Chapter 15

The Wax Gland Complex

Abstract The first correct descriptions of wax scales, their probable origin and
uses, were made by Hornbostel (1744). In subsequent years, microscopists
observed the synchronised rise and fall of the epidermis, oenocytes and fat body of
honeybees and thought that these were highly suggestive of a direct involvement
of all three tissues in wax production. In an attempt to prove a necessary relationship between wax secretion and the simultaneous development of the wax
gland epithelium, fat cells and oenocytes, Graber (1872) noted that the adipocytes
are interspersed with ‘oenocytes’ (Wielowiejski 1886), and Holz (1878) offered
the first alternative to the ‘wax-sweating’ hypothesis. Detailed studies were conducted that provided circumstantial evidence to support this proposition. Indeed,
the wax mirror epidermis belongs to the Type 1 class of glandular cells and
indicates the reality of a system of microtubules to transport wax precursors from
the fat body cells and oenocytes to the surface of the cuticle, where they solidify,
and crystallise to become wax scales. Later studies of wax synthesis and secretion
specifically identified sites for the origin of the hydrocarbon and fatty acid components within the wax gland complex, and established the necessary ultrastructural correlates of genesis and transport. The rates of wax secretion in honeybees
of different ages have been measured, and the chemical composition of the tissues
and ultrastructural changes corresponding with phases of wax production in
relation to the division of labour, finally established.

15.1 Introduction
The beginning of an understanding of beeswax extends into prehistoric times in
fashioning vessels and in early metallurgy (Crane 1999). Indeed, in the XII Book
of the Odyssey, Homer made note of the plasticity of beeswax, and of its suitability as ear-plugs to escape the Sirens (dangerous and beautiful creatures who
lured sailors with their enchanting music and voices to shipwreck vessels on the
rocky coast of their islands). The Ancient Greek literature also abounds with small
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accounts of beeswax. Moving closer to our own times, Cowan (1908) recorded that
in the reign of Alfred the Great, the passage of time was measured by marking
beeswax candles into equal divisions. Throughout the medieval period, the system
of fiefdom routinely required the payment of tribute, to the manor or monastery, in
units of beeswax. The historical significance of beeswax during this period
included using beeswax in incendiary devices, sealing waxes and seals, the lostwax casting process, in paintings, writing tablets, as an adhesive, dyeing textile
(batik), in pharmacy and cosmetics, for preserving human remains and various
religious and liturgical procedures. Greater details of these examples are extensively covered in the comprehensive monograph by Crane (1999) in her World
History of Beekeeping and Honey-hunting. Additional detailed information is
contained in the works of Walker (1983), Ransome (1937), Bull (1959–1970) and
in the archives of the Worshipful Company of Wax Chandlers (Dummelow 1973).
Just over a century ago, when Sir Joseph John Thomson was simultaneously
appointed Director of the Cavendish Laboratory and Professor of Experimental
Physics at Cambridge University, he described the available experimental equipment as ‘‘string and sealing wax’’, the latter of course being primarily composed of
beeswax. This provides a small glimpse of mankind’s reliance on beeswax. The
ancient Orientals used beeswax (Luo et al. 2012), but we have no records of their
thoughts on its origin (Crane 1999). The Occidental ancients viewed the origin of
wax as derived from plants, and this view prevailed through the 17th century. A
full historical perspective on classical, western ideas about beeswax is given in the
monograph, Honeybees and Wax (Hepburn 1986).
By the 18th century considerable curiosity and argument attended the natural
history of honeybees, particularly with regard to the origin of beeswax. By mid18th century, the ancient notion of gathering wax had given way to the view that
pollen had somehow been transformed into wax by bees. Oddly enough, the
writings of three distinguished naturalists of that time, Swammerdam, Maraldi and
de Réaumur, all suggested that bees make wax of pollen, yet none of them seem to
have observed wax scales (Fraser 1931). Discoveries and claims for the origin of
beeswax, as in so many other areas of apicultural history, are fraught with controversy. Walker (1909) documented the tortuous aspects of the story of the origin
of wax and identified sources of confusion, plagiarism and other reasons (editorial
excision) for historical obfuscation in the correspondence and publications of the
latter half of the 18th century. Moreover, he has put to rest the charming, but
tenuous claim, that a Lusatian peasant (reiterated in Huber 1814 and many other
sources), discovered the origin of wax.
From the published evidence we must conclude, as did Walker (1909) and von
Buttel-Reepen (1915) that the first correct description of wax scales, their probable
origins and uses, were made by Hornbostel (1744). Hornbostel’s published
observations failed to spread beyond the world of the German language. In view of
the primacy of Hornbostel’s (1744) discovery, it is worth recording some of his
observations from the original German. Thus, the worker bees ‘‘…. have small
flaps under their bodies which lie on top of one another in the manner of fish
scales, forming just as many compartments. In these compartments I once
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accidentally found small, thin oval cakes of clear white wax, as many as there were
compartments. These wax cakes in the bee were so robust that they protruded from
the scales or flaps and became so noticeable that the bee appeared to be quite
malformed’’.
‘‘I touched these protruding cakes of wax with my fingernail and they fell out
onto my hand. Just as the slivers of wax which one quite often sees lying under bee
hives were well known to me, so I had no reason to doubt any longer that I had
discovered the actual manner of how wax comes from bees’’. ‘‘Something remains
which is impossible to find out and which will have to be found out only through
conclusions and proper deductions. It is the question: by what manner do these
wax cakes form and how did they get into the compartments? Only two manners
can be thought of… either they are placed there as a previously prepared concoction by the bees themselves, or they come from the inside of the bees as a fluid
mass gradually separated from the chyle of the bee so that the matter aligns itself
in the compartments and remains there until they become so hard and thick that
they can be removed again’’.
Having rejected the first hypothesis on the grounds that flowers do not contain a
material remotely similar to wax, and that it would be anatomically impossible for
bees to insert wax cakes into the compartments, Hornbostel further developed his
surmise; ‘‘… these cakes of wax must of necessity come from the body of the bees
and be laid down in the compartments. This is my opinion. The wax particles are
mixed with the honey collected from the flowers, but are separated inside of the
bees by digestion in such a way that the wax comes as a fluid material through the
required vessels and is brought to the compartments through small passages. This
separation occurs gradually until the wax cakes become so thick that the bees can
take them out with the claws on their feet and are able to use them…’’
In 1792 John Hunter independently provided a totally new account of wax
production and showed that beeswax was really quite different from what his
forbearers thought it to be. He restated the problem by noting that his predecessors
held wax to be some form of transmuted pollen. But Hunter, like Hornbostel
(1744) and Dobbs (1750) before him, observed that the pollen loads of bees were
the same colour as the pollen in the flowers they had visited, and were not the
colour of wax. Hunter went on to perform the first recorded experiments to test
pollen for an oil base. Samples of pollen loads, which he held to a candle flame
burned, but did not smell of burning wax; they actually smelled like samples of
pure, hand-collected pollen when burned!
He confirmed his suspicions, that scales might be wax, by holding them to a
candle where they melted and immediately formed a round globule (like molten
wax). Hunter also noted that the pollen loads of bees were of many colours, but
that newly built comb was usually white. Moreover, pollen was collected more
avidly by established colonies than by founding ones—just the opposite of what
one would expect were pollen the basis of wax. He wrote that founding colonies
gather very little pollen during the first few days after they have settled, having no
storage capacity for it, but that they do secrete wax and build combs. He adduced
more circumstantial evidence against pollen as a precursor of wax from the fact
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that, when the weather had been too cold or wet for the bees to forage, they
constructed as much new comb as they would have in fair weather: bees do not
need pollen to make wax. (This dissociation of pollen from wax led in turn to the
idea that only sugar is needed to produce wax, a view which was expanded by
Huber (1814) and dominated much of 19th century thought).
Hunter went on to record direct observations made with glass hives: ‘‘The wax
is formed by the bees themselves; it may be called an external secretion of oil. It is
formed in doublets beneath each scale but is not attached to the bee’s body’’. He
assumed that pollen loads were for the feeding of brood and not a source of wax.
He recorded intact wax scales and tattered fragments on hive floors, as well as the
absence of wax scales on the bees outside the normal building period. Furthermore, Hunter specifically tried to observe bees handling scales and making combs
of them but failed to do so. He was nonetheless convinced of a scale-comb relationship, but since the thickness of comb exceeded that of scales he hedged,
proposing that bees possibly added either pollen or silk to increase the bulk of the
combs.
Natural wax is white but becomes yellow when rendered from old comb.
Hunter speculated that the yellowness might arise from staining by honey, larval
excrements or beebread. He steeped some white combs in honey, boiled others
with pollen and yet others with pieces of old, darkened combs, but the original
white wax did not acquire a deeper yellow hue. When bleached, wax returned to its
natural colour (white), which proved that the yellow derived from a mixture of
wax and some other substance. This notion of mixtures becomes extended: Hunter
(1792) suggested that the substance used for attaching combs to surrounding hive
parts was not common wax, but was softer, tougher and resembled cell cappings.
He concluded that the material was probably a mixture of pollen and wax.
Also, the first new combs of the nest are almost white, but became yellow by
the end of a season. In describing the structure of cells, Hunter often implied that
wax was mixed with other, if unspecified, substances. He had a feeling for the
physical properties of the building materials of bees, and linked their workability
to the heat of the bees; the warmth generated by a colony kept the wax warm and
soft enough for ease of modelling. Hunter’s was the first substantial document on
beeswax. By observation and experiment he showed that the scales on the bellies
of bees were wax, and provided a reasonable, if still somewhat equivocal case that
wax was not transmuted pollen but was secreted only by worker bees. The works
of Hornbostel (1744) and Hunter (1792) never really gained currency in the
development of ideas or hard knowledge on the biology of beeswax. Hunter,
incidentally, was an eminent surgeon and anatomist and his place in the history of
science hardly lies with honeybees. Nonetheless, his only paper on bees, the last he
published before his death, is a quite remarkable document. It forms, coupled with
that of Hornbostel, the basis for a modern biology of beeswax that has been
developing, slowly, over the past two centuries.
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15.2 Source of Secretion
A major figure in the history of the study of beeswax was the blind Swiss naturalist
François Huber (1814), who observed bees through the eyes of his assistant
François Burnens. This collaboration was succinctly described by the novelist,
Sara George (2002), quoting correspondence from de Candolle to Burnens,
‘‘…yours was the sight and his the vision’’. They noted that wax scales are more or
less pentagonal as is the surface of the cuticle, the wax mirrors, on which they
form (Fig. 15.1). Huber tried to identify the origin of the liquid secretion by
dissection, but failed to find any channels connecting the epidermal cells to the
exterior surface, and surmised that the wax was somehow ‘sweated out’. Then, in
an extensive study of wax secretion, Claus (1867) observed that the wax gland
epithelium in bees actively secreting wax is larger than in foragers, and concluded
that the wax glands were simply a specialised region of the epidermis, subtended
by a fat layer, the adipocytes, that might be involved in wax production.
These observations were confirmed by Graber (1872), who further noted that
the adipocytes are interspersed with ‘oenocytes’ (Wielowiejski 1886). As an
alternative to the ‘sweating’ hypothesis, Holz (1878) observed fatty tissue attached
to the epidermis of bees actively secreting wax, and its absence in queens and
drones. He interpreted the ‘striped’ appearance of the epidermis as tubes that
convey the wax secretion to the surface of the wax mirror. Thus, even at this early
stage (*1850) there was the general inference that the wax complex of the worker
honeybee consisted of a specialized cuticle, epidermis, fat body, oenocytes and a
tracheal air supply as well as a proposal that beeswax was a product of secretion.

15.2.1 The Cuticle
In the first electron microscopical study of the honeybee wax gland complex,
Reimann (1952) noted that the cuticle was fully formed in the pharate adult, but
that the procuticle of the mirror lacked an endocuticle, which was present on the
adjacent non-mirror portion of the same sternite. The mirror cuticle is about 3 lm
thick and does not increase in thickness, as do other regions of the cuticle with the
ageing of a bee (King 1928; Menzel et al. 1969). Locke (1961) subsequently
showed that the wax mirror cuticle consisted of an outer epicuticle of oriented
lipid, and an inner epicuticle, but lacked a cement layer (Fig. 15.2). The inner
epicuticle was penetrated by ‘wax canal filaments’ (Locke 1961) and was subtended by a lamellate procuticle (Neville et al. 1969; Cassier and Lensky 1995).
The procuticle of the wax mirror differed markedly from other regions of the
honeybee cuticle, and also from other insects, because the ‘pore canals’ which
extend up to the inner epicuticle, were tightly packed with filaments of about
0.01–0.03 lm in diameter, and were of the same dimensions as the wax canal
filaments seen in the epidermal cells beneath the cuticle (Fig. 15.2). The pore
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Fig. 15.1 Scanning electron
photomicrograph of a a wax
scale (WS) in situ; and b the
surface of the mirror (WM)
after removal of the scale
from an A. m. scutellata
worker (Hepburn 1986)

canals also formed a distinct layer between the procuticle and epithelium and were
filled with dense material (Reimann 1952; Locke 1961; Cassier and Lensky 1995).
The wax canal filaments project through the cells in bundles of microtubules and
into the cuticle (Locke 1961).
All of the filament-like structures of the epicuticle, procuticle and epidermis are
in the 0.01–0.03 lm range. Those passing through the cells average about 75–100
filaments or tubules per bundle, and range from 0.15 to 0.30 lm in diameter. Those
passing through the pore canals are of the same dimensions, but there are fewer
tubules in each pore canal than in the cellular bundles. The possible involvement of
these structures, described by Reimann (1952), Locke (1961) and Sanford and Dietz
(1976) in wax transport, long remained moot. Whorls of apparent tubules enter the
cuticle from the cell, traverse the procuticle and terminate at the surface of the outer
epicuticle (Hepburn 1986; Cassier and Lensky 1995) (Fig. 15.3). It has
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Fig. 15.2 Electron photomicrograph of the outer portion of the wax mirror cuticle of an A. m.
ligustica worker, showing an outer epicuticle (OEp) subtended by a dark-staining inner epicuticle
(IEp). In the body of the photograph, what are now thought to be wax canal tubules (PrC) and
plasma membrane (PM), can be seen as twisted hanks within the pore canals (dark patches),
microfilaments (arrows) linked to the folds of the apical plasma membrane form the pore canal
system (bottom arrow) of the wax plate (Cassier and Lensky 1995, with kind permission,
Apidologie)

subsequently been confirmed that this system of microtubules transports wax
precursors from the fat body cells and oenocytes to the surface of the cuticle, where
they solidify and crystallise to become wax scales (Cassier and Lensky 1995).

15.2.2 The Epidermis
The epidermis of the wax gland complex was first recognised as such by Claus
(1867), while cell nuclei, nucleoli and membranes were reported by Carlet (1890)
and illustrated by Mayer (1892). The epidermis below the wax mirror cuticle is
associated with the oenocytes and fat body, and they collectively constitute the
‘wax gland’ tissue of the honeybee (Fig. 15.4). All three undergo dramatic changes
during development and between periods of glandular activity. Histologically, the
wax gland epidermis forms a continuous sheet of cells under the mirror cuticle of
young bees, while in older bees past their prime for wax secretion, the epidermis
reverts to a squamous epithelium (Dreyling 1906).
The solution to the problem of distinguishing bees whose wax glands were
either in the ascending or descending phase, was provided by Rösch (1927).

308
Fig. 15.3 SEM of honeybee,
A. m. ligustica, wax mirrors.
a. Outer surface of a cleaned
wax mirror showing the
cuticular pattern. Each unit
shows numerous holes and
pits (arrows, 9 1,800).
b. Extrusion of globular
droplets of wax through the
holes of a wax mirror, (9
2,500). c. Droplets of wax
fuse and form irregular
puddles which mask the
cuticular pattern (arrow, 9
750) (Cassier and Lensky
1995, with kind permission,
Apidologie)
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(a)

(b)

(c)

In very young bees, the epidermal cells are cuboidal and abut one another. At the
first sign of development, intercellular spaces begin to appear in the epidermis
(Fig. 15.5), and the cells are elongated. At peak development, the epidermal cells
are narrow-waisted and are partially separated by intercellular spaces. In the rising
phase of activation and secretion, cell membranes, nuclei and protoplasm are well
defined. In the descending phase, cell height decreases and membranes, nuclei and
protoplasm are far less defined; the cells become squamous and gradually deteriorate into a flat sheet (Fig. 15.4).
Electron microscopical studies (Fig. 15.6) have shown that the epithelium
underlying the wax mirror is supported by a basement membrane (Reimann 1952).
The cytoplasm of the cell contains numerous pleomorphic mitochondria, a rough
endoplasmic reticulum, polyribosomes and microtubules (Sanford and Dietz 1976;
Hepburn et al. 1991) that are common to most cells. The smooth endoplasmic
reticulum and a Golgi apparatus, normally regarded as essential for protein
secretion but thought to be absent from these cells, were finally observed in detail
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Fig. 15.4 Changes in the
ascending and descending
phases of the wax gland
system as documented by
Dreyling (1906), Rosch
(1927, 1930) and Boehm
(1965). a newly emerged bee;
b a young bee at the onset of
development; c the wax gland
system at the peak of
glandular activity and wax
secretion; d the degenerate
glands in an older forager.
E epidermis, F fat body,
O oenocytes (after Boehm
1965)

by Cassier and Lensky (1995). The abundant tracheae ramify into tracheoles that
extend three or four cell widths and terminate either intra- or extracellularly in the
tissues of the wax gland complex (Reimann 1952; Sanford and Dietz 1976).

15.2.3 Fat Body and Oenocytes
In the heyday of histological studies, Koschevnikov (1900) and Hollande (1914)
finally forged a link between the oenocytes, the fat body and wax secretion.
Moreover, using specific staining techniques, Koschevnikov also established
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Fig. 15.5 Light
photomicrograph of the wax
gland complex of a 9-day-old
African honeybee, A. m.
scutellata. The epidermal
cells (E) below the cuticle
(C) have become elongated,
and hyaline intercellular
spaces (I) occur between the
tubular cells. The epidermal
cells have ellipsoid nuclei
(N) which are characteristic
of an active epithelium. On
the lower right, an oenocyte
(O), closely appressed to the
epithelium, is in position to
discharge its contents into the
epithelium (Hepburn 1986)

Fig. 15.6 Transmission
electron microscopy. The
epithelial cells of A. m.
ligustica with the apical part
of cell just below the wax
mirror cuticle (arrow) in the
top photomicrograph. The
pore canal system is well
developed. JS junction
system, M mitochondria,
N nucleus, RER rough
endoplasmic reticulum,
(9 14,000). In the basal part
of the cell (bottom
micrograph) BL basal lamina,
d desmosomes, IS
intercellular space, SER
smooth endoplasmic
reticulum (9 9,000) (from
Cassier and Lensky 1995,
with kind permission,
Apidologie)

JS

JS

RER

M
RER
N

IS
d

M
SER

BL
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functional differences between the two intimately related tissues. Pursuing this
lead, Rösch (1930) found that the cell membranes of the epithelium seem to
dissolve at the places where a fat cell or oenocyte is in apposition to it, and the
contents of the fat body cells appear to escape into the wax gland epithelium
(Fig. 15.6). Rösch (1930) eventually found histological sections in which the
oenocytes were being disgorged into the epidermal cells. After communicating
with the epithelium, the nuclei of both oenocytes and the fat body eventually
dispersed into chromatin granules. Rösch (1930) concluded that the fat body and
oenocytes make a major contribution to wax secretion. Furthermore, they not only
reach their greatest sizes at the peak of wax secretion but also simultaneously
decline following secretion, observations subsequently confirmed by Reimann
(1952), Boehm (1965) and Hepburn (1986).
The synchronised rise and fall of the epidermis, oenocytes and fat body are
highly suggestive of a direct involvement of all three tissues in wax production,
but does not constitute direct proof of the hypothesis. Nonetheless, by 1965 it had
become a tenet of insect cell biology that the fat body plays a major role in the
storage and transformation of fats, protein and carbohydrates and as a major organ
of intermediate metabolism (Chino and Gilbert 1965). So armed, Boehm (1965)
repeated the work of Dreyling (1906) and Rösch (1927, 1930) and extensively
described the rise and fall of the wax gland epithelium, oenocytes and fat body of
the wax gland complex. Thus, in the conversion of a newly emerged bee into a
full-blown wax producing bee, there is a strong correlation between the increase in
the size of the oenocytes and the epidermis, previously suggested by Freudenstein
(1960) and confirmed in considerable detail by Boehm (1965) (cf. Fig. 15.7).

15.2.4 Synchronising Cellular Activity
In an attempt to prove that there was an essential relationship between wax
secretion and the simultaneous development of the wax gland epithelium, fat cells
and oenocytes previously claimed by Rösch (1930), Boehm (1965) conducted
detailed studies that provided a reasonable amount of circumstantial evidence to
support this proposition (Figs. 15.7 and 15.8). However, solutions to two general
questions were still required: (a) what are the functions of the respective tissues
thought to be involved in wax synthesis? and (b) once the wax or wax precursors
have been formed, how do they physically reach the cuticle to form wax scales?
These problems were considered by Rösch (1930) who interpreted his histological sections as follows. The cell membranes of both oenocytes and fat cells
appeared to ‘dissolve’ into the epidermis. By using differential stains, he observed
that the otherwise non-staining epidermis gradually acquired the stained material
of the oenocytes as they emptied their contents into the epidermis; the same
happened to the fat cells, but in a less pronounced way. However, the fat cells were
markedly smaller after having given up their secretions, than were the oenocytes.
The nuclei of both the epidermis and oenocytes deteriorated more quickly than the
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Fig. 15.7 Relationship between the diameters of the oenocytes and the height of the wax gland
epithelium of an A. mellifera worker. The curve joining the closed circles is based on the largest
oenocytes seen, and that joining the open circles represents the smallest oenocytes seen (Boehm
1965)

Fig. 15.8 Increase in the diameter (lm) of oenocytes of old A. mellifera field bees that had been
induced to reactivate their wax glands, secrete wax and build combs. The average and standard
deviation of the smallest oenocyte (blue) and the biggest oenocyte (red), are shown. Each average
is based on 12 workers (Boehm 1965)
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fat cells, the contents of both cells passing into the epidermis. This hypothesis of
Rösch (1930), that the fat cells and oenocytes contribute wax precursors to the
epidermis (which turned out to be correct), certainly ran counter to the prevailing
physiological opinion of the day.
The surmise that the oenocytes grow at the cost of the fat cells, coupled to her
exhaustive histological study of the wax organs, subsequently led Boehm (1965) to
postulate a working hypotheses relating the putative wax organ complex: (1) the
oenocytes stimulate the development of the wax gland epithelium with substances
that are sequestered from the fat cells and then liberated in the haemolymph; or (2)
the oenocytes stimulate the fat body cells which in turn affect the epidermis. In
either case, the fat cells would be the driving force for development of the wax
epithelium. Alternatively, (3) the oenocytes might themselves produce wax
precursors.

15.2.5 Ultrastructure of the Organelles of Wax Gland Cells
The wax gland epithelium had long been thought to lack several organelles—Golgi
apparatus and associated vesicles and granules and a smooth endoplasmic reticulum regarded as indispensable for secretion (Boehm 1965; Sanford and Dietz
1976, Hepburn et al. 1991); however, these organelles were subsequently confirmed (cf. Fig. 15.5). Indeed, the wax mirror epidermis belongs to the Type 1
class of glandular cells (Noirot and Quennedey 1974). This strongly indicates the
reality of a system of microtubules to transport wax precursors from the fat body
cells and oenocytes to the surface of the cuticle where they solidify and crystallise
to become wax scales (Cassier and Lensky 1995).
Searches for the means by which synthesized wax within the abdomen actually
reaches the surface of the wax mirrors, strongly suggests that it passes through the
pore canal system of the epidermis and cuticle (Locke 1961; Hepburn 1986;
Hepburn et al. 1991; Cassier and Lensky 1995). Yet the means by which the
precursors are transported from as yet unidentified points of origin, remained
elusive. Hepburn et al. (1991) conducted studies of wax synthesis and secretion to
specifically identify sites for the origin of the hydrocarbon and fatty acid components within the wax gland complex, and to establish the necessary ultrastructual correlates of genesis and transport. They also measured the rates of wax
secretion in honeybees of different ages, to assess how well chemical composition
of the tissues and ultrastructural changes correspond with phases of wax production, in relation to the division of labour.
In newly enclosed honeybees the SER of the oenocytes is barely discernible,
but by day 4 the volume and density of these organelles is elevated (Table 15.1;
and cf. Hepburn et al. 1991).
Likewise there is a large increase in oenocyte volume as previously noted by
Boehm (1965), which remains elevated throughout the secretory phase
(Table 15.1). By day 18, both the oenocytes and SER begin to decrease with the
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Table 15.1 Volume changes in the wax gland oenocytes of Cape honeybee workers, A. m. capensis, with age (Hepburn et al. 1991)
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Table 15.2 Volume changes in the wax gland adipocytes of Cape worker honeybees, A. m. capensis, with age (Hepburn et al. 1991)
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Fig. 15.9 The wax gland complex of an A. m. scutellata worker illustrating: wax scale (WS),
wax mirror (WM), cuticle (C), outer epicuticle (OE), inner epicuticle (IE), wax canal tubules (T),
epidermal cells (E), nuclei (N), mitochondria (M), oenocytes (O), fat body adipocytes (F) ,
tracheole (TR) (original artwork by CP Richards; Hepburn 1986)

simultaneous appearance of primary lysosomes and autolytic vacuoles. Lipid and
protein droplets were never observed in the oenocytes and no other organelles
showed cyclical changes associated with wax synthesis (Table 15.2).
During wax synthesis glycogen stores are notably large, and the reticular system of the organelles remains unchanged or show small decreases in size
(Table 15.2). Adjacent adipocytes within the fat body tissue are separated by a gap
of about 0.25 lm, which is filled with material of the basal lamina. There are many
hemidesmosomes between each adipocyte and its basal lamina. In places where
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adjacent adipocytes are \0.05 lm, they are joined by desmosomes and gap
junctions. The basal laminae of neighbouring oenocytes are separated by a gap of
0.15 lm, and like the adipocytes, are attached by hemidesmosomes to their basal
laminae. Similarly, where oenocytes and the fat body cells are closely applied to
the basal lamina of the epidermis, particularly during synthesis and secretion
(Hepburn 1986), only hemidesmosomes are present. During synthesis and secretion the epidermal cells and fat body cells are not connected by any junctions.
In earlier studies, Sanford and Dietz (1976) and Hepburn et al. (1991) both
reported that smooth endoplasmic reticulum (SER) is absent from wax-secreting
workers, and concluded that the epidermis mainly provides an elaborate system for
wax precursor transport (Reimann 1952; Locke 1961; Hepburn 1986). However, in
further electron microscopical studies of the wax gland complex, Cassier and
Lensky (1995) reinvestigated the possible role of the epidermis and its transport
modalities. They were able to show that there are indeed large cisternae of SER
and that they are probably involved in the transport of wax precursors from the
oenocytes to the pore canals, as well as carrying apolipophorins from the haemolymph to the wax mirrors. Although the entire discussion in this chapter is
based on studies of A. mellifera, it can be noted that a brief paper on the ultrastructure of the wax gland of A. cerana confirms that this species is conformal with
the details given here (Du and Li 1991).
Finally, we include a reconstruction of the combined elements of the wax gland
complex of A. m. scutellata (Fig. 15.9). This drawing was prepared by examining a
large number of serial sections from electron micrographs.
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