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PREFACE

In recent years, governments of wmany developing countries
huve been giving greater attention to the production of honey, beeswax

and other bee products. Indeed, apiculture offers many advantoges
such as -- .

(a) providing valuable food, especially to rural populations;

(b) providing remunerative employment;

(c) earning much-needed foreign exchange;

(d} requiring no large investment;

(e) contributing to pollination and thus to crop production;

(f) requiring practically no space on the farm.

One of the main obstacles to the development of apiculture in
developing countries in the tropics and sub-tropics has been the shor-
tage of up-to-date literature designed specifically for those regions.
The present volume is particularly designed to heip to fill this gap,

and also to provide a general introduction fo apicuviture for agri-
cultural planners.

Suggestions from readers on how to improve subsequent edi-
tions would be appreciated. They should be addressed to:

Chief

Food and Agricultural Industries Service

Agricultural Services Division

Food and Agriculture Organization of the United Nations
Via delle Terme di Caracalla

00100 Rome

Italy

M.S.0. Nicholas
Director
Agricultural Services Division



FOREWORD

Apiculture is a valuable tool for helping to meet the urgent
needs of the rural population of developing countries: more food,
higher income, and greater opportunities for gainful employment. The
publication of this comprehensive rmonog:-aph on "Apiculture and honey
production in the developing countries of the tropics and sub-tropics”
by FAQO is hence timely. This is the first book of its kind, and Dr.
Eva Crane and the other authors deserve our gratitude for this labour

of love The book in its geographical coverage is relevant to about
half the world's land area. Obviously, therefore, it cannot deal with
every region and set of conditions in great detail. Nevertheless, the

volume of data cnd information condensad in this concise book is
impressive. Adequate background and operational information has been
provided about all aspects of apiculture; hence policy makers and
general agricultural experts will find the book an invaluable source
of information and an aid in decision-making.

The book brings out the enormous untapped potential for the
development of a dynamic apiculture industry in the developing
countries. Already, the three largest exporters of honey in the world
are China, Mexico and Argentina. Another point which clearly emerges
from the various chapters is the great value of considering the
tropical/sub-tropical region in an integrated manner. Most countries
in these regions are blessed with abundant sunshine, and a rich flora
which blooms all the year round. An integrated consideration of the
problems and potential of the apiculture industry in the tropics and
sub-tropics will therefore help in identifying the constraints respon-
sible for the gap between potential and actual honey production. At
the same time, it will help to monitor and regulate the movement of
bezs and associated pathogens from temperate into tropical areas,
where beekeeping is especially vulnerable to setbacks caused by new
diseases. We urgently need a mechanism for disease monitoring, and
for organizing an early warning system with reference to the spread of
new pests and pathogens. Information un marketing opportunities will
also be necessary for countries that are substantially increasing
their apicultural production.

Much of this book has been written by scientists who are
authorities in their respective fields. The book, therefore, serves
as an encyclopaedia of information relating to the various aspects of
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apiculture. A special appendix, on information resources for
beekeepers, shows how the reader can enlarge his knowledge further,
and the final chapters suggest how a technology transfer programme can
be initiated.

In spite of all global resolutions on food security, several
hundred million children, women, and men are going to bed hungry every
day, particularly in countries of the "south". Since prospects for a
global food security system appear to be small at the present moment,
it will be prudent for developing countries characterized by poverty
and under-nutrition to build their own national food security systems.
In this task, apiculture can play a .useful role. At very little
expenditure, honeybees will not only provide food and income, but will
also enhance the productivity of horticultural and other field crops,
by their pollinating activities. The International Bee Research Asso-
ciation, contracted by FAC to prepare the book, hopes that its publi-
cation will generate awareness and thereby catalyse action towards a
more effective  exploitation of natural resources in developing
countries, through apiculture. By publishing the book FAQO has ren-
dered great service to rural development, a cause to which it is
deeply committed through the action plan developed at the World Con-
ference on Agrarian Reform and Rural Development.

M.S. Swaminathan

Director General

International Rice Research Institute
and

Independent Chairman, FAO Council




ABOUT THIS EQOK

In 1980, FAC, aware of the importance of apiculture in the tropical and
sub-tropical areas of the developing world and of the growing interest in it
there and elsewhere, requested the International Bee Research Association (IBRA)
to prepare a book on the subject for early publication. As originally con-
ceived, the monograph was to review the current position of beekeeping in the
various developing regions, continue with a general introduction to bee manage-
ment and the management of hive products, summarize the position with regard to
plant resources for bees in the tropics and sub-tropics, go into some detail on
the resources available for beekeepers in the developing countries, and conclude
with an important section setting out proposed measures - both technical and
political/organizationai - for developing apiculcure and increasing its produc-
tivity in the regions concerned.

IBRA assembled an impressive roster of international authorities on
beekeeping as contributors, and the manuscript was ready for the press by the
end of 198l. Authors of chapters or major parts of chapters were as follows:
C.E. Bowman (UK), B. Clauss (FRG), Dr. E. Crane (UK), Prof. W. Drescher (FRG),
Prof. J.B. Free (UK), Dr. D.A. Griffiths (UK), Huang W.-C. (PRC), Dr. I. Kiga-
tiira (Kenya), D.A. Knox (USA), Prof. N. Koeniger (FRG), Capt. P. Latham (UK),
Ma D.-F.M. (PRC), M. Nixon (UK), Dr. R.P. Phadke (India), Dr. A. Popa (France),
Dr. H. Shimanuki (USA), Prof. G.F. Townsend (Canada), Mrs P. Walker (UK), G.M.
Walton (NZ), and H. Wiese (Brazil). Dr. Eva Crane, then Director of IBRA,
planned the book and was its Chief Editor, and Dr. M.S. Swaminathan (India) gave
advice and support both as Independent Chairman of the FAO Council and as Presi-
dent of IBRRA.

Unfortunately, financial constraints made it impossible for FAOQ to
publish the book without delay, and toward the end of 1983 IBRA kindly undertook
to update the manuscript as far as was practicable, time being then too short to
consult all the authors. In the meantime, FAO reexamined the scope of the book
in light of preliminary comments, and this review, together with the wealth of
the new material available, made a complete reorganization and rewriting of the
book inevitable. FAO therefore requested its former Chief Editor, D. Jon
Grossman, to assume this task, drawing to the greatest extent possible on the
valuable contribution of IBRA but also taking into account the documented

experience of FAO itself in apicultural development in all the tropical and sub-
tropical regions.

Originally a composite work, with the considerable advantage of varied
viewpoints of highly skilled, long-time workers in apiculture, the study as now
presented has a more limited scope: to provide a general introduction to
beekeeping confined to the aspects strictly necessary for an understanding of
the problems of apiculture which are specifically applicable to the developing
countries of the tropics and sub-tropics. Many technical matters of con-
siderable importance are hardly touched on, and some are not even mentioned, but
these are dealt with in good beekeeping manuals written in and for the developed
countries; on the other hand, emphasis is laid on certain points which, while

of little concern to beekeepers in temperate zones, create acute problems in the
tropics.
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This book is therefore not a complete manual of tropical apiculture.
Since beekeeping methods, as will be seen, must vary widely according to the
ecological conditions of each area, and since the tropics and sub-tropics con-
tain an enormous range of such conditions, such a manual would have to assume
encyclopedic dimensions. The beginning tropical beekeeper will however find in
it much of the background material he needs for a thorough understanding of his
art, the more experienced worker with bees may find solutions to some of his
problems which have been solved elsewhere, and agricultural planners will find
some indications of means by which apiculture can become an element in
integrated rural development.

The contribution of IBRA to this book cannot be over-eztimated; in par-
ticular, the help of Dr. Eva Crane and Mrs. Penelope Walker in answering tech-
nical queries was invaluable. It must be emphasized, however, that final deci-
sions on the format and contents of the book were those of FAO alone, and accor-~
dingly that the views reflected in it do not necess:z "ily reflect those of IBRA
or of individual contributors, except where they are specifically cited.

The Editcr
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A

(1} Indigenous temperate zone Apis mellifera races

Lo = (2} Indigenous tropical zone Apis mellifera races {(e.g. adansonii)
T e e g g WD WE - A.M. capensis in the south and A.M. unicolor in the south-east

(3) Indigenous Apis cerana, also Apis dorsata and Apis florec in the
tropics; introduced Apis mellifera in some parts

(4) Introduced temperate zone Apis mellifera races from Europe
(5) Introduced tropical zone Apis mellifera races from Africa
(6) Stingless bees occur in many areas between they Tropics.

N.B. Actual desert and mountain boundaries between (1}, (2) and (3}
are not yet known, and no attempt is made to define them.

Fig. 1/1 Approximate distribution of the world's honey-producing bees, honeybees (Apis) and stingless

bees (Meliponinae).
Source: E. Crane (1979).




CHAPTER 1

INTRODUCTION

Apiculture is not a quaint hobby, or just a way of adding an infinite-
simal amount of carbohydrates to the world's food supply. It is a science-based
industry which uses bees as micro-manipulatores to harvest plant foods from
environmental resources that would otherwise be wasted. Further, the bees
ponilinate crops they visit, thereby increasing yields of fruits znd of seeds -
notahly those of oilseed and fodder crops on which eccnomic harvests of fat and
animal protein depend. The bees' housing occupies minimal space, so that prac-
tically no other food production has to be foregone in favour of beeckeeping.

This is the first book on apiculture in developing countries as a
whole. The cooperatior of specialists with experience in different regions,
and in different oranciies of apiculture, has been necessary in order to make a
useful synthesis to serve as a basis for future development in this rewarding
branch of agriculture. The gain is proportionately highest to subsistence farm-
ers, for the produce from a few hives of bees can sometimes give them a higher
income than they can earn by a full-time occupation. Not much work is needed to
look after the bees, and men, women and children can all take part in it. At
the other end of the scale, developing countries of the sub-tropics have already
become the main source of honey exported onto the world market: at least
150 000 tonnes a year are exported from developing countries. This is more than
three fourths of the world total, and the potential for development is still
very great, for reasons which will be indicated.

Tropical Honeybees

There are many thousands of species of bees in the tropics, but we are
concerned here only with bees which form permanent colonies and store enough
honey to be worth harvesting by man: the honeybees Apis and the so-called
stingless bees of the Meliponidae. The indigenous European honeybee is Apis
mellifera, two of the best known races being the Italian (A.m. ligustica) and
the Carniolan (A.m. carnica).

Three land masses (Africa, Asia, America) have tropical regions, which
are well separated by oceans or deserts, and the Pacific islands form a large
fourth scattered tropical region. Each of these regions has its own distinct
characteristics with regard to honey-producing bees.

The Americas and the Caribbean islands have no native honeybees (Apis),
but they do have native tropical stingless bees, which build small, rather
amorphous nests; these bees are also found, to varying extents, in Africa, Asia
and the Pacific (Fig. 1/1). There has been a long tradition of beekeeping with
them in the Americas, and the extensive pre-Columbian production of gold
castings by the lost-wax method must have relied upon their wax. Hives of Apis
mellifera were carried to New England, in North America, in the early 1600s,
but there were none in Central or South America until the last century. The
deliberate shift to beekeeping with these more productive imported bees is still
not complete in the Americas, nor is the change to modern hives. Tropical Afri-
can honeybees were introduced directly into Brazil in 1956; the shift to the re-
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sultant hybrid, the tropical "Africanized" honeybee, has been involuntary in
most areas where it has occurred, but it appears to have contributed to
increased honey production by forcing the adoption of mere modern api-
cultural techniques more rapidly than might otherwise have occurred.

The sub-tropical Mediterranean region includes the developing countries
of North Africa and the Near East, which have a number of native races of
A. mellifera, and also rich beekeeping traditions; these factors have given rise
to complex problems but have opened wide potentials for development.

Of all the regions under consideration, tropical Africa has the oldest
tradition of beekeeping, and the one that survives most vigorously in the main,
still with primitive hives. It is the only region with native tropical
A. mellifera, of which the best-known variety is A.m. scutellata, formerly
referred to as A.m. adansonii.(*)

Asia has three native tropical species of Apis: the hive bee
A. cerana and the wild bees A. dorsata and A. florea. A. cerana is similar to
A. mellifera, but smaller; in general it is less productive than the latter, but
it is very good at exploiting its native flora and can thrive in zones where
some races of A. mellifera cannot survive. The A. cerana bees that colonized
high Himalayan valleys, and regions north of the eastern end of these mountains,
are able to survive the cold winters by forming a cluster within the nest and
regulating the temperature inside it. This characteristic is also highly deve-
loped in European A, mellifera, but, apparently, not at all in those in tropical
Africa, except possibly at high altitudes. The most productive Asian bee, A.
dorsata, builds a single-comb nest in the open. It cannot be kept in a dark
hive, and its honey is still harvested from wild nests as in prehistoric times.
Finally, there is a very small species, Apis florea, which also builds a single-
comb nest in the open. A form of beekeeping is practised with it in Oman and in
parts of India.

The Pacific islands have no native honey-storing bees at all, except
stingless bees in one small area. European A. mellifera has been taken to many
of the groups of islands over the last century, but the remainder are still
without honeybees.

At various times men have introduced A. mellifera from Europe into many
other parts of the world; it usually thrives in temperate and sub-tropical cli-
mates and in some tropical regions where there are no native honeybees, but not,
generally speaking, in tropical regions with native Apis species.

The Hive and the Colony

Except in modern movable~comb hives, bees construct their nest by
building a group of parallel combs vertically downwards from the roof of the
hive or nest cavity (Fig. 1/2). The distance they leave between the rombs (Fig.
1/3) is an inbuilt characteristic of the bees, and varies slightly for different
species or sub-species, according to their body size. The bees observe this
spacing very precisely with regard to the combs in which brood is reared; these
are normally the central ones, where the temperature can mcst easily be
controlled. There is a greater tolerance to the spacing between the honey-
storage combs above and around the brood nest.

(%)

This name still appears in some of the diagrams in this book.




Fig. 1/2 Natural nest of Apis cerana in a tree in India.
Photo: C.V. Thakar.

The size of a colony depends on the number of worker bees in it, and is
lowest at the end of the main dearth period uf the year, when no food can be
collected, and during which up to half the bees die. The dearth period is
usually followed by rapid colony growth, as many plants come into flower, and
the colony population increases by four times or more. The approximate com—
position of a temperate-zone A. mellifera colony is given on page &4: the
figures are lower for tropical Africa A. mellifera, and much lower for tropical
Asian A. cerana.
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Fig. 1/3 The regular spacing left by bees when building their

combs. The beekeeper is showing the lid of a movable-
frame hive in which bees have inadvertently been allowed
to build combs. The centre of the combs, built for brood,
is narrow and regular; at the outer edges, the comb, whose
spacing is wider and less regular, is intended for honey

storage.
Photo: ©P. Papadopoulo.

Seasonal
maximum
Queen (female reproductive) 1
Drones (male reproductive) 300 - 3 000
Workers (female non-reproductive)
adults 50 000
brood (eggs, larvae, pupae) 35 000

at onset
of dearth
period

Q =

25 000
500

at end
of dearth
period

—

13 600
2 000




TABLE 1/1:

Summary of age-linked stages in the life of a worker bee in

summer. {(Source:

Crane (1980).)

The ages entered for the adult bee are examples only.

All are flexible in nor-

mal colcny conditions, and highly flexible in abnormal conditions; an individuail
bee may show several different behaviour patterns on the same day.

Age (days) Food required Other conditions Behaviour

Stage

Brood Stage: Day 0 = DAY EGG IS LAID

0-3 (egg) none temp. ¢ 34° C none

3-8 bee milk, then temp. c 34° C eats, moves in open
pollen + honey cell

8-9 (larva) none temp. ¢ 34° C spins cocoon in

sealed cell
9-21
prepupa, pupa none near 34° C none

Adult Stage:
0-20

'house bee' i.

subdivided as

0-5
'young bee'

5-10
'nurse bee'

10-15

'building bee'

15-20
‘guard bee'

20-30
'honey-making
bee'

20-35 +
to death
'field bee'

Day 0 = DAY OF EMERGENCE FROM CWIL = DAY 21 OF BROOD STAGE

remaining in the hive; preferring darkness to light;

follows:

pollen + honey

honey/nectar

honey/nectar

honey/nectar

honey/nectar

honey/nectar

hypopharyngeal glands
secrete bee milk

wax glands developed

venom glands
developed

hypopharygneal glands
secrete invertase

flight muscles
developed; attracted
to light, not
darkness

cleans cells

feeds larvae

builds comb, caps cells

guards hive (a few days
only, or not at all)

elaborates nectar, etc.
into honey

after short orientation
flights, forages for
pollen, nectar, etc,,
also (some bees) for
water, or for propolis
(and works with propo-
lis in hive)



-~ 6 -

The queen lays all the eggs (up to 1000 or 2000 a day) during the
active season. The workers do all the other "work" in the colony: Table 1/1
shows their activities, which follow an age-linked sequence.

The seasonal cycle of the bees' work depends on the flowering seasons
of the year; Figs. 1/4 and 1/5 illustrate the sequence of honey flows and its
influence on hive weights. After a dearth period (whether caused by dry
seasons, heavy rains, heat, or cold), plant development starts again, and with
the first flowers a pollen and nectar flow begins. The pollen provides the pro-
tein the colony needs for rearing brood, and the bee population increases
rapidly until the colony has enough bees to forage and collect more nectar than
is needed for its immediate energy (carbohydrate) requirements. The bees con-
vert the surplus into honey which, using their wax, they seal into the cells of
the honey combs when it is “ripe", i.e. when its water content has been reduced
to 18-19%, although in the tropics this low figure is not always attained. The
beekeeper harvests the honey, usually at the end of a major nectar flow, leaving
enough stores to feed the colony through tne ensuing dearth period.

The seasonal cycle of a colony is perhaps best understood by the colo-
ny's weight change through the year. In Argentina (see Fig. 1/4) the dearth
period is due to cold (autumn/winter), and between mid-April and mid-November
(in the northern hemisphere the equivalent period would be mid-October to mid-
May) there is a continuous loss in weight due to consumption of stores, the lack
of incoming food, and littie or no brood rearing to produce new bees, The
colony population grows very rapidly once flowering starts in spring and
decreases again as the food intake drops off. (Most of the weights shown in the
graphs is stored honey, but the size of the colony is linked with this.) 1In
Brazil, closer to the equator (see Fig. 1/5), the dearth period is the wet
summer, and the period of colony expansion and honey production is the dry
winter. 1In some tropical regions the cycle is repeated twice in the year.

Tropical honeybees can survive the relatively short, warm dearth

periods experienced in their native regions. In some regions A. dorsata colo-
nies avoid dearth periods: the colonies migrate between two areas, each of

which provides food resources for part of the vear; thus, the colony abandons
its nest twice a year, and builds a new one in the other area. The same is true
of A. mellifera in parts of tropical Africa, for instance, it has been reported,
between the top and bottom of the Rift Valley. A. florea also migrates, and A.
cerana shows a similar, but less pronounced, tendency.

Apart from this seasonal migration, a coleny of honeybees may abandon
its nest if it is excessively disturbed; this is referred to as absconding. An
A. florea colony may return to the nest a short time afterwards.

Methods

Beekeeping started with traditional, or fixed-comb, hives, so called
because the combs are attached to the top and sides of the hive itself, and the
beekeeper cannot easily remove and replace them.

Traditional hives are wusually simple containers made of whatever
material is used locally for other purposes: hollowed logs, bark, woven twigs
or reeds, coiled straw, baked or unbaked clay, etc. In the most primitive form
of beekeeping the bees are killed, or driven out by smoke, once or twice a year
when the hive contains the most honey: the honey and wax are taken and the
colony is destroyed in the process. During the next swarming season the empty
hive will probably be occupied by a new swarm.
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Fig. 1/6 Cylindrical bark hives in Tanzania.
Photo: ¥.G. Smith

One of the better forms of traditional husbandry, widely practiced with
cylindrical hives (Fig. 1/6), is to leave brood combs behind, with the queen and
some bees, when the honey is taken. The simplest way of ensuring success in
this method is to use hives longer than the reach of a man's arm, so that when
he reaches in from one end, he cannot remove all the combs. Measurements of
cylindrical hives from widely separated parts of Africa show that most have a

very similar length (100~-110 cm), which satisfies this condition and also is the
maximum length that can be carried easily.

At the other end of the
inodern apiaries,
consist of a

scale are the movable-frame hives used in
and which will be discussed in some detail in Chapter 5. They

tier of accurately manufactured boxes, generally of wood,
fitted out like a filing suspension system and

each
containing a number of frames




Fig. 1/7 Apiary of Langstroth movable-frame hives, on stands,
Papua New Guinea.

Photo: G.M. Walton

which hold the combs of the brood and the honey. A movable-frame hive allows
frames to be removed for inspection, replacement, or transfer to another hive,
and for honey extraction. The most widely - but by no means universally - used
pattern of movable-frame hive is the Langstroth hive (Fig. 1/7) with 10-frame
boxes. Standard designs differ in minor ways, however, and the number of frames
in each box may vary from 4 to as many as 15,

The bottom box of a movable-frame hive is the brood chamber, and a
queen_excluder can be used to separate it from the honev chambers above, often
called supers because they are superimposed (Fig. 1/8). 1In temperate zones two
or even three boxes may be used for the brood chamber, and any number of supers
can be added, but in the tropics colonies do not usually grow so large or store
so much honey in a short time, so that one brood box and one or two supers suf-
fice. Movable-frame hives are used widely in the American tropics and sub-

tropics, and in Pacific islands. A smaller version is used for A. cerana in
India and other Asian countries.




Fig. 1/8 Beekeeper in Papua New Guinea beginning to open a
three-box, eight-frame Langstroth movable-frame hive.
Photo: G.M. Walton.




Fig. 1/9 Kenya top-bar hives suspended in the shade.
Drawing: Stephanie Townsend.

Between the two extremes of a hollow cylinder and a tiered frame hive -

each irreplaceable in its context - there are various intermediate or tran-
sitional hives that combine some of the advantages of movable-frame beekeeping
with & much reduced need for precision. (Precision is always expensive, and

unless it is used to full advarnitage its benefits are lost.) Top-bar hives (Fig.
1/9) are movable-comb hives in which the rectangular frame fitted with wax foun-
dation is reduced to a top-bar only, rounded on the underside and fitted with a
narrow strip of wax, or smeared with wax. The top-bars must be properly spaced
to attain the bees' natural bee space, but that is the only precision measure-
ment. The two long sides of the hive are often made to slope inward toward the
bottom, as the bees' naturally-built combs do, and the bees will not then attach
their combs to the sides of the hives. The hive is made extra long instead of
being tiered up with supers; the sloping sides would hinder tiering, and without
frame bottom-bars the bees tend to join the wax combs between the boxes so that
it is difficult to separate them. The bees store honey on each side of the

brood nest instead of above {it, and these outer combs provide the honey
harvest.

With tropical African bees, "bait" hives are usually positioned in
trees (Fig. 1/10), for wild swarms to enter and occupy. When this has happened,
the hives are taken down and sited near the ground (Fig. 1/9). Where bees of
temperate-zone origin are used, the beekeeper usually captures a swarm when it
has clustered (Fig. [/1l) and transfers it to & hive; to stock an empty hive he
may also divide an existing colony, and either provide a queen for the queenless
portion or let it rear a new queen itself.

Harvesting the honey from movable-frame hives involves three basic
operations:

a) removirnyg the honey supers (bee-free) from the hive;
b) taking off the cell cappings with a knife or other implement;
c) spinning the honey out of the frames in a centrifugal extractor.
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Fig. 1/10 Suspending top-bar "bait" hives in trees, in Zululand.
The hives are built to be self-stacking, and their top
cross-section is the same as that of a Langstroth hive.
Photo: R. Guy.



Fig.

1/11

Clustered swarm of Apis mellifera on a rhododendron bush.

Photo: IBRA Collection.
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The honey is then usually strained to remove particles of wax and other

impurities. The fact that the frames can be removed from the hive singly faci-
litates (a) and (b), and the frames provide support for the combs so that these
can be spun at quite a high speed. With intermediate hives without a separate

honey chamber, combs must be removed singly instead of in boxes, and can be
broken by centrifuging; the honey is therefore usually separated from the wax by
straining.

With traditional fixed-comb hives, operation (a) consists of cutting
the honey combs out one by one; (b) is awkward, but possible, but (c) is
possible only by placing pieces of comb in a specially-made basket; usually the
combs are cut into smaller pieces and strained. The strained honey is sold, the
wax comb (still wet with honey) often being mixed with water and fermented to
make beer. Finally, the wax is melted and strained into containers, in which it
sets and from which blocks of solid wax can be removed (although in many areas
the wax is in fact thrown away).

The price of beeswax is several times higher than that of honey, but
the yield per hive is much smaller. However, the movable-frame hive is designed
for producing honey, minimizing any diversion of the bees' energy into wax pro-
duction. For this reason, the world's requirements of beeswax are largely pro-
duced in the tropics, where many hives do not have movable frames.

Uses of Apicultural Products

The major part of the honey made by bees is also used by them, and the
beekeeper's harvest can only be the surplus they do not require. It has been
estimated that this surplus varies from around one~tenth of the total amount in
poor honey-producing areas to one~third in the richest areas.

Honey is produced in almost cvery country, and 90% of the world's pro-
duction is eaten directly as honey. The remaining 10% is used in baking, con-

fectionery, fermentation to alcoholic drinks, tobacco curing and the manufacture
of pharmaceuticals and cosmetics.

In many parts of the developing world honey is a valued food, as an
occasional treat or as a standby in times of famine. In some areas it is so
highly regarded that it is used as medicine rather than as food, and in other
regions, especially parts of tropical Africa such as Ethiopia, it is used
largely for making beer (tej).

Because honey is universally valued it can be sold as a cash crop; it
can also be kept for future use, since it need not be used quickly like meat and
many fruits and vegetables. Beeswax is even more durable, and being solid it
needs no container. Pollen is another hive product that can be collected and
utilized where it is plentiful. It contains up to 20% or more of protein, and
is richer than many plant materials in vitamins B2, B3, B5, B6, C, E and H.
Would pollen benefit people not receiving enough protein in their diet? The

answer is surely yes. Whether the use of pollen as an additive is feasible,
economic and acceptable are separate questions. It is, however, worth bearing
in mind that polilen is produced in almost all inhabited parts of the world, and
is largely unharvested. In primitive honey-hunting days the whole combs from

bees' nests were eaten, the honey, pollen and bee brood together constituting a
nutritious and acceptable food.



The economic value of beekeeping is commonly assessed by the market
price of surplus honey that beekeepers are able to harvest from their hives.
With traditional types of hive the yield is usually low, perhaps 3 to 5 kg per
hive per year, but the combs removed from the hive provide a beeswax harvest,
usually reckoned as about 10% of the weight of the honey harvest. With modern
movable-frame hives the honey yield may be 50 kg or more, or even twice this
amount if hives are "migrated" to different honey crops, but beeswax production
is likely to be only 1.5% to 2% of the honey yield because the hives are
designed to enccurage honey, but not wax, production. Other hive products with
commercial possibilities are pollen, propolis, royal jelly, bee venom and bee
brood.

The number of colonies of bees kept, and total honey production, have
been increasing steadily, and incomplete FAO statistics indicate that in 1983,
world honey production probably reached a million tons. Yet the developing
countries, whose total land area is well over half of the world's total and
whose climate, generally speaking, is admirably suited for apiculture, still
furnish only about half of the world's total production -- far below their
potential.

There are, of course, notable differences between the honey-producing
potential of the developing countries and that of countries in temperate zones,
and also among the developing countries themselves. Many sub-tropical
countries, such as those in Central and South America, have rich bee forage and
a long flowering season, and here the yield per hive is high. Lower hive yields
elsewhere (e.g. the Mediterranean area and tropical Africa) are partly due to
the fact that primitive hives are still generally used there; these yields
could be considerably increased over time by the adoption of modern methods. 1In
Asia, the average lies between lower yields from Asian bees in traditional hives
and higher yields from organized modern beekeeping with European bees, such as
is carried on in China.

Many of the developing countries could increase their honey production
at least 10 times, because they have rich honey-yielding plant resources not yet
exploited for beekeeping (*). This rich tropical resource of nectar and pollen
may not be available indefinitely, as man destroys his environment, but it is
the last of its kind on our finite planet, and most of it is going to waste,
The thesis of this book is that it should be harvested by, and for the benefit
of, the rural populations, and particularly the subsistence farmers, who can
thus obtain a cash crop at little or no cost. At an average price of US$§ 1 per
kg, the 20 or 30 kg such farmers can produce in a year may seem negligeable, but
if it comes from a few home-made hives that cost nothing, then in terms of the
return of labour and scarce land resources it can compare favourably with the
return from the land, without interfering with normal farming operations.

(*¥) In most temperate-zone areas, many such resources have been or are
being destroyed as an indirect effect of the modernization of agri-
culture, and honey yields often depend on agricultural and horticultural
crops, rather than on wild plants. Long-term records for the USA, for
instance, show that despite the ever-increasing expertise of the bee-
keepers, average yields per colony have remained stable over the past half-
century, an indication that the resources available to the bees are disap-
pearing there.
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The value of all the honey produced annually in developing countries
is about USS 370 million, to which may be added, as a conservative estimate,
another US$ 30 million for beeswax and other hive products, for an overall total
of USS 400 million. As already stated, it should be possible to increase this
production tenfold. While such an increase, occurring too rapidly, would create
serious marketing problems, the increasing demand for honey and beeswax indica-
tes that the market could probably keep pace with the expansion of supply.

As a further main factor in the b es' economic importance, it has been
calculated that in the United States, crors pollinated by bees are worth about

100 times as much as the hive products ;-oduced; in the developing countries
this figure is probably no lower, although :t will vary widely with the crop and
according to many other circumstances. his gives some idea of the present

significance of apiculture for the develop:ng countries, and thus of its poten-
tial for the future.

The Plan of this Book

All the matters referred to above will be discussed in much greater
detail in the chapters which follow. Chapter 2 is given over to the bees them-

selves: leaving aside complicated considerations of taxonomy of interest to
scientists, it describes their origins, their customs, their feeding, and their
incalculable importance as pollinators. Chapter 3 describes their enemies:

their diseases and parasites, and man himself, who through indiscriminate use of
pesticides kills off untold millions of this useful insect every year. Chapter
4 gives examples of traditional methods of beekeeping around the world, while
Chapter 5 - which many readers will consider the key chapter of the entire book
- gives details on modern beekeeping techniques, with some indications of what
is needed to convert beekeeping from traditional to modern techniques, neither
an excessively difficult nor an excessively costly process (*). Chapter 6, also
essential, discusses the handling of the hive products: not only honey and wax,
but royal jelly, propolis, bee brood, and live bees themselves. An approach to
apicultural micro-econom.cs is made in Chapter 7 which, with the aid of examples
drawn from the developing regions, offers some indication of just how profitable
beekeeping can be. Chapter 8 offers the case history of a long-term programme
for national apicultural development in an African country and discusses such
essential inputs as education, training, extension, research and their organiza-
tion, while Chapter 9 describes international technical assistance projects,
with FAO examples from Africa, Asia and Latin America. A special appendix is
devoted to the needs of the beekeepers for further information, and the
impressive array of resources available to them, many of which will also be of
value to planning authorities and technical assistance agencies.

Further Reading

Crane (1976a) and the same author's introductory chapter (to which
the present chapter owes much) to CS/IBRA (1979) provide a background to the
factors governing apicultural potential, while USDA (1982) furnishes usually

(*) Technical details of beekeeping operations which can be found in any
general beekeeping manual are not discussed in this book, whose scope
is limited to a review of beekeeping problems specific to the deve-
loping countries of the tropics and sub-tropics.
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reliable numerical data on the production of honey and other hive products. See
also Crane (1980b) and Crane (1984b) for more information on the bees used in
beekeeping. Crane (1976b), Butler (1974) and Free (1977) describe the bees'
activities that result in an economic return for the beekeeper - and some that
may cause problems. Dade (1977) describes the honeybees' anatomy fairly simply.
Dadant & Sons (1975) is widely useful, although it deals primarily with bee-
keeping in temperate climates, while Johansson and Johansson (1978) and Bee
World (1968) provide detailed information on specific beekeeping operations; the
last four mentioned all deal with European Apis mellifera. Crane (1980c), on the
contrary, covers all four species of Apis and gives concise basic information
about tropical apiculture in general; it is derived from IBRA's Bibliography of
tropical apiculture, which appears in the Bibliography as Crane (1978a and b).




CHAPTER 2

THE_BEE
A. BEE BIOLOGY IN THE TROPICS AND SUB-TROPICS(¥*)
1. The Inhabitants of the Hive

A normal bee colony consists of one queen, a number of workers ranging
from 60,000 to 80,000 in the major honey flow season (in Central America, from
October to May) to as low as 10,000 or less in the nectar and pollen dearth
period (mid-May to mid-August), and a number of drones ranging from a few
hundred to 2000 to 3000. The queen lays eggs and is the mother of all the
bees in the colony; the workers collect pollen and honey and execute all the
work within the hive; and the drones are males whose task is to fertilize queens
from other, distant colonies.

In addition to these three castes of bees, a normal colony contains, in
different stages of development, what is referred to collectively as the brood.
While quantities may vary considerably, on average there may be about 5000
eggs, 10,000 larvae and 20,000 pupae in the hive, The eggs and larvae are
referred to as uncapped brood; when the brood cells are covered with a porous
wax cap, the brood is said to be capped.

The hive of a bee colony consists of a series of combs, about 25 mm
thick, hanging about 10 mm apart. The combs, built of beeswax, and used to con-
tain the brood and to store honey and pollen, consist of hexagonal cells of
three different sizes, one for brood of each caste, Pollen is stored in worker
cells, and honey in both drone and worker cells. The brood occupies the lowest
part of the combs, near the hive entrance; above and on both sides of the brood
is stored a strip of pollen cells, while the honey is stored above these, at the
greatest distance from the hive entrance.

The queen lays her eggs at the bottom of the cells, and the eggs hatch
after three days, the female larvae (i.e. of queens and workers) from fertilized
eggs, and the male (drone) larvae from unfertilized eggs (See Table 1/1).
During their first three days, the larvae are fed on royal jelly, produced by
nurse workers; after this period, worker and drone larvae are fed on a mixture
of honey and pollen, while for two more days the gueen larvae receive royal
jelly (see Fig. 2/1). Queens can thus be reared from any worker larvae less
than three days (preferably one day) old. Queen larvae cells are capped on the
fifth day, those of workers on the sixth and those of drones on the seventh; the

pupal stage then begins. Queens emerge after 8 days as pupae, workers after 12
and drones after 14 days.

(*) This sub-section is a condensed version of a training booklet (Woyke,
1980b), prepared under an FAO apicultural development project in El
Salvador. The bee discussed is A. mellifera, kept in movable~frame

hives, but the general principles involved are equally applicable to
A. cerana.



(A)

(B)

Queen larva cells. (A) Young larva "floating" on royal
jelly. (B) Older larva shortly before pupation;
jelly is seen at the top of the cell.

Photos: IBRA Collection.

royal
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2. The Queen

New queens are produced under three circumstances: (a) when the colony
is planning a reproductive swarm, the bees build from 10 to 20 royal cells, and
the original queen lays an egg in each. The new queens, born after the old

queen has departed with the swarm, are cailed swarm queens; (b) when the queen
is over-age and laying badly, or is otherwise failing, the workers build 1 to 3
replacement royal cells, in which the old queen lays her eggs. The new, so-
called replacement, or supersedure, queen, lives together in the hive with the
old queen for a certain time; (c) when the colony loses its queen through acci-
dent or disease, the workers create emergency queen cells from workers' cells
containing larvae less than three days old, situated at the central strip of the
comb.

During her first day of adult life, the young queen hunts out rivals in
order to kill them. When the colony is not about to swarm, the workers destroy
the other queen cells by opening them at one end. About five days after
emerging, the queen takes short (5-minute) reconnaissance flights, and then
leaves on a mating flight of 30 to 45 minutes. When she reaches a zone, 6 to 10
metres above the ground, where drones are concentrated, they recognize her by a
characteristic odour given off by a secretion from her body. During a mating
flight she is fertilized by about eight drones; if this number is not reached,
she makes a second mating flight next day.

During copulation, the drones' sperm is injected into the queen's ovi-
ducts, whence the spermatozoids pass into a special cavity which can contain
about 5 million of the male gametes. The queen begins laying three days after
her last mating flight, and can fertilize the eggs laid to produce workers, or
refrain from fertilizing them to produce drones.

When the queen has not been fertilized, for lack of drones or because
bad weather has prohibited mating flights, she begins after four weeks to lay
unfertilized eggs in worker cells, from which only drones are hatched in most
cases.

A good queen lays from 1500 to 2000 eggs a day, and she lives for up to
five years, but her best laying period is during her first two years only. When
the spermatozoid reserve in her body capacity is depleted, the queen begins to
lay both fertilized and unfertilized eggs in worker cells, the unfertilized eggs
producing drones.

The gqueen emits a chemical message known as a pheromone, which controls
the biology of the colony and inhibits the ovarian activity of the workers.
When the queen dies and pheromone production ceases, this serves as a signal for
the workers to produce a new gqueen from worker larvae, as indicated above. If
no young larvae exist, the ovaries of some workers develop and they lay unfer-
tilized (drone) eggs in workers' cells.

3. The Workers

The workers are females whose reproductive organs are atrophied; they
cannot be fertilized by drones because they possess no sperm reserve capacity.
On the other hand, they have organs other than those of the queens and drones,
to enable them to execute all the work of the colony. Their tongue is longer
than that of the other castes, to enable them to suck nectar from flowers; they
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have a special sac for carrying honey and water; on each of the rear pair of
legs is a special "basket™ for carrying pollen pellets into the hive; their
stings are well developed for the defence of the colony; their heads contain
glands producing royal jelly to feed the queens and larvae; salivary glands in
the thorax produce enzymes which ripen the honey; and four pairs of glands in
the abdomen produce beeswax.

In El Salvador, the workers live for about six weeks, the first three
within the hive and the last three outside the hive, as foragers. During their
first three days, they clean the cells of the honeycomb; from the fourth to the
sixth day they nurse the larvae more than three days old, feeding them on a
pollen-honey mixture; from their sixth to their twelfth day they feed the larvae
of less than 3 days on royal jelly produced by their head glands; from their
thirteenth to their eighteenth day they produce wax and build comb, and ripen
and store honey, by adding their enzymes to it and evaporating itls excess water;
on the next two days ihey act as guards at tiie hive entrance; and from their
twenty-first day onward they collect nectar, pollen, water and propolis(*).

If at any time a greater number of bees is required for a special type
of work, the pattern set out above may be varied; in particular, during periods
of major honey flow, workers may begin to collect nectar from 14 to 18 days
after emerging, and their life span may be reduced by a week or more.

When a worker discovers a nectar or pollen source, she returns to the
hive and, by "dancing” in front of her sisters, she indicates to them the
distance and direction of the flowers. The bees' normal flight radius in
countries such as El Salvadeor is 3 km, although distances of 6 km and more have
been observed, and the economic flight radius (at which the bees can collect
more energy in the form of nectar and pollen than tbay consume in flight) is
only about 1 km. A colony at 1 km from a floral sour-e can however store only
60%Z of the honey collected by other colonies nearer to the source.

As Crane has pointed out (CS/IBRA 1979), "The performance of bees is
truly astonishing. The fuel consumption of a flying bee is about 0.5 mg honey
per kilometre, or 3 million km to the litre. 1In providing 1 kg of surplus honey
(for the market), the colony has had to consume something like a further 8 kg to
keep itself going, and the foraging has probably covered a total flight path
equal to six orbits around the earth - at a fuel consumption of about 25 g of
honey for each orbit."

4. The Drones

The drones, which are stingless, are the male bees, whose sole function
is to fertilize queens. Their compound eyes, at the top of the head, are twice
as large as those of the queen and the workers, and their wings are the largest
of those of the three castes; these differences help them to locate the queen in
the air and to reach her during the mating flight.

(*) The amount of honey produced is therefore a function of the length of
life of the worker bees; as will be reported in Chapter 5, research in
India indicates that Apis cerana indica workers have a longer life than
workers of A. mellifera, and this characteristic is potentially one
superiority of A. cerana over A, mellifera as a honey producer in some
geographical areas.




The workers breed drones only during the heavy nectar and particularly
the pollen flow season (in Central America, September-October and April). They
are bred in colonies which are more populous, with numerous nurse workers pro-
ducing more royal jelly than can be used by the worker larvae.

The adult drones are fed by the workers, but in dearth pericds the
workers cease this feeding and expel the drones from the hive so that they die.
Only orphan colonies, or colonies with an unsatisfactory queen, have drones
during the dearth period, so that the presence of drones in the hive at that
time is an indication to the beekeeper that there is a problem regarding the
gueen and that the colony needs to be requeened.

The drones reach sexual maturity nine days after having emerged, and in
good weather they leave the hive every day in search of a queen. They can loca-
lize a queen up to 8 km away; as indicated above, copulation takes place from 6
to 10 metres above the ground, and about eight drones copulate with a queen
during a mating flight. During copulation the drone turns his sexual ecrgan
inside out as he injects his semen into the queen; he leaves part of the organ
at the end of the queen's abdomen, and dies as a consequence,

5. The Dearth Period

In temperate regions, the dearth period coincides with winter, when
temperatures fall to 0°C and below. Under these conditions the bees form a
cluster and reduce their activity to a minimum; they do not leave the hive, and
the queen ceases laying. 1In tropical areas, on the contrary, the bees remain
active all year round and the queen continues to lay, although there are periods
of greater or less activity.

The dearth period is a period of reduced activity, during which the
flowering of the plants is considerably reduced, or when no plants important for
bees come to blossom. 1In Central America this period lasts for roughly 120 days,
from mid-May to mid-September, and while it continues the queen reduces her
laying to a great extent. At the beginning of the period, there are honey and
pollen reserves for producing royal jelly on which the larvae feed; under these
circumstances the nurses feed all the larvae that hatch from the eggs, and as a
result the capped brood appears to be very regular.

When the hive's pollen reserves and the nurses' protein reserves are
exhausted, however, and when there is an insufficient pollen flow outside the
hive, the bees lack the raw materials needed for producing royal jelly, and not
all the larvae hatched can be fed in order to develop into capped brood and then
reach the adult stage. When this occurs, the nurses eat some of the larvae in
order to produce royal jelly on which to feed the queen and the remaining lar-
vae. Consequently, the capped brood appears to be irregular (discontinuous).
In irregular brood combs both eggs and larvae at different stages of development
are found near capped cells. Many beekeepers, unaware of this phenomenon,
believe that the queen is at fault, in that she is laying her eggs irregularly,
or else that the brood is diseased, and in the latter case they wrongly begin to

—apply medicinal remedies.

When the lack of pollen is prolonged, the bees eat almost all the lar-
vae. As a result, during this period the area of irregular brood may show only
capped brood originating from an earlier, better time, and cells with eggs, but
practically no cells with larvae.
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Fig.

2/2 A natural migratory swarm of Apis dorsata settled
at a resting place.

Photo: N, Koeniger.




- 25 -

Three wecks after the pollen flow has ceased completely and the nurses
can produce no more royal jelly, the last adult bees emerge from the capped
cells, and at this stage the cells of the brood contain practically nothing
except eggs; the nurse bees eat all the larvae in order to produce royal
jelly for the queen.

If the situation fails to improve, there is a lack of the honey needed
to produce the energy necessary for heating the hive and for working, and also
of the proteins necessary for laying eggs and feeding the brood. 1In this case
the queen ceases laying and all the bees, queen included, migrate from the hive
to hunt out a site with beti2r conditions for survival (See Fig. 2/2). This
tendency will be discussed in greater detail below.

Often the conditions are not so serious as to force the bees to leave:
in some places and at some periods they may find a little pollen or nectar, or
else the beekeeper may feed them. When this occurs, the final stage of hunger
is not reached, but the earlier phases are very frequent during dearth periods
in tropical regions,

6. The major honey flow

Puring the major honey flow, the bees need a maximum of comb to store
nectar and they will store it even in empty queen cells. This space is needed
in order to allow the bees to evaporate the excess of water from the nectar.
Nectar may contain as much as B80% water, and to convert it into honey, which
should only contain about 18% water, the bees are obliged to evaporate the
excess by fanning their wings and thus creating a flow of air. Normally, 50% of
the weight of the nectar collected during the day is evaporated during the
night. This evaporation takes place both in comb cells and in the droplets of
nectar which the workers remove and place on their tongue, at the same time
adding the enzymes needed for ripening the honey.

Normally, bees store their honey above the brood, at the end of the
hive opposite the entrance. When the cells with ripe honey are full, the bees
cap them with wax, leaving a little air between the cap and the surface of the
honey. Comb with capped honey is ready to be removed by the beekeeper.

7. Behaviour Characteristics

Of great importance to beekeepers are the behaviour characteristics of
the bees, i.e. their reaction as a group to certain stresses or other con-
ditions. These traits vary considerably according to the species and sub-
species of bee, and they are also affected by temperature, altitude, humidity
and other environmental factors. To some extent, however, all the bees show all

the characteristics, and it is therefore convenient to review them together
here.

a) The most apparent characteristic of the bee is referred to as its
appressiveness, although in fact this behaviour characterisitic is more defen-
sive than offensive: when the bees feel themselves attacked, or in danger of
attack, they counter-attack without delay (See Fig. 2/3). G.F. Townsend's
description of this characterisitc in tropical African bees (Apis mellifera scu-
tellata) portrays aggressiveness at its most developed state:
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"Tropical African bees can be very 'aggressive', or they can be very
mild-tempered, and it has been said that only a beekeeper who knows
what he is doing can afford to take a risk with them. They are very
sensitive to external disturbances, and, generally speaking, the
stronger the colony the more easily the bees in it can be provoked.
The attack - on the beekeeper, a bystander or an animal - is usually
instantaneous; it is en masse and without warning. No one can stay
close to an attacking colony without using smoke or protective
clothing, and sometimes nnt even these are sufficient. Once aroused,
colonies remain aggressive for the rest of the day, and it is therefore
advisable to work them only in the late afternoon or early evening,
after which they will settle down overnight”.

b) Of perhaps the greatest importance to the beekeeper is the bees' ten-
dency to abandon the hive, whether temporarily or permanently. This charac-
teristic is given different names, depending on the cause of this departure:

reproductive swarming, migration and absconding. The terms are sometimes used

rather

loosely, and a need for more precise definitions has been felt. 1In a

report presented by Dr. I.K. Kigatiira to the Third International Conference on
Apiculture in Tropical Climates (Nairobi, 1985), the following draft definitions
were submitted:

i)

"Reproductive swarming comprises the sudden departure of a proportion
of the adult worker bees of a colony from its nest, with a queen and
sometimes some drones, to form a separate colony elsewhere. (Control
methods are as with European bees). The movement of an entire colony,
as opposed to its division in reproductive swarming, is usuaily
referred to as either migration or absconding.

"Migration is usually taken to comprise a large~scale movement of a
population. It often carries the implication ol a movement in one
direction during one season and in the opposite direction during
another season, as with migratory birds and mammals. But this need not
be so0; in the locust, for example, migration is the dispersal of part
of a population from an epicentre, without any mechanism for the return
of components of the population to that centre. The migration of tro-
pical honeybees should be defined as an adaptive seasonal departure by
mass flight of a whole colony, which has probably reached a broodless
state, from a forage-poor habitat to a different and comparatively

forage-rich habitat, This definition does not depend on whether the
colony (or its daughter coloniss) returns in another season to the
former area, when forage conditions there have improved. Migration

behaviour has a genetic foundation.

"Absconding should be used to describe the departure of all the adult
bees of a colony from a nest, caused by factors other than shortage of
forage. These factors may include shortage of water, or damage by
overheating of the nest or by pests or predators. 'Hunger swarming' or
‘hunger absconding' by European Apis mellifera should be treated as a
different behaviour."

Swarming

Swarming is the bees' natural method of colony propagation, When the

colony becomes overcrowded with adult bees, and there are not enough cells for
the queen to continue laying large numbers of eggs, the worker bees select a
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number of larvae (usually from 10 to 20), enlarge their cells, and begin to feed
them great quantities of royal jelly. As a result, these larvae will develaop
not into new workers but into queens.

Soon after the first queen cell is capped, the old queen leaves the
hive with about half the bees of the colony; the swarm attaches itself to a
tree branch for a certain time before flying off to » new nest. This is known
as the primary swarm.

The original colony remains queenless until the new queen emerges,
about a week after the departure of the primary swarm. If the environmental
conditions are good, the workers protect the remaining queen cells against
destruction, and two days later, i.e. nine days after the primary swarm, a
second swarm leaves the hive with the first young queen to emerge, the next day
a third swarm, the following day a fourth, etc. At times, more than one young
queen leaves with a secondary swarm; when such a swarm has located itself on a
tree branch or in a new home, the queens fight until only one remains alive.
When the hive population has been considerably reduced, the workers destroy the
remaining queen cells.

The new queen makes her mating flights and begins laying. 1If she is
lost during this time, the colony has no brood and cannot raise an emergency
queen. If the beekeeper fails to assist it at this stage by giving it a brood

comb with young, a queen cell, or a new queen, egg-laying workers appear which
produce only drones, and as a result the colony is lost.

Any circumstances tending %o create an imbalance within the colony will
provoke swarming. This can occur when the queen finds it impossible to lay her
eggs, because either the hive is too small, or the combs are badly built or old

and damaged; when the queen is failing and lays fewer eggs; when a hive,
standing in the sun, is over-heated, and the hive workers, unable to continue
working, leave it and gather around the entrance; or when the colony, stimu-

lated by an early food supply, attains its maximum strength before the beginning
of the major honey flow, and has insufficient work to do.

While certain races of bees have a greater tendency to swarm than
others, beekeepers can often control the phenomenon. It is first necessary to
realize that the immediate cause of swarming is usually overcrowding in the
hive, for whatever reason. Preventing overcrowding is therefore in most cir-
cumstances the best way of preventing swarming. This can generally be done by
ensuring that the colony has a sufficiently large hive, with well-built -- and
preferably new -- combs. At times the beekeeper may find it necessary to divide
a colony in two before the bees do this themselves, and to install one half in a
new hive with a new queen. Beekeepers can also limit swarming by placing wax
foundation sheets in the hive to give the workers a base to build comb on, or by
removing capped brood comb from the hive and thus decreasing the number of young
workers emerging -- although this latter approach has the considerable disadvan-
tage of decreasing the colony's honey-gathering potential.

A colony may also swarm when its queen is old and laying poorly, as was
noted above. Such swarming can generally be prevented by the beekeeper who
ensures that the colony has at all times a young, well-laying queen.

ii) Migration
In the tropics, colonies may migrate a few kilometres only (e.g. up or

down a hill slope) to a place where flowers are in bloom, but one may also move
over hundreds of kilometres before it establishes a new nest at 'a food-rich lo-
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Fig. 2/3 Smali colony of Apis dorsata in full defensive action
("aggressivity"). The clusters of bees below the lower
edge of the comb are typical.

Photo: N. Koeniger.
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cation. Beekeepers there seek to collect the swarms in their hives, where the
bees remain until their forage is exhausted; the bees then migrate back to the
first location. A classical example is said to be the migration of colonies of
tropical African bees between the top and bottom of the Rift Valley.

N. Koeniger has described the migration of Apis dorsata in Asia as
follows:

"Migration is a response to seasonal lack of food resources: the whole
colony moves to an area where flowering is just starting. One colony
builds a new nest and rears brood twice a year, in two different pla-
ces. In India, Indonesia {Java), Pakistan, Sri Lanka and most other
countries, A. dorsata seems to migrate annually: there are no reports
of an A. dorsata population staying in the same area for a year or
longer. Colonies from one area migrate to another, stay for one
flowering season only, then return to the first, to migrate again to
the second in the following year, at the beginning of the flowering
season there. There are indications that in some parts of Sumatra
(Riau) the migratory cycle is completed in only six months, but this
stay in the valleys during the colder season, and then migrate to
higher elevations where they stay during the warmer season. This beha-
viour is reported in several other parts of Asia and seems to be typi-
cal.

"In February, A. dorsata colonies are spread throughout the coastal
plains and the north central region of Sri Lanka. In June-July they
migrate to the higher up-country, where they form a very dense popula-
tion. They leave this zone in October-November, arriving back in the
coastal plains in December. The distance between the areas is about
150 km, and observations of the flight speed of migratory swarms have
led to an estimate of 20 - 30 km/h, or 5 to 8 hours of constant flight.
However, the swarms spend a month or so on the migration, travelling in
several stages and remaining for days or even weeks at resting places
where they gather nectar, apparently "fuel" for continuing the journey.
They do not build combs at these resting places, and freshly settled
swarms dc not show much defensive behaviour; during the first two days
after their arrival, they are as easy to handle as A. mellifera.

"The migratory rhythm of Apis dorsata seems to be an inherited one, and
governs the bees' seasonal cycle. A. dorsata colonies kept under
constant conditions in Europe stopped rearing brood twice a year and
tried to leave their comb, although they were kept in flight cages and
there was no possibility of their migrating."

iii) Absconding

A whole colony may also “abscond", i.e. leave its hive or nest - at any
time of year, and even if it contains food - as a result of disturbance of
almost any kind, including mishandling in management. The most usual sources of
disturbances are ants or animals, lack of sufficient shade, or a bout of robbing
(see below). It has been said that absconding is by far the greatest problem in
management with movable-frame hives, and that the annual abscoding rate of colo~
nies from an apiary may be well over 100%. Absconding from traditional hives
made of bark or logs seems to be cancelled out by new occupation of empty hives
by other swarms. Thus, with the frequent movement of colonies, only half the
traditional hives in East Africa may be occupied at any one time, the rest being
empty, awaiting a reproductive swarm or a migrating or absconding colony.
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c) Another behaviour characteristic of importance to beekeepers is the
bees' tendency to engage in robbing, i.e. to invade another colony's hive in
order to obtain its honey. 1If the invading bees are in greater numbers/or phy-
sically stronger than the defenders, the latter may abscond, leaving the
invaders in possession of the hive, but more frequently the robbers take the
honey off to their own hive, leaving the defenders' hive depleted; many bees are
killed in such attacks. Robber bees are drawn by the odour of the honey, and
will often attack a hive which contains free honey (resulting, for example, from
the breaking of a burr comb between frames). They will also attack combs
removed from hives for harvesting, and at such times they can represent a real
danger for the beekeeper. Such attacks can be prevented, or their effects mini-
mized, by keeping removed frames carefully covered at all times, and by har-
vesting late in the day, when temperatures are lower and robber bees are less
prone to attack.

B. HONEYBEE SPECIES, RACES AND STRAINS

The genus Apis consists of four main species: A. mellifera, A. cerana,
A. dorsata and A. florea (Fig. 2/4); small stingless bees, Trigona spp., belong
to the genus Meliponidae.

Bees, 1like almost all other animals, are by nature wild, but
A. mellifera and A. cerana are easily installed in man-made hives. 1t is this
characteristic, in addition to their relative productivity, that makes them
important to apiculture. They are often referred to as "hive bees", as opposed
to A. dorsata, A. florea, and stingless bees, which cannot usually be hrought to
live in beekeepers' hives and which are therefore referred to as "wild bees".

(1) Apis mellifera

The most widely distributed of the honeybee species, and the species
most important in modern beekeeping, is Apis mellifera (*). It is the most pro-
ductive of the bees, and its name, which means "the honey-carrying bee", is a
recognition of this fact. It is believed to have originated in Africa, where it
is still indigenous, and to have migrated to Europe in prehistoric times. 1In
addition to its outstanding productivity, an essential characteristic of this
bee is its high degree of adaptability: it relatively guickly develops new
races suited to differences in climate - temperature and rainfall are the most
important - and for this reason, among others, its races are numerous, A,
mellifera is fairly aggressive, although this characteristic tends to be atte-
nuated in cooler climates and at higher altitudes. 1t is less prone to swarm
than other species, and absconds less easily; these characteristics are impor-
tant for beekeepers, who naturally hope to lose their colonies as rarely as
possible. A serious disadvantage of this bee, however, is its vulnerability to

certain diseases and especially to a parasite, the Varroa mite, which will be
discussed in Chapter 3.

(*) Incorrect]ly referred to in some countries as Apis mellifica, "the
honey-making bee."




Fig. 2/4 Workers of the four honeybee : ecies. From left to right,
Apis florea, Apis dorsata, Ap: cerana and Apis mellifera.

The first three are native to :sia; the specimens shown
are from Sri Lanka. The fourt: is found in Europe, Africa
and the Americas, the sub-sp. ies shown, A.m. carnica, is
native to the eastern Alps.

Photo: N. Koeaiger.

In the Mediterranean basin, a relativ-ly small area, there are believed

to be about 9 million colonies of A, mellifers, the majority being concentrated
in the European countries (France, Greece, ltaly, Spain and Yuposlavia). Here
the main races are A.m. mellifera, called Lhe European black (or brown) bee,

A.m. ligustica, the yellow Italian bee, and A.m. carnica, the grey Carniolan
bee. A.m. mellifera was carried to North Amer:ca in the 17th Century and became

of economic importance there, although many American beekeepers currently
prefer the TItalian and Carniolan bees, as b ng gentler, easier to manage and
possibly more productive. Recent attempts - displacing Asian bees (mostly
A. cerana) by A. mellifera have concent: ed for the most part on A.m.

lipustica, better adapted to warmer climates; _.m. carnica; and A.m. caucasica, a
race indigenous to southern Russia.
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Fig. 2/5 Distribution of major honeybee species and races in Europe,
northern Africa and western Asia.
Map: FAO.

A.m. mellifera has many biotypes, ranging from black in southwestern
Europe to brown in northern and central Europe. In its native habitat, it is
prolific, industrious, active, slow to swarm and not excessively given to propo-
lizing. Reports as to its aggressiveness differ widely from "gentle" to "fairly
aggressive". Its aggressiveness is said to increase notably when it is removed
from its native environment; bees from Brittany, for example, are reported to
become "unmanageable" when carried to southeastern France.

A.m, lipustica, the Italian bee, is easily recognizable by the three
yellow segments on its abdomen and by the "shield" between its wings. It is
very gentle and industrious, beginning to collect honey early in the season. It
is less vulnerable to attack by wax moth than most other bees. However, it
tends to rob hives excessively, does not build queen cells in great quantities,
and performs poorly in cooler, rainy climates.

A.m. carnica, the Carniolan bee, originated in Austria and the BRalkans.
It is slightly larger than the black bee, and is covered with grey hairs which
give it a silvery appearance. It is very gentle but swarms easily; the latter
characteristic tends to disappear in hybrids between this bee and A.m.

ligustica.




A.m. caucasica, the Caucasian bee, is so gentle that it is particularly
recommended to "ladies desiring to take up beekeeping" (Caillas, 1974). Smaller
than the Italian bee, it is very productive indeed: in one area in southern
France poor in honey plants, 130 kg of honey were removed from two of its hives
in one season, a further 30 kg having been left in the hive as a reserve. It
also produces a very white wax. Its main disadvantage is that it propolizes
excessively.

An interesting race of A. mellifera is the banatica, indigenous to
the Banat region of western Romania and northeastern Yugoslavia. It is of
medium size, brown (mountain biotypes are darker than those of the plains) with
two or three yellow bands not as pronounced as in A.m. ligustica, a cross of
which it probably is. A.m., banatica is hardy, strong in defence against
robbing, and very resistant to storms and to extremes of temperature. It is
very gentle, stings littie, does not rob, does not swarm excessively and
collects honey up to the end of October in its native habitat, although it
begins to breed somewhat late in the season,

The developing countries of North Africa and the Near East have about

3.5 million colonies of A. mellifera, of which about 90% are still kept in tra-
ditional hives,. A unique diversity of races is represented, and these differ
among themselves not only in their morphology but in their behaviour. It is

difficult to establish the limits of the geographical areas they originally
occupied, because they can interbreed, and intermediate forms exist where hybri-
dization has occurred between races.

A.m. intermissa, known as the Punic or Tellian bee, is present in the
coastal belt of North Africa bounded on the south by the Sahara, from Morocco
through Algeria and Tunisia to Libya, and also in Malta and the Canaries. It is
of medium size and at first sight resembles A.m. mellifera, being dark brown,
except when the abdominal tergites and the scutellum show a slightly lighter
colour. This bee is nervous and moderately aggressive, particularly in unfa-
vourable weather or when colonies are roughly handled. The queen is fairly pro-
lific, and the colonies have a tendency to swarm. In spring, when there is an
abundant supply of nectar and pollen, colonies develop rapidly, and those kept
in small traditional hives may produce two or three swarms. In modern hives,
the bees can be managed as easily as [talians or Carniolans. They are very well
adapted to the conditions of North Africa and can produce higher homney yields
there than some European bees. They use relatively large quantities of propo-
lis.

In Morocco there is a Saharan bee, isolated between the Atlas mountains
and the northern edge of the Sahara, which differs from the Punic bee in its
yellow colour, and in its docility and calm behaviour, but these characteristics
are insufficient to define it as a separate race. Some specialists regard it as
an ecotype of A.m. intermissa developed in the special conditions of the area;
others think it may represent a transitional form between A.m. intermissa and
A.m. scutellata.

A.m. lamarckii, the Fgyptian bee, occupies the Nile Valley north of the
Nubian Desert. It is of medium size, with thick hair, light grey in the worker
and yellowish in the drone. The bee is somewhat aggressive and has a tendency
to swarm; it has evolved characteristics that make it well adapted to conditions
in the lower Nile Valley.
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A.m. syriaca, the small Syrian bee, is found along the east coast of
the Mediterranean (Israel, Lebanon, Syria, southeast Turkey). It is
industrious, moderately aggressive, and well adapted to local conditions. 1In
Israel, the beekeepers are replacing it with the less aggressive and more pro-
ductive Italian bee.

A.m., adami evolved in the island of Crete, at the crossroads between
North Africa and Asia Minor, and has characteristics similar to bees from both
these regions. It is also found on the islands of Rhodes, Chios and Lesbos.
Its pigmentation is variable, from dark to yellowish.

A.m. cypria, the Cyprian bee, is endemic in the island of Cyprus and
was introduced into Sicily and Dalmatia in about 1860. Characterized by its
small size, it is yellow with a reddish tinge, very aggressive, but industrious;
it swarms little. It is related to A.m. remipes, described below.

One of the most easterly of the indigenous A. mellifera races is A.m.
remipes, a yellow bee native to an area south of the Caucasus Mountains and
distributed in the Georgian SSR, northeastern Turkey and Iran. It is of medium
size, and in appearance is somewhat similar to the Italian bee, A.m. ligustica,
the differentiating factor being the size of the metatarsus. This bee is
inclined to rob, is rather aggressive, and tends to swarm, but it is fairly
industrious.

Africa south of the Sahara and East Africa are the areas to which A.m.
scutellata, the tropical African bee, is indigenous; since it was accidentally
transferred to South America in 1956 its hybrids have taken on major importance
there as honey producers. There are several races or strains of this bee, and
those occurring at high altitudes have been little investigated. The behaviour
characteristics of the different strains are in general similar, but they seem
to be more intense at lower elevations and near the equator than outside the
tropics proper and at higher altitudes; they also appear to depend on the size
of the colony. The aggressiveness of tropical African bees has already been
mentioned; a second important characteristic is their great tendency to repro-
ductive swarming. Colonies often swarm when they are small compared with Euro~
pean bees, fewer workers being needed for a viable swarm and for the contin-
uation of the parent colony. This is due partly to the shorter development
period of the bees, and partly to the acceptance by swarms of nesting sites too
small to allow the development of a populous colony. A number of small swarms
often unite, and a swarm may even join with a colony that a beekeeper is manipu-
lating.

Another characteristic of tropical African bees is that they run about
excitedly on the comb when the hive is opened, and that queens are difficult or
impossible to find. Upon occasion most of the colony takes to the air.

Tropical African bees are much more active in collecting nectar than
temperate-zone European bees, and will work early in the morning and late in the
evening, when nectar is usually secreted in their native environment. They pro-

duce wax readily, possibly as an adaptation to their need to build new nests
frequently.

A.m. scutellata is distinguished from European races of A. mellifera in
a number of other ways; their management must therefore be somewhat different,
and in certain respects it is more difficult. They are very adaptable, and can
live in tropical climates ranging from semi-desert to tropical rain-forests.
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The queens are very prolific and (given the space) colonies grow much more
rapidly than those of European bees. Worker bees mature in 19-20 days, as com-
pared to 21 days for European bees, and this alone gives them an advantage.
Their cells are smaller, so that more are packed into a unit of comb, and the
combs are closer together (i.e. the bee space necessary is smaller). The Afri-
can bees are also prolific at rearing queens, and when a colony rears swarm
queens, as already noted, it sends off many small swarms rather than a few
larger ones.

Much still remains to be learned about the tropical African bees and
much more research work is needed. There is some evidence that they do not have
the temperate-zone bees' capability of maintaining a cecnstant brood-nest tem-
perature. In Gabon, for example, brood nest temperatures were found to fluc-
tuate widely with the outside temperature, and in Poland it proved difficult to
winter colonies from tropical Africa.

The most publicized introduction of bees from one region to another in
recent years was the import of tropical African bees from Pretoria, South

Africa, to S3do Paulo, Brazil, in 1956, already referred to. Twenty-six
absconding swarms, headed by their queens, escaped, hybridized with local bees,
and successfully spread through most of South America. The new hybrid,

"Africanized" bee, characterized on the one hand by high productivity but on the
other by extreme aggressiveness, created serious problems until beekeepers
learned how to manage it and adopted appropriate methods.

The bees' phenomenal rate of spread, involving advances of 200 or even
500 km in a year (Fig. 2/6), was achieved with the help of its very rapid
swarming cycle. Under favourable conditions a | kg swarm can produce another
swarm in 48-50 days, and swarming can occur in nearly all months of the year.
Also, the swarms probably make several temporary stops before they finally
occupy a nesting site where they build combs and rear brood, many kilometres
from the parent colony. As a result, by mid-1985 the bee was reported as far
north as Honduras and El Salvador, and in June of that year (Gary et al., 1985)
an isolated colony was discovered in Bakersfield, California, USA.

Almost all areas in South America where the Africanized bees have
advanced strongly seem to be rather dry, with less than about 1000-1500 mm rain-
fall a year. In Africa, A.m. scutellata occurs in a wide range of habitats but
seems to be most abundant in Central African plateaux at 1000-1500 m, with an
annual rainfall of 500-1500 mm. Dr. O.R. Taylor says that “basically A.m. adan-
sonii belongs to semi~arid regions, and it would not be surprising if its great-
est population densities and highest productivity in South America are attained
in a similar habitat, such as northeast Brazil."

There is evidence to show that in Brazil, where beekeepers have adopted
new methods of managing these bees, honey yields have soared, and in many areas
surplus honey has been produced for export for the first time in history. But
there have been difficulties when the Africanized bees arrive in an area,

affecting more people than just the beekeepers; the bees can easily be alerted
to sting en masse.

As beckeepers gain experience in handling the Africanized bees, special
control measures have been devised which are contributing to minimizing the
results of their aggressive nature. For a recent Spanish-language leaflet on
the subject, based on the work of an FAQ assistance project, see (Mexico, 1983).




Fig. 2/6
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The spread of Africanized bees in South America, 1956-1976.
The 10° line represents mean Centigrade temperatures for July,
the coldest month. The corridor bounded by broken lines in
northern Brazil and the southern Guyanas have lower rainfall
than to the north and south; Africanized bees moved through
this region rapidly. 1In April 1976 they were found on the
Guyana coast, and in various localities in the triangle formed
by the Guyana, Brazil and Venezuela borders.

Scurce: Taylor, 1977.
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The second most important species of Apis, from the standpoint of
distribution, is Apis cerana, which is indigenous from Afghanistan to China and
Japan. The three major races of this bee are A.c. japonica, A.c. sinensis (or
A.c. cerana) and A.c. indica, occasionally but erroneously referred to as A.
indica; there are also many sub-races, which have still not been studied in
sufficient detail, although work is currently going forward 1n Lnala on A.c.
indica. The bee exhibits wide variations in body size

<

viour in different parts of its region, depending lar
tude.
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Generally speaking, A. cerana bees are similar to the European races of
A. mellifera, but smaller. They abscond more easily and are more prone to
swarm, but are better at defending their colony against wasps and other enemies
and are more resistant to mite pests. They are much less active in spring, and
more active in winter, than A. mellifera, reflecting an adaptation to climatic
differences Dbetween the habitats of the two species. They have been kept in
hives for centuries: 1in logs, pots, bamboo baskets, or wall hives (Fig. 2/7).
Currently, beekeeping with indigenous A. cerana predominates in eastern Iran,
Pakistan, India, Bangladesh, Sri Lanka and parts of Thailand, but with com-
petition from A. mellifera in most of these countries and elsewhere,

Beekeeping with these bees has been practiced for at least 2000 years

in India in China for 1000 vears and nerhans for about the sgame neriod in
in inglia, in Lhlina Ior JUVY yearg ang perfnaps [or agout tne sameg period 1in

Japan. Even today a thriving beekeeping industry exists in India, and great
strides in modernizing or introducing beekeeping with A. cerana are being made
in Bangladesh, Indonesia, Malaysia, Nepal, the Philippines, Sri Lanka and parts
of Thailand. The modernization includes movable-frame hives of various types
adapted to local conditions and availability of materials. However, much
research is still needed on hive design, improvements of bee strains for traits
such as diminished aggressiveness, more honey-hoarding and less tendency to
abscond, and in honey extraction, processing and marketing.

A recent report (FAOQ, 1984) makes it possible to review briefly the
current status of A. cerana in many parts of its distribution area. In Afgha-
nistan, A. cerana is limited mainly to three eastern districts, although some
small areas in central Afghanistan are also reported to be occupied by this bee.
The bees live wild in crevices and hollow trees, but beekeepers also keep them
in clay pots or waoden frames, inserted into the dried-mud walls of houses. An
attempt to initiate modern beekeeping with A. cerana was made in the 1950s but
failed, the bees being unproductive and absconding or swarming excessively. As
a result, three colonies of A.m. caucasica were imported; these produced 70 kg
of honey per colony the following year, while the native bees produced only 7 kg

per colony.

In Pakistan, A. cerana is found for the most part in the northern and
western hills and foothills, and for this reason it is known there as the "hill
bee'. Some 6000 colonies of this bee are currently housed in modern hives,
while some 40,000 more colonies of A. cerana are kept in earthenware pitchers,
hollow trees and crevices in house walis; of these, about 30% produce iittie or

no surplus honey. The colonies in the northern areas are reported to conflict
with A mallifavan wtbhmnmn fom b armdesmd I o o manaman e bt ads i o e aaas 1+
WA UL e i1 1111 da, Wil oSC v wvuuc virugi J.b Lullclll.].y UC.LHE dLLCIllPLUU, LIlLo LCDuJ.La

in frequent losses of imported queens and colonies.
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(A)

Fig. 2/7 Apis cerana colonies in traditional hives.

(A) In a horizontal log hive.

(B) In a pot hive, in the fork between two
tree branches.

(C) In wall hives (circled), with frame hives
in roof eaves, in northern India.

Photos: N. Koeniger.
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As mentioned above, considerable research is being conducted in India
on that country's three main biotypes of A.c. indica, Kashmir, Himachal and
Manipur (in descending order of size). The finding that workers of A.c. indica
have a longer life than those of A. mellifera has already been mentioned. A
further finding is that at high altitudes in India A.c. indica performs well,
while A. mellifera performs poorly.

In the eucalyptus zone of central Sri Lanka, beekeeping with A. cerana
gained popularity in the 1970s. During the honey flow season (August-October),
a well-maintained colony can yield 15-20 kg of honey, and it has been
demonstrated that with good management and selection of colonies and flow sites,
the yield can be increased to 20-30 kg. The country currently produces about 80
tonnes of honey per year, but of this, only about 35% comes from "hive bees".

It is reported from Bangladesh that Apis cerana bangladeshi lives wild
but can readily be hived. The bees generally build multi-combed nests in dark,
enclosed places, such as hollow tree trunks; they are easy to handle and can be
migrated to other areas, either for honey production or as pollinators. A
colony produces, on average, l2 kg of honey per year.

A. cerana is the bee kept in Nepal. Farmers house their swarms in
hollow logs and wall crevices, and harvest honey by cutting out parts of the
combs, which they crush and strain; brood cells are not separated before
crushing. The average production is therefore only 2 to 3 kg per colony per
year; farmers keep it for their own consumption. There are about 1200 modern
hives in the country, from which beekeepers obtain an average of 10 to 15 kg per
colony.

In Malaysia, keeping A. cerana in movable frames has been gaining in
popularity among coconut growers since the introduction of semi-modern coconut-
trunk hives ("gelodogs"). The low cost of the gelodogs and the many wild swarms
of A. cerana available are the two main factors responsible for the enthusiastic
response by growers to beekeeping with indigenous bees.

Beekeeping with A. cerana is widespread throughout Thailand, where
simple hives, some with movable wired frames, are made from bark, coconut palms,
hollow logs, wooden boxes or sometimes concrete pipes. The inside of the hives
is coated with melted beeswax to attract the wild swarms. Average yields are
generally below 10 kg per hive. The most serious problem faced by A. cerana
beekeepers is migration; colonies are almost certain to leave, and for this
reason some beekeepers prefer to cut all the honeycombs from the hives and
recapture the departing colonies later.

A report from Indonesia indicates that the local Apis cerana javanica
is very well adapted to tropical conditions and, even more important, is
resistant to infestation by Varroa. The size of the bees varies greatly,
however, and careful attention must therefore be paid to hive design and comb
foundation size.

In China, where A, mellifera has been introduced, local A. cerana have
survived better and remained dominant in hill areas, because of climatic con-
ditions, the nature of the nectar resources and bees' natural enemies. Of the
4,000,000 colonies of bees in tropical and sub-tropical China, 1,000,000 are A.
cerana, which are kept in modern hives and can produce 20 kg of honey per colony




Single-comb nests of Apis dorsata in a tree in India.
Photo: C.V. Thakar.

Apis dorsata comb, showing the brood nest (darker central
part) with much capped brood, a band of pollen abit it, and
on the right, uncapped honey.

Photo: N. Koeniger.
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per year in non-migratory beekeeping. A. cerana in China begins its foraging
activities at lower temperatures than A. mellifera (8°C); it is efficient at
foraging on scattered honey plants, requires less food and is more resistant to

heat, dryness, cold and the Varroa mite. It is however poor in colony defence
against robbing by A. mellifera and more susceptible to European foul brood
and sac-brood disease. It is more aggressive, has a lower egg-laying rate, and

swarms more frequently; laying workers appear sooner after the loss of the
queen, making queen introduction more difficult.

Statistical data on the Korean beekeeping industry are available from
1928. At that time, there were about 170,000 hives in Korea, of which 84% were
of A.c. indica and 16% A. mellifera. Currently, the Republic of Korea has about
400,000 hives, of which about 70% are A. mellifera and 30% A.c. indica. These
percentages may indicate that earlier generations of beekeepers are continuing
with A. cerana, while almost all the recent expansion has taken place with A.
mellifera.

In Japan, A. cerana is considered the most attractive species in the
biological sense, especially in its gentle behaviour and its resistance to
Varroa, but only a few colonies can be kept in one place, because of their short
foraging range.

Owing to the repeated failure of beekeeping with A. mellifera in the
Philippines (due primarily to attacks by Varroa and predatory birds), local
producers turned in the 1970s to A. cerana, formerly living in the wild in the
archipelago. The bees are abundant around the cities and towns, especially in
areas where coconut and sugarcane are grown. They were placed in boxes but were
heavily fed with sugar solution, to produce 10 to 15 kg of sugar honey per
colony per year. A study made between January and April 1981 indicated that the
mean yield from A. mellifera, kept in l4-frame hives, was 2B kg during the
January-April honey flow, whereas A. cerana, kept in 10-frame hives, produced
only 2 kg, and hives of wild A. dorsata produced 10 kg (¥*). Migration of A.
cerana is very high, most colonies departing within a year of being hived,;
beekeepers merely rehive a wild colony.

(3) Apis dorsata

The honeybee Apis dorsata is the largest of the four Apis species. It
is distributed throughout the tropical and sub-tropical parts of mainland Asia,
and also in Sumatra, Java, the Philippines and other Asiatic islands, but is not
found outside Asia.

Without doubt, honey hunters have exploited colonies of Apis dorsata
since the dawn of civilization. Its honey is used commercially and is the basis
for most of the jungle honey sold all over tropical Asia. The width of the
single, open-air combs varies, according to the season and the stage of develop-
ment of the colony, from 30-40 cm to 100-160 cm. When the colony is attached to
a branch, the height is generally about half the width. The bees generally tend
to hang their combs high in trees, cliffs and sometimes buildings, suspended
from overhanging branches, ledges and eaves (See Fig. 2/8). The colonies are

*) The study also found that with supplementary (sugar) feeding, A. cerana
could produce an average of 15 kg/colony, and A. mellifera 60
kg/colony. When migratory beekeeping is practiced, reports of 60

kg/hive (December-April') have been rcceived (Capadan, 1984).
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vigourous, swift to attack intruders; they produce large amounts of tasty, but
somewhat watery, honey. They are sought out by honey-hunters, particularly in
forested regions, and the honey is extracted and sold, in large quantities in
some places (e.g. the Sunderbans and Chittagong Hills of Bangladesh, in
Malaysia, Indonesia, etc.,). Some attempts to bring these bees into semi-
commercial management have been made, e.g. at the Central Bee Research Institute
in Pune, India, but such trials are still in an early stage.

A. dorsata has many characteristics in common with the other honeybees.
The construction of its comb (See Fig. 2/9), the placing of brood, pollen and
honey on the comb, and the structure of the colony, are basically similar for
all species, as are the number of chromosomes (n = 16) and many of the pheromo-
nes and methods of communication.

While feral A. mellifera and A. cerana nest in hollow trees or other
cavities, A. dorsata attaches its single wax comb to branches or horizontal
rocks, needing a thick horizontal trunk or branch. In most areas its nesting
places are high and exposed, but elsewhere the colonies nest less than 3 m from
the ground. In Timor (Indonesia), a nesting site has been observed with more
than 100 colonies in a single tree.

The upper portion of the comb, usually containing honey and pollen, is
between 10 and 25 cm thick, the cells being made as deep as the thickness of the
supporting branch will allow. Below this storage area is the brood nest. The
difference between drone and worker cells is not as great as in A. mellifera,
but queen cells (constructed when a colony is preparing to swarm) are at the
lower edge of the comb, and are similar in shape to those of the other honeybee
species. A strong colony has 60,000 to 100,000 workers, and a swarm usually
5000 to 12,000.

The defensive behaviour of A, dorsata against man and the larger ani-
mals is very well documented. The outstanding feature of this behaviour, in
comparison with other tropical honeybees in Asia and in Africa, is that A. dor-
sata seems to have much more efficient alarm communication. <Colonies in jungle
areas can recognize an approaching man at a distance of 50 to 100 m, often

before he can see the colony. A single bee is able to alert up to 5000 bees,
which then fly out in search of the intruder, who will be covered by defending
bees within a minute or so. 1In this situation a rapid, pre-planned retreat is

the only choice, even for a well protected and experienced beekeeper, and inci-
dents are reported in which stinging has led to severe injury or even death.
During the alarm, the organization within the colony changes. In an undisturbed
colony the comb is completely covered by a well-ordered layer of bees, but in a
disturbed colony all activities cease except defensive ones. The smooth curtain
of bees dissolves; clusters are formed which hang beyond the edge of the comb.
The upper bees in these clusters suddenly leave, and all the bees in them take
to the air and participate in the mass defence. The defending bees fly iow over
the ground and can locate an object that has already been stung by the scent of
sting pheromones (isopentyl acetate and decenyl acetate) left on it by the
stinging bee(s); it is nearly impossible to hide successfully from A. dorsata
after being marked once with a sting. Such defence is very effective. In
general, the bees defend their nesting place so well that animals and villagers

living nearby avoid any approach; accordingly, the bees do not need to abscond
as much as other tropical bees do.

But A. dorsata colonies are also found in large towns and other places
with a constant and frequent human presence, and there they behave quite dif-
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ferently. They become accustomed to their surroundings, and they do not react
to passing people or vehicles, although they defend themselves as soon as the
colony is disturbed.

The duration of the defensive behaviour depends on the intensity and
duration of the disturbance. One expert sometimes used a cage to protect him-
self when observing A. dorsata nests. On one occasion the bees reacted to the
introduction of the cage with constant defensive behaviour for more than two
days; on the third day the colony became calmer, and on the fourth day the
observer was able to leave his cage without being stung.

Information on the honey yield of an A. dorsata colony varies very
widely, and many writers overestimate it: they see the large size of a colony,
and estimate as they would for A. mellifera. N. Koeniger has observed a greater
seasonal variation in the amount of honey that can be collected from Apis dor-
sata than from any other bee. He never found a comb containing more than 20 kg
of honey, and many yielded less than 1 kg, or even none. Based on observations in
Indonesia, Pakistan and Sri Lanka, he estimates that one can expect about 10 kg
of honey per comb at the right season. Similar yields have also been observed
in the Philippines and in some parts of India.

(4) Apis flores

A. florea is the smallest of the four species of honeybees. Although
it has recently been reported in the Sudan, it occurs generally from Oman and
Iran in western Asia through the Indian subcontinent to Indenesia in the east;
it is absent north of the Himalayas. It usually inhabits the plains, but sur-
vives up to about 1500 m. In many parts of its range it co-exists with indige-
nous A. cerana and A. dorsata and with imported A. mellifera.

An A. florea colony usually builds a single wax comb, reaching 35 cm
wide, 27 cm high, and about 1.8 cm thick. The comb is often attached to a palm
leaf, or to or around the branch of a bush or tree, about 3 to 5 m above the
ground (Fig. 2/10). Nests are also sometimes built in cavities such as caves
and hollow trees, the top of the comb then being attached directly to the roof
of the cavity. The upper part forms a "crest" above and surrounding the sup-
porting branch, and contains honey and sometimes pollen. Underneath is a band
of pollen cells, and the brood area extends out from the centre of the comb
(Fig. 2/11) toward the edges as the colony develops.

Cells in the central part of the crest are two or three times as deep
as those below. The upper cells may face slightly upward and the lower cells
slightly downward. Most cells below the crest are of the appropriate size for
worker brood, about 3 mm wide and about 7 mm deep. At certain times of the
year, in mature colonies, drone cells and queen cells are built along the lower
edge of the comb or, if this is not possible, at the side. Drone cells are
about 4.5 mm wide and 11 mm deep; queen cells are wides. at the base (10 mm) and
14 mm deep; when completed they hang down as in 4. mellifera combs.

The queen starts to lay eggs at the centre of the comb and expands the
brood area towards the periphery, at times laying in newly-built cells only a

quarter of the normal depth. When bees have emerged from the central cells,
further eggs are laid in them, giving a concentric arrangement of brood stages,
often with alternating bands of capped and uncapped cells. Sometimes pupal
cells remain uncapped, without apparent detrimental effect. The mean duration

of worker development is 20.6 days (egg, 3.0; larva, 6.4; pupa, 11.2)



Fig. 2/10 Single-comb Apis florea colony attached to a thin tree branch.
Photo: J.B. Free.

Fig. 2/11 Apis florea comh, showing the crest above, the central brecod
area and some larger drone cells below.
Phote: J.B. Free.
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Brood rearing is closely linked wit: forage availability and environ-
mental temperature. In India, Iran and Omar, little or no brood is reared in
December and January; brood rearing starts to increase in February, reaching a
peak in late April and May, when the worker brood may cover 600 cm?® of comb.
When forage is abundant, a newly-initiated colony may attain full size in 6 to 8
weeks. Little brood is reared during the ho! summer months (June-August), but a

second, smaller, peak is attained in Octob. . Drone production starts at the
end of February and continues during March a: April, when the colony population
approaches its maximum. During the peak o drone production, drone brood may

occcupy a quarter to a third of the total bro area.

On removal or death of the queen, worker cells containing eggs and
young larvae are modified to form emergency gueen cells, which do not protrude
from the comb surface as in A. mellifera, but are slightly sunk beneath the comb
surface and are thus better protected from unfavourable temperatures. Most
queen rearing is associated with swarming, and a colony may build up to 20 swarm
cells at the lower edge of the comb, often in small clusters. The mean duration
of queen development is only 16.5 days (egg, .0; larva, 5.8; pupa, 7.7).

Swarming is most prevalent during the major period of colony growth in
March-April, but may also occur during the sccondary growth period in September-
October. A large colony may produce up to 8 swarms in a year.

The swarm travels at about 2 m above ground level, and may fly a long
or only a short distance (2 to 20 m) before clustering in a shaded bush or tree

for 2 to 7 days, while scout bees search for a permanent site. Long-distance
movement of the whole colony occurs when it migrates; this may occur two or
three times a year. Diminution in the supply of forage is probably the main

cause of migration, and it could also be primarily responsible for the seasonal
migration that is said to occur from the plains to more abundant forage in the
hills.

Wherever it is, the colony needs protection from extremes of heat and
cold. Despite the protective curtain 3 or more bees thick, formed by the
workers and enveloping the whole comb, environmental temperature changes may
provoke a move from one nest site to another, even if only a short distance
away. At the beginning of the hot season, colonies move to sites better pro-
tected from the sun, in the dense foliage of trees and bushes, or deeper into
caves. At the approach of cooler conditions they move to the south sides of
trees and bushes, or forward in the cave, where the early morning sun strikes
the comb. 1In winter the comb tends to be built east-~to-west, so that the sun
strikes the comb face; in summer locations it is more likely to be north-to-
south so that the minimum area of the comb i:s exposed to the sun.

The bees must defend themselves against a variety of enemies, including
ants, hornets, other Apis species, and man; invasion by enemies such as ants or
wax moths can cause a colony to abscond. Sticky bands, 2.5 to 4.0 cm wide, of
propolis-like material which they deposit around the branch supporting the comb
just beyond its extremities, appear to deter ants from reaching the comb. Wax
moths usually attack a comb that does not have enough bees to cover it. Colo-

nies can also be damaged by pesticide sprays when farmers fail to take the
necessary precautions,

Greatly varying reports have been published on the aggressiveness of
A. florea bees. Some authors consider them very mild, while others report
that they are easily alerted. When smoke from burning cardboard is blown at a
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colony, the bees congregate over the brood and stores, abandoning the lower part
of the comb; prolonged smoking causes them to abandon the nest.

A. florea foragers tend to work close to their colonies, within a maxi-
mum range of 500 m. They are valuable pollinators of many crops including
alfalfa (lucerne), beans, cotton, litchi, sunflower, toria and sarson.

A. florea honey appears not to granulate and has a higher dextrin con-
tent than honey of other Apis species. The annual yield from a colony is not
great, about 1 to 3 kg. However, the honey is highly esteemed for its quality
and reputed medicinal and mystical properties, and in many places the combs are
collected for sale at local markets.

(5) Trigona spp.

"Stingless bees" of the genus Trigona are indigenous to Africa, Asia
and the Americas, where they may have been hunted and kept more for their wax

than for their honey. They are found extensively in the Indo-Malayan area (%),
where they build their nests under the roofs of dwellings, in trunks of trees,
wall crevices, logs, etc. (see Fig. 2/12). In the nest there is a group of

separate cells for brood rearing, and also large 'pots" for honey storage.
These bees gather propolis to construct their nest, draw out the tunnel-like
entrance to it, and close up crevices. They are very sturdy and can be seen
working throughout the day, irrespective of extreme summer temperatures. But
the colonies are small, and produce only 20 to 50 g of honey per year.

Trigona is found widely in the sub-tropical region of North America,
and for centuries some species have been kept for their honey and wax. Some are
still kept in hives in Belize and in Trinidad, where a colony is reported to
produce from 1 to 10 litres of honey a year, as well as beeswax.

According to M.T. Chandler (1975, cited in CS/IBRA 1979, p.71) there
are probably ten species of Meliponinae in Tanzania, of which one Trigona spe-
cies is particularly important, having been exploited for honey and wax by tra-
ditional methods for many years.

Colonies of Trigona can maintain themselves for years without artifi-
cial feeding or inspection, and they seldom desert their nests. They can be
kept in simple hives of natural origin - logs, for example - and transferring
them to such hives is very easy as compared with the transfer cof hive bees.
Several colonies can be brought together to a single place and an apiary
established; such methods appear to have been used in the Americas in pre-
Columbian times.

The insect is important as a pollinator, perhaps because its small body
size allows it to have access to many kinds of flowers whose openings are too
narrow to permit penetration by other bees. For the best utilization of Trigona
as a pollinator, however, much more knowledge of its biology and behaviour is
needed; it is known to differ from the Apis species in foraging behaviour, and
to show preference for different plants. This may be at least a partial expla-
nation of the fact that Trigona honey is reported (e.g. from the Philippines) to
be darker, cloudier and more bitter than honey from Apis spp.

(*) According to a recent report (FAO 1984), Malaysia has 22 species of
Trigona, of which six are of major importance as honey producers.



- 47 -

Fig. 2/12 Colony of stingless bees in India. Brood cells are
on the left, and the larger honey cells on the right.
Photo: R.P. Phadke.

(6) Further Reading

Practically every entry in the bibliography touches in one way or
another on the material dealt with in this section; a reading list here can
therefore hope, at best, only to provide a preliminary introduction to a vast
question indeed. Crane (1976a and b), Dadant & Sons (1975) (in English and
Spanish), Caillas (1974) (in French) and Wulfrath and Speck (1955, 1958) (in
Spanish) are encyclopedic works of reference, although the last-named is
somewhat out of date and Dadant and Caillas deal essentially with Apis mellifera
in temperate zones. The 1978 IBRA Bibliography of tropical apiculture (Crane,

1978a and b) is an invaluable source: Parts 8 through 13 deal, respectively,
with Apis mellifera of European and Asiatic origin in the tropics, A. mellifera
native to Africa, "Africanized" bees in America, A. cerana, A. dorsata and A.

florea, while Satellite Bibliographies §/32 and S/33 cover laboratory studies of
A. cerana and the biology of stingless bees.
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Pollen in
anther

Fig. 2/13 Section through a pear flower, showing the nectary,
which is easily reached by a bee standing in the petals.
Photo: Dorothy Hodges.

C. BEE FORAGE

The bees obtain their food, and the raw materials for all the hive pro-
ducts of interest to man -- honey, wax, royal jelly, etc. -- from plants. They
make honey from nectar and honeydew, and collect pollen and propolis. They
secrete beeswax, which is produced in their bodies by the metabolism of car-
bohydrates obtained from honey, nectar and honeydew. Similarly, they secrete
royal jelly, produced mainly by the metabolism of pollen proteins, as is pro-
bably also true of bee venom.

This section explores the availability of plant materials in the tro-
pics and sub-tropics, and attempts to make a quantified comparison between food
yields using bees as mediators in cropping the land, and the direct harvesting
of grain and other crops. Most of these plant materials go to waste if bees do
not collect them, and bees thus extend and enrich man's use of natural plant
resources.

In the tropics there is a much greater variety of flowering plants than
in the temperate zones, and flowers are available through much of the year.
Economically valuable honey crops are not difficult to obtain there, provided
that colonies are maintained in suitable places.

The bees must be adapted to local conditions of climate and plant
growth, and bees taken outside their native habitat may fail to exploit rich
plant resources economically. For instance, the daily rhythm of plants in the
new area may be out of phass with the bees' flying rhythm. Thus, in tropical
Africa many plants secrete nectar morning and evening, and native honeybees fly
during these cooler periods, but bees imported from Europe start flying later
and finish earlier, being adapted to the daily rhythm of temperate-zone plants,
and thus they search for food in the hot (and unproductive) part of the day.




Fig. 2/14 Foraging honeybee collecting nectar from a borage
flower, inserting her proboscis deeply into it to
reach the nectaries.

Photo: IBRA Collection.

Dearth periods in tropical regions are relatively short, and races of
bees that evolved there tend to store, or need to store, less honey than those
from regions with long cold winters, which must amass large honey stores if the
colonies are to survive. One of the most productive combinations seems to be
the use of temperate-zone bees (good honey storers) in regicns of the sub-
tropics - but not the tropics - with a long nectar-producing period. The main
honey-exporting regions of the world are in, or approximate to, this category:
People's Republic of China, Mexico, Argentina, Australia. Some countries in

North Africa have a similar potential, although it has not so far been much
exploited.

(L) Nectar

Most honey comes from nectar, a water solution of various sugars, which
constitute from as little as 3% to as much as 87% of the total weight, and
90-95% of the total dry matter. Nectar also contains very small amounts of
nitrogen compounds, minerals, organic acids, vitamins, pigments and aromatic
substances, but sugars are generally believed to be what attract bees to nectar

(Fig. 2/14), even if it is the aromatics that communicate to honey its distinc-
tive flavours.

Bees can produce much more honey from nectar if ils sugar concentration
is high (say 50%) than if the concentration is low (say 15%). And they can




Fig. 2/15 Honeybee collecting nectar from a dandelion flower
and carrying a large pollen load.
Photo: IBRA Collection.

recognize the sugar concentration of different nectars by their sweetness; in
the course of their evolution they have developed a good ability to assess the
relative "cost-effectiveness" of the various food sources available at any one
time, and they forage accordingiy.

Most nectar is secreted by glands (nectaries) in flowers. Nectaries
are usually deep-seated, for instance at the base of petals (Fig. 2/13), but
they can occur elsewhere on plants; for instance, cotton plants have nectaries
at three extrafloral locations as well as in the flowers, while in rubber (Hevea
brasiliensis) the nectaries are on the stalks at the base of the young leaves.

The naked eye can hardly distinguish the simplest nectaries from
surrounding plant tissues. More complex nectaries are often clearly visible,
and may have quite striking shapes and colours. The function of all of them is
the active secretion of nectar, and they have sometimes been called '"sugar
valves'", because by secreting sugars thev regulate the sugar content of the
plant sap. Flowers on many plants yield only minute amounts of nectar, but some
large flowers may contain half a teaspoonful. Only floral nectaries have deve-
ioped the secondary function of attracting insects to the flowers, and so ini-
tiating pollination.




Fig. 2/16 Droplets of honeydew on leaves of a silver fir
(Abies alba).
Photo: A. Fossel.

(2) Honeydew

Honeydew, like nectar, is a mainly carbohydrate material which bees
collect and convert into honey. Its production involves both plants and the
plant-sucking insects of the order Homoptera. Such insects have mouth parts

that can pierce plant surfaces, the sap inside the plant then being forced out
by the plant's internal pressure and by the insect's own pumping. Excess fluid
secreted by the insects is deposited on leaves, twigs, etc. in small droplets
(Fig. 2/15), known as honeydew; it is collected by other insects, including bees
and ants. Honeydew is often produced high up in the tree canopy, and one is
more likely to hear bees working a honeydew flow than to see them.

Honeydew differs in composition from nectar, and honeydew honey there-
fore has certain constituents and characteristics that are different from those
of nectar honey. The most apparent differences are, usually, a more pronounced
flavour and a darker colour. Honeydew honey fetches a high price in areas where
it has traditionally been produced, and where it therefore enjoys consumer pre-
ference. Coniferous forests of northern Europe are one of the main known areas
of production. It is likely that honeys in many areas of the world are partly
derived from honeydew without beekeepers being aware of the fact, and even pro-
lific sources of honeydew honey may still be unrecognized.
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Almost nothing is known about the production of honeydew or honeydew
honey in the tropics and sub-tropics. It may be of only trivial importance, or
in certain areas, possibly at higher altitudes, it may be a rich resource that
should be systematically exploited. Any evidence of a honey flow, without
flowering to account for it, should be investigated. Cooperation from botanists
and entomologists specializing in plant-sucking insects may be needed, to iden-
tify the trees and insects involved.

(3) Pollen

Pollen, the male element in a plant's reproductive process, is produced
by the anthers of a flower; it consists of grains of a diameter between 0.0l
and 0.1 mm. The shape and structure of the pollen grain are characteristic of
each genus or group of plants. Identification of pollen grains in honey, using
a microscope and a reference collection of known pollen grains of local plants,
can help to determine the plant sources of the honey. Such pollen analysis of
honey, known as melissopalynology, is complicated, specialized work, but it can
be most valuable. 1Its systematic application to honeys of the tropics and sub-
tropics is a task for the future.

Wind-pollinated plants produce light, dry pollen that is easily
dispersed by the wind. The pollen of insect-pollinated plants is heavier, and
contains adhesive substances which enable honeybees to pack it into clumps
(pellets or loads) on stiff hairs on their hind legs, Many bees that do not
collect the pollen by packing it in this way may nevertheless transport it from
one flower to another, because the grains can become attached to many parts of
their hairy bodies as they move about a flower searching for nectar.

Pollen is the bees' protein and lipid source: it enables a colony to
rear brood, and hence new generations of adult bees. Without it, a colony
dwindles away and dies. In temperate zones, a colony of bees uses some 50 kg of
pollen a year; 1in the tropics and sub-tropics the amount is likely to be of the
same order, the more extended brood-rearing season being perhaps compensated by
the fact that less brood is reared at any one time.

Flowers of a few plants produce nectar but no pollen, and the pollens
of some others are nutritionally deficient for bees. Almost nothing is known
about tropical plants in this respect, but some eucalyptus species are involved;
for instance, E. sideroxylon produces no pollen and E. albens poor-quality
pollen. A few flowers, such as the opium poppy (Papaver somniferum), produce
pollen but no nectar, as do plantains (Plantago), also found in tropical
regions, and grain crops such as maize and sorghum, which are wind-pollinated
but are utilized by honeybees as a pollen source.

(4) Propolis

Propolis ("bee glue") is a sticky, brown, resinous plant secretion,
occurring especially on the buds of certain trees, which bees collect and use
for minor building works, e.g. to stop up cracks in the hive, to line and smooth
the inner surface of their nest, and on occasion to reduce the size of the hive
entrance (hence its name, from the Greek pro-, before, + polis, the city). Not
all trees vyield propolis, and little is known about their identity and the
amounts they produce, even in the temperate zones. Almost nothing has been
published about sources of propolis in the tropics, but there is no reason to
believe that any large region of the earth lacks them entirely.
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It has been reported that in the Caribbean region bees collect propolis
from species of Bursera, Calophyllum, Clusia, Ipomoea and Rheedia, and in the
Seychelles from the coconut palm and Casuarina. The trunks and branches of the
mango and avccado also produce a resin that bees use as propolis.

(5) Important Honey Plants in the Tropics and Sub-Tropics

Many plants from which bees store surplus honey in the tropics and sub-
tropics are well known.(*) Some, such as Eucalyptus and Citrus, have become
widespread through introduction from one continent to another, while some wild
plants are strictly localized, being of primary importance in one area but
perhaps nowhere else; examples are tah (Viguiera helianthoides, Compositae) in
Yucatan, Mexico; shain (Plectranthus rugosa and P. spp., Labiatae) in the
western Himalayas and also Indonesia; and mascal (Coreopsis abyssinica, Com-
positae), the main honey source in parts of Ethiopia. Many other plants that
are honey sources have not yet been identified, and lack of knowledge about them
is one of the major constraints to their effective exploitation.

(a) Crop Plants

Crops grown by farmers often cover large areas, and many of them can
give very high honey yields, especially if they flower for a long time. The
yields vary according to the soil and also from year to year according to
growing conditions. It is, however, often necessary to take hives to the crops
for their flowering pericds, because the fields are unlikely to produce food for
bees at other times and are therefore not suitable as year-round hive sites.
Also, there may be danger from pesticides, as pest thrive better in monocultures
than where their host plants are thinly scattered. Important honey plants among
tropical and sub-tropical field crops include--

Cruciferae: such as sarson, toria, Indian/Chinese mustard, and
rape -- giving a variety of extra-sweet honeys that
granulate very rapidly;

Compositae: especially sunflower and niger;
Leguminosae: e.g. various clovers, most of which give light mild

honeys; vetches, whose honey is usually pleasant but
somewhat more strongly flavoured (many, but not all,
honeys from clovers and vetches granulate rapidly);
groundnut, soybean and other beans, whose honeys are
often of indifferent quality;

(*) Appendix A lists 232 plants that are known to be important sources of
the world's honey, and indicates the zone(s) in which there are honey
sources in each continent: the tropics and sub-tropics, and the north
and south temperate zones. Temperate-zone plants are included in the
list because descriptions of them, their honeys and their honey yields,
are more likely to be available than those for plants limited to the
tropics. Plants are listed under their botanical families, of which
the Leguminosae, Myrtaceae, Compositae and Labiatae include the great-
est number of plants known to be important honey sources. Common names
of plants used in this section can be identified via the family name,
which is also cited.
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Malvaceae: cotton can also give much honey, usually of good
quality although sometimes thin-bodied;

Amaryllidaceae: sisal, another prolific source, yields honey with a
rather unpleasant flavour.

(b) Tree Crops

Tree crops can produce large honey yields. Among sub-tropical fruits,
the various citrus (Rutaceae) are widespread and give high yields of excellent
honey; it is much liked and commands a good price, especially a mixed citrus-
coffee honey; coffee (Rubiaceae) itself is a good source. Many tropical stone
fruits, including litchi, longan and socapnut (Sapindaceae) give very good
honeys, and that from loquat (Rosaceae) is agreeable, but tamarind (Leguminosae)
honey is second-grade; honey from avocado (Lauraceae) is dark and heavy-bodied
and not liked by everyone. Among other good sources is mango (Anacardiaceae),
which gives a heavy early-morning nectar flow and produces a delicious honey.
The same family includes two nut trees whose flowers provide a honey source:
cashew and pistachio. The coconut palm (Palmaceae) is also important.

(c) Other Trees

Many of the honey sources in the tropics are trees other than those
cropped for their fruits or nuts. Some are grown for timber and other purposes,
including shade and amenity; many native trees are not planted or cropped at
all, except by bees for making honey. Trees grow in a wide variety of habitats,
and being deep-rooted can survive drought better than most herbaceous plants.
Moreover, their three-dimensional array of flowers can provide large quantities
of nectar and pollen from a relatively small area of land.

Among timber trees are logwood or campeche (Legumincsae), whose honey
is one of the best in the world, and black mangrove (Verbenaceae), which yields

honey with quite a good flavour but fermenting easily. The royal palm
(Palmaceae) is much used as an amenity tree whose honey has a characteristic
and well-liked flavour and aroma. The rubber tree (Euphorbiaceae), with its

extrafloral nectaries has already been mentioned.

There are 250 species of combretum (Combretaceae), and as many of
grevillea (Proteaceae), trees and shrubs found in tropical Africa and America;
many of these are probably honey sources. In Yucatdn, Mexico, the main sources
of honey include the native trees ha'bin (Leguminosae) and dzidzilche

(Polygonaceae).

The genus Eucalyptus is a very large one, and some species are extre-
mely valuable to bees. Eucalyptus has been introduced widely in the Mediterra-~
nean region, especially in North Africa, where there are large eucalypt forests,
and there is a growing trend to razise some species for paper pulp in the warmer
regions of Europe and elsewhere. Bees collect both nectar and pollen from most
species, though some produce no pollen, cr pollen that is nutritionally inade-~
guate for bees. Honey of excellent quality is obtained from E. melliodora (said
to be the best honey-producing plant in the world), E. ramaldulensis, E. albens

and E. siderophloia. E. camaldulensis and E. cornuta give an excellent annual
flowering in Tunisia, although in Australia, their country of origin, they
flower only in alternate years. E. gomphocephala alsc flowers abundantly each

year, whereas in Australia it flowers only once in four years. The flowering
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period of some species can last for nine months. Near Sedjenane (Tunisia) there
is a eucalypt forest of 10,000 hectares consisting of 80% E. camaldulensis,
which flowers in summer, and 36 other species. It gives a very good honey
yield; in 1976 an FAO/UNDP project there obtained an average of 35 kg per
colony. The flowering periods of the different species in this forest varied so
widely that at least eight were flowering during every month of the year. For
an analysis of the value of various Eucalyptus species as honey producers, ses
(FAO, 1979, pages 292-293).

Eucalypts are grown widely throughout the tropics and sub-tropics as
amenity trees and windbreaks, for timber, for their oil, and for cellulose pro-
duction. (For this last purpose they are cropped before flowering, and so are
useless as honey plants.) Some eucalyptus honeys imported into Europe, whose
colours vary from water-white to quite dark, have acquired a reputation for poor
quality, but many others have an excellent flavour and aroma.

The main honey sources throughout much of the miombo in Africa are spe-
cies of leguminous trees, Brachystegia and Julbernardia, especially J. glo-
biflora and J. paniculata. The honey is fairly light in colour (it is lightest
in the copper belt of Zambia), with a medium~to-strong but pleasant flavour. In
somewhat drier regions of Africa, a great many species of another leguminous
genus of trees and shrubs, Acacia, yield large quantities of delicious honeys.
(The false acacia, Robinia pseudoacacia, is also a prolific honey source.)

Another tree genus (Townsend, 1981b) which is receiving increasing
attention, not only as a honey source but as a "multi-purpose" tree (to provide
feed, food and wood, increase land fertility and help control desertification)
in arid tropical areas, 1is Prosopis, of which over 40 species are known.
Various species of this tree meet the requirements of growing quickly in dif-
ficult conditions, needing little water and having many different uses. They
grow in dry areas, but only where their roots can reach water; they develop a
tap-root that may be 20 or even 30 metres long, in order to reach groundwater
levels.

The introduction of P. pallida into Hawaii made this area the world's
largest producer of honey in the early 1930s. The honey flow from these trees
gives annual hive yields of 120-150 kg, and in one zone 230-260 kg have been
reported.

P, juliflora is a major honey source in Bolivia, Jamaica, Pakistan,
Western Australia and elsewhere, and is also a good scurce of pollen. It is a
particularly hardy, fast-growing species which, like many other members of the
genus, produces not only wood for fuel but also a bean that is used for fodder
and can be ground into a flour for human consumption. It can be grown from
seed, and can also be reproduced from root suckers or stem cuttings. Under ideal
conditions it produces seed within three years. During the early weeks of its
growth its roots penetrate the soil rapidly, assisting in its establishment.
Its honey is light and of good quality.

In a striking example of integrated rural development (Habit et al.,
1981), over 1000 ha of P. juliflora were established in the coastal desert of
Piura, Chile. Colonies of bees were moved onto the project site for commercial
honey production, and the land was also grazed by sheep and goats after the
trees had reached a size at which the loss of the small branches grazed did not
interfere with pod production. Prosopis taken alone is not a perfect foed for
livestock, but drought-resistant grasses grew well under the trees, which pro-
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vide both humus and nitrogen. There were two seed harvests a year, the prin-
cipal one in December—March and a lighter one in August; correspondingly, there
were two honey and wax crops. In some desert areas, a complete food economy

built up around the cultivation of this plant can be envisaged, particularly if
drought-resistant grasses can also be grown. 1In the Chilean programme, the land
bearing the trees was turned over to the families living on the project site
within three years of its establishment, and was to be in full production by the
fifth year.

In grassland areas of the southern United States, some Prosopis species
(e.g. P. glandulosa —- called "mesquite" in the area in question --, P. velutina
and P. ruscifolia) are considered to be damaging weeds. Others are invasive and
should not be introduced into other than desert areas, although they may form
trees as large as P. juliflora, particularly if pruned during their first two or
three years of growth.

(b) Native ground flora

In contrast to what is true in the temperate zones, native ground flora
are still the source of much of the honey in some parts of the tropics. Tropi-
cal honeys therefore have an encrmously wide range of flavour and aroma.

These plants are often more localized than trees and shrubs, and a few
examples must suffice. A number cf Compositae are valuable. Two species of
Viguiera are important in Mexico's noney exports: tah and acahual; the latter
honey has a butter-like consistency and an exquisite flavour. Species of Ver-
nonia (ironweed, etc.), growing in higher tropical wooded grasslands of South
America, Africa and Asia, give very light, fine-~flavoured honeys. Bidens spe~
cies are important in the same continents, but some give honeys with a strong,
rather disagreeable flavour.

The Labiatae in the drier sub-tropical regions include a number of
shrubby aromatic plants that give distinctive and highly-regarded honeys: for
instance lavender, sweet basil, marjoram, rosemary, sage, savoury and thyme.

Many plants and trees have been deliberately introduced to new con-
tinents by man for use as crops, and many introductions that are not crop plants
also yield honey. As already noted, eucalyptus originating in Australia are
important honey sources in many tropical and sub-tropical countries. Again, the
cardoon (Cynara cardunculus) was introduced from western Eurasia into Argentina,
where it spread over vast stretches of the pampas. It grows to a great size,
forming large areas of impenetrable vegetation, and is one of the most important
honey sources in the country which, it may be recalled, is a major honey pro-
ducer and exporter.

There have, however, been many problems when a plant introduced into a
new region becomes an invasive weed, the new environment lacking the pests that
kept it under control in its native habitat. 1In the Americas, for example, spe-
cies of prickly pear (Opuntia) provide nectar and pollen in many arid areas in
which they have been introduced, but in Australia, where they may have been
taken to provide cattle fodder, the cactus spread disastrously, and was a ser-
ious pest until successful biological! control methods finally became possible.
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(f) Directory of important world honey sources

After more than a decade of planning, preparation and experimentation,
the International Bee Research Association (IBRA) in 1984 published an impor-
tant, computer~generated Directory of important world honey sources, including
details of over 460 species (listed in the bibliography of this volume under
Crane, Walker & Day, 1984). The book is designed to assist a wide range of
users:

- honey producers in developing countries who need to identify plant sources
of honeys that command premium prices because of their flavour, etc., or,
conversely, that are unpalatable or even toxic, or otherwise difficult to
handle, since in the absence of such knowledge a small mixture of an un-
desirable honey may spoil an entire large batch;

- agriculturalists responsible for managing marginal land, especially in arid
areas, where suitablz planting for cropping by bees may offer the most pro-
fitable method of land use;

- specialists in agro-forestry and other disciplines concerned with inte-
grated planting programmes and needing to consider the relative value of
candidate species and varieties from all angles, including cropping by
bees;

- development programmes, with or without international assistance, seeking
to identify plants likely to be the major honey sources of a country and

thereby to determine areas in which beekeeping would be most profitable;
and

- the world honey trade, which may accept from developing countries honeys,
from certain specified plant sources, that can be produced to a uniform
standard.

The programme under which the Directory was issued has not reached
completion. It is planned to extend greatly the number of plants in the system
beyond those included in the Directory as published and to provide a permanent
database for searches in response to requests to identify, for example, high-
yielding plants, plants that give undesirable or specially desirable honeys,
likely honey sources in areas for which firm information is lacking, etc., as
well as "spin-off" publications by regions, habitats, etc.

(6) Floral Calendars

A knowledge of what plants provide nectar and pollen is insufficient
unless it 1is supported by knowledge of when the nectar and pollen flow is
available. Since bees need food all year round, and the honey in the hive is
their food reserve, it is clear that they will produce more honey, and consume
less, if they can find natural food most of the time.

A floral calendar, which catalogues the flowers, their value to bees,
their abundance and time and duration of bloom, contains essential information
for sound management in beekeeping. Floral calendars need to be produced for
ecclogical regions in which beekeeping is practiced. Sometimes, especially in
mountainous or hilly country, the ecological regions can be quite small and
diverse in terms of their floras.
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Floral calendars for several regions can be used to plan for migratory
beekeeping. When dearth commences in one ecological region the bees can be
moved to another where bee flowers are abundant. In this way, extra honey crops
can be harvested.

In preparing a floral calendar, the first step is to draw up a list of
all the major honey and pollen sources of the area, together with an indication
of their blooming seasons. An example of such a list, from Japan, is shown in
Table 2/1. From this list it is possible to assemble a calendar of the blooming
periods of the different plants in the area, and to plan to migrate bees accord-
ingly to take advantage of major flows. Such a calendar, from a small area in
Burma, is shown in Table 2/2. It will be noted that the Japanese list shows no
honey source blooming between early winter and early spring, so that bees will
probably have to be fed during the winter. In Burma, on the contrary, with its
more tropical c¢limate, one source aor another is available throughout the year,
and if migration could be properly planned it would probably be possible to
maintain production under normal circumstances.

A floral calendar is not however an infallible guide. Under excep-
tional weather conditions, a plant may bloom before its normal time, or later,
or poorly, and this is the main reason why a country's honey and beeswax p-oduc-
tion, like its agricultural production in general, can show considerable fluc-
tuations from one year to the next. The calendar, if properly prepared, should,
notwithstanding this, be reliable most of the time, and if it is complete enough
it may offer a basis for taking exceptional migrating measures when blooming
periods fail to meet normal expectations.

(7) Cropping by Bees as the Most Efficient Use of Land

There are probably areas in the tropics and sub-tropics where cropping
by bees is likely to be the most efficient use of land, but most of the
following examples are from temperate zones.

Some marshy areas too wet to be grazed support many honey-rich wild
flowers. The Danube delta is one of the rich honey-producing areas of Romania,
and boatloads of hives are taken there for the fiowering season.

Cleared areas in forests may be difficult of access for men and ani-
mals, whereas bees can reach them by flying from several kilometres away. Very
large quantities of honey are obtained from fireweed {(rosebay willow-herb,
Onagraceae) in such circumstances in mountainous areas of British Columbia
(Canada), and the Pacific Northwest of the United States, when beekeepers can
convey their hives near enough to the sites.

Dry areas that support native flora - perhaps ephemerals - may provide
a honey crop, but only very poor grazing for sheep or other animals, even if the
native flora is destroyed and grasses or legumes sown. An example is the
coastal plains belt of Western Australia.

Mountainous and rocky dry areas that cannot be cultivated, but that
support honey plants, are widespread, for example in the Mediterranean area and

northern Oman. Some of these are already exploited for bees, especially in the
sub-tropics.
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(Japan)

N1, N2. N3 = major, medium and minor nectar source, respectively.
P1. P2, P3 = ditto, as pollen source.

Blooming season: Sp (spring). S (summer). A {autumn) and W (winter), modified with E

(early) or L (late) seasons, or by name of month.

Typical List of Honey and Pollen Sources

Species English name Notes
Aceraceae

Acer spp. (maples) N3 P2 Sp
Anacardiaceae

Rhus javanica (sumac) N3IP2S

Rhus succedanea (sumac, wax-tree) N2 P2 ES

Rhus verniciflua (sumac) N3 ES
Aquifoliaceae

llex pedunculosa (gallberry) N2 P2 ES

lex rotunda N2 P2 Sp
Caprifoliaceae

Weigela decora N3 P2 May-June
Compositae

Artemisia vulgaris P3 S-A

Cirsium spp. (thistles) N2 P2 §

Helianthus sp. (sunflower) N3 P3 S

Solidago altissima (goldenrod) N2 P2 S-EA

Taraxacum platycarpum (dandelion) N3 P2 Sp
Cruciferae

Brassica campestris (rape) Ni P1 Sp

Raphanus sativus (radish) N3 P3 Sp
Cucurbitaceae

Cucumis spp. (cucumber, melon) N2 P2 §

Cucurbita moschata (pumos * N2 S
Diapensiaceae

Clethra barbinervis N2 P2 S
Ebenaceae

Diospyros kaki (persimmon) N2 June
Fagaceae

Castanea pubinervis (sweet chestnut) N1 P1 ES
Gramineae

Zea mays (maize) P2S
Hippocastanaceae

Aesculus turbinata (Japanese horse-chestnut) N1 P2 ES
Labiatse

Elsholtzia ciliata N2 EA
Leguminosae

Astragalus sinicus (Chinese milk vetch) N1 P1 Sp

Lespedeza sp. (bush clover) N2 P2 A

Robinia pseudoacacia (black locust) N1 Pl ES

Trifolium pratense (red clover) N3 P3 S

Trifolium repens (white clover) N2 P2 Sp-S
Liliaceae ‘

Allium cepa (onion) N3 A

Ligustrum japonicum (privet) N2 May
Polygonaceae

Fagopyrum esculentum (buckwheat) N2 P2 S-EA
Rosaceae

Eriobotrya japonica (logquat) N2 EW

Malus pumila (apple) N2 P2 LSp

Prunus avium (cherry) N3 P3 Sp

Prunus mume (Japanese apricot) N2 P3 ESp

Prunus persica {peach) N3 P2 Sp

Pyrus pyrifolia (pear) N3 P2 LSp
Rutaceae

Citrus natsudaidai {(summer orange) N2 ES

Citrus unshiu (orange) Nl ES
Salicaceae

Salix spp. (willows) N2 P2 Sp
Styracaceae

Styrax japonica (snowbell) N2 P3 May-June
Theaceae

Camellia japonica (camellia) P3 Sp

Thea sinensis (tea) P3 LA
Tiliaceae

Tilia japonica (linden, lime) NI P2 S

Tilia maximowicziana (linden, lime) N1 P2 §

Source: FAO, 1984.




Table 2/2:

Typical Floral Calendar (from Maymyo Apiaries, Burma)

JULY AUG

NOV DEC

JAN FEB

SEPT ocT

Cucurbitaceae plants

Cajanus indicus

Cichorium intybua

Zea mays

Homonia raparia Wild Cosmos

Trigonella foenun—graetum

MARCH APRIL MAY JUNE
Zizyphus incurva
Grevillea robusta
Citrus reticulatum & C. sinensis Zea Hays

Zizyohus »ujuba

Hoy paw

Prunus cerasoid

Bucalyptus teri.icornis

Albizzia procera

lelilotus albus L:

Raphanué sativus

Cuizotia

abyaginica

Homonia raparia

Coffea arabica

tchi chinensis Schima wallichii

Albazzia procera

Bucalyptus resiniferous

Quercus spps

Sechium edule

Tithonia tagetifolia

Helianthus annuus

Prunus insititia

Percea gratissima

Schleichera oleasa

Careya arlorea

Albizzia chinensis

Bucalyptus camaldulensis

Quercus spps

Bidens pilosa

Bracaica spps

Eugenia spps

Sal

maria malabarica

Sit-paung (Labiatae)

Ageratum conyzoidea

Grewia microcos
—_——

Oxalis corniculata

Oxalis corniculata

Himosa pudica

Migrate for utili-
zation of Zee honey-
flow at Mandalay

Preparation of bee
colonies at Maymyo
for Zee honeyflow
Treatment againot
ectoparasitic brood
mitea

Return to Maymyo

for utilization of

major honeyflow of niger
and wild sun flower

Preparation of bee
colonies at Maymyo
for citrus eucalyrtus
and litchi honeyflow

Sesarum indicum {Sint-gaing)

Higrate to

Hsipaw or Naung-
cho for utilization
of citrus or litchi
honeyflows or otay
at Maymyo for euca~
lyptus honeyflow

Migrate to Sintgeing for utilization
of sesame honeyflow

Source:

FAO, 1984.
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(8) Further Reading

Most publications on beekeeping in particular areas, such as FAD
(1984), contain lists of honey sources in the countries or areas to which they
refer; some of these are sketchy, others very complete and detailed. Crane et
al. (1984) is the most complete general study of honey sources, filling many
Egps and presenting a much more complete picture than has been heretofore
available. Crane (1976b) provides general information on honey plants (and
their honeys) of the tropics and sub-tropics, as does Crane (1980a), in English,
Spanish and Portuguese, from which Appendix A 1is reprinted with the kind
authorization of the Oxford University Press.

A number of studies of bee plants in specific regions are available:

Central and South America: Ordetx (1952); Espina Perez and Ordetx (1981 and
1983); Kempff Mercado (1980); Ordetx is also the author of separate
studies of Cuba, the Dominican Republic, Honduras and Nicaragua which
are referenced in Crane (1976b). For El Salvador, see Woyke (198la).

Mediterranean area: No general study, but for Italy and the UAE see Ricciar-
delli d'Albore and Persano Oddo (1976) and Kwei and Esmonds (1976) re-
spectively; the latter includes information about salinity tolerances
of relevant arid-land plants.

East Africa: Smith (1960); also contains some information on other regions.

West Africa: Gledhill (1972) is useful, although it does not mention honey
sources as such.

South and East Asia: FAO (1984) and the further studies referenced therein. The
best 1list for India is Indian Standards Institution (1973), while
Singh (1962/1975) includes soil conditions and other details for honey
plants.

The eucalypts are probably the best documented genus of honey plants.
Penfold and Willis (1961) contains a special chapter on honey-yielding species,
while FAO (1979), in English, French and Spanish, prepared in Australia, is the
most recent complete study of the genus considered as a utility plant.

For Prosopis, see Habit et al. (1981), a full-scale study of a salt-
resistant Chilean species which offers promise for planting elsewhere; unfor-
tunately, it refers only in passing to its value as a honey-producer.

Woyke (1980h) briefly sets out a methodology for determining the honey
potential of local plants.

No complete book on planting for bees in the tropics and sub-tropics is
known, but Hall et al. (1972) and New South Woles Forestry Commission (19797),
both from Australia, may be helpful in certain areas, while Eisikowitch and

Masad (1980) describes a detailed study of the value of planting in semi-arid
areas.

Part 15, "Bee forage in the tropics™, and Satellite Bibliography S/34,
"Bee forage in specific regions of the tropics", of the IBRA Bibliography of
tropical apiculture (Crane 1978a and b) lead to many further published sources
of information on bee forage in the tropics.
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D. THE VALUE AND USE OF BEES IN POLLINATION

Pollination 1is an essential process in the production of seeds and
fruit of flowering plants. It consists of the transfer of pollen grains (the
male element in plant reproduction) from a flower's anthers, where they are pro-
duced, to the female stigma of the same or another flower, whence they reach and
fertilize its ovule.

Many, if not most, agricultural crops need pollination, and the two
main pollinating agents are wind and insects (Fig. 2/17). wind pollinates
cereals and other grasses, nut trees and a few other crops whose pollen, light
and dry, is easily carried by air currents from one plant to another. Most
other crops have heavier, sticky pollen, and insects are their main pollinators.
Honeybees are the most important of the insect pollinators, and in countries
with advanced and highly mechanized agriculture, the use of bees for pollination
is now an integral part of crop production.

The pollination requirements of tropical and sub-tropical crops have
thus far been relatively little explored. Insect pollination is known to be
essential for such crops as coconut palm, melon, sunflower, litchi, passion
fruit and avocado, and it is almost as important, for example, for cashews, cof-
fee, mango, allspice, pguava, etc. But studies in temperate climates are not
necessarily applicable to tropical regions, and tropical conditions are so
diverse that experience in one tropical area will not necessarily apply in
another. Most of the information that does exist has been obtained in response
to a specific problem, or to an obvious lack of pollination. Systematic
beekeeping in Costa Rica began, for example, when the insects were introduced
from Europe as pollinators of coffee crops.

In tropical countries, where low soil fertility and/or inadequate water
or rainfall may limit production, wild pollinating insects may provide suf-~
ficient pollination for the plants' bearing capacity, and for this reason little
urgent need has been felt to improve the pollination of tropical crops. With
the introduction of irrigation and improved cultivars and cropping methods,
pollination may well become a limiting factor in obtaining economic yields, and
the commercial use of bees for pollination will then have to be developed.

Many different insects visit the flowers of commercial crops, seeking
nectar or pollen or both. Probably most of them transfer a few pollen grains,
and so may help in pollination, but relatively few are consistently good polli-
nators. The most efficient insect pollinators carry large quantities of pollen
on their bodies and brush against flowers' stigmas, thus transferring the
pollen; they visit several fiowers in succession, and move frequently from
flower to flower and from plant to plant of the same species. Some insects fail
to pollinate because they are unable to release the flower's .pollinating mecha-
nism. Bees are the most important group of pollinators, partly because their
bodies are covered with branched hairs which pick up many pollen grains.
(Various hairy flies carry as much pollen as do bees, but they do not forage as
consistently on one plant species). Pollen and nectar are the bees' sole source
their immediate needs, bees forage consistently to collect sufficient food for
their brood and also to store for future colony use.

In the past, many countries in the tropics and sub-tropics have had
small plantations of a variety of crops, growing in close proximity and
flowering at different times. There is now a tendency to increase the size of
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Fig. 2/17 Self-pollination and cross-pollination by wind and by a bee.
Source: Crane (1980a).

fields and to use larger fruit plantations with fewer varieties, and in these
circumstances if the number of wild insect poliinators in an area remains the
same, it may become insufficient. Further, the number may have decreased, espe-

cially if year-round bee forage has been eliminated to make way for specific
crops.

With increasing monoculture, flowering wiil be concentrated into
shorter periods, during which larger pollinator populations will be needed;
this is already happening in some locations with some crops. Furthermore,
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whereas pollen sources that allow cross—pollination are likely to be present in
small mixed farms, a large area of uniform crop needs special provision for
cross-pollination.

Modern agricultural practices thus tend to reduce the numbers of wild
pollinators but to increase the requirement for pollinating insects.

Pollinating insects can bhe encouraged to remain in a crop area by
making the habitat more acceptable for their nesting and hibernation, or they
can be taken to the wvicinity of the crop for the flowering period only.
Recently, midges pollinating cocoa have been successfully reared on a variety of
foods (including rotting fruit and stems, and cocoa pod husks) and then released
on plantations where they are needed; the manipulation of fig wasp populations
for pollination has long been practised. However, for most crops, a deficit in

pollinating insects is usually overcome by using honeybees or other bees.

Many species of solitary bees visit agricultural crops, and they are
especially valuable for pollinating legumes; their nest sites should be pro-
tected, and the bees guarded from insecticides. Similar efforts must be made to
protect and encourage bumble bees and the stingless bees.

In the north temperate zone two species of solitary bees, especially
efficient at pollinating lucerne, have been successfully induced to nest and
multiply in artificial domiciles near lucerne crops. The success obtained has
stimulated a search for suitable bees for other crops, in both tropical and tem-
perate zones. A species of bee used commercially must be gregarious, increase
its population rapidly in man-made nests, be easily manipulated and managed, and
visit flowers of a commercial crop in preference to other flowers, and its peak
of activity and the flowering of the crop must coincide. Finally, it must not
be subject to uncontrollable parasites and diseases.

Honeybees are beyond doubt the most important pollinating insects.
They are active throughout the flowering season, visiting and pollinating a
large proportion of crop species. Even where numerous other insect pollinators
occur, honeybees are often the most efficient in transporting pollen and in
pollinating. All four species of honeybees are valuable pollinators, but only
Apis mellifera and A. cerana can readily be introduced in large numbers where
and when they are required, because they can be maintained and transported in
hives by well-established techniques.

These observations are borne out by the following report from India,
submitted to a recent FAO Expert Consultation (FAQ, 1984):

"In view of the importance of bees for increasing the yield of
cross-pollinated crops, different species of honeybees and
solitary bees are being utilized for this purpose in Northern
India. Himachal Pradesh and Kashmir are the principal temperate
fruit-growing regions of the country. In Himachal Pradesh more
than 75 000 hectares of land are under temperate fruit culti-
vation and they require more than 200 000 colonies of honeybees,
against the present number of 10 000. The population of non-
Apis pollinators is declining at an alarming rate, owing to
growing deforestation, vast clearance of waste land for culti-
vation and increased use of pesticides. This makes domesticated
hive bees essential for poilination.
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TABLE 2/3 - Mean percent vield increase of some economic
crops when pollinated by the Honeybee A. cerana

Crops Mean Percent
Yield Increase

Cotton (Deltapine 16) 35
Watermelon 74
Squash 89
Bitter gourd (Ampalaya) (Momordica charantia) 84
Bottle gourd (Upo) (Lagenaria Siceraria) 85
Dishcloth gourd (Patola) (Luffa cylindrica) 99
Coconut 20

"In addition to pollinating temperate fruits, both these species
are also being utilized for the pollination of vegetables, oil-
seed crops and clovers.

"Himachal Pradesh has taken the lead in renting A. cerana indica
colonies to the orchards for the pollination of apple crops.
This programme has helped create awareness among the orchard
owners of the importance of honeybees for pollination. However,
insecticide sprzayine at the time cf apple bloom is responsible
for killing a large number of rented bee colonies.”

The same meeting noted a report from the Philippines on preliminary
1981-82 experiments on yield increases due to pollination by A. cerana (see
Table 2/3).

The number of honeybee colonies needed for pollinating a crop depends
on many factors, including the area planted, the crop's pollination require-
ments, the density of flowers, the amount of nectar and pollen available, their
attractiveness to bees, the behaviour of bees on the crop and their ability
to pollinate it, the colonies' foraging populations, the number of pollinating
insects already present, etc. Whereas the flowers of some species (e.g. lucer-
ne) need to receive only one visit before they set seed, others (e.g. melon)
need several visits before enough seeds are set to produce well-shaped, market-—
able fruit. Often the plant's carrying capacity can be reached, and a commer-

cial crop produced, when only a proportion of the available flowers are polli-
nated.

Because of the many variables, the grower must determine for himself
the effect on his yield of progressively increasing the number of honeybee colo-
nies on the crop. 1If he can increase the set of a sample of flowers by hand-
pollinating them, then pollination has been insufficient and more colonies are
needed. On the other hand, over-pollination by foraging honeybees may have a
detrimental effect on the native pollinators through competition for their food
sources; for this reason, no more honevbee colonies should be imported once
enough pollination: has taken place, and those present should be removed when the
crop has finished flowering.
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TABLE 2/4 - Development of Beekeeping in Relation to Pollination

Stage of Beekeeping Harvest Hives used Pollinating Value
Development
Initial Honey for bee- Traditional or Incidental polli-
keeper and family transitional nation of crops

near hives

Intermediate Surplus honey and Transitional or Increased inci-
wax to supplement movable-frame dental pollination
income of crops near hives

Final Honey and wax Movable-frame Migratory bee-
main source of keeping for crop
income pollination

The beekeeper must be adequately paid for providing bee colonies for
pellination, and this requires that the full value of honeybee pollination be
recognized. The amount the grower is prepared to pay depends on the extent to
which he thinks his net profits will be increased. Payment to the beekeeper
will depend partly on his transport costs, but also on the extent to which his
potential honey crop will be diminished if the number of bees required for ade-
quate pollination is pgreater than their density for optimum honey production.
Bees on citrus produce a high-quality honey, and therefore beekeepers may not
charge for putting bees in citrus orchards, whereas in greenhouse pollination of
strawberries in Japan, for example, the colonies die out for lack of pollen, so
that the beekeeper obtains nothing from his hives. In some circumstances it is
necessary to maintain colonies on artificial diets, and this greatly adds to the
expense. Again, while some crops, such as almonds, provide both nectar and
pollen for the bees, such great numbers of bees are needed for the pollination
service that the colonies compete and cannot build up rapidly enough; there is
thus a cost to the beekeepers, whose bees would be more productive elsewhere.

Encouragement of beekeeping for wax or honey in an area will inevitably
help to increase pollination there. The more advanced the stage of beekeeping
development, the more useful the bees will be for pollination (Table 2/4). But
beekeeping should no longer be considered solely as a method of producing honey
and wax. In some agricultural systems, bees will be used primarily for pollina-
tion, and honey and wax will become by-products. And beekeeping for pollination
must continue, whatever the honey and wax harvests may be.

In agricultural areas, insecticides are probably the most sericus
threat to wild pollinators, and they are also the greatest deterrent to the use
of honeybees as pollinators. Pesticide damage to honeybee colonies differs
according to many factors, including the insecticide's toxicity, its drift to
other sources of forage, the number and frequency of applications, the method
and the time of day of application, the proportion of Fforages visiting the
treated crop, the behaviour of bees on the crop, and the structure of the
flowers. Meteorological conditions in turn influence several of these factors.



Fig. 2/18 Hives well sited for pollination beside a rapeseed crops.
Photo: J.B. Free.

Most pesticide poisoning occurs while bees are collecting nectar or

pollen, and they sometimes die before they can return to the hive. They may
also be poisoned by contaminated water, or while flying through an area
currently or recently treated. Bee food imbibed with pesticides may be trans-

ported back to the colony and poison both adult bees and brood.

The problem of the pesticide danger to honeybee pollinators will be
discussed in greater detail in Chapter 3 of this book.

Good Pollination Practice

The following practices have been developed for the effective use of
honeybee colonies for pollination:

L. Growers should hire colonies for crops needing pollination and not rely
on colonies nearby. Colonies immediately beside a crop (see Fig. 2/18)
are much more useful than those even a short distance away from it,
because the proportion of bees visiting the crop will be much greater.
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2. Colonies should be distributed through a crop in small groups, not kept
in one large group. In this way, the bees will forage evenly over the
entire crop, and the crop yield will be high over the entire area. 1In
fruit plantations, a group of 5 colonies in the centre of each
2-hectare plot will usually ensure an even distribution of foraging
bees.

3. The proportion of foragers visiting a crop can be greatly increased by
building up the colonies at places of good nectar and pollen availabi-
lity some weeks before they are needed on the crop, but moving them to
it only when flowering has begun. When colonies are moved .o the area
before the crop flowers, most of the foragers become conditioned to
visiting other flower species in the locality, and will not readily
switch to the crop to be pollinated when it comes to flower.

4. On most crops, pollen foragers are more efficient pollinators than nec-
tar foragers, because they carry a greater amount of pollen on their
bodies and are thus more likely to transfer pollen to the stigmas.
Colonies for pollination should therefore be encouraged to collect
pollen rather than nectar. There is more than one way of doing this.
Since the presence of brood in the colony stimulates foraging in
general, and pollen gathering in particular, colonies for pollination
should have plenty of brocod. The hive entrance should be so located
that returning foragers have to pass through the brood nest before they
deposit their pollen loads. Feeding colonies with sugar syrup from
containers inside the hive stimulates an internal nectar flow and
causes nectar foragers to change to pollen collecting, and this tech-
nique alone can more than double the amount of pollen collected.

3. ¥urther reading

4 Free (1970, repr. 1976) and McGregor (17°76) are comprehensive reference
works on insect pollination. Free and Williamy, ('977) provides a working sum-
mary of pollination requirements and the managem<:. of honeybee colonies, while
a general discussion of pollination by bees can be found in Free (1981).




CHAPTER 3

BEE DISEASES, PESTS AND OTHER ENEMIES

1. General

Like all animals, bees are subject to diseases, attacks by parasites
and pests, and other phenomena endangering their health and life. Some of these
are of minor importance, either because they are rare or because their effects
are slight, while others, though they attack only individual bees, can so weaken
a colony that its very existence is threatened, and its entire population may be
killed in a year or two.

In general - although there are many important exceptions - it can be
said that bees in their native habitat can meet threats from local sources of
infection more easily than from imported diseases. For example, the introduc-

tion into India of European foul brood, primarily a disease of Apis mellifera,
apparently by way of imported European bees, caused havoc with local beekeeping
when the disease entered the A. cerana population. On the other hand, a series
of important reports from an FAO/UNDP apicultural development project in Guinea,
into which there had been only few introductions of non-indigenous bees, makes
no mention of bee diseases, the inference being that such diseases as existed
were of little or no consequence. There is however ample evidence to indicate
that the introduction of a new bee into an area not only creates the risk of
introducing new <iseases, but is rendered more difficult because the new bees
cannot protect themselves adequately against local pasts and diseases to which
the indigenous bees were to all intents and purposes immune. (%)

Further, there seems to be general agreement among observers that com-
bined attacks by two or more different diseases or pests have much more serious
effects than the normal effects of each taken singly, because the weakening of a
colony by the one makes it more vulnerable to attack by the other. A report
from northern India, for example, indicates that combined attacks by the mites
Varroa jacobsoni and Tropilaelaps clareae caused much more important losses
than were observed in areas where only one of the pests was common. In Tunisia
it was found that when American foul brood or bee paralysis took hold of a
colony, they produced a biological imbalance within it and favoured the invasion
of the hive by the wax moth, which reduced the colony's strength very rapidly.
For this reason, diseases which apparently cause little or no damage can still
be dangerous and should to the extent possible be controlled.

To whatever extent, however, that a disease or pest can cause losses of
bees, honey, and hive equipment, it is essential that the beekeeper be able to
distinguish between a healthy and a diseased or infected colony and to take the
necessary steps to control the attack and prevent its spread.

In many coﬁntries, methods of dealing with bee diseases are subject to
legal regulations, and the options for disease prevention and control may then

(*) This point is discussed in greater detail in Chapter 5.




be limited. For this reason, beekeepers should first determine the legality of
any chemical treatment before using it.

This chapter presents a short survey of some of the more important bee
diseases and pests encountered in the tropics and sub-tropics, and inciudes maps
showing the countries in which they are distributed, as currently known. (*)

As far as is known, the major pathogens can affect both Apis mellifera
and A. cerana, althcugh sometimes to different degrees; the position with
regard to A. dorsata and A. florea is not yet clear for all of them.

2. Disease Transmission

Diseases are transmitted from one colony to another in two main ways:
by adult bees and by the re-use of contaminated combs. Adult nurse bees may
become contaminated by robbing or otherwise consuming honey and/or pollen from
diseased colonies, and they in turn contaminate larval food. Diseased colonies
should therefore be removed from the apiary, or (if the colony is dead) the hive
entrance should be closed to prevent bees from healthy colonies robbing honey
stores in the contaminated hive. Honey and pollen from unknown sources can be
carriers of disease-causing organisms and should not be fed to colonies. Pollen
collected for feeding to other colonies should be trapped from colonies (and
hives) that are disease-free. Opening colonies during the season when robbing
between colonies is likely to occur should be avoided. If it is necessary to
expose combs from any colony, this should be done quickly, using a cloth cover
or lid of some kind, to reduce access by robber bees to the inside of the hive.

The second main means of contzmination is the re-use by the beekeeper
of combs contaminated by disease-causing organisms. Apiary hygiene is all
important. The natural spread of disease from colony to colony is usually a
slow process, but any disease can be spread rapidly when a beekeeper transfers
diseased brood or contaminated combs to a healthy colony.

Since package bees and queens may carry diseases, they should be pur-
chased only from reliable sources, and certainly not imported from a source that
is not disease-free. A swarm is a potential disease source and, if captured, it
should be isolated until its freedom from disease can be established.

Every beekeeper should inspect his own colonies regularly, because
early detection of diseases is essential. He should not wait until a colony

dies before inspecting the brood chamber of the hive, and of other hives in the
same apiary.

3. Bee Diseases

Bee diseases are generally classified into two categories, depending on
whether they attack bee brood or adult bees. The bee brood diseases are
generally considered to be the more impertant, not only because their effect
upon the entire colony is likely to be greater, but also because their control
is at the same time essential and more difficult.

(*) This distribution information is subject to rapid change, as diseases
are introduced into new areas or as they are repcrted from areas in
which they may already have existed undetected.
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A. Brood Diseases

Brood diseases are generally much easier to recognize as a group than
adult diseases, although a close examination of the brood is necessary to iden-
tify the disease correctly. Colonies that appear weak or that show little
flight activity are suspect, and should be examined closely for disease. On
the other hand, a strong and populous colony is not necessarily disease-free.

Brood combs from healthy colonies typically show a solid and compact
brood pattern. Virtually every cell from the centre of the comb outward has
eggs, larvae or pupae, and only a few cells are empty. In contrast, brood combs
from diseased colonies usually have a spotty brood pattern, sometimes called a
"pepperbox" appearance: there is a mixture of sealed and unsealed cells
throughout (Fig. 3/1). (Sometimes this pattern may also indicate the presence
of a failing queen or of laying workefs, or the lack of pollen.)

Inspection of brood-cell cappings is also useful in diagnosing brood
diseases. Cappings of healthy brood are uniform in colour, and convex (higher
in the centre than at the edges), whereas cappings of diseased brood tend to be
darker and concave {sunken in the centre), and are frequently punctured. The
unfinished cappings of healthy brood may also appear to have punctures toward
the centre, but since cells are sealed from the outer edges, any holes are
always central, and they have smooth edges.

Another useful diagnostic feature is the presence in cells of the dried
remains of larvae or pupae. These remains, called "scales" in American foul
brood, European foul brood, and sac brood diseases, are found at the bottom of
brood cells, lving lengthwise, and can be seen with the unaided eye.

Since more than one disease can be present in a colony, the entire
brood should always be observed, and examination should not be stopped after one
diseased individual has been found. Table 3/1 compares the symptoms of the
first four brood diseases discussed below.

(i) American foul brood disease (AFB)

This disease is world-wide in distribution; it can be found on every
continent and in Pacific islands.(*) 1In the Republic of Korea, where it is very
common, it is reported (FAO 1984) to cause very serious damage, while in Belize,
half a world away, it is less common than other diseases, but where it occurs it
usually affects entire apiaries (CS/IBRA 1979).

AFB may not destroy a colony in the first year of its presence, but if
it remains undetected and uncontrolled in any area it can reach devastating pro-
portions. This occurred on some islands of the Hawaiian group in the 1930s and
resulted in the near-abandonment of beekeeping there for a number of years.

The discase is caused by the bacterium Bacillus larvae, only the spore
stage of which is capable of initiating it. The larva of a worker, drone or
queen is susceptible to AFB for up to three days after it hatches, but then

(%) See Fig. 3/4 for world map of distribution of AFB by countries, as
currently known.



Table 3/1:

Comparison of symptoms of four

honeybee brood diseases

Symptom American foul brood European foul brood Sac brood Chalk brood
Appearance Sealed brood. Discoloured, Unsealed brood. Sealed brood. Sealed and unsealed
of brood sunken, and punctured Occasionally sealed brood Scattered cells with brood.
comb cappings. with discoloured, sunken, punctured cappings,

and punctured cappings. often with two holes.
Age of Usually older (stretched) Usually young (coiled) Usually older larvae Usually older larvae
dead brood larvae or young pupae. larvae; occasionally older (stretched in cells). (stretched in cells).

Colour of
dead brood

Consistency

of dead
brood

Odour of
dead brood

Scale
character-
istics

Dull white, becoming
light brown, coffee
brown to dark brown, or
almost black.

Soft, becoming sticky or
ropy.

Slight to pronounced odour
like glue-pot.

Uniformily lies flat on
lower side of cell.
Adheres tightly to cell
wall. Brittle, fine
threadlike tongue of dead
pupa may be present.
Black.

(stretched larvae in sealed
cells).

Dull white, becoming
yellowish white to brown,
dark brown, or almost
black.

Watery, rarely sticky or
ropy; granular.

Slightly to penetratingly
sour.

Usually twisted in cell.
Does not adhere tightly
to cell wall. Rubbery.
Black.

Greyish or straw-
coloured, becoming

brown, greyish black,

or black; head end darker.

White, sometimrs q
mottled with t.ack.

e

Watery and granular;
tough skin forms a sac.

Watery.

Slight, not
objectionable.

None to slightly sour.

Hard. Does not
adhere to cell
wall. White or
mottled black.

Head end prominently
curled towards centre
of cell. Does not
adhere tightly to cell
wall. Rough texture.
Brittle. Black.
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Fig. 3/1 American foul brood, shcwing perforated cappings and
scattered brood pattern (pepperbox appearance).
Photo: H. Shimanuki and D.A. Knox.

becomes immune to the disease. Infected larvae are not likely to become visibly
abnormal until some days later, when they have been sealed in the cells.

Combs with AFB-diseased larvae generally have a pepperbox appearance,
although when the infection is slight, this may not be so. Cappings over

diseased brood are darker brown than normal, usually punctured, and sunken into
the cell. (See Fig. 3/1.)

Healthy larvae look pearly white, whereas diseased larvae show a colour
change from dull white to brown, and finally to black, with the progression of
the disease. When the larvae are brown, the symptoms of ropiness can usually,
but not always, be observed (Fig. 3/2). The suspected brood is probed with a
matchstick or twig and carefully withdrawn from the cell. If AFB is present,
the brown remains can usually be drawn out like a thread for 2 cm or more.

The final stage of the disease progression is the formation of the
scale. 1f AFB disease kills a pupa, the resultant scale may have the '"pupal

tongue™: a threadlike projection that extends away from the scale and toward
the centre of the brood cell.




Py 4

Fig. 3/2 American foul brood, showing "ropy" symptom.
Photo: H. Shimanuki and D.A. Knox.

No strain of bees is completely immune to AFB, but differing degrees of
resistance to it have been demonstrated.

Control. Destruction by fire of colonies with AFB, and of their hives
as well, is required in some countries. It is reported (FAO 1984) that about
2500 infected colonies of Apis mellifera are burned in Japan every year. In

some places beekeepers are allowed Lo retain the hive boxes, bottom boards, and
inner and outer covers (lids), and are required to burn only the frames. The
parts to be salvaged are first scraped and then scrubbed with a stiff brush and

hot soapy water. Some beekeepers also scorch the inner szurfaca of the hive
boxes before re-use. Another option available to some beekeepers is the use of
potash or soda lye, a strongly alkaline solution. The wooden equipment is

completely immersed for 20 minutes in a boiling lye solution (12 g/litre).
Since lye solutions are caustic, appropriate safety equipment should be worn.

Sodium sulphathiazole and terramycin (oxytetracycline) have been used
for the prevention and control of AFB, but the former is no longer registered
for use with bees in the USA, for example, while the latter is barred in Japan
(where, however, it conlinues to be used illegally [rom lime to time, despite
the fact that honey containing residues of antibiotics is prohibited for sale).
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Fig. 3/3 World distribution of American foul brood (AFB), by countries,
as known in 1982.
Map source: Nixon (1982).
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Fig. 3/4 World distribution of European foul brood (EFB), by countries,
as known in 1982.

Map source: Nixon (1982},




Fig. 3/5 European foul brood.
Photo: H. Shimanuki and D.A. Knox.

Both drugs are sold in several formulations, and each carries specific instruc-
tions. Residues of either drug can occur in honey harvested, if it is not used
properly.

With a view to preventing AFB and other bee diseases, Japan subsidizes
ethylene oxide fumigating equipment (FAO, 1984).

(ii) European foul brood disease (EFB)

This disease is caused by the bacterium Melissococcus pluton (formerly
referred to as Streptococcus pluton). World-wide in distribution,(*) and in
some areas considered to be as serious a problem as AFB, it usually occurs just
when colonies are developing their greatest populations. In severe cases, EFB

can reduce the population so much that its productivity is lowered, but the
disease symptoms usually disappear with the onset of a substantial honey flow.

(

X
~—r

See Fig. 3/4 f{or world map of distribution of EFB by countries, as
currentiy known.
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Worker, drone and queen larvae are all susceptible to EFB. Affected
larvae usually die about 4 days after hatching, while they are still in the
coiled stage in uncapped cells. This is in contrast to AFB, in which the

affected individuals die at a later stage, when they are stretched out in the
cell.

The general appearance of combs of brood with EFB disease is similar to
that resulting from the AFB infection. They may show a scattered brood pattern,
and cappings may be discoloured, punctured and/or sunken (Fig. 3/5). Diseased
larvae show colour changes from pearly white to vellow, then finally to black.
In the yellow stage, the tracheal system appears prominently like a network of
silver threads. The larvae usually appear undernourished, twisted and swirled
to the cell walls; sometimes they resemble an irregular mass of melted tissue.
The diseased larva may show some ropiness, but not to the extent associated with
AFB, and the texture of the ropy material is granular. EFB disease is sometimes
referred to as "sour brood" because of its odour, which is influenced by second-
ary invaders associated with the disease.

Scales of EFB are rubbery and much easier to remove than those of AFB.
In rare cases, the pupa may show a "false tongue" which is actually the thick,
blunt head; it should not be confused with the thread-like '"pupal tongue" asso-
ciated with AFB scales.

(iii) Sac-brood disease

Sac brood is the only known brood disease caused by a virus. Generally
it is present in only a small number of larvae, and it rarely, if ever, destroys
a colony. ©Nevertheless, it is important that beekeepers be able to distinguish
it from the more serious foul-brood diseases. (%)

Larvae affected with sac-brood disease change from a pearly white
colour to grey and finally black. The larvae dies during the stage when it is
stretched out, just prior to pupation, so that affected larvae are usually found
in capped cells. The cappings can be sunken and discoloured, and also punc-
tured. Rarely does the disease become serious enough to show the pepperbox
appearance observed in AFB.

When an affected larva is carefully removed from its cell, it appears

similar to a sac filled with water -- hence the name "sac brood". Head develop-
ment in diseased larvae is typically retarded, and the head region is usually
darker than the rest of the body. In advanced cases, the head region may be
bent toward the centre of the cell. The scales in sac-brood disease are typi-

cally brittle, but easy to remove. There is no associated characteristic odour.

Control. There are no known chemo-therapeutic agents for the control
of sac-brood disease. Requeening of affected colonies may sometimes be helpful.
In most cases the disease disappears without causing any serious loss in the
colony population, or in its honey yield.

(*) See Fig. 3/6 for world map of distribution of sac-brood disease by
countries, as currently known.
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Fig. 3/6 World distribution of sac brood, by countries, as known in 1982.
Map source: Nixon (1982).
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Fig. 3/7 World distribution of chalk brood, by countries as known in 1982.
Map source: Nixon (1982).




(iv) Chalk-brood disease

Chalk-brood disease is caused by the fungus Ascosphaera apis. Views
concerning it tend to differ, indicating that it needs to be investigated
further.(*) One recent opinion, for example, states that "it is rarely serious,
although some beekeepers report a reduction in honey production due to this
disease. Damp environmental conditions and chilling of the brood were formerly
thought to be predisposing factors, but recsnt investigations tend to discredit
this belief."” A recent and authoritative report frem Burma (FAO, 1984), on the
contrary, associates the spread of chalk brood in weak colonies with the monsoon
season, and notes that "in the last stage of infestation, bees desert the hive,
absconding, or the whole colony dies out." A third repori, from Belize (idid.),
indicates that the disease is "rarely if eve fatal but potentially debilitating
throughout the year."

Chalk-brood disease is found more commonly in worker and drone larvae
than in queen larvae. The fungus infests the larva 3 to 4 days after hatching.
The infected larva is soon covered with a white cotton-like mycelium which fills
its entire cell; finally the mycelium dries up, forming a solid mass referred
to as a "mummy". Chalk-brood mummies are usually white -- hence the name -- but
colour being due to the presence of fruiting bodies of the fungus.

Mummies can be found at the hive entrance of infected colonies, or on
the hive floor (bottom board). Capped or uncapped cells may contain infected
brood, and the mummies can be easily removed by tapping the comb against a rigid
surface.

Control. No chemo-therapeutic agent is currently available for the
control of chalk brood. The most promising factor in its prevention appears to
be the maintenance of large strong colonies.

B. Adult Bee Diseases

Most diseases of adult bees are difficult to diagnose, because the
gross symptoms are not specific to a particular disease. For instance, inabi-
lity to fly, unhooked wings and dysentery are general symptoms that can indicate
many disorders. A microscopic examination of the appropriate organs is often
required in making a diagnosis.

(i) Nosema disease

Nosema disease. caused by a protozoan, Nosema apis, is the most wide-
spread of all bee diseascs, and among the most serious.(t) In temperate zones,
its occurrence is estimated to cause a loss in honey production of more than
40%, and it also contributes tn winter losses of colonies. Workers, drones and
queens are equally susceptible, and the disease reduceds their life expectancy.
The egg-laying of infected queens iay be impaired, and they may ultimately be
superceded.

(%) See Fig. 3/7 for world map of distribution of chalk-brood disease by
countries, as currently known.
(t) See Fig. 3/8 for world map of distributien of Nosema by countries, as

currently known.
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Fig. 3/8 World distribution of Nosema, by countries, as known in 1982.

Map source: Nixon (1982).
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Fig. 3/9 World distribution of Amoeba disease, by countries as known in
1982.

Map source: Nixon (1982),




The disease cycle is initiated by adult bees ingesting spores whiczh
multiply in the epitheliz! cells of the midgut and then compete with the host
bee for nutrients. Positive diagnosis of the disease can be made by microscopic
examination of the ventriculus. Since queens cannot be sacrificed for dissec-
tion, a coprological examination is used instead.

Control procedurés include both medication of colonies with Fumidil-B
(fumagillin), effective only when fed in sugar syrup, and heat treatment of

empty combs. Nosema disease is spread to healthy bees by contaminated combs,
but combs can be decontaminated by heating them for 24 hours at 49°C. The most
effective contro! is attained by combining both operations: heat treatment

cleans up the combs, and fumagillin controls the infection in the bees.

Amoeba disease is caused by a protozoan, Malpighamoeba mellificae.
Little is known about this disease except that the protozoan is found in the
Malpighian tubules of adult bees (hence its name), and that it is assumed to
impair the function of the tubules. The disease, most commonly found in
worker bees(*), is generally of little consequence, but when it is combined with
Nosema disease, the total impact is more serious than that of either disease
alone. No gross symptoms characterize Amoeba disease, and a microscopic exami-

nation of the Malpighian tubules for the presence of cysts is necessary for
diagnosis.

There is ne known control for the disease. Fortunately, infected colo-
nies appear to overcome its effects without assistance from the beekeeper.

(iii) Bee paralysis

A virus is the inciting agent of bee paralysis, although paralysis-like
symptoms are also caused by some toxzic chemicals. The disease probably occurs
frequently in colonies, althsugh it is seldom diagnosed. It can occur

throughout tho season, but is rarely serious and should not cause the death of
the colony.

In severe cases, large numbers of bees appear to be escaping from the
hive; they seem to run in circles and are unable to fly. Individual bees with
paralysis disease are frequently black, hairless and shiny in appearance.

No known chemicals are effective for cecntrolling the disease. It is
believed that susceptibility to it 1is an inherited character, and that
requeening with a queen from a different source can eliminate it from a colony.

(iv) Septicaemia

Septicaemia, caused by a bacterium, Pseudomonas apiseptica, is rarely
encountered. The disease results in the destruction of the connective tissues

(%) See Fig. 3/9 for world map of distribution of Amoeba disease by
countries, as currently known.
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The disease cycle is initiated by adult bees ingesting spores which
multiply in the epithelial cells of the midgut and then compete with the host
bee for nutrients. Positive diagnosis of the disease can be made by microscopic
examination of the ventriculus. Since queens cannot be sacrificed for dissec-
tion, a copreclogical examination is used instead.

Control procedurés include both medication of colonies with Fumidil-B
(fumagillin), effective only when fed in sugar syrup, and heat treatment of
empty cocmbs. Nosema disease is spread to healthy bees by contaminated combs,
but combs can be decontaminated by heating them for 24 hours at 4%°C. The most
effective control 1is attained by combining both operations: heat treatment
cleans up the combs, and fumagillin controls the infection in the bees.

(ii) Amoeba disease

Amoeba disease is caused by a protozoan, Malpighamoeba meilificae.
Little is known about this disease except that the protozoan is found in the
Malpighian tubules of adult bees (hence its name), and that it is assumed to
impair the function of the tubules. The disease, most comnonly found in
worker bees(*), is generally of little consequence, but when it is combined with
Nosema disease, the total impact is more serious than that of either disease
alone. No gross symptomg characterize Amoeba disease, and a microscopic exami-

nation of the Malpighian tubules for the presence of cysts is necessary for
diagnosis.

There is no known control for the disease. Fortunately, infected colo-
nies appear to overcome its effects without assistance from the beskeeper.

(iii) Bee paralysis

A virus is the inciting agent of bee paralysis, although paralysis-like
symptoms are also caused by some toxic chemicals. The disease probably occurs
frequently in colonies, although it 1is seldom diagnosed. It can occur

throughout the season, but is rarely serious and should not cause the death of
the colony.

In severe cases, large numbers of bees appear to be escaping from the
hive; they seem to run in circles and are unable to fly. 1Individual bees with
paralysis disease are frequently black, hairless and shiny in appearance.

No known chemicals are effective for controlling the disease. It is
believed that susceptibility to it is an inherited character, and that
requeening with a queen from a different source can eliminate it from a colony.

(iv) Septicaemia

Septicaemia, caused by a bacterium, Pseudomonas apiseptica, is rarely
encountered. The disease results in the destruction of the ccnnective tissues

(*) See Fig. 3/9 for world map of distribution of Amoeba disease by
countries, as currently known.
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of the thorax, legs, wings and antennae=. The affected bees fall apart when
handled; dead or dying bees may also have a putrid odour. There is no known
control for this disease. However, it is not considered serious, and no
assistance from the beekeeper is necessary.

c. The Mite "Diseases"(¥)

Infestation of a colony by one of several mites is often referred to as
a "disease" (e.g. Varroa disease, acarine disease), but this is, technically
speaking, a misnomer. Diseases are in principle caused by micro-organisms,
whereas Varroa and the other mite "diseases" are cases of parasitism. The mites of
greatest economic importance to beekeepers are VYarroa jacobsoni and Tropi-
laelaps clareae, which attack brcod, and Acarapis woodii, a microscopic mite
attacking adult bees.

Varroa, which naturally parasitizes Apis cerana, and Tropilaelaps,
which parasitizes Apis dorsata, both afflict Apis mellifera in the same way as
their natural hosts, infesting the brood, feeding on pupae and %:illing, stunting
or causing malformation of the bees, However, their deprzdations seem more
severe on A. mellifera than on their natural hosts.

(i) Varroa jacobsoni

Varroa is the best known of the mites, perhaps bec ise it has now
infested honeybees in Europe; it is also the mite that appears to have created
most difficulties in the successful introduction of A. mellifera to replace A.
cerana in certain countries or areas of Asia.

It was first described in 1904 as a parasite of the eastern honeybee
A. cerana (= indica) in Java. The mite has subsequently been observed as an
indigenous, obligate, honeybee parasite throughout most of tropical and tem~
perate Asia. While A. cerana has been recognized as the mite's native host,
specimens of V, jacobsoni were collected from A. mellifera brocd in Hong Kong in
1962. This was the first report of the utilization of f. mellifera as an alter-
native host by V. jacobsoni.

V. jacobsoni has been anthropogenically spread tc every continent where
honeybees are kept, with the exceptions of North America and Australia.(t). 1Its
wide dispersal has been the result of human carelessness in matters involving
transcontinental shipment of bees.

The number of mites in an A. mellifera colony may exceed 10 000 indivi-
duals. An infested adult worker bee may be host to as many as five mites, a
drone up to about 12, Mite populations in individual brood cells are reported
to be as high as 12 in worker brood and 20 in drone cells. 1In the Republic of
Korea, Varroa is reported to cause losses of 30 to 40%.

(*) Sub-sections (i)~(iv) of this section are drawn from a paper by D.M.
Burgett and G.W. Krantz (FAO, 1984).
(1) See Fig. 3/10 for world map of distribution of Varroa jacobsoni by

countries, as currently known.
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Fig. 3/10 World distribution of Varroa jacobsoni, by countries,
as known in 1983.
Map source: Nixon {(1983).
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Fig. 3/11 World distribution of Tropilaelaps clareae, by countries,
as known in 1983,
Map source: Nixon (1933).
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(ii) Tropilaelaps clareae

Tropilaelaps clareae was first discovered in the Philippines and was
described in 1961. Although it was initially observed as an obligate brood
parasite of A. mel!lifera, it was later found as a parasite of A. dorsata. It is
believed, because of the mite's tropical to sub-tropical distribution, that
A. dorsata represents the native host species. A recent paper reports the para-
site from colonies of A. cerana. A second species of Tropilaelaps, T. koeni-
gerum, has been reported infesting A. dorsata in Sri Lanka and Nepal., where A.
mellifera has also been introduced.

T. clareae 1is presently limited to 1India, Pakistan, peninsular
southeast Asia and tropical insular areas such : 5ri Lanka and the Philippines,
although in 1983 it was reported from Chir.i(™:. i~ is widely believed that it
is at least as serious a pest of A. mellifer. »: i:u+ hetter known Varroa. Its
importance as a honeybee parasite has been la:.civ i :~vcognized by tha research
cemmunity for two reasons: (1) there is at :»-:-::a- an overriding interest in

Varroa, and (2) that while potentially a major :}:-:at to the world beekeeping
industry, Tropilaelaps is presently restricted to tropical Asia, an area that
has historically been relegated to secondary imporiance as regards large-scale
beekeeping. As a result, there are relatively few published works on the mite,
and many of these are in the form of short notes describing survey results or
attempts at control.

T. clareae is perhaps less likely than Varroa to be transferred out of
Asia, as its natural host, A. dorsata, is entirely restricted to tropical
Asia, where beekeeping with A. mellifera has not succeeded until recently. Of
particular concern is that T. clareae appears to be the more destructive of the
two mites. The possibility exists that it could spread nc-thwards out of tropi-
cal Asia, through China, if beekeeping with European honeybees is practiced
throughout Asia.

(iii) Control of Varroa and Tropilaelaps

Control of these mite pests on A. mellifera is not easy and requires a

mixture of chemical and management control. Central to the schemes is the need
to break the brood-rearing cycle of the bees, halting the life cycle of the
mites by depriving them of immature bees on which to feed. 1In Burma this is

done by caging the queen for about three weeks and fumigating with phe-
nothiazine. In Thailand, brood is removed and allowed to die, and fine sulphur
and napthalene applied as a fumigant in the hive.

Even in temperate countries such as northern China, the Republic of
Korea, Japan, Afghanistan and now Europe, where there is a natural break in
brood rearing in the autumn, chemical control of the mites is practiced. The
intensity of these management techniques and the need for chemical agents for
mite control suggest that newcomers to beekeeping with A. mellifera in deve-
loping countries with large rural, uneducated and unsophisticated, poor popula-
tions in isolated areas may find themzelves in difficulty.

(*) See Fig. 3/11 for world map of distribution of Tropilaelaps clareae by
countries, as currently known.
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accepted, satisfactory chemical means of eliminating Varroa from a colony,
though there are many chemicals that will reduce the number of mites." This
is an accurate assessment of chemical control not only for V. jacobsoni, but for
T. clareae as well. It is appropriate and timely for the apicultural research
community and the vocational beekeeping industry to recognize the likelihood
that brood mites cannot be eradicated, and control programmes and future

R 1

research should be predicated on parasite management instead.

The problems involved in chemically controlling an ectoparasitic brood
mite are many. Some of the more obvious difficulties are that (1) whenever
brood is present within an infested colony, a great number of mites are safely
sequestered within sealed brood cells; (2) chemicals tested are often toxic to
the host as well as to the pest, so that careful dosage manipulations are
required for success; (3) the potential of toxicant residue buildup within the
colony matrix is great; (4) the possibility exists for development of toxicant
resistance by the target pests; and (5) there is a lack of uniformity in moni-
toring efficacy of chemical controls on a worldwide basis. A number of suc-
cesses with chemical controls have been reported in the literature, but some
negative factor or combination of factcrs frequently mitigates the effec-
tiveness of a given compound.

Two major chemical approaches have been stressed for control of
ectoparastic brood mites: fumigants and systamics. Both have had reported suc-
cesses, although a more long-lasting reduction of mite population is believed to
occur with the systemic approach. The use of Galecron (= chlordimeform hydro-
chloride) as a systemic has shown a great deal of promise in Germany, and in
limited experimental trials in Thailand, it is reported to have been effective
against both V. jacobsoni and T. clareae. The possible residual effect of syste-
mics such as Galecron in the colony matrix is unknown.

Non-chemical. Most efforts in this area have involved a cultural tech-
nique that mimics a break in the brood cycle at some stage of colony growth.
This is usually accomplished by caging the queen and/or by removal of all brood.
Such methods are used in the hope that they will interrupt the natural reproduc-
tive cycle of the mite parasite. While non-chemical methods cannot eliminate
mites from colonies, they do appear at least to slow mite population growth. A
programme put forward by Nyein and Zmarlicki (1982) is typical of a combined
cultural and chemical approach: caging the queen for at least one complete
brood cycle (21 days), uncapping the dead brood to facilitate removal by worker
bees and the inclusion of a fumigation regimen, in this case phenothiazine. The
methodology used was quite labour-intensive and required a high degree of
beekeeping skill, but populations of both V. jacobsoni and T. clareae were
reduced to what the authors termed non-economic levels.

Natural control systems. Little, if anything, is known as to what
defensive systems, mechanisms, or behaviours are employed by the native bee
hosts of V. jacobsoni and T. clareae. It seems unlikely, however, that the
Apis species are defenceless against mite parasitism. Some of these defences
may be obvious, but unrecognized as defences. For example, the seasonal
absconding behaviours of both A. cerana and A. dorsata, so often attributed to
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movement to areas of more favourable floral resources, may in fact be triggered
by the severity of mite infestation. (*) (t)

{(iv) The Constraints of Mite Parasitism

From a global perspective, V. jacobsoni is approaching the status of
the foremost honeyuvee pest. V. jacobsoni and T. clareae certainly are major
obstacles to apiculture with A. mellifera in tropical Asia. In the past,
authors have projected a dismal future for A. mellifera in areas where the two
mite species are endemic, but preliminary reports of successful mite control in
A. mellifera colonies in Asia suggest that good bee management in combination
with limited chemical prophylaxis may keep mite populations below economic
levels. Ensur:ng the future of A. mellifera in tropical Asia, however, will
require a sound mite research programme which focuses on both biology and mana-
gement. Corsiderable research is already being conducted on V. jecobsoni on an
international scale, and much of this information will be applicable to
A, »llifera in Asia. The natural history of T. clareae, a species of great
pe. .."ial worldwide importance, is much less well understood, and deserves the
inmediate attention of beekeepers and researchers alike.

(v) Acarine "Disease"

Acarine "disease" is caused by the microscopic mite Acarapvis woodii.
Mites enter the tracheal system (breathing tubes) of young adult bees and
multiply there, deriving nourishment from the bee's blood and also interfering
with its respiration, ultimately leading to its premature death. Mature female
mites then emerge from the tracheae :n search of a new host. The disease can be
carried to a healthy colony by robbing or introducing infected queens.

No single symptom characterizes this disease; an affected bee can have
disjointed wings and be unable to fly, or have a distended abdomen, or both.
Positive diagnosis can be made by microscopic examination o¢f the tracheae.
Acarine disease can persist in a colony for years, causing little damage, but
combined with other diseases and/or poor bee seasons, it can lead to the death
of the colony.

According to a report from Pakistan (FAO, 1984), a recent (1982-83)
outbreak of Acarapis woodii brought about heavy mortality of A. cerana colonies,
and some 9 000 colonies of this bee kept by modern beekeepers succumbed. The
disease also attacked colonies of A. dorsata but remained restricted to a few
areas. Its incidence on A. mellifera was very low as corpared with that on A.
cerana. In northern India, also, the mite is reportsd to cause very serious
damage in A. cerana colonies. It has now been reportcu in most major beeckeeping

(%) In April 1984, J. Woyke expressed the view (FAO 1984), on the basis of
experience in Afghanistan, that Tropilaelaps would not reach temperate
areas, as the mite cannot tolerate a break in brood rearing. He also
noted that bees sense, in some unknown way, when infestation is present
and open the brood cells prematurely and remove the larvae.

() According to a report from Thailand (FAO 1984), infested native
A. cerana absconds, whereas ‘nfested imported A. mellifera remains in
the hive.
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Fig. 3/12 World distribution of acarine disease (Acarapis woodii),
by countries, as known in 1982.

Map source: Nixon (1982).
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tig. 3/13 World distribution of bee louse (Braula spp.), by
countries, as known in 1982,

Map source: Nixon (1982).
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countries, but is absent from Canada, much of southern Africa, Australia and New
Zealand, and thc Pacific area.(*)

The most widely used chemical for the control of acarine disease is
chlorobenzilate. Menthol has been recently proposed, but it has not been widely
tested.

D. Other Pests
(i) Wax moths

The greater wax moth, Galleria mellconella, is the most serious pest of
comds, vbut comb damage is also caused by the lesser wax moth, Achroia pgrisella,
and the Mediterranean flour moth, Ephestia kuehniella. All these moths may pre-
sent an especially serious problem in the tropics and sub-tropics, where the
warm climates favour their rapid development, but the greater wax moth, in par-
ticular, is a major pest in all regions. In Pakistan, for example, it is said
to cause "fairly heavy losses", destroying from 8 to 23% of the A. cerana colo-
nies traditionally maintained in wall hives in the northern hills; it has been
reported to infest 12 to 48% of colonies of A. dorsata in the plains and up to
10% of imported A. mellifera colonies (FAQ, 1984). 1In northern India as well,
wax-moth attacks on A. cerana indica colonies are reported (ibid.) as being more
severe than those on A. mellifera, because the latter collects more propolis to
guard against moth attacks. According to another report (ibid.), wax-moth
infestation seems to cause A. dorsata colonies to abscond.

Again, the greater wax moth is reported to be perhaps the 1ost damaging
and costly bee pest in the tronical Pacific area; in recent years it has reached
plague proportions in New Caledonia, where it has greatly reduced the number of
colonies kept by beekeepers and also, apparently, the number of colonies living
wild. The lesser wax moth is also present throughout the tropical Pacific area
but is reported to be of relatively minor importance.

The female of the greater wax moth lays her eggs in clusters, usually
in cracks or between the wooden parts of the hive. After the eggs hatch the
larvae feed on the wax combs, and can reduce them to a pile of debris that falls
to the hive floor. They obtain their nutrients not from th: beeswax itself, but
from other materials in the combs: honey, cast-off pupal skins and pollen.
Consequently, darker combs that have contained brood are more likely to be
infested that light combs or foundation.

Combs stored in dark, warm and poorly ventilated rooms are most l.:ely
to be destroyed by the moth. Hives containing colonies that have lost their

adult population through disease or pesticide poiscning are also likely to be
invaded.

The most effective method of control of wax-moth infestation is to
maintain large, strong, healthy colonies in just sufficient comb to meet their
needs, as the moth is less likley to occupy combs covered by bees. Combs having
suffered minor wax-moth damage should be thoroughly cleaned and repaired before
re-use. Combs stored away from bees for any length of time must be protected

(*) See Fig. 3/12 for world map of distribution of Acarapis woodii by
countries, as currently known. According to Townsend (1985), the mite
is"now found in the USA and will no doubt be found in Canada soon".
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against wax moth; storing them in hermeticalily sealed buildings is possible, but
fumigation is the standard technigue. Fumigants such as paradichlorobenzene,
ethylene dibromide and phostoxins are sometimes employed, but they should be
applied with great caution, and only on stored combs that ‘dc not contain honey
to be used for food. Treating combs with carbon dioxide, or by the application
of low temperatures, does not harm honey in them. Heat treatment can also be
used, but only for combs without pollen or honey. In tropical areas, however,
as will be seen in Chapter 6, it is usually more cost-effective to render and
sell the wax from combs than attempt to protect them.

(ii) Wasps and hornets

Wasps and hornets are also reported from all regions as being pests of
some seriousness. Their activity is said to be seasonal, and at its maximum in
dearth periods, when their own colonies are large; honeybee losses can then be
heavy. In some parts of Papua New Guinea, the predatory attacks of a hornet,
Vespa affinis, have been sc severe as to force apiary sites to be abandoned.
Four species of Vespa are reported as common in Pakistan, where they destroy
adult bees, brood, and honey reserves during the crucial July-October floral
dearth period. 1In Thailand, tropical hornets create serious problems during the
monsoon months. During peak wasp-predation periods in Malaysia, random hive
inspections showed as many as 15 to 30 dead wasps inside a hive; usually at
least 3 to 4 bees are killed fcr every wasp kilied, and a weak colony of A,
mellifera or A. cerana may even refuse to come out of the hive when it is
harassed by several wasps at the entrance. In northern India, five wasp species
cause a serious threat to the cottage industry. By means of shimmering and eva-
sive behaviour, A. cerana indica can resist the attack of wasps better than can
A. mellifera. Similarly, in Japan, A. cerana is able to defend itself against
attacks by the giant hornet Vespa ma. iarinia, the worst enemy of A. mellifera;
it is reported that 20 giant hornets can seriously damage an A. mellifera colony
in 2 to 3 hours.

Control methkods in Thailand are limited to hunting out the hornets'
colonies and cestroying them (hornets are considered a delicacy in that country).
In the Mediterranean area, control methods are based on the fact that wasps
are carnivorous: fish impregnated with pesticides are placed on hive covers.
Grids are also used across hive entrances.

(iii) Ants

Ants constitute the final group of insects of economic importance to
beekeeping. In tropical Asia, it is reported that an ant attack can destroy a
colony in a day. In the Pacific area, the small bee populations used in queen-
mating hives make them particularly susceptible to ant attacks; the big-headed
ant Pheidole mepacephala is widespread, and individuals of this species may
invade hives and form a food chain which carries away honey, eggs and larvae, in
addition to harassing adult bees. In Africa, the Safari ant can destroy most of
a beeyard overnight, unless proper protection is ensured (Townsend, 1985).

There are some grounds for believing that poor management is the cause
of mnst losses from ant predators. The simple device of placing the legs of
hive s:iands in open tins fill-d ith waste oil is known throughout the world to
be a generally satisfactory <szfeace; in the Pacific area the stand legs are
sometimes smeared with a thick grease (e.g. axle-grease) to which a suitable
insecticide has been added, while in the Mediterranean area ants are fended off
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by planting tomatoes -- a known ant-repellant -- near the hives. Xeeping
apiaries free of debris and overgrowth, and destroying nests within the area,
are also evident methods of controlling ant populations.

(iv) Bee louse

Brsula coeca, known as the bee louse, is not a louse, but a wingless
fly that feeds on honey. Adult bee lice can be found on adult workers and
queens, but no detrimental effect on the bees has been attributed to their pre-
sence. Braula larvae can, however, damage the appearance of comb honey. There
are no known control methods for the bee 1louse, and none are considered
necessary(¥).

(v) Birds

The extent to which birds are of economic importance as predators on
bees is not clear. They are reported as "troublesome" throughout the world, the
bee-eater (Merops spp.) bzing the most widespread offender, but the damage they
cause appears to be limited to isolated cases, even if from 20 to 100 bees have
been counted in the midgut of individual bee-eaters. In Asia, the honey buzzard
(Pernis apivorus) has been observed landing on a branch supporting an Apis
dersata comb and bending down to grasp pieces of it in its beak. The bees,
though trying to sting the bird, were unable to drive it away.

(vi) Miscellaneous

Numerous other pests are reported as causing difficulties to
beekeepers, to a varying extent. Termites, mice and rats can damage hive equip-

ment. The ratel, or honey badger (Mellivora ratel), raids hives in Africa, and
M. indica in southern Asia. Bears can knock over all the hives in an apiary in
a single night. Toads, frogs and lizards are often mentioned as causing
problems. For example, the giant toad Bufo marinus was introduced to a number
of Pacific islands - including Papua New Guinea, the Solomons, Fiji and Hawaii -
ostensibly for insect control in sugarcane plantations. This toad, and Bufo

bufo which is also present in the Pacific area, can consume large numbers of
bees if hive entrances are within their jumping range. As a preventive measure,
hive entrances should therefore be at least 50 ci.. from the ground; fencing
apiaries with toad-proof wire mesh can also be a successful deterrent.

E. World Distribution of Bee Diseases and Pests

When a developing country is considering the importation of bees and
equipment as a step toward improving its apiculture, it is essential that it
understand the danger of doing so: the risk of importing new diseases and/or
pests that could decimate the local bees. The foul-brood diseases can also be
transmitted in contaminated honey or beeswax, and chalk brood in contaminated
pollen.

(*) See Fig 3/12 for world map of distribution of the bee louse by
countries, as currently known.



This risk is increased considerably when the bees and equipment origi-
nate in an exporting country in which the disease is knewn to exist, and whersa
adequate sanitary export control regulations are not strictly enforced.

In an effort to collect, from many published sources, all available
information concerning the presence or absence of these diseases, country by
country, and to present it is a convenient form, the International Bee Research
Association compiled in 1982-83 a series of ten world maps showing tne distribu-
tion of major bee diseases and parasites as currently known; these appear as
Figs. 3/3 - 3/4 and 3/6 - 3/13 above.

The maps show only the countries(*) in which the diseases are present
or absent, not the distribution within the country or the severity of the
attack. Since the maps are the first of their kind, they are inevitably
incomplete, especially those for sac-brood, chalk-brood and amoeba diseases.
Further information on country distribution will be welcomed by IBKA.(t)

The tremendous movement of air traffic around the wcrld is creating new
problems each year as man accidentally transports pests, predators and diseases
of his agricultural crops and animals from one continent to another. In time it
can be expected that honeybees on all continents will suffer from the major
diseases. Pert of the work of beekeepers and bee specialists everywhere is to
ensure that this transfer is delayed as long as possible. To this end there is
serious need of an effective, quick-acting monitoring system, with the means of
collecting and rapidly disseminating not only information on disease and pest
outbreaks, but also treatments that have been shown to be effective in deve-
loping countries, and updated reports on other bee-production activities at the
local, national and international levels.

4. Man

G.M. Walten has pointed out that "the most serious enemy of bees can be
man himself. Neglectful hive management can lead to colony starvation, and to
the introduction and spread of bee diseases and pests. In some Pacific islands,
human irresponsibility has developed to a stage where hives have been used for

target practice, or where hive lids and frames have been removed." Similar
cases of vandalism - and even theft - are reported by M., Weise from tropical
America. A greater danger in southern Asia, because more widespread, is created
by collectors of palm sap, from which alcoholic beverages are made. The bees

visit the pots in which the sweet liquid is collected, and drown; freguently, as
many as 100 to 150 bees are found in every pot.

FAO reports from two Sahelian countries note that the custom of burning
bushes, often before the beginning of the rainy season, destroys the vegetation
on which the bees feed. As a result, the colonies are weakened even before the
beginning of the dearth season, the combs are not completely covered, and the
colonies fall victim to insect attacks. The loss of suitable bee pollinators
may have an unfavourable effect on crop yields. Further, the bush itself, with

(*) Table 3/2, derived from the same sources, shows the known distribution
of diseases in certain islands too small to be indicated clearly on the
maps.

(t) Address: Hi’l House, Gerrards Cross, Bucks., SL9 ONR, UK.
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Table 3/2: Bee diseases and parasites in islands for which information is

available.

sac
AFB EFB brood

chalk
brood

nosema amoeba

acarine

bee
louse

Caribbean

Bermuda + + -
Jamaica ? - -
Puerto Rico - - 0
Trinidad and

Tobago - - -

Pacific

Fiji
Hawaii
Niue
Tonga

+ + + +
+ + + 0O

Atlantic

Canary Islands + 0 0

Indian Ocean

Mauritius - - -
Réunion - - 0

I O+ O

+ 4+ 4+ O

QOO0

(o]

oy o]

Key to symbols:

present

presence suspected
reported not present

no information available

O 1«4+

Source: IBRA.




a great diversity of flora, unpolluted by chemical agents, represents a major
resource, capable of accommodating many thousands of hives and becoming a true
reservoir of honey and other hive products; its burning is the unwitting
destruction of a major asset. Finally, honey-hunting, often affecting Apis
dorsata hives, can result in the destruction of entire colonies. (%)

But however important such mismanagement of resources may be from the
local point of view, man is the bee's worst enemy primarily because of his
indiscriminate use of pesticides, which kill off uncounted thousands of colonies
every year and close off wide areas from foraging bees. The following report on
the current situation of beekeeping in relation to pesticide use in Thailand is
typical of the position in many developing countries:

"Pesticide damage to apiculture in Thailand can be classified in three
different categories. The application of herbicides on waste lands in
an attempt to control mimosa weed reduces the pollen supply of the
honeybee during monsoon months. Insecticide sprays in litchi orchards
in the north prevent the migration of honeybee colonies into the or-
chards to collect honey. The country has vast areas under citrus and
cotton which produce enormous amounts of nectar, but apiculture cannot
utilize such rich resources, owing to the heavy application of toxic
insecticides in citrus- and cotton-growing areas."

Similar reports come from all over the world. In the Mediterranean
area, according to A. Popa, "poisoning by pesticides... constitutes a major
obstacle to the development of beekeeping in the region, causing heavy los=ses.
Many insecticides (such as DDT and BHC), highly toxic to bees, are used because
they are cheaper than more selective products. With traditional hives it is
impossible to provide any protection for the bees against pesticides, and the
only way to reduce losses is to educate farmers and sprayers to the value of
bees in crop pollination.” Most countries in Asia use pesticides, so that
damage to bees is to be expected, although one observer has pointed out that
many Asian apiaries are located in forests, where hazards from pesticides are
minimal. In countries where beekeeping is not yet widely practised, it is
understandable that reports have not yet appeared in the literature, but there
are positive reports of pesticide damage to bees from Bangladesh, China, India,
Japan, Malaysia, Nepal, Pakistan, the Philippines, Sri Lanka and Thailand (Crane
and Walker, 1983; FAO, 1984). Indiscriminate use of insecticides has caused
such great losses of bees in certain developing countries that the insect is
said to have completely disappeared from some areas.

Not all pesticides are equally dangerous to bees. Some, such as the
rodenticides and fungicides, do not threaten them at all. Others are used only
on crops, such as cereals, which bees do not visit; others again are applied to
crops only after they have finished flowering; still others can be administered
in the evening, after bee foraging has ceased, and have lost their power by
morning, when it begins again. Appendix D lists 500 pesticides in common use,
classified according to the extent to which they are dangerous to bees.

(%) N. Koeniger, however, considers that "honey-hunting is not as destruc-
tive as it might seem: the queen apparently retains the power of
flight at all times, so if the bees are driven from their comb, they
can cluster nearby and build another one."



Pest~control measures used on cotton make it the most dangerous of all
crops to bees, but with all tropical and sub-tropical crops the killing of bees
and other pollinating insects is for the most part due to local lack of
knowledge about correct pesticide application. The most effective way of
reducing the large-scale killing of bees is therefore through the dissemination
of information. The most important measure which should be taken is to inte-
grate into every pest-control wundertaking a component for protecting and
fostering beneficial insects. (See also Crane and Walker, 1983).

Minimal use of insecticides should be integrated with maximal use of
biological and cultural control methods, and the use of insecticides should be
limited to preparations that cause least damage to beneficial insects. Growers
should learn the toxicity of different pesticides to bees, and should use those
that are least toxic, but acceptably effective at killing insect pests. Growers
should make every effort to learn the locations of hives in the vicinity of
their crop. It is the responsibility of the beekeeper to label his hives, so
that he can readily be contacted before any insecticide application, and given
the opportunity te move them. However, he cannot always do this at short
notice, and the operaticn can be expensive and detrimental to his colonies. It
may be possible, without ill effect, to confine bees to their hives for a short
time {e.g. when a short-term residual pesticide is applied at dawn or dusk), but
longer periods of confinement are not practicable.

Siace weather conditions in the tropics and sub-tropics favour the
development and spread of many crop pests, pesticides properly used can greatly
assist in increasing food production there. 1t is however essential for maximum
production that beneficial pollinating insects, and bees in particular, should
not be killed along with the pest insects. The solution to this problem is
likely to be a slow and difficult one, in which patient education and extension
work must play a major role. (%)

As markets for pesticides are opened up in developing countries,
materials may be sold and used on crops without an understanding of more than
the immediate lethal effect of the pesticide on the target pest itself, and this

tendency may be exploited by less conscientious exporters. It is to be hoped
that the international code of conduct on pesticide distribution and use
recently adopted by FAO will assist in minimizing this danger. 1In short, it

recommends that povernments should take action to ensure that pesticide manufac-

turers and traders and those who use pesticides observe the following practices
in pesticide management:

1) only pesticides of clearly defined quality, packaged and labelled
as appropriate for the specific market should be supplied;

2) to meet the needs of small-scale users who individuzlly apply
pesticides in developing countries, only tested producis of low
hazard designed especially for their use should be marketed;

~
*
~

Growers in developed countries have -- to some extent at least —--
learned to follow the instructions for use which accompany their pesti-
cides, and thus to avoid the irresponsible use of pesticides which
kills bees and other pollinating insects; this is the result of educa-
tion and extension work, and an understanding by growers that they need
the bees to pollinate their crops, and must not kill them.
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3) special attention should be paid to formulations, presentation,
packaging and labelling in order to reduce hazards to users who
are unable or unlikely to take ordinary precautionary measures;

4) information and instruction adequate to ensure safe and effective
use of the pesticide should be provided with each package of
pesticide;

5) each pesticide should be formulated and packaged so that the toxic
hazard is reduced to the minimum consistent with the effective
functioning of the pesticide;

6) Pesticides which require the use of uncomfortatle and expensive
protective clothing and equipment should be avoided, especially in
tropical climates.

5. Further Reading

Most of the books on bee diseases and pests listed below include photo-
graphs and drawings that facilitate diagnosis. Morse (1978) gives the widest
coverage and includes many tropical diseases and pests, while Bailey (1981) is
an authoritative study, with recert information on all known honeybee diseases,
including those caused by viruses. Hansen (19807?), in English, French and Span-
ish, contains close-up colour photographs for the identification of diseased
brood. Shimanuki (1981) is a valuable contribution to knowledge of control of
the greater wax moth. Ritter (1981l) is a complete description of che Varroa
mite and its effect on bees.

Crane and Walker (1983) deals with the destruction by insecticide
poisoning of both honeyhbees and wild bees, particularly in developing countries,
and the information it contains is supported by over 1000 references.

Part 18, "Bee diseases, enemies and poisoning in the tropics", of the
IBRA Bibliography of tropical apiculture, (Crane 1978a and b) and its Satellite
Bibliography S/35, "Bee diseases and pests in specific regions of the tropics",
cite many more publications useful in these regards.




CHAPTER 4

HONEY-HUNTING AND TRADITIONAL METHODS OF BEEKEEPING

A. HONEY-HUNTING

Man has hunted bees for their honey since prehistoric times, and cer-
tainly for longer than the "hive bees", Apis mellifera and A. cerana, have been
managed. Honey collection from colonies of wild bees is still practised in
many areas of the tropics and sub-tropics, especially those which are still
covered with primary vegetation or where essential elements of the natural vege-
tation continue to exist, and there is no reason to believe that the methods
employed have evolved considerably with the passage of time. In many such
regions of Asia, much honey is collected from A. dorsata nests, and a lesser
quantity from those of A. florea.

Harvesting A. dorsata honey is very productive in regions with a dense
population of the bees, mainly in forest areas where beekeeping with A. cerana
has not been very successful. A typical example of the operations is provided
by practices in Riau, on the island of Sumatra (Indonesia). The equipment con-
sists of a large funnel-shaped container which can be carried on a man's back,

and several long ropes (Fig. 4/1): it is normally kept at the headman's house
and is used by all honey collectors in the area. A. dorsata colonies nest in
high trees, between 30 and 50 m above the ground. At lenst two men work
together. First, they collect a fair amount of creepers and young, tall

saplings (about 4 to 7 cm in diameter), and some straight thinner sticks. The
saplings are attached to the trunk of the bee tree by creepers tied around the
tree at different heights, and at each such place two sticks are inserted into

the knot, to serve as a stand for the next step. In this way one sapling is
fixed above another, to form a continuous climbing pole parallel to the trunk of
the tree (Fig. 4/2). After a height of about 15 m has been reached, new

building material is hauled up on the ropes.

Three hours after starting, the men have reached the crown of the tree.
They wait for darkness, and then one man lights a torch made from strips of bark
tied tightly together. He fixes the funnel on his back and ties the glowing and
smoking torch to a rope so that it swings some 3 m below him. When he reaches
the colony, he utters a loud, high-pitched sound and at the same time waves the
torch under the comb. Most of the bees leave the comb and cluster on part of
the supporting branch out of reach of the smoke, but a good many fly into the
torch and are burnt. The honey collector cuts out the brood area of the comb,
throws it down, and carefully puts the honey portion into the funnel on his
back. Then the next colony in the tree is dealt with in the same way. From
three colonies in a single tree, a man can collect nearly 50 kg of honey, which
is squeezed through a cloth and filled into empty bottles for sale to merchants.
Because of its high water content (34% in one case observed), A. dorsata honey
starts to ferment very quickly. This is a major problem with honey from A.
dorsata as well as from other tropical bees, and the honey in the local markets

is of poor quality. The brood is consumed by the villagers, and the wax sold to
merchants.




Honey hunters' equipment from Riau, Sumatra (Indonesia),
The funnel is used to carry the combs down the tree, the
rope for hoisting the materials for the climbing pole.
Photo: N, Koeniger.
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Fig. 4/2 Climbing a bee tree in Riau, Sumatra (Indonesia) with

the equipment shown in Fig. 4/1.
Photo: N. Koeniger.




- 100 -

Traditional methods of honey collection are similar in other parts of
Asia, although there may be wide variations of detail. Instead of a bark
smoker, an earthenware pot with smoking dung or rotten wood may be used. When
the nesting site is low, a fire is often lit under the nest to drive away or
kill the bees. Sometimes nests on a cliff face may be approached from above,
the collector being let down on a rope.

In many countries of tropical Asia, more honey is collected from wild
A. dorsata nests than from hives of A. cerana, yet no projects to improve tradi-
tional methods of honey harvesting are known, although such an approach would be
very promising. A considerable improvement could be achieved by adequately pro-
tecting the honey collector against stings - usually he cannot afford an ade-
quate bee-suit - and by devising a method for estimating, from the ground, the
amount of honey in a comb.

Improvement of the quality of A. dorsata honey needs urgent attention.
Reducing its high water content would prevent fermentation and - together with
adequate straining, packing and marketing - could certainly result in a much
better payment to the men who collect it; such measures would have a beneficial
economic impact on the poor rural populations living in Asian forests where A.
dorsata is found, perhaps even greater than improvement of yields from A,
cerana.

The techniques used in hunting honey from A. florea are much simpler
than those outlined above, because A. florea is less aggressive than A. dorsata,
and generally tends to nest lower. Since A. florea is the least productive of
the honeybees, however, the results of hunting its honey are not as satisfactory
as could be desired, even though the honey is greatly appreciated and eagerly
sought after.

When searching for Apis florea colonies, it has been found helpful to
look along the ground toward the sun, because sunlight shimmering on the bees'
wings is likely to reveal the presence of their colony as they enter or leave
it. Often brood and honey are collected together for human consumption, but
sometimes the honey collector removes only the crest of the comb and the accom-
panying honey, leaving the remainder of the comb attached to its support so that
the colony can rebuild the comb and replenish the food stores. This practice
should certainly be encouraged.

Honey-hunting is not however limited to A. dorsata and A. florea.
Although most of the effort with regard to A. cerana and A. mellifera is given
over to collecting and hiving entire colonies, these bees' honey is sometimes
still hunted for itself. According to a report from Ghana in the mid-1960s
(CS/IBRA, 1979), the wild honeybee in the northern part of the country - a
strain of A.m. scutellata - generally nests in hollow tree-trunks. Its honey
being much relished by the local inhabitants, any bee trees found are cut down;
fire is used to kill the bees; and the trunks are chopped open to obtain the
honey. No attempt is made to hive the bees, which are highly aggressive. -

Again, according to a report from Sri Lanka (op. cit.), the primitive
plundering of honey from wild bee colonies still goes on, and honey-hunters do
not neglect or ignore colonies of A. cerana, which are as numerous in certain
areas as A. dorsata, though somewhat less easy to detect. An illustration of
the scope of honey hunting is afforded by the fact that a wholesale dealer in

wild honey in « single dry-zone area is able to market as much as 2000 kg of
honey in a season.
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Fig. 4/3 Preparing an artifical "cave"” to receive an Apis florea
colony in Oman.
Photo: J.B. Free.

B. BEEKEEPING WITH WILD BEES
1. Hiving Apis dorsata

Because of the high honey production of A. dorsata, several attempts
have been made to use beekeeping methods for the bee similar to those for A.

mellifera. So far none has been successful. The first difficulty is in
collecting the colonies, normally a dangerous venture involving complicated
preparation and equipment. It has been found advantageous to carry out the

operation at night, because this both reduces the loss of bees and avoids strong
colony defence. If put into any enclosed box like a hive, A. dorsata deserts it

at once. Accordingly, for coilecting a colony, use has been made of a box or
frame open on one or two sides, which were closed with cloth or wire screen
while the colony was being transported. Nevertheless, most colonies absconded

sooner or later from these boxes after they were opened at their new site, and
took most of the honey with them. An attempt to prevent this by the use of a




Fig. 4/4 Brood part of an Apis florea comb supported in front of an
Oman cave entrance. The entrance is draped with muslin to
prevent the bees from returning to their old site in the
cave and to encourage them to adopt the comb in its new
position.

Photo: J.B. Free.

queen-excluder was ineffective: the bees left without the queen. The conclu-
sion from this experience is that none of the procedures produced enough honey
to justify their further experimentation.

2. Beekeeping with Apis florea

Various degrees of sophistication accompany the change from honey-
hunting to beekeeping with Apis florea. 1In India and Oman, some colonies are
kept in specially-prepared artificial "caves", in niches in houses and walls, or
suspended in the shade of trees (Fig. 4/3). Thorn brushwood is put at the
entrance to the cavity to protect the colony from marauding animals. When a
colony is collected, the crest storage-area of the comb is removed for its
honey, and the upper part of the remainder is then sandwiched between two parts
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Fig. 4/5 Owan beekeeper removing an Apis florea colony from its
artificial "cave".
Photo: J.B. Free.

of a split stick, or of a palm frond. This comb, with the attached bees, is
wrapped in muslin or put in a suitable cage or box, and taken to a prepared site
(Fig. 4/4) . At dusk the ends of the split stick are rested on supporting sto-

nes, or tied to the branch of a tree, and the muslin removed. The bees do not
fly until the next morning.

In some circumstances, it is worth making two visits to a site to
collect a colony. ©On the first visit the comb is cut from its support, sand-
wiched between two sticks, and left suspended near its original site; then a day
or two later, when all the bees have settled again on the comb, the colony is

collected, with more of its bees than if the operation had been completed on the
first visit.

The bees attach their comb to the sticks. 1In time, they will elongatszs
cells in the upper part to become the new storage area, and new cells will be
built in the lower part of the comb for brood. When the new storage cells are
in turn filled with honey, the beekceper can cut them away, and move the sticks
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further down the comb. This simple beekeeping operation is clearly super’or to
honey-hunting, because the colony is not destroyed and can be used as a known
source of more than one honey harvest (Fig. 4/5). It should be encouraged.

A beekeeper can increase the number of his colonies either by disco-
vering and collecting additional natural colonies or by dividing into two halves
some of the combs he collected earlier; the bees in the part of the colony
without a queen will rear a new one.

Care must be taken to limit the handling of colonies to a minimum,
because disturbance tends to cause absconding. Migration when the supply of
forage diminishes must also be prevented if possible; attempts to do this have
been made by providing colonies with sugar syrup at the proper time. Attempts
have also been made to confine colonies in boxes, or in cages whose entrances
and walls are covered with appropriate queen-excluder material, so that the
vorkers can forage but the qgueen cannot leave. The entrances can be kept open
during times of abundant forage, to alilow ready access by foragers. and closed
when forage is scarce and absconding or migration is likely. However, such
cages appear to be only partially successful, and there is much scope for
improving beekeeping methods with A, florea.

The crest storage area of comb that has been collected by the beekeeper
is chopped up and the honey drained into a container. It should be kept warm
until wax remnants and other debris have risen to the surface and can be skimmed
off. The honey is then ready to be strained and bottled.

C. TRADITIONAL METHODS OF BEEKEEPING

There can be little doubt that traditional beekeeping was evolved
directly from honey-hunting. In ail likelihood, forest dwellers observed a
colony of bees returning to a hollow t-ee-trunk that had been emptied of its
comb, and found a few weeks or months later that the same "hive" could be hunted
again. From then on, it was only a step - but a step which was prcbably not
taken for thousands of years - to setiting up a hollow log for a bee swarm to
occupy, perhaps in a place more convenient for hunting. The next step, a more
difficult and important one which not all honey-hunting peoples have yet taken,
was to collect a colony and install it in such a primitive hive; beekeeping in
the true sense of the wo:d .an be said to have begun the first time this
occurred.

Traditional hives are, in general, simple containers made of whatever
material is used locally for other containers: hollowed logs, bark, woven twigs
or reeds, coiled straw, baked or unbaked clay, plant stems and leaves, or fruits
such as gourds. In the tropics and sub~tropics, almost all these hives lie or
are hung horizontally. 1In the most primitive form of beekeeping the bees are
killed or driven out of the hive when the honey and wax are taken, the colony
being destroyed in the process.

1. Traditional Beekeeping in Tropical Africa

Tropical Africa has a wide variety of forage and climate, and different
methods of beekeeping h-ve developed in the different zones. The most common
method in the dry zones is to rely on migrating swarms to populate hives, when
all adult bees of a colony leave their hive because of dearth conditions and




Fig. 4/6 Log hive hung in a shady position in Tanzania.
Photo: G.F. Townsend.

move into an area where new blossoms are appearing. Bait hives are set out for
the swarms, which occupy them and (in a good season) produce a crop of honey
during the next few months. This honey must be removed before the colony migra-
tes again, usually toward the end of the flowering period, and therefore before
the honey is ripe; this naturally has a negative effect on honey quaiity. The
combs are often all crushed together, producing a mixture of honey, pollen,
brood and beeswax, which is not suitable for marketing as honey; traditionally
it is used for brewing honey beer, and much of the beeswax is lost. Where only
full combs are harvested in this manner, all the empty combs must still be
removed and rendered, or they will be destroyed by wax moth. The equipment is

stored until the next season, when the hives are hung out again just before the
swarms are due to arrive.

In this zone, hives are suspended high above the ground (Figs. 4/6 and
4/7) for a number of reasons: this system prevents attacks by safari ants and
horey badgers; it provides a cool, shady area for the colony; it protects the




Fig. 4/7 Log hive apiary in a baobap tree, Tanzania.
Photo: G.F. Townsend.

colony from flash grass-fires; and it reduces pilfering. All these factors must
be taken into consideration in designing equipment for use with tropical African
bees, whether in Africa or in Central and South America.

J.M. Nightingale (1976) has described in interesting detail the hive-
making techniques and beekeeping practices of three Kenyan tribes, living in
forest areas a few hundred kilometres apart, but at different altitudes and
therefore in different conditions of climate; it was noted in Chapter 2 that
altitude has a considerable, although still not sufficiently studied, influence
on bee behaviour, and this may be a partial explanation of differences in hive

construction. To all three tribes, beekeeping is an important traditional
craft.

Since it has been found that bees prefer hives hung high above the
ground, all three tribes place their hives as high as possible in trees. Among
the Wakamba tribe, hives are hung, as far as possihle, facing away from the



Fig. 4/8 Hive used by Tugen beekeepers, Kenya.
Photo: G.F. Townsend.

strong prevailing wind, as bees will often abscond if there is a strong draught

blowing in at the entrance. The beekeepers work their hives on the ground,
usually in the late evening, because they find the bees too fierce during the
day. One advantage of working the hive on the ground is that any flying bees

tend to go up to the high site in the tree. The bees usually build their brood
nest at the lower end of the hive, near the entrance, working up gradually to
the higher, wider end, and finally store their honey at the top, so this end is
opened to remove the crop, smoke being used quite extensively. After the honey
has been removed, the hive is hauled back up and hung in its old place.

The hives of the Pokot tribe, who live in an extremely hot area, are
bound with grass or reeds as protection against both the weather and the intense
heat. An opening, about 15 x 10 cm, is disposed in the centre of one side of
the hive and closed with a cushion of bark fibres. The beekeeper waves his
smoke torch around the hive for about ten minutes, removes the cushion and blows
smoke through the opening until the bees leave the hive from both ends. The
honey is scooped out by hand into a skin bag worn around the neck; by custom,
only one end is worked from the opening, so that the brood is preserved. Among



- 108 -

(B)

(A)

Fig. 4/9 Wameru hives, northern Tanzania,
Drawings: Stephanie Townsend,
(A) Hives suspended in tree
branches. Note entrance
holes at lower ends of hives.
(B) Hive opended to show comb
built in upper part.
(C) Cross-section of hive, showing
that comb is not attached to
floor.

the Tugen tribe, the hive is place level with the ground in the top of a thorn
tree, so that usually the operator has a convenient perch to stand on. The hive
is opened by levering it apart along one edge and inserting a stone or piece of
wood to hold it open until all the honey has been removed (Fig. 4/8). Unfor-
tunately, however, the Tugens' log hives are split so near the centre that the
combs are often broken in half when the hive is opened, and the loss of honey a*
the time of collection is considerable.
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2. The Cylindrical Split Wameru Hive

The Wameru tribe of northern Tanzania also use a log hive, but they
discovered that if their logs are split along one side (less than one fourth
along the diameter) rather than down the middle, the smaller piece can form a

removable floor to the hive to which the bees do not attach their combs. To
harvest the honey, the hive is lowered to the ground, the bees controlled by
smoke, and the floor removed (Fig. 4/9). The combs containing honey are

removed, the floor replaced, and the hive rehung without damaging the brood
comb.

This hive is to be recommended wherever conditions do not permit the

introduction of modern or transitional hives. It can be built not only from
logs but from bark, clay, or woven reeds, sisal, etc. It should be 90-100 cm
long and about 30 cm in diameter. Each end is closed; holes are bored in one
end for flight entraces. To attract a bee swarm to a new hive, or in case of

absconding, the inner roof of the cylinder is rubbed with beeswax or a mixture
of heeswax and propolis.

Attention was first drawn to the Wameru hive irn the first (1953) edi-
tion of Mann (1973). He suggested that tribes wusing split-log hives
should be encouraged to adopt the split bottom used by the Wameru, but unfor-
tunately this suggestion does not appear to have been pursued. Properly imple~-
mented, it could have made, and could still make, a great contribution to
improving the quantity and quality of the honey produced by traditional
beekeepers. The Wameru hive meets all the requirements for tropical beekeeping
in the earliest stages of development. It is cheap, or virtually free for the
making, so that the beekeeper may start off with almost no investment except his
labour. It makes it possible to produce a good-quality honey, unmixed with
brood or pollen, and to harvest beeswax as well. It is large enough to maintain
the colony for honey production without leading to swarming, and it is adaptable
to the special characteristics of local bees. It is easy to manipulate and has

very few openings where bees need to be smoked to keep them under control during
the operation.

3. Traditional Beekeeping in the Mediterranean Basin

In the Mediterranean area, traditional hives vary locally according to
the climate and the materials available. Horizontal cylindrical hives, woven
from osier or wicker, and protected by a coating of clay or cow dung, predomi-
nate. Others are of fired earthenware or sun-dried mud, cork, a palm or other
log or wooden boards. The hive is from 70 to 120 cm long and 20 to 35 cm in
diameter, or sometimes more than 40 cm for a palm-log hive. With the exception
of the last-named, the traditional hives are too small to allow the bees to
store sufficient food to last through a dearth period. The ends of the hives
are closed by removable lids of mud, clay, wood or woven plant stems; one or
more flight holes for the bees are pierced in one lid of the hive. The hives
are laid horizontally in a single tier, or stacked one above the other or in a
sloping pyramid; they are often protected from the heat by brushwood.

In Crete and Tunisia, some cylindrical earthenware hives are tapered,
much as most log hives are narrower at one end than at the other. Other Cretan
hives are upright, made of clay, with top-bars across them, similar to wicker
hives of the same shape found in Greece. 1In North Africa, as one approaches the
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Sahara, fewer materials are available for hive-making, while adequate protection
against the heat becomes essential. In such areas, therefore, hives may take
the form of cavities in the mud walls of houses, or even stone-lined underground
cavities.

Beekeeping methods, based on traditions handed down from ancient times,
are similar in most respects throughout the Mediterranean area. One of the
essential operations is the capture, in the spring, of swarms to populate empty
hives and replace colonies that have died or absconded. A captured swarm is
kept in the shade, in a bag woven from plant stems and leaves, until it can be
placed in a new hive. Early swarms are usually the most profitable, because
they have a longer active period in which to store food. Honey is harvested at
the end of the flowering period. The combs are carefully cut out from both ends
of the hive; combs with brood and pollen as well as honey, in the central part
of the hive, are left to maintain the colony. Honey is extracted from the combs
by pressing.

The island of Malta was renowned in ancient times for the quality of
its honey, and its very name is derived from the Greek work meaning "honey".
The traditional Maltese hive is a bottle-~shaped earthenware jar, with a neck of
a diameter of 7 to 8 cm, and a body of about 25 cm; both ends are open. To the
hroader end is fitted an open-ended clay cylinder about 45 cm long, which serves
as a honey chamber, while the jar serves as a brood chamber and the neck is the
hive entrance; its size can be adjusted by lining it with sackcloth. The open
end at the base of the hive is usually closed with a sheet of cardboard or wood,
held firmly in place by a stone or other heavy object. These earthenware jars,
which are still used by some Maltese beekeepers, have the advantages of main-
taining an even temperature (24°) day and night, and they are relatively
inexpensive. The combs are securely attached to their rough inner surface.
Honey is wusually extracted by removing the rear cylinder to obtain the combs,
which are pressed by hand or with a mechanical press, and then strained.

The traditional Maltese beekeeper still enlarges his apiary by
encouraging his colonies to swarm. To attract a swarm to establish itself in a
prepared earthenware jar, the inner surface is rubbed with balm extracted from
Melissa officinalis and some comb honey or sugar syrup is left inside the jar.

If this lure fails, the beekeeper - who at swarming time usually spends every
day watching his hives - is always ready to hive any swarm that appears.
4, Traditional Beekeeping in Asia

Traditional beekeepers in Asia generally adopt the log hive or the
clay pot, or both, as reported to a recent FAO expert consultation (FAO 1984).
In Afghanistan, beekeepers use <c¢lay pots or wooden frames (boxes), both
inserted into the mud walls of houses. Pakistan has three types of hive, easy
to make, cheap, and safe from theft, but their management is difficult and the
colony is often destroyed during honey extraction. The first is the wall hive,
a cavity built in the wall of the natural stone or mud house, preferably exposed
to the south or down-valley. Honey is harvested from the inside of the house
after the mud has been removed from the hive entrance. The pitcher hive, a
further development of the wall hive, is a cavity in the house wall, into which
a clay pitcher is inserted horizontally; a clay lid frequently serves as a
covering for the opening inside the house. The third type, a log hive roughly
similar to those used in Kenya, is disappearing, as in parts of Kenya, because
of the large quantity of wood required for its preparation.
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Logs and clay pots were formerly used by beekeepers in Bangladesh and
continue to be current among the rural populations of Java and Bali (Indonesia).
In Thailand, simple hives are made from bark or coconut palms, hollow tree-
trunks, wooden boxes, or sometimes concrete pipes. The inside of the hive is
coated with melted beeswax as bait. The beekeeper either waits patiently for a
swarm to move into the prepared hive, or else goes hunting for new swarms,
clusters of absconding bees, or colonies established in the wild, which he
transfers to his hives. At harvesting time, all or parts of the combs are cut
from the hive. The honey is squeezed from the combs and strained through wire
mesh or a cloth; the crushed combs are then melted together and the beeswax is
rendered.

D. TRANSITIONAL HIVES

The characteristic common to almost all the hives discussed thus far in
this section is that the bees attach their combs to the sides of the hive, so
that the hive cannot be opened, and comb removed, without the latter being bro-
ken. Such hives are therefore called fixed-comb hives. Their advantage -
simplicity of building - is far outweighed by the disadvantages inherent in such
a system, and in particular by the fact that it renders impossible the obser-
vation of events within the hive, necessary to any rational system of hive mana-
gement. By lifting a hive and estimating its weight, an experienced beekeeper
can judge, to some extent, how much honey it contains, but only visual obser-
vation can allow him to know whether the hive is pest-infected, and to determine
{by the lack of brood cells and the presence of queen cells) whether the colony
is preparing to swarm.

Only relatively recently -- probably in the 17th century -- was it
discover.d that if rounded bars, baited by smearing with honey or beeswax, are
placed at the top of a hive whose sides slope inward toward the base, the bees
will build comb downward from these bars without attaching much of it to the
sides or bottom of the hive. 1In such a movable-comb hive, individual combs can

be removed for inspection or honey collection and then replaced withcut damage
to the colony.

The spacing of the top bars is of primary importance: if they are too
close together, the bees will build unwanted comb between the vertical combs,
and if (hey are too far apart, the comb will be attached to the sides of the

hive; in Loth cases the problem of comb breakage will arise once again. The
top-bars must therefore be at the correct distance apart to give the bees'
natural inter-comb distance -- the bee space --, but that is the only precision

measurement necessary. Honey and beeswax are harvested by simply removing the
combs containing fully-capped honey, but no pollen or brood.

In fixed-comb hives, whether hollowed logs, clay pots, or somewhat more
sophisticated containers, the attachment of the combs to the inner surface is
necessary for their support, but in these so-called '"transitional" hives
(because they constitute a transitional stage between primitive and modern
beekeeping) the long top-bars provide nearly all the support needed under normal
circumstances. If the hive is moved without great care, however, as can occur
for example in migratory beekeeping, the comb will readily break away from the
top-bar; in handling a colony, therefore, the beekeeper must never turn the top-

bar with comb so that it is horizontal, lest, lacking the necessary support, ‘.he
comb break.
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(A)

Fig. 4/10 Kenya top-bar hive, with Nightingale's improvement.
Photo: Stephanie Townsend.
(A) Top-bar, showing support strips.
(B) Comb built over and supported by strips.
(C) Top-bar hive suspended between to posts.

A movable-comb hive in the shape of a truncated cone (round waste-paper
basket) is known to have been used in Greece as early as 1680, and is still in
use there. Bars are placed across the round top at the correct spacing, and
each supports a comb. These combs are however not interchangeable, as in more
modern versions of this hive, because, owing to the shape of the hive, their
dimensions are not uniform, If a rectangular box hive is used, this incon-

venience disappears, provided as always that the long sides slope inward toward
the base.

1. The Kenya Top-Bar Hive

Such a hive (Fig. 1/9) was successfully tested on a large scale in
Kenya by J.N. Nightingale, who more recently introduced an improvement: three
small holes (@ = 2.5 to 3.0 mm) are drilled through the top-bar, the centre hole
being vertical and the others sloping inwards (Fig. 4/10A), and strips of wood
or bamboo are pushed tightly into the holes from below. When the bees build
comb over these sticks (Fig. 4/10B and 4/11), the comb thus reinforced is strong
enough to withstand transportation and can be transferred with its top~bar to
another type of hive; if necessary, some of the comb can be cut from the bottom
to make it fit. Dimensioned drawings of the hive parts are given in Fig. 4/12.




Fig. 4/11 Comb from Kenya top~bar hive, supported by Nightingale's
strips.
Photo: G.F. Townsend.

A queen-excluder made of coffee screen with a 0.5 mm mesh can be placed
vertically in the centre of this hive, but there is no real need for it with the
management methods suggested. A feeder made in the shape of a comb and
suspended from a top-bar can be used if required. I{f the hive is built care-
fully from seasoned lumber, all the parts should fit well, so that the top-bars
together form a complete cover for the hive. At each end of the row of top-
bars, a strip of wood of the 