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Preface

11 и i i iituries Apis mellifera L., the honeybee, has 
hri-ti managed by humans, principally for honey 
l*iixluction though today honeybees are also 
ir. ognlzed for their crucial role as pollinators.
I luiitigh pollination, honeybees play a major role 
in biodiversity, crop and orchard production and 
iluirforc in animal and human food security 
•ini livelihoods.

Honeybees face numerous diseases and 
i l nr.ns :  infectious diseases, parasitic diseases, 
1'i ' t t  and intoxications. The management of 
honeybee diseases has often been undertaken 
•nlely by beekeepers for their own beehives.

Uncontrolled international exchanges and 
11,nlc have led to the spread of bee diseases. To 
i ii г up lo the challenges posed by this situation 
l i n i n g  public- and private-sector components of 
veterinary services to manage the surveillance 
uni control of honeybee diseases within their 
Irrtllorles in close collaboration with beekeepers
■ i mI technicians are of major importance.

The World Organisation for Animal Health 
(i ill-!, Office International des Epizooties), an 
inln-governmental organization established 
in 1424, with the current mandate to improve 
animal health, veterinary public health, and 
animal welfare worldwide, is dedicated to:

• ensuring transparency of the animal disease 
slluation worldwide, including diseases 
transmissible to humans;

• collecting, analysing, and disseminating 
veterinary scientific information;

■ providing expertise and promoting inter­
national solidarity for the control of animal 
diseases;

• guaranteeing the sanitary safety of world 
trade in animals and animal products;

• Improving food safety from the farm to the 
abattoir;

• promoting animal welfare through a science- 
based approach;

• improving the legal framework and resources 
of national veterinary services.

Bee health and bee diseases have been addressed 
by the OlE since its establishment and continue 
to be an integral part of its mandate and 
activities. The OIE reaffirmed its commitment 
to the beekeeping sector by making bee health 
one of the priorities of its strategic plan for the 
years 2011-15. During this period, the OIE 
standards related to bee diseases, included in the 
Terrestrial Animal Health Code and the Manual 
of Diagnostic Tests and Vaccines for Terrestrial 
Animals, were or are in the process of being 
updated.

In 2014, the OIE Bulletin 2-2014 ‘Protecting 
Bees, Preserving our Future’ pointed out the ‘vital 
roles’ of bees and the ‘biological, agricultural, 
environmental and economic disaster’ of the loss 
of bees as pollinators. The OIE also published 
in 2014 Bee health and Veterinarians, edited by 
Prof. Wolfgang Ritter, emphasising the asset 
veterinarians can be for the beekeepers.

In this context, Honeybee Veterinary Medicine: 
Apis melliferaL. writtenbyNicolasVidal-Naquet, 
DMV and graduate in Beekeeping -  Honeybee 
Medicine from the French Veterinary Schools 
of Nantes (Oniris) and Alfort, will provide 
further valuable scientific information to a wide 
readership, including veterinarians, veterinary 
officials, and practitioners involved in the 
beekeeping sector.

Dr Bernard Vallat 
Director General, OIE

xvii



Foreword

The veterinary profession as we know it is just 
over 250 years old and originated in France 
to protect and heal mammalian livestock and 
working equids. Despite the long human history 
with honeybees and their propagation, veterinary 
medicine has had relatively little to do with this 
economically and culturally important domestic 
animal. This has now changed. We finally have 
a comprehensive book on honeybee medicine 
and management written by a veterinarian. 
And it seems quite appropriate that a French 
veterinarian, Dr Nicolas Vidal-Naquet, has 
written such a book.

While it is hard to quantify, or even imagine, 
the value of Apis itiellifem to mankind, some 
financial estimates and comparisons can he 
made. It is estimated that the global impact 
of pollinating insects has a value ot about 
€180 billion per year with most ot the work 
being done by honeybees. Compare this to cattle 
at about €135 billion, pigs at €130 billion, and 
chickens at €105 billion. In fact nearly 10"i> of the 
worlds agriculture relies on pollinating insects, 
with the most important impact being on fruits, 
oilseed crops, and vegetables.

This book, like a honeybee hive, is packed 
with richness in an organized and structured 
format. The author's systematic description of 
the honeybee, and the colony that he terms the 
‘super-organism’, provides a strong foundation

for the rest of the book. Chapters on specific 
diseases and clinical syndromes follow. These 
include environmental, viral, bacterial, fungal, 
and parasitic diseases that lead into sections 
on healthy beekeeping and clinical honeybee 
medicine.

The hundreds of text pages are richly illus­
trated with beautiful color images, helpful tables, 
informative charts and graphs, and easy-to- 
mterpret original drawings by the author. The 
appendices arc an important feature of this text 
and provide valuable information on honeybee 
biology and natural history, necessary supplies 
and equipment, sample collection protocols, and 
OIK notifiable diseases.

The timing for a comprehensive book on 
honeybee medicine could not be better nor could 
the author who has brilliantly accomplished this 
task. Dr Vidal-Naquet is a skilled veterinarian 
with nearly three decades of clinical experience, 
possesses a diploma in bee pathology, and is 
an expert apiarist with many years of hands-on 
proficiency and familiarity with his subject 
matter. This is a priceless combination that 
cannot be taught or learned from books or 
lectures. Like a delicate hive, this book was 
developed with passion, and nurtured with love.

Gregory A. Lewbart
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Glossary

Alighting board A small projection or 
platform at the entrance of the hive.

Apiary Colonies, hives, and other equipment 
assembled in one location for beekeeping 
operations; bee yard.

Colony (honeybee colony) A group of 
individuals living together with biological, 
physiological, and behavioural characteristics. 
The colony must be considered as a super­
organism with social features (eusociality), 
a complex organization, and mechanisms of 
homeostasis, reproduction and defence. The 
colony lives in the nest, where the brood is 
reared and where provisions are stored in wax 
combs.

Colony in good health Defining good colony 
health is not easy. However, a definition based 
on four points can be given:
• There is no clinical sign of disease.
• The reported brood/adult ratio is in line 

with the expected evolution of the colony 
and the time of year.

• There is foraging activity and production 
of honey and beebread.

• The total quantity of pollen and honey 
stored surrounding the brood is estimated 
to be in relation to the needs of the colony.

Colony weakening The definition of weak­
ening is also quite elusive and difficult to 
comprehend. Weakening has been defined 
as ‘a lack of strength of a beehive’. Weak­
ening is linked to an unexpected decrease 
in bee population density and dynamics, 
associated with a decrease in colony activity 
compared with the expected seasonal activity 
and honeybee population. Weakening may 
be the consequence of a reduction of brood 
(surface and/or brood-comb frames) and/or 
of honeybee disorders and/or depopulation.

„  _ . . ? xxiii

Weakening is combined with a decrease or a 
cessation of honey production.

Colony mortality Colony mortality is defined 
as the death of the colony. However, a colony 
may also be considered dead if all the factors 
required for viability are missing (few bees, 
no brood, no queen, no food stored, etc.). The 
mortality of colonies may be characterized 
by the time of year but also by the rate of 
colony losses within an apiary: winter 
mortality of honeybee colonies ‘is a normal 
annual seasonal phenomenon in apiaries’ -  
depending on climate and region. A normal 
winter mortality of 5-15% is reported, but 
colony mortality during the beekeeping 
season is not a ‘normal phenomenon in an 
apiary’.

Comb The wax portion of a colony in which 
eggs are laid, and honey and pollen are stored.

Comb foundation An artificial structure 
consisting of thin sheets of beeswax with 
the outlines of the cell bases of worker cells 
embossed on both sides in the same manner 
as they are produced naturally by honeybees.

Drifting The failure of honeybees to return 
to their own hive in an apiary (e.g. when 
the apiary contain many colonies). Drifting, 
along with robbing, is one means of pathogen 
transmission between colonies.

Foundation (wax foundation, embossed 
wax foundation) Thin sheets of beeswax 
embossed or stamped with the base of worker 
(or sometimes drone) cells on which bees will 
construct a complete comb (called a drawn 
comb); also referred to as comb foundation. 
It comes wired or unwired.

Frame A wooden rectangle, designed to hold 
brood and honeycombs, usually separated



by a bee-sized gap in the hive body and the 
supers.

Hive Hie structure used by bees for a home.
Hive tool A flat metal device with a curved 

scraping surface at one end and a flat blade 
at the other; used to open hives, and pry apart 
and scrape frames.

Honeydew A material excreted by insects of 
the order Homoptera (aphids) which feed on 
plant sap. It contains almost 90% sugar, so 
is collected by bees and stored as honeydew 
honey.

Honey flow A time when nectar is plentiful 
and bees produce and store surplus honey.

Nucleus (nuc) A small hive of bees, usually 
covering two to five frames of comb, and 
used primarily for starting new colonies, or 
for rearing or storing queens.

Package bees A quantity of adult bees (usually 
0.5-2 kg), with or without a queen, contained 
in a screened shipping cage with a food

Robbing Stealing of nectar, or honey, by bet 
from other colonies which happens when 
weakened colony is unable to defend itsc 
during a nectar dearth. Robbing, alon 
with drifting, is one means of pathoge 
transmission between colonies.

Super A receptacle in which honeybees stoi 
honey; usually placed over or above the broc 
nest. It refers to hive bodies used for horn 
production (honey super).

Supersedure Rearing a new queen to replai 
the mother queen in the same hive; short 
after the daughter queen begins to lay egg 
the m other queen disappears.

Swarm The aggregate of worker bees, droni 
and usually the old queen that leaves d 
parent colony to establish a new colony.

W inter cluster The arrangement of adult be 
within the hive during winter (bees hangii 
together, forming a ball-like arrangement).

source.



Introduction

Or it could be that it was just the realization 
that treating cows and pigs and sheep and 
horses had a fascination I had never even 
suspected; and this brought with it a new 
concept of myself as a tiny wheel in the great 
machine of British agriculture. There was a 
kind of solid satisfaction in that.

James Herriot, 
All Creatures Great and Small

This book, Honeybee Veterinary Medicine: 
Apis mellifera L., has been written just as the 
apiculture sector is facing a major health crisis.

Honeybee colonies have a long history of 
human management and hold a special place 
in human life. If their more visible role is 
the production of honey, their major role is 
pollination: pollination of wild flora, with a 
crucial role in biodiversity, but also pollination 
of crops and orchards, with a fundamental 
role in food production. Eighty per cent of the 
264 crop species cultivated in the European 
Union are reported to depend directly, totally 
or partially, on insect pollinators (including 
honeybees, bumblebees, wild and solitary bees), 
indicating just how fundamental they are to our 
existence (Chauzat et al., 2013). Globally, the 
economic value of pollination is estimated to be 
€153 billion (Gallai et al., 2008; Chauzat et al., 
2013) and the apiculture industry is of central 
importance to the world’s agricultural economy.

The honeybee, A. mellifera L„ has particular 
characteristics as a managed species. Firstly, the 
unit is the colony, which is considered as a super­
organism, and not the individuals. Secondly, it 
is also the only managed species for which the 
farmer cannot control the food intake. The food 
resources of honeybees are the pollen and nectar 
of flowers and honeydew of plants they choose 
to gather. Thus, A. mellifera is totally dependent

on the environment, and the management of 
the colonies is a challenge for the beekeeper, in 
particular in the face of the current health crisis.

For more than two decades, the apiculture 
health crisis has mainly been characterised by 
weakened and collapsed colonies leading to the 
impairment of pollination activity and honey 
production. There is quite general agreement on 
the causes of these health problems and colony 
losses which are thought to be linked to many 
stressors.

Awareness of the importance of honeybee 
colonies and other insect pollinators has lead 
worldwide governmental authorities (health, 
research, agriculture, etc.) to invest financial 
resources in particular to develop basic and 
diagnostic research but also epidemiological 
surveillance networks. The aims are to 
understand what is going on with honeybee 
colonies and other pollinators, the causes of 
their troubles, and how to control or mitigate 
these problems.

Because of the double role played by honey­
bees, i.e. in pollination and food production, 
honeybee health is a challenge for many sectors 
involving basic research and universities, and 
spanning the fields of industry, agronomy and 
agriculture: beekeepers of course, crop/orchard 
farmers, agronomic institutes, research and 
diagnosis laboratories, agricultural authori­
ties, health authorities, official veterinarians, 
chemical and pharmaceutical industries, not 
forgetting non-governmental organisations and 
other environmental associations, and finally 
the veterinary profession (officials, researchers, 
practitioners).

For historical reasons, veterinarians and 
particularly practitioners have tended not 
to be greatly involved in honeybee health. If 
the veterinary profession and in particular

1



2 Introduction

practitioners have so far taken little interest 
In this managed species, many veterinarians 
In Europe are increasingly conscious of the 
stakes involved in the current health crisis. In 
I'ranee, a degree course was created in 2006 
in order to train veterinarians in honeybee 
pathology. So far, approximately 120 French 
veterinarians have been trained and graduated, 
allowing an involvement of practitioners in the 
field. Other European countries, including Italy 
and Germany, have also instituted training for 
veterinarians in honeybee pathology. It must be 
recognized, however, that beekeepers tend not to 
be keen on seeking the help of a practitioner as 
Is done in other husbandry sectors.

Nevertheless, the veterinary profession is 
Involved in several aspects of the beekeeping 
sector (Vidal-Naquet and Roy, 2014):

• Official veterinarians are beekeepers’ main
interlocutors concerning notifiable diseases, 
suspected poisoning in colonies, and
veterinary public health.

• Veterinarian researchers working in public 
laboratories and organisations, e.g European 
Union Reference Laboratory for Bee Health1 
(Sophia-Antipolis Laboratory), EFSA.2

• Lecturers and researchers in higher- 
education and research agronomic institutes 
and veterinary universities.

• Veterinarian pathologists and biologists.

1 European Union Reference Laboratory for Bee Health
(Sophia-Antipolis Laboratory), Les Templiers, 105 route 
(les Chappes, BP 111 , F-06902 Sophia-Antipolis Cedex, 
prance. The laboratory’s main activities are wide-ranging, 
covering the major bee diseases (parasitic, bacteriological, 
and virological) as well as exotic diseases (insects and acari) 
which threaten the bee population. In accordance with the 
requirements of the European Commission, the Laboratory 
is also tasked with investigating the causes of bee colony 
poisoning incidents, https://eurl-milk.anses.fr/en/minisite/ 
abeilles/eurl-bee-health-home.

1 European Hood Safety Authority, via Carlo Magno 1A, 
43126 Parma, Italy. EFSAs role is to assess and communicate 
on all risks associated with the food chain. Since EFSAs 
advice serves to inform the policies and decisions of risk 
managers, a large part of its work is undertaken in response 
to specific requests for scientific advice. Requests for scientific 
assessments are received from the European Commission, 
the European Parliament, and EU Member States, http:// 
www.efsa.europa.eu/en/topics/topic/beehealth.htm.

• Veterinarians in the pharmaceutical industry
producing veterinary medicines for bee
diseases.

• Veterinarian practitioners.

Considering the health crisis facing the 
apicultural sector, veterinarian practitioners 
almost certainly ought to be associated with the 
health management of beekeeping farms in the 
same way as they are in other husbandries. This 
was implicitly recognised and supported by the 
OIE3 in a book it published entitled Bee Health 
and Veterinarians (edited by Wolfgang Ritter) in 
2014.

Veterinarians, and in particular practitioners 
competent in honeybee pathology, are trained 
and have professional experience in clinical 
examination, diagnosis, prophylactic methods, 
control of diseases, but also pharmacology 
and health management Furthermore, as 
animal health professionals, veterinarians have 
the professional prerogative of being able to 
prescribe veterinary medicines. The veterinary 
profession is a part o f the One World-One 
Health principles (FAO/OIE/WHO, 2009; 
One Health Initiative, 2014). The One Health 
principles are ‘a worldwide strategy for 
expanding interdisciplinary collaborations and 
communications in all aspects of health care for 
humans, animals and the environment’ (One 
Health Initiative, 2014). Apis mellifera is symbolic 
of the One W orld-One Health principles (FAO/ 
OIE/WHO, 2009; One Health Initiative, 2014): 
it is a species dependent on the environment 
and is affected by a health crisis that is likely to 
impair human feeding, livelihoods, and welfare 
in the future.

As they are managing a food-producing 
reared species, using veterinary medicines and 
trading products of the hive (honey, pollen, 
propolis, wax, venom) as well as honeybees 
(queens, nuclei, package bees), beekeepers 
should consider veterinarians and, in particular

1 OIE: World Organisation for Animal Health, 12 rue de 
Prony, 75017 Paris, France. One of the O IE’s main missions 
is to ensure the transparency of the world animal health 
situation, www.oie.int.

a
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practitioners competent in beekeeping and 
honeybee pathology, as an asset, especially given 
the problems that currently exist.

As already noted, colony losses, weakening, 
or collapse are considered to be a consequence 
of many stressors: environment and climate, 
intoxications, pathogenic agents (viral, bacterial, 
parasitic, pests), parasites and in particular the 
mite Varroa destructor, beekeeping practices, 
global apiculture trade and exchanges. Some 
of the diseases affecting honeybee colonies are 
notifiable diseases and pests to the OIE.

In European countries, the only veterinary 
medicines permitted for honeybees are those 
controlling Varroa infestation. Other kinds 
of medicines, e.g. antibiotics, are not allowed 
in the European Union but are permitted in 
other countries (e.g. USA and Canada). The 
safety of the products of hives depends on good 
practices concerning the prescription and use of 
veterinary medicines and drugs. It also depends 
on the residues of pesticides used on crops and 
orchards pollinated by bees.

Considering notifiable diseases and the 
associated mandatory health measures, and 
considering the potential risks of residues of 
medicines and pesticides in the products of hives, 
the honeybee sector, like other animal farming 
sectors, also raises question of veterinary public 
health, in which veterinarians must clearly play 
a central role (Vidal-Naquet and Roy, 2014). 
Thus, honeybee veterinary medicine has become 
a great challenge for the veterinary profession, in 
particular for practitioners.

Many books, basic research publications, 
and epidemiological surveillance studies are 
published each year on honeybee biology and 
physiology, honeybee health, and honeybee 
problems -  all these are strong and fundamental 
sources of information and knowledge. This book 
has been written with the aim of presenting the 
diseases and health troubles found in honeybee 
colonies as a veterinary text because A. mellifera 
is a managed species. It aims to present a 
detailed overview of the veterinary medicine of 
the honeybee.

This is not a zoology and biology textbook;

however, the first chapter aims to provide the 
main characteristics of the biology of A. mellifera 
which are of significance in the field of honeybee 
pathology. The subsequent chapters describe the 
intoxications, diseases, pests, and syndromes 
affecting honeybee colonies, following a 
standard veterinary pattern with the description 
of the disease, the causes (environment, human, 
chemicals, bacteria, viruses, parasites, fungus, 
pests), the pathogenesis, the epidemiological 
and transmission characteristics, the clinical 
signs, the diagnosis, the control and the 
prophylactic methods for dealing with diseases 
or problems occurring in hives. Honeybee 
Veterinary Medicine describes how to perform a 
clinical examination of a honeybee colony and 
a health audit of a honeybee farm. A chapter is 
also dedicated to essential sanitary beekeeping 
practices. The appendices of the book contain 
tables presenting biological data on honeybee 
colonies, the diseases which are notifiable to the 
OIE and to European countries, the methods of 
sampling, and a practical method for a health 
audit of an apiary.

Honeybee Veterinary Medicine has been 
written with the hope that it will be a valuable 
guide to veterinary students, veterinarians, 
professionals, and other stakeholders in charge 
of the medical care and welfare of honeybees.
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1
Biology of A p is  m ellifera  L.: 

from the individual to the super-organism

I In honeybee, Apis mellifera Linneaus, 1758, 
It .1 social insect belonging to the order 
I lymcnoptera. The social aspect of the 
honeybee is crucial for understanding this 
t|.i4lcs, which comprises individuals living 
wilhin a colony. The biology of Apis mellifera 
I 1» Ihc consequence of complex interactions 
In lween individual features and the relationship 
between adult honeybees (Figures 1.1 and 1.2). 
i mlerstanding the biology of A. mellifera 
means understanding both individual and 
, olony features and in particular social ones, 
the biology of A. mellifera and its particular 
, h.iuicterlstics are fundamental for beekeeping 
hiuhundry, and essential to understanding, 
diagnosing, and controlling honeybee colony 
dilutes.

figure 1.1 A p is  m e llife ra  L. is  a  s o c ia l  in s e c t. 
P icture of a n  ind iv idual (o u ts id e  w o rk e r /
(■ anger). (© N ico la s  V id a l-N aq u e t.)

1 Taxonomy and natural history

1.1 Taxonomy

A bee is defined as any insect belonging to the 
order Hymenoptera and the super family Apoidea. 
Bees include both solitary and social species and 
are characterized by pollen-collecting structures 
on the hind legs or on the abdomen, and by 
sucking and chewing mouthparts for gathering 
nectar and pollen.

Apis mellifera L. (tribe Apini) is classified 
into the sub-family Apinae, with orchid bees 
(Euglossoni), bumblebees (Bombini), and sting­
less bees (Meliponinae) (Winston, 1987).

They belong to the phylum Arthropoda, 
the class Insecta, the order Hymenoptera, the 
superfamily Apoidea, and the family Apidae. The 
Apidae are characterized by a pollen basket on 
the third leg (on worker bees at least), and present

Figure 1.2 A p is  m e llife ra  L. is  a  socia l in se c t. 
P ic tu re  o f a  c o m b  w ith  n e s t  w o rk er b e e s  a n d  
th e  q u e e n .  (© N ico las  V idal-N aquet.)
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a more or less developer! social behaviour. The 
genus Apis is characterized by social behaviour, 
a perennial colony, and a nest built from wax in 
which immature forms (the brood) are reared 
and provisions (honey and pollen) are stored.

The genus Apis is the only member o f  the 
Apini tribe. Apis is considered to be represented 
today only by five to nine species according 
to taxonomists (Winston, 1987; Grimaldi and 
Engel, 2005). Taxonomic studies in the genus 
Apis and inside each species require DNA and 
mitochondrial (mt) DNA research (Engel, 1999a, 
b) in addition to morphological studies (wings 
veins, colour, pilosity, size) (Le Conte, 2006a). 
The honeybee found in western countries is 
Apis mellifera L. The Indian honeybee Apis 
септа, the dwarf honeybee Apis florea, and the 
giant honeybees Apis dorsata and Apis laboriosa 
are eastern species. The other species, Apis 
andreniformis, Apis nigrocinta, Apis nuluentis, 
and Apis koschewnikovi, also live in Asia (Le 
Conte, 2006a).

Apis mellifera is very close to A. cerarm 
in morphology and behaviour. However, the 
colonies of A. mellifera are larger than those of 
A. cerana (up to 100,000 bees vs. 7,000 bees) 
(Winston, 1987).

O f all these species, A. mellifera has the most 
interesting behaviour for rearing and apiculture. 
European strains of A. mellifera reared around the 
world are called European honeybees. African 
species of A. mellifera are called Africanized 
honeybees.

Colonies of European honeybee have been 
introduced throughout the world (and in 
Asia too). In managed colonies, processes of 
selection have been implemented by beekeepers 
to obtain favourable and optimal characters for 
apiculture -  indeed, certain features are actively 
sought in beekeeping practice, including honey 
gathering, gentle behaviour, and non-swarming 
behaviour.

There are many variations o f A. mellifera, 
defining in particular subspecies or strains 
(behaviour, colour, and size according to 
habitats, adaptation to local conditions, etc.) 
(Ruttner, 1988).

Bees are thought to have appeared by divergence 
from sphecold wasps about 100 million years ago 
(in the middle Cretaceous period). At the same 
time angiosperm plants became the dominant 
vegetation (Winston, 1987).

The evolution o f angiosperm vegetation and 
the evolution of bees are believed to be linked; 
colour, odour, shape, excess nectar, and pollen 
attract bees, which became increasingly adapted 
to pollination over the millennia. Primitive bees 
were short-tongued, while more evolutionary 
advanced bees have longer tongues. Apis mellifera 
is a long-tongued bee species (Le Conte, 2006a).

MtDNA studies suggest that the geographic 
origin o f A. mellifera is the Middle East region 
(Garnery et al., 1992; Le Conte, 2006a). There, 
the species is supposed to have divided into 
three branches; M, developing mainly in north 
and western Europe; C, developing mainly in 
southern Europe and the north Mediterranean 
sea; and A, developing mainly in Africa. MtDNA 
studies in A. mellifera species have confirmed 
these three mitochondrial lines:

• M (west Mediterranean);
• C (north Mediterranean);
• A (Spain, France, Algeria, Congo, Malawi; 

(Garnery et a l, 1992).

W ithin these branches, subspecies are defined 
that have their own morphological and 
behavioural features, allowing adaptation of 
A. mellifera to local environments. Studies on 
m itochondrial markers (mtDNA) and single-! 
nucleotide polymorphisms (SNPs) may provide j 
an explanation for the evolutionary lineages and | 
hydrldization, and enable us to understand the 
genetic profiles o f the subspecies (De La Ruarf 
at., 2009).

1.3 A pis  m e llife ra  L. su b sp ec ies  
(W inston, 1987; Le C onte, 2006a;
D e La Rua e t  a l., 2009)

1.3.1 Main European subspecies

Apis mellifera mellifera is the dark honeybee d 
Europe (particularly distributed in northed

1.2  A pis mellifera  L. natural history

J
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i Mi ope and from France to Russia). These 
i«ми i bees are medium to large with a relatively 
I к о t tongue. Their dark-coloured body gives 

.11 to their name: dark bee or black bee. Apis 
,iu //i/mj mellifera is adapted to its local environ- 
и. nl Ihcse honeybees are reported to present 
■ irliitlvcly aggressive behaviour though are
....  likely to swarm. They are considered to be
.....igly resistant to cold weather. Because of

Ни и short tongue, they are not able to gather
и. i tin In long corolla flowers (Winston, 1987). 
t/'n m mellifera is reported to be sensitive to 

hiniiil diseases.
With the development of global apiculture 

uni lor a variety of beekeeping management 
,.ii inis, in particular to improve honey
I.... luction, to encourage hygienic and docile
i ilmvlour, and queen-rearing abilities but
111., because of the health crisis, beekeepers 
liiivr selected and/or reared some strains and 
Milupecles that are not necessarily adapted to 
In, .il conditions. They are also often compelled 
ы irur species ‘foreign to their environment, 
In .uisc of the health crisis in their apiaries and 
ill. difficulty of finding local A. m. mellifera.
11.. sr 'foreign subspecies and strains need 
, n u ln  conditions for rearing, in particular 
in ilie following generations (as in the case of 
ib. Iluckfast honeybee described below). They 
... iv also hybridize with local black honeybees,
. III, h risks impairing the abilities of these local 
in jins Currently, it seems that beekeepers are 
n ylug more and more, with the help of scientists,
к. rear local honeybee subspecies adapted to 
ilirlr local environmental conditions.

Apis mellifera ligustica is the Italian honeybee, 
ilsn called the yellow bee. This is one of the 
и к ist widely reared subspecies in beekeeping.
I In sc honeybees are medium shaped with long 
longues, and are mostly ‘yellow’ or golden. 
Ilicy have gentle and high honey-gathering 
behaviours. They are not likely to swarm but 
<erm more prone to robbing behaviour than 
oilier subspecies. They need more stock during 
winter because they overwinter in large colonies.
II is a popular species in apiculture, and in 
particular in selection rearing.

Apis mellifera carnica, or the Carniolan bee, 
is distributed in middle and central-eastern 
Europe: the eastern Alps, Slovenia and the 
northern Balkans. These honeybees are large 
with long tongues. They are a dark bee that 
exhibits gentle behaviour (greatly appreciated 
by beekeepers). Apis m. carnica tends to swarm 
easily (Imdorf et al., 2010). It is a honeybee 
adapted to cold winters, and overwinters in 
small dusters. Apis m. carnica is reported to be 
sensitive to nosemosis and acariosis.

Apis mellifera caucasica, the Caucasian bee, is 
a honeybee living from the Caucasus to the Black 
Sea. These honeybees are large with very long 
tongues. This dark grey bee tends to have a very 
gentle behaviour and does not tend to swarm. 
Apis m. caucasica is reported to be sensitive to 
nosemosis and acariosis in particular during 
overwintering.

Apis mellifera macedonia is distributed over 
Bulgaria, Greece, Romania, Ukraine, and Turkey. 
Apis mellifera iberiensis is the local bee living in 
the Iberian peninsula.

1.3.2 Main Eastern Europe and Middle East 
subspecies
Apis mellifera anatolica is distributed in Anatolia 
in Asia Minor. It is found mainly in Turkey and 
Iraq. It is a yellow bee (sometimes darkening) 
with an aggressive behaviour.

Apis mellifera syriaca, the Syrian honeybee, 
found in the Near East and Israel, is an orange- 
coloured bee. Apis m. syriaca is an aggressive bee 
adapted to the hot weather and very sensitive 
to cold.

Apis mellifera armeniaca (Armenia) and 
Apis mellifera meda (Iraq, Turkey, Iran) are also 
oriental subspecies.

1.3.3 Main African subspecies
The main distribution area of Apis mellifera 
scutellata is east Africa (Hepburn and Crewe, 
1991). It is a small, yellow, very aggressive bee 
with a clear swarming and nest-absconding 
inclination. This honeybee was imported into 
Brazil in 1956 as part of a breeding programme 
to adapt the species to local environmental



conditions (temperature in particular). Unfor­
tunately, aggressive behaviour and a tendency 
to swarm and abscond (together with their 
ability to fly long distances) have been trans­
mitted via this hybridization programme. The 
consequences are relentless migration from 
Brazil to the United States and dangerous, in 
some cases fatal, attacks on humans and animals 
(Mitchell, 2006).

Apis mellifera capensis lives in South Africa 
(Hepburn and Crewe, 1991). It is a gentle 
blackish honeybee. Apis m. capensis possesses 
some unique biological features: worker bees 
can lay down viable female diploid eggs. If 
reared in queen cells, these can become fertile 
queens. The Cape honeybee is adapted to the 
fynbos biome -  the ecoregion that is character­
istic of South Africa.

Apis mellifera adansonni lives over a large part 
of west Africa. Like A. m. scutellata it is a yellow, 
aggressive honeybee with a clear inclination to 
swarm and to abscond. Apis mellifera sahariensis 
lives in the northern Sahara and is adapted to 
large temperature fluctuations between -10°C 
and 50°C. Apis mellifera intermissa (Morocco, 
Libya, Tunisia) is very aggressive but adapted 
to local extreme conditions. Apis m. major 
(Morocco), Apis m. lamarckii (Sudan and 
Egypt), and Apis m. nubica (Sudan) are other 
African subspecies.

1.3.4 The Buckfast honeybee: a human- 
selected honeybee
Because ofits large genetic variability, A. mellifera 
is adapted to many environmental conditions. 
Thus, beekeepers as well as queen breeders 
are always trying to improve the potential of 
honeybees for both economic and behavioural 
reasons: nectar and pollen gathering, royal jelly 
production, sensitivity to diseases, swarming 
tendency, docility, etc. (Le Conte, 2006a).

An ‘artificial strain) the Buckfast honeybee, 
was created’ in England. In the 1920s, honeybee 
colonies in the British Isles were being 
devastated by the endoparasitic tracheal mite 
Acarapis woodi (Beesource, 2014). A beekeeper 
monk at Buckfast Abbey (Devon, England),

Brother Adam, decided to create a bee stock 
that could withstand this deadly disease. After 
travelling and learning about local bees in 
Europe and Africa, he created a strain of bees, 
largely from the Italian race, but adapted to the 
environmental conditions of the British Isles, 
with good foraging ability for nectar and pollen, 
Buckfast honeybees also have a lower tendency 
to swarm than many other varieties. The bees | 
exhibit good house-cleaning and grooming 
behaviours and are reported to be resistant 
to A. woodi. This artificial strain of honeybee 
presents a docile behaviour and a quiet attitude 
on the frames. However, if left unmanaged for 
one or two generations, the Buckfast bee can 
revert to aggressive behaviour.

The Buckfast honeybee is very popular among 
beekeepers worldwide because of its docility and 
gathering ability.

2 The colony: definition and 
characteristics

Apis mellifera is a social insect, individual 
features and a social organization characterize | 
the biology of the honeybee colony. If one bee 
is an individual with its own characteristics, the 
colony is the unit. The colony must be considered 
as a super-organism with social features, a 
complex organization, and mechanisms of 
homeostasis, reproduction, and defence.

The colony lives in the nest, where the brood 
is reared and provisions stored. The nest is made 
up of hexagonal honeycombs built with the wax 
produced by the wax glands of the workers.

2.1 Features o f the colony

The colony possesses the following features:

• Thepresenceofthreecastesofindividualsthat 
exhibit various morphologies. A caste can be j 
defined as a physically distinct individual <* I 
group of individuals specialized to perform 
certain functions within the colony. The three 
castes are: the queen, the only fertile female . 
within the colony: the workers, which are i

J
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sterile females: and the drones (Winston, 
1987).

. T he brood, which is composed of developing 
juveniles also called immature forms (eggs, 
larvae, pupae) reared in hexagonal wax cells.

• Resources (honey, pollen) stored in hexagonal 
wax cells.

I lie colony is considered to be perennial. This 
means that once formed the colony continues 
Irom year to year, surviving through the 
winter; adults live together in the nest and are 
Interdependent, unable to survive alone or 
i mlated from the other honeybees.

I he queen is in charge of reproduction and 
i . Ihc mother of all the workers (and drones) 
i I the colony. During their lifespan the workers 
have successively different tasks, beginning with 
indoor tasks (cleaners, nurses, builders, etc.) and 
Hiding with outdoors ones (guards, foragers) 
(Winston, 1987). The drones are supposed to
II live only one task: fertilization of virgin queens.

I he colony, as a super-organism, may divide 
into two colonies by swarming, allowing the 
u riles to spread.

Eusociality

I hr social organization of honeybee colonies 
I,uni other insects, in particular of the order 
i liinrnoptera) is also called ‘eusociality’ (from 
iln- (Ircck eu- meaning ‘good/real’ + ‘society’), 
i modal insects such as honeybees are mainly 
•Mined by four characteristics (Crespi and 
Ymirgii, 1995; Costa and Fitzgerald, 2005; 
Clowes, 2010):

• I hr adults live in a nest (the colony).
• I hr re is a clear division of labour between 

•rxual (queen, drones) and sterile individuals 
(workers).
I lu re is an overlap of adult generations. 
Adults (the workers) share the rearing of the 
brood (immature forms).

Ilu order Hymenoptera is the largest group 
mdi '.oclal species. Some bees, wasps and ants 
mr niMidal animals. Thehaplodiploid sexdeter- 
iiiIllation system (cf. section 10.3 below) may

contribute to kin selection, favouring altruistic 
behaviour in this group (Winston, 1987).

3 The castes: morphology

Honeybees are insects with a head, a thorax, and 
an abdomen. As Hymenoptera, they have two 
pairs of wings, the forewings and the hind-wings, 
connected by a series of hooks (the hamuli). 
The well-developed mandibles of Hymenoptera 
allow capture of prey (hornets, wasps, ants) and/ 
or nest shaping (honeybees). In all Hymenop­
tera, the maxillae and labium are united by a 
membrane and form a kind of tube that allows 
the aspiration of liquids (Winston, 1987).

Within the colony, the castes have their own 
roles:

• The queen ensures reproduction by posi­
tioning the eggs within the cells.

• The drones fertilize the virgin queens.
• The workers are in charge of the labouring 

tasks in the colony.

The following sections describe the anatomy of 
the three castes, beginning with the workers as 
the basic model. Then, the particularities of the 
queen and the drones will be described.

3.1 The workers

The workers (Figure 1.1) constitute the largest 
population in the colony (10,000 during the 
overwintering period winter to approximately 
60,000 during the active season according to the 
strain, the strength, and the distribution range of 
the colonies) (Winston, 1987, Le Conte, 2006b).

The body of a worker is on average 15 mm 
long, with wings the length of the abdomen. It 
is divided into three segmented parts: the head, 
thorax, and abdomen. The body is supported 
by an exoskeleton. The main functions of the 
exoskeleton (cuticle) are to serve as a barrier 
to the outside medium, and to provide armour 
(mechanical protection), protection against 
dehydration, and muscle attachments.



Figure 1.3 P h o to g ra p h  o f a  h e a d  o f a  w o rk e r 
h o n e y b e e  sh o w in g  th e  c o m p o u n d  e y e s , o n e  
o f  th e  th re e  ocelli, th e  a n te n n a e , a n d  o n e  
a n a to m ic a l fe a tu re  o f  th e  m o u th p a r ts :  th e  
m a n d ib le s . (© N ico las  V idal-N aque t.)

3.1.1 The head

The head (Figures 1.3 and 1.4) allows ingestion, 
partial digestion of food, and feeding through 
well-developed mouthparts (long proboscis and 
mandibles) and food-producing and 'salivary 
glands. The head also plays a major sensory role 
through the eyes (compound eyes and ocelli), 
antennae, and hairs.

Mouthparts: chewing and lapping (sucking)

The mandibles are adapted to chewing (e.g. 
wax) and the proboscis to sucking up nectar or 
honeydew (Figures 1.5 and 1.6). The mandibles 
are located on either the side of the mouth. They 
are strong and act like a pair of pliers. They play 
a major role in nest construction (manipulaling 
wax and propolis), ingestion (pollen), feeding 
larvae and the queen, but also in cleaning, 
grooming, and fighting (Winston, 1987). A 
duct runs from the mandibles to the mandibular 
glands. The mandibular glands play a crucial role 
in particular in brood feeding, queen feeding, 
and, in the queen, in the secretion of pheromone 
(queen mandibular pheromone, QMP) (Dade, 
2009).

Figure 1.4 E xternal a n a to m y  (fron t v iew ) o f  a  w o rk e r  b e e .  (©  N ic o la s  V id a l-N a q u e t. A natom y of 
th e  h e a d  (front view) re d ra w n  from  S n o d g ra s s ,  1 9 1 0 ; D a d e ,  2 0 0 9 .)



I 1.9 P ic tu re  o f a  fo ra g e r  b e e  p re s e n tin g  
.t . in n d e d  p ro b o s c is  su c k in g  u p  n ec ta r.

. i ь. . Hun V idal-N aque t.)

iIn proboscis is situated at the base of the 
nii .mil Is composed of the glossa, maxilla,

..... ... and llabellum parts. It functions like a

.■mu allowing liquid ingestion (nectar, honey, 
•ml no 11 but also trophallaxis, i.e. mouth-to-
....... .. n.iosler of food or other fluids among
until i.liiul» within the colony. Liquid exchanges 
■ ! n . 1 1.iillaxis occur between workers, workers 
•«•I tin queen, or/and workers and drones, 
1 . ... •inulcd, the proboscis can reach 7.2 mm 
...............  r l  III., 1978; Winston, 1987).

>i ...........gaits and the peripheral nervous

" Iwve two types of eyes, the compound
. .......... I the ocelli (Snodgrass, 1910; Winston,
• 4**i I In compound eyes are composed of

... iii.li.i Ii.ich ommatidium has the structure
....... i ■ I «• n transparent cornea, a crystalline
"in | .In .и иcccptor cells, and an optic nerve.
' 1..........h ommatidium provides the brain with
• , 1. 1.1, ture element. The brain forms an
1 M ■ ........these picture elements. Ommatidia
*'• I" 'K"iml in cross section, giving the
" . .....I l yes their typical aspect.

" ........ 'I rill are disposed in a triangle at
................... ..I top of the head. Ocelli register
1,1 i ini. 11Ini light intensity and duration. At 

11........ Ill estimate the level of increasing

The castes: morphology 11

F ig u re  1.6 E xternal a n a to m y  (lateral view) of 
th e  h e a d  o f a  w o rk e r b e e  w ith th e  p ro b o s c is  
e x te n d e d . (© N ico las  V idal-N aque t, red ra w n  
from  S n o d g ra s s , 1910 ; D ad e , 2009.)

darkness, inciting foragers to return to their 
hives (University of Illinois, 2007).

The antennae are comprised of a ten-segment 
flagellum, a pedicel, and a scape attached at 
the base. They are involved in the smelling of 
volatile substances, in the sensory perception 
of vibrations and the movement of air, and in 
detecting sounds, temperature (the five terminal 
segments of the flagellum), and humidity (the 
eight terminal segments of the flagellum). There 
are seven types of sensory structures, known as 
sensilla, on the antennae (pits, plates, and hairs) 
(Winston, 1987). A sensillum is composed of 
one or more sense cells with a fibre connected 
to the central nervous system (CNS) and with a



distal end in close connection with the cuticle. 
The sensillum structure is also characterized by 
one or two accessory cells and a structure issuing 
from the cuticle.

On the pedicel, the Johnston’s organ is 
involved in the perception of changes in the 
position of the antennae and in measuring flight 
speed (by detection and analysis of vibrations 
of the antennae) (Heran, 1959; Winston, 1987; 
Dade, 2009).

3.1.2 The thorax

The thorax can be considered as the ‘motor’ of 
the honeybee, carrying the wings and the legs, 
and the associated strong musdes inside. The 
thorax is composed of three body segments 
merged with the first abdominal segment.

The legs

There are three pairs of legs, one per thoracic 
segment (Snodgrass, 1910). The terminal 
structures (claws and pad) of the legs are adapted 
for walking on horizontal and vertical surfaces. 
These structures also allow the bee to hang onto 
other bees (e.g. on combs, while swarming, or in 
a cluster). The legs also play a role in grooming 
as well as in packing and transporting pollen and 
propolis (Winston, 1987) (Figure 1.7).

The hairy brushes of the forelegs are used 
for head cleaning (removing pollen, dust, etc.).
A further structure is used for cleaning the 
antennae: the antenna cleaner at the junction of 
the tibia and the basitarsus.

The hairy middle legs too are involved in 
deaning, but also in the transfer of pollen and 
propolis from the first leg and the body to the 
hind leg.

The hind leg is adapted to the transportation 
of pollen and propolis back to the hive. The 
pollen basket, also called the corbicula, is 
situated on the outer surface of the tibia (Hodges, 
1952; Winston, 1987). It is a polished cavity 
surrounded by a fringe of hairs, into which the 
pollen is placed in the form of a sticky ball. The 
pollen rake placed on the inner edge of the tibia, 
the pollen combs, and the pollen press situated

Figure 1.7 T h e  le g s  o f  a  h o n e y b e e  
A p is  m e llife ra . T h e  h in d  le g s  a r e  ad a p ted  to 
t r a n s p o r t a t i o n  b a c k  to  th e  h ive  o f pollen or 
p ro p o lis  in a  s t r u c tu r e  c a lle d  th e  corbicula or 
p o lle n  b a s k e t  (arrow ). (©  N ico las  Vidal-NaquetJ

on the inner surface of the basitarsus enable the 
pollen to be packed before transportation.

Pollen is gathered from flowers actively by the 
proboscis and passively by the hairs of the body. 
The pollen is mixed with gathered nectar and 
salivary secretions and becomes progressively a 
sticky ball. The forelegs brush the probosds and 
groom the head and thorax in order to collect 
the pollen. Then, in flight, the sticky substance 
is transferred to the middle legs and then to the 
hind legs where the pollen is stored as a sticky 
ball in the pollen basket.

The wings

There are two pairs of wings arising from the 
thorax. They are articulated with complex joints I 
and hinges allowing a multitude of movements. 
The forewings are larger than the hind wings.

The front and hind wings can connect 
together by hooks, also called hamuli, in order 
to beat in synchrony during flight. The wing . 
beating reaches a rate of over 200 cycles/second j 
and tlie bee’s average speed is around 24 knv j 
hour (W inston, 1987).

The thoracic musculature is composed o! 
longitudinal and vertical muscles and provide' I 
the strength and wing movements for the High1 I 
(W inston, 1987; Dade, 2009). These musdP’ j 
by their contraction, are also able to provide



the castes: morphology 13

1.. «i и rid to maintain a high temperature of 
k, i within the thorax. During wintering, the 
■ •«iti notion of these muscles serves to help

iiiitnln homeostasis in the winter duster of
......... limy; the energy is provided by the honey
iiigrdcd and stored in the stomach.

I lying muscles are essential for adult bees. In 
i lr i to reach high wing-beat frequencies (which 

..г limited by the refractory period of neural 

.. n.m potential), bees have so-called ‘indirect’ 
uliu  t.illed ‘asynchronous’) flight muscles.
I In i i ontract independently without receiving 
i new nerve impulse. These musdes move the 
ningi Indirectly through the deformation of 
die thoracic exoskeleton which transmits this 
I'.'wri to the wings. Longitudinal muscles move 
'In wings downwards. Dorsoventral muscles
.... . the wings up (Heike Aupperle, personal
........ innication, 2014).

i I 1 The abdomen

ll" abdomen of the worker comprises nine 
. gin n  it s. two of them being highly reduced (and 
. ... luted with the sting of the worker or the 
и |.inductive organs of the queen or the drone)
. .n.iilgrass, 1910). The abdominal segments or

In lies are constituted of two plates (dorsal 
....I ventral) connected by membranes. This 
и hi i the abdomen the ability to dilate, which 
.......portant for nectar harvesting and carrying.
11.. abdomen is usually hairy.

Wax glands are located on the inner side of 
tin fourth to seventh sternites. There are four 
i ill я of wax glands, producing beeswax for 
. .mb construction and cell capping.

The sting is a feature of the worker. It is an 
. ■ Ipmitor adapted to defence. The sting consists 
..I three parts: a stylus and two barbed slides (or 
lam rts), one on either side of the stylus.

The sting is found in a chamber at the end of
11.. - abdomen, from which only the sharp-pointed 
•baft protrudes. The shaft is a hollow tube, like a 
hypodermic needle (Winston, 1987), and barbed
.. that it sticks in the skin of the victim. When 

die stinger is not in use, it is retracted within 
l hr sting chamber of the abdomen. The shaft is 
"и ned up so that its basis is concealed. The sting

is connected to a venom gland and to glands that 
produce alarm pheromone.

After stinging, the worker bee loses its sting 
together with the venom gland, resulting in 
poisoning of the victim. The worker bee then 
dies.

Inside the abdomen, workers have an 
atrophied and non-functional reproductive 
system, which can produce eggs under certain 
conditions (e.g. in some cases following the 
death of the queen, when the colony is not able 
to rear a new queen).

3.2 The queen

Usually, the queen is unique in a colony and is 
the mother of all the workers and drones living 
in the colony. The (main) role of the queen 
is to lay eggs within the cells of the nest. The 
honeybee queen is always surrounded by a 
retinue of workers, known as the queen retinue 
(Free et al„ 1992). This retinue is composed of 
6-10 workers (Allen, 1957), whose main role is 
feeding the queen by trophallaxis.

The queen is generally about 20 mm long, 
with a large abdomen and wings shorter than 
its body (Snodgrass, 1910).

Figure 1.8 T h e  q u e e n  p re s e n ts  a  larger 
a b d o m e n  a n d  sm a lle r  h e a d  a n d  w ings. In th is  
p ic tu re , th e  q u e e n  is su r ro u n d e d  by th e  re tinue  
of w orkers . In a  m a n a g e d  co lo n y  th e  q u e e n  is 
m a rk ed  by  pain ting  a  co lo u r  o n  h e r  th o ra x  a s  
a  reco rd  of th e  y ea r of h e r  birth an d  to  m a k e  it 
e a s ie r  to  find her. (© N ico las V idal-N aquet.)
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The head of the queen is small, and her eyes 
poorly developed. The proboscis is shorter than 
those of the workers. On the thorax, the three 
pairs of legs are similar, and lack a pollen­
collecting structure.

The abdomen is large, with a developed 
reproductive system inside. There are no wax 
glands.

The reproductive system of a queen consists 
of two large pyriform ovaries composed of 
150-180 ovarioles which produce the eggs 
(Winston, 1987; Dade, 2009). The eggs pass 
through the ovaries into the oviducts. The 
oviducts open into the vagina and the bursa 
copularis, through which the eggs travel before 
being laid in cells. A spermatheca opens into 
the vagina via a duct and an opening valve. The 
spermatheca is a spherical sac and can hold 
up to seven million spermatozoa in a mated 
queen (Dade, 2009). Spermatozoa are stored for 
the lifetime of the mated queen until used for 
fertilization. Fertilization occurs when the valve 
opens and releases spermatozoa as the eggs are 
on their way through the vagina.

The honeybee queen has a curved and smooth 
stinger firmly attached to the abdomen. The 
queen does not die after stinging because the 
sting is smooth and can be retracted after use. 
A larger poison sac than in workers is present 
in the sting apparatus. The queen stings rivals in 
some circumstances. The queen may fly in some

F ig u re  1 .9  T h e  b o d y  o f th e  d ro n e  is  s to ck y , 
a n d  th e  w ings  co v e r  a n d  e x te n d  p a s t  th e  
a b d o m e n . T he c o m p o u n d  e y e s  a re  w ell 
d e v e lo p e d  a n d  join b eh in d  th e  o c c ip u t.
(© N ico las  V idal-N aquet.)

F ig u r e  1 .1 0  E n d o p h a llu s  (sh o w n  here  everted 
b y  m a n u a l  p r e s s u r e ) .  (©  N ic o la s  Vidal-Naquet.)

circumstances such as the nuptial flight (when 
virgin) and during swarming (section 13 below),

3 .3  T h e  d r o n e s

The drones are mainly present in spring and 
autumn. The body is stocky, about 19 mm 
long, with wings covering and extending past 
the abdomen (Figure 1.9). On the head, the 
compound eyes are more developed than those 
in  the other castes and join behind the occiput 
The compound eyes have more facets than those 
of the workers. Otherwise, the proboscis is short, 
and the mandibles small (Snodgrass, 1910; 
W inston, 1987).

The three pairs of legs are similar and lack a 
pollen-collecting structure. The thoracic muscles 
of drones are thicker and stronger than those of 
workers.

Drone anatomy is adapted to flight and 
to mating with the queen. The drone genital 
organ consists in a large internal and evaginabk 
endophallus (Figure 1.10). The spermatozoa are 
produced in the testes and stored in the seminal 
glands. The spermatozoa are ejaculated along 
with mucus produced by the mucus glands. 
W hen mating, the drone penis is everted and 
ejaculation occurs. Drones die after mating 
since m uch of the endophallus remains in the 
queen (Winston, 1987).
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..........t 11 G la n d s  of th e  h o n e y b e e , T h e  m a in  g la n d s  o f th e  w o rk e r  h o n e y b e e s  (salivary, food
.... iinu, w ax, p h e ro m o n e , a n d  v e n o m  g la n d s) . (R ed raw n  b y  N ic o la s  V id a l-N aq u e t. A d a p te d

,   liftnne, 1910; G o o d m a n , 2 0 0 3 ; B o rtc io tti a n d  C o s ta . 2 0 1 0 ; Tofilski, 2 012 .)

i liignitllvo tract and metabolism

и,, .it,,, live tract allows digestion of nutrients 
l„ wiitlnl», the crop, also called the honey 
tHHiHt It. plays a major role in liquid storage 
,.,,i iMiisportatlon. In addition, the digestive 
,, „ i plays a significant role in the social life
i .......... loity, in particular by the means of
........... Mini glands, i.e. the salivary glands,

b,I ttphai yngeal glands, and mandibular glands, 
«•ii,li ao Involved in food gathering, food 
н b t iling of the brood and the queen, and 
tit, it. и non ol pheromones.

• i ........ . p r o c e s s in g  g la n d s

'It......... I pintessing glands are the salivary,
hil i г и i it,;i al, and mandibular glands (Figure
i Ml

Hu tallvary glands are located in the 
»■ Mthim pail of the head (postcerebral gland) 
» 1 in dii iliotax (thoracic salivary gland).
*' i .......uuircted to the mouth via a common

1 in thoracic labial gland seems to play a 
><*• in t. .  sting and moistening solid food, i.e.

pollen. The postcerebral glands produce an oily 
secretion containing in particular hydrocarbons 
and im.igin.il disc growth factor 4, These 
secretions are important for softening wax, 
lubricating mouthparts, and provide a source 
of hydrocarbons for the cuticle (Tofilski, 2012).

The main role of the hypopharyngeal and 
mandibular glands is to feed the brood and the 
queen.

The hypopharyngeal glands are located 
within the sides of the head. The secretion of the 
hypopharyngeal glands is rich in proteins, lipids, 
and vitamins. The secretion is an important 
component of the larval food. It is also involved 
in feeding the queen, the drones, and the young 
workers. The hypopharyngeal glands also 
secrete enzymes involved in the transformation 
of nectar into honey (glucose oxidase, invertase) 
(Winston, 1987).

The mandibular glands of workers also play 
an important role in brood and queen food 
secretion, in particular in secretion of royal 
jelly. In queens, the mandibular glands are 
well developed, secreting a complex chemical
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Figure 1.12 W orker b e e , adu lt. H orizon tal c u t 
th ro u g h  th e  h e a d  sh o w in g  th e  h y p o p h a ry n g ea l 
g la n d , s e c t io n s  o f th e  c o m p o u n d  e y e  a n d  th e  
b ra in  (HE 40x). (© H eike A upperle .)

pheromone known as queen mandibular 
pheromone (QMP).

In workers, the activity and the development 
of the hypopharyngeal and mandibular glands 
depend on age, food quality and quantity, the 
presence of the brood, but also on environ­
mental and chemical (e.g. pesticides) factors 
(Heylen el a/., 2011; Hatjina et a/., 2013). Some 
pathogenic agents may impair the secretion of 
food-producing glands. The hypopharyngeal 
glands are well developed in young bees in 
particular when nursing. In older bees (foragers), 
the glands are likely atrophied as their role is less 
important (Figures 1.12 and 1.13).

The age-dependent development of the 
food-producing glands is a major feature of 
the worker bee’s life (brood-rearing stage) and 
of colony life. The age dependence of the wax 
glands is also a significant factor in the life of 
the colony (sections 9-12.1.4 below). This age 
dependence is one of the main characteristics of 
the social features of the honeybee colony and of 
the sharing of the tasks within the nest.

4.2 Digestive tract and excretory system

In workers, the digestive tract begins with a long 
oesophagus connecting the mouth to the crop, 
located within the abdomen (Figure 1.14). The

F ig u re  1 .1 3  W o rk e r b e e .  T h e  hypopharyngeal 
g la n d  in n u rs in g  b e e s  (d a y  7) s h o w s  large 
a n d  a c t iv e  lobuli (a) -  in c o n t r a s t  to  sm all and 
in a c tiv e  lobuli in fo r a g e r  b e e  (b) (HE 400x).
(© H e ik e  A u p p e rle .)

crop or honey stomach is expandable, and its 
volume increases when it is filled with nectar, 
water, or honey, in particular during foraging 
or before swarming. The abdomen expands j 
when the crop is hill thanks to the membranes 
connecting the sderites. In the crop, nectar and 
water are stored for transportation back to the j 
nest, and honey is stored as an energy source 
before a flight or before swarming (Winston, 
1987).

After the honey stomach comes the j 
proventicular valve and then the midgut, also ] 
called the ventriculus. The proventricular valve 
allows most of the liquid (i.e. nectar, honey, ot 
water) to remain within the crop. Digestion |
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Pharynx

fluure 1.14 A n a to m y  a n d  d is s e c t io n :  d o rs a l v iew  of th e  d ig e s t iv e  t r a c t.  (R ed raw n  by N ico la s  
v iiin i-N aque t. A d a p te d  from  S n o d g r a s s ,  1910 : D a d e  2 009 .)

I'llo's place in the midgut. One of the histological 
i' attires of the midgut is a porous non-cellular 
oirmbrane between the epithelium and the 
lumen: the peritrophic membrane or matrix 
11 Igurc 1.15). The peritrophic matrix is composed 
"I i rgularly arranged chitin microtibriis and 
ipnlfic proteins embedded in a proteoglycan 
matrix. Tlie functions of this membrane are 
improvement of digestion, protection against 
mrthonical and chemical damage, and as a 
!• titter to pathogenic agents (Lehane, 1987).

finally, the waste from digestion is evacuated 
| ia the rectum. Defecation usually does not occur 
in the hive or in the nest but during a cleansing

flight, in particular after wintering. The rectum 
can expand significantly, in particular during 
overwintering when the honeybees stay within 
the hive. If defecation occurs in the hive, it is 
usually a sign of a diseased colony (e.g. dysentery, 
amoebosis or nosemosis).

The Malpighian tubules open into the 
terminal digestive tract. Liquid waste (including 
nitrogenous waste, potassium ions, water, 
urate ions, sugar, amino acids) is excreted by 
diffusion through the walls of the tubules (urea, 
amino acids) or via active pumps (ions) after 
absorption by the Malpighian tubules from the 
haemolymph.

fi t - ' • *.
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Figure 1.15 W orker b e e , adu lt. In th e  lu m en  o f 
th e  m idgut. layers of th e  peritro p h ic  m e m b ra n e  
(2) a re  p resen t. S tem  ce lls  (1) a re  lo c a te d  
in th e  n ic h es  of th e  ep ithelial fo ld s. In th e  
periphery, a  thin layer of s le n d e r  m y o c y te s  
(arrow) a n d  so m e  tr a c h e a e  (3) a re  v isib le  (HE 
200x). (© H eike A upperte.)

4.3 Fat bodies

The fat bodies are a layer of conspicuous cells 
concentrated on the roof and the floor of the 
honeybee abdomen (Figure 1.16) (Winston, 
1987). These fat bodies are the main organ 
responsible for the intermediate metabolism of 
nutrients in honeybees, and are involved in the 
metabolism of proteins, lipids, and carbohydrates 
(Chan et al., 2011). Most of the proteins found 
in the haemolymph are synthesized in the 
fat bodies. The fat bodies provide a source of 
proteins during long non-feeding periods, e.g. 
overwintering.

Another role of these fat bodies is to store and 
release glycogen and lipids according the needs 
of the honeybee’s metabolism. Lipid metabolism 
is essential for growth and reproduction, and 
adipocytes can store a large amount of lipid 
reserves. Thus, the fat bodies, as a source of 
lipids, also provide some of the energy needed 
during extended non-feeding periods (Arresses 
and Soulages, 2010).

This tissue is in particular responsible for 
the synthesis of vitellogenin, a female-specific 
180 kDa protein (Wheeler and Kawooya, 1990) 
which plays major roles in reproduction of the

Figure 1.16 F a t  b o d ie s  o f  a  w in te r worker 
(left) a n d  o f  a  s u m m e r  w o rk e r  (right). Note 
th e  w e l l - d e v e lo p e d  f a t  b o d ie s  in w inter 
b e e s ,  a l lo w in g  in p a r t ic u la r  am in o  ac id  and 
lip id  r e s e r v e s  fo r  o v e rw in te r in g . (Photograph 
c o u r t e s y  o f  S ta t io n  d e  R e c h e rc h e  Agroscope 
L ie b e fe ld -P o s ie u x .  ©  S ta t io n  d e  Recherche 
A g r o s c o p e  L ie b e fe ld -P o s ie u x  ALP. Imdorf et 
a l. ,  2 0 1 0 .)

queen, social organization, lifespan, immunity, 
and hibernation (Amdam et al., 2004; Antuner 
et al., 2009). The next paragraph is dedicated to 
this crucial glycoprotein.

If the fat bodies play a major role in the storage 
and release of fat, glycogen, and protein, a 
particular during metamorphosis and wintering,! 
they also play an im portant role in detoxification. 
Detoxification mechanisms are the consequenct 
of several enzymes, in particular the mixed- 
function oxygenase (MFO) system also calia 
cytochrome P450-linked microsomal oxidase; 
but also glutathione transferases, carboxyles 
terases, and epoxide hydrolases (Gregorc et 
2012). However, in honeybees, these enzyme 
coding genes are reported to be relatively 
deficient compared to other insects (Claudianos 
et al., 2006).

To compare with vertebrate animals, Й 
bodies are to the honeybee what both adipok 
tissues and liver ar e to vertebrates (Chan et *• 
2011).

In w orker bees during the productive sea»11, 
the fat bodies are more developed within № 
abdom en of inside (nest) bees than in ^
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......... . of forager bees. On another hand, in
......  workers, which are long-lived bees, the

i.i bottles are well developed (Imdorf et al, 
i о (I igtirc 1.13). During this period, the fat 
It, ,o c the only source of lipids and proteins
iIh bees and the colony, while the stored 

provides the carbohydrate resources. 
i (to lai bodies must be well developed for an 
i nin tl overwintering. In managed colonies,

• it hi • keeper must ensure that his beekeeping 
i . . lit i encourages well-developed fat bodies.

« i vitellogenin, a potential indicator 
ot t ninny health?

iitlli.grnln is a fcmalc-specific phospholipo- 
„Iv> oprtileln yolk precursor found in all 
.nlptiinu» species (Amdam cl at.. 2003). Tn 
i tni'/l/fera, vitellogenin is found in both queens 
,o.l sterile workers. This protein is synthesized 
In ilo I>il bodies (Amdam et al., 2012). and plays 
, ., tilitil role in reproduction and in the social 
nit ol llie colony.

In ills- queen, after 3 days of life and
и......ghoul the rest of her tile, the vitellogenin
,, git sints up to 70% of the protein found m the 
Itiii niolyiiipli. It is transported to the os as te,. 
>0,1 plays a major role in oogenesis (Amdam cl
■ i M i n t ;  Roma e t a !. .  2010).

In worker bees, the synthesis oi vitellogenin 
' . gins about 10 hours before emergence. In the 
l. и ninlymph of workers, vitellogenin is detected 
и О isvt-i levels than in the queen. Vitellogenin is 
ili. main storage protein in honeybee workers 
II lint et ill., 1977).

I luring the first 7 days of the adult workers' 
M. (when their tasks are nursing and brood- 
i ,u lug), vitellogenin may reach up to 40%
■ I the haemolymph protein. At this time, the 
pi.Hein is used to produce brood food in the 
1" piipharyngeal glands of the nurses (Amdam 
. t ill, 2003, 2004).

I he synthesis of vitellogenin decreases 
p" 'gicssively during their lifetime and ends 
ippioslmately 20 days after the last moult before 
in. igence (Engels, 1987; Piulachs et a l ,  2003). 

’ in llogcnin has been shown to inhibit the onset 
i imaging activity' (Nelson et a l, 2007). When

the level of vitellogenin decreases, foraging 
activity begins. At the same time, the level of 
haemolymph juvenile hormone (JH) increases 
(Nelson et a l, 2007; Bomtorin et a l, 2014), 
JH and vitellogenin probably work together in 
a feedback relationship (Guidugli et al, 2005; 
Nelson et a l, 2007; Bomtorin ef al., 2014).

Thus, vitellogenin and JH are involved in the 
social regulation of the colony, acting on the 
division of labour, foraging onset, and foraging 
specialization. Furthermore, vitellogenin is 
reported to be involved in the regulation of the 
lifespan and survival process of the workers (via 
oxidative stress resilience and cellular immunity) 
(Amdam et a l, 2012).

In temperate climates, before the over­
wintering period, when brood rearing stops, 
vitellogenin is accumulated in tong-life winter 
workers (Amdam et al, 2004). Long-life workers 
possess well developed fat bodies compared 
to short-life bees (Figure 1.13) (Imdorf et al, 
2010). fn winter, the only food resource is honey; 
pollen is not available. The proteins stored in the 
fai bodies are the only source of amino acids for 
the workers and the colony. They are also the 
source of amino acids for brood production 
when hibernation ends but blossoming has not 
yet started again (Amdam et al, 2004).

Considering ail these important features, in 
particular in short-life and long-life workers, 
vitellogenin can be related to the strength of the 
bees and the colony, but also to the lifespan of 
honeybees, in particular in winter bees. Thus, 
the level of vitellogenin and/or expression of the 
gene vitellogenin may potentially be considered 
as indicators of colony and bee health and 
honeybee lifespan, especially long-lived workers, 
and may in the future be extended beyond 
research and prove of interest for practical 
evaluation of colony health (Amdam et al., 2004; 
Nelson et al, 2007), as follows:

• In the case of parasitic disease, e.g. varroosis or 
other weakening disease, measuring the level 
of vitellogenin in winter bees may potentially 
predict bee lifespan and thus the ability of 
the colony to overwinter in good condition. 
Indeed, it has been shown that workers



infested during the pupal stage present lower 
vitellogenin levels than non-lnfcsted workers 
(Adam cl al, 2004).

. In the case of the examination of colonies In 
the autumn, measuring the level of vitello­
genin can help to evaluate the nutritive state 
of the colony before hibernation (Otis et al, 
2004).

Unfortunately, at this time, there are no normal 
values known or defined for bees or standard 
methods of measurement in veterinary practice. 
Otis et al. (2004) found on average 60 jig/ 
abdomen in winter bees (60-day-old bees), with 
a large range (10-200 jtg/abdomen).

In the research sector, vitellogenin level 
and especially vitellogenin gene expression are 
currently being evaluated (Otis et al., 2004; 
Nelson et al, 2007). However, according to 
Dainat et al. (2012), vitellogenin expression does 
not seem to be a ‘viable predictive marker’ of 
honeybee colony collapse during winter.

Vitellogenin has the potential to become an 
interesting field of investigation for honeybee 
veterinary medicine and practice as a factor 
used to evaluate colony strength in certain 
circumstances. Further research is needed to 
establish the veterinary use of this marker.

5 Respiratory and circulatory 
systems

In insects, an extensive tracheal system, with 10 
pairs of spiracles, provides oxygen to the various 
organs. Two large respiratory sacs are located in 
the abdomen and smaller ones in the head and 
thorax. The sacs and tracheas ramify into smaller 
tubes, terminating in a single cell (Snodgrass, 
1910; Winston, 1987). The haemolymph does 
not play an important role in gas transport.

At rest, respiration occurs passively by diffu­
sion. During flight, bees pump their abdomens 
to increase gas exchange and expand the air sacs 
of the trachea like bellows, resulting in greater 
gas exchange.

The circulatory system is ‘open’, consisting of 
a dorsal heart and aorta to assist in haemolymph

circulation, 'ih is system serves to tnmprm i 
nutrients from the midgut to body cells b u t^  
transports proteins, lipids, and carbohydrate 
around the organism. The circulatory 
also brings metabolic waste material from 
cells to the Malpighian tubules.

6  Immune system and mechanisms 
of protection and defence

The mechanisms of defence in the honeybee j 
occur at both the individual and the colony levtL

6.1 At th e  individual level

At the individual level, the cuticle and the j 
peritrophic membrane are the first physio; 
barriers to pathogens and parasites. Secondarily 
the haemolymph (via the immune response 
plays a major role in immunity.

The im m une response to pathogens is 
characterized by a cellular immune response 
e.g. encapsulation and phagocytosis (phagocytic 
haemocyt), as well as a cellular-free defence 
mechanism.

Haemocytes are involved in defence again: 
fungal and bacterial infections (Glinski ad 
Buczek, 2003; Scientific Beekeeping, 2014)Лкее 
prim ary classes of immune-related haemocytes 
(plasmatocytes, crystal cells, and lamellocytes 
are generally present in insects and likely to 
occur in the honeybee (Evans and Spivak, 2010).

Enzymes (e.g. lysozyme, kinases), ant- 
microbial peptides (apidaecins, abaecins), id 
polypeptides (e.g. hymenoptaecines) found is 
the haemolymph of honeybees provide anti- 
bacterial protection (Casteels, 1990,1993).

Honeybees, like other insects, posses’ 
four major and interconnected pathways 
responding to pathogen exposure; the Tell, 
Imd, Jak/STAT, and Jnk pathways (TheopcJ 
and Dushay, 2007). Antimicrobial peptid-'
(AM P)-encoding genes are regulated by the Tea 
and Imd pathways (De Gregorio et al, 200.’ 
The Jak/STAT-depended humoral tacic" 
(thioester-containing proteins, Tot peptide’
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. r ,,„lined by the fat bodies in response to 
. .. |'ii' Injury. The Jak/STAT pathway seems 

i , involved in cellular responses, including
........... vie proliferation and differentiation

,, и .ind Pcrrimon, 2004). The Jnk pathway 
i ■ ■ ■ ills one of the mitogen-activated protein
....... . |iiimarily activated by cytokines and by
, i n e lo environmental stress (Weston and 

|i«vU. ,’007).
i In <• pathways consist of proteins that 
.|inl/r signals from invading pathogens, 

,. i * in. that modulate and amplify this 
,i|inMlon signal, and effector proteins or 
i ii i li i is directly involved in parasite 

iiiliiliiilon (Ivans and Spivak, 2010).

» Al Ош colony level

i .I. • 11у as a super-organism presents defence
1 ........  which effectively constitute a colony-
1 ■ i liniminc system. The mechanisms of 

' " i n  n and defence of honeybee colonies 
. ilu- following behaviours:

.......nog behaviour between bees.
111 gii'iiic behaviour (Spivak, 1996), which 

.I ipi'i Ific type of general nest hygiene. In 
'In honeybee, hygienic behaviour is defined 

nllcctive response by adult bees to the 
l'ii • in •• of a diseased and parasitized worker 
hmod,

• I 'phoric behaviour, also called ‘under- 
1'll-lug (Evans and Spivak, 2010), which
.....  i .is of the removal of dead adults from
I he nrit.

1 ' l",|llii ntions of the nest environment play 
■ " li' In the defence of the colony against 
i "li"griis, parasites, and pests. For example,
1 i illri tion of propolis used as a mechanical
""I h i  it iseptic barrier in the nest is a way to 
Nlbi intruders and pests.

■ •li Hence behaviour by the workers is one 
"• I lie iiuiin mechanisms to protect the colony 
'll nmi predators. Honeybees have developed 

• nil defence behaviours depending on the 
H"' И imd predator.

7 Temperature regulation

Honeybees are heterothermic, but regulation 
of body temperature seems to be possible, in 
particular in foragers when flying (Cooper et 
al., 1985).

The social organization of the honeybee 
enables homeostasis in the colony. There is a 
relatively constant temperature and humidity 
inside the nest. Wild colonies build their nests 
in places chosen to be suitable for overwintering. 
In apiculture, the role of the beekeeper is 
to maintain optimal conditions to allow the 
colonies to maintain homeostasis all year long 
(food, water, and hives location during wintering 
must all be taken into consideration).

In winter, the temperature inside the cluster 
allows bees to survive this challenging period.

In summer when the temperature is too high, 
cooling the colony is important. Water plays a 
crucial role in this homeostasis in particular on 
hot days by evaporative cooling (Kovac et al., 
2010) .

The thermoregulation of the colony is a real 
challenge in cold areas during winter. When the 
temperature falls below 14°C, the workers cluster 
together. Inside the winter cluster, thermal 
stability is achieved together with a high core 
temperature (approximately 20-35°C), and a 
high humidity level. The lower the temperature, 
the smaller and more compact the winter cluster 
becomes. The heat transfer in the cluster seems to 
be the consequence of heat conduction between 
bees (Watmouth and Camazine, 1995). At the 
individual level, the heating is the consequence 
of thoracic muscular contraction by the workers 
(Stabentheiner et al., 2003). Honey is the source 
of energy and workers move in the cluster to the 
stored honey and feed periodically.

When the temperature is too high, nest cooling 
becomes necessary. Indeed, temperatures above 
36°C are dangerous for the brood, causing death 
and abnormalities (Winston, 1987). Colonies 
seem to be able to maintain the temperature 
under 36°C even if the outside temperature is 
much higher. Cooling the nest is the consequence 
of ventilation by workers fanning their wings



F ig u re  1 .17  Q u een , ju s t  e m e rg e d . T h e  c r o s s - s e c t io n  o f  t h e  h e a d  s h o w s  s im p le  (ocelli) (1) and 
co m p o u n d  e y e s  (2). T h e  b ra in  is  s u r ro u n d e d  b y  t r a c h e a l  s a c s .  T h e  fo llow ing  b ra in  regions 
a re  recogn izab le : 'm u sh ro o m  b o d ie s ' w ith  th e  la te ra l (3) a n d  m e d ia l (4) c a ly c e s ,  m edulla (5), 
an ten n a l lo b e s  (6) a s  welt a s  p ro to c e re b ra l lo b e  (w ith a l p h a  a n d  b e t a  lo b e s )  (7) (HE 40x).
(© H eike A upperle.)

inside the nest and at the entrance, but also due 
to the use of water spread in puddles on capped 
cells (Winston, 1987).

8  Nervous system

The nervous system of the honeybee is complex 
and adapted to the environment. It is composed 
of the central nervous system (CNS) and die 
peripheral nervous system (PNS).

The CNS comprises the brain and seven 
ganglia forming the ventral chain. The 
brain comprises three cephalic ganglia: the 
protocerebrum, responsible for vision and 
composed of two large optic lobes innervating 
the thousands of units of the compound eyes 
(Dade, 2009); the deutocerebrum, the centre 
for olfaction, innervating the sense organs of

the antennae; and the tritocerebrum, which» 
smaller, and innervates the lower part of lh< 
head, in particular the labrum involved in last ' 
(Figure 1.17).

In the protocerebrum are located the corpora 
pendunculata, or mushroom bodies, contain  ̂
groups of nerve cells connected to the optic al»!; 
antennal lobes and other parts of the nervoul j 
system by nerve fibres (Dade, 2009). They pla» 
a major role in coordination.

The ventral chain of the CNS is composed''1 
seven ganglia. Two large ganglia are located»I 
the thorax and five in the abdomen. The firstone I 
is the suboesophageal ganglion innervating th 
m outhparts and the salivary glands. The gang!'11 
of the ventral chain innervate the thoracic a”'1 
abdominal segments and the related organ1

i
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ruling the legs, the wings, and the sting

I hr I’NS enables relationships with other 
. and the environment. It consists of the 

. organs (cf. section 3.1.1 above).
A« In other insect and mammalian brains,

........ is In the honeybee brain and CNS use
,mv i n-и retransmitters. Thus, acetylcholine,

' и iimilr, gamma-aminobutyric acid (GABA), 
iHiiln, octopamine, and other neuro- 

i ■ |-Iiilrs are present. The major excitatory
.....- .msinitter in the CNS is acetylcholine.
MIA and glutamate are the main inhibitory 
.о.millers in the CNS through ligand-gated

........ . channel receptors (El Hassani et al„
нам)

ii ж nl ransmitters, in particular glutamatergic
....... .. ansmission, are involved in honeybee
lining and memory. Honeybee memory is

....... n rlzcd by short-term memory, middle-
ini uni long-term memory (Hammer and 
| m.l, 1995). This allows relationships and
....м,munition between workers, in particular
l.m linding a resource location (e.g. flowers,

1 Ш. s ■ I. tv plants) and sharing the information 
•I. "iln i workers (Lindauer, 1959; von Frisch,

• ...... i to  F era l n e s t  a r c h i te c tu re  w ith  th e
............. .uM jem ent o f th e  c o m b s  ( in s id e  a

* • " 1 * .  a u tre e  fo r E u ro p e a n  s p e c i e s ,
•*, ...... mu h u n g  o n  tr e e  b ra n c h e s ) .
*■ ’ i" ulna G udrin.)

1967). Memory also allows homing behaviour 
by enabling the bees to use landmarks.

This neuroregulation may be affected by the 
use of pesticides, in particular insecticides that 
are neurotoxic.

9 The nest structure

9.1 Feral colonies

In the wild, a swarm of A. mellifera choses a nest 
site to build its colony within a cavity based on a 
number of characteristics, linked to the volume, 
the nature of the entrance, how exposed the site 
is, the height above the ground, the dryness, or 
the dampness. The sites preferred are usually 
risible (so as to serve as a landmark for the 
bees), and relatively insulated from wind, rain, 
and sun. The bees also avoid damp and draughty 
sites even if they may limit those disadvantages 
by using propolis. The entrance needs to be 
sufficient to allow ventilation in summer and to 
protect the colony from the rigours of winter.

The construction of the combs proceeds 
quickly once the site has been chosen in order 
to store pollen and honey and rear the brood. 
The nest is composed of several vertical combs; 
each comb has hexagonal cells on both sides. 
The combs are parallel and separated by an exact 
distance (Figure 1,18) (Winston, 1987).

Each hexagonal cell is built horizontally in 
a slightly oblique position (angled up at about 
13%) with an upward aperture in order to retain 
the larvae and prevent the outflow of honey. In 
European A. mellifera strains there are 857 cells 
worker brood cells and 520 drone brood cells 
per 10 cm2 (Winston, 1987). The worker cells 
are 5.2-5.4 mm in diameter and the drone cells 
are 6.2-6.4 mm in diameter. African A. mellifera 
strains cells are smaller.

The typical structure of a comb during the 
season may be described as follows (Figure 1.19):

• In the upper and peripheral part of the comb, 
honey and pollen are stored. In the peripheral 
combs of the nest, mainly honey and pollen 
are stored.



.  lhe control port of the comb is devotee! to the 
development and rearing of the brood, The 
worker brood occupies a large central rone: 
the drone area, when it is present (in spring 
and sometimes in autumn), is usually on the 
edge of the worker brood (or of the comb).

• Queen cells may appear on the edge of the 
comb in the ease of swarming or in the 
central rone of the comb in the event of 
re-queening by supersedure or after the death 
of the queen. In such cases, only one cell will 
produce a new queen.

9.2 Managed colonies

Hives tor managed colonies must provide the 
honeybees with the features of a fend nest, 
allowing the bees to live, rear broods, and store 
food (Figure 1.19). Hives must also allow a 
practical, rationalised, and adapted management 
for beekeeping practices. The location of the 
hives must be chosen considering the features 
needed for honeybee nests.

Modern beekeeping began in 1850 with a 
hive built by Langstroth, with wood frames

24  Riohsgv of Apis mellitera I from the ............. . ..

Figure 1.19 Typical a s p e c t  o t  a  b ro o d  c o m b  
in a  f ra m e  o f a  m a n a g e d  co lony . T h e  w orker 
b ro o d  o c c u p ie s  a  la rg e  c e n tre  p a r t . T h e  la rg e  
c e lls  o n  th e  u p p e r  left p a r t  o f  th e  b ro o d  a re  
th e  d ro n e  b ro o d  w ith la rg e r ce lls . A round  th e  
b ro o d  is s to re d  th e  u n c a p p e d  b e e b re n d , a n d  
a ro u n d  th e  b e e b re a d ,  th e  h o n e y  c e lls  c a p p e d  
w ith  a  w h ite  w ax . (©  N ic o la s  V idal-N oquet.)

regularly spaced within a body lure tii^, 
l.JO) (W inston, to g -, I'ltlllppe, )Л П  JheW,-, 
build their combs in the If antes, whsh i;,. 
beekeeper Is able to remove for егмтйшмд 
without damaging the nest architecture

Wax foundations have been developed m , 
base for the cells, the foundation Is created ii,4 
beeswax, pressed into thin tint sheets, ea.It,, 
embossed with an Imprinted pattern of (tmtln 
sized) cell bottoms, lhe wax foundation is w«,,| 
within lire frame (Philippe. 200?).

Thus, frames with brood combs mavbeeiiik 
examined. Honey frames can be removed item 
the honey supers for extraction. (A sttpcrisf 
receptacle In which honeybees store honey: it« 
usually placed over the hive body.) The framo 
may be reused year alter year, according 1 
good beekeeping practices. The hives can ah,■ 
be easily moved from place to place 
beekeeping) for pollination and to pixclii., 
monotloral honey (lavender, etc.).

Much in the way of new material ,Ы 
techniques appear year after year. At this inw. 
there are many models of hive (langsttw) 
Dadant, W ane. Volrnot, etc.) (I’ltlllppe, AV 
Wood is still the standard material used и 
hives, though plastic hives and frames no 
now used by some beekeepers. Fveft the чл 
foundations can be replaced by similarly pi titled 
plastic sheets, which oiler some advantages slid 
as easy cleaning and disinfection.

10 Reproduction: drones, queen, 
and brood development

Reproduction amt brood tearing usually own 
between spring and autumn.

10.1 Muting the qneoit

Honeybee colonies are considered ptotandi,*1' 
This means that they produce drones below ̂  
emergence of virgin queens In spring t olon"’ 
also produce drones In late summer, as 
as some virgin queens, following the saint*! 
swarming peak (Winston, 198/1.
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O u ter c o v e r

H o n ey  eu p er

H iv e  b o d y
( b r o o d
ch am b er)

A itgfillng  b o a r d  -

B ottom  b o ard  
or  f lo o r  b o ard

H ive sta n d

r i Л ) Typical a rc h i te c tu re  o f  a  h iv e  w ith  re m o v a b le  f ra m e s . (© N ic o la s  G uerin .)

Hi, 1111, i ns only mate in one period of their
..... .time between 5 and 13 days after

ММЦ111К hum the cell, a virgin queen performs
......... illation flights (Philippe, 2007). The

• ................ . mating flights generally occur
"" I in, , noon and on a sunny day.

The queen flies to a congregation area 
where the drones have already arrived. The 
congregation area is at least 12 km from the 
original colony of the queen and drones. The 
reasons underlying the selection of this area are 
not well known, but these areas usually seem to



be protected from the wind, and surrounded by 
more than 1 hectare of open ground (Ruttner 
and Ruttner, 1966; Winston, 1987). The choice 
of congregation area seems to depend on 
geographical, meteorological and chemical 
(i.e. bee pheromone) factors. QMP (cf. section 
12.2.1 below) plays a major role in attracting the 
drones.

Mating occurs in flight and is rapid and 
explosive'. The endophallus of a successful drone 
becomes lodged in the queen’s vagina and is then 
tom from its body -  a signal that mating of the 
queen has occurred (Winston, 1987; Philippe, 
2007).

This drone then falls and dies. After the 
transfer of the spermatozoa into the spermatheca, 
the queen removes the evaginated male genital 
system and mates again; on average 7-17 
subsequent copulations take place (Winston, 
1987). If this number is not reached, two or three 
mating flights can occur. This mating period 
occurs only once at the beginning of the queen’s 
life. The queen stores enough spermatozoa to lay 
eggs for between two and five years (Remolina, 
2007; Rueppell et a/„ 2007).

10.2 Ovipositioning

Fertilized queens initiate ovipositioning between 
2 and 23 days (usually 2-4 days) after the begin­
ning of the mating flights (Philippe, 2007; Woyke 
and Jasinski, 2008; Texas A8cM University, 2014). 
Before laying the eggs, the queen opens a valve 
in the spermatheca duct to allow fertilization 
of the egg at her discretion by releasing a tiny 
quantity of sperm.

1023 Sex determination in the honeybee; 
haplodiploidy

There are three castes of honeybees; queens, 
workers, and drones. The first differentiation is 
male versus female. Haploid males and diploid 
females characterize the differentiation of sex in 
honeybees, as in other Hymenoptera and some 
other insects.

The diploid queens and workers have 2 x 16 
chromosomes and the haploid drones have 16

chromosomes. Fertilized eggs become leiraki. • 
(diploid individuals) and non-fertilized r:щ  ! 
give rise to haploid males (parthcnogenei;, 
(Winston, 1987; Le Conte, 2006b).

The queen controls the release of арегт щ  
when laying and can ‘decide’ whether an egg vigf 
develop into a male o r a female. The ‘dectsw 
is the consequence of the larger size of drag 
cells compared to worker cells. Before laying ai 
egg, the queen measures the cell size with ha 
forelegs and then oviposits the egg, opening the 
valve of the spermatheca if it is a smaller works ! 
cell, allowing fertilization. If it is a larger ом 1 
the spermatheca will not release spermatozos 
and the egg will be laid and develop with® 
fertilization (Winston, 1987).

Sex determination in A. mellifera is control!*! | 
by a single-gene sex locus called the compb | 
mentary sex determiner (csd gene) with 6-B j 
alleles (Page, 1980). Females are diploid and 
heterozygous on this sex locus.

If one diploid individual is homozygous t  i 
this csd gene, it will be a diploid male. Diploid 1 
male larvae do not survive. The workers find 3d 
remove them from the cells and eat them (earns- I, 
balism); otherwise they become ‘non-functiona? ? 
drones (Winston, 1987).

10.4 D evelopm ent o f the brood

Development of the immature forms ocean 
within the ceils (Le Conte, 2006b), and proceeds 
through four stages: egg, larva, pupa, and then 
adult or imago. Because the honeybee is a sodi 
insect living in a perennial colony, certain adults 
the nurse workers, are in charge of the brow 
rearing. Many interactions between adults and 
the brood occur (Winston, 1987). The devel­
opment of the brood and the quality' of adults 
emerging depend on multiple factors, including 
rearing, temperature, nutrition, behaviour of 
the workers, and strain. These factors are there­
fore also significant for managing colonies in 
order to produce strong and healthy adults.

The larval stage is the period of feeding 
and nursing by the nurse workers. The larv» 
develops in weight and size. At the end of ib* 
stage, workers cap the cell and the larva spins®
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Table 1.1 B ro o d  d e v e lo p m e n t c h a ra c te r is tic s  o f  th e  th r e e  c a s t e s

Q U IIN EGG LARVA PUPA

3  d a ys 5 .S  d a y s  

RO YAL JELLY

7 .S  d a y s

W ORKER EGG LARVA PUPA

3  d a y s 6  d a y s

W ORKER JELLY

1 2  d a y s

DRONE EGG LARVA PUPA

3  d a ys 6 .5  d a y s  

DRONE JELLY

1 4 .5  d a ys

«—LAYING (CAPPING OF THE BROOD CELL | EM ERGENCE OF ADULT |

......... and turns into a pupa. The pupal stage
i ,i pi ilod of metamorphosis, during which the
.......I changes into an adult. The imago emerges
(■*<iii l lie wax-capped brood cell. Six moults 
., in from the egg to the adult (Wendling, 
hi ') While the egg stage always lasts 3 days, 

ih. larval and pupal stages of ihc three castes 
li-.vc their own duration characteristics (Table
I Ih

HH.I bggs
I lii queen oviposits an egg at the centre of a cel], 
fining the egg to the cell floor with a mucous 
• i i amt. The egg oviposited is positioned vertically 
i . u i  over the following 3 days progressively lays 
l“ivn on the floor of the cell. One egg is laid

• lu c re  1.21 O n e  e g g  is o v ip o s ite d  p e r  ce ll by  
ilia q u e e n . (© N ico la s  V id a l-N aq u e t.)

per cell (Figure 1.21) (Winston, 1987). Eggs 
are white, pearly, short cylindrical structures, 
rounded on both ends, and measuring 1-1.5 
mm x 0.5 mm. Egg incubation lasts 3 days (Le 
Conte, 2006b).

10.4.2 Worker brood development (duration: 
21 days after ovipositioning) (Figure 1.22)
The worker brood represents the main brood in 
terms of size reared in the nest or the managed 
colony. Its rearing is of crucial importance to 
the strength, the life, and the production of the 
colony.

Figure 1.22 W orker b ro o d : u n c a p p e d  
c e lls  w ith  e g g s  a n d  la rv ae . C a p p e d  b ro o d  
c o n ta in in g  p u p a e . (© N ico las  V idal-N aque t.)



IV  worker l» m l stage 1**1* t\ days before 
. apping I *rv*f are treqnewlv visited by 
workers > feeding. nursing. inspection of (he 
v cii' am-) art fed with worker jelly secreted by 
the fond ‘processing glam)* of the nurses. The 
composition of this jelly changes after the third 
dev and mandibulat glam) secretion decreases,

Ibe rapped Mage begins when the cell is 
closed by workers with wax and propolis At 
this time, the lam e  spin their cocoon and turn 
into pupae The capped brood stage lasts 12 days. 
Thus, from egg-laying to the emergence of the 
worker bee takes 21 days.

In workers, the development of the genital 
tract produces atrophied ovaries. Only 2-12 
Varieties remain within the residual ovaries 
-after the Sana! and pupal stages (Piulaehs et til., 
2005). The ovarioles of workers may in some 
circumstances produce unfertilized eggs (e.g. in 
queen-less colonies that are unable to rear new 
queens).

Summer workers live for 4-S weeks, while 
winter workers can live for 20 weeks in order to 
allow the colony to survive through the winter 
period {Semolina, 2007; Rueppdl et at., 2007).

30 4 5 Drone brood development (duration:
24 .days after ovipositioning)
The drone larval stage lasts 6.5 days. Drone 
cells m  larger than those of workers, and are 
ohm placed on the edge of the worker brood. 
Drone teilv seems to be quite different to worker 
jdJy. Drone larvae receive more jelly probably 
because drones are larger titan workers. The 
capped brood stage lasts 14,5 days, and therefore 
t e a  the Haying of the egg to the emergence of" 
the drone takes 2-1 days. (Winston, 1987).

19.4.4 Queen brood development (duration:
16 days after ovipositioning) (Figures 1,23 
and 1.24)

The queers ceils, also tailed cups, are oval-shaped,
рзогашгш, vertical, and open at the bottom. 
The future queen larvae are fed with royal jelly 
and nurses visit them at leas! 10 times more 
frequently than they do the worker larvae.

Figure 1.23 U n c a p p e d  q u e e n  cell. 
(©  N ic o la s  V id a l-N a q u e t.)

Figure 1.24 Y o u n g  la rv a e  lying in a  pool 
o f  ro y a l jelly  w ith in  th e  q u e e n  cell.
(©  N ic o la s  V ic ja l-N aq u e t.)

During the first 5 days of larval ilk, ® 
quality and quantity of the royal jelly is etita'd'1 
(containing secretions of mandibular J» 
hypopharyngeal glands). Determination oico# 
between workers and queen is mainly based tfi
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, ,minimal factors (cf. Chapter 1, Section 11). 
mmilatlon of juvenile hormone secretion by

....... рога allata of the queen larva is increased
i w ui/ »tnd Beetsma. 1972; Rembold et al., 1974).

I hr protein royalactin within the royal jelly 
i.. hrrn shown to play an important role in 
.I., dimorphism between worker and queen. 
i -v il.u tin is reported to increase the level of 
—  idle hormone in larvae, increasing the body 

.uni decreasing the developmental time 
i iniiikura, 2011). Throughout most of the 

Uiv4l stage of queens, a high level of juvenile
l. 'Himme is synthesized, resulting in quite

inplrlc development of the ovariole anlagens. 
iInn. the ovaries of adult queens contain up 
и. l Hi) ovarioles (Piulachs et al., 2003). On the 

•unary, as noted above, in workers only 2-12 
.и inlrs remain within the residual ovaries after 

• In I,и val and pupal stages (Piulachs et al., 2003).
billowing the third day, and until brood 

ipplug, the queen larva will receive a stable 
.imposition of royal jelly. At the end of the 

Uival slage, the queen larva begins to spin a
.....on, and workers cap the cell just before

'll. pupal stage. The larval stage before capping 
lao, 'i S days. Then, the larva becomes a pupa, 
uni a virgin queen emerges 7.3 days after meta-
.....plmsis, i.e. 16 days after the egg is deposited.

l mergence occurs after the workers have 
n .imied the external part of the brood cell cap. 

и., following day, the queen cuts the cap with
I i mandibles, pushes it away, and exits the cell. 

Although queens can live as long as 5 years,
■ ini about 2 years their fertility declines, and 
a m.iiiiiged colonies they should be replaced in

m. In m keep the colony as healthy as possible,

I I  Nutrition

lb. three castes and their larval stages have 
till, tent nutritional needs and resources 

i b  union, 1987). Honey (and honeydew honey) 
и.. I ..mred pollen are respectively the colony’s 

и., a of carbohydrates and lipids/proteins. 
i a *11, о Is also the main source of minerals and 
vitamins.

A honeybee colony needs water to

thermoregulate the hive by evaporative cooling 
in the case of high temperature, to maintain a 
certain moisture level within brood cells to 
protect eggs and larvae, to dilute stored honey, 
and for the consumption of nurse workers to 
produce brood food for feeding the larvae 
(Haydak, 1970; Winston, 1987; Kovac et al., 
2010). Water is not stored and permanent access 
is crucial. A lack of water seriously impairs 
colony health. In managed colonies, the 
beekeeper must ensure a constant supply of 
water is available for the bees.

11.1 Honey

Honey is a product of the nectar secreted by 
the nectariferous glands of flowers gathered by 
foragers. Another type of honey, called honeydew 
honey, can be produced by the transformation of 
honeydew, a carbohydrate-rich liquid secreted 
by aphids and some other scale insects that feed 
on plant sap. Honey is stored in the honeycombs 
(Figure 1.25).

After nectar or honeydew has been gathered 
while foraging, its transformation begins inside 
the crop of the forager bee. When the forager 
comes back to the hive, the nectar is transferred 
to nest workers by trophaliaxis (mouth-to- 
mouth feeding). In the honey stomach, the nectar

Figure 1.25 H o n e y c o m b . T h e  h o n ey  is  s to re d  
in th e  ce lls . A fter b e in g  tra n s fo rm e d  (en zy m atic  
a c tio n  a n d  e v a p o ra tio n ), th e  n e c ta r  a n d  th e  
h o n e y d e w  a re  s to re d  a s  h o n e y  w ithin c a p p e d  
ce lls . (© N ico las  V idal-N aque t.)



continues to be transformed by enzymes -  notably 
diastase, inwrtase and glucose oxidase -  secreted 
bv the hvpopharvTigeal glands. These enzymes 
convert sugars into simple carbohydrates, which 
are more digestible by honeybees. The enzymes 
also play an antiseptic role, protecting the honey 
bom bacteria in particular.

The nectar is then placed into cells where its 
enzymatic transformation continues. Fanning 
workers begin to ventilate the transformed 
nectar to evaporate water. When the enzymatic 
action is complete and the water content is less 
than 2 0 4  the nectar has been transformed into 
honey. The cell is then capped with white wax 
secreted by building workers.

The composition of honey is on average 38% 
fructose, 31% glucose, and some other di- and 
tri-s3ccharides (Donner, 1977).

A honeybee colony needs honey to proside 
carbohydrates during the beekeeping season 
{in managed colonies) but also to overwinter. 
In temperate climate areas, it is usually 
considered that a colony needs 20 kg of honey 
to overwinter In northern USA and Canada, 
coionies are reported to need more than 40 kg

F ig u re  1.26 F o rager co m in g  b a c k  to  th e  
hive with sticky balls  of po llen  in th e  po llen  
b ask e ts . (© N icolas V idal-N aquet.)

to survive the overwintering period (Octob„ 
April) (Beesource, 1978).

The annual honey yield may vary accord:-, 
to, in particular, resources, dimate, beek«j;r, 
practices, and crop factors,

11.2 Pollen

Pollen is the honeybees' source of protein- j 
also provides lipids, vitamins, and m ineri; 
The nutritive value of pollen is very diver* 
according to the flower species. Thus, divert; 
of flowers is necessary to accrue all the elemefi 
needed by the honeybees (amino acids, iipii 
minerals, vitamins, etc.).

W hen visiting flowers, the forager retains 
grains of pollen with its hairs. The bee fei I 
cleans its body with its legs, and passes ь  | 
pollen from its forelegs to its hind legs, where; 
is stored for the flight back to the hive as a stidr 
ball (mixed with nectar and food-procsss | 
gland secretions) in the pollen basket situated;; 
the hind legs (Figure 1.26). The residua! pole 
grains trapped on the hairs of the honeybees 
pollinate flowers; this is the adaptation of less 
to pollination of the angiosperm (and of i t  
angiosperm to the bees).

Figure 1.27 B e e b re a d .  B ee b re a d  is stored1̂ ; 
u n c a p p e d  c e lls .  T h e  co lo u r  of the  beebread 
m a y  vary  d u e  to  th e  d iversity  of the fiosvets j 
v is ite d  b y  fo ra g e rs .  D uring  o n e  flight 
f o r a g e r s  v is it o n ly  o n e  s p e c ie s  of flower.
(©  N ic o la s  V id a l-N aq u e t.)



Iiulde the colony, nest workers take charge of 
и,, | •<>llrn, beginning digestion and preventing 
i . .initiation. Symbiotic microbes play a major 
mil In protecting the stored pollen from 
nmilage (DeGrandi-Hoffman et a i, 2012). This 
, nililollc action begins while foraging. Bacteria

• ml Itingi are added to the pollen with nectar in 
Ни «иску ball, lowering the pH and initiating

h i mentation process. This process converts
• in I'ullon into a long-term storage form called 
| ■ • I n cad’ in uncapped cells (Figure 1.27). The
ili of these symbiotic microbes seem to be 

ini| nittant to honeybee health. Therefore, the use 
nl nillbiotics or fungicides (as treatment within 
.in lilvc or on crops as pesticides) is reported to 

Linger the balance of symbiotic microbes in 
iln . ninny and may impair colony health (Yoder 

nl, .1012). Beebread can, in some respects, be
• niil'iircd to silage (fermented stored fodder) 

tin I ceiling ruminants.

n i l  ending behaviour of adult b e e s

llu luod of the workers is composed of honey 
«ml pollen (beebread). The basic nutritional
i .  .|iilirments of the workers depend on their
• nvlly and the activity of the colony. When 
hi iiiy. workers need a high level of nutrients in 
■ I, i in feed the brood and the queen. In winter,

ii. nii у Is necessary to ensure a carbohydrate 
tpi'ly, ul the beginning of spring and during

и,. Iiuiiey flow, honey and pollen are necessary.
Hiutig drones are fed by workers with a 

•, i ■ 1111 c of brood jelly, pollen, and honey. Later, 
■in i нс able to feed by themselves in the honey
• ►u. in particular before the mating flight.

'iirms are fed brood food by the worker
........ I hey seldom feed themselves on honey
iiliiii lhe colony. Isolated queens may feed on 
only (when exchanging or trading queens, they

...... in о sent with their retinue in boxes along
nil "me sugar for food). Feeding duration and

....... ..  supply quantity depend on the queen’s
' II'K iate (Winston, 1987).
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11.4 Feeding behaviour of larvae

Larvae are fed with brood food, also called 
jelly (royal jelly, worker jelly, or drone jelly), 
produced by the food-producing glands of the 
nurse workers.

The hypopharyngeal and mandibular glands 
produce the main components of the brood food 
and are well developed by the time the workers 
are at the nursing stage. Proteins, carbohydrates, 
lipids, vitamins, minerals, and of course water 
are required to produce the larval jelly. The 
proteins in larval jelly contain all the essential 
amino acids necessary for the development 
of honeybee adults (Haydak, 1970). Lipids 
are also necessary. 10-Hydroxy-2-decenoic 
acid (10-HDA) and 24-methylene cholesterol 
produced in the mandibular gland seem to be 
involved in growth and development (Winston, 
1987). Carbohydrates are of major importance 
in development. The difference in composition 
between worker jelly and royal jelly, but also the 
higher rate of feeding of queen larvae explains 
the caste differentiation between the diploid
e g g s .

The brood food is provided as soon as the 
egg hatches.

The worker larvae food brood changes 
on the third day after hatching. For the first 
2 days, the worker jelly consists of a blend of 
hypopharyngeal and mandibular secretions, in a 
ratioof3:l or 4:1 (Haydak, 1970). The mandibular 
portion then decreases and the jelly is mainly 
composed of hypopharyngeal secretion. At this 
time, both the quantity and quality of proteins 
decrease (Winston, 1987). Honey and pollen 
become a part of the jelly (the pollen is a yellow 
component in the jelly). The addition of honey 
has an important dilution effect (Haydak, 1970). 
The food requirements of worker larvae are not 
well known. If underfeeding occurs, dwarf adults 
can emerge from cells. The quality and quantity 
of worker jelly are fundamental to producing 
‘strong’ workers (Winston, 1987). Underfeeding 
(weak colonies, diseases, starvation, etc.) 
adversely affects the worker brood.

The nutritional composition of drone brood 
food (drone jelly) is not well known. Drone



larvae receive much more food during their 
growth and development than worker larvae do 
(Haydak, 1970).

Queen larvae are reared in special vertical 
oval-shaped cells. Throughout the larval stage, 
an abundance of royal jelly is supplied by 
nurse bees to feed queen larvae (Figure 1.22). 
Even after capping, some jelly remains in the 
cell. Royal jelly contains much higher levels of 
mandibular secretions than the jelly fed to other 
castes. Royal jelly has two components: white 
(mandibular secretions) and clear (hypopharyn- 
geal secretions), in a ratio of 1:1 (Jung-Hoffman, 
1966; Haydak, 1970). The mandibular secretions 
and high levels of sugars are the main character­
istics of royal jelly. The quality of the royal jelly, 
and in particular the presence of the protein 
royalactin, induces the secretion of juvenile 
hormone in the female larvae corpora allata and 
the development of a diploid egg into a queen, 
stimulating in particular the development of 
ovarioles within the ovaries and the growth of 
the body (Winston, 1987; Kamakura, 2011).

12 Organization and communication 
within the colony

The colony must be considered as a super­
organism organised with the queen in charge of 
laying eggs and workers in charge of all tasks 
in the nest. The drones’ only role seems to be 
mating virgin queens.

12.1 Age polyethism: the division of 
labour among worker b ees  (Winston,
1987; Le Conte, 2006b)

During their lifetime workers undertake many 
jobs in a quite defined order. This temporal 
division of labour is also termed age polyethism. 
The first tasks undertaken are inside the nest 
(cleaning, nursing, comb building, etc.); then, 
when workers become older, the tasks are 
mainly outside tasks (guarding, foraging). The 
lifespan of summer workers is on average 25-30 
days (Winston, 1987). As their tasks change with 
time, the glands of the workers develop according

to the corresponding task. Thus, in nurret 
food-processing glands are well developed Ц I 
decline when it is the turn of other tasks j(, I j 
be performed. In comb-building workers, щ  \ | 
glands are at their peak of processing; thereafter \ , 
these glands become atrophied.

In winter, the main task of all the winter bees 
is to allow the colony to go through winter and 
survive the cold. Their role is also to rear the 
brood of the new generation of workers in (lit 
following spring. The life span of winter workers 
is 2 -6  months, depending on the region.

These task and temporal divisions of labour 
is one of the explanations for the organization 
of the colony.

12.1.1 Cleaning

After emerging, and on average for the first 2 j 
days thereafter, the adult bees serve as cleaners, j 
removing the remains of the larvae and pupae i 
from the cells. After emergence, cells are quickly j 
cleaned, allowing the queen to oviposit within 
them again. The adult bees also remove al 
kinds of debris, e.g. moult skin, pollen, capping, 
diseased or dead larvae and adult bees (Figure j 
6.5).

12.1.2 Brood and queen nursing

On average, from 3 to 16 days of age workes 
inspect larval cells and feed larvae. This is the 
nursing task. At this age, the hypopharyngeai 
and mandibular glands are well developed, 
allowing the secretion of royal and worker jell' 
Inspections of larval cells are frequent, allowing 
nurses to adapt the quality and quantity of brood 
food to the larval age.

At the same time, nurses are tending th( . 
queen. Feeding is adapted to the laying activity j 
the more the queen lays, the more workers fed j 
her with royal jelly.

12.1.3 Food handling and storage 

Stockers (on average, days 10-15 oflife)s'0Ii j 
nectar and pollen. The nectar is transmitted111 i 
the storing bees by the forager via trophall»- 
The worker exposes the nectar repeatedly
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11, iir (evaporation) with her mouthparts. This 
i, i lto i  stage when enzymes are added to the 
,„ tar The nectar is then stored in the cells and 
,l„ inning workers continue the drying proces; 
,,,i II nectar contains less than 18-20% water.

Ihe pollen is directly stored as beebread 
hy Imaging bees in cells and manipulated by 
« i kers with honey and .aliva before pushing it 
о. he bottom of the cel).

i ■ 1.4 Comb building
At shout the same age, workers (comb-buiiderst 
|.ioiluce small wax scales from four pairs of 
, . niral abdominal hypodermal wax gland, 
f'nodgrass, 1910). These secreted wax scale, 
•и Initially colourless, becoming opaque after 
in ideation by the worker bee. The wax of 
11и honeycomb is nearly white, but become. 
|.i t igrcssivcly more yellow or brown.

'■ccrction is maximal when the glands are 
„ill developed in 2-week-old workers. Wax is
i.... luted via the metabolism of honey and i.
imposed of around 300 different substance, 

lit ilrocarbons, monoesters, diesters, free acids, 
in I hydroxypolyeSters). Younger comb-builders
0 , in charge of capping cells while older builder. 
•и In charge of comb construction.

I ombs arc built by workers, which transfer 
i In wax scales with their third legs to the catching 
•и I kneading mandible, In both wild nests 
„il managed hives, combs arc built vertically, 
lb, comb-building of the nest begins on the 
.сап side and portions are joined afterward . 

•i different points of the developing nest (or
1. i ) the cells are hexagonal, and orientated ori 
•..logo 13-15° from the horizontal, preventing 
i t . honey from flowing out. The hexagonal 
ih.ipe Is the most economical use of space and 
I, I, urccs and allows bees to accommodate the 
h i . ,imum number of larvae with minimal wax
I.... luctlon (Reaumur, 1734-1742). Cellular
uiiilormity results from the sensory and gravity 
■iicptors of the bees.

U 1.5 Fanning
uilation is the first outside job the workers
Intake. Fanning workers are on average IF

days old at the peak of this job period; however, 
workers of any age may ventilate If necessary.

Fanning plays many roles: cooling,
evaporating water from nectar, and controlling 
humidity and carbon dioxide levels within the 
nest. Fanning occurs at the entrance of Ihe nest 
(or the hive), but also near the honey cells inside.

12.1.6 Guarding
On average from the age of 12-25 days, some 
workers become guards for a few hours, 
defending the colony against predators and 
robbing bees. At the entrance to the hive, guards, 
when faced with a potential danger, secrete 
an alarm pheromone from their mandibular 
glands, inspect the situation, and take a defen­
sive posture. Workers have a sting, allowing 
defence and attack if required. Nest defence 
is the consequence of the guards recognizing 
and alerting the other workers of the colony. 
Workers sting predators and then die, losing 
their stinger within the prey.

Another strategy of defence it 'behavioural 
fever'. Workers group together in a ball and 
collectively raise the temperature to tit least 
4541 around a predator such as a hornet (Evans 
and Spivak, 2010). [his is the way used by some 
Asian honeybee species to fight Vespa valutina, 
the Asian hornet that invaded France in 2005 
(Figure 7.13).

There Is a great variability in defence 
behaviour according to strain and subspecies 
but also according to weather, colony size, etc. 
(Winston, 1987).

12.1.7 Foraging
Foraging begins around the 21st day after 
emergence and lasts 4-5 days. This is the l ast task 
workers perform before dying. The efficiency of 
foraging behaviour is due to the division of the 
task between scout and foraging workers. Scout 
honeybees are in charge of discovering sites and 
recruiting forager bees. Nectar and pollen are 
brought back to the nest respectively in the crop 
and in the pollen basket or corbicula.

Each forager makes 10-15 trips a day, and 
visits between one and 500 flowers of the same



sp A ll's during filch lrl|>, I Ills specificity Is 
favourable In pollination Trips are generally 
less lliiin .1 km lung around the ncsl or hive bill 
bees htive been reported to lly up lo 10 km. 'lists 
ecologically successful aillvlly nllows a large 
pa id of workers lo lake advantage of floral 
diversity and vice versa.

Imagers also gather water, which Is crucial 
lot the colony, Some honeybees In the colony 
specialise In wilier gathering (Undaucr, 1952; 
Robinson etri/., 198*1). As previously noted, water 
plays a crucial role In temperature modulation 
within the Individuals and the colony. Water is 
not stored, so there Is a permanent need for а 
source near the hive.

12 1.8 Plasticity and adaptation 
Plasticity and even reversibility are reported to 
be possible In this temporal division of labour 
(Lindaucr, 1952; Winstar;, 1987), Thus, when 
necessary, young workers can become foragers 
earlier than normal. Tor example, If there is a 
lack of foragers (e.g. due these being killed, or 
rendered unable to return lo the hive doling 
foraging ns a result of poisoning), Inside workers 
can quickly turn into foragers.

Another feature of the temporal division of 
labour Is reverslbilll y. A n older worker can ret urn 
to being an inside worker. Thus, In the case of 
trouble, such as a lack of nurses or foragers, the 
colony Is able to tulapl to the situation because 
workers are able to do the different tasks at any 
age (Lindaucr, 1952; Winston, 1987).

Mitochondrial RNA (mtRNA) expression 
within ihc brain is reported lo play a role in 
the regulation of behavioural plasticity of the 
honeybee (Greenberg el ni, 2012).

12.1.9 Winter workers

Overwintering Is a highly risky period for a 
colony. Colonies and winter workers must 
be strong enough to go through the winter; 
wittier workers, which have a long lifespan, 
are essential lo a colony’s survival through 
the wither months. Winter workers ensure in 
particular thermoregulation of the ncsl. At the 
end of winter, these long-life winter bees become

nurses and/or foragers and rear the new brood, 
producing the lir.it generation of spring workers. 
This nllows the colony lo develop a new period 
of honey flow. Overwintering mainly depends 
on the strength and lifespan of winter heel 
The role o f their flu bodies, the only source of 
proteins and lipids during overwintering. Is 
crucial. Carbohydrates arc provided only 1 у the 
honey stored In feral colonies. Carbohydrates art 
fundamental lo maintaining homeostasis v.ithln 
the colony in winter. In managed colonies, if all 
the honey storeil has been removed from the 
hive for trade, the beekeeper has to substitute 
It by a feeding carbohydrate supplement (eg. 
candy).

12.2 Com m unication betw een bees

The organization and life of the colony is not 
only the sum of individual roles but involves 
also complex interactions between bees. 
Communication between individuals and 
castes and oriental ion ля- essential com!lions 
of social insect colonies such as A. mellifm 
(Winston. 1987). Thus, for example, orienialio» 
allows foragers to And food and water resources, 
and communication allows them to share 
information with l heir nest mates and recruit 
other forager bees.

Communication between honeybees can 
involve chemicals, dance, or sound (MaschwiU, 
1964; von Frisch, 1967; Towne, 1985; Free. 1987; 
Blum, 1992). Much scientific work has been 
done on this subject, in particular by Ka Ivon 
Frisch, who won the Nobel Prize for his work on 
the dance erf the honeybee (von Frisch, 1S67).

12.2,1 Chemical communication: pheromone

Many pheromones are involved in communi­
cations between honeybees within the colony 
Honeybees possess 15 documented glands 
producing these chemicals (Free, 1987; Blum, 
1992). At least 18 chemicals have been described 
as pheromones (Winston, 1987). In honevbees 
pheromones are produced by queens, workers 
and probably drones (Figure 1.11), ar.d aa
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involved in mating, alarm, cohesion, recognition 
nl «lie colony, inhibition of'queen rearing, etc,

Ijuiin pheromones

I he main queen pheromon e is queen mandibular 
l>hr omonc (QMP), which plays several roles in 
irptoduction (Winston and Hugo, 1991; Blum, 
rm!, Pankiw, 1998). Chemically, QMP is very 
■ live rse, containing at least 17 major compounds 
i Mi sor el я/., 1990; Winston and Hugo, 1991), 
i)MP is distributed throughout the colony. The 
in >1 bees involved in this transfer are the retinue 
woikcrs, who lick the queen, and the pheromone 
h then spread to other w orkers of the colony 
illn tolotti and Costa, 2010).

lie functions of QMP are (Bortolotti and 
Coita, 2010):

• formation of the queer retinue.
> Inhibition of queen-rearing by the colony.
• facial behaviour and cohesion of the colony 

QMP allows workers to recognise the queens 
. nd inhibits ovarian development in workers

• Stimulation of worker activities, such as 
tomb building, brood feeding, guarding, and 
longing.

• Stimulation of Nasonot pheromone release.
• Attraction of drones and mating behaviour 

by virgin queens (sexual pheromone role).
• I urination and mainte nance of the swarm 

i luster -  QMP attracts workers to the swarm
' ubilizing the swarm and helping swarm 
movement to a new nest site (Winston, 1987).

i nili-r natural conditions, at the end of her life, 
'In queen secretes less QMP, loses hairs, and 
In i wings become indented. This phenomenon 
-ill induce the replacement of the queen by 

'up -rsedure.
he queen possesses other pheromone glands:

• I lie glands of Arnhart situated on the tarsus 
11 oduce a tarsal gland pheromone, also called 
i he footprint pheromone. This secretion is 
iii posited by the mated queen on the comb 
i nd inhibits the building of queen cells by 
workers (Bortolotti and Costa, 2010).

• The Dufour’s gland produces a pheromone 
linked to reproduction and ovipositioning.

• The tergal glands (situated between the 
tergites of the abtlomen) secrete a pheromone 
involved in drone copulation; this pheromone 
also inhibits queen rearing and ovarian 
development in workers.

Worker pheromones

Workers emit a range of pheromonts, including
the following:

• Alarm pheromones. These arc involved in 
guard behaviour One alarm pheromone is 
released by the Koschevnikov gland when 
a honeybee stings another animal. This 
pheromone then stimulates other bees of 
the colony to behave defensively (sting or 
charge) (Koschevnikov, 1899; Free, 1987). A 
second alarm pheromone Is released by the 
mandibular glands and is used to discourage 
potential enemies and robber bees.

• Dufours gland pheromone. The Du four’s 
gland opens into the dorsal vaginal wall, and 
secretes a pheromone that allows workers 
to distinguish between eggs laid by the 
queen, which are attractive, and those laid 
by workers in particular circumstances, e.g. 
when the colony is queenless (Oldroyd et al„ 
2002; Dor et al., 2005).

Figure 1.28 W orker b e e  re lea s in g  
N aso n o v  p h e ro m o n e  (typical a ttitude). 
(©  N ico las  V idal-N aquet.)



• Nasonov gland pheromones (Figure 1.28), 
composed of seven chemicals, principally 
geraniol, The pheromones play a major 
role in orientation, and are used in diverse 
situations including guiding foragers back 
home, during swarming, marking the new 
nest entrance after swarming, and forage 
marking. Nasonov pheromones also play an 
important role in foraging for water and are 
released to mark the water site in order to 
guide water foragers (Williams et al„ 1982; 
Winston, 1987; Schmidt, 1999).

• Footprint pheromones involved in, among 
other things, orientation, foraging, brood 
recognition and egg marking are also emitted. 
Other pheromones arc emitted by worker 
bees.

Drone pheromones

Drones seem to produce pheromones from their 
mandibular glands. These i hemicals are reported 
to be involved in attracting flying drones, and 
in attracting the queen to the congregation area 
(Winston, 1987).

The brood is also a pheromone producer. 
The roles of brood pheromones are brood 
recognition, stimulating foraging behaviour, 
and inhibiting ovarian development in workers 
(Free, 1967; Scott, 1986; W'inston, 1987).

In a colony, a round dance is the 
dance -  it does not give in fo rm a l 
the distance and/or the direction, but м  
informs bees o f a nearby source ot 
(within 15 m) W hen a scout bee d sco 
a source of nectar, it returns to the livej^ 
conveys this information to foragers via tfc, 
round dance. Honeybees take into ксощ, 
the ‘nutritional value’ of the resource: the 
longer and more vigorous the darce, 
higher the sugar concentration.
A waggle dance (a figure-of-eight dance), 
performed by scout bees, indicates a food site 
more than IOC m from the hive. It informs 
foragers of the direction and distance of the 
site, as well as the quality of the food there 
The bees dance in a direction determ nedW 
the angles between the sun, the resource sit 
and the hive; the distance to the resource is 
given by the speed of the dance; and the food 
quality' is indicated by the amplitude of tin 
waggles.
The DVAV dance is characterized by a worker j 
vibrating its abdomen dorso-ventrali ■ while 
grabbing another worker or the queen 
(Winston, 1987). The role of this dance is to 
regulate foraging and swarming.
O ther dances exist, in particular, a dance 
to help the colony choose a new site dunm 
swarming.

12.2.2 Dances of honeybees 

In 1788, Spitzner, and later Unhoch in 1823, 
observed a worker dance within a colony. In 
1973, the Nobel Prize was given to Karl von 
Frisch who described the dances of the honeybee 
as a bee language’(von Frisch, 1953,1967,1969).

Three kinds of dance have been described: the 
round dance, the waggle dance, and the dorso- 
ver.tral abdominal vibrating dance (DVAV 
dance). Dancing occurs within the hive, on 
the comb surface, and near the entrance. These 
dances give information in particular on foraging 
sites to workers but also regulate foraging activity 
and when swarming occurs. Workers follow the 
dancer to obtain the information.

12.2.3 Acoustic communication 

Piping and tooting are sounds made by queens 
(W’inston, 1987; Kirchner, 1993). Tooting is1 j 
sound emitted by the first virgin queen up® 
emergence, when there are several queen cells 1 
This sound is reported to prevent the othd, 
queens from emerging. A piping sound ( cons) 
+ quacking) is usually made when there ;s more 
than one queen in a hive. It is postulated 
this piping is a form of ‘battle cry’, annornoBf 
to competing queens a willingness to 6$*' 
Workers also emit and are sensitive to sounds 

Reproduction, the temporal division 
labour, and communications between bees > 
serve to regulate the colony and explain why1 
colony is regarded as a super-organism.
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riuor* 1.29 A swarm of a honeybee colony 
»n i Ited to a branch of a tree. A location to 
ион i a new nest will be search by scout bees.
10 и» olas Vidal-Naquet.)

11 Swarming and supersedure: 
divition of the colony and
i»i Incement of the queen

lh colony, as a perennial super-organism, is 
chti to divide by swarming and to rear a new 
r  n In case of reproductive failure or death of 

|iiecn in order to continue Us life.

11 Swarming

- Htnlng allows the division of the colony and 
(In i" ipetuation of the species (Winston, 1980, 
rnt'i Villa, 2004). Swarming usually occurs 

I on  the colony population is maximal. An
.......... . brood and an overcrowded colony are

gin to be the main causes of swarming, but 
d - . uiscs arc possible (e.g. inherited factors 

I о source abundance) ( Winston, 1987). 
lo main cause of these colony changes is 

"I .о ii-J to be a reduction in QMP transmission 
и. I. j ,К workers to build up queen cells and to 
•“ К n In rear queen larvae. With the development 
1 i " i n cells, the queen stops laying eggs, usual

hive activities are also stopped, and the colony 
becomes highly excited. After filling thei r crops 
with honey, a group of workers and the mother 
queen, together with tens of drones, fly out of the 
hive. This group builds up a swarm, usually on a 
branch of the tree where the parent nest resides 
(in feral honeybee colonies) or near the parent 
hive (Figure 1.29). Then, the swarm moves to a 
new location found by scout bees (e.g. in a tree 
trunk, between a window and a shutter). In the 
parent colony, the remaining workers rear queen 
cells and a worker brood. A queen will lay eggs 
about one week after swarming. In some cases, 
‘after-swarms' may follow the first one (Winston, 
1980, 1987). In temperate countries, swarming 
usually occurs when the worker population 
reaches a peak, in mid-spring (May and June). 
However, swarming period and swiirming 
behaviour depend on the climate, the region, the 
subspecies, and the strain of honeybee.

if swarming is the way of colony division 
in the wild, in apiculture natural swarming 
poses a risk as it may weaken the colony for 
a while. On another hand, swarming offers an 
opportunity for beekeepers, and indeed, this 
biological process can be used to divide colonics 
and maintain or increase livestock by producing 
artificial swarms.

In the case of swarming, it is reported that 
queen cells are mainly located on the edge of the 
frame or comb. However, it seems that ‘swarm 
cells' may also be located elsewhere on the frame.

13.2 Supersedure

Supersedure is another method by which the 
colony can replace its queen. This happen: when 
the queen becomes unreproductive through age, 
injury, or sickness. The process of supersedure 
requeening is initiated by a decrease in QMP 
level within the colony (Butler, 1957; W'mston, 
1987). In colonies superseding their queens, 
several queen cells are built and several future 
queen larvae are reared. At the same time the 
queen continues to lay eggs until the emergence 
of a new queen. After the emergence of a virgin 
queen and her mating, the old queen will usually 
be killed.



Mipri M\hirr (*n tv  utftl *« л hrflu'rpmg 
practice to rcpt*. < «hr jurr n I nr r um ple, 
hr i lipping ..It one nt the mithlle <>» posterior 
jog. Ы the queen, the will be unable «<> pi же 
hr« egg. ftc.uniirh at the M i"» . of ihe brood 
cel Ihe 'w rie r, will rtclecl this (allure »n<l ..’111 
then build .uperwhire .pi rn cell, in replace the 
qUiCtl.

Both .uper.edurc and .wanning are queen 
replacement and queen-rearing mechanism, 
large colonic, seem to replace their queen 
more often by supersedure than by .warming 
("Winston. 148?). Swarming provides a way 
to divide Ihe colony and for the honeybee lo 
pcipcruate the species

Superwdurc queen ceils are reported to be 
located mainly in the centre though sometimes 
at ihe fringe of the brood rscst.

13.3 Emergency queen cells

In the event of the sudden death of the queen 
(accidentally or following a disease), workers 
will rear worker eggs or very young worker 
larvae (a few hour* old) with royal jelly. 'Ihe 
workers then build emergency queen cells 
are and ihe chosen eggs and larvae, However,

these emergen» у queens wr • , .
less prolific, esper i  illy if the queen ,s «.■>. . _ 
a larva iha( is too <M

14 Colony life cycle

Ihe different Мера that determs, 
development and the dynamics of tfe» .
«in an annual basis define the colony if. t 
(Vidal - Naquet, Thiscyde can betr.
by examining the brood area in the scar.- ■ v 
or by the quantity of workers in die икс ■ 

The cycle follows the laying activity o' 
queen and the presence of the brood tie ? 
2006b).

According to the seasons, the сок. м 
either summer cr winter workers ?-■ 
summer workers «.merge in spring and - -■« 
and participate in the development of the x m  
and the preparation for wintering byjstberaf 
resources that will be stored in the . -v 
Their lifespan is on average 5-6 weei- Tat 
second group of workers appears at the сл  t 
the sum m er and/or the beginning of m ssx

НдтЫг at лелле*

Figure 1.30 Typical Me cycle of a ttoneybee 
ccauny m a temperate climate. The dynamics 
of t w  bee population, snowing the mam 
pet к in June with tne emergence of summer 
workers cturmg the height of flowering, and a 
second peak m August/Suptemoer with tne 
•mergence of winter wort ets m preparation for 
overwintering (Adapted from ke Conte, 2006, 
ant OIE Terrestrial Manuel, 2014)

Figure 1.31 Life :ycle of a swarm.r.g 
honeybee colony (temperate climate! 
Swarming occurs at the peak of tne eye*- 
Secondary or even tertiary swarming can 
occur Swarming allows the divis.cn ot ?j 
colony and the perpetuation of the spa:** 
In apiculture, swarming poses a major i5S 
to production. Svrarmmg may be used s> 
beekeepers in managed colonies to <f- 
or increase livestock (Adapted from U  ® 
2006.)

;sn*
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i iv  1.32 F a c to r s  a c tin g  a s  s t r e s s o r s  o n  m a n a g e d  h o n e y b e e  co lo n ie s .

I .in|| ihe colony to survive the winter. Their 
M. |mu inn last several months.

iin (leak of brood surface or number of
........ . within the colony occurs in mid-end

i|i when the maximal honey flow occurs. 
iliis colony life cycle depends on subspecies, 
, .,i|i|ik situation, season, water resource. 

rt.„ I iiiul agricultural environment, and
......Iiienlly on the quality and quantity
i miiey plants. Feral and managed local

..... у bee strains are usually adapted to their
i environment.
i и example, in a northern hemisphere 

in,i *. i ate climate zone, the colony cycle has one
....... peaks (OlE, 2014a) (Figure 1.30).

Hili process can be described as follows:

* i и eclopment phase. After wintering, the 
tinny develops when the queen resumes 
\ ing eggs in the cells.

' ll period. The colony reaches a first brood 
i • .A in mid-end spring (the queen can lay 
pin 2,000 eggs a day). This is the time when 

• * ai ining may occur, allowing the disision of 
i и* с olony and perpetuation of the species. In 
1 n , .uc of swarming, the mother colony will 
i nr many workers that depart with the old 
. urrn (Figure 1.31).

• At the end of July and into August, the queen’s 
egg-laying activity decreases. The popu ation 
decreases along with regional tlowcring.

• Preparation for the wintering phase (except 
in hot and tropical climates where there is no 
wintering period). At the end of August and 
in September, the queen continues to oviposit 
in order to allow the setting and rearing of 
the winter worker brood. ’Ihe winter bees 
do not have to rear a brood or forage during 
overwintering. Their lifespan is longer. Their 
roles arc to allow the colony to overwinter and 
toensure the reaiingofbroodat the beginning 
of the new season (at the end of winter or in 
early spring according to the region). Thus, 
the ability of a colony to overwinter in good 
condition and start again in spring depends 
to a great extent on the winter bees' strength 
and lifespan (Noireterre, 2011).

. Overwintering phase. The population is 
reduced and lives around the queen in 
a cluster, feeding on stored honey (or 
carbohydrate feeding supplement in managed 
colonies). There is no brood in cold areas in 
winter. Overwintering is a risky period for 
the colonies. In managed colonies, mortality 
and dwindling mainly occur in this period.



Thus, there is a demographic explosion during 
spiing, allowing pollination, pollen storage, and 
honey production. In autumn, the population 
declines and the emergence of winter bees, with 
specific physiological features (In particular 
well-developed fat bodies), allows the colony to 
survive the winter. In managed colonies, one of 
the main roles of the beekeeper is to ensure that 
bo h winter bees and colonics are strong enough 
for this critical period, especially if the climate 
and meteorological conditions are extreme.

As with any reared species, the life cycle and 
consequently the health (and thus productivity) 
of managed colonies depends on many factors 
(Figure 1.32). Impairment of one or several of 
these factors will affect the balance required for 
managed colonies:

• The geographical location, the climate, and 
the weather arc some of the main factors 
influencing the life of honeybee colonies 
(Chapter 2).

• Food resources (nectar, pollen, honeydew, 
water) are crucial factors influencing the 
cycle and life of the colony. Both wild honey 
plants and crops around colonies are the only 
food resources. Monoculture and decreasing 
biodiversity pose the risk that bees will lack 
nutrients (Chapter 2).

• Phytosanitary products (pesticides) used 
on crops but also veterinary medicines 
and drugs used in hives (in particular in 
controlling the infestation by the mite Varroa 
destructor) may act as stressors on honeybees, 
(Chapter 2). Pesticides used on crops are also 
stressors and chemica: hazards for wild bees 
and bumblebees.

• Biological pathogens ( druses, bacteria, fungi , 
parasites) and pests and predators of the 
hives may seriously endanger colonies. The 
mite V. destructor (and bee mite parasitic 
syndrome) is one of the main biological 
hazards facing honeybees (Chapters 3-7).

• Human and beekeeping practices are also 
main 'factors’ that may influence the life of 
managed colonies (Chapter 8).

The following chapters are dedicated to the* | 
stressors, their consequences, and low 
manage and control them as far as possible. 

The terms 'goed health' and ‘strong c 
'weakening', 'mortality1, and collapse art ij 
used in the field of honeybee patho <igy * 
characterise the health status and strength u 
colonies. The definitions and features of these 
terms are developed in the Glossary and is 
Chapter 9 (section 1.4.5).
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2
Environmental problems and intoxication

и.....ybcc colonies are completely depen-
i. i. mi their surrounding environment. The 
..... ybce is the only livestock species whose

. supply cannot be controlled by its keeper, 
ih. 1иткесрег is often described as a landless 
Uinifi I he beekeeper has to provide' his or her
...... lynl colonies with a favourable environ-
... 11 li,tluring blossoming plants, aphid host 

|.|щ u  (for honeydew production), and water.
i • ilnnentary feeding should only be necessary 

«In n the conditions are unfavourable.
Iw«, all the factors influencing the environ- 

iii11 a uf the colonies can affect their strength and 
I.. nil status. Changes in weather and climate,
• ‘ i ,11 as the quality and quantity of food and 
■ u i resources, may favour or impair the 

oili'iiy and the productivity of managed colo- 
m|i Some agricultural practices (monocultures,
...... I phytosanitary products and in particular

......t tildes such as neonicotinoids and phenyi-
i , i/nls) as well as inappropriate chemicals used 

i .in hives (e.g in attempts to control Varroa 
i. ' hi tor infestation) mat also endanger colony 
if i III by poisoning.

ii iause honeybee colonies entirely depend 
и,, their surrounding environment they are 
■, .i.lered a primary indicator of the health of 
the mvironment (Lambert et al„ 2012).

I Influence of meteorology and 
fill note on colony welfare and 
l m ilth

l i influence o f m eteorological factors

died 'good weather is a necessity for colony 
,fjre. In temperate countries, a colony needs

water (but not too much rain), sun, and rnild to 
hot temperatures. The weather is directly linked 
to the food resources of the colonies.

Meteorological factors such as sun, rain, 
temperature, wind and humidity influence the 
life of the colony:

• High temperatures and sufficient precipitation 
are reported to be linked to increased nectar 
foraging and increased colony productivity 
(Shuel, 1992; Voorhies et al, 1933).

• Unusually bad weather (long periods of rain, 
wind, and cold) that confines honeybees 
within the hive for long periods can weaken 
the colony. Such extended periods have been 
implicated in colony mortality (Kaulfeld et 
nl., 1976; van Engelsdrop and Meixner 2010).

A recent study has shown that weather changes 
during flowering of highbush blueberry affect 
pollination and yield (Tuell and Isaacs, 2010), 
Comparing honeybees and bumblebees, it seems 
that honeybees are more likely to forage when 
the weather is fine and bumblebees when the 
weather is mild (Tuell and Isaacs, 2010).

A period of bad weather (rain, wind, cold), 
as soon as it begins, prevents foragers from 
flight and foraging activity. In such periods it 
has been shown that less trophallactic contact 
between honeybees occurs. Nurses seems to be 
‘highly sensitive* to alterations in the weather 
(Riessberger and Crailsheim, 1997). Brood 
nursing time is more than halved in bad weather 
conditions, and other nursing activities are also 
reduced. Thus, bad weather results in less activity 
with a reduced flow of stored food within the 
hive (Riessberger and Crailsheim, 1997).
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Weather features may also dlrecuy ч  
indirectly be a contributing factor to outbreaks 
of disease in colonies:

• In spring, if foragers have to remain confined 
in the hive because of cold or rain, the 
immediate and direct consequence is a lack 
of resources to feed larvae. If a long period 
of starvation occurs, the lack of pollen and 
proteins can rapidly affect brood rearing 
and weaken the colony. Confinement and 
food deficiency art predisposing factors 
to outbreaks of disease such as bacteria] 
European foulbrood disease or viral sacbrood 
disease.

• Cold and humidity are unfavourable for 
colonies. They are in particular predisposing 
to the occurrence of fungal chalkbrood 
disease (Ascosphaera apis).

• Wind poses a hazard for colonies as it may 
be responsible for confinement, in particular 
if the entrance to the hive faces the direction 
of the wind, preventing foragers from seeking 
food resources.

• A long and cold winter may affect the 
health of colonics that have insufficient 
honey resources, resulting in weakening 
and collapse due to famine. It may also he 
favourable to the development of the fungus 
Nosema apis.

Electromagnetic changes are thought to have an 
influence on honeybees in particular on foragers. 
A recent study in Germany has shown a lower 
returning percentage of foragers when they have 
been irradiated by standard commercial DECT 
telephones (Kimmel et el., 2007). However, tins 
fact is not well documented in the scientific 
literature.

Based on a personal observation by the author, 
hives moved to a location near a high-voltage 
power line in the south of France showed no 
change in almond tree pollination activity and 
colony strength at the beginning of a season.

1.2 Influence of clime te change

As presented in Chapter 1, Apis mellifera is widely 
distributed and adapted to many climates around

__,,u evolution andada
their natural dis tribution ranges from a 
Europe to southern Africa and from 
Europe to the Middle East and eastern 
A. mellifera strains are adapted tomanydiV(r|( 
climates and even microclimates. У 
managed colonies have been introduced in ir^. 
territories because of their great poluiatioj 
and honey-harvesting potential. Bcdtepijj 
activities (pollination, honey production, etc) 
have led humans to import this species to the 
New World (South and North America as ^  
as to Asia and Oceania.

Thus, A. mellifera colonies are adapted ij 
both a continental climate with a high annual 
tem perature range (up to 40°C) as iviTlasto 
the extreme heat of a Saharan climate. There 
are 25 sub-species or races of A. weilifa 
reported around the world, adapted a their 
ocvn local climate and flora (Le Co.ite and 
Navajas, 2008).

Climate change has consequences on temper 
am re and water (low in particular. Consequently 
climate change influences the distribution 
of flower species and colony food resources 
Ohuillcr et a!.. 2005).

Thus, we can assume that the honeybee 
A. mellifera. by virtue of the diversity of its 
strains, sub-species, and races, is able to adapt 
to climate change as long as water resou:ces and 
honey floss'ers ace available.

The beekeeper will have to adapt hi, or ha 
practices by cltoosing appropriate strains of 
honeybee and suitable apiary locations, 
probably by migratory beekeeping.

1.3 Management

The management of meteorological factors 
of the consequences of climate change invoh't* 
applying good rules of husbandry. Prophyiacts 
livestock, feeding supplementation, andaiitah* 
management must be applied not onh ih*"l 
challenging periods or when faced by 
factors, but also during daily beekeeping 

Beekeepers and any stakeholders iiivwv*" 
in apiculture must ensure that good : aniwri 
beekeeping practices, as defined by t*  l "
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,„.l the FAO in the Guide to Good Farming 
. for Animal Production Food Safety 

«'ll and FAO, 2009; Vidal-Naquet, 2013),
. I'l'lled in their apiaries and honey farms 

i liapter 8). The beekeeper can potentially 
• In»l the honeybee strain and limit or avoid 

. I i as possible the influence of bad weather 

. unfavourable environmental factors on 
i , yliec colonies throughout the year -  in 

apring before the season, in autumn when 
ilw "lony prepares to overwinter, and in the 

•, wintering period.
i winter, the beekeeper must ensure that the 

i iirs have enough honey or carbohydrate
......... to go through the ‘dangerous’ over-

ti n ilng period (Figure 2 1).

! Influence of food resources on 
"I my welfare and health

inn I irsources are crucial for honeybees. The 
■ ■ ■ ii.es are mainly nectar, pollen, honeydew, 
и ' water. Pollen is the source of protein, and 
...i и and the honeydew provide the source of 
<i! 'hydrates. Whereas pollen and honey are 

•i m ,1. water is not stored within the nest and 
.... always be available for bees.

•  I I'o ltM

' ll и ii the only protein source for honeybee 
nl ifiirt. The crude protein content of pollen 
cl i from 7 to 40% depending on the plant 

' irivllle, 2014). According to Somer- 
■ <11, (2014), honeybees require pollens with
.....mum crude protein levels of between 20

' "i%. A diet containing high-protein pollen
• i ", rs the longevity of workers compared to 

i "И. и with a low protein level (Knox et я/., 1971;
.....ivllie, 2014).

Ilrn is also the colony's only natural source 
1 li ids (pollen contains 0.8-19% lipids). These 

11 ' i arr important, in particular as oils that are 
, live to foragers.
"nrybee colonies are reported to collect 

*" i require 10-26 kg (sometimes up to 55 kg) 
p 'lien per year (depending on certain factors

Figure 2.1 O verw in taring  co lo n ie s  in th e  
F ren ch  A lps. N o te  th e  p ro te c tio n  o f th e  h iv es  
from  w ind a n d  sn o w  T h e  m a n a g e m e n t of 
h o n e y  a n d /o r  c a rb o h y d ra te  re s o u rc e s  is  a  
c rucia l e le m e n t fo r survival du rin g  th is  p e rio d  
in s u c h  reg io n s  (© N ico la s  V idal-N aquet).

such as the size and the strain of the colonies) 
(Winston, 1987; Brodschneider and Crailsheim, 
2010). The pollen is stored as beebread in 
uncapped cells.

As well as the quantity, the quality of pollen 
is a crucial element of the food resources of 
honeybee colonies. Gathering diverse poilens 
from many flower species allows a balanced diet 
of amino acids (Brodschneider and Crailsheim, 
2010). Recent publications suggest that both 
the quality and diversity of pollen may influ­
ence bee physiology (Di Pasquale et at, 2C'13). 
Ten amino acids are considered as essential for 
a balanced honeybee diet (Somerville, 2014): 
threonine, valine, methionine, isoleucine, 
leucine, phenylalanine, histidine, lysine, argi­
nine, and tryptophane. It has been shown that 
dietary deficiency in L-leucine, l-isoleucine, 
and/or i-valine alters the development of the 
colony (Brodschneider and Crailsheim, 2010).

Pollens have their own characteristic 
protein content, amino acid composition, ipid 
content, vitamins, and mineral elements. Few 
monopollen diets are considered a balanced 
diet for bees: according to Brodschneider and 
Crailsheim (2010), sweet clover and mustard 
provide a more balanced diet than some mixed- 
pollen diets. On the contrary, a monoflower



(single pollen) pollen diet of sunflower or 
sc-nnc seems to set as a stressor tor honeybees 
(a id  is reported to decrease their lifespan) 
compared with a mixed pollen diet (Schmidt. 
I0S4; Schmidt f t  al., 19f7).

Another study has shown that pollen quality 
in luenccs nurse hee physiology. Pollen diversity 
seems to enhance the immune system of 
hrnevhees and their lifespan, in particular when 
the microsporidia Noseme ceranec is present (Di 
Prsquale cl al., 2013).

Hence, monocultures as single food resource 
pose a risk to honeybee health and can adversely 
afreet metabolism, immunity, and lifespan 
(Figure 2.2). According to Alaux cl al. (2010), 
‘m alnutrition is probablv one of the causes of 
immunodeficiency in honeybee colonies’.

.An unbalanced protein diet may be a stressor 
at several levels (Btodschncider and Crailsheiir, 
2( 10):

• Protein deficiency or unbalanced diet and 
colonies. In the case of protein deficient;, 
brood rearing is quickly altered. Beebread 
is consumed and workers' body reserves 
are affected (Havdak, 1935). Workers can 
develop cannibalistic behaviour, feeding 
new larvae to older ones. If the deficiency 
level becomes too high, brood rearing will 
slop. Cannibalism on pupae has also been 
observed (after uncapping the cells) in cases 
of starvation.

.  Protein deficiency oi unbalanced diet and 
adult bees. Proteins are the major component 
of workers' bodies (on average 70% of the 
dry matter) (Hrassnigg and Crallsheim, 
2005). A high-protein pollen diet is reported 
to enhance the lifespan of workers (Knox cl 
■ct/., 1971; Somerville, 2014). Any deficiency 
may potentially alter maturation of muscles, 
storage of vitellogenin within (al bodies but 
also hypopharyngeai glands and ovaries 
ш the queens. The mmiunocompelence of 
individual bees has t een shown to depend 
on protein nutrition (Alaux m at, 2010). 
According to Brodscl ncidcr and Crailtheinr 
(2010), flight arid foraging behaviour may be 
also affected.

Figure 2.2 M o n o c u ltu re s  c a u s e  ammo acid i 
d e f ic ie n c y  H ere , a  c u l tu re  o f  seed -b ea r ig 
o n io n s  (in th e  fo re g ro u n d  is w hea t, which re td  
b e e  p la n t) . (©  C la ire  B ea u v a is . DVM.)

• Protein deficiency or unbalanced diet aw 
larvae. Malnutrition in the larval st.ige Ь  
consequences for the development of ib 
bees. Protein deficiency causes honeybee, 
to be smaller and weight, and ovaries oi 
workers are reported to be less developed| 
managed colonies, lifespan and brood rearcs ; 
are reported to be better in colonies «Й j I 
protein supple ment diet. Particular at;«iti« I] 
must be giver to pollen resources when the 1 
brood of winter bees is reared because of tar j  
importance of reserves within the fat heirs i 
(which must be W'ell developed in win:.: n 
bees) to allow1 the colony to go throi ph tfer У 
winter (im doif et al., 2010).

2.2 N ectar and lioneytfew

Nectar and honeydew, stored as honey * 
capped cells, arc the colony’s natural sour" 
of carbohydrates. Stored honey provides tl* 
carbohydrate reserve that allows the cole11' 
to meet the daily needs of the workers an*1 
also to survive long periods of starvation. : s 
winter. Honey is also the basic source « lip-" 
synthesized by honeybee anabolism (eg » " 

Carbohydrate deficiency is a major ifik! 1 
the colony during the active season and Jw1’* , 
overwintering. Adult bees are not able to in'"' , 
long periods without carbohydrates becauwii'1'
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к i lack carbohydrate reserves. In winter, a  
, i ol honey or carbohydrate supplement may 

i weakening and collapse of the colony 
lo aitivc season, an absence of flowering 

■ h, ruling, or honcydew resources may result in 
• 'hi,hydrate deficiency.

I i Water

' » i nancnl access to water throughout the active 
11 on it essential for managed colonies. When 
t u mperature increases there is a greater need 

h" wiiicr to be used inside the hive for cooling;
• " i  when the risk of overheating has passed, 
'in uilony's need for waicr remains important 
itihnlolz and Seeley, 1997). Colonies adapt 
hit n water foraging activity to their needs.

i bought is a major risk for managed (and 
h il) colonies for two reasons; the lack of 
'I" t r i e  due to the lack of water on crops and 
" l | vegetation, and the lack of water for the 
" I mil '  A prolonged drought occurred in 
1 i llui nia in 2014, leading beekeepers to provide 
l"!i colonies with feeding supplements (sug.i 

<" I protein) and water to avoid or limit colon'" 
Im w i.

> * Ibnnt toxicity

•"in plants arc toxic lor honeybee colonies 
l,u and pollen of Tiiiceae and T h e a c e a ,

" ihiln carbohydrates that are toxic for bees, 
itincly mannose, galactose, arabjnose, xylose. 
" Ilhiose, raffinose, stachyose, and lactose 
и "tbclmeider and Craiisheim, 2010).

According to Barker (1977), soybeans used 
" protein substitute contain toxic sugars (40%).

Other plants are poisonous to honeybee 
" "iiicsdue to the production of biotoxins, such 

« pinioanemonin produced by Ranunculaceae 
«и I saponin produced by Aescu/us species.

Asteraceae (Senecionrae and Eupatorieae), 
f iraginaceae, Orchidaceae (nine genera), and 
I > loccae (genus Crotohria) produce pyrroli- 
■" Inc alkaloids and may be toxic for bees. Thus, 
hi apiculture, it is necessary to prevent foragers 
i" in loraging species such as borage, groundsel,
<" I vipers bugloss (Brur eau, 2014).

2.5 M anagement and supplement feeding

A balanced diet and access to water is fundamental 
for honeybee health, colony strength, and 
beekeeping productivity. Intensive cultures 
and monocultures may be a cause of colony 
weakening and a contributing factor to pathogen 
development. Access to a diversity of flowers 
and plants throughout the beekeeping season 
is important for the successful management 
of honeybee colonies. It may be necessary for 
the beekeeper to move his or her hives in order 
to provide the colonies with access to a more 
favourable environment. Permanent access to 
good-quality water is fundamental.

Feeding supplements containing carbo­
hydrates and protein may be used if the colony 
is facing nutrient deficiency or malnourishment, 
or during high-risk periods (overwintering, 
beginning of the season, drought, etc ). The 
choice of feeding supplement must be adapted 
to the needs of the colony and will thus depend 
on many factors (the physiological status of the 
colony, time of year, hive products, floral and 
crop environment, etc.).

Syrup and fondant (also called bee candy 
or bee paste) arc the main carbohydrate 
feeding supplements. They must contain carbo­
hydrates assimilable by the bees (saccharose, 
fructose, glucose' and must not crystallize, 
which would render them unusable by bees. 
The hydroxymcthylfurfural (HMF) content in 
sugar supplements must be less than 30 mg/ 
kg (G. TherVille-Tondreau, personal commu­
nication, 2013). HMF is an organic compound 
derived From the dehydration of certain carbo­
hydrates found in honey (and other sugars), and 
is a toxic for honeybees (Rosatella el al., 2011). 
The HMF content of the honey increases with 
time. Particular attention must be given to the 
use of honey as a feeding supplement because 
of the risk of introducing pathogenic agents such 
as Paenibacillus larvae, responsible for American 
foulbrood disease, and toxic compounds. Floral- 
origin (pollen) or non-floral (Torula or brewers 
yeast, soy flour) protein supplements may also 
be used when for whatever reason foragets bring 
back insufficient pollen to the colony. Protein



supplement* must be carefully chosen because 
of the risk of constipai itu The use of frozen 
beebread is probably a good source of л protein 
supplement,

Reeding may be necessary in the event i f 
starvation or risk of deficiency ('emergency' 
feeding), to stimulate colony activity (‘specula­
tive’ or stimulating feeding), or to replace honey 
removed farm the hive {‘surrogate’ feeding) 
(G. IherviBe-Tondreau, personal communica­
tion. 2013):

• Emergency feeding is used when famine 
threatens. Sugar candy is used in winter or 
early spring. Syrup is used in spring, summer, 
and autumn when the temperatures are not 
too cold.

* Speculative feeding can be used at the end 
of summer to stimulate the production of a 
larger winter population. Stimulating feeding 
may also be used in spring (at the beginning 
of the season). The principle is to feed 
honeybees little but regularly to stimulate 
the laving activity of the queen. Artificial 
swarming is used to divide the colony into 
two, by encouraging the natural process 
of swarming. Any artificial swarm thus 
produced will need f eeding,

« Surrogate feeding can be given to substitute 
the hone>f removed, in particular at the end 
of summer and in autumn (syrup). It is also 
used to substitute the honey gathered for 
trade while overwintering (candy).

The management of feeding requires maintaining 
good sanitary beekeeping practices (Chapter 8).

3 Intoxication

'fhe development of intensive agriculture, 
monocultures with the use of phytosanitary 
products on crops, as well as the use of mitlcldes 
and other drugs in colonics, imply more and 
more potential contact between honeybees and 
chemicals.

Insecticides, herbicides, miticides, fungicides, 
rnolluscicides, bactericides, but also insect 
repellents and insect ikttractants, are some of

the pesticides used on crops (Wood, 
Insecticides and mitlcldes are also tried la g ,1 
husbandry and by pel owners.

Insecticides are used In hives or In th1 ̂  
to control certain pests, such as small hive ц /  
Acthlnn tiimtdii Infestation or tin- 
Aslan hornet, Vtspu vetuttna,

Miticides are used in colonies to coojr<a 
particular the mile V, destructor (т г у » ц  
In the world), the tracheal mite Acarapi щц 
and also the mites lYopihwIaps spp, (in лад 

Residues o f pesticides used in crops ад ,ц 
miticides used in hives may be found In щ, 
honey, and pollen (Mullln cl at., 2010), 'lheycw 
be considered as cnvironmcnial stressor, fotb. 
colonies.

Hence, honeybees may be sensitive 
phytosanitary products used on crops 
to miticides used in hives and tu ад, 
post-therapeutic residues. Furthermore, ад, 
is a potential risk for honeybees an i «hi 
crop pollinators not only because of ju« tku, 
phytosanitary products, and in pnrtkuar 
insecticides, bul also because of the vynerp 
between insecticides and olher pevli iiltt a 
pathogenic agents.

'I he toxicity of pesticides may be xii; 
chronic, or sub-lethal. The clinical s gm » 
various and often difficult to evaluate Hr 
diagnosis o f poisoning is noi easy to pei form . 
particular at sub-lethal and chronic levels, Ac, 
leading to controversial discussions betwe 
beekeepers, crop farmers, cnvircnmeca. 
associations, and chemical industries.

At this time, the use of phytosanitary aroAi 
(mainly neonicotinoids and phenytpyrazobfe i 
also herbicides, fungicides ...) on crop i and • 
particular as seed treatments are suspectedh 
some authors and other stakeholders in ! 
beekeeping sector to be heavily impl cased 
the health crisis affecting managed colonies!'- 
Engelsdorp ei at , 2009; Mullin el at,, 2010; He­
el at., 2012; Lit et at., 2014). A few authors-' 
more sceptical (Lawrence and Sheppard. 20!’ 

The role o f pesticides, in particular n«s»- 
tlnoids and phenylpyrazols, in colony wi afet'- ' 
disease, and collapse is a much-discusstdsssV

J
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i„ |.ir»«nt health crisis. Many studies, 
. . , and national, regional and inter- 

„„I meetings have focused on the role 
i liy pesticides in colony losses, with the 

.I industry facing opposition from envi- 
. 111 >tI and bee-protection organizations, 

i .. irniific studies on the toxicity of pesti- 
i, honeybees have been and continue to 

| tihliilied.
aim of this chapter is to present a 

n,ai у approach if poisoning is suspected.

......tiddos and their targets (and
.■ , i,,..itlcides affecting hon eyb ee

I*  < Hs|

....... ides (cf. Table 2.1) used on crops can be
i... I according to their chemical structure 

■ li.li target tissue (or function): nervous 
» n .ell respiration activity, and insect 
, oh uni development (М.-Б. Colin, personal
• .... mI. atlon, 2007; Vidal-Naquet, 2008: 

w» ..I 1012).
'.(laimchlorines, organophosphorus com- 

, ...I. (c.g. coumaphos), carbamates
i . dn.mis (e.g. permethrin and deltamethrin).
...........tins (c.g. ivermectin), formantidine (e.g
ч . ..)  phcnylpyrazols (e.g. fipronil), neo- 
•* i a iii. ads (c.g. imidadoprid and thiamethoxan)
• i i die nervous system

midlnohydrazones, rotenone, and pyrazols 
. и .cllular respiration.

Mimylurca and acylurea (e.g. lufenuron) 
I „mils and benzhycrazides act on insect 

. i h and metamorphos is. Brought back to the 
' 1 l.y lui agers, they may affect the development 
di i .  bmod and thus lead to a decrease of the 
f*4 ulallon.

' •• •■«Itcaliy engineered plant varieties 
Ml " "■ genetically modified organisms) 

in iheir herbicide tolerance and/or 
"■ i и trial properties, can potentially be toxic 
кч honeybees. For example, in some GMOs 

insecticide effect is the consequence of 
>1“ introduction of a gene coding for an
......... . protein from Bacillus thuringensis

....... ef a/., 2012). These plants are used
и* "'A and other countries. In the EU, GMOs

are a controversial subject; although their use 
is legal in Spain, for example, their use is not 
permitted for crop production in France.

Since their appearance on the market in 
the beginning of the 1990s, neonicotinoid 
and phenylpyrazole insecticides have become 
widely and extensively used on crops in the 
USA and the EU. Because of their main use as 
seed treatments, they are systemic in plants and 
are found in the pollen and nectar of flowers 
during the blooming period, as well as in 
guttation drops (Tapparo at al„ 2011; Dively 
and Kamel, 2012). They are suspected by many 
stakeholders in the beekeeping sector to be 
one of the causes of the health crisis affecting 
honeybee Colonies.

Ongoing research is considering the real, 
potential, or absence of toxicity Of insecticides 
used on crops but also of the miticides used in 
hives to control V'arroa infestation. In the EU, 
the USA and many other countries around the 
world, regulations concerning phytosanitary 
product use on crops demand in particular 
evaluation with respect to honeybee toxicity.

The insecticides shown in Table 2.1 include 
some compounds that are used in hives 
to control Varroa infestation. The level of 
insecticide toxicity of these miticides depends 
on the individual substance and their use in mite 
control must follow good veterinary practice.

Some other pesticides pose direct or indirect 
chemical hazards to honeybees. For example, 
fungicides used on crops have been reported 
to impair the presence of symbiotic fungi in 
beebread as well as to harm the beneficial 
mycoflora of honeybee colonies. Thus, exposure 
to fungicides used on crops and brought back to 
the hive by foragers may decrease the presence of 
this mycoflora (Aspergillus spp. and Penicillium 
spp.) and impair the resistance mechanisms of 
the honeybee colony (Yoder et al„ 2012, 2013). 
Some herbicides may alter the health of young 
bees, foragers, eggs and larvae (Morton and 
Moffett, 1972; Morton et al„ 1972). Herbicides 
may also impact on honeybee health by changing 
the attractiveness of plants by reducing resources 
for pollinators.



Ш 1 е  2.1 P rincipal In sec t c id e s : ta rg e t,  c la s s if ic a t io n , m o le c u le s  a n d  m o d e  o f  a c tio n

Insecticides (examples) Mode of actionTarget Classification
Nervous organochlonne 

insecticides
diphenyl aliphaliques 

cyclodiene

hexachlorocyclohexane

polychloroterpenes

DDT, ODD, Ethylan Ыоскаде of axonai Ц,
Chlorobenzylate channels
Aldrin, dieldrin, Ыоскаде of the
Chlordane, Chlordf cone, GABA-gated chloride
endosulfan
Lindane

Toxaphene

otganophosphorus organophosphates 
insecticides

organothiophosphates

phosphonates

phosphonothionates

phosphoramidates

phosphoramidothioetes

channel 
Ыоскаде of Hie 
GABA-gated chkxde 
channel 
blockage of the 
GABA-gated chlorde 
channel 
inactivate 
acetylcholines'era e

phosphorodiamides

Dichlotvos, 
phosphamidon 
Coumaphos, Endothion, inactivate 
Malathio, parathion acetylcholinesterase
Butonate, Trichlorfon inactivate

acetylcholinesterase 
Mecarphon, fonofos, inactivate
cyanofenphos acetylcholinesterase
Crufomate, Fenamiphos, inactivate 
fosthietan, PfosfoUn, 
etc.
Acephate, Chloramine 
Phosphorus.
Isocarbophos 
Dlmefox, Mazidox

carbamate
insecticides

diamide insecticides

acetylcholinesterase

inactivate
acetylcholinesterase

inactivate
acetylcholinesterase
inactivate
acetylcholinesterase

formamidine
insecticides

macrocyclic
lactone

neonicotinolds

Avermectin

Milbemycin

Spinosym
nitroguanidine
neonicotinold

Carbaryl. benfuracarb, 
dimetan, dimetilar, 
pyramat, propoxu 
Chlorantraniliprole, 
flubediamid, 
anthranilamide 
amitraz, chlordimeform, 
formetanate, 
formparana, 
semiamitraz. 
medimeform 
Abamectin, doramectin, 
emamectin, 
eprinomectin, 
ivermectin, selamectin 
lepimectin, mllbernectin, blockage of GABA 
milbemycin oxime,
Oxidectin
apinetoram, spinosad blockage of GAE A
clothianidin, dino'efuran, acetylcholine agr«n
imidacloprid,
imidaclothiz,
thiamethoxam

Ryanodine receptor 
modulator

Inhibit monoamine 
oxidase -  octoparcine 
mimic

blockage of GABA
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C l a s s i f i c a t io n Insecticides (examples) Mode ot actiont« ' * • ' ___
nitromethylene 
neonicotinoid 
pyridyimethylamin з 
neonicotinoid

pyrethrinoides natural and synthesis

Pyrazoies (and 
phenyl-)
Semicarbazonr

i . >i .nation Amidinohydrazone 
Rotenone

к ,*th chitin synthesis 
inhibitors

benzoylphenylurea

juvenile hormones 
mimics

juvenile hormone

moulting hormones 
agonists

moultinghormones

moulting inhibitors 
precocenes 
unclassified insect 
growth regulators
ketoenole tetramic and tertranic

acids

nitenpyram, nithiazine acetylcholine agonists

acetamipfid,
imidacloprid,
nitenpyram,
paichongding,
thiacloprid

acetylcholine agonists

permethrine, maintain axonal Na*
deltamethrine, 
cypermethrine, etc.

channels open

Chlorantraniliproi;, inhibitor of GABA
fipronil. flufiprole, etc. receptor
Metaflumizone blockage of Na" 

channels
Hydramethylnon cell respiration inhibition
Rotenone cell respiration inhibition
buprofezin, cyromazine chitin synthesis 

inhibition
bistrifluron,
chlorbenzuron,
chlorfluazuron.
dichlorbenzuron.
drflubenzuron,
flucyctoxuron,
flufenoxuron,
hexaftumuron, luf эпитоп

juvenile hormone mimic

dayoutong, 
epofenonane, 
fenoxycarb, hydroprene, 
kinoprene, methoprene, 
pyrtproxyfen, triprene

juvenile hormone

Juvenile Hormone* 1,11,111 moulting hormone 
agonist

Chromfenozide, moulting hormor e
furan tebufenozids, 
halofenozide, 
methoxyfenozide, 
tebufenozide, yishijing

agonist

a-eedysone.
eedysterone

moulting hormone

Diofenolan 
Precocene I.H.IH 
dicyclanil

moulting inhibitor

spirotetramat. lipid synthesis inhibition
spirodiclofen, mainly in larvae and
spiroomesifen pupae

molecular biological 
origins

e.g. MON810 maize 
containing the gene 
CrylAb from Bacllus 
thurigiensls

insecticide action of the 
protein CrylAb

A d a p te d  fro m  fv'.-E. C o lin , p e r s o n a l  c o m m u n ic a tio n . 2 0 0 7 ; i/ id a l-N a q u e t, 2 0 0 8 ; W ood ,



bone  ■ пг.те г rtaergseic esest with
msectiddes c d  s r r  рееевглае - i e :  lc£ s c a n s  
3.6 bdo*

3-2 Factors affecting the severity of 
poise ring

Exnriroomenca} factors e-g tenn>ersrcre- 'r r - -  
а за  SsasidUr' ш аг roidify the а к д г  o f 
certain insecticides and pesad ies. Chemical 
degradation os these moJecides mzy a b o  а х г  
aod rTodcc* metabedtes d t s  car be more ra ce  
than i f  mrri-j ssoJecaje iBassoa. Ш  Coda. 
1999

The fonnuIatieG o f the r e s c a i ;  f o r  d iS sesz  
spphczricns, m . sprayir^. sed oeannesa. 
—ar.ire spreading. and see:: re a u rtn :.  may also 
modify the taridry o f such chemicals.

N'l.'oniceccffids and rbetrripyraacies are used 
to treat seed crops. Seed creascer-t presents 
a doable risk for honeybees fas -лей as for 
bumblebees and wild bees

• Via drifted dust г о л  seed treatm ent Seed 
treatments (eg. dothianidia) вшу be applied 
on the ■field In-ftsirc-w daring sowing, 
which poses a  risk of cast emission (EFSA 
Journal 2013a). This dust tsa r  be deposited 
or. neighbouring crops or p lan s anracove 
to bees. According to the EFSA, potential 
risks to 'non-target organisms’ such as bees 
ot dust formation due to seed rearing arise 
w th  many crops: e.g spring cereals, winter 
cereals, maize, sweetcont, sorghum, oilseed 
rape (canola), sunflower, beam, peas, cotton, 
fkx, poppy, grasses, spinach, and beetroot 
(EFSA Journal 2012,2C13b) (Figure 2.3).

• Via die systemic presence of insecticides 
within sap. Systemic insecticides can be 
found in pollen, nectar, and guttatioa drops, 
arid therefore present a risk that foragers will 
Ы poisoned at the foraging site and or bring 
the insecticide back to the hive (Divelv and 
Kitmel, 2012; Mullin et ill, 2010).

The toxicity of drugs used in hives to fight 
diseases and parasites may also be modified 
and may increase if incorrectly used or applied. 
For example, the use of p rethroid on the soil

ami ± e  ta-hw e m e of <
Schafer and Saner. 2C1-5 to ~ ~  toe and j 

beede. A  n - . - i r .  p-oses a tn j 
tor bets, ripened s  also used to tons b  ; 
beaieepters to  £gh- '*1 -.sd r.tn  the .Акае in 
cc A. aw ra ij; this pe&es a high nsk i x  bet ;

Factors uHTtoisto to ic c e r r* »  na- 
tocctor the n a o rim  a re  — -  ■ ■■ ,-r  c e t- 
sen. caste. ns w s£ ;»  scan .

3 d s  M o d e s  o f  p o i s o w a g

Ftasoning of booeybees may occur fta : 
m eans and recce - c f  Figure 2.4 - Al 1 
and a l  castes tnav be erected r r  rm a tn z  3 
retries e i  expesto is drife 
bees and intntastre forms. However, 
brood and nest bees, rend sttostanos 
brought back by foragers in nectar, g a in  
water ('EFSA to srn a l 2212 . The use a  
and chemicals by beekeepers in crier to 
diseases, p e ss . and predators of tie 

V isfr-ttoto-. A  woa£. A  n r d ;  
re a t  hive n a t s u  .e.g. stored material : 
responsible o f pels raring 
and contact within the hive.

Several exposure metes may be 
adult poisoning:

Figure 2.3 C aro ls  croc Coatee ta-oa  ^  
may present a  cnemicas гагата to  bees ft- 
systenueafcy fee. due to  trie presence o* H  
insecticide in the sap  and o c 'sec .e -tv  
nectar, poiien. am i guttat.cn drops' c  ' 3 
drift. ( C  Lydia VUCQines, OVM.)
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Deposition on 
f l y i n g  b e e s

P estic id es Spray ap p lica tion S p ra y  drift

Foraging bees 
hive

A«ld«ntal or deliberate 
poitd’dng

O ust is su e  fro m  se e d  
tr e a tm e n t  p erfo rm in g

In sec t ic id e s d ru g s on c a t tle  fa r m s . In 
p re m ise s , on  p e t s ...

P lan t u p tak e
M i g r a t i o n  t h r o u g h  s o i l

S ystem ic  P estic id es

> 1,1 ii % 2.4  M ajo r a n d  p o te n tia l  e x p o s u r e  r o u te s  o f  h o n e y b e e s  to  p e s t ic id e s .  (A d ap ted  fro m  EFSA
IhiiiimI, 2012.)

Mention of contaminated water or pollen, 
и,, t.ir, or guttation drops which may contain 
illrrctly oversprayed or systemic residues 
Ihompson, 2012). This mainly occurs when

.....gcrs are out gathering pollen, nectar, and
,«icr. They may bring back the chemicals 

in the hive which will be stored within the 
i niicy, the beebread, and the wax:

Pollen is the main source of pesticides 
entering the hives. Bee-collected pollen 
lus been shown in a study on managed 
colonies in the US to contain high levels 
of pesticides (miticides used for Varroa 
control, insecticides, fungicides, and 
herbicides) with on average seven different 
pesticides being found in pollen samples 
(Mullin et al., 2010) According to Mullin 
п я/. (2010), The potential for multiple

pesticide interactions affecting bee health 
seems likely’.

-  Wax combs are ‘uniformly contaminated 
with miticides' (Mullin ef of., 2010). The 
wax has been found to ‘store’ residues of 
miticides, including fluvalinate, amitraz, 
coumaphos, or bromopropylate used for 
Varroa control (Faucon et al., 2002; Mullin 
et al., 2010). Coumaphos can persist 
in wax for more than one year (Martel 
ef al., 2007). Fungicides have also been 
found in comb wax, and some olf these 
may potentially have a synergistic effect 
with pyrethroids (Pilling et al., 1995; 
Mullin et al., 2010). Wax foundations 
used by beekeepers can contain residues 
of pesticides and veterinary medicines



depending on the origins of the wax used 
to make them (old combs, for example).

-  In honey, various studies have shown 
the presence of residues of antibiotics, 
miticides, and neonicotinoids, often under 
the defined maximum residue limits 
(MRLs) (Martel el el., 2007; Hamme el 
ai, 2008; Tanner and Czerwenka, 2011). 
An Austrian study found lower levels of 
neonicotinoids in forest honey samples 
than in flower honey samples (Tanner and 
Czerwenka, 2011).

-  In water, contamination by pesticides 
may occur due to runoff of phytosanitary 
products used on crops. Seed treatments 
may result in the presence of insecticides 
and other pesticides in the guttation drops 
from the stomalil pores of plants that bees 
often forage for water intake. Insecticides 
used in animal management may 
potentially contaminate water; this has 
been suspected to have occurred in France 
in the fight against bluctonguc disease 
transmitted by the midge Culicoides spp 
(Vidal-Naquel, 2009).

• Inhalation occurs when the pesticide is 
volatile or/and applied by spraying.

• Contact; the bee interacts with the chemical 
and ingests the compound through normal 
grooming. This contact may occur with dust 
generated during drilling of treated seeds.

The main route by which larvae are poisom d is 
the brood-food (royal, worker, and drone jellies 
produced by the nurses). The brood may also be 
affected by chemical residues accumulated in the 
wax, e.g. certain miticides used in Varron control 
and some fungicides I Faucon et al., 2002; Mullin 
et at., 2010).

3.4 Acute intoxication in the honeybee

Acute intoxication may be defined as the ability 
of a substance to cause severe damage or death 
after a single exposure. Specifically, the median 
lethal dose (1Х>М) is the dose that kills 50% of 
the bees in a colony. Acute poisoning is a major 
problem for honeybees and for the colony. The

clinical signs nepenu on tne toxic juf,,, 
but also on the features of the honeyb, e C(/ ;i 
An acute intoxication of the whole ci Ц  ' 
not have the same consequences as 4 
poisoning of some specific forms (e g, |, J 1 
nurse bees, or foragers).

The clinical signs of insccticidesin irdivtf  ̂
depend on physiological system than is. target,j 
For example:

.  Pyrethroids at or near LDM rapidly 
neurotoxicity in adult bees. This resuksis 
loss of coordinated movemcnls a id 
convulsive activity, and ultimately p ita  
leading ssviftly to death. This is Icnncdfe 
‘knock-down effect’ (Moniteau, 1991).

• Organophosphorus compounds сашсЬспц 
become irritable and hypcrexcitabk.

.  Imidacloprid and/or its metabolite № 
responsible for the rapid appear» 
clinical signs of neurotoxicity. incWig 
hyporesponsivcncss and hypoactivi у folk* 
ing hyperresponsiveness, hyperactivity, xi 
trembling (Suchail el el., 2001).

At tile colony level, acute poisoning may tat 
direct or Indirect consequences:

• Directly, via the death, following clioa 
signs, of bees inside the hive. Weilumagad 
collapse may occur.

• Indirectly, by the loss of certain acts, fa 
example, if foragers are compromised byaas 
poisoning it the foraging site, they may a« 
be able to return to the hive becausi ofk* 
or disorientation, resulting in disorg
of the colony, if forager losses pirsisl.il1 
colony will initially react by accelerating it' 
production of foragers thanks to the pto1" 
of the division of labour (see Clupw1 
section 12.1). The colony will ther incrc»4 
brood rearing, and there will be a highs* 
of an imbalance between the broosl 
number of adult bees. Nurse ant! fa*  
workers will turn into foragers fan "* 
will not be available to rear the brot d * ‘. 
should, potentially resulting in 
of the colony and in brood diseas, s1( "
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•m). Young bees and the queen may also 
ilucond from the hive

i . global impact and the prognosis of acute 
,ning will depend or the number and the

0 gin у of the bees affected and on the ability
1 hr colony to balance out the depopulation 
n. uiv.iis and Vidal-Naquet, 2014)

i Inn, in the case of sudden colony mortality 
i akcning, but also when certain brood 

li, «<•» occur, acute poisoning must be taken 
, и, iount in the differential diagnosis.

i . .iib lethal and chronic poisoning  
», Iw honeybee

i i Sub-lethal poisoning 
\ nli lethal concentration is defined as one 
i. induces no apparent mortality in the 
. • i my Sub-lethal effects may be characterized 

negative effects (either physiological or 
с. I ivloural) on individuals that survive an 

• i uirc to a pesticide (Desneux et al.,  2007).
Ilnlcal signs of sub-lethal poisoning vary 

> 11 tilling on the toxic compound. Studies 
I.. I often focused on the physiology, activity 
•i i and behaviour (e.g. olfaction and
..... hi y) of foraging honeybees. However, the
-■ I,.-, affected are not only foragers, but also 
mi <e bees that feed on pollen and honey stored 
и. lie i ells. Larvae may be affected by the brood 
1 I produced by food-piocessing glands (from 
i!h inrtabolism of honey and pollen) and by 
г I'hilic residues within the wax of the brood 

.•I walls.
•iib lethal poisoning by insecticides, e.g 
hi, utinoides, in honeybees is reported to 
rutlaliy impair the following functions:

ugnitive functions (learning ability, mem- 
■I y, olfactory learning, gustation, navigation 
iiid spatial orientation) (Decourtye et al.. 
1005: Desneux et al., 2007). 
lirhaviour and in particular impairment 
■I successful foraging. For example, as well 
n being* potentially fatal, thiametoxam is 
"•ported to induce homing failure thereby 
"„pairing foraging (Henry et al., 2012).

• Physiological functions such as thermoregu­
lation and muscular activity (Belzunce , et al., 
2012).

• Immunosuppression: sub-lethal neomcotin- 
oid poisoning is reported to be responsible 
for suppression of the honeybee immune 
system (Desneux et al., 2007; Mason et ai, 
2013).

Furthermore, sub lethal exposure of bees to 
thiametoxam ‘causes high mortality due to homing 
failure at levels that could put a colony at risk of 
collapse’ (Henry et al., 2012). Colony weakening 
and/or mortality is a likely consequence of 
homing failure among foragers. Colony collapse 
can be the result of disorganization, starvation, 
and an imbalanced population.

3.5.2 Chronic poisoning 
Honeybees may also be chronically exposed to 
chemicals and their residues. Pesticide , used 
to treat crops, nsecticide treatments used 
on domestic animals or their accommoda­
tion (and potentially on pets), and miticides 
used in hives to control Varroa infestation, all 
produce chemical residues and their metabo­
lites that can contaminate honey, pollen, and 
wax. In the environment, there is ‘widespread 
contamination of agricultural soils, freshwater 
resources, wetlands, non-target vegetation and 
estuarine and coaital marine systems’, chroni­
cally exposing bees, pollinators, as well as other 
species to significant concentrations of neonic­
otinoids and fipronil (van der Sluijs et al., 2014). 
These compounds may have a chronic poisoning 
effect on bees (Colin, 1999; Frazier et al., 2008; 
van Engelsdorp el al., 2009; Johnson et ai, 2012).

A review study published in 2010 in the 
US and Canada reported the presence of 121 
pesticides and metabolite residues from 887 
hive samples (wax, pollen, honey), i.e. an 
average of 6.2 detections per sample (Mullin 
et ai, 2010). Pyrethroids, organophosphates, 
carbamates, neonicotinoids, insect growth regu­
lators, chlorinated cyclodienes, organochlorines, 
formamidine, miscellaneous miticidesTnsec- 
ticides, synergists fungicides, and herbicides



weic found in those samples. Thus, honeybees, 
of all castes and stages, are chronically exposed 
to multiple chemicals with possible antago­
nistic or synergistic interactions. These multiple 
pesticides and metabolite residues are reported 
to be able to alter honeybee health and colony 
strength (at both the indhidual and colony level) 
(Johnson et ill., 2009; Gregorc et a t,  2012).

Chronic exposure to one or several o f these 
residues (Johnson et al.. 2010) may have tin- 
foil owing adverse effects:

• On larvae (Derecka et al., 2013) and 
consequently on workers emerging therefrom. 
According to Wu ef al. (20П), worker bee 
development is delayed in the early stages 
in combs containing pesticide residues. 
Furthermore, the lifespan of adults reared 
from such brood combs is shortened. Wu cl 
al. (2011) also reported less impairment of 
brood development and lifespan with lower 
pesticide residue levels: ‘Sub-lethal effects, 
including delayed larval development and 
adult emergence or shortened adult longevit- , 
can have indirect effects on the colony such 
as premature shifts in hive roles and foraging 
activity’ (Wu et al., 2CT1).

• On queen reproduction (Thompson, 2003; 
Desneux ef al., 2007).

• On colony health, leading to weakening or 
even collapse (depending on the number of 
individuals affected and the brood-rearing 
ability of the colony).

Thus, sub lethal effects and chronic poisoning 
caused by pesticides and their metabolite 
residues may alter colony strength and health 
and cause colony collapse too. Furthermore, 
they may cause nutritional deficiency and 
contribute to pathogen agent development and 
infectious diseases (Johnson et al., 2009; Gregorc 
et al., 2012).

3.0 Synergies and interactions

3.6.1 Between chemicals
The discovery of a number of pesticide residues
in hive samples has led to the hypothesis that

these may potentially have harmful 
effects on  bees. In other worth, 'the 
and synergistic effects of multiple рыку, 
exposures mrfy contribute to declining ht.ticy),,, 
health’ (Johnson et nl., 2010). Chemical 
In beehives may acl In synergy to create а к,,,, 
environment for the honeybee! 'Hum, diro^ 
exposure to ncurotoxlc Insecticide» Utoda^ 
with other pesticides, e.g. fungicide», Is though 
to he responsible for reducing ‘honeybee hunt. 
and impairing honeybee health and и Ц  
strength (Bclzunccs et al., 2012; Johnson it e, 
2012).

Some fungicides have been reported tcthavei 
synergistic or potentiating effect with pyrethwi 
on their toxicity to the honeybee. It bs kra 
shown that an crgosterol Ы  osyn t hesi s - ini i i biting 
fungicide, prochloraz, increases the toxkityvfi 
pyrethroid (y-cyhalothrin) to honeybee c tloan 
by affecting the metabolism and delating it 
particular ihe mechanism of detoxification Ы 
excretion of this insecticide by the bees iMtaj 
ef al., 1995).

Furthermore, fungicides used on crojs ami 
found in pollen; may adversely affect tdoe 
health because they impair the crucial my :ofai 
bees’ involved in bcebread processing (Yoder a 
al, 2012).

A study has shown that oxytetraevebx 
at a dose commonly used in hives to -.wwi 
American foulbiood disease (in the L’> ib> 
antibiotic is approved for in-hive use) ift.ro» 
honeybee sensitivity to miticidcs (cotunapta 
tau-fiuvaiinate) usedtocontrol Varroa infests»* 
(and probably to other pesticide residua*'* 
their metabolites). Thus, ‘seasonalco-applxaw® 
of these medicines to bee hives could it crea=e 
the adverse effects of these and perhap- ^  
pesticides’ (Hawthorne and Dively, 2011)

3.6.2 Between chemicals and biological 
pathogenic agents

■ J
Interactions and/or synergy between bieto#1 
stressors and chemicals have recently ^  
highlighted.

Interactions between imidadoprid №’ | I 
nicotinoid) and Nosema spp. (mkrosps1̂



( ««иг) cause increased mortality in honeybee 
,» ln  (Alaux et al., 2009). Another study has 

. д cynergy between N. ceranae and fipronil 
limy i[>yrazole) on honeybees exposed to these 
. (ii.al and chemical stressors (exposure to

..... ill has been performed both chronically
... i и j sub-lethal dose) (Aufauvre et a l, 2012). 

SiMiiher example is a study showing that 
( line to sub-lethal doses o f fipronil and 

•ы»1 h'l'fld greatly increases the mortality of 
.и yliccs previously infected by N. ceranae 
iilau et al., 2011) .

I In uconicotinoid clothianidin used on crops 
.. i . i n shown to alter honeybee immunity and

i MHiiotc the replication of deformed wing 
.... 11 >WV) (Di Prisco et at., 2013).

II n i s. It is important to consider the possibility 
i .i nili-lcthal poisoning of bees, or even their
......... exposure to pesticides and metabolites of

, .....ides within the hive, may favour outbreaks
i inlrctious diseases (viral, bacterial, fungal) 

... i ищу be a cause of weakening or collapse 
• .ilniiies. Synergy between chemical and 

M.i|ii|tlml agents seems to have the potential to 
....|..hi i nlony strength and health. In such cases,
■ ilniiy might be compromised by a growing 
. . .H i l l i n ’ of related and simultaneous problems.

t Г Dinqnosis

. i.Kiinsis of poisoning is quite difficult and
....... . subject of discussion and debate between

mi.. Hi A method based on veterinary practice 
>• |.iru nted here.

1 ' l Clinical diagnosis
..... al diagnosis will usually be a diagnosis of
..i n Ion and not a definitive diagnosis, at least
■ iIn* field, before appropriate and thorough 

i *i и.otic tests are performed (Colin, 1999; 
M I Colin, personal communication, 2007).

in the case of honeybee mortality or colony 
0 ness, a diagnosis of poisoning will be based 

..... moderation of the following factors:

• Absence of major infectious diseases (which 
by themselves could explain the symptoms
»b served).

• Colony history.
• Clinical signs: neurologic:! issues, population 

decrease, lack of brood, mortality of bees 
and/or colonies, etc.

• Management of the livestock and analysis of 
beekeeping practices.

• The drugs used to control Varroa infestation 
or other pests and predators, and the 
chemicals used to treat stored material (hives, 
frames, supers, etc.).

• Knowledge, if possible, ol crop management 
practices surrounding the apiary and the 
pesticides potentially used (as far as possible).

• Knowledge, if possible, of the anti-parasitic 
treatments used in nearby farms on livestock 
and their accommodation.

• Knowledge, if possible, о:Г potential contacts 
between bees and chemicals (e.g. local 
industries).

3.7.2 Laboratory diagnosis 
To confirm or refute the diagnosis of poisoning, 
residues should be identified and quantified 
in particular in dead honeybees sampled from 
within the hive. Although this is an essential step, 
it is not sufficient when honeybee poisoning is 
suspected: if only foragers are affected and die 
away from the hive, during their flight, sampling 
bees inside the hive will not yield any results. 
Crop samples, as well as honeybees, honey, wax, 
and pollen samples, must be analysed (Beauvais 
and Vidai-Naquet, 2014).

The diagnosis of pesticides and of their 
metabolites within those samples may give a 
positive diagnosis of poisoning. Nearby farmers 
and their pesticide usage and habits should be 
scrutinized (Colin, 1999).

The conditions under which sampling is 
performed may affect the diagnosis. The sampling 
method is crucial to the diagnosis. Sampling 
must be done carefully and immediately (or as 
soon as possible) after observing clinical signs 
(Appendix 3) (Franco ef at., 2012). Vigilance 
and routine inspections of colonies and apiaries 
are necessary, in particular for an early and 
optimum sampling if poisoning is suspected, but



also to control any problem as soon as possible, 
regardless of its cause.

Sampling bees as soon as possible is crudal 
in terms of analysis and diagnosis because 
changes may occur quickly. Decomposition 
of dead honeybees and pesticide degradation 
occur due to the effects of rain, sun, and time. 
Well-preserved samples must be sent swiftly 
to the laboratory; samples can be frozen if 
necessary. However, the best way to respect good 
sampling practices is to contact the laboratory 
before or when performing sampling. When 
sampling for analysis, if the veterinarian suspects 
a. particular pesticide, it is good practice to ask 
for investigation of this chemical in the sample 
sent

Extraction of pesticide residues for labora­
tory tests is usually perorm ed by the quick, easy, 
c heap, effective, rugged, and safe’ (QuEChERS) 
method (EU Community Reference Laboratory 
for Residues of Pesticides, Fellbach, Germany) 
(Lehotay, 2006). Analyses are usually performed 
with liquid chromatography with tandem mass 
spectrometry (LC-MS/MS) and/or gas chro­
matography time-of-flight (GC-ToF) (Johnson, 
3010; Wiest et ai, 2011). The analysis may 
provide only qualitative results, or both qualita­
tive and quantitative ones.

Interpretation of results is a delicate process 
and must take into account several factors:

• The clinical signs observed in the apiary’ and/ 
or in the neighbouring apiaries.

« Features of honeybee biology and physiology, 
such as the super-organism as a unit, bees as 
individuals, population renewal, labour task 
division, castes, and stages.

.  The sampling conditions (time slot between 
first hypothetical signs observed and 
sampling; the meteorological impact -  
rain, sun, and/or heat -  on samples from 
honeybees that died outside the hive; etc.)

» The results of the laboratory tests. The 
detection limits vary depending on the 
sample (bees, pollen, wax, honey, plants, 
water). If a residue is not found within a 
matrix, it does not mean that the bees have 
not been in contact with it or that it has

caused poisoning. Indeed, it is вeas t- I 
to  take into account the fancies m •*, I 
molecule(si degradation and the рясг.-, I 
presence of toxic metabolites that tars I 
unquantifiable, undetectable, undetected • j 
untested (Beauvais and V i d a l - N a q u e t I  
For examp e, the metabolites of i p r e c i . I  
desulfyrul ipronil and fipronii-ruifect e. i 
more toxic than the parent mcsecide e : 
should be tested for if there is a  taspsca - 
fipronil poisoning (Hainzl et ai, 953

• The LDj,, o f the pestidde(s) foutsd. US.
a delicate notion in honeybee реже.-., 
compared to other species, as it is 
not on the bee but on the colony as a s re  I 
organism. The LDM must be used intepra; j 
carefully (Beauvais and Vidal-Naqaet JKs j

• Field investigation findings, ir partr_rl 
search of potential'real use of рейссзИ 
on surrounding crops, insectidces ca fra f l  
animals, etc.

• Beekeeping practices.

A veterinarian practitioner should contact a; fl 
laboratory’ to define the samples needed a l t :  f l  
interpret together the results according -■ f l  
anamnesis (medical history) and the ifri- 
examination performed.

3.7.3 Some basic keys for interpretation of 
laboratory’ tests results (Colin e t 2004; 
M.-E. Colin, personal communication, 200' 
Beauvais and Vidal-Xaquet, 201-4)
The results of the chemical, pestidde and ksc-' j 
analysis when honeybee colony poisoaiss -' 
suspected are frequently difficult to interpret -  j 
particular in the case o f sub-lethal and dt№> 
poisoning, but sometimes also when |  
poisoning is suspected.

Interpretation must be pe: fonsed - I 
coordination with the laboratory and uk-"; I 
into account the factors described и  -v I 
previous section. Diagnosis of [ччл'гс.у ' 
often difficult and a source of misundetsti-Ws j 
and controversy. However, some basic ke'S *■* j 
presented as follows to assist with interpaut-4

If the result is negative (no residues feiifcit

1



iiH o x ic a u o n  o i

h may not be a case o f poisoning and other 
.Honors must be sought, 
и may nev ertheless be a case of poisoning for 
i hr following reasons:

Ihc sampling method (sampling needs 
to be performed as carefully as possible; 
the quality and quantity of samples sent 
may alter the analysis): for example, if the 
dead bees were older bees (i.e. foragers) 
,md only inside bees were sampled, the 
i . suit may be negative; or if  sampling is 
unduly delayed, changes in the dead bees 
may have occurred by decomposition/ 
degradation.
'Ihc residue(s) is (are) under the detection 
limit of tiae laboratory.
Ihe residue(s) has (have) been metabol­
ized. It is advisable to search samples for 
metabolites and/or pesticide degradation 
products (this is in particular necessary 
lor new insecticides used on crops).

n m iir more residues are found in the analysis: 
H ihc laboratory test method allows only 
. l i tre lion hut not quantification of residue(s) 
•ml/or its metabolites and split products: 
ihu may provide a toxicological explanation 
И  Ihe problems observed in the colony. If 
pmdble, quantification of the residues or
....ubolites found should be performed if
■ и nigh matrix samples have been sent to and 
к»pi by the laboratory.

- i n  hr laboratory test method gives positive 
и mils wrh quantification of residues and 
ни ubolites and split products:

li is advisable to evaluate the part of the 
i liemicil(s) found which тгу have been 
naturally metabolized in the field, or 
iluring storage and transportation. This 
will give an idea of the initial level of 
irvidues within the sample sent.
Ii Is necessary to interpret Ihe answer to 
the following question: are the samples 
.i ni representative of the exposure risk 
lor bees (in the case of analysis of plant 
..implcs, pollen and honey)?
» Yes: it is a poisoning.

► No: it may not be a poisoning.
-  It is also necessary to interpret the answer 

to the following question: can the chemical 
quantification found be linked to the level 
of dead or diseased bees observed in the 
field?

The diagnosis of poisoning is very difficult and 
often a controversial subject between stake­
holders (beekeepers, farmers, health authorities, 
chemical industries, etc.). As with any disease, 
the diagnosis of poisoning requires taking the 
medical history, clinical examination of both 
individuals and colonies, analysis of beekeeping 
practices, and laboratory diagnosis. The conclu­
sion will be the result of all these elements.

Sometimes, no definite conclusion can be 
reached. However, eliminating the diverse 
possible causes of the observed symptoms may 
give an accurate diagnosis in cases of suspected 
poisoning.

3.8 M anagement of poisoning

There is no treatment or .mtidote for bees in 
cases of poisoning. Strongly weakened colonies 
should be eliminated.

However, beekeeping techniques such as 
re-queening can assist the recovery of a colony 
after poisoning (Colin, 1999). Hives should 
eventually be moved to another location if the 
pesticide source remains in the surrounding 
environment of the affected apiary. Honey and 
pollen reserves must be removed. The colony 
must receive a feeding supplement and should 
be transferred onto new frames with new wax 
foundations (made with wax without residues, 
e.g. w axes from honey cells cappings) as soon as 
possible by the shaking bee method, also called 
the shock swarm method: see Chapter 4, section 
1.8.3.

If chronic levels of pesticide are found in the 
surrounding environment, sedentary apiaries 
should be moved to another site.

Prophylactic measures are the best way to 
preve nt poisoning as far as p ossible: in particular, 
beekeeping practices should be aimed at having 
strong colonies, and the beekeeper should know



as for as possible (he patterns of agriculture end 
pesticide use in the surrounding area. Control 
of Varroa infestation must follow good rules 
of veterinary medicine use and avoid any 
non-permitted chemicals. The fight against pests 
such as the small hive beetle or predators such 
as the Asian hornet must involve reasonable 
measures and avoid as far as possible the use 
of insecticides. It is sometimes necessary for 
beekeepers to practice migratory beekeeping to 
avoid certain poisoning risks.

In all cases, a beekeeper should get in touch 
with local crop, orcha-d and animal farmers to 
evaluate their use of pesticides and the risks 
these pose to his or her colonies. Sensible and 
proportionate application and good practice in 
the use of phytosanitary products on crops and 
orchards are necessary to at least limit the risk 
of poisoning honeybees as well as other wild 
or reared pollinators (bumblebees, solitary and 
wild bees).
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Honeybee viruses and viral diseases

As in other species and insects, the presence 
of viruses in honeybees is commonplace, and 
thei>- effects have long been known. About 20 
viruses have so far been identified in association 
with Apis mellifera; apart from two with DNA 
genomes, they arc single-stranded RNA viruses 
approximately isometric in form (Cullcy et at.. 
2001; dc Miranda et at., 2012).

As in other species, viruses may be diagnosed 
in apparently healthy colonics as asymptomatic, 
or as slight infections (Gauthier et al., 2007) 
However, these viruses can be responsible 
for diseases in honeybees that can result in 
the weakening or death of colonies. If a virus 
becomes pathogenic and induces disease(s), the 
underlying cause(s), if they exist, are not always 
known, discovered, and/oi reported.

1 Generalities on honeybee 
viruses

Among the approximately 18 honeybee- 
infecting known viruses, three are characterized 
by specific clinical signs: chronic bee paralysis 
virus (CBPV), deformed wing varus (DWV), 
and saebrood virus (SBV? (de Miranda et at., 
2012).

After presenting the characteristics of these 
viruses, the diseases caused by CBPV, DWV, and 
SBV are discussed. Conditions caused by other 
viruses are also described. Table 3.1 presents 
some important features of the main honeybee 
viruses currently known.

1.1 Characteristic:; and elem ents of 
taxonomy

1.1.1 RNA viruses
Except for the unclassified CBPV and a hetero­
geneous group of other viruses (de Miranda et 
at., 2012), most honeybee viruses are picorna- 
like viruses: iflaviruses and dicistroviruses. 
These are considered the most harmful viruses 
for bees.

Picorna-like viruses are single-stranded RNA 
viruses (Cuiley et at,, 2003; Ribiere et at., 2010; 
de Miranda ct al., 2012). The capsid (protein 
shell) is isometric and exhibits icosahedral 
symmetry. Its role is to protect the RNA genome 
inside. Replication of these viruses occurs 
within the cellular cytoplasm. Iflaviruses and 
dicistroviruses are very similar insect-infecting 
viruses (the differences being the arrangement 
of genes in the genome).

The honeybee-ir fecting Iflaviridae are DWV, 
SBV, and slow bee paralysis virus (SBPV).

The honeybee-infecting Dicisltoviridae are 
acute bee paralysis virus (ABPV), Kashmir 
bee virus (KBV), and Israeli acute pai-alysis 
virus (IAPV), forming the ABPV-KBV-IAPV 
complex (de Miranda e ta l,  2012)

Other icosahedral RNA viruses are found 
in bees: cloudy wing virus (CWV), bee virus 
X (BVX), bee virus Y (BVY), and macuia-like 
virus (MLV). These viruses are reported to be 
less damaging to honeybees and their colonies 
(de Miranda et al., 2012).
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Effects on the 
colony

Main season 
occurence

Transmission 
(main routes)

Varroa role as 
vector

Association 
with another 
pathogen

Prevalence in the 
world

Iron mild 
to severe 
weakening

spring/summer OF, Co N satellite virus: 
CBPSV

Worldwide
distribution

weakening and 
motality

summer/autumn VB, Ve (Vn, TO) Y Varroa destructor common in 
Europe

weakening and 
motality

summer/autumn VB, Ve (TO?) Y Varroa destructor worldwide
distribution

weakening and 
motality

summer/autumn VB, Ve (TO?) Y Varroa destructor Europe, Asia, 
North Arr erica

weakening and 
mortality In 
association with 
Notema

spring/summer OF, VB?, Ve 
(TO)

Y (low) Varroa 
destructort 
Nosema

worldwide
distribution

colony
weakening and 
even collapse

end of summer/ 
autumn

VB, Ve (Vn, TO) Y Varroa destructor worldwide
distribution

considered 
as not highly 
patiologic

spring/summer 0  (jelly), Ve Y Varroa destructor worldwide
distribution

weakening and 
motality

no evidence 
of seasonal 
occurrence

OF.VB Y Varroa destructor 
(?)

low prevalence 
in Europe

weakening and 
death exp.; not 
highly pathologic

no evidence 
of seasonal 
occurrence

unclear no direct 
evidence

Varroa destructor

(?)
Europe/ 
Worlwide >

weakening in 
association with 
Maioighamoeba 
meilifica

late winter/spring OF ? Melpighamoeba
melllficae

low prevalence 
-  seems on the 
decline

weakening in 
association with 
Nosema apis

late spring/early 
summer

OF ? Nosema apis First detected in 
Britain

no mown 
symptoms

no data found no data found ? no data found US

no -mown 
symptoms

no data found no data found ? found with ABV US

no known 
symptoms

summer/autumn VB Y Varroa destructor common in 
France -  virus of 
Varroa?

some cases 
of weakening 
suspected

spring 0 ? No sema apis worldwide?

weakening 
and mortality 
suspected

summer {Apis 
cerana)

no data found 
VB?

? No sema ceranae India, US?



1.1.2 DNA viruses
Apis mettifem filamentous virus (AmFV) and 
Apis ridescent virus (AIV) are the two DNA 
hone' bee viruses currently known, AmFV 
( t-т ; to be related to both Baculoviruses and 

Ascoviruscs. The structure of AmFV comprises 
4 long filamentous nudec protein forming a 
figure of eight in order to fit in the envelope 
(Sitarcpoulou era)., 1989). AIV is an iridovirus 
<de Miranda et a/., 2012). Iridoviruses are large 
u osahedral viruses that infect insects and verte­
brates.

1.2 Pathogenicity of viruses

I he pathogenicity of viruses is the consequence 
of their replication within the cells of diverse 
organs of the honeybee. When pathogenic, some 
viruses have a tropism to specific organs, while 
others can replicate in man) organs.

However, it seems that many honeybee- 
Infecting viruses have a CNS tropism and are 
irspcnsible for neurological problems. When 
l'.ithc genic, viruses alter the lifespan of bees. If 
man) bees are affected, the colony will suffer and 
weaken, and in some cases may die if the colony 
It no able to compensate for the lack of bees. If 
a few bees are affected, the colony will be only 
slightly affected, if at all, and able to compensate 
the population imbalance due to the ability of 
workers to adapt to different tasks.

Viruses are present in healthy colonies as 
asymptomatic or unapparent infections. It is 
ycneially considered that promoting factors are 
necessary to convert an asymptomatic infection 
into a symptomatic and overt infection. These 
factors are thought to be mainly environmental 
siressors: starvation; confinement; residues stored 
in wax, honey, or pollen (from pesticides used on 
i lops, veterinary medicines used on cattle farms, 
ui miticides used in hives); cold; humidity; other 
paihogens; and parasites, e g. Varroa destructor 
(Gcnersch et a/., 2010; de Miranda et a i, 2012).

1.3 Transmission routes

Viral transmission may be horizontal between 
fires, vertical from queen to egg, venereal, and/or

vector-borne, such as in the case of V. destructor
or the m ite Tropilaelaps spp. (Tentcheva et at,
2004; C hen et ai., 2006).

• Horizontal transmission. Horizontal Irani, 
mission can be oral or by contact, feeding 
larvae and trophallaxis as well as oral 
comm unication are the main ways of oral 
transmission. Contact transmission seermto 
occur in the event o f cuticle injuries or broken 
hairs allowing exposure of the epidermal 
cytoplasm (Chen et al„ 2006; de Miranda 
et a i ,  2012). Confinement, wintering, and 
highly crowded colonies are conducive и 
contact transmission (Ball, 1999a).

• Vertical transmission. Viruses are frequently 
detected in queen ovaries, suggestingavertiol 
trans-ovariai transmission from queen to 
unfertilized male and fertilized female eggs 
Vertical transm ission may also be venereal 
during m ating from drone to queen, or 
trans-spcrm al (from the spermatozoa so the 
female egg).

• Vector-borne transmission. The acarian 
V. destructor is a vector of many honeybee 
viruses. The prevalence of the nite a 
managed colonies worldwide has probable 
increased virus transmission and outbreaks c: 
viral disease. Thus, V. destructor infestations 
may transm it viruses and thus allow overt 
virus infections, impairing the health of 
colonies. The interaction between viruses and 
V. destructor has been termed 'bee parasitic 
mite syndrome' (Shimanuki et u/., 1994 
The disease due to Varroa, varroosis is art 
only caused by the infestation by the mite 
but also incorporates the notion of vims 
transmission and overt virus infection (in 
particular DWV). The acarian Trap h ttp  
spp. is also reported to be a vector of at lew 
one virus, DWV. The acarian Acarapis msti, 
a parasite o f the tracheae, has been suspected 
to be related to paralysis syndrome (CBPV1. 
though no  evidence has been shown № 
confirm this suspicion (Ribiire et al, 20KV- 
de M iranda, 2012).



1.4 Diagnosis of viral infection

As dinical signs are rarely pathognomonic, 
the diagnosis o f viral diseases should rely on 
laboratory tests. Immunological methods can 
usually provide both qualit ative and quantitative 
results and are generally affordable. However, 
these methods present a lack of sensitivity and 
adaptability (de Miranda et a i, 2012).

Tire most sensitive and reliable methods 
are he polymerase chain reaction (PCR) and 
the reverse-transcription polymerase chain 
reaction (RT-PCR) techniques. These methods 
give reliable quantitative and qualitative results, 
allowing virus identification and assessment 
of the viral load. Associated with the dinical 
examination, both Identification and load are 
necessary for conclusive diagnosis o f a viral 
disease.

Diagnostic test results should be interpreted 
in association with clinical signs, beekeeping 
techniques, blooming environment, VttrreM 
infestation level, and other potential colony 
weakening causes.

Unfortunately, because of their cost, PCR 
and RT-PCR arc not yet routinely performed in 
honeybee veterinary medicine practice and have 
tended to remain a research technique.

2 Chronic bee paralysis virus 
(CEiPV) disease: ‘paralysis’

CBl'V disease, also called paralysis, is a conta­
gious disease.

The first bee virus isolated, CBPV has 
been recognized for decades (Ball, 1999a), 
though the disease itself has been known for 
much longer. CBPV is one of the most widely 
prevalent viruses, and found worldwide except 
for the Caribbean islands (Ribiere et a i, 2010; 
dc Miranda et a i, 2012). The disease pattern is 
usually characterized by two main syndromes: 
Type-1 CBPV disease (paralysis) and Type-2 
CBPV disease (‘black robbers' or 'little black' 
in the UK. ‘hairless black’ syndrome in the US, 
maiadic noire’, ‘mal de mai’ in France).

CBPV often persists as a covert infection in 
honeybee colonies throughout the year (Bailey 
and Ball, 1991; Ball, 1999a). The disease often 
presents in apparently strong colonies with 
thousands of dead bees being observed in front 
of the hives (Ribidre et ai, 2010).

2.1 Characteristics of CBPV

CBPV is a positive-sense, single-stranded RNA 
virus, and is an unclassified virus (Ribiire et ai, 
2007). The particles of CBPV are anisometric 
(30-65 nrn x 20 run) (Bailey et ai, 196b). This 
virus has been reported to have an associated 
particle, the chronic bee paralysis satellite virus, 
CBPSV (previously called the CBPV associate). 
The role of CBPSV is not well known and 
understood at this time (de Miranda et ai, 
2012), though it has been hypothesised to evoke 
an encoding role for either a capsid protein 
involved in CBPV replication or an abortive 
virus particle (Ribtdre et ai, 2010; de Miranda 
et ai., 2012).

2.2 Clinical signs

Two distinct syndromes characterize CBPV 
disease: Type-1 and Type-2 (Bailey and Bali, 
1991; de Miranda et ai, 2012). In the case of 
overt CBPV infection, the two syndromes may 
occur simultaneously (de Miranda et ai, 2012).

In an apiary, when an outbreak of CBPV 
occurs within a colony, not all the colonies 
develop the disease. The affected colonies are 
usually strong and CBPV outbreaks do not 
usually cause ‘massive colony losses' (Ribidre et 
ai, 2010). However, CBPV disease may induce 
high-level losses of workers. A large carpet of 
dead or sick workers in front of the hives is 
frequently observed when outbreaks occur 
(Ribiere et ai, 2010; de Miranda et a i, 2012).

2.2.1 Type-1 syndrome o r ‘paralysis’
Paralysis syndrome is the most serious con­
sequence of CBPV This syndrome is also called 
'mal des forks’ (‘sickness of the forest') because it 
is often observed in colonies gathering nectar or 
honeydew in forests. A large number of foraging



bees can be affected. The deleterious effects are 
responsible for depopulation, disorganization, 
and even colony mortality

bees infected by CBPV present the following 
clinical signs during outbreaks (Ball, 1999a):

• Abnormal trembling w:ngs and bodies.
• Ataxia.
• Circling.
• liability to take off or fly, manifested by bees 

crawling on the grounc; and up grass stems.
• 3loated abdomens caused by distension of 

the honey sac with liquid.
• Mortality within a few days.

At the colony level, crawling bees, and a carpet of 
affected and dead bees witli outspread wings, are 
seen on the floor of the hi ve and on the ground 
in ront of or surrounding the hive (Figure 3.1).

A sudden collapse may occur in the terminal 
phase of this syndrome, leaving the queen and a 
few retinue workers within the hive (Bailey and 
Bail, 1991; Ribiere et al., 2010). Severely affected 
colonies may collapse in a week.

2.2.2 Type-2 syndrome
Bees affected by Type-2 syndrome are smaller, 
with a shortened abdomen. The honeybees 
become hairless and appear dark and shiny 
(Ball, 1999a) (Figure 3.2). At the beginning of

Figure 3.1 Typical c a rp e t o t  d is e a s e d  a n d  
d o a d  b e e s  o b s e rv e d  in t i e  front of a  hive 
w ie n  a  CBPV o u tb re a k  o c c u rs  w ithin a  colony. 
(P h o to  c o u rte sy  ©  Lydia V ilagines, DVM.)

the disease, bees же able to fly, but soor the,- 
begin crawling and trembling They usual?.-& 
soon after the onset of clinical signs.

In a colony, Type-2 syndrome usually appe,; 
in spring and summer and can sometimes 
significantly weaken colonies, although it js 
often considered only a minor problem, t i e d  
frequently only a few Type-2 diseased be;; гк 
observed within a colony.

2.2.3 From two syndromes to one 

Accordingto Ribiere et al. (2010), thequest raof 
whether there are two syndromes characterЩ  
CBPV disease has to be challenged. Indeed a 
some colonies affected by CBPV, both T-pe-t 
and Type-1 syndromes have been describe! 
concurrently. In the same publication, Rrbiere 
et al. (2010) are clear that 'researchers hive 
observed a general syndrome with diisim 
of trembling, flightless, crawling bees *ti 
some individual black, hairless bees standiy 
at the hive entrance, sometimes rejected by 
bees of their colony’. These observations lass 
also been made in the field by beekeeper; aai 
veterinarians. Moreover, the CBPV suabss 
causing the two syndromes are serologically 
the same. This begs the questions: are these twe

Figure 3.2 C B P V  Type-1 sy n d ro m e  (b e e s i t*  
ce n tre )  a n d  T y p e -2  s y n d ro m e  w ith h o n ey t^ 3 
p re s e n tin g  a s  h a rn e s s  a n d  sh iny  with a 
s h o r te n e d  a b d o m e n . (P h o to  co u rtesy  9  L'e J  
V ilagines, DVM.)



different stages o f the C f PV viral disease and 
is there a particular sensitivity of bees' lineages 
within a colony?

[he prognosis of CBPV infection is usually 
good with a spontaneous regression. However, 
if the disease persists in some colonies or occurs 
in autumn, the prognosis may become severe.

2.3 Epidemiological characteristics

Overt CBPV infection may occur throughout 
the year, even in winter. However, the prevalence 
of outbreaks is higher in the spring and summer 
beekeeping season.

In the case of overt infection, wound invasion 
is reported to be the main route of transmission 
via contaminated faeces (Bailey et al., 1983: 
Rlbibrc et al., 2010). The mite Varroa probably 
plays a role in the transmission of CBPV. In 
strong and populous colonics, moving and 
contacts between bees assists the dissemination 
of the virus within the colony and explains the 
high number of bees affected and killed, the 
disease often regresses spontaneously in 3 -4 
weeks.

In asymptomatic colonies the persistence ot 
the virus scents to be the consequence of oral 
exchange (trophailaxis), physical contact, and 
probably trans-ovarial transmission (Ribiere el 
al., 2010; dc Miranda el ill., 2012).

!!ontc studies reported by Ribiere el al. (2010) 
show that CBPV particles have been found in 
other Hymenoptera species; the common and 
worldwide ant Camponotus vagus and the forest 
Northern European and Asian ant Formica rufa. 
In C. vagus, CBPV7 has been shown to replicate 
and it can be supposed that this species serves 
as a reservoir of infection tnd plays a role in the 
transmission of the virus. Within hives, ants are 
often found by beekeeper:; feeding on products 
of the hive and debris on the floor, the frames, 
the walls, and the feeders.

2.4 Pathogenesis

In asymptomatic colonies, bees are reported to 
present £10* CBPV copies per bee (Ribiere el al., 
2010). In symptomatic colonies, CBPV is more

prevalent in oider bees, with 10IJ copies found 
in guards and symptomatic bees sampled at the 
front of the hive vs. 10* copies found in bees 
inside the nest (Ribidre et al., 2010). However, 
the causes inducing CBPV outbreaks within an 
asymptomatic colony (i.e. causing covert CBPV 
infection) remain mainly unknown.

CBPV may infect immature forms. Indeed, 
it has been found in all the stages of bees, from 
the egg to the adult (Blanchard el al., 2007). In 
the eggs, larvae, and pupae, the viral load is low 
and is reported to remain mainly lower than in 
adult bees.

The tropism of CBPV is mainly the nervous 
system though other organs can also be affected 
(Ribiere et al., 2010). It has been shown that 
in an infected be,;, half of the many million 
particles of CBPV found arc located within 
the head (Blanchard et al., 2007; Ribiere et al., 
2010).

The higher-order integration centres of the 
brain arc mainly infected by CBPV particles as 
shown by Olivier if al. (2008):

• The mushroom bodies involved in sensory, 
learning, memory and motor control.

• The central complex involved in locomotion 
control, oriental ton behaviour, and the regu­
lation of insect arousal (the central complex 
is also a neurosecretory structure and a centre 
of sensory integration) (Olivier et al., 2008; 
Ribiere el al., 2010).

CBPV has also been found in the optic and 
antennal lobes but also in structures in charge 
of antennae movtment, the mouthparts, and 
olfaction.

This selected neurotropism is considered to 
be responsible for the neurological symptoms 
observed. The chronic bee paralysis satellite 
virus, CBPSV, have been found within the 
thoracic and abdominal nerve ganglia, but also 
in the mandibular and hypopharyngeal glands 
and in the brain (Pibibre et al., 2010).

The prognosis is usually good, with a 
spontaneous recovery; however, if the disease 
persists into autumn, the chances of recovery 
lessen.



2.S Contributing factors

As noted previously, the mechanisms underlying 
the transformation of a covert CBPV infection 
Into overt infection and activation of pathogenic 
virus are not fully understood. However, some 
factors seem to predispose to the occurrence of 
an outbreak.

Confinement (bad weather, failure of nectar 
flow, starvation, etc.) is reported to be a main 
cause of the occurrence o f  paralysis'. In this case, 
healthy honeybees are crowded with affected 
ones and their faeces, offering the potential for 
virus transmission and an outbreak of overt 
Infection.

Bee concentration, inherited factors, environ 
mental factors (e.g. consumption of honeydev 
by honeybees), protein deficiency, or even weak 
cring factors (e.g. poisoning) may also play a 
part in CBPV disease outbreaks (Bailey and Ball, 
1991; Ball, 1999a).

2.3 Diagnosis

2.6.1 Clinical diagnosis
The occurrence of two or more clinical signs is 
suggestive of CBPV disease.

At the level of the colony, the main symptoms 
aic- dead and trembling/c rawling bees forming a 
ccj-pet at the front of the hive. Affected colonies 
aie usually the stronger ones within an apiary 
(not all the colonies in ar, apiary are affected, but 
all must nevertheless be examined).

At the level of bees, individuals with behav­
ioural and neurological symptoms and/or 
presenting as smaller, shiny, and hairless with a 
broader abdomen favour a diagnosis of CBPV 
disease.

It has been observed that healthy worker bees 
aitack affected bees to remove them from the 
colony, as they would do against robber bees.

2.6.2 Differential diagn osis
Cither neurological diseases and poisoning 
by pesticides and/or chemicals should be 
ruled out. Many pathogens and chemicals 
can cause trembling and crawling. Nosema 
apis, Malpighamoeba ntellificae, and A. wootii

infestations (and/or the associated viruses 
BVX, BVY, AmFV) and the virus IAPV may it 
responsible for bees showing crawling symptoms 
(de M iranda et a l, 2012).

Clinical examination and the medical history 
(anamnesis) o f  th e colony can give a presunptm 
diagnosis; however, laboratory analysis is usuilb 
necessary.

2.6.3 Laboratory diagnosis 

Sampling bees for laboratory diagnosis mustfe 
perform ed according to certain rules. Usually, 
it is necessary to contact the laboratory who 
will assist in the choice of samples, and adust 
on perform ing the sampling and send ng the 
samples. Tables o f  sampling management when 
poisoning or disease are suspected are given in 
Appendix 3. These sampling methods are those 
advised by the Sophia-Antipolis laboratory 
of AN'SES which is the European Unit» 
Reference Laboratory for Bee Health (Franco 
et al.. 2012).

Identification and quantification of CBPV 
is necessary to diagnose the disease. Diverst 
techniques can be used, but RT-PCR (ilentif- 
cation and viral load) is the most prec se and 
selective diagnostic method (Blanchard etft, 
2007). Within an infected colony, the CBPV 
viral loads obse-ved in symptomatic or dead 
bees (at the entr ance of the hive) or guards art 
higher than in asymptomatic bees (foragers, 
nurses, drones).

According to Blanchard et al. (20C7) and 
Ribiere et al. (2010):

• CBPV levels o f about 101! copies per bee are 
found in symptomatic or dead bees.

• CBPV levels of 10*-10s copies per aeeaft 
found in asymptomatic bees.

• CBPV can be found in all castes and all stage* 
(egg, larva, pupa) in an infected colony.

The diagnosis will be the consequence on

• Anamnesis.
• Clinical examination of the colony.
• Laboratory results.
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. Analysis of various factors, e.g. beekeeping 
practices ami the biological features of the 
bite colony.

In a suspected overt CBPV Infection, It may be 
Interesting to test lor other viruses awl perhaps 
pesticide residues as potential contribuling 
factors, or as part of a differential diagnosis.

2.6.4 Management

Minimizing transmission and reducing viral 
loads within colonics arc the two main pillars 
of the fight against viruses. As beekeeping 
practices may be a contributing factor to the 
development and transmission of viruses (and 
other pathogenic agents), good beekeeping 
practices are the best way to manage, prevent, 
and control viral diseases and in particular 
CBPV (cf. Chapter 8).

CBPV management involves in particular:

• Optimal Varroa control to avoid vector 
transmission of the virus.

• Overwintering without honeydew.
• Limiting risks of overcrowded colonies and 

confinement.
• Healthy and selected queens and colonies that 

exhibit good hygienic behaviour (see Chapter

4, section 1.9.3). Re-queening each year or 
every two years has become a necessity at 
the present time

'Ihe management of diseased colonics affected 
by Cltl’V Is described as follows:

• Clean the front and surrounding areas of the 
hive by removing dead bees (as they can be a 
source of contamination).

• Apply the shock swarm method to lower the 
viral load within the colony (cf. Chapter 4. 
section 1.8.3).

• Re-queen the со ony.

3 Deformed wi ig virus (DWV) 
disease

Deformed wing disease is a contagious viral 
disease due to an Ifkviridae; DWV. The clinical 
signs mainly concern emerging bees (young 
bees) presenting deformities, and in particular 
wing deformities, and a reduction of their 
lifespan. The virus has also been identified in 
asymptomatic colonies.

Without V. destructor infestation, DWV 
infection remains a covert infection. Before 
the Varroa pandemic, DWV was unknown as

F igure 3 .3  At th e  c e n tr e  o f  th e  p ic tu re , a  
typical yo u n g  b e e  s y m p to m a tic a l ly  a f fe c te d  
by DWV. N o te  th e  w ing d e fo rm itie s . (P h o to  
courtesy  ©  Lydia V ilag ines, DVM.)

Figure 3.4 E m erg ing  b e e  w ith w ing a n d  
a b d o m e n  d e fo rm itie s  d u e  to  DWV with 
a  p h o re t ic  V arroa m ite . (P h o to  c o u r te s y  
©  Lydia V ilagines. DVM.)



» | .ithogcn. The occurrence ot‘ the disease is a 
,,,, sequence of the combination of DWV and 
i.i n«  infestation.

Ihe virus was first isolated from Egyptian 
ho icvbee colonies in the 1970s, and hence first 
mined Egypt bee virus (EBV). In 1982, a virus 
, .и sing deformities in adult bees was described 
nbl found 'to be distantly related to EBV by 
•ci logy' (Ribicre ct al„ 2008; de Miranda and 
i ,s nersch, 2010; de Miranda et ai. 2012). With 
tin Uimw pandemic, DWV has come to pose a 

nous threat to honeybee colonies.
To date, this virus h is spread worldwide, 

c v cpt to Oceania where it has not yet been 
>c|4>rted. It has been found in A. mellifera and 
t destructor 3s well as in managed and wild 
bumblebees.

DWV is very similar to two other iflaviruses: 
foikugo virus (KV) and V destructor virus-1. KV 
i 'a  considered as a dose genetic variant of DWV, 
soil mostly identical nucleotide sequences.

VI Clinical signs

Honeybee deformed wing disease usually occurs 
at the end of summer and in autumn.

This viral infection results in deformities 
of the body, and in particular of the wings 
winch occur during the metamorphosis of the 
pupae within the capped cell, where the Varroa 
reproductive cycle takes place. The clinical sign; 
are; then observed in eme rging bees.

Ihe wings are deformed, stubby, and useless 
(Figures 3.3 and 3.4) (Fievet et al„ 2006 
Tcntcheva et ai, 2006). Ihe clinical signs also 
include rounded and shortened abdomens and 
miscoiouring. The affected bees are, of course, 
unable to fly. Symptoms of paralysis may also 
be observed (Chen et ai, 2006). infected bees, 
whose lifespan is severely reduced, are usually 
expelled from the hive by guards. DW'V infection 
may also induce early death of pupae. The dead 
pupae are then removed from the brood cells 
and from the hive by cleaner workers.

After emergence, if bees do not present 
deformities, infection of adult bees is considered 
as asymptomatic (Ribierr e( nl., 2008). Howe vet, 
it seems that affected adult bees may present

learning disabilities, in particular in forjfc. • 
ability (Iqbal amt Milller. 2007),

At the colony level, an Irregular brmsl uh 
be observed associated with pupae ninrtAi' 
cannibalism, and a decrease in the bee рирл 
lion.

The occurrence o f overt DWV Infection к 
always linked to Varroa Infestation (Figure Ц 
In cases o f severe Infection, with a high lev,; 
o f Varroa infestation, or if poor beeieepr,! 
practices have led to inadequate control,( 
mite infestation, colony weakening ai d <v« 
collapse may occur, particularly during winto 
A recent study has shown that the iifespe 
of overwintering workers without symptom 
but with high levels of virus seem? to b 
shortened (Dain.it et a i, 2012a); henc Ml) 
may play a role in winter colony mortality (a 
pathogenesis).

3.2 E pidem iological characteristics: 
spread  and transm ission

Adult honeybees are reservoirs of DV'V ve ! 
phoretic V. destructor are responsible ai the : 
spreading of the virus in a colony, hdwtot ; 
colonies, and between apiaries (Yoc ды 
Genersch, 2005). DWV may be found threuglvvil j 
the body, including queen ovaries. q u « n  a  

bodies, and drone seminal vesicles (Rev-Д ft 
2006). All honeybee castes and stages nuv !e 
PWrV carriers, though pupae are most at uA> 
developing an overt infection.

Transmission may be vertical, vencitL i#J 
trans-ovarial (Yue et a i. 2007; de Mintsli 
and Fries, 2008). It seems to presetv 1 11» 
virulence level, remaining as a covetl inteetw 
(asymptomatic) in the absence of Units 
infestation. Horizontal transmission (oial ■ 
contact) does not seem to play a stgnlfientt fw' i 
in DWV disease.

Vector-borne transmission by (lie 
V destructor is live main route >8 I '" ' I 
diffusion and is responsible of overt itiWviia' 
live pathological effects of DWV ше eat'11*' i 
linked to Its association with Utmw. 
does this mite carry the virus, but the ' ul‘ 
can replicate within the organism, it h o b '1



u c io rm cu  wing virus i u «  v j  aisea ;e /  /

repoited that DWV is also transmitted by the 
mite Tropilaelaps mercedtsae with the same 
consequences on bees (Dainat et al., 2009). The 
small hive beetle, Aethina tumida, also seems to 
be a potential vector o f DWV.

3.3 Contributing factors

Varroa destructor infestatio n is the main cause of 
overt DWV infection. The disease was unknown 
before adaptation of Varroa to A. mellifera (de 
Miranda et al., 2012). The prevalence of DWV 
infection (and the viral load of DWV) within 
honeybees has followed Varroa infestation in 
colonies (Bowen-Walker et al., 1999; Tentcheva 
et al., 2006; de Miranda et al., 2012). When 
the colony is free of mites, or nearly so, it has 
been shown by enzyme-linked immunosorbent 
assay (ELISA) that the DWV load is greatly 
reduced within the brood (even becoming 
undetectable in the capped brood) and within 
adult bees (Martin et ai, 2010).

Cold may also be a contributing factor. 
Winter colony weakening and mortality is 
associated with DWV infection in overwintering 
honeybees, irrespective o f Varroa infestation 
(Martin et al., 2010; de Miranda et al., 2012).

The neonicotinoid crop pesticide clothianidin 
has been shown to alter honeybee immunity and 
to promote the replication of DWV (Di Prisco 
eta!., 2013).

3.4 Pathogenesis

In the absence of V. destructor, DWV virulence 
is minor and the development o f the bee larvae 
is not affected. DWV is the main virus associated 
with Varroa and needs Varroa to become 
virulent (de Miranda and Genersch, 2010). It has 
been shown that optimal and efficient control ot 
Varroa infestation drastically reduces viral load 
within the colonies (Dainat et al., 2012b). DWV 
repiication (and perhaps selection of variants) in 
mites is reported to be nec essary for the virus to 
become pathogenic and to induce flinical signs 
in honeybees (Yue and Genersch, 2005; Gisder 
et al., 2009; de Miranda ef al., 2012)

Due to their cuticle-piercing feeding 
habits, Varroa mites are responsible for DWV 
transmission and then replication in bees (de 
Miranda and Genersch, 2010; de Miranda et al., 
2012). The immune suppression caused by Varroa 
probably stimulate; both DWV replication and 
virulence (Yang and Cox-Foster, 2005). DWV 
replicates in various bee tissues, especially fat 
bodies, altering in particular immune defence 
and vitellogenin secretion (Dainat ef al., 2012b).

In cases of overt infection, the future health 
of the colony may be affected by both the 
outbreak of virus but also by mite infestation 
and varroosis (cf. Chapter 5). In summer, this 
infection can imp;iir the production of strong 
winter bees and the prognosis for the strength 
of colony may be bleak during the overwintering 
period.

DWV and its vector Varroa play a major role 
in colony weakening and collapse by causing 
'bee parasitic mite syndrome’. In summer and 
early autumn, when the brood decreases and 
is producing overwintering bees, uncontrolled 
Varroa infestation and DWV infection lead 
to massive losses of workers and then to the 
collapse of the colony.

In spring, if a DWV infection occurs, it is 
generally compensated by the development of 
the colony and massive brood rearing. However, 
the observation in spring of bees with deformed 
wings suggests poor control of Varroa infestation, 
endangering the colony and affecting the hive 
products.

Thus, it appears lhat colony collapse in associa­
tion to DWV infection/ Varroa infestation mainly 
occurs during wintering and is the consequence 
of interactions between Varroa, transmission and 
virulence of DWV’, and the biology of the colony 
(in particular, population dynamics).

3.5 Diagnosis

3.5.1 Clinical diagnosis 
A clinical picture presenting early death of 
pupae, deformed bees, bees without wings or 
with wing deformities, and bees with shortened 
abdomens is suggestive of DWV disease These



i linlcal signs are mainly observed at the end of 
the summer or in autumn.

In the case of winter colony weakening or 
mortality, the observation of workers with 
deformed wings strongly suggests overt DWV 
infection. If the sanitary management of Varroa is 
tailing, the diagnosis is usually and undisputably 
In favour of DWV disease.

i 5.2 Laboratory diagnosis

aboratory analysis (RT-PCR, PCR), associaied 
vith clinical examination, allows the diagnosis 
Genersch, 200S). Analysis of a mite sample may 

orovc interesting. A high viral load (10'°-1012 
genome equivalent/mite) is correlated to DWV 
hsease (de Miranda and Genersch, 2010).

DWV load within be es is one of the main te sts 
to perform in cases o f ’sinter colony weakening 
or mortality associated with the evaluation of 
Varroa infestation. It may reveal a high Varroa 
infestation rate and/or a failure in Varroa control.

DWV is widely considered to be a predictive 
marker of colony collapse (Dainat et al., 
2012b). This property may prove of interest to 
the veterinary approach to infected colonies. 
Indeed, a laboratory test of DWV viral load 
within colonies in surnmer/autumn associated 
with a Varroa infestation evaluation, when the 
future winter bees are being reared, may be one 
interesting factor to evaluate the strength of the 
colony before wintering.

3.6 Management

fighting DWV involves prophylactic methods 
against contributing factors, principally 
V. destructor: control of mite infestation is 
essential to limit or even avoid the risks of 
DWV outbreak and to prevent weakening and 
collapse, particularly in winter. Optimal and 
efficient control of Varroa infestation drastically 
reduces the viral load within colonies (Dainat 
etal., 2012b).

Because DWV may be responsible for 
winter colony mortality, optimal control of 
mite infestation long before the colony starts 
to produce overwintering workers is essential. It

Figure 3 .5  Scattered brood in a colon/ 
affected by saebrood disease. The brood may 
appear irregular or scattered with punctual j 
capped  cells. In uncapped cells, diseased 
larvae can be observed (arrows). (Photo 
courtesy © Lydia Vilagines, DVM.)

has been shown (Martin et al., 2010) th at it take 
at least 6 weeks after miticide treatments 
end o f July) to obtain undetectable DWV fas 
in bees; this period extends to 23 wedtsforn 
October treatment.

As a result the first prophylactic netW г 
optimal control o f Varroa infestation th ro u g h : 
the year and in particular at the end of sbs 
beekeeping season when the colony is abodS 
rear overwintering bees.

W intering demands healthy anl «№ 
colonies. Selection of strains that exhibit 
hygiene, with cleaners able to detect ai d rottc-t 
from the hive mite-infested and DWV-inltttc 
pupae, is an additional prophylactic n*tW

The process of RNA interference ( R N A i J b t  j 
been studied in  bees to limit DWV loaf Fft&'i 
both larvae ai d adult A. melli/em with adouhx- ■ 
stranded (ds) RNA construct, DWV-dikV 
has been reported to decrease viral loaded 
occurrence of symptoms (Desai et ill., 2012)

4 Saebrood virus (SBV) diset se

Saebrood disease is a viral infectious disri*' 
honeybee immature forms within the ^

*
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F igu re  3 .6  S a c b r o o d - d s e n s e d  a rv a  T y c c a  
a sp ec t of a  s a c  c o « ta  -  r ;i e e d y s  3 ; '  , 3  The 
sac s p a le  yellow  a n d  the lephaSc oah tae 
the tail) 15 d a rk e r  and dee, 'Photo so ,- te sy  
О  Lydia V ilagines. DVM i

brood (A mtllifrra end d; >• <*..>- о- ‘ д ; ■
bees due lo .111 Itlti-.iridiK to Mn i д-i .-•>* 
SBV (Ball, I9t>9fe). MtV го л remain its .»tovtei 
minium in colonies S | t »’ m - r  . = . 1 

inlet tkm tu the bum.) Ih - M e  ;.»« is lutmiy
considered asymptomatic in iduiii 
responsible lor problem», in pa tti.u ’.a :. r i,.-, 
the secretion of the brood (nod . 
usually unimportant m l mtZiirM  fleeting 
some larvae, which ,ue >p i.klv m iu n cd  from 
the cells and the hive hv deancrO. but ■« highly 
leib.il in A. wwnti, e.t»ib killing colonics ot 
this species (Ribiere <4 a i, 2006- J t  Miranda f t  
id, 2012). Sachrood disease was first described 
in 1117, but the virus was isolates) much later 
(White. 1917; Bailey er a!., 196-t $8V is spread 
worldwide, is highly prevalent in apiaries, 
and is one of the commonest viral diseases of 
honeybees (Blanchard e! <r., 2014a).

4.1 Clinical signs

Thete is a high prevalence of SBV in asympto­
matic colonies. SBV causes a capped brood 
disease and may also asymptomatically infect 
adult bees. SBV disease usually occurs in spring 
or at the beginning of summer (when the brood is

reared). In autumn, it may be observed convom 
itantly with varroosis. U may also occur if t here 
is a food deficiency (Ball 1999b; Tentcheva ,-t a l.. 
2004). Clinical signs may not be observed due to 
the actions of cleaner bees. These workers detect 
the diseased larvae ;nside the capped cells and, 
alter uncapping, remove them from (he cells and 
the hive (Bailey and Fernando, 1972).

The brood may appear irregular or scattered 
with punctured capped cells. The cells with 
punctured cappings contain sacs (giving the 
name to the disease and the virut) or scales 
(Shimanuki and Knox. 2000).

I arvae infected by SBV fail to pupate after 
cel! capping and die. An eedysial fluid, rich 
in SBV accumulates under their unshed skin, 
forming a sac (Figures 3 5 and 3.6) (Bailey and 
Fernando. 19“;. Bali. 1999b) The infectivity of 
this fluid decreases after a few days (Hitchcock, 
1960):

:he larval colour changes from pearly white
to pale yellow

sa*s arc very fragile and odour-lc s. If
. ie antes do not operate;

• first, infected ta m e  become sticky and dark - 
a thread tip s> 1 u n  long can be drawn irom

dark tarsal remains (match*tick test)
• .«id. infected larvae become dry, non 

idhcsive. flattened, gondola-shaped scales 
fete .Miranda et al. 2012). The cephalic part 
of the infected taiva is darker and drier than 
the body

At the colony level, aebrood is a perennial and 
common disease, though one that is generally 
not considered a serious threat to the strength 
of the colony. Indeed, usually only a few larvae 
are affected However, it may sometimes sause 
coionv weakening 01 impair the development of 
the colony and as such, is an important infection 
to identify.

in adult bees, the following clinical signs have 
been reported in experimental studies;

• Lifespan decrease and changes in behasiour 
are observed (Bailey and Fernando, 1972).

• Infected adults become fofagers earlier in 
their life (Bailey and Ball. 1991); these bees



prefer to collect nectar and stop eating pollen 
(Bailey and Fernando; 1972).

. Secretion of royal^elly is impaired in infected 
A. cerana nurses compared to non-infected 
ones (Du and Zhang, 1985).

SBV disease occurs in spring and summer, and in 
ю те  regions autumn when the brood is reared.

4.2 Spread and transmission

SBV infection begins with the excretion of the 
■ irus in the worker, drone, and royal jellies by 
the hypopharyngeal glands of nurses. In affected 
< olonies, SBV may also be found in honey and 
stored pollen (Ribiere et al., 2008). Recent 
tudies show that SBV is found in Varroa, which 

it believed to be a vector of this virus (Gauthier 
i t at., 2007). Oral and probably vector-borne 
transmission seem to be the main transmission 
routes of SBV.

4.3 Pathogenesis

Ihe immature forms of the three castes can 
be infected. Two-day-old larvae are the most 
sensitive to the infection. After infection, a 
larva continues its development until the cell 
is capped. However, the infected larva fails to 
pupate and dies. The i irva is unable to shed its 
skin during the final moult and the consequence 
is an accumulation of an eedysial fluid under 
the unshed skin (Ball, 1999b). If overt infection 
occurs in a colony, cleaners quickly detect the 
affected larvae and remove these from the cells 
and hive (Ribiere el at., 2008). Infection of adult 
bees may only occur during the first days of 
emergence. The prognosis is usually good when 
an outbreak occurs. However, SBV disease often 
occurs in association with other brood disease( >). 
Ihis may endanger the strength of the colony

4.4 Contributing factors

If SBV is found in asymptomatic colonies, clinic al 
signs usually arise when the brood reaches its 
peak size in spring/beginning of summer, when 
there may not be enough nurses to care for the 
brood (Ball, 1999b; Ribiire ef at., 2008). Factors

contributing to overt S B V  infection art usuafly 
the consequence of nutritional deficiency;

• Lack o f food
• Confinement.
• Population unbalance.
• Poisoning is also supposed to be a predisposing 

factor.

The strain of the colony, the age of the queen, 
and other infections (e.g. European foulbrood 
disease) may fas our the occurrence of s icbrood 
disease (Giraud, 2013). The mite V destructorit 
considered to be a vector and a reservoir of SBV 
(Ribiere et al., 2008; Giraud, 2013).

4.5 D iagnosis

Diagnosis is primarily a clinical diagnosis in the 
field taking into account in particular the i casona! j 
occurrence of the disease (spring, summer associ­
ated with the finding of contributing factors Fit 
clinical signs are quite specific to the disc ase and 
hence serve as reliable indicators.

A differential diagnosis should ta<e imo 
account other brood diseases, e.g. foulbrood 
diseases and brood mycosis. It should bt 
considered that SBV disease is often as'ociated 
with other brood diseases.

Laboratory testing with the RT-PCR method 
is possible but seldom performed in cunts 
veterinary practice because of the high соя. 
Laboratory examinations must take into 
account both identification and quant&atioa ! 
of the viral load. It is possible to obtain a  j 
positive result in asymptomatic colonie (overt 
infection). Recent studies with a twa-sK? 
real-time RT-PCR method suggest a threshold 
SBV load above which an overt SBV infection 
occurs. This threshold is set at 10'°SBV genome 
copies per individual irrespective of whether»1' 
sample comprises adult bees, larvae, oi pup* 
(Blanchard et at , 2014).

4.6 M anagem ent

The management of SBV disease involves S00” 
beekeeping sanitary practices, including «Р»"1* 
and measured control of V. destructor infcstalH1*1



Good practices usually allow clinical 
recovery (recovery is aimed at achieving covert 
status, rather than complete elimination), 
associated with a high-quality nectar flow and 
sufficient pollen. These practices are: removing 
infected brood, shaking bees (shock swarm) 
method with destruction and disinfection 
of contaminated equipment (cf. Chapter 4), 
re-queening the colony, and avoiding starvation 
and food deficiency (in particular by feeding 
them a protein supplement).

It is sometimes considered that if more than 
204 of the brood is infected, then the colony 
should be eliminated because it is likely to be 
too weak to allow a sufficient renewal of its 
population.

Experimentally, injection of the virus is 
responsible for the occurrence of symptoms 
of paralysis affecting the two first pairs of legs 
on average 12 daw alter inoculation (Bailey 
and Woods, 1974}. SBPV has a tropism for 
the CNS, the salivary glands, the fat bodies, 
and the forelegs. However, no tropism has 
been described for the hind legs and the honey 
stomach (Denholm, 1999).

Varroa is a vector of SBPV, allowing transmis­
sion to pupae and adult bees (Santillan-Galicia 
el ai, 2010). SBPV has been linked to a high 
mortality of colonies infested by this mite 
(Carreck et ai, 2010a; Martin et ai, 1998). 
Management involves controlling Varroa infesta­
tion and also good sanitary beekeeping practices.

5 Slow bee paralysis virus (SBPV) 
disease

SBPV, an Maviridus, was discovered in 1974. 
Two strains of SBPV have been described. SBPV' 
may exist as covert infections. It has mainly been 
described in the UK in relation to mortality of 
colonies. However, its prevalence is considered 
as ‘very low' in Europe’ (de Miranda et a i, 2012).

Figure 3.7 A BPV  d is e a s e .  N o te , a t  th e  c e n tre  
of th e  p ic tu re , a  w o rk e r  w ith  a n  a b n o rm a l 
position o f th e  w in g s . T h is  p ic tu re  w a s  ta k e n  in 
a co lony in w h ich  A BPV  h a d  b e e n  d ia g n o s e d  
by labo ra to ry  te s t in g  (P h o to  c o u r t e s y  © L yd ia  
Vilagines, DVM)

6  Dicistrovirus diseases

The three viruses ABPV, KV, and IAPV are very 
similar and, according to some searchers, must 
be considered as a complex, the so-called ‘acute 
bee paralysis virus complex’ (de Miranda et ai, 
2010, 2012). These three viruses are genetically 
close but different. They are associated with 
colony mortality, i:i particular mortality linked 
to Varroa infestation, which is a vector of these 
viruses. Black queen cell virus is another Dicis­
trovirus affecting queen larvae and pre-pupae.

6.1 Acute bee paralysis virus (ABPV) 
disease

ABPV is a single-stranded RNA Dicistroviridae 
virus (Olivier and Ribiere, 2006). This virus 
has been reported in several countries and is 
believed to have been a main cause of mortality 
of bees in France, the United States, and 
Germany. Before the Varroa pandemic, ABPV 
was rarely considered as responsible for disease 
and/or mortality of bees and colonies (Bailey, 
1965a; Bailey et al., 1981). ABPV may remain 
in colonies as a covert infection.

6.1.1 Clinical signs

ABPV virus is reported to become pathogenic 
following it s direct injection into the haemc lymph



by V destructor mite* /Bali and Allen, 198B-, 
bakonyi et aL 2002).

The clinical signs have been described a  
Fillcrws/Figure 3.7) (Bckesi Я al., 1999j:

• Bees walking around unable to fly, wanderin g 
more or lew dose to the hives before dying

• The position of the wings is abnormal, 
asymmetric, and/or pointing straight out 
fro® the body.

• The brood ceils can be punctured and 
mortality of immature forms can be observed

• Al the colony level it may cause weakening 
and acute collapse.

6.1.2 Pathogenesis and diagnosis 

ABPV is able to replkiie and infect the brain 
and food-producing glands, allowing persistent 
infections in colonies (de Miranda et a l, 2012 J. 
Severely infected larvae may die If they survive, 
asymptomatic bees will emerge /Bailey and Bad, 
IWi/. Infected by VI destructor, adults and pupae 
die rapidly. Thus, at the colony level ABPV 
mfeaion associated with Varroa infestation may 
be lethal to the colony ш one or two years if to  
control measures are p erformed.

St should be note! that ABF’/  infection 
associated with Varroa infestation is considered 
to be much more virulent than the association 
ofmite infestation and DVVV'mfecticm (Sumpter 
and Martin, ША; de Miranda et aln 2012).

The diagnostic method is to perform a 
KT-PCR test ш the laboratory if ABPV' infectic n 
is suspected Identification and quantification if  
the virus load are necessary.

6-1-3 Management

The costro! of ABPV mainly involves sanitary 
and prophylactic methods, good husband"/ 
practises, and in particular control of Varroa 
infestation within the colonies. As often evoked, 
control of any mite infe station must be measured 
and optimal to lima ABPV disease as for othrr 
infections linked to Varroa infestation.

6.2 Kashmir be* virus (KBV) disease

First described in A. mellifera exp 
infected with extracts from diseased ^  
honeybees, A  ctrana, in Kashmir, KBV >, 
found worldwide probably thanks % -v 
apiculture’ and «he exchange and trade -/ ̂  
/Allen and Ball, 1996; Ellis and Mans.

To date, KBV is considered ezpeh»,*-^ 
as one o f the most virulent h o n ey b ee-? .. j  
viruses. W hen inoculated experiment*?-- 2  < 
the haemoSympF of honeybees, it nrcl;.; K t_ j 
rapidly and may induce bee mortally *-*.. i 
three days (de Miranda et cL 2012, v,y„ 
introduced via feeding it does not .India e, 
clinical signs or mortality.

As with шаг у honeybee viruses, K3V a  
been described in  asymptomatic and айЬ 
colonies, for example in France is 2012 fee 
2001; Blanchard et a i, 2014bj. KBVczn trc , 
virulent and lethal for honeybees due «о a> 
mite V. destructor, which tnocuiaes the vine 
through the cuticle into the haemotycp: rife 
feeding Varroa is a vector of the virus (he 
et al, 2006;.

KBV induces mortality without chanoain: 
symptoms at ail stages of honeybee de г 
Miranda et a l, 1012). At the «dotty lev**. XT 
may* be responsible for sudden colonyweims 
and mortality in association with even m i s s  
Varroa infestation (Todd et al., 2007; i t  Msas 
et al, 2012).

Prophylactic and control managers s 
KBV must main;)- take into account OjStesd as-' 
measured Varroa infestation control

6.3 Israeli acu te  paralysis virus (IAPVJ 
d isease

Discovered in 2004 in к  rad  IAPV *' 
prematurely and wrongly thought ш be — 
cause of colony collapse disorder (CCD n s  
L'S (Cox-Foster et al, 2007).

This virus may affect all stages and ‘
A  mellifera. IAPV in experimenial cart-1'  
is responsible for shivering wings, prod-*" 
paralysis, and death, while the body



gtt b .nines darker and hairless (Maori et al.,
Г » '!

VMM detlructar it an active vector of this 
tints » well at ABPV and KBV, thus controlling 
mite infestation it necessary to  prevent the 
associated 1APV infection.

6A B ack queen cell virus (BOCV)

BQCV was first detected in affected queen 
larvae and pre pupae (Bailey and Woods, 1S77,. 
It it today found worldwide and may per si;; as a 
cover infection in colonies.

Diseased drone pupae have been r e p o r t e d  

(Sink and Huchlcr, 200fr; Worker bees can also 
be infected by BQCV but. to the field. they in  
nol hem to develop clinical signs

'Ik  cells with infected к  m e  develop a#rtt 
buwn or Mack cell walls '*• ithin «, • Ик.
the diseased pic pupae or p i j инка dr • ; у  
illio adult queens, and die i he elitesirri 
is a pile yellow colour and to, s«s a - 
(asyui|itom somewhat similar to that • ■ : .  rd 
by SPA'). Ihcse p u p a e  a rc  til l <4 r a  n  .

lie main transmission route г.
(oral transmission), Hg(,V is thought v  ve 
truumittedby boHid iuotllhiinivb tl c f ’ tit ! : s; 
tecrc.iom of the nurse bees.

BQCV mlceiion is cloudy associated with 
Лита infestation and eo inticiron seem» to 
be required to cause over rules.trot; BQi.1V 
rwtheaks are reported to follow 
A peak of BQCV overt infectfoa is mainly 
observed when the queens are-Petted m spring 
(after the nosemosis peak).

Two other honeybee-intecting viruses, itia- 
menwus virus and bee virus V. are associated 
with Nasema, A .Voienw- BQCV co infection 
is believed to be necessarv for BQCV overt 
infection to occur (Ribibre H a L  2008) Thus 
the prevalence of BQCV is parallel to S'otemtl 
mfesiation, with a peak w hen queens are reared 
(mainly in spring).

BQCV is also thought to be transmitted 
vertically because it has been found in queen 
ovaries (Chen et al.. 2006}. BQCV has been 
also detected in Uirroa but this parasite is not

thought to be an important and active vector of 
this virus (Ribiere et a1 .2008).

Controlling Nosema infestation is necessarv 
to control as far as possible BQCV infection!

Diagnosis of BQCV infection must take into 
account clinical sign», seasonality, and Nasenui 
infection. If suspected, laboratory tests should 
include analysis of the virus (identification and 
quantification! as well as Sosema.

7 Other viruses of honeybee
colonies

7.1 Cloudy Wing virus |CWV)

* \VV n  .1 *r:ull vuu U" ran diameter) It may
г г". i :  as a covert»ntectum and it is reported 
slut I '-*, , ? managed colonies are naturally 
infected !,k  Miranda .-f al. 2012).

;f~« ■>:•-!! о not «rwieieted highly pathologic 
« . a  :• j. hr!0b) In a symptomatic 

' vidsng wings, with a loss ol 
•r ■. v is she mam symptom

: 1* a tropism for the head and the 
=, in Whkh cin taU m r arrays of virus are 

if .« 14W ihres ( Kibtire el а!.. 2 0 0 H).
U- 4 ........... u avid ions. ( ;VVV infected a lull
beetpre . " ' t ‘ .vised lifespan

I he 'tv. ■ rr... >n route of i.VVV is not well 
known, the h ;. 'heus is mainly oral or vertical 
irani.misuon. There и no evidence of vector 
borne irtesansskm  i i  arrack e! al. 2010b).

Ac the colony i<-veh the virus has been 
experimentally associated with weakening and 
mortality ‘Carreck e: al., 2010b, de Miranda et 
al, 2 0 1 2 ) .

Diagnosis of CWV infection requires 
identification and quantification of the virus by 
RT-PCR methods.

7.2 B ee X virus (BXV) and bee Y virus 
(BYV)

BXV and BYV are two genetically and 
pathologically similar viruses (35 nm diameter). 
Both these viruses ire reported to be closely 
associated with an unicellular parasite.



п у л , ш м  u o u i u c u  m  лгкапьаь \ и о / г ; ,  ib

Iilicn associated with the protozoan M. mellificae 
m adult bees. However the virus and the parasite 
may be independently infectious. Co-infection 
induces honeybee lifespan m ore than separate 
individual infections (Ribidre et al, 2008). The 
nansmission route of BVX is oro-faecal. BVX 
bee omes infectious when the tem perature reaches 
K)°C or less. It is not infectious at 35°C. Thus, 
BVX disease is a winter disease. The infection 
is icported to develop slowly. If M. mellificae is 
usually a discrete spring infection, co-infection 
is more damaging for the winter survival of 
rolonies (Bailey and Ball, 1991; de M iranda 
ri al, 2012). According to some researchers, 
IIVX seems to be on the decline, Varroa and  its 
vector-borne viruses being mainly responsible 
lor winter weakening and m ortality o f colonies 
(Miranda et al, 2012).

BVY, first described in Great Britain (Bailey et 
id, 1980), is more dependent on N. apis than  BVX 
is on M. mellificae. Like BVX, BVY is infectious 
when the colony temperature decreases to 30°C. 
Therefore, the prevalence o f overt infection is 
similar to N. apis infection and mainly occurs 
In spring (Ribifere et al., 2008).

The diagnosis of those two diseases needs 
laboratory tests to analyse both the virus and 
associated pathogens.

Controlling M. mellificae and N. apis 
infestations are the main ways to manage BVX 
and BVY infections.

7.3 Arkansas bee virus (ABV) and 
Berkeley bee picorna-like virus (BBPV)

ABV and BBPV are two RNA viruses (both 
icasohedral, 30 nm diameter) first identified in 
the US (Bailey and Woods, 1974; Lommel et al., 
1985; Bailey and Ball, 1991). To date, very little 
is known, other than that they are often found 
together naturally (even during transmission) 
(Bailey and Baft, 1991). At this time, no clinical 
signs have been described in colonies and at the 
level of adult bees and the brood.

Note that another virus, a macula-like virus, 
has been described in honeybee colonies in the 
US and France. It is thought to be very common,

infestation. It is thought to be primarily a v, 
o f V. destructor (de M iranda et al., 2012),

7.4 Honeybee-Infecting DNA viruses

Apis mellifera filamentous virus (AmFV) js 
baculovirus-like DNA virus (rod-shaped, <y(j 
nm  x  170 nm ). Co-infection with N. apis ha- 
been reported  (Bailey et al., 1983).

The m ain  clinical sign observed in Amfy 
infection is the appearance of the haemolymph 
in  adult bees w hich becomes milky-white arid 
in  w hich are found viral particles (Clark, 1978- 
Bailey and  Ball, 1991). However, A m FV  infection 
is n o t related to  significant adult bee symptom! 
or individual lifespan decrease and colony 
weakening. Rarely, AmFV has been suspected In 
some cases o f  bee m ortality (presenting milky 
haem olym ph at autopsy) and colony weakening.

Apis iridescent virus (AIV) is an Iridovirus 
(icasohedral, 140 n m  diameter). It can be found 
in m ost tissues and organs o f A. mellifera. It was 
originally described as a virus of A. ceram it 
India (de M iranda et al, 2012). The symptoms 
o f  ATV overt infection are similar to the adult 
flightless clustering symptoms of CBPV (Bailev 
and Ball, 1978). The clinical signs of AIV disease 
have, to  date, only been described in adult bees.

Iridoviruses associated with Nosema ceram 
have recently been suggested to be associated 
with colony collapse disorder (Bromenshenl; 
et al, 2 0 1 0 ) ,  but there is no proof of their 

involvement at this time (de Miranda et a!., 
2 0 1 2 ) .
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4
Honeybee bacterial diseases

. I r. rases of the honeybee Apis mellifera
, ..........uhebrood .andarcrefcrred toco llec-

, ...lluood diseases: American foulbrood
........11 ,in foulbrood disease are well known
. . . .  i>i harmful to both brood and colonies.

....  foulbrood’ comes from  the foul
...........ted by an affected brood (Schirach,
ч  t.nilbrood diseases seem to have been

............ intiquity -  Aristotle (384-322 BC)
i i i  disease associated with a  foul smell

*  ... | hives in weakened colonies: ‘Another
i . ,’iidition is indicated in a lassitude on 

■ r* 111 the bees and in  m alodorousness of 
*. ы» ( I he History o f Animals, IX, 40, trans.

■ v,, ntworth Thompson, 1862).

*...... foulbrood disease (AFB)

■1 *......infectious and contagious disease o f the
<m * i In nod of the honeybee A. mellifera and 

'/'H spp. It is caused by a Gram-positive
* ** ....... ing bacterium, Paenibacillus larvae

h el al., 2006; Genersch, 2010). AFB is
*....1'iilltan disease occurring throughout

*> >• .i l where honeybees o f the genus Apis
*  ....... I (OIE, 2014b).

11 i a major threat to apiculture, since
*  .nl.tgious and may be lethal for infected

therefore, AFB has the potential to 
•*»• In i keepers significant economic loss, 
*• 1.1. . lion is crucial because routine apiary
* i • incut and practices, e.g. handling small
*• ...... Interchange of hive material (supers,
* etc.), or even migratory beekeeping,

can easily spread P. larvae to healthy honeybee 
colonies.

1.1 AFB d is e a s e  sanitary sta tu s

AFB is a  notifiable disease to sanitary authorities 
in m any countries. AFB is a notifiable disease to 
the OIE (OIE, 2014b) (Appendix 2).

1.2 T he p a th o g en ic  agent:
P a e n ib a c illu s  la rv a e

Paenibacillus larvae is a Gram-positive spore­
forming bacterium  (Heyndrickx et a t, 1996; 
Hansen and Brodsgaard, 1999; Genersch et al., 
2006). Four genotypes have been identified by 
repetitive-element PCR (Genersch ef a l, 2006):

• The genotypes ERIC I and II correspond to 
the form er subspecies Paenibacillus larvae 
larvae. Only these genotypes are isolated 
from AFB-affected colonies These are the 
most prevalent genotypes with the following 
geographical distribution:
-  ERIC I and II are found in Europe.
-  ERIC I is the only one found in infected 

apiaries from the Americas (Genersch, 
2010).

• The genotypes ERIC III and IV correspond 
to the former subspecies Paenibacillus larvae 
pluvifaciens. These strains have not been 
described in infected- colonies in the field 
for years. At this time, ERIC III and IV 
considered to exist only in culture collections 
(Genersch, 2010).

The four genotypes ERIC I-IV  are all pathogenic 
for honeybees (OIE, 2014a). However, each



genotype bus Ilf. ow n dWfflrleilNllr v ln ilflh  <’ 
(ef, w cllon  1.5,1 M ow ),

Tlw bm'terltmi Is n slender, Nlralghl (llm ugll 
som etim es curved) to il with slightly ro u n d ed  
etuis, The vegetative form  hits u teo d em y  in 
grow In dull ns on cull lire m edium  (hi vllrt) 
microscopic observations), 'Hit* tun lerlum  size 
varies prettily in lenplh (2 .5 -5  pm  x O.ft pm ). 
The spore Is oval am i aboul twice as loop as li 
Is wide, about 0,6 pm  x l,:i pm  (Shlm am ild and 
Knox, 2000).

The spores tux' the tally inleelloiw  am i 
contaplous form of P. larvae. The spores m ay 
be found in wax, honey, pollen, on  th e  hairs 
and the cuticle o f  honeybees, but also on  tire 
wood o f  the fram es and  the hive. They are very 
stable and resistant to chem ical agents and  to 
desiccation, heal, cold, freezing, d raughts, and 
hum idity  (H asem ann, 1961). Spores can rem ain  
infectious for 3 -10  years (som e au tho rs rep o rt a 
lifetime of m ore than  35 years in larval Hakes) 
and purified spores even longer th an  70 years 
(Rudenko, 1987; G cnersch, 2010).

Tlie spores can survive 8 h ours at 100°C d ry  
heat, 30 m inutes in 20% form alin, solvents such 
as benzene, and UV. However, th e  spores are 
destroyed by 1.5% bleach, 1.5% caustic soda  (in 
boiling water), by 30 m inutes at 130°C d ry  heat, 
gamma rays, and finally by flam es, though  this 
last m ethod is not 100% efficient.

The m edian infectious dose (ID M) o f  P. larvae 
for a honeybee larva is betw een 8 an d  9 spores 
per 24-48-hour-old larva. This in fectious dose 
depends on a num ber o f factors, includ ing  
honeybee strain sensitivity an d /o r  bacillus stra in  
pathogenicity (Hansen and B rodsgaard, 1999; 
Genersch et ai, 2005; 01П, 2014a). The spores 
germ inate into the vegetative form  in  the larval 
intestine. The vegetative fo rm  develops in to  
spores when conditions are unfavourable (in 
particular exhaustion o f  nutritive elem ents and  
desiccation).

Paenibacillus larvae produces an an tibacterial 
substance preventing the developm ent o f 
other bacterial pathogens (Fiinfhaus et al., 
2009; Genersch, 2010). However, A m erican 
and European foulbrood diseases have been

llrlil I Iheil MS Occurring ШШ11Ш1>:011ч1у щ 
( o l n / i f o f ) .

4,3 Cllnlrml nftgm

T lie clinic»/ signs o f  ЛГИ lire variom m d  fop, ,t 
on lire It larvae g en o ly p e  Involved, (be stage/
I lie d isease, a ml the s tren g th  o f the colony toil 
ZOHaf,

1.3,1 C l ln k a l  s ig n s  a t  (h e  co lo n y  level 
A co lony  affected by A PH Is w eakened йтщ  
a d ecrease  In honeybee population m m  
as Impairment o f population renewal of th 
infected  b ro o d . Jn severe cases, colonies mu 
tile fo llow ing It larvae in fection .

Al th e  b e g in n in g  o f  th e  d isease  outbreak, the 
co lony  ap p ears  n o rm a l. A t th is tim e, only a few 
cells a re  affected  (a n d  if: Is som etim es difficult 
lo o b se rv e  th e se  cells, h en ce  th e  im portances 
ro u tin e  in sp e c tio n s  o f  co lon ies by  beekeeper»), 

W h en  th e  d isease  develops, the  colon) 
becom es m o re  o r  less dep o p u la ted  acco rd in g  
to th e  in fec tio n  level, A. mellifera strain (ini 
p a rticu la r  acco rd in g  to  th e  hyg ien ic  behaviour) 
and  th e  bacillus s tra in  involved. The activity 
level o f  th e  bees slow s, a n d  in  som e cases, 
dead  bees are  fo u n d  o n  th e  h ive floor o r at the 
en tran ce  o f  th e  hive. W h e n  th e  infection level 
is higher, th e  co lony  m ay  b ecom e irritable and 
aggressive (H a n se n  a n d  B rodsgaard , 1999; OlE, 
2014a). W h e n  a p p ro ach in g  a n d /o r  opening the 
hive, a  s ligh t to  p ro n o u n c e d  foul o d o u r can be 
sm elled  i f  severa l la rvae  are  affected (Shimanuki 
an d  Knox, 2000). W h e n  p resen t, th is odour is 
o n e  clin ical sign  o f  AFB. W h en  on ly  few cells 
are affected, th is  o d o u r  is n o t p resen t. In some 
cases, in  p a r tic u la r  in  m an ag ed  colonies without 
regu lar in spections , w h en  th e  b ro o d  is severely 
infected, th e  co lony  m ay  die.

1.3.2 C lin ica l sig n s a t th e  b ro o d  level 

The b ro o d  fram e  ap p ears  m o ttled  and the 
capp ings o f  affected cells b ecom e concave and 
p u n c tu re d  (F igures 4 .1 -4 .3 ). Inside  th e  affected 
cells, im m atu re  fo rm s a re  dead  an d  present the 
follow ing m a in  clin ical signs:



.. 4.1 B ro o d  c o m b  a f f e c t e d  b y  A m e r ic a n  
mi. h1 d i s e a s e :  m o t t le d  b r o o d  a s p e c t  o f  
...I c o m b  w ith  c o n c a v e  a n d  p u n c t u r e d  
...I ce lls  (a r ro w s ) . (P h o to  ©  N ic o la s  V id a l-
• t )

Figure 4 .2  B ro o d  c o m b  o f  a  c o lo n y  k illed  
b y  A m e r ic a n  f o u lb ro o d  d i s e a s e :  n o t e  t h e  
p r e s e n c e  o f  a  m o t t le d  b r o o d  w ith  n u m e r o u s  
c o n c a v e  a n d  p u n c t u r e d  c e l ls  (a rro w s).
(P h o to  ©  N ic o la s  V ld a l-N a q u e t.)

in.il colour tu rn s  progressively  from  
к мну to dark  brow n.
l.. l.vrval rem ain s b ecom e g lu tin o u s in  
.mnlcncy. O n  accoun t o f  th is  viscosity, 

l.uva can be  d raw n  o u t as th read s  w hen 
i'iикс is in se rted  in to  th e  larval rem ains 

nil П moved fro m  the  cell (m atch stick  tes t)’ 
'll 2014a). P erform ing  th is  tes t to  evaluate 

in \ iscosity o f  th e  dead  larvae  rep resen ts  the 
uni obvious clin ical sym ptom  o f  AFB -  th e

■ .vis draw n o u t are u sua lly  >2 cm  (D e 
...игеf a / . ,  2006) (Figure 4.4).

■ mains o f  A FB -infected b ro o d  m a in ly  arise 
"Ыгг larvae th a t d ie in  th e  u p rig h t position

ini* 4 .3  B ro o d  c o m b  o f  a  c o lo n y  a f f e c te d  
I'ln iirlcan  f o u lb r o o d  d i s e a s e :  c o n c a v e  
i.iiiy, (P h o to  c o u r t e s y  ©  L y d ia  V ila g in e s ,

im m ediately  after the b rood  ceil has been sealed. 
Rarely, larval rem ains can be found in  uncapped  
cells.

As the infection  progresses, inside cells w ith 
concave an d  p u n c tu red  cappings, the  dead 
brood specim ens appear greasy and  darkened. 
The rem ains o f  d iseased larvae typically form  
dry, hard , an d  dark  brittle  scales sticking to the 
lower side o f  the  cell (Figure 4.5).

W hen  death  occurs at the pupal stage, a 
characteristic  pup a l tongue pro trudes from  the 
pupal head, a lthough  th is clinical sign is rarely 
observed (Figure 4.6).

Figure 4 .4 B ro o d  c o m b  o f  a  c o lo n y  a f f e c t e d  
b y  A m e r ic a n  f o u lb ro o d  d i s e a s e :  p e r fo rm in g  
a  p o s i t iv e  m a tc h s t i c k  t e s t  o n  In fe c te d  la rv a l 
r e m a in s  w ith in  a  c e ll. (P h o to  c o u r t e s y  ©  L y d ia  
V ila g in e s , DVM .)



Figure 4.5 Brood comb of a colony affected 
by American foulbrood disease: dry, hard, and 
dark scales sticking to the lower side of the 
cell (arrows). (© Nicolas Vidal-Naquet.)

1.4 Pathogenesis

AEB can affect the larvae of the three castes 
of honeybee (workers, drones, and queens) 
(Hansen and Brodsgaard, 1999). The spores are 
infectious only for larvae, and adult bees do not 
develop dinical signs after ingestion of P. larvae 
spores in the brood-food or honey (Wilson, 
1971; Hitchcock et a!., 1979; Genersch, 2010).

Contamination usually occurs when the 
larvae are 12-48 hours old. Indeed, at this age 
in the early larval stages, they are especially 
sensitive to P. larvae infection. The ingestion of 
as few as 10 spores is considered sufficient to 
induce the clinical signs (Genersch, 2010).

After ingestion of contaminated brood-food, 
the spores germinate in the larval midgut on 
average 12 hours after ingestion (Yue et al., 2008; 
Genersch, 2010).

The vegetative forms of P larvae massively 
colonise the midgut;

• In the first stage, bacteria are contained in the 
midgut by the peritrophic membrane;

• In the second stage, the haemocel is contam­
inated through a breach made in the gut 
epithelium, probably due to proteases secreted 
by Panibacillus larvae (Genersch, 2010).

The infection thus turns into a septic stage and 
extends to all tissues, causing the death of the 
infected larvae (Figure 4.7). The larvae die when

Figure 4 .6  Characteristic pupal tongue stage 
in AFB disease. (© Courtesy The Animal 
and Plant Health Agency (APHA), Crown 
Copyright.)

Figure 4 .7 Progression of American foulbrood 
disease in a  cell (front and profile view), (a) 
Point of infection, (b) Larval development to 
the prepupal stage within a capped cell, (c) 
Cell contents reduced and capping is drawn 
inwards or is punctured, (d) Cell contents 
reduced and capping is punctured, (e) Cell 
contents becom e glutinous. At this time, the 
matchstlck test is positive, (f) At the end of the 
progression, residual scale containing millions 
of spores adheres tightly to the bottom of the 
cell, (g) If death occurs during the pupal stage, 
a characteristic tongue protrudes from the 
dead pupal head. (Redrawn by Nicolas Vidal- 
Naquet. Adapted from OIE, 2014a.)



,i„ , с II is capped. Tile dead larvae become viscous 
stage) and the developing infection results 

Km release within the capped cell.
Ihc viscous dead larvae gradually dry

....... to a hard brown scale, called foulbrood
ili sticking to the lower cell side (Genersch, 
ini Ihese scales contain millions of spores 
I allow the transmission of P. larvae within 

m,,l between colonies (Bailey and Ball, 1991;
.iinsch, 2010). Those spores are reported to 

и main infectious for at least 35 years and to be 
. ist,int to challenging weather conditions (in 

|4itisular heat, cold, draughts, and humidity) 
illasimann, 1961).

i n Contributing factors

Utrial contributing factors may influence 
hi i In rales of AFB. These factors concern mainly 
• larvae and A. mellifera strains, and husbandry
(«ictlces.

i i I V irulence of Paenibacillus larvae strains 

■ ми P. larvae genotypes have been described 
' .rniTSch et al., 2006). They present differences 

i« niulcnce level with different consequences 
Ни larvae and colony (De Graaf et al., 2006; 

i.mrrsch 2010).
At the larval level, virulence can be evaluated 

1ц the timecourseofmortality’in experimentally 
.nlutcd hosts (Genersch et al., 2005):

■ I lie genotype ERIC I needs on average 12 
.lays to kill an infected larva.

■ Die genotypes ERIC II—IV need on average 7 
days to kill an infected larva.

Hint, at the larval stage, ERIC II-IV  genotypes 
•и more virulent than ERIC I.

However, at the colony level, ERIC I is the
...... virulent genotype because of the labour
, ill cm of the nurse bees. Indeed, Genersh 
i KUO) notes that ‘removal of diseased larvae by 
мне bees prior to the production of infectious 

■I'.ires efficiently disturbs disease transmission 
uni disease development within an infected 

1 111011/.
I he quicker the larvae die, the faster the

nurse bees remove them from cells; as a result, 
less viscous remains and spore-containing 
foulbrood scale will be produced, and the less 
the disease will develop and spread within and 
between colonies (Genersch, 2010). On the 
contrary, the more slowly P. larvae develops (as 
in ERIC I infections), the more vimlent it will 
be for the colony.

This is a prime example of immune defence at 
the colony level (Spivak and Reuter, 2001; Evans 
and Spivak, 2010; Genersch, 2010). This is also a 
major example of the particularity of honeybee 
pathology with certain features concerning 
the colony as a super-organism and others 
concerning the bees as individuals.

1.5.2 Other contributing factors

The development of AFB can be promoted by
various factors:

• Robbing and drifting behaviours of bees.
• Insufficient hygienic behaviour by the bees.
• Inappropriate beekeeping practices, such as 

feeding colonies with unknown honey and 
beebread, artificial swarm forming, trading 
colonies, seasonal migrations (migratory 
beekeeping), lack of responsiveness of the 
beekeeper when confronted with affected 
hives, lack of routine inspection of the 
colonies, exchanges of material between hives 
and apiaries, lack or inadequate management 
of the material, etc.

1.6 Epidemiology

The epidemiological features of AFB are mainly 
the consequence of the sporulation of P. larvae. 
Spores may be found in the honey, the pollen, in 
the wax, on the wood hive material, and on adult 
honeybees (Vidal-Naquet and Boucher, 2013).

Within a colony and between colonies within 
an apiary or different apiaries, the disease can 
easily spread thanks to robbing or drifting 
behaviours of spore-vector adult bees but also 
thanks to beekeeping practices and migratory 
beekeeping.

An AFB transmission rate to neighbouring 
healthy colonies of 8% has been reported as



being due to a low drifting level (i.e. when bees 
inadvertently enter hives other than their own) 
(Goodwin et a/., 1994). Robbing seems to pose a 
greater risk for local spreading between hives. It 
occurs when foraging bees enter the hives with 
weakened colonies affected by AFB and steal the 
honey stored (Mill et al., 2013).

Beekeeping practices are likely to be 
responsible for the spread of AFB:

• Exchange of frames, supers, hive bodies, and 
other material between colonies.

• Use of external honey for feed; use of tools 
and contaminated materials.

• Inappropriate and flawed sanitary beekeeping 
practices (very risky for colonies).

• Abandoned hives and apiaries, but also 
empty hives left untouched after an infection, 
are a major risk of disease spreading and 
transmission.

The role of feral colonies in the spread of AFB 
remains unknown. However, we can suspect 
a potential role in transmission in the case of 
swarming or feral colony capture.

Global apiculture, with its trade in package 
bees, artificial swarms on frames, and queens, as 
well as migratory beekeeping (in particular, use 
of migratory sites, e.g. to produce local honey or 
to encourage pollination activity on large areas 
of crops or orchards), may also be involved in 
P. larvae transmission. Migratory beekeeping 
poses a major risk that strong colonies will rob 
honey from colonies weakened by AFB.

1.7 Diagnosis

Diagnosis must be performed as early as 
possible in order to limit or avoid the spread 
of the disease within the hive, between colonies 
within the apiary, and to neighbouring apiaries. 
This implies that the beekeeper must be able 
to monitor the health status of the colony and 
more particularly of the brood throughout the 
year during routine inspections.

The diagnosis of AFB is based the presence 
of clinical signs and on identification of the 
pathogenic agent (OIE, 2014a).

l . / . i  V u il iu c a i  u ia g u u M S

When it is suspected, and in order to ta]<{ 
necessary sanitary measures as soon as p0SSj^f

Nall the brood frames have to be exam 
carefully. A routine inspection of the colonies 
necessary throughout the season.

Opening and examination of the hives mu ■ 
be performed carefully and quickly, especiaj 
in autumn when the risk of robbing is Ш0[, 
serious.

The following are the principal clinical signs 
of AFB:

• The colony may appear weakened, due to 
depopulation. Unusual aggressive behaviour 
of the bees can be observed.

• A mottled appearance of the brood combs.
• The presence of concave and punctured cell 

cappings.
• A foul smell from the brood combs may be 

detected.
• The presence of uncapped cells with larval 

remains.
• The larval remains are glutinous and can be 

drawn out like threads (usually >2 cm) with 
a probe (matchstick test). This is one of the 
main features of the clinical examination for 
AFB.

• The presence in the cells of dry dark scales 
in the lower sides of the cell may sometime 
be noticed.

• The presence of protruding tongues in pupae 
remains one of the most characteristic but 
also one of the rarer clinical signs of AFB 
(OIE, 2014a).

1.7.2 Differential diagnosis 

Differentia] diagnosis must take into account 
all the diseases of the brood, in particular 
European foulbrood disease (which in its most 
severe form affects capped brood) and sacbrood 
disease (which at a late stage may occasional!)’ 
present black viscous larvae which can be drawn 
out like threads (<1 cm)). Differential diagnosis 
must also take into account a number of other 
possible problems:



I halkbrood disease caused by the fungus 
Uosphaera apis.

, luhlbrood due to the small wax moth, 
htililems due to the laying activity of the 
lim n or the presence of laying workers with 
iHiltiplc eggs oviposited within cells.
\ .111 oosis causing a m ottled aspect of the 
hiood.

i laboratory diagnosis

11. niilicaiion of P. larvae is necessary to  confirm 
.1 diagnosis in particular in the countries where 
м It i \ » notifiable disease and sanitar y  measures 
... i be taken by authorities.

Umpling

i|img has to be done carefully, and shipping 
inm l be done according to regulations and to 
Mi natory advice (Appendix 3) (Franco et al,
N 1 2 ).

Vi. or ding to where the samples are being
■ hi packaging is usually perform ed as follows:

itttxrd-comb should be wrapped in a 
paper (not plastic) bag (or newspaper) and 
placed in a wooden or cardboard box for 
iionsportation.

i nival remains, food stores (honey, pollen), 
and residues can be sent in tubes or plastic
bags.

■ Honeybee adults (at least 30) m ust be
о dully stored before sending (freezing the 

honeybees is the best protocol).

inspected overt infection, with clinical 
«i n ., affected brood sample must be collected.

nally, а 20 cm2 comb piece containing as high a 
•'in, rntration of infected brood as possible is cut
0 .the comb (OIE, 2014a). However, sampling
hi iphbouring colonies is also necessary. Indeed, 
•in у have to be considered as suspect, and even

iilmut clinical signs, a laboratory test must be
1 ■ i inrmed (OIE, 2014a). The following samples 
may be sent for analysis:

i brood.
• Money in cells close to the brood. Pollen, 

myal, and/or worker jelly may also be sent.

• Adult bees (the most reliable picture is 
obtained if  these taken from the brood nest).

• Debris (wax).

Those sam ples can also be used to identify
P. larvae in a monitoring or prevention
programme (OIE, 2014a).

Laboratory analysis

• Microscopic examination can reveal the 
presence of spores (Figure 4.8) but also of 
the vegetative form, in infected larvae, either 
singly or in chains of Gram-positive rods.

• The detection and enumeration of spores in 
honey can be considered as indicative of the 
AFB infection status of a colony. It is also 
helpful to know if honey is unsafe for use as 
supplementary feed due to contamination, 
so that adequate prophylaxis and control 
measures can be taken.

• In honey above a threshold between 4,500 
and 5,000 spores/g, the occurrence of an AFB 
outbreak is highly probable (Ritter, 2003; 
Often and Otto, 2005). Thus, three categories 
of infection may be defined and determine 
the measures that must be implemented in 
the colony and the apiary (Ritter, 2003):
-  Category 0: 0 spores found in the honey.
-  Category I: <4,500-5,000 spores. Category

I requires preventive management.
-  Category II: >4500-5000 spores. Category'

II needs control management.
. Sampling adult bees and determining the 

adult bee spore load may allow an early 
diagnosis of AFB even if  the clinical signs are 
not observed. It may also give 'information 
on the actual health status of the colony’ 
concerning P. larvae infection (Gende et al., 
2011). It is considered that a threshold of 
approximately 3,000 P. larvae spores per adult 
bee is needed experimentally for AFB overt 
infection in a colony (Gende et al., 2011). 
Culture is possible on several media (P. larvae 
agar, MYPGP agar, etc.). This allows identifi­
cation of P. larvae.
Antibody-based techniques exist for the 
diagnosis of AFB. In the field, a veterinarian



Figure 4.8 S p o re s  o f P a e n ib a c illu s  la rva e . 

M icroscop ic  iden tification  (x 1 ,000). (P h o to  
c o u rte sy  of ©  A n se s  S oph ia-A n tipo iis .)

practitioner may perform on larvae samples 
a quick ELISA test for a diagnosis of AFB 
(VITA diagnostic kit: AFB Diagnostic Test 
Kit*). This allows an early detection of AFB 
(OIE, 2014a) and immediate management. 
Sanitary measures may be taken on the 
field when the diagnosis of AFB is positive.
PCR is the most reliable method and allows 
identification of the genotype: usually ERIC 
I in Europe and the Americas and ERIC II in 
Europe only. ERIC III and IV have not been 
isolated in field samples for years (Genersch, 
2010).

1.7.4 Prognosis

The prognosis for a colony infected by AFB must 
be considered from guarded to poor:

• The prognosis may be guarded if few larvae 
are affected and if control measures are 
quickly implemented after an early diagnosis.

• The prognosis is poor if a colony is highly 
infected.

However, within an apiary in which one or 
several colonies have been positively diagnosed 
with AFB, the prognosis must be considered 
as poor because of the high risk of spreading 
of spores by robbing, drifting, and beekeeping 
practices.

AFB is a notifiable disease in many countrie 
and is on the list o f the diseases notifiable to thc ] 
OIE (OIE, 2014b). Thus, sanitary measures must | 
be implemented in m any countries according to I 
the relevant legislation (destruction of colonic 
shaking bees, regulation of local transportatic 
exchange and trade, etc.).

W hen one or more colonies within ^  i 
apiary is affected by AFB, the beekeeper and all 
professionals operating there have an obligatioi 
to take sanitary measures with their equipment 
hive tools, gloves, smokers, etc., have to be I 
soaked in or scrubbed with a strong solution о 
washing soda between each hive inspection and J 
of course between apiaries (FERA, 2013a). The ] 
veterinarian m ust also take sanitary protect 
measures when visiting a suspect or infect 
apiary.

1.8.1 D estruction  of colonies, disinfection 
and sterilization of material

Destruction of infected colonies is a sanitary andl 
reliable m ethod to control AFB (Alippi, 1999).]
This is the best way to combat the spore resistai 
and long-lived viability o f P larvae in an apiai 
The destruction of a colony is performed by I 
asphyxiating the bees with a sulphur wick pla< 
at the hive entrance and leaving the hive do* 
for about 15 m inutes (Faucon, 2002).

The destruction of the colony must be |  
combined with sanitary treatment of mated 
destruction of the brood frames and honey has I 
to be perform ed by burning. The hive bodi 
and supers must be disinfected and sterilizi 
(Alippi, 1999). Disinfection of bodies, supers 
and feeders can be performed by scorchin) 
the wood with a blowtorch, then by applym 
or spraying bleach or caustic soda, and final 
by immersion in ho t microcry stalline wax or a I  
mixture of paraffin and microcrystalline wax to 1 
achieve complete decontamination from spore 
(Dobbelaere et al., 2001).

Gamma-rays may be used to sterili 
beekeeping material. H us method eliminates not | 
only spores of P. larvae, but also Meltssococcj
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,1.1||/н<| fungi such as Nosema spp., A. apis, 
„,i insects (e.g. m oths) (Tremblay, 2010). This 

, i,.i.l is mainly used to treat all the frames 
ilir liive body (where the brood is reared) 
intilny, 2010). Gam ma-ray sterilization is 

,, loi incd in specialized centres to  which the 
t 'r iirp c r has to bring his/her material. Thus, 

л mi ion is mainly o f interest to professional 
i I . rpers as a means of dealing with AFB.

л ! Antibiotherapy
„ in- lountries o f the European Union, as well 
„in  мине other countries, the use o f antibiotics
...... iliod of control or prevention of AFB, as
■til r, other honeybee bacterial diseases, is
UtllKil.

in some countries, including the United 
*»ii». ihe use o f antibiotics is perm itted for the
...... . and prevention of foulbrood diseases

i. i hi particular AFB. However, antibiotics are 
■ii illative on the vegetative form  o f P. larvae 
'iippi, 1999) and not on the infectious (and 
*1.1 ij’.n >us) spores. Thus, the use o f antibiotics 
ill .inly deal with a covert (asymptomatic) 
'и i и in of the colony and clinical signs may

• ri" a at any time when the treatm ent ends.
' i i  another hand, because of sporulation 

i ilu massive and inappropriate use of anti- 
■ (e.g. for prevention), there is a major 

"i ib.it P. larvae will become resistant to  anti- 
i as occurred with oxytetracydin (OTC) 

*■1 1"i liloride and sulfathiazole (Miyagi et al., 
ИИ*i, Kochansky et al., 2001; Alippi et al., 2007;
■I hi i-ch, 2010). Resistance to OTC and sulfa- 

•kn/ulc in P. larvae is widespread and has led to 
'in ir.r of new classes of antibiotics. Last but not 
'•« i mtibiotherapy may affect the vitality o f the
.....I and the lifespan of adult honeybees (Peng
.il, 1992; Genersch, 2010). 
in Ihe field of veterinary public health and of 
One Health’ principles (http://www.oie.int/ 

I." i;ril/d6296.pdf), the use of antibiotics can 
h  " -.ponsible o f the presence of residues in the 
i inducts of the hive, e.g. honey. Consequently, 

i Imiicybee health, beekeeping management,
■ I itlerinary public health reasons, antibiotics
•  ..... the solution to controlling AFB.

Controlling AFB requires sanitary beekeeping 
management and furtherm ore im plem entation 
of good sanitary beekeeping practices throughout 
the year.

1.8.3 Shaking bee (or shock swarm) m ethod  

The shaking bee (or shock swarm) m ethod is 
a husbandry technique to save strong colonies 
affected by AFB. This m ethod m ust be imple­
mented during the season and is usually effective 
if perform ed before August. In Septem ber it 
is too late because there are no t enough 
wax-producing bees to build cells. 'Ihe shaking 
method, a long-established approach to  contro l­
ling honeybee disease, emulates the swarming 
behaviour o f a colony to  move to  a new  nest 
site when pressure from  disease is high. Thus, 
changing the nest reduces the build-up o f patho­
genic agents (Howard, 1907; Budge et al., 2010). 
New frames with pathogen-free (and residue- 
free) wax foundations in a new hive give a 
pathogen-free environment, inducing a break 
in the brood and disease cycles (Hansen and 
Brodsgaard, 2003).

In the case of AFB, the aim of this m ethod is to 
help an affected colony eliminate spores. Studies 
have shown that in a swarm from asymptomatic 
infected colonies, spore load decreases w ithin 2 
m onths after swarming. After 13 m onths, the 
spore level was reported to be nearly undetectable 
(Fries et al., 2006; Genersch, 2010). In swarms 
from symptomatic parent colonies, after an 
initial period of decrease, the spore load was 
increasing 3 m onths after swarming, and this 
load produced an overt infection when the new 
brood was reared. This is the basis o f  the shaking 
bees method used to control AFB (Pernal et al., 
2008; Genersch, 2010).

This beekeeping practice can be used on 
strong colonies with covert AFB or with poor 
clinical signs in order to save a colony deemed 
to be worth preserving. The implementation of 
the shaking bee method is not recom mended 
for highly infected colonies, weakened colonies, 
or if a large part of the surface of the brood is 
affected.

http://www.oie.int/


Figure 4.9a,b Transvasement: transferring 
method. The affected hive is removed from its 
site and replaced with a pathogen-free one 
with uncontaminated wax foundations. The 
b ees are shaken onto a carpet in front of the 
new hive in order to enter the new hive. (Photo 
courtesy ©Lydia Vilagines.)

The m ethod consists of shaking adult honey­
bees onto new frames with uncontam inated 
wax foundations, in a new hive. The shaken 
swarm m ethod provides the colony with beehive 
m aterial free of P. larvae spores. The removed 
infected combs and frames m ust be destroyed 
by burning. The body of the hive (and the super) 
m ust be disinfected and sterilized.

The shaking bees m ethod reduces spore 
loads in colonies without the use o f antibiotics 
and is a ‘feasible option for m anaging 
AFB in commercial beekeeping operations’ 
(Del Hoyo et al, 2001; Pernal et al., 2008).

A nother m ethod, ’transvasem ent’, consist» , 
transferring  bees from  their hive to a new 
with uncontam inated  wax foundations. ) | 
new  hive replaces the old one  and the bees» 
shaken on a carpet (tissue, paper, cardlvuif 
before entering the new  hive, with tlte ob|«,it» 

o f them  discarding som e o f tlte pailti'irt 
before entering. (Figure 4.9a, b), litis met lush 
reported  by som e beekeepers and veterinart* 
as presenting sottte risk for the queen.

This m ethod involves significant labour Щ 
expense but scents to  be effective at tcdtuln 
spores load in colonics. However, controllt 
AFB also involved preventing the occurrence 
overt infection by im plem enting good sanity 
beekeeping practices,

1.9 Prophylaxis

Prophylactic m easures are the best way to cone  
AFB, as well as o ther infectious diseases, Willi» 
an apiary. These m easures concern  beekecprtj 
bees, and apiaries, as well as management i  
beekeeping equipm ent (M atheson and Kelil I 
1992; Alippi, 1999; V idal-Naquct, 2010; V lJ I  
Naquet and Boucher, 2013).

1.9.1 Beekeeper tra in in g

The beekeeper has to learn and know how (  
recognise bee diseases and AFB in particul* 
He or she m ust be able to detect the disci*, 
and intervene as soon as possible in older I  
prevent and  lim it the spread of AFB. Routfl 
inspections o f  the colonies are a  major pill* 
o f prevention. Apiary inspections should b e n  
with the strongest colonies.

1.9.2 Prophylaxis by honey an d  adult bee 
sam pling and testing

Tire detection o f P. larvae spores hi hoitcj 
produced in a colony, even w ithout clinical sittnc 
enables an early identification o f the prescml 
of AFB (Ritter and Kiefer, 1995; Ritter, 2041 
Bassl et al., 2010). In colonies neighbouring 
APB-diseased colonies o r apiaries, periuriulni 
such a laboratory identification allows O i l  

early im plem entation o f sanitary measures a i * l



4i i „ ii, methods. Furtherm ore, honey 
ii,,a (itt perform laboratory spore counting) 
, (in surveillance of sanitary  measures 
i„ ill. event o f an outbreak.

i,и  . lion of P. larvae spores in adull bees 
ahnv prophylaxis and diagnosis. According 
,, к el a l. (2011), above a threshold of
i.... . per bee clinical signs o f AFB will

i " i imenial study). Thus perform ing 
n ", spore counting on adult bees allows 
■ piophylaclic and sanitary m easures to

, .........  bees exhibiting hygienic
iflllHtl

t,u|, I ■ v с I of hygienic behaviour helps to 
v,„i ,11«rases (Spivak and Gilliam, 1998; 

, ,i m l Reuter, 2001). This behaviour can be 
. ■ ,. ilie bee’s ability in a colony to detect 
. наг diseased im m ature form s from  the 

in | iiiicular w ithin the capped brood  cells) 
its»i'Initiler, 1964). Fiygienic behaviour can 

. 11 iii ,1 by a test described by M arla Spivak. 
«, | ii in, behaviour o f honeybees involves

* .i« li.illenges affecting the b ro o d  and in 
ui h the capped brood. It is described here 
ii lint perform ing the test described by 

<*•>•» i 'ipivak and Reuter, 1998) is crucial in the 
...i ,i .1 general prophylaxis against brood

> dmming the test to select bees that exhibit 
,i ,iii behaviour involves the following steps

' r i i .  i  10):

* i" Hon and removal o f a piece o f brood
..... lapped brood comb (usually a piece
'ii .in average area of 5 cm x 6 cm).

/lug this piece o f brood for 24 hours (in 
« !• i in kill im m ature forms within the cells). 

i ri.liig the piece al the same site.
uillng the tim e taken for the colony to 

oi l ,  uncap, and remove dead brood.

»■ oin removing the freeze-killed brood 
О- dir comb section within 48 hours on two 
i - uilve trials are considered to exhibit good 
Itfiviiii behaviour (Spivak and Reuter, 1998),
Is о "lies with good hygienic behaviour, the

Figure 4 .1 0  Performing a  hygienic, behaviour 
test. The piece of brood has been frozen for 
24 hours and replaced; the honeybees have to 
remove the dead brood from the frozen ceils 
within 48 hours (twice) to be considered as 
exhibiting hygienic behaviour. (© Nicolas Vidal- 
Naquet.)

beginning o f the detection anti uncapping of the 
dead brood by bees may be observed 8 hours 
after the piece is replaced.

Application of this test to managed colonies 
enables the selection of colonies with good 
hygienic behaviour. This behavioural feature is 
a crucial pillar o f selection in apiculture but also 
of good sanitary beekeeping practices.

1.9.4 A piary m anagem ent

Visits and inspections o f hives and combs allow 
for an early diagnosis (checking in particular the 
sum m er and winter bee broods).

Introducing and selecting honeybees with a 
high sanitary status in an apiary are necessary, 
A health certificate should certify any package 
bees, artificial swarms, or queens introduced 
into an apiary. Moving colonies, o r grouping 
hives in close proximity, should only be done 
after evaluation o f risk.

Limiting drifting and robbing is also im por­
tant. Weakened colonies in an apiary will lead 
lo robbing behaviour by other colonies. Weak­
ened colonies should he destroyed as previously 
mentioned. According to the regulatory status 
o f AFB, colonies should not be moved from the 
aptary.



Cobbses fftcc ii s e t be fed кэи й яаяясй » ' 
-„ttih -~- f_ ct-~ betsey o r h a e s y  extra:ted 
~ jC  SZC& SC 5рГ2ГТ. LOfiSe ЬгСсП Ш2у fee tile 
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b . a  G stra n  study p e fen asd  6s 1995 an. Ш  
irfsG2-— tifaaeys, 93% a f oat samples contained 
£  isr-se  spans '.?£zsz szd  Kiefer 1995c Riser, 
2 £ £ 3 :  ЗЛ сгсС 'тгг- eh 2  л  d i i ? f r e n l  1швйе^  £гезш 
ше К." 62% of she samples cocas aed spot» 
In te r 2QC3 .

Q c s s s tin e  before ts a w fc d ^ g  co lon ies in to  
гг srrtrv  :j  an interesting —eascre as iikxstrated 
i~7 th e  scccessfc - c o s tin g s  AFB 
m pl~r-e~:ec а  ro e rtiy  leva in  X w  Zealand 
■Tog Battm 2j5X ;.

L5-3 M ateria l!

Good sanszry heefceepiag practices is  bras, 
grass- a a i B ase тжаааает rmr^hp 
■‘itisa f m an ag -assti w m li 'in sd ive asssciaiiB g 
a s s »  a  s s e s  sa d  th o se ssp e rs to  У те  bodies 
■wist s c  aa ftsn g e s o f гвйепе) o ccu rrin g  betw een 
s ire s . However. though  th is  Is very  feasible 
foe s e a l  Ь звеу  a r s is  o r  а м й у  beekeeping, 
th is m gr a g m e rr  o f h ires, к р е з ,  and  fissre s 
s p e a r t in h e r it a  Im plem ent in  p ro fessio ssi 
beekeeping. I s  beekeeping ш а я я д а я я й , i t  is 
зисгЗу co o sd ered  th a t tw o o r th ree  fram es In 
a s tir h ire  m as; be rep aced  ammaffiv h r  new  ones 
w i±  w ax Sosmdattoos.

The ta e  o f г  qaeen  exrfader betw een h ire  
and  super prevents the q u eer from  Easing in  the 
б а з »  o f th e  supers and stops d issem ination 
o f th e  disease if  supers are eichanged  betw een 
hives.

fram es bearing  hones- and pollen from  
colonies th a t have d ied  due to  an  unknow n 
ш п я  n o t be used  in  o ther h ires.

M atenal m aintenance requ ires d isinfection  
and a e rifa ta io n  (by scorching, w ashing soda 
(6% sohason), bleach (2% ro ta tio n ). o r gam m a- 
rad jaS en ; (A iippi, 1999;. D isinfection by heat 
e t ;  be perform ed using the follow ing steps:

1. Scraping the wood and removing the remains
o f propolis, com bs, etc.

2. Searching o f the wood w ith a bfow tordt Teal 
wood must become dark-brows in. colour j

3. Dipping the materia! in  hot пакет 
BSCTOcryHaiBnc w ar f I SffC for l<J m io z tii 
to- ofctaiE 9959% spore deMBtaerirndfiJ 
f DobbeJaere et aL  2G6i }.

Chemical disinfection and Jteriizatfoo are з я  
completely effective against Pcsn&adSbs !eri%A 
spores because of their strong resistance.

As previously noted, irradiation with gart.ro* 
rays provides effective steriSzaskm.

2 European foulbrood disease (EFB)

EFB is an infectious and contagfous ti» .:d  
affecting the uncapped brood of several honeyreel 
species, namely A. msSifera, Apis centra anil 
Apis tdbariosa (Aiippi, 1999). fc is caused by at] 
anaerobic Gram-positive nos-spore-?am± 
bacterium: M cO sseeoecus pbttom ts < Зайеу г 
Coffins 1982). Several bacteria associated 
A t piutemius develop secoodarfly. tsfecac 
larvae osaaliy die rapidly w arn they are 4-5 
old. Overt EFB infeettoa can cause signincaG1 
weakening sometimes followed by coSapse 
colonies (Budge er s/_ 2010). is  m aty аж.-, 
the disease is endemic w ith cccasionai seasem. 
outbreaks iForsgren et al^ 2013/. Is  Frece 
severe cases o f EFB have occurred in .-eras

Figure 4.11 Dean iarva in uncapped crccc 
cue to European foultjrood disease larrow;. 
Sometimes ont-/ a  fev/ larvae are affected. 
(Photo courtesy Lydia V.lag; res. O W



... нЬ colony m ortality som etim es affecting 
. ..limits o f an apiary, 

in it found worldwide except in New 
.<»#•.! (Forsgren, 2010). EFB is  reported  to 
n.i мни! widespread bacterial bee disease in 

t while in Switzerland severe outbreaks 
inirised each year since the late 1990s 

r ' in e\ a i, 2013).

uinoa»e s ta tu s

i notifiable disease to  the OIE (2014b). 
и. 11 EFB is a notifiable disease in some 

- п т  (Appendix 2).

* ■ ’ .Mmiienic a g e n t an d  a s so c ia te d

*• Mutative agent o f  EFB is A t plutonius, a 
n.i pniilye non-spore-form ing m icroaero-

■ in uiaerobic bacterium . M. plutonius is 
'■v hiilcally close to  the genus Enterococcus.

• i ill other bacteria are usually found
• i-и .1 with M. plutonius in  affected larvae 

Uw.. .nmetimes wrongly been considered to
■ tin pi unary pathogenic a g en t Melissococcus 

... .Ii irmains viable in  brood  cell walls and 
»• и lacces, and m ay survive long periods

■ . n ion (Bailey, 1959a,b). Achromobacter
* l.nterococcus faecalis, Brevibacillus 

i и.- , and Paenibacillus я/vei are the  main
i. и ) pathogens found w ith M. plutonius. 

h inlrs in the pathogenesis o f  EFB remain 
n , i Fudge et a i, 2010).

* *' lit Deal sign s

'* 1 iMn ts the uncapped brood, killing larvae 
•• •Ni when they are 4 -5  days old, 1-2 days 

.ipping, sometimes just after in the most 
. . i .we, but always before pupation. The
*  n.i larvae move and die displaced in their

lliry may appear twisted within the cells 
»■ lint the walls, or stretched out lengthways 
♦"•Mill'll, 2010).

i.il.. ini larvae become soft and their colour
*  -•lly progresses from pearly white to yellow 
•" i iIiimi brown (Figure 4.11). Larvae may 
*• ■ iiMining dry and rubbery scales that can

be easily removed. These dark scales are mare 
malleable than those typically found in  AFB 
(Forsgren et a i, 2013). In the more severe cases, 
the larvae may die w ithin the cell after capping 
and symptoms may resemble those of AFB with 
sunken and punctured capping

The brood pattern appears patchy and erratic 
(scattered or mottled brood) when a high 
proportion of larvae are affected (Figure 4.12 i. 

The colony exudes a slightly soar to  a foul 
and rotten smell when a high proportion of the 
larvae are affected (Shimanaki and Knox, 200j: 
Forsgren, 2010). This smeD is due to  the acricc 
of the associated secondary bacteria.

At the colony level, infection can develop ever 
a long period (months, years). EFB outbreaks 
with spontaneous recovery a few- weeks later 
have been reported (Bailey, 1961; Forsgrsn. 
2010). EFB usually w’eakens but can on cccaion 
lcill the colony (FERA, 2013). Most larvae 
usually die within a brief period in late spring 
or mid-summer (Forsgren, 2010). Hence, there 
is a seasonal pattern, in  late spring, m id-sum mer 
when the brood is weD developed, with ■-'■H-irat 
signs increasing. If the disease occurs £  the 
end of summer, or in some regions in 
(when the winter worker brood is reared .;, a 
patchy brood is a sign thai the disease n n si be 
considered as highly severe.

Figure 4 .12  S c a t t e r e d  b r o o d  d u e  ro  
E u ro p e a n  fo u lb ro o d  d i s e a s e  w ith  d e a d  
la rv a e  in u n c a p p e d  c e lls .  (P h o to  c o u r t e s y  
L yd ia V ila g in e s , DVM.)



In some apiaries. EFB may remain as a covert 
infection, in particular because of mechanical 
contamination of the honeycombs. Thus, 
periodic outbreaks can occur in subsequent 
years (OlE, ,2014a).

Tire prognosis of EFB may Ire;

• benign " ith  spontaneous recovery If it occurs 
in strong colonies before the first honey flow;

• mild if the clinical signs persist after the 
honey flow;

• severe if  the capped brood is affected (failing 
of detection of diseased larvae and super- 
infection) -  the colony will probably die;

• severe in autumn if the brood presents a 
patch}' pattern.

2.4 Epidemiology

EFB is endemic worldwide, in infecled areas, 
outbreaks may occur in successive years, 
which can sometimes lead to massive colony 
weakening and even losses, as recently observed 
in Switzerland (Forsgren et al., 2013). Frequently, 
colonies are debilitated. More often, only some 
cells are affected by EFB.

Melissococcus plutonius may be found in 
samples of worker bees from affected colonies. 
Hence, adult worker bees can spread the disease 
within the colony but also between colonies 
and apiaries by robbing and drifting behaviours 
(Belloy et al., 2007; McKee et al., 2004). Melisso­
coccus plutonius has been found in a wide range 
of honey samples, suggesting that robbing is 
spreading the disease.

Furthermore, beekeeping practices are 
considered to be heavily implicated in the 
spread of EFB. Inadequate sanitary beekeeping 
practices, and exchanges of combs, honey, or 
hive equipment between EFB-free colonies 
and EFB-infected colonies are responsible for 
spreading the disease.

Swarm recovery is a potential danger for an 
apiary, indeed, swarms from infected colonies 
are a potential carrier of M. plutonius and may 
become diseased after they are hived (FERA, 
2013). Hence, symptomatic colonies from 
apiaries with EFB present an increased risk of

carrying M. plutonius compared toasympfomaiij 
colonies on apiaries free from EFB (Budge elnl] 
2010)

Migratory beekeeping, trading in pacfojpJ 
bees, artificial swarms, and queens also pose J  
risk for colonies and can spread EFB.

2,5 Pathogenesis

ЁРВ Infection begins with the asymptomatic 
colonization of the gut o f a larva after ingesfioj 
of contam inated brood-food. M. plutonius r ,J  
only multiply within honeybee larval gut 

Usually, contam ination occurs in larvae гЬ^| 
are 1-2 days old. Older larvae may be infect» 
but 'the older they are the less they are affect» 
by the Infection’ (Bailey and Ball, 1991; Forsgrn 
2010). Melissococcus plutonius then mu It ip 
strongly within the rnidgut.

A second phase of the infection leads 
sepsis, tissue damage (after altering and enter.n 
the peritrophic m em brane and the midg 
epithelium), and death of the larvae (McKee i 
al., 2004).

The infected larvae experience different fate) 
(Bailey, 1959b, Forsgren, 2010):

• Some larvae die before capping and 
removed from  the colony by cleaners.

• Some larvae die after capping and defect 
their infected and infective intestinal conu 
within the cell.

• Some larvae do not die and succeed 
pupating, form ing undersized or norn 
adults.

The pathogenesis process but also the roles ( 
secondary bacteria are not well understo 
and various hypotheses have been advanced. I 
has been suggested that competition betwo 
M. plutonius and the larvae for nutrients rcsul 
in larval starvation (Bailey, 1983). However, I 
vitro studies did not conlirm  this hypothei 
(McKee et at., 2004).

Larval immunity, interaction betwo 
M. plutonius and secondary pathogens (ad 
intestinal tnicroftora), but also the hygienf 
behaviour of the colony, are also supposed I



...........Ic in the pathogenesis process at the
л •i»l colony stages (Forsgren, 2010).

, - .  utrlbuting fa cto rs

........... causes of EFB outbreaks are reported
i dated to colony stress conditions and 

ilia ular to protein deficiency. EFB is most 
n  il at die brood spike in the late spring 

m. i ii a critical tim e in the life cycle o f the 
M tib u  colony. At this time, there are large 
.... ,i| brood to rear and to feed, and any 
, ii.ii atlecting feeding poses a m ajor risk to 

mini and the colony. Nursing the brood at 
.......in con be disrupted by several factors:

l.iiciency in  pollen, the bees’ only 
(i. u ni source, is considered as one o f the 

predisposing factors (due to poor 
i i. '•■■"ining, inappropriate location o f migra- 
ii i Ini-keeping, etc.).

1 "ilmcment due to  bad w eather conditions, 
r  " nling bees from foraging.

unbalance between the populations of 
.. mi') and larvae (i.e. an insufficient num ber 
i nurse bees to take care o f the  brood), 

'• "lung in a food shortage for the larvae.
' may happen when perform ing artificial 

Mwms.
• n o n  of nurses by sacbrood bee virus. 

N"nr) are young worker bees and SBV 
a fleet their hypopharyngeal glands (cf. 

Ii ipicr 3, section 4);
и i "i isis and a high level o f Varroa destructor

infestation.

....... factors and the geographic location of
П "" )  are also suspected to play a role in EFB 

■ iks (Bailey, 1961).

* '  D ia g n o s is

L finical diagnosis o f EFB first takes into 
* "iii clinical signs observed on the brood 
" i ,md by the detection of diseased larvae.

H....... in characteristic o f the diagnosis is that
и the only disease o f the uncapped brood.

' llflcrential diagnosis m ust be developed 
nlhcr brood diseases such as AFB and

SBV in mind. Unlike AFB, the matchstick test 
is negative because the larval remains are not 
sticky and glutinous.

Analytical methods include microscopic 
examination, microbial cultivation, and im m u­
nological and PCR methods (PCR and real-time 
PCR) (Shlmanukl and Knox, 2000; McKee et al., 
2003; OIE, 2014a; Budge et al., 2010).

A field test kit (using a lateral flow device) 
allows the detection of M. plutonius in extracts 
of infected tissue with high specificity (Tomkies 
et al., 2009). This kit uses an antibody test that 
reacts specifically to antibodies associated with 
M. plutonius (EFB Vita Diagnostic Test Kit*). 
The detection efficiency is reported to  be high 
(96-100% of EFB-infected samples with no 
cross-reactivity with other bee brood pathogens) 
(Tomkies et al., 2009). The use of such a test in 
the field is im portant and enables immediate 
sanitary control measures against EFB to be 
taken. Furthermore, a routine confirmation of 
covert M. plutonius infection in the field will 
allow m uch m ore efficient disease detection and 
control (Tomkies et al., 2009).

The samples necessary for laboratory testing 
are m ainly samples of brood and workers (cf. 
Appendix 3).

2.8 EFB control

Highly infected colonies should be destroyed 
(Wilkins et al., 2007; Forsgren, 2010).

Antibiotic use in honeybee diseases is not 
perm itted in the EU. Use of the antibiotic 
oxytetracycline (OTC) is authorized in the US 
and some other countries (Alippi, 1999; Waite 
et al., 2003). In the US, OTC can be used for 
prevention and control according to state 
regulation. However, the use o f antibiotics is 
not the solution, because of the risk o f the 
occurrence of residues in the products o f the 
hive and antibiotic resistance. Antibiotherapy 
(if allowed by regulation) should be performed 
only when combined with the shaking bee 
(shock swarm) method, which seems to lower 
the rate o f recurrence of EFB in colonies (Waite 
et al., 2003; Forsgren, 2010).



H ie shaking swarm m ethod (shaking bees 
into a  new  hive w ith new  com bs and destroying 
the infected combs) is recom m ended for the 
control o f EFB (Forsgren, 2010).

The shaking swarm m ethod provides the 
colony w ith M. plutonius-ftce  beehive material. 
It has been shown in the UK (England and 
Wales) that the shaking swarm m ethod is more 
successful titan OTC treatm ent at controlling 
EFB (Budge et al„ 2010).

Thus in an infected apiary, the following 
practice is recom m ended:

• Strongly infected colonics should be destroyed 
and the material disinfected.

• Covert infection or low-level overt infection 
should be m anaged by the shaking bee 
m ethod, and by disinfection and sterilization 
of the material (m anaging disinfection and 
sterilization of m aterial is described in section 
1.9.5 above).

• If the EFB disease persists after the honeyflow, 
it is necessary to  requeen (change the queen) 
in the colony,

• Feeding supplem entary protein  (pollen, etc.) 
is necessary to  lim it pro tein  deficiency if  the 
environm ental conditions or the weather are 
bad.

The prophylaxis o f  EFB is achieved th rough  the 
implementation of good sanitary beekeeping 
practices.

3 Other bacterial diseases

Some bacteria have been already described in 
adult diseased honeybees. However, they do not 
seem to endanger colonies significantly.

Septicaemia has been described in both 
brood and adults. The m ain causal agent is 
Pseudomonas aeruginosa and the clinical signs 
are dead or dying bees with a putrid  odour. 
However, this bacterium , like some others 
found in dying bees or brood, is no t specifically 
associated with honeybees, being com m on in 
water and soil. Infections are believed to occur, 
for example, after V  destructor feeds on the 
haem olym ph through the cuticle (Ball, 1997).

S p lrop iasm osis (Sptrophuma apis 
Spiroplnsmn melllferum) has been  described t 
h o n ey b ees (M o o d ie s  et «/„ 1983; Evans m 
S chw artz , 2011). Sp lrop lnsm a can  lie found к 
th e  h aem o ly m p h  o f  su sp ec t Infected bees и 
is th o u g h t to  Invade It th ro u g h  a  breach In ll 
g u t ep ith e liu m . H ow ever, th e  scientific liter,m. 
o n  sp iro p lasm o sls  Is deficien t and  clinical on 
have p o o r ly  b een  d escribed .
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5
Parasitic diseases

Of all the stressors th a t can  affect h o n ey b ee  
colonies, the m ite  Varroa destructor p ro b ab ly  
poses the greatest th rea t.

Numerous parasitic  agen ts  m a y  en d an g er 
honeybee colonies:
. Mites (super-o rder A cari), p r in c ip a lly  

V. destructor, Acarapis woodi, a n d  Tropilaelaps 
spp. -  the m ost significant p a ras ite s  o f  bees.

. Insects, such as D ip te ra  (Braula caeca).
• Members o f  th e  F ung i k in g d o m , n o tab ly  

the m icrosporidia Nosema apis a n d  Nosema 
септа and the  fungus Ascosphaera apis.

• The amoeba Malpighamoeba mellificae, w hich 
is a parasite o f  th e  M alp ig h ian  tubes .

This chapter is ded ica ted  to  m ite s  a n d  m ain ly  
to varroosis caused by  V. destructor, C h a p te r  6 
will deal with fungi a n d  am oebae; a n d  C h a p te r  
7 will focus on pests an d  p re d a to rs  o f  th e  hives 
and the colonies.

1 Varroosis: infestation by th e  m ite  
Varroa d estru c to r

Varroosis is a parasite  o f  the  a d u lt a n d  b ro o d  
of the honeybee Apis mellifera d u e  to  a 
haematophagous ectoparasite  A cari, V. destructor 
(Anderson and T ruem an, 2000). O rig inally , the  
natural host o f  th is m ite  w as th e  A sian  h oneybee  
Apis cerana, and  th e  m ite  is en d e m ic  in  Asia.
A stable m ite-A . cerana re la tio n sh ip  developed  
over a long period  o f  co -evo lu tion  (R o sen k ran z  
etal., 2010). Som etim e a ro u n d  th e  m id d le  o f the 
20th century, V. destructor tran sfe rred  to  a new  
host, the honeybee A. mellifera (O ld ro y d , 1999).

Today, V. destructor poses a  m ajo r health  
p rob lem  as it has spread  w orldw ide, in  particu lar 
v ia hon ey b ee  trad e  an d  exchange p rac tised  as 
p a r t  o f  g lobal apiculture.

A ustralia  an d  som e isolated locations, such 
as th e  F inn ish  A land  Islands a n d  th e  Isle of 
M an (self-governing d ep en d en c y  o f  the  British 
C row n) are  Varroa-ftee areas (Official Jou rnal of 
th e  EU, 2013, 2015; OIE, 2014a).

V arroosis, often  refe rred  to  as a  plague, is 
w idely consid ered  to  be the  m o st destructive 
disease o f  A. mellifera, an d  causes great 
econom ic loss (B oecking a n d  G enersch , 2008). 
F igh ting  th e  m ite  in  apiaries is b o th  a  necessity 
and  a  d u ty  fo r beekeepers. H ence, know ledge 
o f  V. destructor an d  its bio logy is necessary  and 
crucial to  co n tro lling  in festa tion  o f  honeybee 
colonies.

1.1 Regulatory sta tus

V arroosis is a  notifiable  d isease to  th e  OIE 
(2014b). In som e E uropean  countries, it  is a 
regu lated  d isease (A ppendix  2)

1.2 History of the Varroa destructor 
global pandem ic

The h is to ry  o f  the  Varroa p an d em ic  beg ins in 
1904 w hen  an  entom ologist, E dw ard  Jacobson, 
d iscovered  an d  collected a  m ite  p re sen t on 
A. cerana o n  the  island o f  Java. This m ite  was 
n am ed  Varroa jacobsoni in  h is h o n o u r  by 
an  acarologist, A n to o n  C ornelis O udem ans 
(O udem ans, 1904).

A t the  b eg inn ing  o f  th e  20 th  century, th e re  was 
n o  connec tio n  betw een the  ranges o f  A. cerana

109



uni A. mellifera'. A. cerana w as a is irw u ic u  
mainly in  Asia, and  w as separa ted  from  the  
i angc o f  A. mellifera by S iberia to  th e  n o r th  an d  
hy the desert areas o f  Iran  a n d  A fghanistan  to 
the west.

In 1918 th e  stages o f  developm ent o f  th e  m ite 
wnc described  in  S um atra (Lux, 1987). Betw een 
I v 19 and  1953, Varroa jacobsoni was observed  
in A. cerana colonies in  French In d o ch in a  
(Inum anoff, 1939), in  S ingapore (G unther, 
I 'J 'il), a n d  in  the  far-eastern  Soviet te r r ito ry  o f  
I K w uriysk (Breguetova, 1953).

In th e  1930s, A. mellifera co lon ies w ere 
,ni|K>rted in to  Asia to exploit th e ir  beekeeping 
n atu res (in  particular-, th e ir  larger colonies 
nm pared to  those o f  A. cerana) (D onzd, 

inns). The transfer an d  adap ta tio n  o f  Varroa 
hum  A. cerana to  its new  host, A. mellifera, is 
•opposed to  have occurred  betw een  1940 and  
I'thO (Grobov, 1976; C olin , 1982). How ever, the  
|чгчспсе o f  V. destructor w ith in  th e  b ro o d  o f 
t / т  mellifera seem s to  have b een  first re p o rte d  
in Korea in  1950 (Topolska, 2001). F u rth e r  
observations w ere repo rted  in  Japan an d  on  
tin n o rth  bank o f  the  A m u r R iver in  C h in a  
in 1958, and  in  1963 in  H o n g  K ong an d  in  th e  
liu lipp ines (W endling, 2012). Varroa expanded  
westward across th e  Soviet U n io n  betw een  1953 
•ml 1964; by the  end  o f  th e  1960s it was found  
• I Bulgarian apiaries. Varroa grad u a lly  sp read  to 
ninnies o f  A. mellifera w orldw ide, d u e  to  th e  

international trad e  in honeybees (package bees, 
iitilicial sw arm s, queens).

In 1966, th e  pathogen ic  effect an d  dam age 
i tie m ite caused to  A. mellifera co lon ies was first 
highlighted. In  1971, d u rin g  th e  A pim ondia 
World C ongress in  Moscow, an  official a le rt was 
I,used. V arroa was first d escribed  in  E uropean 
iplaries in  1976 in  Bulgaria (G robov, 1976). 
Varroa was repo rted  in  G erm any  in  1981, in 
i i.m ce in  1982, and  in  th e  US in  1987. In 1992,
Its arrival in  England was rep o rted  (FERA, 
2013a).

loday, Varroa is spread w orldw ide. A ustralia 
and the A land Islands in  F in land  are the  only 
• >l!icially Varroa-hee zones th an k s to q uaran tine  
m easures by the authorities.

-------or

Varroa destructor belongs to  the  class Arachnids, 
subc lass A cari, o rd e r  M esostigm ata, and family 
V arro idae . U n til recently, Varroa on A. mellifera 
w as id en tified  as Varroa jacobsoni. However, 
in  2000, A n d e rso n  and T ruem an identified 18 
h ap lo ty p es o f  th e  m ite  an d  proposed classing 
these  in to  tw o  species (A nderson  and Trueman, 
2000; W end lin g , 2012):

• Varroa jacobsoni (9 haplotypes) infests only 
A. cerana.

• Varroa destructor (6 haplotypes) infests 
A. cerana, th o u g h  tw o o f  these haplotypes 
m ay  a lso  p a rasitize  A. mellifera.

• T hree  h ap lo ty p es  could n o t be classified as 
b e lo n g in g  to  e ith e r  of these two species.

T hus, th e  m ite  causing  varroosis in  A. mellifera 
is V  destructor.

1.4 Varroa destructor, morphology and 
anatom ic details

A  d is tin c t sexual d im o rp h ism  characterizes 
V. destructor adu lts. The im m ature  stages are: 
egg, p ro to n y m p h , a n d  deutonym ph.

1.4.1 T h e  fem a le  a d u lt

T he m ite s  o b se rv ed  on adu lt honeybees are 
exclusively ad u lt females: th ey  are in the phoretic 
p h ase  o f  th e ir  fife cycle and  called phoretic 
Varroa (F igu res 5.1 and  5.2).

Fem ale  ad u lts  o f  V. destructor have an 
o v a l-sh ap ed  an d  do rsoven tra lly  flattened body, 
ap p ro x im ate ly  1.2 m m  x 1.7 m m  (Anderson and 
T ru em an , 2000). T he colour o f  the  body changes 
fro m  lig h t b ro w n  afte r th e  last m oult to dark 
red d ish  in  2 4 -4 8  h o u rs  (D onze, 1995).

The w eigh t o f  th is m ite is on average 325 pg 
w hen  p h o re tic  a n d  m ay reach approximately 
480 pg w h en  b reed in g  w ithin the  capped brood 
cell (G a rrid o  et at., 2000). Varroa mites ate 
eyeless an d  blind.

Tlie b o d y  is com posed  o f  tw o well-defined 
parts : th e  id io so m a an d  the gnathosom a (Figures
5.3 an d  5.4) (R osenkran tz  et al., 2010, Wendling. 
2012):
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. Гаг BiM satas is co m p o sed  o f  o n e  d o rsa l 
s ia ss& sa l sh id  J  a lso  called  th e  sc u tu m  an d  
several ventral sc iero tized  sc u ta . T he sh ie lds 
а к  basted to g e th er w ith  th in  an d  flexible 
zeerzhraees, s lo w in g  d ila ta tio n  o f  th e  b o d y  
d c r h i  periods o f  feed ing  a n d  b reed in g . O a  
r-e v e n a l  side a n d  b e tw een  th e  sh ields 
е р к  ш е g e s i s l  a n d  an a l orifices. T he four 
zahs or Legs are  sh o r t a n d  s tro n g . T hey  are  
szachei to th e  ven tra l sh ie lds. T he first p a ir  
of Ik s  is believed to  p lay  a  se n so ry  ro le  w ith

f ig u re  5 .3  Dorsal m orphology o f  'Jasroa 
oesductcr mature female: f t)  gnatfioscm a; 
(S: dcrs2t scutum . {Nicolas VktaS-Naquet 
adapted from Langfte et a!., 1S76.)

F ig u r e  5 .2  M fcroscopte exam ination o f  two 
a d i#  f s r ra is s  and  с -n® m als (arrow) Varroa 
destructor. {Photo c o u r t l y  ©  Lydia '/S ag irss , 
DMV.)

an  o lfacto ry  p it o rgan, an d  gusta to ry  and 
therm osensitive chem oreceptors located 
on  th e  tarsis. T he th ree  o th er pa irs  o f  k g s  
are  involved in  locom otion  an d  term inate  
in  th e  apofeles, specialized stru c tu res  for 
adherence to  th e  h o st {De R ajjter an d  Xaas, 
1983).

• The gnathosom a form s the  m om hparts and 
is sitaa ted  стгш гйу o n  the ventral side, i t  is 
com posed o f  th e  oral cavity open ing  a t the 
basis o f  the  tap o s to m a , two sensory pe dipalps, 
and tw o chelicerae. The tw o chelkerae  are 
form ed by th ree  segments: the b a sa l m iddle, 
and  distal digits {Rosenkranz ei oL, 2010). 
The distal one is movable and has two teeth 
form ing a blade able to  pierce the  cuticle o f 
the  host for feeding. The trilosternum  is a 
V-shaped sensory structure caudal!)’ located 
to the  gnathosom a.

The w hole body is covered w ith different types 
o f hairs. Some o f  these have sensory functions, 
in particular as m echano- and chem oreceptors.

The female genitalia is com posed o f  two 
systems:



A n il o rific e

Tritcstemum

Apotele

Scuta

Coxa

Egg-laying orifice 
L od tion  of the soienostoma 
between coxae III and (V

i Hjurv 5,4 V b n №  m orphology o f  Varroa destructor m a tu re  fem a le  (N icolas Vidal-Naquet adapted 
tVs-vSl-g, Ш ;  ToSski. 2012; T he W orld’s  B est P h o to s  o f Varroa, 2014.)

. ' r orcsry, a  u terus, an d  a  vag ina releasing
. eggs via a  genital (egg-laying) orifice 

; reared г й ш в  th e  second  p a ir  o f  legs.
■ ч second p a r t is  ded icated  to  th e  recep tion  

i n i  m aturing  o f  th e  sperm atozoa. Tw o pores, 
. soieaosrom es, situated  betw een coxae III 

m e  f\'. allow  copulation. Each o n e  open s up  
a  tufculus tallow ed by  a  ram us. T he tw o  

iru: coalesce to  form  the  sp e rm  du c t, w hich  
a id s  to  th e  sperm atheca (w hich  serves as a 

servoir fo r the  sperm atozoa).

• sperm atheca, the  ovary, an d  th e  u terus 
»,, ,o n n ec ted  to form  a s tru c tu re  called the  
, uncra sperm atica, The ovary  w ith  tw o lyrate 
w in s  (w hich have a n u tr itio n a l fu n c tio n  
l i n i n g  oogenesis) is located ventrally  to  the  
i" m iatheca (D e R u ijte ran d  Kaas, 1983; A lberti 

•hi I Zedc-Kapp, 1986).

I 1.2 The male adult
lb, Varroa m ale lives inside the  capped  b rood  
. II It is repo rted  to be unab le to  feed by itself 

iii.I is very sensitive to d ehydra tion  an d  dies 
inltkly after the em ergence o f the  parasitized  
. ,,nig honeybee (M oritz an d  Jordan, 1992).

H ie  m a le  b o d y  is sm a ller th an  the female’s 
(o n  average  0.75 m m  x  0.70 m m ), and is almost 
sp h e rica l (p e a r-sh a p e d )  w ith  a  light yellow 
c o lo u r  (C o lin  et a l., 1999; Rosenkranz et d , 
2010). T he b o d y  is w eakly  sclerotized except at 
th e  level o f  th e  legs (F igure  5.2).

H ie  m a le  g e n ita l system  is composed in a 
sing le  te s tis  in  th e  re a r  o f  th e  body. Two vasa 
defe ren s e m erg e  f ro m  th e  testis and coalesce 
in to  a n  e ja c u la to ry  d u c t o p en in g  at the edge 
o f  th e  s te rn o g e n ita l sc u tu m  betw een the long 
seco n d  p a ir  o f  legs. S perm atozoa are transferred 
in to  th e  fem ale  g e n ita l trac t a t the  level of the 
so le n o sto m es by  m e a n s  o f th e  spermatodactvl 
(A lb e rti a n d  H an e l, 1986). This tubular structure 
is an  a d a p ta tio n  o f  th e  distal d ig it o f  the chelicera 
to  fe rtiliza tio n . T his m o d e  o f  fertilization is 
called p o d o sp e rm y  (W endling , 2012).

1.4.3 T he life cycle

The life cycle o f  К  destructor has tsvo distinct 
phases:

• A p h o re tic  p h a se  w h en  th e  fem ale mites stay 
o n  th e  a d u lt honey b ees .

• A re p ro d u c tiv e  p h a se  w hich  occurs inside the 
cap p ed  d ro n e  a n d  w orker b ro o d  cells.
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F i g u r e  5 , 5  P r i m e  p o s i t t o n a  o f  Varrm dosimeter I n  t h e  p h o r e t l o  o t n g e  t o  n a c a p o  t h e  g r o o m i n g  
b e h a v i o u r  o f  bees. ( A d a p t e d  f r o m  Delflnado-Bakor t>t til., 1 9 9 Й ;  W e n d l l n g ,  2 0 1 2 . )

Vt( phmvtic phase
The phonetic phase allow s m ile s  to  be  tran sp o rted  
by adult bees to  b ro o d  cells fo r re p ro d u c tio n  
but also to spread by  foraging, ro b b in g , d rifting , 
and swarming. T he m ites  feed  o n  h oneybee  
haemolymph, w ithd raw ing  su b s tan tia l a m o u n ts  
from adults and p u pae  (R o se n k ran z  cl at., 2010). 
On adult honeybees, th e  m iles u sua lly  stay  and  
hide in tlie in ter-s tern ite  a n d  in te r-le rg ite  spaces 
but also on the  tho rax  a n d  tire a b d o m e n  In 
order to protect them selves fro m  th e  g ro o m in g  
behaviour o f  the host (F igure 5.5) (D ellinado- 
Baker el a/., 1992), h i the  w in te rin g  p e r io d  w h en  
(lie colony is b roodless, Varroa fem ales m ay 
survive the overw in tering  p e rio d  an d  co n tin u e  
their life cycle w hen the  b ro o d  Is rea red  again 
in spring.

After em erging o n  young  bees, th e  m ites  Infest 
older workers, aged on  average 1 2 -1 4  days. These 
middle-aged w orkers are m ainly  n u rse  bees. This 
strategy is believed to  be an ad a p ta tio n  Varroa 
has made to  achieve successful rep ro d u c tio n .

Another crucial po in t is th e  ro le o f  th e  fifth 
instar larvae o f  the honeybee  ju s t  before cell 
capping. The fifth in star larvae secre te  volatile 
organic com pounds th a t have  an  attractive 
effect on the phorctic m ile  (Pernal el nl., 2005). 
Attractive chemicals, and  in p a rticu la r  a liphatic 
esters secreted by the  honeybee larvae, ploy a 
crucial role th roughou t the Varroa life cycle ( I-c 
Conte et at., 1989).

7 hr reproductive phase

A fter e n te rin g  (he cell, the  rep ro d u c tiv e  phase  of 
the  m ites  beg ins (F igure  5.6). T he m ite  entering 
the  cell Is called the  fo u n d er m o th e r  m ite.

T he rep rod u c tiv e  cycle o f  V! destructor occur» 
m ore  often  In d ro n e  b ro o d  th a n  In w orker brood 
The m ite  te n d s  lo rep ro d u ce  in d ro n e  b ro o d  for 
several reasons: th e  u n cap p ed  b ro o d  p e rio d  in 
d ro n es’ cells Is longer th a n  tn w orkers, d roni 
larvae are  v isited  m o re  freq u en tly  by  n u n c t 
an d  receive m o re  food th an  w orker larvae, and 
the cells o f  d ro n e  b ro o d  are la rger th a n  those 
o f  w orkers (W endllng , 2012). T his ten d en cy  It 
Im p o rtan t to  co n sid er in  the  m an a g e m e n t ul 
Varroa in festation .

The fo u n d er m o th e r m ite passes between 
th e  celt wall an d  the larva a n d  th e n  stays in  the 
larval jelly, This m ay be  an  ad a p ta tio n  to  hide 
from  c lean ing  w orkers (R o sen k ran z  et at., 2010). 
Im m edia te ly  before capping, the  m ite  feeds on 
th e  h aem olym ph  after p iercing  th e  larval cuticle, 
Several m ites m ay en te r  a  b ro o d  cell before 
capp ing  tn o rd e r  to  rep ro d u ce  (M artin , 1995).

'th e  m ile  w eight Increases an d  Its m orphology 
changes w ith  the  ven tra l p a rt b eco m in g  convex, 
O ogenesis follow ed by v itellogenesis allow s the 
laying o f  a first egg o n  average 70 h o u rs  after 
cell capp ing  (R o senkranz  et at., 2010). T he sex 
d e te rm in a tio n  o f  V. destructor is a  haplodipto ld  
system . The first egg laid  Is u n fe rtilized  and 
develops in to  a haplo id  m ale. S u bsequen t eggi
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• lui.re 5.6 The life cycle of Varroa destructor. This cycle tak e s  p lace  in th e  brood cell. (Drawing 
■ io n  Zawlslak, University of Arkansas; text Nicolas Vidal-Naquet.)

laid approxim ately every 30 h o u rs  a n d  will 
I. ' Nop in to  diploid females. In  th e  w orker 

I'lnod, the m ite m ay theoretically  lay  u p  to five 
i t: and in  the  d rone b rood up  to  six  eggs, due 
11In- longer capped brood p eriod  in  d ro n e  cells 

it.... in w orker cells (R osenkranz et al„ 2010).
I lie developm ent o f the m ite larva begins 

и bin the m ite egg wall soon  after oviposition. 
Mirr hatching out o f  the egg, the  p ro to n y m p h  
..nl deutonym ph stages occur, follow ed by the  
iini|;lnal m oult. Both these stages are d iv ided
.....a m obile and  an im m obile phara te  phase
1'<ииё and G uerin, 1994; R osenkranz et al„ 
nID). O ntogenesis lasts on  average 5.8 days 

■ a i i-male m ites and 6.6 days for m ale m ites 
iiii'.cnkranz et al., 2010).

I lie developm ent o f  Varroa eggs d ep ends on
..... (I hom eostasis. Thus, ou tside a tem pera tu re

типе 31-37°C in the  honeybee b rood , Varroa 
I I . . ( annot develop and developm ent o f the  bee

b ro o d  is a lso  im p a ire d  (W endling, 2012). Mobile 
Varroa im m a tu re  fo rm s feed on  the honeybee 
p u p a  th ro u g h  a  sing le  hole p ierced  in the cuticle 
by  th e  m o th e r  m ite . T his ho le  is usually located 
o n  th e  fifth  se g m e n t o f  th e  bee pupa. This feeding 
site is s itu a ted  c lose to  the  ‘faecal accumulation 
site w h ere  th e  m ite s  re tu rn  to  after feeding 
(D o n ze  a n d  G u erin , 1994; K anbar and Engels, 
2003).

Varroa m ite s  a re  sexually m ature after the 
im ag in a l m o u lt. T he m ale  m atures before the 
fem ale a n d  w aits a t th e  faecal accumulation 
site fo r th e  firs t m a tu re  female to appear 
ap p ro x im ate ly  20  h o u rs  later. Then, the male 
sta rts  m a tin g  w ith  th e  first m ature mite female. 
Several m a tin g s o c c u r  as fu rth e r  mature females 
appear. T he sp e rm a to zo a  are stored in the 
sp e rm a th eca  o f  th e  Varroa females. Volatile 
fem ale p h e ro m o n e s  initia te  m ating b e h a v io u r  

and  e n su re  th e  you n g est females are the m ost



attractive (Zicgelm ann et al., 2008; Rosenkranz 
et al, 2010).

After the im aginal m ou lt o f th e  honeybee, 
female adult m ites stay on one o f  the tergites 
before the emergence. After the  emergence 
of the adult honeybee, only the  m ated female 
adult Varna  will survive and  spread (W endling, 
2012). Immature females and m ales are no t able 
to survive when the cell opens for the emergence 
of the young bee (Donze, 1995; M artin , 1994) 

Under natural conditions:

• A  female Varroa can perfo rm  o n  average 
two to three reproductive cycles (M artin  and 
Kemp, 1997; R osenkranz et al., 2010).

• Die reproduction rate (n u m b er o f  viable adult 
offspring/mother m ite) has been  calculated to 
be 1.3-1.45 in a single infested w orker brood 
and 2.2-2.6 in  a single infested drone  brood 
(due to the longer capping brood  period) 
(Martin, 1994, 1995).

The success of Varroa female reproduction  (and 
of reproduction rate) depends on  (Rosenkranz 
et al., 2010; W endling, 2012):

• The survival o f die female m ite  during  the 
phoretic phase.

• The brood and in  p articu lar th e  d rone  brood.
• The fertility o f female m ites. Som e Varroa 

female are infertile for reasons currendy 
unknown. However, h o st factors, sexual 
maturity, and o ther factors are suspected.

• The number o f m other m ites infesting  a single 
brood cell. In the case o f m ultiple infestation 
of one cell, the reproductive ra te  p e r m other 
mite seems to be reduced (M ondragon et al., 
2006, Rosenkrantz et al., 2010).

• The production and the m atu ration  o f  at least 
one male and one female egg in  the  brood 
cell.

• The temperature (optim ally between 36 
and 38°C) and the hum id ity  (optim ally 
70%; reproduction is im possible when the 
humidity level is h igher than  80%).

1.4.4 Varroa p o p u la tio n  dyn am ics in  I
h o n ey b ee  co lon ies I

The m ite population in a honeybee colony 
increases after the first infestation. This popula 
tion growth depends on several factors, including 
the initial m ite population, the presence ol 
brood, and other features of mite reproductive 
biology. The mite population also depends ofl 
‘reinfestation’ due to drifting and robbing behav> 
iours o f bees during the beekeeping season.

In Europe and N orth America, a maximutt 
threshold of 1,000-4,000 mites in a  colon) 
is considered as critical to colony healtl 
(Rosenkrantz et a l, 2010; W endling, 2012 
FERA, 2013b). A threshold of 1,000 mites I 
com m only used in the United Kingdom. 1 
o ther parts o f Europe, the average threshold 1 
2,000 m ites per colony. Beyond this thresholf 
colonies face a significant risk o f collapsing if 
the following m onths (Noireterre, 2011). Thi 
infestation level is known as the econom ic injur 
level (FERA, 2013a). The m ain fact to conside 
is that the increase in the Varroa population if 
a colony is a consequence of bo th  reproductiol 
o f the m ite w ithin the capped brood cells an< 
of new mites being introduced by robbing о 
drifting bees.

An infested colony may be reinfested b) 
mites transported by drifting and robbing bees, 
This m ainly occurs in areas with a high density 
o f colonies.

A lthough some population dynamic! 
m odels have been proposed, the evolution of I 
the m ite population from  spring to autumn I 
is quite difficult to predict due to the wide I 
variety o f factors influencing m ite and colony I 
biology and the m ite-colony relationship (and 
in particular reinfestation by drifting and 
robbing behaviours). However, some author! 
have provided explanations for the increases in 
Varroa population (M artin, 1998; Noireterre, 
2011; FERA, 2013b). f

M odelling is im portant to understand the 
relationships between the mite, the colony, 
and environm ental factors, and thus to  set up 
prophylactic and control strategies to  deal with 
Varroa (M artin, 1998, Wendling, 2012). The



' tiuro 5.7 Annual population dynamics of Varroa. (Adapted from Noireterre, 2011; OIE, 2014b.)

„и. population in a colony can double every 
’ din’s in the spring and sum m er (Fries et al., 

i w » 4 ) .

' unsidering the entire beekeeping season in 
• a i operate climate area, the num ber o f Varroa 

i < .ises slowly at the beginning, the maximum 
i-" n hed late in the season (OIE, 2014a), and the 
....  population then decreases when wintering
■ lien the brood rearing decreases and stops) 
i inure 5.7).

I lowever, the dynamics of the Varroa popu-
■ .. in any given year depends on the num ber

of m ites present in  a colony at the beginning of 
the season (Noireterre, 2011; FERA, 2013b).

At the beginning o f a beekeeping season, before 
spring laying restarts following overwintering, it 
is usually considered that the infestation level in a 
colony should be less than a maximum threshold 
of 50 Varroa (Noireterre, 2011) (Figure 5.8). This 
threshold is also considered to be the maximum 
for a colony before wintering to limit the risk of 
winter colony mortality.

If the initial num ber o f mites infesting a colony 
is higher, the risk threshold of 1,000-2,000 mites

' itiu ro  5 .8  P o p u la t io n  d y n a m ic s  o f  V arroa  d e s t ru c to r  (from  a n  initia l 5 0  m ite s )  w ith in  a  c o lo n y  of 
i / ' h  m e llife r ra .  (A d a p te d  fro m  N o ire te rre , 2 0 1 1 .)



Figure 5.9 C o n s e q u e n c e s  o f  d i f f e re n t  in itia l in f e s ta t io n  le v e ls  o f  V a rroa  (10 , 5 0 , 1 0 0 , a n d  5 0 0  
mites) o n  th e  p o p u la t io n  d y n a m i c s  a n d  o n  t h e  t im e  t o  r e a c h  th e  c r itic a l th r e s h o ld  o f  1 ,0 0 0  m ite s  
(UK) o r  2 ,0 0 0  m i te s .  ( A d a p te d  f r o m  N o ir e te r r e ,  2 0 1 1 ;  FEFIA, 2 0 1 3 b .)

per colony (see above) will be reached sooner, 
posing a major risk to the colony’s health and 
strength and therefore its productivity. The 
colony will also be at greater risk during the 
subsequent overwintering p eriod  (Figure 5.9).

In the event o f ‘reinfestation during the 
season, the mite population may increase faster 
even if  the initial infestation was below the 50 
mites threshold (Figure 5.10) at the beginning 
of the season. Reinfestation may occur in areaj

January February March April May June July AuguM September October November December

Figure 5.10 E ffe c t o f  m i te  r e i n f e s t a t i o n  d u r in g  t h e  s e a s o n  (from  d rift in g  a n d  ro b b in g  b e e s )  o n  
s u b se q u e n t m ite  p o p u la t io n  g r o w th  ( a d a p t e d  f ro m  F E R A , 2 0 1 3 b ) . In th e  e v e n t  o f  r e in fe s ta t io n ,  the 
risk th re sh o ld  will b e  r e a c h e d  e a r l i e r  w ith in  t h e  s e a s o n .  T h is  i s  a  fu r th e r  im p o r ta n t  a r g u m e n t  fo r 
m onitoring V a rroa  in f e s ta t io n  o f  c o l o n ie s  th r o u g h o u t  t h e  y e a r.
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figure 5.11 M ite p o p u la tio n  d y n a m ic s  o v e r  1 ,8 2 5  d a y s  (5  y e a r s ) .  A t  DO, t h e  p o p u la tio n  is 10 
m iles. ( F r i e s e t a / . ,  1994.)

with a high density of colonies by drifting or 
lobbing behaviour. Reinfestation may also 
ut ( ur when control of Varroa infestation is 
inadequate or inefficient within an apiary or 
within neighbouring apiaries.

If several years elapse without any treatment 
and control measures, the dynamics of Varroa 
mite population will lead to an annually 
hit reasing harmful infestation of the colony far 
ln yond the risk threshold (Figure 5.11).

In temperate climate regions, studies have 
diown that, due to the population dynamics of 
\ ,irroa, colonies are at major risk of collapse 
i и mi varroosis within 3-4 years after the initial 
infestation if nothing is done (Korpela et al., 
i '  i ',  Biichler, 1994, Rosenkranz et al., 2010). 
However, in subtropical and tropical regions, 
Y'liroa infestation in A. mellifera colonies does 
uni appear to impact colony size, health, and 
I inductivity (Muli et al., 2014). Under tropical 
i unditions, a low rate of Varroa growth in 
ninnies has been reported (Rosenkranz et al., 

/ 010).

I tl Varroosis

v« roosis is a disease of the honeybee A. mellifera 
line to the mite V. destructor affecting larvae,
I 'n| ..к*, and adult bees (Grobov, 1976). Currently, 
i и uiosis must be considered as the consequence 
•I liirroa infestation associated with the viruses 

|In . may transmit to the honeybees. The term

‘bee parasitic m ite syndrome’ is probably more 
appropriate.

Infestation of honeybee colonies by Varroa 
destructor (and the resulting varroosis) is one 
of the OIE-listed diseases, infections, and 
infestations o f honeybees (Offi, 2014a).

At the colony level, the clinical signs of 
varroosis are m ainly weakening and collapse. 
Thus, pollination and honey production maybe 
impaired.

1.5.1 P a th o g e n e s is

The mite infestation is responsible for wide- 
ranging damage at both individual and colony 
levels, infesting and affecting both immature 
and adult forms.

Spoliage effect

Varroa is a haematophagous parasite of the 
honeybee. It has a spoliatory action on pupae 
and adult bees by damaging the cuticle to feed 
on haemolymph. Studies show lower protein 
concentrations in the haemolymph of infested 
bees (Bowen-Walker and Gim, 2001; Boecking 
and Genersch, 2008). In worker larvae, the 
reduction in the overall level of protein within 
the haem olymph is estimated at 27% and 50% 
in cases o f single o r double infestation (i.e. 
two m other founder mites infesting one cell), 
respectively. In drone larvae, the reduction 
in the overall quantity o f protein within the



haemolymph is reported to  be lower, reaching 
approximately 12% irrespective o f  the infestation 
rate (Weinberg and Madel, 1985).

Effects on bee weight

Infestation by the mite induces a loss o f weight 
of adult bees emerging from infested pupae. This 
weight loss depends on the num ber o f m other 
mite founders and the level o f  m ite reproduction 
(Rozenkranz el a i, 2010).

It has been reported that a single infestation 
within a brood cell induces a loss o f  body weight 
estimated to be 7-10%  in adult honeybees 
emerging from such cells (De Jong et ai., 
1982; Schatton-Gadelmayer and Engels, 1988; 
Kotwai and Abrol, 2009). W hen  3 -5  m other 
mites infest a brood cell, the loss is estim ated 
to be approximately 18% in  newly emerging 
honeybees (Kotwai and Abrol, 2009). Infested 
bees are not able to attain  their usual adult 
weight when infested during their development.

Reduction of lifespan

Vurroa infestation is responsible for a reduction 
in the life expectancy of honeybees. It has been 
reported that adult workers from  infested brood 
have shorter lifespans (Schneider and Drescher, 
1987). In a colony, the lifespan o f honeybees is 
reduced when the infestation increases (Kovac 
andCrailsheim, 1988; R itter etal., 1984). A study 
performed in Germany in  1984 reported  that 
in colonies considered as weakly, averagely, or 
strongly infested, the life expectancy o f workers 
was respectively estimated to  be 15.6, 9.1, and 
8.3 days between May and Septem ber (Ritter et 
al., 1984). (The norm al life span of workers in 
summer in temperate countries is considered to 
be up to 38 days (W inston, 1987).) C oncerning 
drones, a study by Rinderer et al. (1999) has 
shown a reduction of their life expectancy too.

In summer, workers parasitized during 
their development have a significantly reduced 
lifespan and start their foraging activity earlier 
(Rozenkrantz et al., 2010).

In the case of winter bees, infestation of the 
brood may prove a real problem  for the strength

of the colony for overwintering. Indeed, newly 
emerging bees from infested cells will not be ablr 
to ensure their role, In particular In the regulation 
of hom eostasis during wintering. Thus, this will 
have negative consequences for the health and 
strength of the colony during overwintering and 
at the beginning of the next beekeeping season, 
and pose the risk of weakening and collapjf 
(Amdam et al., 2004; Wendling, 2012).

Morphological and anatomical deformities

Externally, the body of infested adult bees may 
appear shorter with a shortened abdom en and 
crippled wings (Figure 3.4). These deformitiei 
are considered to be the consequences of thr 
transmission of DWV by Varroa at the larval oi 
pupal stage (Rosenkrantz et a l, 2010).

Internally, the infestation of a  pupa of * 
worker bee is responsible for a 15% reduction 
in the size o f the hypopharyngeal gland> 
(Schneider and Drescher, 1987), which can lead 
to problems with brood and queen nursing and 
can adversely affect the transform ation o f nectai 
into honey. It has been reported that the nursing 
stage is shortened (which may be linked to thr 
earlier occurrence of the foraging task reported 
previously) (Janmaat and W inston, 2000).

Behavioural troubles

The learning and navigational abilities o f parasit 
ized foragers are impaired with consequences feu 
orientation, flight, and successful re turn  to the 
hive (Kralj et al., 2007; Rosenkrantz et al., 2010) 
These foragers may come back more slowly or 
not at all. In strongly infested colonies, there 
may be a major and rapid loss o f foragers, soon 
leaving only the queen and a few hive worker' 
(Wendling, 2012).

The infested foragers do not all die outside, 
some of them  enter foreign hives, spreading 
the mite to other colonies (drifting behaviour! 
This behaviour is increased in strongly infested 
colonies (Sakofski et al., 1990), Thus, the spread 
of the mite is potentiated by the impaired 
foraging behaviour.



/ vcrease in the reproductive potential o f
drones

.пне authors report that the production and 
I'liillty of spermatozoa are affected by Varroa 

mii station (Del Cacho el al., 1996; Duay et
• ‘ 2002). However, the main factor reducing 

"-productive ability is the loss of body weight 
•I parasitized drones, leading to im pairment of

* ln-tr (light performance, and rendering them 
miblc to fertilize virgin queens (Duay et al.,

1002) .

■■Шnunosuppression effect on honeybees

Marmocyte concentration, which plays a role 
n immunity, is decreased in emerging workers 

r nasitized during the pupal stage, but also
.......urse bees in strongly infested colonies

\ i ndaiTi et al., 2004; Belaid and Doumandji, 
to 10). Furthermore, V. destructor induces a 

ilm tion in the expression of the genes coding 
i"i antimicrobial peptides and enzymes linked 

immunity, with consequences for the humoral 
«1,1 cellular immune response (Yang and 

к Foster, 2005; Navajas et al., 2008; Wendling, 
'" l.’). This mite-induced immunosuppression 
' liases the sensitivity to pathogens and in 

i u Ocular viruses (Yang and Cox-Foster, 2005; 
Wrlulling, 2012).

ilnrnce o f mite infestation on gene 
H p rt is io n

' i in infestation is responsible for changes in 
-I" expression of genes related to embryonic 
Irvrlopment, cell metabolism and immunity" 

n.ij.is et al., 2008). Genes encoding anti- 
mbial peptides (abaecin, defensin, hymen- 

■piaecin) and immunity-related enzymes 
i phenol oxidase, glucose dehydrogenase, glucose 
ih i 'la.se, lysozyme) are down-regulated (Yang 
••„I Cox-Foster, 2005). This immunosuppres-
.... . probably favours the proliferation o f patho-

. and in particular DWV, causing cellular and 
'"Im ular damage and consequently deformed 

u lumens, legs, and wings in bees. Further- 
»"te, (he expression of two genes (slg and dlgl) 
'."■lived in development and metamorphosis

Is down-regulated by mite infestation (Navajas 
el al., 2008). This down-regulation may be ihe 
consequence o f the mite directly or via DWV, 

The expression o f the gene pale encoding 
lyraminc hydroxylase and involved in dopamine 
synthesis is inhibited. This has consequences 
on neural development, in particular on 
behaviour, cognition, and learning (Navajas 
et al., 2008). Searchers have also reported the 
down-regulation o f genes Involved in preventing 
progressive neural degeneration (Dclic2 and 
AtgJ8 gene enhancers of the blue cheese gene 
(bchs)) (Navajas el al., 2008). Such inhibitions 
could explain, at least in part, the decrease in 
learning ability, the prolonged absences from the 
nest, and the lower rate o f successful to return to 
the colony o f foragers.

Vector o f viruses (cf. Chapter 3)

Varroa destructor is a vector of viruses. The 
pathogenic effect o f Varroa is considered as due 
to the combination of direct action by the mite 
and its role in transm itting viruses. Furthermore, 
the pathogenicity o f some viruses in association 
or interaction with Varroa is increased (de 
Miranda et al. 2012).

The m ain viruses transmitted by Varroa are: 
ABPV (Figure 3.7), KBV, IAPV, DWV (Figure 
3.4), and SBPV (Rosenkranz etal., 2010). BQCV 
seems to  be occasionally transmitted by Varroa 
(de M iranda et al., 2012).

The clinical signs of varroosis affecting the 
brood and the morphological and behavioural 
symptoms leading to the weakening or collapse 
of a colony are the consequences o f viral affects 
combined with the mite’s pathogenic action. 
Currently, ‘bee parasitic mite syndrome’ is 
considered to be mainly the consequence of 
the combined pathogenic effects of Varroa and 
DWV.

Effects o f varroosis at the colony level

Because the colony unit is a super-organism, 
all pathogenic effects on individuals may have 
major consequences for the strength and health 
of the colony.



Figure 5 .1 2  A p p e a r a n c e  o f  a  c o m b  o f  a  d e a d  
colony c a u s e d  b y  v a r r o o s is .  N o te  t h e  r e d u c e d  
and s c a t te r e d  b ro o d . (P h o to  c o u r t e s y  ©  L y d ia  

W lagines, DVM.)

In a colony, V. destructor, via its damaging, 
mutilating, transmitting, and immunodeficiency- 
causing effects, increases m ortality  rate, reduces 
brood area, and adversely affects harvesting 
(Vidal-Naquet, 2011). The brood may appear 
mottled and scattered.

Infested honeybees are unable to  m aintain 
their social roles and labour activities. Thus, 
colonies may be weakened, allowing for an 
increased sensitivity to viral and bacterial 
diseases. A high mite infestation level leads 
to collapse of the colony. Thus, varroosis can 
have economic consequences, in particular by 
altering pollination activity and the production 
of honey.

1.5.2 Clinical signs of varroosis 

The word varroosis is currently taken to cover 
both Varroa infestation and vectored virus 
infection (‘bee parasitic m ite syndrom e’). The 
clinical signs of varrosis are as follows:

• When the mite infestation level is low, there 
are usually no clinical signs.

• In the case of moderate infestation level, the 
population of honeybees and the population 
dynamics are impaired. Honey production is 
also affected.

• W hen the Varroa infestation rate in a 
colony is high, the symptoms of varroosis 
usually observed are typical o f 'bee parasitic ] 
mite syndrome’ (Rosenkranz et al, 2010: I 
Noireterre, 2011):
-  Adult honeybees with deformities, in 

particular wing deformities.
-  Crawling adult bees, crippled bees.
-  Scattered brood, due to the reproduction 

of Varroa within the cells.
-  Supersedure of queens.
-  Weakening of the colony and sometimes 

collapse and death o f the colony as the 
final step of the disease. Dead colonics 
often contain a few living or dead bees, 
honey and pollen stocks, and some 
residual sealed brood.

-  The presence of mites on adult bees 
(phoretic Varroa) and in the uncapped 
brood cells.

-  A significant reduction in the bee 
population.

Therefore, given that V. destructor poses a major 
threat to colonies, fighting this mite is essentia!
To control infestation, treatments as well as 
beekeeping practices and selection are necessary

1.5.3 Infestation threshold

The effect o f infestation rate varies according to
climate and season:

• Considering winter bees: under temperate 
conditions (e.g. Germany): a rate o f 7% of 
winter bees infested by the m ite may lead to 
colony collapse (Liebig, 2001). Before and 
during wintering, a threshold o f 50 mites 
per colony is considered to be the highest 
infestation level acceptable in order to limit 
the risk o f winter colony mortality and ensure 
as far as possible the expected development 
through the following beekeeping season.

• Considering summer bees: untreated
colonies with approximately 30% of summet 
bees infested by Varroa will not survive to the 
following overwintering period (Fries et al, 
2003; Rosenkranz et a l, 2006, 2010).



< out rot o f  Uimvm Infestation tim ing the 
beekeeping season varies from  region lo 
legions 11vo obieettve Is to keep ilvo Vtimm 
l>opiilatton under I,OOP mites pee colony In 
the t'K , tuvvl Horn 2,000 to -1,000 In other 
isn't* o f Hwwpe and the US (Notivtovvo, 201 It 
I ORA, 201,ht), According to  the Animal & 
riant Health Agency, formerly PER A (I'HHA, 
4 0 f a \  above 1,000 mites per colony there Is 
> Wa v significant' risk o f 'bee mite parasitic
0  ndrom e' occurring. A threshohl o f between
1 ,tH4> an,l 2,000 mites per colony seems to be 
teas,'liable.

I,, inflowing sections show that m onitoring the 
■a, nation rate o f the colonies th roughout the 
iv,и is crucial for optimal and adequate control 
a Uirroit.

■ '  t Diagnosis

Mgnosis o f  Vitmut infestation Is the con- 
н |,i, nee of the identification o f the m ite within 
1 , olony, V arna  destructor Is quite easy to 

n ngmse. The female m ite Is dark reddish/ 
I. ,,,n with a  flat, oval, crab-shaped body ( l . l  
мин s 1.5 turn) and can he seen w ith the nake 
m i  l figure 5.1).

I 'itlerential diagnosis m ust consider:

i i >tl\er mites: Th>p iM aps  spp. and Melittiphis 
id conus (which Is not a parasite o f  honeybee 
ninnies, but a scavenger o f  pollen in 

beehives).
the fly tfrtiulu caeca. 

the methods o f identification are:

, I Vbris examination,
i I 'an im ation  of capped brood (mainly drone 

apped brood), by opening the capped brood 
with a honey uncapping fork.

. I sum m ation o f a sample o f bees.

и , , methods  are described in  section 1,6.2 
Mow.

However, qualitative diagnosis is not suffi- 
• и at Indeed, except for a few Varroa-free areas, 
«Н, ninnies in Europe and in m any other regions 

infested by V arrw . As previously described,

It Is crucial lo evaluate and m onitor the mite 
Infestation level.

1.0 Control of Varroa Infestation

Уитт  Is reported ns a major cause In weakening 
and collapse o f overwintering colonies In Europe 
and North America. Furthermore, according to 
Rosenkrnntz et al, (2010), ‘without any doubt, 
m ost o f the colonies o f Л, melllfera In temperate 
climates will be damaged or even collapse within 
a few years If no control or inappropriate control 
m ethods are used'.

Controlling Varroa infestation means keeping 
the Varroa population under the threshold at 
which it becom es a threat to the colony (on 
average 1,000-2,000 mites in the beekeeping 
season). The fight against the mite involves the 
use o f m edicines (miticides) and biotechnical 
methods.

However, control o f Varroa infestation needs 
to use scientifically proven m ethods performed 
with objectives as proposed, for example, by an 
Integrated pest m anagem ent (IPM) approach 
(FERA, 2013a). M anagem ent o f Varroa infesta­
tion control Involves knowledge o f the Varroa 
life cycle and biology, and practical knowledge 
of the m ite infestation rate obtained by moni­
toring colonies.

Finally, research on  mite-tolerant bees 
suggests that using these for breeding might 
prove an  effective m ethod of control.

1.6.1 G ood beekeeping practices

Proper control o f Varroa infestation in an 
apiary requires in the first instance knowledge 
of and the respect for good sanitary beekeeping 
practices (cf. Chapter 8).

For a beekeeper, knowledge of Varna’s 
biology and reproductive cycle, maintaining 
strong and vigorous colonies that exhibit good 
hygienic behaviour, and limiting robbing and 
drifting behaviours are essential practices 
(Spivak, 1996). Veterinarian practitioners in the 
field, for example while undertaking a sanitary 
audit of an apiary or when prescribing veterinary



medicine products (VM Ps), m ust advise that 
these good sanitary practices be followed,

i.6.2 Monitoring the  colony parasite  load 
(mite infestation)

Knowledge of the m ite infestation rate in a 
colony, or a sample o f  colonies in a large apiary, 
is necessary for adequate and optim al control.

Several methods have been described. 
However, it must be taken into account that 
these are often time consum ing. Thus, in the 
field, veterinarians and beekeeper m ust chose 
methods capable o f im plem entation and best 
suited to the beekeeping m anagem ent being 
practised.

Monitoring natural mite fa ll

The aim of this m ethod is to estim ate the natural 
mite fall (NMF). The NM F is defined as the 
number of mites per day foiling naturally from 
the bees on to the floor o f  the hive. It is widely 
recognized that the NMF at a specific time is 
related to the Varroa infestation rate at that 
time (Fernandez and Coineau, 2006; Coffey and 
Breen, 2013; FERA, 2013a).

In order to m onitor NMF, a sticky floor 
(or fat-coated blanket) is unrolled under a 
wire-mesh floor in  the hive. Then, the sticky 
floor or blanket is carefully exam ined and the 
mites counted each day (or every 5 days and 
converted to a daily NMF).

However, since the fall o f  m ites depends on 
many factors (brood area, season, daily hive 
activity, etc.), this m ethod som etim es gives 
results that are difficult to in terpret (Martin, 
1998; Vidal-Naquet, 2011).

According to the Animal & Plant Health 
Agency (FERA, 2013a), the level o f  infestation 
(low, medium, high) based on NM F can be 
interpreted as follows:
• From April to June:

-  Low infestation level: <2 NM F/day
-  Medium infestation level: 4 -8  NM F/day
-  High infestation level: >8 NM F/day

• July:
-  Low infestation: 4 -8  NM F/day
-  Medium infestation: 6-10  NM F/day

-  High infestation: >10 NMF/day 
• August and September:

-  Low infestation: <4 NMF/day
-  M edium-high infestation: >4 NMF/day

Throughout the beekeeping season, from the 
early spring to autumn, it is considered that an 
NMF of >15 mites/day poses a serious threat 
to the colony and calls for urgent application 
of a miticlde (FERA, 2013b). Some beekeeping 
stakeholders consider an NMF threshold of 10 
mites/day to be more suitable.

After efficient treatment in the summer (or 
in winter, in brood-less colonies), an average 
o f <1 NM F/day is considered to represent an j 
infestation of 50 Varroa in the colony (Faucon, 
2008; Noireterre, 2011; Vidal-Naquet, 2011), i.c 
the threshold below which it is considered that I 
the colony can overwinter with minimal risk in 
terms o f Varroa infestation.

This m ethod is considered to be sensitive, 
giving a quite precise indication of the Varroa j 
infestation level of a colony. However, its 
implementation is time consuming, and may 
result in the accumulation of wax debris, j 
attracting wax moths (FERA, 2013a).

Drone brood uncapping method

The aim of this m ethod is to evaluate the 
percentage o f drone pupae infested. This method 
is mainly performed in spring when the drone 
brood is present, and involves using a honey 
uncapping fork on an area o f sealed drone 
brood at an advanced stage of development o( 
the pupae (usually pink-eyed). If more than 
5% of drone pupae are infested, the colony is 
considered endangered and at risk of collapse 
during the beekeeping season (FERA, 2013a), 
Unfortunately, this method is quite imprecise 
and only gives approximate results.

Tlie drone brood uncapping method may be 
used to give useful snapshot of Varroa infestation 
level in a colony in spring. The precision of 
the results will depend on the number of cells 
uncapped. Determining the number of infested 
drone pupae found in a group of 50-100 
uncapped cells provides a reliable estimate of



I hr overall proportion of infested drone brood 
• i lls (FERA, 2013a).

ihc drone brood uncapping m ethod may 
hr used to decide immediate and appropriate 
Mir.isures in the field, for example during a 
ipiing inspection if some phoretic Varroa are 
hserved during an examination of a colony, 

"i il the colony is showing signs o f weakening 
1 harriire  et al., 1998; FERA, 2013a).

This m ethod is quick and easy to perform 
■luting routine colony inspections, and provides 
•и approximate measure o f the infestation level.

I I aluation of mite infestation by miticide 
application

ill, atm of this m ethod is to estimate the total 
iiiiir fall (TMF). It consists in the application 
■i an authorized one-shot acaricide VM P 
■ iierinarv medicine product) into a hive 

•ml then counting the total m ite drop (TMD)
■ iltey and Breen, 2013). TMD refers to  the total 

•ииuber of Varroa mites killed by a treatm ent
■ uupared to the NMF, which refers to the daily 

natural fall o f Varroa on to the floor o f a hive), 
tills method is mainly used for estim ating the 
i .itroe population in a brood-less colony (in 
i..ittit ular because acaricides do no t act on mites 
■и. apped cells).

Ihus, this m ethod provides an interesting
■ «v of evaluating the mite population before

■ i wintering in brood-less colonies or/and 
in lure the beginning of the season.

In a temperate northern hemisphere climate, 
lu Varroa in  a colony is considered:

Before overwintering as the maximal 
tolerance threshold, above which the colony 
will be in danger in winter.

■ At the beginning of the beekeeping season 
.и. the maximal tolerance threshold, above 
which the colony will be in danger during 
the season (Faucon, 2008; Noireterre, 2011; 
Vidal-Naquet, 2011).

it there is no brood rearing in winter, the 
nil .1 ation level will not change (or m ay decrease 

• i natural mite fall or if an acaricide is applied
I ' mutually).

Evaluation o f  m ite infestation by чопрЬпц 
adult honeybees

The adult bee infestation rate pmviili • ,m < .........
o f the parasitic pressure wllltln a Imui'ylur 
colony. This m easurem ent can be pnlmiiii'il In
early spring  to evaluate the patanlll. pu ..........
the beginning o f  the season, during tin i. .nun 
or in sum m er when the future wlnti i In n  u, 
being reared, o r in autum n to evaluate flu nnii 
infestation level in the brood-less colony Мик 
overw intering. Two m ethods that givr relulil, 
results are used to m onitor mite infestation m 
adult honeybees: the flotation method and the 
pow dered (iced) sugar m ethod (Bak et a/., 2(XW|

First, 300 bees (100 m l = approximately Inn 
bees) are w ithdraw n from  the hive into a small 
container (it is im po rtan t to avoid withdrawing 
the queen). It is im po rtan t to capture young adult 
bees living on  a fram e with open brood; indeed 
phoretic Varroa are m uch m ore prevalent on 
nurse bees th an  on  bees in the supers (Lee et 
al, 2010).

The flotation m ethod  consists in first freezing 
the bees, o r killing them  by submersion in alcohol 
(OIE, 2014a). The dead bees are then shaken man 
alcohol o r detergent solution which will dislodge 
the mites. The jars containing the samples are 
shaken by hand  or w ith a shaking apparatus for 
5 m inutes. C entrifugation  m ay also be used to 
dislodge Varroa m ites from bees (Fakhimzadeh, 
2000). The liquid  is filtered through a sieve with 
3 m m  holes. Bees are also counted for a precise 
result. Varroa are collected in the solution and 
counted (De Jong et al., 1982; Bak et al., 2009; 
Vidal-Naquet, 2011; OIE, 2014a).

The pow dered sugar shaking method 
preserves the bees alive and is performed in the 
field (Bak et al., 2009). Dusting bees with icing 
sugar causes the m ites to detach from the bees. It 
seems that the fine granules stick to the footpads 
o f Varroa and render the m ites unable to grip 
the surface to w hich they have been clinging. 
Approxim ately 300 bees are poured into a jar 
with a m esh cover (3 -4  m m  holes in the lid). 
Icing sugar is added. The jar is then  gently shaken 
twice for 2 m inutes with a 2 m inute gap to cover 
the bees with the  icing sugar. The jar is inverted



and shaken over a bucket, into w hich the icing 
sugar and mites fall. W ater is added: the sugar 
dissolves and the mites float to  the  surface and 
can be counted. (The bees can sim ply be released 
from the jar.)

The mite infestation rate on  adult bees 
provides an estimate o f the colony infestation 
rate (Fernandez and Coineau, 2006).

The results of these m ethods can be 
interpreted as follows:

• If the mite infestation rate is <5%, the colony 
is considered to  be weakly parasitized, and 
does not need imm ediate treatm ent.

. If the mite infestation rate is betw een 5-10% , 
treatment must be planned.

> Ifthe mite infestation rate is >10%, the colony 
requires immediate treatm ent.

1.6.3 Control o f V arroa  in fe sta tio n  by  
application of veterinary m e d ic in e s  or  
officinal active su b s ta n c e s

The aim of applying veterinary  m edicine to 
control Varroa infestation is to  lower as far as 
possible the Varroa infestation level in a colony. 
Complete elimination and eradication o f Varroa 
is impossible.

Currently, controlling Varroa infestation 
with chemicals, organic acids, o r  essential oils 
is necessary but not sufficient. Sanitary and 
biotechnological measures are m ajor elem ents in 
managing the control o f Varroa. O ver the long 
term, it is hoped that m edicine-less control o f 
Varroa infestation will become possible, and this 
could come from bees tolerant o f  V. destructor. 
Many research teams are working on such 
honeybee strains.

Controlling Varroa infestation requires use of 
VMPs as well as sanitary and biotechnological 
measures.

Chemical control o f Varroa infestation 
began in the 1980s with the use o f  acaricides 
efficient against Varroa and intended not to have 
strongly adverse effects on honeybee colonies 
(Weissenberger, 1988; W endling, 2012).

Several points concerning VM Ps are

im portant for the veterinarian prescriber an, I
the beekeeper user:

• VMPs m ust be prescribed by veterinarian 
according to local regulations.

• VMPs must not leave residues in the hiv< 
(or these must be lower than the residm 
m aximal limit, RML) and m ust be applir.i 
out o f honey-flow periods.

• VMPs m ust not be toxic to honeybees.
• VMPs m ust be used with care so as not to 

pose a risk to beekeepers and o ther operator, 
This is im portant for all VMPs and chemical, 
used for Varroa control. Suitable precaution, 
must be taken when using organic acid-, 
including the use o f personal protectiv, 
equipm ent (suit, gloves, glasses, etc.) again,' 
toxic chemicals.

• VMPs m ust be used according to th< 
m anufacturer’s and veterinarian’s instruction 
to achieve optim al efficacy.

• VMPs m ust be effective on  phoretic Vamn 
(miticides, except formic acid, are no t activ, 
on m ites within cells)

• VMPs m ust result in a colony mite coun' 
o f <50 Varroa before overwintering and ■>' 
the beginning of the season. The infestation 
load m ust rem ain under the threshold ol 
1,000-2,000 Varroa mites during the seaso, 
(Rosenkrantz et a i,  2010; Noireterre, 2011 
Vidal-Naquet, 2011; FERA, 2013a).

• VM P use m ust be carefully assessed. 1 
turnover o f active substances employe! 
in order to lim it o r avoid development «I 
chem otherapeutic resistance is essential 
Indeed, Varroa appears able to develop 
resistance to any chemical acaricide (FERA, 
2013a).

• Chemicals usedasmlticidesmustbeprescribi',I
if perm itted by legislation according to local 
regulation on veterinary medicines and th* 
cascade principle (which allows veterinarian, 
legally to prescribe medicines that are no, 
authorized for the relevant clinical case oi 
for the relevant species under treatmeni 
when there is no authorized VM P available 
https://www.gov.uk/the-cascade-prescribe л 
veterinary-m ediclne-for-another-use).

https://www.gov.uk/the-cascade-prescribe


i.iiile 5.1 Main miticides and active substances useu iu wimui r a iw  mresiation

л. live s u b s t a n c e C a te g o ry R e g u la tio n / 
m a rk e tin g  
a u th o r iz a t io n  (MA)

F o rm u la tio n M ode of action

Amltraz (Apivar®) F o rm am id in e MA in s o m e  
E u ro p e a n  c o u n t r ie s

S u s t a in e d - r e le a s e  
fo rm u la tio n  -  s tr ip s  
h u n g  b e tw e e n  
b r o o d  f r a m e s  
fo r  1 0  w e e k s .  
S t r ip s  s h o u ld  b e  
r e p o s i t io n e d  a t  
m id - t r e a tm e n t  t im e

O ctopam lnergic 
a g o n is t in 
a rth ro p o d s

riumethrin
n.ivvarol®)

S y n th e tic  p y re th ro id M A in s o m e  
E u ro p e a n  c o u n t r ie s

S u s t a in e d - r e le a s e  
fo rm u la tio n  -  
p la s t ic  s t r ip s  h u n g  
b e t w e e n  b ro o d  
c o m b s

B locks the  voltage­
g a te d  sodium  and 
ca lc ium  channels

ikii R u v a l in a te
\M ulan® )

P y re th ro id MA in s o m e  
E u ro p e a n  c o u n t r ie s

S u s t a in e d - r e le a s e  
fo rm u la tio n  -  s tr ip s  
h u n g  b e t w e e n  
b r o o d  f r a m e s  fo r 8 
w e e k s

B locks th e  voltage­
g a te d  sodium  and 
ca lc ium  channels

.......m a p h o s
„ « I l l l t O l ® ,

m  Kmite®,
i-wi/m®)

O ig a n o p h o s p h a te M A in s o m e  
E u ro p e a n  c o u n t r ie s

S t r ip s  (1 .4  g  
c o u m a p h o s )  h u n g  
b e t w e e n  b ro o d  
f r a m e s  fo r  6  w e e k s

Inactivation 
o f ace ty l­
cho lineste rase

• •««lie a c id
iiim ionwohl®,
’•uvar®)

O rg a n ic  a c id M A in s o m e  
E u ro p e a n  c o u n t r ie s

A s in g le  tr e a tm e n t:  
s u g a r  s y ru p  
s o lu t io n  w h e n  
b r o o d  is  n o t 
p r e s e n t

U nknow n

• .m iic  a c id
MA(JS®)

O rg an ic  a c id M A in s o m e  
E u ro p e a n  c o u n t r ie s

S lo w  r e l e a s e  
p a d :  e v a p o ra t io n  
m itic id e . A n  e m p ty  
s u p e r  m u s t  b e  
a p p l ie d  o n  th e  
b o d y  o f  t h e  h ive 
d u r in g  a p p lic a t io n .

Inhibits electron 
tra n sp o rt in the 
m itochondria/ 
neuroexcitato iy  
effec t

thym ol 
’ ,«1 iinVar® , 

Nvuuard®, 
n y in o va r® )

M o n o te rp e n o id M A in s o m e  
E u ro p e a n  c o u n t r ie s

T a b le ts  o r  g e l B in d s  to  
o c to p a m in e  or 
GABA receptors

* „iivinary m edicine m ay have MA in so m e co u n tries an d  not in o thers . Prescribers and users 
ft........is: Quarles (1996), R osenkranz (2010), V idal-N aquet (2011), G regorc (2012).



period o f tre a tm e n t R e s i s ta n c e / e f f ic a c y R e s id u e s
-------------------------

D e sc rib e d  tox ic ity  of 
th e  a c tiv e  s u b s ta n c e  lev 
b e e s

After th e  la s t h o n e y  G o o d  e ff ic ien c y .
harvest (su m m e r to  a u tu m n  R e s i s t a n c e  a n d  la c k  o f
according to  reg ion). A lso  e f f i c a c y  d e s c r i b e d
in early sp ring  b e fo re  h o n e y
flow. T reatm en ts a re  n o t  to
be applied d u rin g  p e r io d s  o f
honey flow. Out of honey-
flow period and supers
removed

R e s id u e s  d e te c te d  
In w ax , p o llen , a n d  
h o n e y

A cu te  tox ic ity  o f  amitriu 
so lu tio n  h a s  b e e n  show" 
ex p e rim en ta lly

End of s u m m e r/a u tu m n  o r  
early spring  fo r 6 w e e k s .  
Treatments a re  n o t t o  be  
applied during  p e r io d s  o f  
honey flow. Out of honey- 
flow period and supers  
removed

P y re th ro id - r e s i s ta n t  
m i te s  r e p o r t e d .  M ite 
c r o s s - r e s i s t a n c e  to  
f lu v a lin a te  a n d  flu m eth rin  
r e p o r t e d

R e s id u e s  d e t e c te d  
in w a x , p o llen , a n d  
h o n e y

In c re a se d  m ortality  of 
a d u ts  o b s e rv e d  in the  
first d a y s  o f  application

Out of honey-flow period 
and supers removed

H ig h  r e s i s t a n c e  level 
a n d  la c k  o f  e f f ic a c y  
d e s c r i b e d .  M ite  c r o s s ­
r e s i s t a n c e  t o  f lu v a lin a te  
a n d  f lu m e th r in  r e p o r te d

R e s id u e s  d e t e c te d  
in  w ax , p o llen , a n d  
h o n e y

S m alle r q u e e n s  w hen 
e x p o s e d  to  h igh  d o sea  
o f ta u -fu v a lin a te

Out of honey-flow period 
and supers removed

R e s i s t a n c e  a n d  la c k  o f  
e f f i c a c y  d e s c r i b e d

R e s id u e s  d e t e c te d  
in  w ax , p o llen , a n d  
h o n e y

B e e  m ortality . C olony 
d iso rg a n iz a tio n . Sm all'" 
q u e e n s ,  lo w er sp e rm  
viability in d ro n e s

At the beg inn ing  o f  w in te r  
as a  co m p lem en ta ry  
summer tre a tm e n t, o n  
brood-less c o lo n ie s

H ig h  e f f ic a c y  o n  b r o o d ­
l e s s  c o lo n ie s  -  n o  
r e s i s t a n c e  d e s c r i b e d  to  
d a t e

N o t d e s c r ib e d H arm ful e f fe c ts  o n  broon 
a n d  b e e s  follow ing 
se v e ra l a p p lic a t io n s  at 
s h o r t  in tervals

Effective a g a in s t p h o re t ic  
and reproductive m ite s . 
Spring to  au tu m n . S to p  
honey p roduc tion  if a p p lie d  
during honey  flow  a n d  
remove th e  h o n e y  s u p e r s .  
Temperature u se : 1 0 -2 9 .5 ° C  
on day of ap p lica tio n . 
Application s h o u ld  la s t  7  
days

H ig h  e f f i c a c y  re p o r te d .  
N o  r e s i s t a n c e  d e s c r ib e d  
to  d a t e

H ydro p h ilic  -  n o t 
d e s c r ib e d

D iso rg an iza tio n  o f  the  
c o lo n y  a n d  indu c tio n  Ы 
a d u lt b e e  m orta lity  and  
re jec tio n  o f  th e  queen .
If te m p e ra tu r e s  ex ceed  
2 9 .5 °C  e x c e s s iv e  brood 
a n d  q u e e n  lo s s  m ay  
occu r.

Out of honey-flow period 
and supers removed.
Tem perature d e p e n d e n t ,  
may c a u se  d is o rd e r s  w ith in  
the colony if te m p e ra tu r e  is 
too high

E ff icacy  r e p o r t e d  to  b e  
b e tw e e n  66 a n d  9 0 %  o n  
V a rroa

L ipoph ilic  -  m a y  
a f fe c t th e  t a s t e  of 
th e  h o n e y ; g en e ra lly  
r e c o g n is e d  a s  s a f e  for 
h u m a n  c o n s u m p t io n

C o lony  d iso rg an iza tio n / 
b ro o d  re m o v a l/q u e e n  
m ortality

must check regulations, d o sa g e s , a n d  m o d es of u sa g e  before prescription and use.



• Chemicals (organic acids and thymol) must 
not be bought in hardware shops, etc., as is 
often done in beekeeping practice.

Miticidcs

Several miticides may be used to control Vnrroa 
mlcstation. The miticides presented here arc the 
main ones prescribed and used in Europe (Table
3.1).

According to local regulation, miticides used 
In hives may have two different legal statuses: 
thus, they are considered as VMPs in the EU, or 

biocides or pesticides in some other territories 
uich as Canada and the US.

Amitraze (formamidine), tau-fluvalinate 
i | 'yrethroid), coumaphos (organophosphate) and 
llumethrin (pyrethroid) are synthetic acaricides 
lived to control Varroa infestation. They are 
mainly used as sustained-release formulations 
In-cause they do no t have any efficacy on mites 
within capped brood cells, However, resistance 
and lack of efficacy have been described for these 
treatments (Rosenkranz et a l, 2010; Mallick, 
1013).

Sustained-release amitraze has been reported 
In present a good efficacy (Faucon et a l, 2007).
Л field study perform ed in 2011 field by French 
Ik «-keepers reported an efficacy o f 95% or more 
m 77% of the colonies in which it was applied 
iVandame, 2012). However, som e cases o f 
irustance to Amitraz from Varroa destructor 
have been reported in recent years (Maggi et 
u/ . 2010).

Thymol and organic acids (formic acid, oxalic 
«« id, and lactic acid) are miticides considered 
m natural compounds. VMPs containing formic 
«.Id, oxalic acid, and thymol exist. Unfortunately, 
mil all EU countries (and worldwide) have 
marketing authorization for all these VMPs and, 
iv ■ prescribes a veterinarian has to follow local 
i ' «illations and legislation on VMPs.

• 1 hymol is used as a sustained-release treatment 
but its use is temperature dependent.

• Formic acid exists as a sustained-release 
formulation and is interesting because it is 
effective against phoretic and reproductive

m ites in the capped brood (Imdorf et al., 
2003). It m ay cause disorder in the colony. 
Oxalic acid and lactic acid can be used in 
brood-less colonies as one-off treatments 
(i.e. for brood-less wintering colonies or for 
swarm s). Oxalic acid m ust be applied only 
once: if  it is applied several times at short 
intervals, it can harm  adult bees, queen, and 
the brood. O rganic acids must be used with 
great caution by veterinarians and beekeepers 
because o f their high toxicity.

The use o f  thym ol and organic acids is 
recom m ended for the following reasons:

• Their efficacy is reported  as sufficient if they 
are correctly  applied and managed with 
beekeeping and biotechnological practices.

• There is a low risk  o f problems with residues 
in p roducts o f the  hive. Furthermore, oxalic 
and form ic acids are natural ingredients of 
honey.

• There is a  ‘low probability  ofelicitingresistance 
after repeated treatm ents’ (Rosenkranz eta/., 
2010).

Treatment strategy

Because n o  m iticides have 100% efficiency and 
eradication o f  V. destructor is impossible, and 
because m anaged colonies are food producers, 
treatm ent strategies m ust be set up and 
perform ed in association with biotechnological 
m ethods.

The treatm ent strategy depends on several 
factors: honey-flow  period, meteorolog­
ical conditions, geographic area, honeybee 
sub-species, p roduction  target, Varroa popu­
lation grow th, brood-less periods, beekeeping 
practices, and beekeepers (professional or non­
professional). The treatment strategy described 
here m ust be considered in combination with the 
sanitary and biotechnological measures described 
below.

Basically, the treatm ent strategy aims to 
greatly reduce the m ite population in the colony 
imm ediately after the final honey harvest in order 
to prevent, as far as possible, brood infestation 
(Wendling, 2012). The main objective is to



ensure that the developm ent o f  the  fu tu re  w inter 
bees can occur in  the best cond itions w ith the 
lowest risk o f bee parasitic m ite syndrom e. This 
strategy requires the application o f  sustained- 
release treatm ents (am itraze, tau-fluvalinate, 
thymol, or formic acid) w ith in  the  colonies.

This strategy has a scientific basis:

• The mites endanger developm ent o f  over­
wintering bees, and viruses, and  in  p a rticu lar 
DWV, transm itted by Varroa are a  m ajor 
threat for the colony.

• The mite reproductive cycle occurs w ith in  the 
capped brood.

• The dynamics o f m ite popu lation  favour this 
approach.

Recent work has show n th a t th e  lifespan of 
overwintering workers w ith h igh  v iru s loads 
(DWV even if  asym ptom atic) seem s to  be 
shortened (Dainat et al., 2012). T hus, a large 
reduction in m ite population  as soon  as possible 
after the last honey harvest can  potentially  
provide the greatest p ro tection  for th e  colony 
from Varroa and DWV. This will allow the 
colony to rear w inter bees th a t are as strong  as 
possible, which is essential if  the  colony is to 
overwinter in good condition.

The threshold of 50 V. destructor rem aining 
within overwintering colonies is considered  to 
be the objective. M onitoring m ay be perform ed 
by counting NMF or TM E

If the treatm ent fails, ano ther m ay be applied 
in the colony. A one-off trea tm en t (e.g. oxalic 
acid) may be applied to a  brood-less colony (just 
before the overwintering period  an d  usually  on 
a sunny, mild day in  Novem ber) (Im d o rf et al., 
2003).

Another m ethod consists in  applying a 
second treatm ent w ith an o th er sustained- 
release treatm ent imm ediately before w intering 
or during the early spring period.

Thus, the treatm ent strategy involves the 
following steps:

• One sustained-release treatm ent im m ediately 
after removing the supers in sum m er.

• One second treatm ent (if necessary):

-  a one-off application of oxalic acid, e.g. In 
the brood-less colony after the summri 
treatment; or,

-  one sustained-release treatm ent befon 
wintering or in early spring (withdrawing 
treatm ent before adding the supers to 
avoid residues in the hive products).

During the season, monitoring of the mill 
population (usually by measuring NMF »i 
evaluation of mite infestation by sampling aduli 
honeybees) is necessary (to detect signifkani 
increase, reinfestation, etc.) and anotho 
treatm ent m ay be required. This monitoring 
strategy is quite similar to the integrated peil 
m anagem ent described in section 1.6.5 below 

O ne protocol may be followed based on 
assessing the NMF (Wendling, 2012; FERA 
2013a):

• May-July: NMF >3 mites/day -  treatmcni 
with formic acid after honey spring harvestin|i 
(or sanitary measures such as withdrawnn 
capped drone brood).

• End of July-August: NMF >10 mites/day 
treatm ent with formic acid (after removing 
the honey supers).

• Throughout the season: NMF > 15 mites/day
-  the supers m ust be immediately remove, I 
and a  treatm ent applied. The colony li 
endangered.

The treatm ent strategy requires a turnovn 
of VMPs and chemicals to limit the risk ol 
resistance. However, the chemical fight alone u 
not sufficient: no such treatment can complete I \ 
and safely protect bees against Varroa.

Thus, the use o f miticides is limited by varioui 
factors:

• No acaricide has a 100% efficacy.
• The use o f miticides is potentially risky for the 

bees and for the consumers o f hive product' 
due to residues in honey or wax. The year-on 
year accumulation of residues within wax 
represents a major threat for honeybees and 
demands a regular renewal o f the wax coml» 
(usually every three years).



Пине such treatm ent m ust be considered in  
.... bination with beekeeping practices and
■ ■in.hnogical control of Varroa infestation.

i (• I Biotechnological control m ethods

■in hnological m ethods are an additional 
..„I necessary help for beekeepers attempting 

• nntrol Varroa infestation. They are a part of 
■ I sanitary beekeeping practices (cf. Chapter

these m ethods can be understood as 
- i.liiional to the use o f VM Ps in colonies.
' . iitually, these m ethods may tem porarily 

place the use o f a VMP, e.g. during the active 
м mon to avoid contam ination of the honey with 
Ifllducs.

biotechnological m ethods can help bee- 
i ■ i pcrs to reduce chemical use w ithin hives as 
.1 as possible. They can also augm ent treat- 

h is  with low or m edium  efficacy, 
both the reproductive cycle in the brood 

.ini the attractiveness o f  the drone brood  for 
i ,n rna mites are the biological basis o f  these 
....... hnological measures.

i ‘tone brood removal

i 1 pillar removal o f capped drone brood may 
low down mite population growth w ithin the

■ ninny (Charriere et a l, 1998). This m ethod 
hi be perform ed in com bination with routine 
ilnny health controls (FERA, 2013a). The

• Mu асу of the drone brood removal m ethod can 
hr lavoured by stimulating natural drone brood

biding with shallow comb (or a  built comb 
imin which the lower half has been removed). 
i In- frame m ust be placed inside the hive, in the 

bmod chamber, when the queen begins to lay
* 11 * drone brood. W hen the drone com b is full of 
apped cells, it m ust be removed from  the hive

' li ire drone emergence and then destroyed. The 
i irroa m ites within the cell will not be able to 
iinilnue their life cycle and will be killed.

the frame can be replaced in the brood 
li.imber immediately after brood removal. This 

1.1 linique m ay be repeated several tim es during 
i hr season. It is a useful, easy, quick but lim ited 
..irlhod. It is well tolerated by the colony.

The use o f  fram es with sheets printed with 
drone foundations Is an alternative to shallow 
combs. It will be necessary to remove and 
destroy all the fram es when both surfaces of the 
com b are full o f capped drone brood.

This m ethod  can be Implemented in spring; 
however, spring is the reproductive season and 
rem oving drone brood can limit artificially 
drone rearing  by the colonies. Thus, fertilization 
o f virgin queens could potentially be affected. 
Hence, it is generally considered preferable to 
use th is m ethod  in  late spring/beginning of 
sum m er w hen the height of the reproductive 
season is over.

Queen trapping method: brood interruption

Caging the queen in  a small trap on a brood 
com b at the  centre o f  the hive body will halt 
ovipositioning (Lodesani et al., 2014). This 
will lead to  a com plete interruption in brood 
p roduction  24 days later (i.e. the tim e from egg 
laying to the  em ergence of drones).

By the  end o f this period o f 24 days, all the new 
workers and drones have emerged and no more 
brood  is th en  reared. The life cycle of Varroa is 
thus halted. The queen may then be freed. All 
the m ites in the colony are at this point in time 
phoretic and a one-shot m iticide (as oxalic acid) 
m ay be applied in  the hive in order to kill most 
part o f them . A colony can compensate for this 
loss o f the brood  w ithin 8 weeks (Buchler, 2009).

This m ethod  is probably best implemented 
in July o r August, according to the area and the 
climate. O ne drawback is that the loss of brood, 
though tem porary, m ay weaken the colony.

Comb trapping method

The aim  o f this m ethod is to trap the mites in 
capped combs of workers and then to remove 
these combs from  the hive. The comb trapping 
m ethod lasts at least 36 days and requires 
m eticulous beekeeping skills (FERA, 2013a);

• At TO: in the brood chamber, the queen is 
confined to an em pty worker comb (comb A) 
using a purpose-m ade comb-cage.



, At ru + у aays: шс ejutcn i» и и и ш еа  to a 
second empty worker com b (B).

. At TO + 18 days: the queen is confined to a 
third empty worker com b (C), and  com b A, 
now capped, is removed from  the hive.

. At TO + 27 days, the queen is released into 
the brood chamber and com b В is removed 
from the hive.

. At TO + 36 days, comb C is removed.

Thisisa very interesting and successful m ethod; a 
90% efficacy is reported (W endling, 2012; FERA, 
2013a). However, it is a tim e-consum ing m ethod 
that needs a series o f m anipulations that cannot 
easily be performed on a large-scale honeybee 
form. This method m ust be im plem ented  during 
the beekeeping season. Using the com b trapping 
method in late sum m er or au tum n should be 
avoided as this endangers the p roduction  of 
«inter bees.

Complete removal o f the brood

Ihe aim of the complete rem oval o f  the  brood 
method is to separate the  adult bees from  the 
brood, giving the colony a ‘brood-less’ pause in 
the usual swarming period  (Biichler, 2009). This 
method is similar to the queen  trapp ing  m ethod  
as they are both based on brood  in terrup tion . 
Thus, the colony m ay be considered as a 
natural’ swarm. W hile sw arm ing, the  colony is 
considered to leave behind in the  hive som e o f its 
pathogenic agents and the brood. Furtherm ore, 
the reproduction cycle o f Varroa is stopped.

This method is perform ed by a single and 
complete removal of the brood from  the colony 
to June/July without sum m er-long sustained 
miticide application. The brood  fram es are 
replaced by frames with wax sheet foundations 
or by empty frames. However, a single 
application of formic acid or oxalic acid at the 
end of the process kills m ost o f  th e  phoretlc 
Varroa. Colonies can com pensate for th is loss of 
brood within 8 weeks (Biichler, 2009). The new 
brood is reared in hygienic new  com bs with new 
wax. According to Biichler (2009), the complete 
removal of the brood does no t provoke a decrease 
to the strength of the colony at the  beginning of

tne overwintering or an impairment of honey 
production during the following year.

This m ethod is similar in effect to the bee 
‘shock swarm m ethod’ (forming a naked swarm 
in a new hive) used in particular in the control 
o f American and European foulbrood diseases.

Other techniques

Various other biotechnological methods have 
been described:
• Artificial swarm. This consists in setting up an 

artificial swarm from a parent colony during 
the swarming season (mainly before the end 
of May in temperate countries). The overall 
num ber of Varroa mites remains the same 
in the parent colony and the swarm but the 
Varroa infestation is reduced in each of them. 
It is reported that the parent colony will be 
strong enough to allow a honey gathering in 
July and the swarm to overwinter in good 
conditions (Wendling, 2012).

• The use o f a wire-mesh floor can prevent 
fallen mites from returning to the bees within 
the hive. It improves hive ventilation and 
also helps in  the fight against wax m oth by 
preventing debris accumulating on  the floor

1.6.5 In tegrated  pest m anagem ent (IPM) 
program m e to control Varroa infestation

In agriculture, the aim of IPM is not to attempt to 
eradicate a pest but to keep infestation below the 
level where it is considered to cause significant 
harm  (FERA, 2013a; Mallick, 2013). IPM 
combines monitoring, biotechnological control 
m anagements, and chemical controls throughout 
the year. Thus, treatments or pesticide inputs arc 
reduced to  the m inim um  level.

In the case o f Varroa, because the aim of mite 
control is not eradication, which is impossible, 
but rather reducing the infestation as m uch as 
possible, IPM may be an interesting m ethod in 
particular concerning the response to the issues 
raised by acaricide use (resistance, residues in 
the wax, toxicity for bees alone or in association 
with o ther residues, etc.).





Figure 5 .1 3  U s i n g  N M F  t o  d e c i d e  t h e  l e v e l  o f  c o n t r o l s  t o  e m p l o y  a s  p r o p o s e d  b y  t h e  F o o d  «  
E n v i r o n m e n t  R e s e a r c h  A g e n c y  ( F E R A ,  2 0 1 3 a ) .

An IPM lo m ain ta in  Varrtm In festation  und er 
в defined harm ful th resh o ld  w ith in  a honeybee 
colony Involves the  fo llow ing elem ents:

• Application o f  good  sa n ita ry  beekeeping 
practices.

• Application o f  m o n ito rin g  an d  b io techno log ­
ical m ethods tha t m ay  h e lp  to reduce  m iticidc 
use.

• Application o f  a se q u en ce /ro ta llo n  o f  m itt- 
cides to lim it occu rren ce  o f  Vcirroa resistance.

• Choice o f a  m iticidc acco rd in g  to  th e  level o f 
infestation and the  tim e o f  year.

• Application o f  a sus ta in ed -re lease  m iticidc 
immediately after rem ov ing  th e  supers In 
summer in o rder to  give th e  co lony  the  host 
conditions to  rear s trong  a n d  h ea lth y  w in ter 
workers.

Monitoring mite population  is o n e  p illar o f  the 
IPM program for Varroa in festation  in  colonics. 
Throughout the year, m o n ito rin g  th e  level o f  m ite 
Infestation Is necessary and  enab les decisions to 
be made as to w hat con tro l m e th o d  to apply, 'llils 
will depend on the level o f  in festa tio n  In o rd er to 
be under the thresholds usually  recognized  (50 
Varroa during w intering  in  b ro o d -less  colonies; 
1,000-2,000 Varroa d u rin g  th e  beekeeping 
period).

Table 5.2 show s an ‘example o f 1PM methodi 
adapted  from  the Pood & finvironm ent ««scan li 
Agency (2013b) and provides inform ation <m 
som e practical m ethods used by beekeepers 
to contro l Varroa Infestation. This table list• 
appropriate m ethods o f  m onitoring, appropriate 
biotechnological m ethods to contro l Varna 
Infestation, and appropriate m edicines to uw 
according lo the  tim e of the year (considering 
April as th e  beginning of the beekeeping season) 
It m ust be rem em bered that the beginning of thr 
beekeeping season varies according to region 
(c.g. in sou thern  territories, the beekeeping 
season m ay begin earlier and the table has to b> 
adap ted  accordingly). It m ust also be taken into 
account that there Is not one single IPM rule 
but that the IPM m ust be the consequence of * 
well-considered plan, in particular according to 
the region, the environm ent, and the beekeeping 
farm,

Some IPM m ethods are proposed by it» 
A nim al & Plant Health Agency, formerly thi 
Pood & P.nvlronment Research Agency (FiiRA, 
2013a). Using NMP to m onitor the infestation 
level Is tim e consum ing. However, following 
N M l1 th roughout the year is a  way to decide thr 
level o f the control required (high, moderate, or 
light) (WiltA, 2013a) (Figure 5.13).



Using only d rone  b rood p u p ae  in festa tion  
i 'IT) m ay provide in form ation  to decide  

appropriate level o f  controls. A ccord ing  to  the  

M'llA (FERA, 2013a), the  m an agem en t o f  

"iilrol according the infestation ra te  m ay  be 

implemented as follows:

• April-June:

DPI < 2% (<1 m ite/50 cells): it is n o t 

necessary' to  Intervene.

2% < DPI < 4% (1 m ite/25 cells to  1 m ite /5 0  

cells): p lanning o f  a con tro l m an ag em en t 

during  the beekeeping season  is necessary. 

DPI > 4% (>1 m ite/25 cells): it is necessary  

to consider a control m anagem ent, 

i lunc-July.

DPI < 3% (<1 m ite/30 cells): it is n o t 

necessary to  intervene.

3% < D PI < 7% (1 m ite /15 cells to  1 

m ite/30 cells): a  light con tro l is n ecessary  

DPI > 7% (>1 m ite/15 cells): th e  colony is 

endangered and  application o f  a trea tm en t 

is necessary.

• August:

DPI < 5% (<1 m ite/20 cells): it is n o t 

necessary to  intervene.

5 %  <  DPI <  10% (1 m ite /10  cells to  1 

mite/20 cells): a light con tro l is necessary  
DPI > 7% (>1 m ite/15 cells): th e  colony  is 

endangered and application o f  a trea tm en t 
is necessary.

■ iiv IPM involving Varroa m onito ring , con tro l 

methods and acaricide use m ust be adap ted  to 
и li circum stance and may change d u rin g  the  

) • ,ir and from  one year to the next for a colony 
mi lor an apiary, 'f lit IPM will depend  on  the 
l'ic keeping area, m ite infestation level, m ite 
n infestation risk, honeybee sub-species and  
lum s, climate and m eteorological conditions, 

l'i-rkceping practices, region, and  coun try  
i Wendling, 2012; FERA, 2013a). The role o f  the 

'•irrinarian is to adapt the m ethods to  each case 
. i ording to the features of the apiary.

l.o .o  v /tnc i I iu u  vu iiuv i management ami 
p e rsp e c tiv e s  fo r  th e  fu tu re

The m e th o d s  d esc rib ed  in this section are 
c u r re n tly  a reas o f  resea rch  and offer a possible 
fu tu re  fo r  th e  co n tro l o f  Varroa infestation. At 
p re sen t, th e  se lec tion  o f  honeybees that are 
to le ra n t o f  Varroa an d  biological control of 
Varroa in fe s ta tio n  a re  n o t usable in beekeeping 
m a n a g e m e n t.

Selection o f honeybees tolerant of Varroa

T he se lec tio n  o f  A. mellifera that are tolerant 
o f  V. destructor, as o b served  in the relationship 
b e tw een  A. cerana a n d  V. destructor, is not yet 
a  reality , th o u g h  i t  offers prom ise as a method 
fo r co n tro l.

R e search  p ro g ra m m e s  have been undertaken 
to  investig a te  th e  fo llow ing  factors in the quest 
to  d ev e lo p  d es irab le  inheritable features in 
h o n ey b ees  (R o se n k ra n z  et al„ 2010; Wendling, 
2012):

• P o p u la tio n  d y n am ics  o f  Varroa in a colony.
• C o n tro l o f  m ite  reproduction .
.  H yg ien ic  b e h a v io u r  (detection, uncapping, 

a n d  re m o v a l o f  dead , diseased, or parasitized 
b ro o d ).

• G ro o m in g  b eh av io u r (honeybee workers 
g ro o m  them se lv es (auto-groom ing) and other 
n e s tm a te s  (allo -groom ing)). By grooming, 
h o n ey b ees  rem o v e  m ites from their body or 
f ro m  th e  b o d ie s  o f  o th e r  bees.

T he m o s t p ro m is in g  features seem to be hygienic 
b eh av io u r a n d  th e  population  dynamics of 
Varroa in  a  co lony  (W endling, 2012). Many 
research  p ro g ra m m e s are  underw ay to create, for 
exam ple, hyg ien ic  (H Y G ) bees and suppressed 
m ite re p ro d u c tio n  (SM R) bees (Rozenkrantz el 
al„ 2010). SM R bees are able to detect infested 
im m atu re  fo rm s in  the  capped brood cell and 
rem ove th em . A b e tte r  proposed name is Varroa 
sensitive hyg iene  bees (VSH bees) (Harris. 
2007). It seem s th a t th e  removal of the infested 
pup ae  fro m  th e  cells by  VSH bees occurs mainly 
1 -5  days afte r capping. O ne hypothesis is that 
the  d e tec tio n  an d  rem oval may be triggered by



stimuli in cells containing 3- to  5 -day-old pupae 
after capping (Harris, 2007).

However, if  tolerant Apis mellifera is 
'considered as the only long-term  solution o f the 
Varroa problem’, there is curren tly  no  evidence 
of long-term inheritable features and tolerant 
honeybee Л. mellifera lines (Rozenkrantz et al., 
2010).

Biological control

Biological control (bacteria and fungi) is 
considered by some authors as a prom ising 
approach to control Varroa infestation in 
colonies. However, biological contro l m ust be 
approached with care and caution.

Some bacteria (Bacillaceae and  Micro- 
coccaceae) are reported to have an  in  vitro 
pathogenic effect against Varroa (Tsagou et al., 
2004). However, at this time, there is no  prac­
tical beekeeping application for these bacteria 
and further research is needed before a possible 
practical use can be realized.

Anotherfieldofresearchisentomo-pathogenic 
fungi. Some fungi ( Verticillium lecanii, Hirsutella 
spp., Paecilomyces spp., Beauveria bassiana, 
Metarhizium spp., Tolypocladium  spp.) have 
shown infectious and lethal effects on  Varroa 
(Shaw et al, 2002; Kanga et al., 2003; Meikle et 
al, 2008; Wendling, 2012). Practical use is no t 
imminent and further study is needed.

In the conclusion of this chapter on 
V. destructor, the m ain point is to recall the 
damage caused by varroosis (bee m ite parasitic 
syndrome) and the consequences for the  colony. 
Moreover, controlling m ite infestation is also 
essential for neighbouring colonies and apiaries.

2 Tracheal acariosis: infestation by 
the mite Acarapis woodi

Tracheal acariosis, also called acarine disease or 
acarapidosis, is a contagious parasitic disease of 
the adult honeybee (A. mellifera and  o ther Apis 
species) (OIE, 2014a). It is caused by a m ite living 
in the tracheae, A. woodi (Acari: Tarsonemidae). 
Acarapis woodi was first described on the Isle o f

W ight in 1919 after an epizooty responsible fot 
dramatic colony losses. This discovery was the 
origin o f the creation of the Buckfast honeybee 
strain by Brother Adam. (However, it was later 
reported that A. woodi was not responsible for 
‘Isle o f W ight syndrome’ (Bailey, 1964).) Tracheal 
acariosis has since then been described in many 
European countries.

Acariosis behaves as an enzootic. In the US, 
it spread as an epizootic in the 1980s (Bailey and 
Lee, 1959; Fernandez, 1999), causing devastating 
losses (Sammataro, 2012). It seems that 
honeybees in Europe present a better tolerance 
to A. woodi than those in the US (Fernandez, 
1999). However, A. woodi infestation does not 
seem to be so harmful for honeybee colonies 
except in some cases o f massive infestation 
(University o f Florida, 2014). The productivity ol 
managed colonies does not seem to be modified 
(Downey and W inston, 2001) or is reported to 
be affected only by higher levels o f infestation 
(25-30%) within the colony (Fernandez, 1999).

According to Bailey and Perry (1982), 
the frequency of infestation of colonies ha' 
progressively decreased in England and in Wale' 
from 1925 to 1980.

2.1 Regulatory status

Tracheal acariosis is a notifiable disease in sonu 
European countries (Appendix 2).

2.2 The pathogenic agent and its life 
cycle

This m ite is an internal parasite o f the respiratory 
system of the three castes of adult honeybees 
Mated founder females that ensure spreading 
seem to have a certain attraction to drones in 
comparison to worker bees (Dawicke et al.. 
1992; Fernandez, 1999; OIE, 2014a).

The mites live in the tracheae, feeding on the 
haemolymph by puncturing the tracheal wall 
The reproduction of these tracheal mites occurs 
in the tracheal system (OIE, 2014a).

The large prothoracic trachea is the main 
place where the mites live, feed, and reproduce 
However, mites may sometimes be found in the



I igure 5.14 Acaparis woodi adult. (Photo 
* nirtesy © Monique L’Hostis. Onlris Veterinary 
,, hool, Nantes.)

lit vucic, abdominal, and head air sacs (Giordani, 
r>tt\ Wilson el al., 1997).

I lie female is ovoid (140-175 pm x 75-84 pm) 
<ih! the male is similar but smaller 125-136 pm 

mi "  pm (Figures 5.14 and 5.15) (Delfinado- 
i acr and Baker, 1984; University o f Florida, 
.’014).

I he reproductive phase occurs within the 
к ge thoracic trachea. Spreading occurs by 

", i к ration of the female offspring from the 
I mi utilized honeybee to another bee. Young bees 

i days) are more attractive to A. woodi (after 
days, spiracles are considered impassable) 

•, i nandez, 1999; OIE, 2014a). The mites enter 
ilimugh the spiracles within the bee trachea 
ill lough the prothoracic spiracle within the 

ж ат thoracic tracheae).
female mites lay 5-7 eggs in the trachea 

i"ilicr sources report 8-20 eggs) (OIE, 2014a). 
Hrvelopment of male eggs takes 11-12 days 
«bile female eggs take 14-15 days. After mating, 
I, in,ile offspring migrate to body hairs and then 
"lull to other honeybees before entering the 

и liea within a spiracle (University of Florida, 
1014).

I he development cycle lasts at least 21 days 
in  nandez, 1999). This fact may explain why, 

ж the beekeeping season, A. woodi infestation 
n usually not severe: the summer honeybee’s 
■imit lifespan and population renewal (25-35

Figure 5 .1 5  A ca ra p is  w o o d i in tracheae 
(m icroscopic view). (Photo courtesy © Station 
de  recherche, A groscope Liebefeld-Posieux 
ALP, Switzerland.)

days) restricts the breeding possibilities of A 
woodi. However, th e  longer lifespan of winter 
bees (which live th rough  the overwintering 
period, som etim es 5 -6  m onths) allows up to five 
or six generations o f  A. woodi to develop. Thus, 
the consequences o f  infestation of bees may be 
m uch m ore im portan t and severe in winter.

2.3  E p id em io logy

Only m ated females leave the tracheae to contam­
inate o ther bees. Outside, A  woodi cannot 
survive for m ore than  a few hours (Sammataro 
and Needham , 1996; Fernandez, 1999). Contam­
ination occurs by contact between bees within 
the colony or betw een colonies by drifting and 
robbing w ithin an  apiary or between apiaries.



The mated female mites are m ore a ttracted to 
drones, which thus become the principal m eans 
of spreading A. woodi w ithin the colony and also 
between colonies (Fernandez, 1999).

Commercial beekeeping, package bees, and/ 
or queen trading and m igration are the main 
causes of A. woodi infestation spreading.

TVacheal acariosis m ainly spreads as an 
enzootic.

2.4 Pathogenesis

TheconsequencesofA. wooc/iTiving.reproducing, 
and feeding in the tracheae (m ainly prothoracic 
trachea) have both m echanical and physiological 
effects on the honeybee. Infestation m ay be 
unilateral or bilateral (Fernandez, 1999; OIE, 
2014a).

Infestation leads to  m echanical and 
physiological injuries:

• Partial or complete obstruction  o f  th e  air 
ducts by filling the tracheae w ith coagulum, 
faeces, moulting debris, dead mites.

• Reduction of oxygenation o f tissues linked to 
the prothoracic trachea, in  particu lar flight 
muscles (on one or bo th  sides) and brain.

• Loss of valuable haem olym ph through the 
tracheal wall.

• Death of infested bees due to  hunger, cold, 
and asphyxia.

Tracheal mites are also reported  to act as a 
vector of some pathogens, in  particu lar viruses, 
e.g. APV, CBPV, and KPV (Scott-D upree et al., 
1995). Furthermore, parasitized bees seem  to be 
more sensitive to pathogens, such as viruses (e.g. 
CBPV) (Bailey, 1965; Fernandez, 1999).

2.5 Clinical signs

The clinical signs of the disease are not really 
specific. They generally occur at the end o f the 
overwintering period and in spring. Early signs 
of infection are frequently unnoticed, though it 
may be observed that some bees are unable to 
fly or are crawling; sometimes dead bees can be 
seen (Fernandez, 1999; OIE, 2014a).

W hen the infection is significant, the clinical 
signs become more apparent;

• At the individual level, dead bees, crawling 
bees, and paralyzed bees with dislocated wings 
(or K-wings) can be observed usually on the 
ground in the front o f the hive (Sammataro, 
2012). Bees are unable to fly and climb blades 
of grass. Overwintering capability can be 
altered by tracheal mite infestation. Indeed, 
parasitized winter bees are unable to produce 
heat (with their thoracic muscles) in  order 
to m aintain temperature within the cluster 
Digestive signs, such as dysentery, may 
sometimes be observed.

• At the colony level, asymptomatic infestation 
is possible. However, in winter or early spring, 
depopulation, and even collapse, may be the 
consequences of acarine disease (Fernandez, 
1999).

2.6 Diagnosis

The clinical signs cannot allow a diagnosis of 
acarapidosis because they are not really specific 
to the disease. However, a weakening colony 
with crawling bees climbing blades o f grass, 
and paralysed bees displaying disjointed wings 
or K-wings on the ground in the front o f the hive 
may be reasons to suspect acarapidosis.

However, these clinical signs are also observed 
in other diseases such as viral infections (CBPV, 
ABPV), nosemosis, and poisoning, which must 
be taken into account when making a  differential 
diagnosis. The differential diagnosis list should 
also include other acarian diseases.

The diagnosis involves laboratory techniques 
and the identification of the mite.

Samples o f the three castes can be used (the 
queen should be avoided); however, drones arc- 
more interesting because A. woodi are more 
attracted to them than to workers or queens 
(Fernandez, 1999; OIE, 2014a). A sample of 
50 bees should be collected from a suspected 
colony (mainly crawling bees on the ground in 
front of the hive).

Direct microscopic examination of the 
prothoracic tracheae after dissection of the



thorax is the best procedure. It can be done by 
the veterinarian practitioner or in a laboratory.

An ELISA test exists for diagnosis o f tracheal 
mites; however, it is not a specific test and may 
give false-positive results (OIE, 2014a).

2.7 Prognosis

lhe prognosis may be severe in the case of high 
infestation level (>25%), in particular after the 
overwintering period and in spring (Fernandez,
1999). This is the consequence of the long lifespan 
of worker bees in winter allowing multiple 
development cycles in the respiratory system. 
However, such infestation loads are currently 
very' rare and A. woodi is not considered to pose 
a real threat to colonies.

2.8 Control and m anagem ent of 
Acarapis w oodi infestation

No VMPs for tracheal acariosis are authorized 
for use in Europe (except for some rare 
exceptions). However, volatile acaricides used 
lor V. destructor control are efficient against 
the tracheal mite. A VMP containing thymol, 
menthol, and camphor has shown 75% efficiency 
on A. woodi infestation in tropical conditions 
(Ksquijarosa, 2003).

Thymol, menthol, formic acid, and amitraze 
are used in different countries and m ust be 
prescribed and applied according to local 
regulations in the frame of the cascade principle 
to prescribe a veterinary medicine for another 
use (Delaplane, 1992; Scott-Dupree and Otis, 
1992; Vidal-Naquet, 2011). In 1984, menthol 
was used to control an epizootic outbreak of 
acariosis in the US (Delaplane, 1992).

The following are examples of the practical use 
of chemicals according to the FAO (2006) (these 
essential oils or organic acids must be officinal, 
i oming from a veterinarian or a physician):

• Essential oils. Crystalline menthol (50 g) or 
thymol (15 g) is placed in a gauze bag on 
the top of the bars, and kept there for 1-2 
months. External temperatures should be 
around 21°C; otherwise the menthol vapours 
will not reach the mites in the trachea.

Form ic itU U  / V/. д v /iU ltt acid produces
good results. A veterinary medicine with 
form ic acid as the active ingredient exists on 
the m arket in some European countries.

Prophylaxis m ethods concern good beekeeping 
practices, in particular concerning the trade and 
exchange o f honeybees. Selection of resistant 
strains is the best way to control tracheal acariosis 
and avoid the consequences of the disease. 
Resistant strains probably helped to manage the 
US epizootic in  1984 (Sammataro, 2012).

3  Tropilaelosis: infestation by the 
m ites Tropilaelaps clareae and 
Tropilaelaps mercedesae

Tropilaelaps m ites are parasites of immature 
stages o f  honeybees. Described initially in 1961, 
the m ite Tropilaelaps is a haematophagous 
ectoparasitic m ite (Delfmado and Baker, 1961; 
OIE, 2014a). F our species o f this genus have been 
described: Tropilaelaps clareae, T. koenigerum, T. 
mercedesae, and T. thaii (Anderson and Morgan, 
2007; Sam mataro, 2012; OIE, 2014a). Tropilaelaps 
clareae was the first species discovered by an 
entom ologist, G. Pangga, in 1961, and was first 
described by Delfmado and Baker (1961).

All these species are originally an ectoparasite 
of Asian honeybees {Apis laboriosa and Apis 
dorsata). Tropilaelaps clareae and T. mercedesae 
are dam aging parasites ofA. mellifera. Tropilaelaps 
koenigerum and T. thaii are not reported to be 
parasites o f  A. mellifera (Sammataro, 2012; OIE, 
2014a).

Because apiculture has become a global 
‘industry’, w ith international exchanges of bees 
and material, Tropilaelaps is a potential global 
threat, especially for non-lnfested regions (Pettis 
and Engelsdorp, 2010). For now (November 
2014), Tropilaelaps remains in its original Asian 
and Indian subcontinental areas.

It is a worldwide regulated and reportable 
disease, requiring veterinary measures for safe 
trade in order to  avoid spreading the mite (OIE, 
2014a).



In uninfested regions, all s takeho lders 
involved in apiculture (vete rin arian s , beekeepers, 
tedtnicians) m ust be  aw are o f  th is  po ten tia l 
threat and be able to  recognize o r  a t least suspect 
JTopilnelaps spp. in colonies. A ny  su sp ec t sam ple 
must be sent to  the local refe rence  lab o ra to ry  for 
honeybee health (in  th e  EU, th e  E u ro p ean  U nion  
Reference Laboratory fo r H o n ey  Bee H ealth , Les 
templiers, 105ro u ted es  C happes, BP 111, 06902 
Sophia Antipolis Cedex, F rance).

3.1 Tropilaelaps in festation  san itary  
status

Tropilaelaps infestation is a  no tifiab le  d isease in  
Europe and in m any o th e r  co u n tr ie s  w orldw ide 
and sanitary m easures m u st b e  ta k e n  as so o n  as 
possible in the case o f  susp ic io n  o r /a n d  positive 
diagnosis. It is a notifiable  d isease  to  th e  OIE 
(2014b) (Appendix 2)

3.2 Tropilaelaps s p e c ie s

The genus Tropilaelaps b e lo n g s  to  th e  class 
Arachnida, subclass Acari, o rd e r  M esostigm ata, 
and to the family Laelapidae. F o u r species are 
currently known in  th is genus (A n d e rso n  and  
Morgan, 2007).

Tropilaelaps clareae s n a tu ra l h o s t is Apis 
dorsata (the large A sian h o n ey b ee ) a n d  its 
restricted hom e range is th e  Phillip ines. It 
became a parasite o f  in tro d u c ed  A. mellifera in  
the Phillipines.

Tropilaelaps mercedesae is a p arasite  o f 
the native Apis dorsata in  m a in la n d  A sia and  
Indonesia (except Sulawesi Island) an d  Apis 
laboriosa in H im alayan co u n tries  (O IE , 2014b). 
Tropilaelaps mercedesae has b eco m e a  parasite  o f 
introduced A. mellifera in  th o se  territo ries .

Tropilaelaps koenigerum is fo u n d  o n  A. dorsata 
and A. laboriosa. The new ly describ ed  species 
Tropilaelaps thaii has been found  o n  A. laboriosa 
in mountainous H im alayan reg ions (A nderson  
and Morgan, 2007; OIE, 2014b).

The home ranges o f  these species are Asia and  
India, from w estern Iran  to  eas te rn  K orea and 
from northern C hina to  so u th e rn  Indo n esia  and  
New Guinea.

Figure 5.16 T ro p ila e la p s  (x 2 5 ). (P h o to  c o u r te s y  
o f  ©  A n s e s  S o p h ia -A n tip o lis .)

C urrently, T. clareae an d  T. mercedesae are 
th e  tw o species repo rted  to  be able to  infest 
A. mellifera.

3.3 Causative agents

Tropilaelaps is an  oval-shaped Acari, w ith  a  light 
redd ish-brow n body. Tropilaelaps clareae size is 
about 1 m m  x  0.5 m m . Tropilaelaps mercedesae 
is larger th an  T. clareae (Anses-FERA-FLJ, 2013; 
FERA, 2013b) (Figure 5.16). Those two species 
are very  sim ilar and  for long were considered j 
single species.

The m ite  is dorsoventrally flattened and is 
covered w ith  bristles. Females are larger than 
m ales an d  th e ir bodies are m ore sclerotized 
They presen t a longitudinal ventral sclerotized 
fu rrow  (Figure 5.16). Im m ature form s (eggs, 
larvae, protonym ph, and  deutonym ph) develop 
w ith in  the b rood cells.

In  th is chapter, the use o f the w ord Tropilaelaps 
concerns only the two species infesting 
A. mellifera: T clareae and  T. mercedesae.

3.3.1 The ad u lt female

The colonizing females (m other founders) 
reproduce in the sealed b rood  an d  feed on 
im m atu re  form s. They are n o t able to  piercr 
the  in tegum ent o f  adult honeybees and  feed



(on combs, adult bees, etc.). Their oval shape and 
upid movement distinguish them  from  Varroa.

The idiosoma is composed of one dorsal 
scutum and several ventral scuta.

The dorsal scutum is entirely covered w ith 
line and short bristles (also called setae). In  the 
|Histerior region of the scutum, the setae arc 
longer and thicker. The ventral part is com posed 
ol several scuta (sternal, gcnito-vcnlal, anal, 
meta-stemal. and meta-podal), and tw o stigm a 
i xtended bv a perithreme (Delfinado and Baker, 

1«M).

There arc four pairs of legs attached on  the 
'cntra! shields. The first pair is draw n forw ard  
like antennae and is supposed to have a sensory  
i ole The three pairs of hind legs are stocky and 
4 n t backwards; they participate in  locom otion  
and attachment to bees. The legs are covered 

with bnstles On the extremity o f the legs are 

tins daws (Pierson, 2014).
The gnathosoma is almost entirely h idden  by a 

dorsal extension of the body (bordered  labrum ). 
li carries the mouthparts: a pair o f  relatively 
ebon chelicerae with a not very pow erful clip at 
ibetr extremity, a pair of lateral pedipalps w hich  
hive long bristles and simple claws, and an 
undeveloped hypostoma (Delfinado and  Baker, 

IV61), The tritosternum, a Y-shaped sensory  
organ, is located on the ventral side, caudal to 
I he gnathosoma (Pierson, 2014).

J 3.2 The adult male

The male Tropilaelaps is smaller and  less 

н lerotized than the female. The dorsal scutum  
It covered with small bristles except for the 
posterior part where the bristles are longer and  
thicker (Delfmado and Baker, 1961; Baker el ai, 
2005). Compared to the female, the chelicerae 

ire long and end in a thin and spiralled filam ent. 

The male uses the mobile parts o f the chelicerae 
lo introduce spermatozoa into the  female 
genital tract (podospermy) (Rath et al., 1991). 
The male gonopore is situated in the  rear o f  the 
gnathosoma.

T he life cycle  is q u ite  s im ila r to  that o f Verroe; 
p h o re tic  p h a se  a n d  a  rep roduc tive  phase within 
th e  h o n e y b e e  ca p p e d  b ro o d . The life cycle of 
T rop ilae lap s is sh o r te r  th a n  th a t o f  Varroa and 
its fe rtility  is h ig h e r  (FERA , 2013b).

T he m o th e r  fo u n d e r  Tropilaelaps female 
en te rs  th e  b ro o d  cell ju s t before capping and 
lays 1 -4  eggs (ty p ica lly  3 -4 )  w ithin the cell. 
Пае re p ro d u c tiv e  p h ase  o ccu rs  in both worker 
and  d ro n e  b ro o d , b u t  d ro n e  b ro o d  is reported to 
have a  h ig h e r  a ttra c tiv e n e ss  (th o u g h  less marked 
th a n  w ith  Varroa) fo r m o th e r  founders (Burgett 
ef a i, 1983; O IE , 2014a).

T he la id  eggs w ill dev e lo p  in to  one male and 
severa l fem ales. A fter 12 h o u rs, the eggs hatch 
in to  th e  la rv a l stag e  th a t th en  develops into 
n y m p h s. P ro to n y m p h , d eu to n y m p h , and adults 
feed o n  th e  h o n e y b e e  im m a tu re  form . According 
to  K u m a r ef al. (1 9 9 3 ), th e  m o s t parasitized stage 
o f  th e  h o s t  is  th e  b rig h t-re d -e y e d  pupa stage, 
w ith  larvae , p ro to n y m p h s , deutonymps, and 
ad u lts  o f  T. clareae fo u n d  in  th e  cell.

T he m a tin g  p h a s e  o f  th e  daughter mites 
o ccu rs  w ith in  th e  c a p p e d  cell (Pierson, 2014). 
M a tin g  h a s  b e e n  o b se rv e d  in  open cells after 
ad u lt b ee  e m e rg e n c e  o r  ev en  outside brood cells 
(W ei, 1992; W oyke, 1994).

T he re p ro d u c tiv e  cycle  lasts about one week 
an d  is v e ry  s h o r t  c o m p a re d  to that of Varroa 
(O IE , 2014a). O ffsp rin g  (b o th  female and male 
m ites) a n d  th e  o r ig in a l  m o th e r  m ite exit from the 
cell. T h is  is  d iffe re n t to  th e  Varroa reproductive 
cycle in  w h ic h  o n ly  m a te d  daughters and the 
fo u n d e r  e m e rg e  w ith  th e  bee  w hile the male dies 
(FER A , 2 0 1 3 b ).

D u rin g  th e  p h o re tic  phase , Tropilaelaps mites 
a ttach  to  a d u lt  h o n e y b e e s  b u t are unable to feed 
on  th em . T h u s, th e ir  life sp an  outside the brood 
cell is v e ry  sh o r t. B ecause  o f  their inability to 
feed o n  a d u lt  b ees , a f te r  tw o  days outside, mated 
fem ales m ay  d ie  i f  th e y  d o  n o t en ter a.new brood 
cell (W oyke, 1987). T h e  ph o re tic  phase is the 
m ean s b y  w h ic h  Tropilaelaps spread within the 
co lony  o r  b e tw e e n  co lo n ie s (via the drifting, 
ro b b in g , a n d  sw a rm in g  behav iour of adult 
h o neybees).



Ihc shltl'i ItIC ( f U  mr.,.. . . . ,  . . . . . .  jn  ivji v IIV
phase has (wo m ain  con seq u en ces (PURA, 
2013b; OIE, 2014b);

• 'Ihc population o f  TYapiladaps increases al a 
greater rate than that o f  Varroa.

, TYopIMiips Is not ad ap ted  to  b ro o d -less  
periods, e.g, o verw in tering  p e rio d s. 'IIlls 
feature may be used  to  co n tro l Thspiladaps 
Infestation.

14 Spreading and tra n sm iss io n

Natural spread occurs by d r illin g , ro b b in g , and  
swarming (FERA, 2013b). In  its p h o rc tic  phase, 
the mite can move quickly w ith in  th e  co lo n y  an d  
honeybees spread the  m ites  rapidly.

In terms of beekeeping activity , in a p p ro p ria te  
management o f com bs an d  m a te ria l, as well as 
migratory beekeeping, favour th e  sp read  o f  
Tropilaelaps between co lon ics w ith in  an  ap iary  
and between apiaries. T hey  a lso  favour the  
spread of Tropilaelaps to n o n - in fe s te d  areas.

Apiculture has b ecom e a  g lo b a l ac tiv ity  w ith  
trade and exchange o f  m ate ria l, package bees, 
artificial swarms, nuclei, an d  qu een s . Tropilaelaps 
must be considered a m ajo r p o te n tia l th re a t for 
non-infested regions.

3.5 Clinical s ig n s  o f T ro p ila e la p s  

infestation; trop itaeiosis

Tropilaelaps can cause th e  d e a th  u p  to  50%  
of honeybee larvae and  co n se q u e n tly  severe 
damage to heavily infested  co lon ies. T he c lin ica l 
signs of tropilaelosis and  v a rro o s is  are  very  
similar.

The damage th a t o c c u rs  is m a in ly  the  
consequence o f features o f  th e  m ite ’s life cycle;

• The life cycle occurs in  th e  b ro o d  cell,
• It is very short, with ad u lt Tropilaelaps u n ab le  

lo feed on adult bees an d  u n a b le  to  su rv ive  
more than two days.

• It leads to a large in crease  in  Tropilaelaps 
population.

At the colony level, rapid  w eak en in g  a n d  co llapse 
may occur. Some infested co lo n ie s sw arm  o r 
abscond the hive as a n a tu ra l m e a n s  to  co n tro l

m e m iestn tion , favouring  the  sp read ing  o f  tb> 
m ile. At th e  en tran ce  o f  the  hive, som e bees may 
he  found  craw ling, unable to  fly.

The b ro o d  appears Irregular a n d  poor, du> 
to  the dea th  o f  the  larvae. Som e capped  cell* 
arc p u n c tu red  by cleaner w orkers try ing  u 
expel infested  an d  dead larvae, pupae, am! 
Im ages. C adavers o f im m atu re  h o neybees may 
be observed  p ro tru d in g  from  the  cells (FERA 
2013b; O IE . 2014a).

Surv iv ing  adu lt bees em erg ing  from  Infested 
larvae have a sh o rte r  lifespan.

The clin ical signs on  adult bees are:

• Lower b o d y  w eight.
• D efo rm ed  abd o m en .
• D efo rm ed  a n d  sh ru n k e n  legs an d  wings.

Like Varroa, Tropilaelaps is strong ly  su sp e c ts  
to  be  a v ec to r o f  DW V. Indeed , D W V  has bco 
d escrib ed  asso c ia ted  w ith  T. mercedesae infestinj 
A. mellifera (D a in a t et al., 2009; Forsgren  et al 
2009; S am m ataro , 2012).

3 .6  V a rro a  an d  T ro p ila e la p s  

c o - in fe s ta t io n

C o -in fes ta tio n  o f  b o th  Varroa a n d  Tropilaelapi 
is possib le  b ecau se  th ey  have the  sam e host and 
th e  sam e eco log ical n iche. In th is  situa tion , th« 
m ites  fall in to  d irec t c o m p e titio n  (B u rg e tt et al 
1983; P ie rso n , 2014).

D u rin g  co -in fe s ta tio n  o f  a  b ro o d  ceil by l 
destructor a n d  T. clareae, on ly  fem ale T. da паи 
seem s lo  b e  able g enera te  viable otfsprlni 
(B urgett et al., 1983). A n o th e r  observation 
re p o rts  th a t w h en  b o th  m ites a re  in  th e  satm 
cell, the  re p ro d u c tio n  o f  b o th  m ite s  decline  
(R itte r a n d  S chneider-R itte r, 1988; O IE , 2014.. 
At th e  co lo n y  level. In th e  even t o f  с о - infestation 
th e  in crease  in  th e  p o p u la tio n  o f  Tropilaelaps It 
h ig h e r th a n  th a t o f  Varroa (B urgett et al., 198И

3 .7  D ia g n o s is

In  In fested  co u n tr ie s , th e  d e te c tio n  a n d  iht 
m o n ito rin g  o f  th e  Tropilaelaps a re  im p o rts»  
to  c o n tro l th e  in festa tion , as m u s t be d o n e  l« 
Varroa.



In n o n-in fes ted  countries, im porta tion  o f 
luckceping m aterial an d  bee* m ust be h ighly 
ugu la tcd . In the  case o f  in tro d u c tio n , de tec tion  
nt Tropilaelaps is crucial as soon as possible 
11m aidenng  th e  risks for colonics: th is will 
li jiI au th o rities  to  take san ita ry  m easures to 
if у to lim it th e  spread o f  the  m ite an d  to try  to 
in d ic a te  it.

D iagnosis can  be do n e  by the sam e m ethods 
n»rd for Varroa (O IE , 2014a):

. By co llection  o f m ites from  honeybee  sam ples.
• By exam ination  o f  colony an d  b rood: like 

Varroa, Tropilaelaps can be ob se rv ed  on  adult 
bees. However, identifica tion  in  th e  capped  
brood ( in  p a rticu la r in  d ro n e  capped  b rood) 
is the best and  easiest m eans fo r diagnosis.
By placing  a m esh floor u p o n  a sticky  board  
in the  hive.

i ’istinguishing betw een bo th  m ites is qu ite  easy:

• Varroa m ites are larger, oval- an d  c rab -shaped , 
and m ove slowly.
Tropilaelaps m ites are sm aller, elongated , and  
arc fast ru n n in g .

'illcrential d iagnosis m u st also  consider the 
Л» Hr aula coeca (larger, ro u n d e r  in  shape w ith 
niily three pairs o f  legs) an d  th e  m ite  Melittiphis 
•I’tartus (a scavenger o f  p o llen  in  the  hive)
1 .Ibbins an d  van Toor, 1990; FERA, 2013b)

i  я Control o f T ro p ilae lap s  in festation

l in im e n t  w ith susta ined-re leased  acaricides 
nan fluvalinate, flum ethrin , am itraze) o r  w ith 
■ •«•fully tim ed applications o f  fo rm ic  acid, 
•nlfur, and  coum aphos is used in  Asia to con tro l 
tropilaelaps infestation  (W ilde et al., 2000; OIE, 
# M a ).

Biotechnological m eth o d s arc  also  used 
i" K introl Tropilaelaps infestation . T hey are 
, nibably m ore efficient th an  for th e  co n tro l o f 
\,чюа in festa tion  in p articu la r  because o f  the 
inability o f  Tropilaelaps to  feed o n  ad u lt bees and  
■o live ou tside  th e  cells longer th a n  tw o days.

Biotechnological m ethods are based on 
biological features of the mite:

• The a ttrac tio n  o f  th e  m ite  to  the brood.
• T he inab ility  to  feed on  adu lt bees.
• T he sh o rt lifespan o f  m ites outside the brood 

d u r in g  th e  trophalac tic  stage (2 days).

Thus, h u sb a n d ry  m eth o d s leading to brood-less 
p erio d s  p reven t Tropilaelaps from  finding a host 
to  su p p o rt rep ro d u c tio n  and survival (Woyie, 
1984; T angkanasing  et al., 1988; W ilde et at, 
2000). Such m e th o d s  involve

• R em oving  all the  b rood  com bs from  infested 
colonies.

•  R em oving  th e  w hole capped brood after 
cag ing  th e  q u een  for 9 days (all the brood 
will be  cap p ed  a t th is  m om ent).

•  C ag ing  th e  q u een  for at least 21 days causes 
th e  b ro o d  surface to  progressively decrease. 
T he q u een  is re leased  w hen all the  brood-cells 
are  em p ty  a n d  cleared  (W oyke, 1984).

B ecause th e  m ite  is n o t able to  survive a Long 
b roo d -less  p e rio d , Tropilaelaps infestation is 
p robab ly  ‘relatively straigh tfo rw ard’ to control 
u sin g  b eekeep ing  m e th o d s  (FERA, 2013b).

3.9 P reventing n o n -in fested  countries 
a g a in st  T ro p ila e la p s  m ite s

G lobal ap icu ltu re , svith package bees, nuclei, 
artific ial sw arm s o n  fram es, and trade in 
queen s an d  m ate ria l (lead ing  to exchange and 
m o v em en t o f  honeybees a round  the world) 
leads to  a  real a n d  m ajor risk o f  introducing 
Tropilaelaps in  v irg in  territories. The mites have 
no t yet b een  fo u n d  the  EU. ‘Tropilaelaps mites 
are s ta tu to ry  notifiable pests in  the European 
U nion. T here is a legal requirem ent for any 
findings to  be notified  to  regulatory bodies 
u n d e r EU legislation  (A nses-FE R A -FLl, 2013).

The UK has developed  a  N ational Bee Unit to 
m o n ito r ap iaries for exotic th reats, in  particular 
co n cern in g  Tropilaelaps m ites and the small 
hive beetle Aethina tumida (FERA, 2013b). This 
su rveillance is p e rfo rm ed  by inspecting sentinel 
apiaries fo r exotic pests.



4 Infestation uy ure ny arauia coeca

Braula coeca is a flattened, blind, and wingless 
fly (Order: Diptera; Family: Braulidae). It is 
also (incorrectly) called 'bee louse’ (Cldmcnt, 
1905; Somerville, 2007), lice being a term  given 
usually to Acarid parasites. It was first described 
by Reaumur (1734-42).

Adults live on the bodies of the three castes 
of honeybee. Larvae live in the honeycomb 
wax and tunnel through the wax capped honey 
cells. It is mainly considered as harmless to 
colonies. Tlte bee louse is som etim es considered 
as a commensal insect of colonies (University 
of Florida, 2010). Braula caeca is described 
worldwide (Europe, Asia, Africa, South and 
North America and Tasmania). However, at 
icast in Europe, the bee louse is now rarely 
observed in apiaries, probably because o f the 
use of chemicals to control Varroa infestation. In 
some places where Varroa is not present, e.g. the 
island of Ushant off the coast o f France, Braula 
is observed in many colonies.

4.1 The fly B rau la  coeca

The Braula coeca adult is about 1.5 m m  long, 
round-shaped, reddish-brown, and covered in 
spine-like hairs (Figure 5.17) (Clement, 1905; 
University of Florida, 2010). As an insect, it has 
three pairs of legs, and this may help to easily 
distinguish it from VI destructor. Tarsi, with a 
comb-shaped row of spines, allow it to hang 
upon the hairs of the adult honeybees (Dietz et 
at, 1971). The adult bee louse moves around the 
bee with great agility (Dietz et a i, 1971).

Adults are found on the bodies o f  all three 
castes, with a preference for the queen (probably 
because of the frequency o f feeding periods and 
because of the quality of the royal jelly). Up to 
180 adult bee lice have been observed on a single 
queen (University of Florida, 2010). In order to 
feed, Braula moves near the m outh apparatus 
of the bee and steals the food provided by the 
nurse bees during trophallaxis (Clement, 1905; 
Somerville, 2007).

The female lays eggs in m any places in the 
hive (empty cells, brood cappings, debris on the

Figure 5.17 Braula coeca  adult. (Drawing by 
Nicolas Vidal-Naquet, adapted from Paillot et 
a/., 1943.)

floor), but only the eggs oviposited on honey 
cappings will hatch.

The eggs are white and oval-shaped with 
two lateral flanges. The eggs measure on 
average 0.8 m m  x 0.3 mm without the flanges 
and 0.84 mm x 0.42 mm with the flanges. The 
egg stage lasts 2 -7  days (University of Florida, 
2010). The larvae are maggot like. The larval 
development goes through three instars before 
pupation. The larval stage lasts 7-11 days. 
The pupae are creamy white in colour and 
measure 1.4—1.7 mm long x 0.5-0.75 mm wide 
(Sommerviile, 2007).

The larva develops under the capping and 
burrows a 1 mm tunnel along the surface of the 
honeycombs, giving them a cracked appearance 
(Borchert, 1970; Somerville, 2007). The bee louse 
can live all winter long on the bees during the 
overwintering period. Braula spread via robbing 
and drifting honeybees.

4.2 Health im pact of B ra u la  coeca

Braula is mainly harmless and considered as 
innocuous for honeybee colonies.

It has been reported that in strongly 
infested colonies, the bee louse may disturb



the egg-ovipositing of the queen (Ben Hamida, 
1999).

The main economic impact of Braula 
fly infestation concerns the honeycombs 
(Somerville, 2007). The honeycombs appear 
cracked, burrowed, and arc unstable. Their 
poor appearance renders them unsaleable (to 
honeycomb consumers). However, the honey 
within may still be extracted and sold.

4.3 Diagnosis

Diagnosis is made by identification of B. coeca 
on honeybees (workers, drones, and the queen). 
The flies arc often found on the heads of the three 
castes of bees and particularly on the queen. A  
cracked appearance of the honeycombs is one of 
the clinical signs of infestation within the colony.

4.4 Control of Braula infestation

There is no treatment because the bee louse 
n not considered as a danger or a threat to 
colonies. However, medicines used against 
\апоа have a residual insecticidal property 
.md thus are presumed to be efficient against 
Hraula Freezing the combs kills all stages of 
It coeca (Somerville, 2007). Tobacco smoke is 
effective against Braula adults (Phillips, 1925; 
Ben Hamida, 1999). However, this treatm ent 
n not advisable because it is toxic to bees (and 
humans) and might contaminate the honey.
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6
Fungal and protozoan diseases

„ vrral (ungi genera lly  re g a rd e d  as b en e fic ia l, 
«imensal, sym bio tic , o r  o p p o r tu n is t ic  a re  

,,'jnd in bee co lon ies a n d  th e i r  n e s ts , in  
jilticular in the  b ee b re a d  (F o le y  et al., 2012; 
todtr et al., 2013). H ow ever, so m e  fu n g i a re  o r  
«v become p a th o g en ic  fo r Apis mellifera a n d  
h>ikf able to  d am age co lo n ie s : th e s e  a re  fu n g i 
«longing to the  d iv isio n  A sc o m y c o ta , n a m e ly  
wosphaera apis a n d  Aspergillus sp p . w h ic h  
m potentially p a th o g e n ic  fo r  th e  b ro o d ; a n d  

the division M ic ro sp o rid ia , n a m e ly  Nosema 
■ and Nosema ceranae, w h ic h  a re  p o te n tia l ly  
•hogenic for ad u lt bees.

I his chapter d escrib es th e  fu n g a l a n d  a m o e b a l 
; .fiscs affecting h o n e y b e e  co lo n ie s :

I nngal brood d iseases (c a u se d  b y  A. apis a n d
41pergillus spp.).
dicrosporidial a d u lt d ise a se s  (M ic ro -  

“ oporidia b e long  to  th e  k in g d o m  F u n g i) , 
dicrosporidial b ee  d ise ases  c a u s e d  b y  N. apis 
md N. ceranae.

muebiasis cau sed  b y  Malpighamoeba
mtllificae.

Chalkbrood d isease: A scosphaera
•oil

' «Ikbrood d isease, a lso  ca lled  b r o o d  m y co sis ,
•o invasive d isease o f  th e  c a p p e d  b ro o d  cau se d  
the fungus A. apis (Sp ilto ir, 1955; P u e r ta  et al., 

•V), The disease affects a n d  is fa ta l to  im m a tu re  
' ni, Chalkbrood d ise ase  ra re ly  ca u se s  co llap se  
' the colony, b u t m a y  w e a k e n  c o lo n ie s  by  
'being the bee p o p u la tio n  a n d  c o n s e q u e n tly  
‘ affect h o n ey  p r o d u c t io n  ( re d u c tio n s  o f

5 -3 7 %  h av e  b een  re p o r te d )  (A ro n s te in  a n d  
M u rray , 2010) a n d  p o llin a tio n  activity.

A lth o u g h  c h a lk b ro o d  d isease  is g en era lly  
a  m in o r  p ro b le m  for so m e b eek ee p e rs  (e.g. 
h o b b y  b e e k e e p e rs ), it  is a n  e c o n o m ic  issu e  fo r 
p ro fe ss io n a l b eek ee p ers .

T h e  d ise a se  h a s  b e e n  k n o w n  sin ce  th e  
b e g in n in g  o f  th e  1900s b u t w as in itia lly  o n ly  
d is tr ib u te d  in  E u ro p e ; how ever, in  th e  m id -1 9 6 0 s  
i t  w as a lso  d e te c te d  in  th e  U S (A ro n s te in  a n d  
M u rray , 2010). By th e  b e g in n in g  o f  th e  1970s, 
c h a lk b ro o d  d ise a se  w as re p o r te d  to  b e  h a v in g  an  
e c o n o m ic  im p a c t  in  th e  U S (P u e r ta  et al., 1997; 
H itc h c o c k  a n d  C h r is te n s e n , 1972). Ascosphaera 
apis is n o w  sp re a d  w o rld w id e  as a  c o n se q u e n c e  
o f  h o n e y b e e  tr a d e  a n d  g lo b a l a p ic u ltu re .

1.1 Regulatory status

C h a lk b ro o d  d ise a se  is n o t  a  n o tifiab le  d isease  
to  th e  O IE . H ow ev er, i t  is a  n o tifiab le  d isease  
in  D e n m a rk , N orw ay , P o rtu g a l, a n d  R o m an ia  
(A p p e n d ix  2 ).

1.2 The fungus Ascosphaera apis

Ascosphaera apis is  a  fu n g u s  b e lo n g in g  to  
th e  p h y lu m  A sco m y co ta , th e  class E u ro tio -  
m y ce tid ae , th e  o rd e r  O n y g en a le s , a n d  th e  fam ily  
A sc o sp h a e ra c e a e  (Skou , 1972, 1988; L u m b sch  
a n d  H u h n d o r f ,  2007; A ro n s te in  a n d  M u rray , 
2010) .

T h is fu n g u s  w as firs t d e s c r ib e d  a n d  n a m e d  
Pericystis apis by  M a a sse n  (1913). In  1955, its  
life cycle  w as d e sc r ib e d  (Sp ilto ir, 1955) a n d  th e  
fu n g u s  w as re n a m e d  A. apis (S p ilto ir  a n d  O live, 
1955). T h e  sp e c ie s  o f  th e  g e n u s  Ascosphaera a re  
in se c t p a th o g e n s  (GB1F, 2014).
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fungus with two m orphologically identical 
and compatible haploid partners allowing for 
sexual reproduction. These partners can only be 
distinguished by their m ating type (MAT) locus 
(Aronstein and Murray, 2010). O n experim ental 
culture, A. apis grows as a dense and white 
mycelium containing hyphae.

The reproductive process results in the 
form ation of ascomata containing spherical­
shaped asci in which ascospores are form ed 
(Figure 6.1). The rupture o f the ascom a allows 
the release o f asci and ascospores, which are the 
transmissible form of the fungus.

The ascospores are on  average 2.7-3.5 pm  x 
1.4-1.8 in size. The ascospores have a th ick  wall 
and a spore m em brane providing protection  
against extreme environm ental conditions 
(Aronstein and Cabanillas, 2010).

The germ ination of the ascospores depends 
on several specific factors found in the larval gut, 
in particular tem perature, pH , and anaerobic 
conditions. The developm ent and grow th o f 
A. apis depends on the larval food (A ronstein 
and Murray, 2010).

Ascospores are the resistant and transm issible 
form of the  fungus. They m ay rem ain  viable 
for 15 years in m um m ified bees, 4 years in  the 
environment, and for extended periods in honey 
and wax.

1.3 Spread, transm ission, and 
contributing factors

The main routes o f dissem ination inside the 
colony are trophallaxis, food sharing, nursing  
tasks, and cleaning tasks. Between colonies and 
apiaries, drifting and robbing are responsible for 
the spread of the disease. M igratory beekeeping 
and trade as well as beekeeping practices 
(material exchange, etc.) are im portant m eans 
of dissem ination between apiaries.

It is often considered that colonies are m ainly 
asymptomatic in the presence of low levels o f 
spores in the honey and pollen stored in  the 
combs (Puerta et a l, 1999; A ronstein and 
Cabanillas, 2012).

* T

Figure 6.1 A s c o s p h a e ra  ap is : Ascom a 
containing a sc i in w hich sp o re s  are formed. 
(Photo c o u rte sy  ©  M onique L’Hostis, O n i r i s  
Veterinary Schoo l, N antes.)

T h e  o c c u r r e n c e  o f  c o n tr ib u tin g  factors n 
n e c e ssa ry  fo r  th e  d e v e lo p m e n t o f  A . apis anJ 
th e  o c c u r re n c e  o f  c h a lk b ro o d  d isease.

T h e  p re d is p o s in g  fa c to rs  a re  v ario u s stresson 
o f  th e  c o lo n y  ( P u e r ta  et al., 1997; Flores ef al 
2005; V id a l-N a q u e t, 2 011 ,12 ):

• C o ld  a n d  d a m p n e s s .
• D ro p  in  b r o o d  te m p e ra tu re .
• S tress fa c to rs  w e a k e n in g  colonies, e.g. viral 

d ise ases , Varroa in fe s ta tio n , fou lbrood  diseasr
• P ro te in  d efic it.
• B e e k e e p in g  p ra c tic e s  (e.g. u sing  artificul 

sw a rm s w ith  a  d e c re a s e d  w o rk er/b ro o d  ratio 
p o o r  h a n d l in g  o f  m a te r ia ls ) .

• H o n e y b e e  s t r a in  suscep tib ility .
• H o n e y b e e s  th a t  ex h ib it  p o o r  hygiens 

b eh av io u r.

1.4 Pathogenesis

L arvae  a re  c o n ta m in a te d  by  ingestion ol 
a sc o sp o re s  c o n ta in e d  in  th e  b ro o d -fo o d  secreted 
by  th e  fo o d -p ro d u c in g  g la n d s  o f  n u rse  worker! 
A. apis c a n  in fe c t  th e  la rv a e  o f  th e  th ree caslci 
(w o rk e rs , d ro n e s , q u e e n s ) . L arv ae  are more 
su sc e p tib le  to  b e in g  in fe c te d  w h en  they art 
y o u n g : 1 -2  o r  3 - 4  d a y s  o ld  a c c o rd in g  to  source! 
(A ro n s te in  a n d  M u rra y , 2010).
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Spores germinate in the gut lum en of 
the infected larva. After crossing through 
the peritrophic mem brane and the digestive 
epithelium of the midgut, the mycelium grows 
and invades all larval tissues (G ochnauer and 
Margetts, 1979; Alonso et a l, 1993). Pupae are 
not affected.

The infested larvae die within the capped 
cells. They become pale yellow coloured, soft, 
and eventually covered with a fluffy white 
mycelium (Puerta, 1999).

Later, the dead larvae may dry  and become 
white or black so-called chalkbrood mummies, 
depending of the presence or not of ascospores 
(Aronstein and Murray, 2010). Each black 
mummy contains 10*—10'' ascospores (Nelson 
and Gochnauer, 1982; Hornitzky, 2001). 
According to Aronstein and M urray (2010), 
white mummies do not contain ascomata and 
ascospores. It is mainly considered that young 
mummies are white, becoming black if the 
development of ascospores occurs (Puerta el 
al., 1997).

1.S Clinical eigne

Chalkbrood disease is exclusively a disease of

Figure 6.4 Black and white mummies Biacx 
and white mummies on the front floor of a 
hive. The black mummies contain ascospores 
and the white mummies do not. (Photo 
courtesy of Lydia Vilagines, DVM.)

the brood of honeybee colonics (Aronstein and 
Cabanillas, 2012). The clinical signs are the 
presence of mummies and, at the colony level, 
a 'progressive weakening of the colony" (Puerta 
et al., 1997):

Figure 6.2 Brood affected by mycosis. The 
brood may appear mottled, with mummies 
present in the capped cells. Note the  p resence 
of white mummies in the uncapped cells here 
(the cappings have been removed by cleaner 
workers). (Photo courtesy of Lydia Vilagines, 
DVM.)

Figure 6 .3 Mummy in an uncapped сей 
(the capping h as been removed by d e a re r  
workers). (Photo courtesy of Lydia Vilagirea, 
DVM.)



Figure 6 .5 A cleaner bee removing a  black 
mummy from the hive. (Photo courtesy of 
Lydia Vilagines, DVM.)

•  The b rood  cells ap p ear o ften  p u n c tu re d  
and  m ottled  (a  consequence  o f  th e  la b o u r  
o f  cleaner w orkers rem ov ing  d e a d  larvae) 
(Figure 6.2).

• In the  cells, th e  p resence  o f  d ead  larvae  
covered by  a fluffy w hite  m o u ld  c a n  be  
observed (hence  th e  nam e o f  th e  d isease). 
W hen  the  cadavers dry , th ey  b eco m e  w h ite  
then  black m u m m ies  (F igures 6 .3  a n d  6.4).

• M um m ies are observed  in side  b ro o d  cells o r  
on the  floor an d  in  fro n t o f  th e  h iv e  after th e y  
have been rem oved  from  th e  cells by  c lean er 
w orkers (F igure 6.5).

1.6 Diagnosis

The diagnosis o f  chalkb rood  is m a in ly  th e  
consequence o f  a clinical ex am in a tio n  a n d  th e  
observation  o f  th e  follow ing signs (A ro n s te in  
an d  M urray, 2010):

• Fluffy w hite m o u ld  in  b ro o d  cells.
• W hite, grey, a n d /o r  black m u m m ie s  a t th e  

en trance , o n  th e  floor o f  th e  h ive, o r  in  cap p ed  
an d  u n cap p ed  b ro o d  cells.

D ifferential d iagnosis is m ad e  in  co m p a riso n  
w ith  o th e r  b ro o d  diseases (sacb ro o d  d isease, 
E uro p ean  an d  A m erican  fou lb ro o d  d iseases), in  
p a rticu la r  w h en  th e re  are n o  m u m m ie s  in  th e  
hive.

Usually, th e  d iagnosis is q u ite  easy  a n d

I1UWCV4, u u . wiagiiUMa m u st be Dltllil. 
w ith  a n a ly s is  o f  th e  p re d isp o s in g  fad,», 
c h a lk b ro o d  d isease .

A p o s itiv e  d ia g n o s is  m a y  be  givn, , 
th e  m ic ro sc o p ic  o b se rv a tio n  o f  atcotaa, 

M ic ro sc o p ic  e x a m in a tio n  o f  ascom ata rr<|U,.. 
3 0 -4 0 x  m a g n if ic a tio n , a n d  visualization < *, , 
im p ro v e d  b y  s ta in in g  w ith  lactophenol о», 
b lue  s ta in  (LC B S) (P u e r ta  et al., 1997; Агопм, 
a n d  M u rra y , 2010).

D ire c t m ic ro sc o p ic  e x a m in a tio n  o f  исм щ  

in  b la c k  m u m m ie s  c o n f irm s  chalkbrood dlto.
If o n ly  w h ite  m u m m ie s  a re  p resen t, culilv»u 
o n  a g a r  m e d iu m  is n e c e ssa ry  to  allow t>>.., 
g ro w th , r e p ro d u c tio n ,  a n d  f ina lly  formation 
a sc o m a ta .

In  a s y m p to m a tic  c o lo n ie s , it m ay be vain, 
to  d e te c t  c o v e r t in fe c tio n .

M o le c u la r  id e n tif ic a tio n  o f  A. apis mu 1 
p e r fo rm e d  in  th is  la b o ra to ry , th o u g h  this n i. 
a  ro u t in e  p ro c e d u re .

1.7 Chalkbrood control and prevention

T he m a n a g e m e n t  o f  c h a lk b ro o d  diseau 
affec ted  c o lo n ie s  m a in ly  invo lves beekcrp 
p ra c tic e s  a n d  r e a r in g  h o n e y b e e s  that exhri 
g o o d  h y g ie n ic  b e h a v io u r , ta k in g  in to  aciou, 
th a t  sp o re s  m a y  b e  fo u n d  th ro u g h o u t the In 
(b e e b re a d , h o n e y , w ax , w o o d , etc.) and 
re m a in  v ia b le  fo r  m a n y  years.

I f  c h a lk b ro o d  d is e a se  is d e te c te d , re-quecnm 
w ith  q u e e n s  th a t  e x h ib it  g o o d  hygien ic  behavn» 
p o te n tia l  a n d  re p la c in g  c o m b s  m a y  be  sufficin'1 
if  p ro p h y la c tic  m e th o d s  a re  established .i» 
p re d isp o s in g  fa c to rs  c o r re c te d . It may b 
in te re s t in g  to  im p le m e n t th e  shock swan* 
m e th o d  to  p ro v id e  th e  c o lo n y  w ith  a pathoyo 
free  h iv e . S tro n g ly  a ffe c ted  co lo n ies should b 
e l im in a te d  a n d  th e  m a te r ia l  disinfected 
ste rilized .

T h e re  is n o  k n o w n  t r e a tm e n t  against brt»« 
m yco sis . S o m e  c h e m ic a ls  h a v e  b e e n  tested * 
vitro a n d  in vivo, b u t  n o n e  a p p e a r  to  control lb 
d ise ase  su ff ic ie n tly  a n d  sa fe ly  (A ronstein 
M u rray , 2 0 1 0 ) . A n tifu n g a l  d ru g s  m u st not b 
u se d  w ith in  c o lo n ie s .



jw u c u iy u u  uisease

C ertains n a tu ra l c o m p o u n d s  h av e  b een  
,lricriibed as h av in g  so m e  efficacy against 
lulkbrood. F or exam ple , th e  essen tia l o il f ro m  

\niureja montana h a s  p ro v e n  effective against 
, lulkbrood a t 0 .01%  in  m ic ro c ry s ta llin e  suga r 
, andy (C olin et aL, 1989).

The m an ag em en t a n d  p ro p h y la x is  o f  ch a lk - 
Uood disease invo lves th e  fo llo w in g  b eek ee p in g  
practices:

. Hives m ust be  w ell v en tila ted .
• Damp, cold, a n d  sh a d o w e d  a p ia ry  sites 

should be  avo ided . P a r tic u la r  a t te n tio n  m u s t 
be given to  th e  h iv e  s ta n d  w h ic h  m u s t  p ro te c t 
the hive against d a m p n e s s  f ro m  th e  soil.

. Hives m ust be  k e p t as c lean  as p o ss ib le  an d  
combs sh ou ld  b e  re p la c e d  a n n u a lly  in  th e  
case o f overt d isease  (o r  a t lea s t e v e ry  th re e  
years acco rd in g  to  g o o d  s a n ita ry  b eek ee p in g  
practice).

• Combs sh o u ld  n o t ,  a s  fa r a s  p o ss ib le , be  
exchanged b e tw e e n  h ives , e sp ec ia lly  in  cases 
of the disease.

• Avoid any p o llen  d e fic ie n c y  (P u e r ta  et al., 
1997; F lores et al., 2 005). S u p p le m e n ta ry  
feeding m ay  b e  n ecessa ry , in  p a r tic u la r  in  
intensive ap icu ltu re .

• Honeybees m u s t  d isp lay  g o o d  hygien ic  
behaviour (Sp ivak  a n d  R eu te r, 1998). 
Hygienic co lo n ies se em  b e  ab le  to  c o n tro l 
chalkbrood d isease  su ffic ien tly  in  m o s t cases 
(Aronstein a n d  M u rray , 2010).

Sterilization o f  c o m b s  a n d  b e e k e e p in g  m a te ria l 
with g am m a-irrad ia tio n  h as  b e e n  d e sc rib e d  b u t 
this m ethod is n o t easily  accessib le  in  c u r re n t 
apiculture.

2 Stonebrood d isease:
Aspergillus spp.

Stonebrood d isease  is a  ra re  fu n g a l in fec tio n  
of the b rood caused  by  severa l fu n g i be lo n g in g  
to the genus Aspergillus (S h im a n u k i an d  K nox, 
2000; Jensen et al., 2013): Aspergillus fum tgatus, 
Aspergillus flavus, a n d  Aspergillus niger.

S to n eb ro o d  disease is a  notifiable disease 
in  D en m ark , N orw ay, a n d  R om ania. It is no t a 
no tifiab le  d isease to  the  O IE  (A ppendix  2).

Aspergillus is com m o n ly  found  in th e  soil 
an d  in  th e  env ironm en t (water, food, com post, 
m o u ld y  hay, etc.). W hen  Aspergillus spp. thrive 
p rin c ip a lly  as saprophyte fungi, th ey  can  becom e 
p a th o g en ic  for hu m an s, m am m als, birds, an d  
insects, in  p a rticu la r in  im m une-deprived  
in d iv iduals, causing  serious disease. In h u m an  
a n d  m am m als, aspergillosis m ay affect the  skin, 
eyes, a n d  resp ira to ry  system  from  the  nasal 
cavities to  th e  lungs. The fungi can  p roduce  toxic 
a n d  carc inogen ic  aflatoxins (Jensen et al., 2013). 
T hus, b eekeepers m u st be aw are o f  th is disease 
(d esp ite  its rarity ) b o th  for the ir ow n  hea lth  and  
for th e  p ro tec tio n  o f  consum ers o f  hive products.

S to n eb ro o d  d isease m ain ly  occurs in 
w eakened  colonies, irrespective o f  the causes o f  
th is  w eaken ing .

C o n ta m in a tio n  is caused by ingestion o f  
spo res o r  by p en e tra tio n  th ro u g h  the cuticle o f  
th e  larvae. In fec ted  larvae  becom e h a rd en ed  and  
difficult to  c ru sh . T hey m ay tu rn  yellow -green 
(A. flavus), g rey -g reen  (A. fumigatus), o r  black 
(A. niger) in  colour. A dult bees m ay also be 
in fec ted  a n d  die.

D iagnosis o f  s to n e b ro o d  disease is n o t easy 
an d  req u ires  lab o ra to ry  identification.

C o n s id e rin g  th e  risks to  h u m an  health, 
p recau tio n s m u st be  d o n e  to  m anage an d  con tro l 
th e  d isease. S trongly  affected colonies should  
be e lim in a ted  an d  th e  m aterial disinfected and  
sterilized . All the  infected  b rood  com bs m ust 
be  d es tro y ed  an d  good  san ita ry  beekeeping 
m easu res im plem ented .

P rophy lax is against the  d isease requires 
s tro n g  co lon ies an d  good san ita ry  beekeeping 
practices.

3 Nosem osis: Nosema apis and  
Nosema ceranae

N osem osis is a  parasitical disease o f  A. mellifera 
adu lts  affecting th e  th ree  castes o f  honeybees 
(w orkers, d rones, an d  queens) caused by



two m em bers o f the phylum M icrosporidia 
(kingdom Fungi):

• No$ema apis Zander (Zander, 1909; COLOSS
W orkshop, 2009; Higes et at, 2010)

• Nosema ceranae (Fries et al, 1996; Higes et
at., 2006; COLOSS Workshop, 2009).

Like all M icrosporidiae, both N. apis and 
N. ceramieare obligate intracellular spore-forming 
parasites affecting exclusively the epithelial cells 
of the adult m idgut (ventriculus). However, they 
cause two different diseases: Type-A nosemosis 
caused by N. apis, and T y p e - C  nosemosis caused 
by N. ceranae, which each have their own and 
'distinct epidemiological, clinical and patholog­
ical characteristics' (COLOSS W orkshop, 2009; 
Higes et al., 2010; Botias et al., 2013).

Before 2005, N . apis was the only species of 
Nosema described in A. mellifera (Kilani, 1999b). 
In 2005, N. ceranae was described in colonies in 
Spain and then in o ther parts o f Europe as well as 
in South and N orth America (Higes et al., 2006; 
Klee et al., 2007; Chen and Huang, 2010). Today, 
N . ceranae is found worldwide in  A. mellifera 
colonies. Nosema ceranae was originally 
described as a parasite o f the Asian honeybee, 
Apis cerana (Fries et al., 1996). O ne hypothesis 
is that N. ceranae is currently replacing N. apis 
in certain populations o f A. mellifera (Higes et 
al., 2006; Chen and Huang, 2010; Fries, 2010).

In addition to  N. ceranae shifting from  Apis 
cerana to A. mellifera, studies have reported that 
a host shift has also occurred for N. apis, which 
has become a parasite of Asian honeybees. 
However, N. ceranae remains predom inant 
in Asian honeybees (Chen and Huang, 2010). 
Global apiculture with trade and exchange, as 
well as m igratory apiculture, may explain the 
worldwide spread of these M icrosporidiae.

The pathogenicity o f N. apis and N. ceranae 
infections is the subject of debate. Both Nosema 
species are often considered opportunistic 
pathogens, as are most M icrosporidia (Weiss 
and Becnel, 2014). Although Type-A nosemosis 
is acknowledged to  occur in certain conditions 
and with predisposing factors, Type-C nosemosis 
pathogenicity is a subject of discussion and debate

among researchers (Colin et al, 2008; Cox-Foster 
et al, 2007). However, at this time, it seems that 
some evidence suggests that N. ceranae is harmful 
to the strength and health of honeybee colonies 
(with economic consequences on production) 
in the presence of predisposing factors such as 
temperature, climate, nutrition, parasite or host 
genetics, environmental contaminants, or other 
parasites (Higes et al, 2008; Paxton et al, 2007, 
Traver and Fell, 2011; Martin-Hernandez et 
al, 2012; Higes et al, 2013; Botias et al, 2013; 
Williams et al, 2014).

This chapter attempts to present the current 
knowledge, based on research, of both types of 
nosemosis. The large body of published work 
dedicated to N. ceranae presents a range of 
sometimes diverse results; however, they tend 
to show a pathogenic effect of this agent when 
some o f the above-m entioned predisposing 
factors are present (hence, this fungus can be 
defined as an opportunistic pathogenic agent).

3.1 Regulatory s ta tu s

Type-А and Type-C nosemosis are notifiable 
diseases in m any European countries. Type-A 
and Type-C nosem osis are not notifiable diseases 
to the OIE (2014b) (Appendix 2).

3.2 The microsporidians N osem a apis 
and N o sem a  ceranae

3.2.1 The spores

The spores, which are oval-shaped with a dark 
edge, are the Infectious, resistant, and spreading 
form of Nosema spp. (OIE, 2014a; Chen anJ 
Huang, 2010) (Figure 6.6):

• The spores o f N. apis are about 5-7 pm i« 
length x 3 -4  pm  in width.

• The spores o f N. ceranae are slightly smaller 
4-4 .8  pm  in length x  2.1-2.9 pm in width.

The internal structures o f the spores of tlx 
two species are similar (Figure 6.7) (Chen and 
Huang, 2010; Dussaubat-Arriagada, 2012):
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Figure 6.6 Spore of Nosema spp.: m icroscopy 
(x400). (Photo courtesy © Anses Sophia- 
Antipolis.)

• A thickened wall composed of an exospore 
layer and an endospore layer protecting the 
sporoplasm.

• Diplokaryotic nuclei.
• A long coiled polar filament around the 

diplokaryon. Nosema apis spores have more 
than 30 coils and N. ceranae between 18 and 
21.

• lamellar polaroplasts below an anchoring 
disc located in the anterior part o f the spore.

• The posterior vacuole.

Differentiation between the spores o f both 
species is difficult by microscopic identification 
and requires PCR analysis.

The spores of N. apis remain viable more 
than 1 year in faeces, 4 m onths in honey and 
wax, and up to 4.5 years in infected bee cadavers 
(OIE, 2014a). The spores o f N. ceranae seem to 
be more resistant to desiccation and heat but 
very sensitive to freezing; however, the lifespan 
of the spores in the hive (honey, wax, bees, etc.) 
is unknown at this time (Fries, 2010). Nosema 
ceranae seems to be more prevalent in hot 
countries and territories.

3.2.2 The life cycle

After ingestion by adult bees, the spores of both

Figure 6.7 Spore of Nosema: (1) exospore;
(2) endospore; (3) polar filament; (4) 
diplokaryotic nuclei; (5) cytoplasma; (6) 
posterior vacuole; (7) lamellar poiaroplast;
(8) anchoring disc. (Drawing: Nicolas Vidal- 
Naquet.)

species germinate in the m idgut (ventriculus) o f 
adult bees. The polar tube is everted and allows 
penetration through the cell m em brane o f the 
sporoplasm containing the genetic material into 
the bee epithelial cellular cytoplasm (W ittner and 
Weiss, 1999). There, the sporoplasm reproduces 
as num erous spores after the m erogony and 
sporogony stages (see Figures 6.8 and 6.9). The 
cell dies and the spores are liberated in the lumen 
of the ventriculus (Figure 6.10a,b). It is reported 
that 30-50 million spores may fill the digestive 
tract. Those spores contam inate other cells, 
accumulate in the hindgut, and are evacuated in 
the faeces, allowing transmission to other bees.

After infection of an epithelial cell, the 
development o f num erous m ature spores takes 
3 days in the case o f N. apis and 4 days in the 
case o f N. ceranae (Forsgren and Fries, 2010).

3.3 ТУре-A nosem osis

T\pe-A nosemosis is considered an opportunistic 
disease. It appears to be quite benign in the



Figure 6 .8  E lec tro n  m ic ro s c o p e  im a g e  o f  a n  
in fe c te d  v en tr icu la r  ce ll filled w ith  d if fe re n t 
p a ra s i tic  s ta g e s :  m e ro n ts , m a tu r e  s p o r e s  (M S), 
a n d  e m p ty  s p o r e s  (ES) (d ay  3  p o s t- in f e c t io n ) .  
(P h o to  c o u r te s y  ©  M a ria n o  H ig e s , C e n t ro  
R eg io n a l A p ico la  M a rc h a m a lo , C a s t i l la - la -  
M an ch a .)

¥  .л

. ,» !  v :”

W I
.... V' j’J• 4 # ,*,/ .«**«• M1 -У Ш

Ki?S -
¥ ${ • '  i Ш

■ *  h  Ж  - '  •

Figure 6 .1 0  E p i th e l ia l  c e l l s  in f e s t e d  by  
N o s e m a  s p p .  (a )  N o s e m a  a p is ,  d a y  15  after 
e x p e r i m e n t a l  i n f e c t i o n  ( to lu id in e  b lu e ,  400x). 
(b) N o s e m a  c e r a n a e ,  d a y  1 5  a f t e r  experim ental 
in f e c t io n  ( to lu id in e  b lu e ,  4 0 0 x ) .  (©  H eike  
A u p p e r le . )

Figure 6.9 E lec tro n  m ic ro s c o p e  im a g e  o f  
v en tr icu la r  c e lls  in fe c te d  w ith  N o s e m a  c e ra n a e .  

M ero g o n ia l p la s m o d ia  w ith  fo u r  d ip lo k a ry a  
(arrow ). BB , b ru s h  b o rd e r ;  HT, h e a lth y  t i s s u e .  
(P h o to  c o u r te s y  ©  M a ria n o  H ig e s , C e n t ro  
R eg io n a l A p ico la  M a rc h a m a lo , C a s t i l la - la -  
M an c h a .)

absence of predisposing factors. However, 
if predisposing factors are present, Type-A 
nosemosis may lead to weakening and collapse 
of the infected colony (Fries, 2014).

3.3.1 Epidem iology an d  transm ission 

Nosema apis is reported  to be m ore prevalent in 
m ild or tem perate regions (Higes et a i, 2013). In 
tem perate clim ates, there is a seasonal pattern of 
prevalence (Bailey, 1955; Fries, 2010; Higes el nl., 
2013) characterized as follows;

• Low prevalence in sum m er (the disease is 
asym ptom atic o r  hardly detectable).

• Small peak in  autum n.
• Increasing slight prevalence in winter.
• Large peak in  early spring and affecting 

winter bees.
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Infection occurs after the ingestion o f spores in 
the feed or water, via trophallaxis o r perhaps 
after grooming of the body hairs (W ebster, 1993). 
Combs contaminated with spores o f  N. apis 
(which remain viable for m ore than  1 year in 
faecal deposits) are reported to  be the prim ary 
source of infection (Bailey, 1955, 1962). Thus, 
beekeeping practices and exchange o f material 
may be responsible for N. apis spores spreading 
between colonies.

3.3.2 Pathogenesis

Contamination is the consequence o f the 
ingestion of spores by adult bees. The infectious 
dose of N. apis is reported to be on average 100 
spores per bee (Fries, 2010). The m ean ID ^ h as  
been experimentally evaluated as 390 for N. apis 
(Forsgren and Fries, 2010).

Alteration of the digestive tract

The multiplication of N. apis occurs w ith in  the 
ventriculus epithelium cells (Fries; 1988). This
leads to;
• An inflammation of the digestive tract 

with diarrhoea or constipation caused by 
obstruction by the num erous released spores 
(Kilani, 1999).

• The digestive function o f infected bees 
becomes disorganized and nu trien t uptake is 
impaired.

• The epithelial cells degenerate w ith large 
vacuoles and glycogen deposits, leading 
to lesions in the epitheliom a. Ribosomes 
aggregate, leading to  a reduction in RNA 
synthesis that alters the secretion o f proteins 
and enzymes (Kilani, 1999).

• The consequence is a negative effect on  fat 
bodies, protein m etabolism, and protein 
levels in the haemolymph. The lesions in the 
digestive tract may be an entry  poin t for other 
pathogens.

Alteration of the hypopharyngeal glands

Atrophy of hypopharyngeal glands in workers 
b observed in N. apis infection, affecting larval 
food production and brood rearing (W ang

and Moeller, 1969). At the colony level, the 
consequence is a decrease in the honeybee 
population and in the production of honey 
(Fries, 2010).

Effects o f  Nosema apis on the immune 
response

The im m une response of the honeybee is rapidly 
activated after N. apis infection.

The expression of antibacterial peptides 
(abaecin, defensin, and hymenoptaecin) and 
phenoloxidase (which favour nodulation, 
encapsulation, and phagocytosis) has been 
shown to increase respectively 4 days and 7 days 
after N. apis infection (Glinski and Jarosz, 2001; 
Antunez et al., 2009).

Effects o f  Nosema apis on queen physiology

Type-А nosemosis alters the development of 
the queens ovaries, leading to infertility and 
re-queening by supersedure (Fyg, 1964; Liu, 
1992; Kilani, 1999).

Reduction o f lifespan

Nosema apis-infected honeybees have been 
shown to have a reduced lifespan (Goblirsch et 
al., 2013).

Colony organization changes

Nosema apis infection affects mainly winter bees, 
altering the nursing of brood at the end of the 
overwintering period. In normal conditions, this 
brood allows the emergence of a new generation 
of workers at the beginning of the season. If the 
egg laying and/or the brood rearing are impaired 
by a lack of worker bees, the new generation 
of bees at the beginning of the season will be 
affecled, leading to weakening or collapse of the 
colony.

3.3.3 C ontributing  factors 

Nosema apis is reported as commonly present 
in adult bees in apiaries as a covert infection 
without causing any damage (Kilani, 1999). 
However, at the present time, reports suggest 
that N. apis is being supplanted by N. ceranae



and  o u tb reaks o f  Т уре-А  n o sem o sis  seem  
frequen t. Nosema apis in fec tio n  is favoured  by 
som e w ell-know n p red isp o sin g  factors. The 
factors k n o w n  to  affect o u tb reak s a n d  severity  
o f  Type-А nosem o sis  are:

• W eather cond itio n s: a  long  an d  ra in y  w in te r  
ind u c in g  h ive co n finem en t increases N. apis 
co n tam in a tio n  o f  th e  co lony  (K ilani, 1999).

• A long ra in y  p e rio d  a n d  c o n fin em en t favour 
ТУре-А nosem osis.

• C lim ate: N. apis in fec tions are  m o re  p rev a len t 
in  tem p era te  regions.

• Age o f  th e  bees: o v e rw in te rin g  bees are  
rep o rted  to  be  m o re  su scep tib le  to  N. apis.

• Inherited  features: C ausasian  a n d  I ta lian  bees 
are rep o rted  to  be  m o re  suscep tib le  to  N. apis 
(Kilani, 1999).

• B eekeeping practices:
-  W in te rin g  w ith  fo rest h o n e y  (c o n ta in in g  

m elezitose) as a  fo o d  sou rce . M e lezito se  
can  crystallize, cau sin g  m id g u t ep ith e lia l 
lesions p o ten tia lly  fav o u rin g  d ev e lo p m en t 
o f  N. apis.

-  In ad eq u a te  feed in g  w ith  r u n n y  sy ru p  
m ay  be  th e  cause  o f  d ia r rh o e a  a n d  so iled  
com bs w h en  bees a re  con fined .

-  P ro te in  sta rv a tio n , in  p a r t ic u la r  b e fo re  th e  
overw in te rin g  p e rio d .

-  In ad eq u a te  p re p a ra tio n  o f  th e  w in te r  bees.
-  Inadeq u a te  m an ag em en t o f  b e e k e e p in g  

m ate ria l (com bs, supers , etc .).

3.3.4 C lin ica l s ig n s  o f  T y p e-А n o se m o s is

A n o u tb reak  o f  T ype-А n o se m o sis  ex h ib its  th e  
fo llow ing colony-level sym ptom s:

• W eakening  a n d  m o rta lity  o f  c o lo n ie s  in  
w in te r o r  early  spring .

• R educed  co lony  p roductiv ity .
• O ccu rren ce  o f  associated  in fec tio n s  su c h  as 

am oeb iosis o f  th e  M alp igh ian  tu b u le s  (K ilani, 
1999) a n d  v iral infections. T hus, o ra l b lack  
q u een  cell v iru s (B Q C V ) in fec tio n  is re p o rte d  
to  d e p e n d  stro n g ly  o n  co -in fe c tio n  w ith  
N. apis. Bee v irus Y an d  fila m e n to u s v iru s a re  
also  co n s id e red  to  be  d e p e n d e n t o n  N. apis.

—- — . —> u iC roUowing c
sig n s a re  o b se rv e d  (K ilan i, 1999, Vidal-N 
2011):

• W o rk e rs  affec ted  by  dysen tery : one ol ^  
m a in  c lin ica ls  s ig n  in  th e  h ive is the prc i,^  
o f  p a le  to  b ro w n  ex c re ta  covering the 
b u t  a lso  th e  f ro n t  a n d  th e  bo ttom  of the hi*

• W o rk e rs  m a y  a lso  b e  affected  by constip.ui,, 
a n d  p re s e n t  d is te n d e d  abdom ens due ц 
a c c u m u la tio n  o f  sp o res  w ith in  the rectum

• C ra w lin g  b e e s  u n a b le  to  fly can  be obstrv* 
a t th e  f ro n t  o f  th e  hive.

•  T h e  q u e e n  m a y  b e  in fec ted  in  winter and I», 
f e r til i ty  c a n  b e  a lte red , to  th e  po in t of sterilit) 
In  th is  ca se , th e  co lo n y  m ay  no t be able к 
re p la c e  th e  q u e e n  a n d  th e  colony can соШри

• In  sp r in g , th e  in fe c te d  q u een  is replaced ц 
su p e rs e d u re , i f  sh e  is  still capable of lavm| 
d ip lo id  eg g s (K ilan i, 1999).

• T h e  f irs t  b ro o d  o f  th e  seaso n  m ay be afield 
b y  th e  d e c re a s e d  n u m b e r  o f  winter but 
in  c h a rg e  o f  b ro o d  n u rs in g  at the end ■( 
o v e rw in te r in g  p e r io d .

3 .3 .5  C l in ic a l  a n d  d if fe re n tia l  diagnosis of 

T y p e -А  n o s e m o s is

T h e  c lin ic a l p a t te r n  o f  o v e r t T ype-A  nosemow i 
n o t  sp ec ific  to  th e  d ise a se  a n d  o n ly  a presumpi'" 
d ia g n o s is  c a n  b e  g iven .

In  te m p e ra te  re g io n s , a t th e  en d  o f  winter oi» 
sp r in g , th e  o b s e rv a t io n  o f  co lony  collapse or *  
o c c u r r e n c e  o f  c o lo n y  w eak e n in g  w ith diarrlw>‘ 
a n d  o b s e rv a tio n  o f  c raw lin g  a n d /o r  dead be 
in  th e  f ro n t  o f  th e  h iv es m ay  be suggestive * 

Т у р е - А  n o se m o s is .
F u r th e rm o re , th e  suspected  diagn°k 

m u s t  be  a s so c ia te d  w ith  th e  evaluation of P  
p r e d isp o s in g  fa c to rs , in  p a r tic u la r  taking P  
a c c o u n t m e te o ro lo g ic a l a n d  clim atic factor’ 
b e e k e e p in g  p ra c tic e s , Varroa destructor con"' 
m a n a g e m e n t, a n d  n e a rb y  ag ricu ltu ra l practk' 
( in  p a r t ic u la r ,  p e s t ic id e  u se  o n  crops).

D iffe re n tia l d ia g n o s is  m u s t  take into acc°u' 
a c a ra p id o s is  (c ra w lin g  bees w ith  K -w tf 
a m o e b io s is  (p re s e n c e  o f  su lphur-)*^  
d ia r rh o e a ) ,  v ira l d ise a se s  b u t a lso  poisoning*1*



Nosemosis 1 6 1

any cause o f  colony w eak en in g  (K ilan i, 1999; 
ME, 2014a).

In the field o r a t th e  v e te r in a ry  clin ic , a  sim p le  
test may be p erfo rm ed  o n  d iseased  bees: a fter 
sectioning tlie head, p u llin g  o n  th e  re a r  en d  

of the abdom en reveals th e  gut. In  th e  case o f  
TVpe-A nosemosis, th e  gut ap p ea rs  m ilk y -w h ite  
coloured and translucen t. Bees n o n - in fe c te d  
with N. apis present a  yellow  to  re d d ish  co lo u red  
(pollen-coloured) gut.

Positive diagnosis w ill be  co n f irm e d  by a 
laboratory test. L abora to ry  te s tin g  fo r b o th  
T\pe-A and Type-C  n o sem o sis  is d esc rib ed  
bdow in section 3.5.

3.4 Type-C nosemosis

Tvpe-C nosem osis can  b e  c o n s id e red  as an 
emerging disease. M uch resea rch  h a s  b e e n , an d  
continues to be, p e rfo rm ed  to  u n d e rs ta n d  th e  
pathogenicity o f th is  d isease. T he p resen ce  o f 
К ceranae may be asym ptom atic  in  co lon ies an d  
may not lead to  adverse effects ( F ern an d ez  et al., 
2012; Traver et al., 2012; Fries, 2014). T ype-C  
nosemosis is m ainly rep o rted , in  p a rticu la r  in  
Spain, to induce colony  w eaken ing  an d  even 
collapse. Type-C nosem osis rem ain s a  w idely 
debated disease and a subject o f  con troversy  
between researchers in  p articu la r  co n ce rn in g  
the pathogenicity o f  N. ceranae.

3.4.1 Epidemiology an d  tra n sm iss io n

The seasonality pa ttern  o f  N. ceranae in fec tion  
is different from that o f N. apis. In  h o t regions, 
there is no seasonal pa ttern  for N. ceranae 
which can be detected th ro u g h o u t th e  year 
(Martin-Hernandez et al., 2007, 2012; Traver 
and Fell, 2011; Higes et al., 2013). In tropical 
and subtropical clim ates, the  spore load of 
N. ceranae is negatively corre la ted  w ith  the 
average tem perature (D ussaubal-A rriagada, 
2012). In tem perate clim ates, the peak o f  
N. ceranae infection occurs betw een spring  and 
early summer and som etim es in  au tu m n  (Oliver, 
2011). In Germany, N. ceranae is rep o rted  to 
present two peaks o f  infection, in spring  an d  
autumn (Gisder et al., 2010). The infection

o ccu rs  after th e  ingestion  o f  spores o f  N. ceranae 
w ith  fo o d  o r  w ater (C hen  an d  H uang , 2010).

The m a in  sp read in g  rou tes o f  N. ceranae seem  
to  be d ifferen t from  those  o f  N. Apis. Indeed, 
n o  d y se n te ry  is rep o rted  an d  consequently  no  
soiled  co m bs observed . G lobal apiculture , w ith  
its trad e  an d  exchange o f  package bees and  
q ueens, is supposed  to  be responsib le o f  the 
w orldw ide sp read  o f  N. ceranae.

M ixed in fec tion  w ith bo th  Nosema spp. is 
co m m o n ly  observed  (Pax ton  et al., 2007; C hen  
et al., 2009; Forsgren  and  Fries, 2010).

3 .4 .2  P athogenesis: consequences o f  Nosema 
ceranae in fe c tio n  o n  th e  physio logy  o f  the  
h o n ey b ee

C o n tam in a tio n  is the  consequence o f  the 
ingestion  o f  spores. The infectious dose is slightly 
low er fo r N. ceranae th a n  fo r N. apis (Fries, 
2010). The m ean  ID W has been  experim entally  
evaluated  at 85 spores for N. ceranae (Forsgren 
an d  Fries, 2010).

At th e  physiological level, N  ceranae infection 
induces p h erom onal, horm onal, m etabolic, 
energetic, an d  im m u n e  effects in bees:

• Pheromone. Infected bees are repo rted  to 
presen t h ig h er levels o f ethyl oleate (EO ) than  
healthy  ones. EO  is the ‘p rim er pherom one’ 
found  in  foraging w orkers. EO regulates the 
behavioural m atu ra tion  o f  bees, delaying 
th e ir tran sitio n  to  foraging. In infected bees, 
the  level o f  EO is close to  that usually found 
in  foragers (D ubaussat et al., 2013). An 
increased level o f  EO is reported  to be linked 
to  the level o f  N. ceranae infection. A lteration 
o f  Q M P levels in  queens has been described 
in N  ceranae Infection (Alaux et al., 2011).

• Vitellogenin. Experimentally, infected bees 
present a m odification o f  the norm al evolution 
pattern  o f vitellogenin (Vg) transcript. Vg in 
uninfected bees usually presents a peak  in 
8-day-old w orkers (nurse bee age) an d  then 
decreases progressively up to the age o f 16 
days. In infected bees, Vg transcrip t has been 
show n experim entally to present an opposite 
pattern  with a  lower level in  nurse-aged bees,
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• Juvenile hormone. In  th e  h a e m o ly m p h  o f  

8 -day-o ld  in fec ted  bees (n u rse  age), a  sp ike  
o f  ju v en ile  h o rm o n e  (JH ) has been  re p o rte d  
w hich  is n o t  o b se rv ed  in  u n in fec ted  bees o f  
th e  sam e age (G oblirsch  et al., 2013).

• Energetic stress. In fec ted  bees are  su b jec ted  
to  energetic  stress, w h ich  in d u ces  u n u su a l 
h u n g e r an d  an  increase  o f  food  c o n su m p tio n  
as well as a  decrease  in  tro p h a lla c tic  exchanges 
(M ayack an d  N aug, 2009). D ie  e n e rg y  n eed s 
o f  in fec ted  bees a re  c o n firm ed  by  stu d ie s  
show ing  a significant in c rease  in  e n zy m es 
involved in  carb o h y d ra te  ca tab o lism  a n d  
energy  transfer.
Oxidative stress. In fec ted  b ees a re  su b jec t 
to  ox idative  stress. This is h ig h lig h te d  by 
th e  a b u n d a n t level o f  a n tio x id a n t p ro te in s  
in  th e  m id g u t o f  N. ceranae-in fe c te d  bees. 
How ever, acco rd in g  to  V idau  et al. (2014), 
the  an tio x id an t system  o f  bees is n o t  ab le  to  
p ro tec t th e  ep ith e lia l cells o f  th e  g u t, lead in g  
to  th e ir  d eg en e ra tio n  an d  lysis as d e sc rib e d  
in  N. ceranae-infected bees (H ig es et al., 
2007). F u rth e rm o re , v ite llogen in  is  re p o r te d  
to  p ro tec t bees fro m  ox idative  stress. T he 
decreased  level o f  v ite llogen in  p ro b a b ly  h as  
a negative effect on  a n tio x id a n t p ro te c tio n  
(G oblirsch  et al., 2013).
Vitellogenin, oxidative stress, and QMP 
in queens. A ltera tions in  th e  levels o f  
vite llogenin  (w h ich  affects fe rtility  a n d  
longevity), to ta l an tio x id an t ability, a n d  Q M P  
have been  describ ed  (A laux et al., 2011). 
This m ay  exp lain  th e  effect o n  q u e e n  h e a lth  
an d  re -q u e en in g  by su p e rsed u re  fo llow ing  
changes in  p h e ro m o n a l p ro d u c tio n .
Immunity. U nlike N. apis in fec tio n , N. ceranae 
in fec tio n  is re p o rte d  to  im p a ir  a n d  even 
suppress th e  im m u n e  resp o n se  by re d u c in g  
the  ex p ress io n  o f  so m e genes invo lved  in  
im m unity . E xperim entally , th e  exp ression  
o f  an tib ac te ria l p ep tid es was n o t m o d ified  4 
days after N. ceranae in fec tio n  a n d  in v as io n  
in  th e  v en tr icu la r  ep ith e liu m  (H iges et al., 
2007; A n tu n ez  et al., 2009). F u rth e rm o re ,
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a n d  g lu c o se  d e h y d ro g e n a se  is decrr*., 
e x p e r im e n ta lly  (A n tu n e z  et al., 2009).

• Hypopharyngeal secretion. Infected Ik. 
p re se n t  a n  a tro p h y  o f  th e  hypopharyng., 
g lan d s . A c c o rd in g  to  V idau et al. (20lf 
th e  level o f  som e  p ro te in s  (m ajor rot. 
je lly  p ro te in  (M R JP ) 1, 2, a n d  3, and alplu 
g lu c o s id a se  I II)  inv o lv ed  in  energy supj.ii 
b u t  a lso  in  th e  p ro d u c t io n  o f  brood ( ы  
by  th e  h y p o p h a ry n g e a l g lan d s is decreau 
in  th e  m id g u t  o f  in fe c te d  bees. These feu 
p ro te in s  p la y  a m a jo r  ro le, a n d  their deem., 
is p ro b a b ly  re la te d  to  th e  negative effects ,< 
N. ceranae in fe c t io n  o n  th e  hypopharyngf» 
g la n d s  a n d  tro p h a lla c tic  exchange (Vidau л 
a l, 2014).

• Lifespan o f  worker bees. Thelifespanofinfectri 
w o rk e r  b e e s  is d ec reased . Experiment* 
f in d in g s  s h o w  th a t  w o rk e r  bees infected bi 
N. ceranae live 9 d ay s less th a n  uninfected 
b ees (G o b lirs c h  et al., 2013).

3 .4 .3  P a th o g e n e s is :  c o n s e q u e n c e s  o f  Nosema 
ceranae o n  th e  h o n e y b e e  co lo n y

A t th e  c o lo n y  level, c o n s id e r in g  the adult bee 
p o p u la tio n , c a p p e d  b ro o d , a n d  h o ney  production 
as in d ic a to r s  o f  c o lo n y  h e a lth  (Meikle et al 
2008), a  re c e n t s tu d y  (B o tia s  et al., 2013) ha. 
sh o w n  th a t  N. ceranae in fe c tio n  m ay impair:

• T h e  size  o f  th e  a d u lt  h o n e y b e e  population in 
a  colony.

• B ro o d  p r o d u c t io n  (e v a lu a te d  by the uncapped 
a n d  c a p p e d  b ro o d ) .

• H o n e y  p ro d u c t io n .

S tro n g ly  in fe c te d  c o lo n ie s  a re  characterized 
by  a sm a ll p o p u la t io n  a n d  a sm all brood area, 
to g e th e r  w ith  s ig n if ic a n t im p a irm e n t o f brood 
re a r in g  as w ell as fo ra g e r  d e a th  (Botias et aL, 
2013). S evere  in fe c tio n s  a re  d esc rib ed  as leading 
to  co lo n y  co lla p se  w ith  n o  b ees fo u n d  in the hive 
(B o tia s  et al., 2013).

A t th e  in d iv id u a l  level, N  ceranae infection is 
m o re  p re v a le n t in  fo ra g e r  b ees  th a n  in nest bees 
(H ig es et a l,  2 008 ; M a rtin -H e rn a n d e z  etal, 2012;



Botias el al., 2013). O n e  o f  th e  m a in  in d iv id u a l 
features of Type-C n o sem o sis  is th e  h ig h  level 
of forager death. Young bees are  c o n s id e re d  less 
likely to be infected b y N . ceranae. F u rth e rm o re , 
the return-flight success after a fo rag in g  flight has 
been shown to be im p aired  a n d  co m p ro m ised  
in N. ceranoe-infected fo ragers (W olf et al., 
2014). One hypothetical ex p lan a tio n  is th a t 
energetic stress due to  N. ceranae in fec tio n  is 
compromising the  re tu rn -f lig h t p e rfo rm a n c e  
(Wolf el al., 2014; V idau et al., 2014). A n o th e r  
unconfirmed hypothesis is th a t  N. ceranae can  
cause disorientation (K ralj an d  Fuchs, 2010).

The lack o f foragers in d u c e d  by  T ype-C  
nosemosis is co un terbalanced  b y  th e  p la s tic ity  
of the honeybee colony. In  th e  colony, p la s tic ity  
in the division o f  lab o u r allow s n e s t bees , an d  
in particular nu rse  bees, to  b e c o m e  foragers 
prematurely -  how ever, th is  c a n  lead  to 
disorganization o f  th e  co lo n y  a n d  co n se q u e n tly  
to a reduction in th e  average life sp an  o f  w o rk ers  
(Huang and R obinson, 1992). F u rth e rm o re , 
V ceranae infection h a s  b een  sh o w n  to  in d u ce  
atrophy of hypopharyngeal g la n d s  as w ell as to  
reduce secretion from  th ese  g la n d s  (A lau x  et al, 
2010; Vidau et al, 2014).

It seems that the  n u m b e r  o f  w o rk e r  bees 
infected by N. ceranae m ay  b e  c o n s id e re d  as 
an important factor to  u n d e rs ta n d  T ype-C  
nosemosis.

Considering the  n u m b e r  o f  in fec ted  bees, it 
is possible to suggest that;

• If only a few w orkers are  in fec ted , th e  co lo n y  
will be able to  c o u n te rb a lan ce  th e  h a rm fu l 
effects o f N. ceranae by  th e  q u e e n  in c reas in g  
her laying activity and  by th e  p la s tic ity  o f  
labour replacing lost bees to  re a r  th e  b ro o d  
(Goblirsch et al, 2013).

• If the num ber o f  in fec ted  w o rk e rs  is 
high or severe, the  co lo n y  will b ecom e 
disorganized an d  Type-C n o se m o sis  will 
affect bee p o pu la tion , b ro o d  p ro d u c tio n , 
and honey p ro d u c tio n . T he co n seq u en ces 
will be w eakening o r  even co llapse  o f  the  
colony. Because foragers are th e  m a in  target 
of N. ceranae, i f  m a n y  o f  these  are  in fec ted , 
the nest bee p o p u la tio n  w ill be  adverse ly

affected w ith  an  inbalance betw een b rood  
an d  n u rse  bees. Hence, b rood  rearing  will 
be  im paired . The lack o f  food storage, 
im p a irm en t o f  b rood-food  production , and 
p robab le  im pairm en t o f the hom eostasis of 
the  nest are  repo rted  to  affect b rood  rearing  
an d  consequen tly  m ay lead to the decline of 
the  infected  colony (Botias et al, 2013).

3.4.4 C o n tr ib u tin g  facto rs 

If  en v iro n m en ta l conditions, beekeeping 
prac tices, an d  food  resources (flowering, 
honeydew , b iodiversity) are favourable for 
honeybees, it is believed th a t colonies are able 
to  defend  them selves against N. ceranae.

H ow ever, N. ceranae infection (Type-C 
n osem osis) is at th is tim e often described 
as p a thogen ic , po ten tially  inducing  colony 
w eaken ing  an d  collapse und er certain  
cond itio n s, especially  w hen the tem perature is 
h ig h  (M artin -H e rn an d ez  et al, 2009; Botias et 
al, 2013). A t th is  tim e, the  factors described 
to  affect th e  occu rren ce  and  severity o f  Type-C 
nosem osis are:

• Climate conditions. Nosema ceranae is reported  
to  b e  m o re  prevalen t in  h o t climates. The 
rep roduc tive  ability o f  N. ceranae increases 
w ith  tem p era tu re  (M artin -H ernandez  et al, 
2009).

• Age of the bees. Forager bees are reported  to 
be m o re  susceptib le to  N. ceranae.

• Genetics. G enetic  variants o f  N. ceranae, as 
well as genetic  varian ts o f  honeybee strains, 
are suspected  to play a role in  the susceptibility 
o f  th e  bees to  the  parasite (D ussaubat et al, 
2013; G om ez-M oracho  et al, 2013; W illiam s 
et al, 2014).

• Food. Lack o f  food, and  in p articu lar lack 
o f  pollen , m ay  be a  con tribu ting  factor for 
Type-C nosem osis (Eischen and  G raham , 
2008).

• Pesticides. Recent w ork has dem onstra ted  
in terac tions betw een im idacloprid  and 
Nosema, causing an increased m orta lity  
(A laux et al, 2009). A no ther study has repo rt 
th a t increasing  prevalence o f  N. ceranae in



Figure 6.11 Colony severely affected by Type-C nosem osis. The colony collapses, leaving the 
hive without bees. (Photo courtesy © Mariano Higes, Centro Regional Apicola Marchamalo, 
Castilla-la-Mancha.)

apiaries associated with pesticide residues 
present in the hives (Fipronil and Thiacloprid) 
is able to cause colony depopulation (Vidau 
rial., 2011).
Poor beekeeping practices may greatly favour 
the development of N. ceranae:
-  Inadequate feeding: poorly nourished bees 

arc more susceptible to N. ceranae th an  
are well-nourished ones (Eischen and  
Graham, 2008).

-  Inadequate management o f beekeeping 
material (combs, supers, etc.).

These contributing factors enable us to  define 
N. ceranae as an opportunistic pathogenic agent.

3.4.5 Clinical signs of Type-C nosem osis 

Type-C nosemosis features may be described by.

• At the individual level:
-  Homing failure and death of foragers.
-  Decrease in the nest bee population.
-  Premature aging of nest bees, and  in  

particular nurse bees becom ing foragers 
prematurely.

-  D ecrease  in  th e  life sp an  o f  adult honeybees.
-  R e -q u een in g  b y  N osem a-induced super- 

sedure.
At th e  co lony  level:
-  D ecrease  in  th e  b ro o d  area (and 

im p a irm e n t o f  b ro o d  rearing).
-  D ecrease  in  th e  bee  population .
-  D ecrease  o f  in  sto rage  and  in particular 

h o n ey  p ro d u c tio n .

A ccord ing  to  B o tias et el. (2013), at the colony 
level, these  th re e  p a ra m e te rs  shou ld  be considered 
as su b -c lin ica l signs o f  T ype-C  nosemosis.

W h e n  th e  N. ceranae in fec tion  is severe or out 
o f con tro l, so m e  co lo n ies m ay collapse, leaving 
the  hive w ith o u t bees (F igu re  6.11) (Higes et at.. 
2008; Botias et al„ 2013).

F u rth e rm o re , N. ceranae, as a  stressor that 
w eakens co lon ies, m ay  b e  a  predisposing factor 
o f  d iseases su c h  as ch a lk b ro o d  disease and 
fo u lb ro o d  d isease  (H ed tk e  et al., 2011; Botias e! 
el., 2013). In d eed , w eak e n ed  colonies, imbalance 
betw een  b ro o d  a n d  n u rse  bees, and food 
deficiency p o ten tia lly  caused  by N. ceranae are
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contributing factors o f  these  fungal a n d  bacteria l 
diseases.

It must be rem em b ered  th a t N. ceranae 
may remain In colonies as a co v ert in fec tio n  
(Fernandez, et at., 2012), an d  if  a few  bees are 
Infected, the colony will b e  able to  co m p en sa te  

their loss and no clinical signs w ill b e  obse rv ed  
(Gobllrsch et al, 2013). Som e s tu d ies p e rfo rm e d  
in Spain, Uruguay, an d  G erm an y  have show n 
that N. ceranae in fection  d id  n o t in c rease  co lony  
losses (Invcmizzia et al, 2009; Fries, 2010).

3.4.6 Clinical and  d iffe ren tia l d ia g n o s is  o f  
Type-C nosemosis

The clinical pattern o f o v e rt T y p e-C  n o sem o sis  
is not specific to  the  d isease; su b -c lin ica l 
symptoms are considered  to  be  a  decrease 
in bee population, an d  a  re d u c tio n  in  b ro o d  
and honey production . T hus, co n s id e rin g  the  
diseases or diverse causes th a t c a n  re su lt in  these  
symptoms, differential d iagnosis h as to  take  in to  
account all possible causes o f  co lony  w eak en in g  
and collapse. Because foragers are  th e  p rin c ip a l 
type of bee affected by T ype-C  n o se m o sis  and  
die in the field due to  th e ir  im p a ire d  h o m in g  
ability, clinical exam ination  o f  in d iv id u a ls  for 
N, ceranae infection is genera lly  im possib le .

However, a clinical ex am in a tio n  o f  th e  colony  
must be performed very  carefully  a n d  accu ra te ly  
in older to highlight c lin ical signs to  p e rm it a 
diagnosis of any diseases th a t m ay  be  p resen t.

In the case o f T ype-C  n o sem osis, th e  
suspected diagnosis m ust involve th e  evaluation  
of all predisposing facto rs and  in  p a rticu la r  
take into account geographic and  clim atic 
factors, beekeeping practices, Varraa destructor 
control management, food resources, feeding 
supplementation, and nearby  agricu ltu ra l 
practices (in particular pestic ide use o n  crops).

A positive diagnosis o f  T ype-C  nosem osis 
requires laboratory testing , o b se rv a tio n  o f 
clinical signs observed, and  an  h ea lth  and  
environmental audit o f the  affected colony, 
In particular by study ing  the  presence o f 
Predisposing factors.

3.5 Laboratory diagnosis of lype-A 
and Type-C nosemosis

3.5.1 L ab o ra to ry  d iagnosis and  sam pling 
choice

The standard  laboratory m ethod o f  diagnosis 
is to estim ate the  num ber o f  spores o f Nosema 
spp. in  a sam ple o f  50-100 bees (Goblirsch et al, 
2013; O lE , 2014a).

The quality  o f  the sam pling is crucial. Samples 
m ust be representative and should be sent to the 
labo ra to ry  w ithout delay in suitable packaging 
(A ppendix  3). According to  the OIE (2014a), 
'for a reliable diagnosis, a num ber o f bees in a 
sam ple should  be exam ined. For example, 60 
bees exam ined in  a com posite sample will d e te a  
а 5% infection  level w ith 95% probability.’ 

Selection o f  the  bees to be sampled is an 
im p o rtan t consideration. The OIE (2014a) 
standard ization  choice is a  ‘sample o f older 
w orker honeybees taken from  the hive entrance 
o r  from  periphera l fram es if weather does 
n o t perm it flight conditions'. However, when 
open ing  hives, all the worker bees, irrespective 
o f  their age group and  task, tend to be found 
m ixed together on  the fram es (Van der Steen 
et al., 2012). Thus, selecting older bees for 
sam pling  is difficult. For a better result, sampling 
m ust be done im m ediately prior to the clinical 
exam ination . W hen  opening the hives, older 
bees m ay be proportionally  easier to find on  the 
honeycom b storage (peripheral frames) or at the 
en trance o f  the hive (Van der Steen et al., 2012).

A nother approach to laboratory diagnosis 
involves estim ating the proportion of infected 
bees in a  colony. Indeed, in the pathogenesis 
o f the disease, and  in  particular in Type-C 
nosem osis, the num ber o f infected bees in a 
colony is thought to be linked to the symptoms 
observed at colony level (Goblirsch et al., 2013). 
However, to date, no standard sampling or 
standard  interpretation has been defined. In the 
sam e field, M ariano Higes proposes defining 
param eters such as the proportion of infected 
foragers to nurse bees to evaluate the prognosis 
o f Type-C nosem osis (Higes et al, 2010).
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Microscopic identification
Microscopic exam ination allows identification 
o f Nosema spp. spores. The spores o f N. apis 
are slightly larger than  those o f  N. ceranae and  
distinguishing the species by m icroscopy is 
not easy. The PCR m ethod is the best w ay to  
distinguish the species.

Spore count

Laboratory estimates o f infection level involve 
counting spores; the  results are given as the  
number of spores/bees. In terpretation  is difficult 
and the spore count has to  be p erfo rm ed  
meticulously. Indeed, spore count results have 
been shown to be poorly correlated to  qP C R  
results (Traver and Fell, 2011; Traver etal., 2012): 
samples were found qPC R  N. ceranae positive 
despite a lack of detectable spores. Spore cou n t 
also depends on the samples and the bees sent.

PCR method

PCR is the m ost sensitive m eth o d  for 
distinguishing N. apis an d  N. ceranae. 
Furthermore, qPCR is m ore sensitive th an  using  
spore counts and will detect infections 40%  m ore 
frequently (Travers et ai, 2012).

Several PCR m ethods have been described  in  
the scientific literature. OIE (2014) recom m ends 
multiplex PCR with N. apis, N. ceranae, a n d  
Nosema bombi (M artin-H ernandez et al., 2007; 
Higes et al., 2010; Fries et al., 2013).

Interpretation of the results

PCR is the best m ethod to identify the parasite  
and to quantitate levels o f  both  N. ceranae 
and N. apis (Traver et al., 2012). However, 
interpretation o f  the PCR results is no t easy.

The interpretation o f  the results m ust take 
into account the following elements;

• The standard analytical scale supplied by the  
laboratory.

• The quality o f the samples sent to  the  
laboratory.

• The anam nesis (clinical history).

—«и
елш ш н аи и п  in  и ic iic iu  a n d  th e  evaluation of 
th e  p re d isp o s in g  fac to rs  (geographical aru, 
c lim ate , m e teo ro lo g y , beekeeping practice*, 
n e a rb y  a g r ic u ltu ra l p rac tices, etc.).

.  The* fact th a t  th e  h o n ey b ee  is a  social insect 
a n d  th a t th e  co lo n y  is considered as i 
su p e r-o rg a n ism  a n d  th e  bees are individual 
o rg an ism s ( th u s , a  negative result, i.e. no 
sp o res fo u n d , d o e s  n o t  necessarily indicate 
a n  in fe c tio n -fre e  colony, and  a positive 
re su lt d o e s  n o t  n ecessa rily  m ean a positive 
d iag n o sis).

• A  po sitiv e  d e te c tio n  o f  N.apis and  N. ceratuu 
is n o t  n e c e ssa rily  a  positive diagnosis of 
T ype-А  o r  T y p e -C  nosem osis.

Complementary analysis

G iven  th e  fac t th a t  e n d o c r in e  and chemical 
m ark e rs  a re  m o d ifie d  in  nosemosis, the 
ev a lu a tio n  o f  th e  h e a lth  s ta tu s  o f  a colony as 
well as th e  ab ility  o f  a  co lo n y  to  respond to an 
in fec tio n  su c h  as n o se m o s is  can  be evaluated 
by  te s tin g  v ite llo g e n in  exp ression  and (H level 
(D a in a t et al., 2012a; G ob lirsch  et al., 2013). 
T hese fac to rs  sh o u ld  p ro v e  interesting for an 
e v a lu a tio n  o f  th e  p ro g n o s is  for the affected 
colony, th o u g h  it is u n fo rtu n a te ly  not feasible to 
m e a su re  th e se  ro u tin e ly .

A nalysis o f  th e  ch e m ic a l residues found in 
th e  h ive m a y  a lso  p ro v e  in teresting .

3.6 Prognosis

T he p ro g n o s is  o f  c o v e r t T ype-А and Type-C 
n o se m o sis  (a sy m p to m a tic  colonies) can be 
co n s id e re d  as n o t  se rio u s  if  environmental, 
food  re so u rces , c lim a te  fea tu res, and beekeeping 
p rac tices are  fav o u rab le . H ow ever, colonies that 
are a sy m p to m a tic  a n d  h e a lth y  carriers of Nosema 
spp. c a n  suffer f ro m  o u tb re a k s  o f  nosemosis, 
w h ich  cau se  se v e re  d a m a g e  an d  offer a poor 
p ro g n o sis .

T he p ro g n o s is  o f  o v e r t T ype-А and Type-C  

n o se m o sis  te n d s  to  b e  severe, w ith weakening 
a n d  ev en  co llap se  o f  in fe c te d  colonies likely. Both 
typ es o f  n o se m o s is  m a y  b e  responsib le  for a drop



in honey p ro d u c tio n  a n a  eco n o m ic  losses. It is 
necessary to  rem em b er th a t  covert in fec tio n  m ay 
turn into overt in fec tion  m a in ly  if  p red isp o sin g  
and contributing fac to rs  are  p resen t. Thus, 
controlling bo th  types o f  n o sem o sis  by  good  
beekeeping prac tices is a  necessity.

3.7 Control of Type-А and Type-C 
nosemosis

3.7.1 V eterinary m ed ic in es  

The antibiotic fum agillin  is a v e te r in a ry  m ed ic in e  
active against M ic ro sp o rid ia . It is recogn ized  
to be efficient against N. apis a n d  N. ceranae 
(Williams et al., 2008; Fries, 2010; H iges et al., 
2010), even though  a  recen t s tu d y  re p o rte d  th a t 
N. ceranae m ay evade fum ag illin  co n tro l in  
honeybees in ce rta in  c irc u m sta n c e s  (H u an g  et 
d, 2013).

The use o f fu m ag illin  is n o t  a u th o r iz e d  in  the  
EU, mainly because n o  m a x im u m  resid u e  lim it 
(MRL) has been d efin ed  b y  E u ro p ean  health  
authorities. In som e o th e r  c o u n tr ie s , e.g. th e  US 
and Canada, fum ag illin  is a u th o r iz e d  to  p reven t 
and control N. apis in fec tio n . T re a tm e n t in  
autumn and in sp r in g  is officially adv ised . This 
may be related to  a s tu d y  p e r fo rm e d  in  Spain 
showing that th e  co n tro l o f  Nosema in fec tio n  in  
autumn and in sp rin g  c a n  effectively am elio ra te  
the negative effects o f  T y pe-C  n o se m o sis  o n  the  
strength, health, an d  p ro d u c tiv ity  o f  colonies.

However, the  use o f  fum ag illin  in  th e  co u n tr ie s  
where it is au tho rized  m u st be m e a su re d  and  
associated w ith sa n ita ry  b eek eep in g  practices. 
Indeed, this an tib io tic  is o n ly  efficient o n  the  
vegetative form  o f  Nosema spp. an d  n o t o n  th e  
spores. C onsequently, a tre a tm e n t w ill on ly  
whiten a colony w hile th e  sp o res rem a in  in  the 
wax, the honey, the  p o llen , o r  o n  th e  w o o d  for 
a long time.

Alternative trea tm en ts  are  d escrib ed  as hav ing  
an effect on  Nosema in fec tio n , in c lu d in g  p lant 
extracts, algae ex trac ts, th y m o l (a  p h en o l found  
in thyme oil), an d  resvera tro l (a  po lypheno l 
found in g rapefru it a n d  som e o th e r  fru its) 
(Higes et al., 2010).

Because o f  th e  lack o f  treatm ents available in 
Europe and  because o f  the efficacy of fumagillin 
only  on  vegetative forms, good sanitary 
beekeeping practices and prophylaxis are the 
best m eans to  contro l as far as possible both  
types o f  nosem osis.

3.7.2 Beekeeping practices and prophylaxis

Strongly affected colonies should be elim inated 
and the m aterial disinfected and sterilized. If 
an affected colony is strong enough to survive, 
im plem entation  o f  the shock swarm m ethod 
(shak ing  bee m ethod) is recom m ended.

In  Europe, contro l o f nosem osis currently 
involves good sanitary  beekeeping practices and 
prophylactic m ethods based on the predisposing 
factors o f  th e  disease;

• H oneybees: local black honeybees adapted to 
th e ir  local env ironm ent should be reared by 
beekeepers.

• Healthy queens: the replacement of the 
queen yearly or every two years has become 
a necessity, especially in cases of nosemosis.

• Beekeepers m ust act to prevent nutritional 
deficiency. In the  event o f blossom ing failure, 
p ro te in  deficiency due to pollen starvation, 
lack o f  biodiversity, o r uncontrolled Varroa 
infestation, pollen o r  protein supplementation 
is urgently  required.

• Precautions m ust be taken while feeding, 
in  p articu lar in w inter and spring: feeding 
bees m ust no t pose any risks to the digestive 
tract. For exam ple, runny  syrup may cause 
d ia rrh o ea  and  should be used with caution.

• Apiary m anagem ent m ust follow good 
san itary  beekeeping practices and suitable 
actions m ust be taken urgently if nosem osis 
is d iagnosed in an apiary:
-  Replacem ent o f  com bs as frequently as 

necessary.
-  D isinfection o f the m aterial to elim inate 

spores:
► With a blowlamp for supers and hive 

bodies.
► W ith acetic a d d  vapour for supers. The 

supers are stacked up to form  a  chim ney



an d  a  cup  of 80% acetic acid  ( i  n u  y^. 
litre  o f  volum e to  d isinfect) is  p laced  
at the base for 48 hours. The su p e rs  
should  then  be aired  well fo r 8 days 
before use (KiJani, 1999). A p p ro p ria te  
precautions m ust be taken by th e  users.

► In the  case of N. ccranae in fec tion , 
freezing th e  m aterial m ay  be  used  to 
kill the spores. The effect o f  freezing 
greatly reduces N. centime sp o re  
viability (Fries. 2010).

► H oney m ay be heated  to  60°C a n d  w ax 
to  100°C for 30 m inu tes to  e lim in a te  
N. apis spores (Kilani, 1999).

Nosemosis is n o t an  easy disease to  d iagnose  
and TVpe-C nosem osis is quite difficult to  assess. 
Interpretation and  analysis o f  th e  lab o ra to ry  tests 
can be difficult. The biology o f  th e  honey b ee , 
environm ental factors, food resources, Varroa 
control m anagem ent, beekeeping prac tices, an d  
crop m anagem ent in  the  su rro u n d in g  area  m u st 
be taken in to  account for a  positive d iagnosis .

4 Amoebiasis of the M alpighian  
tubules: Malpighamoeba mellificae

Amoebiasis is a parasitic disease o f  a d u lt h o n e y ­
bees caused by M. mellificae (K ingdom : P ro tozoa; 
Phylum: Am oebozoa), w hich develops in  th e  
Malpighian tubules. It is a  disease d esc rib ed  as 
often being found w ith ТУре-А nosem o sis  an d  
perhaps w ith bee virus X (Bailey, 1968; T anada 
and Kaya, 1993; O livier and  Ribiere, 2006; 
AFSSA, 2008). This disease is m ore p rev a len t in  
Central Europe (AFSSA, 2008).

4.1 Regulatory status

Amoebiosis is no t a notifiable disease to  th e  O IE .

4.2 Pathogenic agent and life cycle

Malpighamoeba mellificae is an obligate p arasite  
o f adult honeybees. Infection o ccu rs after 
the ingestion o f  cysts in soiled feed o r  w ater. 
Malpighamoeba mellificae cysts are  sp herica l 
with an average size o f 6 -7  pm.

tro p h o z o ite s  in  th e  m id g u t epithelial cell, 
(L iu, 1985). T h ese  th e n  re a c h  th e  Malpighi,,, 
tu b e s  a n d  d e v e lo p  in to  s e c o n d a ry  trophozoite, 

a l te r  m u lt ip lic a tio n  b y  sc issip a rity  (asexual 
r e p ro d u c tio n )  (T a n a d a  a n d  K aya, 1993; AFSSA, 
2008). F inally , m a tu r e  cy s ts  a re  p roduced and 
e jec ted  w ith  th e  faeces.

Malpighamoeba mellificae d es troys Malpl. 
g h ia n  e p ith e lia , in d u c in g  m a lfu n c tio n  of the 
e x c re to ry  sy s te m  (T a n a d a  a n d  Kaya, 1993) 
A m o e b ia s is  se e m s  to  b e  m o re  severe when asso 
c ia ted  w ith  o th e r  p a th o g e n ic  ag en ts  in  particular 

Nosema sp p . (A F SS A , 2008).

4.3 Clinical signs

A m o e b ia s is  is  g e n e ra lly  d e te c te d  in  the early 

sp r in g  w h e n  b e e s  b e g in  to  v e n tu re  outside the 

h iv e  (T a n a d a  a n d  K aya, 1993). A dult bees may 

be  o b se rv e d  w ith  a  d is te n d e d  abd o m en , unable 

to  fly, a t th e  f ro n t  o f  th e  h iv es  (F lu ri et al., 1998)
T he s ig n s in c lu d e  a lso  p a le  to  sulphur-yellow 

d ia r rh o e a  a n d  f re q u e n t  d e feca tio n . The oldest 

bees a re  a ffe c te d  m o s t  b y  am o eb o sis .
In  m o s t  ca se s  M. mellificae does not cause 

o b v io u s  d ise a se  (B ailey , 1968). However, 

a c c o rd in g  to  F lu r i  et al. (1 9 9 8 ), depopulation  and 

w e a k e n in g  o f  a ffe c te d  c o lo n ie s  m ay  be observed 

C o -in fe c tio n  w ith  N. apis is o ften  described.
A m o e b ia s is -n o s e m o s is  co -in fec tio n  occurs 

in  F e b ru a ry  a n d  M a rc h . A ffec ted  bees present 

d ia r rh o e a  a n d  th e  c o lo n y  m a y  w eaken  or even 

co llap se  w ith in  1 0 -2 0  days. W ith in  the  affected 

c o lo n ie s  b ro o d , p o lle n , a n d  h o n e y  rem ain. One 

o f  th e  m a jo r  fe a tu re s  o f  th e  c o -in fec tio n  is a wide 
im b a la n c e  b e tw e e n  b r o o d  a n d  ad u lt population 
(P a illo t et al., 1943).

T h e  d ia g n o s is  r e q u ire s  la b o ra to ry  analysis 

w ith  m ic ro sc o p ic  e x a m in a tio n  o f  th e  Malpighian 

tu b u le s  fo r c y s ts  o f  M. mellificae (O IE , 2014a).

T he d is s e m in a t io n  a n d  transm ission  of 
M . mellificae is  th e  c o n s e q u e n c e  o f  robbing, 
d rif tin g , a n d  in a d e q u a te  s a n ita ry  management 
o f  co lo n ies .
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There is no  tre a tm e n t k n o w n  to  d a te . S an ita ry  
measures and  g o o d  b e e k e e p in g  p rac tices  
constitute p ro p e r p ro p h y lac tic  m a n a g e m e n t 
(Tanada and Kaya, 1993). S tro n g ly  in fec ted  
and weakened co lo n ies sh o u ld  b e  e lim in a ted , 
and the hives an d  su p e rs  d is in fe c te d  (Pa illo t el 
al., 1943). The fram es sh o u ld  be  d e s tro y e d  and  
burned. If an affected co lo n y  is s tro n g  en o u g h  
to survive, im p lem en ta tio n  o f  th e  sh o c k  sw arm  
method (shaking bcc  m e th o d )  is re c o m m e n d e d .
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7
Pests and enemies of honeybee colonies

The honeybee has num ero u s e n em ies  th a t target 
the brood and adults, th e  n es t (w ax  com bs, 
wood of the hives), an d  th e  fru its  o f  th e  co lo n y ’s 
labour (honey, pollen). T hese p re d a to rs  belong  
to diverse anim al groups: in se c ts  a n d  o th e r  
invertebrates, birds, a n d  a sso rted  m a m m a ls .

This chapter is d evo ted  to  th ese  th rea ts . In  
Europe, some have lo n g  b e e n  k n o w n , e.g. the  
greater and lesser w ax m o th s. O th e rs  a re  invasive 
species such as the  A sian h o rn e t  Vespa velutina, 
which was in troduced  in to  F ra n c e  in  2004 
and first described in  2006, a n d  h a s  increased  
its distribution area stead ily  since th e n , an d  
the small hive beetle in tro d u c e d  in to  th e  US, 
Australia, Cuba, and  m o st recen tly  Italy. G lobal 
apiculture and in te rn a tio n a l tra d e  a n d  exchange 
of material are responsib le  fo r th e  in tro d u c tio n  
of these new’ invasive pes ts  an d  enem ies.

1 Galleria mellonella, th e  g re a te r  
wax moth

Galleria mellonella is an  in se c t o f  th e  o rd e r  
Eepidoptera belonging to  th e  fam ily  Pyra lidae. 
The larvae of G. mellonella are  pes ts  th a t a ttack  
the wax foundations o f  th e  com bs, causing  
serious damage (Ben H am ida, 1999). T he g rea ter 
wax moth is m ore co m m o n  th an  th e  lesser wax 
moth. It is a worldw ide pest. A cco rd in g  to  the  
FAO (2006), the greater w ax m o th  also  causes 
damage in tropical an d  su b -tro p ica l Asia. 
Galleria mellonella is u nab le  to  su rv ive  at low 
temperatures, and  it d o es n o t cause  d am ag e  at 
high altitudes (>1200 m ) (P ad d o ck , 1926).

Galleria mellonella has lo n g  been  know n . 
Aristotle describes a likely pest in  The History of 
Animals (IX, 40): ‘The diseases th a t chiefly  attack

p ro sp e ro u s hives are first o f all the clerus. This 
consists in  a grow th  o f  little worm s on the floor, 
from  w hich , as they  develop, a k ind  o f  cobweb 
grow s over the  entire  hive, and  the com bs decay’ 
( tran s . D ’A rcy  W entw orth  Thom pson, 1862).

1.1 Regulatory status

Galeria mellonella is n o t a notifiable p e s t

1.2 The moth and its life cycle

A dult G. mellonella is a grey m o th  w ith  reddish- 
b row n a n te rio r  wings bearing m ottling  spots 
an d  pale cream -w hitish  h in d  wings. Galleria 
mellonella is 15 m m  long w ith an  average 
w ingspan  o f  31 m m  (Ellis et ai, 2013). The 
dam age th ey  d o  is caused by the caterpillars, 
w hich  live and  develop in galleries they  create 
in  th e  wax com bs (Figure 7.1).

The co lou r o f  the  larvae changes from  creamy- 
w hite  to  grey  as th ey  grow. The first instars are 
1 -3  m m  long, an d  12-20 m m  long (and 5 -7  
m m  in  d iam eter) w hen com pletely grow n (Ellis 
et al„ 2013) (Figure 7.2). The caterpillars possess 
tw o w ell-developed m andibles, allowing them  to 
tunnel Into the com bs.

The chrysalises develop w ithin an  otf-white, 
p a rch m en t-th ick  cocoon and  are yellow /reddish- 
yellow coloured  (W illiam s, 1997).

The life cycle lasts betw een 4 weeks and 6 
m o n th s (Ben H am ida, 1999) and occurs as 
follows:

• A dults live from  3 days to 1 m o n th  (Nielsen, 
1971). D uring  the evening, the  day after 
m ating  w ith  m ales in trees, the fertilized 
fem ales en ter the hive and lay eggs on  the
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Figure 7.1 Caterpillar of Galena mellonella  Figure 7.2 Caterpillar of Galeria mellonella.
burrowing a tunnel into the wax comb. (Photo (Photo courtesy  of ©  Christophe Roy, DVM.j 
courtesy of © Christophe Roy, DVM.)

wax. In the m orning, the females re tu rn  to  
hide in the trees (Ben H am ida, 1999).

• The strongly adhered eggs are oviposited in  
dusters o f 50-150 eggs in  a location  w here 
bees cannot reach them  (e.g. in  d a rk  cracks 
or crevices in  combs, the edge o f  fram es, 
or around the hives) (British Beekeepers 
Association, 2012; Ellis et ai, 2013). If m o th  
females cannot enter the hive, th ey  m ay lay 
eggs on the ground, and the larvae will reach 
the hives by gnawing their way th ro u g h  an d  
into the hives (Toumanoff, 1939). Fem ales 
can lay 300-600 eggs at a tim e and  up  to  
1,800 during their lifetime (El Sawaf, 1950; 
Ben Hamida, 1999).

• Caterpillars grow and tunnel a gallery in  the  
combs, consolidated th is by sp inn ing  a silk 
thread (Figure 7.3). The webs th u s created  
protect the caterpillars from  w orker bees. 
Galleria mellonella caterpillars feed o n  wax 
combs, larval skins, honey, pollen, residues, 
and im purities found in the cells (Ellis et ai, 
2013). Their preference for wax m eans that 
they are m ost attracted by o lder d a rk  com bs. 
In those old com bs, w here the b ro o d  has 
been reared, are found m oulting  rem ains, 
pollen, and honey, and som e o th er rem n an ts  
(Shim anuki and Knox, 2000; Ellis et til., 2013). 
The caterpillars can resist a food shortage, b u t

in  such  cases th e  G. mellonella adults will be 
sm aller (M a rs to n  et ai, 1975).

• E igh teen  d ay s  a f te r  h a tch in g , caterpillars 
b eg in  to  sp in  th e ir  c o c o o n , an d  the pupal 
phase  b eg in s .

1.3 Damage caused by the greater 
wax moth

The ca te rp illa rs  o f  G. mellonella can affect 
live co lo n ies a n d  s to re d  co m b s , often causing

Figure 7.3 Silk-thread sp u n  by a  caterpillar of 
Galena m e llone lla  in a  tunnel. (Photo courtesy 
of © Claire B eauvais, DVM.)



considerable dam age (. v iu a i-iv a q u e t, 2011). 
Combs stored in the  h o n ey  h o u se  o r  elsew here 
0 [he premises are at g rea t r isk  o f  a tta c k  from  
these caterpillars.

In colonies, the  g rea te r w ax m o th  causes 
gaffieriosis (gallieriasis acco rd in g  to  Ellis et 
n,I., 2013). Strong co lonies a re  ab le  to  m anage 
[lie pest and even to  e lim in a te  it (B en  H am ida, 
1999). The dam age m a in ly  affects w eakened 
colonies.

The greater wax m o th  causes a ran g e  o f 
damage:

. Caterpillars b u rrow  tu n n e ls  in to  capped  
brood cells and  feed o n  th e  m id r ib  (the  
base of the com b o n  w h ich  th e  cells are 
constructed). The silk th re a d s  m a y  tra p  the 
brood in the cells, a lte r in g  its dev e lo p m en t 
(Figure 7.4). Im m atu re  fo rm s m a y  be  trap p ed  
in the silk w ith th e  im ag o  b e in g  u n ab le  to 
emerge, som etim es ov er a considerab le  
surface of the b ro o d  co m b  (W illiam s, 1997, 
Ellis et al„ 2013). T he w o o d  o f  th e  fram es, 
hive body, and  supers m ay  b e  d a m a g e d  by the 
moth larvae. Indeed , th e  ca te rp illa rs  ch ew  the 
wood to make a  cavity  fo r co c o o n  a ttach m en t 
(Williams, 1997).

• The consequence o f  th e  d ev e lo p m en t o f  the 
greater wax m oth  m ay  b e  w e ak e n ed  colonies.

F'9ure 7.4 Extensive silk thread spun  by 
“aterpiliars of Ga/er/a m ellone lla  on a  com b. 
Photo courtesy © Christophe Roy, DVM.)

In som e cases Infestation may lead colonics to 
abscond  from  the hive.

• The grea ter wax m oth can also act as vector 
o f  b rood  disease, harbouring infectious 
pathogens, in particular Paenibacillus larvae 
spores (Toumanoff, 1939).

Stored com bs can  be highly damaged, sometimes 
m uch  m ore than  live colonies, and become 
unusable for beekeeping. The wax foundations 
an d  com b m ay be severely damaged by the 
tunnels and  extensive silky webbing left by the 
greater wax m oth  (Figure 7.4).

1.4 Control and management

The m ethods described here apply to both the 
lesser and greater wax moth.

1.4.1 P ro tec ting  colonies

G ood sanitary  beekeeping practices are the best 
way to  control m oth  infestation. Strong and 
large colonies are able to manage the infestation.

D uring  hive and apiary inspections, the 
rem oval o f  wax debris and scrapings from the 
floor and the vicinity o f  the hive is necessary.

1.4.2 P ro tec ting  stored m aterial

Stored com bs m ust be free of honey and pollen. 
N on-chem ical m ethods offer the most effective 
p ro tection  w hen stored hive material is to be 
reused.

• Air flow and light. Stored combs are placed 
in supers. Supers are stacked in a criss-cross 
pa ttern  to form  a  2 m  chimney open at the 
top and the  bottom . This chimney should be 
well ventilated and able to be penetrated by 
light, m inim izing wax m oth infestation.

• Low temperature. Freezing combs and supers 
before placing them  in plastic bags for storage 
provides a high level of protection against 
wax m oths. Com bs m ust be thawed and dried 
before storage. The freezing must last more 
than  24 hours at S0°C, 4.5 hours at -7°C, and 
3 hours at -1541  (Cantwell and Smith, 1970; 
C harriere and Imdorf, 1999; EUis et al„ 2013),



• Use of strong colonies as comb protectors. 
Strong colonies m ay be used to  protect supers 
and com bs (Ellis et al„ 2013). However, th is 
m ethod  cannot be used  w hen colonies are 
overw intering.

• Chemicals. Different active substances 
are o r have been used to  kill w ax m oths 
and pro tec t th e  stored  com bs, includ ing  
paradichlorobenzene (PDB), bu t th is is a 
dangerous carcinogenic substance th a t can 
leave residues in wax and  honey. Its use is 
com pletely unacceptable (A nses Agency, 
2004).
-  The use o f 'm oth  proofers’ is dangerous 

for the  bees and for consum ers o f  hive 
products as residues o f  these insectic ides 
persist in  the  wax.

-  The use o f  su lphur strips o r  acetic acid  has 
been described to  protect sto red  com bs, 
super, and  hives from  the greater w ax m oth  
(British Beekeepers A ssociation, 2012). It 
is essential to  take s tringen t precautions 
w hen em ploying such p ro d u c ts  to  p ro tec t 
both  the  bees and the  users.

• Biobgical methods. W ax m oths are sensitive 
to  some viruses and bacteria, w hich  can serve 
as a ‘natural* epizootic (M etalnikoff, 1922). 
A serotype o f  Bacillus thuringiensis is able to 
infect and kill the greater wax m o th  (Barjac 
and Thom son, 1970). Using this bacterium  as 
a biological agent can help to  con tro l the pest, 
bu t stringent precautions need to  be taken 
with th is insectic ide-producing bacterium . It 
is adm inistered  as a concentration  o f  bacterial 
spores. The correct dilution, as recom m ended  
by the supplying laboratory, is requ ired  to  
avoid bee toxicity. It can be a useful m ethod  
for beekeepers with a small num ber o f  hives, 
such as hobby beekeepers. This m ethod  can  be 
applied only if  the product is suitably licensed,

2 Achroia grisella, the lesser wax  
moth

Achroia grisella is a Lepidopteran belonging to 
the family Pyralidae. The lesser wax m oth  is less 
w idespread than  G. mellonella.

Figure 7.5 Bald brood. The Achroia grisella 
caterpillar burrows a  straight gallery just 
below the surface of the capped brood cells, 
exposing adjacen t pupae. (Photo courtesy 
© Lydia Vilagines, DVM.)

The ad u lts  have a  silver body  with a yellow 
head. The m ales are 10 m m  long, while the 
fem ales m easu re  1 2 -1 4  m m  w ith a wingspan 
o f  1 6 -24  m m . The fem ale can  lay between 250 
an d  300 eggs d u r in g  h e r  lifetim e (Ben Hamida, 
1999). The ca terp illa rs a re  sm aller than those of 
G. mellonella.

The d am age to  th e  h ive inflicted by A. grisella 
is d ifferent to  th a t caused  by the  greater was 
m oth . C a te rp illa rs b u rro w  straight galleries just 
below  th e  su rface  o f  th e  capped brood cells. The 
cells are th e n  u n cap p ed  and  the pupae inside 
exposed. C lusters o f  ad jacent cells are affected 
and  the  resu ltin g  b ro o d  defects are called 'bald 
b ro o d ’ (F igure 7.5) (B orchert, 1974).

C o n tro l a n d  m an ag em en t o f the lesser was 
m o th  is th e  sam e as for the  greater wax moth.

3 Aethina tumida, the small hive 
beetle

The sm all hive beetle, Aethina tumida Murray, is 
a C oleop teran  insect native to  South Africa. It is 
an endem ic  pes t an d  scavenger o f Sub-Saharan 
colonies o f  A frican  Apis mellifera species 
(Lundie, 1940; N eum an  and  Ellis, 2008; Vidal- 
N aquet, 2011). There, it does no t cause severe 
dam age to  strong  colonies because o f the defence



strategies developed oy m e  n ative  h o n ey b ees . o f B ritish  C olum bia, 2012). In 2012, its presence
This Coleopteran w as firs t d e s c r ib e d  in  1867 
(Murray, 1867).

Global apiculture, w ith  th e  tr a d e  a n d  exchange 
of honeybees, is resp o n sib le  fo r  in tro d u c in g  th is  
pest into a n u m b er o f  c o u n tr ie s , w h e re  it  h as 
caused severe d am age to  in fe s te d  E u ro p e a n  
honeybee colonies a n d  re su lte d  in  co n s id e ra b le  
economic loss.

In 1996, sm all h ive b ee tle s  w ere  fo u n d  in  
European honeybee co lo n ies in  th e  U S  (F lo rid a , 
South Carolina), an d  since th e n  A. tumida has 
become an endem ic  species w ith  a n  in c reas in g  
distribution range.

In 2000, A. tumida w as d e sc r ib e d  in  E gyp t. In  
Australia, it was fo u n d  in  2002 (N e u m a n n  an d  
Elzen, 2004). In  2010, in fe s ta tio n s  w ere  d e sc rib e d  
in Canadian apiaries (Q u e b e c  a n d  O n ta r io )  n ea r  
the border w ith th e  U S (M in is try  o f  A g ricu ltu re

& ******
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figure 7 .6  Aeth ina tum ida  adult and  larva. 
(Courtesy © The Animal and P lant Health 
Agency (APHA), Crown Copyright.)

w as confirm ed  in  Cuba.
O n  12 Septem ber 2014, A. tum ida was 

d iscovered  in  an  apiary in  southern  Italy in 
th e  p rov ince  o f Reggio d i Calabria, near an 
im p o rta n t seaport. The Italian authorities took 
im m ed ia te  m easures, destroying the  infested 
ap iary  an d  ne ighbouring  apiaries, and  using „ 
insectic ides on the infested sites; a protection 
zone o f  20 k m  and  a surveillance zone of 
100 k m  w ere established around the  p rim ary  
in fested  site. This was the  first tim e that A. 
tumida h a d  been  described in  Europe, except 
for an  apparen tly  b rief in troduction  in Portugal 
w here  it w as in tercep ted  and  eradicated in a 
co n sig n m en t o f  queen  bees from  Texas (FERA, 
2013). At th e  tim e o f  w riting, 18 M arch 2015, 
desp ite  th e  m easures taken by the  Italian 
au tho rities , A. tumida has been observed in 61 
apiaries since 12 Septem ber, including apiaries 
in  Sicily (P la teform e ESA, 2015).

In  no n -in fes ted  countries, beekeepers, as well 
as ve terin arian s an d  o th er professionals involved 
in  apiculture, m ust be aware o f the  dangers 
p o sed  by  th is  pest. Thus, they  m ust be able to 
recognize the  species, and  be ready to inform  
th e  au th o rities  if  an  infestation is suspected. 
S an itary  m easu res m u st be  taken im m ediately 
i f  an  A. tumida infestation is suspected or 
d iagnosed  as described  below for the present 
ep izoo tic  situa tion  in  sou thern  Italy.

3.1 Regulatory status

Aethina tumida is a sta tu to ry  notifiable pest to 
th e  O IE  (O IE , 2014b). It is also notifiable to 
co u n tries  in  the  EU (A ppendix 2).

3.2 Morphology and life cycle

3.2.1 M orpho logy

Aethina tumida is an  insect belonging to  the 
o rd er C oleop teran  an d  the family Nitidulidae. 
As a  C oleoptera , it is characterized by thick 
elytra, the  poste rio r m em branous wings folded 
resting  u n d e r  the  w ing covers, an d  chew ing 
m o u th p arts .
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1 2  mm

Figure 7.7 Drawing of Aethina tumida adult 
(showing on the left the  head and an tennae 
tucked down beneath the thorax a s  often 
observed in the hive) and larva. (Redrawn from 
Menier and Bertrand. 2014.)

The adult is a  sm all, stocky beetle  w ith  a b ro ad  
and  dorsoventrally  flattened b o d y  m easu rin g  
approxim ately 5 -7  m m  lo n g  an d  2 .5 -3 .5  m m  
wide (Figures 7.6 an d  7.7). A dult fem ale sm all 
hive beetles (5.7 ±  0.02 m m  x  3.2 m m ) are 
slightly longer th a n  m ales (5.5 ± 0.01 m m  x  3.2 
m m ). O n e  o f  th e  m ain  m orpholog ica l features 
o f  A. tumida is its  c lub-shaped an ten n ae  th a t are 
com m on w ith in  the N itu lidae fam ily  (Figures 
7.6 and  7.7). U nder na tu ra l co nd itions th e  size o f  
A. tumida may vary depending  on env iro n m en ta l 
factors o r  d iet (Ellis, 2004; U niversity o f  F lorida, 
2013). The beetles are on average o n e -th ird  the 
size o f  the  bees.

The co lour o f  A. tumida goes from  light- 
brow n to  brow n-black as the  beetle m atures 
and the  exoskeleton sderotises. The elytra do  
n o t cover the  whole abdom en  (th e  h in d  part 
o f  th e  abdom en  is visible) and are covered w ith 
th in  hairs.

The eggs are oviposited in  the hives. They 
are pearly  w hite and  1.4 m m  iong by 0.26 m m  
wide. They are usually laid in irregu lar clusters

c o n ta in in g  10 to  m o re  th a n  30 eggs (Ellis, 20|j, 
C u th b e r tso n  et a!., 2013),

T he la rv ae  o f  A. tumida are creamy-white |n 
c o lo u r  (F ig u re  7 .6). W h e n  th ey  m ature unde, 
favourab le  c o n d itio n s , th ey  m ay  be up to | j  
cm  long , b u t  te n d  to  be  sm a lle r  in  the event of 
d ie ta ry  deficiency. The la rv ae  p resen t three pair* 
o f  legs an d  tw o  ro w s o f  sp ines, an d  have two 
large sp in e s  p ro tru d in g  fro m  th e  rear (FERA, 
2013).

T he p u p a e  live in  th e  soil and  are creamy 
w h ite  co lo u red  a n d  d a rk e n  as metamorphmu 
p roceeds.

3.2 .2  Life cycle  (F ig u re  7 .8)

A du lts e m erg e  fro m  th e  soil w here the pupal 
stage o ccu rs . A fte r  em ergence , adult A. tumida 
lo o k  fo r c o lo n ie s  to  in fest, a ttrac ted  by colony 
o d o u rs  a n d  p ro b a b ly  p h e ro m o n e s  (Cuthbertson 
e f «/., 2013). F ie ld  o b se rv a tio n s  by US beekeeper* 
sh o w  th a t th e  d a y  after a  colony has been 
in sp e c ted , c o h o r ts  o f  beetles  are attracted there 
(FERA , 2013).

Aethina tumida d e p e n d s  o n  A. mellifera as a 
p r im a ry  h o st. T h e  b ee tle  m ay  also feed on fruits, 
su ch  as c e r ta in  N u tilid a e  (b u t reproduction on 
fru its  h a s  y e t to  b e  co n firm ed ) (Ellis, 2012). The 
beetles seem  to  in fe s t co lon ies at dusk  (Neumann 
an d  E lzen, 2004).

W h e n  th e y  f in d  a  colony, sm all hive beetles 
m ay  face resis tan ce  f ro m  th e  colony guards 
(Ellis, 2012). O n c e  in s id e  th e  hive, the beetles 
te n d  to  b e  co n fin ed  by th e  bees to certain 
loca tio n s (c rack s, crevices), lim iting  access to 
co m bs w h ere  th e y  u sua lly  lay. However, if it is 
iso la ted  fro m  food  resources, A. tumida may 
in d u ce  trop fia llac tic  behav io u r in  the bees, and 
feed d irec tly  fro m  th em .

A ccord ing  to  L und ie  (1940) an d  Ellis (2004), 
adu lts are  sexually  m a tu re  about 7 days after 
em ergence  fro m  th e  soil. However, the mating 
behav io u r o f  A. tumida is n o t well known (Ellis, 
2012) .

Several eggs a re  ov iposited  as typical irregular 
c lu tches in  co n fin ed  places. I f  A. tumida females 
escape c o n fin em en t an d  are  able to access the 
com bs, o v ip o sitio n  o ccu rs  w ith in  pollen cells or
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t^xxl cells. Each fem ale is ab le  to  lay  1,000 eggs 
w her lifetime (b u n d le , 1940).

After 3-6 days, th e  eggs h a tc h  (b u n d le , 1940; 
Cuthbertson el til., 2013). H u m id ity  se e m s to  be  
a major factor for egg d e v e lo p m e n t a n d  h a tc h in g  
as the eggs arc very  sensitive  to  d e s ic c a tio n  if  the  
humidity is <50% an d  d ra u g h ts  a re  p re se n t (Ellis, 
2012). Tem perature is a lso  a fa c to r  in flu e n c in g  
egg development a n d  h a tch in g .

Beetle larvae em erg e  f ro m  th e  eggs an d  
immediately begin to  feed o n  h oney , p o lle n , an d  
preferably b rood (N e u m a n n  a n d  H arte l, 2004; 
Ellis, 2012). barval d e v e lo p m e n t d e p e n d s  on  
food and tem perature, la s tin g  o n  av e rag e  7 -1 4

days th o u g h  som etim es taking m ore than  30 
days.

At th e  en d  o f  th is feeding phase, the larvae 
leave the  hive; th is is the  w andering phase defined 
by th e  en d  o f  feeding period  and m igration out 
o f  th e  hive to  find a place in  the soil to pupate 
(Ellis, 2012). The larvae seem to group together 
to  m ove tow ards the soil, as an exodus from  the 
colony. This w andering  phase generally occurs 
a t n ig h t (C u th b ertso n  et al, 2013).

Thus, pupation  occurs in  suitable soil near 
the  h ive (o n  average w ithin 90 cm, sometimes 
up  to  20 m ; in  som e rare cases, they can move 
up  to  200 m  to find a suitable soil to pupate). The

Female b ee tle» d ep o sit m asses  of eggs in 
crevices around th e  hive, o r directly on 
pollen o r brood combs b ee tle s  may 
puncture  th e  wall or capping of a sealed 
cell and d e p o s it eggs inside.

Adult bee tle s  avoid th e  light, 
and ten d  to  congrega te  In 
spaces  inaccessible to  honey 
bees They may be observed 
running Inside lids, on walls o r 
ac ro ss  frame® during hive 
Inspections

Eggs hatch in 2 -4  days, and 
larvae immediacy begin to  
search for food. The larvae 
may feed on ровен, honey or 
bee brood and eggs.

Newly emerged adult 
beetles locate h o s t bee 
co loniesbytheir odor. 
They a re  strong  fliers 
and can d isperse  to  o ther 
hives easily

»t within
7*10days. The mature 
“wandering* larva# exit 
the hive and borrow tale 
the soil

3 C 7  9

B eetle larvae pupate In th e  top 4* of soil, 
on average P u p a tion takes3 -6w eeksto  
com plete, depending on tem perature and 
soil m oisture.

Life cycle of A eth ina  tum ida. (Courtesy © Jon Zawislak, University of Arkansas.)
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larvae burrow  in to  the soil, usually to  less than  
10 cm (1-30  cm ) from  the surface, an d  build 
smooth-walled earthen cells in w hich to pupate 
(FERA, 2013). A m oist soil favours the pupal 
stage while d rier ones seem to lower pupation  
success (Cuthbertson et al., 2013).

The pupal stage lasts between 2 and 12 weeks 
depending on tem perature and hum idity, but 
the m ajority o f  A. tumida adults em erge w ithin 
3-4  weeks (Ellis cl al., 2004; Ellis, 2012).

The period from the egg to  the adult lasts 
approximately 4 -6  weeks. Thus, in m oderate  
climatic conditions, up to six generations o f  th e  
beetle may occur in a year (Ellis, 2012).

The adult beetles leave the soil and  are able 
to fly over long distances (5 -1 0  km ) to  infest 
new colonies. High tem perature and  h um id ity  
are optimal for A. tumida (Ellis et al., 2004). 
The adult beetle life span is 4 -6  m on ths (OIE, 
2014a).

Aethina tumida may also infest and cause 
damages to bum blebee colonies and in 
particular com m ercial ones such as Bombus 
impatient. Trade in bum blebees also poses a  risk 
o f introducing small hive beetle.

3.2.3 Dam age caused by Aethina tumida 
infestation in colonies

Aethina tumida in Sub-Saharan countries

to Sub-Saharan countries, A. tumida is m ain ly  a 
colony scavenger, feeding o f  pollen, honey, and  
brood. The beetle is a m inor econom ic pest, 
affecting weak colonies and stored com bs.

Strong colonies are able to fight and  easily 
resisl this insect (N eum ann and Elzen, 2004);

• Guards fight by harassing beetles, p reventing  
infestation.

• Bees fill cracks, crevices, and cavities w ith 
propolis.

• Bees remove larvae from  the hive o r build a 
structure from propolis to confine them .

to som e circum stances (weak colonies), the sm all 
hive beetle m ay cause colony m orta lity  o r  lead a 
colony to abscond (Ellis et al., 2003; Ellis, 2012). 
W hen the colony absconds, honey, pollen, and

b rood  rem a in  b eh ind . Before absconding, the 
queen  usually  co n tin u es to  lay a few eggs and the 
w orkers co n su m e  po llen  and honey (Winston, 
1987). A frican  bees have a tendency to abscond 
even in  low -level cases o f  beetle infestation.

Aethina tumida in European honeybee 
colonies

D ue to  g lobal ap icu ltu re , A. tumida has become 
an  invasive species in  Egypt, the US, Australia, 
C uba, C an ad a , M exico, Jamaica, and Europe 
(fo llow ing its  d isco v ery  in  Italy in September 
2014). It can  cause  severe dam age to apiaries, 
an d  co lony  m o rta lity  is often  observed following 
beetle  in festa tion . The reasons for the extent of 
dam age w ro u g h t b y  th is  beetle are not fully 
u n d e rs to o d , as E uro p ean  honeybees present an 
aggressive b eh av io u r against A. tumida invasion 
(b iting  a n d  a ttack in g  beetles), and tend to 
confine th e  beetles as A frican  honeybees do 
(Ellis, 2012). H ow ever, th is  defence behaviour 
o f  E uropean  h o n ey b ee  colonies is not sufficient 
to  co n tro l sm a ll h ive beetle  infestation.

In fes ta tio n  by  sm all hive beetle proceeds as 
follows (Ellis, 2012):

• Invasion  o f  co lo n ies by  adu lt A. tumida.
• A ccu m u la tio n  o f  beetle  population.
• R epro d u c tio n .
• D am age cau sed  by  larvae  feeding on brood, 

po llen , a n d  h o n e y  com bs.
• E xodus o f  th e  larvae  from  the colony to 

n ea rb y  soil.
• P u p a tio n  in  th e  soil a n d  em ergence of adults, 

w hich  re in fest colonies.

The beetle la rv ae  a re  m ain ly  responsible tor the 
d am age th a t o ccu rs  in  colonies as they burrow 
in to  com bs, feed ing  o n  b rood , honey, and pollen.
A s tro n g  beetle  in festa tio n  (> l,000  adult beetles 
p er colony) can  cause  the  colony to abscond.

All th e  co lon ies in  a n  affected area are usually 
Infested, bu t n o t all w ill die. According to Ellis 
(2012), som e cases o f  co lony  collapse causedby 
A. tumida m ay  o rig in a te  due  to o ther stressors 
such as p arasites o r  pa thogen ic  agents.

Faeces o f  A. tumida adults and larvae in 
honeycom bs cause  fe rm en ta tion  o f  the honey
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(lowing out o f the cells. T he fe rm e n ta tio n  is due  
to SHB-infested yeasts a n d  in  p a r t ic u la r  to  th e  
yeast Kodamaea ohmeri (S chafe r et al., 2009). 
This may occur in  h ives o r  in  s to re d  com bs 
leading to econom ic losses as th e  h o n e y  b ecom es 
unfit for hum an an d  h o n ey b ee  c o n su m p tio n  an d  
thus unsellable.

Ellis (2012) defines th e  sm a ll h iv e  b ee tle  as 
a ‘secondary pest’ o f  h o n ey b ee  co lo n ie s in  the  
US, as are the grea ter an d  lesser w ax  m o th s. 
Mthina tumida is rep o rted  to  h a rb o u r  a n d  th u s 
be a passive vector be tw een  bees a n d  b etw een  
colonies of pathogens su ch  as th e  b a c te riu m  
Paenibacillus larvae an d  th e  v iru se s  D W V  an d  
SBV (see C hapter 3, se c tio n s 3 a n d  4) (Ellis, 
2012) .

3.2.4 Diagnosis

to uninfested co un tries, all th e  s ta k eh o ld ers  
involved in apiculture m u s t be  able to  d iag n o se  
A. tumida or at least su sp ec t it. T h is  involves 
knowledge of the m o rp h o lo g ica l fea tu re s o f  eggs, 
larvae, and adults th a t m ay  be  fo u n d  in  hives.

Many non-dangerous C o le o p te ra n  species 
maybe found in hives an d  a diff e ren tia l d iag n o sis  
needs to be done.

Sampling for la b o ra to ry  e x a m in a tio n  is 
necessary, and is m a n d a to ry  in  c o u n tr ie s  w here  
A tumida is a notifiable pes t. N o tif ic a tio n  to  th e  
relevant authorities is also  m a n d a to ry , so  th a t 
robust sanitary m easures can  b e  tak en .

Laboratory ex am ination  can  be  d o n e  by  
binocular loupe iden tifica tio n  o f  th e  species 
but also by the PCR m eth o d . D eb ris  a n d  o th e r  
material in contact w ith  bees m ay  be  analysed  by 
this method, in p a rticu la r in  th e  case o f  package 
bees or when in tro d u c in g  q u een s  fro m  foreign  
countries (W ard, 2007; V id a l-N aq u e t, 2013).

3.2.5 Small hive bee tle  c o n tro l

In non-infested countries
Aethina tumida is co n sid ered  as a no tifiab le  pest 
for the OlE and  m any  co u n tries . T his requ ires 
sanitary m easures w h en  in tro d u c in g  bees 
(package bees, colonies, q ueens, etc.).

The follow ing pathways present a risk of 
in tro d u c in g  A. tumida:

• T rade and  m ovem ent o f package bees, 
colonies, queens, alternative hosts such as 
bum blebees, and hive products. This also 
concerns m ovem ent o f  wax and materials, 
such as clothes used by apiarists.

• Im porta tion  o f  fru it (avocados, bananas, 
grapefru its, etc.) know n to be an alternative 
h o st on  w hich  the beetles may feed and 
probab ly  oviposit.

Im p o rta tio n  o f bees by beekeepers is regulated 
in the  EU (C om m ission Decision 2003/881/EC; 
C om m ission  Decision 206/2010). Importation 
o f  bees m u st be done through proper and 
legal channels and w ith a veterinary health 
certification . C urren t (M ay 2015) EU legislation 
p roh ib its im ports o f  queens, package bees, and/ 
o r colonies from  th ird  world countries affected 
by Aethina tumida (small hive beetle) but also 
by A m erican  foulbrood and Tropilaelaps spp. 
(Tropilaelaps m ite). Im ports of package bees, 
colonies, and  queens are only allowed from 
EU m em b er states and New Zealand under 
a  v e terinary  agreem ent between the EU and 
N ew  Zealand. However, this legislation did not 
preven t the in troduc tion  of the small hive beede 
in to  Italy in  Septem ber 2014.

In  th e  UK, a surveillance network has been 
developed to  m onito r exotic pests such as 
A. tumida and  Tropilaelaps spp. According to 
th e  A nim al and  Plant Health Agency (FERA, 
2013), ‘the only  chance for eradication will be 
early in tercep tion  o f exotic pests, so by targeting 
inspections to these areas we have a better chance 
o f succeeding'.

V eterinarians (w hether practitioners, officials, 
o r  researchers) play key roles in detecting these 
pests, and  in defining and certifying sanitary 
m easures to  counter them .

Control measures in infested countries

In  infested countries such as Australia and the 
US, chem ical control m easures were initially 
used. However, chemical control often proves 
inadequate, and  poses risks of resistance, of
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toxicity for bees, and of residues occurring  in 
hive products. It appears that the best way to 
fight the small hive beetle is to keep honeybee 
colonies strong and to employ m echanical traps 
to control the num ber of adult beetles infesting 
hives. If chemicals are used, they should be 
applied within an integrated pest m anagem ent 
(IPM) framework:

• Chemical measures (Schafer and Ritter, 
2014). Perm ethrin is applied in the US to 
the soil around infested colonies. W ithin 
the hive, strips o f coum aphos are used and 
placed on the underside o f cardboard floor 
inserts. However, these two chem icals do  not 
seem to be completely effective. Moreover, 
precautions must be taken to protect the 
bees and to avoid the risk o f contam inating  
the honey and o ther hive p roducts w hich 
may become unfit for consum ption due to 
the presence o f residues. Fipronil-treated 
cardboard placed in plastic boxes on  the 
bottom boards of the hive and fipronil gels 
in traps are also som etim es used illegally 
by beekeepers in the US and Australia. This 
poses a major risk o f poisoning the  bees, as 
well as potentially com prom ising the  safety of 
the hive products (honey, pollen, royal jelly, 
propolis, etc.) and hence consum er health.

• Integrated pest management. As in  the  Varroa 
IPM approach described in C hapter 5, A. 
tumida IPM combines chemical m easures 
and beekeeping practices (Ellis, 2012; FERA, 
2013). IPM will be more efficient if  it involves 
all the stages of the small hive beetle’s life 
cycle:
-  Standard good sanitary beekeeping 

practices to maintain strong colonies are 
necessary. This also involves the selection 
o f colonies presenting good hygienic 
behaviour against the small hive beetle.

-  Moving colonies to new places periodically 
may help to limit any increase in the beetle 
population.

-  Some traps help to limit adult infestation.
-  Early honey extraction is necessary to 

limit the risk o f contam ination by small 
hive beetle faeces. In honey houses,

h u m id ity  m u st be m ain ta ined  at <50% to 
in h ib it h a tch in g  o f  sm all hive beetle eggs 
(Ellis, 2012).

-  Biological co n tro l m ay be a (future) 
p a r t o f  th e  IPM . Research is being done 
o n  bait co n ta in in g  the  yeast Kodamaea 
ohmeri (m ixed  w ith  pollen  and honey) to 
a ttrac t the  beetles in to  traps. In the soil, 
th e  ac tion  o f  ce rta in  nem atodes seems to 
lim it p u p a tio n  o f  A. tumida.

In  conclusion , sm all h ive beetle can  cause great 
dam age to  co lon ies an d  to  production , leading 
to  econom ic  losses fo r h o n ey  farms. Although 
th is beetle is now , like th e  m oths, considered a 
secondary  p e s t in  th e  US, the  appearance of Л. 
tumida in  2014 in  Italy  represen ts a major threat 
to  th e  w hole o f  E urope.

B eekeepers an d  o th e r  apiculture stake­
ho lders have a  g reat responsib ility  to monitor 
the ir apiaries. V eterinarians, whatever their 
involvem ent, also  have a  m ajo r role to play, in 
particu la r in  d iag n o sin g  A. tumida infestation, 
and in crea ting  an d  im p lem en tin g  the sanitary 
m easures w hich  have to  be tak en  w hen this pest, 
as any o ther, is in tro d u c ed  in to  new  territories.

4  Vespa velutina, the  Asian hornet

Tw enty-tw o h o rn e t species are listed worldwide 
(Rom e et al. 2013; N atu ra l H istory  Museum, 
2014; U SA PH C , 2014). Tw o native species exist 
in Europe:

• Vespa crabro. R ange area: northern  and 
w estern  E u rope a n d  n o r th e rn  Asia,

• Vespa orientalis. R ange area: southern  Europe, 
sou th -w este rn  Asia, n o rth -eas te rn  Africa and 
M adagascar.

Vespa crabro is no t consid ered  as a  m ajor predator 
in Europe. Vespa orientalis is a  bee-hawking 
predator, an d  eas te rn  Apis mellifera species 
have developed defence behaviours against this 
oriental hornet.

H ornets an d  w asps ( Vespa spp., Vespulit 
spp.) are  k n o w n  to  be bee-haw king predators 
o f  Apis spp. w orldw ide. All Asian countries



Vespa velutina, the Asian hornet 1 8 3

^port damage to  Apis cerana a n d  Apis mellifera 
colonies attacked by h o rn e ts  a n d  w a s p s  (FA O , 

2006).
Vespa crabo was th e  o n ly  in d ig e n o u s  h o rn e t  

living in France befo re  2004, w h e n  th e  A sia n  
Vespa velutina L epeletier w as d e s c r ib e d  in  th e  
lot-et-Garonne dipartement in  so u th -w e s t 
France (Haxaire et al., 2006; V ille m a n t et ai, 
2006; Breton, 2012). Vespa velutina nigrithorax, 
a strictly Asian species, w as th e  su b sp e c ie s  
introduced. O v erw in te rin g  q u e e n s  h a v e  b e e n  
accidently in troduced  in to  F ra n c e , p ro b a b ly  
hidden within p ieces o f  p o t te ry  f ro m  C h in a , 
тора velutina has b eco m e a c c lim a te d  in  F ra n ce , 
being able to nest a n d  re p ro d u c e .

Since 2006, VI velutina h a s  b e c o m e  a n  in v as iv e  
species and has caused  m u c h  d a m a g e  to  F re n c h  
apiaries, resulting in  s ig n if ic a n t e c o n o m ic  
losses for the ap icu ltu re  in d u s try . F u r th e rm o re , 
V. velutina m ay p o te n tia lly  p o se  a  d a n g e r  to  
humans and may adverse ly  affect th e  in d ig e n o u s  
insect population o n  w h ic h  i t  feed s (p o llin a to rs , 
scavangers, etc.).

4.1 Regulatory s ta tu s

In France, VI velutina is a  n o tif ia b le  s e c o n d a ry  
pest

Figure 7.9 Predicting the  risk of invasion by 
Vespa ve lu tina  nigrithorax-, across Europe and 
the  Middle East the  invasion risk increases 
from blue to  red. (Photo courtesy © Claire 
Villemant, MNHN; Villemarrt ef al., 2011a.)

S pain , a n d  P o rtu g a l (C abi, 2014). Its progress 
ac ro ss E u ro p e  ap p ears  unstoppable.

P re d ic tiv e  s tu d ies suggest th a t countries 
su scep tib le  to  invasion  by  Vespa velutina are 
th o se  s itu a te d  a lo n g  the  A tlantic an d  n o rth ern  
M e d ite rra n e a n  coasts (F igure 7.9). The coastal 
a reas o f  th e  B a lkan  pen in su la , Turkey, and  the 
N e a r  E ast a p p e a r  to  be favourable fo r V velutina 
nigrithorax (V illem an t etal., 2011a). G lobal trade 
p o se s th e  m a in  risk  o f  in tro d u c in g  the  Asian 
h o rn e t  in to  c o u n tr ie s  cu rre n tly  free o f  th is pest.

4.3 Morphology

42 Range distribution o f  V esp a  
velutina nigrithorax

Vespa velutina nigrithorax is a d a p te d  to  a re a s  w ith  
temperate to sub trop ica l c lim a te s  (V ille m a n t 
etal., 2011a). Vespa velutina is  w id e sp re a d  in  
Asia (from n o rth -eas te rn  In d ia  to  In d o n e s ia , 
and in China, N epal, A fg h a n is ta n , B h u ta n , 
Laos, Malaysia, Taiw an, a n d  P a k is ta n )  (A rch e r, 
1994). It was in tro d u c ed  in to  S o u th  K orea  in  
2002, where it has b eco m e an  in v as iv e  species 
(MoonBo et al„ 2012).

To date, V velutina nigrithorax is a n  invasive 
species found in F rance, B e lg ium , Italy, S pain , 
and Portugal. Since its  in t ro d u c tio n ,  th e  
distribution range o f  V velutina h a s  in c re a se d  
each year, in  2014, it  w as d e te c te d  in  tw o - th ird s

France, and in  som e p a r ts  o f  B e lg iu m , Italy,

T he m o rp h o lo g ic a l features o f  fem ale V. velutina 
are  as fo llow s (H axaire  et al„ 2006; V illem ant et 
al., 2006, 201 la ,b ):

•  W o rk e rs  a n d  queen s are m orphologically  
u n ifo rm  (F igu re  7.10). W orkers are up  to  25 
m m  in  len g th  an d  the  queens up  to  30 m m .

Figure 7 .1 0  Vespa velutina  female adult. 
(Photo courtesy  © Claire Villemant, Museum 
National d'H istoire Naturelle, Paris.)
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They are  sm aller th an  th e  E uropean  h o rn e t 
V. crabo.

• The head  is black w ith  a yellow -orange face 
and  m o u th p arts . The an ten n ae  are  b row n 
dorsally  an d  yellow  ventrally.

• The tho rax  is black w ith  th in  hairs; th e  w ings 
are  yellow.

• The legs are brow n w ith a yellow’ end.
• The abdom en  is b row n w ith a  th in  yellow  

band  o n  the  h in d  p art o f  th e  first segm ent, and  
a th in  orange band  on  the  second  an d  th ird  
tergite. The fou rth  segm ent 'is  a lm ost en tirely  
orange w ith a m ed ian  basal tr ia n g u la r  black 
m ark ing ’. The last segm ents (fifth a n d  six th) 
are m ore o r  less orange-brow n. T he ven tra l 
part o f  the  abdom en  is b row n. Its s tin g er is 
no t barbed  an d  V. velutina does n o t d ie  after 
stinging.

.Male V velutina are very  sim ilar to  fem ales on ly  
w ith longer an tennae . The m ale  h o rn e ts  are 
stingless.

4.4 S tructure  of th e  n es t

A p r im a ry  n e s t is  b u ilt u p  by  a  queen after 
o v e rw in te rin g . T he p r im a ry  nes ts  are spherical 
an d  u su a lly  b u ilt lo w  d ow n . L ittle differentiable 
fro m  o th e r  V esp idae  (h o rn e ts , w asps) nests, they 
m ay  be  fo u n d  ev e ry w h ere  -  in  eaves and fence 
p o sts , u n d e r  sheds, a n d  in  em p ty  hives, but very 
rare ly  in  fresh  so il o r  in  ho les in  walls.

T he s e c o n d a ry  (m a tu re )  nests are hidden 
m o re  th a n  10 m  h ig h  in  th e  foliage o f  leafy trees 
(F igu res 7.11 a n d  7.12). T hey m ay  also be found 
on  th e  f ra m e s  o f  sh e d s  o r  in  tree hedges. The 
se c o n d a ry  n e s ts  a re  on  average 70 cm  in diameter, 
o v a l-sh ap ed , w ith  a vertica l axis. Some nesu 
m ay  reach  I m  in  h e ig h t an d  80 cm  in diameter 
T hey  have  o n e  la te ra l orifice  th ro u g h  which the 
h o rn e ts  e n te r  o r  leave th e  nes ts  (V illemant et d, 
2011b). T he n e s ts  a re  m a d e  o f  pap e r (cellulose 
an d  w ater). B ecau se  o f  th e  n eed  for water, these 
nes ts  are  o ften  fo u n d  n e a r  watercourses. The 
nes ts  are  o ften  fo u n d  e m p ty  after autum n. They 
are b u ilt fo r o n ly  o n e  season .

Figure 7.11 S e c o n d a r y  n e s t  o f  V e s p a  v e lu t in a .  Figure 7 .1 2  S e c o n d a r y  n e s t  s h o w in g  th e  
(P h o to  c o u r t e s y  ©  R a y m o n d  S a u n ie r .)  in te r n a l  s t r u c t u r e .  ( P h o to  c o u r t e s y  ©  R aym ond

S a u n ie r .)
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4,5 Life cycle

The cycle begins in spring  afte r th e  o v e rw in te rin g  
period of a fertilized queen . H ib e rn a tio n  takes 
place in w eather-protected sh e lte rs  (u n d e r  th e  
bark of trees, under ro o f  tiles, in  p la n t p o ts , etc.).

When the tem pera tu re  is favourab le , th e  
queen, called the ‘fo u n d e r’ a t th is  p e r io d  o f  th e  
cycle, builds a p rim ary  n es t low  d o w n  in  o rd e r  
to rear the first w orkers.

In the m iddle o f  A ugust, as th e  co lony  
population increases, th e  q u e e n  m a y  ch o se  to  
relocate the colony w ith  th e  first w o rk e rs  to  a 
secondary nest at a h ig h e r lo c a tio n  (e.g. a leafy 
tree) (Choi et al., 2012; R om e e t al., 2013). U p 
to 6,000 hornets are p ro d u c e d  f ro m  a  n es t in  a 
season. In a nest, th e re  m ay  b e  m o re  th a n  2,000 
individuals at any o n e  tim e  (V ille m a n t et al. 
2011b).

The more the co lony  in creases, th e  longer 
the queen stays in  th e  nest. H e r  o n ly  ro le  will 
be laying eggs while th e  w o rk e rs  tak e  ch arg e  o f  
rearing the new larvae.

The colony popu la tio n  a n d  its fo o d  needs 
increase, leading to  m o re  p re d a tio n  behav iour. 
Damage to honeybees th e n  te n d s  to  b eco m e 
increasingly prevalent.

The sexual m ale an d  fem ales e m erg e  b e tw een  
mid-September and m id -O c to b e r. T he fo u n d e r  
queen is usually dead w h en  h e r  sexual d au g h te rs  
(200-400) emerge (new  fu tu re  fo u n d e rs ) . M ales 
and females m ate usually  in  th e  tree  can o p y  
(Cabi, 2014). After m ating , th e  m ales d ie  an d  
the fertilized females find  a  h ib e rn a tio n  p lace  to  
overwinter.

48 Nutrition

The adult diet is com posed  o f  su g a r liq u id s , such 
as honey, honeydew, a n d  n e c ta r  b u t  a lso  fru its 
and proteinaceous secre tion  d e liv ered  by  the  
hornet larvae after stim u la tion .

The larvae are fed by w orkers . T hey  have 
a carnivorous’ diet; in sects a n d  in  p a rticu la r  
honeybees but also sp iders, m ea t, a n d  fish  (th is 
is why Asian hornets m ay be  fo u n d  fly ing  a ro u n d  
market stalls). Bees are b u tc h e re d  n ea r  th e  site

o f  cap tu re  (hives). Vespa velutina removes the 
head, w ings, legs, and abdom en and makes a 
m eatball from  the bee’s thoracic muscles. The 
h o rn e ts  b ring  these meatballs back to the nest 
to  feed th e  larvae.

H o rn e t attacks on  apiaries are num erous 
a n d  frequen t, particularly  at the end of the 
h oneybee  season (Septem ber-D ecem ber) when 
the p ro d u c tio n  o f  new  hornet queens increases 
food needs (M ollet and Torre 2006; CABI, 2014).

A ccord ing  to  V illem ant et al. (2011b), the 
d ie t o f  V. velutina varies according to the 
env iro n m en t. In u rban areas, Apidae represent 
66%  o f  the  diet, while in agricultural and forest 
areas, Apidae represent only 35% of the diet. 
T hus, th e  h igh  pressure is urban ranges may 
be  because o f  th e  lack o f  insect-fauna diversity 
(V illem ant et al., 2011b).

4.7 Damage caused by Vespa velutina 
to  honeybee colonies

A lthough  in  Asia Apis сегапа has developed a 
b ehav iou ra l defence strategy against the Asian 
h o rn e t, th is behaviour has not yet been observed 
in  E urope w ith  Apis mellifera (Figure 7.13). Apis 
cerana has developed a technique known as 
heat-balling  to  fight V velutina (Papachristoforou 
et al., 2007). D uring  heat-balling, guard bees 
closely su rro u n d  the attacking hornet and 
raise  th e ir thoracic temperatures. The core

Figure 7.13 Heat-balling behaviour of Apis 
cerana. (Photo courtesy ©  Quentin Rome, 
Musbum National d’Histoire naturelle, Paris.)
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tem peratu re o f  the heat-bails reaches about 45°C, 
killing the  h o rn e t w hich canno t w ithstand  such 
h igh tem peratu res (Tan et a/., 2012). However, 
in certain  circum stances (e.g. w hen colonies are 
weakened), the  Asian ho rnet m ay nevertheless 
be responsible for colony m ortality.

Apis mellfera in Europe have no t developed 
such an efficient defence behaviour, instead  the 
guard bees g roup  together to  try  to  m ove the 
hornets away and attem pt to  sting the  in truder. 
The predation behaviour o f VC velutina m ay 
endanger honeybee colonies. Betw een July and 
December, the Asian hornet has high n u tritional 
needs for b rood rearing.

H ornets hover in  flight a round  hives, w aiting 
for retu rn ing  foragers, w hich th ey  catch an d  
then carry  off to  a  convenient location  (Figure 
7.14). Som etim es, before overw intering , h o rn e ts  
m ay enter the hive to  feed o n  b ro o d  and  honey.

In som e places, up  to  15 h o rnets can  be  found 
in front o f  each colony o f  an ap iary  (B reton, 
2012; CABI, 2014). This level o f  p redation  o f 
forager bees re tu rn ing  w ith nectar and  pollen 
can seriously im pair th e  food supply and  w eaken 
the colony, rendering  it susceptible to  infectious 
diseases.

Stress and defence behaviour increase energy 
consum ption. Foraging m ay be reduced  from  
July to  O ctober and preparation  for th e  w in tering  
period m ay be im paired. Thus, the  bee-haw king

Figure 7.14 H o v e r in g  V espa  v e lu t in a  w a itin g  
fo r  f o r a g e r s  in  f ro n t o f  a  h iv e  o f  A p is  ce ra n a . 
(P h o to  c o u r t e s y  ©  Q u e n tin  R o m e , M u s b u m  
n a t io n a l d ’H is to ire  n a tu re lle , P a r is .)

A sian h o rn e t m ay  cause w in te r collapse of bee 
co lon ies th a t it attacks.

In  th e  so u th -w es t o f  France, it has been 
rep o rted  th a t 30%  o r  m o re  o f  annual colony 
m o rta lity  co u ld  be  th e  consequence o f  Asian 
h o rn e t p re d a tio n  (B re to n , 2012).

Thus, Vespa velutina p oses a m ajor threat 
to hon ey b ee  co lon ies as is often the case with 
invasive species. In  infested  areas, it seems that 
VC velutina a ttack s m ain ly  w eakened colonies in 
an  ap iary ; th e  largest an d  m o st populous colonies 
are less affected. In  so m e places, colonies are 
suspected  to  d evelop  fighting  behaviour against 
V. velutina by  p ro p o liz in g  the  entrance of the 
h ive an d  ca tch in g  h o rn e ts  there.

NB. A sian  h o rn e ts  are  reported  to be 
dang ero u s to  h u m a n s  if  they  approach nests 
( to  <5 m ), especia lly  w h en  the  nest is well 
developed. T he co n seq u en ces o f  an Asian hornet 
a ttack  are  d a n g e ro u s  because o f  the number of 
h o rn e ts  in  a  nes t. Severe sym ptom s have been 
observed  fo llow ing  severa l stings. De Haro 
states th a t ‘a rev iew  o f  d a ta  from  French Poison 
C o n tro l C e n tre s  sh o w ed  on ly  one  envenomation 
clearly  lin k ed  to  VC velutina’. Since the arrival of 
the  A sian h o rn e t  in  F rance, there  has been no 
increase in  h y m e n o p te ra  po ison ing  (de Haro et 
al„ 2010).

4.8 Fighting Vespa velutina

E rad ica tio n  o f  VC velutina from  Europe is likely 
to  be im possib le . B eekeepers and  authorities can 
only  a ttem p t to  lim it th e  dam age caused by the 
Asian h o rn e t. T he fight against th is hornet must 
be ap p ro p ria te  an d  as specific to the species as 
possible.

C o u n te r-m easu res include;

• P ro tec tio n  o f  ap iaries by bait trapping. 
T rapp ing  m ust be  perfo rm ed  only in the 
case o f  h o rn e t a ttack  a n d  n o t as a  preventive 
m easu re  a n d  the  traps m u st be placed near 
the  ap iary  to  be  efficient. The two types of 
b a it are available;
-  F erm en ted  o ld  w ax juice, which is used 

betw een  July an d  N ovem ber (Rome et d ,
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2011). It Is m ad e  fro m  o ld  b ro o d  co m b  + 
1.51 o f water + 20 g  o f  h o n e y  a n d  left to  
stand for at least fo r 3 days to  fe rm en t.

-  Protein bait, usua lly  m a d e  f ro m  fresh  
fish and used w h e n  h o rn e ts ’ fo o d  need s 
are increasing (be tw een  A u g u s t an d  
November w hen th e  fu tu re  sexual ad u lts  
are being reared).

, Protection o f  the  hive:
-  By rearing strong  an d  h e a lth y  co lo n ies a n d  

implementing g o o d  b eek ee p in g  p rac tices.
-  By reducing the  size o f  th e  e n tra n c e  to  

prevent Asian h o rn e ts  fro m  e n te r in g  th e  
hive (because o f  th e  size o f  th e  d ro n e s , th is  
can only be d o n e  w h en  th e re  is n o  d ro n e  
brood rearing).

-  By encouraging h ig h  b lad es  o f  g ra ss  to  
grow in front o f  th e  h ive.

- By placing n e ts  a ro u n d  th e  h iv es w ith  
a mesh size th a t allow s th e  b ees to  pass 
through but sto p s th e  la rg e r  h o rn e ts .

• Setting up a surveillance n e tw o rk  to  m o n ito r  
Asian hornet n es ts  a n d  o v e rsee  th e ir  
destruction. This m u st b e  d o n e  a c c o rd in g  
to local legislation. B ased  o n  th e  F ren ch  
experience, it is r e c o m m e n d e d  th a t  nes t 
destruction is d o n e  befo re  th e  e m e rg e n c e  o f  
sexual adults (O c to b e r /N o v e m b e r)  a n d  w h en  
workers are inside th e  n e s t (a t d a y b re a k  o r  
nightfall).

» By hive m ovem ent. It is c o n s id e re d  n ecessa ry  
to change the lo ca tio n  o f  a  h iv e  w h e n  m o re  
than five h o rn e ts  a re  fo u n d  a tta c k in g  th e  
colony. Indeed, b eek ee p e rs’ e x p e r ie n c e  h as 
shown that find ing  five o r  m o re  h o rn e ts  in  
front of a hive can  se riously  e n d a n g e r , o r  even  
kill, a colony.

Trapping founder q u eens is n o t  a  so lu tio n  in  
the fight against V. velutina. O n ly  1% o f  th e  
queens born in  a u tu m n  w ill su c ceed  th e  n ex t 
year in founding a co lony  an d  p ro d u c in g  a  new  
sexual generation o f  A sian  h o rn e ts  (E d w ard s, 
1980; Rome et al, 2013): 95%  o f th e  fo u n d e rs  
die during the w in ter a n d  95%  o f  th e  re m a in d e r  
die in spring d u rin g  th e  c o m p e titio n  fo r n e s tin g  
sites. Thus, trapp ing  fo u n d e rs  w ill o n ly  decrease  
this usurping level a n d  lead  to  a  w e a k e n in g  o f

the  young  h o rn e t colonies (Rome etai, 2013). In 
F rance, it has been show n that spring trapping of 
fo u n d ers  is n o t an  efficient m eans o f  controlling 
th e  A sian h o rn e t population  (M onceau et al., 
2012) .

5 O ther pests and enemies of the 
hives

O th e r  insects, prim arily  those o f the order 
H ym en o p te ra  (ants, bees, hornets, and wasps 
am o n g  o th e r  w inged insects), can be enemies 
o f  h o n ey b ee  colonies and hives (Ben Hamida, 
1999). A ccord ing  to the FAO (2006), ants are 
co m m o n  p redato rs o f  honeybees in  tropical 
an d  su b trop ica l Asia. There, they attack colonies 
en  m asse, rem oving  everything they find 
w ith in  (bees, b rood , and  honey). In temperate 
cou n tries , a lthough  certain  species o f ants are 
often  fo u n d  in  hives, they  do  n o t cause m ajor 
dam age th a t endangers colonies. Coleopterans 
su ch  as Cetonia apaca, Cetonia mono, and 
Trichodes apiarius m ay cause dam age to hives, 
b u rro w in g  galleries in to  the com bs (Toumanoff, 
1939; B orchert, 1974). Some o f  these intruders 
lay eggs an d  reproduce  in the hive.

Insectivorous b irds (the E uropean bee-eater 
is the  m ajo r such p redator in southern Europe, 
n o r th e rn  A frica, an d  w estern Asia; the green 
w o odpecke r and  various tits also som etim es feed 
o n  bees) an d  m am m als such as mice, hedgehogs, 
badgers, an d  o f  course bears are also enem ies of 
bees a n d  hives. P rotecting  apiaries w ith fences 
m ay  be  necessary  -  heavy-duty fences and 
elec tric  fences are used  in  the US and Canada 
to  keep bears out; plastic fences can prevent the 
g reen  w oodpecker gaining access to  the hives.

In  trop ica l an d  subtropical countries, 
am p h ib ian s (frogs an d  toads) and  reptiles 
(geckos, skinks, lizards) may dam age apiaries. 
P rim ates (m onkeys) are also enem ies of colonies, 
o p en in g  h ives an d  feeding on  honey  and  brood.

A ccord ing  to  the  FAO (2006), however, 
am o n g  th e  pests, including the prim ate pests, 
o f  honeybees, h u m an s are 'probably the  m ost 
destructive’.



188 Pests and enemies of honeybee colonies

References

Anses Agency (2004) Stratdgie de induction de risque 
consommateur pour le paradichlorobenzfcne. 
Available at: http://www.afssa.fr/ET/PPND0D9, 
htm?pageid=7338tparentid=424 (accessed 20 
November 2014).

Anses Agency (2014) Detection of Aethina tumida 
(small hive beetle) in southern Italy. Avail­
able at: https://sites.anses.fr/en/minisite/abeilles/ 
detection-aethina-tum ida-small-hive-beetle- 
southem-italy-0 (accessed 20 November 2014).

Archer, M.E. (1994) Taxonomy, distribution and 
nesting biology of the Vespa bicolor group (Hym., 
Yespinae). Entomologist's Monthly Magazine, 130: 
149-158.

Bariac, H. and Thomson, J.V. (1970) A new serotype 
of Bacillus thuringiensis: Bacillus thuringiensis var. 
thompsoni (serotype 11). Journal of Invertebrate 
Pathology, 15; 141-144.

Beebase. European Union (EU) Legislation http:// 
www.nationalbeeunit.com/index.cfm?pageid=102 
(accessed 18 March 2015).

Ben Hamida, T. (1999) Enemies of bees. In Colin, 
M.E, Bali, B.V., and Kilani, M. (eds), Bee Disease 
Diagnosis, Options Medtterraneennes, Series B: 
Etudes et Recherches. No. 25. CIHEAM Publica­
tion. Zaragoza, pp. 147-165.

Borchert, A. (1970) Les Maladies et Parasites des 
AbeiUes (traduit de l’allemand par Michelat, J.). 
Vigot freres, Paris.

Breton, V. (2012) Le frelon asiatique, gestion au quoti- 
dien. In SNGTV (ecL), Proceedings of the Journees 
nationaks des GTV. Nantes, pp. 841-846

British Beekeepers Association, The (2012) Wax 
Moth in the Apiary. Available at: http://www. 
bbka.org.uk/files/library/wax_moth J020_(data)_ 
r2_1342860174.pdf (accessed 26 August 2014).

Cabi (2014) Invasive Species Compendium. Vespa 
velulina. Available at: http://www.cabi.org/isc/ 
datasheet/109164 (accessed 2 September 2014).

Cantwell, G.E. and Smith, L.J. (1970) Control of the 
greater wax moth, Galleria mellonella in honey­
comb and comb honey. American Bee Journal, 110: 
263.

Charriere, J.D. and lmdorf, A, (1999) Protection of 
honey combs from wax moth damage. American 
Bee Journal,! 39(8): 627-630.

Choi, M.B., Martin, S.J., and Lee, J.W. (2012) Distri­
bution, spread, and impact of the invasive hornet 
Vespa velutina in South Korea. Journal of Asia- 
Pacific Entomology, 15; 473-477.

Cuthbertson, A.G.S., Wakefield, M.E., Powell, M.E., 
Marris, G„ Anderson, H., Budge, G.E., Mathers,

],J„ Blackburn, L.E, and Brown, M.A. (2013) 
small hive beetle Aethina tumida: a review of it, 
biology and control measures. Current Zoology 
59(5): 644-653.

Edwards, R. (1980) Social Wasps: Their Biology and 
Control. Rentokil Limited, East Grinstead.

Ellis, J.D. (2004) The ecology and control of small 
hive beetle (Aethina tumida Murray). PhD thesis, 
Rhodes University, Grahamstown, South Africa.

Ellis, J.D. (2012) Small hive beetle (Aethina tumida) 
contributions to colony losses. In Honey Bee Colony 
Health Challenges and Sustainable Solutions. CRC 
Press, Boca Raton, FI„ pp. 135-144.

Ellis, J.D., Hepburn, H.R., Delaplane, K.S., Neumann. 
P„ and Elzen, P.J. (2003) The effects of adult small 
hive beetles Aethina tumida (Coleoptera: Nitidu 
lidae), on nests and flight activity of Cape and 
European honey bees Apis mellifera. Apidologie, 
34: 399-408.

Ellis, J.D., Hepburn, H.R., Luckmann, B„ and Elzen, 
P.J. (2004) The effects of soil type, moisture, 
and density on pupation success of Aethina 
tumida (Coleoptera: Nitidulidae). Environmental 
Entomology, 33: 794-798.

Ellis, J.D., Graham, J.R., and Mortensen, A. (2013) 
Standard methods for wax moth research. 
COLOSS honey bee research association. Journal 
of Apicultural Research 52(1), available at: http:.1/ 
www.coloss.org/beebook/Il/wax-moth (accessed 
26 August 2014).

El Sawaf, S.K. (1950) The life-history of the greaterwax 
moth (Galleria mellonella L.) in Egypt, with special 
reference to the morphology of the mature larva 
Bulletin la Societe Fouad Premier d’Entomologie. 
34: 247-297.

FAO (2006) Honey Bee Diseases and Pests: A Practical 
Guide. Available at: http://www.fao.org'3)a-
a0849e.pdf (accessed 29 July 2014).

FERA: The Food & Environment Research Agency 
(2013) The Small Hive Beetle: A Serious Threat to 
European Apiculture. The Food and Environment 
Research Agency, York.

Haxaire, J„ Bouguet, J.P., and Tamisier, J.P. (2006) 
Vespa velutina Lepeletier, 1836, une redoutable 
nouveautd pour la faune de France (Hym., 
Vespidae) Bulletin de la Societe Entomologique dr 
France, 111(2): 194.

Eundie, A,E. (1940) The small hive beetle Aethina 
tumida. Union of South Africa Department of 
Agriculture and Forestry, Entomological Series 2. 
Science Bulletin 220. Government Printer, Pretoria, 
South Africa.

Marston, N„ Campbell, B„ and Boldt, P.E. (1975) 
Mass producing eggs of the greater waxmoth,

http://www.afssa.fr/ET/PPND0D9
https://sites.anses.fr/en/minisite/abeilles/
http://www.nationalbeeunit.com/index.cfm?pageid=102
http://www
http://www.cabi.org/isc/
http://www.coloss.org/beebook/Il/wax-moth
http://www.fao.org'3)a-


References 189

Galleria mellonella L. US Department o f  Agricul­
ture Technical Bulletin 1510. Available at: http:// 
naIdc.nal.usda.gov/naldc/download.xhtml?id=CA 
T756625878ccontent=PDF (accessed 20 november 
2014).

ytenier, J. and Bertrand, C. (2014) Aethina tumida: 
Ne joue-t-on pas avec le feu? Available at http:// 
www.beekeeping.com/sante-de-labeille/articles/ 
aethina_tumida.htm (accessed 25 October 2014). 

Metainikoff, J. (1922) Une epizootie chez les chenilles 
de Galleria mellonella. Academic des Sciences 
(France), 175: 68-70.

Mollet, T. and de la Torre, C. (2006) Vespa velutina. 
The Asian Hornet. Bulletin technique Agricole, 
33(4): 203-208.

Monceau, K„ Bonnard, O., and Thiery, D. (2012) 
Chasing the queens of the alien predator of honey­
bees: a water drop in the invasiveness ocean. 
Open Journal o f Ecology, 2 :183-191. doi: 10.4236/ 
oje.2012.24022.

MoonBo, C., Martin S.J., and JongWook, L. (2012) 
Distribution, spread, and impact o f the invasive 
hornet Vespa velutina in South Korea. Journal of 
Asia-Pacific Entomology, 15(3): 473-477.

Murray, A. (1867) List of Coleoptera received from 
Old Calabar. Annals and Magazine o f Natural 
History, 19: 167-179.

Natural History Museum (2014) Vespa crabo (hornet). 
Availableat: http://www.nhm.ac.uk/nature-online/ 
species-of-the-day/collections/our-collections/ 
vespa-crabro/ (accessed 2 September 2014). 

Neumann, P., and Ellis, J.D. (2008) The small hive 
beetle (Aethina tumida Murray, Coleoptera: 
Nihdulidae): distribution, biology and control of 
invasive species. Journal o f Apicultural Research, 
47:181-183.

Neumann, R and Elzen, P.J. (2004) The biology of the 
small hive beetle (Aethina tumida, Coleoptera: 
Nitidulidae): gaps in our knowledge of an invasive 
species. Apidologie, 35(3): 229-247.

Neumann, P. and Hartel S. (2004) Removal of small 
hive beetle (Aethina tumida) eggs and larvae by 
African honeybee colonies (Apis mellifera scutel- 
lata). Apidologie, 35(1): 31-36.

Nielsen, R.A. (1971) Radiation biology of the greater 
wax moth, Galleria mellonella (l„): effects on 
developmental biology, bionomics, mating- 
competitiveness, and FI sterility. PhD thesis, Utah 
State University, Logan, UT.

OIE (2014a) Manual of Diagnostic Tests and 
Vaccines for Terrestrial Animals 2014. Apinae. 
Section 2.2. Available at: http://www.oie.int/en/ 
international-standard-setting/terrestrial-manual/ 
access-online/ (accessed 24 August 2014).

OIE (2014b) OIE Listed Diseases. Available at http:// 
www.oie.int/en/animal-health-in-the-world/ 
oie-listed-diseases-2014/ (accessed 29 April 2014). 

Paddock, EB. (1926) The chronological distribution 
of the beemoth. Journal of Economical Entomology, 
19, 136-141.

Papachristoforou, A., Rortais, A., Zafeiridou, G., 
Theophilidis, G., Garney, L., Thrasyvoulou, A., and 
Arnold, G. (2007) Smothered to death: hornets 
asphyxiated by honeybees. Current Biology, 17, 
R795-R796.

Plateforme ESA, http://www.plateforme-esa.fr/ 
index.php?option=cora_content&view=arti 
cie8rid=439:infestation-par-aethina-tumida- 
p e tit-co leo p te re-d e -la -ru ch e-au -su d -d e- 
litalie&catid=159:actualites-internationales-ae- 
thina-tumida8dtemid=328 (accessed 18 March 
2015).

Rome, Q„ Muller, E, Thery, T., Andrivot J-, Haubois, 
S., Rosensthiel, E., and Villemant, C  (2011) 
Impact sur l'entomofaune des pieges a biere et a 
jus de drier utilises dans la lute contre le frelon 
asiatique. In Barbanfon, J.-M. and L’Hostis, M. 
(eds), Journee Scientifique Apicole, Aries, pp.18-20. 

Rome, Q , Sourdeau, C , Muller, F., and Villemant, 
C. (2013) Le piegeage du frelon asiatique Vespa 
velutina nigrithorax. Interets et dangers. In 
Proceedings Jornees Nationales GTV. Nantes, pp. 
783-788.

Schafer, M.O. and Ritter, VV. (2014) The small hive 
beede (Aethina tumida). in Ritter, VV". (ed.). Bee 
Health and Veterinarians. OIE, Paris, pp. 149-156. 

Schafer, M.O., Ritter, VV., Pettis, J.S.. Teal, P.E_V., and 
Neumann, P. (2009) Effects of organic add treat­
ments on small hive beedes, Aethina tumida, and 
the assodated yeast Kodamaea ohmeri. Journal of 
Pest Science, 82(3): 283-287 

Shaw, K.E., Davidson, G., Clark, S.J., Ball, B.V., Pell, 
J.K., Chandler, D., and Sunderland, K.D. (2002) 
Laboratory bioassays to assess the pathogenicity 
of mitosporic fungi to Varroa destructor (Acari: 
Mesostigmata), an ectoparasitic mite of the 
honeybee, Apis mellifera. Biological Control, 24: 
266-276.

Shimanuki, H. and Knox, D.A. (2000) Diagnosis of 
Honeybee Diseases. United States Department of 
Agriculture (USDA), Agriculture Handbook No. 
690.

Tan, K., Yang, M.X., Wang, Z.W., Li, H., Zhang, Z.Y., 
Radloff, S„ and Hepburn, R. (2012) Cooperative 
wasp-killing by muted-species colonies of honey­
bees, Apis cernnu and Apis mellifera. Apidologie, 
43:195-200.

http://www.beekeeping.com/sante-de-labeille/articles/
http://www.nhm.ac.uk/nature-online/
http://www.oie.int/en/
http://www.oie.int/en/animal-health-in-the-world/
http://www.plateforme-esa.fr/


190 Pests mul enemies of honeybee colonies

Toumonoff, С. (1939) Les amends des abeiUcs. Editions 
IDF.O, Hanoi.

University of Florida (20)3) Small hive beetle Aelhltia 
tumida Murray. Available at.' http://entnenulept. 
ufl.edu/creaturcs/misc/bces/small_bive_bectle. 
htm (accessed 27 August 2014).

USAPHC (2014) Oriental Hornets. Available at: http:// 
phc.amedd.army.mil/PHC%20Resource%20 
Library/Oriental%20Hornct%20FS%2018-074- 
0311.pdf (accessed 24 October 2014).

Vidal-Naquet, N. (2011) Honeybees. In l.ewbart, 
G.L. (ed.). Invertebrate Medicine, 2nd edn. Wiley- 
Blackwell, Chichester, pp. 285-321.

Vidal-Naquet, N. (2013) Aef/mm tumida et Tropi- 
laelaps clareae, parasites exotiques de I’abeilie 
domestique Apis mellifem L. Bulletin des GTV, 70: 
105-111.

Villemant, C„ Haxaire, J., and Streito, J.C, (2006) 
Premier bilan de l’invasion de Vespa velutina 
lepelctier en France (Hymenoptera, Vespidae). 
Bulletin de la Societi entomologique de France, 
111(4): 535-538.

Villemant, C , Barbet-Massin, M„ Perrard, a ., 
Muller, F., Gargomlny, O., Jiguet, F., and Rome, Q. 
(2011a) Predicting the invasion risk by the alien 
bee-hawking yellow-legged hornet Vespa velutina 
nigrithorax across Europe and other continents 
with niche models. Biological Conservation, 144: 
2142-2150.

Villemant, C„ Muller, E, Haubois, S., Perrard, A., 
Darrouzet, E., and Rome, Q. (2011b) Bilan des 
travaux (MNHN et IRBI) sur 1’invasion en France 
de Vespa velutina, le frelon asiatique pr6dateur 
d’abeilles. In Barbanifon, J.-M. and L’Hostis, M. 
(eds), /оигпёе Scientlfique Apicole, Arles, pp. 3-12.

Ward, L., Brown, M., Neumann, E, Wilkins, P., Pettis, 
J., and Boonham, N. (2007) A DNA method for 
screening hive debris for the presence of small hive 
beetle (Aethina tumida). Apidologie, 38: 272-280.

Williams, J.L. (1997) Insects: Lepidoptera (moths). 
In Morse, R. and Flottum, K. (eds), Honey Bee 
Pests, Predators, and Diseases, 3rd edn. AI Root 
Company, OH, pp. 121-141.

http://entnenulept


8
Principles of good sanitary beekeeping practices

The m anagem ent o f  Apis mellifera c o lo n ie s  
demands good fa rm in g  p ra c tic e s  to  p ro m o te  
honeybee welfare, e n c o u ra g e  p o l l in a tio n , an d  
ensure safe p ro d u c tio n  o f  fo o d . M a n y  fa c to rs  
may act as stresso rs o n  th e  c o lo n ie s  (F ig u re  
1.32). V eterinarians in v o lv ed  in  th e  b e e k e e p in g  
sector need to  be  a w a re  o f  g o o d  sa n ita ry  
beekeeping p rac tices (G S B P s) (V id a l-N a q u e t, 
2013). Many gu ides a re  p u b lish e d  w o r ld w id e  to  
help beekeepers w ith  th e i r  h u s b a n d ry .

Ihis chapter is not a guide to GSBPs but is 
intended to help lay the foundations fo r  those 
practices. G ood s a n ita ry  b e e k e e p in g  p ra c tic e s  
should adhere to  th e  ‘h a z a rd  an a ly s is  a n d  c ritic a l 
control point’ (H A C C P ) p r in c ip le s ,  a  m a jo r  p illa r 
of veterinary pub lic  h e a l th  (E u ro p a , 2 0 0 9 ). T his 
chapter attem pts to  fo llow , fo r  th e  m o s t  p a r t, 
these principles.

The FAO an d  O IE  h a v e  to g e th e r  p ro d u c e d  
a Guide to Good Farming Practices for Animal 
Production Food Safety (O IE  a n d  FA O , 2009). 
Food safety is th e  fina l o b je c tiv e  o f  th is  g u ide , 
and it can be seen  th a t  th is  is , in  tu r n ,  th e  
consequence o f  g o o d  f a rm in g  p ra c tic e s . T hus, 
this guide specifies th a t  ‘g o o d  fa rm in g  p ra c tic e s  
should also a d d ress  so c io e c o n o m ic , a n im a l 
health and e n v iro n m e n ta l issu es  in  a  c o h e re n t 
manner. The h o n e y b e e  A. mellifera is  o ften  
seen as sym bolic o f  b io d iv e rs ity , a  h ea lth y  
environment as well as b e in g  th e  p ro d u c e r  o f  a 
safe and natura l fo o d .

This chapter c o n s id e rs  g o o d  b e e k e e p in g  
practices, fo llow ing a n d  a d a p t in g  th e s e  f ro m  
the F A O /O IE -recom m ended  g o o d  fa rm in g  

practices.
On a farm , f ro m  th e  a n im a l  h u s b a n d ry  

(beekeeping in  a p ic u ltu re )  to  t h e  e x tra c tio n

o f  p ro d u c ts , m any  elements are 'at risk from 
biological, chem ical (including radionuclide) 
a n d  physical agents’ (OIE and FAO, 2009). These 
agen ts m ay  im pair honeybee health and hive 
p ro d u c ts  ‘th ro u g h  a wide variety o f exposure 
p o in ts’ in  th e  m anagem ent of both honeybee 
co lon ies an d  the  food chain, with consequent 
p o ten tia l risks fo r honeybees and consumers 
(O IE  an d  FAO, 2009; Vidal-Naquet, 2013). 
F u rth e rm o re , th e  welfare, strength, and health 
o f  hon ey b ee  colonies are a crucial challenge 
because o f  th e  role bees play as pollinators.

The m a in  hazards (biological, chemical, and 
physical) th a t m ay  affect managed colonies, 
a long  w ith  th e  corresponding control points, 
are p resen ted  in  Table 8.1. O f course, the list of 
h azards is u n lim ited  and these tables and this 
ch ap te r m ain ly  represent h a v  to operate to 
m in im ize  hazards:

1. Iden tify  th e  risks.
2. C h eck  th e  corresponding  control points.
3. M anage the  risks.

A ccord ing  to  the  recom m endations of the 
O IE  an d  FAO presented in this chapter, the 
follow ing headings cover the listed hazards 
(O IE  an d  FAO, 2009): general honeybee farm 
m anagem ent; honeybee health management; 
v e te rin ary  m edicines and biological aspects; 
honeybee  feeding and watering; environm ent 
an d  apiaries; and  handling honeybee colonies 
an d  hive products.

1 The HACCP principles

The E uropean  Parliam ent Regulation covering 
th e  hygiene o f foodstuffs provides a  good

191
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Table 8.1 Hazards and corresponding control po in ts in b eek eep in g

Hazards C o n tro l p o in t s

B iohazards

Introduction of p a th o g en s  a n d  co n ta m in a n ts

Transmission of pa th o g en s  and  co n ta m in a n ts

Increased susceptibility to  p a th o g en s

Miticide resistance (and antimicrobial re s is ta n c e  
in the countries w here the se  are  perm itted )

Foodborne infections and con tam inations (in 
particular in the c a se  of honey su p p lem en ta tio n  
during the  overwintering period)

H oneybee colonies not well a d a p te d  to  co n d itio n s  
of husbandry

H o n e y b e e  t r a d e  a n d  c o m m e rc ia l  e x c h a n g e s

R e n e w a l o f  th e  l iv e s to c k : q u e e n s ,  p a c k a g e  bees, 
artificial s w a rm s

F e e d in g  s u p p le m e n t  a n d  w a te r

R e c o rd s  o f a c q u is i t io n s  a n d  m ig ra to ry  beekeeping

H y g ien e  o f  v is ito rs  a n d  p e r s o n n e l

Drifting a n d  ro b b in g

V eh ic les , c lo th in g , s m a ll  m a te r ia ls  (hive tools), 
e q u ip m e n t

P u rc h a s e  o f  s e c o n d - h a n d  e q u ip m e n t 

A p ia ries , h iv e s , h iv e  d e n s i ty

D is e a s e  d ia g n o s i s  (h o riz o n ta l a n d  vertical 
tra n sm is s io n )

H y g ien e  o f  v is ito rs  a n d  p e r s o n n e l  

H ive b o d ie s ,  s u p e r s ,  f r a m e s ,  w ax

V eh ic les , c lo th in g , sm a ll m a te r ia ls  (hive tools), 
e q u ip m e n t

Drifting a n d  ro b b in g

V a rn a  d e s t ru c to r : v e c to r  o f  v iru s e s

M a n a g e m e n t o f  c o lo n ie s  (inc lud ing  m igratory 
b e e k e e p in g )

S e le c tio n

C o lo n y  s tr e n g th

H ive a n d  a p ia ry  s i t e s

F e e d in g  s u p p le m e n t  a n d  w a te r

D iag n o s is

C o lony  d e n s i ty

D iag n o s is

T h e ra p e u tic  re g im e  

R e c o rd  k e e p in g

F e e d in g  s u p p le m e n t  p ro d u c tio n , p u rch ase  and 

F e ed in g  s u p p le m e n t  q ua lity  

F eed in g  s u p p le m e n t  c h o ic e  

R ec o rd  k e e p in g  

H o n e y b e e  s tra in  s e le c tio n  

R e c o rd  k e e p in g



Hazards

Chemical h a z a rd s

Chem ical c o n ta m in a t io n  h a z a r d s  In b e e k e e p in g  
m an ag em e n t

Chem ical c o n ta m in a t io n  o l  e n v i r o n m e n t ,  fo o d  
and w ate r

Residues o f v e te r in a ry  m e d ic i n e s  a n d  d r u g s  u s e d  
in colonies

Radionuclide p o llu tio n

P hysical h a z a r d s

Injuries a n d  d e a th  o f  b e e s  a n d  in  p a r t ic u l a r  th e  
queen

C o n tro l p o in ts

..________________ ___Ife jjA CCP principles 193

C le an in g , d isin fec ting , an d  sterllzlng products used 

M aterial p ro te c tio n  p ro d u c ts  used 

H y g ien e  p ra c t ic e s

F e ed in g  s u p p le m e n t and  w ater quality 

R e s id u e  con tro l

A gricultural a n d  farm ing pratlces (use of agricultural 
c h e m ic a ls  a n d  Insectic ides on livestock) In the area 
s u rro u n d in g  th e  ap iaries

C h em ica l In d ustrie s  In th e  surrounding environment of 
th e  ap ia r ie s

M igrato ry  b ee k eep in g

F e ed in g  s u p p le m e n t an d  w ater quality

R e s id u e  con tro l

T re a tm e n t o f co lon ies

U se  o f  d ru g s  o r  veterinary m edicines without 
m ark e tin g  au thorization  for honeybees

S a le s  a n d  p resc rip tion  controls 

R ec o rd  keep ing  

R e s id u e  con tro l

Q uality  o f feed in g  supp lem en t and water

A piary location

F o rag ing  s ite s

M igratory  b ee k eep in g

S o u rc e  o f  feed ing  su p p lem en ts  and  water

H ive a n d  ap iary  location 

M igratory  b ee k eep in g  

C o lony  d en s ity

In sp ec tio n  o f th e  hives, material manipulation 

M aterial (hives, su p e rs , fram es, small material)

F e ed in g  su p p lem en t 

E q u ip m en t 

R e c o rd  keep in g
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explanation o f the HACCP principles (Regula­
tion (EC) No 852/2004 of the European 
Parliament and o f the Council o f 29 April 2004 
on the hygiene o f foodstuffs).

These principles prescribe a certain num ber 
o f requirem ents to be met throughout the 
cycle of production, processing and d istribu­
tion in order to permit, via hazard analysis, 
identification o f the critical points which 
need to be kept under control in order to 
guarantee food safety:
-  Identify any hazards that must be prevented, 

eliminated or reduced to acceptable levels.
-  Identify the critical control points at the step 

or steps at which control is essential
-  Establish critical limits beyond which 

intervention is necessary.
-  Establish and implement effective m oni­

toring procedures at critical control points.
-  Establish corrective actions when monitoring 

indicates that a critical control p o in t is not 
under control

-  Implement own-check procedures to verify 
whether the measures adopted are working 
effectively.

-  Keep records to demonstrate the effective 
application o f these measures and to 
facilitate official controls by the competent 
authority. (Europa.eu, 2009)

2 Hazards in beekeeping

As previously noted, honeybees face chemical, 
biological, and physical hazards. Table 8.1 
presents the m ain hazards and the corresponding 
control points. This table is adapted for 
beekeeping from Appendix 1 o f  the OIE/FAO 
Guide to Good Farming Practices fo r  Anim al 
Production Food Safety (OIE and FAO, 2009). O f 
course, in theory there is an unlim ited num ber 
o f  biohazards, chemical hazards, and physical 
hazards; however, this table tries to focus on  the 
main ones and on the main control points.

2.1 B iological hazards

Biological hazards are infectious and fungal

agents, parasites, pests, and enem ies of the hives 
These hazards, and  th e ir control, have been 
covered in  C hapters 2 -7 .

2 .2  C h em ica l h a za rd s

Chem ical hazards are chem ical agents used 
w ith in  the  hives (e ither on  the colonies or 
stored m aterial) and  chem ical agents affecting 
bees (m ainly foragers on  the  field), o r brought 
back to the  hive by foraging bees or accidentally 
in troduced in to  the  hives. They have been 
presented in C hapter 2.

2 .3  P h y s ica l h a z a r d s

Physical hazards are th e  consequence of hive 
m anagem ent o r  accidents, such as hives being 
knocked over, queens getting crushed during an 
inspection, o r  a  traffic accident during migratory 
beekeeping o r m ovem ent o f  hives. They may 
also be th e  consequence o f  climate -  wind, 
dam pness, dryness, etc.

3 G eneral h o n eyb ee  fa rm  
m an ag em en t

To practice beekeeping, several conditions are 
necessary. These conditions vary  according to 
country, bu t all stages from  train ing  to  regulation 
should follow GSBPs.

3.1 Training

‘H usbandry  m easures and  techniques ate 
ever-changing. C om peten t Authorities are 
encouraged to  assess train ing  needs amongst 
stakeholders and  p rom ote  necessary training' 
(OIE and FAO, 2009).

Beekeepers should  undergo regular training 
to  adapt th e ir  h u sbandry  practices to ongoing 
developm ents in apiculture. This is especially 
im portan t given the  curren t health crisis in the 
beekeeping sector. Thus, according to the OIE 
and FAO (2009), beekeepers, as farmers and 
farm  m anagers, should:

• Actively seek and  use relevant beekeeping 
train ing  opportun ities for themselves and 
their workers.
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, Be aware of any tra in ing  courses th a t m ay  be 
compulsory in  th e ir countries a n d  regions.

, Keep records o f all tra in ing  undergone.

3.2 Legal obligations

Beekeepers should be aware of, a n d  com ply  with, 
all local regulations and all legal obligations 
relevant to honeybee h u sb an d ry  and  food 
production (OIE and FAO, 2009). Beekeepers 
should be prepared to  undertake:

. Disease reporting. Particu lar a tten tio n  m ust 
be paid to reporting  notifiable diseases 
and pests to the relevant au th o ritie s  (see 
Appendix 2).

. Recordkeeping.
• Hive and apiary identification.
. Registration of colonies a n d  apiaries (in 

countries where this is a  legal obligation).
. Documentation pe rta in in g  to  th e  sanitary  

organization o f the honey  house.

3.3 Beekeeping record  k e e p in g

Recording data for livestock husbandry , and 
in particular for colony m anagem en t and 
beekeeping practices, is fundam en ta l for 
understanding health o r san ita ry  problem s. 
Indeed, the entire ‘life h isto ry’ o f  th e  colonies, 
the apiary, and the m aterial m anagem ent m ay 
potentially contain the  roo t cause o f  any problem  
that occurs, whether this is physical, chem ical, or 
biological. Hence, the beekeeper should, as far as 
possible, keep records o f the follow ing elements:

• Number of hives and apiaries.
• Introduction of bees w ith in  the  honey 

farm: artificial swarms, package bees, and 
queens. This includes: the orig in  and  date of 
introduction, the health certificates, and the 
specific colonies into which these bees were 
introduced. The recovery o f wild swarms 
should also be recorded.

• Migratory beekeeping and m ovem ent o f 
colonies. The routes taken by the  colonies 
to ensure pollination or to produce specific 
honeys (from lavender, chestnut tree, lime 
tree, etc.) must be recorded.

• D ate, o rig in , an d  type o f feeding supplements 
g iven to  th e  colonies (honey, carbohydrates, 
a n d  p ro te in  supplem ents).

• D ate, o rig in , and  use o f veterinary medicinal 
p ro d u c ts  (V M Ps) w ithin colonies.

• D ate, o rig in , an d  use of any chemicals 
(o rgan ic  acids, m iticides without marketing 
au th o riza tio n , essential oils, etc.) within 
colonies.

• D ate, orig in , and use o f any chemical for the 
clean ing , disinfection, and sterilization o f 
s to red  hives an d  supers and frames.

• D ate, o rig in , and  use o f any cleaning and 
d isin fec ting  p roducts used on equipm ent and 
in  th e  prem ises and  honey house.

• Bee m o rta lities , colony mortalities, diagnosed 
o r  suspected  diseases (bacterial, viral, 
fungal, o r parasitic), diagnosed o r  suspected 
po ison ing . The colonies affected m ust be 
reco rd ed . T reatm ents applied m ust also be 
recorded .

3 .4  Apiary and colony identification

Iden tification  is an  essential element of colony 
m anagem ent. It allows traceability and is key to 
m anag ing  colony health  and easuring the safety 
o f  th e  hive products. Knowledge of the origins 
o f  co lon ies is desirable.

The beekeeper should identify:

• The apiary.
• E ach hive, w ith a num ber or even a specific 

b ar code, allowing traceabiliv and computer 
track ing  o f  colony management (requeening, 
feeding, m ovm ents, etc.).

• Tlie queens. These should be marked 
according the international colour code, 
allow ing traceability and making it easier to 
spot them  during hive inspections.

3.5 H ygiene and prophylaxis of d isea ses

The OIE/FAO Guide specifies that:

M easures aim ed at preserving cleanliness, 
preventing pathogen build-up and breaking 
possible pathways o f transmission are essen­
tial in  the m anagem ent of any m odem
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farm ing  en terprise , regardless o f  the  species 
o r the  farm ing  system . (O IE  an d  FAO, 2009)

In m o d ern  apiculture, san ita ry  m easures are 
aim ed at m ain ta in ing  cleanliness bu t also at 
preventing  the  bu ild -up  and transm iss ion  o f  
pathogens an d  chem icals. A ccum ulation  o f  
pathogens and  chem ical residues in  hives is a 
m ajor risk  for colonies, and  in  add ition  poses 
a poten tial risk  to  consum ers o f  h ive p roducts, 
in  particu la r honey. The selection, m anagem ent, 
and m ain tenance o f  m aterial is one o f  the  pillars 
o f prophylaxis against diseases an d  po ison ing . A 
second pillar is m anagem ent o f  the  colonies and 
colony health .

3.5.1 C hoice o f  hives an d  m aterial

The choice o f  m aterial for hives, supers, fram es, 
w ood, and  insulation  m ust be adap ted  to  colony 
health  (taking account o f  th e  h o neybee  stra in ), 
the  aim  o f the  beekeeping (p o llina tion  o r 
honey), and  th e  local env ironm ent (especially 
the  d im ate). Hives m u st rem ain  d ry  inside 
and well ventilated to  create op tim al living 
conditions for honeybees. Paints, wax, a n d  any 
pro tection  used  on  th e  w ood m u st be  harm less 
for colonies and  com pliant w ith  regulations 
covering food-producing  anim als.

3.5.2 M anagem en t o f  m aterial

In apiaries, th e  m anagem ent o f  hives, supers, 
and  fram es should  be designed to  lim it 
con tam ination  betw een colonies b u t also 
betw een apiaries. As far as possible, fram es 
and supers should  be associated w ith one hive. 
Exchanges o f  fram es should be avoided betw een 
hives and  betw een supers (V idal-N aquet, 2013). 
However, a lthough th is is easily m anageable in 
small apiaries, it is m uch m ore com plicated to 
restrict these exchanges in  honey  farm s w ith 
m any colonies and  apiaries. However, exchange 
o f m aterial betw een hives should be do n e  only  
w here necessary and  should be restric ted  as far 
as possible.

M anagem ent o f the w ood used in  the  hives 
is im p o rtan t for th e  colonies. O ver tim e, w ood 
becom es porous and its therm al insulation

p ro p e rtie s  a re  reduced ; th is  deterioration  creates 
co n d itio n s favourab le  fo r d iseases and pests. 
Thus, n o t on ly  is th e  cho ice  o f  w ood fundamental, 
b u t care  fo r an d  renew al o f  w ooden items are 
necessary  to  m in im iz e  the  risk  o f  infestation/ 
infection .

M anagem en t o f  w ax com bs (frames) is also 
very  im p o rta n t, as w ax m ay  con tain  pathogenic 
agents (e.g. sp o res o f  Paenibacillus lame 
and  Nosema spp .) an d  residues of treatments 
and  p estic ides accu m u la ted  over the years. 
Very d a rk  w ax com bs shou ld  be removed and 
changed  fo r n e w  fram es w ith  a wax foundation.
It is u sua lly  acce p te d  th a t the  fram es of a hive 
shou ld  be  ren ew ed  every  th ree  years (in a 
ten -fram e D a d a n t hive, tw o  an d  if  possible three 
fram es sh o u ld  b e  ren ew ed  every three years). 
F o u n d a tio n s m u s t be  d o n e  w ith  wax without 
residues a n d  p a th o g en s; w ax from honey cell 
cappings is th e  safest to  u se  to  m ake foundations 
(after e x trac tio n  o f  honey , cappings can be be 
converted  in to  fo u n d a tio n s). O ld  combs should 
n o t be  co n v erted  in to  w ax  foundations.

Sm all too ls a n d  c lo th in g  (e.g. hive tools, 
b rushes, gloves, beekeep in g  suits) should ideally 
be cleaned  an d  d isin fec ted  a t least after each 
in sp ec tio n  o f  a  w eak en ed  colony.

3.5.3 M a in te n a n c e  o f  th e  m ateria l 

The m a in ten an ce  o f  beekeeping material is 
a  m ajo r e lem en t o f  GSBPs. Cleaning and 
d isin fec tion  o f  rem o v ed  hives, supers, feeders, 
fram es, a n d  an y  w o o d en  m aterial before storage 
o r reuse are fun d am en ta l.

The m a in ten an ce  o f  m aterial is usually 
perfo rm ed  in  w inter, w hen  the  beekeeping 
season is over an d  the  colonies are overwintering.

A ny d am aged  w ood , and  fram es removed 
from  d iseased  co lon ies (in  particular following 
fou lbrood  d isease an d  nosem osis), should be 
rem oved from  the  farm  an d  burned.

O therw ise, m ain ten an ce  o f  the  wood involves:

• Scraping th e  surface to  rem ove residues of 
bees, honey, w ax, an d  propolis.

• D isinfection . A blow torch  can remove a lot 
o f  pathogens, especially w hen combined with
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subsequent tre a tm e n t w ith  b le a c h  a n d  ace tic  
acid. Ionization  w ith  g a m m a -ra y s  c a n  a lso  
be used to  d is in fec t w o o d  a n d  w ax ; h o w ev er, 
tills m ethod  is m a in ly  re s t r ic te d  to  la rg e  
honeybee farm s.

, Preservation a n d  s te r iliz a tio n  o f  w o o d e n  h iv e  
parts. Feeders as w ell as a n y  w o o d e n  h iv e  
parts may be  co v e red  w ith  m ic ro c ry s ta l l in e  
food-grade h o t  w ax  (h o t w a x  d ip p in g  
procedure). A  m ix tu re  o f  m ic ro c ry s ta l l in e  
wax and paraffin  m a y  a lso  b e  u se d .

All empty hives m ust be rem oved fro m  th e  apiary, 
deaned, disinfected, sterilised, a n d  sto red .

Hives, supers, a n d  f ra m e s  sh o u ld  be  
stored without an y  c h e m ic a l t r e a tm e n t  in  
well-ventilated p rem ises . S u p e rs  w ith  f ra m e s  
must be stored sta ck ed  in  a c r is s -c ro s s  p a t te rn  
to form a w ell-ven tila ted  2 m  c h im n e y , o p e n  a t 
the top and th e  b o tto m  to  p ro te c t  th e m  a g a in s t 
wax moths.

Management o f  th is  m a te r ia l  is  c ru c ia l  in  
beekeeping to  lim it b io c h e m ic a l  a n d  c h e m ic a l 
hazards that co u ld  ad v e rse ly  a ffe c t th e  s tr e n g th  
and health o f h o n e y b e e  co lo n ie s .

4 Honeybee co lony m a n a g e m e n t

Animal health  m a n a g e m e n t lies  a t  th e  h e a r t  o f  
any husbandry. B eek eep in g  h a s  s o m e  u n iq u e  
and particular fea tu re s d u e  to  th e  b io lo g y  a n d  
physiology o f  th e  h o n e y b e e . G SB Ps m u s t  ta k e  
particular account o f  th ese .

If m odern c losed  fa rm in g  a n d  a l l- in /a l l -o u t  
systems of fo o d -p ro d u c in g  a n im a l h u s b a n d ry  
provide general p rin c ip le s  fo r  fo o d  safety, 
this approach is n o t a d a p ta b le  to  h o n e y b e e  
husbandry fo r o n e  m a in  re a so n : fo ra g in g  
bees, rather th a n  th e  fa rm er, a re  in  c h a rg e  o f  
the food supply o f  th e  c o lo n y  (a c c o rd in g  to  
good beekeeping p rac tice , th e  b e e k e e p e r  o n ly  
provides feeding su p p le m e n t to  av o id  co lo n y  
weakening, e.g. i f  th e re  is a  s h o r ta g e  o f  b lo sso m , 
or for overw in tering). F ro m  th e  c h o ic e  a n d  
management o f  th e  Livestock to  its  ren ew al, 
husbandry p rac tices m u s t e n s u re  p ro p h y la x is  
and early con tro l o f  d iseases.

4.1 Choice and sanitary management 
of colonies

T he b e e k e e p e r  ch o o ses the h oneybee  stra in s 
to  k e e p  in  h is /h e r  ap ia ry  F rom  m ak in g  th is 
se lec tio n  th ro u g h  to  honey  p ro d u c tio n , the  
b e e k e e p e r  h a s  to  m an ag e  the co lon ics based  on 
c o n tin u o u s  know led g e  o f  iheir h ealth  sta tu s in 
o rd e r  to  tak e  early  app ro p ria te  m easu res shou ld  
an y  p ro b le m s  arise.

4 .1 .1  T h e  c h o ic e  o f  h oneybee

T he ch o ice  o f  th e  honeybee  kep t in  th e  ap iary  
is im p o r ta n t .  T h e  honeybee  s tra in s should  
b e  a d a p te d  to  th e  env iro n m en ta l cond itio n s 
a n d  to  th e  ob jec tiv es o f  the farm  (p o llina tion , 
h o n e y  p ro d u c tio n , roy a l jelly p ro d u c tio n , queen  
re a r in g , e tc .). T h is  is why, in m an y  cases, a  local 
b lack  h o n e y b e e  exh ib iting  hygienic behav iour 
(Apis mellifera mellifera in w este rn  E urope) is 
th e  b es t cho ice .

H ow ever, a c c o rd in g  the objectives o f  the 
b e e k e e p e r as w ell as th e  h is to ry  o f  the  apiary, it 
m ay  be  n ecessa ry  to  p rac tice  hon ey b ee  se lection  
o r  to  in tro d u c e  se lec ted  queens, artific ial sw arm s, 
o r  p ack ag e  bees to  create  co lon ies th a t possess 
c e r ta in  d e s ire d  qualities, such  as: gentleness, 
tra n q u illi ty  o n  th e  com bs, hyg ien ic  behaviour, 
lo w  sw a rm in g  tendency, p roductiv ity , an d  
s tr e n g th  fo r th e  o v erw in te rin g  p erio d .

4 .1 .2  M a n a g e m e n t d u r in g  th e  b eek ee p in g  
se a so n

T he a p ia ris t’s beekeep in g  season  beg ins at the 
e n d  o f  w in te rin g  a n d  lasts un til th e  beg in n in g  
o f  th e  n e x t w in te rin g , and  inc ludes p erio d s  o f  
co lony  p o p u la tio n  g row th  and decline. L ivestock 
m a n a g e m e n t is o f  p a rticu la r im p o rtan c e  d u rin g  
th is  tim e , a n d  ro u tin e  inspections o f  th e  san ita ry  
s ta tu s o f  th e  co lon ies are  necessary. T he m ain  
th in g s to  co n s id e r  fo r san ita ry  m an ag em en t are 
as follow s:

• E x am in a tio n  o f  the  bee p o p u la tio n . R egular 
assessm en t o f  th e  activity a n d  b ro o d  o f  the  
co lon ies is necessar y (approx im ately  every 
15 days). E x am in a tio n  o f  th e  inside o f  the  
h ive sh o u ld  also  be  p erfo rm ed  regularly , in
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particular if  the strength o f the colony seems 
to be impaired. This provides the possibility 
for early m anagem ent o f  sanitary troubles 
(mortality, weakening, poisoning, infectious 
diseases, etc.).

• Management o f the m aterial is im portan t 
during the beekeeping season, in particu lar 
when the bee populationin creases; installation 
of the supers on the body of the hives m ust be 
done punctually to avoid or limit swarming.

• Management of colonies in the case o f 
migratory beekeeping has to follow som e 
basic rules: the colonies m ust be prepared 
for the journey with carbohydrate feeding 
supplement to limit stress, and the m ove 
should be done at night o r in the early 
morning, when all the bees are inside the 
hive. O f course, transportation regulations 
must be followed.

• Honey harvesting may be a critical period. 
The harvest should be perform ed so as to 
limit robbing between colonies.

• Monitoring Varroa infestation throughout the 
season allows im plem entation of integrated 
pest management to  control m ite parasitism .

4.1.3 Spring inspection of the colonies 

W hen the overwintering period ends, the queen 
begins to oviposit and the winter workers begin 
to rear the new brood. The spring exam ination 
of the colonies and the hives is crucial for 
the forthcoming beekeeping season, in order 
to maximize pollination activity and honey 
production. The beekeeper should undertake 
a meticulous examination of all apiaries and 
colonies to evaluate the sanitary status o f his/ 
her livestock.

The main elements of the spring inspection 
are as follows:

• Checking all the hives (material and livestock).
• Management of the material. W ooden objects 

tend to suffer in the winter and m ust be 
evaluated. Damaged hives should be replaced 
and stored in farm premises to be repaired 
or eliminated. Hive floors have to be cleaned. 
Frames should be replaced if the wax is too

old (i.e. d a rk  in  colour). In a hive with ten 
fram es, it is considered that two to three 

fram es shou ld  be replaced each year by new 
ones.

.  Evaluation o f  the colony populations and 
new ly developing broods to assess if the 
colonies are restarting  properly.

.  M anagem ent o f  feeding supplement (cf, 
C hap ter 2, section 2.5). Supplementary 
feeding m ay be necessary to help the colo­
nies to  restart, in  particular if the spring is 
cold and  developm ent o f vegetation delayed,

• Rejuvenation o f the areas nearby and 
su rro u n d in g  the  hives and apiaries.

• A ssessm ent o f  the progress o f blossomming 
(and  the  g row th o f honeydew plants) in the 
su rro u n d in g  area.

• At th e  beg inn ing  o f the beekeeping season, 
Varroa infestation  o f  the colonies must be 
below the  th resho ld  of 50 mites per colony. 
M onitoring  Varroa infestation may be 
necessary in  colonies selected at random.

4.1.4 Insp ec tio n  in  preparation  for 
overw in tering

Exam ination o f  the  hives at the end of summer/ 
early au tum n is crucial for limiting the risks for 
the colonies du ring  the overwintering period 
and for th e  recovery o f colony activity the 
following spring (FERA, 2010).

The m ain  elem ents o f  this examination are 
as follows:

• C hecking all the  hives (material and livestock).
• Estim ating the autum nal population and the 

presence o f young winter bees. Determination 
o f the w inter bee population provides an 
assessment o f the strength of the colonies 
before overwintering.

• A colony that is too weak will not be able to 
overw inter and should be eliminated. Indeed, 
this colony m ay pose a risk as a source of 
pathogens that can be transmitted to other 
colonies in the apiary.

• C onfirm ing that the Varroa control 
m anagem ent m ethods implemented have 
been effective. (Control of Varroa infestation.
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described in C hapter 5, is cen tra l to  p roducing  
a strong brood for w intering.)

, The honey stored, o r  feeding supplem ent 
for the overw intering  p e rio d , m u st be 
rigorously checked. A ccording to  the  area, 
the bee strain, and  th e  severity  o f  th e  local 
winter climate, it is usually  considered  that 
a colony should overw in ter w ith  10-22 kg 
of honey or equivalent sugar supplem ent to 
avoid any sugar deficiency. If  h o n ey  is used 
for overwintering, it m u st be p ro d u ced  by the 
colony (or by the apiary) an d  n o t o n e  brought 
in, which could be a source o f  p a thogens or 
chemicals.

During the winter, th e  beekeeper sh o u ld  visit 
the hives and apiaries (and  check  in side  i f  the 
weather and the tem pera ture  p e rm it)  to  m on ito r 
the colonies and to  m anage feed ing  i f  necessary 
(for example, an unusually  severe w in ter will 
require more feeding th an  usual). In some 
regions, it m ight be desirab le  to  tran sfer the 
colonies to areas w ith  a  less co ld  w inter.

4.2 Addressing b io h a z a r d s

4.2.1 Veterinarian

The beekeeper should  establish  a ‘w orking 
relationship’ with a v e te rin a rian  co m peten t in 
honeybee pathology. O f  course, such  veteri­
narians are quite rare bu t it w ou ld  be  an  asset 
if a network of honeybee v e te rin a rian s could 
develop in every country, as has begun  to 
happen in France, w ith in  the  fram ew ork  o f the 
'One Health’ principle.

The expertise o f the  vet will allow  th e  achieve­
ment of clinical exam ination  an d  diagnosis in 
the case of overt disease, outbreak , suspicion of 
poisoning but also the  ach ievem ent o f  sanitary 
audit for a better san itary  m anagem en t o f the 
apiary (Vidal-Naquet, 2013).

The presence o f ve terinarians com peten t in 
honeybee pathology is a  necessity as specified in 
the Guide to Good Farming Practices for Animal 
Production Food Safety (no ting  th a t honeybees 
are indeed animals that p roduce food) (OIE and 
the FAO, 2009) and the  bo o k  Bee Health and 
Veterinarians (OIE, 2014):

Ow ners or managers of liveitock should:
-  Establish a working relationship with a 

veterinarian to ensure that animal health 
and welfare and disease notification issues 
are addressed.

-  Seek veterinary assistance to immediately 
investigate any suspicion of serious disease.

This is why competent authorities and veterinary 
schools and faculties should develop courses on 
honeybee pathology for students and for post­
graduate training of veterinarians.

4.2.2 ‘Hospital apiary’

In some cases, diseased colonies with the 
potential to recover may be deemed worth 
saving. They should be isolated from the apiary, 
if no t affected by a notifiable disease that forbids 
hive movement. Placing these hives in an 
isolated apiary may allow the colonies to recover 
while limiting the risk of transmitting biological 
pathogens.

The beekeeper should kill any colonies that 
are too weak or potentially pose a danger to the 
other colonies of the apiary.

4.2.3 Varroa infestation control

All beekeeping practices must consider disease 
prophylaxis and colony health. In the European 
Union, the use o f VMPs in the beekeeping sector 
is limited; only a few miticides are authorised for 
treating bees.

The use of miticides is currently necessary to 
control Varroa infestation. The use and choice of 
acaricides should be based on express knowledge 
of the mite infestation and take into account 
the risks tire treatment may pose to apiaries. 
The IPM method is a good sanitary beekeeping 
practice which may limit miticide resistance.

In other countries (e.g. the US and Canada) 
antibiotics are permitted in the prevention and 
control of foulbrood disease! and nosemosis. 
The use o f antibiotics is not considered a good 
sanitary beekeeping and veterinary practice 
(cf. Chapter 4). However, in countries where 
they are permitted, control and/or prevention 
of infectious diseases with antibiotics must be
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undertaken carefully and scientifically because 
of the risks o f  antibiotic resistance and the 
presence o f residues in the products o f  the hive. 
The use o f  antibiotics In a colony should be done 
in association with the shaking bee m eth o d  (also 
called the shock swarm m ethod),

4.2.4 Renewal o f  the honeybee livestock 

The renewal of honeybee colonies (by the 
introduction o f artificial swarms, package 
bees, and queens into the apiary) is a po tential 
biohazard for the existing colonics. 'Ihc sanitary 
status of any h o n e y b e e  livestock in troduced 
into an apiary should be known and certified. 
Quarantine measures before in troduction  m ay be 
necessary because o f sanitary risks (pathogenic 
agents, parasites, pests). In troduction  o f 
honeybee livestock from certain countries m ay 
require that samples be sent to  a  reference 
laboratory to test for exotic pests and  parasites 
(Aelhma tumida, Tropilaelaps spp.).

Livestock renewal may be perform ed w ithin 
the hone)' farm  by the process o f  artificial 
swarming from a colony of the  apiary. The 
sanitary hazard is then limited, because there  
is no risk of introducing pathogenic agents, 
parasites, or pests from foreign livestock.

Renewal of livestock according to  GSBP 
involves the following:

• Renewal o f queens (re-queening). It is 
considered that in managed colonies, the 
queen should ideally be replaced every year, 
and at m ost every two years. Artificial queen 
rearing or re-queening by supersedure m ay 
be undertaken within the honey farm  to 
avoid introducing pathogens, parasites, or 
pests, The introduction of a purchased queen 
requires a certificate of health, even if  the 
risk of introducing pathogens is lower than 
when introducing foreign artificial swarms 
or package bees. The choice o f queen should 
be considered carefully, taking into account 
the genetic features the beekeeper wishes the 
colony to possess (adaptation to the local 
environment, honey production, pollination

activity, docility , low er ten d en cy  to swarm, 
hyg ien ic  b eh av io u r, etc .),

• P rodu c in g  artific ia l sw arm s. Creating 
artificial sw arm s p ro v id es a  m eans to renew 
an d  increase  th e  livestock. This method 
requ ires carefu l co n s id e ra tio n  and should be 
perfo rm ed  on ly  o n  s tro n g  colonies.

• In tro d u c tio n  o f  fo re ign  artificial swarms or 
package bees. A rtific ia l sw arm s or package 
bees are p o te n tia l b ioh azard s as they pose the 
risk  o f  in tro d u c in g  p a th o g en s in to  the apiary. 
This risk  can  be  co n s id e re d  significant. The 
beekeeper m ay  q u a ra n tin e  these artificial 
sw arm s an d  p ackage bees. Traceability and 
san ita ry  ce rtifica tio n  a re  necessary.

• R ecovering  a (w ild ) sw arm . Recovering a 
sw arm  fro m  a  tree , fo r  exam ple, constitutes 
a b io h azard  fo r  th e  apiary. A recovered 
sw arm  sh o u ld  be  iso la ted  from  the apiary 
if  possib le  a n d  a  o n e -sh o t m iticide (e.g. 
oxalic ac id  o r  fo rm ic  ac id ) applied  to  control 
Varroa in fe sta tio n  a n d  avoid infestation of 
th e  co lon ies in  th e  apiary.

4.3 A d d ressin g  c h e m ic a l hazards

C hem ical haza rd s  a re  a  m a jo r  risk  fo r honeybees 
and  are co n s id e red  b y  m an y  stakeholders in the 
beekeeping sec to r as m a in ly  responsible of the 
cu rren t san ita ry  crisis.

C hem ical h a z a rd s  m ay  com e from  the honey 
farm  (m a n ag em en t o f  the  m aterial, control of 
Varroa in festa tion ) o r th e  env ironm ent (crops, 
pesticides, an d  in d u s tr ia l chem icals):

• C rops are freq u en tly  trea ted  against insect 
pests. B ecause bees a re  also  insects, and feed 
in p articu la r  o n  crops, these pesticides pose 
a m ajor hazard  to  bees, an d  hence threaten 
pollination . P h y to san ita ry  products may 
endanger th e  h ea lth  o f  the  colonies (see 
C hapte r 2).

• Because bees are  fo od-p roducing  insects, 
beekeepers m u st take m easures to  protect not 
ju st th e  h ealth  a n d  stren g th  o f  the  colonies 
bu t also th e  h ea lth  o f  th e  consum ers o f hive 
products.
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flius, dealing w ith  ch em ica l h a z a rd s  r e q u ire s  th e  
following GSBPs:

, The beekeeper sh o u ld  u se  w ith in  th e  h iv es 
only those chem icals o r  V M P s a u th o r is e d  fo r 
use on honeybee co lo n ie s , in  p a r t ic u la r  w h e n  
controlling Varroa in fe s ta tio n . C h e m ica ls , 
etc., used w ith in  th e  h iv es sh o u ld  b e  offic inal 
substances. For exam p le , th e  o rg a n ic  ac id s 
(oxalic a d d , fo rm ic  ac id , lac tic  a c id )  c u r re n tly  
utilised in p re p a ra tio n s  fo r  Varroa c o n tro l 
management o u g h t to  b e  p u rc h a s e d  f ro m  a 
pharmacist o r v e te r in a ria n  a n d  n o t  f ro m  a 
paint shop as o ften  o ccu rs .

, The beekeeper sh o u ld  u se  o n ly  a u th o r is e d  
deaning, disinfecting , o r  s te r iliz in g  p ro d u c ts  

on stored m aterial.
. The beekeeper sh o u ld  be  fa m ilia r  w ith  th e  

vegetation and  c ro p s th a t  h is  c o lo n ie s  fo rage  
on and pollinate. B eek eep ers  c a n  so m e tim e s  
chose where hives a re  lo ca ted , a n d  sh o u ld  

avoid risky areas.
. The beekeeper sh o u ld  also  b e  aw are  of, a n d  

should evaluate, an y  use  o f  a n ti-p a ra s itic  
chemicals by n e ig h b o u rin g  fa rm s .

• Asking n e ig h b o u rin g  fa rm e rs  to  sha re  
information abo u t th e ir  c h e m ic a l ( o n  c rops) 
and anti-parasitic (o n  a n im a ls )  p ra c tic e s  
should help to  m in im iz e  c h e m ic a l h azard s .

4.4 Addressing p h ysica l h a za rd s

Beekeeping practices alw ays p re se n t  r isk s  fo r 
honeybee colonies. T hese p ra c tic e s  sh o u ld  
respect the welfare an d  safety  o f  th e  bees:

• The beekeeper sh ou ld  have su ffic ien t p rac tica l 
experience to  be able to  in sp e c t th e  co lon ies 
in the hives.

• The beekeeper has to  m an ag e  h iv es  in  such  a 
way as to lim it losses due to  phy sica l hazard s . 
Handling, open ing , a n d  tr a n sp o r tin g  
(migratory beekeeping) sh o u ld  b e  p e rfo rm e d  
with the u tm ost care to  p ro te c t th e  co lon ies 
within the hives. The q u een , in  p articu la r, 
must be p ro tected  w hen  an y  h a n d lin g  is 
performed.

• T he b io logy  an d  physiology of the honeybee 
sh o u ld  be  considered  w hen opening the hives 
for ex am in a tio n  o r for any management. 
D rau g h ts  an d  cold  m ust be avoided because 
these  m ay  h a rm  bees bu t more im portantly 
d am age th e  b rood .

5 Veterinary medicine products

T he beek eep er shou ld  be aware o f and respect 
the  legislation  concern ing  the use o f VMPs 
an d  d ru g s  in  apiculture. As already m entioned, 
in  th e  EU, th e  only  VM Ps sold officially are 
m itic ides. In  certa in  countries, some VMPs are 
p resc rip tio n  drugs.

V M P  u se  in  te rm s o f  GSBPs involves the 
follow ing considerations:

• T he beekeeper should  use only VMPs 
officially sanctioned  for use on  honeybees.

• T he use  o f  o th e r  active ingredients, e.g. 
o rgan ic  acids, m ust be done according to 
th e  p revailing  san itary  and public health 
legislation  (officinal substances, prescription, 
p rep a ra tio n  m ethod , etc.)

• C urrently , th e  use o f  antibiotics is forbidden 
in  th e  EU, though  these ire  authorised in 
so m e o th e r  countries.

• The beekeeper m ust be aware o f  potential risks 
to  h im /h e rse lf  and  o ther apiary workers and 
m u st take all necessary protective measures.

• The use  o f  V M Ps m ust be done in  accordance 
w ith  th e  veterinary  prescription and /or the 
in stru c tio n s  supplied.

• D etails o f  treatm ents m ust be recorded in 
w riting , and  should  include: origins, use, 
batch num ber, date  o f adm inistration, doses, 
identifica tion  o f  the colonies treated.
Storage o f  VM Ps m ust follow legislation and 
san ita ry  regulation.
The treatm ents applied must not be harm ful 
to  the  health  o f  the colonies.
T reatm ents against the mite Varroa m ust be 
applied  according to a carefully considered 
strategy.
T reatm ents m ust no t be applied to the hive 
d u rin g  honey-flow  and honey production.
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• The treatments (strips, sponges, and other 
carriers) should be applied for a given tim e 
and then removed punctually from the hive.

• Drug carriers must be destroyed according 
to the regulations concerning VMP waste 
disposal.

6 Honeybee colony supplementary 
feeding

The food resources of honeybee colonies are 
nectar, honeydew, pollen, and water. However, 
supplementary feeding of managed colonies 
may be necessary in some circumstances to 
limit the risk of starvation or deficiency, which 
can cause colony weakening and collapse. W ater 
is crucial for colonies (homeostasis of the nest, 
brood rearing, etc.), especially as it is no t stored 
in the nest as pollen and honey are.

Supplementary feeding may be perform ed 
in three main circumstances: in the case of 
starvation or risk of deficiency (’emergency’ 
feeding), to stimulate colony activity 
(speculative or stimulating feeding), o r to 
replace honey removed from the hive (‘surrogate’ 
feeding) (G. Therville-Tondreau, personal 
communication, Nantes, 2013) (cf. Chapter 2, 
section 2.5).

The beekeeper should:

• Acquire feeding supplements from suppliers 
who follow good manufacturing practices 
(OLE and FAO, 2009).

• Ensure a high-quality water supply at o r close 
to the apiary.

• Avoid handling, which could be a source o f 
chemical or biological contamination, and 
can result in fermentation of the feeding 
supplement.

• Make sure that the composition of the feeding 
supplements is tailored to suit the needs o f 
the colony.

• Use honey from the colony or the apiary 
if using honey as a feeding supplement. 
The use of other honeys must be avoided 
due to the risk o f chemical and biological

(spores o f Paenibacillus larvae in particular) 
con tam ination .
H oney co n ta in in g  m elezitose should not be 
used  for o v erw in tering  because it tends to 
crystallise. C olon ies overw intering on honey 
contain ing  m elezitose  have a  greater risk of 
collapsing d u rin g  the  w inter or during the 
follow ing sp rin g  as crystallization of the 
m elezitoze m ay  induce  dysentery in winter 
w orkers (Im d o rf  et a i ,  1985).

. Use feed th a t is su ited  to  the needs of the 
colony a n d  th e  tim e  o f the  year. Usually, in 
w inter an d  early  spring , when the weather is 
cold, candy  is th e  food  of choice. In spring, 
w hen th e  w eath e r is better and the colony 
begins to  resta rt, sy rup  should be used.

7 H ive and  a p ia ry  environm ent

The location  o f  th e  ap ia ry  and  the situation of 
the hives in  a n  ap ia ry  a re  b o th  crucial to the 
health  o f the  colonies.

7.1 Location of an apiary

The beekeeper should:

• Ensure h e /sh e  h as  easy  access to  the apiary.
• E nsure th a t th e  a p ia ry  a n d  the spaces around 

the  hives a re  su itab ly  m aintained.
• E nsure th a t th e  h ives are protected against 

any d am p n ess in  th e  a ir or from the soil, 
and  are  p o s itio n e d  carefully with respect to 
the w in d  ( th e  en tran ce  o f  the  hive must be 
p ro tec ted  fro m  th e  prevailing winds to avoid 
physical h aza rd s, an d  to  allow the bees to fly 
ou t freely). A ccord ing  to  the area and the 
stra in  o f  bee, it m ay  be necessary to move 
the hives to  o v e rw in te r in  a region with more 
clem ent w eather.

• P ro tect as fa r as possib le  the apiary against 
pests a n d  p red ato rs.

7.2 The apiary within the environment

The beekeeper should :
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, Ensure ihe presence of natural food resources. • 
He/slie should know the vegetation and  crops 
found In the areas su rrounding  th e  apiaries.

, Ensure the presence of a h igh-quality  w ater . 
supply.

, Ensure the quality of the vegetation (du ring  
[he flowering and b lossom ing p e rio d ) and • 
the presence of water in  any location  to where 
hives arc moved (in the  case o f m igratory  
beekeeping).

. Limit asfar as possible any risks o f  confinem ent 
within the hive (which favours a n u m b er of 
diseases, e.g. European foulbrood disease and 
nosemosis).

. Know, if possible, the fa rm ing  practices 
and the use of pesticides on  crops near his/ 
her apiary. Discussion betw een farm ers and 
beekeepers about the use  o f  phytosan ita ry  
products by the farm er m ay lim it th e  risks 
of poisoning. O f course, it is h o p e d  th a t use 
of pesticides on fields, orchards, o r  v ineyards 
will be rational and p roportionate.

• Know, if possible, the  practices b e in g  followed 
by neighbouring beekeepers, particu larly  
with respect to Varroa contro l m anagem ent; 
in general, awareness o f  the  possible presence 
of diseased colonies nearby is im p o rtan t 
because robbing and drifting  are  th e  tw o m ain  
natural routes of transm ission  o f infectious 
and parasitic diseases o f the  honeybee.

8 Handling of honeybee co lo n ies  
and hive products

8.1 Addressing b ioh azard s

the beekeeper should;

• Ensure the (good) sanitary status o f  h is/h er 
colonies if the farm  produces honeybees 
intended for sale.

• Ensure that the honeybees (package bees, 
artificial swarms, queens) in tended  for sale 
are fit to travel and are tran sp o rted  in  th e  best 
sanitary conditions possible.

• Ensure optimal sanitary conditions for honey 
extraction from the frames.

Ensure that any contamination by pathogenic 
agents in  the honey and products of the hive 
intended for sale is as low as possible.
Ensure optim al conditions far the packaging 
and storage of the honey and products of the 
hive to m aintain their quality.
Keep records of the honeybees (package bees, 
artificial swarms, queens) leaving the honey 
farm  and their destination.

• Keep records of the products of the hive 
leaving the honey farm and their destination.

8.2 Addressing chemical hazards

The beekeeper should;

• Fully respect any legislation on maximum 
residue levels (MRLs).

• Ensure that no  colony has been treated 
during  the honey flow and that drug carriers 
have been removed from the hives according 
to the specified schedule.

• Ensure that no  colony has been treated with 
illegal substances or veterinary medicines, 
such as antibiotics, in countries where these 
VM Ps are forbidden in  apiculture.

8.3 Addressing physical hazards

The beekeeper, as a producer of honeybees 
(queens, package bees, artificial swarms) and/or 
honey, should;

• Respect the welfare of heneybee colonies 
during  their husbandry and transportation.

• Ensure o f the quality of the transportation 
material (hives, hive nucleus, queen trays).

• Ensure the preservation of the quality and 
safety of the products of the hive during 
transportation.

9  General sanitary practices for 
honey extraction and production

Even if honey is considered a low-risk food 
product, good sanitary practices must be applied 
throughout its extraction from the frames and 
subsequent processing (ADAPI, 2003).
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E u r o p e a n  r e g u l a t i o n  d e f i n e s  w i t h i n  i t s  

‘ h y g i e n e  p a c k a g e ’  t h e  f o o d  s a f e t y  o b j e c t i v e s  

t o  b e  a c h i e v e d ,  l e a v i n g  the  f o o d  o p e r a t o r s ,  

a n d  i n  p a r t i c u l a r  h o n e y  p r o d u c e r s  a n d  t h e  

h o n e y  i n d u s t r y ,  r e s p o n s i b l e  f o r  a d o p t i n g  t h e  

s a f e t y  m e a s u r e s  t o  b e  i m p l e m e n t e d  i n  o r d e r  t o  

g u a r a n t e e  f o o d  s a f e t y  ( E u r o p a . e u ,  2009). H o n e y  

p r o d u c e r s  a n d  h o n e y  b u s i n e s s  o p e r a t o r s  h a v e  

t o  a p p l y  t h e  p r i n c i p l e s  o f  t h e  h a z a r d  a n a l y s i s  

a n d  c r i t i c a l  c o n t r o l  p o i n t s  ( H A C C P )  s y s t e m  

i n t r o d u c e d  b y  t h e  C o d e x  A l i m e n t a r i u s  ( t h e  

c o d e  o f  i n t e r n a t i o n a l  f o o d  s t a n d a r d s  d r a w n  u p  

b y  t h e  U n i t e d  N a t i o n s  F o o d  a n d  A g r i c u l t u r e  

O r g a n i z a t i o n ) .  T h e  b a s i c  p r i n c i p l e  o f  t h e  

p r o d u c t i o n  o f  h o n e y  i n  t h e  h o n e y  h o u s e  i s  

w a l k i n g - f o r w a r d  l o g i c  ( V i d a l - N a q u e t ,  2 0 1 3 ) .

B e e k e e p e r s  h a v e  t o  r e s p e c t  t h e  p h y s i c o c h e m ­

i c a l  c r i t e r i a  o f  h o n e y  d e f i n e d  b y  t h e  r e g u l a t i o n .

C o u n c i l  D i r e c t i v e  2 0 0 1 / 1 1 0 / E C  o f  2 0  

D e c e m b e r  2 0 0 1  ( r e p r o d u c e d  i n  A p p e n d i x  5 )  

r e l a t i n g  t o  h o n e y  s p e c i f i e s  t h e  l e g a l  d e f i n i t i o n  

a n d  p h y s i c a l  a n d  c h e m i c a l  c h a r a c t e r i s t i c s  o f  

h o n e y  a s  f o l l o w s :

H o n e y  i s  t h e  n a t u r a l  s w e e t  s u b s t a n c e  

p r o d u c e d  b y  Apis mellifera b e e s  f r o m  t h e  

n e c t a r  o f  p l a n t s  o r  f r o m  s e c r e t i o n s  o f  l i v i n g  

p a r t s  o f  p l a n t s  o r  e x c r e t i o n s  o f  p l a n t - s u c k i n g  

i n s e c t s  o n  t h e  l i v i n g  p a r t s  o f  p l a n t s ,  w h i c h  

t h e  b e e s  c o l l e c t ,  t r a n s f o r m  b y  c o m b i n i n g  

w i t h  s p e c i f i c  s u b s t a n c e s  o f  t h e i r  o w n ,  d e p o s i t ,  

d e h y d r a t e ,  s t o r e  a n d  l e a v e  i n  h o n e y c o m b s  t o  

r i p e n  a n d  m a t u r e .

T h e  f r u c t o s e ,  g l u c o s e ,  a n d  s u c r o s e  c o n t e n t  

o f  h o n e y  a r e  d e f i n e d ,  a s  w e l l  a s  m o i s t u r e  ( i n  

g e n e r a l  n o t  m o r e  t h a n  2 0 % ) ,  t h e  e l e c t r i c a l

c o n d u c t i v i t y ,  f r e e  a c i d  c o n t e n t ,  d i a s t a s e  a c t i v i t y ,  

a n d  h y d r o x y m e t h y l f u r f u r a l  (H M F )  content. ln 
g e n e r a l ,  H M F  m u s t  b e  n o t  m o r e  t h a n  4 0  m g /  

k g ,  excep t in  b a k e r ’s  h o n e y .  I n  E u r o p e ,  h o n e y i  

o f  d e c l a r e d  o r i g i n  fr o m  r e g i o n s  w i t h  t r o p i c a l  

c l i m a t e  a n d  b l e n d s  o f  t h e s e  h o n e y s :  n o t  m o r e  

t h a n  8 0  m g / k g .
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It is currently quite unusual fo r a  beekeep er to  
summon a veterinarian in  the  even t o f  san ita ry  
trouble, disease, suspicion o f  p o iso n in g , o r 
colony collapse as is done in  o th e r  h u sb a n d ry  
sectors. However, veterinarians co m p e ten t in  bee 
pathology are able to  use d iagnostic  an d  clinical 
skills that can prove an  asset to  beekeepers 
(Barbamfon et al, 2014).

The first part o f  th is chap ter deals w ith  th e  
clinical examination o f  an  apiary. The second 
part considers the  san ita ry  aud it o f  an  ap ia ry  th a t 
veterinarians m ay perform , an d  h o w  th is m ay 
hdp beekeepers w ith  th e ir  ap iary  m anagem en t.

In honeybee veterinary  m ed ic in e , certa in  
features of Apis mellifera have to  be  tak en  in to  
account compared to  o th e r  rea red  species:

• Honeybees are insects and  n o t m am m als.
• Apis mellifera is a  social insect; a lth o u g h  the  

individual is the honeybee, the  u n it  is the 
colony as a super-organism .

• Apis mellifera is the only m anaged  o r  reared  
species for which the food is n o t b ro u g h t and 
controlled by the farmer.

• Honeybees are food-p roducing  reared  
animals.

1 Clinical examination of colonies 
and elements of semiology

Veterinary practitioners acquire d u rin g  their 
studies and their practice an  approach  to 
clinical examination and diagnosis w hen faced 
with any diseased anim al, w hatever the  species.
This diagnostic procedure is strict; overlooking 
any step runs the risk o f reaching a w rong final

diagnosis (Roy, 2011). This is also the case 
for honeybee  veterinary  medicine. However, 
th e  usual m eans o f  clinical exam ination 
(tem pera tu re  taking, auscultation, palpation, 
etc.) are n o t p racticable in  this insect species. 
A m eth o d  adap ted  fo r the honeybee m ust be 
developed (Roy, 2011), as described here.

O ne elem ent does n o t change com pared to 
veterinary  m edic ine  for o th er species: clinical 
exam ination  always begins by collecting anam ­
nesis an d  record ing  the  symptoms observed.

The in terven tion  o f  a practitioner in  the  field 
m ay occur:

• If  sym ptom s are observed in  bees and / 
o r  brood, colony weakening o r  collapse 
occurs, p roduction  decreases, o r  poisoning 
is suspected.

• At th e  request o f  sanitary  authorities.
• At the  request o f  insurance companies.
• To undertake  an  epidemiological study as 

p a rt o f  a surveillance system.
• To preven t diseases.
• In the  fram ew ork o f  a sanitary audit that can 

be perform ed  in  a honeybee farm  as in  o ther 
anim al-rearing far ms.

Preliminary remark

The m anagem ent o f  the visit, in particular 
rem oving and  resetting the frames in the hive 
during the visit, m ust be under the control o f  the 
beekeeper. The veterinarian should observe how  
the beekeeper practises bee husbandry and be 
alert to any clinical signs. Another reason is that 
when opening a hive, although som e workers
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may unfortunately  be crushed, it is vital th a t the  
queen not be harm ed.

1.1 Conditions for a g o o d  clinical 
exam ination

Visiting the hives m ust be done d u rin g  the  
hottest hours o f the day. The clinical exam ination  
m ust be perform ed in a  coord inated  m anner, 
step by step, and as quickly as possible to  avoid 
disorganization and w eakening o f  the  colony.

1.2 A nam nesis (m edical history)

Listening to  th e  client beekeeper is essential in 
order to gather as m uch  in form ation  as possible. 
Unfortunately, the  data gathered are often sparse 
and superficial and som etim es m istaken  (Roy, 
2011).

The anam nesis m ust be as detailed  as possible:

• Date o f occurrence o r  first observation  o f  the  
symptoms and  th e ir evolution.

• M igratory routes (crops pollinated , m ig ra to ry  
beekeeping, etc.).

• Frequency and  dates o f inspections o f  th e  
apiaries and colonies.

• Varroa control m eth o d  used.
• W ater access characteristics (d istance, s ta n d ­

ing water, flowing water, etc.).
• Features o f  the farm : trad itional beekeeping, 

organic beekeeping, extensive o r  intensive 
beekeeping, honey  production , po llin a tio n  
activity, etc.

• Crops and flora in  the  su rround ing  en v iro n ­
m ent, b u t also w eather (n o t on ly  a t the  
m om ent o f the clinical exam  b u t also fo r the  
past weeks and m onths).

• Apiculture environm ent. It is im p o rta n t 
to  assess the density of the apiaries in  the  
su rrounding  environm ent. F u rtherm ore , 
during  the  season, m igratory beekeeping m ay 
lead m any beekeepers to  pu t th e ir hives in 
the sam e area for pollination or p ro d u c tio n  o f 
m onofloral honey  (e .g  in  areas su rro u n d in g  
lavender fields in  the south o f France).

• The epidem iological context: know ledge 
of any problem s in  nearby colonies, if 
available, should  be  an  im p o rtan t p o in t o f  th e

an am nesis. Is th e re  a  g rea te r probability of 
th e  co lon ies b e in g  faced  w ith  a n  infectious or 
toxico log ical th r e a t  d u e  to  local beekeeping 
an d  fa rm in g  (p h y to sa n ita ry  p ro d u c t use) 
practices?

1.3 Initial external examination

O n  arrival o n  site, o b se rv a tio n  o f  th e  environment, 
o f  the  g enera l a c tiv ity  o f  th e  bees o n  the apiary 
an d  in  f ro n t o f  each  h ive , th e  appearance  of the 
hives, th e  ac tiv ity  a t th e  h iv e  en tran ce , and the 
soil o n  th e  f ro n t o f  th e  h ive rep resen ts  the first 
step  o f  th e  c lin ica l ex am in a tio n .

1.3.1 T he e n v iro n m e n t

W atch ing  a n d  o b se rv in g  carefully  the  apiary 
en v iro n m en t a n d  su r ro u n d in g  area  provides 
in fo rm a tio n  th a t  sh o u ld  b e  tak en  in to  account 
w h en  m a k in g  th e  c lin ica l exam ination  and 
p e rfo rm in g  th e  d ia g n o s is  (F ig u re  9.1):

• O b se rv in g  th e  lo c a tio n  o f  th e  apiary gives 
in fo rm a tio n  o n  w a te r  a n d  food  resources, 
p reva ilin g  w in d s , th e  p o te n tia l presence of 
enem ies o f  th e  h ives , a n d  po ten tia l physical

Figure 9.1 A p ia ry  s u r r o u n d in g s .  O b s e rv in g  th e  
a p i a r y  s u r r o u n d i n g s ,  t h e  a p i a r y  m a in te n a n c e ,  
a n d  t h e  p l a c e m e n t  o f  t h e  h iv e s  p r o v id e s  
m u c h  in f o r m a t io n  f o r  a  c l in ic a l e x a m in a t io n .
(©  N ic o la s  V id a l - N a q u e t . )
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risks (vibrations w hen  c lose to  a  ro a d  o r  a 
railway, etc.).

, The forest, floral, a n d  ag ricu ltu ra l 
environment p rov ides v ita l in fo rm a tio n . For 
example, cereal crops, can o la , sunflow ers 
and maize crops, v ineyards, o rch a rd s , etc., 
are treated w ith  p a r tic u la r  p h y to sa n ita ry  
products so know ing  th e  local c rops 
provides an apprecia tion  o f  th e  ‘toxic  risk ’ 
faced by the  colonies. W h en  p re p a r in g  the  
visit, observation o f  a sa tellite  v iew  (e.g. 
Google Maps) o f  th e  a p ia ry  lo c a tio n  a n d  on  
average 3 km  aro u n d  m ay  p ro v id e  in te re s tin g  
information (e.g. a n ea rb y  in d u s tr ia l  area). 
3 km is considered  th e  m a x im u m  d istan c e  
for foraging flights.

. Maintenance o f  th e  im m e d ia te  e n v iro n m e n t 
and access to  th e  a p ia ry  m u s t  be  evaluated . 
Poorly m ain tained  su r ro u n d in g s  are  n o t 
good sanitary b eekeep ing  p ra c tic e  a n d  m ay  
be evidence o f  in ad eq u a te  h u sb a n d ry .

1.3.2 Appearance o f  th e  h ive 

The appearance o f  th e  hives, an d  th e ir  p lacem en t, 
must be considered as im p o rta n t  e le m e n ts  in  th e  
clinical exam ination:

• Choice o f hive, e.g. D ad an t, L angstro th , 
and Warre m odels. U sually  beek eep ers  in  
areas with cold w in ters use a  re la tive ly  large- 
volume hive w h ich  ca n  sto re  a  h ig h  q u a n tity  
of honey. However, th e  space  availab le  to  th e

Figure 9 .2  A lig h tin g  b o a r d  o f  a  h iv e  w ith  a  
collapsing c o lo n y , s h o w in g  a  h ig h  le v e l o f  
faeces a n d  d e b r i s .  (©  N ic o la s  V id a l -N a q u e t . )

bees w ith in  a hive m ust be m atched to the 
size o f  the  colony,

• H ive m aintenance: pain t o r  woodstain, 
p ro tec tion  against pests and enem ies, renewal 
o f  dam aged  hives, etc.

• H ive placem ent: suitable placem ent may help 
to  estim ate  the  risk  o f drifting.

• M easures to p ro tec t hives from  dam pness 
(e.g. by using  a hive stand).

• A n  ap iary  w ith the sam e kind of hives allows 
the  stren g th s o f different colonies to be 
com pared.

1.3.3 E x am in a tio n  o f  th e  alighting board  and  
th e  f ro n t o f  th e  hive

The a ligh ting  b oard  is a surface at the front 
o f  the  hive w here the bees land and take off. 
O b serv a tio n  o f  the  alighting board and  the front 
o f  th e  hive is im p o rtan t for the following reasons 
(F igures 9.2 an d  9.3):

.  A ssessm ent o f  the  num ber o f  bees entering 
an d  leaving the  hive provides a  m easure of 
the  co lony  activity.

• The a ligh ting  b o a rd  and the area in  front 
o f  th e  en trance  should  be searched for the 
p resence o f  p redators, enemies, and  pests o f 
th e  colonies, e.g. hornets hovering in flight 
w aiting  for forager bees.

• To check  for the  presence o f unusual or 
abn o rm al features, including:

Figure 9.3 A lig h tin g  b o a r d  o f  a  h ig h ly  a c t iv e  
h iv e . (©  N ic o la s  V id a l-N a q u e t.)



208 Honeybee veterinary medicine and practice

Figure 9 .4  A h ive  o f a  c o l la p s e d  c o lo n y  w ith  Figure 9 .5  A  h iv e  o f  a  w e a k e n e d  co lony  with
n o  b e e s .  (©  N ic o la s  V id a l-N a q u e t.)  fe w  b e e s .  (©  N ic o la s  V id a l-N a q u e t.)

-  diseased bees, and bees exhibiting clinical 
signs;

-  dead bees;
-  brood mummies;
-  faeces;
-  waste (it m ust be taken in to  account that 

some scavengers, e.g. lizards, birds, and  
ants, feed on dead bees, waste, etc.).

• Examination of the soil in  front, u nder 
(if a mesh-floor is used inside the  hive), 
and around the hive can provide m uch 
information on the health  status o f  the 
colony; dead bees (a few dead bees are usually 
observed in healthy colonies bu t a carpet o f 
dead bees is suggestive o f an im pairm ent 
o f colony health), m um m ies, crawling bees 
unable to fly, etc.

Before opening the hive, the percussion o f  the 
hive body provides inform ation on  the presence 
o f the colony, which typically m akes a hum m ing  
sound. A stethoscope may be used to listen to 
the activity inside a hive. The weight o f the  hive 
can be evaluated by cautiously and slightly lifting 
the hive; this is particularly im portan t before 
the overwintering period to evaluate the honey 
resources.

This first ‘external’ exam ination gives an 
appreciation o f the assets, hazards, and risks o f 
the environm ent and the status o f  the hives, and 
provides an initial picture o f the vitality o f  the 
colonies (Roy, 2011).

W h en  exam in in g  a colony, it is important to 
rem em ber th a t som e bees may be not found; 
foraging bees m ay  be away on foraging sites 
(though  th ere  is usually  a perm anent toing and 
froing o f  foragers) o r  m ay have died during 
foraging o r  have b een  unable find their way back 
to the hive.

1.4 Clinical exam in ation  of the colony

A digital cam era  is helpful to enable a better 
exam ination  o f  the  fram es (num ber of bees, 
abnorm alities, evaluation  o f brood quality 
and quantity , etc.) on  a com puter screen. The 
clinical ex am in a tio n  will encompass all living 
an d  non-liv ing  elem ents o f  the hive. It has to 
be well s tru c tu re d  an d  quickly implemented

Figure 9.6 A  h iv e  o f  a  h e a l th y  a n d  strong  
c o lo n y . (©  N ic o la s  V id a l-N a q u e t.)
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,)5 minutes for a full ex am in a tio n  o f  a  h ive is 
considered sufficient by m an y  p rac titio n e rs ).

j 4.1 Examination when opening the  hive

Hhen opening the hive, th e  first p o in t to  no tice  
is the presence o r no t o f  propolis; th e  o u te r  cover 

inner cover m ay be g lued  by  th e  p ro p o lis  -  
jjjis is a defence behav iour o f  th e  colony.

When the covers are rem oved , th e  fo llow ing 
points should be checked:

, Usual or unusual behav iour (aggressiveness) 
of the colony.

, The inter-comb spaces o ccu p ied  by  bees m ust 
be numbered, allow ing an  e s tim a tio n  o f  the 
population strength:
- In the season, all th e  fram es covered  

by bees and  all th e  in te r-c o m b  spaces 
occupied by bees ind ica te  a  s tro n g  colony.

-  Weakened colonies m ay  p re se n t o n ly  a  few  
bees or a few in te r-co m b  sp aces o ccu p ied  
by bees.

. The smell o f  the  hive. The u su a l o d o u r  o f  a 
hive is that o f th e  w ax. I f  a  fo u l o r  v in eg ar 
smell is detected, a  d isease  o f  th e  b ro o d  m ay  
be suspected.

• The presence o f  o th e r  in sec ts  w ith in  th e  hive, 
e.g wasps, m oths, h o rn e ts , an ts , a n d  beetles. 
Although the p resence  o f  so m e  a n ts  is  o ften  
considered usual in  co lon ies, th e  p re se n c e  en  
masse of these insects o r  o th e r  p re d a to rs  an d  
enemies may be  a  sign  o f  a  w e a k e n e d  co lo n y  
or a colony w ith  w eak defensive  b e h a v io u r 
(Roy, 2011). At th e  p re sen t tim e , th e  search  
for the small hive beetle  has to  b e  d o n e  in sid e  
the hives.

1.4.2 Examination o f  th e  a d u lt  b ees 

After opening the  hive, th e  b e ek ee p e r carefu lly  
removes the fram es fro m  th e  h ive. T he first step  
of the internal ex am in a tio n  is to  e s tim a te  the  
number of workers. T his is m a in ly  a  sub jec tive  
method done using a  tra in e d  eye, th o u g h  th e  
liebefeld m ethod is an  in te re s tin g  q u an tita tiv e  
approach (see section  1.4.6 below ).

With practice, a trained eye will detect any 
abnormalities among the worker bees:

• Physical symptoms: body deformities, asym­
m etric  wings, abnorm al wing wear (K-wings), 
hairless bodies, changed body colour, size of 
the body, distended abdomen, etc.

• Parasitic symptoms: presence of phoretic 
Varroa on  the  thorax and abdomen of the 
bees.

• N eurological symptoms: aggressive or Ump 
and weak bees, trembling and crawling bees, 
bees m oving slowly, bees with shaking wings, 
bees unable to  fly.

• B ehavioural and social symptoms: bees 
fighting w ith guards; clusters of bees in 
front o f  the hive. However, each strain and 
each colony has its own behavioural features 
w hich  m ust be taken into account.

• Digestive symptoms: elongated probosces, 
constipa tion  (distended abdomen), signs of 
dysentery  on  the  combs and hive.

The veterinarian  and  beekeeper should seek out 
th e  queen w hen exam ining a hive. However, not 
to o  m uch  tim e should  be devoted to finding her:

• The queen  m ay be affected by certain problems, 
such as body  size and wing abnormalities.

• If the  queen  is present and the colony brood­
less, the  queen is probably infertile.

1.4.3 The fram es and  the  brood

The fram es are w ooden structures, within 
w hich  a foundation  sheet is laid on which the 
cells are constructed  (to  prevent uncontrolled 
co nstruction  w ithin the hive). Its examination 
Is fundam ental. D uring the visit, all the frames 
an d  the ‘non-living’ elements o f the hive body 
m ust be carefully examined:

• The fram es should be quite easy to remove 
from  the body o f  the hive. If they are not, 
th is m ay be caused by a  recent propolis 
foraging activity o r because of a lack of hive 
surveillance by the beekeeper.

• The wax an d  the  cells: colour and consistency 
are elem ents to check. New wax is white to 
yellow. O lder waxes become black and may 
con ta in  residues and pathogenic agents.



210 Honeybee veterinary medicine and practice

• Pollen and honey stored must be evaluated. 
The quality and amount of pollen (variety of 
colours, pollen cells range area) and honey 
(aspect, consistency) stored can be estimated. 
The stored amount will depend on the time 
of the year when the visit takes place (and on 
the production status of the colony).

• A check should be made for the presence 
of the signs of pests in the wood (cavities, 
crevices) or the observation of silken thread 
(a sign of wax moths).

Removing the frames from the hive must be done 
in a defined order, starting with the peripheral 
frames (containing food reserves and on which 
stand mainly foragers) and moving on to the 
more central frames with brood (on which stand 
mainly inside bees, i.e. nurses, workers, cleaning 
workers, etc.).

The most important aspect o f the frame 
examination is the scrupulous and careful 
observation of the brood. This is a key part of 
the clinical exam. According to Roy (2011), this 
examination can be regarded as corresponding 
to mammalian cardiac auscultation. In a healthy 
colony, in the season, the worker brood is well 
developed, regular, and divided over several 
frames. The different stages of the worker brood 
may be observed: uncapped brood with eggs 
and larvae apparent, and capped brood. The 
condition of the brood is a testament of former 
health troubles of the colony or can reveal 
existing problems.

The brood will give information on the laying 
activity of the queen. The presence of numerous 
eggs and young larvae indicate recent oviposition 
activity by the queen.

Conversely, a lack of eggs will correspond to 
a very recent laying arrest (less than 3 days) and 
a lack of larvae of a definite age (e.g. 5 days) will 
correspond to a laying arrest 8 days previously. 
This can be linked to meteorological conditions, 
strong honey flow, requeening, etc.

The clinical examination of the brood should 
include the following:

• Number of frames with brood.

.  D is tr ib u tio n  o f  th e  b rood on a comb- 
h o m o g en eo u s o r  heterogeneous (irregular 
p a tte rn ).

• The brood shapes: concentric circles with 
larvae o f the sam e age indicate regular queen 
laying. Deviations from  this pattern can be 
ascribed to meteorological conditions, strong 
honey flow, form er or present diseases, 
re-queening, etc.

The brood surface m ust be compared to the 
worker population. Indeed, it is fundamental 
to estimate if  there are enough bees to rear the 
brood (see section 1.4.6 below):

• A colony lacking a worker brood during 
the season has no  future, even if some bees 
remain.

• Abnorm alities o f  the brood observed are 
various and all m ust be checked and listed as 
precisely as possible:
-  The brood  m ay have a mottled or scattered 

appearance.
-  The brood  m ay present an unpleasant 

smell (vinegar-like, foul).
-  The capped brood may be concave or 

convex and punctured.
-  The presence of dead larvae, coloured 

larvae, viscous larvae, of scales, etc.
-  The presence o f  mummies.
-  The presence o f caterpillars burrowing 

tunnels inside the brood.
-  The appearance o f some uncapped pupae 

in  a  small linear tunnel (bald brood)
• The presence o f drone brood may be 

observed. It is usually present in spring and 
sum m er when queens are reared by colonies. 
The drone brood under normal conditions 
represents a small percentage of the total area 
o f the brood comb.
-  A colony with only drone brood is usually 

a queen-less colony (or a colony with a 
diseased unfertile queen). The worker bees 
begin to oviposit male haploid eggs. The 
future for such a colony is bleak.

The presence of queen cells may be the 
consequence o f preparation to swarm, 
replacement o f the queen by supersedure,
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or replacement of the queen by emergency 
queen cells. The location and structure o f the 
queen cells may provide inform ation about 
the cause of queen rearing. The nature o f  these 
cells can also be a consequence o f beekeeping 
practice (requeening by supersedure, artificial 
swarm, etc.).

1.4.4 The floor of the hive

Significant information can be obtained from the 
floor of the hive. Diseased bees, dead bees, pesis, 
and predators may be observed. It is necessary 
to check the cracks and crevices in the  wood to 
search for potential hidden predators.

1.4.5 Health status, weakening, m ortality , 
collapse

Defining the health status of a honeybee colony 
is not easy.

The evaluation of the health status o f a colony 
must take into account:

• The state of the food stored: honey, pollen.
• The size and quality of the brood.
• The size of the colony and the d istribution of 

the population.
• The behaviour of the bees.

This will depend on the season (a colony is 
smaller when overwinterwing or at the  end of 
the wintering period), the honeybee sub-species 
and strain, and on factors such as swarming, 
queen-less colonies, etc.

What defines a colony as being in good health ?

Defining whether a colony is in good health 
is not easy, though the following four points 
provide a good indication:

• There is no clinical sign of disease,
• The brood/adult ratio is in line wilh the 

expected evolution of the colony and the tim e 
of year (there must be enough workers to rear 
the brood).

• There is foraging activity and production  of 
honey and beebread.

• T he total quantity <d pollen and honey stored 
.surrounding the brood I* estimated to be 
matched to the needs o f  the colony.

Colony weakening
The definition of weakening t* also not entirely 
straightforward, though 'a lack of strength of a 
beehive' Is one general description (European 
Union Reference Laboratory for Honeybee 
Health, 20II). Weakening I* linked to an 
unexpected decrease In bee population density 
and dynamics (as distinct from normal seasonal 
variations). Weakening may be the consequence 
or the cause o f a reduction in brood (surface and/ 
or brood-com b frames) and/or due to honeybee 
disorders and /or depopulation. Weakening is 
combined with a decrease or cessation o f honey 
production.

Two types o f weakening need to be considered 
(European Union Reference Laboratory for 
Honeybee Health, 2011):

• Weakening with apparent abnormal and 
recent adult honeybee individual mortality 
(>1% of the population of the colony) 
observed in the close surroundings of the 
hive (in particular in the front of the hive 
entrance).

• Weakening without apparent adult honeybee 
individual m ortality with or without abnormal 
clinical signs or behaviour at the adult level 
and/or brood level. (In the frame of a clinical 
examination, this kind of weakening is 
somehow difficult to appreciate, in  particular 
because the medical history of the colony is 
often not well known. The colony strength 
must be compared to the other colonies in 
the apiary. One question must be borne in 
mind: is the colony declining or is its health 
status improving?)

Mortality

Colony m ortality clearly occurs when the colony 
itself dies. However, a colony may also be 
considered as dead if all the factors essential to 
its viability are missing (very few bees, no  brood, 
no queen, no food stored, etc.).
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In the fram e o f  anam nesis, co lony m ortality  
m ust be characterized by w hen during the year 
it occurs, as w ell ns by the rate o f  co lon y  loss  

w ith in  an apiary,

• W inter m ortality  o f  hon eyb ee  co lon ies. 
'W inter m ortality  o f  hon eyb ee co lon ies  Is 
a norm al annual seasonal p h en om en on  
in  apiaries’ (AFSSA, 2008). D ep en d in g  on  
clim ate and region, th e average norm al 
w inter m ortality is reported to  b e  10%. A bove  

th is rate, the w inter m ortality  is an abnorm al 
p h en om enon .

• C olony m ortality  during th e b eekeep ing  

season. M ortality during the season  is n o t a 

'norm al p h en om en on  in  an apiary’(A PSSA , 
2008).

The m ortality o f  a co lon y  should be a lso  charac­

terized by the c ircum stances in  w hich  it occurs:

• Follow ing a period  o f  w eak en in g  or  

progressive depop ulation  w ith  or w ith ou t 

apparent cause.

• C olony collapse refers to  a 'quick lo ss  o f  

bees leading to  its total destruction’ (AFSSA, 

2008). In th e U S, th is is  term ed  co lo n y  

collapse disorder (C C D ) (cf. C on clu sion ).

Mortality of adult bees

W hen considering  co lon y  w eaken ing  or co lo n y  

mortality, but a lso  i f  the co lon y  seem s to  be o f  

norm al strength, any d iseased  and  dead  b ees  

m ust be characterized in  particular by  then- 

appearance, num ber, and location . The presence  

o f  dead bees, usually in  front o f  th e  h ive , is 

n orm al due to  pop ulation  renew al d u rin g  the  

beekeep ing season. The daily m ortality  rate for 

all bees in  a co lon y  is estim ated as b e in g  about 

1% o f  th e  w h o le  population . This corresp on d s to  

about 4 0 0 -5 0 0  hon eyb ees for co lon ies con ta in in g  

4 0 ,0 0 0 -5 0 ,0 0 0  b ees  (EFSA, 2012). B ee m ortality  

can a lso  be evaluated using co llect io n  cages; 

how ever, th is is  m ain ly d on e  under experim enta l 

con d ition s or as part o f  a surveillance netw ork.
A  search m u st be m ade for dead b ees b oth  

outsid e and in sid e  the hive. The level o f  m orta lity

Figure 9.7 The m esh-floor of a  dead colony. 
Note the p resence of many dead bees on 
the floor. In this c ase , the  colony had died of 
famine during overwintering. (© Nicolas Vldai- 
Naquet.)

m u st b e defin ed , fro m  in sign ifican t to severe ami 
to  com p lete .

The app earance o f  th e  d ead  bees may help to 

d eterm in e  w h e th er  d ea th  w as a recent event or 
had occu rred  s o m e  t im e  p rev iou sly  (folded legs 
under the bod y , ha ir less cadavers, and very light 
w eight su ggest th at d ea th  occu rred  long before 

th e date o f  th e v is it)  (C . Roy, Nantes, 2013, 
p erson al co m m u n ic a tio n ) .

1 .4 .6  A  m e th o d  to  e v a lu a te  th e  stren gth  o f the 
co lo n y : th e  L ieb e fe ld  m e th o d  

A lth ou gh  th e  tra in ed  ey es  o f  a beekeeper or a 
veterinarian  w ith  e x p er ien ce  in  th e beekeeping 
sector ca n  est im a te  th e  stren gth  o f  a colony, the 

b ee  p o p u la tio n , a n d  th e  brood-rearing activity 
o f  nu rse w orkers, it m a y  b e  interesting to obtain 
as ob jective  a m ea su rem en t as possib le  in order 

to  com p are th is  to  e x p ected  values.
C orrect a p p lica tion  o f  th e  L iebefeld method 

(Im d o rf et al., 2 0 1 0 ) d u rin g  an Inspection may 
be u sed  lo  eva luate  p op u la tion , brood, and 
b rood -rearin g  a c tiv ity  (R oy, 20 1 1 ). I f  performed 
th rou gh ou t th e  sea so n , th is  m eth o d  can be used 
to  m o n ito r  ann ual c o lo n y  developm ent, and can 
provide in d ica tors  o n  th e  p op u lation  dynamics 
o f  th e colony.
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Hie Liebefeld m ethod  p rov id es th e  fo llo w in g  
information:

, A quite accurate e v a lu a tio n  o f  th e  p o p u la t io n  

of workers and  th e  s iz e  o f  th e  b r o o d .

, An accurate ev a lu a tio n  o f  th e  b r o o d  n u r s in g  

activity. The n u m b er  o f  w o r k e rs  m u s t  b e  in  

proportion to  th e  s c a le  o f  b r o o d  r e a r in g  in  

order to a llow  a n  e ffic ie n t tu r n o v e r  o f  tire 

colony pop ulation .
, Comparison with expected values w ith  regard  

to the strain reared, the  tim e o f  th e  year, and 
other (actors, e.g. the  en v ironm en t.

Die evaluation o f  th e  n u m b e r  o f  b e e s  w i l l  d e p e n d  

on the kind o f  h ive, a n d  s h o u ld  b e  p e r fo r m e d  

under favourable m e te r o lo g ic a l c o n d it io n s :

. Dadant m odel: a  fu lly  r e c o v e r e d  fr a m e  fa c e  

(induding th e w o o d )  is  a s s u m e d  to  h a v e  

1,400 bees and a su r fa ce  area  o f  11 d m 2.
. Langstroth m od el: a fu lly  r e c o v e r e d  fr a m e  

face (induding th e  w o o d )  is  a s s u m e d  t o  h a v e  

1,100 bees and a  su r fa ce  a rea  o f  8  d m 2.
• Usually, on 1 dm 2 su r fa ce  area  o f  c o m b , th ere  

are 130 bees an d  u p  to  4 0 0  i f  th e  b e e s  h a v e  
their heads in s id e  th e  ce lls .

• In European h o n e y b e e  s tra in s  a n d  in  n a tu ra l 
conditions, there are o n  a v era g e  8 5 0  w o rk er  
cels per dm2 o f  c o m b  (W in s to n , 1 9 8 7 ) .  W ax  

foundations are e m b o s s e d  w ith  7 5 0 - 8 0 0  c e lls  
per dm2.

• The evaluation m u st tak e  in to  a c c o u n t  
the bees stand ing o n  th e  w a lls  o f  th e  h ive: 
500-3,000 bees d u r in g  th e  s e a s o n .

The evaluation o f  th e  b r o o d  su r fa c e  s h o u ld  b e  
performed on th e sam e fra m e fo r  w h ic h  th e  b e e  
population has b een  est im a ted . T h e  areas  w ith  
uncapped brood an d  ca p p ed  b r o o d  m u st b e  
evaluated by m easu rin g  th e ir  r e s p e c tiv e  su r fa ce  
ureas.

These measures give the  following in fo rm a­
tion:

' An estimate o f the whole p opu lation  at the 
time of the visit and a possible com parison  
"nth expected values for m anaged  colonies 
(depending on the tim e of th e  year, the  strain  
reared, and also on  local factors).

Figure 9.8 Manual uncapping of drone brood
cells m ay reveal the  presence of Varroa.
(© Nicolas Vidal-Naquet.)

• E v o lu tio n  o f  th e  co lo n y  p op u la tion  i f  the 

b e e k e ep er  m o n ito r s  th e co lo n y  th rou ghout 

th e  sea so n .
• T h e  b r o o d -rea r in g  activ ity  o f  th e colony, 

w h ic h  is  o n e  o f  th e  m o st  im portant param eters 

to  k n o w . It ca n  b e  evaluated  from  th e num ber  

o f  u n ca p p e d  b ro o d  cells per 100 b ees (the  
ra tio  o f  th e  n u m b er  o f  un capped b rood  cells/ 
n u m b e r  o f  b ee s) . W h en  the b rood  rearing is 

m a x im u m , th is  n u m b er  is  o ften  m ore than  
100% , m e a n in g  that, o n  average, o n e  b ee  is in  

charge o f  m o r e  th an  o n e  un cap ped  b rood  cell 
(b u t a ll th e  b e e s  are n o t nurses) (Im d o r f e t a L  
2 0 1 0 ). T hus w h e n  there are m an y uncapped  
b r o o d  ce lls , a lo t  o f  b ees  are n eeded . It' the  
ra tio  o f  th e  n u m b er  o f  uncapped b rood  cells  
to  th e  n u m b er  o f  bees is  too  h igh , there w ill 
be a great r isk  o f  a lack  o f  nurses w h en  the 
c o lo n y  a c tiv ity  is  m axim um .

1.5 T esting  and sam pling

1.5.1 T ests  in  th e  fie ld

S o m e  tests  m ay b e  perform ed  in  th e field to
eva lu ate  b ro o d  health  and adult health:

• Tire b rood . U ncapping som e b rood  cells 
en ab les in sp ec tio n  o f  the larvae and pupae 
to  evaluate th eir  colour, odour, con sisten cy  
(u sin g  th e  m atch stick  test to  detect A m erican  
fo u lb ro o d  d isease), and th e possible presence
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of the mite Varroa inside the capped cells 
(this should be perform ed by uncapping 
drone brood) where its reproductive cycle 
occurs. Because of the whitish colour of 
honeybee larvae and pupae, the mites appear 
more easily than the phoretic Varroa on adult 
bees. In tlte field, it is also possible to estimate 
Varroa infestation by counting a sample of 
50-100 drone larvae by uncapping the brood 
with a honey uncapping fork (see Chapter 5).

• Varroa infestation level may also be assessed 
in the field by sampling adult honeybees 
using the icing-sugar method, which keeps 
the bees alive (see Chapter 5).

• Some test kits are designed for ease of use in 
the field. If American or European foulbrood 
disease is suspected, or if  the diagnosis is in  
doubt (e.g. in the case o f suspected American 
foulbrood from an inconclusive matchstick 
test -  see Chapter 4, section 1.3.2), an ELISA 
test may be performed. This allows immediate 
sanitary' m anagement if a positive result is 
obtained.

• In the case o f early spring colony weakening, 
the digestive tracts of a sample o f workers 
should be analysed to evaluate the colour: 
the digestive tract is revealed by pulling 
and removing the abdomen from a bee (ch. 
Chapter 6, section 3.3). A norm al digestive 
tract is coloured yellow to reddish due to 
the pollen. A whitish-coloured digestive 
tract may be the consequence of Type-A 
nosemosis.

• Adults can also be dissected to isolate the 
thorax and thereby highlight the tracheal 
tract inside. Inspection using a binocular 
loupe may show the presence (or not) of 
Acarapis woodi.

1.5.2 Sampling for laboratory testing 

Laboratory tests are often needed for a diagnosis, 
and implementation o f ‘good sampling practices’ 
is essential to achieve as precise results as possible 
(Franco et al., 2012).

As in all species, sampling must be done 
according to a num ber of factors:

• D isease o r  p o iso n in g  is suspected.
• Aims of the diagnosis: is the testing for an 

unnotifiable or notifiable disease, as part of an 
an insurance claim, or to analyse chemicals if 
poisoning is suspected?

• Cost. W ho is paying for the tests -  the 
beekeeper, the sanitary authorities, the 
insurance company? Analysis of chemical 
residues and PCR tests are expensive and 
beekeepers are often little inclined to spend 
money on these.

Preparations for sampling must be made 
before the visit (Appendix 3): cardboard boxes, 
Eppendorf tubes, brown wrapping paper, glass 
containers, and plastic bags must be brought.

Dispatch o f samples must be made according 
to the regulations covering the sending of 
biological material.

1.5.3 Laboratory analysis for diagnosing 
apiculture problem s

The laboratory analysis results alone do not 
constitute the diagnosis. They must, as in 
other species, be interpreted according to 
the anam nesis and the clinical examination. 
Moreover, as the honeybee is a social insect 
characterized in  particular by a perpetual 
turnover o f the population, the interpretation 
of results m ust be adapted to this species.

Several m ethods, already described in the 
chapters o f this book that cover diseases, may 
be used in the apiculture sector for diagnosis 
(Franco et al., 2012; OIE, 2014):

• Identification and coimting using a micro­
scope, culture o f pathogenic agents, PCR, 
mass spectrometry, biochemical tests, and 
antibody-based techniques are the main 
techniques used for analysis of pathogenic 
agents.

• H ie Quick Easy Cheap Effective Rugged 
Safe (QuEChERS, Fellbach, Germany) 
m ethod allows extraction of chemicals from 
the matrices. Analyses of extracts are then 
perform ed with liquid chromatography with 
tandem  mass spectrometry (LC-MS/MS) 
and/or gas chromatography time-of-flight
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(GC-TbF) (Johnson, 2010; W iest et al., 2011;
Lehotay, 2012).

1.5.4 Field and lab o ra to ry  tes ts as 
prophylactic m ethods against o v e rw in te rin g  
colony weakening o r collapse 

The clinical exam ination o f healthy  colonies 
in combination w ith laboratory  testing  m ay  be 
interesting as a prophylactic m e th o d  against 
colony collapse o r w eakening in  su m m er and 
autumn. Before the  overw in tering  p e rio d , the 
degree of Varroa infestation and th e  D W V  load 
are considered as highly predictive m ark ers  for 
honeybee colony w eakening o r m o rta lity  d u rin g  
winter (Dainat ct al., 2012). The evaluation  of 
the honey resources o r sugar su p p lem en t o f  th e  
managed colonies for overw in tering  is also an 
important factor to  consider.

1.6 Conclusion o f  th e  c lin ica l 
examination

АП the data produced by  th e  clinical (and  
laboratory) exam ination will be  analysed to 
reach a diagnosis and to  p ropose  to  th e  beekeeper 
solutions to enhance th e  health  an d  stren g th  of 
his/her colonies. In th e  field o f  th e  honeybee 
pathology the anam nesis is a crucia l e lem ent o f  
the diagnosis as m any  hum an , env ironm enta l, 
weather, climatic, floral, agricu ltu ra l factors 
may influence the health  and stren g th  o f  the 
managed colonies.

The conclusion o f a clinical ex am ination  is 
a probable or positive d iagnosis w ith  the  help 
of laboratory analysis if  necessary. The quality  
of the results will depend  on  how  long the 
beekeeper waited to call for help  after noticing  
the problem: the sooner the beekeeper initiates 
the clinical examination process, the m ore useful 
the results will be. O nce the  d iagnosis has been 
made, appropriate m anagem ent can  be  decided. 
However, in m any cases, m anagem ent begins 
before waiting for the laboratory  results, if  these 
are needed.

A diagnosis o f health  problem s w ith in  a 
honeybee colony dem ands a reasoned sanitary 
approach (Roy, 2011):

• In the  case o f suspicion or positive diagnosis 
o f a  notifiable disease, the relevant authorities 
m ust be w arned and will have to take sanitary 
m easures.

• If a colony is affected, the health o f the other 
colonies o f the apiary m ust be checked. The 
sooner the weakened colony can be examined, 
the sooner and easier the diagnosis will be 
done.

• If an apiary is affected, neighbouring apiaries 
should  be m onitored. If an apiary is affected, 
two factors need to be considered as a 
priority : the beekeeping practices and the 
su rround ing  environm ent. The management 
o f m aterial and bees may be the cause of 
contam ination  between the hives of an 
affected apiary. Environmental features may 
also be responsible o f  the troubles of an 
entire  apiary. Thus it is important to know 
the  health  o f neighbouring apiaries both for 
diagnosis as well as for prevention.

• If all the  apiaries o f a honeybee form are 
affected, the  sanitary beekeeping practices 
have to  be re-evaluated. A sanitary audit of 
the honeybee farm  will reveal these practices.

2  S anitary  audit o f husbandry in 
apicu lture

Beekeeping is an anim al husbandry with the 
particularity  that the beekeeper may be a  landless 
farm er and the honeybee A. mellifera is a social 
insect w ith particular features, notably the food 
resources are provided by the environm ent and 
not by the farmer.

Beekeepers tend to manage sanitary problems 
with their colonies by themselves or within the 
beekeeping ‘com m unity’. The intervention of 
a veterinarian (usually an official veterinarian 
or m ore often a beekeeping technician) in a 
honey farm  is usually the consequence of acute 
problems.

The sanitary crisis facing the beekeeping 
sector has been responsible for major economic 
damage, in particular in large beekeeping farms 
with m any hives and apiaries.
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As in other forms of husbandry in the 1970s 
and 1980s (Ragon, 2009), apiculture has become 
aware of the need for a global analysis, taking 
into account the honeybee, beekeeping practices, 
the environment, the weather, food and water 
resources, and any other elements acting on 
colonies (Figure 1.32),

Programmes taking an overall view of cattle 
forms have been performed since the 1970s in 
the US and the 1980s in France (Ragon, 2009). 
In beekeeping forms, sanitary audits based on 
vetermarv practice have been developed since 
the end of the 2000s (L’hostis and Barbanqon, 
2009, 2013; Barbanyon el al, 2014). A sanitary 
audit of a beekeeping form has the following 
objectives (L’hostis and Barbanyon, 2013):

% To identify’ hazards, risks, and finally 
problems occurring in the honeybee farm 
and their consequences. Particular attention 
has to be paid to chemical hazards.

« To find and provide, as far as possible, 
appropriate solutions to these troubles.

Ibis sanitary' audit is mainly a m atter of 
prevention, even when performed during a 
sanitary crisis. Unlike mandatory surveys at the 
request of sanitary authorities, the sanitary audit 
is and should remain a step that beekeepers 
take voluntarily (Ragon, 2009). If mandatory, 
beekeepers should understand in a positive way 
the help that such an approach may bring to 
improve their practices, to improve the sanitary 
status of their colonies, and hence to improve the 
production of their honey farms.

According to the Group of Medicine of the 
Populations of VetAgro Sup in Lyon, France, 
performing a sanitary audit of a husbandry is 
based on three pillars (Commun, 2011; Le Sobre 
and Commun, 2013):

• Analysis of documents: record keeping, 
production assessments.

• Observation and examination of the livestock 
(honeybee colonies).

. Analysis and observation of beekeeping 
practices.

This approach m ust take into account factors 
predisposing to  colony weakening, disease, 
poisoning, and  anything that can impair the 
p roduction  o f a beekeeping farm. Because of 
their environm ental dependence managed 
honeybee colonies are, m ore than other reared 
species, confronted  w ith a  range of factor that 
can contribute to  o f  disease. Every element, 
every hazard (see C hapter 8) that might impair 
the balance o f a colony m ust be evaluated when 
perform ing a sanitary audit. However, a sanitary 
audit is m uch m ore than  simply an analysis of 
the biochem ical, chem ical, and physical hazards 
developed in C hapter 8. A guide to beekeeping 
practices is a  m atter for beekeepers; a sanitary 
audit is perfo rm ed  by veterinarians to help 
the beekeeper im prove his/her husbandry 
m anagem ent, tak ing into account every 
factor th a t m ig h t im pair livestock health and 
production.

O nce the  audit has been performed, a report 
will be produced . At each step, this report 
will evaluate the  key points, the weaknesses 
o f the beekeeping farm , and in particular the 
predisposing factors o f  disease or weakening 
in the colony. The report will propose, as a 
conclusion, elem ents, practices, and solutions 
to lim it the risks evaluated.

For beekeepers, a  sanitary audit will help 
them  to u n d erstand  as far as possible the possible 
troubles facing th e ir honey forms, improve their 
beekeeping practices if  necessary, and enhance 
the health  and productiv ity  o f their livestock.

For the veterinary  profession, this approach 
may help veterinarians competent in honeybee 
veterinary m edicine to increase the involvement 
o f their profession in  the beekeeping sector in 
order to bring to bear their know-how regarding 
anim al health.

This section has presented some of the main 
elements to record w ithin a sanitary audit. 
However, a sanitary audit m ust be adapted toeach 
honey farm  according to the type of beekeeping 
being undertaken. After the presentation of 
these elements, various points are presented for 
inclusion in  the audit report.
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Appendix 4 presents a table lis ting  a practical 
method for perform ing a san ita ry  aud it. This 
table attempts to be exhaustive bu t will certain ly  
need to be augmented and ad ap ted  accord ing  
to the needs o f particular reg io ns/coun tries and 
beekeeping industries.

2.1 When should a  sa n ita ry  a u d it ta k e  
place?

A sanitary audit m ay take place:

. At the request o f  a beekeeper as a  preventative 
approach to assess h is /h e r h u sb an d ry  
practices in order to im prove h is /h e r  san ita ry  
beekeeping practices and p ro d u c tiv ity  

. At the request o f a beekeeper w hen  san ita ry  
problems occur, such as in fectious disease, 
suspicion of poisoning, h igh  m o rta lity  level, 
unexplained fells in p roduction , etc.

• When mandated by san ita ry  au thorities. In 
this case, the audit will n o t be a proactive 
and voluntary step taken  by  the  beekeeper 
but may rather be seen as a  co nstra in t, w ith 
the intrinsic negative effects c reated  by  such 
a demand.

22 Analysis of d o c u m e n ts  a n d  d a ta  
from the honey farm

All factors must be analysed, bearing  in  m ind  
the question: is this a key po in t, a  risky  point, 
or a weak point for the honeybees and  thus for 
the beekeeping farm and its produce?

2.2.1 Honey farm data: w orkers, fa rm , and  
produce

The factors to record and analyse in  term s o f the 
human aspects of the farm  and its productivity  
are the following:

< The activity type: is the beekeeper a 
professional or a  leisure beekeeper?

• The history o f the beekeeping farm : how  old 
is the farm?

• How many people work on the beekeeping 
farm and what is their train ing  and 
professional experience in  beekeeping?

• Is accurate and sufficient record keeping 
perform ed? W hat kind of information is 
reported  therein (management, sanitary data, 
productivity data, etc.)?

• Does the record keeping conform to agricul­
tural and sanitary regulation (legislation)?

• The produce o f the beekeeping farm is an 
im portant element to consider. Indeed, these 
products are witness to the activity and 
productivity  o f the livestock o f the honey 
farm , and especially to the strength of the 
colonies:
-  Do the colonies serve to pollinate crops on 

a comm ercial basis?
-  W hat are the products of the hive 

harvested by the beekeeper: honey, pollen, 
royal jelly, propolis, wax, venom? What is 
the productivity, in terms of both quality 
and quantity?

-  W hat are the characteristics o f the farm’s 
honey production: quality and quantity 
o f  m onoflorai honeys, polyfloral honey 
honeydew honey?

-  Production ofiive bees. Does the beekeeper 
produce package bees, nuclei (a small hive 
o f bees, usually covering from two to five 
frames and used primarily for starting new 
colonies, o r rearing or storing queens), 
queens for trade or only for renewing his/ 
her colonies?

2.2.2 D ata concerning the livestock and the 
apiaries

The data on livestock and apiaries should usually 
be recorded. The analysis o f these data should be 
done during this first step of the sanitary audit.

• Livestock features:
-  Present livestock data:

► Total num ber of colonies.
► Num ber o f colonies for pollination 

activity
► Num ber of colonies for honey produc­

tion.
► Num ber o f colonies for pollen produc­

tion.
-  Colonies and queen-rearing activity:
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► N um ber o f  artificial sw arm s p ro d u ced  
each year.

► D estination  o f  the  artificial sw arm s, 
i.e. w hether these are traded  o r  used  
to  renew  o r increase th e  n u m b e r  o f  
colonies.

► N um ber o f  queens reared  each year 
w hether these are traded  o r used  fo r 
requecning the colonies o f  th e  farm .

-  Evolution o f  the  livestock over th e  past 
three years.

-  M ode o f  m ain tain ing  o r  increasing  the  
honey farm ’s livestock, i.e. renew al o f  th e  
livestock by colony d ivision (p ro d u c in g  
artificial sw arm s), but also som etim es by 
gathering ‘w ild’ sw arm s.

-  Does the beekeeper purchase h oneybees 
(queens, package bees, nuclei on  fram es) 
for renewal o f  o r increasing  h is /h e r  
livestock?

• Features o f the apiary sites:
-  Are the  apiaries sedentary?
-  Does the beekeeper prac tice  m ig ra to ry  

beekeeping? W hat are the features an d  the  
routes o f  the  m igra to ry  beekeeping?

-  Are the apiaries easily accessible?
• The environm ent o f  the  apiaries a n d  hives:

-  Are the apiaries w ithin a dense ap icu ltu ral 
area? Are there m any  o th e r  hives and  
apiaries in  the  vicinity?

-  W hat are the env ironm ental features o f  
the  apiaries area w ithin a 3 k m  rad ius 
(including while m igra to ry  beekeeping)? 
Cereal crops, arboriculture, forest, m o u n ­
tain, fields with hedgerow s, u rban , etc.

-  Is the environm ent po ten tially  toxic 
for insects and in p articu lar honeybees 
(evaluation o f  the use o f  phy to san ita ry  
p roducts on crops, insectic ides in  farm s, 
presence o f  chemical in d u stry  in the 
neighbouring  area)?

-  M eteorological features o f  th e  areas in 
which the apiaries are located, includ ing  
areas used for m igra to ry  beekeeping.

-  Presence o f  water?

-  Relationships with the farmers ami 
knowledge o f  their phytosanitary produci 
use.

2.2.3 The sanitary and colony health data

The beekeeper’s record-keeping must Include 
sanitary and health  data. These data provide 
crucial in form ation  for a sanitary audit.
• M ortality  and collapse of colonics must be 

recorded, as well as their circumstances and 
features.
-  T im e o f the year (winter or early spring 

sum m er, autum n) when the troubles 
occur.

-  Rate o f  w in ter losses.
-  Rate o f  beekeeping season losses.
-  Causes o f  the  losses if known.

• O ccurrence and  sanitary status towards 
notifiable and  o th er infectious diseases in the 
past few years. Have laboratory analyses been 
perform ed? W hat were the results?

' O ccurrence o f  poisoning or suspected 
poisoning in the past few years?
-  Sym ptom s observed.
-  Mortality.
-  W ere laboratory  analyses performed? 

W hat were the results?
M anagem ent o f  Varroa infestation. Because 
Varroa destructor (and ‘honeybee parasitic 
m ite syndrom e’) is one of the main causes of 
w inter m orta lity  and weakening, knowledge 
o f Varroa contro l m anagem ent is an important 
p a rt o f  the data to analyse:
-  H ow  is control o f mite infestation 

perform ed?
-  W hich m ethod  is used to monitor mite 

infestation within the colonies?
-  W hich veterinary  medicines or drugs are 

used w ithin the colonies, and at which 
tim e o f  the year?

-  Origins o f  veterinary medicines, drugs, or 
o th er substances used in mite control?
W hat are the  technical methods used to 
control Varroa m ite infestation?
Is Varroa infestation control managed by 
an integrated pest management scheme?
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д|\о1' having reco rded  these  d a ta , о v isit to  th e  
colonies has to be  m ode, it is a lso  p o ss ib le  to  
aiwlyse beekeeping p rac tices  b e fo re  th is  v isit to  
make the m ost o f  th e  t im e  sp e n t o n  th e  fa rm  
(llhostls and B orbanqon, 2013).

2.3 Aptary v isits and ex a m in a tio n  o f  
the hives

When perform ing  a sa n ita ry  a u d it o f  a 
beekeeping farm  it is n e c e ssa ry  to  v isit in  
person (I’hostis an d  R a rbanyon , 2013). A  v isua l 
evaluation o f the  a p ia ry  e n v iro n m e n t a n d  tire 
location and p lacem en t o f  th e  h iv e s  w ith in  th e  
apiary, as well as ex a m in in g  th e  h iv es th em se lv e s, 
is fundamental.

Not all the co lon ies hav e  to  b e  e x a m in e d ; 
rather, a random  se lec tio n  o f  c o lo n ie s  sh o u ld  
be analysed. Tills will g ive a  su ff ic ien t id e a  o f  
the sanitary con tex t o f  th e  h u s b a n d ry  a n d  o f  th e  
beekeeping practices b e in g  used .

The exam ination o f  co lo n ies a n d  o f  th e  a p ia ry  
site has been d escribed  p rev iously . I f  necessary , 
sampling for analysis sh o u ld  b e  u n d e r ta k e n .

An inspection o f  th e  p re m ise s  w h e re  th e  
material is stored an d  th e  h o n e y  h o u se  w h ere  
the honey is ex trac ted  a n d  w h e re  h iv e  p ro d u c ts  
(honey, pollen, p ro p o lis , w ax , v e n o m )  are  
packaged and sto red  m u s t  a lso  b e  p e r fo rm e d .

2.4 Analysis o f b e e k e e p in g  p r a c t ic e s

Beekeeping prac tices sh o u ld  b e  an a ly se d  by 
considering p o in t by  p o in t  th e  b io h aza rd s , 
chemical hazards, an d  p h y sic a l h a z a rd s  
described in C h ap te r 8. H ow ever, in  th e  co n tex t 
of a sanitary audit, so m e  p o in ts  a re  p a r tic u la r ly  
important to  check a n d  analyse.

2.4.1 Hive m anagem ent

The choice o f  h ives, an d  o f  th e  m a te r ia l u se d  
(wood or plastic), is th e  first s te p  in  th e  b eek ee p in g  
analysis. W ith in  th e  h ive, are  m e sh -f lo o rs  an d  
queen excluders used?

Renewal, cleaning, a n d  d is in fe c tio n  o f  h ives 
and supers shou ld  be reco rd ed .

The placem ent o f  th e  h iv es w ith in  th e  ap ia ry  
is an im portant fea tu re  to  s tu d y : a re  th e  hives

p ro tec ted  fro m  dam p  and  wind? Is there enough 
su n  for th e  colonies?

2 .4 .2  f r a m e s  a n d  w ax m anagem ent

M a n ag em en t o f the  fram es is an  Im portant 
e lem en t lo  analyse. Indeed, the fram es represent 
th e  s tru c tu re  o f  the nest o f the colony. The combs 
w ired  w ith in  the  fram e are the site o f  brood 
rea rin g  an d  h o n ey  and  pollen storage. The origin 
o f  th e  wax fo undations as well as the renewal of 
th e  co m b s m u st be recorded.

T he sto rage  practices used for hives, supers, 
a n d  fram es have to  be evalualed.

2 .4 .3  S m all e q u ip m e n t

It is a lso  Im p o rtan t to analyse the m anagem ent 
o f  th e  sm all equ ip m en t used in  beekeeping. 
M a in ten an ce  and  d isinfection o f  hive tools, as 
well as hon ey b ee  suits, veils, and  gloves, should 
be  evaluated .

2 .4 .4  T h e  livestock

'The fea tu res o f  the  livestock (honeybee colonies) 
m u st be  appreciated : the  strain  o f  A. mellifera 
rea red  in  th e  h o n ey  farm  is a crucial elem ent o f  
beekeep ing  practice. The m ethods o f  selection 
an d  the  cho ice o f  characteristics selected have 
to  be evaluated  ( if  se lection  is p erfo rm ed  on the 
h o n ey b ee  farm ).

• Is th e  hon ey b ee  a  local black bee or an 
in tro d u c ed  black bee?

• H as th e  hon ey b ee  sub-species or strain 
rea red  been  in tro d u c ed  from  ano ther country  
because it possesses certain  characteristics 
d eem ed  favourable (e.g. Caucasian honeybee, 
Buckfnst honeybee, Ligustica honeybee)?

• W h a t Is (are ) the  origln(s) o f  the honeybees 
in tro d u c e d  in to  the apiaries?

• Is re -q u e en ln g  practised  in the colonies?
• A re the  q u eens p roduced  on  the farm  o r are 

th e y  in tro d u c e d  from  elsewhere? F rom  where 
w ere th ey  purchased? W hen were the queens 
p ro d u ced ?

• W h at is th e  frequency  o f  re-queening? W hat 
are  th e  reaso n s for requeening? W hat are the 
se lec tion  objectives and  criteria?
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• Is drone rearing performed in the apiary?

2.4.5 Inspections by the beekeeper o f  the 
hives and apiaries during the beekeeping 
season

Regular routine inspections of the colonies are 
essential for optimal control of the colonies’ 
strength, health, and productivity. Recording 
the number and the method of inspections 
undertaken as part of the audit is a necessity:

• How many times are the colonies visited each 
year?

• How long do these visits last?
.  What steps are taken during these inspections?
• Is the weight of the colonies m onitored  

throughout the year?

2.4.6 Visits before overwintering and  before 
the beekeeping season

The overwintering period is a critical period  for 
honeybee colonies, and it is com m only assum ed 
that a beekeeper should examine h is/her colonies 
before and after overwintering:

• Is an end of summer/autumn visit perform ed?
• How is this visit performed? Are all the  

colonies and all the frames examined? Is 
particular attention paid to the rearing by the 
colonies of winter bees?

• Before overwintering, does the beekeeper 
monitor the Varroa infestation level?

• If a colony is considered to be too weak to 
overwinter, what decision does the beekeeper 
take about this colony?

• Is a spring visit performed?
• How is this visit performed? Are all the 

colonies and all the frames examined?
• At the beginning of the beekeeping season, 

does the beekeeper monitor the Varroa 
infestation level?

2.4.7 Management of colony feeding 

The provision of feeding supplements is a 
necessity for managed colonies. As described in 
Chapter 2, section 2.5 , many kinds of supplem ent

are available d e p e n d in g  o n  th e  objective of the 
feeding. It is necessa ry  to  evaluate the feeding 
practices o f  th e  beekeeper, i.e. the timing, the 
quan tity  d is tr ib u ted , a n d  th e  objective of feeding 
D etails o f  th e  feed ing  supplem ents should be 
evaluated: o rig in s , traceability, methods of 
storage, analysis ( in  p a rticu la r  to  define the level 
o f  HM F, w hich  is tox ic  to  bees) (see Chapter 2, 
section  2.5).

2.5 Sanitary audit report

2.5.1 E v a lu a tio n  o f  h aza rd s , key points, and 
p o in ts  to  im p ro v e

The aud it sh o u ld  b e  p erfo rm ed  by a veterinarian 
com p eten t in  h o n ey b ee  veterinary medicine. 
Indeed, w id e -ra n g in g  an d  thorough knowledge 
o f  hon ey b ee  b io lo g y  a n d  pathology provides 
an  ap p rec ia tio n  o f  th e  risks and hazards, 
an d  enables th e se  to  be  ranked in order of 
im portance . T h is know led g e  will improve the 
h u sb a n d ry  p rac tices o f  th e  beekeeper, and, as a 
consequence, th e  sa n ita ry  status of his/her farm, 
an d  th e  q u a lity  a n d  q u an tity  o f the products 
a n d /o r  th e  p o llin a tio n  activ ity  o f  the farm 

H ence, o n ce  th e  a u d it has been performed, 
it is n ecessary  (L’H o stis  an d  Barbam;on, 2013):

• To id en tify  th e  risks, hazards, and critical 
poin ts.

« To d e te rm in e  if  th o se  risks and hazards may 
im m ed ia te ly  a n d /o r  in  the  future endanger 
the  co lon ies a n d  th e  p roduction  of the honey 
farm .

• To ra n k  th e  critica l p o in ts in  order to appreciate 
the  m o st im p o rta n t risks and  hazards.

Analysis o f  the  risks an d  hazards provides a list 
o f key p o in ts  a n d  w eak p o in ts  o f the husbandry. 
This list allows g enera l recom m endations to be 
m ade as p a r t o f  th e  conclusion  of the audit.

2.5.2 The a u d it  r e p o r t

The aud it re p o rt com bines an analysis of the 
paperw ork, exam in a tio n s performed, and 
beekeeping practices. The conclusions and 
reco m m endations o f  th e  aud it are the ultimate
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goal o f  th is ap p ro ach  to  b e e k e e p in g  p rac tice . 
If possible, th e  a u d it sh o u ld  id ea lly  b e  w ritte n  
Immediately, firs tly  to  k e e p  th e  positive  
momentum fro m  th e  v isit, a n d  se co n d ly  to  
implement th e  p ro p o se d  c o rre c tiv e  m e a su re s  as 
soon as possible.

The rep o rt c a n  b e  d iv id e d  in  fo u r  p a r ts  
(L’Hostis an d  B arb an ^o n , 2013):

• Factual e lem en ts  o f  th e  h u s b a n d ry  m a n a g e ­
ment.

• Sanitary sta tu s o f  th e  h o n e y  fa rm  (in c lu d in g  
the health  sta tu s o f  th e  co lo n ie s )  a n d  resu lts 
of laboratory  tes ts  ( i f  p e r fo rm e d ) .

• Diagnosis: th e  k ey  f in d in g s  re g a rd in g  th e  
husbandry an d  h e n c e  th e  p o in ts  to  im p ro v e  
must be clearly  ex p la in ed  to  th e  b eekeeper.

• Proposed im p ro v e m e n ts , l is te d  in  o rd e r  
of priority. T hese m e a su re s  m u s t  ta k e  in to  
account th e  fea tu res o f  th e  h o n e y  farm , 
their ease o f  im p le m e n ta tio n , a n d  th e  ab ility  
of the beekeep er to  a p p ly  th e m . It m ay  
be necessary to  sp re a d  o u t  th e  suggested  
measures acco rd in g  to  th e ir  e x p e c te d  im p ac t 
and according to  th e  t im e  o f  th e  year. The 
human facto r m u s t  b e  ta k e n  in to  a c c o u n t an d  
diplomacy sh o u ld  b e  u se d  b y  th e  v e te r in a ria n  
to present a n d  ex p la in  th e  re a so n s  fo r th e  
measures p ro p o sed . E x p la in in g  w h y  a n d  ho w  
is essential to  g a in  th e  b e e k e e p e r ’s approval 
for these m easures.

The m easures p ro p o se d  a re  m a in ly  m ed ical 
measures an d  sa n ita ry  m easu res . M edical 
measures in  E u rope m a in ly  c o n c e rn  co n tro l o f  
Varna infestation. S an ita ry  m e a su re s  c o n c e rn  
beekeeping p rac tices, su ch  as th e  lo ca tio n  
of the apiaries, th e  site o f  th e  h ives, a n d  the  
management o f  th e  co lo n ies a n d  m ate ria l.

Once p erfo rm ed  a n d  exp la in ed , th e  a u d it m u st 
be followed by d iscu ssio n  b e tw een  v e te rin arian  
and beekeeper ab o u t im p le m e n ta tio n  o f  the 
proposed m an ag em en t. S om e c o n tro l p o in ts  -  
e.g. the rate o f  w in te r  m o r ta lity  (L’H o stis  and  
Barban^on, 2013) -  sh o u ld  b e  d efin ed  to 
establish the  im p le m e n ta tio n  a n d  efficiency 
of the san itary  aud it. A  se c o n d  v isit m ay  be 
performed to  rev iew  th e  sa n ita ry  situ a tio n .

2.6 Second visit after auditing

This v isit can  be perform ed in the months 
follow ing th e  audit. The objective o f  this control' 
v isit is to  check (L’Hostis and Barban^on, 2013):

• The feasibility o f  the measures proposed.
• The correc t im plem entation o f  these 

m easures.
• The efficiency o f  these measures.

The efficacy o f  the  m easures taken depends on 
the  co rrec t an d  com plete implementation o f  the 
aud it recom m endations (if no o ther stressor is 
w eaken ing  th e  colonies).

The a im  o f  the  audit is to consider the 
h u sb a n d ry  as a  whole. Each honey farm  has its 
ow n  features and  the measures proposed must 
be adap ted  to each one. Analysing beekeeping 
practices by m eans o f  an audit allows many 
aspects o f  th e  honey  farm  to be improved.

A  veterinarian  com petent in  honeybee 
vete rin ary  m edicine is the m ost appropriate 
professional to  perform  this audit due to:

• K now ledge o f  honeybee biology and 
pathology.

• Fam iliarity  w ith clinical examination and 
diagnosis.

• P rofessional experience.
• H aving an  overall knowledge o f  the sanitary 

m anagem en t o f  husbandry.

References

AFSSA Report (2008) Mortality, effondrements et 
affalbllssements des colonies dfabeilles. [Mortality 
Collapse and Weakening of Bee Colonies. 1 Agence 
Franfaise de Security Sanitaire des Aliments. 

Barbanfon, J.M., L’Hostis, M., and Vidal-Naquet, N. 
(2014) Good veterinary practices in beekeeping.
In Ritter, W. (ed.), Bee Health ami Veterinarians. 
ОШ, Paris, pp. 187-192.

Commun, L. (2011) Structurer sa visite en medecine 
des populations: le tripled d’observations. Le Point 
Veterinaire. 321-355.

Dalnat, B., F.vans, J.D., Chen, Y.P., Gauthier, L., and 
Neumann, P. (2012) Predictive markers of honey 
bee colony collapse. PLoS ONE, 7(2): e32151. 
doi;10.1371/journal.pone.0032151



222 Honeybee veterinary medicine and practice

European Union Reference Laboratory for Honeybee 
Health (2011) Guidelines for a pilot surveillance 
project on honeybee colony losses. Available at: 
http://ec.europa.eu/food/archive/animal/liveani- 
mals/bees/docs/annex_i_pilot_project_en.pdf 
(accessed 11 November 2014).

Franco, S., Martel, A.C, Chauzat, M.P., Blanchard, P„ 
and Thidry, R. (2012) Les analyses de laboratoire 
en apiculture. In SNGTV (ed.), Proceedings of the 
Joumies nationales des GTV. SNGTV, Nantes, pp. 
859-867.

Imdorf, A., Ruoff, K., Fluri, P. (2010) he dMoppe- 
ment des colonies chez I'abeille mellifire. Station 
de recherche Agroscope Liebefeld-Posieux ALP, 
Berne.

Johnson, R. (2010) Honeybee Colony Collapse 
Disorder. Congressional Research Service. CRS 
Report for Congress. 7-5700. Available at: http:// 
cursa.ihmc.us/rid=l))M69DXL-27XB9CC-12CF/ 
bees.pdf (accessed 31 August 2014).

Lehotay, S.J. (2006) Quick, Easy, Cheap, Effec­
tive, Rugged, and Safe (QUECHERS) approach 
for determining pesticide residues. Methods in 
Biotechnology. Pesticide Protocols, 19: 239-261.

Le Sobre G. and Commun, L. (2013) Audit d’elevage 
en refere: etude des documents et constatations en 
ferine. Le Point Vetirinaire, 337:44-50.

L’Hostis, M. and Batban<;on, J.M. (2009) Pour un 
reseau sanitaire renforce. Abeilles et Cie, 130: 
30-33.

L’Hostis, M. and Barbamjon, J.M. (2013) Conception 
et intMts des audits sanitaires en apiculture. In 
Barbanc^on, J.-M. and L’Hostis, M., and Ordon- 
neau, D. (eds), Journie Scientifique Apicole, 
Aix-les-bains, pp. 79-96.

OIE (2014) Manual of Diagnostic Tests and Vaccines 
for Terrestrial Animals 2014. Apinae. Section 
2.2; Available at: http://www.oie.int/en/inter- 
national-standard-setting/terrestriai-manual/ 
access-online/ (accessed 24 August 2014).

Ragon, I.R. (2009) Mise en place du bilan sanitaire 
volontaire en elevage bovin, I’exemple de la loire 
(42). Thdse pour 1’obtention du grade de Docteur 
Wterinaire, Ecole Nationale Veterinaire de Lyon.

Roy, C. (2011) La semiologie en apiculture. In SNGTV 
(ed.), Proceedings of the Journees nationales des 
GTV. Nantes, pp. 915-922.

Wiest, L., Buletd, A., Giroud, B., Fratta, C„ Amic, S., 
Lambert, O., Pouliquen, H., and Arnaudguilhem, 
C. (2011) Multi-residue analysis of 80 envi­
ronmental contaminants in honeys, honeybees 
and pollens by one extraction procedure followed 
by liquid and gas chromatography coupled with 
mass spectrometric detection. Journal of Chroma­
tography A, 1218(34): 5743-5756.

Winston, M.L. (1987) The Biology of the Honeybee. 
Harvard University Press, Cambridge, MA.

http://ec.europa.eu/food/archive/animal/liveani-mals/bees/docs/annex_i_pilot_project_en.pdf
http://ec.europa.eu/food/archive/animal/liveani-mals/bees/docs/annex_i_pilot_project_en.pdf
http://www.oie.int/en/inter-national-standard-setting/terrestriai-manual/
http://www.oie.int/en/inter-national-standard-setting/terrestriai-manual/

