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Editorial 
Hello beekeepers 

The growing international 
interest in this magazine is 
reflected this issue both in 
the content and contributing 
authors. John Phipps, editor 
of Beekeepers Quarterly and 
now resident in Greece, also 
recognises and mentions 
this in his article. 

The main aims of BIBBA can 
easily be propagated 
worldwide and adapted to a 
local situation. Our view 
has widened and the 
interest is obvious. We 
should not allow our 
opportunities pass by, to 
become an internationally 
known association for the 
improvement of bees and 
beekeeping. At home, we 
would continue to promote 
and conserve our native 
bee, Apis mellifera melifera. 
Abroad, we could learn from 
others and their vast 
beekeeping. experience, just 
as they can learn from us. 

Those members who enjoy 
practical information about 
the craft of beekeeping may 
wish to write more to share 
with readers. Your efforts 
would be most welcome and 
would give a more balanced 
content to your magazine. 

Conservation is now a major 
long term issue for this 
planet. Our committee 
member responsible for 
conservation is Harris Burry. 
He works tirelessly for 
BIBBA but he has stated, 
like many other committee 
members, that he should be 
looking for a younger 
replacement to take the 
BIBBA work forward in 
future. If you would like to 
help BIBBA in any way then 
contact any committee 
member. 

Hygienic behaviour 
feature 

Research carried out on 
hygienic behaviour in honey 
bees in relation to control of 
brood diseases has been 
extensive over many years. 

It is widely recognised by 
scientists that simple 
chemical treatments for 
varroa and some brood 
diseases are only a 
temporary reprieve until 
new methods of control are 
found. How long will it take 
for this message to really 
get through to all 
beekeepers? 

Dr Francis Ratnieks of 
Sheffield University first 
alerted BIBBA members to 
these problems several 
years ago and involved the 
East Midlands Group (EMG) 
in the collection of data on 
hygienic behaviour. John 
Dews of Whitby was already 
collecting data in his own 
mite drop and mite damage 
project. 

Arising from these initial 
studies, bees owned by EMG 
members and John Dews 
have been examined for 
hygienic behavioural traits. 
In a combined effort to fix 
these traits the EMG, 
assisted by Redmond 
Williams of the Galtee 
Group, achieved 
instrumental insemination of 
40 queens using selected 
strains from North 
Yorkshire. It is not clear yet 
what mechanism is at work 
to produce the low mite 
drop in some of these 
colonies. A summary of the 
work is published in this 
issue. 

BIBBA members were 
fascinated to hear Dr Marla 
Spivak at the BIBBA 
Conference 2000 explaining 
the original work on 
american foulbrood and the 
results of her work on 
hygienic behaviour. 

Dr Spivak has now given us 
a comprehensive written 
account of hygienic 
behaviour research which 
we have published, in full in 
this issue. 

( Obviously I realise this is a 
temporary departure from the 
informal format of articles in 

this magazine, but considered it 
important to emphasise the 
complexity of the mechanisms 
involved. It seemed 
inappropriate to split ithe 
account into two parts over two 
issues .) 

The 'grapevine' suggests 
that our own National Bee 
Unit at the Central Science 
Laboratory may even be 
thinking of starting new 
work on hygienic behaviour 
research this year. Late last 
year, John Dews 
represented BIBBA at the 
invitation of NBU to give a 
lecture and report on the 
BIBBA North York Moors 
project and his own 
research on hygienic and 
grooming behaviours) 

On page 25 of this issue 
there is an interesting 
further account of hygienic 
behaviour in relation to 
varroa. Dr Spivak recently 
presented these preliminary 
findings of her summer 
2000 research at the 
American Bee Research-
Conference in San Diego (in 
conjunction with the Am. 
Beekeeping Federation 
conference) in January this 
year. This abstract may also 
published in ABJ this year. 

(Note the SMR line of bees 
and the Russian line are 
much better at varroa 
resistance than the 
hygienics.) 

Peptide immunotherapy 
Dr Tarzi's overview of 
allergy is a welcome and 
unexpected contribution. He 
first contacted us through 
our website at www.bibba. 
com 

He is not a beekeeper and 
we may be able to help him 
in some way with research 
in the future. 

His work and that of 
colleagues on the 
development of peptide 
immunotherapy is an 
imaginative and exciting 
project. Many beekeepers 
or members of their 
households may suffer 

dangerous allergic reactions 
to honey bees. Safe 
desensitisation to bee stings 
may be just around the 
corner? No more stiff 
fingers? Watch this space—
we may be the first to 
know ... 

Whoops in No 8 
We know that some 
problems have occurred 
during the printing process 
on the digital printing press. 
The random appearance of 
gaps in the middle of words 
is a puzzling problem, for 
example. Hopefully all 
problems will eventually be 
resolved. Thank you to all 
the observant readers who 
mentioned these faults in 
the previous issue. 

Contributors 
On behalf of all readers - 
thank you for your efforts to 
make this a unique and 
interesting publication for 
beekeepers. 

New members 
Welcome to BIBBA—we 
appreciate your interest and 
look forward to hearing from 
you. 

Summer is coming 

... please enrol a new 
member into BIBBA this 
summer 

Enjoy the season ... 

Angus Stokes 
Editor Bee Improvement 
The Old Manse 
Great Hucklow 
Buxton 
Derbyshire SK17 8RF 
United Kingdom 

Tel: 01298 871262 
Fax: 01298 872823 
editor@bibba.com 

(\ 
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http://www.bibba.com 
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The tee nique'of instrumental insemination 
a tool for selective breeding of honey bees 

second article of a series 
Susan Cobey 

Today, the technique of instrumental insemination is 
practical and highly successful. Improvements in 
equipment design and techniques combined with our 
increasing knowledge of bee genetics, mating systems 
and practical field selection offer great potential in 
honey bee stock improvement. 

The technique has been under-utilized since its 
development over 50 years ago. It has been largely 
limited to the scientific community, yet provides an 
essential skill that commercial beekeepers need in order 
to development and maintain viable honey bee breeding 
programs. 

New instrument designs offer beekeepers improvements 
in the accuracy and the ease of learning and using this 
tool. The increased knowledge of honey bee genetics 
and selection methods enables progress in selection for 
specific traits that confer resistance to pests and 
diseases, as well as improvements in the overall 
performance of commercial stocks. 

The reluctance of the beekeeping industry to adopt 
widespread use of instrumental insemination has been 
mainly due to the unfounded reputation of poor 
performance of these queens and difficulty with the 
technique. Poor quality queens are often the result of 
improper insemination procedures. An insufficient 
semen dosage or infection from unsanitary conditions 
and the practice of banking queens for excessive 
periods of time or inseminated these beyond the 
appropriate age can produce disappointing results. 
These problems can be easily avoided. 

With proper techniques, the performance of 
instrumentally inseminated queens is similar to naturally 
mated queens. Honey and brood production of colonies 
and the longevity of queens in field colonies is largely 
indistinguishable between naturally mated and 
instrumentally inseminated queens. To gain proficiency 
in the art of instrumental insemination requires some 
patience and determination. The first attempts may 
seem awkward and frustrating. It is often a difficult 
technique to teach yourself. With practice and an 
experienced teacher, accuracy and efficiency can be 
acquired. It is also important to have a good 
understanding of the specialized beekeeping skills 
required to rear and care for queens and drones. 

Drones are often the major limiting factor in 
instrumental insemination. These can be more difficult 
to rear than queens, especially if conditions are not 
optimal or the season is late. An abundance of healthy, 
mature drones are required. This is important because 
some will be lost in the field before maturity, others will 
not yield semen or cannot be used due to 
contamination during the eversion process. 

Eversion of drones is something you can practice in the 
field at any time. Semen is exposed by hand eversion of 
a drone's endophallus. This is a two step process, the 
partial eversion and the full eversion. To stimulate the 
partial eversion, hold the drone dorsally - ventrally and 
apply pressure on the head and thorax. During this 
stage, the abdominal muscles will contract making the 
abdomen hard to the touch. A pair of horn-like 
structures appear. These are a orange-yellow color in 
the mature drone and clear in the immature drone.The 
second step of this process exposes the semen. Once 
the partial eversion is obtained, apply pressure along 
the sides of the abdomen with the thumb and 
forefinger, starting at the anterior base of the abdomen. 
This pressure forces the endophallus inside out to 
expose semen. Take care to hold the drone downward 
to prevent the endophallus from flipping back onto your 
fingers causing contamination of semen. Practice 
holding the drone with proper positioning. 

The exposed semen is a creamy marbled color resting 
on a layer of white mucus. The consistency and amount 
of semen obtained will vary among drones dependent 
upon their age, nutrition and care. The amount of 
semen you will obtain from each drone is about one 
microliter. Each queen should receive 8 pl of semen to 
assure a productive life. 
To collect semen, first expel a small drop of saline from 
the syringe tip. This is used to make contact with the 
semen. Skim the semen off the mucus layer. Notice that 
mucus is more viscous and will separate readily from 
the semen. Never place the tip into the mucus layer, 
this will plug the tip and plug the queen. Evert the next 
drone and repeat the process until the desired amount 
of semen is obtained. 

To prepare the queen, she is anaesthetized with carbon 
dioxide and placed in the holding tube of the instrument 
under magnification of 15X to 20X. The vaginal cavity is 
exposed by using a pair of hooks or forceps. The dorsal 
hook, or sting hook is designed to lift the entire sting 
structure, including the large poison sac, to expose the 
vaginal opening of the queen. This hook requires most 
of the manipulation. There are various types of sting 
hooks, these include the classical spoon shaped hook 
and the perforated hook used to thread the sting. A pair 
of forceps can be also be used to lift the sting. 

The sting structure is lifted to expose the vaginal 
opening. When the hooks are properly positioned a 'V' 
of tissue defines the location of the valve fold. The 
valve fold is not readily visible. This is an invaginated 
flap of tissue which blocks passage of semen into the 
oviduct. The valve fold must be bypassed and semen 
delivered directly into the median oviduct. 

The syringe tip is positioned above and slightly to the 
right of the V. Using a slight zig zag motion, insert the 
tip 1/2 mm, then move the tip slightly to the left, 
increasing the incline of the tip to bypass the valvefold. 
Insert the tip another 1/2 mm to 1 mm into the median 
oviduct. Precede the insemination with a drop of saline. 
This allows you to test if the valve fold has been 
bypassed. If there is no backup of semen after it is 
injected, the insemination has been achieved past the 
va Ivefold. 

To gain proficiency in the art of instrumental 
insemination requires some patience and determination. 
The first attempts may seem awkward and frustrating. 
Accuracy and efficiency will develop with practice. It is 
also important to establish a routine and maintain highly 
sanitary conditions to ensure success. To learn the 
technique, it is advisable to train with someone who has 
experience, as this can be initially frustrating. 

The quality of equipment is also a factor to consider. 
Older instruments are often passed around, mis-aligned 
and have outdated and broken parts. Modern 
instruments with micro-manipulators, large capacity 
syringes and new designs of hooks will make the 
technique easier to learn and use. These improvements 
also provide accuracy and repeatability of the 
technique. In the next article we will explore the 
features of some of these instruments. 

Her experience in instrumental insemination covers 20 years 
as a professional beekeeper and consultant, technician, 
commercial queen breeder, video maker and lecturer. 

Since 1982 she has been involved in a bee brew'''. nng 
consulting service, instrumental insemination' training & 
custom insemination service, production and the` distribution 
of specialized honey bee insemination equipment. 

For 10 years she has been Staff Apiarist at Ohio State 
University, Columbus, USA where she takes responsibility for 
coordination and technical support of research projects 
related to bee genetics, bee behavior and non-chemical 
controls of parasitic mites. She also coordinates the New 
World Carniolan Closed Population Breeding & Stock 
Maintenance Program. Instructs classes, presents.. 5em0ar5r ':  
workshops and presentations on queen rearing, Instit.ttlienlal  
insemination, bee breeding and bee related topics. 

As some BIBBA groups are already learning and using 
instrumental insemination in their Apis mellifera mellifera 
breedirgprogrammes, this series of articles will be a valuable 
contribution to their knowledge. 

Every year around June, Susan Cobey runs 
insemination courses in Ohio USA for'both beginners 
and advancedhnicians of the technique, in 
separate classes If you are interested in attending 
then contact her directly. Her video on insemination 
is available from Northern Bee Books. 

Questions and comments can be addressed via e-mail 
to cobey.1@osu.edu 

Susan Cobey 
Ohio State University 
1735 Neil Ave. 
Columbus, Ohio 43210 USA 
cobey.1@osu.edu 
http://iris.biosci.ohio-state.edu/honeybee/breeding 
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the brood chamber with the queen cells could be placed 
higher up the stack once the queen cells had been started. 
Normal routine inspections of the full brood chamber should 
continue and the three full frames in the "cell rearing" box 
should be examined in case a queen cell has been raised on 
an older larva than those provided. If allowed to hatch such a 
queen would kill her younger rivals-the ones you want and 
add a complication with a free virgin above and a laying 
queen below the queen excluder. 

The production colony goes on functioning as before. The 
given cells are in a position where the house bees must pass 
by and the royal jelly producers come to, to get the pollen 
necessary in their diet. The dummies are a physical presence 
which concentrates the young bees into the surrounds of the 
cell bar frame. The net result is a good acceptance and the 
building of fine queen cells. Doolittle raised his queen cells 
above an excluder of a queen right colony. Some breeders 

Photo shows two wide dummy frames in upper brood box 

and /or authors decry queen 
raising in a queen right 
colony. Consider however 
that is how the bees do it! 

Little is written about 
"queen right" cell raising 
and that might be because it 
does not suit the large 
volume queen producers 
whose methods we tend to 
emulate. When using a "cell 
bar" frame carrying 20 
grafts my success rate has 
been better in this queen 
right configuration as 
compared with a queenless 
cell raiser. This method does 
not have boxes "boiling" 
with bees as standard texts 
recommend, it is after all a 
production colony with 
ample space provided. Liu 
showed that it only requires 
200 workers of the correct 
age to raise a fully formed 
queen. Any reasonable 
production colony would 
have many such bees, 
certainly plenty to raise 
sufficient queen cells for the 
run of beekeepers in these 
islands. 

In summary if a 
production colony's pollen 
supply, a frame of young 
brood and a frame of 
"grafts" are placed above 
the queen excluder and 
below the supers the 
larvae in queen cups will 
be reared on to queens. 
When using a single brood 
chamber the incorporation 
of multi frame dummies in 
a second brood chamber 
above the queen excluder 
gives the right 
environment for raising 
queen cells without any 
significant extension of the 
brood chamber and also 
this configuration does not 
adversely effect that 
colony's potential honey 
yield. 

Bibliography 
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Queen Rearing 
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A simple method of raising queen c+ 

An undeniable pleasure in beekeeping is handling a good 
colony of bees headed by a queen that you have raised 
yourself. Some beekeepers, unfortunately are deterred from 
queen rearing considering the procedures too complex. The 
following is an easy to manage method of getting from a 
selected larva to a ripe queen cell. 

The method is a development from a lecture and 
demonstration given by Dave Wilkinson, NBU apiary manager. 
The concept derives from a practice used by French royal jelly 
producers when employing queen right colonies. Giles Fert 
and Harry Laidlaw describe very similar manipulations for 
royal jelly production and (queen) cell finishing. 

The major advantage of the method is that it is a mere 
incidental manipulation of the colony chosen to start and 
finish the queen cells - any production colony is suitable so: 

1. There is no need to create a body of queenless bees 
which is inherently unstable. 

2. The cell raising colony is free to forage as before. Its 
potential honey yield is not effected. 

3. If using a "queen rearing" kit to obtain the royal larvae 
and things go awry, there is no unnecessary disruption to 
what was to have been the cell raising colony. 

4. The same colony can be used to provide the larvae and 
then rear them onto queen cells if so desired. 

The French royal jelly producers use a double brood chamber 
with the queen excluder between the two brood chambers, 
the queen confined to the lower box. At each routine 
inspection frames of sealed brood are taken and placed above 
the excluder and once emerged the empty frames are put 
below again for the queen to lay in. When producing royal 
jelly the upper box is arranged with a frame feeder against 
the hive wall followed by a pollen frame, young open brood, 
the frame of queen cells, open brood and sealed brood 
thereafter. The royal jelly is harvested 3 - 31/2 days after the 
"grafts" were introduced. 

Most Irish beekeepers use a single brood chamber or a 11/2, 
so we could not readily copy the French. Another 
consideration is that differences in behaviour between bee 
races appear to be most marked when queen rearing. The use 
of a feeder when rearing queens is not generally practised 
with our black bees. 

The critical factors with this system are having most, if not all 
of a colony's pollen, young larvae and the "royal" cells 
altogether above a queen excluder. 

Two multiframe dummies are made so as to occupy all of a 
brood chamber bar a space for four frames. (Five if a frame 
feeder is needed) For ease of manipulation two 3/8" short 
bars can be placed on one side of each dummy so that they 
match the position of a Hoffman frame's wings. These spacers 
go against the brood chamber wall to give an all round bee 
space. 

The function of these dummies is merely to fill up space and 
as their sojourn in a hive is for a mere 10 to 11 days at a 
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stretch they do not necessarily have to be made to precise 
dimensions or joiners' standards. It is of course essential that 
they fit into a brood chamber and once in don't project out! 

With our black bees there is the need to "familiarise" 
components before use so 2 to 24hrs before the introduction 
of the "royal" larvae, the two multiframe dummies, a spare 
empty brood chamber, three spare brood frames (preferably 
of drawn comb) and the cell bar frame are taken to the 
chosen production colony. This now becomes the cell raiser. 
The spare brood chamber is to be placed above the queen 
excluder and below the supers with the dummies one on each 
side. The empty "cell bar" frame is put into the four (or five 
with a feeder) frame space having been painted with syrup. 
This the bees will clean off and thereby "familiarise" the frame 
in readiness for use. The three spare frames can either be 
inserted in the space left for later rearrangement when the 
royal larvae are introduced or they replace two frames of 
pollen and one frame of young larvae removed from the full 
brood chamber of the rearing colony there and then It is not 
necessary to find the queen of the production colony. To 
ensure she is below the excluder merely shake the frames 
free of bees on removal. Worker bees will quickly come up 
through the excluder to recover the frames. The box with the 
dummies is set up to have a dummy, a frame of pollen, the 
frame of young larvae, the "cell bar" frame, a frame of pollen 
and a dummy. The cell bar frame should be next to the 
better/fuller pollen frame. This sequence must prevail when 
the royal larvae are introduced and then queen cells will be 
drawn. 

The raising of queen cells in such a situation is observed in 
practice. The precise mechanism which permits this is not fully 
understood. There is some indication that the building of 
queen cells is inhibited by the secretions of the queen's 
Amhart glands, which are found in the last tarsal segments, 
this is called "foot print" pheromone. The queen excluder of 
course prevents the queen access to the cell bar frame so no 
foot print pheromone is present there. Once the queen cells 
are sealed the raising colony does not swarm. This is also 
seen in traditional queen right cell finishing colonies. The 
queen cells are treated in a like manner to supercedure cells 
although the governing factors may not be identical. 

My practise is to leave the hive stack arrangement unchanged 
until the queen cells are ready for transfer to mating nucs 
eleven days on (fifteen days after the egg was laid) If desired 
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Dr IA D Tarzi 
Allergy ta Hymenoptera venom: 
an overview 

This short review is intended for non-
immunologists. Sources of more comprehensive 
information are listed in `further reading'. 

Introduction 
Insect venom allergy presents to the clinician as large 
local reactions (exceeding 10cm and lasting more than 
24 hours) and/ or more severe reactions, characterised 
by facial swelling, collapse and breathing difficulties. 
The latter are a serious health problem, affecting about 
0.4 of the population and causing around 4 deaths per 
year in the United Kingdom. Regular or occupational 
exposure to stinging insects increases the risks of 
developing allergy. 

Severe reactions to insect stings were recorded in 
antiquity, and indeed the belief that they are in some 
way connected with an abnormality of the immune 
system extends back to the early part of the last 
century. The human immune system protects us from 
overwhelming invasion by the organisms that co-inhabit 
our environment. Its importance is illustrated in 
conditions such as The Acquired Immunodeficiency 
Syndrome (AIDS) - untreated, sufferers rapidly succumb 
to infections. So how does the immune system, 
intended to protect us, contribute to illness? 

Allergy 
Substances in the environment such as pollen, house 
dust mite faeces and foodstuffs constantly enter the 
body through the nose, lungs, eyes, gut and skin. 
About 20% of the population become 'allergic' to one or 
more such materials, leading to diseases such as 
asthma and hayfever. Food allergy is also an important 
problem, with nut sensitivity now reaching epidemic 
proportions in North America. Interesting, these 
illnesses together with venom allergy share similar 
fundamental mechanisms. Exactly why certain 
individuals become 'sensitised', and the reasons behind 
the rise in allergic diseases over recent years is not fully 
understood, and remains the subject of intense 
research. 

When an individual meets a foreign material, the body 
produces molecules which react against it, called 
'antibodies'. In allergy, a specific type of antibody 
called 'IgE' is produced, which circulates around the 
bloodstream and becomes attached to specialised cells 
known as 'mast cells'. Mast cells are to be found 
particularly at sites where foreign organisms might gain 
entry to the body — the skin, the nasal mucosa, the 
lungs and the gut. When the individual is re-exposed to 
the material (the 'allergen'), for example, when pollen 

counts rise in the 
summer, the allergen is 
recognised by these IgE 
antibodies. The reaction 
between the antibodies 
and the allergen causes 
the mast cells to release 
toxins. The usual 
purpose of this is to 
eliminate foreign 
organisms, but the 
response is clearly 
misdirected in allergic 
disease. 

Insect venom allergy can 
have quite profound and 
dangerous effects, as the 
toxins may be released 
directly into the 
circulation. The blood 
vessels become 'leaky', 
which allows fluid to 
escape from the 
circulation and into the 
tissues. This leads to 
tissue swelling, often 
seen around the lips and 
eyes. If the swelling 
affects the large airways, 
the entry of air into the 
lungs may be hindered, 
causing breathing 
difficulties. The smaller 
airways within the lungs 
may also be affected, 
causing 'wheezing' similar 
to that seen in asthma. 
A general increase in the 
calibre of the blood 
vessels may cause a fall 
in blood pressure, 
resulting in dizziness or 
even collapse. The term 
for these severe reactions 
following exposure to an 
allergen is 'anaphylaxis'. 
The severity of 
anaphylaxis varies, with 
limited skin swelling only 
in mild cases, and 
collapse and breathing 
difficulties during severe 

episodes. 

Contrary to popular 
belief, allergic reactions 
to insect stings do not 
necessarily become 
worse with each sting. 
With a history of severe 
anaphylaxis to insect 
venom, the risk of 
anaphylaxis on re-sting is 
estimated at around 40-
50%. However, it is 
unusual for severe 
anaphylaxis to present 
'out of the blue', and 
most deaths occur 
amongst people who 
have had previous 
episodes. As discussed 
below, such deaths are 
preventable. 

The management of 
insect venom 
anaphylaxis: 
Anyone who has 
suffered a severe 
reaction to an insect 
sting should be 
referred to a specialist 
in immunology and 
allergy. This is 
particularly so for 
beekeepers, who are 
likely to be stung 
repeatedly. 

The emergency 
treatment of anaphylaxis 
is adrenaline, given as a 
deep injection. This 
extremely effective drug 
is available in a pen form 
('EpipenTM'), which may 
be carried around by 
allergic individuals. 
Simply removing the lid 
and pressing the device 
against the clothed thigh 
for 20 seconds 
administers the correct 
dose of adrenaline. The 
timely use of such a 

device may be life saving, 
but does not avoid the 
need to attend hospital, 
where further treatment 
(such as steroids, 
antihistamines, 
bronchodilators and 
sometimes further 
adrenaline) is given. 

More minor reactions 
(such as excessive local 
reactions) may be 
managed with 
antihistamine creams 
and/ or tablets; steroid 
tablets are sometimes 
useful. 

Venom immunotherapy 
It was observed many 
years ago that the 
repeated injection of 
small, increasing 
quantities of insect 
venom can cure 
allergies — a treatment 
which became known as 
'immunotherapy'. The 
effectiveness of venom 
immunotherapy was 
firmly established in the 
1970s, when it was 
shown to protect 
completely from 
anaphylaxis in about 90% 
of individuals, with the 
remainder generally 
benefiting from milder 
reactions to insect stings. 
The technique has been 
refined and improved 
upon, and it is now a safe 
and routine treatment. 
Unfortunately, because 
whole bee venom extract 
is used, the injections 
themselves may cause 
anaphylaxis; trained 
personnel in the hospital 
setting can easily manage 
this complication. 
Treatment generally lasts 
for 3 years, and frequent 

attendance is required 
during the initial stages 
only. 

Due to the risks involved, 
immunotherapy is not 
considered appropriate 
for mild anaphylaxis or 
for severe local reactions. 

Exactly how this slightly 
puzzling therapy works is 
not fully clear. 

New developments 
Immunotherapy does 
have certain 
disadvantages: because 
of the risks of 
anaphylaxis during 
immunotherapy, its use is 
restricted to specialist 
hospitals; the risks of 
immunotherapy outweigh 
the benefits in mild 
anaphylaxis and severe 
local reactions; the 
treatment courses are 
lengthy; it is not suitable 
for the treatment of 
many other allergic 
diseases, such as asthma 
and food allergy. 

A novel approach is 
'peptide immunotherapy'. 
The allergen, such as cat 
fur dander or bee venom, 
is first analysed in detail - 
only parts of the 
molecule are responsible 
for the reaction. These 
important parts are then 
'chopped out' of the 
molecule, resulting in 
short fragments called 
'peptides'. 

The advantage of 
peptides is that they do 
not react with IgE 
antibodies on mast cells, 
and therefore do not 
cause allergic reactions. 
The administration of 

higher doses may be possible, reducing the time 
needed for treatment. Furthermore, it may be possible 
to engineer safe immunotherapy for diseases such as 
food allergy. 

Peptide immunotherapy is in its infancy. Trials so far 
have demonstrated the safety of the technique, but 
success has been limited, probably because the peptide 
'recipes' require refinement. Trials of the first 
specifically designed bee venom peptide 
immunotherapy in this country are due to start in a few 
months time. 

My thanks to Professor A B Kay for assistance with this 
article. 

Further information/ resources: 
The National Anaphylaxis Campaign 
2 Clockhouse Road, Farnborough, Hampshire, GU14 7QY 
www.anaphylaxis.org.uk 
An organisation providing support and education for 
patients, healthcare professionals and others (although 
mainly concerned with food allergy) 

The ABC of Allergy Edited by S Durham, BMJ Publishing 
1998 
A general introduction to allergic diseases. 

Position paper:Immunotherapy with hymenoptera venoms 
(EAACI) Europeon Academy of Allergology and Clinical 
Immunology Allergy 1993; 48 (14):7-35 
The European consensus opinion on the management of 
venom allergy. 

Allergy and Allergic Diseases Edited by A B Kay Blackwall 
Sciences 1997 
An advanced textbook of allergy and immunology. 

Dr M D Tarzl, MA, MB BS, MRCP 

Clinical Research Fellow and Honorary Clinical Fellow, Royal 
Brompton and Harefield Trust 
Allergy and Clinical Immunology 
Imperial College School of Medicine 
National Heart and Lung Institute 
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years old.) The ends are 
sealed with wood and 
stones and the cracks 
further sealed with tree 
resin and mud. The 
entrance is a small hole 1-2 
cm in diameter which is 
usually guarded by one bee 
who moves out of the way 
to let foragers pass. The log 
hives were stacked onto the 
sides of an A-frame housed 
beneath a corrugated iron 
roof (one of the few modern 
features, with thatch being 
the traditional material) that 
protects against both rain 
and sun. The same design is 
also used for larger 
commercial apiaries which 
had, in the past, up to 200 
colonies. A "standard" log 
hive has a volume of about 
12 litres 

Benancio learnt beekeeping 
from the mother-in-law of 
his grandmother, 
beekeeping often being 
passed on in the family as in 
other places. The basics of 
meliponiculture are 
straightforward and the 
absence of a sting makes 
management and apiary 
siting simple. He harvests 
the honey twice a year, in 
January after the honey flow 
of tajonal ( Vigiera dentata: 
Asteraceae; a large daisy-
type plant which is 
abundant wherever the land 
has been disturbed and left 
fallow and blooms mainly 
Dec.-Feb,) and in May after 
the honey flow of tzitzilche 
(Gymnopodium flonbundum: 
Polygonaceae; a small early-
succession tree that is 
abundant in second growth 
forest and scrub and mainly 
blooms Feb.-May). On 16 
January 2001 we watched 
Benancio harvest honey 
from 5 colonies. To obtain 
the honey he removed the 
plug at one one end of the 
hive with a bill hook, 
punctured the honey pots 
with his finger, tilted the 
hive and allowed the honey, 
which is much runnier than 
A. mellifera honey, to drain 
into a bucket through a 

strainer. He then opened 
the other end and repeated 
the process. Four of the five 
hives had honey pots at 
both ends, and one only at 
one end. After harvesting 
the honey he replaced the 
plugs and sealed the ends 
with mud made by mixing 
earth with water. The total 
harvest of approximately 1 
litre which was lower than 
normal because the tajonal 
had been partly killed by 
cold dry weather in late 
December. The whole 
operation was done early in 
the morning to reduce 
robbing by A. mellifera 
which are known locally as 
los americanos—the 
americans.The harvest was 
a lot more relaxing than 
harvesting A. mellifera 
honey. There was no heavy 
lifting or stinging and the 
bees were not alarmed in 
any way by what was going 
on. The honey was put 
straight into bottles. The 
first bottle to be used for 
making cha' chaak, a 
ceremonial drink of honey 
and maize, as an offering to 
Chaak, the rain god. 

One key beekeeping activity 
is replacing colonies which 
have died. This is relatively 
simple with M. beechei 
because the colony rears 
queens all the time, most of 
which are excecuted by the 
workers as they emerge 
from their cells or soon 
after. To divide a hive, 
Benancio takes some combs 
of emerging brood and 
honey from one hive and 
places it in an empty log 
hive which has been 
smeared inside with honey. 
The newly emerged bees 
then go to work and one of 
the newly-emerged queens 
takes over. During the 
honey harvest he noted 
colonies with brood suitable 
for making the divisions. 
Colonies can also be 
obtained from the wild by 
cutting down the tree in 
which they are living, but 
this is rarely done. 

• 

Melipona colony with honey pots and brood comb 

Meripona beech& beekeeping in the Yucatan 

there is a pottery incense 
burner, dated c.1200 AD, 
about 2 feet high showing 
the god. In front of him are 
a pile of Melipona brood 
combs and to his sides are 
miniature log hives complete 
with entrances. Following 
the Spanish conquest the 
Mayans in what is now 
Yucatan state had to pay an 
annual tax of 3200kg honey 
and 28,000kg wax. 
Equivalent to 580g wax and 
39g honey per person. In 
the museum at 
Dzibilchaltun, near Merida, 
are huge pottery jars that 
were used to transport the 
honey, each with a capacity 
of about 300 lbs,. 

M. beecheii beekeeping has 
declined greatly for many 
reasons, which include 
urbanization and 
modernization, and the 
switch of most beekeepers 
to A. mellifera. Most 
beekeepers are old and 
frequently the craft is not 
passed on. But there are 
good reasons to think that 
Melipona beekeeping will 
make a comeback. Although 
the annual harvest per 

Benancio is a traditional 
doctor, or curandero. He 
told us that Xic honey is 
good for eye problems and 
that Colecab honey 
functions both as medicine 
and food. One food use is in 
making panuelos, similar to 
a Danish pastry. 
Traditionally, Colecab 
honey, and also chocolate—
another native of Mexico, is 
given to women who have 
just given birth to stimulate 
their milk. However, he 
mentioned that people these 
days seem keener to take 
pills given to them by a 
doctor. The medicinal use of 
honey is ancient in the 
Yucatan. 

In Brazil a variety of more 
technical Melipona hives 
have been developed which 
incorporate supers and 
brood chambers. At the 
Department of Apiculture at 
the University of Yucatan 
there is a large apiary of M. 
beeche//and also colonies of 
many of the approximately 
10 local species of 
meliponine bees. Rather 
that logs the colonies are 
kept in wooden boxes about 
twice the size of a shoe box 
with a hinged long side. 
These hives retain the 
simplicity of the traditional 
Mayan design while being 
easier to construct and 
easier to open, which 
facilitates honey harvest and 
also other procedures such 
as colony division and syrup 
feeding. 

Beekeeping with M. beechell 
and bees in general are very 
much part of the Mayan 
culture. The different 
meliponine bee species all 
have local names and their 
honey is valued as medicine. 
In pre-Colombian days the 
honey was exported widely 
in Mexico, Central America 
and the Caribbean as far as 
Florida. There is even a 
building in the Yucatan, near 
Tulum, in honour of the 
honey god Ah Mucen Cab, 
and in the Museum of 
Anthropology in Merida 

colony is only about 1kg per hive, versus about 32kg for A. 
mellifera, the honey is about 5 times as valuable and the 
colonies require little management or equipment—no 
smokers, veils or frames. In addition, the bees do not sting 
and the colonies are disease free. Their main enemies are 
army ants and phorids, small flies which lay their eggs in 
the pollen pots. Both can be combatted by simple 
measures. Perhaps most important of all their honey is 
distinctive, sought after, and has strong antibiotic 
properties. After the waves of enthusiasm over pollen, royal 
jelly, and propolis maybe antibiotic Melipona honey will 
have its turn. Beekeeping with meliponines also has 
potential for"eco-tourism", which is increasingly popular, 
because it combines fascinating biology and local culture 
and has no negative impact on the environment as can 
happen, for example, when tourists visit local flamingo 
colonies which are disturbed from feeding by the visit. 
Concerning the future of M. beecheii beekeeping, an 
encouraging thing occurred while the honey harvest was in 
progress. A commercial beekeeper with several hundred A. 
mellifera colonies arrived with a friend who is a 
schoolteacher and Melipona beekeeper with 6 colonies and 
purchased a log hive for 350 pesos, about £25. When we 
asked them why they wanted to keep M. beechell the 
beekeeper said "because its interesting" and the school 
teacher "to keep the local culture alive". Both are good 
reasons. And hopefully they will also make money by selling 
the honey. 
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The honey bee Apis mellifera is the main bee kept by man for 
honey production. It is native to Europe, Africa, and the 
Middle East and in the past few hundred years has been 
introduced to most of the rest of the world. The most recent 
introduction is to Greenland where a small population of black 
bees has been established. Before the introduction of Apis 
mellifera beekeeping with other species developed in many 
parts of the world. In Asia beekeeping with another honey 
bee, Apis cerana, is common. In tropical America beekeeping 
with a wide variety of stingless bees, Meliponinae, developed. 

One area where beekeeping with meliponine bees was 
especially important is the Yucatan, in Mexico. This peninsula 
is ideal territory for bees because flowers are abundant. 
Nowadays most Yucatan beekeeping is with Apis mellifera. In 
the Mexican state of Yucatan, which at 14,827 square miles 
covers about 1/3 of the peninsula, there are about 5,000 
commercial beekeepers keeping about 350,000 hives and 
producing about 10,000 tons of honey per year—about 1% of 
the world total on only 0.02% of the world's land area, or 
approximately 1/6 of the area of the United Kingdom. So 
important is the beekeeping industry that honey is Yucatan 
state's main export. However, Apis mellifera was only 
introduced about 100 years ago. Before that beekeeping was 
practiced using native stingless bees (Meliponinae) particularly 
one speces whose scientific name is Melipona beecheii but 
whose local name in the Mayan language is Xuna'an Kab 
(pronounced shu-nan-cab) or Kolel-Kab (pronounced colly-
cab) meaning the honey woman 

M. beecheii has small colonies of about one thousand bees 
that inhabit a cavity of about 10 litres. The workers are 
slightly smaller than worker A. mellifera and are brown with 
thin orange stripes. Each colony has a single queen. The 
brood are reared in combs of hexagonal cells. But unlike A. 
mellifera the combs are horizontal, single sided with the 
opening uppermost, and are not reused. Another difference is 
that each larva develops in a sealed cell on a provision mass. 
The provisions are regurgitated into the cell by approximately 
5-10 workers, the queen then lays an egg on top and the cell 
is immediately sealed by one worker bee who turns over the 
wax "collar" of the cell to make the capping. Another 
difference is that honey and pollen are stored in special egg-
shaped large cells or pots. The honey is much more runny 
than in A. mellifera because of its high water content. But it 
does not ferment because it contains antibiotic micro-
organisms. These give the honey strong antibiotic properties. 

Beekeeping with M. beecheii has declined greatly in the last 
century. But on a recent visit (January 2001) to the University 
of Yucatan in Merida we visited Mr. Benancio Uitz Aban, a 
Mayan Indian who is one of the few traditional Me/ipona 
beekeepers remaining in the Yucatan. In the garden of his 
house in the villiage of Dzununcan, about 10 miles from 
Merida, along with chickens, pigeons, and dogs he also keeps 
stingless bees. When we visited there were 9 colonies of M. 
beecheii and one of Nannotrigona perilampoides (Bo'ol or 
Yaxick, pronounced bo-ole, ya-shick). A few months ago army 
ants, Eciton (Xulap, pronounced shu-lap) had killed four 
colonies in a single night. He told us that in the daytime ants 
were not a problem because the chickens would eat them. 

Benancio's apiary and equipment are of traditional Mayan 
designs that are simple, effective and inexpensive. Each 
colony is housed in a hollow log about 50cm feet long with a 
cavity c. 15cm in diameter. (He said the logs were 100 to 150 
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Dr Madeleine Beekman 
The Cape invaders 

Beekeepers in Europe may think they are having a hard time fighting Varroa and 
keeping their colonies alive during the harsh British winter! But in South Africa they 
seem to have a different enemy: honey bees! 

In South Africa two subspecies of Apis mellifera occur: the Cape honey bee, A. m. capensis, and 
the African honey bee, A. m. scutellata. The African honey bee is well known for its 
aggressiveness and is in South America (where it was introduced) referred to as the Killer bee. 
African honey bees have to be treated with great care. Beekeepers smoke the hive via the hive 
entrance and wait a few minutes before opening. Wellingtons, an overall, veil and gloves, not 
many African beekeepers will dare coming even close to their colonies without the full uniform. 
Once the African bees are disturbed, half of the colony's workers may anticipate in a mass-
attack whereby the release of alarm pheromone may attract bees from other colonies. The only 
solution is to close the hive and walk away, while hundreds of angry bees will follow. The bees 
will sting into anything that has a contrasting colour, even if it's the key ring of the car keys that 
are still in the door of the car. They are further attracted to carbon dioxide, exhaled by the (now 
perhaps nervous) beekeeper. However, despite its aggressiveness African bees are perfectly 
suited for commercial purposes and honey business used to be blooming in South Africa. Well, 
this was the situation , but in the early 1990's a disaster happened. 

Until 1992 the territories of the Cape honey bee and the African honey bee were clearly 
separated with the exception of an area in which the two subspecies merrily mingled 
(remember that they are subspecies, or races, and thus can cross) without one of them 
expanding into the other's territory. What exactly prevented the spread of one of the subspecies 
into the other's territory is unknown, but this so-called hybridisation zone has been stable for 
decades with the Cape honey bee only present in the Cape Province and the African honey bee 
in the northern regions of South Africa and adjacent countries. 

Both honey bee races are perfectly suited for honey production and pollination.. For a long time 
beekeepers were happy with either race. The average honey production before problems 
started was about 3000 tons, with a value of about 30 million South African Rand (1 British 
Pound is approximately 11.5 Rand). At least 75% of this was produced in the formerly A. m. 
scutellata areas, and less than 25% in the Cape Province. Total value of pollination was 
estimated to be around 3.5 billion Rand per year. In total, beekeeping industry in South Africa 
sustained some 500,000 jobs and 2 million dependants. 

This all changed when a beekeeper from the Cape Province moved one of his Cape bee hives to 
Pretoria, well in African bee territory. Since then beekeepers have experienced the 'dwindling 
colony syndrome'. This syndrome describes a whole suit of events that ultimately result in the 
death of the African bee colony. Since the movement of the Cape bee into African bee territory, 
approximately 20-50% of the bee industry has been destroyed. And what remains is under 
severe threat. 

As we know now, workers of the Cape bee invade colonies of the African bee. So what? But 
these workers are exceptional in two respects. First, unlike workers of all other honey bee races, 
workers of the Cape honey bee produce new workers instead of drones even though they never 

Multiple eggs near outer edge 
of brood frame 

mate. This means that once 
they started laying eggs, 
more Cape bee workers will 
emerge who can also start 
to lay eggs. This in itself is 
exceptional because 
normally eggs laid by 
workers are removed by 
other workers. Second, 
workers of the Cape bee 
excrete pheromones that 
are more queen-like, 
thereby fooling the African 
bee workers. They now 
think they have more than 
one queen in the colony and 
ultimately the African queen 
will be lost. Whether she 
leaves herself or gets killed 
by either her own workers 
or the workers of the Cape 
bee, we don't know. 

It is fairly easy to recognise 
an infestation of Cape bees. 
The first symptom is the 
presence of multiple eggs in 
the outer cells of frames. 
Then black bees will make 
their appearance. These are 
the Cape bees which can 
easily be distinguished from 
the African bees who are 
bright yellow Because the 
African queen is lost, no 
more African workers will be 
produced and all the brood 
reared will be Cape bees. 
The Cape bees that invade 
African colonies do not 
perform the normal suite of 
hive duties. Or at least, not 
as much as they should. 
This means that they hardly 
forage and don't take care 

of the brood. Instead they 
lay eggs. When one opens 
an invaded hive, egg-laying 
Cape bee workers can be 
recognised by the way they 
walk (fast while holding 
their wings wide) and often 
they can be seen with a 
royal court of African 
workers. Because no more 
African workers are 
produced who do perform 
normal hive duties, the 
colony slowly dies although 
occasionally a Cape queen is 
reared. The terminal phase 
of a Cape bee infestation is 
a colony with only empty 
frames and a cluster of 
black bees sitting on top of 
the frames. These bees 
either die of starvation or 
disperse in search for new 
African bee colonies. 

Despite the ease with which 
an infestation with Cape 
bees can be recognised, 
beekeepers in South Africa 
are very slack about it. This 
certainly helps the spread of 
the problem, because even 
if they do diagnose the 
problem in an early stage, 
they often do not destroy 
the colony. This combined 
with other beekeeping 

practices such as moving 
hives over long distance for 
seasonal honey flows 
whereby huge numbers of 
hives are all put onto a truck 
and close siting of hives in 
apiaries, all facilitate the 
spread of Cape bees. In 
addition, beekeepers do not 
go through their colonies 
often. Instead they put a 
large number of supers 
above the queen-excluder 
and let the bees alone to do 
their work. Beekeepers myth 
states that the use of 
queen-excluders and a large 
number of supers facilitates 
the invasion of Cape bees 
because it creates a queen-
less situation. However, this 
has not been confirmed by 
research. On the contrary, it 
is clear that Cape bees can 
successfully invade and 
reproduce in the brood box 
of queen-right, strong 
African colony. 

What can be done? Change 
business is one thing. This 
has been the strategy 
employed by the commercial 
beekeeper who had the 
doubtful honour to be the 
first beekeeper to have a 
(diagnosed) Cape bee 

In May 2001, Dr Madeleine Beekra•IS>m0ving from 
Sheffield to Australia to continue honey bee research at 
the University of Sydney. She may be contacted there 
by email: mbeekman@bio.usyd.edu.au 

These days most beekeepers that want to maintain their 
business depend on catching (uninfested) swarms each 
season. These will fill the hives of the season before that were 
expertly cleaned by wax moths and hive beetles after Cape 
bees did their job. Amazingly pests became the beekeeper's 
helpers whereas honey bees became the enemy. 

infestation in 1992. Instead of producing his own honey, he 
now buys and sells honey produced by other African countries 

Capensis eggs laid on top of la rvae 
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When in  Greece I • I . 
I consider myself to be very fortunate. Not only am I 
living in a beautiful country, I have the chance to make 
a new start in beekeeping, a craft which is an essential 
part of my life. Here I must adapt my knowledge and 
experience to my new locality, with its different climate, 
flora, hives and bees. With the help of two Greek 
commercial beekeepers, Vangellis and Irini Marabeas, I 
will learn new tasks - like fitting and wiring foundation 
into frames without grooved sidebars - and 
management techniques which will help me to achieve 
success in a country with a far different colony cycle to 
the one I have been used to for so long. I do not think 
that I could have chosen better mentors. They are both 
young, hard working, optimistic and have excellent 
beekeeping pedigrees. Vangellis is a native of my village 
of Neochori and beekeeping has been uninterrupted in 
his family since the late 1700's. 

In the old boundary and field walls there are reminders 
of his predecessors mode of beekeeping: series of bee 
bole like cavities but with vertical stone slabs covering 
both the back and the front. In these hollows the 
beekeepers kept their wicker hives, giving them 
protection both from the severe climate (the seering 
sun in summer and the violent storms of winter) and 
their many predators. Irini's family are Swiss and Greek, 
again with a strong tradition of beekeeping, and it was 
when Irini accompanied her father to bring bees to the 
flora-rich foothills of the Taygetos Mountains, above 
Stoupa, which led her to meet and subsequently marry 
Vangellis. 

I had excellent mentors in the UK too. In the first years 
of beekeeping, in the small town of Potton, I had the 
aid of 90 year old John Brown, a wheelwright who 
formerly lived on Reed's Island in the Humber, and the 
kindly and the helpful Mr Daniels, the local foulbrood 
officer, who unfortunately retired soon after I became 
acquainted with him. Through them, a three-day course 
at Taylor's of Welwyn, reading numerous beekeeping 
books and benefitting by my many mistakes, I soon 
came to grips with the fundamentals of the craft. I 
gained extra knowledge, too, with a correspondence 
course - Miss Bindley, of Crewkerne in Somerset, was 

my tutor. However, as good as these people were, I 
lacked direction in my beekeeping activites: I needed 
something which would give me more satisfaction from 
the craft rather than just harvesting honey or stopping 
bees from swarming. Eventually, as things often do, I 
became aware of three prominent beekeepers who 
were to give my beekeeping a new dimension. They 
were Beowulf Cooper, Adrian Waring and Bernard 
Mobus; they each had one thing in common - they were 
members of the British Isles Bee Breeders' Association. 
To this day, I cannot remember how I first contacted 
Beowulf Cooper. However, once he knew there was 
someone who showed interest in his ideas, he would 
never let up and telephone calls and visits could and did 
occur at any time of the day or night. Beo travelled a 
great deal as an entomologist for the Ministry and when 
he called to say that he was going to visit me, his 
message was coded so that his colleagues thought his 
trip north was to a beet field or rape crop. When 
meetings were arranged in my house it was Adrian 
Waring who usually accompanied Beo. Whilst Beo was 
overflowing with ideas, enthusiasm and who was cynical 
of 'the agnostics', it was Adrian who was able to 
interpret with great clarity how Beo's thoughts could be 
put into practice. At conferences in many parts of the 
UK I listened with interest to the lectures of both of 
these beekeepers, Beo,the evangelist, with missionary 
zeal, and Adrian, the practical beekeeper, showing all 
how to apply the knowledge we had gained. Beo made 
people look, observe, compare and quantify objectively; 
Adrian showed in detail the techniques needed to fulfil a 
given beekeeping task successfully. 

It was not long before I became a BIBBA commitee 
member, formed a local group and with Beo's help, 
became the Editor of the association's 'News'. Whilst it 
was often difficult to get copy, several issues were 
produced and I am still grateful for the opportunity Beo 
gave me to get involved in writing and editing. It was 
during these years that I first came across Bernard 
Mobus and he allowed me to use material from his 
Scottish, office-duplicated advisory notes for 
beekeepers. It was nothing to look at, but to me the 

material was gold dust. Bernard questioned everything 
and left no stone unturned in pursuing an answer. He 
wrote long detailed articles and when I subsequently 
became the editor of the BKQ I was always extremely 
pleased to have him as a correspondent. 

So, each of the three have had a life-long effect on 
me - Beowulf to observe and to be objective; Adrian to 
put ideas into practice; and Bernard to make me think 
and question everything. I certainly needed the help of 
these people. I had a hotch potch of bees from various 
sources - Italians, Caucasians, Buckfasts - I had tried 
them all, and this mish mash of mixed strains was 
evident in all my colonies. This enormous variability led 
to all sorts of problems with colony management, not 
only temper which had significantly deteriorated, but 
also each of the strains and crosses had different brood 
patterns and peaks and there was no consistent 
reaction to smoking, feeding or prevailing weather 
conditions. Each colony had to be treated as a separate 
entity - and most people who have experience of 
running large numbers of bees know what a nuisance 
this can be. Ideally, in each apiary, it is good to have 
colonies which need the same treatment at each visit. 

Using BIBBA's ideas and techniques, I eventually 
managed to get conformity in my stocks and 
beekeeping became more pleasurable and 
remunerative. It is these 'tools' which I gained through 
the years that I can use to my advantage here in 
Greece together with the help of my Greek friends. 

When I open a colony of bees - how will they react 
without smoke? How do the bees behave when the 
draught of air draws through the hive on removal of the 
roof?. How do the bees behave on the combs - do they 
run around, hang in clusters on the bottom of the 
frame, or remain calm and untroubled? What shape is 
the brood nest and is there pollen amongst the brood? 
All the familiar questions I have asked time and time 
again when examining bees thinking all the times which 
are the best stocks to breed from and which queens to 
cull. This mantra is repeated now but in an entirely i 
different location. 

To answer some of the questions: the smaller colonies 
can be handled without any smoke, the bees are quiet 
on the combs (no matter how populous the hive), 
stinging is minimal and following, a trait I hate more 
than any other is, so far, completely absent. But what I 
didn't expect here, to my surprise, was that I was 
automatically assessing the proportion of dark bees to 
the yellow banded ones. 

The dark bees, the true Ceroprian bees, I am told, 
which are similar in appearence to Carniolans, 
outnumber the leather banded ones by 9 to 1. When I 
asked Vangellis and Irini, it is the dark bees, I was told, 
which are their local bees, the yellow ones are 
interlopers, the result of crosses with bees brought in 
by a beekeeper from afar. They could be of Ligurian or 
Macedonian origin. They find the yellow bees much 
more of a problem, they are jumpy and aggressive and 
it is their wish to eliminate them totally so they are left 
with pure dark stocks. I told them about methods which 
can be used for assessing the characteristics of bees 
including morphometry. Their eyes lit up - for this 
aspect of beekeeping science is all new to them. I am 
pleased that I too then can be of assistance to them 
and hope that by doing so I can repay them in a small 
way for the two colonies of bees they gave me and for 
accepting me so warmly as a fellow beekeeper. 

In recent years BIBBA changed its name from the 
British Isles Bee Breeders' Association to Bee 
Improvement and Bee Breeders Association. 
Undoubtedly.the philosophy of the association and its 
techniques can be translated to anywhere in the world 
where groups of beekeepers aim to conserve their 
native strains. There is a global perspective to BIBBA's 
work which I'm sure Beo was not aware of when the 
association was founded as the Village Bee Beeders 
Association way back in 1964 . The continuing success 
of the association is a testament to its founder and the 
dedicated work of BIBBA's supporters over the last four 
decades 

WING MORPHOMETRY SOFTWARE UPDATE 
The anticipated software for wing morphometry, described in the previous issues of Bee Improvement is still not available. 

The French student who has worked on the project has not yet been able to complete the translation and final software. We will 
bring news when it is available. Please be patient. It will be worth waiting for! 

The basic tools and explanation of essential morphometry techniques are detailed in "Breeding Techniques and Selection for 
Breeding of the Honeybee" (£5.50 inc p&p) , also "Breeding Better Bees using simple methods" (£4.00 including p&p) both 
published by BIBBA and available from Postal Sales (see p3) 
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MAFF and the UK beekeeper 
David Allen 

Foundation cell size 
Dave Cushman 

N 

As BIBBA secretary I received in January a circular from ADAS 
soliciting the views of Beekeepers and Beekeeping 
organisations on the current and future actions of MAFF with 
regard to beekeeping. As I felt unable to answer the 
questionnaire members of the committee were sent copies of 
the document and asked submit their ideas. I duly submitted 
a composite set of answers on behalf of BIBBA. 

What does your organisation regard to be the 
appropriate role for the Government in the 
maintenance of bee health? 

Currently - It administers and controls all aspects of statutory 
regulations regarding bee health in a similar manner to 
livestock. The NBU is a passive organisation; It is only able to 
react by invitation and is therefore ineffective. 

Future - To keep a close watch on bees and bee products 
imported into this country. To arrange for legislation for the 
registration of Beekeepers and colonies and to arrange a 
workable comprehensive inspection programme. Support 
research and breeding into bees with good hygienic 
behaviour. 

By what means and (practical disease control 
measures or organisation) should be developed? 

Currently - The current inspection service does not work it is 
too under funded. Glossy publications do not guarantee 
improved observation of infections. Many beekeepers cannot 
find the Queen so they won't spot Braula and Varroa. 

Future - Keep in place the regulations necessitating the 
reporting of bee diseases and the destruction of AFB/EFB 
infected colonies. Empower local Beekeeping Associations to 
police the registered beekeepers in their area by funding Local 
Association Bee Health Inspectors. 

Are there any performance indicators which you 
believe would be appropriate for assessing the success 
of the policy? 

Currently - It is not possible to benchmark at the moment. 
The number of colonies is not known and therefore the 
percentage of diseased colonies. 

Future - Only by full registration of beekeepers and colonies. 
The obligation to ensure registration and police beekeeping 
should be devolved to local associations with a modest 
£20,000 per annum financial support. The annual bee 
statistics should be collected by the local associations and 
forwarded to the annalists. 

What mix of measures, for example; research, advice, 
training and statutory controls, do you consider 
appropriate? 

Currently - Beekeepers are not aware of any comprehensive 
policy and procedure. What is available is patchy. 

Future - Plan, publish and finance a co-ordinated programme 
of bee health and breeding research utilising the NBU, Cardiff 
University, Sheffield University, Rothamstead etc. Sponsor 
competitions between the local Beekeeping Associations on 
the recording of and maintaining the health of colonies in their 
area. Part of the funding of local BKA's would be spent on 

giving bursaries to beekeepers successful examination passes. 
Encourage the passing of practical apiarist examinations and 
encourage the BBKA to return the examination papers of 
those beekeepers that fail so that they may define their area 
of failure. 

Are there any changes to improve the cost 
effectiveness your organisation recommends ? 

Currently - travelling cost and time of the small number of bee 
health inspectors waste the present finding. MAFF is not 
taking advantage of EEC funding available. 

Future - £2,000,000, peanuts in the panoply of Agricultural 
expenditure on funding local associations to take responsibility 
for beekeeping and bee health in their area would prove to be 
an economic way forward. 

We have experienced Varroa through the uncontrolled import 
of bees and we have experienced the Kashmiri virus from New 
Zealand last year, had the sudden finding of varroa there 
stopped the shipments. Importing of Bees and bee infections 
in honey should be thoroughly checked. 

Any other comments relevant to this policy situation? 

Bee value in the UK economy is stated by MAFF to be worth 
£182 millions and £679 millions by the Daily Telegraph 
21/6/97. The current expenditure by MAFF of £1.3millions 
does not event represent 1% of the value of their own figure. 

The Government should take notice of the importance of 
Beekeeping in the economy and environment. Pollination is 
reported to be worth upwards of £12billion by MAFF. 

Currently the Government through MAFF treats beekeeping as 
a leisure activity when it is a series of small businesses. To put 
beekeeping on an industrial level within agriculture requires 
funding to be 2 to 3% of the MAFF "value to the economy" 
figure. 

In view of the current concern over Foot and Mouth disease 
and the review of importing and exporting which will follow 
the end of the outbreak, beekeepers will welcome similar 
controls placed on honeybees. 

In summary 

Do you consider there to be a valid rationale for Government 
intervention? 	Yes 

Do you consider the policy of statutory intervention and the 
imposition of restrictions (e.g. Standstill and destruction 
orders) to have been effective. Yes 

The bee health programme costs taxpayers about £1.3 million 
(part of which is reclaimed from the EU) Yes but is too little 
to have significant impact. 

There has been much heated debate in recent months about 
foundation and the size and type of the pattern of cellbase 
impressions. Many are simply fed up with the debate and find 
it boring or irrelevant. I have been part of this debate myself 
and would like to explain my reasons. 

When foundation first came into use it was made to the same 
cellsize as the bees produced for themselves (4.9 mm - 5.1 
mm). Around 1900 there was much debate centred around 
cocoon build up and as a result the foundation cellsize was 
increased. Several other minor accidental increases happened 
gradually until around 1930. 

The cell size discussions started again and in 1931 a further 
deliberate increase was made (Some doubt has recently been 
cast on the validity of the results that this increase was based 
on). Around 1960 some manufacturers of foundation 
introduced a larger celled foundation intended for honey 
storage (The larger cells are easier to extract from) a few 
beekeepers, including Beo Cooper adopted this larger 
foundation for brood use. The year is now 2001 and during 
the last 100 years or so we have gone from 5.0 mm to 5.45 
mm or 5.7 mm. The increases have happened so gradually 
that the bees have been able to follow suit and increase their 
size accordingly. But the fact that they have done so does not 
mean that they are fitter for their purpose. 

I started looking at cellsize and comb spacing several years 
ago as a means of filtering out Italian genes for a breeding 
program. In the process of sorting this out I came accross the 
information about the increases over the last century and 
decided that it would make sense to try to replicate the 
conditions of 1890 and see for myself, what the differences 
would be. There are others interested in this work from a 
completely different angle... That of varroa control... In 
Arizona, the Lusbys, the main champions of this technique, 
are currently running 600 colonies without any other 
medication or "alternative" treatment (for 13 years). Smaller 
similar trials have started in Sweden but as yet only 18 
months has elapsed for them, although they are reporting 
lower infestation levels than they would expect. 

My attitude is one of restoring the "status quo" of 1890. If by 
so doing there is some benefit in disease control, that would 
be an added bonus. But before any of this can be accepted or 
dismissed we must do the testing. To do the testing we need 
foundation in smaller sizings. The existing manufacturers of 
foundation have been reluctant to look at the problem but late 
in 2000 Dadant agreed to make a new mill to produce the 4.9 
mm foundation for all of these trials, but owing to an error 
similar to that which has caused previous enlargements this 
new 4.9 mm is nearer to 5.0 mm and some samples have 
been measured at 5.08 mm. Those who are producing their 
own 4.9 mm foundation are doing so from mills with rollers 
that are 4.8 mm so that the natural stretching produces a 
finished product of 4.9 mm. The Dadant foundation can be 
used to regress the bees but we still need 4.9 mm for our final 
trials. I ask that you look in your attic for old roller mills and 
see what size they are. 

Partly as a result of this but mainly to remove confusion I 
have canvassed many foundation manufacturers all over the 
world. The text of this I repeat below. 

I am concerned that we have a 
"traditional" method of 
describing the dimensions of 
cells in beeswax foundation, 
that gives different results 
depending on which version of 
the method is used. 

My plea is for adoption of a 
common standard that is based 
on measurement rather than a 
cells per area basis. I believe 
that some of the problems 
associated with the 
enlargement of size of cell, have 
in the past been accidental, 
whereas some of the increases 
have been deliberate. I am not 
concerned to apportion blame 
for these actions but to 
establish commonality and 
understanding for the future. 

I propose that the foundation 
manufactured in future should 
carry a measurement that 
indicates cell pitch. This being 
the measure of ten cells and ten 
cell walls divided by ten, to 
provide a cell average and that 
each of the three contiguous 
cell directions should be 
measured and again averaged. 
The overall average of these 
thirty cells and thirty cell walls 
should be stated to two decimal 
places of a millimetre. (ie, 5.45, 
5.20, 4.98, 4.90) 

Where no cell walls are present 
then the pitch of the cells will 
give the same figure. likewise if 
one manufacturers cell walls are 
different from another the 
numbers remain accurate 
comparisons. 

I further propose that existing 
foundation types shall be 
measured and labelled this way 
so that comparisons can be 
made. 

In order to differentiate 
measured metric sizes from 
those that have been calculated 
I propose that the figures be 
enclosed in an equilateral 
triangle with the top edge 
horizontal. This would indicate 
the directions of the three, ten 
cell measurements, and indicate 
that it was an actual 

measurement. If this is too 
complex for catalogue 
entries then the letters CP 
could be used...(ie, CP5.45, 
CP5.20, CP4.98, CP4.90) 

This is a simple standard 
which would cost little to 
adopt as only product labels 
and catalogue entries would 
need changing. The benefits 
to the beekeeping 
community (both 
manufacturer and 
consumers) would more 
than outweigh those minor 
costs. 

The original markings could 
be retained so that 
beekeepers unable or 
unwilling to adopt a new 
system would not be 
disadvantaged. 
I have only had positive 
feedback from two 
manufacturers so far and 
two more have said that it is 
a good idea but they will 
wait and see if anyone else 
takes it up. 

email: 
dave.cushman@lineone.net 
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INTRODUCTION 

American foulbrood (AFB) disease, caused by the bacterium 
Paenibacillus larvae subsp. larvae, is the most serious of the 
brood diseases of honey bees. Early research in the 1930's 
focused on determining whether variation in resistance to AFB 
existed among bee colonies, whether the resistance was 
heritable, and what the mechanism(s) of resistance might be. 
It was concluded that colony resistance depended on 
behavioral factors rather than on physiological resistance in 
the larva. With the advent of sulfa drugs and antibiotics after 
World War II, research efforts in this area were not sustained, 
until the 1960's when W. C. Rothenbuhler conducted his now 
famous studies on "hygienic behavior" as a mechanism of 
resistance to AFB. He began his studies under the premise 
that the ability of the bees to detect and remove diseased 
la rvae (hygienic behavior) was not a complete explanation of 
resistance, and initiated a search for physiological 
mechanisms of resistance. However, toward the end of his 
career, his attentions were focused on hygienic behavior as 
the primary mechanism, and he conducted a multitude of 
studies on the genetic and environmental factors regulating 
the expression of this behavior at the colony level. Since that 
time, little research has been conducted on mechanisms of 
resistance to AFB, possibly because many beekeepers, 
particularly in the US, continue to rely on antibiotics to control 
the disease. Now, there is a resurgence of interest in 
controlling AFB because the bacterium has developed 
resistance to oxytetracycline, the antibiotic used to treat the 
disease in some parts of the world. Rather than developing 
new antibiotic controls which would perpetuate the insidious 
chemical treadmill, it is critical to evaluate what is known 
about behavioral and physiological mechanisms of resistance 
to AFB, and to initiate new investigations on the genetic and 
molecular basis of resistance to help develop lines of honey 
bees that are able to resist the disease. 

This short review will discuss research conducted by W. C. 
Rothenbuhler on mechanisms of resistance to AFB. Recent 
ethological studies conducted in the our lab are summarized 
at the end of this article. Readers are referred to a more 
complete review on hygienic behavior published recently 
(Spivak and Gilliam, 1998a, b). 

Larval resistance to AFB 

Considerable research was conducted in the 1930's and early 
1940's on mechanisms of resistance to AFB (Park 1936a, 
1936b, 1937; Park et al., 1937, 1939; Phillip, 1928; 
Woodrow 1941a, 1941b, 1942; Woodrow and Hoist, 1942, 

1943). The main conclusion of that research was that the 
ability of bees to uncap and remove diseased brood was the 
main mechanism of resistance to AFB. When W.C. 
Rothenbuhler reviewed the early research he concluded that 
the ability of the bees to detect and remove diseased la rvae 
(coining the term "hygienic behavior" to describe the process) 
was not a complete explanation of resistance. He and his 
students conducted a series of experiments in which a 
resistant line of bees ("Brown" line) was compared to a highly 
susceptible ("Van Scoy") control line. The Brown line 
originated from four colonies obtained from a beekeeper, and 
the Van Scoy line from one colony of a different beekeeper. 
All progeny queens were inbred through instrumental 
insemination for the experiments. Colonies were then 
challenged with the AFB pathogen by inoculating individual 
la rvae with P. larvae spores. The basic experimental design 
used by Rothenbuhler for inoculating larvae is diagramed in 

Figure 1. 

Rothenbuhler and Thompson (1956) tested the hypothesis 
that larvae from different genetic lines of bees have different 
degrees of resistance to AFB. Two colonies of the Brown line, 
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Figure 1. General methods used by Rothenbuhler to inoculate: 

la rvae with AFB spores. Ten one-day la rvae in three rows 

were given one of three treatments. 	10 larvae were 
given .25cc tap water, 10 were given 50,000 AFB spores 
suspended in .25cc water, and 10 were left untreated. 
Because many spore and check treatment larvae died within 
two days of inoculation, base counts of the number of treated 
la rvae were made on the second day after inoculation and 
were compared to the number of healthy, dead, or missing 
individuals on day 12. 

two from the Van Scoy line, and three from the Chartreuse 
line (bees with an eye-color mutation) were tested. By day 
12, 95% of the larvae receiving water survived; 67% of the 
la rvae from the Brown line survived the spore treatment 
compared to 47% from the Chartreuse line and 25% from the 
Van Scoy line. Rothenbuhler and Thompson concluded, 
"These differences are interpreted to be due to different levels 
of innate resistance to American foulbrood in the larvae of the 
three lines." They did not control for the possibility that the 
adult bees removed some of the spore-inoculated larvae in 
these experiments. 

In another study, Thompson and Rothenbuhler(1957) tested 
the hypothesis that adult bees have mechanisms to protect 
the la rvae from infection. Combs containing larvae from 
resistant and susceptible lines were transferred repeatedly 
into colonies composed of either resistant or susceptible bees. 
One pair of recipient resistant and susceptible colonies were 
fed daily for 20 days with sugar syrup containing P. larvae 
spores. Another pair of resistant and susceptible colonies 
were not inoculated. The results, summarized in Figure 2, 
indicated that fewer larvae succumbed to AFB within the 
inoculated resistant colony than in the inoculated susceptible 
colony. In addition to dying from AFB, some larvae died of 
unknown causes, or were missing. Overall, the survivorship of 
the larvae in the resistant colony was 91.3%, and in the 
susceptible colony was 88.4%. Thompson and Rothenbuhler 
(1957) concluded that the differential protection of larvae by 
adults may have been due to removal of spores from the 
syrup by the action of the proventricular valve), located 
between the crop (honey stomach) and the ventriculus 
(midgut) in the digestive tract of the bees. This physiological 
mode of resistance was first studied by Sturtevant and Revell 
(1953) who noted that the valve captures pollen grains and 
other small particles, including bacterial spores, suspended in 
nectar from the crop and passes them through the digestive 
system. In this way, spores were eliminated from the body 
rather than regurgitated with the nectar and possibly fed to 
larvae. 

Thompson and Rothenbuhler (1957) also suggested that a 
second mode of resistance could have been used by the 
resistant adult bees. The exact mechanism was not 
determined at the time, but it was speculated that the royal 
jelly secreted by adult bees from some lines may have a 
greater bactericidal effect (Hoist, 1946) or that adult bees 
may disinfect the cell surface before the queen lays an egg in 

ure2.  Summ d results of Thompson and Rothenbuhler` 
X957). Combs of larvae from resistant and susceptible. 
dlonies (10 combs each) were placed in a colony composed 

of resstant bees, and in another colony composed susceptible 
bees. The recipient resistant and susceptible colonies were 

sugar ;syrup inoculated with spores. Another pair of 
re5f5tar3f i rid susceptible colonies were fed untreated syrup as 
controls. In the colony composed of resistant bees, 18 of 
5435 larvae (9 resistant and 9 susceptible larvae) died of AFB, 
on 6 of 20 combs. In the colony composed of susceptible 
bees, 122 of 5349 larvae (77 resistant aiid , 	susceptible 
larvae) died on 17 of 20 combs. Overall, the survivorship of 
the la rvae in the resistant colony was 91.3%, and in the 
susceptible colony was • .4%. 

the cell (Phillip, 1928). 

Lewis and Rothenbuhler (1961) inseminated queens from the 
Brown line with semen from one drone from the Brown line 
and one drone from the Van Scoy line. Because the progeny 
of the Brown line were black, and those from the Van Scoy 
line were yellow, they would be able to note survivorship of 
the inoculated larvae by the color proportions of the eclosing 
adults (black from the Brown x Brown cross, or yellow-striped 
from the Brown x VanScoy cross). The results showed that 
all larvae were equally and highly susceptible if inoculated 
during the fist 18 hours after hatching from the egg. By the 
time the resistant and susceptible larvae are 36 hours of age, 
both are resistant to infection. However, during the 2nd  instar, 
there appeared to be differential mortality between the two 
genotypes, the larvae sired by a drone from the Brown line 
were more resistant than the larvae sired by a drone from the 
Van Scoy line. 

In subsequent experiments, Bambrick and Rothenbuhler 
( 1961) verified that larvae from the Brown line were 
susceptible until 30 hours after hatching from the egg, 
whereas Van Scoy larvae were susceptible until 42 hours. 
Bambrick (1964, 1967) later found that spore germination 
occurs one day after inoculation of 1st instar larvae, but is 
slower in older larvae. After germination, the bacteria 
increase in number, penetrate the body cavity and begin to 
destroy tissues. The infected larva dies at metamorphosis into 
a pupa. 

Genetics of hygienic behavior 

Beginning in 1964, Rothenbuhler and his students published a 
series of articles on the behavioral genetics of hygienic 
behavior in honey bees. This work is recognized as a classic 
example of the effects of Mendelian inherited genes on 
behavior, and demonstrated both the genetic and 
environmental effects on this economically important trait. 

Rothenbuhler (1964a) began by testing the ability of the 
resistant Brown and susceptible Van Scoy lines of bees as well 
as resistant and susceptible colonies from a new line (Squire) 
to remove larvae with AFB. To assess resistance or 
susceptibility of the colonies, they were inoculated with P. 
larvae by inserting a section of comb containing 75 AFB-killed 
la rvae in the center of the brood nest (following methods used 
by Park, 1937). Daughter queens were propagated from the 
most resistant and from the most susceptible colonies, and 

AFB spores fed in sugar syrup 
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9 colonies uncapped but did 
not remove diseased larvae 
= Uncappers 

6 of 29 (21%) backcross colonies 
removed inoculated larvae; thus 
postulated 2 loci model 

When manually uncapped, 6 removed 
brood, 5 removed 3-47%, and 3 did not 
remove = Removers 

Eggs from 
unselected 
colony 
transferred 

Van Scoy colony 

1st instar larvae inoculated 
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larvae 
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% diseased brood remaining after day 
16 (2 repetitions): 

Brown = 0%, 0% 

Van Scoy = 42.5%, 57.0% 

Brown queen x 
Brown male 

X 

Van Scoy queen 
x Van Scoy male 

controlled matings were ensured by instrumentally 
inseminating the daughter queens with drones from selected 
colonies. Selection pressure was applied to successive 
generations by increasing the numbers of AFB-killed larvae 
presented during the test. 

For the experiment, either water alone or water containing 
about 7,000 P. larvae spores was suspended in the food for 
rows of larvae in comb cells of both the resistant and the 
susceptible lines. The base count for number of live larvae 
was made on the following day, and the number of larvae 
removed from the cells was counted each successive day. 
Two or three days before the end of the experiment, the 
remaining brood was uncapped to determine viability. 

Over two trials, colonies from the Brown line removed 
the majority of the spore-inoculated larvae, whereas the Van 
Scoy line removed relatively few (Figure 3). In addition, the 
Brown colony had no AFB-killed pupae on the 16th day after 
inoculation in any of the trials, whereas a high percent (e.g., 
42.5%, 57%) of the inoculated larvae in the Van Scoy 
colonies were killed by AFB and then left in the cells under a 
wax capping. The results from the resistant and susceptible 
Squire lines were similar to those of the Brown and Van Scoy 
lines, respectively, although the resistant Squire colonies 
removed fewer infected larvae than did the Brown line. 

Rothenbuhler then set out to determine the mode of 
inheritance of the trait and the number of loci responsible for 
its expression (Rothenbuhler, 1964b). First, he instrumentally 
inseminated queens from the inbred Brown line with single 
drones from the inbred Van Scoy line to produce Fl worker 
progeny. He then inoculated five F1 colonies by introducing 
either AFB spores or water into the larval food. The F1 bees 
did not removed the diseased larvae from the comb. From 
this, Rothenbuhler deduced that hygienic behavior was a 
recessive trait (summarized in Figure 4). 

622 larvae fed spores. 
100% removed between days 8-12 

753 larvae fed spores. 
-5% removed, all remaining had AFB 

837 larvae fed spores. 
-5% removed, all remaining had AFB 

X 

Conclusion: Behavior is recessive 

Figure 4. Results from Rothenbuhier (1964b). Eggs from an 
unselected colony were transferred into three colonies from 
the resistant Brown line, four colonies from the susceptible 
Van Scoy and five Fl colonies (cross between Browf3 queen 
and Van Scoy males). First instar larvae were. tfQatted with 
AFB spores, and the :.starvival of the larvae was observed 8-12 
days later, after!'tifOiiii0Ols containing the la rvae were sealed. 
The results (nur:.~mber of la rvae fed spores and percent 
removed) are pooled among the colonies with each group. 
Because the F1 colonies removed the same percent inoculated 
larvae as the susceptible colonies, Rothenbuhler concluded 
that hygienic behavior was recessive. 

To estimate the number of loci governing the expression of 
the trait, Rothenbuhler next backcrossed the F1 progeny 
colonies to the original Brown parent (Figure 5). To do this, 
he raised daughter queens from two of the Fl colonies and 
then allowed the Fl queens to produce drones. He collected 
semen from 29 drones and used it to inseminate 29 daughter 
queens raised from the Brown line parent colony by single-
pair matings. He assumed a priori that if half of the colonies 
backcrossed to the Brown line (expected to be homozygous 
recessive) displayed hygienic behavior, then one locus would 
be involved; if 25% were hygienic, then the behavior would 
be controlled by two loci. He also performed the reciprocal 
backcross; eight drones from the F1 queens were mated to 
daughter queens of the original (also inbred) Van Scoy parent 
colony. None of the colonies from this backcross to the 
susceptible (homozygous dominant) line should have 
expressed the behavior. He then inoculated the backcrossed 
colonies and compared their hygienic response to pure Brown 
and pure Van Scoy colonies. 

Figure 5. Diagram of method of producing reciprocal 
backcrosses from Rothenbuhler (1964b). Drones from the Fl 
queens were'iiiikéif either to queens from the parental Brown 
line to produce Brown backcross progeny, or to queens from 
the parental Van Scoy line to produce Van Scoy backcross 
progeny. Rothenbuhler postulated that the hygienic behavior 
would be controlled by one focus if 500/o of the Brown 
backcross colonies were hygienic, and by two lad if 25% were 
hygienic 

Figure 6. Summary of results from Rothenbuhler (1964b) of 
Brown backcross colonies. 21% of the backcross colonies 
quickly , , removed the AFB inoculated larvae, (close to the 
predicted 25% removal), thus he concluded that hygienic 
behavior was controlled by 2 loci. Nine of the remaining 
cotortles`uncapped but did not remove the inoculated brood. 
Eleven of other 14 colonies removed the brood only when it 
was manually uncapped. From these results, Rothenbuhier 
tentatively postulated that one locus was responsible for 
uncapping diseased brood, and another for removing the 
diseased brood from the cell. 

Brown Backcross progeny 

Contrary to expectation, one of the colonies from the 
backcross to the Van Scoy line removed all of the diseased 
larvae within two days (Figure 7). These results were 
problematic to Rothenbuhler because he assumed that if the 
trait were recessive, none of the progeny from the cross to 
the dominant parent would express the behavior. With 
candor, he stated, "We cannot disregard this result, regardless 
of how much we would like to, but we are basing the genetic 
hypothesis on the other data." 

Van Scoy Backcross progeny 

X 

No heterozygous colonies should have removed 
inoculated larvae. 

Figure 7. Summary afresútts trom p Rothenbuhler (1964t7) of 
Van Scoy backcross COIoníes. Although none of the colonies 
were expected to removed the inoculated la rvae, one colony 
removed them in two days. 

F1 
progeny 

If 50% hygienic, 1 locus 
If 25% hygienic, 2 loci 

Of 29 colonies backcrossed to the Brown line, six (21% of the 
colonies) rapidly removed all the diseased larvae, and no 
diseased pupae remained in the combs. Thus, he concluded 
that hygienic behavior was controlled by two loci (Figure 6). 

None of the other 23 colonies from the backcross to the 
Brown line removed the diseased larvae; nine of these 
uncapped dead larvae, but 14 did not (Figure 6 . At this PP 	 ( 9 	) 
point, Rothenbuhler speculated that one of the loci might be 
responsible for uncapping the cells and the other for removing 
the diseased larvae from the cells. He proceeded to uncap 
the cells that remained sealed in the 14 colonies and noted 
that six of the colonies removed most of the diseased brood 
within two days. Of the remaining 8 colonies, three did not 
remove any diseased larvae, and the rest removed from 3-
47%. Rothenbuhler (1964b) stated, "Although this group of 
14 colonies is not as discretely separated into removers and 
non-removers as the whole group of 29 was separated into 
uncappers and non-uncappers, for the time being the 14 are 
interpreted as falling into two groups. This seems to be the 
simplest possible explanation and justifiable in the light of 
inadequate knowledge about the environmental factors that 
affect the removal rate." 

One colony removed 
larvae in 2 days 
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The stinging behavior of the 
backcrossed colonies was 
also recorded because of 
the prevalent notion that 
disease-resistant bees were 
highly defensive and that 
defending the nest against 
diseases and intruders 
(including beekeepers) were 
manifestations of the same 
trait. Rothenbuhler's results 
clearly showed that stinging 
behavior and hygienic 
behavior assorted 
independently and, 
therefore, were not 
controlled by the same sets 
of genes or linked on the 
same chromosome. 

To summarize the results of 
his landmark experiment, 
Rothenbuhler developed a 
two-locus model of 
inheritance for hygienic 
behavior. The process of 
uncapping a cell containing 
dead brood and removing 
the contents was thought to 
be dependent upon 
homozygosity for two 
recessive genes. Workers 
heterozygous at both loci 
should not be hygienic. 
Homozygosity at one of the 
two loci should result in 
workers that either remove 
or uncap. 

In later years, Rothenbuhler 
was not certain that his 
Mendelian two-locus model 
was sufficient to explain the 
variability in the expression 
of the trait (A. Collins, 
personal communication). 
In a subsequent re-
evaluation of Rothenbuhler's 
model, Moritz (1988) 
suggested that a three-locus 
model may better fit the 
original data set and that 
even more complex patterns 
of inheritance might be 
involved. Although 
Rothenbuhler's work 
demonstrated major gene 
effects on hygienic behavior, 
he unfortunately did not 
continue with the genetic 
line of research after 1964. 

Instead, he and his students 
concentrated on 
environmental effects on the 
behavior - how colony 
demography, previous 
experience of the bees, and 
resource conditions 
influenced the expression of 
the trait. 

Age of hygienic bees 

Thompson (1964) published 
the first article on the age at 
which bees tend to perform 
hygienic duties. The 
colonies in the experiment 
were comprised of a single-
age (within four days) 
cohort of bees from the 
Brown line. Since no brood 
was allowed to emerge in 
the colonies, the age of all 
adult bees was known. 
Combs containing brood 
inoculated with spores of P. 
larvae via the larval food 
were introduced into the 
test colonies at various 
intervals when the bees 
were 4-68 days of age. 
When the Brown bees in the 
colony were all less than 27 
days of age, they removed 
all of the diseased larvae. 
However, as the age cohort 
of bees exceeded four 
weeks, the bees removed all 
of the diseased larvae only 
when nectar was being 
brought into the nest. One 
colony composed of old 
bees was an exception and 
removed all of the diseased 
brood even when no nectar 
was available. It was 
concluded that young 
resistant bees will remove 
all diseased brood 
regardless of nectar 
availability, but bees older 
than about four weeks 
remove the la rvae only 
during a nectar flow. 

Bee experience 

Trump et al. (1967) 
determined whether 
hygienic behavior could be 
modified by learning. The 
rate of removal of AFB- 

diseased brood was compared among single-age cohort 
colonies of the Brown line, the Van Scoy line, and a 50:50 mix 
of the two lines. Subsequently, the bees in the mixed colonies 
were sorted by color (Brown bees were dark and Van Scoy 
bees yellow) and introduced into new colonies containing bees 
of the same kind. The results showed that the mixed colonies 
removed diseased brood as quickly as the pure Brown 
colonies. However, when the bees were later sorted to their 
respective types, the Brown bees removed the diseased 
brood, and the Van Scoy bees did not. These results 
indicated that the Van Scoy bees did not learn the behavior 
from the Brown bees and suggested that the bees that 
performed the behavior in the mixed colonies were probably 
all from the Brown line. 

They then determined the proportion of bees of the hygienic 
type necessary for a colony to express the behavior. When 
one colony was composed of 1300 Van Scoy bees and 200 
Brown bees (13% hygienic bees), 23% of the diseased brood 
was removed on the first test and 47% on the second. 
Another colony composed of 11% Brown bees removed 89% 
on the first test and 47% on the second. These results 
emphasized the variability in the expression of the behavior 
and indicated that for colony level expression of hygienic 
behavior, 13-50% of the bees in the colony must carry the 
alleles for the behavior. 

Interaction of age, genotype, and nectar flow 

Momot and Rothenbuhler (1971) examined the interaction 
effects of age of hygienic bees, genotype, and resource 
availability. Four mixed colonies were established. Two had 
adult bees from the Brown line and emerging brood from the 
Van Scoy line. The other two contained adult bees of the Van 
Scoy line and brood from the Brown line. The amount of 
cyanide-killed brood that was removed by the colonies over 
three months was recorded. (In a previous experiment it was 
demonstrated that resistant colonies removed cyanide-killed 
brood to the same extent as brood inoculated with AFB 
spores; Jones and Rothenbuhler, 1964). During this time, the 
older bees died, and the new adults emerged. Thus, the 
composition of the first two colonies changed from Brown to 
Van Scoy bees and that of the second two from Van Scoy to 
Brown bees. As predicted, the colonies originally composed of 
Brown line adults removed fewer dead larvae as the Van Scoy 
bees emerged and aged, and vice versa. When the 
composition of the colonies had completely reverted to the 
opposite type in one set of trials, the Brown bees removed all 
the dead brood within 21 hours, whereas the Van Scoy bees 
removed only 16% in the same time. 

The effects of incoming nectar affected the expression of the 
trait within the colonies as noted previously by Thompson 
(1964). For example, one colony composed originally of all 
Brown bees removed all of the dead brood in one test when 
all of the Brown bees were over 30 days of age. There was a 
considerable nectar flow at the time of that test. However, 
one week later during a nectar dearth, the same colony took 
four times as long to remove the dead brood. 

Momot and Rothenbuhler (1971) wondered whether Brown 
bees that had begun foraging would return to the hive duty of 
removing diseased brood. A colony was established that 

contained Brown bees of foraging age and emerging Van Scoy 
brood, and another colony was established with the opposite 
mix. The colonies were given a comb section of dead brood 
two weeks after they were established. The colony with the 
Brown foragers and Van Scoy hive bees removed the dead 
brood much more slowly than the colony with opposite mix. 
Because resource conditions also influenced the removal rates 
in these experiments, it was tentatively concluded that young 
(in-hive) Brown bees are invariably hygienic, but old 
(foraging) Brown bees could be induced by a nectar flow to be 
hygienic. Neither young nor old Van Scoy bees were hygienic, 
and nectar flow did not influence their propensity to remove 
dead brood. 

Recent Ethological Studies of Hygienic Behaviour 

Beginning in 1993, M. Spivak and students have bred new 
lines of bees (unrelated to the Brown and Van Scoy lines that 
were lost in the 1970's) that are resistant and susceptible to 
disease. We bred a hygienic line by selecting colonies that 
uncapped and removed a comb section containing freeze-
killed brood within 48 hours, and inseminating progeny 
queens with semen from other colonies with similar removal 
rates (Spivak and Downey, 1988). A non-hygienic line was 
bred by selecting colonies that took over six days to 
completely uncap and remove the comb section of freeze-
killed brood, and inseminating progeny queens with semen 
from other non-hygienic colonies. We have inoculated the 
hygienic and non-hygienic colonies with AFB spores and 
chalkbrood (unpublished data), and confirmed that the 
hygienic line is more resistant to these diseases than the non-
hygienic line. We have also shown that bees bred for hygienic 
behavior are able to detect and remove brood infested with 
the parasitic mite, Varroa destructor (Spivak, 1996; Spivak 
and Reuter, 1998, 2001). Although hygienic behavior appears 
to be the main mechanism of defense against AFB and 
chalkbrood, it is only one defense against the mites. Colonies 
bred for the behavior are able to uncap and remove mite-
infested brood when mite levels are relatively low, but when 
mite levels increase (due to reinfestation from surrounding 
colonies, or when mite populations increase rapidly), hygienic 
colonies require treatment to survive. 

Our approach to breeding hygienic colonies was different than 
Rothenbuhler's: he first found colonies resistant to AFB, then 
discovered that they rapidly uncapped and removed diseased 
brood. We selected colonies on their ability to rapidly uncap 
and remove dead (freeze-killed) brood, then tested them for 
their ability to resist diseases. We are now using the bred 
lines to conduct ethological studies on hygienic behavior of 
individual bees. Again, this approach differs from that of 
Rothenbuhler's in that he studied colony-level effects of the 
behavior, while we study behaviors of individual bees and how 
they might comprise colony-level behaviors. 

First, using two hygienic colonies that were composed of bees 
of 11 different age cohorts (ranging from 3-33 days), we 
found that the mean ages of the bees that uncapped and 
removed freeze-killed brood were 15 and 17.5 days, 
respectively (n = 265 and 311 bees) (Arathi et al., 2000). The 
mean ages of the foragers in the same colonies were 

significantly older, 22 and 20 days, respectively (n = 79 and 
66 bees; t-tests P < 0.01). This experiment indicated that 
hygienic bees are middle-aged; they have brood-rearing 
experience but have not necessarily begun foraging. 

Next, we observed behaviors of individually tagged bees 
within two hygienic colonies to record their behaviors while 
in the presence of a stimulus that elicits hygienic behavior (a 
comb section of freeze-killed brood), and of the same bees 
when the stimulus was removed from the colony (Arathi et 
al., 2000). We found, using principal component analysis, 
that all bees performing hygienic behavior exhibited both 
components of the behavior, uncapping and removal, 
although at different frequencies. One behavioral class 
uncapped cells of freeze-killed brood at higher frequencies 
than they removed the contents of the cells, and another 
class of bees performed both tasks to the same extent. A 
third class of bees performed all behaviors in their repertoire 
at similar frequencies. On average, only 18% of the bees 
in the colony were observed performing any component of 
hygienic behavior at one time. 

In a subsequent study, we tested the effect of a colony's 
genotypic composition on the expression of this behavior 
(Arathi and Spivak, 2001 in press). We established four 
colonies with 0%, 25%, 50% or 100% of worker bees 
belonging to the hygienic line. Analyses of bees in these 
colonies indicated that the performance of hygienic 
behavior depended on the proportion of hygienic bees in the 
colony. Hygienic bees in the 25% hygienic colony performed 
the behavior well beyond middle age and were more 
persistent at the task compared to bees from the same 
genetic line in the other colonies. However, the colony with 
all worker bees from the hygienic line was more efficient in 
achieving the task despite a lack of persistence by individual 
bees. We also observed that in the colony with 50% and 
100% hygienic bees, the behavior was partitioned into 
subtasks, and some bees performed the subtask of 
uncapping cells at higher frequencies than the subtask of 
removing cell contents. This task partitioning was not 
observed in the colony with 25% hygienic bees. Overall, the 
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We compared four stocks of honey bees for relative mite resistance and honey production. Hygienic and SMR 
(Suppression of Mite Reproduction) refer to heritable traits that can be bred into any stock or line of bees. Bees were 
bred for hygienic behavior at the University of Minnesota from Italian-derived commercial stock. Bees were bred for 
SMR at the USDA Bee Research lab by Dr. John Harbo from a local stock of commercial bees. Russian bees were 
imported by the USDA Baton Rouge Laboratory, and are a true line of bees. Italian bees were from commercial stock 
preferred by some US commercial beekeepers. 

Queens from each of the sources were reared in March and mated naturally with the same pool of drones in 
Mississippi. Colonies were transported to Minnesota in May, and comparisons of mite infestations were made in 
early June and late September 2000. Honey production was measured in late August. 

Mites on adult bees were calculated by sampling 600-800 bees in an alcohol-wash. Mites in worker brood were 
calculated by inspecting 200 cells containing purple-eye pupae. Honey production was measured by weighing supers 
and subtracting the tare weight. 

In June, the number of mites per 100 bees and the percent of mites in worker brood were under 1% in all colonies 
from all sources, and were no significant differences between them. In September, the Russian and SMR colonies 
had significantly fewer mites on adults than the hygienic and Italian colonies (Table). The SMR colonies had 
significantly fewer mites in worker brood than the hygienic and Italians. The Russian colonies had intermediate 
levels of mites in brood, and produced significantly less honey than the other colonies (on average, 37 lbs less). 

These preliminary results suggest that bees bred for SMR and the Russian line are more mite resistant 
than bees bred for hygienic behavior and commercial Italian colonies. The hygienic colonies, as in 
previous published experiments, had the lowest infestation levels only when mite infestation pressure 
was low. The colonies were wintered in Minnesota, and the experiment will continue in 2001. 

Bee Source Mites per 100 adult bees % mites in worker brood 

Italian 8.8±6.17 a 29.6 ± 19.33 a 

Hygienic 8.9 ± 6.11 	a 31.3 ± 18.80 a 

Russian 4.8 ± 3.61 	b 22.9 ± 10.40 ab 

SMR 3.2 ± 1.58 	b 13.9 ± 4.80 b 

'f`ble 	 to r 2000 	 i i 	? 4`?Gt• •.:. r5 in I té Sep e 3be 2 0 in MEnn~SÓtd. D fferenk letters following means :, standard deviations• 
within co ~rrir1 	i tlj±s!!grdl nt differences between bee`` sources at P < O 05 (tWo-way ANOVA, comparing effect of bee source 
and apiary; apiary effect not sh0in here) 

The lifriied space available do this magazine doesn't permit the inclusion of the complete list of references for this 

:::.article. The comprehensive list (n=41) is reproduced at the BIBBA web site http://www.bibba.com/msref.html 
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results showed that the genotypic composition of a colony 
affected the performance of hygienic behavior by influencing 
the persistence of bees in performing the task, the age of the 
bees performing the task, the efficiency of task performance 
and also the partitioning of the task among the hygienic bees. 

We then tested the hypothesis that hygienic bees may be 
more sensitive to abnormal brood odors than non-hygienic 
bees. To understand the effect of abnormal brood odors on 
the initiation or control of hygienic behavior, we employed an 
associative learning technique, proboscis-extension reflex 
(PER) conditioning (Masterman et al., 2000). Although 
individual bees from the hygienic and non-hygienic lines were 
able to discriminate between high concentrations of two floral 
odors equally well, the hygienic bees were able to discriminate 
significantly better between the odors of healthy brood and 
brood infected with chalkbrood disease. These results 
suggest that hygienic behavior is associated with an individual 
bees' response to olfactory stimuli emanating from diseased or 
abnormal brood. 

Again using PER conditioning, we demonstrated that bees 
bred for hygienic behavior are able to discriminate between 
odors of healthy and diseased brood at a lower stimulus level 
than bees from a non-hygienic line (Masterman et al., 
submitted). Electroantennogram recordings confirmed that 
the olfactory response threshold of hygienic bees, in response 
to the odor of chalkbrood infected pupae, was lower than that 
of non-hygienic bees. In addition, age based differences in 
odor discrimination were found; younger hygienic bees were 
not able to discriminate as well as older hygienic bees. 

Lower stimulus thresholds for both the olfactory and 
behavioral responses of hygienic bees may facilitate their 
ability to detect, uncap and remove diseased brood rapidly 
from the nest. In contrast, non-hygienic bees, possessing 
higher response thresholds, may not be able to detect disease 
brood as easily. This model agrees with the suggestions of the 
response-threshold mediated task performance model (Page 
1997; Theraulaz et al. 1998) according to which the 
performance of the behavior by the hygienic bees should vary 
depending on the extent of the stimulus in the colony. Our 
results provide an example of how physiological and 
behavioral differences between the two lines, operating at the 
level of the individual, could produce colony-specific 
behavioral phenotypes. 

Conclusions 

There are many unanswered questions about 
honey bee resistance to disease. Questions on 
larval resistance have not been pursued since 
Rothenbuhler's studies. It also seems important 
to focus attention back on earlier work that 
investigated factors in adult bees that may 
contribute to resistance: 1) the action of the 
proventricular valve as a filtering mechanism for 
AFB spores (Sturtevant and Revell, 1953) and 
whether different lines of bees vary in their 
ability to filter spores; 2) the possibility that 
adult bees disinfect the cell before the queen 
lays an egg in the cell (Phillip, 1928); and 3) the 
bactericidal effects of royal jelly (Hoist, 1946). 
The molecular characterization of royal jelly and 
its possible bactericidal effects are currently 
being studied in the Slovak Republic by J. Simuth 
and students (e.g., Albert et al., 1999; Bilikova et 
al., 1999; Simuth, 2001). Such research will aid 
in the search for disease control methods that do 
not involve antibiotics. 

Hygienic behavior is an important behavioural 
mechanism of resistance to AFB and chalkbrood. 
Our ethological and neurobiological studies have 
pursued questions on the mechanisms that 
regulate hygienic behavior. For practical 
application, the trait has not been selected for by 
many bee breeders throughout the world 
because it is a recessive trait and occurs in low 
frequency in most honey bee populations. 
Perhaps with the advent of antibiotic resistant 
bacteria, there will be more demand for honey 
bee stocks that are able to resist the disease 
without chemical treatments. 

In sum, it is critical to evaluate what is known 
about physiological and behavioral mechanisms 
of resistance to AFB, and to initiate new 
investigations on the genetic and molecular basis 
of resistance to help develop lines of honey bees 
that are able to resist this economically 
devastating disease. In correspondence to the editor, Marla Spivak commented frankly: 

"This initial research has made me swallow my pride. The SMR line of bees, and 
the Russian line are much better at varroa resistance than the hygienics.... oh 
well! Take care and carry my greetings to all BIBBA members. 
regards Marla " 

Dept. Entomology, 1980 Folwell Ave., University of Minnesota, St. Paul, 
MN 55108 	Ph (612) 624-4798 	fax (612) 625-5299 
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Replicate 1 

Nuc Mating Mites 
collected 

% Damage 

1 S8XS12 38 47 
2 S8XS15 Q.Dead 
3 S13XS15 32 38 
4 S13XS12 48 31 
5 S15XS15 22 41 
6 S15XS12 42 40 
Made up with bees from a colony with a natural mite 
drop of 7 mites per day 

Replicate 2 

Nuc Mating 	Mites 	% Damage 
collected 

7 S8XS12 77 
	

42 
8 S8XS15 60 

	
54 

9 S13XS15 40 
	

38 
10 S13XS12 88 

	
42 

11 S15XS15 58 
	

45 
12 S15XS12 65 

	
45 

Made up with bees from a colony with a natural mite 
drop of 10 mites per day 

Average Daily Natural Mite Drop 
from April 1997 to Dec. 1999 
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Introduction 
There is a growing awareness of the dangers to bees and hive 
products from the use of chemicals to control varroa. Judging 
by the experience in other countries, it will not be long before 
varroa in this country becomes resistant to the hard chemicals 
currently registered for use. When this has happened 
elsewhere beekeepers have resorted to the use of 
organophosphates. Now the notion of putting such dangerous 
substances anywhere near hive products that are perceived as 
being beneficial to human health is quite unacceptable to me. 
I believe the alternative way is to look for bees which, having 
some degree of resistance to varroa, can survive and thrive 
whilst using less harmful treatments. Dr. DeJong of Sao Paula 
University is quoted as saying, "Resistance to varroa is 
probably present in many bee populations, but they must be 
allowed to express it, unfortunately humans are extremely 
quick in treating bees, and in their rush to do so can interfere 
with nature to the bees detriment." Bearing in mind that A. m. 

me//ifera differs genetically from the other European 
subspecies and that both of these groups also differ from the 
African group, I think we should keep an open mind on the 
response of our native bee to varroa. This might be better or 
worse, but as no studies on this subject have yet been 
published as far as I am aware, we should not necessarily 
accept that what applies to the other subspecies or the 
mongrel bees that populate much of Britain will also apply to 
the pure native bee. When varroa was first found in England 
I sought advice from abroad and read as many reports as I 
could to enable me to pursue this aim, so that when I found 
varroa in two of my sixteen hives on the 9th  April 1997, I was 
ready with my response. All hives were found to be infested 
by 215` May. 

Stage 1 
My native Yorkshire bees were kept in single brood chamber 
National or nine frame Langstroth hives, each containing a full 
frame of drone comb, ideal conditions for varroa to multiply 
rapidly. The drone combs were removed between mid June 
1997 and early August depending on the level of infestation. 
The previous year I had made wire mesh floors with 
removable trays of hardboard coated with white plastic (DIY 
bath panels) which were divided into 4 cm squares to make 
mite counting easier. I counted mite drop daily until January 
1998. Since then I have counted mite drop for periods of 7 to 
14 days at intervals throughout the year. In the event of 
strong wind or heavy rain the count is delayed, but after three 
days the amount of debris makes counting difficult. It takes 
three minutes to remove a tray, count the mites with an 
illuminated magnifier, wash the tray with soapy water and 
replace in the hive. From June 1997 onwards patches of dead 
drone brood were to be seen in some hives. Varroa mites 
were not seen on bees until early September when young 
worker bees with deformed wings were also present in some 
hives, together with dead worker brood. Daily mite drop at 
this point varied between 30 and 150, the worst affected 
colonies being on the point of collapse. All hives were treated 
with thymol or lactic acid if broodless. After treatment healthy 
brood was produced again and all colonies survived the 
winter. 
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Stage 2 
The aim now was to maintain a population of varroa at all 
times in the hives, but below the lethal level, by using low 
efficiency treatments as and when necessary so that the bees 
response to varroa could be observed. Thymol treatment is 
given in April whilst the bees are only occupying the brood 
chamber and again in early August if necessary or otherwise 
in mid September after the heather honey is removed. The 
August treatment may be necessary in the colonies with the 
highest natural daily mite drop to protect the winter bees that 
are produced during the heather flow. In my apiary on the 
north east edge of the North York Moors brood rearing ceased 
at the end of the heather flow in early September in 1997 and 
1998, although this has been a little later in 1999 and 2000. 
Occasionally a swarm has been treated with lactic acid, and 
also the swarmed colony after all the brood has emerged. So 
far both treatments have proved effective, but the levels of 
infestation have varied considerably, with the most susceptible 
colonies having dead brood and bees with deformed wings 
late in the season each year. 

Stage 3 
A study of the varroa literature indicates that mite infestation 
is usually higher in strong colonies, it varies between colonies 
in the same apiary, it also varies between apiaries and from 
year to year. These variations may be due to a number of 
factors not immediately obvious to the beekeeper, some of 
which may be genetic differences between the bees. It is the 
identification of these latter that is the problem. Monitoring 
natural mite drop is the simplest way of noting differences by 
the beekeeper. Scientists can use more sophisticated 
methods. From 1997 to 2000 some of my colonies were 
headed by the same queens, and being for the most part of 
similar strength, the natural mite drop provided a means of 
comparison that possibly indicated differing levels of 
susceptibility to varroa, the most susceptible colony 
consistently having an average mite drop throughout that 
period four times greater than what I assumed to be the least 
susceptible colony. In June 2000 the varroa resistance 
breeding project began in co-operation with the BIBBA East 
Midlands Group. Four of my colonies with consistently low 
natural mite drop were selected. Queens were raised from S8, 
513 and S15 and instrumentally inseminated with drones from 
S12 and 515, thanks to Redmond Williams of the Galtee Bee 
Breeding Group. Thus we had six mating combinations. When 
they began laying, the queens were removed from their 
Apidea nucs and placed in insulated half frame nucs 
(described in Bee Improvement No. 6), and given 2 combs of 
food, 2 drawn combs, 2 frames of foundation and 500 ml bees 
collected in a Marburg box. Each replicate of six nucs received 
bees collected from one hive so that the varroa infestation 
was hopefully the same in each nuc. The hives supplying bees 
were moderately infested with a daily natural mite drop of 7 
or 10 that seems to have been about the right level. I 
received 12 queens, i.e. 2 complete replicates. Mite drop was 
counted regularly and the size of the brood nest noted. In 
September mites were collected and examined for damage by 
the bees. A similar check was made in all my other hives. The 
results, which cannot be claimed at this stage to be 
conclusive, were certainly encouraging. 31% of 2642 mites 
collected from other hives in the apiary were damaged, range 

21 — 41%, compared with 41% of 583 mites collected from 
the nucs, range 31 — 47%. A further test for damaged 
mites was carried out in one of my hives at the same time. 
338 mites collected from a glycol/water dish had the same 
percentage of damage as 709 mites collected from the dry 
tray. Thus the damage was being done in the brood nest 
and not by earwigs, ants or wax moth larvae beneath the 
mesh floor as is suggested by some people. It is not 
known whether the damage is done by grooming or in the 
process of the removal of mites from infested cells. 

The Future 
If our observations during the coming season confirm that 
we have succeeded in breeding a generation of queens 
with a lower level of susceptibility to varroa as shown by 
greater mite damage or lower levels of infestation, then we 
shall be justified in seeking the co-operation of the 
scientists. 
Beekeepers control large numbers of colonies. They can 
make assessments for behaviour, productivity and purity of 
matings and can make simple comparisons between 
colonies for variability of natural mite drop, damage to 
mites and cleaning infested brood cells. Collectively, they 
can also raise large numbers of queens for testing. 
Scientists have relatively little access to colonies, but they 
have the facilities and expertise to make accurate 
measurements of mite populations and to investigate such 
important factors as the presence and effects of viruses, 
the attractiveness of brood and the failure of mites to 
reproduce. 

In Conclusion 
One of the most encouraging reports I have seen on breeding 
for resistance to varroa is to be found on the Internet. 
"Breeding Honey Bees that Suppress Mite Reproduction" 
describes work done over the past five years by J. R. Harbo, J. 
W. Harris and R. A. Hoopingarner at the US Department of 
Agriculture Laboratory at Baton Rouge. They started a search 
that eventually discovered bees that could survive varroa 
infestation without chemical control. Studies into the 
resistance mechanism found that there was a genetic 
character in the bees that suppressed mite reproduction. This 
report is to be found at 
http://msa.ars.usda.gov/la/btn/hbb/jwh/SMRD/SMRD.htm 
I suggest that anyone who does not have Internet access will 
find it worthwhile to seek out a friend who has. Alternatively, 
Internet access is now available at many public libraries where 
I am sure you would find staff willing to help. 

John E Dews — March 2001 
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Living with the spectre of foot and mouth disease of 
cattle, pigs and sheep, hovering in the local 
environment helps to focus the mind on why is the UK 
suffering yet again from a foreign import? The experts 
inform us that this pa rticular strain is of Far Eastern 
origin. 

I recall discussing the dangers of importing bees from 
New Zealand some eleven years ago with an 
entomologist in Australia who worked with COSIRA 
(Commonwealth Scientific and Industrial Research 
Authority). He said unhesitatingly that the best advice I 
could give to our Ministry was that as Far Eastern 
viruses were so virulent when introduced to a different 
ecosystem that all species of living organisms should be 
quarantined on arrival in the West and all organic 
products should be examined. I was the CONBA 
(Council of National Bee-keeping Associations of the 
UK) Secretary at that time so I had easy access to 
Ministry personnel and to our European bee-keeping 
colleagues. When I passed on this expert advice I was 
told either, that it was a very extreme view, or that 
import regulations were not designed to cover this 
eventuality and the costs involved in such a procedure 
would be too high! 

This has enormous implications for breeders of any 
form of livestock in the UK. We beekeepers can all 
recall the emotional feelings as Varroa crept gradually 
ever closer; then that awful moment when one 
discovered it 'at home'. I breed pedigree cattle as well 
as bees and I live only 30 miles south of the initial 
outbreak of foot and mouth disease. It has been found 
also at an abattoir only 17 miles away and has spread 
to neighbouring farms, one only yesterday. It has 
taken me years to produce a closed herd of pedigree 
animals which could all be lost within a few hours, as it 
had taken me years to establish stable native bees to 
have them affected by Varroa. That scourge too was 
helped to the UK by some mysterious human action, 
and the effects equally beyond my personal control. 

As I feed my cattle in a morning with home-produced 
hay, home-produced barley and home-produced sugar 
beet I check the nose and mouth of each animal and 
look for signs of lameness I can muse over what steps 
other large agricultural countries take? I recall well my 

visits to some other countries and what measures 
they take to deal with visitors from abroad and 
imported goods; in pa rticular to Australia and USA. 
I flew to Australia via Hong Kong. After a few days 
stop-over in Hong Kong, I boarded a Quantas flight 
to Sydney in the State of New South Wales. 
Adverse weather conditions caused us to land at 
Brisbane in the State of Queensland where we were 
not allowed to leave the plane. During this delay 
and subsequent flight to Sydney we were required 
to fill in a detailed declaration of any animal or 
vegetable matter that we were carrying, or a nil 
return. A formidable list of prohibited items was 
given which left very little to take into the country. I 
had taken some chocolate biscuits which, 
fortunately, I declared. Once airborne again and 
finally strapped into our seats the cabin crew walked 
the full length of the plane with aerosols spraying 
everyone and everything with some mysterious 
liquid! 

During the long walk to the baggage claim we were 
confronted with large notice boards and bins at 
strategic intervals proclaiming the dire warnings for 
anyone found carrying any prohibited items and 
inviting such items to be placed in the bins. The 
reasons were clearly stated; we were left in no 
doubt that this question was taken very seriously. It 
was very effective, as the bins were well used! In 
addition anyone who had been on a farm had to 
declare it. That was not all. After passing through 
passport control with visa and picking up bags a 
customs officer actually checked through verbally 
the on-board declaration one had filled in. 

After a transfer from airport to coach terminal 
through the centre of Sydney I boarded a coach to 
travel 200 miles to the Capital City, Canberra. I saw 
quite a number of interesting bee-keeping practises 
whilst in Canberra before making an overnight coach 
ride to Melbourne in the State of Victoria. I flew 
from Melbourne to Launceston in the State of 
Tasmania. This was an inter-state flight so imagine 
my surprise when I noticed equally prominent 
notices as I had seen at Sydney International Airport 
about carrying items of vegetable and animal 
origin. Tasmania is an island and equates well with 
the UK. 

After enjoying Australian hospitality and weather and a 
range of bee-keeping experiences it was time for me to 
return home. The flight from Sydney to San Francisco 
in USA was interrupted at Hawaii where we were 
advised to leave the plane, without luggage, and go 
where directed. No immediate explanation was given 
but as we were guided to a comfortable lounge it was 
made clear that we could not leave the enclosure unless 
Hawaii was our final destination. There we were told to 
make ourselves comfortable whilst the plane was 
fumigated. We were close enough to the plane to see 
quite a lot of mechanical activity going on. When 
completed we were invited back on board and the plane 
took off for San Francisco. Before landing we had to fill 
in a comprehensive document once again about items 
of animal and vegetable origin. 

As a little aside, as a result of filling in this card I had 
declared that I had no visa, which is not required for a 
UK citizen on entering USA direct from UK. However I 
was entering USA from Australia. Four of us had fallen 
into this trap! We were summoned over the 
loudspeaker system to bring our hand luggage to the 
front of the plane. Although it is quite an eerie 
experience to be singled out of a plane-load of 
passengers over the system it turned out to be an 
interesting experience to have an uncluttered view of 
the beautiful entry to San Francisco. We were told that 
because we had no entry documents we were to be 
handed over to the USA immigration officers before the 
other passengers left the plane! We were duly escorted 
to the appropriate place where I experienced a 
thorough 'grilling'. There was a moment when I 
wondered if some of the stories that I had read about 
Ellis Island could still be practised currently! 
Fortunately my reason for wanting to visit the USA was 
accepted and I was able to extend my bee-keeping 
experiences even further. I was left in no doubt that if 
I enter the USA by the 'back door' then I would be wise 
to get an appropriate visa before starting my journey, 
even if it means disagreeing with the travel agent about 
need. 

After my stay in San Francisco I flew direct to 
Heathrow. On arrival no card was required for UK 
citizens so I could have been carrying anything. I was 
not alerted to the dangers of carrying any 
organic matter and no bins in which to deposit it. 
One got the impression that we were back in cosy old 
Britain where anything goes, carry anything in; also it is 
still difficult to find a reference to rabies and I saw no 
reference to environmental issues anywhere. Even 
greater concern must be held about what sort of tests 
are made on food and other items of animal and 
vegetable origin. 

There is no traceability or follow up to the import of 
bees or bee products. No mechanism nor funds exist 
for an audit trail of these items. Why cannot they be 
self-financing? A spokesperson for the MAFF should not 
be able to say that funds are not available to pursue 
such an important matter. I suggest that all livestock 
imported should be put through the most rigorous tests 
and that all the on-costs are covered by the importers. 
One is led to believe that so long as the paperwork is 
correct then everything else will be also. 

This has enormous implications for breeding of any 
livestock on this island. We are good at dealing with 
the catastrophe when it happens, but at such a 
tremendous cost? 

It appears that some countries with equally advanced 
agricultural and horticultural activities attempt to keep 
the horse in the stable and not let it escape! 

Ken Ibbotson 
President BIBBA 
March 2001 
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Breton Black Bee Association, France 
I like the work done by BIBBA. Here we are doing the same for our local black bee. Our association is strong now and well-
established. We have a conservation area established on Ouessant Island. We have 80 colonies there, and 15 stocks of bees on 
the mainland. 

It's pleasant to read your magazines, as I agree with your ideas about biodiversity and conservation of local bees strains. I hope 
to attend one of your conferences after I retire from work. It's not easy to have a full time job and take care of both my own and 
the Associations bees stocks. I have about 40 of my own plus 15 of our black bee association on the mainland. 

The Breton Black Bee Association has about 60 members and an annual budget of 120,000 F ( about £12 000). We have many 
stocks and hives. Our Association is well known and I hope established. 

We employ young man on a part-time basis on Ouessant where we have 80 colonies, we want to establish a full time beekeeper. 
But we are anxious as he his not fully experienced, but he can ask for help from a professional on mainland. He has 3 stocks 
presently and probably more in the future. 

Since 1989 I have been the secretary, but I have not enough time to be President and go to Ouessant routinely. 

Later on I shall give you more information about what we are doing in the breeding programme. 

We have problems with Varroa, for it is the first time I have mites resistant to fluvalinate ( from Apistan), we don't know yet how 
we will overcome this. We are looking to select of stocks able to cope with mite infestation, zero Varroa is impossible to have. 
This year I propose, like other friends, to try zero or low medication in a group of stocks. We are hoping the bees will provide the 
answer with our help. 

Job Pichon, 4, Rue Michel Herve, 29 200 — Brest , France. 	Phone 02 9803 30 43 

Cyberspace beekeeping 
	

Dave Cushman 

Dark native 
queen bees 

Queen mothers are from Apis mellifera mellifera stocks 
selected using wing morphometry and for 

hygienic behaviour using liquid nitrogen method 

Open mated in the Derbyshire Hope Valley 

Quiet tempered and productive 

Thorax marked and wing clipped as required 

Limited availability for Summer 2001 

Orders being taken now £ 18.50 inc p & p 

Many queen orders could not be supplied in 2000. 
Please reorder for 2001 

Peak Bees 
The Old Manse, Great Hucklow, 

Tideswell, Buxton, Derbyshire SK17 8RF UK 
tel: 01298 871262 

email: queens@peakbees.co.uk 

Dark Galtee 
Queens 

Dark native queens bred 
from my strain of Apis 
mellifera mellifera bees. 

Send for a brochure 

Micheál MacGiolla Coda 
Glengarra Wood, Burncourt, Cahir, 

Co.Tipperary 
email: galteehoneyfarm@hotmail.com 

Tel: 00-353-52-67205 

I have been interested in bees and beekeeping since I was 
four years of age. I did not pursue this directly until I was in 
my late teens when I started collecting beekeeping books and 
became fascinated by bees and beekeeping methods. During 
the 1960s I started manufacturing beekeeping equipment. 
Originally I had no bees of my own, until about 1975, then I 
started with a single colony, then ten, then thirty five:- but 
then most of you will have been down this route! 

By trade I was an electronic engineer and I have had 
knowledge of computers since 1961, however they were not 
very accessible to individuals and programming was an 
absolute nightmare compared to the present day. I have been 
involved in the design of computer hardware and used many 
versions of computers over many years. The IBM desktop PC 
that has become the "standard" of today was not originally 
thought to have much appeal, there were others that were 
more suited to those with an engineering background. 

My manufacturing company APEX Enterprises became 
bankrupt in 1995 and shortly afterwards I had a heart attack. 
The surgery that I underwent to correct the problems was 
unsuccessful, which leaves me feeble and easily tired, my 
poor physical state means that I can barely do justice to the 
few bees that I do still keep. 

I obtained my first IBM PC in October 1999, I purchased a 
particularly inexpensive machine (£299.00) which was riddled 
with faults. It took me three months of intermittent work and 
extra cost to get the thing running to my satisfaction. With a 
workable machine I started looking at the internet... I had 
known about the internet since the early, military "arpanet" 
days. 

I was very surprised, as I did not realise what a powerful 
resource the internet had grown into. A friend passed me the 
URL's of a few beekeeping related sites which included several 
Email "lists", I should explain that a URL is an electronic 
address of an internet website and that Email lists are forums 

of discussion by like minded individuals. 

During my time as an equipment manufacturer I met and 
conversed with many beekeepers, academics and other 
equipment manufacturers. The Email lists are similar to this 
but with a fully worldwide group of participants. I jumped into 
this system with both feet and I now regularly converse, 
discuss and on some occasions argue with, about a thousand 
individuals on about a dozen Email lists. 

During my time as an equipment manufacturer I did many 
experiments with bees, and had intended to write books on 
retirement. Beekeeping books currently do not sell very well 
and the possible market is diminishing all the time, so I 
decided I would put my information on a website instead. 

I thought that a website of about 12 or 15 pages would 
suffice so I bought a book on HTML (a very simple 
programming language) and rattled off a few pages... After 
two weeks I had produced about forty pages and realised that 
I had only scratched the surface. I have been plugging away 
and have produced an unsophisticated, sometimes 
controversial set of about 400 pages, (some of which are far 
from complete) I hope what I have produced so far is useful 
to others... I am always open to suggestions for additions or 
improvements. 

I deliberately hold no copyright on any of my internet work so 
that it may be freely distributed. 

My health is not likely to improve but my brain remains active 
and I can exercise it in the many discussion groups. As I 
spend more than half of my beekeeping time at a keyboard, I 
now describe myself as a Cyberspace Beekeeper. 

Many of you may already have computers and then again 
many of you may be unaware of the benefits. To those that 
say "I have no interest in computers" I would reply that they 
are only a means to an end... They are merely a way of 
communicating with other people or obtaining information. 

URGENT COMMUNICATION: YOUR 
ACTIVE HELP IS REQUESTED IN 

SPREADING THE NEWS 

BBKA SPRING CONVENTION 
IS GOING AHEAD 

Saturday 28th April 2001 

All beekeepers, wherever they live are welcome at 
Stoneleigh Park. RASE wishes the convention the 
best of success it has always enjoyed. 

They ASK ONLY THAT VISITORS PRACTICE 
PROPER HYGIENE PRECAUTIONS 
- stay out of prohibited areas, drive slowly through 
the disinfected straw and get out of their cars to 
disinfect their shoes,keep to the hard standing areas; 
keep away from grass, DO NOT BRING DOGS 
INTO THE SHOWGROUND. 

Visit the BIBBA stand ! AGM on Sunday 29th April 

You do not need to be interested in how a telephone works to 
be able to use one. There are computer owners that do not 
use the internet. To those I would ask that they think again, 
there is much useful information "out there" and no doubt you 
have information that others may wish to share. Email is very 
fast, efficient and virtually no cost, you can send 10 or more 
Emails to any point on the globe for about £0.01. Most 
libraries now have internet computers and will give instruction 
on how to use them. For a fee of about £1 per hour they will 
let you try it for yourself. 

I am happy to give further information or advice by telephone 
(0116 260 2527) to any that may wish to enter the world of 
computers but are unsure how to. 

Dave Cushman 

email: dave.cushman@lineone.net 
website: http://website.lineone.net/—dave.cushman 

I
Did you fill out a gift declaration form for BIBBA? 

	1 

Bee breeding groups 
who are in touch with Albert Knight 01773 745287 
Dartford Bee Breeders 
East Midlands Group 
Galtee Bee Breeders 
North Devon Bee Breeders 
North Tyneside Group 
North York Moors Honeybee Conservation Group 
Peak Bee Group 
Blackburn Group 
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Bee Books New and Old 
MEAD MAKING, EXHIBITING AND JUDGING by H. Riches £9.95 

BEEKEEPING STUDY NOTES 1996 (Modules 5-8) £23.95 
BEESWAX by Ron Brown New 3rd Edition 1995 £9.95 

MICROSCOPY CERTIFICATE (Module 9) Yates/Yates £8.25 
GREATMASTERS OF BEEKEEPING by Ron Brown Illustrated 1994 Publication 

Special price now £11.95 
DO YOU KNOW ABOUT HONEYBEES? by J Buckle. New children's book, colour plates £6.99 

BEEKEEPING AND THE LAW - Swarms and neighbours, by Frimston and Smith £10.50 limp 
Write or telephone for our latest list: 

Bee Books New and Old, 10 Quay Road, Charlestown, Cornwall PL25 3NX 
Telephone (01726) 76844 

Derbyshire 
Beekeeping 

Centre 
specialists in 

QUEEN 
REARING 

EQUIPMENT 
Catalogue on request • 
Queen bees available • 

Thorne agent 
Ben and Justine Gillman, 

Nether Cottage, Nether Lane, 
Hazelwood, Duffield, Derbyshire 

DE56 4AP U.K. 
Tel: 01773 550 513 

• 1 

Bee 
Crafty! 

Read 

Bee Craft 
sal: OfT1CI1L 10V1tNA1C * TH1 RRI ISN RFFXFFSIRS ACHX;IAOON 

O Monthly ® Practical ! 

O Topical ! 

O beginners & Experts ! 

O Competitions & Reviews ! 

The leading UK monthly beekeeping journal 
Details from: 

I/ 

Mre 5 White, 
24 Dogger Lane, 
Welle-next-the-sea, 
Norfolk NR23 1[iE 

Tel/Fax: 01328 711681 

•/ 

Third party 10 

G insurance 4.1 

("one)  

B & K BOOKS 
Complimentary catalogue 

Lists over 500 titles, many difficult to find. 
B & K Books, Newport Street, Hay-on-Wye, Hereford HR3 5BG 

Tel: 01497 820386 

This BIBBA quarterly 

magazine is free to 

members for an annual 

subscription of only 
£15 per year. 

Join today! 
BIBBA Membership Secretary: 
Brian Dennis, 50 Station Road, 
Cogenhoe, Northants NN7 1LU 

Tel:01604-890117 

Read 

'An 
Beachaire' 

The Irish 
Beekeeper 

Published monthly. 
UK subscription £10.00 
(Sterling) per annum. 

Republic of Ireland 
IR£9.50 per annum 

post paid. 

Sample copy from: 
Hon. Manager, 
Graham Hall, 

Weston, 38 Elton Park. 
Sandycove, Co. Dublin, 

Ireland. 

GWENYNWYR CYMRU 

THE WELSH 

BEEKEEPER 
The publication of the Welsh 

Beekeepers Association, 

giving news and views of 

beekeeping in Wales and 

abroad. Subscription details 

from: 

R.Prue, Tir Onnen, Pum Heol, 

LLANELLI, CYMRU SA15 4NB 

U.K. 

The 
Beekeepers 

arterly 
Northern Bee Books, Scout Bottom Farm, Mytholmroyd, Hebden Bridge, 

West Yorkshire, HX7 515. TeI:(01422) 882751, Fax:(01422) 886157 

Britain's Biggest & Brightest Beekeeping Magazine 

Subscribe Today 
Only £14 per year !! 

we supply books on bees &. beekeeping 
send for lists 
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