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The Diverse Roles of Honeybees in Agriculture

Honeybees have a part to play in several branches of agriculture. It is usually a part
that does not easily fit into the mainstream of the husbandry in question, so they are
often forgotten or ignored. For instance, they seem to have been overlooked when the
Imperial Agricultural Bureaux were founded: entomology was concerned with pest
insects, not with beneficial ones; veterinary medicine was considered in terms of
mammalian and avian—but not insect—pathology; horticulture and field crops dealt
with harvests of fruit, seeds and green fodder, not of nectar, honeydew and pollen.’
And pollination was dealt with from the standpoint of the plant, rather than that of
the agent that accomplished the transfer of pollen.

From very early times, man has felt a special affinity with bees, first as the producer
of the honey that he regarded as a gift from heaven, and later as providing an example
of a well ordered society which seemed to mirror the sort of society he himself sought,
whether in the political sphere or in the Christian church. As a consequence, many
savants have pondered about the ordering of the colony, and in the last few centuries
there has been much scientific enquiry about bee behaviour in general. Moreover
honeybees can be maintained in almost any climate and with minimal attention, since
they forage for their own food. For these reasons they are the most studied social
insect — possibly the most studied insect — and they have been used for many
investigations: on sense physiology, metabolism, caste differentiation, flight mecha-
nisms, atmospheric pollution, and so on. Some of these studies have provided new
knowledge that could be applied in apiculture, and others have not. In the last 30
years the choice of the honeybee as an experimental animal has also been influenced
by the comparative ease with which scientific information could be obtained about
it, through the work of the International Bee Research Association, and especially
the publication of Apicultural Abstracts.

Jan Swammerdam (1637-1680) wrote in Libre naturae: “Among the wonders in
the real economy of bees, nothing more deserves our attention than the certain presage
they have of rain”. This statement is hardly acceptable nowadays, but interest is
again focused on bees as environmental indicators of chemical and electromagnetic
pollution. Many contaminants are accumulated in or on plants (directly or from the
soil), and thence in honeybees via pollen and nectar. They include industrial effluents
such as fluorine, cyanide, sulphur dioxide, phenol compounds and hydrocarbons;
metals such as lead and arsenic; and radioactive elements. A comprehensive study
has been published (Greenberg et al 1978) on the effects of high-voltage transmission
lines on honeybee colonies. In the USA, honeybees are being used to study effects on
insects of microwaves such as would be generated in the NASA project to transmit
solar energy to the earth via giant satellites.

Apiculture or beekeeping is in principle the maintenance of strong healthy colonies
of honeybees in hives designed for the convenience of the operator, and the removal
from the hives (and subsequent processing) of the products for which the colonies are
kept. The products comprise (roughly in decreasing order of economic importance):
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honey, beeswax, young queens, package bees (queen plus 1 or 2 kg of worker bees),
pollen, royal jelly, propolis, bee venom, bee brood used as food. Colonies of bees may
be maintained, alternatively or additionally, for pollination.

Honey is derived from the plant materials nectar and honeydew collected by bees,
and indeed it is illegal to sell any other product as “honey”. The use of bees as
micromanipulators to harvest food from plants perhaps has its nearest parallel in the
use of cormorants (on a neck-line which prevents swallowing) to catch fish. The
beekeeper has an advantage over the fisherman in that the bees convert the nectar
into honey, a very high-energy food, before he takes his harvest.

Bees collect pollen (proteins) from flowers as well as nectar and honeydew (car-
bohydrates). The dry pollen from anemophilous plants can be harvested without the
agency of bees, but not the pollen of entomophilous plants, which is somewhat sticky;
thus it adheres to the body of a honeybee visiting the flower and can be harvested by
inserting a *“‘pollen trap” across the entrances of hives in which the honeybees are
kept. Bees collect propolis from sticky buds and twigs of certain trees; they use it,
often mixed with beeswax, in repairing their nest or the combs in it.

Crop pollination is the most important economic outcome of honeybees’ activities.
Fruits, vegetables and nuts are mostly dependent on insect pollination. More than
half the world’s diet of fats and oils comes from oilseeds, many of which depend on,
or benefit by, insect pollination. About half the beef and dairy products we consume
are derived in one way or another from insect-pollinated plants. And honeybees are
the most effective and the most easily provided pollinator for the majority of these
crops (McGregor 1976), whose annual consumption in the USA was valued at nearly
$40 000M in 1970. Planned honeybee pollination is also used widely to ensure
maximal high quality crop yields.

The Development of Apiculture 1929-1979

Background

During the 50-60 years under consideration here, apiculture has evolved from a craft
into a science.* Some of the underlying reasons are common to many branches of
agriculture; some more specific reasons are listed below.
1. A great increase in knowledge about the honeybee has made the evolution possible.
2. Continued increases in labour costs, and consequently in the mechanisation of
handling operations, coupled with a reduction in bee forage in many regions, have led
to a much larger scale of beekeeping operations than previously. This has necessitated
effective disease control programmes, studies of nectar and pollen sources, and so on.
3. Development of irrigation methods has enabled crops to be grown on large tracts
of land reclaimed from desert, which have no resident pollinating insects. Moving in
hives of honeybees (up to 20 000 or more on to one crop) has proved the simplest way
to ensure pollination, but requires appropriate technical knowledge.
4. The honeybee is an inefficient pollinator of a few important crops, for example
lucerne (alfalfa, Medicago sativa) and red clover (Trifolium pratense). Large scale
rearing of other bees has become possible by the use of precise methods that have
been developed after experimental studies (see e.g. Bohart 1972).

Since the 1920s the study of the honeybee Apis mellifera (Fig. 1) has been greatly
enriched by the study of social insects as a group (Michener 1974, Wilson 1971), and

*Using craft to mean an occupation needing high manual skill, and McKellar’s (1957) statement that
the purpose of any science is to provide within its given field of natural phenomena a realistic
understanding, compatible with the explanations of other branches of science. Too often in the past,
beekeepers have had insufficient knowledge of entomology in general, and of aspects of botany,
chemistry and physics that are also highly relevant to apiculture.
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Fig. 1.

by the study of other Apoidea. Most of the 20 000 or more species are not social but
solitary; nevertheless a number of them are candidates for new forms of apiculture
for pollinating a specific crop.

Clustered honeybee swarm (Apis mellifera).
A. M. Millington-Ward, Netherlands

Comparisons between the four Apis species, and detailed studies of the three Asiatic
species (cerana, dorsata, florea), are only now getting under way (Crane 1980), and
we must look to the next half-century for their fulfilment.

Of the many new biological and chemical techniques developed since the 1920s,
and especially since the 1940s, a considerable number have been applied to problems
concerning honeybees, a side interest in honeybees being widespread among scientists
of different disciplines.
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Bee management and
equipment

Multiple-queen
colonies and hyper
hives

During the period under review, large scale bee management has developed into a
highly mechanised industry, with specialisation to serve one or several of the following
markets: honey production; crop pollination; production of queens; production of
package bees; production of a minor bee product (pollen, royal jelly, propolis, bee
venom, beeswax, bee brood). Colony management procedures, and optimal colony
composition, differ according to the product worked for.

Honey-producing establishments with hundreds or even thousands of hives were in
operation well before the 1920s, in North America, the USSR, Australia, and some
other countries. The last 50 years have been marked by a steady decline in bee forage
in many of the temperate regions of the world, often because of the replacement of
high-yielding natural vegetation by crops less useful to bees. Improved agricultural
practices have also involved the destruction of weeds and hedgerows that used to
provide bee forage. Land has been taken for buildings, roads, and other non-productive
purposes. A series of daily records of the weight of a hive on the same site at Street,
Somerset, England, for the years 1917 to 1936, shows a marked decline in the honey
harvest, as the orchard trees that flowered in May were grubbed out to make way for
houses; effective weed killing cleaned up the charlock that gave a June flow, and the
July flow from the hedgerow brambles largely disappeared with the hedges themselves
(Crane 1975). Statistics over several decades in the USA and Canada seem to show
a drop in the honey yield per colony between 1930 and 1950, but thereafter modest
increases, obtained by improved management. This includes migratory beekeeping,
i.e. moving colonies to additional crops and, especially, learning to work on the basis
that the unit of commercial operation is no longer a colony, but an apiary of 50-100
clone-like colonies, which can all be given the same treatment at the same time (Jay
1979).

There have been concomitant problems with labour (scarcity and increasing cost),
and with poisoning of bees by pesticides. Beekeepers have reacted positively to the
situation in various ways. They have mechanised their operations, especially lifting
and transport, so that one man (with his truck and other mechanical devices) can
manage several hundred, or in western USA up to 1000 or more, colonies. They
migrate their colonies to a succession of whatever honey flows are accessible by road,
and within an economic driving distance. Beekeepers have also learned more about
bee behaviour and genetics, and methods of controlling diseases and enemies, and
they have come to terms as best they can with the pest control programmes of the
neighbouring farmers; policies of co-operation and education have been of vital
importance. Where possible, beekeepers have also diversified their interests, the most
common combination being honey production with some crop pollination.

In the active season a normal honeybee colony consists of say 50 000 adult workers,
30 000 immature workers, a few hundred drones, and a single queen that is the female
parent of all the rest. The idea of “‘breaking” this natural unit has attracted attention
during the past 50 years, in the interests of higher productivity, and also in some

countries on ideological grounds.

Usually a colony rears new queens only if the queen heading the colony is defective
in some way, and produces insufficient pheromone(s) to inhibit the workers from
queen rearing. But polygyny is not unusual in some races of honeybeces, and the
mother and one or more daughters may co-exist in different parts of the same brood
nest, for a time. In practical beekeeping, a multiple-queen colony usually means one
in which two (or more) queens are maintained in separate brood nests in the same
hive, divided off from each other by two layers of queen excluder; these are slotted
metal sheets through which workers can pass, but not the larger mated queens.



Apiculture 265

Dugat’s book “La Ruche Gratte-Ciel a Plusieurs Reines” caused quite a stir when it
was published in 1946 (and an English translation “The Skyscraper Hive” in 1948).
Dr. C. L. Farrar in Wisconsin, who was highly successful in applying scientific
principles to beekeeping practice, published an account of two-queen colony manage-
ment (1946, updated 1955, 1958).

| The benefit of two-queen units is that their large populations enable them to store
more honey than their separate component parts each with one queen. Working them
is a skilled operation not suited to all areas (or to all beekeepers, or to very large
enterprises). Robert Banker, who uses the system successfully in south-east Minnesota,
USA, finds serious problems even with 1500 two-queen units. His system is described
by Dadant & Sons (1975).

I saw multiple-queen hives in commercial use in Western Australia in 1967, that
extended horizontally, instead of vertically as skyscrapers do; they were called coffin
hives. The unit consisted of a row of six 8-frame Langstroth brood boxes, separated
by dividers, their flight entrances facing alternately to either side of the row. A single
super (honey-storage chamber), holding 50 frames, extended across all six brood
boxes, each of which had its own queen excluder. Alternatively a three-decker outfit
was used, with a row of six separate honey supers below the 50-frame super. All
lifting was mechanical, by gantry or by a mobile mini-gantry. I have not heard of
such units in use in any other country.

Package-bee Many methods used in modern large scale beekeeping were developed in the USA

apiculture and Canada, through a range of latitude from 25°N in Florida to 55°N in Alberta.
In the southern parts of the region, the mass production of queens in the relatively
early spring was extended in a practical and imaginative way to the production of a
“package” of newly reared worker bees with a young mated queen. The package
usually contained 2 1b (1 kg) of bees, but larger and smaller packages have been used.
The bees were shaken into a box with two opposite sides of wire mesh, to provide
ventilation; the queen was in a small cage, and about 1 kg of sugar syrup was supplied
in a safe feeder.

The packages were shipped to northern areas where spring came late — by train,
by truck (600 per vehicle), and later by plane. An ancillary development was the use
of package bees in the summer in regions farther north than bees could be overwintered.
Large honey crops could be harvested there, from legumes grown for seed in newly
cleared land; the high summer insolation, and consequent rapid plant development,
led to copious nectar secretion. As soon as the honey had been taken from the hives,
the bees were killed with cyanide. Recently, in the interests of safety, other chemicals
have been tested, such as the insecticide resmethrin, and acrylonitrile mixtures.
Markets were explored for the unwanted brood.

Package bee production has been developed in some other countries, but only the
USSR encompasses a latitude span similar to that of the USA and Canada. A load
of packages of bees needs closely controlled conditions of temperature and humidity,
and the bees can be killed by delays at frontier posts between countries; by insecticide
spraying in aircraft; and by many other hazards. Partly for this reason, no equivalent
industry has been developed between, for instance, Mediterranean countries and
northern Europe.

Wintering in a ! In temperate regions with an open winter, such as Mediterranean countries and
con‘trolled southern states of the USA, adverse weather does not usually confine bees to the hive
environment

for more than a few days at a time. In England they may be prevented from flying



266 Eva Crane

Queen rearing and
two-hemisphere
operations

Bee breeding and
instrumental
insemination

for several weeks or longer at a time. In northern regions with a continental climate,
low temperatures may prevent flight for several months, and the clustered bees may
starve because the bees are too cold to move to food available elsewhere in the hive.
The period under review has seen various ways of dealing with this problem. Hives
have been wintered in “cellars” (half-underground shelters, dark and insulated against
temperature changes); they have been wintered in the open, covered (singly or in
fours) with insulating material protected with tarred paper; they have been wintered
unpacked, but provided with an additional entrance high above the normal one at the
bottom, which can get blocked with dead bees.

The beekeepers in the parts of Canada that relied on package bees had developed
no expertise on wintering, but in the 1960s and 1970s they became increasingly
dissatisfied with their dependence on imported bees. Some of these were infected with
Nosema apis, a protozoan that can cause failure in an infected queen, and reduce the
colony’s efficiency as a honey-producing unit. Apart from this, the genetic stock was
generally controlled by the package producers in USA. A vigorous effort was therefore
made to winter colonies in maritime western Canada, round Vancouver and elsewhere.
Also, more sophisticated versions of the earlier bee cellars were used; these were
above-ground buildings in which the temperature (and sometimes also the humidity)
were controlled by equipment that was then readily available. Such experiments will
certainly be a feature of research in forthcoming years, and further progress may
perhaps be made in wintering queens in incubators, each with a small number of
workers. This has been tried in Romania, Canada and other countries, but success
rates have not yet been satisfactory. It may be that the method would be economically
sensible only for maintenance of special breeding stock.

At latitudes higher than 35-40°, depending on climatic conditions, the beekeeper is
fully occupied with his bees for only part of the year, which may be as little as 4
months at high latitudes. The beekeeper can use the winter period to make and
maintain equipment, and deal with the honey harvested, but not much else. The idea
of a dual-hemisphere operation, with two active seasons for producing honey, has
been an attractive one. It is the ultimate extension of the concept of prolonging the
period of honey flow by moving bees to different altitudes or latitudes within the same
hemisphere.

Intercontinental transport is much more cost-effective for queens than for honey.
The late Everett Hastings bred queens (originally of Caucasian origin) at Candle
Lake north of Peace River in Alberta, Canada. In later years he used the Canadian
winter to work with New Zealand bee breeders. Some of the queens reared there
were sent by airmail to Canada, and seemed to survive the six-month switch in
seasonal cycle.

Large scale rearing of queens for sale pre-dated the period under review, but bee
breeding proper is a comparatively late development. Honeybees mate in flight, and
until 1963 knowledge about the event was limited to verbal descriptions of a few
chance observations. However, from 1954 onwards evidence had been accumulating
that queens do not mate with a single drone, but with a number of them (commonly
6-10), on a single flight.

Gary (1963) obtained direct evidence by observing, and taking motion pictures,
from a television mast. Virgin queens were attached by thin nylon lines to a thicker
line suspended over two pulleys, so that they could be hoisted up or lowered. Only a
few seconds are required for mating, and other matings can follow in quick succession.
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Flight rooms

One discovery was that drones were not attracted to the queens until these had been
elevated above a critical distance above the ground, which could vary from about 5
to 40 m, for reasons still not fully understood. The workers’ flight space is below that
of the reproductives.

Drones are likely to fly more than 5 km from their colonies, and queens nearly as
far. Tests with genetically marked bees (cordovan, in which black coloration is
replaced by brown) showed that 3 of 12 queens mated with drones from 16 km away.
So, however carefully the genetic make-up of a queen is controlled, the genetic make-
up of her worker offspring cannot be assured so long as there are any adventitious
colonies containing drones within say 15 km of her own colony (Bee World 1971).
The area of a circle of 15 km radius is about 700 km? (70 000 ha). Sites used for
mating stations in different countries are: desert oases (excellent); small islands (often
windy, but satisfactory if 15 km off shore); deep valleys with high mountains on either
side to give protection there (but very few such bee-free valleys are available).

The difficulties in ensuring “pure” mating were appreciated long before details of
the mating itself had been elucidated. An inviting approach to the problem was
instrumental insemination of the queen. A technique was first devised in the USA by
Watson (1927), and has been improved by many others since, in the USA and
elsewhere. For some years now the procedure has been a routine one, and many
thousands of queens are inseminated by technicians in bee-breeding programmes. Up-
to-date descriptive and illustrated textbooks have been written by Laidlaw in the USA
(1977) and edited by Ruttner in the German Federal Republic (1975).

In principle the queen, anaesthetised with carbon dioxide, is immobilized in a tube
from which the tip of her abdomen protrudes, in the field of a binocular microscope.
A specially designed syringe is mounted appropriately, and is charged with semen
from several drones, which is then injected into the queen’s vagina, beyond the
valvefold which is held out of the way by a hook.

Many beekeepers practise a form of bee breeding, to the extent that they rear
daughter queens from those heading their best-performing colonies, without much
(or any) control over the drones that mate with the new queens. In some countries in
continental Europe there have been schemes whereby beekeepers send their own
selected daughter queens to an isolated mating apiary where selected drone-producing
colonies are provided.

Particularly in the USA, there has been bee breeding for such specific characters
as resistance to American foul brood caused by Bacillus larvae, and the rate of egg
laying by the queen, as well as for honey production. Starline and Midnite hybrids,
which show notable heterotic effects, are available commercially, but of course they
cannot be used by the purchaser for further breeding.

One factor is not always taken note of: in the Old World there is a wealth of genctic
material, still with some populations of relatively pure ancestry in isolated areas,
whereas in the New World this situation does not exist, since all honeybees were
introduced. It is, perhaps, a pity that the American initiatives in bee breeding could
not benefit more from the richness of Old World material. Restrictions in importing
foreign stock have become progressively more severe, in view of the danger of
importing new pathogens with the bees.

One of the hindrances to advances in both the science and practice of apiculture is
the complexity of factors that are of specific or economic interest. For instance the
beekeeper’s honey yield is the difference between honey stored by the colony and the
honey consumed by it. The population build-up of a colony depends on its genetic
background, on external conditions, and on nectar and pollen sources (which again
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depend, although in different ways, on external conditions). Among components of
the external conditions, temperature, insolation and day length may all affect the
bees differently, and through different mechanisms, so they are very difficult to
separate out. Moreover the food supplies of a free-flying colony cannot be accurately
identified.

Since the 1950s, a useful technique has been developed for resolving some of the
problems. Colonies are kept under controlled experimental conditions in an enclosed
flight room. In the early days flight rooms seemed to pose more problems than they -
solved, but they have now been developed into a routine facility which enables active
free-flying colonies to be maintained at any time of year, under controlled conditions
of diet and foraging, photoperiod, ambient temperature and humidity, and so on.
Discussions are given by van Praagh (1974) and in Symposium Proceedings edited
by Ruttner & Koeniger (1977).

Diversification of Hive Products 1929-1979

Continuous-flow
honey processing

Through history, and whether bees were hunted or kept in hives, honey has usually
been the primary harvest. (In the mediaeval Christian church, however, beeswax was
the more important: Vernon 1979). Modern technologies have created possibilities
for collecting and exploiting other hive products as well, and in a period when honey
prices are low there may be sufficient incentive to do this.

Royal jelly, pollen, propolis and bee venom can now all be produced commercially,
and markets have been found or created for them. Meanwhile the honey industry has
had to keep pace with changes in demand that come from sellmg outlets and from the
retail consumer-purchaser.

Modern honey processing had its origins in the use of sweet clover (Melilotus) as a
forage crop in the 1920s, especially in the USA and Canada. This plant gave large
honey surpluses, and there was much spoilage through fermentation when honey was
kept from one year to another because prices were low. The fermentation was initiated
because glucose (the least soluble sugar in honey) crystallised out, leaving a liquid
phase with an increased water content. The story has been told by Dyce (1975), who
succeeded in overcoming the problem in 1931. The honey is first warmed to 49°C,
strained to remove any wax particles, then flash-heated to 66°C in a heat-exchanger
to kill any yeasts present. The honey is cooled rapidly, and finely strained or pressure-
filtered to remove potential nuclei for adventitious crystal formation. Controlled
crystallization (granulation) can be induced by adding a “starter” to the honcy: a
certain percentage of very finely granulated honey, obtained by crushing the crystals
in it. With suitable temperature regulation, smooth, fine and soft granulation is
achieved within a few days. The product is safe from fermentation.

The batch processing used initially was superseded by continuous-flow installations,
and most of the supply of honey appearing on the world market is treated in this way.

" Where clear (i.e. liquid) honey is to be sold, no starter is added; if it is stored at 0°C

for 5 weeks, granulation is sufficiently delayed to give the liquid honey an adequate
shelf-life (Townsend 1975).

The 1970s have seen an ironic twist to this story. In the affluent societies of North
America (and in Europe where there was always resistance to pressure-filtering of
honey), the increasing demand for natural unprocessed foods has put a premium on
honeys that have not been through the Dyce process, or indeed heated at all, and
many small producers have done very well as a result.
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Royal jelly

Pollen trapping

Uses of propolis

Royal jelly is the popular name for the secretion of the hypopharyngeal glands of
young worker honeybees, fed to female larvae that develop into queens, and in smaller
amounts to female larvae that develop into workers. It is also fed to egg-laying queens.
Royal jelly looks very much like the sweetened condensed milk that can be purchased
in tins.

The history of the commercial production of royal jelly has been published by Inoue
& Inoue (1964). The first attempts were made in the early 1950s; France, Italy and
Mexico were especially active in promoting it as a health improver — and more —
and the announcement of a miraculous recovery by Pope Pius XII in 1958 after
treatment with royal jelly gave a great boost to its sale and production. The UK
remained more aloof than most countries, but useful reviews on royal jelly were
published in Bee World (Johansson 1955, Johansson & Johansson 1958).

In the USA the production of royal jelly blossomed for a period, and more was
imported from Mexico. By then Japan was producing 1.5 tonnes a year. Subsequently
the interest seemed to shift to the Soviet Union and neighbouring countries, where
clinical and cosmetic uses of royal jelly still create great interest and are the subject
of many publications. Taiwan produced the astonishing total of 120 tonnes of royal
jelly in 1976, and 80% of the beekeepers’ income is said to come from its production
and sale. Meanwhile in western Europe the spotlight had shifted to pollen during the
1960s; it is a nutritious substance that can also be harvested from hives, but with far
less trouble and expense. Royal jelly is extracted, in minute quantites, from individual
queen cells, whereas pollen can be trapped in bulk.

A populous colony of bees collects and uses around 35 kg of pollen a year, food that
provides the proteins, vitamins and other substances needed in rearing new generations
of bees, perhaps a quarter of a million individuals annually. In the hive, pollen foragers
remove the pollen loads from their hind legs, and pack them into storage cells. A
pollen trap is a device with a double grid, placed across the hive entrance, so designed
that a fair proportion of incoming foragers, in manoeuvering their bodies through it,
are parted from their pollen loads which fall into a collecting tray.

Pollen traps were first developed for experimental purposes in the 1950s or earlier.
The yield can be as high as 1 kg per hive per day during a prolific flow, but the annual
yield is not likely to be much above 10 kg. A reprint from Bee World (1975/76)
describes various well designed traps, and also summarises the composition of pollen,
which is discussed in much more detail by Stanley & Linskens (1974).

One of the most important uses of bee-collected pollen is in a dietary supplement
for honeybee colonies when pollen forage is lacking, whether or not nectar is available.
Some Eucalyptus species provide copious nectar flows, but no (or inadequate) pollen,
so colonies can no longer rear brood, and would die out unless their diet was
supplemented. Pollen has been incorporated in food for various young mammals, and
also used for adult human consumption. The prices charged are high, and the same
nutrients can normally be obtained more cheaply from other foods. In countries where
undernutrition is common, and pollen could be collected cheaply, the situation might
be different.

Bee-collected pollen is also used in studying and treating allergic conditions such
as hay fever. In general, pollen collected for plant breeding and for pollinating certain
varieties of fruit must be obtained directly from the flowers, since processing by bees
inhibits its germination. The individual pollen grains of some plants are quite beautiful
(Fig. 2).

Propolis created interest in the Ancient World, but it has become a commercial hive
product only since the late 1950s. Propolis is a resinous plant secretion that honeybees
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Bee venom collection

Fig. 2.(opposite)

collect, usually from branches, leaves and buds of such temperate-zone trees as
Populus and Alnus, and in Australia possibly from Xanthorrhoea. The bees use it,
sometimes mixed with wax but otherwise possibly unaltered, for caulking cracks in
their hive or other nest, for repairing and strengthening comb edges, and for the
hygienic encasement (“embalming’) of invaders too large to be removed, such as
mice. The situation in the tropics is not fully known: it has been variously reported
that the three tropical Apis species do not use it; that none is produced in Hawaii;
that in Wake Island bees search for it avidly; that A.m. adansonii bees use it to
varying degrees. Some European honeybee races (notably those from the Caucasus
mountains) collect unusually large amounts of propolis; others collect little. It is not
a food, and cannot be essential to a colony as nectar and pollen are.

Ghisalberti (1979) has published a comprehensive review on the composition and
properties of propolis, and an annotated bibliography is also available (Walker 1976).
About 20 flavonoids have been identified so far, as well as various acids and alcohols;
many other components await identification. Propolis shows antibiotic activity against
many organisms; Ghisalberti gives a three-page list. The identity of the component(s)
responsible, however, is often not yet known. Propolis also shows anaesthetic, phy-
toinhibitory and pharmacological properties, including promotion of wound healing
and tissue regeneration. Unfortunately much less attention has been paid to identifying
and studying the source of the many effects observed, than to describing clinical
effects after the use of propolis. Most of this case work is reported from eastern
Europe. Propolis would seem to be well worth further basic studies, and it is to be
hoped that Ghisalberti’s paper will stimulate such work. Experience in the last few
years has shown that honeybee colonies can be worked to provide a propolis harvest,
providing the financial return is adequate. If hive-parts are frozen, propolis adhering
to them becomes brittle and can be removed by fracture.

Bee venom is used commercially in preparations for desensitising allergic patients,
and in some countries also for treating certain types of rheumatism. There is currently
extensive pharmacological research work on its components already identified, and on
the identification of other active components. Some of this may well come to fruition
in the next few decades; bee venom shares many characteristics with snake venom,
and is not too difficult to harvest; some of the problems are mentioned below.

Like beeswax and royal jelly, venom is a secretion of worker honeybees; queens
also produce venom, but it has been rather little studied. Firma Mack at Illertissen
in southern Germany was producing venom commercially long before the 1950s when
I visited the company. I was not shown the procedure, but it probably consisted of a
slow and tedious method of inducing individual bees to sting into some material
(absorbent paper?). In 1960, at the State Bee Venom Apiary at Radosina in Czech-
oslovakia, 1 saw a procedure that gave a more rapid harvest. Bees are stimulated to
sting by an electric shock, administered by a bare wire stretched to and fro across a
membrane mounted in front of a hive entrance. Bees leaving the hive are shocked,
sting through the membrane (which is so thin that they can withdraw their stings
through it, and are unharmed). Drops of venom remain on the underside of the
membrane; they dry, and are scraped off.

Photographs of pollen grains of six plants used by honeybees, taken with a
scanning electron microscope.

1. Onobrychis viciifolia 2. Hedysarum alpinum
3 Trifolium incarnatum 4. Trifolium pratense
S. Hippocrepis comosa 6. Gleditsia triacanthos
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The world shortage of
beeswax

In the USA Morse & Benton (1964) developed this method to the stage where 1 g
of venom could be collected from about 20 hives on a normal summer day. The
procedure is not a pleasant one for the operator, or for people in the vicinity of the
apiary, since many thousands of bees are alerted by alarm odour pheromone released
at the site of stinging, and sting without further provocation. In 1968, when a UK
government agency required 1 kg of bee venom for research purposes, beekeepers in
five countries had to be approached before the total amount could be obtained.

Until the 1850s, when Langstroth’s movable-frame hive was devised and began to be
adopted round the world, the bees attached their combs to the hive walls. Honey was
harvested by cutting out the combs, and the honey was separated from the wax by
pressing or crushing them, and straining out the honey. The beeswax yield was about
8% of the honey yield. With movable-frame hives, the combs (supported by the
wooden frames round them) are spun in a centrifuge after the cell-cappings have
been removed with a hot knife or a mechanically vibrated cutter. The only wax
harvest is the cappings from which the adhering honey has been removed, together
with any discarded combs, because the framed combs are reused. The wax yield
amounts to 1%2-2% of the honey yield; this is highly satisfactory to the honey producer,
but as movable-frame beekeeping spread to one country after another, the average
beeswax production per colony of bees dropped. Meanwhile many traditional uses for
beeswax have become obsolete, partly because of world shortages and consequent high
prices. At the same time an important new demand for beeswax was created: sheets
of beeswax embossed with hexagonal cells of the appropriate size can be manufactured

. and fitted into the wooden frames, as a foundation for comb building by the bees.

Substitutes have been sought, and are to some extent now used, for comb foundation
and even for comb itself (Johansson & Johansson 1971).

By the start of the period being surveyed, beeswax was exported by tropical
countries, especially in Africa, where there was a long tradition of beekeeping and
where fixed-comb hives were still used. As each of the countries concerned has become
more “developed”, beekeeping has either declined or been encouraged by domestic
or foreign development programmes in a more rationalised form, that yields more
honey but less wax.

In 1965 Morse showed that comb building by a cluster of bees (a natural or
artificial swarm) is not initiated until the bees are subjected to a period of comparative
darkness, as they would be once they had settled in a cavity. Continuation of comb
building does not require darkness, only its initiation. Morse explored the possibility
of harvesting the tiny wax scales that form when the secreted wax hardens on contact
with cooler air, by keeping swarms clustered (providing each with a caged queen) in
full daylight, so that comb building was inhibited. This has not so far been developed
commercially.

Development of Pollination Techniques Using Bees 1929-1979

Two comprehensive books provide recent syntheses of knowledge on insect pollination
of crop plants (Free 1970, McGregor 1976). The topics involved are dealt with rather
briefly here, since further details can be found in one or other of the books. Attention
is focused on problems whose full solution lies in the future, rather than on achieve-
ments about which information is easily available.
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