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Abstract

Boonen, S., Eelen, D., Børgesen, L. and Billen, J. 2013. Functional morphology

of the mandibular gland of queens of the antMonomorium pharaonis (L.).—Acta

Zoologica (Stockholm) 94: 373–381.

In this study, the functional morphology of the mandibular glands of pharaoh

ant queens is investigated through histological and behavioural observations.

The mandibular glands of queens of different age stages and mating status were

examined at the light microscopical as well as the ultrastructural level. The

results clearly show a high activity of the gland at the time of hatching, followed

by a rapid degeneration independent of the queens’ mating status. We therefore

hypothesize the glandular secretion serves to stimulate workers to remove the

queens’ pupal skin. Experiments to compare hatching ability of isolated pupae

and pupae assisted by workers confirmed the necessity of worker assistance,

which is even more crucial to allow proper wing formation in queens and males.

Together with the histological data, this suggests that the mandibular gland may

indeed play a role in the social facilitation of hatching, although bioassays are

required to give decisive answers about the mandibular gland’s function.
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Introduction

The pharaoh ant, Monomorium pharaonis, is one of the oldest

and most successful invasive ant species that have been trans-

ported throughout the world by human activity. Originally, it

is a tropical species, but in more temperate regions, it is able

to survive in heated buildings. Pharaoh ants thrive in hospi-

tals, bakeries and residential properties where they are gener-

ally considered a serious nuisance and sometimes even a

threat to public health, as they have been shown to be the vec-

tor of pathogenic organisms (Berndt and Eichler 1987). Fea-

tures like small body size, absence of nuptial flight, mating in

the nest, polygyny, colony foundation by budding of fractions

of the maternal colony, high fecundity and a relatively short

reproductive cycle all have contributed to the success of this

ant as an invasive species (Passera 1994). Unlike most other

ant species, pharaoh ants are – provided they have access to

water – able to nest aboveground in places with low relative

humidity (Sudd 1962). Their special adaptation for nesting in

dry and warm places inside inconspicuous cracks and cavities

almost anywhere in heated buildings explains their extraordi-

nary ability to spread all over the world.

As other social insects, pharaoh ants are known to possess

an extremely well-developed array of exocrine glands (Hölldo-

bler and Wilson 1990; Billen and Morgan 1998). Most of

these glands are indispensable for the social organisation of

the colony. The mandibular gland for example is known for

its importance in maintaining the colony’s social organisation.

It is one of the most widespread exocrine glands among

insects. In social hymenopterans (Apidae, Vespidae, Formici-

dae), it is found in queens, workers and males.

In general, the hymenopteran mandibular gland is paired

and is connected to each of the mandibles. Morphologically,

the gland consists of a sac-like reservoir and a number of

secretory cells that are connected to the reservoir by means of

duct cells. The morphology, position and number of secretory

cells vary considerably between the different Hymenoptera

families (Singh and Singh 1982). Ultrastructural data for the

mandibular glands in ants are provided by Gama (1985) for

Camponotus rufipes, by Billen and Schoeters (1994) for
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Formica species and by Pavon and Camargo (2001) for Atta

sexdens. Scanning electron microscopical studies of ants were

performed by Hernández and Caetano (1995) for Atta laevig-

ata, by Tomotake et al. (1992) for Pachycondyla striata, by Bil-

len and Schoeters (1994) for Formica species, by Pavon and

Camargo (2001) for A. sexdens and by Grasso et al. (2004)

for queens of Polyergus rufescens. Costa Leonardo (1981)

described the mandibular glands at the ultrastructural level

for workers of honey bees, Cruz Landim and de Camargo

(1970) for the stingless bee Lestrimelitta limao, Gracioli et al.

(2004) for queens and workers ofMelipona bicolor, while Stein

(1962) provided ultrastructural data for the males of bumble-

bees. Scanning microscopy of the mandibular gland of the

stingless bee L. limao was performed by Cruz Landim and de

Camargo (1970). Further, morphological papers mainly deal

with the mandibular gland at the light microscopical level.

Niculita et al. (2007) for example compared the general

morphology of the mandibular gland in three castes of the ant

Lasius niger.

The present paper focuses on the functional morphology

of the mandibular glands of queens of M. pharaonis with

respect to age and mating status. It is the first investigation of

the mandibular gland at the ultrastructural level in this ant

species. As our morphological results show a very high activity

of the gland at the time of hatching, we hypothesize that the

mandibular gland secretion incites workers to free the pharate

pupae from their pupal skins. A behavioural experiment was

conducted to test this hypothesis.

Materials andMethods

Histological and histochemical investigations

Queens of the myrmicine ant M. pharaonis were obtained

from stock colonies at the University of Copenhagen, Den-

mark. This study deals with eleven age stages (0, 4, 7,

10 days and 2, 3, 6, 10, 16, 20, 40 weeks) and two differ-

ent mating conditions of queens: naturally inseminated

(Qm – mated queens) and non-inseminated (Qv – virgin

queens). The different age groups were created by selecting

coloured queen pupae just before hatching. Virgin and

mated queens of each age stage were kept in experimental

colonies consisting of approximately 20 gyne pupae, 50

workers and 50 larvae. Experimental nests were equipped

with a plaster of Paris bottom. Water and food were pro-

vided ad libitum.

To experimental colonies with hatching queen pupae

selected to become fertilized, a number of male pupae

exceeding the number of gyne pupae were added. This

increased the probability of successful copulation and sperm

transfer as each male can inseminate 2–4 gynes, while gynes

usually copulate only once (Berndt and Eichler 1987). Cop-

ulation may take place from an age of 2 days in some indi-

viduals, although generally virgin queens are receptive from

the age of 4 days up to 4 weeks or more (Petersen and

Buschinger 1971). The queens’ mating status was verified

by dissections.

Queens reaching the age of interest were anaesthetized by

putting them on a frozen freezer pack. Afterwards, the heads

were cut transversally behind the eyes. The anterior parts were

fixed in cold 2% glutaraldehyde, buffered at pH 7.3 with

0.05 M sodium cacodylate and 0.15 M saccharose. Post-fixa-

tion in 2% osmium tetroxide was followed by dehydration in

a graded acetone series and embedding in araldite. Semi-thin

sections with a thickness of 1 lm were made with a Reichert

OmU2 ultramicrotome and stained with methylene blue and

thionine. The sections were observed with a Zeiss Axioskop

and an Olympus BX-51 light microscope. The reservoir

width, secretory cell length, secretory cell width and nucleus

diameter were measured using Olympus DpSoft 3.2. Depend-

ing on availability, the number of individuals examined per

category varied between 3 and 14, with an average of 7.

Some of the semi-thin araldite sections were histochemi-

cally treated with Farrants’ Gum for lipid staining. Thin sec-

tions (70 nm), made with a Reichert Ultracut E, were

double-stained (uranyl acetate and lead citrate) with an LKB

2168 Ultrostainer and examined with a Zeiss EM900 trans-

mission electron microscope.

All measurements are expressed as Arithmetic Means ±
SD.

Behavioural experiment

The potential role of the mandibular gland in stimulating

workers to remove the pupal skin was tested indirectly by

means of a behavioural experiment in which the ability of pha-

rate pupae to hatch without worker help was examined. In this

experiment, 30 pharate queen pupae were excluded from

nursing by putting them in a worker-free test box. Another 30

pharate queen pupae were placed in a similar test box to

which 10 workers were added. Eight times a day, both boxes

were checked for hatched individuals. Hatched individuals

were removed from the test boxes to prevent them from assist-

ing the remaining pupae. The experiment was replicated five

times. The number of hatched individuals in both groups was

compared. The same experiment was also conducted for

worker and male pupae.

Statistical analysis

To test whether the secretory cell size, the nucleus diameter

and the reservoir width differ between age groups and

between virgin and mated queens, a general linear model

(ANCOVA) was performed using Statistica 9. The queens’

ages were log (10)-transformed in order to obtain a best possi-

ble fit for the model. By means of a two-sample t test, the abil-

ity of queen, male and worker pupae to hatch with and

without the help of workers was compared. The program Sig-

maplot 11.0 was used for the graphic representation of the

data.
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Results

General morphology of the mandibular gland

The mandibular glands of M. pharaonis queens are situated

laterally in the anterior part of the head at the base of both

mandibles (Fig. 1). The glands are sac-like structures, each

consisting of a reservoir and a secretory part. The secretory part

comprises a cluster of secretory cells, which are located laterally

to the reservoir and extend towards themesal side of the head.

Light microscopical observations on cross-sections show

that the secretory cells are arranged in rows of five cells (Figs 1

and 2A). Longitudinal sections further indicate there are three

such cell rows. Hence, each mandibular gland comprises

approximately 15 secretory cells. At the distal part of the

secretory cell, an ovoid nucleus is found (Figs 1 and 2B).

Each secretory cell is connected to the reservoir via a duct

(Fig. 2A). These ducts have a diameter of approximately

0.5 lm. The secretory cells pass on their excretion products

to the duct cells by means of an end apparatus. The end appa-

ratus is lined with a fenestrated cuticle. Where the end appara-

tus merges into a duct, the cuticle becomes uninterrupted.

The duct cells are straight and almost linearly connected with

the end apparatus. As a consequence, the end apparatus does

not show considerable curves or bends (Fig. 2C).

Both light and electron microscopical observations reveal

tracheal tubes between the secretory cells. Dissections confirm

the presence of one big trachea, curling between the secretory

cells.

Towards the proximal region of the gland, the sac-like res-

ervoir decreases in diameter and gradually becomes an excre-

tory duct. The duct is crescent-shaped on cross-sections and

opens at the base of the mandible (Figs 1 and 2D). As Grasso

et al. (2004) found for P. rufescens queens, the excretory duct

in M. pharaonis queens is kept in its position in the mandible

by a cuticular lamella. Also, our observation that there is no

sign of any muscular tissue in the region of the excretory duct

of M. pharaonis is in line with the description of Grasso et al.

(2004) for P. rufescens (Fig. 2D). The reservoir is located

close to the head capsule and has an extension of approxi-

mately 120 lm in length, irrespective of age and mating sta-

tus. The reservoir wall consists of flat and squamous epithelial

cells with a thickness of about 1 lm. These cells have an elon-

gated nucleus (on average 14.5 9 5.3 lm in cross-section)

and a cuticle that lines the reservoir lumen.

Cross-sections of the heads clearly show a difference in

total gland size according to age. In hatching queens, each

mandibular gland covers approximately 20% of the head sur-

face as it appears on sections (Fig. 3A), although it covers

only approximately 5% in 20-week-old queens (Fig. 3B).

Histochemical analysis and measurements at the light microscopical

level

Mandibular gland reservoir. The reservoir width decreases

exponentially with age (P < 0.001). This means that the reser-

voir is the largest in hatching queens (25.8 ± 4.3 lm). Its size

then rapidly decreases and reaches its minimum in 40-week-

old queens (virgin: 8.0 ± 1.0 lm; mated: 6.5 ± 0.6 lm).

There were no significant differences in reservoir width

between mated and virgin queens (P = 0.519) (Fig. 4A).

The secretion contained in the reservoirs in hatching

queens turns dark blue to purple in methylene blue and thio-

nine stained sections.

Secretory cells. The length, width and the nucleus diameter of

secretory cells decrease exponentially with age (P < 0.001 for

all three measurements). Having an average length and an

average width of, respectively, 57.6 ± 5.3 lm and 28.7 ±
2.8 lm, secretory cells are the largest in hatching queens.

Hatching queens also have the largest nucleus diameter

(20.0 ± 3.5 lm). Compared to the corresponding dimensions

in hatching queens, the length, width and nucleus diameter of

secretory cells in 40-week-old queens decrease with more than

50%. There is no difference between mated and virgin queens

in terms of nucleus diameter (P = 0.114), but their secretory

cell length (P = 0.021) and width (P = 0.017) do differ:

regardless of age, secretory cells are longer and wider in virgin

queens (Fig. 4B–D).

In 4-day-old virgin queens, histochemical analysis using

Farants’ Gum staining confirmed the presence of lipids.

Observations at the ultrastructural level

At the ultrastructural level, no differences were found between

mated and virgin queens (Fig. 5A–F), but within these

groups, some age-related differences were observed.

Fig. 1—Schematic drawing of a transverse section through an ant’s

head, illustrating the shape and the position of the mandibular gland

in ants in general. Reservoir (R), secretory cells (SC).
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The end apparatus shows a well-developed microvillar

structure in hatching and 4-day-old queens (Fig. 3C). The

cytoplasm of hatching and 4-day-old queens contains a high

number of lipid droplets that are mainly located around the

end apparatus and a high number of mitochondria. In queens

of 2 weeks and older, on the other hand, the cytoplasm is

nearly non-existent. Hatching and 4-day-old queens have a

well-developed smooth endoplasmic reticulum, both tubular

(tSER) and vesicular (vSER) (Fig. 3D). tSER is concentrated

in the peripheral region of the cell, while vSER is found more

centrally. tSER is less abundant than vSER. Glycogen, which

occurs in a characteristic rosette formation, is abundant in the

cytoplasm of these young queens (Fig. 3D).

Hatching experiments

Queen, male and worker pupae that receive help from workers

have a significantly higher chance of survival in comparison

with unassisted individuals (Fig. 6; P < 0.0001, for all three

categories). Without help from workers, 60% of worker pupae

can successfully hatch, whereas the alate forms are consider-

ably less successful (40% for queen pupae, 44% for male

pupae (Fig. 6; P = 0.006 for queen-worker, P = 0.022 for

male-worker). No differences were found between the ability

of queen and male pupae to hatch on their own (Fig. 6).

Discussion

General morphology and ultrastructure

Every M. pharaonis ant has two mandibular glands, one on

either side of the head. They are located between the base of

the mandible and the compound eye just below the head cap-

sule. As in all other ant species investigated, the secretory part

of the gland consists of bicellular glandular units (Noirot and

Quennedey 1974), which lead into a common reservoir (Bil-

len 1993; Billen and Schoeters 1994).

As shown by Gama and Cruz Landim (1982) for Formici-

dae in general, individual duct cells in M. pharaonis connect

the secretory units to the reservoir halfway between the apex

and the exit duct of the reservoir. The reservoir is connected

to the mandible. The accumulated secretion in the reservoir is

released via a complex crescent-shaped duct that opens at the

base of the mandible. Several hypotheses have been put

A B

C D

Fig. 2—Light and electron microscopical images of the mandibular gland inMonomorium pharaonis.—A. Part of a cross-section through a

queen’s head showing the mandibular gland consists of secretory cells (SC) containing an end apparatus (EA) and a nucleus (Nu). Each secretory

cell is connected to the reservoir (R) via a duct cell (Du).—B. Longitudinal section through the secretory cells indicating the cells are arranged in

three rows of five cells.—C. Detail of an end apparatus. The end apparatus is lined with fenestrated cuticle and is connected to a duct cell. In the

duct cell, the cuticle becomes uninterrupted. The end apparatus is surrounded by very compact microvilli (Mv).—D. Cross-section through the

mandible (Md). The excretory duct (Du) is joined to the mandibular cuticle (Cu) by means of a cuticular plate (Cp).
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forward concerning the mechanism of secretion release,

such as mandibular abduction (Kratky 1931), involvement of

muscular sphincters surrounding the reservoir ducts (Nedel

1960; Hermann et al. 1971) and hypopharyngeal depression

(Simpson 1960). Grasso et al. (2004) describe the closing

mechanism of the mandibular gland in the slave-making ant

P. rufescens. They assert that by the opening and closing of the

mandibles forces are transferred to the reservoir duct by

means of a triangular cuticular plate, which is a perpendicular

invaginated part of the cuticle. Our morphological results of

the mandibular glands of pharaoh ant queens suggest a similar

organisation.

Until now, Baiocco and da Cunha (1999) were the only

authors to provide a rather superficial histological description

of the mandibular glands ofM. pharaonis queens. They inves-

tigated relative numbers and sizes of mandibular gland cells

and concluded that virgin queens have more and larger secre-

tory cells than mated ones. With regard to secretory cell size,

our data seem to confirm the findings of Baiocco and da

Cunha (1999), but as we only counted cells on a limited

amount of slides a discussion of potential differences in secre-

tory cell numbers between mated and virgin queens is outside

our scope.

Our light microscopical data reveal that secretory cell size

(length and width), nucleus diameter and reservoir width

decline with age. In all specimens investigated, the reservoir

was filled with secretion. Together with the fact that the larg-

est reservoir size occurs at the earliest age stage, this indicates

that the youngest queens produce the highest levels of man-

dibular gland secretion. Our light microscopical data thus

point out that the mandibular glands are best developed at the

time of hatching.

On the ultrastructural level, the cytoplasm of the mandibu-

lar glands in ants in general consists of a well-developed

smooth endoplasmic reticulum (SER), which is consistent

with the high lipid metabolism and the release of pheromonal

secretions (Billen 1993). Our electron microscopic data on

the mandibular glands of pharaoh ant queens confirm this. A

well-developed SER, both vesicular and tubular, together with

numerous lipid droplets are observed only in very young

queens. In addition, the microvilli of the end apparatus of the

young queens (0 and 4 days) are more dense than those of

older queens (2 weeks and older), implying a greater gland

secretion at earlier age stages. At these earlier age stages, the

cytoplasm also contains a larger amount of mitochondria, sug-

gesting a higher energetic metabolism at that time. The abun-

dance of energetic glycogen at early age stages supports this

assumption. Therefore, the ultrastructural data and light

microscopic results both indicate that the mandibular glands

are most active in very young queens.

A B

C D

Fig. 3—Light and electron microscopical images of hatching queens (A, C and D) and a 20-week-old queen (B).—A. Cross-section through a

hatching queen’s head. Mandibular gland (Mdg), reservoir (R), secretory cell (Sc) and pharynx (Ph).—B. Cross-section through a 20-week-old

queen’s head.—C. Detail of an end apparatus (EA) of a hatching queen showing the compact microvillar (Mv) structure.—D. Detail of the

cytoplasm of a mandibular gland secretory cell of a hatching queen illustrating numerous lipid droplets (LD), smooth endoplasmic reticulum

(SER), glycogen rosettes (Gl), less abundant rough endoplasmic reticulum (RER) and the nucleus (Nu).
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Function of the mandibular glands

The function of the mandibular gland is usually associated

with social communication in the colony. The mandibular

gland secretion in ants is known to act as an alarm pheromone

and to play an important role in defending the colony (Brough

1978; Alonso and Vander Meer 1997; Billen 1998; Hernán-

dez et al. 1999). This is consistent with Crewe and Blum

(1970), who studied the mandibular glands of myrmicine ants

in general. The secretion has also been reported to act as a sex

pheromone in males of Camponotus (Hölldobler and Masch-

witz 1965), in queens of Polyergus breviceps (Greenberg et al.

2004) and P. rufescens (Grasso et al. 2003); as an antimicro-

bial substance in Calomyrmex workers (Brough 1983); as an

attraction pheromone for workers in queens ofMyrmica rubra,

M. rugulosa and M. schencki (Cammaerts 1974; Cammaerts

et al. 1982); as a nestmate recognition pheromone in A. lae-

vigata (Hernández et al. 2002); as a mating flight indication

pheromone in Solenopsis invicta queens and males (Alonso

and Vander Meer 1997) and as a lubricating substance for the

mouthparts in P. striata (Tomotake et al. 1992). Also, in

other social insect species, a number of functions have been

associated with the mandibular gland secretion. In Apis melli-

fera for example, the secretion is known to act as a queen sub-

stance (Butler and Simpson 1958). In the stingless bee,

Trigona hyalinata, it acts as a trail marking substance (Nieh

et al. 2003) and Polistes dominulus uses it as a nest defending

substance (Fortunato et al. 2000).

The present study shows that secretory cells are larger in

virgin queens than they are in mated queens. However,

because neither the nucleus diameter or reservoir width, nor

the activity rate of the mandibular glands differ according to

mating status, it appears that no reproductive function can be

ascribed to these glands. Based on the observation that the

queens’ mandibular glands are very active at the time of

hatching, it rather seems that they are involved in the commu-

nication between pupae ready to hatch and workers nursing

the pharate pupae.

In a preliminary observation, we noticed that pharate

pupae, unlike white, immature pupae, did actively open and

close their mandibles when nurse workers were passing by.

The pupa repeated this behaviour as long as the nurse workers

were within a distance of approximately 1 cm. Through these

movements, mandibular gland secretion may be squeezed

out. As mandibular gland secretions are generally known to

have pheromonal functions, it is not unlikely that the scent at

this stage communicates that the pupa is ready to hatch and

needs assistance to get out of the pupal skin. Roces and Pro-

tomastro (1988) already found that in the formicine ant

Camponotus mus, active imaginal movements of the pharate

pupae trigger hatching help.

A B

C D

Fig. 4—Measurements of the mandibular gland in queens of different ages and different mating status.—A. Reservoir width.—B. Nucleus

diameter.—C. Secretory cell width.—D. Secretory cell length.
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In an experiment to check hatching ability of queen, male

and worker pupae in the presence versus absence of assisting

workers, the unassisted individuals were always significantly

less successful to properly hatch. The difficulty to hatch was

especially pronounced, however, in male and queen pupae, as

their wings were caught in the quickly drying pupal skin,

which disabled them severely. If left unassisted, most of the

isolated queen and male pupae were deformed and died after

some days of struggle, indicating that sexual pupae strongly

depend on worker assistance for hatching.

Social facilitation of hatching has also been established

in S. invicta by Lamon and Topoff (1985). They describe

how yet unidentified chemical stimuli at the onset of

hatching, together with the initiation of uncoordinated

movement bouts, including extending and flexing of the

legs, mandibles and gaster, cause the pupal cuticle to

loosen. Furthermore, they describe how the cuticle surface

is covered with a sticky, viscous exudate, which attracts

workers. Workers of S. invicta remove the hatching pupae

from the brood pile and strip off the pupal skin. Lamon

and Topoff (1985) also noticed a stronger attraction of

workers to hatching sexual individuals as compared to

hatching worker pupae. A preference for sexual pupae is

expected in pharaoh ants as well because we found that

especially queens depend on the help of workers. However,

this needs further investigation.

Our direct observations of pharate pupae about to hatch

moving their mandibles in the proximity of workers, the

A B

C D

E F

Fig. 5—Electron microscopical images of mated (right) and virgin (left) queens of different ages showing details of the reservoir (R), reservoir

cuticle (Rc) and the end apparatus (EA).—A. 2-week-old virgin queen.—B. 3-week-old mated queen.—C. 10-week-old virgin queen.—D.

10-week-old mated queen.—E. 20-week-old virgin queen.— F. 40-week-old mated queen.
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numerous morphological and histological features at the ultra-

structural as well as the light microscopic level indicate a max-

imum mandibular activity at the time of hatching. The

incapacity of individuals to free themselves successfully from

the pupal skin and the subsequent rapid degeneration of the

mandibular cells after becoming imago, strongly support the

idea that the mandibular gland in pharaoh ants mainly func-

tions as a surviving mechanism by providing pharate pupae

with the ability to announce their need for help from the nurs-

ing workers in the dark nest. This is important especially for

hatching males and queens, which have soft delicate wings

that need to be freed as soon as possible from the quickly

drying pupal skin to prevent them from getting crippled.

Therefore, we assume that the ability of pharate pupae to

communicate their need for assistance through glandular

secretions is a specific and indispensable adaptation to the dry

environment in which pharaoh ants are mostly found.

Although our data support the hypothesis of the mandibu-

lar gland secretion signalling the need for hatching help, bioas-

says are needed to obtain a decisive answer about the function

of the mandibular gland. A comparative study of the chemical

composition of the mandibular gland cells of workers, males

and queens would also be revealing in this respect.
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Hernández, J. V., López, H. and Jaffe, K. 2002. Nestmate recognition

signals of the leaf-cutting ant Atta laevigata. – Journal of Insect Physi-
ology 48: 287–295.

Hölldobler, B. and Maschwitz, U. 1965. Der Hochzeitsschwarm der

Rossameise Camponotus herculeanus L. (Hym. Formicidae). – Zeit-

schrift für vergleichende Physiologie 50: 551–568.
Hölldobler, B. and Wilson, E. O. 1990. The Ants. Belknap Press,

Cambridge, MA.

Kratky, E. 1931. Morphologie und Physiologie der Drüsen in Kopf
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Ökologie der Tiere 49: 139–183.

Niculita, H., Billen, J. and Keller, L. 2007. Comparative morphology

of cephalic exocrine glands among castes of the black ant Lasius

niger. –Arthropod Structure & Development 36: 135–141.
Nieh, J. C., Contrera, F. A. L. and Nogueira-Neto, P. 2003. Pulsed

mass recruitment by a stingless bee, Trigona hyalinata. – Proceedings

of the Royal Society B 270: 2191–2196.
Noirot, C. and Quennedey, A. 1974. Fine structure of insect epider-

mal glands. –Annual Review of Entomology 19: 61–80.
Passera, L. 1994. Characteristics of tramp species. In: Williams, D.

F., (Ed.): Exotic Ants: Biology, Impact and Control of Introduced

Species, pp. 23–43. Westview Press, Boulder, CO.

Pavon, L. F. and Camargo, M. I. 2001. A morpho-histological

and ultrastructural study of the mandibular glands of Atta

sexdens worker ants (Hymenoptera: Formicidae). – Sociobiology

38: 449–646.
Petersen, M. and Buschinger, A. 1971. Das Begattungsverhalten der

Pharaoameise, Monomorium pharaonis (L.). – Zeitschrift für Ange-

wandte Entomologie 68: 168–175.
Roces, F. and Protomastro, J. J. 1988. Prey availability and eclosion-

help of callow workers in the formicine ant Camponotus mus. –Oeco-

logia 77: 387–389.
Simpson, J. 1960. The functions of the salivary glands of Apis melli-

fera. – Journal of Insect Physiology 4: 107–108.
Singh, T. and Singh, B. 1982. Comparative morphological studies on

the mandibular gland and mandibular groove in Hymenoptera

Apocrita. – Journal of Animal Morphology & Physiology 29: 78–84.
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