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What is a bee?

For those people who have no knowledge 
of bees other than the European honeybee, 
Apis mellifera, this book should be a revela-
tion. The usual concept of bees as medium-
sized, hairy, highly social insects that live 
in hives and produce honey will be chal-
lenged. Australia’s native bees are 
extremely diverse in size, form, coloura-
tion and behaviour. Certainly, some of 
them look rather like honeybees, but many 
others are very wasp-like in appearance. 
Add to that the fact that some wasps (and 
even some flies and beetles) appear very 
bee-like and you can begin to appreciate 
the need for a definition.

Bees, in essence, are wasps. They are 
an offshoot of the wasp clan and have 
become specialised for a diet of pollen 
and honey in both adult and larval stages. 
Their closest relatives are hunting wasps 

that capture insects and spiders, sting 
them into paralysis and store them as 
food for their larvae in specially made 
brood cells (see more in Origin and evolu-
tion of bees). Bees are structurally very 
similar to their wasp relatives and it is 
chiefly their behaviour that sets them 
apart. They have become vegetarians and 
the change-over involved relatively minor 
structural adaptations. The sting has been 
retained in most bees but is now used 
only for defence. Body hairs (setae) 
became branched, perhaps as an adapta-
tion for holding pollen grains, and 
females of most bees have dense sets of 
hairs (called scopae) for carrying loads of 
pollen. Bees are closely associated with 
f lowers, but so too are many hunting 
wasps that depend on nectar (but not 
pollen) for their energy requirements.

The pollen load on this insect clearly identifies it as a female bee, rather than a wasp. 
Lasioglossum lanarium (Halictidae). Photo: Jenny Thynne.
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Form and function

The classification of bees into groups such 
as families and genera is largely based on 
characters of external and internal anat-
omy. These characters frequently involve 
structures that are highly functional and 
many of them can be considered part of a 
bee’s tool-kit. They can be involved in 
sensing, locomotion, feeding, grooming, 
nest-building and mating. This section 
outlines the external anatomical struc-
tures of bees and their functions, with 
emphasis on those of most importance to 
making identifications.

Head
The head (Figs 1, 2) connects to the thorax 
by a flexible neck so that it can swivel in 
most directions. On each side are the com-
pound eyes formed of thousands of tiny 
fixed lenses (or facets). In combination 
with the nervous system, the compound 
eyes provide bees with a visual system that 
evidently functions extremely well. The 
eyes are bare in most bees but, in some, 
they are quite hairy, the hairs being 
inserted between facets. Situated on or 
close to the top of the head, the vertex, are 
three simple eyes, the ocelli. They are 
believed to help the bee orientate itself in 
relation to the horizon during flight. Ocelli 
are unusually large in bees that habitually 
fly at night or in dim light.

The face between the ocelli and the 
antennal sockets (the frons) often has a 
pair of broad depressions, deep grooves or 
pits either side. These are the facial foveae 

and mark the openings of wax glands. Sev-
eral sutures divide the lower face into sepa-
rate areas. The clypeus is fairly level to 
gently convex in most bees but is variously 
modified in others. Females of many meg-
achilids, for example, have the clypeus 
excavated, protuberant or developed into 
stout tubercles – modifications which 
assist them to carry building materials. 
The areas immediately behind the eyes, 
the genae, occasionally also bear spines 
assisting the transport of materials. The 
concavity in the back of the head, the 
occiput, accommodates the anterior end of 
the thorax. The occipital surface may 
round onto the adjoining vertex and genae 
or be sharply delineated from them by a 
crescentic rim, the preoccipital carina. A 
large median cavity in the lower posterior 
part of the head capsule, the proboscidial 
fossa, accommodates the proboscis when 
the latter retracts and folds.

Antennae
Often referred to as feelers, the antennae of 
bees (Fig. 1) serve a tactile function but, 
more importantly, they provide bees with 
their sense of smell. Each comprises several 
segments (12 in females, 13 in males). The 
first and usually longest segment is the 
scape, its base forming a ball and socket 
joint in the face, so the antennae are quite 
mobile. The second segment is the relatively 
small, rounded pedicel and the remaining 
10 or 11 segments form the flagellum. Hun-
dreds of microscopic sensory organs 
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fied in males of certain bee species. 
Megachile (Thaumatosoma) species, for 
example, have antennae somewhat like 
those of butterflies – extremely slender, 

 distributed over the flagellum detect floral 
fragrances, pheromones, and other odours.

Antennae, though generally quite uni-
form among females, are variously modi-

Fig. 1. Terminology of parts of the head and its appendages (based on Callohesma megachlora).

Fig. 2. Terminology of posterior parts of the head (based on Hylaeus females). (a) Head lacking a 
preoccipital carina (H. chrysaspis; occiput rounds onto vertex and genae); (b) head with 
preoccipital carina (p.o. carina; H. globuliferus).

a b
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almost as long as the head and body, and 
with the apical two segments expanded 
(see p. 212). Capitate or spatulate antennae 
crop up in several distantly related groups 
(e.g. Euhesma semaphore (p. 33) and 
Trichocolletes dives (p. 119). How the 
expansions serve the males is unknown. 
The most elaborate male antennal flagella 
are those of Leioproctus (Cladocerapis) 
bipectinatus (p. 107), each segment pos-
sessing antler-like branches. Leioproctus 
(L.) macmillani (p. 107) also has elaborately 
modified flagella, each segment being 
bipectinate. Scapes, rather than flagella, 
are modified in males of some other bees. 
In several cases, the scapes are greatly 
broadened, though rather flat (e.g. species 
of Neopasiphae (p. 112) and Hylaeus 
(Xenohylaeus) (p. 158) while in others they 
are globose, reaching an extreme form in 
the two species of Hylaeus (Sphaerhylaeus) 
(p. 155). These enlarged scapes accommo-
date glands that release their secretions 
(probably pheromones) via pores on the 
rear of the scapes. In Sphaerhylaeus, males 
have hair-filled facial cavities behind the 
scapes that evidently receive the secretion.

Labrum
Set on the lower margin of the face between 
the mandibles, this usually small, hinged 
flap folds back to protect the end of the 
proboscis when it is retracted (Fig. 1). The 
shape and size of the labrum and its vari-
ous embellishments provide useful charac-
ters for distinguishing different kinds of 
bees.

Mandibles
Commonly referred to as nippers or jaws, 
the mandibles are a pair of simple, hard-
ened appendages either side of the mouth 

(Fig. 1). They are employed in a wide vari-
ety of tasks such as loosening soil (burrow-
ing bees), boring into pith or wood 
(carpenter bees), tearing away detritus 
(lodger bees), cutting leaf pieces or gather-
ing leaf pulp, resin, plant hairs and other 
materials (megachilids), snipping open 
flower buds and grasping opponents 
during fighting. Their form varies consid-
erably but mandibles commonly bear two 
or more teeth at their apices.

Proboscis
This is a complex feeding organ that func-
tions primarily to enable bees to suck 
nectar from flowers and, in females, may 
function also in applying secretions during 
nest construction (Figs 3–5). Being a 
jointed organ, it can be extended or 
retracted and, when folded into a recess in 
the back of the head (the proboscidial 
fossa), it may scarcely be visible. The pro-
boscis has evolved from two pairs of jointed 
appendages possessed by the insect ances-
tor. Known as maxillae (singular, maxilla), 
these appendages are found in most insects, 
though the second (posterior) pair have 
partially fused and are known as the 
labium. Each original maxilla possessed a 
jointed appendage known as a palpus or 
palp and these persist in most insects. In 
those insects that feed by chewing, the 
maxillae and their palps assist in manipu-
lating food into the mouth. In bees, there is 
a pair of maxillary palpi (primitively six-
segmented) and a pair of labial palpi 
(primitively four-segmented) but they 
serve an essentially sensory role.

One of the most important parts of the 
proboscis is the tongue (or glossa): a hairy, 
flexible extension of the labium and one 
that takes a variety of forms among the 
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bees. Its primary function is to mop up 
nectar from the nectaries of flowers, and 
muscles within the labial prementum can 
retract the tongue (at least partially in 

long-tongued bees) or move it from side to 
side. The duct of a bee’s salivary glands 
opens at the base of its glossa, and the 
glossa may serve as a brush to apply the 

Fig. 3. Terminology of proboscis of a long-tongued bee (based on Megachile aurifrons). 
(a) Whole proboscis, lateral view; (b) same, dorsal view; (c) labium, ventral view.

a

b

c
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salivary secretion during nest construc-
tion, especially in the family Colletidae.

Thorax
All of a bee’s locomotory equipment is 
located on and in the middle section of the 
body, the thorax (Fig. 6). Three pairs of 
legs and two pairs of wings attach to it. 
Derived from three body segments of the 
insect ancestor, each carrying one pair of 
legs, this section is divisible into the pro-
thorax, mesothorax and metathorax. The 
prothorax, carrying the fore legs, may be 
quite inconspicuous, although sometimes 
the upper part is strongly developed into a 
pronotal collar between the head and 
meso thorax. The rounded pronotal lobes 
wrap around onto the sides of the meso-
thorax. Containing the muscles that power 
the fore wings, the mesothorax is the larg-
est thoracic segment. Dorsally, it is divided 
into four shields: the large scutum, the 
scutellum and, on each side of the latter, 
the axillae. The sides of the mesothorax 
are divided by two sutures: the horizontal 

scrobal suture and the vertical episternal 
suture (strongly reduced in certain 
groups). Between the bases of the hind 
wings on the metathorax sits the dorsal 
plate, the metanotum. During the evolu-
tion of the wasps from sawfly-like ances-
tors, a constriction developed between the 
first and second segments of the abdomen, 
the first segment becoming closely associ-
ated with the metathorax and being known 
as the propodeum. The propodeum is 
developed to greater or lesser degrees in 
different groups of bees but always has a 
demarcated area, the propodeal enclosure 
(sometimes referred to as the propodeal 
triangle). This enclosure is broad dorsally 
just behind the metanotum and tapers 
posteroventrally to the insertion of the 
abdomen. Usually its sculpture differs 
from that of adjacent areas.

Wings
Flight becomes more efficient with just 
one pair of wings and, in bees (and their 
wasp relatives), the fore and hind wing of 

Fig. 4. Terminology of proboscis of a short-tongued bee (based on Lasioglossum mirandum, 
female, Halictidae). (a) Whole proboscis, ventral view; (b) maxilla lateral view (cardo removed; 
broken line divides galea into relatively long pre-palpal portion (b) and much shorter post-palpal 
portion (a)).

a b
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each side are coupled: a row of micro-
scopic hooks (hamuli) on the leading edge 
of the hind wing engages with a raised 
vein on the hind margin of the fore wing, 

so that, in f light, the two wings act as one 
(Fig. 7).

Stiffening the wing membranes is a net-
work of veins. They form a pattern that is so 

Fig. 5. Terminology of proboscis of a short-tongued bee (based on Leioproctus plumosus, 
female, colletidae). (a) Head in lateral view to show proboscis extended; (b) proboscis in situ, 
posterior view; (c) maxilla lateral view (broken line divides galea into pre-palpal portion (b) and 
relatively longer post-palpal portion (a)).

a b

c
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constant that each vein and each ‘cell’ 
formed by them can be named. A thicken-
ing in the leading edge of the fore wing, the 
stigma (or pterostigma), is usually well 

developed but occasionally may be virtually 
unrecognisable. Variation occurs in the rel-
ative sizes and shapes of the stigma, veins 
and cells, and some veins may be weaker 

Fig. 6. Terminology of parts of the mid-body or mesosoma (thorax + propodeum) (based on 
Callohesma megachlora). Wings have been removed in (b).

a

b

171122 Guide to Native Bees of Australia 3pp.indd   9 28/03/2018   09:25:29.99



40

Colour patterns, mimicry and crypsis

icry known as ‘Batesian’, various harmless 
species (mimics) resemble some toxic, dan-
gerous or unpalatable species (the model). 
Several bee species are evident mimics of 
vespoid wasps, having the same bold, 
black-and-orange or black-and-yellow pat-
terning and wings that are darkened ante-
riorly. Like the wasp models, many of these 
mimics carry their wings in a V-shape 
while alighted, rather than folding them 
over the abdomen as do most native bees. 
All members of the genus Hyleoides are 
such mimics. So, too, are Hylaeus (Analas-
toroides) foveatus, H. (Prosopisteron) prim-
ulipictus and Lasioglossum (Australictus) 
peraustrale. However, as the females can 
sting as potently as the wasp models, these 
species are not Batesian mimics and better 

A colleague just returned from the field 
once asked me, ‘What’s that little black bee 
with a red abdomen?’ That was like asking, 
without giving any context, ‘What’s the 
name of the person with red hair?’ His 
question led me to wonder why so many 
native bees should be largely black with a 
reddish abdomen – does this colour pat-
tern have some adaptive significance? 
There are other colour patterns, too, that 
appear repeatedly in various groups of 
bees and they raise the same questions. 
They also make identification of bees all 
the more difficult, particularly when one is 
working from photographs and cannot see 
all diagnostic characters.

One explanation for common colour 
patterns is mimicry. In one kind of mim-

a b
Hyleoides zonalis, a wasp mimic (a), and its likely model, a potter wasp (Vespidae: Eumeninae)  
(b). The darkened wings of the bee are held in a V-shape like those of the wasp but are not 
folded longitudinally. Also, the prothorax takes very different forms in the two insects. Photos: 

Kerry Stuart.
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fit the category of ‘Muellerian’ mimics. In 
the latter case, several toxic, dangerous or 
unpalatable species share a common warn-
ing pattern.

Bees of the colletid subfamilies Eury-
glossinae and Hylaeinae typically have 
some white, cream or yellow integumental 
markings on the face, thorax and append-
ages and, being relatively hairless, they are 
very wasp-like in general appearance, even 
if not mimicking particular wasp species. 

Hylaeus primulipictus is notable also for 
its jet black body and contrasting bright 
yellow pronotal collar, the latter being ele-
vated and thickened. If it is mimicking a 
wasp, I do not know which wasp. However, 
several other Hylaeus species share the 
same black body with a swollen, bright 
yellow pronotum, even though they fold 
their wings when alighted. They are H. 
(Prosopisteron) callosus, H. (P.) turgicolla-
ris, H. (Planihylaeus) trilobatus and H. 
(Xenohylaeus) kelvini. Perhaps these spe-
cies constitute another instance of Muelle-
rian mimicry.

Among the diverse integumental mark-
ings of Hylaeinae are some that appear so 
often that we must suppose there to be an 

underlying cause beyond genetic related-
ness. For example, a rectangular yellow 
patch occurs on the scutellum and some-
times the metanotum of a large number of 
species that do not form a natural group. 
Some Euryglossinae (certain species of 
Callohesma and Pachyprosopis) have simi-
lar integumental markings while Leioproc-
tus flavomaculatus is unusual in its genus 
in having dense yellow hair on the scutel-
lum and metanotum as if mimicking the 

Female of Lasioglossum (Australictus) 
peraustrale, another vespid mimicking bee. 
Photo: marc newman.

Female of Hylaeus (Prosopisteron) primulipictus 
(the partly darkened fore wings held in a 
V-shape give it the appearance of a vespid 
wasp). Photo: Linda rogan.

Female of Hylaeus (Prosopisteron) turgicollaris. 
Photo: Bernhard Jacobi.
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