lab-reared
colonies of M. pharaonis. Individuals were reared until they
reached the age of interest. Queens were collected immediately
after they eclosed and at 4, 7, 10, 14, 21, 42, 70 and 140 days after
eclosion. The same age categories were used for workers andmales,
except for the older ages as males and workers have amuch shorter
lifespan than queens. On average males die within 2e3 weeks after
hatching, so their age categories are limited to 0, 4, 7, 10 and 14
days. Workers can survive for up to 13 weeks after eclosion. Their
age categories are therefore restricted to 0, 4, 7, 10, 14, 21 and 70
days. The different age categories were obtained by isolating dark
ready-to-hatch worker, male and queen pupae from the rest of the
brood. Newly hatched ants were either harvested or kept in sepa-
rate boxes together with some brood and workers. The boxes were
coated with fluon to prevent ants from escaping. Water and food
(sugar water, boiled egg yolk, cat food, and pieces of dead flies,
mealworms and locusts) were provided ad libitum.

To check for possible effects of mating status, virgin as well as
mated queens were sampled. Mated individuals were obtained by
adding an excess of virgins of the other sex. Generally, copulation
begins at 4 days after eclosion. Males can inseminate 2 to 4 gynes,
whereas queens can only copulate once (Berndt and Eichler, 1987).
The mating status of queens was verified by dissections of their
reproductive system. All inseminated queens showed a sperma-
theca filled with sperm.

When the ants reached the requested age, they were put in the
freezer for a fewminutes to anaesthetize. Subsequently, their heads
were cut transversally behind the eyes and fixed for approximately
10 h in cold 2% glutaraldehyde. Next, the head tissues were buffered
at pH 7.3 with 0.05 M sodium cacodylate and 0.15 M saccharose.
Afterwards a post-fixation was done in 2% osmium tetroxide fol-
lowed by dehydration in a graded acetone series and embedding in
araldite. Finally, semithin 1 mm sections were cut with a Leica EM
UC6 ultramicrotome and stained with methylene blue and thio-
nine. The secretory cell length, secretory cell width, nucleus
diameter and the number of ducts of the maxillary gland and the
secretory cell length, secretory cell width, nucleus diameter,
number of ducts and the atrium diameter of the propharyngeal
gland were analysed through an Olympus BX-51 light microscope.
The number of ducts was used as estimate for cell number. For the
measurements Olympus DpSoft 3.2 was used. At least 3 individuals
per caste and per age category were included in the analyses. All
measurements are expressed as arithmetic means with standard
deviation.

Ultrastructural investigations of 70 nm thin sections were car-
ried out with a Zeiss EM900 electron microscope. These sections
were double stained with lead citrate and uranyl acetate. At least 3
sections per caste (worker, male and queen) and age category
(eclosing versus 2 weeks old) were observed.

To test for differences between castes, mating status and age
categories, general linearmodels (ANOVA) were performed using R.
Age was log(10)-transformed to obtain a best possible fit for the
model. Because of a size dimorphism between queens andmales on
the one hand and workers on the other hand, tests were done using
relative measurements that take into account differences in head
width. Ten heads of each caste were measured. Worker heads
(0.47 ± 0.01 mm) were found 1.27 times narrower as compared to
queens and males (0.6 ± 0.01 mm). Relative data were therefore
obtained by multiplying data concerning workers with this factor.
Only tests with the number of ducts were carried out with absolute
quantities.

3. Results

3.1. General morphology, caste differences and age-related changes

The maxillary gland has the same morphology in all 3 castes.
No differences were observed between mated and virgin queens. It
is a rather small, paired gland, situated posteriorly to the infra-
buccal cavity. Each gland consists of a cluster of 4 pear-shaped
secretory cells located ventrolaterally to the lower left and right
tentorial arm (Fig. 2A). Occasionally, secretory cells are found
medially to the tentorial arm (Fig. 3A). The maxillary gland belongs
to class-3 glands according to the classification of Noirot and
Quennedey (1974), in which each secretory cell is accompanied
by a duct cell. The duct cells open individually near the articulation
membrane that connects themaxillary stipeswith the head capsule
(Fig. 2B). As some duct cells appear multiple times on the same
cross section, the ducts are curved. This curved shape was also
observed on longitudinal sections. There is no sign of a reservoir to
store secretion products. However, presumably the secretion can be
temporarily stored in a pouch formed by a curve in the articulation
membrane of the stipes (Fig. 2B,C).

In all 3 castes, the absolute number of maxillary gland duct cells
is the same: in each caste on average 3 or 4 ducts were observed.
There exist, however, caste-related differences in relative secretory
cell width, relative secretory cell length and relative nucleus
diameter. All 3 parameters are lower in workers as compared to



Fig. 2. (A) Cross section through 3 weeks old worker head. (B) Cross section through maxilla of 4 days old queen. Four maxillary gland duct cells open near the articulation
membrane. (C) Longitudinal section through cluster of 4 maxillary gland cells of eclosing queens. (D) Cross section through pharynx of eclosing queen. Propharyngeal gland duct
cells open in atrium. A ¼ atrium, AM ¼ articulation membrane, Du ¼ duct cells, FC ¼ fat cells, LD ¼ lipid droplets, IBC ¼ infrabuccal cavity, M ¼ mandible, MxG ¼ maxillary gland,
Ph ¼ pharynx, PPG ¼ postpharyngeal gland, PrG ¼ propharyngeal gland, St ¼ stipes, T ¼ tentorium.
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queens and males (Table 1). No effects of the mating status of
queens on secretory cell size or cell number were found.

The paired, class-3 propharyngeal gland consists of 2 clusters
of 16 pear-shaped secretory cells situated ventrally to the pharynx
(Fig. 2A, Fig. 3AeI). The infrabuccal cavity is almost entirely
enclosed by the gland's secretory cells (Fig. 3B). Yet, most cells are
located posteriorly to the infrabuccal cavity. Each of the secretory
cells opens individually in a ventrolateral pharyngeal pouch or
atrium through a duct cell. These duct cells form a sieve plate. There
is no reservoir but the secretion product is stored in the atrium until
it is released in the pharynx. The ducts are straight and open at the
mediolateral and posterior end of each atrium (Fig. 2D). This gen-
eral configuration was observed in queens (mated and virgin),
males and workers.

The secretory cells of the propharyngeal gland and their nucleus
diameter differ considerably in size between the 3 castes. Secretory
cells of queens are significantly longer than those of males and
workers. In addition, secretory cells of workers are significantly
longer as compared to males. The relative secretory cell width and
the nucleus diameter are also smaller in males than in queens and
workers. Both parameters do not differ between the two latter
castes. The relative atrium diameter is approximately 5 mm in all 3
castes. No differences in absolute number of duct cells were
observed between queens, males and workers (Table 1). Addi-
tionally, none of the parameters differs between mated and virgin
queens.

In eclosing ants, irrespective of caste, the 2 propharygneal gland
clusters are separated by numerous fat cells. No clear vesicles are
observed light microscopically in this age group (Fig. 3. A, D, G). In 4
and 7 days old ants the fat cells have completely vanished (Fig. 3E,
H). A high amount of secretion vesicles appears in ants aged 10 or
14 days (Fig. 3B, F, I). In older ants most vesicles have disappeared
(Fig. 3C).

3.2. Ultrastructural observations

Ultrastructural sections of the maxillary gland show no differ-
ence between the 3 castes (Fig. 4AeF), nor between mated versus
unmated individuals. Very few vesicles and rough endoplasmic
reticulum are present and only occasionally mitochondria or Golgi
apparatus are seen (Fig. 4AeB). Dense microvilli surround the end
apparatus in eclosing ants as well as ants aged 14 days (Fig. 4CeF).

Also in the propharyngeal gland no mating status-related ul-
trastructural changes were found. However, some changes in



Fig. 3. Cross sections through heads of queens (AeC), workers (DeF) and males (GeI) of different aged ants. FC ¼ fat cells, IBC ¼ infrabuccal cavity, MG ¼ mandibular gland,
MxG ¼ maxillary gland, Ph ¼ pharynx, PrG ¼ propharyngeal gland, St ¼ stipes. The scale bar in 3A is valid for all pictures.

Table 1
Summary of measurements and p-values of caste-related differences obtained for the different parameters measured in the maxillary gland and propharyngeal gland in 3
castes of Monomorium pharaonis (w ¼ workers, m ¼ males, q ¼ queens, rel. ¼ relative data, abs. ¼ absolute data).

Average (in mm) ± standard deviation Caste differences (p-values)

Queens Males Workers w vs. q w vs. m m vs. q

Maxillary gland Secretory cell length (rel.) 35.67 ± 1.04 mm 35.58 ± 0.83 mm 33.72 ± 1.03 mm <2�16*** <2�16*** 0.84
Secretory cell width (rel.) 28.19 ± 0.71 mm 28.10 ± 0.71 mm 27.52 ± 1.11 mm 1.42�5*** 0.00049*** 0.56
Nucleus diameter (rel.) 17.21 ± 0.82 mm 17.06 ± 0.77 mm 16.23 ± 1.21 mm 3.47�8*** 5.38�6*** 0.52
Number of duct cells (abs.) 3.59 ± 0.85 3.53 ± 0.82 3.54 ± 0.76 0.82 0.93 0.7

Propharyngeal gland Secretory cell length (rel.) 40.11 ± 1.15 mm 35.75 ± 0.91 mm 38.04 ± 1.71 mm 7.8�16*** <2�16*** <2�16***
Secretory cell width (rel.) 26.04 ± 0.83 mm 24.58 ± 0.95 mm 25.92 ± 1.12 mm 0.50 3.6�11*** 2.64�15***
Nucleus diameter (rel.) 15.47 ± 1.13 mm 14.3 ± 1.1 mm 15.06 ± 1.23 mm 0.067 0.0013** 8.56�8***
Atrium diameter (rel.) 5.1 ± 0.81 mm 4.85 ± 0.85 mm 4.97 ± 0.66 mm 0.27 0.35 0.29
Number of duct cells (abs.) 15.9 ± 1.93 16.19 ± 2.53 16.17 ± 1.94 0.72 0.9 0.83

S. Boonen, J. Billen / Arthropod Structure & Development 45 (2016) 325e332328
number, electron density and position of vesicles and density of
microvilli between castes and age categories are observed. In
queens and males the microvilli of eclosing ants are much more
loose as compared to 14 days old individuals (Fig. 5A, B, E, F).
Microvilli of workers, on the other hand, tend to be dense in each
age category (Fig. 5CeD). The vesicles differ considerably in elec-
tron density (Fig. 5AeF). Although vesicles are slightly more
abundant in the two female castes (Fig. 5AeD), all 3 castes show an
increase in the number of vesicles with age (Fig. 5B, D, F). Moreover,
the vesicles are more abundant around the end apparatus in 14 day
old ants as compared to eclosing ants (Fig. 5AeF). Numerous strains
of rough endoplasmatic reticulum are present irrespective of age or
caste (Fig. 5AeF).

4. Discussion

In this paper the maxillary glands and propharyngeal glands of
the 3 castes of M. pharaonis were examined morphologically in
order to understand their role in the colony. Due to the ambiva-
lent nomenclature in literature on this topic, however, data



Fig. 4. Electron micrographs of maxillary glands of queens (AeB), workers (CeD) and males (EeF). Left: eclosing, right: 14 days old. Du ¼ duct cells, G ¼ Golgi apparatus,
M ¼ mitochondria, Mv ¼ microvilli, Nu ¼ nucleus, rER ¼ rough endoplasmic reticulum.
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comparison is complicated. Therefore we unravelled all in-
consistencies (Table 2).

Previously, gland morphology was often based on the posi-
tion of the gland in the head. Since interspecific differences in
gland position are common, this is not a straightforward
criterium. A classification method which relies on the site where
secretion is released, results in a more straightforward nomen-
clature. Although Emmert (1966) in the 60's already named the
gland according to the site where secretion is discharged, other
authors did not follow his logic. The name ‘maxillary gland’ in



Fig. 5. Electron micrographs of propharyngeal glands of queens (AeB), workers (CeD) and males (EeF). Left: eclosing, right: 14 days old. Du ¼ duct cells, Mv ¼ microvilli,
Nu ¼ nucleus, rER ¼ rough endoplasmic reticulum, Ve ¼ vesicles.
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this paper corresponds with the location where its duct cells
open: at the base of the maxilla. The secretion products of the
propharyngeal gland on the other hand are released in the
anterior region of the pharynx.
In his morphological survey of head glands of Formica rufa,
Bausenwein (1960) claims that the maxillary gland consists of 2
clusters of secretory cells, which open individually in a pharyngeal
curve through duct cells. Based on the opening site of the ducts, it is



Table 2
Overview of gland terminology used among different authors.

Paper Species Terminology used Actual gland
Confusing gland terminology

Bausenwein (1960) Formica rufa Maxillary gland Propharyngeal gland
Forbes and McFarlane (1961) Camponotus pennsylvanicus Maxillary gland Propharyngeal gland
Kürschner (1971) Formica pratensis Maxillary gland Propharyngeal gland
Phillips and Vinson (1980) Solenopsis invicta Maxillary gland Propharyngeal gland
Toledo (1967) Atta sexdens Maxillary gland Propharyngeal gland
Amaral and Caetano (2005) Atta sexdens rubropilosa Hypopharyngeal gland Propharyngeal gland
Baiocco and da Cunha (1999) Monomorium pharaonis Hypopharygneal gland Propharyngeal gland
Gama and Cruz Landim (1982) 18 species of subfamilies Ponerinae, Dorylinae,

Myrmicinae, Pseudomyrmecinae,
Dolichoderinae, Formicinae

Maxillary gland or
hypopharyngeal gland

Propharyngeal gland

Gama (1985) Camponotus rufipes Hypopharyngeal gland Propharyngeal gland
Bausenwein (1960) Formica rufa Maxilla basis gland Maxillary gland
Beck (1972) Polyergus rufescens and Raptiformica sanguinea Maxilla basis gland Maxillary gland
Otto (1958) Formica polyctena Tongue gland Maxillary gland
Kürschner (1971) Formica pratensis Tongue gland Maxillary gland
Meinert (1861) Myrmica sabuleti Throat gland Maxillary gland
Straightforward gland terminology
Emmert (1966) Formica pratensis and Apis mellifica Maxillary gland Maxillary gland
Beck (1972) Polyergus rufescens and Raptiformica sanguinea Propharyngeal gland Propharyngeal gland
Niculita et al. (2007) Lasius niger Propharyngeal gland Propharyngeal gland
Billen et al. (2013) Protanilla wallacei Propharyngeal gland Propharyngeal gland
Billen and Al-Khalifa (2015) Brachyponera sennaarensis Propharyngeal gland Propharyngeal gland
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clear that he actually refers to the propharyngeal gland. The same is
true for Forbes and McFarlane (1961). Their description of the
‘maxillary gland’ in Camponotus pennsylvanicus clearly refers to the
propharyngeal gland. It consists of 2 groups of secretory cells on
either side of the pharynx, near the infrabuccal cavity. Each secre-
tory cell has its own duct cell, which join into amain duct. Themain
ducts continue forward and open in the posterior lateral margins of
the buccal tube. Toledo (1967), Kürschner (1971) and Phillips and
Vinson (1980) also use the term ‘maxillary gland’ instead of ‘pro-
pharyngeal gland’. In their morphological survey of head glands of
18 species of poneroid andmyrmecoid ants, Gama and Cruz Landim
(1982) even use maxillary gland and hypopharyngeal gland as
synonyms, when in fact they describe the propharyngeal gland.
Amaral and Caetano (2005) also use ‘hypopharyngeal gland’
instead of ‘propharyngeal gland’. Hypopharyngeal glands produce
royal jelly in honey bee workers (Halberstadt, 1980). Although
some authors claim a homology with the propharyngeal gland of
ants (Otto, 1958; Beams et al., 1959), this is not generally accepted.
So far, only Emmert (1966), Beck (1972), Niculita et al. (2007), Billen
et al. (2013) and Billen and Al-Khalifa (2015) used a straightforward
terminology which is related to the site of secretion release.

The same confusion rises in literature concerning maxillary
glands. Names like ‘maxilla basis gland’ (Bausenwein, 1960; Beck,
1972), ‘tongue gland’ (Otto, 1958; Kürschner, 1971) or even ‘throat
gland’ (Meinert, 1861) have been used. The maxillary gland of M.
pharaonis is a paired class-3 gland consisting of 4 secretory cells
located at the base of each maxilla. Each secretory cell is accom-
panied by a single, curve-shaped duct cell. These ducts open in a
pouch formed by a curve in the articulation membrane of the
maxillary stipes. Kürschner (1971) and Beck (1972) describe a
similar configuration in Formica pratensis, Polyergus rufescens and
Raptiformica sanguinea. Presumably the secretion products are
stored in the pouch before they are released to the outside
(Kürschner, 1971; Beck, 1972).

Compared with other species, the maxillary gland of Mono-
morium is rather small. In Formica rufa Bausenwein (1960) counted
2 clusters of 50 secretory cells. P. rufescens and R. sanguinea on the
other hand possess 8 (queens and males) to 16 (workers) secretory
cells on average (Beck, 1972). We did not find caste-dependent
differences in secretory cell number, yet cell sizes varied
significantly between castes. Opposite to Beck (1972), secretory
cells were smallest in workers, followed by males and queens.
Although secretory cells tend to be larger in queens, further
behavioural tests and chemical analyses are required to rule out
caste-specific functions of the maxillary gland. As we did not find
any effect of the mating status of queens, it is unlikely that the
maxillary gland serves a reproductive purpose.

Due to the large variation in secretory cell number among
species and inconsistent trends in caste-specific cell sizes it is hard
to draw conclusions on the function of themaxillary gland. Its small
size and low abundance of endoplasmic reticulum or other cyto-
plasmic organelles point to a fairly minor secretion activity and
therefore presumably also a minor role in Monomorium colonies.
An increased microvillar densification in the end apparatus in
queens and males indicates a high glandular activity 2 weeks after
eclosion. As the gland appears in all 3 castes, without major
morphological changes according to age or mating status, we as-
sume it serves a general purpose. A digestive function can be
excluded since the gland is not directly linked to the digestive
system (Bausenwein, 1960) and the concentration of rER is
neglectable. Therefore it seemsmore likely that the maxillary gland
is involved in lubricating the maxillae.

As previously found in other ant species, the propharyngeal
gland of M. pharaonis is composed of 2 clusters of secretory cells
individually connected to a ventrolateral pharyngeal atrium
through duct cells (Bausenwein, 1960; Forbes and McFarlane, 1961;
Toledo, 1967; Kürschner, 1971; Beck, 1972; Phillips and Vinson,
1980; Amaral and Caetano, 2005; Billen et al., 2013). These ducts
show no conspicuous curves. When secretion products are released
in the pharyngeal pouch, they pass through a sieve plate (Forbes
and McFarlane, 1961; Gama and Cruz Landim, 1982; Billen and Al-
Khalifa, 2015). The pharyngeal atrium probably serves as a stor-
age chamber until its content is discharged into the pharynx
(Amaral and Caetano, 2005; Billen et al., 2013; Billen and Al-Khalifa,
2015). The propharyngeal gland fits the description by Noirot and
Quennedey (1974) of a paired class-3 gland.

Each cluster consists of 16 pear-shaped secretory cells. Similar to
the maxillary gland the number of secretory cells varies consider-
ably between species. On average 180 to 300 secretory units per
cluster were observed in Formica rufa (Bausenwein, 1960), 200 in
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Formica pratensis (Kürschner, 1971), 30 in Brachyponera sennaar-
ensis (Billen and Al-Khalifa, 2015) and only 6e8 in Protanilla wal-
lacei (Billen et al., 2013). Also within colonies differences in
secretory cell numbers and cell sizes are common. All ant species
studied so far show a caste-specific trend in cell size and/or cell
number which is in favour of the queens (Bausenwein,1960; Forbes
and McFarlane, 1961; Phillips and Vinson, 1980; Amaral and
Caetano, 2005; Billen et al., 2013). The total number of secretory
cells in Pharaoh's ants is equal in all 3 castes. In terms of size,
however, queens tend to possess larger secretory units as compared
to workers and males. Whether propharyngeal glands serve a more
prominent role in queens, however, cannot be excluded, as we did
not compare the amount of secretion products or the chemical
composition between castes. Since the mating status of queens did
not affect any of the morphological parameters, involvement in
reproduction is unlikely.

Within a single caste the secretory cell size of the propharyngeal
gland is fixed across ants of different age categories. On the con-
trary, some clear changes in fat cells and vesicles are visible.
Numerous fat cells and loosemicrovilli inmost castes indicate a low
glandular activity in eclosing ants. In older ants fat cells have dis-
appeared and numerous vesicles are closely associated with the
end apparatus, suggesting high levels of secretion. Various dark as
well as pale vesicles are present (Bausenwein, 1960; Forbes and
McFarlane, 1961; Kürschner, 1971; Beck, 1972; Billen and Al-
Khalifa, 2015). The difference in electron density is probably due
to the production of several kinds of secretion products. The lack of
vesicles in ants aged 21 weeks or older indicates a decrease in
glandular activity.

Two main functions have already been ascribed to the pro-
pharyngeal gland. Based on the observation that Formica polyctena
ants which spend most of their time in the nest, have larger gland
cells as compared to ants outside the nest, Otto (1958) postulated
an involvement of the propharyngeal gland in larval feeding. This
role in brood care has been further supported by other authors
(G€osswald and Kloft, 1960; Forbes and McFarlane, 1961; Beck,
1972). A second hypothesis relates to a digestive function. Ayre
(1967) and Paulsen (1969) reported the digestive enzyme inver-
tase in the propharyngeal gland secretion. This idea is supported by
the occurrence of abundant rER in the cytoplasm (Gama, 1985;
Billen et al., 2013; Billen and Al-Khalifa, 2015), which we also
observed in Monomorium. As the gland is connected with the
pharynx, the release of digestive enzymes probably is one of its
main tasks. Whether also pheromones are produced could not be
confirmed. Therefore, chemical analyses and behavioural experi-
ments are necessary to reveal the main purpose of this gland in
social insect colonies.
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