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Questions & Answers

Question - What is Honey Comb and Why do Bees Make It ?

First of all it is not just honey comb that we will
discuss, because comb has more functions that
just containing honey.

In addition to providing the prime structure for
brood rearing, products storage etc. within a
hive or nest, comb is also used for the following
functions.
● Transmission of vibrations created by worker

bees and the queen bee.
● Pheromone deposition.
● Emission of volatile odours that serve as a

foraging stimulus.
● Dancing platform for communicating the best

foraging sites.
● Clustering for thermoregulation.
● Water spreading for thermoregulation.

Comb is an essential, expensive and permanent
investment for the honey bee colony.  The comb
in a typical nest of a fully-established colony in
the wild will be made from about 1.2 kg wax,
contain about 100,000 cells and have a surface
area of about 2.5 square metres. Each
individual piece of comb will be securely
attached to the roof and sidewalls of the nest,
but occasional gaps are left between the comb
and the sidewalls to allow bees to pass between
the various seams. About 7.5 kg honey will
have been used in the comb manufacture,
equivalent to over a third of the colony’s winter
energy requirement.

At least 6 g of honey is used in the manufacture
of 1 g beeswax. It takes about 66 bee hours
convert this into 20 square centimetres of
comb. Being such an expensive resource, a
honey bee colony only adds to it in response to
immediate demand. Wherever possible,
damaged cells are repaired and wax scraps
such as cell cappings are recycled by the
colony. Queen cells are built from bits of wax
cut away from adjoining worker cells and once
used, they too are recycled.

Comb Architecture
Each piece of comb comprises a flat midrib of
wax about 0.1 mm thick. On either side of this
is a layer of tessellated hexagonal cells with
wax walls approximately 0.075 mm thick. Each
cell floor is angled upwards at 13° to the
horizontal from the base to the opening to
prevent honey contents from spilling out.

Typically, worker cells have a diameter of about
5.2-5.4 mm and a depth of about 2.5 mm.
Somewhere on the periphery of the brood nest
will be a solid area of drone comb, these cells
have a larger diameter of about 6.2- 6.4 mm
and a depth of about 16 mm.

For obvious geometric reasons, cells at the very
margin of the drone brood area are necessarily
irregular. Between each parallel face of wild
comb is a seam of near-constant width in which
the bees move and work. This is typically 9.5
mm wide.

The tessellated hexagonal arrangement
maximises cell density on the comb face by
avoiding any dead space. Furthermore, as each
cell wall is shared by two cells, the quantity of
wax used per cell is kept to an absolute
minimum. By all these means material
economy is optimised. Material strength is
enhanced by the non-alignment of cells on each
side and 1 kg comb can easily support 22 kg
honey at normal hive temperatures.

Being comparatively dense, honey is stored in
the upper and peripheral areas of wild comb
where it creates the least structural strain.
Worker brood is found in the lowest portion of
the central combs which, being at the bottom,
is likely to be some of the most recently
manufactured nest structure. Worker brood will
span several pieces of comb and have a roughly
spherical shape. It is subject to remarkably
precise thermoregulation.

In contrast, drone brood is readily expended if
the colony cannot afford to maintain it and its
thermoregulation is compromised whenever
worker bees have to cluster to maintain worker
brood temperature. However, being larger,
drone pupae have a more favourable surface
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area to volume ratio for heat retention and
taking longer to develop, they are better able
to tolerate slight falls in ambient temperature.

The aggregation of all drone brood into one
area helps to preserve comb integrity. It might
also allow the queen to lay drone brood in
batches and it probably helps in the
regulation of the quantity of drone brood made.

Around the brood nest is a rim of pollen, which
makes i t readily accessible to nurse bees. When
required, queen swarm cells are typically placed
along the bottom margin of combs, but they
can also be placed in crevices within comb faces
or in any gaps in the comb.

Supersedure queen cells are more commonly
found deeper in the comb but typically outside
the main brood area. For obvious reasons,
emergency queen cells are found within the
main brood area.

Manufacture and Manipulation
Wax is secreted from four pairs of wax glands
on the ventral surface of the abdomen of
worker bees. Under normal circumstances,
these wax glands reach maturity at about 10
days of age and regress at 19 days, and most
wax-secreting worker bees are between these
ages.

About 1,100 scales are required to make 1 g
wax. When ready, the scales are collected by
the hind legs and passed forward to the
forelegs. The wax is softened by a combination
of mandibular chewing and the addition of
mandibular gland secretions.

During comb construction, hair plates at the
base of the neck provide worker bees with the
gravitational awareness required to ensure that
each comb remains vertical. It is believed that
the forelegs are used to determine the diameter
of each cell and that the antennae are used to
regulate the thickness and smoothness of cell
walls.

Comb Construction by a Swarm
A typical swarm might contain 12,500 worker
bees, each of which will contain about 35 mg
of 65% sugar solution. Therefore, the total
mass of sugar carried by a swarm is in the
region of 275 g, about enough to produce 4%
of the comb required in a new nest. It is quite
typical for swarming worker bees to be actively
secreting wax when they leave the parent
colony, as evidenced by the layer of wax that
is often found on the temporary cluster site
when a swarm is collected. Up to 70% of all
worker bees under the age of 10 days leave
with the primary swarm and these will have
well-developed wax glands. However, in a
swarm situation, even worker bees up to 30
days old can have fully-functioning wax glands.

Perhaps only 25% swarms survive to the
following spring in the wild. To achieve this,
they need to make the nest habitable, store
about 20 kg of honey and overwinter with
sufficient young worker bees.

Due to the energy requirements, they will not
expend more energy on comb construction
than necessary. As soon as they arrive at the
new nest site, they urgently start the process
of comb construction, which is needed for
storage of honey, (their insurance against
starvation), and the rearing of new workers.
No new workers will join the colony until 21
days after the first egg is laid. The average life
of a worker bee during late spring and summer
is only about 42 days – hence the need for a
preponderance of younger bees in the swarm.

The first task is for worker bees to gnaw back
the walls of the cavity to solid material that can
hold the weight of fully-laden comb. Then all
but the forager bees hang together in tight
chains at the top of the cavity to generate
sufficient warmth for the secretion and
manipulation of wax. It takes about 4 minutes
to bring each wax flake to the right plasticity
and consistency. It is then added to a wax ridge
at one of the several construction sites along
the roof, (and later the walls), of the nest
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required for each piece of comb. When a ridge
line becomes long enough, the cell-sculpting
process begins. Many workers construct these
very precise structures in an apparently random
manner, often switching between sites and
tasks in the process. Eventually, each section
of comb joins seamlessly together.

A new colony only builds about 90% of the
comb that it will require when fully established
and it completes this task within 45 days of
nest colonisation. Further comb is added in
pulses when there is a nectar flow and when
necessity dictates.

Regulation of Drone Comb Construction
The number of drones produced by any colony
is determined by its size, the amount of drone
comb available, and whether it is an over-
wintered colony, a prime swarm or an after
swarm.

A prime swarm only starts constructing drone
comb after it has been established in the new
nest for about 22 days. About 42 days later it,
will have built about 90% of its first season’s
requirement. Whilst drone comb typically
accounts for about 8% of all comb constructed
by that stage, this proportion is directly related
to the size of the swarm. Comb of up to 35%
drone brood composition has been reported in
the new nest of a prime swarm.

In contrast, small swarms, late swarms and
after swarms might not invest in the
manufacture of any drone comb until they
have survived their first Winter.

Once a wild colony has overwintered and fully
established, it will adjust its comb so that
about 15% of it is drone comb. Any need for
extra drone comb manufacture is typically
addressed at some point between April and
July. The presence of a queen bee or an
occupied queen cell stimulates its production.

Sequential Use of Comb Cells
● Worker brood is laid as readily in new comb

as in old comb. However, comb that has
previously been used for food storage is less
acceptable.

● Honey and pollen is preferentially stored in
worker comb that has previously been used
for brood rearing rather than freshly-drawn
comb.

● It is highly unusual for pollen to be stored in
drone comb, and bees also have a
disinclination to store honey in it.

This pattern of cell use helps to maintain the
worker brood area in the newest cells at the
bottom of wild combs. It also minimises the
need to make new drone cells each year.

Further Comb Construction in an
Established Colony
In an established colony comb construction
occurs in the Spring and Summer.

It is only initiated under favourable conditions
when both the following criteria are satisfied:
1.Presence of a nectar flow. In the absence of

this temporally unpredictable external
variable, there is no need for extra honey
storage capacity.

2.Shortage of nectar storage space In the
absence of this internal variable, there is no
need to expend valuable resources on more
storage capacity. As honey bee colony
survival is so completely dependent upon
storing surplus food during nectar flows, the
threshold for building new comb is set only
be 60-80% full before more is built.

Maintenance of comb building only requires
continuation of the nectar flow and
presumably, sufficient space to accommodate
it. As soon as the flow stops, so does comb
production. Quite clearly, any wild colony with
insufficient honey storage capacity at the start
of a nectar flow will rapidly return to that state
if comb production stops before the flow.

About two-thirds of the bees in a comb-
building cluster are between 10 and 19 days
old, although bees as young as 2 days and as
old as 52 days have been identified helping
with the task. Wax production and comb
building are both primarily viewed as tasks
undertaken by middle-aged worker bees.
Although of much the same age, they are a
different subpopulation to nectar receiver/
food-storer bees.
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The exact stimulus for comb building is not
known, but these are suggested explanations.

Ribband’s ‘distended stomach theory’ is no
longer considered credible: whilst the crop
contents of a wax-secreting worker bees
increases from 6±6 mg to 16±12 mg, this is
considerably less than the 60 mg carried by a
nectar-foraging bee. Furthermore, 20-40%
storage cells remain vacant when new comb is
built, meaning that there is no genuine
environmental need for crop distension with
this level of remaining capacity. More recently,
there was no direct evidence to support the
hypothesis when it was directly sought under
experimental conditions.

A ‘storage-difficulty hypothesis’ was proposed.
Under artificial experimental conditions, Seeley
observed that the honey processing time of a
food-storer bee is about 10 minutes when the
hive storage area is empty and about 30
minutes when it is completely full. Kelley
suggested that nectar-storing bees decided
when to build new comb based upon the time
it took them to find a suitable cell for honey
deposition. However, convincing observational
evidence suggests that food-storer bees do not
change role to become comb builders .

The most recent suggestion is that a
population of unemployed worker bees directly
inspect the fullness of storage cells as they
patrol the nest and wander over the combs.
They also indirectly monitor the rate of nectar
influx based upon the frequency with which
they are solicited to receive nectar. When the
relevant cell-fullness nectar influx thresholds
are satisfied they commence comb
construction duties. This would help explain
why nectar-receiving and honey-storage
activities do not fall off during a nectar flow in

order to make more comb. It would be
counterproductive for the colony if they did.

No colony will draw comb when preparing to
swarm. Presumably because:
● A shortage of honey storage space contrib-

utes towards comb congestion and perhaps
contributes to the phenomenon of nectar
‘backfilling’ of the brood nest area, both of
which might be important contributory fac-
tors to the swarming process.

● Wax resources are saved for the new site.

Furthermore, no colony will draw comb during
an autumn nectar flow. Instead, worker bees
start depositing honey in the brood nest area.
This typically coincides with the autumnal dip
in the queen’s egg-laying rate as the colony
starts preparing for overwintering.

Influence of Empty Comb on the Colony
In a wild colony where comb construction
never exceeds demand, the amount of empty
comb is indirectly proportional to the food
security of the colony. Empty comb
encourages foraging activity. As the amount of
empty comb increases within the limits that
might be encountered in a large nest, a
proportionate increase in foraging behaviour is
induced. However, a saturation point is
reached after which further increases in the
amount of empty comb under experimental
conditions does not induce an even bigger
foraging response.

Volatile odours emitted from empty comb are
responsible for the increased foraging.
However, the restoration of food security takes
its toll. The life span of individual foraging bees
is considerably shortened by their hard work.
Maximum nectar influx represents poor
foraging efficiency but this is a price worth
paying if it ensures colony survival.

It becomes increasingly important for a bee
colony with poor food security to defend its
stores more carefully and it has been shown
that the odour of empty comb acts as a primer
pheromone for increasing stinging behaviour.

Comparison of Comb Longevity in a Wild
Nest and a Hive
A suitable honey bee nest in the wild is rarely
inhabited for more than about six consecutive
years, after which the comb is destroyed by
wax moths, mice and other scavengers.
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The empty nest site then becomes available for
another colony to use. Since the volume of a
wild nest cavity is typically much smaller than
that of a modern moveable frame hive and
90% of the comb is manufactured within 45
days of colonisation, it would not be
unreasonable to assume that 5 - 6 year old
brood comb becomes incompatible with good
colony health, an idea that is supported by
considerable scientific evidence.

By about that time, worker bees emerging
from the same cells in the centre of an
immoveable brood area will have lost 8% of
the emergence weight of the first bees to have
emerged from those same cells, if not more.

As well as accumulating the remains of
successive pupal cases, old brood comb
becomes a reservoir for various bee pathogens
- in particular spores of American Foul Brood,
chalk brood and nosema. Varroa mites prefer
to enter old cells rather than new-drawn ones.
Lastly, through the cumulative absorption of
brood pheromone, empty cells in old brood
comb emit a confusing message to the queen
bee that has an inhibitory effect on egg laying.
Old comb can harbour concentrated levels of
environmental toxins including heavy metals
and pesticides. Not only are these potentially
harmful to the colony, they will also distort
nest mate recognition cues. The periodic
collapse of wild colonies and the thorough
cleaning out of their nest sites can be regarded
as part of a natural cycle.

The comb situation is rather different in a
man-made hive.
● The age of the brood comb is completely in

the control of the beekeeper and historically,
many bee colonies have been kept on the
same brood frames for years on end.
However, there is compelling evidence that
regular comb change in the brood box is
beneficial to the bees.

● If commercial foundation is used in
preference to small home-made wax starter
strips, the midribs of drawn comb within the
hive are made from recycled wax with an
indeterminate cumulative load of
environmental contaminants from numerous
unknown sources.

● Embossed foundation, which is presumably
used in the belief that it optimises cell
placement on each side of the midrib,
somewhat dictates the size of the cells drawn
by the bees, even though the scientific basis
for the dimensions used has a questionable
history.

● Frame spacing is controlled by the
beekeeper, albeit manufactured frame size /
spacing is based upon sound scientific
observation.

● A variety of frame manipulations might be
performed at certain times of the season in
an attempt to optimise colony build-up, help
out a completely different colony, or simply
to get more comb drawn. All of these can
seriously disrupt the brood pattern that the
bees had made for themselves.

● The same super frames might be used for
decades but, in most cases, they will never
have contained any brood which is totally
contrary to the honey-storage cells used by
a wild colony.

Two final considerations impact upon present
thinking of how comb in the hive is used
differently to comb in the wild nest.
● There is good research evidence that it

makes no difference to the annual honey
crop whether empty supers are added to the
top of the brood box or to the top of the
pre-existing super stack.

● It is suggested that feeding a colony as much
syrup as it will take down as part of
overwintering preparations can lead to total
congestion of the brood area with capped
‘honey’ and that this can inhibit early colony
build up as the days get longer after the
Winter Solstice.
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