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Preface

Uniiiituries Apis mellifera L., the honeybee, has
hri-ti managed by humans, principally for honey
I*iixluction though today honeybees are also
ir. ognlzed for their crucial role as pollinators.
luiitigh pollination, honeybees playa majorrole
in biodiversity, crop and orchard production and
iluirforc in animal and human food security
«ini livelihoods.

Honeybees face numerous diseases and
ilnr.ns: infectious diseases, parasitic diseases,
Ti'tt and intoxications. The management of
honeybee diseases has often been undertaken
enlely by beekeepers for their own beehives.

Uncontrolled international exchanges and
11,nlc have led to the spread of bee diseases. To
iiirup lo the challenges posed by this situation
lining 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
mnl technicians are of major importance.

The World Organisation for Animal Health
(i ill1, Office International des Epizooties), an
inin-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;

m 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;

XVii

« 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 OIE 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 Vaccinesfor 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.

Inthis context, Honeybee Veterinary Medicine:
ApismelliferaL. 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



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
withhoneybees 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

XiX

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



Acknowledgements

this book on honeybee veterinary medicine
muld not have been completed without the
help and support of many friends, colleagues,
and associates in VetoAdom. My family was
hopefully there.

| would like to thank first my mentors in
honeybee pathology, Professor Monique L'Hostis,
I't Ican-Marie Barbancon and Dr M.-E. Colin,
who developed graduate training in beekeeping
ami honeybee pathology for veterinarians at the
lirnch veterinary faculties of Oniris in N'antcs
and Alfort. They are the founders of honeybee
veterinary medicine and practice in the frame
ol the ‘One Health’ principles. 1thank and am
viay grateful to Dr Bernard Vallat (Director
*icneral of the OIE) and Professor Greg A.
Icwbart (North Carolina State University) lor
lliclr preface and foreword. Their contributions
an- a great honour for me.

lam verygralcful to my friends and colleagues
lydlu Vilagines (the best of us), Christophe Roy,
and Claire Beauvais for their suggestions, advice,
irviews, for the images they provided, and for
encouragement when | needed this. Without
Ilirlr support, I am not sure this book could have
been produced.

| would like to thank particularly my
mlicagues Dr Heike Aupperle and Professor
Mariano Higes for their reviews, advice, and
Images.

Grateful thanks are also due to Magali Ribiere,
Marie-Pierre Chauzat, and Dr Stephanie Franco

XXI

(Anses Sophia-Antipolis), and to Quentin
Rome and Claire Villemant (Museum national
d’Histoire naturelle, Paris) for their help and for
the images.

My great thanks go also to Jon Zawislak,
Instructor in Apiculture, University of Arkansas,
Little Rock, for his fantastic figures of Varroa
destructor and Aethina lumida lifecycles, for his
help, his very valuable advice, and his review of
the chapter on Aethina tumida.

Sarah Huibert, Senior Commissioning Editor
at 5M Publishing, initiated this project. | am
very grateful to her for this and for her support,
assistance, and help throughout these two years.
1lam also grateful to the 5M Publishing editorial
team and the fantastic work they achieved:
Denise Power, Nick Allen, Jonathan Merrett,
Alessandro Fratta Pasini, and Nicola Pickles.

Many thanks to lan Molyneux (APHA) for
his help with picture research. | would also like
to thank Raymond Saunier (Beekeeping Union
of Gironde, France) for pictures of the nests of
the Asian hornet. | would like to thank also
Nicolas Guerin for the drawings he produced
for this book.

Finally, I am very grateful to ray parents and
my family for their support and for providing
peaceful conditions in which | was able to write
this book, in particular in Le Freyssinet in the
French Alps.



Alighting board A

Glossary

small projection or
platform at the entrance of the hive.

Apiary Colonies, hives, and other equipment

Colony (honeybee

assembled in one location for beekeeping
operations; bee yard.

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.

e 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.
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Comb foundation An

Foundation

Frame

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 ifall 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

eggsare laid, and honey and pollen are stored.
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.

(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.

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 ofadult bees (usually
0.5-2 kg), with or without a queen, contained
in a screened shipping cage with a food
source.

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 mother 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).



Introduction

Or it could be that it was just the realization
that treating cows and pigs and sheep and
horses had a fascination | had never even
suspected; and this brought with it a new
concept of myselfas 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 worlds agricultural economy.

The honeybee, A. mellifera L,, has particular
characteristics as a managed species. Firstly, the
unitis the colony, which isconsidered 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
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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 Healthl
(Sophia-Antipolis Laboratory), EFSA.2

e 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.

1European 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
tospecific 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
OIE3in 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, &
animal health professionals, veterinarians have
the professional prerogative of being able to
prescribe veterinary medicines. The veterinary
profession is a part of 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 World-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

1OIE: World Organisation for Animal Health, 12 rue de
Prony, 75017 Paris, France. One of the OIE’s main missions
is to ensure the transparency of the world animal health
situation, www.oie.int.
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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 ofhives,
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
agreat 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
sourcesofinformation and knowledge. Thisbook
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;
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however, the first chapter aims to provide the
main characteristics ofthe 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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Biology of Apis mellifera L.
from the individual to the super-organism

lin honeybee, Apis mellifera Linneaus, 1758,
It 1 social insect belonging to the order
llymcnoptera. The social aspect of the
honeybee is crucial for understanding this
t|.idlcs, which comprises individuals living
wilhin a colony. The biology of Apis mellifera
| I» Ihc consequence of complex interactions
Inlween 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 Apis mellifera L. is a social insect.
Picture of an individual (outside worker/
@anger). (© Nicolas Vidal-Naquet.)

1 Taxonomy and natural history

1.1 Taxonomy

A bee is defined as any insect belonging to the
order Hymenopteraand the superfamily 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 Apis mellifera L. is a social insect.
Picture of a comb with nest worker bees and
the queen. (© Nicolas Vidal-Naquet.)



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 of 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
cenTa, the dwarfhoneybee Apisflorea, 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).

Of all these species, A. mellifera has the most
interesting behaviour for rearing and apiculture.
European strains ofA. melliferareared 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 to0). 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 of A. mellifera,
defining in particular subspecies or strains
(behaviour, colour, and size according to
habitats, adaptation to local conditions, etc.)
(Ruttner, 1988).

1.2 Apis mellifera L. natural history

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

The evolution of 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 bess
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 of 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. MIDNA
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 al, 1992).

Within these branches, subspecies are defined

that have their own morphological ad

behavioural features, allowing adaptation of

A. mellifera to local environments. Studies m

mitochondrial markers (mtDNA) and single-!
nucleotide polymorphisms (SNPs) may provide j
an explanation for the evolutionary lineages ad |
hydrldization, and enable us to understand te
genetic profiles of the subspecies (De La Ruarf

at., 2009).

1.3 Apis mellifera L. subspecies
(Winston, 1987; Le Conte, 2006a;
De La Rua et al., 2009)

1.3.1 Main European subspecies

Apis mellifera mellifera is the dark honeybeed
Europe (particularly distributed in northed



iMope and from France to Russia). These
i«ma ibees are medium to large with a relatively
Ikot tongue. Their dark-coloured body gives
.11 to their name: dark bee or black bee. Apis
Jiu//i/mj mellifera is adapted to its local environ-
n nl lhcse honeybees are reported to present
mirliitlvely aggressive behaviour though are

. likely to swarm. They are considered to be
....igly resistant to cold weather. Because of
Hin short tongue, they are not able to gather
n.itin 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
i inis, in particular to improve honey
I....luction, to encourage hygienic and docile
iilmviour, and queen-rearing abilities but
111, because of the health crisis, beekeepers
lilivr selected and/or reared some strains and
Milupecles that are not necessarily adapted to
In, il conditions. They are also often compelled
bl irur species foreign to their environment,
In .uisc of the health crisis in their apiaries and
ill. difficulty of finding local A. m. mellifera.
1. sr ‘foreign subspecies and strains need
,nuln conditions for rearing, in particular
in ilie following generations (as in the case of
ib. luckfast honeybee described below). They
... iv also hybridize with local black honeybees,
. Il h risks impairing the abilities of these local
injins Currently, it seems that beekeepers are
n ylug more and more, with the help of scientists,
k. 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
nkist widely reared subspecies in beekeeping.
1In sc honeybees are medium shaped with long
longues, and are mostly ‘yellow’ or golden.
llicy 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.
Il is a popular species in apiculture, and in
particular in selection rearing.

Taxonomy and natural history 7

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
ahoneybee 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
Irag. 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 (lraq, 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 alarge 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 “rtificial 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 bess,
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 isvery 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
isreared and provisions stored. The nest is made
up ofhexagonal honeycombs built with the wax
produced by the wax glands of the workers.

2.1 Features of the colony
The colony possesses the following features:

« Thepresenceofthreecastesofindividualsthat
exhibit various morphologies. A caste canke j
defined as a physically distinct individual <* |
group of individuals specialized to perform
certain functions within the colony. The three
castes are: the queen, the only fertile fenele .
within the colony: the workers, which ae i



sterile females: and the drones (Winston,

1987).

The 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.

llie 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
imlated from the other honeybees.

lhe 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
Illive only one task: fertilization ofvirgin queens.

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

Eusociality

lhr social organization of honeybee colonies
lL,uni other insects, in particular of the order
iliinrnoptera) is also called ‘eusociality” (from
il (Ircck eu- meaning good/real’ + Society’),
imodal insects such as honeybees are mainly
*Mined by four characteristics (Crespi and
Ymirgii, 1995; Costa and Fitzgerald, 2005;
Clowes, 2010):

e lhr adults live in a nest (the colony).

¢ lhrre is a clear division of labour between
erxual (queen, drones) and sterile individuals
(workers).
llure is an overlap of adult generations.
Adults (the workers) share the rearing of the
brood (immature forms).

llu order Hymenoptera is the largest group
mdi ".oclal species. Some bees, wasps and ants
mr niMidal animals. Thehaplodiploid sexdeter-
iiilllation system (cf. section 10.3 below) may
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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 ofwings, 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 Photograph of a head of a worker
honeybee showing the compound eyes, one
of the three ocelli, the antennae, and one
anatomical feature of the mouthparts: the
mandibles. (© Nicolas Vidal-Naquet.)

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 (eg
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,
20009).

Figure 1.4 External anatomy (front view) of a worker bee. (© Nicolas Vidal-Naguet. Anatomy of
the head (front view) redrawn from Snodgrass, 1910; Dade, 2009.)



| 1.9 Picture of a forager bee presenting
.t.innded proboscis sucking up nectar.
ib. .Hun Vidal-Naquet.)

iln proboscis is situated at the base of the

nii .mil Is composed of the glossa, maxilla,
........ and llabellum parts. It functions like a
.amu allowing liquid ingestion (nectar, honey,
eml  no11but also trophallaxis, i.e. mouth-to-
......... n.iosler of food or other fluids among
until i.liiul» within the colony. Liquid exchanges
m! n. 11liillaxis occur between workers, workers
«e| tin queen, or/and workers and drones,
1. ... sinulcd, the proboscis can reach 7.2 mm
v, 1978; Winston, 1987).

S gaits and the peripheral nervous

" Iwve two types ofeyes, the compound
e | the ocelli (Snodgrass, 1910; Winston,
«4** |In compound eyes are composed of

... iiLli.i li.ich ommatidium has the structure
....... im |« n transparent cornea, a crystalline
"in |.In.nucceptor cells, and an optic nerve.
L h ommatidium provides the brain with
e 1 11ture element. The brain forms an
1 Ma.... these picture elements. Ommatidia
*e 1" 'K"iml in cross section, giving the
" Il yes their typical aspect.

Y I'rill are disposed in a triangle at
..................... | top of the head. Ocelli register
11 ini. Wini light intensity and duration. At

n.... Il estimate the level of increasing
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Figure 1.6 External anatomy (lateral view) of
the head of a worker bee with the proboscis
extended. (© Nicolas Vidal-Naquet, redrawn
from Snodgrass, 1910; Dade, 2009.)

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

The antennae are comprised ofa 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’ 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 The legs of a honeybee

Apis mellifera. The hind legs are adapted to
transportation back to the hive of pollen or
propolis in a structure called the corbicula or
pollen basket (arrow). (© Nicolas Vidal-NaquetJ

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

Pollen is gathered from flowers actively byte
proboscis and passively by the hairs of the body.
The pollen is mixed with gathered nectar ad
salivary secretions and becomes progressively a
sticky ball. The forelegs brush the probosds ad
groom the head and thorax in order to collet
the pollen. Then, in flight, the sticky substance
is transferred to the middle legs and then totre
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 tre
thorax. They are articulated with complex joints |
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 kw j
hour (Winston, 1987).

The thoracic musculature is composed d
longitudinal and vertical muscles and provide' |
the strength and wing movements for the Hdt |
(Winston, 1987, Dade, 2009). These musdP’ |
by their contraction, are also able to provide



1. « wrid to maintain a high temperature of
k, i within the thorax. During wintering, the
mdtinotion of these muscles serves to help

iiiitnIn 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 Iri toreach high wing-beat frequencies (which
..r limited by the refractory period of neural
. .n.m potential), bees have so-called ‘indirect’
uliu t.illed ‘asynchronous’) flight muscles.
IIn i iontract 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).

i1 1The abdomen

1" abdomen of the worker comprises nine
.ginn its. two ofthem being highly reduced (and

... luted with the sting of the worker or the
n|.inductive organs of the queen or the drone)
. .n.ilgrass, 1910). The abdominal segments or

In lies are constituted of two plates (dorsal
....I ventral) connected by membranes. This
uhi 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 illa of wax glands, producing beeswax for
..mb construction and cell capping.

The sting is a feature of the worker. It is an
.mlpmitor adapted to defence. The sting consists
. three parts: a stylus and two barbed slides (or
lamrts), 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
«haft 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
Ihr sting chamber of the abdomen. The shaft is
"n ned up so that its basis is concealed. The sting
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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 The queen presents a larger
abdomen and smaller head and wings. In this
picture, the queen is surrounded by the retinue
of workers. In a managed colony the queen is
marked by painting a colour on her thorax as
a record of the year of her birth and to make it
easier to find her. (© Nicolas Vidal-Naquet.)
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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 acurved 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

Figure 1.9 The body of the drone is stocky,
and the wings cover and extend past the
abdomen. The compound eyes are well
developed and join behind the occiput.

(© Nicolas Vidal-Naquet.)

Figure 1.10 Endophallus (shown here everted
by manual pressure). (© Nicolas Vidal-Naquet.)

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

3.3 The drones

The drones are mainly present in spring ad
autumn. The body is stocky, about 19 nm
long, with wings covering and extending pest
the abdomen (Figure 1.9). On the head, te
compound eyes are more developed than those
in the other castes and join behind the occiput
The compound eyes have more facets than those
ofthe workers. Otherwise, the proboscis isshort,
and the mandibles small (Snodgrass, 1910
Winston, 1987).

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

Drone anatomy is adapted to flight ad
to mating with the queen. The drone genita
organ consists in a large internal and evaginabk
endophallus (Figure 1.10). The spermatozoaae
produced in the testes and stored in the seminal
glands. The spermatozoa are ejaculated aog
with mucus produced by the mucus glanck.
When mating, the drone penis is everted ad

ejaculation occurs. Drones die after mating
since much of the endophallus remains in te
queen (Winston, 1987).
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.......... t 11 Glands of the honeybee, The main glands of the worker honeybees (salivary, food
...iinu, wax, pheromone, and venom glands). (Redrawn by Nicolas Vidal-Naquet. Adapted
liftnne, 1910; Goodman, 2003; Bortciotti and Costa. 2010; Tofilski, 2012.)

i liignitllvo tract and metabolism

n, .it,, live tract allows digestion of nutrients
1,, wiitlnl», the crop, also called the honey
tHHiHt It. plays a major role in liquid storage
i iMiisportatlon. In addition, the digestive
.» » 1 plays a significant role in the social life
i ... loity, in particular by the means of
........... Mini glands, i.e. the salivary glands,
b,! ttphai yngeal glands, and mandibular glands,
«iili ao Involved in food gathering, food
H btiling of the brood and the queen, and
tit, it. w non ol pheromones.

LI R . processing glands

B | SO | pintessing glands are the salivary,
hil irwniit;ial, and mandibular glands (Figure
iM

Hu tallvary glands are located in the
= Mthim pail of the head (postcerebral gland)
» 1in dii iliotax (thoracic salivary gland).
o uuircted to the mouth viaa 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 Worker bee, adult. Horizontal cut
through the head showing the hypopharyngeal
gland, sections of the compound eye and the
brain (HE 40x). (© Heike Aupperle.)

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 /., 2013). Some
pathogenic agents may impair the secretion of
food-producing glands. The hypopharyngeal
glands are well developed in young bees in
particularwhen 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 bees 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

Figure 1.13 Worker bee. The hypopharyngeal
gland in nursing bees (day 7) shows large
and active lobuli (a) - in contrast to small and
inactive lobuli in forager bee (b) (HE 400x).
(© Heike Aupperle.)

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 thej
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 |



Digestive tract and metabolism 17

Pharynx

fluure 1.14 Anatomy and dissection: dorsal view of the digestive tract. (Redrawn by Nicolas
viiini-Naquet. Adapted from Snodgrass, 1910: Dade 2009.)

I'llo's place in the midgut. One ofthe histological
i' attires of the midgut is a porous non-cellular
oirmbrane between the epithelium and the
lumen: the peritrophic membrane or matrix
Nlgurc 1.15). Theperitrophic matrix iscomposed
"l irgularly arranged chitin microtibriis and
ipnific proteins embedded in a proteoglycan
matrix. Tlie functions of this membrane are
improvement of digestion, protection against
mrthonical and chemical damage, and as a
Wtitter to pathogenic agents (Lehane, 1987).
finally, the waste from digestion is evacuated
| iathe rectum. Defecation usually does not occur
in the hive or in the nest but during a cleansing

'
fit- o%

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 asign ofa 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.

W *i

34y-r B L



Figure 1.15 Worker bee, adult. In the lumen of
the midgut. layers of the peritrophic membrane
(2) are present. Stem cells (1) are located

in the niches of the epithelial folds. In the
periphery, a thin layer of slender myocytes
(arrow) and some tracheae (3) are visible (HE
200x). (© Heike Aupperte.)

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 ofproteins, 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 isto 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 Fat bodies of a winter worker
(left) and of a summer worker (right). Note
the well-developed fat bodies in winter
bees, allowing in particular amino acid and
lipid reserves for overwintering. (Photograph
courtesy of Station de Recherche Agroscope
Liebefeld-Posieux. © Station de Recherche
Agroscope Liebefeld-Posieux ALP. Imdorf et
al., 2010.)

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

Ifthe fatbodies play amajor role in the storage
and release of fat, glycogen, and protein, a
particular during metamorphosis and wintering,!
they also play an important role in detoxification.
Detoxification mechanisms are the consequenct
of several enzymes, in particular the mxed
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 relaively
deficient compared to other insects (Claudianos
et al., 2006).

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

In worker bees during the productive sea»1
the fat bodies are more developed within Ne
abdomen of inside (nest) bees than in”



......... . of forager bees. On another hand, in
...... workers, which are long-lived bees, the
i.i bottles are well developed (Imdorf et al,
i o (ligtirc 1.13). During this period, the fat
It, ,oc the only source of lipids and proteins
ilh bees and the colony, while the stored
provides the carbohydrate resources.
i(to lai bodies must be well developed for an
inintl overwintering. In managed colonies,
«it hi ekeeper must ensure that his beekeeping
i.. liti encourages well-developed fat bodies.

« i vitellogenin, a potential indicator
ot tninny health?

iitlli.grnin is a fcmalc-specific phospholipo-
,Ivoprtileln yolk precursor found in all
.nlptiinu» species (Amdam cl at.. 2003). Th
i tni'/l/fera, vitellogenin is found in both queens
,0.1 sterile workers. This protein is synthesized
In ilo Bl 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
n.....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 osaste,.
>01 plays a major role in oogenesis (Amdam cl
i wmint; ROma et at.. 2010).

In worker bees, the synthesis oi vitellogenin
' .gins about 10 hours before emergence. In the
I. uninlymph of workers, vitellogenin is detected
n Osvt-i levels than in the queen. Vitellogenin is
ili. main storage protein in honeybee workers
Il lint et ill., 1977).

lluring the first 7 days of the adult workers'
M (when their tasks are nursing and brood-
i ,ulug), vitellogenin may reach up to 40%
ml the haemolymph protein. At this time, the
pi.Hein is used to produce brood food in the
1" piipharyngeal glands of the nurses (Amdam
.till, 2003, 2004).

lhe synthesis of vitellogenin decreases
p"'gicssively during their lifetime and ends
ippiosimately 20 days after the last moult before
in. igence (Engels, 1987; Piulachs et al, 2003).
”inllogcnin has been shown to inhibit the onset
i imaging activity' (Nelson et al, 2007). When
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the level of vitellogenin decreases, foraging
activity begins. At the same time, the level of
haemolymph juvenile hormone (JH) increases
(Nelson et al, 2007; Bomtorin et al, 2014),
JH and vitellogenin probably work together in
a feedback relationship (Guidugli et al, 2005;
Nelson et al, 2007; Bomtorin efal., 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 al, 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:

« Inthe case ofparasitic disease, e.g. varroosis or
other weakening disease, measuring the level
ofvitellogenin 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-Infcsted 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
adorsal heart and aorta to assist in haemolymph

circulation, 'ihis system serves to tnmprm i
nutrients from the midgut to body cellsbut”
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 leilL

6.1 At the individual level

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

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

Haemocytes are involved in defence again:
fungal and bacterial infections (Glinski ad
Buczek, 2003; Scientific Beekeeping, 2014)/lkee
primary classes of immune-related haemocytes
(plasmatocytes, crystal cells, and lamellocytes
are generally present in insects and likely o
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 at-
bacterial protection (Casteels, 1990,1993).

Honeybees, like other insects, posses’
four major and interconnected pathways
responding to pathogen exposure; the Tl
Imd, Jak/STAT, and Jnk pathways (Theopc)
and Dushay, 2007). Antimicrobial pedid
(AMP)-encoding genes are regulated by the Ta
and Imd pathways (De Gregorio et al, 20’
The Jak/STAT-depended humoral tacic"
(thioester-containing proteins, Tot peptice’



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
» W .ind Pcrrimon, 2004). The Jnk pathway
i m mlls one of the mitogen-activated protein
........ lilimarily activated by cytokines and by
, ine lo environmental stress (Weston and
li«vU. ;007).
iln <« pathways consist of proteins that
Jinl/r signals from invading pathogens,
i*in. that modulate and amplify this
JilinMlon signal, and effector proteins or
"""" directly involved in parasite
iiiliiliiilon (Ivans and Spivak, 2010).

» Al Ow colony level

i.l.«llyas a super-organism presents defence
which effectively constitute a colony-
1 = liniminc system. The mechanisms of
"in n and defence of honeybee colonies

. ilu- following behaviours:

1 ipi'i Ific type of general nest hygiene. In

'In honeybee, hygienic behaviour is defined

nlicctive response by adult bees to the

I'ii «in =ofa diseased and parasitized worker
hmod,

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

1 'I"|llii ntions of the nest environment play
m" |i' In the defence of the colony against
i "li"griis, parasites, and pests. For example,
1 iillri tion ofpropolis used as a mechanical
"I niitiseptic barrier in the nest is a way to
NIbi intruders and pests.

=i Hence behaviour by the workers is one
"o lie iiuiin mechanisms to protect the colony
‘Il nmi predators. Honeybees have developed

«nil defence behaviours depending on the
H" Wimd predator.
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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 istoo high, nestcooling
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 isthe consequence
of ventilation by workers fanning their wings



Figure 1.17 Queen, just emerged. The cross-section of the head shows simple (ocelli) (1) and
compound eyes (2). The brain is surrounded by tracheal sacs. The following brain regions
are recognizable: 'mushroom bodies' with the lateral (3) and medial (4) calyces, medulla (5),
antennal lobes (6) as welt as protocerebral lobe (with alpha and beta lobes) (7) (HE 40x).

(© Heike Aupperle.)

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 wventral 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 k
head, in particular the labrum involved in last
(Figure 1.17).

In the protocerebrum are located the capoa
pendunculata, or mushroom bodies, contain®
groups of nerve cells connected to the opticah;
antennal lobes and other parts of the renad j
system by nerve fibres (Dade, 2009). They
a major role in coordination.

The ventral chain of the CNS is composed'l
seven ganglia. Two large ganglia are located» |
the thorax and five in the abdomen. Thefirtoel
is the suboesophageal ganglion innervating th
mouthparts and the salivary glands. The g1l
of the ventral chain innervate the thoracic d’1
abdominal segments and the related agail



ruling the legs, the wings, and the sting

lhr 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 in-uretransmitters. Thus, acetylcholine,
"niimilr, gamma-aminobutyric acid (GABA),

iHiiln, octopamine, and other neuro-
i m-liilrs are present. The major excitatory

..... -.msinitter in the CNS is acetylcholine.
MIA and glutamate are the main inhibitory
.0.millers in the CNS through ligand-gated
......... channel receptors (ElI Hassani et al,,
Ham)

ii xxnlransmitters, in particularglutamatergic
......... ansmission, are involved in honeybee
lining and memory. Honeybee memory is
....... nrlzcd by short-term memory, middle-
ini uni long-term memory (Hammer and
| m.I, 1995). This allows relationships and
....Mm,munition between workers, in particular
I.m linding a resource location (e.g. flowers,
1 LU s tv plants) and sharing the information
ol. "iln i workers (Lindauer, 1959; von Frisch,

...... i to Feral nest architecture with the
e .UM jement of the combs (inside a
*e"1* a u tree for European species,
e mu hung on tree branches).
*m ’i" ulna Gudrin.)
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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):

¢ Inthe 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.



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

Figure 1.19 Typical aspect ota brood comb
ina frame of a managed colony. The worker
brood occupies a large centre part. The large
cells on the upper left part of the brood are

the drone brood with larger cells. Around the
brood is stored the uncapped beebrend, and
around the beebread, the honey cells capped
with a white wax. (© Nicolas Vidal-Noquet.)

regularly spaced within a body lure tii®,
1.JO) (Winston, tog-, I'ltlllppe, )TN JheW-,
build their combs in the Ifantes, whsh i.
beekeeper Is able to remove for ermriiwmp
without damaging the nest architecture

Wax foundations have been developed m,
base for the cells, the foundation Iscreated ii,4
beeswax, pressed into thin tint sheets, ea.lt,,
embossed with an Imprinted pattern of (tmtin
sized) cell bottoms, lhe wax foundation isw,,|
within lire frame (Philippe. 2007?).

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 ahm
be easily moved from place to place
beekeeping) for pollination and to pixdii,
monotloral honey (lavender, etc.).

Much in the way of new material bl
techniques appear year after year. At this inn
there are many models of hive (langsttw)
Dadant, Wane. Volrnot, etc.) (I'ltllippe, AV
Wood is still the standard material used u
hives, though plastic hives and frames ro
now used by some beekeepers. Fveft the un
foundations can be replaced by similarly pititied
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 gneoit

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 some virgin queens, following the saint*!
swarming peak (Winston, 198/1.



Reproduction: drones, queen, and brood development 25

Aitgfiling board -

Outer cover

Honey euper

Hive body
(brood
chamber)

Bottom board
or floor board

Hive stand

r i 1) Typical architecture of a hive with removable frames. (© Nicolas Guerin.)

Hi, 111, i ns only mate in one period of their
..... .time between 5 and 13 days after
MMUWKhum the cell, a virgin queen performs
illation flights (Philippe, 2007). The
mating flights generally occur
"" 1 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 ofa successful drone
becomes lodged in the queens 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 ofthe spermatozoainto the spermatheca,
the queen removes the evaginated male genital
system and mates again; on average 7-17
subsequent copulations take place (Winston,
1987). Ifthisnumber isnot 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 spermatozoato 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 ofthe 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 leirad.
(diploid individuals) and non-fertilized my !
give rise to haploid males (parthcnogenei;,
(Winston, 1987; Le Conte, 2006b).

The queen controls the release ofaperTuy
when laying and can ‘decide’ whether an eggud
develop into a male or a female. The tectsw
is the consequence of the larger size of drag
cells compared to worker cells. Before layingai
egg, the queen measures the cell size with ha
forelegs and then oviposits the egg, openingte
valve of the spermatheca if it isa smaller works !
cell, allowing fertilization. If it is a largerom 1
the spermatheca will not release spermetozos
and the egg will be laid and develop with®
fertilization (Winston, 1987).

Sexdetermination in A. melliferaiscontrol!™! |
by a single-gene sex locus called the compb |
mentary sex determiner (csd gene) with 6-B j
alleles (Page, 1980). Females are diploid ad
heterozygous on this sex locus.

If one diploid individual is homozygoust i
this csd gene, it will be a diploid male. Dplaid 1
male larvae do not survive. The workers find3d
remove them from the cells and eat them (ears- |
balism); otherwise they become ‘non-functiona? ?
drones (Winston, 1987).

10.4 Development of 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 isa sodi
insect living in a perennial colony, certain aclits
the nurse workers, are in charge of the brow
rearing. Many interactions between adults ad
the brood occur (Winston, 1987). The cewel-
opment of the brood and the quality' of adits
emerging depend on multiple factors, incuding
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 feing
and nursing by the nurse workers. The law
develops in weight and size. At the end of ib*
stage, workers cap the cell and the larva spins®



Reproduction: drones, queen, and brood development 27

Table 1.1 Brood development characteristics of the three castes

QUIIN EGG LARVA PUPA
3 days 5.5 days 7.5 days
ROYALJELLY
WORKER EGG LARVA PUPA
3 days 6 days 12 days
WORKER JELLY
DRONE EGG LARVA PUPA
3 days 6.5 days 14.5 days
DRONE JELLY
«—LAYING (CAPPING OF THE BROOD CELL | EMERGENCE OF ADULT |

..and turns into a pupa. The pupal stage
i jipiilod of metamorphosis, during which the
...Ichanges into an adult. The imago emerges
(Nll llie 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

Ilh

HH.I bggs

Ilii queen oviposits an egg at the centre ofa cel],
fining the egg to the cell floor with a mucous
siiamt. Theegg oviposited ispositioned vertically
i.wi over the following 3 days progressively lays
I“ivn on the floor of the cell. One egg is laid

elucre 1.21 One egg is oviposited per cell by
ilia queen. (© Nicolas Vidal-Naquet.)

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 Worker brood: uncapped
cells with eggs and larvae. Capped brood
containing pupae. (© Nicolas Vidal-Naquet.)



IV worker I»m| stage I**1* f\ days before
.apping I*rv*f are tregnewlv visited by
workers >feeding. nursing. inspection of (he
veii' 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 Thecapped 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).

Figure 1.23 Uncapped queen cell.
(© Nicolas Vidal-Naquet.)

304 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 14,5days, and therefore
te a the Haying of the egg to the emergence of"

the drone takes 21 days. (Winston, 1987). Figure 1.24 Young larvae lying in a pool
of royal jelly within the queen cell.
19.4.4 Queen brood development (duration: (© Nicolas Vicjal-Naquet.)
16 days after ovipositioning) (Figures 1,23
and 1.24)
The queers ceils, also tailed cups, are oval-shaped, During the first 5 days of larval ilk, ®

p3orawrw, vertical, and open at the bottom.  quality and quantity of the royal jelly isetita'd'l
The future queen larvae are fed with royal jelly ~ (containing secretions of mandibular J»
and nurses visit them at leas! 10 times more  hypopharyngeal glands). Determination oico#
frequently than they do the worker larvae. between workers and queen is mainly based tfi



,,minimal factors (cf. Chapter 1, Section 11).
mmilatlon of juvenile hormone secretion by
....... pora allata of the queen larva is increased
iwui/ »tnd Beetsma. 1972; Rembold et al., 1974).
Ihr protein royalactin within the royal jelly
i.. hrrn shown to play an important role in
I, dimorphism between worker and queen.
i vilutin 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
I. 'Himme is synthesized, resulting in quite
inplrlc development of the ovariole anlagens.
ilnn. the ovaries of adult queens contain up
n. IH) ovarioles (Piulachs et al., 2003). On the
eunary, as noted above, in workers only 2-12
wminlrs remain within the residual ovaries after
-In Inval 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 Sdays. 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.
I mergence occurs after the workers have
n.imied the external part of the brood cell cap.
n., following day, the queen cuts the cap with
| i mandibles, pushes it away, and exits the cell.
Although queens can live as long as 5 years,
mni about 2 years their fertility declines, and

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

Il Nutrition

Ib. three castes and their larval stages have
till, tent  nutritional needs and resources
ib union, 1987). Honey (and honeydew honey)
n.1 ..mred pollen are respectively the colony$

n.,a of carbohydrates and lipids/proteins.
ia*, o Is also the main source of minerals and
vitamins.

A honeybee water to

colony needs

Nutrition 29

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 ofhoney, 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 Honeycomb. The honey is stored
in the cells. After being transformed (enzymatic
action and evaporation), the nectar and the
honeydew are stored as honey within capped
cells. (© Nicolas Vidal-Naquet.)



continuestobetransformed byenzymes - 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 204 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

Figure 1.26 Forager coming back to the
hive with sticky balls of pollen in the pollen
baskets. (© Nicolas Vidal-Naquet.)

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

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

11.2 Pollen

Pollen is the honeybees' source of proteinj
also provides lipids, vitamins, and mineri;
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.).

When visiting flowers, the forager rears
grains of pollen with its hairs. The bee fei
cleans its body with its legs, and pessesb
pollen from its forelegs to its hind legs, where;
is stored for the flight back to the hive asastior
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 it
angiosperm to the bees).

Figure 1.27 Beebread. Beebread is storedl* ;
uncapped cells. The colour of the beebread
may vary due to the diversity of the fiosvets j
visited by foragers. During one flight
foragers visit only one species of flower.

(© Nicolas Vidal-Naquet.)



liulde the colony, nest workers take charge of
n,, |=>lim, beginning digestion and preventing
i..initiation. Symbiotic microbes play a major
mil In protecting the stored pollen from
nmilage (DeGrandi-Hoffman et ai, 2012). This
,nililollc action begins while foraging. Bacteria
eml Itingi are added to the pollen with nectar in
H1 «uncky ball, lowering the pH and initiating
himentation process. This process converts
«in l'ullon into a long-term storage form called
| ®Incad’ 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
eniil'iircd to silage (fermented stored fodder)
tin Iceiling ruminants.

n il ending behaviour of adult bees

llu luod of the workers is composed of honey
«ml pollen (beebread). The basic nutritional
i. |iilirments of the workers depend on their
e nvily and the activity of the colony. When
hi iily. workers need a high level of nutrients in
m|, i in feed the brood and the queen. In winter,
ii. niiy Is necessary to ensure a carbohydrate
tpi'ly, ul the beginning of spring and during
n,. liviiey flow, honey and pollen are necessary.
Hiutig drones are fed by workers with a
«imlllc of brood jelly, pollen, and honey. Later,
mni Hc able to feed by themselves in the honey
«»Uu in particular before the mating flight.
'iirms are fed brood food by the worker
........ lhey seldom feed themselves on honey
iiliiii Ihe colony. Isolated queens may feed on
only (whenexchanging ortrading queens, they
...... in o sent with their retinue in boxes along
nil "me sugar for food). Feeding duration and
......... supply quantity depend on the queen’
' II'Kiate (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

ggThe 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 or4:1 (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. Ifunderfeeding occurs, dwarfadults
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 ofroyal 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 bees (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 ofthe workers develop according

to the corresponding task. Thus, in numet
food-processing glands are well developed L} |
decline when it is the turn of other tasks j( 1]
be performed. In comb-building workers, 1, \|
glands are at their peak of processing; thereafter \,
these glands become atrophied.

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

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

12.1.1 Cleaning

After emerging, and on average for the firt2 j
days thereafter, the adult bees serve as dearers, |
removing the remains of the larvae and pyee i
from the cells. After emergence, cells arquddyJ
cleaned, allowing the queen to oviposit within
them again. The adult bees also remowe d
kinds of debris, e.g. moult skin, pollen, iy
diseased or dead larvae and adult bees (Fgue 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 iste
nursing task. At this age, the hypopharyngeai
and mandibular glands are well daeloped,
allowing the secretion of royal and workerjdl
Inspections of larval cells are frequent, dloarg
nurses to adapt the quality and quantity oftroxd
food to the larval age.

At the same time, nurses are tending t( .
queen. Feeding is adapted to the laying adivity j
the more the queen lays, the more workersfed j
her with royal jelly.

12.1.3 Food handling and storage

Stockers (on average, days 10-15 oflife)s'0i j
nectar and pollen. The nectar is transmittedIl 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, iltoi stage when enzymes are added to the
., tar The nectar is then stored in the cells and
I, inning workers continue the drying proces;
.1 Il nectar contains less than 18-20% water.

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

i m1.4 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,
e Initially colourless, becoming opaque after
in ideation by the worker bee. The wax of
1 honeycomb is nearly white, but become.
|.itigressively more yellow or brown.

'mcerction 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 IhydroxypolyeSters). Younger comb-builders
0, incharge of capping cells while older builder.
*u In charge of comb construction.

| ombs arc built by workers, which transfer
iln wax scales with their third legsto the catching
*n | kneading mandible, In both wild nests
il managed hives, combs arc built vertically,
Ib, comb-building of the nest begins on the
.can 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
it. honey from flowing out. The hexagonal
ih.ipe Is the most economical use of space and
I, 1, urccs and allows bees to accommodate the
ni. ,imum number of larvae with minimal wax
l...luctlon (Reaumur, 1734-1742). Cellular
uiiilormity results from the sensory and gravity
miicptors of the bees.

U 15 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 lhe 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 last 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



spAll's during filch Irlj>, IllIs specificity Is
favourable In pollination Trips are generally
less lliiin 1km lung around the ncsl or hive bill
bees htive been reported to Ily up lo 10 km. ‘lists
ecologically successful aillvlly nllows a large
paid 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;
Robinsonetri/., 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 a
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 reverslbillly. An older worker can return
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’ 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 of their flu bodies, the only source of
proteins and lipids during overwintering. ks
crucial. Carbohydrates arc provided only lyte
honey stored In feral colonies. Carbohydratesart
fundamental lo maintaining homeostasis vithin
the colony in winter. In managed colonies, ifdl
the honey storeil has been removed from tre
hive for trade, the beekeeper has to substitute
It by a feeding carbohydrate supplement (eg
candy).

12.2 Communication between bees

The organization and life of the colony is mt
only the sum of individual roles but involves
also complex interactions between bes
Communication  between individuals ad
castes and oriental ion ns- essential comtlions
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 shae
information with Iheir nest mates and recuit
other forager bees.

Communication between honeybees can
involve chemicals, dance, or sound (MaschwiU,
1964; von Frisch, 1967; Towne, 1985; Free. 1957
Blum, 1992). Much scientific work has ben
done on this subject, in particular by Ka lvon
Frisch, who won the Nobel Prize for his workan
the dance erf the honeybee (von Frisch, 1567).

12.2,1 Chemical communication: pheromone

Many pheromones are involved in communi-
cations between honeybees within the colony
Honeybees possess 15 documented dands
producing these chemicals (Free, 1987; Bum
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), ard aa
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involved in mating, alarm, cohesion, recognition
nl «lie colony, inhibition of'queen rearing, etc,

ljuiin pheromones

lhe main queen pheromon eisqueen mandibular
I>hr omonc (QMP), which plays several roles in
irptoduction (Winston and Hugo, 1991; Blum,
rm!, Pankiw, 1998). Chemically, QMP is very
sive rse, containing at least 17 major compounds
iM sor el a/., 1990; Winston and Hugo, 1991),
i)MP is distributed throughout the colony. The
in3 bees involved in this transfer are the retinue
woikcrs, who lick the queen, and the pheromone
h then spread to other workers of the colony
ilin 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 behaviourand 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).

¢ lurination and maintenance of the swarm
iluster - 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
Ini wings become indented. This phenomenon
-ill induce the replacement of the queen by
'up -rsedure.

he queen possesses other pheromone glands:

« llie glands of Arnhart situated on the tarsus
1loduce atarsal gland pheromone, also called
ihe footprint pheromone. This secretion is
iii posited by the mated queen on the comb
ind inhibits the building of queen cells by
workers (Bortolotti and Costa, 2010).

e The Dufours gland produces a pheromone
linked to reproduction and ovipositioning.

e The tergal glands (situated between the
tergites of the abtlomen) secrete apheromone
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 Dufours
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 Worker bee releasing
Nasonov pheromone (typical attitude).
(© Nicolas Vidal-Naquet.)



* 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).

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
asa 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.

In a colony, a round dance is the
dance - it does not give informal
the distance and/or the direction, but m
informs bees of a nearby source ot
(within 15 m) When a scout bee d s
a source of nectar, it returns to the livej®
conveys this information to foragers viatig
round dance. Honeybees take into kool
the ‘nutritional value’ of the resource: te
longer and more vigorous the darce,
higher the sugar concentration.

A waggle dance (a figure-of-eight dae),
performed by scout bees, indicates a food g
more than IOC m from the hive. It infoms
foragers of the direction and distance ofte
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 st
and the hive; the distance to the resource s
given by the speed of the dance; and the food
quality' is indicated by the amplitude oftin
waggles.

The DVAV dance is characterized byawoderj
vibrating its abdomen dorso-ventrali mahile
grabbing another worker or the qen
(Winston, 1987). The role of this dance isto
regulate foraging and swarming.

Other dances exist, in particular, a dane
to help the colony choose a new site dunm
swarming.

12.2.3 Acoustic communication

Piping and tooting are sounds made by qees
(Winston, 1987; Kirchner, 1993). Tooting is]j
sound emitted by the first virgin queen up®
emergence, when there are several queen cdls1
This sound is reported to prevent the othd,
queens from emerging. A piping sound ( cons)
+ quacking) is usually made when there ;snue
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 whyl
colony is regarded as a super-organism.



Swarming ami supersedure: division of the colony an I replacement of the queen 37

rivor* 1.29 A swarm of a honeybee colony
mi Ited to a branch of a tree. A location to
voH i a new nest will be search by scout bees.
10 w» olas Vidal-Naquet.)

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

Ih colony, as a perennial super-organism, is

chti to divide by swarming and to rear a new

r nIncase of reproductive failure or death of
liiecn in order to continue Us life.

11 Swarming

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

lon 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

1 0 source abundance) (Winston, 1987).
lo main cause of these colony changes is
"l .0ii-Jto be a reduction in QMP transmission

n. 1. j,Kworkers to build up queen cells and to
¢ KnInrear queen larvae. With the development

1i"incells, 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.



MipriM\hirr (*n tv utftl *« n hrflu'rpmg
practice to rcpt*.< «hr jurrn Inr rumple,
hr ilipping ..It one nt the mithlle <» posterior
jog. bl the queen, the will be unable «>pixe
hr« egg. ftc.uniirh at the Mi"». of ihe brood
cel The 'wrier, will rtclecl this (allure »n<I .."11
then build .uperwhire .pi rn cell, in replace the
quUiCtl.

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 lhe 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. ‘lhe
workers then build emergency queen cells
areand ihe chosen eggs and larvae, However,

Figure 1.30 Typical Me cycle of a ttoneybee
ccauny m a temperate climate. The dynamics
of tw bee population, snowing the mam

petk in June with the emergence of summer
workers cturmg the height of flowering, and a
second peak m August/Suptemoer with tne
mergence of winter wortets m preparation for
overwintering (Adapted from ke Conte, 2006,
ant OIE Terrestrial Manuel, 2014)

these emergen» y queens wr .,
less prolific, esperi illy if the queen s «m>. .
a larva iha( is too <M

14 Colony life cycle

lhe different Mepa 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- w
or by the quantity of workers in die nkc m

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

According to the seasons, the cok. M
either summer cr winter workers ?-m
summer workers «.merge in springand -
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- Ta
second group of workers appears at the cn t
the summer and/or the beginning of mssx

Hatblr atnenne*

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 <- -
or increase livestock (Adapted from U ®
2006.)
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i iv 1.32 Factors acting as stressors on managed honeybee colonies.

I .in|| ihe colony to survive the winter. Their
M |muinn last several months.
iin (leak of brood surface or number of
....... within the colony occurs in mid-end
ifi when the maximal honey flow occurs.
iliis colony life cycle depends on subspecies,
, Hililik situation, season, water resource.
., | iiiul agricultural environment, and
.....liienlly on the quality and quantity
i miiey plants. Feral and managed local
..... ybee strains are usually adapted to their
i environment.
in example, in a northern hemisphere
in,i *iate climate zone, the colony cycle has one
....... peaks (OIE, 2014a) (Figure 1.30).
Hili process can be described as follows:

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

' 1l period. The colony reaches a first brood
i*Ain mid-end spring (the queen can lay
pin 2,000 eggs a day). Thisis the time when
«*ai ining may occur, allowing the disision of
i vcolony and perpetuation of the species. In
1n,.uc of swarming, the mother colony will
i nr many workers that depart with the old
.urrn (Figure 1.31).

At the end of Julyand into August, the queen’
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. 'The 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', 'mortalityl 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 tee
terms are developed in the Glossary and is
Chapter 9 (section 1.4.5).
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Environmental problems and intoxication

n....ybcc colonies are completely depen-
mi their surrounding environment. The
ybce is the only livestock species whose
supply cannot be controlled by its keeper,
ih. 1nTkecper is often described as a landless
Uinifi Ihe beekeeper has to provide' his or her
...... lynl colonies with a favourable environ-
.. 11 li,tluring blossoming plants, aphid host
|jwu (for honeydew production), and water.

i*ilnnentary feeding should only be necessary
«Inn the conditions are unfavourable.

Iw, all the factors influencing the environ-
iiitta ufthe colonies can affect their strength and
I nil status. Changes in weather and climate,
i Mas the quality and quantity of food and
m i resources, may favour or impair the
oiliily and the productivity of managed colo-
nfi Some agricultural practices (monocultures,
...... | phytosanitary products and in particular
...... ttildes such as neonicotinoids and phenyi-
i, i/nls) aswell as inappropriate chemicals used

i .in hives (e.g in attempts to control Varroa
i. 'hitorinfestation) mat also endanger colony
if i Il by poisoning.

iiiause honeybee colonies entirely depend
n, their surrounding environment they are
m .ilered a primary indicator of the health of
the mvironment (Lambert et al,, 2012).

I Influence of meteorology and
fillnote on colony welfare and
Im ilth

| i influence of meteorological factors

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



Weather features may also dlrecuy u
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
ofthe 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 apersonal 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

Aspresented in Chapter 1, Apis mellifera iswidely
distributed and adapted to many climates around

__,,u evolution andada
their natural distribution ranges froma
Europe to southern Africa and from
Europe to the Middle East and eastern
A. mellifera strains are adapted tomanydi\i(
climates and even microclimates. Y
managed colonies have been introduced inir™.
territories because of their great poluiatioj
and honey-harvesting potential. Bcdtepijj
activities (pollination, honey production, er)
have led humans to import this species tote
New World (South and North America &”
as to Asia and Oceania.

Thus, A. mellifera colonies are adapted ij
both a continental climate with a high and
temperature range (up to 40°C) as iviTlasto
the extreme heat of a Saharan climate. Tae
are 25 sub-species or races of A weilifa
reported around the world, adapted ater
ocvn local climate and flora (Le Coite ad
Navajas, 2008).

Climate change has consequences on tenper
amre and water (low in particular. Consequently
climate change influences the dstibuion
of flower species and colony food resaues
Ohuillcr et al.. 2005).

Thus, we can assume that the hoghee
A. mellifera. by virtue of the diversity ofis
strains, sub-species, and races, is able toadyt
to climate change as long as water resoucesad
honey floss'ers ace available.

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

1.3 Management

The management of meteorological fadors
of the consequences of climate change indit*
applying good rules of husbandry. Prophyiacts
livestock, feeding supplementation, andaiitah*
management must be applied not onh ih*|
challenging periods or when faced by
factors, but also during daily beekeeping
Beekeepers and any stakeholders iiiww*
in apiculture must ensure that good :aiwi
beekeeping practices, as defined by t* I"
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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''lled in their apiaries and honey farms

i liapter 8). The beekeeper can potentially

«Iml the honeybee strain and limit or avoid

. | ias 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.

iwinter, the beekeeper must ensure that the

i iirs have enough honey or carbohydrate

......... to go through the tlangerous’ over-
tinilng period (Figure 2 1).

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

inn | irsources are crucial for honeybees. The

mmi.es are mainly nectar, pollen, honeydew,

n' water. Pollen is the source of protein, and

...i v and the honeydew provide the source of

<! ‘hydrates. Whereas pollen and honey are

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

* | l'oltM

"Il nii 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-
=l (2014), honeybees require pollens with
..... mum crude protein levels of between 20
' "i%. Adiet containing high-protein pollen
«i ", rs the longevity of workers compared to
i" nwith a low protein level (Knox et s1/., 1971;
..... ivilie, 2014).
1 is also the colony's only natural source
1li ids (pollen contains 0.8-19% lipids). These
1 iarr important, in particular as oils that are
, live to foragers.
"nrybee colonies are reported to collect
*'jrequire 10-26 kg (sometimes up to 55 kg)
p 'lien per year (depending on certain factors

Figure 2.1 Overwintaring colonies in the
French Alps. Note the protection of the hives
from wind and snow The management of
honey and/or carbohydrate resources is a
crucial element for survival during this period
in such regions (© Nicolas Vidal-Naquet).

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, I-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
(aid is reported to decrease their lifespan)
compared with a mixed pollen diet (Schmidt.
10S4; Schmidt ft 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),
‘malnutrition is probablv one of the causes of
immunodeficiency in honeybee colonies’

Anunbalanced 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

my/, 1971; Somerville, 2014). Any deficiency
may potentially alter maturation of muscles,
storage of vitellogenin within (al bodies but
also hypopharyngeai glands and ovaries

w the queens. The mmiunocompelence of

individual bees has teen 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 Monocultures cause ammo acid i
deficiency Here, a culture of seed-bearig
onions (in the foreground is wheat, which retd
bee plant). (© Claire Beauvais. DVM.)

« Protein deficiency or unbalanced diet av
larvae. Malnutrition in the larval stige b
consequences for the development of ib
bees. Protein deficiency causes honeybee,
to be smaller and weight, and ovaries d
workers are reported to be less developed|
managed colonies, lifespan and brood rearcs ;
are reported to be better in colonies «/j |
protein supple ment diet. Particular at;«iti« ]
must be giver to pollen resources whentre 1
brood of winter bees is reared because oftar j
importance of reserves within the fat heirs i
(which must be Well developed in win.: n
bees) to allowlthe colony to go throi phtfer Y
winter (imdoif et al., 2010).

2.2 Nectar and lioneytfew

Nectar and honeydew, stored as honey *
capped cells, arc the colonys natural sour”
of carbohydrates. Stored honey provides t*
carbohydrate reserve that allows the colell
to meet the daily needs of the workers atl
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 JwI* ,
overwintering. Adult bees are not ableto in""
long periods without carbohydrates becauwii'l
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Ki 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
m, ruling, or honcydew resources may result in
«'hi,hydrate deficiency.

| i Water

'»i nancnl access to water throughout the active
11 on it essential for managed colonies. When
t umperature 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.
ibought is a major risk for managed (and
h il) colonies for two reasons; the lack of
I"¢rie due to the lack of water on crops and
" 1| vegetation, and the lack of water for the
"Imil' A prolonged drought occurred in
1illuiniain 2014, leading beekeepersto provide
I"li colonies with feeding supplements (sug.i
<'|protein) and water to avoid or limit colon

Imwi.

>* |bnnt toxicity

*"in plants arc toxic lor honeybee colonies
L,u and pollen of Tiiiceae and Theacea,
" ihiln carbohydrates that are toxic for bees,
itincly mannose, galactose, arabjnose, xylose.
" llhiose, raffinose, stachyose, and lactose
n "thbclmeider 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
« | saponin produced by Aescu/us species.
Asteraceae (Senecionrae and Eupatorieae),
f iraginaceae, Orchidaceae (nine genera), and
I >loccae (genus Crotohria) produce pyrroli-
o' 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,
<"l vipers bugloss (Brur eau, 2014).

2.5 Management and supplement feeding

Abalanced dietand accesstowater isfundamental
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
ofthe 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 n protein
supplement,

Reeding may be necessary in the event if

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):

A

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 feeding,

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 offeeding 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.

rnolluscicides,

Insecticides, herbicides, miticides, fungicides,
bactericides, but also insect

repellents and insect ikttractants, are some of

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

Insecticides are used In hives or Inth1®
to control certain pests, such as small hivew, /
Acthlnn tiimtdii Infestation or tin-

Aslan hornet, Vtspu vetuttna,

Miticides are used in colonies to cogjr<a
particular the mile V, destructor (Try»uy,
In the world), the tracheal mite Acarapi Ll
and also the mites [Yopiwlapsspp, (in nan

Residues of pesticides used in crops ag 4
miticides used in hives may be found Inw,
honey, and pollen (Mullln cl at., 2010), 'lheycw
be considered as cnvironmcnial stressor, fotb.
colonies.

Hence, honeybees may be semsitive
phytosanitary products used on crops
to miticides used in hives and tu ag,
post-therapeutic residues. Furthermore, ag,
is a potential risk for honeybees ani «hi
crop pollinators not only because of ju« tku,
phytosanitary products, and in potler
insecticides, bul also because of the wap
between insecticides and olher pevliiiltt a
pathogenic agents.

'The toxicity of pesticides may be xii;
chronic, or sub-lethal. The clinical sgm»
various and often difficult to evaluate H
diagnosis of poisoning is noi easy to pei fom.
particular at sub-lethal and chronic lewels, Ac,
leading to controversial discussions betwe
beekeepers, crop farmers, cnvircnmeca
associations, and chemical industries.

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

The role of pesticides, in particular o>
tinoids and phenylpyrazols, in colony wi afet-
disease, and collapse is a much-discusstdsssV



|.irs«nt  health crisis. Many studies,
., and national, regional and inter-
»»| meetings have focused on the role
i liy pesticides in colony losses, with the
1 industry facing opposition from envi-
.4 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 y approach if poisoning is suspected.

...... tiddos and their targets (and
m  i,.itlcides affecting honeybee
1* < Hs|
...... . ides (cf. Table 2.1) used on crops can be

i...1 according to their chemical structure
m lili target tissue (or function): nervous

» n .ell respiration activity, and insect
, oh uni development (M.-b. Colin, personal
e ..mlatlon, 2007; Vidal-Naquet, 2008:
w» .| 1012).

".(laimchlorines, organophosphorus com-
, ..l. (cg. coumaphos), carbamates

i . dn.mis (e.g. permethrin and deltamethrin).
........... tins (c.g. ivermectin), formantidine (e.g
4 ...) phenylpyrazols (e.g. fipronil), neo-
** jaiii.ads (c.g. imidadoprid and thiamethoxan)
i idie nervous system
midInohydrazones, rotenone, and pyrazols
n .cllular respiration.
Mimylurca and acylurea (e.g. lufenuron)
| ,mils and benzhycrazides act on insect
ihand metamorphosis. Brought back to the
"1 lyluiagers, they may affect the development
dii. bmod and thus lead to a decrease of the
f*4ulallon.
' wemcltcally engineered
M " 'm genetically modified organisms)
in iheir herbicide tolerance and/or
m intrial properties, can potentially be toxic
k4 honeybees. For example, in some GMOs
insecticide effect is the consequence of
%' introduction of a gene coding for an
.......... protein from Bacillus thuringensis
....... ef a/., 2012). These plants are used
w* ™A and other countries. In the EU, GMOs

plant varieties
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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.



W 1e 2.1 Principal Insect cides: target, classification, molecules and mode of action
Insecticides (examples) Mode of action

Target
Nervous

Classification

organochlonne
insecticides

otganophosphorus
insecticides

carbamate
insecticides

diamide insecticides

formamidine
insecticides

macrocyclic
lactone

neonicotinolds

diphenyl aliphaliques

cyclodiene

hexachlorocyclohexane

polychloroterpenes

organophosphates
organothiophosphates
phosphonates
phosphonothionates

phosphoramidates
phosphoramidothioetes

phosphorodiamides

Avermectin

Milbemycin

Spinosym
nitroguanidine
neonicotinold

DDT, ODD, Ethylan
Chlorobenzylate

Aldrin, dieldrin,

blockage of axonai L}
channels

blockage of the

Chlordane, Chlordfcone, GABA-gated chloride

endosulfan
Lindane

Toxaphene

Dichlotvos,
phosphamidon

Coumaphos, Endothion,
Malathio, parathion
Butonate, Trichlorfon

Mecarphon, fonofos,
cyanofenphos

Crufomate, Fenamiphos,

fosthietan, PfosfoUn,
etc.

Acephate, Chloramine
Phosphorus.
Isocarbophos
Dimefox, Mazidox

Carbaryl. benfuracarb,
dimetan, dimetilar,
pyramat, propoxu
Chlorantraniliprole,
flubediamid,
anthranilamide

amitraz, chlordimeform,
formetanate,
formparana,
semiamitraz.
medimeform
Abamectin, doramectin,
emamectin,
eprinomectin,
ivermectin, selamectin
lepimectin, mllbernectin,
milbemycin oxime,
Oxidectin

apinetoram, spinosad
clothianidin, dino'efuran,
imidacloprid,
imidaclothiz,
thiamethoxam

channel

blockage of He
GABA-gated chkxde
channel

blockage of the
GABA-gated chlorde
channel

inactivate
acetylcholines'era e

inactivate
acetylcholinesterase

inactivate
acetylcholinesterase

inactivate
acetylcholinesterase

inactivate
acetylcholinesterase

inactivate
acetylcholinesterase

inactivate
acetylcholinesterase

inactivate
acetylcholinesterase

Ryanodine receptor
modulator

Inhibit monoamine
oxidase - octoparcine
mimic

blockage of GABA

blockage of GABA

blockage of GAEA
acetylcholine agr«n
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i. >.nation Amidinohydrazone

k.

K ,*th

Classification

pyrethrinoides

Pyrazoies (and
phenyl-)

Semicarbazonr

Rotenone

chitin synthesis

inhibitors

juvenile hormones

mimics

juvenile hormone

moulting hormones

agonists

moultinghormones

moulting inhibitors

precocenes

unclassified insect
growth regulators

ketoenole

molecular biological

origins

nitromethylene
neonicotinoid

pyridyimethylamin 3
neonicotinoid

natural and synthesis

benzoylphenylurea

tetramic and tertranic
acids

Insecticides (examples)
nitenpyram, nithiazine

acetamipfid,
imidacloprid,
nitenpyram,
paichongding,
thiacloprid
permethrine,
deltamethrine,
cypermethrine, etc.

Chlorantraniliproi;,
fipronil. flufiprole, etc.

Metaflumizone

Hydramethylnon
Rotenone
buprofezin, cyromazine

bistrifluron,
chlorbenzuron,
chlorfluazuron.
dichlorbenzuron.
drflubenzuron,
flucyctoxuron,
flufenoxuron,
hexaftumuron, lufanuton

dayoutong,
epofenonane,
fenoxycarb, hydroprene,
kinoprene, methoprene,
pyrtproxyfen, triprene
Juvenile Hormone* 11111

Chromfenozide,

furan tebufenozids,
halofenozide,
methoxyfenozide,
tebufenozide, yishijing
a-eedysone.
eedysterone

Diofenolan
Precocene LHIH
dicyclanil

spirotetramat.
spirodiclofen,
spiroomesifen

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

acetylcholine agonists

acetylcholine agonists

maintain axonal Na*
channels open

inhibitor of GABA
receptor

blockage of Na"
channels

cell respiration inhibition
cell respiration inhibition
chitin synthesis
inhibition

juvenile hormone mimic

juvenile hormone

moulting hormone
agonist
moulting hormore
agonist

moulting hormone

moulting inhibitor

lipid synthesis inhibition
mainly in larvae and
pupae

insecticide action of the
protein CrylAb

Adapted from fv'.-E. Colin, personal communication. 2007; i/idal-Naquet, 2008; Wood,



bone mnr.Te r rtaergseic esest with
msectiddescd srr peeesrnae-ie: IcEscans
3.6bdo*

3-2 Factors affecting the severity of
poisering

Bxriroomenca} factors e-g tenn>ersrcre- 'rr--
asza SsasidUr' war roidify the akpgr of
certain insecticides and pesadies. Chemical
degradation os these moJecides mzy abo a x r
aod rTodcc* metabedtes dts car be more race
than i f mrri-j ssoJecaje iBassoa. LI  Coda.
1999

The fonnulatieG ofthe rescai; for diSsesz
spphczricns, m . sprayir®. sed oeannesa.
—ar.ire spreading. and see:: reaurtn:. may also
modify the taridry of such chemicals.

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

¢ Via drifted dust ron seed treatment Seed
treatments (eg. dothianidia) swy be applied
on the mfield In-ftsirc-w daring sowing,
which poses a risk of cast emission (EFSA
Journal 2013a). This dust tsar be deposited
or. neighbouring crops or plans anracove
to bees. According to the EFSA, potential
risks to 'non-target organisms’ such as bees
ot dust formation due to seed rearing arise
wth 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
bl 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-hwe me of <

Schafer and Saner. 2C15 to ~ ~ toeandj
beede. A n-.-ir. p-osesatnj
tor bets, ripened s also used to tons b ;
beaieeptersto £gh- *1-.sdr.tn the .Akaein
cc A. awraij; this pe&es a high nsk ix bet ;

Factors uHTtoisto to iccerr*» na-

tocctor the naorim are — mm-r cet-
sen. caste. ns ws£;» scan.

3dsModes of poisowag

Ftasoning of booeybees may occur fta :
means and recce -cf Figure 24-All
and al castes tnav be erected rr rmatnz 3
retries ei expestois drife
beesand intntastre forms. However,
brood and nest bees, rend sttostanos
brought back by foragers in nectar, gain
water ('EFSA tosrnal 2212 . The use a
and chemicals by beekeepersin crier to
diseases, pess. and predators of tie
V isfr-ttoto-. A woaf. A nrd;

reat hive natsu .e.g. stored material :
responsibleofpelsraring
and contact within the hive.

Several exposure metes may be
adult poisoning:

Figure 2.3 Carols croc Coatee ta-oa ”
may present a cnemicas rarata to bees ft-
systenueafcy fee. due to trie presence 0 H
insecticide in the sap and oc'sec.e-tv
nectar, poiien. ami guttat.cn drops'c ' 3
drift. (C Lydia VUCQines, OVM.)
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Pesticides Spray application Spray drift

Oust issue from seed

Deposition on treatment performing

flying bees

Insecticides drugs on cattle farms. In
premises, on pets..
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M igration through soil
Plant uptake

Systemic Pesticides

Foraging bees
hive

Acld«ntal or deliberate
poitddng

>11ii%2.4 Major and potential exposure routes of honeybees to pesticides. (Adapted from EFSA

Ihiiiiml, 2012.)

Mention of contaminated water or pollen,
un,, tir, or guttation drops which may contain
illrrctly oversprayed or systemic residues
lhompson, 2012). This mainly occurs when
..... gers are out gathering pollen, nectar, and
«icr. They may bring back the chemicals
in the hive which will be stored within the
iniicy, 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
n s/. (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 IFaucon 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 (XM 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@ i
An acute intoxication of the whole d L{
not have the same consequences as 4
poisoning of some specific forms (eg |J 1
nurse bees, or foragers).

The clinical signs ofinsccticidesin irdivtf®
depend on physiological system thanis.target |
For example:

Pyrethroids at or near LDM rapidly
neurotoxicity in adult bees. This reskds
loss of coordinated movemenls aid
convulsive activity, and ultimately pita
leading ssviftly to death. This is lcnodfe
‘knock-down effect’ (Moniteau, 1991).

¢ Organophosphorus compounds calchoy,
become irritable and hypcrexcitabk.
Imidacloprid and/or its metabolite Ne
responsible for the rapid appear»
clinical signs of neurotoxicity. im\Wg
hyporesponsivencss and hypoactivi yfdk*
ing hyperresponsiveness, hyperactivity, xi
trembling (Suchail el el., 2001).

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

« Directly, via the death, folloning clica
signs, of bees inside the hive. Weilumegad
collapse may occur.

« Indirectly, by the loss of certain afs fa
example, if foragers are compromised byaes
poisoning it the foraging site, they naya«
be able to return to the hive becausi ofk*
or disorientation, resulting in disorg
of the colony, if forager losses pirsisl.ill
colony will initially react by acceleratingit
production of foragers thanks tothepto I
of the division of labour (see Clupwl
section 12.1). The colony will ther irmo4
brood rearing, and there will be a highs*
of an imbalance between the broos!

number of adult bees. Nurse ant! fa*
workers will turn into foragers fan ™
will not be available to rear the brotd* ‘.
should, potentially resulting in

of the colony and in brood diseas,s i "



*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 giny of the bees affected and on the ability
1 hr colony to balance out the depopulation
n. uiv.iis and Vidal-Naquet, 2014)
ilnn, in the case of sudden colony mortality
iakening, but also when certain brood
li, «<» occur, acute poisoning must be taken
,uiount 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
.+imy Sub-lethal effects may be characterized
negative effects (either physiological or
c.livloural) on individuals that survive an

-i uirc to a pesticide (Desneux et al., 2007).

linlcal signs of sub-lethal poisoning vary
Sltilling on the toxic compound. Studies
I.. | often focused on the physiology, activity

i and behaviour (e.g. olfaction and
..... hiy) of foraging honeybees. However, the
a |,.-, affected are not only foragers, but also

mi <ebees that feed on pollen and honey stored
n lieiells. Larvae may be affected by the brood
1 Iproduced by food-piocessing glands (from
ilh inrtabolism of honey and pollen) and by
r I'hilic residues within the wax of the brood
.ol 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-
wy, olfactory learning, gustation, navigation
iiid spatial orientation) (Decourtye et al..
1005: Desneux et al., 2007).

lirhaviour and in particular impairment
m successful foraging. For example, as well
n being* potentially fatal, thiametoxam is
"eported to induce homing failure thereby
" ,pairing foraging (Henry et al., 2012).
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« 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 tauses 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), ie. an
average of 6.2 detections per sample (Mullin
et ai, 2010). Pyrethroids, organophosphates,
carbamates, neonicotinoids, insectgrowth 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 (atboth the indhidual and colony level)
(Johnson et ill., 2009; Gregorc et at, 2012).

Chronic exposure to one or several of these
residues (Johnson et al.. 2010) may have tin-
foilowing adverse effects:

e On larvae (Derecka et al., 2013) and
consequently onworkersemerging therefrom.
According to Wu ef al. (201), 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
adultemergence 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 pbiky,
exposures mrfy contribute to declining htticy),,
health’ (Johnson et nl., 2010). Chemical

In beehives may acl In synergy to create ak,,
environment for the honeybee! 'Hum, diro®
exposure to ncurotoxlc Insecticide» Utoda™
with other pesticides, e.g. fungicide», Isthough
to he responsible for reducing ‘honeybee hunt.
and impairing honeybee health and nlL|
strength (Bclzunccs et al., 2012; Johnson ite,
2012).

Some fungicides have been reported tcthevel
synergistic or potentiating effect with pyrethwi
on their toxicity to the honeybee. It bs kra
shown that an crgosterol bl osynthesis-iniiibiting
fungicide, prochloraz, increases the toxkityvfi
pyrethroid (y-cyhalothrin) to honeybee ctloan
by affecting the metabolism and delating it
particular ihe mechanism of detoxification bl
excretion of this insecticide by the bees iMtaj
ef al., 1995).

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

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

3.6.2 Between chemicals and biological
pathogenic agents

w
Interactions and/or synergy between bieto#l
stressors and chemicals have recently »

highlighted.
Interactions between imidadoprid Ne’ | |

nicotinoid) and Nosema spp. (mkrospsT



( «wr) cause increased mortality in honeybee
»In (Alaux et al., 2009). Another study has
. bcynergy 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 nj sub-lethal dose) (Aufauvre et al, 2012).
SiMiiher example is a study showing that
( line to sub-lethal doses of fipronil and
bl h'l'fld greatly increases the mortality of
mylices previously infected by N. ceranae
iilau et al., 2011).
IIn uconicotinoid clothianidin used on crops
.. i.inshown to alter honeybee immunity and
i MHiiotc the replication of deformed wing
... 1I>WV) (Di Prisco et at., 2013).
IInis. ltisimportant to consider the possibility
i .i nili-Icthal 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 vy be a cause of weakening or collapse
« ilniiies. Synergy between chemical and
Miliiftiml agents seems to have the potential to
...J.hi inlony strength and health. In such cases,
m ilnily might be compromised by a growing
.ninin- of related and simultaneous problems.

t I'Dingnosis

. 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' 1 Clinical diagnosis
..... al diagnosis will usually be a diagnosis of
..inlon and not a definitive diagnosis, at least
milr* field, before appropriate and thorough
i *in.otic tests are performed (Colin, 1999;
M | 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
»bserved).

« 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, ol 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 isan 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 affectthe 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, ifthe 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 perormed by the quick, easy,
cheap, 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 Beast- |
to take into account the fancies m ¢ |
molecule(si degradation and the pscr.-, |
presence of toxic metabolites that tars |
unquantifiable, undetectable, undetected -J
untested (Beauvais and Vidal-Naquetl
For examp e, the metabolites of ipreci.l
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

e The LDj, of the pestidde(s) foutsd. US.
a delicate notion in honeybee pexe.-.,
compared to other species, as it is
not on the bee but on the colony asasre |
organism. The LDMmust be used intepra; j
carefully (Beauvais and Vidal-Nagaet JKs j

« Field investigation findings, ir partr_rl
search of potential'real use of peiicc3
on surrounding crops, insectidces ca frafl
animals, etc.

« Beekeeping practices.

A veterinarian practitioner should contact a; fl
laboratory’ to define the samples neededalt: fl
interpret together the results according -mfl
anamnesis (medical history) and the ifri-
examination performed.

3.7.3 Some basic keys for interpretation of
laboratory’ tests results (Coline t 2004
M.-E. Colin, personal communication, 200
Beauvais and Vidal-Xaquet, 201-4)

The results of the chemical, pestidde and ksc-'
analysis when honeybee colony poisoaiss -

suspected are frequently difficult to interpret - j
particular in the case of sub-lethal and dtNe>

poisoning, but sometimes also when |
poisoning is suspected.

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

If the result is negative (no residues feiifcit



h may not be a case of poisoning and other

.Honors must be sought,

nmay nevertheless be a case of poisoning for

ihr following reasons:
lhc 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.
lhe 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 arefound in the analysis:

Hihc laboratory test method allows only
Jlitre lion hut not quantification of residue(s)
eml/or its metabolites and split products:
ihu may provide a toxicological explanation
W Ihe problems observed in the colony. If
pmdble, quantification of the residues or
....ubolites found should be performed if
mynigh matrix samples have been sent to and
K»pi by the laboratory.
in hr laboratory test method gives positive
nmils wrh quantification of residues and
H1ubolites and split products:
li is advisable to evaluate the part of the
iliemicil(s) found which Try 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.
li Is necessary to interpret Ihe answer to
the following question: are the samples
ini representative of the exposure risk
lor bees (in the case of analysis of plant
..implcs, pollen and honey)?
» Yes: it is a poisoning.

nRoxicauon ol

» No: it may not be a poisoning.

- Itis 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 Management 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. waxes from honey cells cappings) as soon as
possible by the shaking bee method, also called
the shock swarm method: see Chapter 4, section
183

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
prevent 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).

Asin 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.
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1.1 Characteristic:; and elements 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
ofgenes 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 etal, 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 Main season Trar_]smlssmn Varroa role as Association Prevalence in the
colony occurence (main routes) vector with another world
pathogen

Iron mild spring/summer  OF, Co N satellite virus: ~ Worldwide

to severe CBPSV distribution

weakening

weakening and summer/autumn VB, Ve (\n, TO) Y Varroa destructor coOmmon in

motality Europe

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

motality distribution

weakening and  summer/autumn VB, Ve (TO?) Y Varroa destructor Europe, Asia

motality North Arrerica

weakening and  spring/summer OF, VB?, Ve Y (low) Varroa worldwide

morta!ity In | (T0) destructort distribution

association with Nosema

Notema

colony end of summer/ VB, Ve (Vn, TO) Y Varroa destructor worldwide

weakening and  autumn distribution

even collapse

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

as not highly distribution

patiologic

weakening and  no evidence OF.vB Y Varroa destructor low prevalence

motality of seasonal ® in Europe

occurrence

weakening and  no evidence unclear no direct Varroa destructor Europe/

death exp.; not  of seasonal evidence ) Worlwide >

highly pathologic occurrence

weakening in late winter/spring OF ? Melpighamoeba low prevalence

association with melllficae - seems on the

Maioighamoeba decline

meilifica

weakening in late spring/early OF ? Nosema apis First detected in

association with  summer Britain

Nosema apis

no mown no data found no data found ? no data found us

symptoms

no -mown no data found no data found ? found with ABV  US

symptoms

no known summer/autumn VB Y Varroa destructor common in

symptoms France - virus of
Varroa?

some cases spring 0 ? Nosema apis worldwide?

of weakening

suspected

weakening summer {Apis no data found ? Nosema ceranae India, US?

and mortality cerana) VB?

suspected



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
(t7; 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). AlV is an iridovirus
<de Miranda et a/., 2012). Iridoviruses are large
uosahedral viruses that infect insects and verte-
brates.

1.2 Pathogenicity of viruses

lhe 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
I'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
(Gcenersch et a/., 2010; de Miranda et ai, 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 mite Tropilaelaps spp. (Tentcheva etat,
2004; Chen et ai., 2006).

« Horizontal transmission. Horizontal Irani,
mission can be oral or by contact, feeding
larvae and trophallaxis as well as ad
communication are the main ways of ad
transmission. Contact transmission seemto
occur in the event ofcuticle injuries or broen
hairs allowing exposure of the epidemsl
cytoplasm (Chen et al,, 2006; de Mrada
et ai, 2012). Confinement, wintering, ad
highly crowded colonies are conducive u
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 e
Vertical transmission may also be verered
during mating from drone to queen, o
trans-spcrmal (from the spermatozoa sote
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 probeble
increased virus transmission and outbreaksc
viral disease. Thus, V. destructor infestations
may transmit viruses and thus allow ot
virus infections, impairing the health of
colonies. The interaction between virusesand
V. destructor has been termed 'bee parasitic
mite syndrome' (Shimanuki et u. 194
The disease due to Varroa, varroosis is art
only caused by the infestation by the nite
but also incorporates the notion of vins
transmission and overt virus infection (in
particular DWV). The acarian Traphttp
spp. is also reported to be a vector of at lew
one virus, DWV. The acarian Acarapis msti,
a parasite of the tracheae, has been suspeded
to be related to paralysis syndrome (CGBPVL
though no evidence has been shown Ne
confirm this suspicion (Ribiire et al, kv
de Miranda, 2012).



14 Diagnosis of viral infection

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

CBI'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 ai, 2010;
dc Miranda et ai, 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'
inthe 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 s 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 outhreaks occur
(Ribiere et ai, 2010; de Miranda et ai, 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 offor 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 hive 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 carpet ot diseased and
doad bees observed intie front of a hive
wien a CBPV outbreak occurs within a colony.
(Photo courtesy © Lydia Vilagines, DVM.)

the disease, bees >xe able to fly, but soor tre-
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 sometines
significantly weaken colonies, although it js
often considered only a minor problem, tied
frequently only a few Type-2 diseased be;; rk
observed within a colony.

2.2.3 From two syndromes to one

Accordingto Ribiere etal. (2010), thequest raof
whether there are two syndromes characterLL}
CBPV disease has to be challenged. Indeeda
some colonies affected by CBPV, both T-pe-t
and Type-1 syndromes have been describe!
concurrently. In the same publication, Rbiee
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 tne

Figure 3.2 cBPV Type-1 syndrome (beesit*
centre) and Type-2 syndrome with honeyt"3
presenting as harness and shiny with a
shortened abdomen. (Photo courtesy 9 L'eJ
Vilagines, DVM.)



different stages of the Cf PV viral disease and
isthere 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
isreported to be the main route of transmission
via contaminated faeces (Bailey et al., 1983:
Ribibrc 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 Kkilled, 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).

Hontc 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, CBPV7has been shown to replicate
and it can be supposed that this species serves
asareservoir 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 101J 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):

e 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
isalso 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.



2.5 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 vinss
BVX, BVY, AmFV) and the virus I1APV nayit
responsible for bees showing crawling synptans
(de Miranda et al, 2012).

Clinical examination and the medical histary
(anamnesis) ofthe colony can give apresunptm
diagnosis; however, laboratory analysis is ilb
necessary.

2.6.3 Laboratory diagnosis

Sampling bees for laboratory diagnosis mustfe
performed according to certain rules. Udly
it is necessary to contact the laboratory wo
will assist in the choice of samples, and acust
on performing the sampling and send ngte
samples. Tables ofsampling management wen
poisoning or disease are suspected are ghvenin
Appendix 3. These sampling methods are thoe
advised by the Sophia-Antipolis ldoraay
of AN'SES which is the European Lhit»
Reference Laboratory for Bee Health (Fao
et al.. 2012).

Identification and quantification of GV
is necessary to diagnose the disease. Dhvast
techniques can be used, but RT-PCR (ilentif-
cation and viral load) is the most prec s ad
selective diagnostic method (Blanchard etft,
2007). Within an infected colony, the (B
viral loads obse-ved in symptomatic or ckd
bees (at the entrance of the hive) or guards at
higher than in asymptomatic bees (foreces
nurses, drones).

According to Blanchard et al. (20C7) ad
Ribiere et al. (2010):

¢ CBPV levels of about 101! copies per beeae
found in symptomatic or dead bees.

¢ CBPV levels of 10*-10scopies per aeeaft
found in asymptomatic bees.

« CBPV can be found in all castes and all Sag*
(egg, larva, pupa) in an infected colony.

The diagnosis will be the consequence on

* Anamnesis.
¢ Clinical examination of the colony.
¢ Laboratory results.



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.

2.64 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:

e Optimal Varroa control to avoid vector
transmission of the virus.

« Overwintering without honeydew.

¢ Limiting risks of overcrowded colonies and
confinement.

« Healthyand selected queens and colonies that

exhibit good hygienic behaviour (see Chapter

Figure 3.3 Atthe centre of the picture, a
typical young bee symptomatically affected
by DWV. Note the wing deformities. (Photo
courtesy © Lydia Vilagines, DVM.)

r«mimncnwing viria rim vy vi=d e (U

4, section 1.9.3). Re-queening each year or
every two years has become a necessity at
the present time

'lhe management of diseased colonics affected
by CItI’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 co ony.

3 Deformed wiig 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

Figure 3.4 Emerging bee with wing and
abdomen deformities due to DWV with
a phoretic Varroa mite. (Photo courtesy
© Lydia Vilagines. DVM.)



» | .ithogen. The occurrence ot‘ the disease is a
. Sequence of the combination of DWV and
i.i n« infestation.

lhe virus was first isolated from Egyptian
ho icvbee colonies in the 1970s, and hence first
mined Egypt bee virus (EBV). In 1982, a virus
, msing deformities in adult bees was described
nbl found 'to be distantly related to EBV by
eci logy' (Ribicre ct al,, 2008; de Miranda and
i snersch, 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 his spread worldwide,
cv cpt to Oceania where it has not yet been
>cl4>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 asa dose genetic variant of DWV,
soil mostly identical nucleotide sequences.

V1 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 emerging bees.

Ihe wings are deformed, stubby, and useless
(Figures 3.3 and 3.4) (Fievet et al,, 2006
Tcentcheva 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). Howevet,
it seems that affected adult bees may present

learning disabilities, in particular in forjfc. «
ability (Igbal amt Milller. 2007),

At the colony level, an Irregular brmsl th
be observed associated with pupae nintAl'
cannibalism, and a decrease in the bee pupn
lion.

The occurrence of overt DWV Infection k
always linked to Varroa Infestation (Figure LL
In cases of severe Infection, with a high ley;
of Varroa infestation, or if poor beeieepr,!
practices have led to inadequate control,(
mite infestation, colony weakening aid <«
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? tob
shortened (Dain.it et ai, 2012a); henc MI)
may play a role in winter colony mortality (a
pathogenesis).

3.2 Epidemiological characteristics:
spread and transmission

Adult honeybees are reservoirs of DVV ve !
phoretic V. destructor are responsible ai te :
spreading of the virus in a colony, hdwtot ;
colonies, and between apiaries (Yoc bl
Genersch, 2005). DWV may be found threugiwil j
the body, including queen ovaries. qu«n a
bodies, and drone seminal vesicles (Rev-It
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#
trans-ovarial (Yue et ai. 2007; de Mntsli
and Fries, 2008). It seems to presetv 1 1%
virulence level, remaining as a covetl inteetw
(asymptomatic) in the absence of Units
infestation. Horizontal transmission (cial =
contact) does not seem to play a stgnlifienttfw i
in DWYV disease.

Vector-borne transmission by (lie
V destructor is live main route >8 I'"' |
diffusion and is responsible of overt iti\Wiid
live pathological effects of DWV we eat'Tt* i
linked to Its association with Utmw.
does this mite carry the virus, but the "ul*
can replicate within the organism, ithob'l



repoited that DWV s 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 of 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 of 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 DWYV (Di Prisco
etal., 2013).

3.4 Pathogenesis

In the absence of V. destructor, DWV virulence
is minor and the development of the bee larvae
isnot 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 necessary for the virus to
become pathogenic and to induce flinical signs
in honeybees (Yue and Genersch, 2005; Gisder
etal.,, 2009; de Miranda ef al., 2012)

aciormeoeud wing virus 1u « vj alsca ,© rr

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). Theimmune 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
ofcolony may be bleak during the overwintering
period.

DWYV 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, itappears Ihat 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. Ifthe sanitary managementof Varroa is
tailing, the diagnosis is usually and undisputably
In favour of DWYV 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).
DWYV load within bees is one ofthe main tests
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.
DWYV 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
DWYV 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 broodnay
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) thatitide
at least 6 weeks after miticide treatments
end of July) to obtain undetectable DiW/fes
in bees; this period extends to 23 wedtsfomn
October treatment.

As a result the first prophylactic netwr
optimal control of Varroa infestationthrough:
the year and in particular at the end of ¢
beekeeping season when the colony isabodS
rear overwintering bees.

Wintering demands healthy anl «No
colonies. Selection of strains that exhibit
hygiene, with cleaners able to detect ai d roftc-t
from the hive mite-infested and DW\-inltttc
pupae, is an additional prophylactic n*twW

The process of RNA interference (R A ilbl |
been studied in bees to limit DWV loaf Fit&i
both larvae ai d adult A. melli/fem withadahx m
stranded (ds) RNA construct, DW/-dikV
has been reported to decrease viral loaded
occurrence of symptoms (Desai etill., 2012

4 Saebrood virus (SBV) diset

Saebrood disease is a viral infectious disri*
honeybee immature forms within the ®



Figure 3.6 Sacbrood-dsensed arva Tycca

aspect of a sac co«ta - r;i eedys 3;' ,3 The
sac s pale yellow and the lephaSc oah tae

the tail) 5 darker and dee, 'Photo so ,-tesy

O Lydia Vilagines. DvWii

brood (A mtllifrraend d; > <> o-‘pg; =
bees due lo I Itlti-iridiK to Mn ipgd =*
SBV (Ball, 19t>9fe). MtV ro n remain its.»tovtei
minium in colonies sjt»
inlettkm tu the bum.) Th-M e ;.»« is lutmiy
considered asymptomatic in iduiii

responsible lor problem», in patti.u’a .. r i,.-,
the secretion of the brood (nod

usually unimportant m | mtziirM  fleeting
some larvae, which ,ue >pi.klv miuncd from
the cells and the hive hv deancrO. but mhighly
leib.il in A. wwnti, et»ib killing colonics ot
this species (Ribiere < ai, 2006- Jt Miranda ft
id, 2012). Sachrood disease was first described
in 1117, but the virus was isolates) much later
(White. 1917; Bailey er al., 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).

m-r =01

41 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
oratthebeginning of summer (when the brood is
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reared). In autumn, it may be observed convom
itantly with varroosis. U may also occur if there
isa food deficiency (Ball 1999b; Tentcheva ,-tal..
2004). Clinical signs may not be observed due to
the actions ofcleaner 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).

larvae 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 35 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-Ic s. If
.ieantes do not operate;

« first, infected tam e become sticky and dark -
athread tip s> 1un 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 Ol impair the development of
the colony and as such, isan 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
1o Te regions autumn when the brood is reared.

4.2 Spread and transmission

SBV infection begins with the excretion of the
mirus 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
it at, 2007). Oral and probably vector-borne
transmission seem to be the main transmission
routes of SBV.

4.3 Pathogenesis

lhe 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 iirva 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( >).
lhis may endanger the strength of the colony

4.4 Contributing factors

1fSBV is found in asymptomatic colonies, clinical
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 $BV infection art Ustafly
the consequence of nutritional deficiency;

¢ Lack offood

¢ Confinement.

« Population unbalance.

« Poisoningisalso supposed to be apredisposing
factor.

The strain of the colony, the age of the qen
and other infections (e.g. European foulrood
disease) may fasour the occurrence of sidrod
disease (Giraud, 2013). The mite V destructorit
considered to be a vector and a reservoir of B/
(Ribiere et al., 2008; Giraud, 2013).

4.5 Diagnosis

Diagnosis is primarily a clinical diagnosis inte
field taking into account in particular the icsadl j
occurrence ofthe disease (spring, summer &
ated with the finding of contributing factors Fit
clinical signs are quite specific to the discaeead
hence serve as reliable indicators.

A differential diagnosis should ta<e ino
account other brood diseases, eg. folbrood
diseases and brood mycosis. It should it
considered that SBV disease is often asodiated
with other brood diseases.

Laboratory testing with the RT-PCR natrd
is possible but seldom performed in cunts
veterinary practice because of the high an
Laboratory examinations must take inMo
account both identification and quant&atioa !
of the viral load. It is possible to odtainé |
positive result in asymptomatic colonie (0at
infection). Recent studies with a twask?
real-time RT-PCR method suggest a theshdd
SBV load above which an overt SBV infedion
occurs. This threshold is set at 10°SBV gaome
copies per individual irrespective of whether»1
sample comprises adult bees, larvae, oi pu*
(Blanchard et at, 2014).

4.6 Management

The management of SBV disease involves S0’
beekeeping sanitary practices, including «P»"t¥
and measured control of V. destructor infestalH!



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.

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 ai, 2012).

Figure 3.7 ABPV disease. Note, at the centre
of the picture, a worker with an abnormal
position of the wings. This picture was taken in
a colony in which ABPV had been diagnosed
by laboratory testing (Photo courtesy ©Lydia
Vilagines, DVM)

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.

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 s 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
followingitsdirect injectioninto the haemc lymph



by V destructor mite* /Bali and Allen, 1988,
bakonyi et aL 2002).

The clinical signs have been described a
Fillcrws/Figure 3.7) (Bckesi 4 al., 1999j:

« Beeswalkingaround unable to fly, wandering
more or lew dose to the hives before dying

e The position of the wings is abnormal,
asymmetric, and/or pointing straight out
fro® the body.

e The brood ceils can be punctured and
mortalityofimmature formscan 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 al, 2012J.
Severely infected larvae may die If they survive,
asymptomatic bees will emerge /Bailey and Bad,
IWi/. Infected by Mdestructor, adults and pupae
die rapidly. Thus, at the colony level ABPV
mfeaion associated with Varroainfestation may
be lethal to the colony w one or two years if to
control measures are p erformed.

g should be note! that ABFY infection
associated with Varroainfestation is considered
to be much more virulent than the association
ofmite infestation and DVVVmfecticm (Sumpter
and Martin, LLIA; de Miranda et aln 2012).

The diagnostic method is to perform a
KT-PCR test w the laboratory if ABPV" infectic n
is suspected ldentification 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 ofany 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»,*-A
as one of the most virulent honeybee-?..
viruses. When inoculated experiment*?-- 2
the haemoSympF ofhoneybees, itnrcl;.; Kt_
rapidly and may induce bee mortally *-*.
three days (de Miranda et cL 2012, vy,
introduced via feeding it does not.Indiae,
clinical signs or mortality.

As with wary honeybee viruses, K3Va
been described in asymptomatic and aiib
colonies, for example in France is 2012 fee
2001; Blanchard et ai, 2014bj. KBVczn trc,
virulent and lethal for honeybees due «0&>
mite V. destructor, which tnocuiaes the vire
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 r
Miranda et al, 1012). At the «dotty le/* XT
may*be responsible for sudden colonyweims
and mortality in association withevenm iss
Varroa infestation (Todd etal., 2007; it Msas
et al, 2012).

Prophylactic and control managers s
KBV must main;)- take into account OjStesdas”
measured Varroa infestation control

6.3 Israeli acute paralysis virus (IAPJ
disease

Discovered in 2004 in krad IAPV *'
prematurely and wrongly thought wbe —
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.,
»'l

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 Back queen cell virus (BOCV)

BQCV was first detected in affected queen
larvee and pre pupae (Bailey and Woods, 1S77,.
Itit today found worldwide and may persi;; asa
cover infection in colonies.

Diseased drone pupae have been reported
(Sink and Huchlcr, 200fr; Worker bees can also
ke infected by BQCV but. to the field. they in
nol hem to develop clinical signs

"Ik cells with infected k m e develop a#rtt
buwn or Mack cell walls "eithin « « WKkK.
thediseased pic pupaeorp i j nHka dr <y
illioadult queens, and die ihe elitesirri
isapile yellow colour and to, s«s a -

(asyuilitom somewhat similar to that e1:. rd
by SPA). Ihcse pupae arc til | <4ra n .

lie main transmission route T.

(oral transmission), Hg(,V is thought v ve
truumittedby boHid iuotllhiinivb tl cf’tit ! :s;
tecrc.iom of the nurse bees.

BQCV miceiion is cloudy associated with
NuTa 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 aL 2008) Thus
the prevalence of BQCV is parallel to S'otemtl
mfesiation, with a peak when 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 al.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)

*\WVV n 1*rull vuu U" ran diameter) It may
m".i: as a covertmtectum and it is reported
slut 1'% ,? managed colonies are naturally
infected !,k Miranda .-fal. 2012).
;f~« mell 0 not «rwieieted highly pathologic
«.a » j. hrlob) In a symptomatic
"vidsng wings, with a loss ol
or mV is she mam symptom
T*a tropism for the head and the
=, in Whkh cintaUmr arrays of virus are
if .« 14W ihres (Kibtire el al.. 200H).

U 4 e u avidions. (;VW infected a lull
beetpre." 't © .vised lifespan
lhe 'tv. mrr... >n route of i.VVW is not well

known, the h ; ‘heus is mainly oral or vertical
irani.misuon. There n no evidence of vector
borne irtesansskm ii arrack €l al. 2010b).

Ac the colony i<\eh the virus has been
experimentally associated with weakening and
mortality ‘Carreck e: al., 2010b, de Miranda et
al, 2012).

Diagnosis of CWV infection requires
identification and quantification of the virus by
RT-PCR methods.

7.2 Bee 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.



nyn, M uouilucu m JiiRallbab \NO/T,, 10
lilicn associated with the protozoan M. mellificae
m adult bees. However the virus and the parasite
may be independently infectious. Co-infection
induces honeybee lifespan more than separate
individual infections (Ribidre et al, 2008). The
nansmission route of BVX is oro-faecal. BVX
beeomesinfectiouswhen the temperature 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 Miranda
ri al, 2012). According to some researchers,
1IVX seems to be on the decline, Varroa and its
vector-borne viruses being mainly responsible
lor winter weakening and mortality of colonies
(Miranda et al, 2012).

BVY, firstdescribed in Great Britain (Bailey et
id, 1980), ismore dependenton N. apisthan BVX
is on M. mellificae. Like BVX, BVY is infectious
when the colony temperature decreases to 30°C.
Therefore, the prevalence of 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. Itis thought to be very common,

infestation. It is thought to be primarily av,
of V. destructor (de Miranda et al., 2012),

7.4 Honeybee-Infecting DNA viruses

Apis mellifera filamentous virus (AmFV) js
baculovirus-like DNA virus (rod-shaped, <
nm x 170 nm). Co-infection with N gais her
been reported (Bailey etal., 1983).

The main clinical sign observed in Amfy
infection is the appearance of the haemolymph
in adult bees which becomes milky-white aid
in which are found viral particles (Clark, o8
Bailey and Ball, 1991). However, AmFV infection
is not related to significant adult bee symptom!
or individual lifespan decrease and colony
weakening. Rarely, AmFV has been suspected In
some cases of bee mortality (presenting milky
haemolymph at autopsy) and colony weakening.

Apis iridescent virus (AIV) is an Iridovirus
(icasohedral, 140 nm diameter). It can be foud
in most tissues and organs of A. nellifera. Itvas
originally described as a virus of A. Ceramit
India (de Miranda et al, 2012). The symptons
of ATV overt infection are similar to the adut
flightless clustering symptoms of CBPV (Bilev
and Ball, 1978). The clinical signs of AlV disesse
have, to date, only been described in adult bess

Iridoviruses associated with Nosema ceram
have recently been suggested to be associated
with colony collapse disorder (Bromenshenl;
et al, 2010), but there is no proof of their
involvement at this time (de Miranda et d,
2012).
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Honeybee bacterial diseases

Ir.rases of the honeybee Apis mellifera
uhebrood.andarcrefcrredtocollec-
. ..lluood diseases: American foulbrood
11 ,in foulbrood disease are well known
i* harmful to both brood and colonies.
foulbrood” comes from the foul
........... ted by an affected brood (Schirach,
t.nilbrood diseases seem to have been
e intiquity - Aristotle (384-322 BC)
iii disease associated with a foul smell
* .| hives in weakened colonies: Another
i.,viidition is indicated in a lassitude on
m r* 1 the bees and in malodorousness of
* bl» (lhe History of Animals, 1X, 40, trans.
m v, ntworth Thompson, 1862).

foulbrood disease (AFB)

ml*......infectiousand contagious disease ofthe
% *ilnnod of the honeybee A. mellifera and
'I'H spp. It is caused by a Gram-positive
...... ing bacterium, Paenibacillus larvae
hel al., 2006; Genersch, 2010). AFB is
*..liilltan disease occurring throughout
*> > i | where honeybees of the genus Apis
1 (OIE, 2014b).
1 i a major threat to apiculture, since
nl.tgious and may be lethal for infected
therefore, AFB has the potential to
**»e Inikeepers significant economic loss,

*

*

* 1.1 .lion iscrucial because routine apiary
* ieincut 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 disease sanitary status

AFB is a notifiable disease to sanitary authorities
in many countries. AFB is a notifiable disease to
the OIE (OIE, 2014b) (Appendix 2).

1.2 The pathogenic agent:

Paenibacillus larvae

Paenibacillus larvae is a Gram-positive spore-
forming bacterium (Heyndrickx et at, 1996;
Hansen and Brodsgaard, 1999; Genersch et al.,
2006). Four genotypes have been identified by
repetitive-element PCR (Genersch ef al, 2006):

The genotypes ERIC | and Il correspond to
the former 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 Il are found in Europe.

ERIC | is the only one found in infected
apiaries from the Americas (Genersch,
2010y.

The genotypes ERIC Ill 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 IIl and IV
considered to exist only in culture collections
(Genersch, 2010).

The four genotypes ERIC I-1V are all pathogenic
for honeybees (OIE, 2014a). However, each



genotype bus IIif. own dWfflrleilNIIr vinilflh <
(ef, wcllon 151 Mow),

Tlw bm'terltmi Is n slender, Nlralghl (Iimugll
sometimes curved) toil with slightly rounded
etuis, The vegetative form hits u teodemy in
grow In dullns on culllire medium (hi vlirt)
microscopic observations), 'Hit* tun lerlum size
varies prettily in lenplh (2.5-5 pm x Qft pm).
The spore Is oval ami aboul twice as loop as li
Is wide, about 0,6 pm x I.:i pm (Shimamild and
Knox, 2000).

The spores tux' the tally
contaplous form of P larvae. The spores may
be found in wax, honey, pollen, on the hairs
and the cuticle of honeybees, but also on tire
wood of the frames and the hive. They are very
stable and resistant to chemical agents and to
desiccation, heal, cold, freezing, draughts, and
humidity (Hasemann, 1961). Spores can remain
infectious for 3-10 years (some authors reporta
lifetime of more than 35 years in larval Hakes)
and purified spores even longer than 70 years
(Rudenko, 1987; Gcenersch, 2010).

Tlie spores can survive 8 hours at 100°C dry
heat, 30 minutes in 20% formalin, solvents such
as benzene, and UV. However, the spores are
destroyed by 1.5% bleach, 1.5% caustic soda (in
boiling water), by 30 minutes at 130°C dry heat,
gamma rays, and finally by flames, though this
last method is not 100% efficient.

The median infectious dose (IDM) of P. larvae
for a honeybee larva is between 8 and 9 spores
per 24-48-hour-old larva. This infectious dose
depends on a number of factors, including
honeybee strain sensitivity and/or bacillus strain
pathogenicity (Hansen and Brodsgaard, 1999;
Genersch et ai, 2005; 01, 2014a). The spores
germinate into the vegetative form in the larval
intestine. The vegetative form develops into
spores when conditions are unfavourable (in
particular exhaustion of nutritive elements and

inleelloiw ami

desiccation).

Paenibacillus larvae produces an antibacterial
substance preventing the development of
other bacterial pathogens (Fiinfhaus et al.,
2009; Genersch, 2010). However, American
and European foulbrood diseases have been

lIrlil 11heil MsOccurring LULLLILLL>:011uly Wy

(oln/ifof).

4,3 ClInlrml nftgm

Tlie clinic»/ signs o f N U lire variommd fop, t
on lire It larvae genolype Involved, (be stage/
llie disease, aml the strength ofthe colony toil
ZOHaf,

13,1 Clinkal signs at (he colony level

A colony affected by APH Is weakened AT L,
a decrease In honeybee population m m
as Impairment of population renewal of th
infected brood. Jn severe cases, colonies mu
tile following It larvae infection.

Al the beginning of the disease outbreak, the
colony appears normal. At this time, only a few
cells are affected (and if Is sometimes difficult
lo observe these cells, hence the importances
routine inspections 0fcolonies by beekeeper»),

When the disease develops, the colon)
becomes more or less depopulated according
to the infection level, A. mellifera strain (ini
particular according to the hygienic behaviour)
and the bacillus strain involved. The activity
level of the bees slows, and in some cases,
dead bees are found on the hive floor or at the
entrance of the hive. When the infection level
is higher, the colony may become irritable and
aggressive (Hansen and Brodsgaard, 1999; OIE,
2014a). When approaching and/or opening the
hive, a slight to pronounced foul odour can be
smelled if several larvae are affected (Shimanuki
and Knox, 2000). When present, this odour is
one clinical sign of AFB. When only few cells
are affected, this odour is not present. In some
cases, in particular in managed colonies without
regular inspections, when the brood is severely
infected, the colony may die.

1.3.2 Clinical signs at the brood level

The brood frame appears mottled and the
cappings of affected cells become concave and
punctured (Figures 4.1-4.3). Inside the affected
cells, immature forms are dead and present the
following main clinical signs:



. 4.1 Brood comb affected by American
mi.hldisease: mottled brood aspect of
...l comb with concave and punctured

..l cells (arrows). (Photo © Nicolas Vidal-
.[)

in.il colour turns progressively from
K MHy to dark brown.
l. lLvrval remains become glutinous in
.mnlcncy. On account of this viscosity,
l.uva can be drawn out as threads when
'inkc is inserted into the larval remains
nil Mmoved from the cell (matchstick test)
‘Il 2014a). Performing this test to evaluate
in \iscosity ofthe dead larvae represents the
uni obvious clinical symptom of AFB - the
mvis drawn out are usually >2 cm (De
...urefal/., 2006) (Figure 4.4).

mmains of AFB-infected brood mainly arise
"blrr larvae that die in the upright position

ini* 4.3 Brood comb of a colony affected
I'Iniirlcan foulbrood disease: concave
i.iily, (Photo courtesy © Lydia Vilagines,

Figure 4.2 Brood comb of a colony killed
by American foulbrood disease: note the
presence of a mottled brood with numerous
concave and punctured cells (arrows).
(Photo © Nicolas Vldal-Naquet.)

immediately after the brood ceil has been sealed.
Rarely, larval remains can be found in uncapped
cells.

As the infection progresses, inside cells with
concave and punctured cappings, the dead
brood specimens appear greasy and darkened.
The remains of diseased larvae typically form
dry, hard, and dark brittle scales sticking to the
lower side of the cell (Figure 4.5).

When death occurs at the pupal stage, a
characteristic pupal tongue protrudes from the
pupal head, although this clinical sign is rarely
observed (Figure 4.6).

Figure 4.4 Brood comb of a colony affected
by American foulbrood disease: performing

a positive matchstick test on Infected larval
remains within a cell. (Photo courtesy © Lydia
Vilagines, 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 al., 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;

« Inthe first stage, bacteria are contained in the
midgut by the peritrophic membrane;

¢ Inthe second stage, the haemocel is contam-
inated through a breach made in the gut
epithelium, probablydue 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), (3)
Point of infection, (b) Larval development to
the prepupal stage within a capped cell, (€
Cell contents reduced and capping is drawn
inwards or is punctured, (d) Cell contents
reduced and capping is punctured, () Cell
contents become 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,, ,clliscapped. Tiledead larvae become viscous
stage) and the developing infection results
Kn release within the capped cell.
lhc viscous dead larvae gradually dry
....... to a hard brown scale, called foulbrood
ili sticking to the lower cell side (Genersch,
ini lhese scales contain millions of spores
| allow the transmission of P. larvae within
m,l between colonies (Bailey and Ball, 1991;
.insch, 2010). Those spores are reported to
nmain infectious for at least 35 years and to be
. istint to challenging weather conditions (in
|4itisular heat, cold, draughts, and humidity)
illasimann, 1961).

i nContributing factors

Utrial contributing factors may influence
Hilnrales of AFB. These factors concern mainly
« larvae and A. mellifera strains, and husbandry
(«ictlces.

ii I Virulence of Paenibacillus larvae strains

mm P larvae genotypes have been described
'.miTSch et al., 2006). They present differences
i« niulcnce level with different consequences

Ha larvae and colony (De Graaf et al., 2006;
i.mrrsch 2010).

At the larval level, virulence can be evaluated
luthe timecourseofmortality’in experimentally
.nlutcd hosts (Genersch et al., 2005):

m llie genotype ERIC | needs on average 12
Jays to kill an infected larva.

m Diegenotypes ERIC I14V need on average 7
days to kill an infected larva.

Hint, at the larval stage, ERIC I1-1V genotypes
*n more virulent than ERIC I.

However, at the colony level, ERIC 1 is the
...... virulent genotype because of the labour
,illem of the nurse bees. Indeed, Genersh
iKUO) notes that ‘removal of diseased larvae by

MHe bees prior to the production of infectious
l'ires efficiently disturbs disease transmission
uni disease development within an infected

1111011/,
Ihe 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 | infections), the more vimlent it will
be for the colony.

This isa prime example ofimmune 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 AFBare 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 (1.e. when bees
inadvertently enter hives other than their own)
(Goodwin et /., 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
ofmigratory 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).

I./.1 Vuiliucai uiaguuM S

When it is suspected, and in order to &@<g
necessary sanitary measures as soon as paj~f
all the brood frames have to be
carefully. A routine inspection of the colonies
necessary throughout the season.

Opening and examination of the hivesmum
be performed carefully and quickly, especiaj
in autumn when the risk of robbing is LLIJ,
serious.

The following are the principal clinical Sgs
of AFB:

e The colony may appear weakened, due to
depopulation. Unusual aggressive behaviour
of the bees can be observed.

* A mottled appearance of the brood corts.

* The presence of concave and punctured al
cappings.

« A foul smell from the brood combs may e
detected.

* The presence of uncapped cells with land
remains.

« The larval remains are glutinous and cante
drawn out like threads (usually >2 cm) with
a probe (matchstick test). This is one of tre
main features of the clinical examination for
AFB.

« The presence in the cells of dry dark sdes
in the lower sides of the cell may sometime
be noticed.

* The presence of protruding tongues in ppee
remains one of the most characteristic kit
also one of the rarer clinical signs of AB
(OIE, 2014a).

1.7.2 Differential diagnosis

Differentia] diagnosis must take into aoout
all the diseases of the brood, in particular
European foulbrood disease (which in its nost
severe form affects capped brood) and sachrood
disease (which at a late stage may occesional!)’
present black viscous larvae which can be dan
out like threads (<1 cm)). Differential diagnosis
must also take into account a number of ofer
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
limn or the presence of laying workers with
iHiltiplc eggs oviposited within cells.

\ Moosis causing a mottled aspect of the
hiood.

i laboratory diagnosis
11 niilicaiion of P. larvae is necessary to confirm
1 diagnosisin particular in the countries where
M Iti\ » notifiable disease and sanitary measures
...1be taken by authorities.

Unpling

ilimg has to be done carefully, and shipping
inml be done according to regulations and to
Mnatory advice (Appendix 3) (Franco et al,
N12).

Vi.ording to where the samples are being
mh packaging is usually performed 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.

nival remains, food stores (honey, pollen),

and residues can be sent in tubes or plastic

bags.

m Honeybee adults (at least 30) must be
odully stored before sending (freezing the
honeybees is the best protocol).

inspected overt infection, with clinical
«in. affected brood sample must be collected.
nally, a20 cm2comb piece containing as high a
«in, rntration of infected brood as possible is cut
0 .thecomb (OIE, 2014a). However, sampling
Hiiphbouring colonies is also necessary. Indeed,
«iny have to be considered as suspect, and even
iilmut clinical signs, a laboratory test must be
Iminrmed (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 samples 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
| requires preventive management.
- Category Il: >4500-5000 spores. Category'
1l 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 etal., 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 Spores of Paenibacillus larvae.
Microscopic identification (x1,000). (Photo
courtesy of © Anses Sophia-Antipoiis.)

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 Il in
Europe only. ERIC I11 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 of the diseases notifiable tothc ]
OIE (OIE, 2014b). Thus, sanitary measures must |
be implemented in many countries accordingto |
the relevant legislation (destruction of colonic
shaking bees, regulation of local transportatic
exchange and trade, etc.).

When one or more colonies within » i
apiary is affected by AFB, the beekeeper and dl
professionals operating there have an obligatioi
to take sanitary measures with their equipment
hive tools, gloves, smokers, etc., have to kel
soaked in or scrubbed with a strong solutiono
washing soda between each hive inspection andJ
of course between apiaries (FERA, 2013a). Tre]
veterinarian must also take sanitary protect
measures when visiting a suspect or infect
apiary.

1.8.1 Destruction of colonies, disinfection
and sterilization of material

Destruction ofinfected colonies is a sanitaryandl
reliable method to control AFB (Alippi, 1999)]
Thisisthe best way to combat the spore resistai
and long-lived viability of P larvae in an apiai
The destruction of a colony is performed byl
asphyxiating the bees with a sulphur wick pa<
at the hive entrance and leaving the hive do*
for about 15 minutes (Faucon, 2002).

The destruction of the colony must ke|
combined with sanitary treatment of mated
destruction of the brood frames and honey hesl
to be performed 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 hot microcrystalline wax oral
mixture of paraffin and microcrystalline wexto 1

achieve complete decontamination from spore
(Dobbelaere et al., 2001).

Gamma-rays may be used to steili
beekeeping material. Hus method eliminatesnat |
only spores of P. larvae, but also Meltssococgj



LI/m<| fungi such as Nosema spp., A. apis,
.1 insects (e.g. moths) (Tremblay, 2010). This
, i.i.l is mainly used to treat all the frames
ilir liive body (where the brood is reared)
intilny, 2010). Gamma-ray sterilization is
., loiincd in specialized centres to which the
t'riirpcr has to bring his/her material. Thus,
nmiion is mainly of interest to professional

i l.rpers asa means of dealing with AFB.

nt Antibiotherapy

, in-lountries of the European Union, as well
,in MuHe other countries, the use of antibiotics
...... iliod of control or prevention of AFB, as
mil r, other honeybee bacterial diseases, is
WHIKil.
in some countries, including the United
*»ii» ihe use of antibiotics is permitted for the
....... and prevention of foulbrood diseases
i.i ni particular AFB. However, antibiotics are
ui illative on the vegetative form of P. larvae
'iippi, 1999) and not on the infectious (and
*.1ij’n>s) spores. Thus, the use of antibiotics
il .inly deal with a covert (asymptomatic)
‘wiuvin of the colony and clinical signs may
e ri" a at any time when the treatment ends.
4 another hand, because of sporulation
i ilu massive and inappropriate use of anti-
m(e.g. for prevention), there is a major
"i ib.it P larvae will become resistant to anti-
i as occurred with oxytetracydin (OTC)
AL T'ililoride and sulfathiazole (Miyagi et al.,
WH, Kochansky et al., 2001; Alippi et al., 2007;
mhi i-ch, 2010). Resistance to OTC and sulfa-
ekn/ulc in P. larvae is widespread and has led to
in ir.r of new classes of antibiotics. Last but not
‘s« i mtibiotherapy may affect the vitality of the
..... land 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/
1" i;ril/d6296.pdf), the use of antibiotics can
h " -.ponsible of the presence of residues in the
iinducts of the hive, e.g. honey. Consequently,
i Imiicybee health, beekeeping management,
m |itlerinary public health reasons, antibiotics
. the solution to controlling AFB.

/nwencan wworooa aisease 3/

Controlling AFB requires sanitary beekeeping
management and furthermore implementation
ofgood sanitary beekeepingpractices throughout
the year.

1.8.3 Shaking bee (or shock swarm) method

The shaking bee (or shock swarm) method is
a husbandry technique to save strong colonies
affected by AFB. This method must be imple-
mented during the season and is usually effective
if performed before August. In September it
is too late because there are not enough
wax-producing bees to build cells. 'lhe shaking
method, a long-established approach to control-
ling honeybee disease, emulates the swarming
behaviour of a colony to move to a new nest
site when pressure from disease is high. Thus,
changing the nest reduces the build-up of 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).

Inthe case of AFB, the aim ofthis method is to
help an affected colony eliminate spores. Studies
have shown that in a swarm from asymptomatic
infected colonies, spore load decreases within 2
months after swarming. After 13 months, 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 months after swarming, and this
load produced an overt infection when the new
brood was reared. This is the basis of 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 recommended
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
bees are shaken onto a carpet in front of the
new hive in order to enter the new hive. (Photo
courtesy ©Lydia Vilagines.)

The method consists of shaking adult honey-
bees onto new frames with uncontaminated
wax foundations, in a new hive. The shaken
swarm method provides the colony with beehive
material free of P larvae spores. The removed
infected combs and frames must be destroyed
by burning. The body ofthe hive (and the super)
must be disinfected and sterilized.

The shaking bees method reduces spore
loads in colonies without the use of antibiotics
and is a ‘feasible option for managing
AFB in commercial beekeeping operations’
(Del Hoyo et al, 2001; Pernal et al., 2008).

Another method, ’transvasement] consist»,
transferring bees from their hive to a new
with uncontaminated 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 obl«,i»
of them discarding some of tlte pailti'irt
before entering. (Figure 4.9a,b), litis metlush
reported by some beekeepers and veterinart*
as presenting sottte risk for the queen.

This method involves significant labour LL,
expense but scents to be effective at tcdtuln
spores load in colonics. However, controllt
AFB also involved preventing the occurrence
overt infection by implementing good sanity
beekeeping practices,

1.9 Prophylaxis

Prophylactic measures are the bestwaytocone

AFB, as well as other infectious diseases, Willi»
an apiary. These measures concern beekecprtj

bees, and apiaries, as well as management i

beekeeping equipment (Matheson and Kdill
1992; Alippi, 1999; Vidal-Naquct, 2010; V 1JI
Naquet and Boucher, 2013).

1.9.1 Beekeeper training

The beekeeper has to learn and know how (
recognise bee diseases and AFB in particul*
He or she must be able to detect the disci*,
and intervene as soon as possible in older |
prevent and limit the spread of AFB. Routfl
inspections of the colonies are a major pill*
of prevention. Apiary inspections should ben
with the strongest colonies.

1.9.2 Prophylaxis by honey and adult bee
sampling and testing

Tire detection of P larvae spores hi hoitcj
produced in acolony, even without clinical sittnc
enables an early identification of the prescml
of AFB (Ritter and Kiefer, 1995; Ritter, 2041
Bassl et al., 2010). In colonies neighbouring
APB-diseased colonies or apiaries, periuriulni
such a laboratory identification allows oil
early implementation of sanitary measures ai-1



4 i, ii, methods. Furthermore, honey
ii,,a (itt perform laboratory spore counting)
, (in surveillance of sanitary measures

i,, ill. event of an outbreak.
i,n . lion of P. larvae spores in adull bees
ahnv prophylaxis and diagnosis. According
, K el al. (2011), above a threshold of
i.... per bee clinical signs of AFB will
i"iimenial study). Thus performing
n ", spore counting on adult bees allows
m piophylaclic and sanitary measures to

bees exhibiting hygienic
ifllIHtI
t,ul, Imvcl of hygienic behaviour helps to
Vv, J«rases (Spivak and Gilliam, 1998;
i m | Reuter, 2001). This behaviour can be
. m,. ilie bee’ ability in a colony to detect
. Har diseased immature forms from the
in | iiiicular within the capped brood cells)
its»i'Initiler, 1964). Fiygienic behaviour can
11iii 1 by a test described by Marla Spivak.
« |iiin, behaviour of honeybees involves
Jd« liillenges affecting the brood and in
ui h the capped brood. Itis described here
ii lint performing the test described by
<>y i'ipivak and Reuter, 1998) is crucial in the
...i i lgeneral prophylaxis against brood

*

>dmming the test to select bees that exhibit
,i il behaviour involves the following steps
"rii. i 10):
*i" Hon and removal of a piece of brood
..... lapped brood comb (usually a piece
i .in average area of 5cm x 6 cm).
/lug this piece of brood for 24 hours (in
« kiinkillimmature forms within the cells).
iri.liig the piece al the same site.
uillng the time taken for the colony to
oil, uncap, and remove dead brood.

» oin removing the freeze-killed brood
O dir comb section within 48 hours on two
i- uilve trials are considered to exhibit good

Is o"lies with good hygienic behaviour, the

Figure 4.10 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 of the detection anti uncapping ofthe
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 of selection in apiculture but also
of good sanitary beekeeping practices.

1.9.4 Apiary management

Visits and inspections of hives and combs allow
for an early diagnosis (checking in particular the
summer 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, or grouping
hives in close proximity, should only be done
after evaluation of risk.

Limiting drifting and robbing is also impor-
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
of AFB, colonies should not be moved from the
aptary.
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ass» a sses sadthosesspersto ¥ tebodies
mwistsc aaftsngesofraiiene) occurring between
sires. However. though this Is very feasible
foe seal bssey arsis or amiiy beekeeping,
this mgragm err of hires, kpe3, and fissres
speart inherit a Implement in professiossi
beekeeping. Is beekeeping wassgassaii, it is
3ucr3y coosdered that two or three frames In
astirhire mas;berepaced ammaffivhr new ones
w i+ wax Sosmdattoos.

The tae of r qaeen exrfader between hire
and super prevents the queer from Easing in the
6a3» ofthe supers and stops dissemination
ofthe disease if supers are eichanged between
hives.

frames bearing hones- and pollen from
coloniesthathavedied due to an unknown
wns notbe used in other hires.

M atenal maintenance requires disinfection
and aerifataion (by scorching, washing soda
(6% sohason), bleach (2% rotation). or gamma-
radjaSen; (Aiippi, 1999;. Disinfection by heat
e t; be performed using the following steps:

1. Scrapingthe wood and removing the remains
of propolis, combs, etc.

2. Searching ofthe wood with a bfowtordt Teal
wood must become dark-brows in. colour j

3. Dipping the material in hot nakeT
BSCTOcryHaiBnc war f1 SffC for I<Im io ztii
to- ofctaiE 9959% spore deM BtaerirndfiJ
fDobbeJaere etaL 2G6i}.

Chemical disinfection and Jteriizatfoo are 31
completely effective against Pcsn&adSbs leri%eA
spores because oftheir strong resistance.

Aspreviously 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 ofseveralhoneyreel
species, namely A. msSifera, Apis centra anil
Apis tdbariosa (Aiippi, 1999). fcis caused by at]
anaerobic Gram-positive nos-spore-?amz+
bacterium: mcosseeoecus pbttomts <Baiiey r
Coffins 1982). Several bacteria associated

At piutemius develop secoodarfly. tsfecac
larvae osaaliy die rapidlyw arn they are 4-5

old. Overt EFB infeettoa can cause signincaG1
weakening sometimes followed by coSapse
colonies (Budge er s/_ 2010). is maty ax.-,
the disease is endemic with cccasionai seasem.
outbreaks iForsgren et al* 2013/. Is Frece
severe cases of 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. OW



Hb colony mortality sometimes affecting
. .limits of an apiary,
in it found worldwide except in New
<! (Forsgren, 2010). EFB is reported to
ni mam! widespread bacterial bee disease in
t while in Switzerland severe outbreaks
inirised each year since the late 1990s
r'in e\ ai, 2013).

uinoa»e status

i notifiable disease to the OIE (2014b).
n 11 EFB is a notifiable disease in some
- nT (Appendix 2).

*m’ .Mmiienic agent and associated

* Mutative agent of EFB is At plutonius, a
n.i pniilye non-spore-forming microaero-
® in uiaerobic bacterium. M. plutonius is
'mv hiilcally close to the genus Enterococcus.
«iill other bacteria are usually found
«i-n 1 with M. plutonius in affected larvae
Uw.. .nmetimes wrongly been considered to
m tin piunary pathogenic agent Melissococcus
.. liirmains viable in brood cell walls and
» 1 lacces, and may survive long periods
m . nion (Bailey, 1959a,b). Achromobacter
* Lnterococcus faecalis, Brevibacillus
i n.-,and Paenibacillus s/vei are the main
i. n) pathogens found with M. plutonius.
h inlrs in the pathogenesis of EFB remain
n , iFudge et ai, 2010).

**' |itDeal signs

"*1 iMnts the uncapped brood, killing larvae

es Nl 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

»a lint the walls, or stretched out lengthways
+"Mill'll, 2010).

i.il..ini larvae become soft and their colour

* <|ly progresses from pearly white to yellow

i iliimi brown (Figure 4.11). Larvae may

“ m iiMining dry and rubbery scales that can

be easily removed. These dark scales are mare
malleable than those typically found in AFB
(Forsgren et ai, 2013). Inthe more severe cases,
the larvae may die within 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 4.12i.

The colony exudes a slightly soar to a foul
and rotten smell when a high proportion of the
larvae are affected (Shimanakiand Knox, 200j:
Forsgren, 2010). This smeD is due to the acricc
of the associated secondary bacteria.

Atthe 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 weakens but can on cccaion
Icill 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,mid-summer
when the brood is weD developed, with m'mHirat
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 nnsi be
considered as highly severe.

Figure 4.12 Scattered brood due ro
European foulbrood disease with dead
larvae in uncapped cells. (Photo courtesy
Lydia Vilagines, 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 (OIE, ,2014a).

Tire prognosis of EFB may Ire;

« benign "ith spontaneous recovery Ifitoccurs
in strong colonies before the first honey flow;

« mild if the clinical signs persist after the
honey flow;

« severe ifthe capped brood is affected (failing
of detection of diseased larvae and super-
infection) - the colony will probably die;

e 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 etal., 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

EPB Infection begins with the asymptomatic
colonization of the gut of a larva after ingesfioj
of contaminated brood-food. M. plutonius r,J
only multiply within honeybee larval gut

Usually, contamination occurs in larvae rb?|
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 multip
strongly within the rnidgut.

A second phase of the infection leads
sepsis, tissue damage (after altering and enter.n
the peritrophic membrane 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, forming undersized or norn
adults.

The pathogenesis process but also the roles (
secondary bacteria are not well understo
and various hypotheses have been advanced. |
has been suggested that competition betwo
M. plutonius and the larvae for nutrients rcsul
in larval starvation (Bailey, 1983). However, |
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
N «i»l colony stages (Forsgren, 2010).

-. utrlbuting factors

........... causes of EFB outbreaks are reported
idated 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 time in the life cycle of the
Mtibu colony. At this time, there are large
. | brood to rear and to feed, and any
,ii.ii atlecting feeding poses a major risk to
mini and the colony. Nursing the brood at

in con be disrupted by several factors:

Liiciency in pollen, the bees’ only

(. uni source, is considered as one of the
predisposing factors (due to poor

ii.'mm'ining, inappropriate location of migra-
iii Ini-keeping, etc.).
1 "ilmcment due to bad weather conditions,
r " nling bees from foraging.

unbalance between the populations of
.mi") and larvae (i.e. an insufficient number
i nurse bees to take care of the brood),
' "lung in a food shortage for the larvae.

' may happen when performing artificial
Mwms.

enon of nurses by sachrood bee virus.
N"nr) are young worker bees and SBV

afleet their hypopharyngeal glands (cf.
liipicr 3, section 4);
ni'iisisand a high level of Varroa destructor
infestation.

....... factors and the geographic location of
M"") are also suspected to play a role in EFB
miks (Bailey, 1961).

*' Diagnosis

L finical diagnosis of EFB first takes into
* "iii clinical signs observed on the brood
"i ,md by the detection of diseased larvae.
H......in characteristic of the diagnosis is that
n the only disease of the uncapped brood.
lificrential diagnosis must 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 immu-
nological and PCR methods (PCR and real-time
PCR) (Shimanukl 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 important 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 much more efficient disease detection and
control (Tomkies et al., 2009).

The samples necessary for laboratory testing
are mainly 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
permitted 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 of antibiotics is
not the solution, because of the risk of the
occurrence of residues in the products of 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 of recurrence of EFB in colonies (Waite
et al., 2003; Forsgren, 2010).



Hie shaking swarm method (shaking bees
into a new hive with new combs and destroying
the infected combs) is recommended for the
control of EFB (Forsgren, 2010).

The shaking swarm method provides the
colony with M. plutonius-ftce beehive material.
It has been shown in the UK (England and
Wales) that the shaking swarm method is more
successful titan OTC treatment at controlling
EFB (Budge et al,, 2010).

Thus in an infected apiary, the following
practice is recommended:

« Stronglyinfected colonics should be destroyed
and the material disinfected.

« Covert infection or low-level overt infection
should be managed by the shaking bee
method, and by disinfection and sterilization
of the material (managing disinfection and
sterilization of material is described in section
1.9.5 above).

« |Ifthe EFB disease persists after the honeyflow,
it is necessary to requeen (change the queen)
in the colony,

* Feeding supplementary protein (pollen, etc.)
is necessary to limit protein deficiency if the
environmental conditions or the weather are
bad.

The prophylaxis of EFB is achieved through 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 main 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 not specifically
associated with honeybees, being common in
water and soil. Infections are believed to occur,
for example, after V destructor feeds on the
haemolymph through the cuticle (Ball, 1997).

Splropiasmosis  (Sptrophuma  apis
SpiropIlnsmn melllferum) has been described t
honeybees (Moodies et «/, 1983; Evans m
Schwartz, 2011). Splroplnsma can lie found k
the haemolymph of suspect Infected bees u
is thought to Invade It through a breach Inll
gut epithelium. However, the scientific liter,m.
on spiroplasmosls Is deficient and clinical on
have poorly been described.
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Parasitic diseases

Of all the stressors that can affect honeybee
colonies, the mite Varroa destructor probably
poses the greatest threat.

Numerous parasitic agents may endanger
honeybee colonies:
Mites  (super-order  Acari),
V. destructor, Acarapis woodi, and Tropilaelaps
spp. - the most significant parasites of bees.
Insects, such as Diptera (Braula caeca).
Members of the Fungi kingdom, notably
the microsporidia Nosema apis and Nosema
cenTa and the fungus Ascosphaera apis.
Theamoeba Malpighamoeba mellificae, which
is a parasite of the Malpighian tubes.

principally

This chapter is dedicated to mites and mainly
to varroosis caused by V. destructor, Chapter 6
will deal with fungi and amoebae; and Chapter
7 will focus on pests and predators of the hives

and the colonies.

1Varroosis: infestation by the mite
Varroa destructor

Varroosis is a parasite of the adult and brood
of the honeybee Apis mellifera due to a
haematophagous ectoparasite Acari, V. destructor
(Anderson and Trueman, 2000). Originally, the
natural host of this mite was the Asian honeybee
Apis cerana, and the mite is endemic in Asia.
Astable mite-A. cerana relationship developed
over a long period of co-evolution (Rosenkranz
etal., 2010). Sometime around the middle ofthe
20th century, V. destructor transferred to a new
host, the honeybee A. mellifera (Oldroyd, 1999).
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Today, V. destructor poses a major health
problem as it has spread worldwide, in particular
via honeybee trade and exchange practised as
part ofglobal apiculture.

Australia and some isolated locations, such
as the Finnish Aland Islands and the Isle of
Man (self-governing dependency of the British
Crown) are Varroa-ftee areas (Official Journal of
the EU, 2013, 2015; OIE, 2014a).

Varroosis, often referred to as a plague, is
widely considered to be the most destructive
disease of A. mellifera, and causes great
economic loss (Boecking and Genersch, 2008).
Fighting the mite in apiaries is both a necessity
and a duty for beekeepers. Hence, knowledge
of V. destructor and its biology is necessary and
crucial to controlling infestation of honeybee

colonies.

1.1 Regulatory status

is a notifiable disease to the OIE
In some European countries, it is a

Varroosis
(2014b).
regulated disease (Appendix 2)

1.2 History of the Varroa destructor
global pandemic

The history of the Varroa pandemic begins in
1904 when an entomologist, Edward Jacobson,
discovered and collected a mite present on
A. cerana on the island of Java. This mite was
named Varroa jacobsoni in his honour by
an acarologist, Antoon Cornelis Oudemans
(Oudemans, 1904).

Atthe beginning ofthe 20th century, there was
no connection between the ranges of A. cerana



uni A. mellifera’. A. cerana was aisirwuicu
mainly in Asia, and was separated from the
iangc of A. mellifera by Siberia to the north and
hy the desert areas of Iran and Afghanistan to
the west.

In 1918 the stages ofdevelopment ofthe mite
wnc described in Sumatra (Lux, 1987). Between
Iv 19 and 1953, Varroa jacobsoni was observed
in A. cerana colonies in French Indochina
(Inumanoff, 1939), in Singapore (Gunther,
1')'il), and in the far-eastern Soviet territory of
I Kwuriysk (Breguetova, 1953).

In the 1930s, A. mellifera colonies were
,nilK>rted into Asia to exploit their beekeeping
natures (in particular-, their larger colonies

nmpared to those of A. cerana) (Donzd,
inns). The transfer and adaptation of Varroa
hum A. cerana to its new host, A. mellifera, is
eopposed to have occurred between 1940 and
I'thO (Grobov, 1976; Colin, 1982). However, the
|urucnce of V. destructor within the brood of
t/T mellifera seems to have been first reported
in Korea in 1950 (Topolska, 2001). Further
observations were reported in Japan and on
tin north bank of the Amur River in China
in 1958, and in 1963 in Hong Kong and in the
liulippines (Wendling, 2012). Varroa expanded
westward across the Soviet Union between 1953
ml 1964; by the end of the 1960s it was found
el Bulgarian apiaries. Varroagradually spread to
ninnies of A. mellifera worldwide, due to the
international trade in honeybees (package bees,
iitilicial swarms, queens).

In 1966, the pathogenic effect and damage
itie mite caused to A. mellifera colonies was first
highlighted. In 1971, during the Apimondia
World Congress in Moscow, an official alert was
l,used. Varroa was first described in European
iplaries in 1976 in Bulgaria (Grobov, 1976).
Varroa was reported in Germany in 1981, in
ii.mce in 1982, and in the US in 1987. In 1992,
Its arrival in England was reported (FERA,

2013a).
loday, Varroais spread worldwide. Australia

and the Aland Islands in Finland are the only
«>|licially Varroa-hee zones thanks to quarantine
measures by the authorities.

Varroa destructor belongs to the class Arachnids,
subclass Acari, order Mesostigmata, and family
Varroidae. Until recently, Varroa on A. mellifera
was identified as Varroa jacobsoni. However,
in 2000, Anderson and Trueman identified 18
haplotypes of the mite and proposed classing
these into two species (Anderson and Trueman,
2000; Wendling, 2012):

« Varroa jacobsoni (9 haplotypes) infests only
A. cerana.

¢ Varroa destructor (6 haplotypes)
A. cerana, though two of these haplotypes
may also parasitize A. mellifera.

¢ Three haplotypes could not be classified &
belonging to either of these two species.

infests

Thus, the mite causing varroosis in A. mellifera
is V destructor.

1.4 Varroa destructor, morphology and
anatomic details

A distinct sexual dimorphism characterizes
V. destructor adults. The immature stages are:
egg, protonymph, and deutonymph.

1.4.1 The female adult

The mites observed on adult honeybees ae
exclusively adult females: they are in the phoretic
phase of their fife cycle and called phoretic
Varroa (Figures 5.1 and 5.2).

Female adults of V. destructor have an
oval-shaped and dorsoventrally flattened body,
approximately 1.2 mm x 1.7 mm (Anderson and
Trueman, 2000). The colour ofthe body changes
from light brown after the last moult to dark
reddish in 24-48 hours (Donze, 1995).

The weight of this mite is on average 325 pg
when phoretic and may reach approximately
480 pg when breeding within the capped brood
cell (Garrido et at, 2000). Varroa mites ate

eyeless and blind.

Tlie body is composed of two well-defined
parts: the idiosoma and the gnathosoma (Figures
5.3 and 5.4) (Rosenkrantz etal., 2010, Wendling.

2012):
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Far BiMsatas is composed of one dorsal
siass&sal shidJ also called the scutum and
several ventral scierotized scuta. The shields
ak basted together with thin and flexible
zeerzhraees, slowing dilatation ofthe body
dcrhi periods offeeding and breeding. Oa
r-e venal side and between the shields
epk we gesisl and anal orifices. The four
zahs or Legs are short and strong. They are
szachei to the ventral shields. The first pair
of Iks isbelieved to play a sensory role with

figure 5.3 Dorsal morphology of 'Jasroa
oesductcr mature female: ft) gnatfioscma;
(s ders2t scutum. {Nicolas VktaS-Naquet
adapted from Langfte etal., 1576.)

Figure 5.2 Mfcroscopte examination of two

adi# fsrraiss and c-n®mals (arrow) Varroa
destructor. {Photo courtly © Lydia'/Sagirss,

DMV.)

an olfactory pit organ, and gustatory and
thermosensitive chemoreceptors located
on the tarsis. The three other pairs of kgs
are involved in locomotion and terminate
in the apofeles, specialized structures for
adherence to the host {De Rajjter and Xaas,
1983).

¢ The gnathosoma forms the momhparts and
is sitaated cTrwrity on the ventral side, it is
composed of the oral cavity opening at the
basisofthetapostoma,twosensorypedipalps,
and two chelicerae. The two chelkerae are
formed by three segments: the basal middle,
and distal digits {Rosenkranz ei oL, 2010).
The distal one is movable and has two teeth
forming a blade able to pierce the cuticle of
the host for feeding. The trilosternum is a
V-shaped sensory structure caudal!)’ located
to the gnathosoma.

The whole body is covered with different types
of hairs. Some of these have sensory functions,
in particular as mechano- and chemoreceptors.

The female genitalia is composed of two
systems:
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i Hjurv 5,4 VbnNe morphology of Varroa destructor mature female (Nicolas Vidal-Naquet adapted

tVs-vSl-g, W

r orcsry, a uterus, and a vagina releasing
eggs via a genital (egg-laying) orifice
reared r it w B the second pair of legs.
m 4y secondpartisdedicated to the reception
ini maturingofthe spermatozoa. Two pores,
. soieaosromes, situated between coxae Il
me f\'. allow copulation. Each one opens up
a tufculus tallowed by a ramus. The two
iru: coalesce to form the sperm duct, which
aids to the spermatheca (which serves as a
servoir for the spermatozoa).

« spermatheca, the ovary, and the uterus
., ,onnected to form a structure called the
,uncra spermatica, The ovary with two lyrate
wins (which have a nutritional function
lining oogenesis) is located ventrally to the
i" miatheca (De Ruijterand Kaas, 1983; Alberti
*hil Zedc-Kapp, 1986).

».

I 1.2 The male adult

Ib, Varroa male lives inside the capped brood
LI 1t is reported to be unable to feed by itself
iii.] is very sensitive to dehydration and dies
inltkly after the emergence of the parasitized
.,,nig honeybee (Moritz and Jordan, 1992).

; ToSski. 2012; The World’s Best Photos of Varroa, 2014.)

Hie male body is smaller than the female}
(on average 0.75 mm x 0.70 mm), and is almost
spherical (pear-shaped) with a light yellow
colour (Colin et al., 1999; Rosenkranz etd,
2010). The body is weakly sclerotized except a
the level of the legs (Figure 5.2).

Hie male genital system is composed ina
single testis in the rear of the body. Two vasa
deferens emerge from the testis and coalesce
into an ejaculatory duct opening at the edge
of the sternogenital scutum between the long
second pair oflegs. Spermatozoa are transferred
into the female genital tract at the level of the
solenostomes by means of the spermatodactvl
(Albertiand Hanel, 1986). This tubular structure
isan adaptation ofthe distal digit of the chelicera
to fertilization. This mode of fertilization is
called podospermy (Wendling, 2012).

1.4.3 The life cycle
The life cycle of K destructor has tsvo distinct

phases:

« A phoretic phase when the female mites stay

on the adult honeybees.
« Areproductive phase which occurs inside the

capped drone and worker brood cells.
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Figure 5.5 Prime posittona of Varrm dosimeter In the phoretlo otnge to nacapo the grooming
behaviour of bees. (Adapted from Delfinado-Bakor tttil.,, 1991; W endling, 2012.)

Vt(phmvtic phase

Thephoneticphase allows miles to be transported
by adult bees to brood cells for reproduction
but also to spread by foraging, robbing, drifting,
and swarming. The mites feed on honeybee
haemolymph, withdrawing substantial amounts
from adults and pupae (Rosenkranz cl at., 2010).
On adult honeybees, the miles usually stay and
hide in tlie inter-sternite and inter-lergite spaces
but also on the thorax and tire abdomen In
order to protect themselves from the grooming
behaviour of the host (Figure 5.5) (Dellinado-
Baker €l a/., 1992), hi the wintering period when
(lie colony is broodless, Varroa females may
survive the overwintering period and continue
their life cycle when the brood Is reared again
in spring.

Afteremergingon youngbees, the mites Infest
olderworkers, aged on average 12-14 days. These
middle-aged workers are mainly nurse bees. This
strategy is believed to be an adaptation Varroa
has made to achieve successful reproduction.

Another crucial point is the role of the fifth
instar larvae of the honeybee just before cell
capping. The fifth instar larvae secrete volatile
organic compounds that have an attractive
effect on the phorctic mile (Pernal el nl., 2005).
Attractive chemicals, and in particular aliphatic
esters secreted by the honeybee larvae, ploy a
crucial role throughout the Varroa life cycle (l-c
Conte et at., 1989).

7 hr reproductive phase

After entering (he cell, the reproductive phase of
the mites begins (Figure 5.6). The mite entering
the cell Is called the founder mother mite.

The reproductive cycle of M destructor occur»
more often Indrone brood than In worker brood
The mite tends lo reproduce in drone brood for
several reasons: the uncapped brood period in
drones’ cells Is longer than tn workers, droni
larvae are visited more frequently by nunct
and receive more food than worker larvae, and
the cells of drone brood are larger than those
of workers (Wendllng, 2012). This tendency It
Important to consider in the management ul
Varroa infestation.

The founder mother mite passes between
the celt wall and the larva and then stays in the
larval jelly, This may be an adaptation to hide
from cleaning workers (Rosenkranz etat., 2010).
Immediately before capping, the mite feeds on
the haemolymph after piercing the larval cuticle,
Several mites may enter a brood cell before
capping tn order to reproduce (Martin, 1995).

'the mile weight Increases and Its morphology
changes with the ventral part becoming convex,
Oogenesis followed by vitellogenesis allows the
laying of a first egg on average 70 hours after
cell capping (Rosenkranz et at., 2010). The sex
determination of V. destructor is a haplodiptold
system. The first egg laid Is unfertilized and
develops into a haploid male. Subsequent eggi
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prepupa by piercing Its
cuticle.
V.destrvctorfounder
defecates on the upper
side ot the cell wall while
feeding on the larva.
Several mother milts
may enter Inthe same
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«lui.re 5.6 The life cycle of varroa destructor. This cycle takes place in the brood cell. (Drawing
m jon Zawlslak, University of Arkansas; text Nicolas Vidal-Naquet.)

laid approximately every 30 hours and will
I."Nop into diploid females. In the worker
I'Inod, the mite may theoretically lay up to five
it and in the drone brood up to six eggs, due
11In-|0nger capped brood period in drone cells
it....in worker cells (Rosenkranz €t al,, 2010).
llie development of the mite larva begins
nbin the mite egg wall soon after oviposition.
Mirr hatching out of the egg, the protonymph
..nl deutonymph stages occur, followed by the
iinil;Inal moult. Both these stages are divided
..... a mobile and an immobile pharate phase
1'<uné and Guerin, 1994; Rosenkranz €t al,,
nID). Ontogenesis lasts on average 5.8 days
ma ii-male mites and 6.6 days for male mites
iiii*.cnkranz et al., 2010).
Ilie development of Varroa eggs depends on
..... (I homeostasis. Thus, outside a temperature
Tune 31-37°C in the honeybee brood, Varroa
Il..(annot develop and development of the bee

brood is also impaired (Wendling, 2012). Mobile
Varroa immature forms feed on the honeybee
pupa through a single hole pierced in the cuticle
by the mother mite. This hole is usually located
on the fifth segment ofthe bee pupa. This feeding
site is situated close to the ‘faecal accumulation
site where the mites return to after feeding
(Donze and Guerin, 1994; Kanbar and Engels,
2003).

Varroa mites are sexually mature after the
imaginal moult. The male matures before the
female and waits at the faecal accumulation
site for the first mature female to appear
approximately 20 hours later. Then, the male
starts mating with the first mature mite female.
Several matings occur as further mature females
appear. The spermatozoa are stored in the
spermatheca of the Varroa females. Volatile
female pheromones initiate mating behaviour
and ensure the youngest females are the most



attractive (Zicgelmann et al., 2008; Rosenkranz
etal, 2010).

After the imaginal moult of the honeybee,
female adult mites stay on one of the tergites
before the emergence. After the emergence
of the adult honeybee, only the mated female
adult Varna will survive and spread (Wendling,
2012). Immature females and males are not able
tosurvive when the cell opens for the emergence
ofthe young bee (Donze, 1995; Martin, 1994)

Under natural conditions:

+ A female Varroa can perform on average
two to three reproductive cycles (Martin and
Kemp, 1997; Rosenkranz et al., 2010).
Diereproduction rate (number ofviable adult
offspring/mother mite) has been calculated to
be 1.3-1.45 in a single infested worker 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
etal,, 2010; Wendling, 2012):

¢ The survival of die female mite during the

phoretic phase.

The brood and in particular the drone brood.

The fertility of female mites. Some Varroa

female are infertile for reasons currendy

unknown. However, host factors, sexual
maturity, and other factors are suspected.

Thenumber ofmother mites infesting a single

brood cell. In the case of multiple infestation

of one cell, the reproductive rate per mother
mite seems to be reduced (Mondragon et al.,

2006, Rosenkrantz et al., 2010).

Theproduction and the maturation of at least

one male and one female egg in the brood

cell.

e The temperature (optimally between 36
and 38°C) and the humidity (optimally
70%; reproduction is impossible when the
humidity level is higher than 80%).

1.4.4 Varroa population dynamics in |
honeybee colonies |

The mite population in a honeybee colony
increases after the first infestation. This popula
tion growth depends on several factors, including
the initial mite 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 of bees during the beekeeping season.

In Europe and North America, a maximutt
threshold of 1,000-4,000 mites in a colon)
is considered as critical to colony healtl
(Rosenkrantz et al, 2010; Wendling, 2012
FERA, 2013b). A threshold of 1,000 mites |
commonly used in the United Kingdom. 1
other parts of Europe, the average threshold 1
2,000 mites per colony. Beyond this thresholf
colonies face a significant risk of collapsing if
the following months (Noireterre, 2011). Thi
infestation level is known as the economic injur
level (FERA, 2013a). The main fact to conside
is that the increase in the Varroa population if
a colony is a consequence of both reproductiol
of the mite within the capped brood cells ax
of new mites being introduced by robbing o
drifting bees.

An infested colony may be reinfested b)
mites transported by drifting and robbing bees,
This mainly occurs in areas with a high density
of colonies.

Although some population dynamic!
models have been proposed, the evolution of
the mite population from spring to autumn
is quite difficult to predict due to the wide
variety of factors influencing mite and colony
biology and the mite-colony relationship (and
in particular reinfestation by drifting and
robbing behaviours). However, some author!
have provided explanations for the increases in
Varroa population (Martin, 1998; Noireterre,
2011; FERA, 2013b). f

Modelling is important to understand the
relationships between the mite, the colony,

and environmental factors, and thus to set up
prophylactic and control strategies to deal with
Varroa (Martin, 1998, Wendling, 2012). The



' tiuro 5.7 Annual population dynamics of Varroa. (Adapted from Noireterre, 2011; OIE, 2014b.)

»/. population in a colony can double every
*dins in the spring and summer (Fries et al.,
iw»a)
' unsidering the entire beekeeping season in
«aioperate climate area, the number of Varroa
i<.ises slowly at the beginning, the maximum
i-" nhed late in the season (OIE, 2014a), and the
population then decreases when wintering
dien the brood rearing decreases and stops)
iinure 5.7).
llowever, the dynamics of the Varroa popu-
m .. in any given year depends on the number

of mites present in a colony at the beginning of
the season (Noireterre, 2011; FERA, 2013b).

Atthebeginningofabeekeepingseason, before
spring laying restarts following overwintering, it
isusually considered that the infestation level ina
colony should be less than amaximum threshold
of50 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.

Ifthe initial number ofmites infesting a colony
is higher, the risk threshold of 1,000-2,000 mites

'itiuro 5.8 Population dynamics of Varroa destructor (from an initial 50 mites) within a colony of

il'"h melliferra. (Adapted from Noireterre, 2011.)



Figure 5.9 Consequences of different initial infestation levels of Varroa (10, 50, 100, and 500
mites) on the population dynamics and on the time to reach the critical threshold of 1,000 mites

(UK) or 2,000 mites. (Adapted from Noireterre, 2011; FEFIA, 2013b.)

per colony (see above) will be reached sooner, In the event of feinfestation during the
posing a major risk to the colony’s health and season, the mite population may increase faster
strength and therefore its productivity. The  even if the initial infestation was below the 50
colony will also be at greater risk during the mites threshold (Figure 5.10) at the beginning
subsequent overwintering period (Figure 5.9). of the season. Reinfestation may occur in areaj

may Fnay Mch Al My a1y AgM Speie Qum Nt Done

Figure 5.10 Effect of mite reinfestation during the season (from drifting and robbing bees) on
subsequent mite population growth (adapted from FERA, 2013b). In the event of reinfestation, the
risk threshold will be reached earlier within the season. This is a further important argument for
monitoring Varroa infestation of colonies throughout the year.
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figure 5.11 Mite population dynamics over 1,825 days (5 years). At DO, the population is 10

miles. (Friesetal/., 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
Inyond 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
inmi 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
linductivity (Muli et al., 2014). Under tropical
iunditions, a low rate of Varroa growth in
ninnies has been reported (Rosenkranz et al.,
1010).

I tl VVarroosis

v« roosisis adisease ofthe honeybee A. mellifera
line to the mite V. destructor affecting larvae,
I'n|.K% and adult bees (Grobov, 1976). Currently,
i nuiosis must be considered as the consequence
4 liirroa infestation associated with the viruses
|In. may transmit to the honeybees. The term

‘bee parasitic mite syndrome’ is probably more
appropriate.

Infestation of honeybee colonies by Varea
destructor (and the resulting varroosis) is ore
of the OIE-listed diseases, infections, and
infestations of honeybees (Offi, 2014a).

At the colony level, the clinical signs of
varroosis are mainly weakening and collapse.
Thus, pollination and honey production maybe
impaired.

1.5.1 Pathogenesis

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 tre
honeybee. It has a spoliatory action on pupee
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 haemolymph is estimated at 27% and 5%
in cases of single or double infestation (e
two mother founder mites infesting one cl),
respectively. In drone larvae, the reduction
in the overall quantity of protein within the



haemolymph is reported to be lower, reaching
approximately 12% irrespective of the infestation
rate (Weinberg and Madel, 1985).

Effects on bee weight

Infestation by the mite induces a loss of weight
ofadult bees emerging from infested pupae. This
weight loss depends on the number of mother
mite founders and the level of mite reproduction
(Rozenkranz el ai, 2010).

It has been reported that a single infestation
withina brood cell induces a loss of 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). When 3-5 mother
mites infest a brood cell, the loss is estimated
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
inthe 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 of honeybees is
reduced when the infestation increases (Kovac
andCrailsheim, 1988; Ritter etal., 1984). A study
performed in Germany in 1984 reported that
in colonies considered as weakly, averagely, or
strongly infested, the life expectancy of workers
wes respectively estimated to be 15.6, 9.1, and
8.3 days between May and September (Ritter et
al,, 1984). (The normal life span of workers in
summer in temperate countries is considered to
be up to 38 days (Winston, 1987).) Concerning
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
toensure theirrole, Inparticular In the regulation
of homeostasis 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 abdomen 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 al, 2010).
Internally, the infestation of a pupa of *
worker bee is responsible for a 15% reduction
in the size of the hypopharyngeal gland>
(Schneider and Drescher, 1987), which can lead
to problems with brood and queen nursing and
can adversely affect the transformation of 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 Winston, 2000).

Behavioural troubles

The learning and navigational abilities of parasit
ized foragers are impaired with consequences feu
orientation, flight, and successful return 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 of 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 of
drones

.NMHe 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
4 parasitized drones, leading to impairment of
An-tr (light performance, and rendering them
miblc to fertilize virgin queens (Duay et al.,

1002).

mildunosuppression 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
\indaiTi et al., 2004; Belaid and Doumandji,
t010). Furthermore, V. destructor induces a
ilmtion in the expression of the genes coding
i"i antimicrobial peptides and enzymes linked
immunity, with consequences for the humoral
«,1 cellular immune response (Yang and
Kk Foster, 2005; Navajas et al., 2008; Wendling,
"[.”). This mite-induced immunosuppression
' liases the sensitivity to pathogens and in
i uOcular viruses (Yang and Cox-Foster, 2005;
Wrlulling, 2012).

ilnrnce of mite infestation on gene
Hprtision
"iin 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-
mpiaecin) and immunity-related enzymes
iphenol oxidase, glucose dehydrogenase, glucose
ihi'lase, lysozyme) are down-regulated (Yang
e | Cox-Foster, 2005). This immunosuppres-
..... probably favours the proliferation of patho-
.and in particular DWV, causing cellular and
"Imular damage and consequently deformed
u lumens, legs, and wings in bees. Further-
»"te, (he expression of two genes (slg and digl)
""mlived in development and metamorphosis

Is down-regulated by mite infestation (Navajas
el al., 2008). This down-regulation may be ihe
consequence of the mite directly or via DWV,

The expression of 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 ofgenes 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 of successful to return to
the colony of foragers.

Vector ofviruses (cf. Chapter 3)

Varroa destructor is a vector of viruses. The
pathogenic effect of Varroa is considered as due
to the combination of direct action by the mite
and itsrole in transmitting viruses. Furthermore,
the pathogenicity of some viruses in association
or interaction with Varroa is increased (de
Miranda et al. 2012).

The main 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 Miranda 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 of viral affects
combined with the mites pathogenic action.
Currently, ‘bee parasitic mite syndrome’ is
considered to be mainly the consequence of
the combined pathogenic effects of Varroa and
DWV.

Effects of 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 5.12 Appearance of a comb of a dead
colony caused by varroosis. Note the reduced
and scattered brood. (Photo courtesy © Lydia
Wlagines, DVM.)

In a colony, V. destructor, via its damaging,
mutilating, transmitting, and immunodeficiency-
causing effects, increases mortality rate, reduces
brood area, and adversely affects harvesting
(Vidal-Naquet, 2011). The brood may appear
mottled and scattered.

Infested honeybees are unable to maintain
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.

15.2 Clinical signs of varroosis

The word varroosis is currently taken to cover
both Varroa infestation and vectored virus
infection (‘bee parasitic mite syndrome’). The
clinical signs of varrosis are as follows:

« When the mite infestation level is low, there
are usually no clinical signs.

« Inthe case of moderate infestation level, the
population of honeybees and the population
dynamics are impaired. Honey production is
also affected.

e When the Varroa infestation rate in a
colony is high, the symptoms of varroosis
usually observed are typical of 'bee parasitic ]
mite syndrome’ (Rosenkranz et al, 2010: |
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 of 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
population.

reduction in the bee

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 of infestation rate varies according to
climate and season:

« Considering winter bees: under temperate
conditions (e.g. Germany): a rate of 7% of
winter bees infested by the mite may lead to
colony collapse (Liebig, 2001). Before and
during wintering, a threshold of 50 mites
per colony is considered to be the highest
infestation level acceptable in order to limit
the risk ofwinter 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 al, 2006, 2010).



<outrot of Uimvm Infestation timing the
beekeeping season varies from region lo
legions 11wo obieettve Is to keep ilvo Vtimm
I>opiilatton under 1,00P mites pee colony In
the t'K, tuwl Horn 2,000 to -1,000 In other
isn't* of Hwwpe and the US (Notivtovvo, 201 It
I ORA, 201,ht), According to the Animal &
riant Health Agency, formerly PERA (I'HHA,
40fa\ above 1,000 mites per colony there Is
>Wav significant' risk of 'bee mite parasitic
0 ndrome' occurring. Athreshohl ofbetween
1tH4>an,l 2,000 mites per colony seems to be
teas,'liable.

1, inflowing sections show that monitoring the
m, nation rate of the colonies throughout the
v is crucial for optimal and adequate control
a Uirroit.

m' t Diagnosis

Mgnosis of Vitmut infestation Is the con-
H |,i, nee of the identification of the mite within
1 ,olony, Varna destructor Is quite easy to
n ngmse. The female mite Is dark reddish/
l. ,,,n with a flat, oval, crab-shaped body (I.1
MH s 1.5 turn) and can he seen with the nake
m i Ifigure 5.1).
I'itlerential diagnosis must consider:

i i>tler mites: Th>piM aps spp. and Melittiphis
id conus (which Is not a parasite ofhoneybee
ninnies, but a scavenger
beehives).

the fly tfrtiulu caeca.

of pollen in

the methods of identification are:

. 1Vbris examination,
i l'animation of capped brood (mainly drone
apped brood), by opening the capped brood
with a honey uncapping fork.
I summation ofa sample of bees.

n , , methods are described in section 1,6.2
Mow.

However, qualitative diagnosis is not suffi-
enat Indeed, except for a few Varroa-free areas,
«H, ninnies in Europe and in many other regions

infested by Varrw. As previously described,

It Is crucial lo evaluate and monitor the mite
Infestation level.

1.0 Control of Varroa Infestation

YuTT Isreported nsa major cause In weakening
and collapse of overwintering colonies In Europe
and North America. Furthermore, according to
Rosenkrnntz et al, (2010), ‘without any doubt,
most of the colonies of /1, melllfera In temperate
climates will be damaged or even collapse within
a few years If no control or inappropriate control
methods are used'.

Controlling Varroa infestation means keeping
the Varroa population under the threshold at
which it becomes a threat to the colony (on
average 1,000-2,000 mites in the beekeeping
season). The fight against the mite involves the
use of medicines (miticides) and biotechnical
methods.

However, control of Varroa infestation needs
to use scientifically proven methods performed
with objectives as proposed, for example, by an
Integrated pest management (IPM) approach
(FERA, 2013a). Management of Varroa infesta-
tion control Involves knowledge of the Varroa
life cycle and biology, and practical knowledge
of the mite infestation rate obtained by moni-
toring colonies.

Finally, research on mite-tolerant bees
suggests that using these for breeding might
prove an effective method of control.

1.6.1 Good beekeeping practices

Proper control of 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 Varnas
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 ofan apiary or when prescribing veterinary



medicine products (VMPs), must advise that
these good sanitary practices be followed,

i.6.2 Monitoring the colony parasite load
(mite infestation)

Knowledge of the mite infestation rate in a
colony, or a sample of colonies in a large apiary,
isnecessary for adequate and optimal control.

Several methods have been described.
However, it must be taken into account that
these are often time consuming. Thus, in the
field, veterinarians and beekeeper must chose
methods capable of implementation and best
suited to the beekeeping management being
practised.

Monitoring natural mitefall

Theaim ofthis method is to estimate the natural
mite fall (NMF). The NMF is defined as the
number of mites per day foiling naturally from
the bees on to the floor of 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 monitor 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 examined and the
mites counted each day (or every 5 days and
converted to a daily NMF).

However, since the fall of mites depends on
many factors (brood area, season, daily hive
activity, etc.), this method sometimes gives
results that are difficult to interpret (Martin,
1998; Vidal-Naquet, 2011).

According to the Animal & Plant Health
Agency (FERA, 2013a), the level of infestation
(low, medium, high) based on NMF can be
interpreted as follows:

« From April to June:

- Low infestation level: <2 NMF/day

- Medium infestation level: 4-8 NMF/day

- High infestation level: >8 NMF/day
o July:

- Low infestation: 4-8 NMF/day

- Medium infestation: 6-10 NMF/day

- High infestation: >10 NMF/day
¢ August and September:
- Low infestation: <4 NMF/day
- Medium-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
of <1 NMF/day is considered to represent an
infestation of 50 Varroa in the colony (Faucon,
2008; Noireterre, 2011; Vidal-Naquet, 2011), i.c
the threshold below which it is considered that
the colony can overwinter with minimal risk in
terms of Varroa infestation.

This method is considered to be sensitive,
giving a quite precise indication of the Varroa
infestation level of a colony. However, its
implementation is time consuming, and may
result in the accumulation of wax debris,
attracting wax moths (FERA, 2013a).

Drone brood uncapping method

The aim of this method is to evaluate the
percentage ofdrone 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 of 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



lhr overall proportion of infested drone brood
«ills (FERA, 2013a).

ihc drone brood uncapping method 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 of weakening
1harriire etal., 1998; FERA, 2013a).

This method is quick and easy to perform
mluting routine colony inspections, and provides
e approximate measure of the infestation level.

I laluation of mite infestation by miticide
application
ill, atm of this method is to estimate the total

®m an authorized one-shot acaricide VMP
mierinarv medicine product) into a hive
eml then counting the total mite drop (TMD)
slteyand Breen, 2013). TMD refers to the total
eumuber of Varroa mites killed by a treatment
miupared to the NMF, which refers to the daily
natural fall of Varroa on to the floor of a hive),
tills method is mainly used for estimating the
i.itroe population in a brood-less colony (in
i..ittitular because acaricides do not act on mites
. apped cells).
lhus, this method provides an interesting
m« of evaluating the mite population before
mwintering in brood-less colonies or/and
inlure 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.

m At the beginning of the beekeeping season
M 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 lation level willnot change (or may decrease

«i natural mite fall or if an acaricide is applied

I 'mutually).

Evaluation ofmite infestation by yonpbny,
adult honeybees

Theadult bee infestation rate pmviili ,m<........
of the parasitic pressure wllltin a Imui'ylur
early spring to evaluate the patanlll. pu .........
the beginning of the season, during tin i..nun
or in summer when the future wintii Inn u,
being reared, or in autumn to evaluate flu nnii
infestation level in the brood-less colony Muk
overwintering. Two methods that givr relulil,
results are used to monitor mite infestation m
adult honeybees: the flotation method and the
powdered (iced) sugar method (Bak et a/., 200W

First, 300 bees (100 ml = approximately Im
bees) are withdrawn from the hive into a small
container (it is important to avoid withdrawing
the queen). Itisimportant to capture young adult
bees living on a frame with open brood; indeed
phoretic Varroa are much more prevalent on
nurse bees than on bees in the supers (Lee &
al, 2010).

The flotation method consists in first freezing
the bees, orkilling them by submersion inalcohol
(OIE, 2014a). The dead bees are then shaken man
alcohol or detergent solution which will dislodge
the mites. The jars containing the samples are
shaken by hand or with a shaking apparatus for
5 minutes. Centrifugation may also be used to
dislodge Varroa mites from bees (Fakhimzadeh,
2000). The liquid is filtered through a sieve with
3 mm 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 powdered sugar shaking method
preserves the bees alive and is performed in the
field (Bak et al., 2009). Dusting bees with icing
sugar causes the mites to detach from the bees. It
seems that the fine granules stick to the footpads
of Varroa and render the mites unable to grip
the surface to which they have been clinging.
Approximately 300 bees are poured into a jar
with a mesh cover (3-4 mm holes in the lid).
Icing sugar isadded. Thejar is then gently shaken
twice for 2 minutes with a 2 minute gap to cover
the bees with the icing sugar. The jar is inverted



and shaken over a bucket, into which the icing
sugar and mites fall. Water is added: the sugar
dissolves and the mites float to the surface and
canbe counted. (The bees can simply be released
from the jar.)

The mite infestation rate on adult bees
provides an estimate of the colony infestation
rate (Fernandez and Coineau, 20086).

The results of these methods can be
interpreted as follows:

« Ifthe mite infestation rate is <5%, the colony
is considered to be weakly parasitized, and
does not need immediate treatment.

Ifthe mite infestation rate is between 5-10%,
treatment must be planned.

> |fthe mite infestation rate is >10%, the colony
requires immediate treatment.

1.6.3 Control of Varroa infestation by
application of veterinary medicines or
officinal active substances

The aim of applying veterinary medicine to
control Varroa infestation is to lower as far as
possible the Varroa infestation level in a colony.
Complete elimination and eradication of Varroa
isimpossible.

Currently, controlling Varroa
with chemicals, organic acids, or essential oils
is necessary but not sufficient. Sanitary and
biotechnological measures are major elements in
managing the control of Varroa. Over the long
term, it is hoped that medicine-less control of
Varroa infestation will become possible, and this
could come from bees tolerant of V. destructor.
Many research teams are working on such
honeybee strains.

Controlling Varroa infestation requires use of
VMPs as well as sanitary and biotechnological

infestation

measures.
Chemical control of Varroa infestation
began in the 1980s with the use of acaricides
efficient against Varroa and intended not to have
strongly adverse effects on honeybee colonies
(Weissenberger, 1988; Wendling, 2012).
Several points concerning VMPs are

important for the veterinarian prescriber an,l
the beekeeper user:

¢ VMPs must be prescribed by veterinarian
according to local regulations.

¢ VMPs must not leave residues in the hiv<
(or these must be lower than the residm
maximal limit, RML) and must be applir.i
out of honey-flow periods.

*« VMPs must not be toxic to honeybees.

¢ VMPs must be used with care so as not to
pose arisk to beekeepers and other operator,
This is important for all VMPs and chemical,
used for Varroa control. Suitable precaution,
must be taken when using organic acid-,
including the use of personal protectiv,
equipment (suit, gloves, glasses, etc.) again,'
toxic chemicals.

¢ VMPs must be used according to tx
manufacturersand veterinarian’instruction
to achieve optimal efficacy.

¢ VMPs must be effective on phoretic Vamn
(miticides, except formic acid, are not activ,
on mites within cells)

¢ VMPs must result in a colony mite coun'
of <50 Varroa before overwintering and ®
the beginning of the season. The infestation
load must remain under the threshold ol
1,000-2,000 Varroa mites during the seaso,
(Rosenkrantz et ai, 2010; Noireterre, 2011
Vidal-Naquet, 2011; FERA, 2013a).

* VMP use must be carefully assessed. 1
turnover of active substances employe!
in order to limit or avoid development «
chemotherapeutic resistance is essential
Indeed, Varroa appears able to develop
resistance to any chemical acaricide (FERA,
2013a).

¢ Chemicalsusedasmlticidesmustbeprescribi',l
if permitted by legislation according to local
regulation on veterinary medicines and
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 VMP available
https://www.gov.uk/the-cascade-prescribe n
veterinary-mediclne-for-another-use).


https://www.gov.uk/the-cascade-prescribe

Lile 5.1 Main miticiaes and active substances useu Iu wimul railw mresiation

n. live substance Category

Amltraz (Apivar®) Formamidine

riumethrin Synthetic pyrethroid

n.ivvarol®)

ikii Ruvalinate Pyrethroid

\Mulan®)

....... maphos Oiganophosphate
L« 1to 18,
m  Kmite®,

i-wi/m®)

eec«lie acid Organic acid
iiimionwohl®,

suvar®)

« .miic acid Organic acid

MA(JS®)

thymol Monoterpenoid

T «liinVar®,

nyinovar®)

Regulation/
marketing
authorization (MA)

MA in some
European countries

MA in some
European countries

MA in some
European countries

MA in some
European countries

MA in some
European countries

MA in some
European countries

MA in some
European countries

Formulation

Sustained-release
formulation - strips
hung between
brood frames

for 10 weeks.
Strips should be
repositioned at
mid-treatmenttime

Sustained-release
formulation -
plastic strips hung
between brood
combs

Sustained-release
formulation - strips
hung between
brood frames for 8
weeks

Strips (1.4 g
coumaphos) hung
between brood
frames for 6 weeks

A single treatment:
sugar syrup
solution when
brood is not
present

Slow release

pad: evaporation
miticide. An empty
super must be
applied on the
body of the hive
during application.

Tablets or gel

Mode of action

Octopamlnergic
agonist in
arthropods

Blocks the voltage-
gated sodium and
calcium channels

Blocks the voltage-
gated sodium and
calcium channels

Inactivation
of acetyl-
cholinesterase

Unknown

Inhibits electron
transport in the
mitochondria/
neuroexcitatoiy
effect

Binds to
octopamine or
GABA receptors

* iivinary medicine may have MA in some countries and not in others. Prescribers and users
L is: Quarles (1996), Rosenkranz (2010), Vidal-Naquet (2011), Gregorc (2012).



period of treatment

Afterthe last honey
harvest (summer to autumn
according to region). Also

in early spring before honey
flow. Treatments are not to
be applied during periods of
honey flow. Out of honey-
flow period and supers
removed

End of summer/autumn or
early spring for 6 weeks.
Treatments are not to be
applied during periods of
honey flow. Out of honey-
flow period and supers
removed

Out of honey-flow period
and supers removed

Out of honey-flow period
and supers removed

At the beginning of winter
as a complementary
summer treatment, on
brood-less colonies

Effective against phoretic
and reproductive mites.
Spring to autumn. Stop
honey production if applied
during honey flow and
remove the honey supers.
Temperature use: 10-29.5°C
on day of application.
Application should last 7
days

Out of honey-flow period
and supers removed.
Temperature dependent,
may cause disorders within
the colony if temperature is

too high

Resistance/efficacy

Good efficiency.
Resistance and lack of
efficacy described

Pyrethroid-resistant
mites reported. Mite
cross-resistance to
fluvalinate and flumethrin
reported

High resistance level
and lack of efficacy
described. Mite cross-
resistance to fluvalinate
and flumethrin reported

Resistance and lack of
efficacy described

High efficacy on brood-
less colonies - no
resistance described to
date

High efficacy reported.
No resistance described
to date

Efficacy reported to be
between 66 and 90% on
Varroa

Residues

Residues detected
In wax, pollen, and
honey

Residues detected
in wax, pollen, and
honey

Residues detected
in wax, pollen, and
honey

Residues detected
in wax, pollen, and
honey

Not described

Hydrophilic - not
described

Lipophilic - may
affect the taste of
the honey; generally

recognised as safe for

human consumption

Described toxicity of
the active substance lev
bees

Acute toxicity of amitriu
solution has been show"
experimentally

Increased mortality of
aduts observed in the
first days of application

Smaller queens when
exposed to high dosea
of tau-fuvalinate

Bee mortality. Colony
disorganization. Small™
queens, lower sperm
viability in drones

Harmful effects on broon
and bees following
several applications at
short intervals

Disorganization of the
colony and induction bl
adult bee mortality and
rejection of the queen.
Iftemperatures exceed
29.5°C excessive brood
and queen loss may
occur.

Colony disorganization/
brood removal/queen
mortality

must check regulations, dosages, and modes of usage 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),
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 not have any efficacy on mites
within capped brood cells, However, resistance
and lack of efficacy have been described for these
treatments (Rosenkranz et al, 2010; Mallick,
1013).

Sustained-release amitraze has been reported
In present a good efficacy (Faucon et al, 2007).
N field study performed in 2011 field by French
Ik«-keepers reported an efficacy of 95% or more
m 77% of the colonies in which it was applied
iVandame, 2012). However, some cases of
irustance to Amitraz from Varroa destructor
have been reported in recent years (Maggi et
uw . 2010).

Thymol and organic acids (formic acid, oxalic
«id, and lactic acid) are miticides considered
m natural compounds. VMPs containing formic
«.ld, oxalicacid, and thymol exist. Unfortunately,
mil all EU countries (and worldwide) have
marketing authorization for all these VMPs and,
ivmprescribes a veterinarian has to follow local
i' «illations and legislation on VMPs.

tau-fluvalinate

¢ Jlhymolisusedasasustained-release treatment
but its use is temperature dependent.

e Formic acid exists as a sustained-release
formulation and is interesting because it is
effective against phoretic and reproductive

mites in the capped brood (Imdorf et .,
2003). It may 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
swarms). Oxalic acid must be applied only
once: if it is applied several times at short
intervals, it can harm adult bees, queen, and
the brood. Organic acids must be used with
great caution by veterinarians and beekeepers
because of their high toxicity.

The use of thymol and organic acids is
recommended for the following reasons:

Their efficacy is reported as sufficient if they
are correctly applied and managed with
beekeeping and biotechnological practices.

e There is a low risk of problems with residues
in products of the hive. Furthermore, oxalic
and formic acids are natural ingredients of

honey.
* Thereisa ‘lowprobability ofelicitingresistance
after repeated treatments’ (Rosenkranz eta/.,

2010).

Treatment strategy
Because no miticides have 100% efficiency and
eradication of V. destructor is impossible, and
because managed colonies are food producers,
treatment strategies must be set up and
performed in association with biotechnological
methods.

The treatment strategy depends on several
factors:  honey-flow period, meteorolog-
ical conditions, geographic area, honeybee
sub-species, production target, Varroa popu-
lation growth, brood-less periods, beekeeping
practices, and beekeepers (professional or non-
professional). The treatment strategy described
here must be considered in combination with the
sanitary and biotechnological measures described
below.

Basically, the treatment strategy aims to
greatly reduce the mite population in the colony
immediately 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 development of the future winter

bees can occur in the best conditions with the

lowest risk of bee parasitic mite syndrome. This

strategy requires the application of sustained-

release treatments (amitraze, tau-fluvalinate,

thymol, or formic acid) within the colonies.
This strategy has a scientific basis:

* The mites endanger development of over-
wintering bees, and viruses, and in particular
DWYV, transmitted by Varroa are a major
threat for the colony.

« The mite reproductive cycle occurs within the
capped brood.

« The dynamics of mite population favour this
approach.

Recent work has shown that the lifespan of
overwintering workers with high virus loads
(DWV even if asymptomatic) seems to be
shortened (Dainat et al., 2012). Thus, a large
reduction in mite population as soon as possible
after the last honey harvest can potentially
provide the greatest protection for the colony
from Varroa and DWV. This will allow the
colony to rear winter bees that are as strong as
possible, which is essential if the colony is to
overwinter in good condition.

The threshold of 50 V. destructor remaining
within overwintering colonies is considered to
be the objective. Monitoring may be performed
by counting NMF or TME

Ifthe treatment fails, another may be applied
in the colony. A one-off treatment (e.g. oxalic
acid) may be applied to a brood-less colony (just
before the overwintering period and usually on
asunny, mild day in November) (Imdorf et al.,
2003).

Another method consists in applying a
second treatment with another sustained-
release treatment immediately before wintering
or during the early spring period.

Thus, the treatment strategy involves the
following steps:

* Onesustained-release treatment immediately
after removing the supers in summer.
* One second treatment (if necessary):

- aone-offapplication of oxalic acid, e.g. In
the brood-less colony after the summri
treatment; or,

- one sustained-release treatment befon
wintering or in early spring (withdrawing
treatment before adding the supers to
avoid residues in the hive products).

During the season, monitoring of the mill
population (usually by measuring NMF »
evaluation of mite infestation by sampling aduli
honeybees) is necessary (to detect signifkani
increase, reinfestation, etc.) and anotho
treatment may be required. This monitoring
strategy is quite similar to the integrated peil
management described in section 1.6.5 below

One 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
treatment with formic acid (after removing
the honey supers).

¢ Throughout the season: NMF > 15 mites/day
- the supers must be immediately remove, |
and a treatment applied. The colony i
endangered.

The treatment 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 \
and safely protect bees against Varroa.

Thus, the use of miticides is limited by varioui
factors:

¢ No acaricide has a 100% efficacy.

* The use of miticides is potentially risky for the
bees and for the consumers of 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 of the wax coml»
(usually every three years).



MuHe such treatment must be considered in
...bination with beekeeping practices and
mmin.hnogical control of Varroa infestation.

i ¢ 1 Biotechnological control methods

minhnological methods are an additional
..| necessary help for beekeepers attempting
enntrol Varroa infestation. They are a part of
ml sanitary beekeeping practices (cf. Chapter

these methods can be understood as
- i.lilional to the use of VMPs in colonies.
' .iitually, these methods may temporarily
place the use of a VMP, e.g. during the active
mmon to avoid contamination of the honey with
Ifllducs.

biotechnological methods can help bee-
impcrs to reduce chemical use within hives as
1 as possible. They can also augment treat-

nis With low or medium efficacy,

both the reproductive cycle in the brood
.ini the attractiveness of the drone brood for
i,nrna mites are the biological basis of these
....... hnological measures.

i ‘tone brood removal

i Ipillar removal of capped drone brood may
low down mite population growth within the
minny (Charriere et al, 1998). This method
hi be performed in combination with routine
ilnny health controls (FERA, 2013a). The
*Miacy ofthe drone brood removal method can
hr lavoured by stimulating natural drone brood
biding with shallow comb (or a built comb
imin which the lower half has been removed).
il frame must be placed inside the hive, in the
bmod chamber, when the queen begins to lay
H*drone brood. When the drone comb is full of
apped cells, it must be removed from the hive
liiredrone emergence and then destroyed. The
i irroa mites 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
11linique may be repeated several times during
ihr season. It is a useful, easy, quick but limited
..irlhod. It is well tolerated by the colony.

The use of frames with sheets printed with
drone foundations Is an alternative to shallow
combs. It will be necessary to remove and
destroy all the frames when both surfaces of the
comb are full of capped drone brood.

This method can be Implemented in spring;
however, spring is the reproductive season and
removing drone brood can limit artificially
drone rearing by the colonies. Thus, fertilization
of virgin queens could potentially be affected.
Hence, it is generally considered preferable to
use this method in late spring/beginning of
summer when the height of the reproductive
season is over.

Queen trapping method: brood interruption

Caging the queen in a small trap on a brood
comb at the centre of the hive body will halt
ovipositioning (Lodesani et al., 2014). This
will lead to a complete interruption in brood
production 24 days later (i.e. the time from egg
laying to the emergence of drones).

Bythe end ofthis period of24 days, all the new
workers and drones have emerged and no more
brood is then reared. The life cycle of Varroa is
thus halted. The queen may then be freed. All
the mites in the colony are at this point in time
phoretic and a one-shot miticide (as oxalic acid)
may be applied in the hive in order to kill most
part of them. A colony can compensate for this
loss of the brood within 8 weeks (Buchler, 2009).

This method is probably best implemented
in July or August, according to the area and the
climate. One drawback is that the loss of brood,
though temporary, may weaken the colony.

Comb trapping method

The aim of this method is to trap the mites in
capped combs of workers and then to remove
these combs from the hive. The comb trapping
method lasts at least 36 days and requires
meticulous beekeeping skills (FERA, 2013a);

e At TO: in the brood chamber, the queen is
confined to an empty worker comb (comb A)
using a purpose-made comb-cage.
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second empty worker comb (B).

. At TO + 18 days: the queen is confined to a
third empty worker comb (C), and comb A,
now capped, is removed from the hive.

. At TO + 27 days, the queen is released into
the brood chamber and comb B is removed
from the hive.

. AtTO + 36 days, comb C is removed.

Thisisaveryinteresting and successful method; a
90%efficacyis reported (Wendling, 2012; FERA,
2013a). However, it is a time-consuming method
that needs a series of manipulations that cannot
easily be performed on a large-scale honeybee
form This method must be implemented during
the beekeeping season. Using the comb trapping
method in late summer or autumn should be
avoided as this endangers the production of
«inter bees.

Complete removal of the brood

lhe aim of the complete removal of 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 trapping method
& they are both based on brood interruption.
Thus, the colony may be considered as a
natural’ swarm. While swarming, the colony is
considered to leave behind in the hive some ofits
pathogenic agents and the brood. Furthermore,
the reproduction cycle of Varroa is stopped.
This method is performed by a single and
complete removal of the brood from the colony
to June/duly without summer-long sustained
miticide application. The brood frames 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 most of the phoretlc
Varroa. Colonies can compensate for this loss of
brood within 8 weeks (Biichler, 2009). The new
brood is reared in hygienic new combs with new
wex. According to Biichler (2009), the complete
removal of the brood does not provoke a decrease
tothe strength of the colony at the beginning of

tne overwintering or an impairment ot honey
production during the following year.

This method is similar in effect to the bee
‘shock swarm method’ (forming a naked swarm
in a new hive) used in particular in the control
of 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
number 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).

e The use of 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 moth by
preventing debris accumulating on the floor

1.6.5 Integrated pest management (IPM)
programme to control Varroa infestation

In agriculture, the aim of IPM isnot 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
managements, and chemical controls throughout
the year. Thus, treatments or pesticide inputs arc
reduced to the minimum level.

In the case of Varroa, because the aim of mite
control is not eradication, which is impossible,
but rather reducing the infestation as much as
possible, IPM may be an interesting method 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 other residues, etc.).
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Environment R esearch Agency (FERA, 2013a).

An IPM lo maintain Varrtm Infestation under
B defined harmful threshold within a honeybee
colony Involves the following elements:

« Application of good
practices.

« Application of monitoring and biotechnolog-
icalmethods that may help to reduce miticidc
use.

« Application of a sequence/rotallon of mitt-
cidesto limitoccurrence of Vcirroa resistance.

sanitary beekeeping

« Choice ofa miticidc according to the level of
infestation and the time of year.

¢ Application of a sustained-release miticidc
immediately after removing the supers In
summer in order to give the colony the host
conditions to rear strong and healthy winter
workers.

Monitoring mite population is one pillar of the
IPM program for Varroa infestation in colonics.
Throughout the year, monitoring the levelofmite
Infestation Is necessary and enables decisions to
be made as to what control method to apply, 'llils
will depend on the level ofinfestation In order to
be under the thresholds usually recognized (50
Varroaduring wintering in brood-less colonies;
1,000-2,000 Varroa during the beekeeping
period).

to decide the level of controls to employ as proposed by the Food «

Table 5.2 shows an example of 1PM methodi
adapted from the Pood & finvironment ««scan i
Agency (2013b) and provides information <m
some practical methods used by beekeepers
to control Varroa Infestation. This table liste
appropriate methods of monitoring, appropriate
biotechnological methods to control Varna
Infestation, and appropriate medicines to uw
according lo the time of the year (considering
April as the beginning ofthe beekeeping season)
It must be remembered that the beginning of thr
beekeeping season varies according to region
(c.g. in southern territories, the beekeeping
season may begin earlier and the table has to b>
adapted accordingly). It must also be taken into
account that there Is not one single IPM rule
but that the IPM must be the consequence of *
well-considered plan, in particular according to
the region, the environment, and the beekeeping
farm,

Some IPM methods are proposed by it»
Animal & Plant Health Agency, formerly thi
Pood & P.nvlronment Research Agency (FiiRA
2013a). Using NMP to monitor the infestation
level Is time consuming. However, following
NMIlthroughout the year is a way to decide thr
level of the control required (high, moderate, or
light) (WiltA, 2013a) (Figure 5.13).



Using only drone brood pupae infestation

i'lITY may provide information to decide

appropriate level of controls. According to the
M'IIA  (FERA, 2013a),
"iilrol according the infestation rate may be

the management of

implemented as follows:

« April-June:
DPI < 2% (<1 mite/50 cells): it is not
necessary' to Intervene.
2% < DPI <4% (1 mite/25 cellsto 1 mite/50
cells): planning of a control management
during the beekeeping season is necessary.
DPI > 4% (>1 mite/25 cells): it is necessary
to consider a control management,

i lunc-July.
DPI < 3% (<1 mite/30 cells): it is not
necessary to intervene.
3% < DPI < 7% (1 mite/15 cells to 1
mite/30 cells): a light control is necessary
DPI > 7% (>1 mite/15 cells): the colony is
endangered and application ofa treatment
is necessary.

* August:
DPI < 5% (<1 mite/20 cells): it is not
necessary to intervene.
5% < DPI < 10% (1 mite/10 cells to 1
mite/20 cells): a light control is necessary
DPI > 7% (>1 mite/15 cells): the colony is
endangered and application ofa treatment

is necessary.

miiv IPM involving Varroa monitoring, control
methods and acaricide use must be adapted to
nli circumstance and may change during the
)e,ir and from one year to the next for a colony
mi lor an apiary, 'flit IPM will depend on the
I'ic keeping area, mite infestation level, mite
n infestation risk, honeybee sub-species and
lums, climate and meteorological conditions,
I'i-rkceping practices, region, and country
iWendling, 2012; FERA, 2013a). The role of the
‘sirrinarian is to adapt the methods to each case

. iording to the features of the apiary.

l.o.o v/tnci liuu vuiiuvi management ami
perspectives for the future
The methods described in this section are
currently areas of research and offer a possible
future for the control of Varroa infestation. At
present, the selection of honeybees that are
tolerant of Varroa and biological control of
Varroa infestation are not usable in beekeeping

management.

Selection ofhoneybees tolerant of Varroa

The selection of A. mellifera that are tolerant
of V. destructor, as observed in the relationship
between A. cerana and V. destructor, is not yet
a reality, though it offers promise as a method
for control.

Research programmes have been undertaken
to investigate the following factors in the quest
to develop desirable inheritable features in
honeybees (Rosenkranz et al,, 2010; Wendling,

2012):

« Population dynamics of Varroa in a colony.

« Control of mite reproduction.

Hygienic behaviour (detection, uncapping,
and removal of dead, diseased, or parasitized
brood).

« Grooming behaviour
groom themselves (auto-grooming) and other
nestmates (allo-grooming)). By grooming,
honeybees remove mites from their body or
from the bodies of other bees.

(honeybee workers

The most promising features seem to be hygienic
behaviour and the population dynamics of
Varroa in a colony (Wendling, 2012). May
research programmes are underway to create, for
example, hygienic (HYG) bees and suppressed
mite reproduction (SMR) bees (Rozenkrantz e
al,, 2010). SMR bees are able to detect infested
immature forms in the capped brood cell and
remove them. A better proposed name is \ama
sensitive hygiene bees (VSH bees) (Haris.
2007). It seems that the removal of the infested
pupae from the cells by VSH bees occurs mainly
1-5 days after capping. One hypothesis is that
the detection and removal 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 ofthe
Varroa problem’, there is currently no evidence
of long-term inheritable features and tolerant
honeybee /1. mellifera lines (Rozenkrantz et al.,

2010,

Biological control

Biological control (bacteria and fungi) is
considered by some authors as a promising
approach to control Varroa infestation in
colonies. However, biological control must 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 not
imminent and further study is needed.

In the conclusion of this chapter on
V. destructor, the main point is to recall the
damage caused by varroosis (bee mite parasitic
syndrome) and the consequences for the colony.
Moreover, controlling mite 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 other Apis
species) (OIE, 2014a). Itis caused by a mite living
inthe tracheae, A. woodi (Acari: Tarsonemidae).
Acarapis woodi was first described on the Isle of

Wight in 1919 after an epizooty responsible fot
dramatic colony losses. This discovery was the
origin of the creation of the Buckfast honeybee
strain by Brother Adam. (However, it was later
reported that A. woodi was not responsible for
‘Isle of Wight 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 of massive infestation
(University of Florida, 2014). The productivity ol
managed colonies does not seem to be modified
(Downey and Winston, 2001) or is reported to
be affected only by higher levels of 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

Thismite isan internal parasite ofthe 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



ligure 5.14 Acaparis woodi adult. (Photo
*nirtesy © Monique L’'Hostis. Onlris Veterinary
,» hool, Nantes.)

litvucic, abdominal, and head air sacs (Giordani,
r>tt\ Wilson el al., 1997).
llie female is ovoid (140-175 pm x 75-84 pm)
<h! the male is similar but smaller 125-136 pm
mi " pm (Figures 5.14 and 5.15) (Delfinado-
i acr and Baker, 1984; University of Florida,
’014).
lhe reproductive phase occurs within the
Kge thoracic trachea. Spreading occurs by
" ikration of the female offspring from the
Imi utilized honeybee to another bee. Young bees
i days) are more attractive to A. woodi (after
days, spiracles are considered impassable)
e, inandez, 1999; OIE, 2014a). The mites enter
ilimugh the spiracles within the bee trachea
illlough the prothoracic spiracle within the
xar 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, inile offspring migrate to body hairs and then
"lull to other honeybees before entering the
nliea within a spiracle (University of Florida,
1014).
Ihe development cycle lasts at least 21 days
in nandez, 1999). This fact may explain why,
X the beekeeping season, A. woodi infestation
n usually not severe: the summer honeybee’
minit lifespan and population renewal (25-35

Figure 5.15 Acarapis woodi intracheae
(microscopic view). (Photo courtesy © Station
de recherche, Agroscope Liebefeld-Posieux
ALP, Switzerland.)

days) restricts the breeding possibilities of A
woodi. However, the longer lifespan of winter
bees (which live through the overwintering
period, sometimes 5-6 months) allows up to five
or six generations of A. woodi to develop. Thus,
the consequences of infestation of bees may be

much more important and severe in winter.

2.3 Epidemiology

Only mated females leave the tracheae to contam-
inate other bees. Outside, A woodi cannot
survive for more than a few hours (Sammataro
and Needham, 1996; Fernandez, 1999). Contam-
ination occurs by contact between bees within
the colony or between colonies by drifting and

robbing within an apiary or between apiaries.



The mated female mites are more attracted to
drones, which thus become the principal means
ofspreading A. woodi within the colony and also
between colonies (Fernandez, 1999).

Commercial beekeeping, package bees, and/
or queen trading and migration are the main
causes of A.woodi infestation spreading.

TVacheal acariosis mainly spreads as an
enzootic.

24 Pathogenesis

TheconsequencesofA. wooc/iTiving.reproducing,
and feeding in the tracheae (mainly prothoracic
trachea) have both mechanical and physiological
effects on the honeybee. Infestation may be
unilateral or bilateral (Fernandez, 1999; OIE,
2014a).
Infestation
physiological injuries:

leads to mechanical and

Partial or complete obstruction of the air
ducts by filling the tracheae with coagulum,
faeces, moulting debris, dead mites.
Reduction of oxygenation of tissues linked to
the prothoracic trachea, in particular flight
muscles (on one or both sides) and brain.
Loss of valuable haemolymph 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 particular viruses,
eg APV, CBPV, and KPV (Scott-Dupree 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 of the
overwintering period and in spring. Early signs
ofinfection are frequently unnoticed, though it
may be observed that some bees are unable to
flyor are crawling; sometimes dead bees can be
seen (Fernandez, 1999; OIE, 2014a).

When the infection is significant, the clinical
signs become more apparent;

e At the individual level, dead bees, crawling
bees, and paralyzed beeswith dislocated wings
(or K-wings) can be observed usually on the
ground in the front of 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 maintain 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 of grass,
and paralysed bees displaying disjointed wings
or K-wings on the ground in the front ofthe 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 of 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 of 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). Thisisthe consequence ofthe 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 management of
Acarapis woodi 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 must 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 ofthe practical use
of chemicals according to the FAO (2006) (these
essential oils or organic acids must be officinal,
ioming 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.

Formic iuu /v avriviee acid produces
good results. A veterinary medicine with
formic acid as the active ingredient exists on
the market in some European countries.

Prophylaxis methods concern good beekeeping
practices, in particular concerning the trade and
exchange of 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
mites Tropilaelaps clareae and
Tropilaelaps mercedesae

Tropilaelaps mites are parasites of immature
stages of honeybees. Described initially in 191,
the mite Tropilaelaps is a haematophagous
ectoparasitic mite (Delfmado and Baker, 1%L
OIE, 2014a). Four species of this genus have been
described: Tropilaelaps clareae, T. koenigerum, T
mercedesae, and T. thaii (Anderson and Morgan,
2007; Sammataro, 2012; OIE, 2014a). Tropilaelaps
clareae was the first species discovered by an
entomologist, 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
aredamagingparasites ofA. mellifera. Tropileelaps
koenigerum and T. thaii are not reported to be
parasites of A. mellifera (Sammataro, 2012; OIE,
2014a).

Because apiculture has become a global
‘industry; with international exchanges of bees
and material, Tropilaelaps is a potential global
threat, especially for non-Infested 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 stakeholders
involvedin apiculture (veterinarians, beekeepers,
tedtnicians) must be aware of this potential
threatand be able to recognize or at least suspect
JTopilnelaps spp. in colonies. Any suspect sample
must be sent to the local reference laboratory for
honeybee health (in the EU, the European Union
Reference Laboratory for Honey Bee Health, Les
templiers, 105routedes Chappes, BP 111, 06902
Sophia Antipolis Cedex, France).

31 Tropilaelaps infestation sanitary
status

Tropileelaps infestation is a notifiable disease in
Europe and in many other countries worldwide
and sanitary measures must be taken as soon as
possible in the case of suspicion or/and positive
diagnosis. It is a notifiable disease to the OIE
(2014b) (Appendix 2)

32 Tropilaelaps species

The genus Tropilaelaps belongs to the class
Arachnida, subclass Acari, order Mesostigmata,
and to the family Laelapidae. Four species are
currently known in this genus (Anderson and
Morgan, 2007).

Tropilaelaps clareaes natural host is Apis
dorsata (the large Asian honeybee) and its
restricted home range is the Phillipines. It
became a parasite of introduced A. mellifera in
the Phillipines.

Tropilglaps mercedesae is a parasite of
the native Apis dorsata in mainland Asia and
Indonesia (except Sulawesi Island) and Apis
laboricsain Himalayan countries (OIE, 2014b).
Tropilaelaps mercedesae has become a parasite of
introduced A. mellifera in those territories.

Tropilaelapskoenigerumis found on A. dorsata
and A. laboriosa. The newly described species
Tropileelaps thaii has been found on A. laboriosa
in mountainous Himalayan regions (Anderson
and Morgan, 2007; OIE, 2014b).

Thehome ranges ofthese species are Asia and
India, from western Iran to eastern Korea and
from northern Chinato southern Indonesia and
New Guinea.

Figure 5.16 Tropilaelaps (x25). (Photo courtesy
of © Anses Sophia-Antipolis.)

Currently, T. clareae and T. mercedesage are
the two species reported to be able to infest
A. mellifera.

3.3 Causative agents

Tropilaelaps is an oval-shaped Acari, with a light
reddish-brown body. Tropilaelaps clareae size is
about 1mm x 0.5 mm. Tropilaelaps mercedesae
is larger than T. clareae (Anses-FERA-FLJ, 2013;
FERA, 2013b) (Figure 5.16). Those two species
are very similar and for long were considered j
single species.

The mite is dorsoventrally flattened and is
covered with bristles. Females are larger than
males and their bodies are more sclerotized
They present a longitudinal ventral sclerotized
furrow (Figure 5.16). Immature forms (eggs,
larvae, protonymph, and deutonymph) develop
within the brood cells.

In this chapter, the use ofthe word Tropilaelaps
concerns only the two species infesting
A. mellifera: T clareae and T. mercedesae.

3.3.1 The adult female

The colonizing females
reproduce

(mother founders)
in the sealed brood and feed on
immature forms. They are not able to piercr
the integument of adult honeybees and feed



(oncombs, 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 with
line and short bristles (also called setae). In the
|Histerior region of the scutum, the setae arc
longer and thicker. The ventral part is composed
ol several scuta (sternal, gcnito-venlal, anal,
meta-stemal. and meta-podal), and two stigma
ixtended bv a perithreme (Delfinado and Baker,
1«M).

There arc four pairs of legs attached on the
‘cntra! shields. The first pair is drawn forward
like antennae and is supposed to have a sensory
iole The three pairs of hind legs are stocky and
4nt backwards; they participate in locomotion
and attachment to bees. The legs are covered
with bnstles On the extremity of the legs are
tins daws (Pierson, 2014).

Thegnathosomaisalmostentirely hidden by a
dorsal extension ofthe body (bordered labrum).
li carries the mouthparts: a pair of relatively
ebon chelicerae with a not very powerful clip at
ibetr extremity, a pair of lateral pedipalps which
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
lhe gnathosoma (Pierson, 2014).

J 3.2 The adult male

The male Tropilaelaps is smaller and less
H 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 filament.
The male uses the mobile parts of the chelicerae
lo introduce spermatozoa into the female
genital tract (podospermy) (Rath et al., 1991).
The male gonopore is situated in the rear of the
gnathosoma.

The life cycle is quite similar to that of Verroe;
phoretic phase and a reproductive phase within
the honeybee capped brood. The life cycle of
Tropilaelaps is shorter than that of Varroa and
its fertility is higher (FERA, 2013b).

The mother founder Tropilaelaps female
enters the brood cell just before capping and
lays 1-4 eggs (typically 3-4) within the cell
Mae reproductive phase occurs in both worker
and drone brood, butdrone brood is reported to
have a higher attractiveness (though less marked
than with Varroa) for mother founders (Burgett
ef ai, 1983; OIE, 2014a).

The laid eggs will develop into one male and
several females. After 12 hours, the eggs hatch
into the larval stage that then develops into
nymphs. Protonymph, deutonymph, and adults
feed on the honeybee immature form. According
to Kumar ef al. (1993), the most parasitized stage
of the host is the bright-red-eyed pupa stage,
with larvae, protonymphs, deutonymps, and
adults of T. clareae found in the cell.

The mating phase of the daughter mites
occurs within the capped cell (Pierson, 2014).
Mating has been observed in open cells after
adult bee emergence or even outside brood cells
(Wei, 1992; Woyke, 1994).

The reproductive cycle lasts about one week
and is very short compared to that of \Vara
(OIE, 2014a). Offspring (both female and nale
mites) and the original mother mite exit fromthe
cell. This is different to the Varroa reproductive
cycle in which only mated daughters and the
founder emerge with the bee while the male dies
(FERA, 2013b).

During the phoretic phase, Tropilaelaps mites
attach to adult honeybees but are unable to feed
on them. Thus, their lifespan outside the brood
cell is very short. Because of their inability to
feed on adult bees, after two days outside, mated
females may die ifthey do not enter a.new brood
cell (Woyke, 1987). The phoretic phase is the
means by which Tropilaelaps spread within the
colony or between colonies (via the drifting,
robbing, and swarming behaviour of adult
honeybees).
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phase has (wo main consequences (PURA,
2013b; OIE, 2014b);

« 'lhc population of TYapiladaps increases al a
greater rate than that of Varroa.

, TYoplMiips Is not adapted to brood-less
periods, e.g, overwintering periods. 'lllls
feature may be used to control Thspiladaps
Infestation.

14 Spreading and transmission

Natural spread occurs by drilling, robbing, and
swarming (FERA, 2013b). In its phorctic phase,
the mite can move quickly within the colony and
honeybees spread the mites rapidly.

Interms of beekeeping activity, inappropriate
management of combs and material, as well as
migratory beekeeping, favour the spread of
Tropilelas between colonics within an apiary
and between apiaries. They also favour the
spread of Tropilaelaps to non-infested areas.

Apiculture has become a global activity with
trade and exchange of material, package bees,
artificial swarms, nuclei, and queens. Tropilaelaps
must be considered a major potential threat for
non-infested regions.

35 Clinical signs of Tropilaelaps
infestation; tropitaeiosis

Tropileelaps can cause the death up to 50%
of honeybee larvae and consequently severe
damage to heavily infested colonies. The clinical
signs of tropilaelosis and varroosis are very
similar.

The damage that occurs is mainly the

consequence of features of the mite’s life cycle;

« The life cycle occurs in the brood cell,

« Itisvery short, with adult Tropilaelaps unable
lo feed on adult bees and unable to survive
more than two days.

« It leads to a large increase in Tropilaelaps
population.

Atthe colony level, rapid weakening and collapse
may occur. Some infested colonies swarm or
abscond the hive as a natural means to control

me miestntion, favouring the spreading of tb>
mile. At the entrance of the hive, some bees may
he found crawling, unable to fly.

The brood appears Irregular and poor, du>

to the death of the larvae. Some capped cell*

arc punctured by cleaner workers trying u
expel infested and dead larvae, pupae, am!
Images. Cadavers of immature honeybees may
be observed protruding from the cells (FERA
2013b; OIE. 2014a).

Surviving adult bees emerging from Infested
larvae have a shorter lifespan.

The clinical signs on adult bees are:

¢« Lower body weight.
¢« Deformed abdomen.
¢ Deformed and shrunken legs and wings.

Like Varroa, Tropilaelaps is strongly suspects
to be a vector of DWV. Indeed, DWYV has bco
described associated with T. mercedesae infestinj
A. mellifera (Dainat et al., 2009; Forsgren et al
2009; Sammataro, 2012).

3.6 Varroa and Tropilaelaps
co-infestation

Co-infestation of both Varroa and Tropilaelapi
is possible because they have the same host and
the same ecological niche. In this situation, th«
mites fall into direct competition (Burgett et al
1983; Pierson, 2014).

During co-infestation of a brood ceil by |
destructor and T. clareae, only female T. danan
seems lo be able generate viable otfsprini
(Burgett et al., 1983). Another observation
reports that when both mites are in the satm
cell, the reproduction of both mites decline
(Ritter and Schneider-Ritter, 1988; OIE, 2014..
At the colony level. In the event ofco-infestation
the increase in the population of Tropilaelaps It
higher than that of Varroa (Burgett et al., 19811

3.7 Diagnosis

In Infested countries, the detection and iht
monitoring of the Tropilaelaps are imports»
to control the infestation, as must be done I«
Varroa.



In non-infested countries, importation of
luckceping material and bee* must be highly
ugulated. In the case of introduction, detection
nt Tropilaelaps is crucial as soon as possible
]J.maidenng the risks for colonics: this will
lijil authorities to take sanitary measures to
ify to limit the spread of the mite and to try to
indicate it.

Diagnosis can be done by the same methods
n»rd for Varroa (OIE, 2014a):

Bycollection of mites from honeybee samples.

« By examination of colony and brood: like
Varroa, Tropilaelaps can be observed on adult
bees. However, identification in the capped
brood (in particular in drone capped brood)
is the best and easiest means for diagnosis.
By placing a mesh floor upon a sticky board
in the hive.

i’istinguishing between both mites is quite easy:

« Varroamites are larger, oval- and crab-shaped,
and move slowly.
Tropilaelaps mites are smaller, elongated, and
arc fast running.

‘illcrential diagnosis must also consider the
J» Hraula coeca (larger, rounder in shape with
niily three pairs oflegs) and the mite Melittiphis
oI’tartus (a scavenger of pollen in the hive)
LIbbins and van Toor, 1990; FERA, 2013b)

i 2 Control of Tropilaelaps infestation

liniment with sustained-released acaricides
nan fluvalinate, flumethrin, amitraze) or with
w«efully timed applications of formic acid,
enlfur, and coumaphos is used in Asia to control
tropilaelaps infestation (Wilde et al., 2000; OIE,
#Ma).

Biotechnological methods arc also used
i" Kintrol Tropilaelaps infestation. They are
,nibably more efficient than for the control of
\,utoa infestation in particular because of the
inability of Tropilaelaps to feed on adult bees and
mw live outside the cells longer than two days.

Biotechnological methods are based on
biological features of the mite:

¢ The attraction of the mite to the brood.

¢« The inability to feed on adult bees.

¢« The short lifespan of mites outside the brood
during the trophalactic stage (2 days).

Thus, husbandry methods leading to brood-less
periods prevent Tropilaelaps from finding a host
to support reproduction and survival (Woyie,
1984; Tangkanasing et al., 1988; Wilde et at,
2000). Such methods involve

¢« Removing all the brood combs from infested
colonies.

¢ Removing the whole capped brood after
caging the queen for 9 days (all the brood
will be capped at this moment).

¢« Caging the queen for at least 21 days causes
the brood surface to progressively decrease.
The queen isreleased when all the brood-cells
are empty and cleared (Woyke, 1984).

Because the mite is not able to survive a Long
brood-less period, Tropilaelaps infestation is
probably ‘relatively straightforward’ to control

using beekeeping methods (FERA, 2013b).

3.9 Preventing non-infested countries
against Tropilaelaps mites

Global apiculture, svith package bees, nuclei,
artificial swarms on frames, and trade in
queens and material (leading to exchange and
movement of honeybees around the world)
leads to a real and major risk of introducing
Tropilaelaps in virgin territories. The mites have
not yet been found the EU. ‘Tropilaelaps mites
are statutory notifiable pests in the European
Union. There is a legal requirement for any
findings to be notified to regulatory bodies
under EU legislation (Anses-FERA-FLI, 2013).

The UK has developed a National Bee Unitto
monitor apiaries for exotic threats, in particular
concerning Tropilaelaps mites and the small
hive beetle Aethina tumida (FERA, 2013b). This
surveillance is performed by inspecting sentinel

apiaries for 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’ (Cldment,
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. 1t is mainly considered as harmless to
colonies. Tlte bee louse is sometimes 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 of 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 of France, Braula
isobserved in many colonies.

4.1 The fly Braula coeca

The Braula coeca adult is about 1.5 mm 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 M 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 ai, 1971).

Adults are found on the bodies of all three
castes, with a preference for the queen (probably
because of the frequency of feeding periods and
because of the quality of the royal jelly). Up to
180adult bee lice have been observed on a single
queen (University of Florida, 2010). In order to
feed, Braula moves near the mouth apparatus
of the bee and steals the food provided by the
nurse bees during trophallaxis (Clement, 1905;
Somerville, 2007).

The female lays eggs in many 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
al., 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 mm 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—.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 impact of Braula 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
\anoa 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 treatment
n not advisable because it is toxic to bees (and
humans) and might contaminate the honey.
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wvrral (ungi generally regarded as beneficial,
or opportunistic are
»jnd in bee colonies and their
jilticular in the beebread (Foley et al., 2012;
todtr et al., 2013). However, some fungi are or
«v become pathogenic for Apis mellifera and
h>ikf able to damage colonies: these are fungi
«longing to the division Ascomycota, namely
wosphaera apis and Aspergillus spp. which
m potentially pathogenic for the brood; and
the division Microsporidia, namely Nosema
m and Nosema ceranae, which are potentially

«imensal, symbiotic,

nests, in

*hogenic for adult bees.
lhischapter describes the fungal and amoebal
; fiscs affecting honeybee colonies:

Inngal brood diseases (caused by A. apis and
4Yergillus spp.).

dicrosporidial ~ adult
“oporidia belong to the kingdom Fungi),
dicrosporidial bee diseases caused by N. apis
md N. ceranae.

caused

diseases (Micro-

muebiasis by Malpighamoeba

millificae.

Chalkbrood disease: Ascosphaera
<ol

'«lkbrood disease, also called brood mycosis,
soinvasive disease ofthe capped brood caused
the fungus A. apis (Spiltoir, 1955; Puerta etal.,
*V), Thedisease affects and is fatal to imm ature
'ni, Chalkbrood disease rarely causes collapse
' the colony, but may weaken colonies by
'‘being the bee population and consequently

* affect honey production (reductions of
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5-37% have been reported) (Aronstein and
Murray, 2010) and pollination activity.

Although chalkbrood disease is generally
a minor problem for some beekeepers (e.g.
hobby beekeepers), it is an economic issue for
professional beekeepers.

The disease has been known the
beginning of the 1900s but was initially only
distributed in Europe; however, in the mid-1960s
it was also detected in the US (Aronstein and
Murray, 2010). By the beginning of the 1970s,
chalkbrood disease was reported to be having an
economic impact in the US (Puerta et al., 1997;
Hitchcock and Christensen, 1972). Ascosphaera
apis is now spread worldwide as a consequence
of honeybee trade and global apiculture.

since

1.1 Regulatory status

Chalkbrood disease is not a notifiable disease
to the OIE. However, it is a notifiable disease
in Denmark, Norway, Portugal, and Romania
(Appendix 2).

1.2 The fungus Ascosphaera apis

belonging to

Eurotio-

Ascosphaera apis is a fungus
the phylum Ascomycota, the class
mycetidae, the order Onygenales, and the family
Ascosphaeraceae (Skou, 1972, 1988; Lumbsch
and Huhndorf, 2007; Aronstein and Murray,
2010).

This fungus was first described and named
Pericystis apis by Maassen (1913). In 1955, its
life cycle was described (Spiltoir, 1955) and the
fungus was renamed A. apis (Spiltoir and Olive,
1955). The species of the genus Ascosphaera are
insect pathogens (GB1F, 2014).



fungus with two morphologically identical
and compatible haploid partners allowing for
sexual reproduction. These partners can only be
distinguished by their mating type (MAT) locus
(Aronstein and Murray, 2010). On experimental
culture, A. apis grows as a dense and white
mycelium containing hyphae.

The reproductive process results in the
formation of ascomata containing spherical-
shaped asci in which ascospores are formed
(Figure 6.1). The rupture of the ascoma allows
the release of 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 thick wall
and a spore membrane providing protection
against extreme environmental
(Aronstein and Cabanillas, 2010).

The germination of the ascospores depends
on several specific factors found in the larval gut,
in particular temperature, pH, and anaerobic
conditions. The development and growth of
A. apis depends on the larval food (Aronstein
and Murray, 2010).

Ascospores are the resistant and transmissible
form of the fungus. They may remain viable
for 15 years in mummified bees, 4 years in the
environment, and for extended periods in honey
and wax.

conditions

1.3 Spread, transmission, and
contributing factors

The main routes of dissemination 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. Migratory beekeeping
and trade as well as beekeeping practices
(material exchange, etc.) are important means
of dissemination between apiaries.

It is often considered that colonies are mainly
asymptomatic in the presence of low levels of
spores in the honey and pollen stored in the
combs (Puerta et al, 1999; Aronstein and
Cabanillas, 2012).

Figure 6.1 Ascosphaera apis: Ascoma
containing asci in which spores are formed.
(Photo courtesy © Monique L’Hostis, 00iris
Veterinary School, Nantes.)

The occurrence of contributing factors n
necessary for the development of A. apis and
the occurrence of chalkbrood disease.

The predisposing factors are various stresson
of the colony (Puerta et al., 1997; Flores efal
2005; Vidal-Naquet, 2011,12):

¢ Cold and dampness.

e Drop in brood temperature.

e Stress factors weakening colonies, e.g. vira
diseases, Varroainfestation, foulbrood diseasr

* Protein deficit.

« Beekeeping practices (e.g. using artificul

swarms with a decreased worker/brood ratio

poor handling of materials).

¢ Honeybee strain susceptibility.

¢ Honeybees that exhibit poor hygiens
behaviour.

1.4 Pathogenesis

Larvae are contaminated by ingestion d

ascospores contained in the brood-food secreted
by the food-producing glands of nurse worker!
A. apis can infect the larvae of the three caslci
(workers,

drones,

queens). Larvae are more

susceptible to being infected when they art
young: 1-2 or 3-4 days old according to source!

(Aronstein and Murray, 2010).



Figure 6.2 Brood affected by mycosis. The
brood may appear mottled, with mummies
present in the capped cells. Note the presence
of whitt mummies in the uncapped cells here
(the cappings have been removed by cleaner
workers). (Photo courtesy of Lydia Vilagines,
DwW)

Spores germinate in the gut lumen of
the infected larva. After crossing through
the peritrophic membrane and the digestive
epithelium of the midgut, the mycelium grows
and invades all larval tissues (Gochnauer and
Margetts, 1979; Alonso et al, 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*—20" ascospores (Nelson
and Gochnauer, 1982; Hornitzky, 2001).
According to Aronstein and Murray (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).

1S Clinical eigne

Chalkbrood disease is exclusively a disease of
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Figure 6.3 Mummy in an uncapped ceii
(the capping has been removed by dearer
workers). (Photo courtesy of Lydia Vilagirea,
DVM.)

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 6.5 A cleaner bee removing a black

mummy from the hive. (Photo courtesy of

Lydia Vilagines, DVM.)

¢ The brood cells appear often punctured
and mottled (a consequence of the labour
of cleaner workers removing dead larvae)
(Figure 6.2).

¢ In the cells, the presence of dead larvae
covered by a fluffy white mould can be
observed (hence the name of the disease).
When the cadavers dry, they become white
then black mummies (Figures 6.3 and 6.4).

¢ Mummies are observed inside brood cells or
on the floor and in front ofthe hive after they
have been removed from the cells by cleaner
workers (Figure 6.5).

1.6 Diagnosis

The diagnosis of chalkbrood is mainly the
consequence of a clinical examination and the
observation of the following signs (Aronstein
and Murray, 2010):

¢ Fluffy white mould in brood cells.

« White, grey, and/or black mummies at the
entrance, on the floor ofthe hive, or in capped
and uncapped brood cells.

Differential diagnosis is made in comparison
with other brood diseases (sachrood disease,
European and American foulbrood diseases), in
particular when there are no mummies in the
hive.
Usually,

the diagnosis is quite easy and

IITUWCV4, uu. wiagiiUMa must be Dltllil.
with analysis of the predisposing fad,»,
chalkbrood disease.

A positive diagnosis
the microscopic

may be givn, ,
observation of atcotaa,
Microscopic examination of ascomata rr<|U..
30-40x magnification, and visualization <*, ,
improved by staining with lactophenol o»,
blue stain (LCBS) (Puerta et al., 1997; Aronw,
and Murray, 2010).

Direct microscopic examination of ncmuy
in black mummies confirms chalkbrood dlto.
If only white mumm ies are present, culilv»u
on agar medium is necessary to allow t=,
growth, reproduction, and finally formation
ascomata.

In asymptomatic colonies, it may be vain,
to detect covert infection.

Molecular identification of A. apis mu 1
performed in this laboratory, though thisni.
a routine procedure.

1.7 Chalkbrood control and prevention

The management of chalkbrood diseau
affected colonies mainly involves beekcrp
practices and rearing honeybees that exhri
good hygienic behaviour, taking into aciou,
that spores may be found throughout the In
(beebread, wood,

remain viable for many years.

honey, wax, etc.) and
Ifchalkbrood disease is detected, re-quecnm
with queens thatexhibitgood hygienic behavn»
potential and replacing combs may be sufficin'l
if prophylactic methods are established .i»
predisposing factors corrected. It may b
implement the shock swan*
method to provide the colony with a pathoyo
free hive. Strongly affected colonies should b
eliminated and the material

sterilized.

interesting to

disinfected

There is no known treatment against brbx
mycosis. Some chemicals have been tested *
vitro and in vivo, but none appear to control Ib
disease sufficiently and safely (Aronstein

Murray, 2010). Antifungal drugs must not b
used within colonies.



Certains
Jricriibed  as

natural
having

been
efficacy against
lulkbrood. For example, the essential oil from

compounds have

some

\niureja montana has proven effective against
Julkbrood at 0.01% in microcrystalline sugar
,andy (Colin et aL, 1989).

The management and prophylaxis of chalk-
Uood disease involves the following beekeeping
practices:

Hives must be well ventilated.

¢« Damp, cold, and shadowed apiary sites
should be avoided. Particular attention must
be given to the hive stand which must protect
the hive against dampness from the soil.
Hives must be kept as clean as possible and
combs should be replaced annually in the
case of overt disease (or at least every three
years according to good sanitary beekeeping
practice).

e« Combs should not, as far as possible, be
exchanged between hives, especially in cases
of the disease.

* Avoid any pollen deficiency (Puerta et al.,
1997; Flores et al.,, 2005). Supplementary
feeding may be necessary, in particular in
intensive apiculture.

Honeybees must display good

(Spivak and

hygienic
Reuter, 1998).
Hygienic colonies seem be able to control
chalkbrood disease sufficiently in most cases
(Aronstein and Murray, 2010).

behaviour

Sterilization of combs and beekeeping material
with gamma-irradiation has been described but
this method is not easily accessible in current
apiculture.

2 Stonebrood disease:
Aspergillus spp.

Stonebrood disease is a rare fungal infection
of the brood caused by several fungi belonging
to the genus Aspergillus (Shimanuki and Knox,
2000; Jensen et al., 2013): Aspergillusfumtgatus,
Aspergillusflavus, and Aspergillus niger.

Jywutudilyuu uis€asc

Stonebrood disease is a notifiable disease
in Denmark, Norway, and Romania. It is not a
notifiable disease to the OIE (Appendix 2).

Aspergillus is commonly found in the soil
and in the environment (water, food, compost,
mouldy hay, etc.). When Aspergillus spp. thrive
principally as saprophyte fungi, they can become
pathogenic for humans, mammals, birds, and
insects, in particular in immune-deprived
individuals, causing serious disease. In human
and mammals, aspergillosis may affect the skin,
eyes, and respiratory system from the nasal
cavities to the lungs. The fungi can produce toxic
and carcinogenic aflatoxins (Jensen et al., 2013).
Thus, beekeepers must be aware of this disease
(despite its rarity) both for their own health and
for the protection ofconsumers ofhive products.

Stonebrood disease mainly occurs in
weakened colonies, irrespective of the causes of
this weakening.

Contamination is caused by ingestion of
spores or by penetration through the cuticle of
the larvae. Infected larvae become hardened and
difficult to crush. They may turn yellow-green
(A. flavus), grey-green (A. fumigatus), or black
(A. niger) in colour. Adult bees may also be
infected and die.

Diagnosis of stonebrood disease is not easy
and requires laboratory identification.

Considering the risks to human health,
precautions must be done to manage and control
the disease. Strongly affected colonies should
be eliminated and the material disinfected and
sterilized. All the infected brood combs must
be destroyed and good sanitary beekeeping
measures implemented.

Prophylaxis against the disease requires
strong colonies and good sanitary beekeeping
practices.

3 Nosemosis: Nosema apis and
Nosema ceranae

Nosemosis is a parasitical disease of A. mellifera
adults affecting the three castes of honeybees
(workers, drones,

and queens) caused by



two members of the phylum Microsporidia
(kingdom Fungi):

« No$ema apis Zander (Zander, 1909; COLOSS
Workshop, 2009; Higes et at, 2010)

» Nosema ceranae (Fries et al, 1996; Higes et
at., 2006; COLOSS Workshop, 2009).

Like all Microsporidiae, both N. apis and
N.ceramieare obligate intracellularspore-forming
parasites affecting exclusively the epithelial cells
of the adult midgut (ventriculus). However, they
cause two different diseases: Type-A nosemosis
caused by N. apis, and Type-C nosemosis caused
by N. ceranae, which each have their own and
‘distinct epidemiological, clinical and patholog-
ical characteristics' (COLOSS Workshop, 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 other parts of Europe as well as
in South and North 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 of the Asian honeybee,
Apis cerana (Fries et al., 1996). One hypothesis
is that N. ceranae is currently replacing N. apis
in certain populations of A. mellifera (Higes et
al., 2006; Chen and Huang, 2010; Fries, 2010).

In addition to N. ceranae shifting from Apis
ceranato 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 predominant
in Asian honeybees (Chen and Huang, 2010).
Global apiculture with trade and exchange, as
well as migratory apiculture, may explain the
worldwide spread of these Microsporidiae.

The pathogenicity of N. apis and N. ceranae
infections is the subject of debate. Both Nosema
species are often considered opportunistic
pathogens, as are most Microsporidia (Weiss
and Becnel, 2014). Although Type-A nosemosis
is acknowledged to occur in certain conditions
and with predisposing factors, Type-C nosemosis
pathogenicity isasubject ofdiscussion 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 of the above-mentioned predisposing
factors are present (hence, this fungus can be
defined as an opportunistic pathogenic agent).

3.1 Regulatory status

Type-A and Type-C nosemosis are notifiable
diseases in many European countries. Type-A
and Type-C nosemosis are not notifiable diseases
to the OIE (2014b) (Appendix 2).

3.2 The microsporidians Nosema apis
and Nosema 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 of N. apis are about 5-7 pm i«
length x 3-4 pm in width.

¢ The spores of N. ceranae are slightly smaller
4-4.8 pm in length x 2.1-2.9 pm in width.

The internal structures of the spores of tIx
two species are similar (Figure 6.7) (Chen and
Huang, 2010; Dussaubat-Arriagada, 2012):



Figure 6.6 Spore of Nosema spp.: microscopy
(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 of the spore.
The posterior vacuole.

Differentiation between the spores of both
species is difficult by microscopic identification
and requires PCR analysis.

The spores of N. apis remain viable more

than 1year in faeces, 4 months in honey and
wax, and up to 4.5 years in infected bee cadavers
(OIE, 2014a). The spores of N. ceranae seem to
be more resistant to desiccation and heat but
very sensitive to freezing; however, the lifespan
ofthe 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.

322 The life cycle
After ingestion by adult bees, the spores of both
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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 midgut (ventriculus) of
adult bees. The polar tube is everted and allows
penetration through the cell membrane of the
sporoplasm containing the genetic material into
the bee epithelial cellularcytoplasm (Wittner and
Weiss, 1999). There, the sporoplasm reproduces
as numerous spores after the merogony 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). Itis reported
that 30-50 million spores may fill the digestive
tract. Those spores contaminate 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 of numerous mature spores takes
3 days in the case of N. apis and 4 days in the
case of N. ceranae (Forsgren and Fries, 2010).

3.3 TYpe-A nosemosis

T\pe-A nosemosis isconsidered an opportunistic
disease. It appears to be quite benign in the



Figure 6.8 Electron microscope image of an
infected ventricular cell filled with different
parasitic stages: meronts, mature spores (MS),
and empty spores (ES) (day 3 post-infection).
(Photo courtesy © Mariano Higes, Centro

Regional Apicola Marchamalo, Castilla-la-
Mancha.)

Figure 6.9 Electron microscope image of
ventricular cells infected with Nosema ceranae.
Merogonial plasmodia with four diplokarya
(arrow). BB, brush border; HT, healthy tissue.
(Photo courtesy © Mariano Higes, Centro

Regional Apicola Marchamalo, Castilla-la-
Mancha.)

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).

. 4 # >

Figure 6.10 Epithelial cells infested by
Nosema spp. (a) Nosema apis, day 15 after
experimental infection (toluidine blue, 400x).
(b) Nosema ceranae, day 15 after experimental

infection (toluidine blue, 400x). (© Heike
Aupperle.)

3.3.1 Epidemiology and transmission

Nosema apis is reported to be more prevalent in
mild or temperate regions (Higes et ai, 2013).In
temperate climates, there is a seasonal pattern of
prevalence (Bailey, 1955; Fries, 2010; Higeselnl.,
2013) characterized as follows;

Low prevalence in summer (the disease is
asymptomatic or hardly detectable).

¢ Small peak in autumn.

Increasing slight prevalence in winter.

Large peak in early spring and affecting
winter bees.



Infection occurs after the ingestion of spores in
the feed or water, via trophallaxis or perhaps
aftergrooming ofthe body hairs (Webster, 1993).
Combs contaminated with spores of N. apis
(which remain viable for more than 1 year in
faecal deposits) are reported to be the primary
source of infection (Bailey, 1955, 1962). Thus,
beekeeping practices and exchange of material
may be responsible for N. apis spores spreading
between colonies.

332 Pathogenesis

Contamination is the consequence of 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 mean ID"has
been experimentally evaluated as 390 for N. apis
(Forsgren and Fries, 2010).

Alteration of the digestive tract

Tre multiplication of N. apis occurs within the
ventriculus epithelium cells (Fries; 1988). This
leads to;

¢ An inflammation of the digestive tract
with diarrhoea or constipation caused by
obstruction by the numerous released spores
(Kilani, 1999).

The digestive function of infected bees
becomes disorganized and nutrient uptake is
impaired.

The epithelial cells degenerate with
vacuoles and glycogen deposits, leading
to lesions in the epithelioma. Ribosomes
aggregate, leading to a reduction in RNA
synthesis that alters the secretion of proteins
and enzymes (Kilani, 1999).

The consequence is a negative effect on fat
bodies, protein metabolism, and protein
levels in the haemolymph. The lesions in the
digestive tract may be an entry point for other
pathogens.

large

Alteration of the hypopharyngeal glands

Atrophy of hypopharyngeal glands in workers
b observed in N. apis infection, affecting larval
food production and brood rearing (Wang
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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 of Nosema apis on the immune
response

The immune 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 of Nosema apis on queen physiology

Type-A nosemosis alters the development of
the queens ovaries, leading to infertility and
re-queening by supersedure (Fyg, 1964; Liu,
1992; Kilani, 1999).

Reduction of 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 Contributing 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 outbreaks of Type-A nosemosis seem

frequent. Nosema apis infection is favoured by
some well-known predisposing factors. The
factors known to affect outbreaks and severity

of Type-A nosemosis are:

« Weather conditions: a long and rainy winter
inducing hive confinement increases N. apis
contamination ofthe colony (Kilani, 1999).

« A long rainy period and confinement favour
TYpe-A nosemosis.

e Climate: N. apisinfections are more prevalent
in temperate regions.

« Age of the bees: overwintering bees are
reported to be more susceptible to N. apis.

* Inherited features: Causasian and Italian bees
are reported to be more susceptible to N. apis
(Kilani, 1999).

« Beekeeping practices:

- Wintering with forest honey (containing
melezitose) as a food source. Melezitose
can crystallize, causing midgut epithelial
lesions potentially favouring development
of N. apis.

- Inadequate feeding with syrup
may be the cause of diarrhoea and soiled
combs when bees are confined.

- Protein starvation, in particular before the

runny

overwintering period.
- Inadequate preparation ofthe winter bees.
- Inadequate management of beekeeping

material (combs, supers, etc.).

3.3.4 Clinical signs of Type-A nosemosis

An outbreak of Type-A nosemosis exhibits the
following colony-level symptoms:

¢ Weakening and mortality of colonies in
winter or early spring.

¢« Reduced colony productivity.

e Occurrence of associated infections such as
amoebiosis ofthe Malpighian tubules (Kilani,
1999) and viral infections. Thus, oral black
queen cell virus (BQCV) infection is reported

to depend strongly on co-infection with

N. apis. Bee virus Y and filamentous virus are

also considered to be dependent on N. apis.

—- —.— uic roUowing ¢
signs are observed (Kilani, 1999, Vidal-N
2011):

+ Workers affected by dysentery: one ol »
main clinicals sign in the hive is the prci,®
of pale to brown excreta covering the
but also the front and the bottom of the hi*

« Workers may also be affected by constip.ui,,
and present distended abdomens due
accumulation of spores within the rectum

¢ Crawling bees unable to fly can be obstrv*
at the front of the hive.

¢ The queen may be infected in winter and b,
fertility can be altered, to the point of sterilit)
In this case, the colony may not be able k
replace the queen and the colony can collim

¢ In spring, the infected queen is replaced
supersedure, if she is still capable of lam]
diploid eggs (Kilani, 1999).

e The first brood ofthe season may be afield
by the decreased number of winter but
in charge of brood nursing at the end ¥

overwintering period.

3.3.5 Clinical and differential diagnosis of
Type-A nosemosis

Theclinical pattern ofovert Type-A nosemowi
notspecific to the disease and only a presumpi™
diagnosis can be given.

In temperate regions, at the end ofwinteroi»
spring, the observation ofcolony collapse or*
occurrence of colony weakening with diarrlw>*
and observation of crawling and/or dead be
in the front of the hives may be suggestive *
Type-A nosemosis.

Furthermore, the
must be associated with the evaluation of P
predisposing factors, in particular taking P
account meteorological and climatic factor
beekeeping practices, Varroa destructor con™
management, and nearby agricultural practk'
(in particular, pesticide use on crops).

Differential diagnosis must take into acc°u
bees with K-wtf
sulphur-)*»

suspected  diagn°k

acarapidosis (crawling
amoebiosis (presence of
diarrhoea), viral diseases but also poisoning*¥



any cause of colony weakening (Kilani, 1999;
ME, 2014a).

Inthe field or atthe veterinary clinic, a simple
test may be performed on diseased bees: after
sectioning tlie head, pulling on the rear end
of the abdomen reveals the gut. In the case of
TVpe-Anosemosis, the gut appears milky-white
coloured and translucent. Bees non-infected
with N. apis present a yellow to reddish coloured
(pollen-coloured) gut.

Positive diagnosis will be confirmed by a
laboratory test. both

is described

Laboratory testing for
T\pe-A and Type-C nosemosis
bdow in section 3.5.

34Type-C nosemosis

Tvpe-C nosemosis can be considered as an
emerging disease. Much research has been, and
continues to be, performed to understand the
pathogenicity of this disease. The presence of
K ceranee may be asym ptomatic in colonies and
may not lead to adverse effects (Fernandez et al.,
2012, Traver et al., 2012; Fries, 2014). Type-C
nosemosis is mainly reported, in particular in
Spain, to induce colony weakening and even
collapse. Type-C nosemosis remains a widely
debated disease and a subject of controversy
between researchers in particular concerning
the pathogenicity of N. ceranae.

34.1 Epidemiology and transmission

The seasonality pattern of N. ceranae infection
is different from that of N. apis. In hot regions,
there is no seasonal pattern for N. ceranae
which can be detected throughout the year
(Martin-Hernandez et al., 2007, 2012; Traver
and Fell, 2011; Higes €t al., 2013). In tropical
and subtropical climates, the spore load of
N ceranee is negatively correlated with the
average temperature (Dussaubal-Arriagada,
2012). In temperate climates, the peak of
N ceranee infection occurs between spring and
earlysummer and sometimes in autumn (Oliver,
2011). In Germany, N. ceranae is reported to
present two peaks of infection, in spring and
autumn (Gisder et al., 2010). The infection
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occurs after the ingestion of spores of N. ceranae
with food or water (Chen and Huang, 2010).

The main spreading routes of N. ceranae seem
to be different from those of N. Apis. Indeed,
no dysentery is reported and consequently no
soiled combs observed. Global apiculture, with
its trade and exchange of package bees and
queens, is supposed to be responsible of the
worldwide spread of N. ceranae.

Mixed infection with both Nosema spp. is
commonly observed (Paxton et al., 2007; Chen
et al., 2009; Forsgren and Fries, 2010).

3.4.2 Pathogenesis: consequences of Nosema
ceranae infection on the physiology of the
honeybee

Contamination is the consequence of the
ingestion of spores. The infectious dose is slightly
lower for N. ceranae than for N. apis (Fries,
2010). The mean IDWhas been experimentally
evaluated at 85 spores for N. ceranae (Forsgren
and Fries, 2010).

Atthe physiological level, N ceranaeinfection
induces pheromonal, hormonal, metabolic,

energetic, and immune effects in bees:

« Pheromone. Infected bees are reported to

present higher levels of ethyl oleate (EQ) than
healthy ones. EO is the primer pheromone’
found in foraging workers. EO regulates the
behavioural maturation of bees, delaying
their transition to foraging. In infected bees,
the level of EO is close to that usually found
in foragers (Dubaussat et al., 2013). An
increased level of EO isreported to be linked
to the level of N. ceranae infection. Alteration
of QMP levels in queens has been described
in N ceranae Infection (Alaux et al., 2011).

« Vitellogenin. Experimentally, infected bees
presentamodificationofthe normal evolution
pattern of vitellogenin (Vg) transcript. Vg in
uninfected bees usually presents a peak in
8-day-old workers (nurse bee age) and then
decreases progressively up to the age of 16
days. In infected bees, Vg transcript has been
shown experimentally to present an opposite
pattern with a lower level in nurse-aged bees,



cral, COLW .
Juvenile hormone. In the haemolymph of
8-day-old infected bees (nurse age), a spike
of juvenile hormone (JH) has been reported
which is not observed in uninfected bees of
the same age (Goblirsch et al., 2013).
Energetic stress. Infected bees are subjected
to energetic stress, which induces unusual
hunger and an increase of food consumption
aswellasa decrease in trophallactic exchanges
(Mayack and Naug, 2009). Die energy needs
of infected bees are confirmed by studies
showing a significant increase in enzymes
involved in carbohydrate catabolism and
energy transfer.

Oxidative stress. Infected bees are subject
to oxidative stress. This is highlighted by
the abundant level of antioxidant proteins
in the midgut of N. ceranae-infected bees.
However, according to Vidau et al. (2014),
the antioxidant system of bees is not able to
protect the epithelial cells of the gut, leading
to their degeneration and lysis as described
in N. ceranae-infected bees (Higes et al.,
2007). Furthermore, vitellogenin is reported
to protect bees from oxidative stress. The
decreased level of vitellogenin probably has
a negative effect on antioxidant protection
(Goblirsch et al., 2013).

Vitellogenin, oxidative stress, and QMP
in queens. Alterations in the levels of
vitellogenin (which affects fertility and

longevity), total antioxidant ability, and QMP
have been described (Alaux et al., 2011).
This may explain the effect on queen health
and re-queening by supersedure following
changes in pheromonal production.

Immunity. Unlike N. apisinfection, N. ceranae
infection is reported to impair and even
suppress the immune response by reducing
the expression of some genes involved in
immunity. Experimentally, the expression
of antibacterial peptides was not modified 4
days after N. ceranae infection and invasion
in the ventricular epithelium (Higes et al.,
2007; Antunez et al., 2009). Furthermore,
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and glucose dehydrogenase
experimentally (Antunez et al., 2009).

« Hypopharyngeal secretion. Infected Ik
present an atrophy of the hypopharyng.,
glands. According to Vidau et al. (20If
the level of some proteins (major rot.
jelly protein (MRJP) 1, 2, and 3, and alplu
glucosidase Ill) involved in energy supj.ii
but also in the production of brood (bl
by the hypopharyngeal glands is decreau
in the midgut of infected bees. These feu
proteins play a major role, and their deem.,
is probably related to the negative effects <
N. ceranae infection on the hypopharyngf»
glands and trophallactic exchange (Vidaun
al, 2014).

¢ Lifespan o fworker bees. Thelifespanofinfectri
worker bees is decreased. Experiment*
findings show that worker bees infected hi
N. ceranae live 9 days less than uninfected
bees (Goblirsch et al., 2013).

3.4.3 Pathogenesis: consequences of Nosema
ceranae on the honeybee colony

At the colony level, considering the adult bee
population,cappedbrood, and honey production
as indicators of colony health (Meikle etd
2008), a recent study (Botias et al., 2013) ha
shown that N. ceranae infection may impair:

e The size of the adult honeybee population in
a colony.

« Brood production (evaluated by the uncapped
and capped brood).

¢ Honey production.

Strongly infected colonies are characterized
by a small population and a small brood area,
together with significant impairment of brood
rearing as well as forager death (Botias et d,
2013). Severe infections are described as leading
to colony collapse with no bees found in the hive
(Botias et al., 2013).

At the individual level, N ceranae infection is
more prevalent in forager bees than in nest bees

(Higesetal,2008; Martin-Hernandez etal, 2012;



Botias el al., 2013). One of the main individual
features of Type-C nosemosis is the high level
of forager death. Young bees are considered less
likelyto be infected by N. ceranae. Furthermore,
thereturn-flight success after aforaging flight has
been shown to be impaired and compromised
in N. ceranoe-infected foragers (Wolf et al,
2014). One hypothetical explanation is that
energetic stress due to N. ceranae infection is
compromising the return-flight performance
(Wolfel al., 2014; vidau et al., 2014). Another
unconfirmed hypothesis is that N. ceranae can
cause disorientation (Kralj and Fuchs, 2010).

The lack of foragers induced by Type-C
nosemosis is counterbalanced by the plasticity
ofthe honeybee colony. In the colony, plasticity
inthe division of labour allows nest bees, and
in particular nurse bees, to become foragers
prematurely - however, this can lead to
disorganization of the colony and consequently
toareduction in the average lifespan of workers
(Huang and Robinson, 1992). Furthermore,
V ceranee infection has been shown to induce
atrophy of hypopharyngeal glands as well as to
reduce secretion from these glands (Alaux et al,
2010, Vidau et al, 2014).

It seems that the number of worker bees
infected by N. ceranae may be considered as
an important factor to understand Type-C
Nosemosis.

Considering the number of infected bees, it

ispossible to suggest that;

« Ifonly a few workers are infected, the colony
will be able to counterbalance the harmful
effects of N. ceranae by the queen increasing
her laying activity and by the plasticity of
labour replacing lost bees to rear the brood
(Goblirsch et al, 2013).

« If the number of
high or severe, the colony will
disorganized and Type-C nosemosis will
affect bee population, brood production,
and honey production. The consequences
will be weakening or even collapse of the
colony. Because foragers are the main target
of N. ceranae, if many of these are infected,
the nest bee population will be adversely

infected workers is
become

affected with an inbalance between brood
and nurse bees. Hence, brood rearing will
be impaired. The lack of food storage,
impairment of brood-food production, and
probable impairment of the homeostasis of
the nest are reported to affect brood rearing
and consequently may lead to the decline of

the infected colony (Botias et al, 2013).

3.4.4 Contributing factors

beekeeping
resources (flowering,
are favourable for

If environmental conditions,
practices, and food
honeydew, biodiversity)
honeybees, it is believed that colonies are able
to defend themselves against N. ceranae.
However, N. ceranae infection (Type-C
nosemosis) is at this time often described
inducing colony

certain

as pathogenic, potentially
weakening and  collapse
conditions, especially when the temperature is
high (Martin-Hernandez et al, 2009; Botias €t
al, 2013). At this time, the factors described
to affect the occurrence and severity of Type-C

under

nosemosis are:

« Climate conditions. Nosemaceranaeis reported
to be more prevalent in hot climates. The
reproductive ability of N. ceranae increases
with temperature (Martin-Hernandez et al,
2009).

« Age of the bees. Forager bees are reported to
be more susceptible to N. ceranae.

« Genetics. Genetic variants of N. ceranae, as
well as genetic variants of honeybee strains,
are suspected to play arole in the susceptibility
of the bees to the parasite (Dussaubat et al,
2013; Gomez-Moracho et al, 2013; Williams
et al, 2014).

« Food. Lack of food, and in particular lack
of pollen, may be a contributing factor for
Type-C nosemosis (Eischen and Graham,
2008).

+ Pesticides. Recent work has demonstrated

imidacloprid and

increased mortality

interactions between
Nosema, causing an
(Alaux etal, 2009). Another study has report

that increasing prevalence of N. Ceranae in



Figure 6.11 Colony severely affected by Type-C nosemosis. 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 than

are well-nourished ones (Eischen and
Graham, 2008).

Inadequate management of 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 nosemosis

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 becoming foragers
prematurely.

Decrease in the lifespan ofadult honeybees.

Re-queening by Nosema-induced super-
sedure.

At the colony level:

- Decrease in the brood

impairment of brood rearing).

Decrease in the bee population.

area (and

Decrease of in storage and in particular
honey production.

According to Botias et el. (2013), at the colony
level,these three parameters should be considered
as sub-clinical signs of Type-C nosemosis.

W hen the N. ceranae infection is severe orout
of control, some colonies may collapse, leaving
the hive without bees (Figure 6.11) (Higes etat.
2008; Botias et al,, 2013).

Furthermore, N. ceranae, as a stressor that
weakens colonies, may be a predisposing factor
of diseases such as chalkbrood disease and
foulbrood disease (Hedtke et al., 2011; Botias &

el., 2013). Indeed, weakened colonies, imbalance

between brood and nurse bees, and food

deficiency potentially caused by N. ceranae are



contributing factors ofthese fungal and bacterial
dliseases.

It must be remembered that N. ceranae
may remain In colonies as a covert infection
(Fernandez, et at.,, 2012), and if a few bees are
Infected, the colony will be able to compensate
their loss and no clinical signs will be observed
(GobllIrsch et al, 2013). Some studies performed
in Spain, Uruguay, and Germany have shown
that N ceranae infection did not increase colony

losses (Invemizzia et al, 2009; Fries, 2010).

346Clinical and differential diagnosis of
Type-C nosemosis

The clinical pattern of overt Type-C nosemosis
is not specific to the sub-clinical
symptoms are considered to be a decrease
in bee population, and a reduction in brood
and honey production. Thus, considering the
diseases or diverse causes that can result in these

disease;

symptoms, differential diagnosis has to take into
account all possible causes of colony weakening
and collapse. Because foragers are the principal
type of bee affected by Type-C nosemosis and
die in the field due to their impaired homing
ability, clinical examination of individuals for
N ceranee infection is generally impossible.
However, a clinical examination ofthe colony
must be performed very carefully and accurately
inolder to highlight clinical signs to permit a
diagnosis of any diseases that may be present.
In the case of Type-C nosemosis, the
suspected diagnosis must involve the evaluation
of all predisposing factors and in particular
take into account geographic and climatic
factors, beekeeping practices, Varraa destructor
control management, food
supplementation,

resources, feeding
and nearby agricultural
practices (in particular pesticide use on crops).

A positive diagnosis of Type-C nosemosis
requires laboratory testing,
clinical signs observed,

observation of
and an health and
environmental audit of the affected colony,
In particular by studying the
Predisposing factors.

presence of

Nosemosis 165

3.5 Laboratory diagnosis of lype-A
and Type-C nosemosis

3.5.1 Laboratory diagnosis and sampling
choice

The standard laboratory method of diagnosis
is to estimate the number of spores of Nosema
spp. in a sample 0f50-100 bees (Goblirsch etal,
2013; OIE, 2014a).

The quality ofthe sampling is crucial. Samples
must be representative and should be sent to the
laboratory without delay in suitable packaging
(Appendix 3). According to the OIE (2014a),
'for a reliable diagnosis, a number of bees in a
sample should be examined. For example, 60
bees examined in a composite sample will detea
a 5% infection level with 95% probability.”

Selection of the bees to be sampled is an
important consideration. The OIE (2014a)
standardization choice is a ‘sample of older
worker honeybees taken from the hive entrance
or from peripheral frames if weather does
not permit flight conditions'. However, when
opening hives, all the worker bees, irrespective
of their age group and task, tend to be found
mixed together on the frames (Van der Steen
et al., 2012). Thus, selecting older bees for
sampling is difficult. For a better result, sampling
must be done immediately prior to the clinical
examination. When opening the hives, older
bees may be proportionally easier to find on the
honeycomb storage (peripheral frames) or at the
entrance of the hive (Van der Steen et al., 2012).

Another approach to laboratory diagnosis
involves estimating the proportion of infected
bees in a colony. Indeed, in the pathogenesis
of the disease, and in particular in Type-C
nosemosis, the number of 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
same field, Mariano Higes proposes defining
parameters such as the proportion of infected
foragers to nurse bees to evaluate the prognosis
of Type-C nosemosis (Higes et al, 2010).
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Microscopic identification

Microscopic examination allows identification
of Nosema spp. spores. The spores of N. apis
are slightly larger than those of N. ceranae and
distinguishing the species by microscopy is
not easy. The PCR method is the best way to
distinguish the species.

Spore count

Laboratory estimates of infection level involve
counting spores; the results are given as the
number ofspores/bees. Interpretation is difficult
and the spore count has to be performed
meticulously. Indeed, spore count results have
been shown to be poorly correlated to qPCR
results (Traver and Fell, 2011; Traver etal., 2012):
samples were found gPCR N. ceranae positive
despite a lack of detectable spores. Spore count
also depends on the samples and the bees sent.

PCR method

PCR is the
distinguishing

most sensitive method for
N. apis and N. ceranae.
Furthermore, gPCR is more sensitive than using
spore counts and will detect infections 40% more
frequently (Travers et ai, 2012).

Several PCR methods have been described in
the scientific literature. OIE (2014) recommends
multiplex PCR with N. apis, N. ceranae, and
Nosema bombi (Martin-Hernandez et al., 2007;
Higes et al., 2010; Fries et al., 2013).

Interpretation of the results

PCR is the best method to identify the parasite
and to quantitate levels of both N. ceranae
and N. apis (Traver et al., 2012). However,
interpretation of the PCR results is not easy.

The interpretation of the results must take
into account the following elements;

« The standard analytical scale supplied by the
laboratory.

e« The quality of the samples sent to the
laboratory.

¢ The anamnesis (clinical history).

—LKU
efnwwHanun in wuic iiciu and the evaluation of
the predisposing factors (geographical aru,
climate, meteorology, beekeeping practice*,
nearby agricultural practices, etc.).
The*fact that the honeybee is a social insect
and that the colony
super-organism and the bees are individual
organisms (thus, a negative result, ie. no
spores found, does not necessarily indicate

is considered as i

an infection-free colony, and a positive
result does not necessarily mean a positive
diagnosis).

« A positive detection of N.apisand N. ceratw
is not necessarily a positive diagnosis of

Type-A or Type-C nosemosis.

Complementary analysis

Given the fact that endocrine and chemical
markers are modified in nosemosis, the
evaluation of the health status of a colony &
well as the ability of a colony to respond to an
infection such as nosemosis can be evaluated
by testing vitellogenin expression and (H lewl
(Dainat et al., 2012a; Goblirsch et al., 2013).
These factors should prove interesting for an
evaluation of the prognosis for the affected
colony, though it is unfortunately not feasible to
measure these routinely.

Analysis of the chemical residues found in

the hive may also prove interesting.

3.6 Prognosis

The prognosis of covert Type-A and Type-C
nosemosis (asymptomatic

considered as not serious

colonies) can be
if environmental,
food resources, climate features, and beekeeping
practices are favourable. However, colonies that
are asymptomatic and healthy carriers of Nosama
spp. can suffer from outbreaks of nosemosis,
which cause severe damage and offer a poor
prognosis.

The prognosis of overt Type-A and Type-C
nosemosis tends to be severe, with weakening
and even collapse ofinfected colonies likely. Both
types ofnosemosis may be responsible foradrop



inhoney production ana economic losses. It is
necessaryto rememberthat covert infection may
turn into overt infection mainly if predisposing
and contributing factors are present. Thus,
controlling both types of nosemosis by good
beekeeping practices is a necessity.

3.7 Control of Type-A and Type-C
nosemosis

3.7.1 Veterinary medicines

Theantibiotic fumagillin isa veterinary medicine
active against Microsporidia. It is recognized
to be efficient against N. apis and N. ceranae
(Williams et al., 2008; Fries, 2010; Higes et al.,
2010), even though a recent study reported that
N ceranae may evade fumagillin control in
honeybees in certain circumstances (Huang et
d, 2013).

Theuse of fumagillin is not authorized in the
EU, mainly because no maximum residue limit
(MRL) has been defined by European health
authorities. In some other countries, e.g. the US
and Canada, fumagillin is authorized to prevent
and control N. apis infection. Treatment in
autumn and in spring is officially advised. This
may be related to a study performed in Spain
showing that the control of Nosema infection in
autumn and in spring can effectively ameliorate
the negative effects of Type-C nosemosis on the
strength, health, and productivity of colonies.

However, the use of fumagillin in the countries
where it is authorized must be measured and
associated with sanitary beekeeping practices.
Indeed, this antibiotic is only efficient on the
vegetative form of Nosema spp. and not on the
spores. Consequently, a treatment will only
whiten a colony while the spores remain in the
wax, the honey, the pollen, or on the wood for
along time.

Alternative treatments are described ashaving
an effect on Nosema infection, including plant
extracts, algae extracts, thymol (a phenol found
in thyme oil), and (a polyphenol
found in grapefruit and fruits)
(Higes et al., 2010).

resveratrol
some other

Because of the lack of treatments available in
Europe and because of the efficacy of fumagillin
only on vegetative forms, good sanitary
beekeeping practices and prophylaxis are the
best means to control as far as possible both
types of nosemosis.

3.7.2 Beekeeping practices and prophylaxis

Strongly affected colonies should be eliminated
and the material disinfected and sterilized. If
an affected colony is strong enough to survive,
implementation of the shock swarm method
(shaking bee method) is recommended.

In Europe, control of nosemosis currently
involves good sanitary beekeeping practices and
prophylactic methods based on the predisposing
factors of the disease;

« Honeybees: local black honeybees adapted to
their local environment 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 must act to prevent nutritional
deficiency. In the event of blossoming failure,
protein deficiency due to pollen starvation,
lack of biodiversity, or uncontrolled Varroa
infestation, pollen or protein supplementation
is urgently required.

¢ Precautions must be taken while feeding,
in particular in winter and spring: feeding
bees must not pose any risks to the digestive
tract. For example, runny syrup may cause
diarrhoea and should be used with caution.

« Apiary management must follow good
sanitary beekeeping practices and suitable
actions must be taken urgently if nosemosis
is diagnosed in an apiary:

- Replacement of combs as frequently as
necessary.
- Disinfection of the material to eliminate
spores:
» With a blowlamp for supers and hive
bodies.
» With acetic add vapour for supers. The
supers are stacked up to form achimney



and a cup 0f 80% acetic acid (i nu y*.

litre of volume to disinfect) is placed

at the base for 48 hours. The supers

should then be aired well for 8 days

before use (KiJani, 1999). Appropriate

precautions must be taken by the users.

» In the case of N. ccranae infection,

freezing the material may be used to

kill the spores. The effect of freezing

greatly reduces N. centime spore
viability (Fries. 2010).

» Honey may be heated to 60°C and wax

to 100°C for 30 minutes to eliminate

N. apis spores (Kilani, 1999).

Nosemosis is not an easy disease to diagnose
and TVpe-C nosemosis is quite difficult to assess.
Interpretation and analysis ofthe laboratory tests
can be difficult. The biology of the honeybee,
environmental factors, food resources, Varroa
control management, beekeeping practices, and
crop management in the surrounding area must
be taken into account for a positive diagnosis.

4 Amoebiasis of the Malpighian
tubules: Malpighamoeba mellificae

Amoebiasis is a parasitic disease ofadulthoney-
bees caused by M. mellificae (Kingdom: Protozoa;
Phylum: Amoebozoa), which develops in the
Malpighian tubules. It is a disease described as
often being found with TYpe-A nosemosis and
perhaps with bee virus X (Bailey, 1968; Tanada
and Kaya, 1993; Olivier and Ribiere, 2006;
AFSSA, 2008). This disease is more prevalent in

Central Europe (AFSSA, 2008).

4.1 Regulatory status

Amoebiosisis not a notifiable disease to the OIE.

4.2 Pathogenic agent and life cycle

Malpighamoeba mellificae is an obligate parasite
of adult honeybees. Infection occurs after
the ingestion of cysts in soiled feed or water.
Malpighamoeba mellificae cysts are spherical
with an average size of 6-7 pm.

trophozoites in the midgut epitheliall cell,
(Liu, 1985). These then reach the Malpighi,,,
tubes and develop into secondary trophozoite,
alter multiplication by scissiparity (asexual
reproduction) (Tanada and Kaya, 1993; AFSSA,
2008). Finally, mature cysts are produced and
ejected with the faeces.

Malpighamoeba mellificae destroys Malpl.
ghian epithelia, inducing malfunction of the
excretory system (Tanada and Kaya, 1993)
Amoebiasis seems to be more severe when asso
ciated with other pathogenic agents in particular

Nosema spp. (AFSSA, 2008).

4.3 Clinical signs

Amoebiasis is generally detected in the early
spring when bees begin to venture outside the
hive (Tanada and Kaya, 1993). Adult bees may
be observed with a distended abdomen, unable
to fly, at the front of the hives (Fluri etal., 1998)
The signs include also pale to sulphur-yellow
diarrhoea and frequent defecation. The oldest
bees are affected most by amoebosis.

In most cases M. mellificae does not cause
obvious disease (Bailey, 1968). However,
according to Fluri etal. (1998), depopulation and
weakening of affected colonies may be observed
Co-infection with N. apis is often described.

Amoebiasis-nosemosis co-infection occurs
in February and March. Affected bees present
diarrhoea and the colony may weaken or even
collapse within 10-20 days. Within the affected
colonies brood, pollen, and honey remain. One
ofthe major features of the co-infection is awide
imbalance between brood and adult population
(Paillot et al., 1943).

requires laboratory analysis

The diagnosis
with microscopic examination ofthe Malpighian
tubules for cysts of M. mellificae (OIE, 2014a).

The dissemination and transmission of
M. mellificae is the consequence of robbing,
drifting, and inadequate sanitary management

of colonies.



There is no treatment known to date. Sanitary

measures and good beekeeping practices
constitute proper prophylactic management
(Tanada and Kaya, 1993). Strongly infected

and weakened colonies should be eliminated,
and the hives and supers disinfected (Paillot el
al.,, 1943). The frames should be destroyed and
burned. If an affected colony is strong enough
to survive, implementation of the shock swarm
method (shaking bcc method) isrecommended.
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Pests and enemies of honeybee colonies

Thehoneybee has numerous enemies that target
the brood and adults, the nest (wax combs,
wood ofthe hives), and the fruits of the colony’
labour (honey, pollen). These predators belong
to diverse animal groups: insects and other
invertebrates, birds, and assorted mammals.

This chapter is devoted to these threats. In
Europe, some have long been known, e.g. the
greaterand lesserwax moths. Others are invasive
species such as the Asian hornet Vespa velutina,
which was introduced into France in 2004
and first described in 2006, and has increased
its distribution area steadily since then, and
the small hive beetle introduced into the US,
Australia, Cuba, and most recently Italy. Global
apiculture and international trade and exchange
of material are responsible for the introduction
ofthese new’ invasive pests and enemies.

1 Galleria mellonella, the greater
wax moth

Gllleria mellonella is an insect of the order
Eepidoptera belonging to the family Pyralidae.
The larvae of G. mellonella are pests that attack
the wax foundations of the combs, causing
seriousdamage (Ben Hamida, 1999). The greater
wex moth is more common than the lesser wax
moth. It is a worldwide pest. According to the
FAQO (2006), the greater wax moth also causes
damage in tropical and sub-tropical Asia.
Galleria mellonella is unable to survive at low
temperatures, and it does not cause damage at
high altitudes (>1200 m) (Paddock, 1926).
Galleria mellonella has long been known.
Aristotle describes a likely pest in The History of
Animals (1X, 40): “The diseases that chiefly attack
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prosperous hives are first of all the clerus. This
consists in a growth of little worms on the floor,
from which, as they develop, a kind of cobweb
grows over the entire hive, and the combs decay’
(trans. DArcy Wentworth Thompson, 1862).

1.1 Regulatory status

Galeria mellonella is not a notifiable pest

1.2 The moth and its life cycle

Adult G. mellonella is a grey moth with reddish-
brown anterior wings bearing mottling spots
and pale cream-whitish hind wings. Galleria
mellonella is 15 mm long with an average
wingspan of 31 mm (Ellis et ai, 2013). The
damage they do is caused by the caterpillars,
which live and develop in galleries they create
in the wax combs (Figure 7.1).

Thecolourofthe larvae changes from creamy-
white to grey as they grow. The first instars are
1-3 mm long, and 12-20 mm long (and 5-7
mm in diameter) when completely grown (Ellis
etal,,2013) (Figure 7.2). The caterpillars possess
two well-developed mandibles, allowing them to
tunnel Into the combs.

The chrysalises develop within an otf-white,
parchment-thick cocoon and are yellow/reddish-
yellow coloured (Williams, 1997).

The life cycle lasts between 4 weeks and 6
months (Ben Hamida, 1999) and occurs as
follows:

Adults live from 3 days to 1 month (Nielsen,
1971). During the evening, the day after
mating with males in trees, the fertilized
females enter the hive and lay eggs on the



Figure 7.1 Caterpillar of Galena mellonella
burrowing a tunnel into the wax comb. (Photo
courtesy of © Christophe Roy, DVM.)

wax. In the morning, the females return to

hide in the trees (Ben Hamida, 1999).
¢ The strongly adhered eggs are oviposited in
dusters of 50-150 eggs in a location where
bees cannot reach them (e.g. in dark cracks
or crevices in combs, the edge of frames,
or around the hives) (British Beekeepers
Association, 2012; Ellis et ai, 2013). If moth
females cannot enter the hive, they may lay
eggs on the ground, and the larvae will reach
the hives by gnawing their way through and
into the hives (Toumanoff, 1939). Females
can lay 300-600 eggs at a time and up to
1,800 during their lifetime (EI Sawaf, 1950;
Ben Hamida, 1999).
Caterpillars grow and tunnel a gallery in the
combs, consolidated this by spinning a silk
thread (Figure 7.3). The webs thus created
protect the caterpillars from worker bees.
Galleria mellonella caterpillars feed on wax
combs, larval skins, honey, pollen, residues,
and impurities found in the cells (Ellis et ai,
2013). Their preference for wax means that
they are most attracted by older dark combs.
In those old combs, where the brood has
been reared, are found moulting remains,
pollen, and honey, and some other remnants
(Shimanukiand Knox, 2000; Ellis et til., 2013).
The caterpillars can resist a food shortage, but

Figure 7.2 Caterpillar of Galeria mellonella.
(Photo courtesy of © Christophe Roy, DVM]

in such cases the G. mellonella adults will be
smaller (Marston et ai, 1975).

« Eighteen days after hatching, caterpillars
begin to spin their cocoon, and the pupal
phase begins.

1.3 Damage caused by the greater
wax moth

The caterpillars of G. mellonella can affect
live colonies and stored combs, often causing

Figure 7.3 Silk-thread spun by a caterpillar of
Galena mellonella in a tunnel. (Photo courtesy
of © Claire Beauvais, DVM.)



considerable damage (viuai-ivaquet, 2011).
Combs stored in the honey house or elsewhere
0 [he premises are at great risk of attack from
these caterpillars.

In colonies, the greater wax moth causes
to Ellis et
nl, 2013). Strong colonies are able to manage
[lie pest and even to eliminate it (Ben Hamida,
1999). The damage mainly affects weakened

colonies.

gaffieriosis (gallieriasis according

The greater wax moth causes a range of
damage:

. Caterpillars burrow tunnels into capped
brood cells and feed on the midrib (the
base of the comb on which the cells are
constructed). The silk threads may trap the
brood in the cells, altering its development
(Figure 7.4). Immature forms may be trapped
in the silk with the imago being unable to
emerge, sometimes over a considerable
surface of the brood comb (Williams, 1997,
Ellis et al,, 2013). The wood of the frames,
hive body, and supers may be damaged by the
moth larvae. Indeed, the caterpillars chew the
wood to make a cavity for cocoon attachment
(Williams, 1997).

The consequence of the development of the
greater wax moth may be weakened colonies.

F9ure 7.4 Extensive silk thread spun by
“aterpiliars of Galer/a mellonella on a comb.
Photo courtesy © Christophe Roy, DVM.)

In some cases Infestation may lead colonics to
abscond from the hive.
¢ The greater wax moth can also act as vector
of brood disease, harbouring infectious
pathogens, in particular Paenibacillus larvae

spores (Toumanoff, 1939).

Stored combs can be highly damaged, sometimes
much more than live colonies, and become
unusable for beekeeping. The wax foundations
and comb may be severely damaged by the
tunnels and extensive silky webbing left by the

greater wax moth (Figure 7.4).

1.4 Control and management

The methods described here apply to both the
lesser and greater wax moth.

1.4.1 Protecting colonies

Good sanitary beekeeping practices are the best
way to control moth infestation. Strong and
large colonies are able to manage the infestation.
During hive and apiary inspections, the
removal of wax debris and scrapings from the
floor and the vicinity of the hive is necessary.

1.4.2 Protecting stored material

Stored combs must be free of honey and pollen.
Non-chemical methods offer the most effective
protection when stored hive material is to be
reused.

« Airflow and light. Stored combs are placed
in supers. Supers are stacked in a criss-cross
pattern 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, minimizing wax moth infestation.

e Low temperature. Freezing combs and supers
before placingthem in plastic bags for storage
provides a high level of protection against
wax moths. Combs must 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;
Charriere and Imdorf, 1999; EUiset al,, 2013),



Use of strong colonies as comb protectors.
Strong colonies may be used to protect supers
and combs (Ellis et al,, 2013). However, this
method cannot be used when colonies are
overwintering.
Chemicals.  Different
are or have been used to kill wax moths
and protect the stored combs, including
paradichlorobenzene (PDB), but this is a
dangerous carcinogenic substance that can
leave residues in wax and honey. Its use is
completely unacceptable (Anses Agency,
2004).
- The use of 'moth proofers’ is dangerous
for the bees and for consumers of hive
products as residues of these insecticides
persist in the wax.

- Theuse ofsulphur strips or acetic acid has
been described to protect stored combs,
super,and hivesfrom the greater wax moth
(British Beekeepers Association, 2012). It
is essential to take stringent precautions
when employing such products to protect
both the bees and the users.

active  substances

- Biobgical methods. Wax moths are sensitive

to some viruses and bacteria, which can serve
as a ‘natural* epizootic (Metalnikoff, 1922).
A serotype of Bacillus thuringiensis is able to
infect and kill the greater wax moth (Barjac
and Thomson, 1970). Using this bacterium as
a biological agent can help to control the pest,
but stringent precautions need to be taken
with this insecticide-producing bacterium. It
isadministered as a concentration of bacterial
spores. The correctdilution, as recommended
by the supplying laboratory, is required to
avoid bee toxicity. It can be a useful method
for beekeepers with a small number of hives,
such ashobby beekeepers. Thismethod can be
applied only ifthe product is suitably licensed,

2 Achroia grisella, the lesser wax
moth

Achroia grisella is a Lepidopteran belonging to
the family Pyralidae. The lesser wax moth is less
widespread 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 adjacent pupae. (Photo courtesy
© Lydia Vilagines, DVM.)

The adults have a silver body with a yellow
head. The males are 10 mm long, while the
females measure 12-14 mm with a wingspan
of 16-24 mm. The female can lay between 250
and 300 eggs during her lifetime (Ben Hamida,
1999). The caterpillars are smaller than those of
G. mellonella.

The damage to the hive inflicted by A. grisella
is different to that caused by the greater was
moth. Caterpillars burrow straight galleries just
below the surface of the capped brood cells. The
cells are then uncapped and the pupae inside
exposed. Clusters of adjacent cells are affected
and the resulting brood defects are called 'bald
brood’ (Figure 7.5) (Borchert, 1974).

Control and management of the lesser was
moth is the same as for the greater wax moth.

3 Aethina tumida, the small hive
beetle

The small hive beetle, Aethina tumida Murray, is
a Coleopteran insect native to South Africa. Itis
an endemic pest and scavenger of Sub-Saharan
colonies of African Apis mellifera species
(Lundie, 1940; Neuman and Ellis, 2008; Vidal-
Naquet, 2011). There, it does not cause severe
damage to strong colonies because ofthe defence



strategies developed oy me native honeybees.
This Coleopteran was first described in 1867
(Murray, 1867).

Global apiculture,with the trade and exchange
ofhoneybees, is responsible for introducing this
pest into a number of countries, where it has
caused severe damage to infested European
honeybee colonies and resulted in considerable
economic loss.

In 1996, small hive beetles were found in
European honeybee colonies in the US (Florida,
South Carolina), and since then A. tumida has
become an endemic species with an increasing
distribution range.

In 2000, A. tumida was described in Egypt. In
Awustralia, it was found in 2002 (Neumann and
Elzen, 2004). In 2010, infestations were described
inCanadian apiaries (Quebec and Ontario) near
theborder with the US (Ministry of Agriculture
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figure 7.6 Aethina tumida adult and larva.
(Courtesy © The Animal and Plant Health
Agency (APHA), Crown Copyright.)

of British Columbia, 2012). In 2012, its presence
was confirmed in Cuba.

On 12 September 2014, A. tumida was
discovered in an apiary in southern Italy in
the province of Reggio di Calabria, near an
important seaport. The Italian authorities took
immediate measures, destroying the infested
apiary and neighbouring apiaries, and using ,,
insecticides on the infested sites; a protection
zone of 20 km and a surveillance zone of
100 km were established around the primary
infested site. This was the first time that A
tumida had been described in Europe, except
for an apparently brief introduction in Portugal
where it was intercepted and eradicated in a
consignment of queen bees from Texas (FERA,
2013). At the time of writing, 18 March 2015,
despite the measures taken by the Italian
authorities, A. tumida has been observed in 61
apiaries since 12 September, including apiaries
in Sicily (Plateforme ESA, 2015).

In non-infested countries, beekeepers, as well
as veterinarians and other professionals involved
in apiculture, must be aware of the dangers
posed by this pest. Thus, they must be able to
recognize the species, and be ready to inform
the authorities if an infestation is suspected.
Sanitary measures must be taken immediately
if an A. tumida infestation is suspected or
diagnosed as described below for the present
epizootic situation in southern lItaly.

3.1 Regulatory status

Aethina tumida is a statutory notifiable pest to
the OIE (OIE, 2014b). It is also notifiable to
countries in the EU (Appendix 2).

3.2 Morphology and life cycle
3.2.1 Morphology

Aethina tumida is an insect belonging to the
order Coleopteran and the family Nitidulidae.
As a Coleoptera, it is characterized by thick
elytra, the posterior membranous wings folded

resting under the wing covers, and chewing
mouthparts.



178 Pests and enemies of honeybee colonict,

12 mm

Figure 7.7 Drawing of Aethina tumida adult
(showing on the left the head and antennae
tucked down beneath the thorax as often
observed in the hive) and larva. (Redrawn from
Menier and Bertrand. 2014.)

The adultisa small, stocky beetle with a broad
and dorsoventrally flattened body measuring
approximately 5-7 mm long and 2.5-3.5 mm
wide (Figures 7.6 and 7.7). Adult female small
hive beetles (5.7 £ 0.02 mm x 3.2 mm) are
slightly longer than males (5.5 £ 0.01 mm x 3.2
mm). One of the main morphological features
of A. tumida is its club-shaped antennae that are
common within the Nitulidae family (Figures
7.6and 7.7). Under natural conditions the size of
A. tumidamayvary depending on environmental
factors or diet (Ellis, 2004; University of Florida,
2013). The beetles are on average one-third the
size of the bees.

The colour of A. tumida goes from light-
brown to brown-black as the beetle matures
and the exoskeleton sderotises. The elytra do
not cover the whole abdomen (the hind part
of the abdomen is visible) and are covered with
thin hairs.

The eggs are oviposited in the hives. They
are pearly white and 1.4 mm iong by 0.26 mm
wide. They are usually laid in irregular clusters

containing 10 to more than 30 eggs (Ellis, 20]j,
Cuthbertson et al., 2013),

The larvae of A. tumida are creamy-white |n
colour (Figure 7.6). When they mature unde,
favourable conditions, they may be up to |j
cm long, but tend to be smaller in the event of
dietary deficiency. The larvae present three pair*
of legs and two rows of spines, and have two
large spines protruding from the rear (FERA,
2013).

The pupae live in the soil and are creamy
white coloured and darken as metamorphmu

proceeds.

3.2.2 Life cycle (Figure 7.8)

Adults emerge from the soil where the pupal
stage occurs. After emergence, adult A. tumida
look for colonies to infest, attracted by colony
odours and probably pheromones (Cuthbertson
ef«/.,,2013). Field observations by US beekeeper*
show that the day after a colony has been
inspected, cohorts of beetles are attracted there
(FERA, 2013).

Aethina tumida depends on A. mellifera asa
primary host. The beetle may also feed on fruits,
such as certain Nutilidae (but reproduction on
fruits has yet to be confirmed) (Ellis, 2012). The
beetles seem to infest colonies at dusk (Neumann
and Elzen, 2004).

When they find a colony, small hive beetles
may face resistance from the colony guards
(Ellis, 2012). Once inside the hive, the beetles
tend to be confined by the bees to certain
locations (cracks, crevices), limiting access to
combs where they usually lay. However, ifitis
isolated from food resources, A. tumida may
induce tropfiallactic behaviour in the bees, and
feed directly from them.

According to Lundie (1940) and Ellis (2004),
adults are sexually mature about 7 days after
emergence from the soil. However, the mating
behaviour of A. tumida is not well known (Ellis,
2012).

Several eggs are oviposited as typical irregular
clutches in confined places. IfA. tumida females
escape confinement and are able to access the
combs, oviposition occurs within pollen cells or



t"xxl cells. Each female is able to lay 1,000 eggs
w her lifetime (bundle, 1940).

After 3-6 days, the eggs hatch (bundle, 1940;
Cuthbertson el til., 2013). Hum idity seems to be
amajor factor for egg development and hatching
astheeggs arc very sensitive to desiccation if the
humidityis <50% and draughts are present (Ellis,
2012). Temperature is also a factor influencing
eggdevelopment and hatching.

Beetle larvae emerge from the eggs and
immediately begin to feed on honey, pollen, and
preferably brood (Neumann and Hartel, 2004;
Ellis, 2012). barval development depends on
food and temperature, lasting on average 7-14
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days though sometimes taking more than 30
days.

At the end of this feeding phase, the larvae
leave the hive; this isthe wandering phase defined
by the end of feeding period and migration out
of the hive to find a place in the soil to pupate
(Ellis, 2012). The larvae seem to group together
to move towards the soil, as an exodus from the
colony. This wandering phase generally occurs
at night (Cuthbertson et al, 2013).

Thus, pupation occurs in suitable soil near
the hive (on average within 90 cm, sometimes
up to 20 m; in some rare cases, they can move
up to 200 m to find a suitable soil to pupate). The

Female beetle»deposit masses ofeggs in
crevicesaround the hive, ordirectly on
pollen orbrood combs beetles may
puncture the wall or capping ofa sealed
celland depositeggs inside.

Adultbeetles avoid the light,
and tend to congregate In
spaces inaccessible to honey
bees They may be observed
running Inside lids, on walls or
across frame®during hive
Inspections

Newly emerged adult
beetles locate host bee
coloniesbytheir odor.
Theyare strong fliers
and candisperse to other
hiveseasily

Eggshatch in 2-4 days, and
larvae immediacy begin to
search forfood. Thelarvae
may feed on poseH, honey or
bee broodand eggs.

7 9

»twithin
7*10days. Themature
“wandering* larva#exit
the hiveand borrowtale
the soil

Beetle larvae pupate Inthe top 4* of soil,
onaverage Pupationtakes3-6weeksto
complete, depending on temperature and

soil moisture

Life cycle of Aethina tumida. (Courtesy © Jon Zawislak, University of Arkansas.)
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larvae burrow into the soil, usually to less than
10 cm (1-30 cm) from the surface, and build
smooth-walled earthen cells in which to pupate
(FERA, 2013). A moist soil favours the pupal
stage while drier ones seem to lower pupation
success (Cuthbertson et al., 2013).

The pupal stage lasts between 2 and 12 weeks
depending on temperature and humidity, but
the majority of A. tumida adults emerge within
3-4 weeks (Ellis cl al., 2004; Ellis, 2012).

The period from the egg to the adult lasts
approximately 4-6 weeks. Thus, in moderate
climatic conditions, up to six generations of the
beetle may occur in a year (Ellis, 2012).

The adult beetles leave the soil and are able
to fly over long distances (5-10 km) to infest
new colonies. High temperature and humidity
are optimal for A. tumida (Ellis et al., 2004).
The adult beetle life span is 4-6 months (OIE,
2014a).

Aethina tumida may also infest and cause
damages to bumblebee colonies and in
particular commercial ones such as Bombus
impatient. Trade in bumblebees also poses a risk
ofintroducing small hive beetle.

3.2.3 Damage caused by Aethina tumida
infestation in colonies

Aethina tumida in Sub-Saharan countries

to Sub-Saharan countries, A. tumida is mainly a
colony scavenger, feeding of pollen, honey, and
brood. The beetle is a minor economic pest,
affecting weak colonies and stored combs.
Strong colonies are able to fight and easily
resisl this insect (Neumann and Elzen, 2004);

« Guards fight by harassing beetles, preventing
infestation.

« Bees fill cracks, crevices, and cavities with
propolis.

« Beesremove larvae from the hive or build a
structure from propolis to confine them.

to some circumstances (weak colonies), the small
hive beetle may cause colony mortality or lead a
colony to abscond (Ellis et al., 2003; Ellis, 2012).
When the colony absconds, honey, pollen, and

brood remain behind. Before absconding, the
queen usually continues to lay a few eggs and the
workers consume pollen and honey (Winston,
1987). African bees have a tendency to abscond
even in low-level cases of beetle infestation.

Aethina tumida in European honeybee
colonies

Due to global apiculture, A. tumida has become
an invasive species in Egypt, the US, Australia,
Cuba, Canada, Mexico, Jamaica, and Europe
(following its discovery in Italy in September
2014). It can cause severe damage to apiaries,
and colony mortality is often observed following
beetle infestation. The reasons for the extent of
damage wrought by this beetle are not fully
understood, as European honeybees present an
aggressive behaviour against A. tumida invasion
(biting and attacking beetles), and tend to
confine the beetles as African honeybees do
(Ellis, 2012). However, this defence behaviour
of European honeybee colonies is not sufficient
to control small hive beetle infestation.

Infestation by small hive beetle proceeds a
follows (Ellis, 2012):

« Invasion ofcolonies by adult A. tumida.

¢« Accumulation of beetle population.

¢« Reproduction.

« Damage caused by larvae feeding on brood,
pollen, and honey combs.

« Exodus of the larvae from the colony to
nearby soil.

¢ Pupation in the soil and emergence ofadults,
which reinfest colonies.

The beetle larvae are mainly responsible tor the
damage that occurs in colonies as they burrow
into combs, feeding on brood, honey, and pollen.
A strong beetle infestation (>1,000 adult beetles
per colony) can cause the colony to abscond.

All the colonies in an affected area are usually
Infested, but not all will die. According to Ellis
(2012), some cases of colony collapse causedby
A. tumida may originate due to other stressors
such as parasites or pathogenic agents.

Faeces of A. tumida adults and larvae in
honeycombs cause fermentation of the honey



(lowing out of the cells. The fermentation is due
to SHB-infested yeasts and in particular to the
yeast Kodamaea ohmeri (Schafer et al., 2009).
This may occur in hives or in stored combs
leadingto economic losses as the honey becomes
unfitforhuman and honeybee consumption and
thus unsellable.

Ellis (2012) defines the small hive beetle as
a Secondary pest’ of honeybee colonies in the
US, as are the greater and lesser wax moths.
Mtina tumida is reported to harbour and thus
be a passive vector between bees and between
colonies of pathogens such as the bacterium
Paenibecillus larvae and the viruses DWV and
SBV (see Chapter 3, sections 3 and 4) (Ellis,
2012).

324 Diagnosis

to uninfested countries, all the stakeholders
involved in apiculture must be able to diagnose
A tumida or at least suspect it. This involves
knowledge of the morphological features ofeggs,
larvae, and adults that may be found in hives.
Many non-dangerous Coleopteran species
maybe found in hives and adifferential diagnosis
needs to be done.
Sampling for laboratory examination is
necessary, and is mandatory in countries where
A tumidais a notifiable pest. Notification to the
relevant authorities is also mandatory, so that
robust sanitary measures can be taken.
Laboratory examination can be done by
binocular loupe identification of the species
but also by the PCR method. Debris and other
material in contact with bees may be analysed by
thismethod, in particular in the case of package
bees or when introducing queens from foreign
countries (Ward, 2007; Vidal-Naquet, 2013).

325 Small hive beetle control
In non-infested countries

Aethinatumida is considered as a notifiable pest
for the OIE and many countries. This requires
sanitary measures when introducing
(package bees, colonies, queens, etc.).

bees
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The following pathways present a risk of
introducing A. tumida:

¢ Trade and movement of package bees,
colonies, queens, alternative hosts such as
bumblebees, and hive products. This also
concerns movement of wax and materials,
such as clothes used by apiarists.

¢« Importation of fruit (avocados, bananas,
grapefruits, etc.) known to be an alternative
host on which the beetles may feed and
probably oviposit.

Importation of bees by beekeepers is regulated
in the EU (Commission Decision 2003/881/EC;
Commission Decision 206/2010). Importation
of bees must be done through proper and
legal channels and with a veterinary health
certification. Current (May 2015) EU legislation
prohibits imports of queens, package bees, and/
or colonies from third world countries affected
by Aethina tumida (small hive beetle) but also
by American foulbrood and Tropilaelaps spp.
(Tropilaelaps mite). Imports of package bees,
colonies, and queens are only allowed from
EU member states and New Zealand under
a veterinary agreement between the EU and
New Zealand. However, this legislation did not
prevent the introduction of the small hive beede
into Italy in September 2014.

In the UK, a surveillance network has been
developed to monitor exotic pests such as
A. tumida and Tropilaelaps spp. According to
the Animal and Plant Health Agency (FERA,
2013), ‘the only chance for eradication will be
early interception of exotic pests, so by targeting
inspections to these areas we have abetter chance
of succeeding'.

Veterinarians (whether practitioners, officials,
or researchers) play key roles in detecting these
pests, and in defining and certifying sanitary
measures to counter them.

Control measures in infested countries

In infested countries such as Australia and the
US, chemical control measures 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 mechanical traps
to control the number of adult beetles infesting
hives. If chemicals are used, they should be
applied within an integrated pest management
(IPM) framework:

« Chemical measures (Schafer and Ritter,
2014). Permethrin is applied in the US to
the soil around infested colonies. Within
the hive, strips of coumaphos are used and
placed on the underside of cardboard floor
inserts. However, these two chemicals do not
seem to be completely effective. Moreover,
precautions must be taken to protect the
bees and to avoid the risk of contaminating
the honey and other hive products which
may become unfit for consumption due to
the presence of residues. Fipronil-treated
cardboard placed in plastic boxes on the
bottom boards of the hive and fipronil gels
in traps are also sometimes used illegally
by beekeepers in the US and Australia. This
poses a major risk of poisoning the bees, as
well as potentially compromising the safety of
the hive products (honey, pollen, royal jelly,
propolis, etc.) and hence consumer health.

« Integrated pest management. As in the Varroa
IPM approach described in Chapter 5, A.
tumida IPM combines chemical measures
and beekeeping practices (Ellis, 2012; FERA,
2013). IPM will be more efficient ifit involves
all the stages of the small hive beetles life
cycle:

- Standard good sanitary
practices to maintain strong colonies are
necessary. This also involves the selection
of 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

beekeeping

population.
- Some traps help to limit adult infestation.
- Early honey extraction is necessary to
limit the risk of contamination by small
hive beetle faeces. In honey houses,

humidity must be maintained at <50% to
inhibit hatching of small hive beetle eggs
(Ellis, 2012).

- Biological control may be a (future)
part of the IPM. Research is being done
on bait containing the yeast Kodameea
ohmeri (mixed with pollen and honey) to
attract the beetles into traps. In the sail,
the action of certain nematodes seems to
limit pupation of A. tumida.

In conclusion, small hive beetle can cause great
damage to colonies and to production, leading
to economic losses for honey farms. Although
this beetle is now, like the moths, considered a
secondary pest in the US, the appearance of /1
tumida in 2014 in Italy represents a major threat
to the whole of Europe.
Beekeepers and other
holders have a great responsibility to monitor
their apiaries. whatever their
involvement, also have a major role to play, in
particular in diagnosing A. tumida infestation,
and in creating and implementing the sanitary
measures which have to be taken when this pest,
as any other, is introduced into new territories.

apiculture stake-

Veterinarians,

4 Vespa velutina, the Asian hornet

Twenty-two hornet species are listed worldwide
(Rome et al. 2013; Natural History Museum,
2014; USAPHC, 2014). Two native species exist
in Europe:

« Vespa crabro. Range area: northern and
western Europe and northern Asia,

« Vespaorientalis. Range area: southern Europe,
south-western Asia, north-eastern Africaand
Madagascar.

Vespa crabrois not considered asa major predator
in Europe. Vespa orientalis is a bee-hawking
predator, and eastern Apis mellifera species
have developed defence behaviours against this
oriental hornet.

Hornets and wasps (Vespa spp., Vesulit
spp.) are known to be bee-hawking predators
of Apis spp. worldwide. AIl Asian countries



~port damage to Apis cerana and Apis mellifera
colonies attacked by hornets and wasps (FAO,
2006).

Vesa crabo was the only indigenous hornet
living in France before 2004, when the Asian
\&ya velutina Lepeletier was described in the
lot-et-Garonne  dipartement in south-west
France (Haxaire et al., 2006; Villemant et ai,
2006, Breton, 2012). Vespa velutina nigrithorax,
a strictly Asian species, was the subspecies
introduced. Overwintering queens have been
accidently introduced into France, probably
hidden within pieces of pottery from China,
Topa Velutinahas become acclimated in France,
being able to nest and reproduce.

Since 2006, M velutina has become an invasive
species and has caused much damage to French
apiaries, resulting in significant economic
losses for the apiculture industry. Furthermore,
\ \elutina may potentially pose a danger to
humans and may adversely affect the indigenous
insect population on which it feeds (pollinators,
scavangers, etc.).

41 Regulatory status

In France, M velutina is a notifiable secondary
pest

42 Range distribution of Vespa
\elutina nigrithorax

\&mavelutina nigrithoraxis adapted to areas with
temperate to subtropical climates (Villemant
etal., 2011a). Vespa velutina is widespread in
Asia (from north-eastern
and in China,

India to Indonesia,
Afghanistan, Bhutan,
Lacs, Malaysia, Taiwan, and Pakistan) (Archer,
1994). It was introduced into South Korea in
2002, where it has become an invasive species
(MoonBo et al,, 2012).

To date, V velutina nigrithorax is an invasive
species found in France, Belgium, ltaly, Spain,
and Portugal. Since its introduction, the
distribution range of V velutina has increased
each year, in 2014, it was detected in two-thirds

France, and in some parts of Belgium, Italy,

Nepal,
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Figure 7.9 Predicting the risk of invasion by
Vespa velutina nigrithorax-, across Europe and
the Middle East the invasion risk increases
from blue to red. (Photo courtesy © Claire
Villemant, MNHN; Villemarrt ef al., 2011a.)

Spain, and Portugal (Cabi, 2014). Its progress
across Europe appears unstoppable.

Predictive suggest that countries
susceptible to invasion by Vespa velutina are
those situated along the Atlantic and northern
Mediterranean coasts (Figure 7.9). The coastal
areas of the Balkan peninsula, Turkey, and the
Near East appear to be favourable for V velutina
nigrithorax (villemant etal., 2011a). Global trade
poses the main risk of introducing the Asian
hornet into countries currently free of this pest.

studies

4.3 Morphology

The morphological features of female V. velutina

are as follows (Haxaire et al,, 2006; Villemant et
al., 2006, 201 la,b):

« Workers and queens are morphologically
uniform (Figure 7.10). Workers are up to 25
mm in length and the queens up to 30 mm.

Figure 7.10 Vespa velutina female adult.
(Photo courtesy © Claire Villemant, Museum
National d'Histoire Naturelle, Paris.)
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They are smaller than the European hornet
V. craho.

* The head is black with a yellow-orange face
and mouthparts. The antennae are brown
dorsally and yellow ventrally.

e The thorax is black with thin hairs; the wings
are yellow.

¢ The legs are brown with a yellow’ end.

¢ The abdomen is brown with a thin yellow
band on the hind part ofthe first segment, and
a thin orange band on the second and third
tergite. The fourth segment 'is almost entirely
orange with a median basal triangular black
marking’ The last segments (fifth and sixth)
are more or less orange-brown. The ventral
part of the abdomen is brown. Its stinger is
not barbed and V. velutina does not die after

stinging.
Male V velutina are very similar to females only
with longer antennae. The male hornets are

stingless.

Figure 7.11 Secondary nest of Vespa velutina.
(Photo courtesy © Raymond Saunier.)

4.4 Structure of the nest

A primary nest is built up by a queen after
overwintering. The primary nests are spherical
and usually built low down. Little differentiable
from other Vespidae (hornets, wasps) nests, they
may be found everywhere - in eaves and fence
posts, under sheds, and in empty hives, but very
rarely in fresh soil or in holes in walls.

The secondary (mature) nests are hidden
more than 10 m high in the foliage of leafy trees
(Figures 7.11 and 7.12). They may also be found
on the frames of sheds or in tree hedges. The
secondary nests are on average 70 cm in diameter,
oval-shaped, with a vertical axis. Some nesu
may reach I m in height and 80 cm in diameter
They have one lateral orifice through which the
hornets enter or leave the nests (Villemant etd,
2011b). The nests are made of paper (cellulose
and water). Because of the need for water, these
nests are often found near watercourses. The
nests are often found empty after autumn. They
are built for only one season.

Figure 7.12 Secondary nest showing the
internal structure. (Photo courtesy © Raymond

Saunier.)
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Trecycle beginsin spring after the overwintering
period of a fertilized queen. Hibernation takes
place in weather-protected shelters (under the
barkoftrees, under rooftiles, in plant pots, etc.).

When the temperature is favourable, the
queen, called the founder’ at this period of the
oyle, builds a primary nest low down in order
torear the first workers.

In the middle of August, as the colony
population increases, the queen may chose to
relocate the colony with the first workers to a
secondary nest at a higher location (e.g. a leafy
tree) (Choi et al., 2012; Rome et al., 2013). Up
106,000 hornets are produced from a nest in a
season. In a nest, there may be more than 2,000
individuals at any one time (Villemant et al.
2011b).

The more the colony increases, the longer
the queen stays in the nest. Her only role will
belaying eggs while the workers take charge of
rearing the new larvae.

The colony population and its food needs
increase, leading to more predation behaviour.
Damage to honeybees then tends to become
increasingly prevalent.

The sexual male and females emerge between
mid-September and mid-October. The founder
queenisusually dead when her sexual daughters
(200-400) emerge (new future founders). Males
and females mate usually in the tree canopy
(Cabi, 2014). After mating, the males die and
the fertilized females find a hibernation place to
overwinter.

48 Nutrition

Theadult diet is composed of sugar liquids, such
as honey, honeydew, and nectar but also fruits
and proteinaceous secretion delivered by the
hornet larvae after stimulation.

The larvae are fed by workers. They have
a carnivorous’ diet; insects and in particular
honeybees but also spiders, meat, and fish (this
iswhy Asianhornets may be found flying around
market stalls). Bees are butchered near the site

Vespa velutina, the Asian hornet 185

of capture (hives). Vespa velutina removes the
head, wings, legs, and abdomen and makes a
meatball from the bee’ thoracic muscles. The
hornets bring these meatballs back to the nest
to feed the larvae.

Hornet attacks on apiaries are numerous
and frequent, particularly at the end of the
honeybee season (September-December) when
the production of new hornet queens increases
food needs (Mollet and Torre 2006; CABI, 2014).

According to Villemant et al. (2011b), the
diet of V. velutina varies according to the
environment. In urban areas, Apidae represent
66% of the diet, while in agricultural and forest
areas, Apidae represent only 35% of the diet.
Thus, the high pressure is urban ranges may
be because of the lack of insect-fauna diversity
(Villemant et al., 2011b).

4.7 Damage caused by Vespa velutina
to honeybee colonies

Although in Asia Apis cerana has developed a
behavioural defence strategy against the Asian
hornet, this behaviour has not yet been observed
in Europe with Apis mellifera (Figure 7.13). Apis
cerana has developed a technique known as
heat-balling to fight V velutina (Papachristoforou
et al., 2007). During heat-balling, guard bees
closely surround the attacking hornet and

raise their 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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temperature ofthe heat-bailsreaches about 45°C,
killing the hornet which cannot withstand such
high temperatures (Tan et a/., 2012). However,
in certain circumstances (e.g. when colonies are
weakened), the Asian hornet may nevertheless
be responsible for colony mortality.

Apis mellfera in Europe have not developed
such an efficient defence behaviour, instead the
guard bees group together to try to move the
hornets away and attempt to sting the intruder.
The predation behaviour of \C velutina may
endanger honeybee colonies. Between July and
December, the Asian hornet has high nutritional
needs for brood rearing.

Hornets hover in flight around hives, waiting
for returning foragers, which they catch and
then carry off to a convenient location (Figure
7.14). Sometimes, before overwintering, hornets
may enter the hive to feed on brood and honey.

In some places, up to 15hornets can be found
in front of each colony of an apiary (Breton,
2012; CABI, 2014). This level of predation of
forager bees returning with nectar and pollen
can seriously impair the food supply and weaken
the colony, rendering it susceptible to infectious
diseases.

Stress and defence behaviour increase energy
consumption. Foraging may be reduced from
Julyto October and preparation forthe wintering
period may be impaired. Thus, the bee-hawking

Figure 7.14 Hovering Vespa velutina waiting
for foragers in front of a hive of Apis cerana.
(Photo courtesy © Quentin Rome, Musbum
national d 'Histoire naturelle, Paris.)

Asian hornet may cause winter collapse of bee
colonies that it attacks.

In the south-west of France,
reported that 30% or more of annual colony
mortality could be the consequence of Asian
hornet predation (Breton, 2012).

Thus, Vespa velutina poses a major threat
to honeybee colonies as is often the case with
invasive species. In infested areas, it seems that
\Cvelutina attacks mainly weakened colonies in
an apiary; the largestand most populous colonies
are less affected. In some places, colonies are
suspected to develop fighting behaviour against
V. velutina by propolizing the entrance of the
hive and catching hornets there.

NB. Asian hornets are reported to be
dangerous to humans if they approach nests
(to <5 m), especially when the nest is well
developed. The consequences ofan Asian hornet
attack are dangerous because of the number of
hornets in a nest. Severe symptoms have been
observed following several stings. De Haro
states that ‘a review of data from French Poison
Control Centres showed only one envenomation
clearly linked to \Cvelutina’ Since the arrival of
the Asian hornet in France, there has been no
increase in hymenoptera poisoning (de Haro et
al,, 2010).

it has been

4.8 Fighting Vespa velutina

Eradication of \C velutina from Europe is likely
to be impossible. Beekeepers and authorities can
only attempt to limit the damage caused by the
Asian hornet. The fight against this hornet must
be appropriate and as specific to the species as
possible.

Counter-measures include;

« Protection of apiaries by bait trapping.
Trapping must be performed only in the
case of hornet attack and not as a preventive
measure and the traps must be placed near
the apiary to be efficient. The two types of
bait are available;

- Fermented old wax juice, which is used
between July and November (Rome €etd,



2011). It Is made from old brood comb +
151 of water + 20 g of honey and left to
stand for at least for 3 days to ferment.

- Protein bait, usually made from fresh
fish and used when hornets’ food needs
are increasing (between August and
November when the future sexual adults
are being reared).

, Protection of the hive:

- Byrearing strong and healthy colonies and
implementing good beekeeping practices.
By reducing the size of the entrance to
prevent Asian hornets from entering the
hive (because of the size of the drones, this
can only be done when there is no drone
brood rearing).

By encouraging high blades of grass to
grow in front of the hive.
- By placing nets around the hives with
a mesh size that allows the bees to pass
through but stops the larger hornets.
Setting up a surveillance network to monitor
Asian hornet nests and oversee their
destruction. This must be done according
to local legislation. Based on the French
recommended that nest
destruction is done before the emergence of
sexual adults (O ctober/November) and when
workers are inside the nest (at daybreak or
nightfall).
Byhive movement. It isconsidered necessary
to change the location of a hive when more
than five hornets are found attacking the
colony. Indeed, beekeepers’ experience has
shown that finding five or more hornets in
front ofa hive can seriously endanger, or even
kill, a colony.

experience, it is

Trapping founder queens is not a solution in
the fight against V. velutina. Only 1% of the
queens born in autumn will succeed the next
year in founding a colony and producing a new
sexual generation of Asian hornets (Edwards,
1980; Rome €t al, 2013): 95% of the founders
die during the winter and 95% of the remainder
diein spring during the competition for nesting
sites. Thus, trapping founders will only decrease
this usurping level and lead to a weakening of
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the young hornet colonies (Rome etai, 2013). In
France, it has been shown that spring trapping of
founders is not an efficient means of controlling
the Asian hornet population (Monceau €t al.,
2012).

5 Other pests and enemies of the
hives

Other insects, primarily those of the order
Hymenoptera (ants, bees, hornets, and wasps
among other winged insects), can be enemies
of honeybee colonies and hives (Ben Hamida,
1999). According to the FAO (2006), ants are
common predators of honeybees in tropical
and subtropical Asia. There, they attack colonies
en everything they find
within (bees, brood, and honey). In temperate

masse, removing
countries, although certain species of ants are
often found in hives, they do not cause major
damage that endangers colonies. Coleopterans
such as Cetonia apaca, Cetonia mono, and
Trichodes apiarius may cause damage to hives,
burrowing galleries into the combs (Toumanoff,
1939; Borchert, 1974). Some of these intruders
lay eggs and reproduce in the hive.

Insectivorous birds (the European bee-eater
is the major such predator in southern Europe,
northern Africa, and western Asia; the green
woodpecker and various tits also sometimes feed
on bees) and mammals such as mice, hedgehogs,
badgers, and of course bears are also enemies of
bees and hives. Protecting apiaries with fences
may be necessary - heavy-duty fences and
electric fences are used in the US and Canada
to keep bears out; plastic fences can prevent the
green woodpecker gaining access to the hives.

In tropical and subtropical countries,
amphibians (frogs and toads) and reptiles
(geckos, skinks, lizards) may damage apiaries.
Primates (monkeys) are also enemies of colonies,
opening hives and feeding on honey and brood.

According to the FAO (2006), however,
among the pests, including the primate pests,
of honeybees, humans are '‘probably the most
destructive’.
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Principles of good sanitary beekeeping practices

The management of Apis mellifera colonies
demands good farming practices to promote
honeybee welfare, encourage pollination, and
ensure safe production of food. Many factors
may act as stressors on the colonies (Figure
132). Veterinarians involved in the beekeeping
sector need to be aware of good sanitary
beekeeping practices (GSBPs) (Vidal-Naquet,
2013). Many guides are published worldwide to
helpbeekeepers with their husbandry.

Ihis chapter is not a guide to GSBPs but is
intended to help lay the foundations for those
pradticss. Good sanitary beekeeping practices
shouldadhere to the ‘hazard analysis and critical
controlpoint’(HACCP) principles, a major pillar
ofveterinary public health (Europa, 2009). This
chapter attempts to follow, for the most part,
these principles.

The FAO and OIE have together produced
a Quide to Good Farming Practices for Animal
Production Food Safety (OIE and FAO, 2009).
Food safety is the final objective of this guide,
turn, the
consequence of good farming practices. Thus,

and it can be seen that this is, in
this guide specifies that good farming practices

should also address socioeconomic, animal
health and environmental issues in a coherent
manner. The honeybee A. mellifera is often
seen as symbolic of biodiversity, a healthy
environment as well as being the producer of a
safeand natural food.

This chapter considers

good beekeeping

practices, following and adapting these from

the FAO/OIE-recommended good farming
practices.
On a farm, from the animal husbandry

(beekeeping in apiculture) to the extraction

of products, many elements are 'at risk from
biological, chemical (including radionuclide)
and physical agents’ (OIE and FAQ, 2009). These
agents may impair honeybee health and hive
products ‘through a wide variety of exposure
points’ in the management of both honeybee
colonies and the food chain, with consequent
potential risks for honeybees and consumers
(OIE and FAO, 2009; Vidal-Naquet, 2013).
Furthermore, the welfare, strength, and health
of honeybee colonies are a crucial challenge
because of the role bees play as pollinators.

The main hazards (biological, chemical, and
physical) that may affect managed colonies,
along with the corresponding control points,
are presented in Table 8.1. Ofcourse, the list of
hazards is unlimited and these tables and this
chapter mainly represent hav to operate to
minimize hazards:

1. Identify the risks.
2. Check the corresponding control points.
3. Manage the risks.

According to the recommendations of the
OIE and FAO presented in this chapter, the
following headings cover the listed hazards
(OIE and FAO, 2009): general honeybee farm
management; honeybee health management;
veterinary medicines and biological aspects;
honeybee feeding and watering; environment
and apiaries; and handling honeybee colonies
and hive products.

1 The HACCP principles

The European Parliament Regulation covering
the hygiene of foodstuffs provides a good

191
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Table 8.1 Hazards and corresponding control points in beekeeping

Hazards Control points

Biohazards

Introduction of pathogens and contaminants Honeybee trade and commercial exchanges

Renewal of the livestock: queens, package bees,
artificial swarms

Feeding supplement and water

Records of acquisitions and migratory beekeeping
Hygiene of visitors and personnel

Drifting and robbing

Vehicles, clothing, small materials (hive tools),
equipment

Purchase of second-hand equipment

Transmission of pathogens and contaminants Apiaries, hives, hive density

Disease diagnosis (horizontal and vertical
transmission)

Hygiene of visitors and personnel
Hive bodies, supers, frames, wax

Vehicles, clothing, small materials (hive tools),
equipment
Drifting and robbing

Varna destructor: vector of viruses
Increased susceptibility to pathogens

Management of colonies (including migratory
beekeeping)

Selection

Colony strength

Hive and apiary sites

Feeding supplement and water
Diagnosis

Colony density
Miticide resistance (and antimicrobial resistance Diagnosis
in the countries where these are permitted) . .
Therapeutic regime

Record keeping
Foodborne infections and contaminations (in Feeding supplement production, purchase and
particular in the case of honey supplementation

during the overwintering period) Feeding supplement quality

Feeding supplement choice

Record keeping

Honeybee colonies not well adapted to conditions Honeybee strain selection
of husbandry

Record keeping



Hazards
Chemical hazards

Chemical contamination hazards In beekeeping
management

Chemical contamination ol environment, food
and water

Residues of veterinary medicines and drugs used
incolonies

Radionuclide pollution

Physical hazards

Injuries and death of bees and in particular the
queen

Ife jjA CCP principles 193

Control points

Cleaning, disinfecting, and sterllzing products used
Material protection products used

Hygiene practices

Feeding supplement and water quality

Residue control

Agricultural and farming pratlces (use of agricultural
chemicals and Insecticides on livestock) In the area
surrounding the apiaries

Chemical Industries In the surrounding environment of
the apiaries

Migratory beekeeping

Feeding supplement and water quality
Residue control

Treatment of colonies

Use of drugs or veterinary medicines without
marketing authorization for honeybees

Sales and prescription controls

Record keeping

Residue control

Quality of feeding supplement and water
Apiary location

Foraging sites

Migratory beekeeping

Source of feeding supplements and water

Hive and apiary location

Migratory beekeeping

Colony density

Inspection of the hives, material manipulation
Material (hives, supers, frames, small material)
Feeding supplement

Equipment

Record keeping
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explanation of the HACCP principles (Regula-
tion (EC) No 852/2004 of the European
Parliament and of the Council of 29 April 2004
on the hygiene of foodstuffs).

These principles prescribe a certain number
of requirements to be met throughout the
cycle of production, processing and distribu-
tion in order to permit, via hazard analysis,
identification of the critical points which
need to be kept under control in order to
guarantee food safety:

- ldentify any hazards that must beprevented,
eliminated or reduced to acceptable levels.

- ldentify the critical controlpoints at the step
or steps at which control is essential

- Establish critical limits beyond which
intervention is necessary.

- Establish and implement effective moni-
toring procedures at critical control points.

- Establish correctiveactionswhen monitoring
indicates that a critical controlpoint is not
under control

- Implement own-check procedures to verify
whether the measures adopted are working
effectively.

- Keep records to demonstrate the effective
application of 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 main hazards and the corresponding
control points. This table is adapted for
beekeeping from Appendix 1 of the OIE/FAO
Guide to Good Farming Practices for Animal
Production Food Safety (OIE and FAO, 2009). Of
course, in theory there is an unlimited number
of biohazards, chemical hazards, and physical
hazards; however, this table tries to focus on the
main ones and on the main control points.

2.1 Biological hazards

Biological hazards are infectious and fungal

agents, parasites, pests, and enemies of the hives
These hazards, and their control, have been
covered in Chapters 2-7.

2.2 Chemical hazards

Chemical hazards are chemical agents used
within the hives (either on the colonies or
stored material) and chemical agents affecting
bees (mainly foragers on the field), or brought
back to the hive by foraging bees or accidentally
introduced into the hives. They have been
presented in Chapter 2.

2.3 Physical hazards

Physical hazards are the consequence of hive
management or accidents, such as hives being
knocked over, queens getting crushed during an
inspection, ora traffic accident during migratory
beekeeping or movement of hives. They may
also be the consequence of climate - wind,
dampness, dryness, etc.

3 General honeybee farm
management

To practice beekeeping, several conditions are
necessary. These conditions vary according to
country, but all stages from training to regulation
should follow GSBPs.

3.1 Training
‘Husbandry measures and techniques ate
ever-changing. Competent Authorities are

encouraged to assess training needs amongst
stakeholders and promote necessary training'
(OIE and FAO, 2009).

Beekeepers should undergo regular training
to adapt their husbandry practices to ongoing
developments in apiculture. This is especially
important given the current health crisis in the
beekeeping sector. Thus, according to the OIE
and FAO (2009), beekeepers, as farmers and
farm managers, should:

« Actively seek and use relevant beekeeping
training opportunities for themselves and

their workers.



, Beaware ofany training courses that may be
compulsory in their countries and regions.
, Keeprecords of all training undergone.

32 Legal obligations

Beekeepersshould be aware of, and comply with,
dl local regulations and all legal obligations
relevant to honeybee husbandry and food
production (OIE and FAO, 2009). Beekeepers
should be prepared to undertake:

Disease reporting. Particular attention must
be paid to reporting notifiable diseases
and pests to the relevant authorities (see
Appendix 2).
. Recordkeeping.
Hive and apiary identification.
Registration of colonies and apiaries (in
countries where this is a legal obligation).
Documentation pertaining to the sanitary
organization of the honey house.

33Beekeeping record keeping

Recording data for livestock husbandry, and
in particular for colony management and
beekeeping practices, is fundamental for
understanding health or sanitary problems.
Indeed, the entire ‘life history” of the colonies,
the apiary, and the material management may
potentiallycontain the root cause ofany problem
thatoccurs, whether this is physical, chemical, or
biological. Hence, the beekeeper should, as far as
possible, keep records of the following elements:

* Number of hives and apiaries.

¢ Introduction of bees within the honey
farm: artificial swarms, package bees, and
queens. This includes: the origin and date of
introduction, the health certificates, and the
specific colonies into which these bees were
introduced. The recovery of wild swarms
should also be recorded.

* Migratory beekeeping and movement of
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.
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« Date, origin, and type of feeding supplements
given to the colonies (honey, carbohydrates,
and protein supplements).

« Date, origin, and use of veterinary medicinal
products (VMPs) within colonies.

« Date, origin, and use of any chemicals

(organic acids, miticides without marketing

authorization, essential oils, etc.) within
colonies.

« Date, origin, and use of any chemical for the
cleaning, disinfection, and sterilization of
stored hives and supers and frames.

« Date, origin, and use of any cleaning and
disinfecting products used on equipment and
in the premises and honey house.

« Beemortalities, colony mortalities, diagnosed

diseases

or suspected viral,

fungal, or parasitic), diagnosed or suspected

(bacterial,

poisoning. The colonies affected must be
recorded. Treatments applied must also be
recorded.

3.4 Apiary and colony identification

Identification is an essential element of colony
management. It allows traceability and is key to
managing colony health and easuring the safety
of the hive products. Knowledge of the origins
of colonies is desirable.

The beekeeper should identify:

¢ The apiary.

¢ Each hive, with a number or even a specific
bar code, allowing traceabiliv and computer
tracking of colony management (requeening,
feeding, movments, etc.).

¢« Tlie queens. These should be marked
according the international code,
allowing traceability and making it easier to
spot them during hive inspections.

colour

3.5 Hygiene and prophylaxis of diseases
The OIE/FAO Guide specifies that:

Measures aimed at preserving cleanliness,
preventing pathogen build-up and breaking
possible pathways of transmission are essen-
tial in the management of any modem
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farming enterprise, regardless of the species
or the farming system. (OIE and FAO, 2009)

In modern apiculture, sanitary measures are
aimed at maintaining cleanliness but also at
preventing the build-up and transmission of
pathogens and chemicals. Accumulation of
pathogens and chemical residues in hives is a
major risk for colonies, and in addition poses
a potential risk to consumers of hive products,
in particular honey. The selection, management,
and maintenance of material is one of the pillars
of prophylaxis against diseases and poisoning. A
second pillar is management of the colonies and

colony health.

3.5.1 Choice of hives and material

The choice of material for hives, supers, frames,
wood, and insulation must be adapted to colony
health (taking account of the honeybee strain),
the aim of the beekeeping (pollination or
honey), and the local environment (especially
the dimate). Hives must remain dry inside
and well ventilated to create optimal living
conditions for honeybees. Paints, wax, and any
protection used on the wood must be harmless
for colonies and compliant with regulations
covering food-producing animals.

3.5.2 Management of material

In apiaries, the management of hives, supers,
and frames should be designed to limit
contamination between colonies but also
between apiaries. As far as possible, frames
and supers should be associated with one hive.
Exchanges of frames should be avoided between
hives and between supers (Vidal-Naquet, 2013).
However, although this is easily manageable in
small apiaries, it is much more complicated to
restrict these exchanges in honey farms with
many colonies and apiaries. However, exchange
of material between hives should be done only
where necessary and should be restricted as far
as possible.

Management of the wood used in the hives
is important for the colonies. Over time, wood

becomes porous and its thermal insulation

properties are reduced; this deterioration creates
conditions favourable for diseases and pests.
Thus, not only isthe choice ofwood fundamental,
but care for and renewal of wooden items are
necessary to minimize the risk of infestation/
infection.

Management of wax combs (frames) is also
very important, as wax may contain pathogenic
agents (e.g. spores of Paenibacillus lame
and Nosema spp.) and residues Of treatments
and pesticides accumulated over the years.
Very dark wax combs should be removed and
changed for new frames with a wax foundation.
It is usually accepted that the frames of a hive
should be renewed every three years (in a
ten-frame Dadant hive, two and if possible three
frames should be renewed every three years).
Foundations must be done with wax without
residues and pathogens; wax from honey cell
cappings is the safest to use to make foundations
(after extraction of honey, cappings can be be
converted into foundations). Old combs should
not be converted into wax foundations.

Small tools and clothing (e.g. hive tools,
brushes, gloves, beekeeping suits) should ideally
be cleaned and disinfected at least after each
inspection of a weakened colony.

3.5.3 Maintenance of the material

The maintenance of beekeeping material is
a major element of GSBPs. Cleaning and
disinfection of removed hives, supers, feeders,
frames, and any wooden material before storage
or reuse are fundamental.

The maintenance of material is usually
performed in winter, when the beekeeping
season isoverand the colonies are overwintering.

Any damaged wood, and frames removed
from diseased colonies (in particular following
foulbrood disease and nosemosis), should be
removed from the farm and burned.

Otherwise, maintenance ofthe wood involves:

e Scraping the surface to remove residues of
bees, honey, wax, and propolis.

¢ Disinfection. A blowtorch can remove a lot
of pathogens, especially when combined with



subsequent treatment with bleach and acetic
acid. lonization with gamma-rays can also
be used to disinfect wood and wax; however,
tills method
honeybee farms.

is mainly restricted to large

Preservation and sterilization ofwooden hive
parts. Feeders as well as any wooden hive
parts may be covered with microcrystalline
food-grade hot (hot dipping
procedure). A mixture of microcrystalline
wax and paraffin may also be used.

wax wax

Alemptyhives mustbe removed from the apiary,
deaned, disinfected, sterilised, and stored.

Hives, should be
treatment in

supers, and frames

stored without any chemical
well-ventilated premises. Supers with frames
must be stored stacked in a criss-cross pattern
toform a well-ventilated 2 m chimney, open at
the top and the bottom to protect them against
wax moths.

Management of this material is crucial in
beekeeping to limit biochemical and chemical
hazards that could adversely affect the strength

and health of honeybee colonies.

4Honeybee colony management

Animal health management lies at the heart of
any husbandry. Beekeeping has some unique
and particular features due to the biology and
physiology of the honeybee. GSBPs must take
particular account of these.

If modern closed farming and all-in/all-out
systems of food-producing animal husbandry
provide general principles for food safety,
this approach is not adaptable to honeybee
husbandry for one reason: foraging
bees, rather than the farmer, are in charge of

main

the food supply of the colony (according to
good beekeeping practice, the beekeeper only
provides feeding supplement to avoid colony
weakening, e.g. if there is a shortage of blossom,
or for overwintering). From the choice and
management of the Livestock to its renewal,
husbandry practices must ensure prophylaxis

and early control of diseases.
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4.1 Choice and sanitary management
of colonies

The beekeeper chooses the honeybee strains
to keep in his/her apiary From making this

selection through to honey production, the
beekeeper has to manage the colonics based on
continuous knowledge of iheir health status in
order to take early appropriate measures should

any problems arise.

4.1.1 The choice of honeybee

The choice of the honeybee kept in the apiary
is important. should
be adapted to the environmental conditions
and to the objectives of the farm (pollination,
honey production, royal jelly production, queen
rearing, etc.). This is why, in many cases, a local
black honeybee exhibiting hygienic behaviour
(Apis mellifera mellifera in western Europe) is
the best choice.

The honeybee strains

However, according the objectives of the
beekeeper as well as the history of the apiary, it
may be necessary to practice honeybee selection
orto introduce selected queens, artificial swarms,
or package bees to create colonies that possess
certain desired qualities, such as: gentleness,
tranquillity on the combs, hygienic behaviour,
low swarming

tendency, productivity, and

strength for the overwintering period.

4.1.2 Management during the beekeeping
season

The apiarists beekeeping season begins at the
end of wintering and lasts until the beginning
of the next wintering, and includes periods of
colony population growth and decline. Livestock
management is of particular importance during
this time, and routine inspections of the sanitary
status of the colonies are necessary. The main
things to consider for sanitary management are
as follows:

« Examination of the bee population. Regular
assessment of the activity and brood of the
colonies is necessary (approximately every
15 days). Examination of the inside of the
hive should also be performed regularly, in
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particular if the strength of the colony seems
to be impaired. This provides the possibility
for early management of sanitary troubles
(mortality, weakening, poisoning, infectious
diseases, etc.).

« Management of the material is important
during the beekeeping season, in particular
when thebee populationincreases; installation
ofthe supers on the body ofthe hives must be
done punctually to avoid or limit swarming.

« Management of colonies in the case of
migratory beekeeping has to follow some
basic rules: the colonies must be prepared
for the journey with carbohydrate feeding
supplement to limit stress, and the move
should be done at night or in the early
morning, when all the bees are inside the
hive. Of course, transportation regulations
must be followed.

« Honey harvesting may be a critical period.
The harvest should be performed so as to
limit robbing between colonies.

* Monitoring Varroainfestation throughout the
season allows implementation of integrated
pest management to control mite parasitism.

4.1.3 Spring inspection of the colonies

When the overwintering period ends, the queen
begins to oviposit and the winter workers begin
to rear the new brood. The spring examination
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 of his/
her livestock.

The main elements of the spring inspection
are as follows:

¢ Checkingall the hives (material and livestock).
* Management of the material. Wooden objects
tend to suffer in the winter and must 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. dark in colour). In a hive with ten
frames, it is considered that two to three
frames should be replaced each year by new
ones.
Evaluation of the colony populations and
newly developing broods to assess if the
colonies are restarting properly.
Management of feeding supplement (c
Chapter 2, section 2.5). Supplementary
feeding may be necessary to help the colo-
nies to restart, in particular if the spring is
cold and development of vegetation delayed,
¢ Rejuvenation of the areas nearby ad
surrounding the hives and apiaries.

« Assessment of the progress of blossomming
(and the growth of honeydew plants) in the
surrounding area.

* At the beginning of the beekeeping season,
Varroa infestation of the colonies must ke
below the threshold of 50 mites per colony.
Monitoring Varroa infestation may be
necessary in colonies selected at random.

4.1.4 Inspection in preparation for
overwintering

Examination of the hives at the end of summer/
early autumn is crucial for limiting the risks for
the colonies during the overwintering period
and for the recovery of colony activity the
following spring (FERA, 2010).

The main elements of this examination are
as follows:

¢ Checkingallthe hives (material and livestock).

« Estimating the autumnal population and the
presence ofyoung winter bees. Determination
of the winter bee population provides an
assessment of the strength of the colonies
before overwintering.

* A colony that is too weak will not be able to
overwinter and should be eliminated. Indeed,
this colony may pose a risk as a source of
pathogens that can be transmitted to other
colonies in the apiary.

¢ Confirming that the Varroa control
management methods implemented hae
been effective. (Control of Varroa infestation.



described in Chapter 5, iscentral to producing
astrong brood for wintering.)

The honey stored, or feeding supplement
for the overwintering period, must be
rigorously checked. According to the area,
the bee strain, and the severity of the local
winter climate, it is usually considered that
a colony should overwinter with 10-22 kg
of honey or equivalent sugar supplement to
avoid any sugar deficiency. If honey is used
foroverwintering, it must be produced by the
colony (or by the apiary) and notone brought
in, which could be a source of pathogens or
chemicals.

During the winter, the beekeeper should visit
the hives and apiaries (and check inside if the
weather and the temperature permit) to monitor
thecolonies and to manage feeding if necessary
(for example, an unusually severe winter will
require more feeding than wusual). In some
regions, it might be desirable to transfer the
colonies to areas with a less cold winter.

42 Addressing biohazards

421 Veterinarian

The beekeeper should establish a ‘working
relationship” with a veterinarian competent in
honeybee pathology. Of course, such veteri-
narians are quite rare but it would be an asset
if a network of honeybee veterinarians could
develop in every country, as has begun to
happen in France, within the framework of the
'One Health’ principle.

Theexpertise ofthe vet will allow the achieve-
ment of clinical examination and diagnosis in
the case of overt disease, outbreak, suspicion of
poisoning but also the achievement of sanitary
audit for a better sanitary management of the
apiary (Vidal-Naquet, 2013).

The presence of veterinarians competent in
honeybee pathology is a necessity as specified in
the Guide to Good Farming Practicesfor Animal
Production Food Safety (noting that honeybees
are indeed animals that produce food) (OIE and
the FAO, 2009) and the book Bee Health and
Veterinarians (O1E, 2014):
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Owners 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 ofserious 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,
ifnot 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 of VMPs in the beekeeping sector
islimited; only a few miticides are authorised for
treating bees.

The use of miticides is currently necessary to
control Varroa infestation. Theuse 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 of 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 of antibiotic resistance and the
presence of residues in the products of the hive.
The use ofantibiotics In a colony should be done
in association with the shaking bee method (also
called the shock swarm method),

4.2.4 Renewal of the honeybee livestock

The
introduction

renewal of honeybee colonies (by the

of artificial swarms, package
bees, and queens into the apiary) is a potential
biohazard for the existing colonics. 'lhc sanitary
status of any honeybee livestock introduced
into an apiary should be known and certified.
Quarantine measures before introduction may be
necessary because of sanitary risks (pathogenic
agents, parasites, pests). Introduction of
honeybee livestock from certain countries may
require that samples be sent to a reference
laboratory to test for exotic pests and parasites
(Aelhma tumida, Tropilaelaps spp.).

Livestock renewal may be performed within
the hone)' farm by the process of 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 of queens (re-queening). It is
considered that in managed colonies, the
queen should ideally be replaced every year,
and at most every two years. Artificial queen
rearing or re-queening by supersedure may
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 of 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, lower tendency to swarm,
hygienic behaviour, etc.),

Producing artificial swarms. Creating
artificial swarms provides a means to renew
the
requires careful consideration and should be

performed only on strong colonies.

and increase livestock. This method

Introduction of foreign artificial swarms or
package bees. Artificial swarms or package
bees are potential biohazards as they pose the
risk of introducing pathogens into the apiary.
This risk can be considered significant. The
beekeeper may quarantine these artificial
swarms and package bees. Traceability and
sanitary certification are necessary.

Recovering a (wild) swarm. Recovering a
swarm from a tree, for example, constitutes
a biohazard for the apiary. A recovered
swarm should be isolated from the apiary
if possible and a one-shot miticide (eg.
oxalic acid or formic acid) applied to control
Varroa infestation and avoid infestation of

the colonies in the apiary.

4.3 Addressing chemical hazards

Chemical hazards are a major risk for honeybees

and are considered by many stakeholders in the
beekeeping sector as mainly responsible of the
current sanitary crisis.

Chemical hazards may come from the honey

farm (management of the material, control of

Varroa infestation) or the environment (crops,
pesticides, and industrial chemicals):

Crops are frequently treated against insect
pests. Because bees are also insects, and feed
in particular on crops, these pesticides pose
a major hazard to bees, and hence threaten
pollination. Phytosanitary products may
endanger the health of the colonies (see
Chapter 2).

Because bees are food-producing insects,
beekeepers must take measures to protect not
just the health and strength of the colonies
but also the health of the consumers of hive
products.



flius,dealing with chemical hazards requires the
following GSBPs:

, The beekeeper should use within the hives
onlythose chemicals or VM Ps authorised for
useon honeybee colonies, in particular when
controlling Varroa infestation. Chemicals,
etc., used within the hives should be officinal
substances. For example, the organic acids
(oxalicadd, formic acid, lactic acid) currently
utilised in preparations for Varroa control
management ought to be purchased from a
pharmacist or veterinarian and not from a
paint shop as often occurs.

, The beekeeper should use only authorised
deaning, disinfecting, or sterilizing products
on stored material.

. The beekeeper should be familiar with the
vegetation and crops that his colonies forage
on and pollinate. Beekeepers can sometimes
chose where hives are located, and should
avoid risky areas.

. The beekeeper should also be aware of, and
should evaluate, any use of anti-parasitic

chemicals by neighbouring farms.

¢ Asking neighbouring farmers
information about their chemical (on crops)
and anti-parasitic (on animals) practices

to share

should help to minimize chemical hazards.

44 Addressing physical hazards

Beekeeping practices always present risks for
honeybee colonies. These practices should
respect the welfare and safety of the bees:

« Thebeekeepershould have sufficient practical
experience to be able to inspect the colonies
in the hives.

« Thebeekeeper has to manage hives in such a
wayas to limit losses due to physical hazards.
Handling, opening, and transporting

(migratory beekeeping) should be performed

with the utmost care to protect the colonies

within the hives. The queen, in particular,
must be protected when any handling is
performed.
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The biology and physiology of the honeybee
should be considered when opening the hives
for examination or for any management.
Draughts and cold must be avoided because
these may harm bees but more importantly
damage the brood.

5 Veterinary medicine products

The beekeeper should be aware of and respect
the legislation concerning the use of VMPs
and drugs in apiculture. As already mentioned,
in the EU, the only VMPs sold officially are
miticides. In certain countries, some VMPs are
prescription drugs.

VMP use in terms of GSBPs involves the
following considerations:

¢ The beekeeper should use only VMPs
officially sanctioned for use on honeybees.

The use of other active ingredients, e.g.

organic acids, must be done according to
the prevailing sanitary and public health
legislation (officinal substances, prescription,
preparation method, etc.)

Currently, the use of antibiotics is forbidden
in the EU, though these ire authorised in
some other countries.

The beekeeper must be aware ofpotential risks
to him/herself and other apiary workers and
must take all necessary protective measures.

The use of VMPs must be done in accordance
with the veterinary prescription and/or the

instructions supplied.

Details of treatments must be recorded in
writing, and should include: origins, use,
batch number, date of administration, doses,
identification of the colonies treated.
Storage of VMPs must follow legislation and
sanitary regulation.

The treatments applied must not be harmful
to the health of the colonies.

Treatments against the mite Varroa must be
applied according to a carefully considered
strategy.

Treatments must not be applied to the hive
during honey-flow and honey production.
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* The treatments (strips, sponges, and other
carriers) should be applied for a given time
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. Water
is crucial for colonies (homeostasis of the nest,
brood rearing, etc.), especially as it is not stored
in the nest as pollen and honey are.

Supplementary feeding may be performed
in three main circumstances: in the case of
starvation or risk of deficiency (emergency’
feeding), to stimulate colony activity
(speculative or stimulating feeding), or 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 or close
to the apiary.

« Avoid handling, which could be a source of
chemical or biological contamination, and
can result in fermentation of the feeding
supplement.

* Makesure that the composition of the feeding
supplements is tailored to suit the needs of
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 of chemical and biological

(spores of Paenibacillus larvae in particular)
contamination.

Honey containing melezitose should not be
used for overwintering because it tends to
crystallise. Colonies overwintering on honey
containing melezitose have a greater risk of
collapsing during the winter or during the
following spring as crystallization of the
melezitoze may induce dysentery in winter
workers (Imdorf et ai, 1985).

Use feed that is suited to the needs of the
colony and the time of the year. Usually, in
winter and early spring, when the weather is
cold, candy is the food of choice. In spring,
when the weather is better and the colony
begins to restart, syrup should be used.

7 Hive and apiary environment

The location of the apiary and the situation of
the hives in an apiary are both crucial to the
health of the colonies.

7.1 Location of an apiary

The beekeeper should:

Ensure he/she has easy access to the apiary.
Ensure that the apiary and the spaces around
the hives are suitably maintained.

Ensure that the hives are protected against
any dampness in the air or from the soil,
and are positioned carefully with respect to
the wind (the entrance of the hive must be
protected from the prevailing winds to avoid
physical hazards, and to allow the bees to fly
out freely). According to the area and the
strain of bee, it may be necessary to move
the hives to overwinter in aregion with more
clement weather.

Protect as far as possible the apiary against
pests and predators.

7.2 The apiary within the environment

The beekeeper should:



, Ensureihe presence ofnatural food resources.

He/slie should know the vegetation and crops

found In the areas surrounding the apiaries.

Ensure the presence of a high-quality water

syl

Ensure the quality of the vegetation (during

[he flowering and blossoming period) and

the presence of water in any location to where

hives arc moved (in the case of migratory
beekeeping).

. Limitasfaraspossible any risksofconfinement
within the hive (which favours a number of
diseases, e.g. European foulbrood disease and
NOSemosis).

. Know, if possible, the farming practices
and the use of pesticides on crops near his/
her apiary. Discussion between farmers and
beekeepers about the use of phytosanitary
products by the farmer may limit the risks
of poisoning. Of course, it is hoped that use
ofpesticides on fields, orchards, or vineyards
will be rational and proportionate.

Know, ifpossible, the practices being followed

by neighbouring beekeepers, particularly

with respect to Varroa control management;
ingeneral, awareness of the possible presence
of diseased colonies nearby

is important
because robbing and drifting are the two main

natural routes of transmission of infectious
and parasitic diseases of the honeybee.

8Handling of honeybee colonies
and hive products

81 Addressing biohazards
the beekeeper should;

« Ensure the (good) sanitary status of his/her

colonies if the farm produces honeybees
intended for sale.

Ensure that the honeybees (package bees,
artificial swarms, queens) intended for sale
arefitto travel and are transported in the best
sanitary conditions possible.

Ensure optimal sanitary conditions for honey
extraction from the frames.
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* Ensure that any contamination by pathogenic
agents in the honey and products of the hive
intended for sale is as low as possible.
Ensure optimal conditions far the packaging
and storage of the honey and products of the
hive to maintain 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
VMPs 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 of 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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European regulation defines w ithin its

food

the

‘hygiene package’ the safety objectives

to be achieved, leaving food operators,

and in particular honey producers and the

honey industry, responsible for adopting the

safety measures to be implemented in order to

2009). o1 ey

have

guarantee food safety (Europa.eu,

producers and honey business operators

to apply the principles of the hazard analysis
and critical control points (HACCP) system
introduced by the Codex Alim entarius (the
code ofinternational food standards drawn up

by the United Nations Food and Agriculture

Organization). The basic principle of the

production of honey in the honey house |is

walking-forward logic (Vidal-Naquet, 2013)

Beekeepers have to respect the physicochem -
ical criteria ofhoney defined by the regulation.

Council Directive 2001/110 /EC o f 20

December 2001 (reproduced in Appendix 5)

relating to honey specifies the legal definition

and physical and chemical characteristics of

honey as follows

Honey the natural sweet substance

produced by ApIS mellifera vees from

is
the

nectar of plants or from secretions of living

parts of plants or excretions ofplant-sucking

insects on the living parts of plants, w hich

the bees collect, transform by com bining

w ith specific substances oftheirown,deposit,

dehydrate, store and leave in honeycom bs to

ripen and mature.

The fructose, glucose, and sucrose content
of honey are defined, as well as moisture (in
general not more than 20%), the electrical

conductivity, free acid content, diastase activity,

and hydroxymethylfurfural (HMF) content. In

general, HM F m ust be not m ore than 40 mg/
kg, EXCEPt iN bakers honey. In Europe, honeyi
of declared o rigin from regions with tropical
clim ate and blends of these honeys not more
than 80 m g/kg.
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Honeybee veterinary medicine and practice

Itis currently quite unusual for a beekeeper to
summon a veterinarian in the event of sanitary
trouble, disease, suspicion of poisoning, or
colony collapse as is done in other husbandry
sectors. However, veterinarians competentin bee
pathology are able to use diagnostic and clinical
skills that can prove an asset to beekeepers
(Barbamfon et al, 2014).

The first part of this chapter deals with the
clinical examination of an apiary. The second
partconsiders the sanitary audit ofan apiary that
veterinarians may perform, and how this may
hdp beekeepers with their apiary management.

In honeybee veterinary medicine, certain
features of Apis mellifera have to be taken into
account compared to other reared species:

« Honeybees are insects and not mammals.

- Apis mellifera is a social insect; although the
individual is the honeybee, the unit is the
colony as a super-organism.

Apis mellifera is the only managed or reared
species for which the food is not brought and
controlled by the farmer.

Honeybees are food-producing

animals.

reared

1 Clinical examination of colonies
and elements of semiology

Veterinary practitioners acquire during their
studies and their practice an approach to
clinical examination and diagnosis when faced
with any diseased animal, whatever the species.
This diagnostic procedure is strict; overlooking
any step runs the risk of reaching a wrong final

205

diagnosis (Roy, 2011). This is also the case
for honeybee veterinary medicine. However,
of clinical examination

auscultation,

the usual means
(temperature taking,
etc.) are not practicable in this insect species.
A method adapted for the honeybee must be
developed (Roy, 2011), as described here.

One element does not change compared to
veterinary medicine for other species: clinical
examination always begins by collecting anam-
nesis and recording the symptoms observed.

The intervention of a practitioner in the field

palpation,

may occur:

in bees and/
collapse

If symptoms are observed
or brood, colony weakening or
occurs, production decreases, or poisoning
is suspected.

At the request of sanitary authorities.

At the request of insurance companies.

To undertake an epidemiological study as
part of a surveillance system.

To prevent diseases.

In the framework ofa sanitary audit that can
be performed in a honeybee farm as in other

animal-rearing farms.

Preliminary remark

The management of the visit, in particular

removing and resetting the frames in the hive
during the visit, must be under the control ofthe
beekeeper. The veterinarian should observe how
the beekeeper practises bee husbhandry and be
alert to any clinical signs. Another reason is that
when opening a hive, although some workers
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may unfortunately be crushed, it is vital that the
queen not be harmed.

11 Conditions for a good clinical
examination

Visiting the hives must be done during the
hottesthours ofthe day. Theclinical examination
must be performed in a coordinated manner,
step by step, and as quickly as possible to avoid
disorganization and weakening of the colony.

12 Anamnesis (medical history)

Listening to the client beekeeper is essential in
order to gather as much information as possible.
Unfortunately, the data gathered are often sparse
and superficial and sometimes mistaken (Roy,
2011).

The anamnesis must be asdetailed as possible:

Date of occurrence or first observation of the

symptoms and their evolution.

Migratory routes (crops pollinated, migratory

beekeeping, etc.).

Frequency and dates of inspections of the

apiaries and colonies.

« Varroa control method used.

W ater access characteristics (distance, stand-

ing water, flowing water, etc.).

Features of the farm: traditional beekeeping,

organic beekeeping, extensive or intensive

beekeeping, honey production, pollination

activity, etc.

Crops and flora in the surrounding environ-

ment, but also weather (not only at the

moment of the clinical exam but also for the

past weeks and months).

¢ Apiculture environment. It is important
to assess the density of the apiaries in the
surrounding environment. Furthermore,
during the season, migratory beekeeping may
lead many beekeepers to put their hives in
the same area for pollination or production of
monofloral honey (e.g in areas surrounding
lavender fields in the south of France).

¢ The epidemiological
of any problems

context: knowledge
in nearby colonies, if

available, should be an importantpoint ofthe

anamnesis. Is there a greater probability of
the colonies being faced with an infectious or
toxicological threat due to local beekeeping

and farming (phytosanitary product use)
practices?

1.3 Initial external examination

Onarrivalonsite,observation ofthe environment,
of the general activity of the bees on the apiary
and in front of each hive, the appearance of the
hives, the activity at the hive entrance, and the
soil on the front of the hive represents the first
step of the clinical examination.

1.3.1 The environment

W atching and observing carefully the apiary
environment and surrounding area provides
information that should be taken into account
when making the clinical examination and

performing the diagnosis (Figure 9.1):

Observing the location of the apiary gives
information on water and food resources,
prevailing winds, the potential presence of
enemies of the hives, and potential physical

Figure 9.1 Apiary surroundings. Observing the
apiary surroundings, the apiary maintenance,
and the placement of the hives provides
much information for a clinical examination.
(© Nicolas Vidal-Naquet.)
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risks (vibrations when close to a road or a

railway, etc.).

, The forest, floral, and agricultural
environment provides vital information. For
example, cereal crops, canola, sunflowers

and maize crops, vineyards, orchards, etc.,
are treated with particular phytosanitary
products so knowing the local crops
provides an appreciation of the ‘toxic risk’
faced by the colonies. When preparing the
visit, observation of a satellite view (e.g.
Google Maps) of the apiary location and on
average 3km around may provide interesting
information (e.g. a nearby industrial area).
3km is considered the maximum distance
for foraging flights.

Maintenance of the immediate environment
and access to the apiary must be evaluated.
surroundings are not
good sanitary beekeeping practice and may

Poorly maintained

be evidence of inadequate husbhandry.

132 Appearance of the hive

Theappearance ofthe hives, and their placement,
must be considered as important elements in the
clinical examination:

¢ Choice of hive, e.g. Dadant, Langstroth,
and Warre models. Usually beekeepers in
areas with cold winters use a relatively large-
volume hive which can store a high quantity
ofhoney. However, the space available to the

Figure 9.2 Alighting board of a hive with a
collapsing colony, showing a high level of
faeces and debris. (© Nicolas Vidal-Naquet.)

bees within a hive must be matched to the
size of the colony,

« Hive maintenance: paint or woodstain,
protection against pests and enemies, renewal
of damaged hives, etc.

¢ Hive placement: suitable placement may help
to estimate the risk of drifting.

¢ Measures to protect hives from dampness
(e.g. by using a hive stand).

¢« An apiary with the same kind of hives allows
the strengths of different colonies to be
compared.

1.3.3 Examination of the alighting board and
the front of the hive

The alighting board is a surface at the front
of the hive where the bees land and take off.
Observation of the alighting board and the front
ofthe hive isimportant for the following reasons
(Figures 9.2 and 9.3):

Assessment of the number of bees entering
and leaving the hive provides a measure of
the colony activity.

e« The alighting board and the area in front
of the entrance should be searched for the
presence of predators, enemies, and pests of
the colonies, e.g. hornets hovering in flight
waiting for forager bees.

¢ To check for the presence of unusual or
abnormal features, including:

Figure 9.3 Alighting board of a highly active
hive. (© Nicolas Vidal-Naquet.)
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Figure 9.4 A hive of a collapsed colony with
no bees. (© Nicolas Vidal-Naquet.)

- diseased bees, and bees exhibiting clinical
signs;

- dead bees;

- brood mummies;

- faeces;

- waste (it must be taken into account that
some scavengers, e.g. lizards, birds, and
ants, feed on dead bees, waste, etc.).

« Examination of the soil in front, under
(if a mesh-floor is used inside the hive),
and around the hive can provide much
information on the health status of the
colony; dead bees (a few dead bees are usually
observed in healthy colonies but a carpet of
dead bees is suggestive of an impairment
of colony health), mummies, crawling bees
unable to fly, etc.

Before opening the hive, the percussion of the
hive body provides information on the presence
ofthe colony, which typically makes a humming
sound. A stethoscope may be used to listen to
the activity inside a hive. The weight of the hive
can be evaluated by cautiously and slightly lifting
the hive; this is particularly important before
the overwintering period to evaluate the honey
resources.

This first ‘external’ examination gives an
appreciation of the assets, hazards, and risks of
the environment and the status of the hives, and
provides an initial picture of the vitality of the
colonies (Roy, 2011).

Figure 9.5 A hive of a weakened colony with
few bees. (© Nicolas Vidal-Naquet.)

When examining a colony, it is important to
remember that some bees may be not found;
foraging bees may be away on foraging sites
(though there is usually a permanent toing and
froing of foragers) or may have died during
foraging or have been unable find their way back
to the hive.

1.4 Clinical examination of the colony

A digital camera is helpful to enable a better
examination of the frames (number of bees,
abnormalities, of brood quality
and quantity, etc.) on a computer screen. The
clinical examination will encompass all living
and non-living elements of the hive. It has to
be well structured and quickly implemented

evaluation

Figure 9.6 A hive of a healthy and strong
colony. (© Nicolas Vidal-Naquet.)
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,)5 minutes for a full examination of a hive is

considered sufficient by many practitioners).

j41 Examination when opening the hive

Hhen opening the hive, the first point to notice
isthe presence or not ofpropolis; the outer cover

inner cover may be glued by the propolis -

When the covers are removed, the following

points should be checked:

Usual or unusual behaviour (aggressiveness)

ofthe colony.

Theinter-comb spaces occupied by bees must

be numbered, allowing an estimation of the

population strength:

- In the season, all the frames covered
by bees and all the inter-comb spaces
occupied by bees indicate a strong colony.

- Weakened colonies may present only a few
bees or a few inter-comb spaces occupied
by bees.

. The smell of the hive. The usual odour of a

hive is that of the wax. If a foul or vinegar
smell is detected, a disease of the brood may
be suspected.

Thepresence of other insects within the hive,
egwasps, moths, hornets, ants, and beetles.
Although the presence of some ants is often
considered usual in colonies, the presence en
masse of these insects or other predators and
enemies may be a sign of a weakened colony
or a colony with weak defensive behaviour
(Roy, 2011). At the present time, the search
forthe small hive beetle has to be done inside
the hives.

142 Examination of the adult bees

After opening the hive, the beekeeper carefully
removes the frames from the hive. The first step
of the internal examination is to estimate the
number of workers. This is mainly a subjective
method done using a trained eye, though the
liebefeld method is an interesting quantitative
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-
metric wings, abnormal 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.

Neurological symptoms: aggressive or Ump
and weak bees, trembling and crawling bees,
bees moving slowly, bees with shaking wings,
bees unable to fly.

Behavioural and social symptoms: bees
fighting with guards; clusters of bees in
front of the hive. However, each strain and
each colony has its own behavioural features
which must be taken into account.
Digestive symptoms: elongated probosces,
constipation (distended abdomen), signs of

dysentery on the combs and hive.

The veterinarian and beekeeper should seek out

the queen when examining a hive. However, not
too much time should be devotedto finding her:

Thequeen may be affected by certain problems,
such as body size and wing abnormalities.
Ifthe queen is present and the colony brood-
less, the queen is probably infertile.

1.4.3 The frames and the brood

The frames are wooden structures,

within

which a foundation sheet is laid on which the
cells are constructed (to prevent uncontrolled
construction within the hive). Its examination
Is fundamental. During the visit, all the frames
and the ‘non-living’ elements of the hive body
must be carefully examined:

The frames should be quite easy to remove
from the body of the hive. If they are not,
this may be caused by a recent propolis
foraging activity or because of a lack of hive
surveillance by the beekeeper.

The wax and the cells: colour and consistency
are elements to check. New wax is white to
yellow. Older waxes become black and may
contain residues and pathogenic agents.
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* 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
ofthe 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 of 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
eggsand 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
alack 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.

Distribution of the brood on a crb
homogeneous or heterogeneous (irregular
pattern).

e The brood shapes: concentric circles with
larvae of the same age indicate regular queen
laying. Deviations from this pattern can be
ascribed to meteorological conditions, strong
honey flow, former or present diseases,
re-queening, etc.

The brood surface must 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.

« Abnormalities of the brood observed ae
various and all must be checked and listed &
precisely as possible:

- The brood may have a mottled or scattered
appearance.

- The brood may 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 of mummies.

- The presence of caterpillars burrowing
tunnels inside the brood.

- The appearance of some uncapped pupae
in a small linear tunnel (bald brood)

e« The presence of drone brood may bke
observed. It is usually present in spring and
summer when queens are reared by colonies.
The drone brood under normal conditions
represents a small percentage of the total area
of 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 of preparation to swarm,

replacement of the queen by supersedure,
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or replacement of the queen by emergency
queen cells. The location and structure of the
queen cells may provide information about
thecause ofqueen rearing. The nature ofthese
cellscan also be a consequence of beekeeping
practice (requeening by supersedure, artificial
swarm, etc.).

144The floor of the hive

Significant information can be obtained from the
floorof the hive. Diseased bees, dead bees, pesis,
and predators may be observed. It is necessary
tocheck the cracks and crevices in the wood to
search for potential hidden predators.

145Health status, weakening, mortality,
collapse
Defining the health status of a honeybee colony
is not easy.

Theevaluation ofthe health status of a colony
must take into account:

« Thestate of the food stored: honey, pollen.

« Thesize and quality of the brood.

¢ Thesize of the colony and the distribution of
the population.

« The behaviour of the bees.

This will depend on the season (a colony is
smeller when overwinterwing or at the end of
thewintering period), the honeybee sub-species
and strain, and on factors such as swarming,
queen-less colonies, etc.

Whet 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 ofthe colony and the time
ofyear (there must be enough workers to rear
the brood).

There is foraging activity and production of
honey and beebread.

The total quantity <dpollen and honey stored
.surrounding the brood I* estimated to be
matched to the needs of 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
Health, 201I).

Reference Laboratory for Honeybee
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 ofa reduction in brood (surface and/
or brood-comb frames) and/or due to honeybee
disorders and/or depopulation. Weakening is
combined with a decrease or cessation of honey
production.

Two types ofweakening 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 mortality with or withoutabnormal
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 mortality 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 frame of anamnesis, colony mortality
must be characterized by when during the year
it occurs, as well ns by the rate of colony loss
within an apiary,

¢ Winter mortality of honeybee
‘Winter mortality of honeybee colonies Is

a normal

colonies.
annual seasonal phenomenon
in apiaries’” (AFSSA, 2008). Depending on
climate and region, the average normal
winter mortality is reported to be 10%. Above
this rate, the winter mortality is an abnormal
phenomenon.
« Colony mortality during the beekeeping
season. Mortality during the season is not a
‘normal phenomenon in an apiary’(APSSA,

2008).

The mortality ofa colony should be also charac-

terized by the circumstances in which it occurs:

¢ Following a period of weakening or
progressive depopulation with or without
apparent cause.

¢« Colony collapse refers to a ‘'quick loss of
bees leading to its total destruction’ (AFSSA,
2008). In the US, this is termed colony

collapse disorder (CCD) (cf. Conclusion).

Mortality of adult bees

W hen considering colony weakening or colony
mortality, but also if the colony seems to be of
normal strength, any diseased and dead bees
must be characterized in particular by then-
appearance, number, and location. The presence
of dead bees, usually in front of the hive, is
normal due to population renewal during the
beekeeping season. The daily mortality rate for
all bees in a colony is estimated as being about
1%ofthe whole population. This corresponds to
about400-500 honeybees forcoloniescontaining
40,000-50,000 bees (EFSA, 2012). Bee mortality
can also be evaluated using collection cages;
however, thisis mainly done under experimental
conditions or as part of a surveillance network.

A search must be made for dead bees both
outside and inside the hive. The level of mortality

Figure 9.7 The mesh-floor of a dead colony.
Note the presence of many dead bees on
the floor. In this case, the colony had died of

famine during overwintering. (© Nicolas Vidai-
Naquet.)

must be defined, from insignificant to severe ami
to complete.

The appearance of the dead bees may help to
determine whether death was a recent event or
had occurred some time previously (folded legs
under the body, hairless cadavers, and very light
weight suggest that death occurred long before
the date of the visit) (C. Roy, Nantes, 2013,
personal communication).

1.4.6 A method to evaluate the strength of the
colony: the Liebefeld method

Although the trained eyes of a beekeeper or a
veterinarian with experience in the beekeeping
sector can estimate the strength of a colony, the
bee population, and the brood-rearing activity
of nurse workers, it may be interesting to obtain
as objective a measurement as possible in order
to compare this to expected values.

Correct application of the Liebefeld method
(Imdorf et al,, 2010) during an Inspection may
be used lo evaluate population, brood, and
brood-rearing activity (Roy, 2011). If performed
throughout the season, this method can be used
to monitor annual colony development, and can
provide indicators on the population dynamics
of the colony.
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Hie Liebefeld method provides the following

information:

, Aquite accurate evaluation ofthe population

ofworkers and the size of the brood.

An accurate evaluation of the brood nursing
activity. The number of workers must be in
proportion to the scale of brood rearing in
order to allow an efficient turnover of tire
colony population.

Comparison with expected values with regard
tothe strain reared, the time of the year, and

other (actors, e.g. the environment.

Dieevaluationofthe numberofbeeswilldepend
on the kind of hive, and should be performed
under favourable meterological conditions:

. Dadant model: a fully recovered frame face
(induding the wood) is assumed to have
1,400 bees and a surface area of 11 dm2.
Langstroth model: a fully recovered frame
face (induding the wood) is assumed to have
1,100 bees and a surface area of 8 dm 2.

Usually, on 1 dm2surface areaof comb, there
are 130 bees and up to 400 if the bees have
their heads inside the cells.

InEuropeanhoneybee strains and in natural
conditions, there are on average 850 worker
cels per dm2ofcomb (W inston, 1987). Wax
foundations are embossed with 750-800 cells
per dm2.

The evaluation must take into account
the bees standing on the walls of the hive:
500-3,000 bees during the season.

The evaluation of the brood surface should be
performed on the same frame for which the bee
population has been estimated. The areas with
uncapped brood and capped brood must be
evaluated by measuring their respective surface
ureas.

These measures give the following informa-
tion:
' Anestimate of the whole population at the
time of the visit and a possible comparison
"nth expected values for managed colonies
(depending on the time of the year, the strain
reared, and also on local factors).

Figure 9.8 Manual uncapping of drone brood
cells may reveal the presence of Varroa.
(© Nicolas Vidal-Naquet.)

« Evolution of the colony population if the
beekeeper monitors the colony throughout
the season.

e The brood-rearing activity of the colony,

whichisoneofthemostimportantparameters
to know. Itcan be evaluated from the number
of uncapped brood cells per 100 bees (the
ratio of the number of uncapped brood cells/
number of bees). When the brood rearing is
maximum, this number is often more than
100%, meaning that, on average, one bee is in
chargeofmore than one uncapped brood cell
(butall the bees are not nurses) (Imdorfetal
2010). Thus when there are many uncapped
brood cells, a lot of bees are needed. It' the
ratio of the number of uncapped brood cells
to the number of bees is too high, there will
be a great risk of a lack of nurses when the
colony activity is maximum.

1.5 Testing and sampling

1.5.1 Tests in the field

Some tests may be performed in the field to
evaluate brood health and adult health:

e Tire brood. Uncapping some brood cells
enables inspection of the larvae and pupae
to evaluate their colour, odour, consistency
(using the matchstick test to detect American
foulbrood disease), and the possible presence
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of the mite Varroa inside the capped cells
(this should be performed 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 of suspected American
foulbrood from an inconclusive matchstick
test - see Chapter 4, section 1.3.2), an ELISA
testmay be performed. This allows immediate
sanitary' management if a positive result is
obtained.

« In the case of early spring colony weakening,
the digestive tracts of a sample of 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 normal 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 fgood sampling practices’
isessential to achieve as precise results as possible
(Franco et al., 2012).

As in all species, sampling must be done
according to a number of factors:

« Disease or poisoning is suspected.

« Aims of the diagnosis: is the testing for an
unnotifiable or notifiable disease, as part ofan
an insurance claim, or to analyse chemicals if
poisoning is suspected?

e Cost. Who 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 of samples must be made according
to the regulations covering the sending of
biological material.

1.5.3 Laboratory analysis for diagnosing
apiculture problems

The laboratory analysis results alone do not
constitute the diagnosis. They must, as in
other species, be interpreted according to
the anamnesis and the clinical examination.
Moreover, as the honeybee is a social insect
characterized in particular by a perpetual
turnover of the population, the interpretation
of results must be adapted to this species.

Several methods, already described in the
chapters of 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 of pathogenic agents, PCR,
mass spectrometry, biochemical tests, and
antibody-based techniques are the main
techniques used for analysis of pathogenic
agents.

¢ Hie Quick Easy Cheap Effective Rugged
Safe  (QUEChERS, Fellbach, Germany)
method allows extraction of chemicals from
the matrices. Analyses of extracts are then
performed with liquid chromatography with
tandem mass spectrometry (LC-MS/MS)
and/or gas chromatography time-of-flight



(GC-TbF) (Johnson, 2010; Wiest et al., 2011,
Lehotay, 2012).

154 Field and laboratory tests as
prophylactic methods against overwintering
colony weakening or collapse

The clinical examination of healthy colonies
in combination with laboratory testing may be
interesting as a prophylactic method against
colony collapse or weakening in summer and
autumn. Before the overwintering period, the
degree of Varroa infestation and the DWV load
are considered as highly predictive markers for
honeybee colony weakening or mortality during
winter (Dainat ct al., 2012). The evaluation of
the honey resources or sugar supplement of the
managed colonies for overwintering is also an
important factor to consider.

16 Conclusion of the clinical
examination

Al the data produced by the clinical (and
laboratory) examination will be analysed to
reachadiagnosisand to propose to the beekeeper
solutions to enhance the health and strength of
his/her colonies. In the field of the honeybee
pathology the anamnesis is a crucial element of
the diagnosis as many human, environmental,
weather, climatic, floral, agricultural factors
may influence the health and strength of the
managed colonies.

The conclusion of a clinical examination is
a probable or positive diagnosis with 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
theclinical examination process, the more useful
the results will be. Once the diagnosis has been
made, appropriate management can be decided.
However, in many cases, management begins
before waiting for the laboratory results, if these
are needed.

A diagnosis of health problems within a
honeybee colony demands a reasoned sanitary
approach (Roy, 2011):
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* In the case of suspicion or positive diagnosis
ofa notifiable disease, the relevant authorities
must be warned and will have to take sanitary
measures.

« Ifacolony is affected, the health of the other
colonies of the apiary must be checked. The
sooner the weakened colony can be examined,
the sooner and easier the diagnosis will be
done.

« Ifan apiary is affected, neighbouring apiaries
should be monitored. Ifan apiary is affected,
two factors need to be considered as a
priority: the beekeeping practices and the
surrounding environment. The management
of material and bees may be the cause of
contamination between the hives of an
affected apiary. Environmental features may
also be responsible of the troubles of an
entire apiary. Thus it is important to know
the health of neighbouring apiaries both for
diagnosis as well as for prevention.

« If all the apiaries of 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 Sanitary audit of husbandry in
apiculture

Beekeeping is an animal husbandry with the
particularity that the beekeeper may be a landless
farmer and the honeybee A. mellifera is a social
insect with particular features, notably the food
resources are provided by the environment and
not by the farmer.

Beekeepers tend to manage sanitary problems
with their colonies by themselves or within the
beekeeping ‘community’ The intervention of
a veterinarian (usually an official veterinarian
or more 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 many 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 Barbangon,
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 matter 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 oftheir 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 must take into account factors
predisposing to colony weakening, disease,
poisoning, and anything that can impair the
production of a beekeeping farm. Because of
their environmental dependence managed
honeybee colonies are, more than other reared
species, confronted with a range of factor that
can contribute to of disease. Every element,
every hazard (see Chapter 8) that might impair
the balance ofa colony must be evaluated when
performing a sanitary audit. However, a sanitary
audit is much more than simply an analysis of
the biochemical, chemical, and physical hazards
developed in Chapter 8. A guide to beekeeping
practices is a matter for beekeepers; a sanitary
audit is performed by veterinarians to help
the beekeeper improve his/her husbandry
management, taking into account every
factor that might impair livestock health and
production.

Once the audit has been performed, a report
will be produced. At each step, this report
will evaluate the key points, the weaknesses
of the beekeeping farm, and in particular the
predisposing factors of disease or weakening
in the colony. The report will propose, as a
conclusion, elements, practices, and solutions
to limit the risks evaluated.

For beekeepers, a sanitary audit will help
them to understand as far as possible the possible
troubles facing their honey forms, improve their
beekeeping practices if necessary, and enhance
the health and productivity of their livestock.

For the veterinary profession, this approach
may help veterinarians competent in honeybee
veterinary medicine to increase the involvement
of their profession in the beekeeping sector in
order to bring to bear their know-how regarding
animal health.

This section has presented some of the main
elements to record within a sanitary audit.
However, a sanitary audit must 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.



Appendix 4 presents a table listing a practical
method for performing a sanitary audit. This
table attempts to be exhaustive but will certainly
need to be augmented and adapted according
tothe needs of particular regions/countries and
beekeeping industries.

21 When should a sanitary audit take

place?
Asanitary audit may take place:

. Attherequestofa beekeeper as a preventative
approach to assess his/her husbandry
practices in order to improve his/her sanitary
beekeeping practices and productivity

. Atthe request of a beekeeper when sanitary

problems occur, such as infectious disease,

suspicion of poisoning, high mortality level,
unexplained fells in production, etc.

When mandated by sanitary authorities. In

this case, the audit will not be a proactive

and voluntary step taken by the beekeeper
but may rather be seen as a constraint, with
the intrinsic negative effects created by such

ademand.

22 Analysis of documents and data
fromthe honey farm

Al factors must be analysed, bearing in mind
the question: is this a key point, a risky point,
oraweak point for the honeybees and thus for
the beekeeping farm and its produce?

221 Honey farm data: workers, farm, and
produce

Thefactors to record and analyse in terms of the
humen aspects of the farm and its productivity
are the following:

< The activity type: is the beekeeper a
professional or a leisure beekeeper?

« The history of the beekeeping farm: how old
is the farm?

* How many people work on the beekeeping
farm and what is their training and

professional experience in beekeeping?
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e Is accurate and sufficient record keeping
performed? What kind of information is
reported therein (management, sanitary data,
productivity data, etc.)?

* Does the record keeping conform to agricul-
tural and sanitary regulation (legislation)?

e The produce of the beekeeping farm is an
important element to consider. Indeed, these
products are witness to the activity and
productivity of the livestock of the honey
farm, and especially to the strength of the
colonies:

- Do the colonies serve to pollinate crops on
a commercial basis?

- What 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?

- What are the characteristics of the farms$
honey production: quality and quantity
of monoflorai honeys, polyfloral honey
honeydew honey?

- Production ofiive bees. Does the beekeeper
produce package bees, nuclei (a small hive
of bees, usually covering from two to five
frames and used primarily for starting new
colonies, or rearing or storing queens),
queens for trade or only for renewing his/
her colonies?

2.2.2 Data concerning the livestock and the
apiaries

The data on livestock and apiaries should usually
be recorded. The analysis of these data should be
done during this first step of the sanitary audit.

¢ Livestock features:
- Present livestock data:
» Total number of colonies.
» Number of colonies for pollination
activity
» Number of colonies for honey produc-
tion.
» Number of colonies for pollen produc-
tion.
- Colonies and queen-rearing activity:
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» Number of artificial swarms produced
each year.

» Destination of the artificial
i.e. whether these are traded or used
to renew or increase the number of

swarms,

colonies.
» Number of queens reared each year

whether these are traded or used for
requecning the colonies ofthe farm.
Evolution of the livestock over the past
three years.
- Mode of maintaining or increasing the
honey farmy livestock, i.e. renewal of the
livestock by colony division (producing
artificial swarms), but also sometimes by
gathering ‘wild’ swarms.
Does the beekeeper purchase honeybees
(queens, package bees, nuclei on frames)
of or increasing his/her

for renewal
livestock?

Features of the apiary sites:

- Are the apiaries sedentary?

Does the beekeeper practice migratory

beekeeping? W hat are the features and the

routes of the migratory beekeeping?

- Are the apiaries easily accessible?

The environment of the apiaries and hives:

Are the apiaries within a dense apicultural

area? Are there many other hives and

apiaries in the vicinity?
What are the environmental features of
radius

the apiaries area within a 3 km
(including while migratory beekeeping)?
Cereal crops, arboriculture, forest, moun-
tain, fields with hedgerows, urban, etc.

- Is the environment potentially toxic
for insects and in particular honeybees
(evaluation of the use of phytosanitary
products on crops, insecticides in farms,
presence of chemical industry in the

neighbouring area)?

Meteorological features of the areas in

which the apiaries are located, including

areas used for migratory beekeeping.

Presence of water?

- Relationships

with the farmers ami
knowledge of 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 information for a sanitary audit.

Mortality and collapse of colonics must be
recorded, as well as their circumstances and
features.

Time of the year (winter or early spring
autumn) when the troubles

summer,
occur.
- Rate of winter losses.
- Rate of beekeeping season losses.
- Causes of the losses if known.
Occurrence and sanitary status towards
notifiable and other infectious diseases in the
past few years. Have laboratory analyses been
performed? W hat were the results?

Occurrence of poisoning or suspected
poisoning in the past few years?

- Symptoms observed.

- Mortality.

- Were laboratory analyses performed?

What were the results?
Management of Varroa infestation. Because
Varroa destructor (and ‘honeybee parasitic
mite syndrome’) is one of the main causes of
winter mortality and weakening, knowledge
of Varroacontrol management isan important
part of the data to analyse:

- How is control of mite
performed?

Which method is used to monitor mite
infestation within the colonies?

Which veterinary medicines or drugs are
used within the colonies, and at which
time of the year?

Origins of veterinary medicines, drugs, or
other substances used in mite control?
What are the technical methods used to
control Varroa mite infestation?

Is Varroa infestation control managed by
an integrated pest management scheme?

infestation



,q|\01having recorded these data, o visit to the
colonies has to be mode, it is also possible to
aiwlyse beekeeping practices before this visit to
make the most of the time spent on the farm
(Ilhostls and Borbangon, 2013).

2.3 Aptary visits and examination of
the hives

When performing a sanitary audit of a
beekeeping farm it is necessary to visit in
person (I’hostis and Rarbanyon, 2013). A visual
evaluation of the apiary environment and tire
location and placement of the hives within the
apiary,aswell asexamining the hives themselves,
isfundamental.

Not all the colonies have to be examined;
rather, a random selection of colonies should
be analysed. Tills will give a sufficient idea of
the sanitary context of the husbandry and of the
beekeeping practices being used.

Theexamination of colonies and of the apiary
site has been described previously. If necessary,
sampling for analysis should be undertaken.

An inspection of the premises where the
material is stored and the honey house where
the honey is extracted and where hive products
(honey, pollen, propolis, wax, venom) are
packaged and stored must also be performed.

24 Analysis of beekeeping practices

Beekeeping practices should be analysed by
considering point by point the biohazards,
chemical hazards, and physical hazards
described in Chapter 8. However, in the context
ofa sanitary audit, some points are particularly
important to check and analyse.

241 Hive management

The choice of hives, and of the material used
(woodorplastic), isthe firststep inthe beekeeping
analysis. Within the hive, are mesh-floors and
queen excluders used?

Renewal, cleaning, and disinfection of hives
and supers should be recorded.

The placement of the hives within the apiary
isan important feature to study: are the hives
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protected from damp and wind? Is there enough
sun for the colonies?

2.4.2 frames and wax management

Management of the frames is an Important
element lo analyse. Indeed, the frames represent
the structure of the nest of the colony. The combs
wired within the frame are the site of brood
rearing and honey and pollen storage. The origin
of the wax foundations as well as the renewal of
the combs must be recorded.

The storage practices used for hives, supers,
and frames have to be evalualed.

2.4.3 Small equipment

It is also Important to analyse the management
of the small equipment used in beekeeping.
Maintenance and disinfection of hive tools, as
well as honeybee suits, veils, and gloves, should
be evaluated.

2.4.4 The livestock

‘The features of the livestock (honeybee colonies)
must be appreciated: the strain of A. mellifera
reared in the honey farm is a crucial element of
beekeeping practice. The methods of selection
and the choice of characteristics selected have
to be evaluated (ifselection isperformed on the
honeybee farm).

¢ Is the honeybee a local black bee or an

introduced black bee?

Has the honeybee sub-species or strain

reared been introduced from another country

because it possesses certain characteristics

deemed favourable (e.g. Caucasian honeybee,

Buckfnst honeybee, Ligustica honeybee)?

« What Is (are) the origin(s) of the honeybees
introduced into the apiaries?

¢ Isre-queening practised in the colonies?

¢ Are the queens produced on the farm or are
they introduced from elsewhere? From where
were they purchased? When were the queens

produced?

¢ What is the frequency of re-queening? What
are the reasons for requeening? W hat are the
selection objectives and criteria?
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* Isdrone rearing performed in the apiary?

2.4.5 Inspections by the beekeeper of 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 aretaken duringthese inspections?

¢ Is the weight of the colonies monitored
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 iscommonly assumed
thata beekeeper should examine his/her colonies
before and after overwintering:

¢ Isanendofsummer/autumnvisitperformed?

¢ 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?

« Isaspring 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 supplement

are available depending on the objective of the
feeding. It is necessary to evaluate the feeding
practices of the beekeeper, i.e. the timing, the
quantity distributed, and the objective offeeding
Details of the feeding supplements should be
evaluated: origins, traceability, methods of
storage, analysis (in particular to define the level
of HMF, which is toxic to bees) (see Chapter 2,
section 2.5).

2.5 Sanitary audit report

2.5.1 Evaluation of hazards, key points, and
points to improve

The audit should be performed by a veterinarian
competent in honeybee veterinary medicine.
Indeed, wide-ranging and thorough knowledge
of honeybee biology and pathology provides
an appreciation of the risks and hazards,
and enables these to be ranked in order of
importance. This knowledge will improve the
husbandry practices of the beekeeper, and, asa
consequence, the sanitary status ofhis/her farm,
and the quality and quantity of the products
and/or the pollination activity of the farm
Hence, once the audit has been performed,
it is necessary (L’Hostis and Barbam;on, 2013):

¢« To identify the risks, hazards, and critical
points.

« To determine if those risks and hazards may
immediately and/or in the future endanger
the colonies and the production of the honey
farm.

¢« Torankthecritical pointsin order to appreciate
the most important risks and hazards.

Analysis of the risks and hazards provides a list
ofkey points and weak points of the hushandry.
This list allows general recommendations to be
made as part of the conclusion of the audit.

2.5.2 The auditreport

The audit report combines an analysis of the
paperwork, examinations performed, and
beekeeping practices. The conclusions and
recommendations of the audit are the ultimate



goal of this approach to beekeeping practice.
If possible, the audit should ideally be written
keep the positive
secondly to

firstly to
the visit, and

Immediately,
momentum from
implement the proposed corrective measures as
soon as possible.

The report can be divided
(LHostis and Barban”on, 2013):

in four parts

¢ Factual elements of the husbandry manage-
ment.

« Sanitary status of the honey farm (including
the health status of the colonies) and results
oflaboratory tests (if performed).

« Diagnosis: the key findings regarding the
husbandry and hence the points to improve
must be clearly explained to the beekeeper.

* Proposed improvements, listed in order
of priority. These measures must take into
account the features of the honey farm,
their ease of implementation, and the ability
of the beekeeper to apply them. It may
be necessary to spread out the suggested
measures according to their expected impact
and according to the time of the year. The
human factor must be taken into accountand
diplomacy should be used by the veterinarian
to present and explain the reasons for the
measures proposed. Explaining why and how
is essential to gain the beekeepers approval
for these measures.

The measures proposed are mainly medical
measures and sanitary measures. Medical
measures in Europe mainly concern control of
Varna infestation. Sanitary measures concern
beekeeping practices, such as the location
of the apiaries, the site of the hives, and the
management of the colonies and material.
Onceperformed and explained, the auditmust
be followed by discussion between veterinarian
and beekeeper about implementation of the
proposed management. Some control points -
eg. the rate of winter mortality (L’Hostis and
Barban®on, 2013) - should be defined to
establish the implementation and efficiency
of the sanitary audit. A second visit may be
performed to review the sanitary situation.
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2.6 Second visit after auditing

This visit can be performed in the months
following the audit. The objective ofthis control’'
visitis to check (L’Hostis and Barban”on, 2013):

¢ The feasibility of the measures proposed.

e The these
measures.

¢ The efficiency of these measures.

correct implementation of

The efficacy of the measures taken depends on
the correct and complete implementation of the
audit recommendations (if no other stressor is
weakening the colonies).

The aim of the audit is to consider the
husbandry as a whole. Each honey farm has its
own features and the measures proposed must
be adapted to each one. Analysing beekeeping
practices by means of an audit allows many
aspects of the honey farm to be improved.

A veterinarian competent in honeybee
veterinary medicine is the most appropriate
professional to perform this audit due to:

« Knowledge of honeybee biology and

pathology.

¢ Familiarity with clinical examination and
diagnosis.

« Professional experience.

¢« Having an overall knowledge of the sanitary
management ofhusbandry.
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