


A Trace prom the Honey Hunting Practiced m Sri Lanka n the Pasr:
How 1T was taught and the appliances used.
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(Bambara Bees). Whenever the caves are conveniently situated a ladder of creepers is suspended from a tree in the
jungle above and hangs over the end of the face of rock which forms the cave....... and the elder men showed clearly
that this was a game which they encouraged. A lad of about thirteen collected some green leaves and tied them
together with creeper, then taking an arrow, a toy masliya, and a broken gourd tied with creeper, which hung over his
arm, for a maludema, he set fire to the leaves and climbed the ladder. While lowering the smoker and letting the
smoke blow into the crevice in the rock where the comb was supposed to be, he pretended to cut round its sides with
an arrow and thrust at it with his masliya from which he transferred the honey into the gourd. As he descended from
the ladder he beat his chest and sides as though driving off the bees, and directly he reached the ground rushed into the
jungle to escape from them, all the smaller children imitating him with great glee. Obviously this was a well-known
and favourite game, for even the elders took part in it, throwing their cloths over their heads and running into the
jungle". - Family Life of Veddas,from Seligmann & Seligmann (1911), THE VEDDAS, pages 91-92.
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The toy*Masliya, or the toy honey comb collector
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The smoker ar The Masliya or Matha used in removal and vessel or the Maludema or
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FOREWORD

An inviting mood for reading this book is convincingly created in the opening "Introduction”
of a few brief paragraphs by the author; and the underlying rationale for this book is
essentially captured in the quotations from Aristotle and Francis Bacon.

For the environmentalist, the starting point for his or her interest begins with the closing
section of the last chapter of the book, namely Chapter 10, Section 10.7, page 207 which
reads as follows.

"Even though historically we do not seem to possess a tradition of bee-culture, honey had
been an important and a common ingredient in our traditional medical practice.
Attempted honey production may not have been a necessity due to the existence of large
areas of forest which supplied sufficient quantities of this commodity. Even at present
honey hunting still takes place near forested areas.

These forests also have not only a productive strain of Mee bees but a large resource of
other types of bees that could be used in crop pollination. Therefore, our forests contain
an invaluable resource and a reserve of bee fauna that can contribute to honey production
and crop production. As such we have to protect and preserve the forests, the natural birth
place of all'our bee fauna for posterity and prosperity."

The great love and the sympathy that the author has for the Mee bee is so well reflected in
both the contents as well as in manner of presentation of the subject matter. Equally important
is the fact that the author has discussed and presented the Mee bee in its total environmental
setting, which serves to clearly bring out its vital interactions with the relevant components of
the environment. .

The structure and organization of the respective chapters follow a very logical sequence
which, in turn, help to sustain the reader's interest throughout the ten chapters of this book.
Similarly, the well selected choice of colour photographs, together with the diagrams and
tables, complement and lend excellent support to the printed text - the hallmark of a truly
creative scientific effort.

A special feature of this book is the approach adopted by the author wherein the subject matter
has been presented and discussed from the standpoint of the generally well known and easily
understood first principle of the natyral sciences. This brings this publication within the reach
of understanding and interest of both the student and the professional alike.

That very distinguished biological scientist of this century, the late Professor JBS Haldane
FRS, when addressing the Ceylon Association for the Advancement of Science (now SLAAS)
as its chief guest in 1960, observed that Sri Lanka offered the best prospects for charting a new
direction in the biological sciences by proper observation of animal behaviour in contrast to
the Western approach of cutting-up and dissection of animals. This, he reasoned should be
feasible on account of the country's dominant Buddhistic culture which shows a sympathy and
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tolerance towards animals. Dr. Punchihewa has, more than 33 years later, amply vindicated
Prof. Haldane's vision in this regard.

A very valuable innovation in his book is the inclusion of extracts from selective sources of
past publications and writings such as those of Seligmanns, Spittel, Dep etc., some better
known than others. This helps to provide the reader a historical link with the past
understandings of our oral traditions of knowledge in this field, none or little of which has
been customarily committed to writing.

While the author has not failed to pay tributes to the pioneers of his country in the field of
beekeeping, his dedication of his book to his "guru" Prof. BA Baptist who was primarily
responsible for fostering and nurturing his interest in the "fascinating world of the bees", is
surely worthy of our respect and admiration.

Dr. C. R. Panabokke

(former Director of Agriculture)
1994 January 30th,

Sudharshana Mawatha,

Nawala, Rajagiriya.
Sri Lanka.
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Of Honeybees and Honey Hunting

Of what they did and said in the past when gathering
honev as Spittel (1945)! saw and recorded.

The Cliffhanger Episode

"The Bambara Bees attach their hives (nests) to
the lower surface of the forehead like projectives
of rocks which rise steeply over the landscape.....

...A tree (on top of the rock) provides
anchorage for the life line for the honey hunter
who descends to reach Bambara nests.

But when the hill is too lofty for this, as usually
happens, the ladder hangs free, and the gatherer
may even have to swing to and fro to enable him
to get at the combs. Nor is this all; the bambaras,
several of which may kill a man, have to be
reckoned with; they can only be dispersed by
heavy smoking; and, what is worse, when several
hives are clustered together in a colony, the work
has to be done on a pitch dark night.

Imagine then the picture of the man smothered in
smoke, assailed by angry bees, swinging in the
darkness two hundred feet (about 60m) or more
above the stony earth, with neck and knee hitched
to the ladder so as to leave the arms free to
manipulate torch and prong. Is it a wonder that
every Vedda is not a kapunkaraya or cutter, but
only the boldest of them; and that he, when he
descends to his work, does so without thought in
his heart of life or father or mother?

Lastly, there is the hangotuwa (deer-skin
receptacle for the honey), or yakka-katte (devil's
mouth) as it is reverently called out of deference
to the tutelary demons of the rock, who might
otherwise be angered and send the cutter to his
doom.

A pile of firewood now collected on top of the rock to protect the guardians of the ladder, while another
heap is made by those below. All being ready they await the protecting darkness. When this comes the

play begins."

lSpittel, RL (1945) Wild Ceylon, VI Veddas of Bingoda 5. Nests & Hives. pp. 86-90. Printed by Ceylon Daily News,
1945 for General Publishers Ltd., 20, Parson's Road, Fort, Colombo. (1928 Ed. The Colombo Apothecaries'

Co., Ltd. Colombo.)
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B The whole process of honey gathering was started off with an
invocation and honey was sprinkled in different directions
invoking the names of deities. Bambara Kavi or Maligi were
recited while the honey was being collected. An invocation.

" A group be at the top of the ladder (life line),
A group be at the bottom of the ladder (life line),
The ones go in ladder be well prepared,
Nothing offensive in smoking the Bambara in the rock "

Dep (1956)°

B The great fire at the foot of the rock is lit and fed abundantly with
green leaves; large volumes of smoke lick uncannily up the side of
the hill towards the hives; now there is a stir among the bees. As
the Veddas hear it their merrimepnt waxes great.

"The bees, the bees, the bees;
pile the fire, pile the fire, pile the fire.
Ho! the bees run, Ho! the bees run, Ho! the bees run "
they jeer in imitation of the flight.

Spittel (1945)1

M An invocation sung for the demons of the rock and ancestral spirits
while cutting the honey combs

"O! Omungalla (a name of the rock) Sovereign!
Mother-by this respect (paid to you, be my guide)-
Who protects (us) by (your) great authority!

Having cut and lowered the (ladder of) great cane,
Having driven off (the bees) by the shield of smoke,
Having cut (the comb) with the sword,

Having put (it) down into the vessel,

Having fetched the sweetest honey. Bring (it),
Bring (it) (for us) to eat, to lay aside (our) hunger "

Seligmann & Seligmann (1911)3

M Pious folk frown on this sinful practice and possibly there is a body
of poetry of the type given below to discourage this manner of
gathering honey.

"In the name of the mother (I say) Bambara do nothing wrong.
They feed and live on wild flowers.
Does no harm to any cultivation.
The one who cut Bambaras (destroy to get honey) will end up in hell "

Dep (1956)>

e 90 edznds 80 o¢
Hi¢ s0fc edond 80 od
Hed on egsizw b sced
0 = wed RGO B

306, ARG, adG;,

=80, n80, »80,

cwod 886, oo,

88, 8B, 88, G, G, Gy

6d Bfmwecuo,

& @Gedzl gB@, Rsd By,

@080 @ moe A, (¥ BB’
awm»E?,

nhe0s! moed, 88ud <&@,

et 88w ;&% com ez,

coens! coenz’ IDBH gedsin
835y,

288 odc BVGH g BG4 By
med Seum 8¢ d® & de
el m6m cwid cmugmd madzy
86 mom g0 o=t o

(2]

®o
@

DL

Therefore then, indulgence in a more humane pursuit such as rearing Mee Bees for honey
production is desirable and environmentally friendly. The fact that honey from Mee Bees is
considered a highly valued item in indigenous medicine* and a medicinal food gives all the
more reason to practise Beekeeping for Honey Production.............

2
Dep, AC (1956) The Collection of Bambara Honey in Uva, J. Royal Asiatic Soc. (Ceylon Branch) NS 5 : 42-67

3 Seligmann, CG & Seligmamm, BZ (1911) The Veddas, Cambridge University Press, England.
45 ayasinghe DM (1976) Garlic & Honey (in Singhala, by The Department of Indigenous Medicine, Colombo.)
EsBem, 8. #8. (1976) O B-80 e, &§ oo gulicdy egeatinedzind, emed.



INTRODUCTION

“What we have to learn to do, we learn by doing”
Aristotle (384-322 BC)
Nicomachean Ethics II

“Nature to be commanded, must be obeyed”
t Francis Bacon (1561-1626)
Novum Organum

Production of honey by honeybees is one of the fascinating phenomena in applied biology. It is
not only a biological fascination but a process that has a direct economic value.

Beekeeping for honey production is essentially an operation in field biology. The beckeeper
has to coordinate the activities of two groups of organisms, the nectar producing plants and the
honeybees, at an optimum level.

This work discusses the biological background and the management procedures involved in
utilizing Sri Lanka’s indigenous honeybee, Apis cerana indica, for honey production in her
natural environment.

Anyone who is willing and able to handle honeybees can develop the necessary skills in
utilizing them for his or her advantage, provided the environmental factors are conducive. This
work is primarily intended for school leavers and others who seek a source of employment and
income; where they are able to engage in an occupation in their own villages to supplement
family income and nutrition.

To gain competency in managing honeybees one has to know their ways by working with
them. As such this work is an introduction to this rewarding activity of which the bulk has to
be learned from the observations on honeybees themselves.

Many income generating pursuits, agricultural or otherwise have a detrimental impact on the
natural environment, whereas beckeeping has none. In fact the honeybees would stabilize and
improve the environment. Conservation of honeybees and other bees should be an intended
~ aspect in environmental conservation. In this regard an appropriate motto will be "protect the

bees to protect Nature". Sri Lankan villagers knew the importance of bees by tradition and
therefore they considered honeybees nesting in the home garden as a sign of prosperity and
good luck while the departure of the colony was considered a bad omen. This belief of the
villagers demonstrate innocent but insightful awareness into the intimate relationship between
the functions of the honeybees with Nature and human life, which is a part of it.
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In a modern context of human activity, productivity and prosperity seem almost synonymous
in spite of the fact that productivity is always achieved with some degree of detrimental
influence on the environment. Fortunately environmental conservation has also become an
issue of major importance.

However we must be all the time aware that the pressing need for simultaneous environmental
conservation and increasing productivity has met each other in conflict. The development of
technology based on understanding and inquiry is needed to mitigate and harmonize these two

polarizing factors in order to complement each other rather than compete. The honeybees offer
a good possibility in achieving this.

“ ehi passiko”

“ Come and see for yourself ”
Gotama the Buddha (563 - 483 BC)
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PREFACE

From time immemorial the art of bee's honey extraction, in Sri Lanka, was developed and
practised for use principally in indigenous medicine. The wide expanse of natural forests
provided an ideal sanctuary for the honeybees to thrive and produce honey from a wide variety
of flowers that blossomed over an extended period of time. With rapid human population
growth-and the progressive denudation of forests, in the past few centuries, bee's honey
production from the natural forest reserves has been rapidly declining. On the contrary there
has been a significant increase in the demand for bee's honey for the preparation of cosmetics
or direct use to obtain the known beneficial effects on vigor and vitality.

This increasing demand, therefore, necessitates a rapid change from traditional methods of
extracting honey, towards the development of modern, scientific methods of domestic
beekeeping. Such changes include scientific study and adaptation of the honeybee to the
environmental conditions that obtain in the country. Many attempts made in the past to directly
translate the beekeeping technology developed for over a century in the Western World with
the honeybee, Apis mellifera, to the local honey bee, Apis cerana indica, had not been very
successful. .

"

Numerous studies made in Sri Lanka with the indigenous honeybee has clearly shown that its
behaviour is distfnctively different to the Apis mellifera found in the West. This compendium
on beekeeping has collated the present knowledge on the local honeybee, Apis cerana indica.
The comprehensive, well illustrated, documentation on the scientific management of the
indigenous honeybee will undoubtedly benefit the present and potential beekeeping
entrepreneurs. Nationally it can contribute towards increasing honey production to meet the
rising demand from a wide spectrum of users.

Such a pioneering effort by a scientist of the Department of Agriculture is, indeed, a reflection
of and testimony to his dedication and commitment to beekeeping. And more significantly an
invaluable contribution to a facet in the country's agricultural development.

1, therefore, recommend this publication to scieﬁtists, professional beekeepers, amateurs and
students who can immensely profit by getting an insight into the intricate aspects associated in
the honey making process by our indigenous honeybee.

i /

’

Dr. S. P. R. Weerasinghe
Director of Agriculture
1994 January 25th,

Dept. of Agriculture,

Peradeniya,
Sri Lanka.
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1. Bees and Beekeeping
1.1. Bees

In the course of organic evolution on earth, after the arrival of flowering plants about 70
million years ago a group of wasps abandoned their carnivorous wasp habits and transformed
gradually to depend on flower nectar and pollen for their nutrition. These wasps changed to
herbivorous habits and became a group of specialized flower visiting insects called Bees. From
about 285,000 species of flowering plants existing in the world today more than 65% of them
need insects for successful fertilization or pollination to produce their fruits and seeds. Insects
which are about 800,000 species in the world, 20% of them depend on flowers for their food.
Among flower visiting insects, the Bees especially have developed a very close association
with flowers. Therefore the bees have acquired specialized life styles and bodily adaptations
to live on flowers. Bees are numerous with over 20,000 species grouped as superfamily
Apoidea in the insect order Hymenoptera. The Wasps and Ants too are members of the order
Hymenoptera and have some close resemblance to bees. Table 1.1 briefly highlights the
systematic positioning of the bees among the other animals of the world.

Among the bees one can see a wide spectrum in social organizations, ranging from solitary
bees who live aloge in their nest to highly organized colonies of honeybees (genus Apis) with
thousands of individuals living together as one large family, which is sometimes referred to as
a "super organism". Man, himself a highly social animal, has paid a substantial attention to the
highly social honeybees (family Apidae). Social bees comprise only a minority among bees
and over 85% of the bees are Non-Social and often escape the attention of the layman. Large
carpenter bees (genus Xylocopa) who build nests by drilling holes in low quality structural
timbers and in dead trees are also types of bees who live as a small family and are rather
common (see Section 10.6.1, Table 10.6 and Figure 10.2). Bees who have evolved as
specialized flower visiting insects render a yeomen service to nature as pollinators of plants.

Man who arrived less than a million years ago on earth, which was long after the arrival of
. honeybees would have been dependent on them for his food. From pre-historic times man
learned to get honey and bee brood for his food by plundering the nests of honeybees. This
habit continues upto this day in some places in Sri Lanka and in some other countries of the
world. As much as our ancestors beneﬁted from bees in earlier tlmes even today we derive
many direct and indirect benefits fron bees.

1.2. Honeybees

Among many thousands of species of bees, there is a group called “honeybees” who live as
groups of many individuals and store honey in their nests consisting of waxen combs. Each
wax comb consists of a vertical sheet of wax which has hexagonal cells on either side,
suspended along the uppei boarder by attachment to the top of the nesting site. Honeybees
store flower nectar as honey and pollen as a honey mixed paste in their nests. Further
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Table 1.1: A Brief Systematic Positioning of Bees Among Other Animals of the World. -

Animal kingdom
l | ]
All the other animals (25%) Insects (75%)
ranging from single celled, microscopic Class: Insecta or Hexapoda. Consist about
Amoeba to very large Blue Whale which 800,000 species and grouped into 28 orders
weighs about 15 tons and about 20 meters as follows.

long, inclusive of Man, consist of about
275,000 species of animals other than

insects.
Wingless Insects Winged Insects
Insects without wings Insects with Wings
Subclass: Apterygota, Subclass: Pterygota,
Consist of about 3,500 species of insects Consist of about 760,000 species of insects

without wings who are grouped into 5 orders ~ with wings, who are grouped into 23 orders.
| |

The other 22 orders consist of about 652,000  Of these 23 orders, the bees belong to the

species of insects . Of these the most Order: Hymenoptera

common Orders of Insects are given below. which include Wasps, Bees and Ants
! consisting of about 108,000 species.

+ 1. Order: Odanata
Insects which have teeth in their ‘
mandibles such as Dragonflies and

Damsalflies consist of about 5,000 Wasps Bees Ants
species. consist of consist of consist of
- 2. Order: Orthoptera about 80,000 about 20,000 about 8,000
Insects which have straight wings such speciesand  speciesand  species and
as Grass hoppers, Locusts, Mantids, grouped into grouped as a grouped
Cocoroaches consist of about 28,000 several super  single together in a
Species. families. superfamily  single family
- 3. Order: Isoptera Apoidea Formicidae.
Insects whose all four wings look hich ;
similar such as Termites, consist of about which 1s
2,100 species. ‘further
- 4. Order: Hemiptera - divided into
Insects with front part of the fore wings 11 families.
thickened such as Bugs (Plant Bugs, Bed
bugs) consist of about 23,500 species.
- 5. Order: Homoptera
Insects with fore wings in similar texture
such as Hoppers, Cicadas, Aphids etc.,
consist of about 33,000 species. Y




6. Order: Coleoptera

Insects with hard leather like (elytra)
fore wings such as Beetles consist of
about 300,000 species.

7. Order: Lepidoptera

Insects with colourful wings due to the
colourful scales covering them such as
Butterflies and Moths consist of about
113,000 species.

8. Order: Diptera

Insects with only one pair of wings such
as Flies, Mosquitoes, Fruit flies consist
of about 120,000 species,

Are included in these common orders.

Note: Bed bugs do not possess wings but majoirty of
Hemipterans do.

Sources of Information

1.

. Taxonomy of Honeybees. Springer-

Storer,TI & Usinger,RL (1965) General
Zoology 4th ed. McGraw-Hill &
Kogakusha. NY, London, Tokyo etc.,

Borrer,DJ; DeLong, DM &
Triplehorn,CA (1981) Introduction to
the Study of Insects. Saunders College
Publishing. NY, London etc.,

Ruttner,F (1988) Biogeography and
Verlag. Berlin, NY, London etc.,

O'Toole,C & Raw,A (1991) Bees of the
World. Blandford, London.

Apidologie:

A journal published by Elsevier Science
Publishing. NY & Paris - several
reports since 1988 on discovery of new |
species of honeybees.

o

The hive honeybee of the Indian sub-

continental region and of Sri Lanka is called

Apis cerana indica. The other well known
sub-species are A.c. cerana and A.c. japonica.

Bees
Super family: Apoidea
Divided into 11 Families

T
1.2 3456 7 89 1011

The Family that includes honeybees is called
Family: Apidae ‘
Honeybees
Depending on the possession of the
sting further divided into two sub families

|
|
Sub family : Meliponinae

B
Sub family : Apinae

Honeybees withsting  Honeybees without sting
"True Honeybees" "Stingless Bees"

Genus: Genus: Genus:

Afis Trigona Mellipona

Only 7 species in the Only one Stingless

world and these are Species in honeybees
as follows. " Sri Lanka of South
Trigona America

# irridipennis®

1. Apis cerana™A

Asiatic hive honeybee or Mee Bee

2. A. koschevnikovit
Red hive honeybee of Borneo

3. A. mellifera*
African and European hive honeybee

4. A.dorsata
Giant honeybee or Bambara Bee

5. A. laboriosa*
Himalayan Giant honeybee or Himalayan
Bambara bee

6. A. florea
Little honeybee or Danduwel Bee

1. A. andreniformis
Another Little honeybee or Danduwel
Bee of Thai-Malayan region

A Could be reared in enclosed containers or

Hives.
*+ There is a controvery as to whether a separate
species or a sub-species of A. dorsata.




honeybees could be considered as “stinging honeybees” and “stingless honeybees”. In Sri
Lanka there are four species of honeybees.

There are three species of "Stinging Honeybees" or "True Honeybees" in Sri Lanka:

Hive honeybee -  The scientific name is Apis cerana indica and the nest of this
honeybee which is built in an enclosed space is shown in
Figure 1.1. In popular vernacular it is known as "Mee Bee".

@ Giant honeybee -  The scientific name is Apis dorsata and the nest of this
honeybee which is built in an open space is shown in Figure
1.2. In popular vernacular it is known as "Bambara Bee"

@ Little honeybee -  The scientific name is Apis florea and the nest of this
honeybee which is built in an open space is shown in Figure
1.3. In popular vernacular it is known as "Danduwel Bee".

There is also a single species of "Stingless Honeybee" in Sri Lanka:

E Dammar Bee - The scientific name is Trigona irridipennis and the nest of
this honeybee is shown in Figure 1.4. In popular vemnacular it
is known as "Kanawe Bee".

Stinging honeybees defend their nests from intruders by stinging them with a poisonous sting
while stingless honeybees chase away their intruders by biting. The hive honeybee and
stingless honeybee build their nests in naturally protected dark places such as hollow tree
trunks, termite mounds or rock cavities. The giant honeybee and the little honeybee build their
nests in open places which consist of only a single comb. It is relatively easy and profitable to
rear hive honeybees. Figures 1.1 to 1.4 illustrate the nesting habits of 4 species of honeybees
in Sri Lanka.

1.3. Rearing Bees

Rea-ring of bees in a broader sense is called Apiculture. Apiculture has to do with the
management and scientific background for the management of honeybees, usually for honey
production or wax production or for crop pollination.

Beekeeping refers to rearing of honeybees usually for honey production.- The one who rears
honeybees is called a beekeeper or an apiarist and the place in which the bees are kept called
 Bee Yard or the Apiary.

In this book, the emphasis is made for the production of honey with the Sri Lankas’
indigenous hive honeybee, Apis cerana indica.




Figure 1.1: The concealed nest of Mee Bee
or the hive honeybee, Apis cerana indica
with several parallel combs are built in a
protected site underneath a roof. This was
concealed between the roof and the ceiling
in a house. (Completely suspended and
completely enclosed nest)

Completely Suspended Nests of
Honeybees.

Figure 1.2: The Exposed single comb
large nest of the Bambara Bee or the Giant
honeybee, Apis dorsata is built underneath
abranch of a tree. (The nest is covered from
| topand completely suspended and exposed)




Protective Layers of sticky resins
applied on either sides of the twig
where the nest is build prevents
any intruding predatory Ants. ~—

Figure 1.3: The exposed single comb small
nest of Danduwel Bee or the Little honeybee.
Apis florea builds its nest around a twig of a
tree and hangs down.

Semi Suspended and Fully Prostrate
Nests of Honeybees

Nests of stinging honeybees are constructed
with wax and suspended from the substrate
above.

Nest of stingless honeybee is constructed
with a mixture of plant resins and wax and
consists of a cluster of special pots which
contain food stores and brood. This nest is
deposited (prostrate) on the bottom of the
nest site or a protected cavity.

In figure 1.4 relatively large and brownish
honeypots are on the left and smaller whitish
brood pots are in the centre.

algt!

Figure 1.4: The concealed nest of Kanawe Bee or the Dammar honeybees,
Trigonairridipennis is built inside a box. The top lid is removed to expose the nest.



Figure 1.5: A. cerana queen among her court. The worker bees surrounding the
queen constantly lick her and feel her with their antenna to receive the queen-
substance (a pheromone) and also feed her. This distinct circular arrangement of bees
surrounding the queen or the "Court Formation" is important in maintaining the
social balance or the "Social Homeostasis" (see Glossary, p. 213) of the colony.

Figure 1.6: A. cerana queen laying an egg. Only the thorax is visible as she has
inserted the abdomen into a cell to deposit the egg. While egg laying too the "Court
Formation" is kept unchanged where the worker bees constantly surround her to
receive the queen-substance and to feed the queen.
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The container or the nesting site provided by Man to house ‘a nest of honeybees is called a
Hive. Therefore the hive is an artificial nesting site, which Man has designed for his
convenience of manipulating the nest of honeybees. The construction (the wax combs) made
by the bees in the nest site in which the young are reared and the adults live with their food

stores is collectively called a nest.

The scienﬁfic study of any or all groups of bees, that is, the super family Apoidea, which
consist*dver 20,000 species is called Mellitology or Apiology. Table 10.6 (p. 194) gives a
brief description of the families of bees. _

1.4. A Honeybee Colony
1.4.1. The Colony Life

A Colony is the term used to denote a group of insects living in a common nest, which they
have constructed, working together to supply each other’s needs and cooperating to raise the
offspring. Most colonies of social insects (such as Ants, Wasps, Bees & Termites), including
the honeybees are large families in which the mother lives long enough to work in cooperation
with her offspring. This single mother, the only fertile female in the colony, is called the
queen. The most important function of the queen is to lay eggs to produce her offspring
(Figures 1.5 & 1.6). Immature stages of honeybees are collectively called the brood and the
majority of the eggs laid by the queen produce worker bees or the daughters. Figures 1.7.and
1.8 illustrate the immature stages of the worker bees from egg to adult. The daughters, who are
sterile, produceéd in thousands, are called the workers and they attend to all the other
functions important for the survival of their colony, such as food gathering, care of the young,
nest-building, cleaning, defence, making honey, temperature regulation etc. The male
honeybee is called a drone (Figure 1.9) and is important in mating with the young
reproductive females or the virgin queens.

The honeybee colony lives on and between a number of combs which it constructs from wax
produced by the workers from their wax glands in the body. This construction is called a nest.
Such nests of honeybees are usually situated in dark protected places (Figure 1.1), such as
hollow tree trunks, rock crevices, etc. The combs are two-sided and are composed of
hexagonal cells. The combs contain stored honey at the top, followed by a layer of stored
pollen and below are the brood of alll stages.

/

- A colony of honeybees during the peak population period usually contains one queen, 25,000
to 30,000 workers and a several hundred drones. The peak population is achieved during times
of abundance of food when the availability of nectar and pollen is plentiful. During such
periods the colonies reproduce themselves by making new queens through a process which is
called swarming.




) — Mature Honey in sealed cells

)

—— Honey yet to mdture fully in unsealed cells

\1 ’ —— Pollen cells

-
!

=" | —— An Egg

A very young larva just hatched from an egg

[

Development
of appendages Metamorphosis
— An Older pupa
o \’

— A fully grown young adult about to emerge from her cell '

Figure 1.8: The brood section of worker honeybees in a comb and their various developmental
stages. 9



Figure 1.7: A partot acomb containing honeybee brood (Eggs, Larvae & Pupae). The tiny white
rods on the bottom in some of the hexagonal cells are eggs. Small larvae hatched from eggs are seen
floating on a blob of their food. Larvae at various stages of growth are seen. The older larvae, grown
in body size, fill the entire space in a cell. Once the larvae are grown large enough they enter the
pupal stage and then their cells are sealed with a wax capping. A young adult worker bee is seen
just emerging out of her cell after cutting through the capping.

Figure 1.9: A drone or the male honeybee among his sisters. It is easy to distinguish him due to
his stout body, dark colour and large eyes compared to workers.
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Figure 1.10: An orphan colony of Apis cerana due to the breakdown in its social homeostasis. As
aresult of the existing queen approaching sterility the queen substance production and supply by her
has fallen below the critical level (To locate the sterile queen project the arrow marks to the picture).
Due to this the "Court Formation" around the queen is completely absent where the worker bees do
not lick her and antennate her or attend to her any more. Therefore now the queen's head and thorax
regions are covered by an inquiline bee louse, Braula coeca, (Diptera: Braulidae) who is able to
colonize her withouta problem. The other effect is that, due to the insufficiency in the supply of queen
substance some of the workers have developed their ovaries and started to act as "pseudo-queen”
(false-queen) or "laying worker". These laying workers lay more than one egg per cell and in the
picture several eggs per cell can be seen. However, these eggs will develop as drones but not as
workers.
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Figure 1.11; A worker honeybee sitting on a top-bar exposes the Nasanov gland
situated at the last segment of her abdomen to liberate pheromones (the orientation
pheromones) to the air to invite her nest-mates to the hive. The hive was opened and
smoked causing many bees to fly away. This worker is calling them "come home, we
are here" by sending pheromone signals.

Figure 1.12: "Liquid Transfer". A house bees at the top through her extended
proboscis receives nectar from the foraging bee (below) after returning from a foraging
flight. The forager regurgitates the nectar to be sucked up by the house bee.

12



During the times of food shortage or the dearth periods there will be no drones, as they are
normally thrown out by the workers or left to die. If food shortage becomes severe and the
food reserves in the colony deplete, the colony would abandon the existing nest-site and would
migrate to other areas with better food availability. This process is called absconding.

1.4.2. Communication in Honeybees: an essential requirement for
_ successful colony life

The ability of an animal to change or manipulate the behaviour of another animal of the same
species is called Communication. A colony of insects which consists of several thousand
individuals need an effective way to bring about proper coordination and integration of their
activities or Social Cohesion and a proper balance between the individuals and the physical
environment of their colony or Social Homeostasis (see Glossary, p.213). In a colony of
insects, the activities that are essential for their survival, such as food gathering, food storage,
reproduction, caring for the young, feeding, colony defence, cleaning, removal of the dead,
air conditioning, air circulation, swarming and absconding are quite different to one another
and hence honeybees have developed an effective way of communication for proper
coordination of their activities. These communication methods could be categorized into two
broad groups, such as, :
[1] Chemical Communication Signals

-

[2] Physical Communication Signals.
1.4.2.1. Chemical Communication Signals

The social cohesion which is important in the functional integration of the colony is brought
about by several chemical substances which are used in chemical communication and are
called pheromones. These are produced by some glands in the bodies of workers and queen.
Of these pheromones, the queen substance (mainly 9-oxo-2-decenoic acid or 9ODA) which is
produced in the mandibular gland of the queen is a well-known queen pheromone. Two
important functions of the queen substance is the maintenance of colony cohesion and
suppression of the development of ovaries in workers (see Section 6.4). Due to the shortage in
the supply of the queen substance, the social homeostasis could be severely disturbed and
eventually the colony may become an orphan colony and such a situation is shown in Figure
1.10. Also it is well known in our honeybee, Apis cerana, that if the queen is removed even
for a short period and is returned to the colony, the bees will soon start to peck her (queen
pecking) and to ball her (queen balling) which eventually results in her death (see Section
7.4.2.). The intricate association or interaction between the queen and the workers could
casily be seen in the formation called the "queen court" where a group of workers constantly
antennate (touching each other with antenna), lick and feed the queen which forms a distinct
- circle of workers around her, is seen clearly in Figures 1.5 and 1.6. The formation of the queen
court is very essential for the social homeostasis of the colony and the pheromones secreted
by the Tergite Glands of the queen is essential for the court formation and stabilizing (see
Figures 1.5 and 1.6). Therefore one should be careful in removing the queen from the colony.
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The Alarm pheromone (mainly Isopentyl acetate) which initiates stinging behaviour is
produced in the sting apparatus and the orientation pheromone (mainly citral, geraniol &
nerol) produced by the Nasonov gland at the tip of the abdomen of the worker too are well-
known worker pheromones (Figure 1.11). Pheromones play an important role in colony
cohesion, mating, absconding, swarming, stinging and in many other behaviours important in
social integration and survival'.

1.4.2.2. Physical Communication Signals

The Greek naturalist and philosopher Aristotle, who lived in the 4th century BC was the first
to realise the communication ability of honeybees. However the present clear understanding
on the communication in honeybees is due to the intensive investigation of Professor Karl von
Frisch (1886-1982) of Munich University in Germany between 1920 to 19502, Professor von
Frisch was awarded the Nobel Prize for Medicine and Physiology in 1973 for his contribution
to science in understanding the Honeybee Communication systems and the concepts he
developed in Animal behaviour and Neuro - Physiology.

Among the physical communication signals of honeybees, the one that strikes us most and the
one that seems a wonderful phenomenon in the animal world, is called the "Bee Dance". The
simplest way to understand the effectiveness and efficiency in the communication ability of
honeybees (either Mee Bee, Bambara Bee or Danduwel Bee) is to place a dish of honey in
the open. Sometimes a honeybee worker may take a few hours or a few days to find this
unusual source of food because they usually go to flowers to gather food. However if a single
bee finds this dish of honey perhaps by accident it takes only a few minutes to mobilise
hundreds of her nest mates to take the honey to their nest.

A scout bee who discovers a source of food on return to her nest will run among her nest
mates in an excitement to draw their attention to. her. Then she offers the food brought to a
group of nest mates called foraging bees. During the process of food offering, the offering and
the recipient bees mutually antennate each other and such two bees are shown in Figurel.12.
" Foraging bees wait at the nest for the scout bees to bring clues or information about sources of
food. Once the scout bee finishes offering the food she brought, then she starts to perform a
distinct and rhythmic.pattern of body movements which is called a "Bee Dance". This could
easily be observed by us. In hive honeybees or Mee Bees depending on the distance between
the nest (or the hive) and the food source three distinct patterns of body movements or three
distinct types of dances can be observed.

These three types of dances are called,

1Free, JB (1987) Pheromones of Social Bees, Chapman and Hall Ltd., London, UK. (ISBN 0 412 247402)

2Prisch, KV (1967) The Dance Language and Orientation of Bees. Harvard University Press, Cambridge, Mass.,
USA, xiv +566pp.
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E Round Dance - when the source of food is very close to the nest and the
distance is less than 1 metre.

,‘Z Sickle Dance - when the source of food is between 1-2 metres from the
nest. :

E Tail Wagging Dance - when the source of food is more than 2 metres away from
the nest.

m Round Dance

After food offering, the pioneer scout bee will run in a circular path and this running circle or
the round dance circuit will have a circumference of about the same as that of one hexagonal
cell in a comb. While running in a circular circuit the dancing bee (or the scout bee) may
change the direction of the run frequently and will run in the opposite direction. In this manner
by running in a circular path and alternately changing the direction a scout bee is able to
inform accurately the location of the food source to the dance-following bees.

It is not a problem for the scout bee to inform the exact location of a food source that was
discovered in the day light on the horizontal ground by dancing on a vertical comb in the dark.
Similarly the dance-following bees are able to interpret exactly what they were informed of in
the dark in finding the food source in the open.

Honeybees have the ability to communicate the position of the sun with respect to the
direction of gravity. When in open, honeybees locate the position of a food source with respect
to its deviation from the constant line between their nest and the position of the sun.

Inside the dark nest on a vertical comb, the direction of gravity is considered as the constant
line between their nest and the sun.

When running in a circular or a round circuit, the position where the direction of run is
reversed is always a constant. The angle between the line of gravity passing through the centre
of the round dance circuijt and the line going through this centre and the point of changing
direction is similar to the angle between hive to the sun and hive to the food source. Figure
1.13 illustrates the round dance and its interpretations.

The scout bees never perform the communication dance on empty combs or sparsely
populated combs but on a place which is packed and fully covered with bees. The idea is to
inform the maximum number of nest mates about her discovery. Depending on the profitability
-of the food source the intensity or the eagerness to perform the dance may vary. If the nectar
source is more concentrated with a high quantity of sugar the eagerness to perform the dance
or the dance intensity will be higher. Similarly if the nectar source is a dilute solution of sugar
. the number of dances will be less.

The smell of the food offered to the dahce—fo]l'owing bees by the scout bee will also act as an
olfactory clue for the easy detection of the new food source by the dance following bees who
will go in search of it. Further the scout bee who returns to the food source will also liberate
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the orientation pheromone by exposing her Nasonov's gland by lifting her abdomen and
fanning her wings (such as shown in Figure 1.11). This further facilitates the new recruits to
locate the food source easily. Therefore primarily a physical communication method and
secondarily a chemical communication method is used in recruiting foraging bees to gather
food by the pioneer who finds it.

Figure 1.13: The Bee Dance 1: The Round Dance and its Interpretation

m A scout bee who returns to the nest after discovering a source of food less than 1
metre away from the nest communicates the information to her nest mates. A scout
bee runs in a circular dance path and three dance-following bees follow her.

lz] The point at which the scout bee changes the direction of the round dance path is
kept constant through out the dance. This direction changing position gives a
reliable clue to the direction in which the food source is located in relation to the
direction of the sun. In the diagrams each consecutive dance is shown as an
enlarged concentric dance path for clarity. However it should be remembered that
all dances or circular runs are performed on a path with a constant radii and all

points of changing the directions are nearly always at the same position on these
circilar paths.

Dance I: The position of the circular dance direction changing point when the food source
is located in the same direction to the sun (towards sun). Here the direction

changing point is directly opposite the gravitational directions (or the anti-
gravitational direction).

Dance II: The position of the circular dance direction changing point when the food source
is located at an inclination "b" in the direction to the sun. Here the direction
changing point is kept at an angle "b" in the anti-clockwise direction from the
centre of the dance circle and the anti-gravitational line passing through it.

(Therefore the honeybees dancing on a vertical plane seem to consider antigravitational
direction as the direction of the sun on the horizontal surface of the earth. The angle of
deviation between the direction from nest to the sun and from nest to the food source seems to
be measured with respect to its inclination in an anticlockwise direction from the sun's
direction, and as such from a corresponding anti-clockwise angle from the antigravitational
line on the vertical dancing plane.)
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Figure 1.13
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Figure 1.14
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@ Sickle Dance

When the distance to the food source is between 1 - 2 metres from the nest, the point at which
the direction of the dance is reversed is kept as if the bee runs on an open circle or a sickle-
shaped circuit. The angle between the line going through the middle of the open end of the
sickle dance circuit and the centre of the circle and the gravitational line going through the
centre of the circle indicates the direction of the food source relative to the position of the sun

(see Figure 1.14).

Figure 1.14: The Bee Dance 2: The Sickle Dance and its Interpretation

m A scout bee who returnes to the nest after discovering a source of food more than 1
metre away but less than 2 metres from the nest communicate the information to her
nest mates. A scout bee runs in a s1ckled shaped dance path and the three dance-
following bees follow her.

@ The direction of the open end of the sickle dance curcuit with respect to the location
~ of the sburce of food.

"Dance I: When the source of food is situated in the same direction to the sun.

Dance II: When the source of food is situated at an angle "b" from the direction of the nest
to the sun, the open end of the sickle dance takes a "b" deviation in the anti-
clockwise direction from the anti-gravitational line going through the centre of
the sickle dance path.

@ Tail Wagging Dance

In the event of the bee discovering a source of food beyond 2 metres from the nest, on return
to the nest after food-offering among her crowded nest mates she runs on a straight path
shaking her abdomen (here we call this a tail wagging movement). After performing the
abdomen shaking or tail wagging run ona straight path for a definite period of time lasting for
a few seconds she returns to the startmg point on a semi-circular path (see Figure 1.15). The
[dance tempo or the tail wagging frequency of the straight tail wagging run and its inclination
to the direction of gravity gives accurate information about the distance and the direction of
the location of the food source from the nest. It could easily be observed that the dance tempo
or the tail wagging frequency increases as the distance to food source decreases (or the dance
tempo is inversely proportional to the distance) and the time spent on each straight waggle run
to increase as the distance increases (dance time is directly proportional to the distance).

Figure 1.16 illustrates the relationship between the time taken per complete waggle dance and
the distance to the food source from an experiment conducted to determined the maximum and
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average foraging distances of the local honeybee>. According to this study it could be inferred
that the maximum foraging range of our local honeybee to be about 600 metres and the

average foraging range to be about 300 metres. The practical implications of the short foraging
range is discussed in detail in section 2.3 and in Chapter 7. |

For foraging honeybees it is not essential to see the sun directly to determine the sun's relative
positions during the day. They are able to determine the sun's relative position only by seeing
plain polarized light. Honeybees are sensitive to plain polarized light which is usually
reflected from the blue sky. Depending on the position of the sun during the day the light
pattern of the polarized light changes and the these changes are well observed by the
honeybees through their eyes which are sensitive to this kind of light. Similarly Mee Bees and

Figure 1.15: The Bee Dance 3: The Tail-Wagging Dance and its Interpretation

[ﬂ A scout bee who returnes to the nest after discovering a source of food more than 2
metres away from the nest communicating the information to her nest mates. A

scout bee runs on a straight tail-wagging dance path and the three dance-following
bees follow her.

@ The direction of the tail-wagging run depending on the location of the food source
with respect to the constant line from the nest to the sun. The solid arrow indicating
the direction of the straight tail wagging run.

Dance I: When the source of food is situated in the same direction to the sun from the
nest the scout be will run straight upwards (Antigravitational direction). A
directly opposite situation in shown in Dance V.

Dances I, III & IV:
When the source of food is situated on to the left side in the direction from the
nest to the sun, the scout bee will perform the straight tail wagging run with

~ corresponding angle to the anticlockwise direction from the antigravitational
line.

Dance V: When the source of food is in the opposite direction to the direction from the
nest to the sun, the scout bee will perform the straight tail wagging run towards
the gravitational direction. A directly opposite situation as shown in Dance L.

Dance VI:. When the source of food is situated on to the right side in the direction from the
hive to the sun, the scout bee will perform the straight tail wagging run with a

corresponding angle from the ant1grav1tat10na1 line a situation directly opposite
to dance IV.

-

3Punchlhewa, RWK; Koeniger, N; Kevan, PG & Gadawsk1 R (1985) Observations on the dance communication and
natural foragmg ranges of Apis cerana, Apis dorsata and Apis florea in Sri Lanka. J. of Apicultural Research 24
(3) : 168-175.
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Figure 1.15
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Figure 1.16: Application of the information transmitted by foraging bees during Tail Wagging
dances for a practical beekeeping problem

% The line graph indicates the relationship between the dance tempo and the distance travelled to the
food source. The Standard Flight Line (SFL) indicates that the distance to the source of food is directly
proportional to the time taken per dance. This graph was constructed by observing and measuring the
time taken (in Seconds) to perform the tail wagging dances by the bees who visited to collect food from
an artificial source of food kept at a known distances (in Metres) from the observation hive.

K The bar graph constructed by observing thousands tail wagging dances performed by bees foraging
on naturally occurring sources of food indicate that majority of the forages have performed dances
lasting less than 35 Seconds. These natural foraging dances (NFD) indicate that the majority of bees
foraged within 340 Metres radius from the nest.
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Bambara Bees are able to determine the direction of gravity. Therefore Mee Bees and Bambara
Bees are able to perform the communication dance on a vertical comb and inform there nest
mates of the location of a food source in relation to sun's position by using the direction of
‘gravity to represent the constant line between the sun and the nest. Mee Bees who are
considered to be at a more advanced stage in evolution have the ability to memorize the
position of the sun and then to transpose the direction of the sun inside its dark nest by using

the direction of the gravity.

Bambara Bees do not perform the communication dance in a dark nest. Therefore the Bambara
Bees see the blue sky or the sun from a vertical comb where it performs the communication
dance. However, the ability of the Bambara Bees to forage in the night is now clearly evident.
Especially during the nights with moon light Bambara Bees forage well, the mechanism of this
ability is not understood yet. '

Danduwel Bee constructs its honey nest around the twig of a tree from which the brood nest is
suspended and the upper part of the honey nest provides a suitable dancing platform for this
purpose. Danduwel Bee nest is exposed from all sides and the top portion of the honey nest
provides a horizontal dancing platform by making it possible for the dancing bees and dance-
following bees to observe the sun or the blue sky directly. Further clues from surrounding help

in orientation of the dancing bee.

Mee Bee need not.to see the sun or the blue sky at all to perform the communication dance.
Therefore this capability has provided the Mee Bee with the ability to construct its nest which
consists of several parallel combs in a well- protected, enclosed and dark nest site. Due to this
Man is able to rear Mee Bee successfully in an enclosed container or a hive. In this respect
Asiatic hive honeybees (Apis cerana and Apis koschevnikovi) and European and African hive
honeybee (Apis mellifera) behave very similarly.

Even though the bee dance is described here as a way of communicating the information about
a food source, it is not confined only to gathering food. Somewhat modified dance
communication systems are employed by honeybees in Swarming and Absconding where the
activities of thousands of individuals are involved in these processes and therefore they have to
be effectively coordinated.

In honeybees, there are several body organs sensitive to gravity and one pair is located on
either side of the body region that connects the head to the thorax or the neck while the others
are located on either side of the body region that connects the thorax to the abdomen or the
propodium or the thin waist.

A student of Professor von Frisch, Professor Martin Lindauer should be credited as the first
to describe the communicating dances of Asiatic honeybees when he conducted many
experiments in Sri Lanka between 1954 to 1955,

4Lindaguzelr,51\g17(195'6) Uber die Verstindigung bei indischen Bienen, Zeitschrift fiir vergleichende Physiologie 38 :
Lindgtier,sl\éi i1957) Communication among the honeybees and stingless bees in India, Bee World 38 : 3 - 14 &

23




Dancif)g Area

Honey Stores

Pollen Stores

Brood Nest

' Honey Stores

Pollen Stores

Brood Nest

Dancing Area

*
Figure 1.17: Two occasions where bee dance could easily be observed ** &3

E] Danduwel Bee (A. florea) performs her communicating dance on top of the honey comb
area of her nest using it as a horizontal dance platform. Hatched area indicates the dancing
area.

@ Bambara Bee (A. dorsata) performs her communication dance on the brood comb area of

her nest using it as a vertical dance platform. Hatched area indicates the dancing area.

s IMPORTANT WARNING:

When observing the natural foraging dances of Danduwel Bee or Bambara Bee one should be
extremely careful not to disturb the bees. If agitated the bees would attack. Especially the
attacks of Bambara Bees can be very dangerous. Undisturbed colonies could be easily

observed.

5Koeniger, N; Koeniger, G; Punchihewa, RWK; Fabritius, Mo & Fabritius, Mi (1982) Observations and experiments on dance

communication in Apis florea in Sri Lanka. J. of Apicultural Research 21 (1): 45-52.
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1.4.2.3. The Nest Architecture of Honeybees Determined by the Physical
Communication Ability

_ The easiest way to observe the bee dance is by watching a nest of Danduwel Bees or Bambara
- Bees on a clear sunny day during the morning hours. Then one is able to see the pollen
carrying bees performing the tail wagging dance with pollen loads intact. Danduwel Bees
perform the dance on top of its single combed nest using it as the horizontal dance platform
(see Fighire 1.17 - 1). Bambara Bees perform the dance on the peripheral parts of its single
combed nest using it as the vertical dance platform (see Figure 1.17 - 2).

Therefore for these reasons a Danduwel Bees nest has to be exposed from the top (see Figure
1.3) so as the dancing bees and the dance-following bees that observe the sun or the blue sky
from a horizontal dancing platform. Similarly-Bambara Bees (see Figure 1.2) should be able to
see the sun or the blue sky from a vertical dance platform. Mee Bees who have evolved into a
more advanced species perform the communicating dance inside its dark nest and under
normal circumstances we are unable to-observe this. To observe the dances of the Mee Bee
they have to be kept inside a special observation hive constructed for this purpose.

Considering the above facts it becomes clear that the communicating ability on the location of
the sun has becorhe the prime reason for Danduwel Bee nests to be fully exposed, and
Bambara Bee nests to be exposed only on two sides but covered from the top while Mee Bee
nests to be completely enclosed.

Therefore we can-consider,

. [1] Danduwel Bee (Apis florea)
and
Bambara Bee (Apis dorsata) - as open nesting honeybees,

[2] Mee Bee (Apis cerana) - as enclosed nesting honeybees.

For this reason Mee Bees who are able to perform the communication dance in the dark can
construct their nest inside an enclosed container or a hive and they can construct several
parallel combs in their nest (see Figure 1.1). The Danduwel Bees and Bambara Bees who are
unable to perform the communication dance in the dark are also unable to construct a nest in
an enclosed space and can build only an exposed single comb (see Figures 1.3 & 1.2).
Comparative nest architecture of stinging honeybees are diagrammatically represented in
Figure 4.1 (page 58). :
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1.4.2.4. Energy Conservation by Means of the Bee Dance

During a day the many species of plants that flower may be scattered in the environment and
the time of secretion of nectar of these flowers may also vary. To locate such nectar-secreting
flowers during a particular time period many individual bees from a colony have to be
mobilized. Then only a few will succeed in finding profitable sources of nectar and therefore
considerable amounts of food energy would go waste for the bees who do not find food
sources.

However the honeybees who have reached an advanced evolutionary stage among insects will
not indulge in such wasteful exercises. Instead of mobilizing a large work-force to locate food
sources, they would utilize a specialized group of a few individuals (here we call them the
"Scout Bees") initially to discover and then to report the presence of food in the environment.
Once the scout bees inform the location and profitability of the food sources in the
environment then a large number of workers are mobilized to gather the discovered food and
to bring it quickly to the nest, which is a more profitable way of labour utilization.

A scout bee will dance only if it gets enough nectar to fill its honey stomach, but when it does
not, the dancing stops. Such a feedback mechanism helps to utilize the foraging bees
efficiently.

Therefore, the "Bee Dance" that we humans tend to interpret as a dance from our perspective
is actually a "Honeybee Communication Centre" where one individual communicates useful
information to hundreds of others in its nest. This communication centre helps to conserve
energy and use the scarce energy in the most efficient manner.

1.4.2.5. Bee Hissing: another communication method in Mee Bees

It could be observed that if one goes near a honeybees nest and makes a slight disturbance, the
bees will liberate a rhythmic sound which we can call a "Hissing".

This hissing may be a deterrent to prevent any predator approaching the nest. The whole
colony participates in the hissing behaviour and it would easily be seen that to generate the
hissing sound the bees make a particular rhythmic body movement which travel like a distinct
wave through the bees covering the nest. It has been observed that Mee Bees tend to be less
aggressive after making the hissing sounds®. Therefore, it would be more appropriate if
beekeepers open their hives and smoke them for examination only after bees give out the
hissing sound on approaching the hive. The use of smoke on Mee Bees are discussed in
section 1.5.3.1. and in Chapter 8.

6Kocniger, N & Fuchs, S (1973) Sound production as colony defence in Apis cerana, Proc. 7th TUSSI, London. p.
199-204.
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1.4.3. Stages of Life and Activities of Three Types of Colony Members

The following is a short account of some of the major functions and differences between the
queen, drones and workers. Like all insects, bees too have two stages in life called the juvenile
and the mature. In the case of bees, after hatching from an egg laid in a waxen cell, the
juvenile stage is spent in the same waxen cell. At this stage the appearance is like a grub or d
worm. It js called the larval stage. After growing for a few days as a larva, it enters a pupal
stage where it stops feeding and goes into a deep sleep for a few more days. During the pupal
stage, some drastic changes take place and the grub-like larva transforms into a winged
individual with many distinct differences in the body. These changes ‘are called

metamorphosis.
Table 1.2. Juvenile stages and flight activities of colony members.

Colony Egg Larval Pupal Duration Life-span
Member stage stagein _ stage.. in between
open sealed emergence
cells cells to first
flight
(days) (days) (days) (days)
Queen! | 3 - 4-5 6- 7 4- 17 Several
' years
Drone2 | 3 5-6 14-15 7-10 6108
weeks
Worker3 | 3 5 12 5-7 4106
N weeks

1Quéen. There is only one queen in a normal colony and she is always present. She goes on a
single mating flight (occasionally two mating flights) to a special site in the air among tree
canopies called Drone Congregation Areas (DCA). This flight lasts for about 10 minutes and
takes place between 15:30 hours to 17:00 hours. In a DCA, all the mature flying drones in the
vicinity will assemble in flight for the arrival of a mate-secking queen. A queen would mate
with about 7 - 8 drones at a DCA while in flight to receive about 7 - 8 million sperms but she
would retaii only about a million sperms in her spermatheca (the organ that store sperms) for
future use. Once successfully mated (see Figure 10.4), she will not leave the hive unless for
swarming or absconding and her main task will be to lay eggs. A virgin queen weighing about
110mg at the time of emergence will gain in weight to about 160mg in 3-4 weeks times when
she starts to lay eggs properly. A queen in a fully grown colony would lay between 350 to 700
eggs per day depending on the season. Each slightly curved-rod-shaped egg measures about
1.8mm in length and 0.4mm in diameter and weigh about (or a little less than) 0.2mg and
therefore, during the active breeding season a queen can lay an amount of eggs weighing
nearly her own body weight per day, which seems a marvel. Genetically the queen and
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workers are similar and are born out of fertilized eggs (therefore called diploid). But the
special food supplied by the nurse-bees throughout the larval period makes the queen develop
her reproductive organs to be fully functional once she is grown up. This special food is called
“royal jelly” and is produced in the hypopharyngeal glands of young worker bees, who do
not fly out of the hive till they are about 7 days old. Queen larva is fed with copious amounts
of royal jelly and she virtually floats on a blob of this whitish substance. The juvenile stages of
the queen is spent in a special cell called the queen-cell which is about 16 mm long and about
7 mm in diameter in the middle and is slightly spindle-shaped. The queen cells are constructed
at the bottom end of combs and are vertical. The queen has a sting but she will use it only
against another queen. '

2 Drone. The appearance of drones are seasonal and if food supply becomes lean the workers
will eliminate drones. A drone is produced from an unfertilized egg (therefore called haploid)
laid in a hexagonal cell larger than a worker cell. During the season several hundreds are
present. Normally the drones are produced before the production of new queens during the
onset of a honey flow. Drone combs or combs containing juvenile drones are somewhat larger
hexagonal cells compared to worker cells, measuring about 5 mm in diameter and 13 mm in
height too, constructed in the lower regions of combs and horizontal. One hundred drone cells
cover an area between 18.5 cm? to 20.5 cm2. The sealed drone cell has a distinct hole in the
middle of the capping which appears in about 2 days after being capped (see Figure 6.4, p.. .
126). Mature drones perform the mating flight daily between 15:00 hours to 17:30 hours as
long as they are present in colonies?. During the drone flight period, mature flying drones
assemble in a particular space in the sky among canopies of trees and this is called a Drone
Congregation Area (DCA) (see Figure 10.3). These flying drones will return to the nest for
short pauses during the drone flight period for food. A drone could mate only once with a
queen and the successful drone dies afterwards. The most important and the only function of
the drones are to fertilize young queens. A single drone weighing about 85mg produces about
a million sperms and good part of the abdomen cavity contains the reproductive organs. The
drone has no sting neither will it bite if caught and has no defence.

3 Worker. Normally several thousands are always present and during abundance of food more
are produced. A worker is produced from a fertilized egg laid in a hexagonal cell which is
about 4 mm in diameter and 10 mm in height. One hundred worker cells cover an area
between 13.5 cm? to 15.0 cm2.. The food supplied to worker larvae is called "bee milk" and
is different from royal jelly. Flight activity can take place through out the day-light period and
the foraging activity starts at dawn by about 05:45 hours and lasts till about 18:15 hours at
dusk. Though the workers would fly any time of the day, normally only about 10% of the
workers are actively engaged in foraging. During a honey-flow period, this can be higher.
Workers attend to all the duties in a colony such as foraging, food processing and storage,
attending and nursing the young, comb building, cleaning, guarding against intruders,
incubating the brood, air-conditioning, water carrying, feeding the queen and drones, decision-
making in raising drones or queens, absconding, swarming and regulating colony size etc.

7Koeniger,N & Wijayagunasekara, HNP (1976) Time of drone flight in the three Asiatic honeybee species, J. of
Apicultural Research 15(2): 67-71.
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The ovaries of the workers are normally reduced in size and inactive. The duties assigned to
workers depend on their age and usually young workers attend to in-house duties while older -
ones go foraging. A worker weighing about 65mg can carry about 25mg of nectar and can fly
at the speed of 22-25 km per hour. On the pollen basket of its hind legs pollen pellets weighing
about 10mg can be carried from flowers to the nest. The worker has a well developed sting
and always uses this in defence. Once the worker uses its sting it gets detached and lodged in
the victims flesh. The detachment of the sting leaves a wound that causes the worker’s death, a
few hours later.

1.44. Division of Labour and Functional Specialization Among Female
Members of the Colony

As it was mentioned in page 1, the honeybee colonies are sometimes referred to as " Super
organisms" . That is, any insect society such as a colony of honeybees, possessing features of
an organisation analogous (or having similar function but differing in origin and structure) to
the physiological properties of a single organism (or an organ). As such quite clearly the
individuals in a honeybee colony can be divided into reproductives and worker castes (or a
group of individuals which perform a special function in the economy of the colony with
appropriate morphological, physiological and behavioural adaptations acquired for that
purpose). The reproductive castes are analogous to gonads or reproductive organs and worker
castes analogous to somatic tissue or the other body organs performing other functions and so
forth. As much as reproductive organs and other body organs cannot function on their own the
different castes of social insects also cannot function independent of each other.

One of the effective ways of understanding the super-organism status of a colony of honeybees
is by inquiring into the performance of specialized tasks by the female members of the colony.
The honeybee queen and the workers who inherit an identical genetic composition differ
greatly in their mofphological appearance. The queen honeybee or the fertile female and the
workers or the sterile females differ from each other in over 50 morphological features.
Correspondingly there are similar numbers of physiological and behavioural differences
among these two types of females or castes.

When considering a honeybee colony as a whole it is biologically advantageous to have
several thousands of workers and therefore the colony remains perennial. However, when a
single worker is considered, her life-span is relatively short and she lives only for a few weeks.
Therefore if a colony with a large number of members are to be perpetual, a large number of
workers has to be constantly reproduced to take place of the continuously dying ones. This
necessitates the queen acquiring very high reproductive capacity and as such she is relatively
large in body size and has a large abdomen containing well developed reproductive organs.
The workers whose reproductive organs are diminutive have a smaller body size. The queen
honeybee is highly specialized in egg production and does not take part in the other activities
of the colony. As such she possesses no appendages or ability for food gathering and even her -
mouth parts are reduced to some extent, which compels the workers to feed her. Therefore, the
honeybee queen has specialized as a reproductive individual and workers have specialized an
non-reproductive individuals who have to perform all other functions essential in the survival

of the colony.
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Table 1.3: A Brief Outline of the Age-Determined-Polytheism and Division of Labour in the Honeybee
Workers or the Sterile Females.

Age of the Place qf activity Nature of spec?alized behaviour Morphological adaptations
adult worker depenfhng on the depen('img on the for specialized behaviour
in Days functional need functional need '
1 _ Head Abdomen
—— Cleaning bees
2 Cleaning the
4 brood cells
5 Active
| Court bees Hipapharynge!
6 feeding the
7 queen and
8 receiving queen
substances
9 +—— | — |— Nurse bees vactive Wor Glands
10 feeding and _
11 attending the
I young
12 .H°l'1’s° bfiesﬁ a“°“.‘:h;g —— Comb-building bees
13 : ouse dutics w1 building new combs s
14 e nest. o
15
16 .
[ Air-conditioning \
17 bees maintain the air
18 circulation and nest m
19 temperature Active Wax Glar
20
21 — | — Guard bees
22 protecting the nest
23 from intruders
24 Dance following
25 bees receiving
26 information
27
28 Foraging bees Wax s In-activeG,an“
29 — Field bees spend most of - Scout bees
their functional duﬁes - Nectar bees
30 out-side the nest. - Pollen bees
31 - Water carrying bees
| Finding sources of food. N
informing the others of _
I there locations and food
I gathering
Till
Death
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The existence of morphologically (structure and form of an organism) different types of
individuals in a colony and their functional specialization or the division of labour is called

. polymorphism or caste differentiation in biology.

The non-reproductive functions which are also essential for the survival of a honeybee colony
are highly varied and some degree of specialization is essential in performing them
successfully. For example food gathering, building of wax combs, nursing the young, cleaning
the cells Tor egg laying, defence of the colony etc. are all indispensable and distinctly different .
activities essential for survival. A honeybee colony accomplishes these requirements
successfully by mobilizing several groups of workers specialized in each of these important
activities. The undertaking of different activities are determined by the age of the workers and
to some extent the existing requirements or priorities of the colony may also influence the
number of workers in each task group. The phenomenon of individuals of different ages
undertaking different specialized activities is called age-determined-polyethism in biology.
Some of the essential features of age-determined-polyethism and division of labour in a
honeybee colony is summarized in Table 1.3.

A good example of the honeybee workers who perform an altruistic act or self-destructive
behaviour for the benefit of the others is attacking the intruders to her colony. Once a "guard
bee" attacks and stings the intruder, the sting apparatus gets dislodged from her body and this
causes death in a-while. For this altruistic behaviour a honeybee workers possesses
morphological adaptations such as a venomous sting and pheromones to trigger defence
attacks. It is also important to realize that this altruistic behaviour is not only confined to
defending the nest but for the same reason the honeybee workers have given-up raising her
own off-spring for the sake of helping her mother to raise her sisters. As such she becomes a
sterile worker rather than a fertile queen.

Therefore, it becomes clear that the altruistic behaviour has greatly facilitated not only
increasing the efficiency in the division of labour among non-reproductive castes or the
workers but it has also influenced the efficiency of the reproductive castes or the honeybee
queens by making her virtually an egg laying machine whereby she is capable of laying
several hundred eggs per day whose weight may match her own body weight.

1.5. Some Distinctive Characteristics of Honeybees

Bees are a group of insects specialiie—d to live on flowers. The main economic value of
honeybees are due to their ability to collect and store nectar from flowers. In nature, bees
derive their nutrition entirely from flowers. They do so in two ways. First, the sugars in flowér
nectar serve as the source of energy-generating or carbohydrate food and there may be small
quantities of minerals and vitamins in jt. Second, the pollen serves as the source of proteins or
body-building food (mainly for brood rearing) and also to provide essential vitamins, minerals
and fats. Thus flowers provide all the nutrients required by the bees.
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Flowering plants that co-evolved with bees also obtain many benefits from them. One of the
very important aspects of this is the pollination carried out by bees on their part. Without
proper pollination, plants are unable to produce seeds which are essential for their survival.

Therefore flowering plants and bees have a very close relationship which is important for the
survival of both. But for convenience, here we shall be concerned only with what is pertinent
to honeybees and their management.

Biologically the three different types of individuals, namely the queen, the drones and the
workers are equally important in a honeybee colony. However, in beekeeping we pay more
emphasis on workers as they are directly involved in visiting flowers, gathering nectar and
making honey. Therefore, in the following sections we consider some of the distinctive
characteristics of honeybee workers, displayed by them in deriving sustenance from flowers.

1.5.1. Adaptations to Live on Flowers: pollen collection and storage
(Figures 1.18 & 1.19 illustrate various body parts)

The body of a worker honeybee is densely covered with branched hairs where pollen grains
easily lodge. Un-branched hairs occur on the compound eye and the legs. On the foreleg, the
tibia is margined by an eye-brush of stiff hairs or bristles for cleaning the compound eyes, and
the distal end bears a flat movable spine, or tibula. The latter closes over a bristle-lined notch
on the proximal end of the tarsus to form an antenna comb, through which the antenna is
drawn to remove pollen grain and other foreign material. Long hairs on the large first segment
of the tarsus form a cylindrical pollen brush to gather pollen from the fore-parts of the body.
On the middle leg, the first tarsus also has a pollen brush to remove pollen from the fore-legs
and body; and the inner distal end of the tibia bears a spur used in picking up wax scales from
the wax-glands situated underneath the abdomen. On the hind leg, the wide tibia is slightly
concave externally, margined by a row of curved hairs to form a pollen basket (corbicula).
This has a comb of stiff hairs, the pectan, at its distal end, and just below is a flat plate, or the
auricle. The outer surface has a pollen brush for cleaning the body posteriorly, and its inner
surface carries about 10 rows of stiff downward pointing spines forming a pollen comb.

When pollen is gathered from a flower, it is taken by the mandibles, moistened with nectar,
and mixed with the pollen that gathered on the pollen brushes of the forelegs (a pollen
collecting bee is shown in Figure 2.2). It is then moved to the brushes on the middle legs,
which in turn are drawn between the pollen combs of the hind tarsi. The hind tarsi are then
scraped over the opposite leg to deposit pollen on the pecten or outer surface of the auricle. By
flexing the tarsus on the tibia, the pollen is pushed upwards and packed into the pollen basket.
The bee thus accumulates a bulging load of sticky pollen in both baskets. On return to the hive
it pushes its load into a cell to be pressed down by the heads of young workers.

The smooth mandibles of workers serve to packing pollen, to mould wax for making combs
and in many other functions such as cleaning etc., (see Figures 7.5-7.8, p.159).
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Figure 1.18: Details of sorhe of the important external structures and appendages of honeybee
workers.
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Figure 1.19: Details of some of the important internal structures and appendages of honeybee
worker and queen.
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At rest, the thin delicate wings lie flat over the back. In flight the two wings on each side are
locked together by a row of fine hooks situated at the front margin of the hind wing that catch
onto a groove along the rear margin of the forewing. The wing may vibrate up to 300 times per
second and can fly up to 750 metres from the nest on foraging. But in general the Sri Lankan
honeybee does not forage beyond 300 metres. '

1.5.2. _ Adaptations to Live on Flowers: nectar collection and honey
making (Figures 1.18 & 1.19 illustrate various body parts)

The maxillae and labial palps form a tube around the slender tongue or labium. Due to the
movement of the tongue and pumping action of the pharynx, fluid nectar is drawn into the
large crop or honey stomach (a nectar collecting bee is shown in Figure 2.1). Behind the honey
~ stomach are four triangular lips that form a valve to prevent nectar or honey from entering the
stomach except when the bee is in need of food.

The slender intestine is joined by about 100 malpighian tubules which serve the same purpose
as the kidneys of vertebrate animals. The large rectum serves to accumulate facces for
discharge through the anus after a bee leaves the hive.

v

Nectar held in the honey stomach is acted upon by salivary enzymes to convert the complex
sugars such as sucrose (cane sugar, a di-saccharide) into simple sugars such as glucose and
fructose (mono-saccharides). Upon returning to the hive, the worker regurgitates to give this
sugary fluid through her mouth parts to a house-bee (a young non-foraging bee) through a
process called “liquid transfer” (Figure 1.12). The young “house bees” would repeatedly work
it over in their mouths, causing further chemical changes. The nectar now converted to honey
would be deposited in cells. The house-bees evaporate the excess water by fanning with their
wings and then seal the cells with wax. Generally honey should have less than 20% water for
long storage.

Among the other function of workers, fanning (Figure 1.20) to ventilate the nest and guarding
(Figure 1.21) to prevent any intruders are also important

15.3. Some Features Important in Beekeeping

1.5.3.1. Stinging and Smoking .

As we all know, one of the unpleasant factors in handling honeybees is that they can sting, an
experience which is painful. As we discussed earlier, this is a mechanism found in honeybees
which is utilized in defending themselves and common among other members of the order
Hymenoptera such as wasps and ants. -

The sting is a modified ovipositor, present only in workers and queens (female members).
Therefore the drones (the male bees) cannot sting. Due to the rough upwardly pointed spines
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on either side of the stinging dart, it gets hooked in the tissue of the victim (Figures 1.19 &
1.22). Due to the action of muscles of the sting apparatus, the detached sting will further
penetrate deep into the muscles of the victim. For a few minutes after being stung, one can
easily observe the palpitating sting that tries to penetrate deep. The poison sack attached to the
sting apparatus now hooked to the victim sends poison through the dart. Due to this poison the
human muscles swell after being stung and produce pain.

One should not try to use fingers to remove the stings, whenever stung, as it tends to squeeze
the poison further in. A better method is to scrape the sting (Figure 1.23) away with a sharp
edge such as that of a knife. Therefore many beekeepers keep a small kmfe in the vicinity
when examining hives.

Smoke has a retarding effect on bees by helping to reduce their eagerness to sting in defence.
Smoke is commonly used by beekeepers to subdue bees when they are examining and
manipulating hives. The reason for this subdued behaviour on the part of the bees is not fully
understood, although it may relate to a primitive instinct to prepare for flight from forest fire.
When smoke is blown over a colony, workers react to it and begin to feed themselves with
honey. Bees whose stomachs are full of honey are much easier to handle, being less irascible.
One should remember that smoking causes some disturbances to the colony and therefore it
should be done carefully. Over-smoking may have detrimental effects and the smoke itself
should be mild such as is produced from burning coconut husk.

With the proper use of a smoker one can greatly reduce the unpleasant experience of getting
stung and a smoker is one of the essential appliances of modern beekeeping. The use of a
smoker is discussed else where (see Chapter 8).

1.5.3.2 Memory, Learning Ability and Changing Hive Position

Bees have a remarkable ability to remember and learn things when compared to other insects.
This characteristic too is important in practical beekeeping, especially when the beekeeper
intends to shift the location of his hives. Relocation of hives has to be done with care if one is
to prevent the loss of thousands of worker bees. As a rule the hives should be shifted in the
night when all the foraging bees are inside.

It is also very important to make the bees understand that their nest site or the hive position has
been changed and the beekeeper should take them through a re-orientation process at the new
hive site. This is done in the following way. In the evening when all the bees have returned to
the hive, the entrance should be closed and the entrance plate er the entrance guard could be
used for this purpose or one can use any suitable plug to close the entrance. Once it is moved
to the new site, the entrance should remain closed and there should not be any other exit ports
such as cracks in the hive body. What is important is that, for a while the bees should not be
allowed to fly at the new site. Instead, the roof should be removed at dawn to expose the
ctown board or the inner-cover where many bees would come to the mesh placed over the
ventilation holes. In fact one can easily see many bees biting the mesh in their struggle to
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escape from the hive. Keep the bees trapped at least for about half an hour and this creates
confusion among the bees. It is important not to keep the hive in hot sun but in a shady place
where rays of sunlight fall on the ventilation holes.

Once the bees are struggling to fly out and they are kept prevented from getting out for about
half an hour or so, one should now open the inner-cover (Figure 1.24) allowing them to come
out from the top. The bees should not be allowed to come from the regular entrance at the
beginning. The bees rushing out through the opened top will not try to go on foraging but
instead they would fly around the hive getting an orientation to the new location. Bees should
be allowed to fly out from the top for about 15 minutes before one opens the regular entrance.

The honeybees in a hive should not be kept closed for longer periods (more than an hour) in
the day light. The light that the bees see through various apertures in the hive makes the
foraging bees to struggle to fly out. This causes their death due to exhaustion by attempting to
fly, if kept closed for longer periods.

Bees use land marks such as trees, buildings, rocks, roadways, etc., just as much as we humans
do to remember places. If the bees were allowed to go out from the normal entrance at the new
hive location the foragers who are going out would leave the hive without knowing that their
hive position had been changed and they will not be able to come back. If the hive was shifted
only a few hundred metres (less than 600 metres) and no process of re-orientation was carried
out by the beekeeper, one can see hundreds of bees gathering at the former hive location (see
Figure 1.25). If the hive was to be taken back to the former site, the gathered bees would rush
in instantly. In an experiment where the ability of the bees to return to the original hive
location was examined and it was found that when the hive was shifted 700 metres away from
the original site none of the bees were able to come back to the original site. This indicated
that the bees entered an unfamiliar terrain at this distance and this finding indirectly confirmed
the short natural flight range of our bees (see Figure 1.16).

If the hives are to be shifted more than one kilometre, the bees will not be able to find their
way back to the former hive site. There is no harm in opening the normal entrance after
changing the hive position by more than 1km. The bees recognize the news surrounding and
will re-orientate themselves. The foragers who take their orientation clues before going on
their foraging flights will be able to come back.

/
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Figure 1.20: A fanning bee at the hive entrance sends air
currents inside. Such fanning bees are acommon
sight at the hive entrance during warm after-

noons.

Figure 1.21: A bee guarding the hive entrance. Note that
fore legs are folded up in ready mode for
attack when necessary. Compare with the
fore legs of the bee behind and the fanning
bee in Figure 1.20.
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Figure 1.22: A stinging bee.

Figure 1.23: Removal of the detached sting by
scraping itaway with the sharpedge.
Here the entire sting apparatus with
the poison sack is hooked to the
victims flesh and what appears like
a thin thread in the uncoiled poison
gland (see Figure 1.19).
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Figure 1.24: If the hive is taken to a new place, first

open the hive from the top for the bees
toescape. Note the entrance is blocked
with the entrance guard. The many
bees who have come to the ventilation
holes in the inner-cover are seen at the
top.

Figure 1.25: Flying bees would return to the origi-
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nal location of their hive even when
the hive was moved a short distance.
The hive in the background was moved
2 metres away from its original posi-
tion now occupied by the floor-board
on a stand. Returning bees tend to
gather at the floor-board kept at the
original site rather than going to the
hive just 2 metres away.



Honeybees of Asia:
a prologue

By .
“Prof. Dr. Nikolaus Koeniger and Dr. (Mrs.) Gudrun Koeniger,
Institut fiir Bienenkunde,
Fachbereich Biologie der J. W. Goethe-Universitit-Frankfurt am Main,
Germany.

The true honeybees of the genus Apis are a very "old" and a prominent group of highly social
insects. The separation of the ancestral Apis from other Apini apparently happened several
million years ago and the scenario of the origin is still under debate among researchers and
scientists. But the location where this has happened certainly was in South East Asia. Here are
found six of the seven honeybee species existing today and only one Apis mellifera, occurs
naturally in the Near East, Africa and Europe.

- With the scientifit and industrial development during the last 100 years in Europe and North
America (where this bee was introduced by European immigrants) the European Apis
mellifera became a major subject of research and soon became one of the "best studied"
insects. As a consequence beekeeping and honey production methods made rapid progress,
and European Apis mellifera soon became the dominating source of the world's honey supply.

The Asian tradition took advantage of the high biodiversity of the native honeybee species.
Elaborate and effective honey hunting methods evolved and allowed the harvest of substantial
honey stores of the giant honeybee Apis laboriosa nesting in steep rocks of the Himalayas. The
nests of the defensive Apis dorsata in the canopy of the highest trees of the Asian rain forest
were successfully exploited and yielded large quantities of natural forest honey until modern
times. But also the small honeybee species Apis florea and Apis andreniformis are regularly
harvested, and their honeys play a major role in the preparation of traditional medicine.

The Asian hive honeybee Apis cerana is also target of honey hunters who rob their colonies
during the harvesting season wherever they can find them. But this played a special role
. regionally. Since ancient times péople have hung broken pots, placed hollow tree trunks in
their fields and gardens or even left cavities in the walls of their houses to provide nesting sites
for Apis cerana. Thus the traditional form of honey hunting to an initial stage of beekeeping
actually took place in Sri Lanka as well as in many other Asian countries. However, the
further development towards a more effective and economic honey production met with
several major difficulties.




First of all Apis cerana was generally considered a miniature and a more primitive form of
Apis mellifera, and Western beekeeping methods were applied without much success. The Apis
cerana colonies responded to the inadequate treatment with extensive swarming and
absconding. The honey production was low and did not balance the considerable costs of hives
and labour involved with Western beckeeping. Similar experiences in many parts of tropical
Asia earned Apis cerana the false reputation of being a "poor" honey producer and a honeybee
of a low economic value. Therefore the importation of the Western Apis mellifera for local
honey production took place in many countries in Asia. Most of these introductions failed. The
imported Western honeybees fell prey to a variety of predators like birds, hornets and
parasites. In Northern India, China and several other Asian countries, however, the
establishment of Apis mellifera succeeded, and beekeepers are able to produce large amounts
of honey keeping these exotic honeybees.

But these "success stories" do have a few undesirable side effects. The imported bee colonies
disrupted the natural balance among the native Asian honeybees species and especially Apis
cerana became extinct in areas with intensive Apis mellifera beekeeping. Further the
inevitable exchange of parasites and diseases among the exotic and local honeybees causes
drastic damage on both sides. For example, Apis mellifera has no effective defence against
parasitic Asian honeybee mites Tropilaelaps clareae and Varroa jacobsoni, which are
effectively controlled by their natural host species Apis cerana and Apis dorsata but rapidly
multiply in Apis mellifera colonies causing heavy losses and the break down of the colony. In
consequence, beekeepers interfere and regularly treat their colonies. The application of
medications (acaricides) is a common practice in Asian Apis mellifera beekeeping and may
cause hazardous chemical contamination of honey and other bee products.

During recent years the importance of the great and exciting biodiversity of tropical habitats
was recognized and more global environmental research has started. The diversity of the
Asian honeybees gained increasing international attention and quite a number of comparative
behavioural and physiological research data became available. As a main point we can
summarize that Apis cerana is not at all a small and primitive form of the Western Apis
mellifera. This Asian hive honeybee is a real species on its own with several complex and
highly developed behavioural characteristics which in colony defence and natural resistance
against parasites surpass the standards of the European Apis mellifera.

Dr. Punchihewa took an active role in covering some of the research difficulties of Asian
honeybees. Consequently he began to realize the biological requirements and needs of Apis
cerana. His beekeeping concepts became more and more independent from Western ideas and
developed into a general understanding of Apis cerana. His innovative approach of
cooperation and symbiosis between the local honeybee and the Sri Lankan beekeeper resulted
in practical beekeeping procedures. Swarming and Absconding problems find convincing
solutions which help to increase the honey yields as well as "the happiness” of the honeybees.
Altogether Dr. Punchihewa demonstrates the high economic potential of Apis cerana as a
honey producing bee in Sri Lanka, at the same time his honeybee colonies remain a natural
element of the local fauna. The beekeeper has to respect the natural environment and should
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not resort to any kind of destructive measures or treatments like killing birds, hornets or mites.
The honey gained from such activities surely is a pure natural product, and the pollination
provided by the bees plays a vital role in the conservation of local flowering plants.

Dr. Punchihewa's book explains the biological fundamentals of honeybee biology and give
concise and practical instructions for beekeeping in Sri Lanka. Surely this concept of Apis
cerana beekeeping will prove valid also in other countries of tropical Asia where Coconut and
Rubbers grown. But to us the importance of Dr. Punchihewa's book stretches far beyond this.
It gives a fine example of income generating agricultural activity which is beneficial to
environmental conservation. We hope that this concept will be expanded to further parts of the
continent and to other Asian honeybee species: "keeping the local honeybees for honey
production and conservation must gain more momentum ! "
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2. Principles of Beekeeping

2.1. The Essential Prerequisites

Beckeeping is an industry that has a very high dependence on the environment. In general .
many aggicultural pursuits have a dependence on the environment but its effect on beekeepmg
is much more intense.

The most important feature of beckeeping is honey production and its success is determined by
four complementary factors:

The availability of nectar and pollen in the environment. Honey Flow or
the Environmental Potential.

@ The nectar and pollen sources are within the foraging range of bees in the
vicinity. Foraging Range.

E] Existénce of a sufficient population of honeybees to collect the nectar in
the environment effectively. Potential of the Population of Honeybees.

[Z] Climatic conditions that are important in realizing the nectar potential of
the environment and foraging potential of a population of honeybees.
Climatic Potential.

All these four factors have to operate at an optimum level and even if one factor is limiting,
that would be a great hindrance for profitable beckeeping.

Of these four factors, the beekeeper will not have any control over the fourth factor. However,
with a better understanding of the first and the second factors, a suitable site for profitable
beekeeping could be selected. The third factor is under the complete control of the beekeeper
and his main role would be to maintain an optimum population of honeybees as required.

Therefore the beekeeper has the chance to control two factors of the above four
complementary factors. Thus the selection of a site where there is a honey-flow to rear
honeybees and then to get an optimum population size as necessary are the main
responsibilities of the beekeeper. What is important in effective management of a bee
population is the colony volume or the nest size. -

In this regard, the ability of the beekeeper to get an optimum population of bees becomes the

critical issue. This ability could only be gained with the proper understanding of the bees and
taking timely action according to their requirements.
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2.2. Environmental Conditions
2.2.1. Climatic Conditions

Sri Lanka has a wide variety of climatic conditions. Each climatic area has its distinctive
natural and agricultural vegetation types and consequent diverse potential for honey
production. For nectar production a sufficient rainfall is necessary and for nectar collection a
dry weather becomes imperative. |

Depending on the monsoonal rainfall distribution there exist a dry season which has broadly
divided the climate of the island into three major climatic zone (see Table 2.1 and Figure 10.5
p- 208). :

Table 2.1: Major Climatic Zones of Sri Lanka -

Climatic Zone Dry Season
Dry | Distinct  (about 6 ~ 7 months from February to March and May to
- September)

Intermediate | Moderate (about 4 ~ 5 months from May to September)

Wet Slight  (about 2 months from February to March)

However when other important eco-geographical factors such as natural vegetation,
agricultural land use, annual rainfall (1250 ~ 5000mm), elevation (0 ~ 2500m), temperature
(10° ~ 32° C), topography, soil etc., were collectively considered it is possible to identify 24
distinct agro-eco-climatological regions in the island’.

In spite of this wide variation in eco-climatic conditions, all four species of honeybees are
found to exist naturally in all three major climatic zones. However, only Apis florea is found
naturally in the Northern peninsular region (Jaffna district) and only A. cerana and A. dorsata
are found naturally in elevations over 1,000 metres (Nuwara Eliya district and mountainous
parts of Badulla, Ratnapura, Kandy and Matale districts).

As far as Mee Bees are concerned, a colony of bees will have to maintain a precise
temperature (about 349C) and relative humidity (about 70%) within the brood-nest for
effective brood-rearing. Alterations of these optimum conditions by disturbance, over heating
in the sun, exposure to heavy monsoonal winds and rain, etc. will cause extra work and stress
to the bees and may lead to lowering of the production and eventual absconding.

Therefore when one considers weather conditions suitable for beekeeping, it is a matter of the
macro-climate of the area concerned and micro-climate of the nest site of the honey bees as
well. '

1Panabokke, CR (1994) Personal Commaunications and from the forthcoming book "Soil Landscapes and Agro-
Ecological Environments of Sri Lanka".
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2.2.2. Bee Forage: nectar and pollen sources

The natural forests in all climatic zones, which has a mixed population of many different plant
species which flower almost throughout the year (see Table 2.2), holds the highest potential for
honey-production. In such environments, honey-hunting is a common phenomenon that takes
place from time immemorial to date2.

When censidering cultivated areas, Rubber (Hevea brasiliensis: Euphobiaceae) growing
. regions and Red Gum or River Red Gum (Eucalyptus robusta: Myrtaceae) planted areas in the
Uva Province can contribute to successful honey production: Though there are some fruit
species which are good sources of nectar, due to their scattered and scanty distribution the
value in honey production is limited. Coconut (Cocos nucifera: Palmae) is a reliable and year
round source of pollen but not a good source of nectar.

In the dry zone forest, there are several honey-flow periods due to the presence of many plants
of which several are given in Table 2.2.

Even though there may be many other good nectar-producing plants in the dry zone forest,
their distribution and density is low and thus value in beekeeping may be unknown. Even
those mentioned in-Table 2.2 do not exist in sufficient numbers in many access1ble areas and
therefore the honey y1elds are low.

Of the cultivated species, the following plants are good nectar producers. These plants are used
as shade trees and in soil conservation.

Albizzia - Albizzia lebbeck: Leguminoceae,

Gliricidia - Gliricidia sepium: Leguminoceae and

Calliandra - Calliandra callothyrsis: Leguminoceae, which seems to be a
better plant as this flowers practically through out the year.

If honeybee colonies could be taken to the Tala or Gingilly (Sesamum indicum: Pedaliaceae)
fields during the flowering periods in the dry zone, good yields could be produced (see Figure
10.1 p.195).

Coffee (Coffea arabica: Rubiaceae), Rambutan (Nephelium lappaceum: Sapindaceae),
Cashew (Anacardium occidentale: Anacardiaceae) are all visited by bees for nectar but of
minor importance because these are not widely grown.

Among the ornamentals Kaha Mara (Peltophorum pterocarpum: Leguminoceae) a large
shade trec, Wedelia (Wedelia biflora: Compositae) a good ground cover, and Antigonon or
Coral vine (Antigonon leptopus: Polygonaceae) an ornamental creeper are all useful for bees
in providing nectar.

-----

20t Honeybees and Honey Hunting (see page. Xii-Xiii)

Baker, SW (1855) Eight Years in Ceylon. 1966 reprint. Tisara Prakasakayo Ltd, Dehiwela, Sri Lanka.

Knosx, ml) An Historical Relation of the Island Ceylon. 1966 reprint. Tisara Prakasakayo Ltd, Dehiwela,
ri
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It is highly desirable to plant species that are useful for bees as well as for other purposes and
not to destroy the existing bee forage and the forest. For successful beekeeping it is imperative
to have a successful environmental conservation programme and it is reiterated that
Beekeeping and environmental conservation are two activities that can complement each other.
Figures 2.1 to Figure 2.11 show various plants that can produce honey and the range of flowers
the bees forage. '

Table 2.2: Some of the Plants in the Dry Zone that Can produce a Considerable Amount of

Nectar 3

Common Name | Botanical Name: Plant Family Flowering or
HoneyFlow
Period

Weera Drypetes sepiaria: Euphobiaceae . January - February

Palu Manilkara hexandra: Sapotaceae February - March

Mora Nephelium longana: Sapindaceae March - April

- [Kirikon Walsura pisida: Meliaceae March - April

Divul Feronia limonia: Rutaceae March - April

tKon Schleichera oleosa: Sapindaceae March - April

Kohomba* Azadirachta indica: Meliaceae March - April

Burutha Chloroxylon swietenia: Rutaceae March - April

Siyambala* Tamarindus indica: Leguminoceae April - May

Kumbuk* Terminalia arjuna: Combretaceae May - June

Maha Dhang Syzygium cumini: Myrtaceae June - July

Mi Madhuca longifolia: Sapotaceae June - July

Kala Wel or ’

Bo Kalawel Derris scandens & D. uliginosa: Leguminoceae | August - September

(*planted as road side shade trees in some areas)

3Baptist, BA & Punchihewa, RWK (1980) A Preliminary analysis of the principal factors which will affect apiary
honey production in Sri Lanka. Proc. of the 2nd International Conference on "Apiculture in Tropical Climates".
Indian Council of Agricultural Research, New Delhi and International Bee Research Assoc., London, pp 87-99.

Fernando, EFW (1979) The ecology of honey production in Sri Lanka in "Beekeeping in Rural Development”,
Commonwealth Secretariat and International Bee Research Asso., London, pp 115-125,191 & 192.-
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Figure 2.1: A honeybee foraging on a large and
showy Zinnia (Zinnia elegance:
Compositae). The bee is sucking
nectar with the extend proboscis
from a floret.

Figure 2.2: A honeybee foraging on a tiny and
inconspicuous grass flower
(Bracheria brizantha: Graminae).
The bee is hovering and packing
pollen while collecting more from
the anthers.

Figure 2.3: Antigonon (Antigonon Leptopus:
Polygonaceae) creeper growing on-
a garden fence. Antigonon flowers
through out the year, grow easily
and are useful honeybee forage
plants that can enhance natural
beauty.
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Figure 2.4: A Rubber plantation during
February and March at the time
of new flush formations. The
maturing new leaves secrete
considerable amounts of
nectar during this period.

See Figures 2.5 & 10.5.

Figure 2.5: A honeybee collecting nectar
from the extra-floral nectaries
of Rubber leaves (Hevea
brassiliancis: Euphobiaceae).
Rubber secrets copious
amounts of nectar and is good
for honey production.
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Figure 2.6: A Red Gum (Eucaluptus robsta: Myrtaceae) tree at its peak
. flowering and peak nectar secretory period between August and
September in Bandarawela area. See Figures 2.7 and 10.5.

Figure 2.7: Red Gum which can give a good honey harvest.
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Figure 2.8: Kalawel (Derris species) creepers which flower in great abundance in July-August
decorate the Dry Zone forests in pink colour. Kalawel is a common creeper in the Dry
Zone forest and is a good source of nectar.

Figure 2.9: The flowers of Kalawel (Derris species), an important
contributor of Dry Zone honeys.
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Figure 2.10: Multi-purpose small tree Calliandra (Calliandra callothyrsis: Leguminoceae) grown
in a home garden. Calliandra is a good foraging plant for bees and could be easily grown in home
gardens for beauty, shade, fencing, animal feed, soil conservation and for fire wood.
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Figure 2.11: A honeybee sucking nectar from a Calliandra flower.
The anthers at the end of long red filaments are also

good pollen sources.
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2.3. Foraging Range: an important limiting factor

The maximum foraging range of bees is about 600 metres but the average foraging distance is
limited to a 300 meter radius. This is a very important factor to consider in establishing -
apiaries and the number of colonies which should be in each apiary.

Each apiary in a good beekeeping area should not have more than 5 colonies and the distance
between apiaries should be at least 300 metres. Ideally the average flight range of bees in
different apiaries should not overlap. Thus they should be situated 600 metres apart. However,
the actual distance between apiaries and the number of colonies per apiary has to be
determined locally depending on the following factors: '

The number of colonies in the apiary.
The density and thie quality of nectar sources during the dearth period.

The number of apiaries in the area.

-

A ENE

The aimount of supplementary feeding the beekeeper is willing to do
- during-the dearth and growth periods. The important cost factor to be
reckoned with.

In the case of migfétory beekeeping where the colonies are moved right in to the honey flow,
the number of colonies per foraging area can be much higher during the honey flow period.
But these are exceptional situations.

Over-crowding during the honey-flow will lead to lower production. Over-crowding during
the dearth period will lead to loss of colonies due to absconding or high supplementary feeding
Costs. -

In Figure 2.12, three situations in colony layout are represented. In the 1st situation all the
foraging ranges are overlapping and competition for food can be very high. This can be
desirable in migratory beekeeping where all the colonies are brought right into the honey-flow
where the nectar yielding plant densmes are high. For example, during the period of nectar
secretion in Rubber this may be realistic, but during other times the cost of supplementary
feeding can be high or absconding can be inevitable. In the 2nd situation, the average foraging
ranges do not overlap and colonies are kept spread-out. This could be a satisfactory
arrangement throughout the year. The 3rd situation depicts the probable arrangement of
colonies in a village in different home-gardens along a road-side. As we shall see later, if
anybody thinks of going in for commercial honey-production, he has to maintain at least 10 or
more colonies. In such an operation the cost of supplementary feeding can be a major recurrent
cost.
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Therefore, it is clear that honey-production is the final outcome of a number of interacting and
interdependent factors. The honey yield the beekeeper collects is the excess nectar stored
during a honey-flow over and above the maintenance and reproductive requirements of a
colony for use during the dearth period to follow. Therefore, if one extracts honey, one has to
make provision for the survival of the honeybee colony during the lean period.

Considering the above facts, it is clear that beekeeping for honey production implies the
management of a population of bees in such a way as to get them to store the maximum
amount of honey during a short honey-flow period. In this population-management exercise,
the main role of the beekeeper is to coordinate the existing environmental conditions with the
biological requirements of the honeybees nest in such a manner as to benefit from it. |

The economic returns from beekeeping are divided as Bee Products and Bee Services. Honey,

Wax and Pollen (in some situations) production can be considered as Bee-products and the
pollination of cultivated crops and other plants can be considered as Bee services.
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Figure 2.12: Apiary layout in relation to competition for food. A square " B " denotes a hive
and the circle around it denotes the average foraging range. Here the average
foraging radius is considered as 300 metres (See Figure 1.16, p. 22). It should
be realised that each foraging radius comprises 28 hectares of land.

A crowded apiary wheref/competition is high and all foraging radii overlap.

1]
Z A spread-out apiary where foraging radii do not overlap and competition is
+ reduced. ' '
|
Z Colonies are kept in the home gardens along the road side and their foraging

ranges do not overlap. This is a feasible colony layout plan for a village apiatrist
(see Section 10.4).
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2.4. The Competition for Food Among Honeybees and their
Migratory Habits |

When all species of honeybees share a common foraging area, Bambara Bees will be the first
to leave the existing foraging area for a new area once the environmental conditions become
harsh and competition for food becomes evident’. Bambara Bees can make long distance
migration and this phenomenon becomes quite clear during the times when Eucalyptus species
(mainly Red Gum) begin to flower. With the onset of flowering in Eucalyptus plantations
from July till October large numbers of Bambara Bee colonies come to the Bandarawela
region for nesting (Figure 2.13). In this region the nectar supply becomes scares with the
commencement of monsoonal rain in October. Then the Bambara bees will migrate back,
perhaps to the jungles of the plains. Usually Bambara colonies re-appear in dry zone forests
with termination of heavy rain after December.

Similarly in the Nuwara Eliya and Hakgala areas Bambara nests become common during the
flowering Nelu plants (Strobilanthus spp.: Acanthaceae). Perhaps the reason for naming a
locality near Nuwara Eliya as Bambara Kele (meaning Bambara Forest) may have been due to
the great abundance of Bambara nest during the Nelu flowering seasons in its vicinity.

Many places in Sri Lanka, yet not subject to the mass scale destruction of vegetation and with
natural sanity remaining, have "Bambara Gas" or Bambara Trees for which Bambara Bees
come to build their nests regularly in the process of their annual migratory cycle.

Though the migration of Bambara Bees are most distinct mainly due to the large size of their
nests and communal nature of their nest building habits; a quite similar phenomenon occurs
with Mee Bees too. Especially in our villages, colonies of Mee Bees will come to occupy the
Bee Pots or the empty pots placed in the crotches of trees in home gardens, during the
swarming season. Once the pot owner extracts honey from these pot hives and when the nectar
supply from the environment depletes, these Mee Bees would leave the pot hives and migrate
to other places with sufficient food supplies.

This migration or the absconding of the nest site due to the depletion of food supply from the
environment is one of the major problems in managing Mee Bees and this aspect is discussed
in Section 2.3 and Chapter 7 in detail.

3 Koeniger, N & Vorwohl, G (1979) Competition for food among four sympatric species of Apini in Sri Lanka (Apis dorsata, Apis
cerana, Apis florea and Trigona inridipennis) , J. of Apicultural Research 18 (2):95-109.

Koeniger, N & Koeniger, G (1980) Observations and experiments on migration and dance communication of Apis dorsata in Sri
Lanka, J. of Apicultural Research 19:21-34.
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Figure 2.13:

The Communal nesting of Bambara Bee colonies in Albizzia
trees at Diyatalawa. Here the "Bambara Trees" at the Arcadia
Garden in Diyalalawa and thousands of Bambara colonies
migrate to Hapulale-Diyatalawa-Bandarawela region (or the
Red Gum Square or the area bordering Ohiya, Welimada, Ella
and Haputale, see Figure 10.5, p.208) during the Red Gum
honey-flow period.
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3. Animal Keeping (Animal Husbandry) and
Beekeeping

Animal-keeping (Animal Husbandry) essentially implies Man's attempts to modify the
behaviour of the animal he chooses to rear for his advantage. An essential prerequisite of this
attempt is Man's ability to take control of his animals by keeping them under his custody by
means of Various devices. The Cattle-shed, Nose-ring of Cows and Bulls, Dog-leash, Poultry
Pen, Chaining Elephants etc., can be seen as some of the devices used by Man for the control

of the animals he rears.

The device Man has invented to take honeybees under his control is called the "Hive". Man in
his shrewdness provided a container to invite a swarm of nest-site-secking honeybees to build
their nest in the vicinity of his dwellings and tried to take control of them. This attempt is
.commonly evident when one sees bee-pots, bee-logs and other contraptions kept in our home

gardens. -

Therefore, the Hive is a container provided by man for the honeybees to build their nests and
thus to take control of them for his advantage. The hives are of various types, ranging from a
simple pot or a hollew log to a more sophisticated movable-comb-hive.

There is a subtle difference between beekeeping and other domesticated animal-keeping
procedures. In this sense, all other animals are vertebrates who are considered more advanced
while bees are insects. There is also a more distinct difference in their management as well,
since Man has not domesticated the honeybees in the same way as he has domesticated the
other farm animals; that is, he has not modified or been able to modify the behaviour of
honeybees. The other farm animals have acquired many behavioural modifications due to
man's influence which they would never do in their natural wild state and as such they cannot
survive in the wild with their un-domesticated counterparts.

On the other hand honeybees who live in the hive provided by Man has not made -any
behavioural modifications to suit Man's desires and would have no difficulty in living in a
natural nesting-site in the wild. Instead of domesticating honeybees, Man has only succeeded
in providing an appropriate nesting site which allows him easy access to the products of the
honeybees. '

Therefore, we cannot use the commanding or the controlling attitude used in managing other
domesticated animals with honeybees for successful beekeeping. The prime reason behind
success in beckeeping is the beckeeper's knowledge of the requirements and behaviour of
honeybees he rears and with this understanding he merely takes timely action to optimize the
conditions for their natural behaviour. Such satisfied bees will reward the beekeeper with
honey. Therefore, if we are to manage <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>