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ABSTRACT
Over the last few decades, a marked reduction in pollinator populations has been reported
in a number of countries by professionals and scientists. The economic and ecological
stakes represented by the loss of these individuals have led to numerous studies being
commissioned on the subject. Several risk factor hypotheses have been put forward to
attempt to explain the phenomenon. In France, in particular, beekeepers alerted the public
authorities about a potential effect of certain plant protection products used in agriculture
on the vitality of honey bee (Apis mellifera) colonies, leading the Minister of Agriculture to
apply a precautionary principle and suspend the authorisation to use some of these
products.
In the first part of the report, the causes of bee morbidity and mortality are identified.
An almost exhaustive study of French and European investigations carried out on the
subject first of all demonstrated the need to propose the use of standardised vocabulary,
an essential prerequisite to be able to compare the results collected in these surveys. Only
the terms of bee colony mortality and morbidity can be taken into account as quantifiable
assessment criteria for the phenomenon studied; the terms die-off, depopulation and
weakening, which are dependent on the subjective interpretation of individuals, do not
enable effective comparison of the effects observed.
Analysis of these different studies has revealed a large number of known and identified
causes of bee mortality today, which can be placed into five categories. These are:
♦ biological agents (predators, parasites, fungi, bacteria and viruses, some of which
interact with one another, for example Varroa destructor and certain viruses);
♦ chemical agents (the list of plant protection products available today includes
5,000 marketed products, the unauthorised and incorrect use of which may cause
irreversible damage to bee colonies);
♦ the environment (and, more specifically, the decrease in biodiversity linked to
intensive farming methods, leading to a lack of availability of pollen and nectarproducing plants and the use of poorer-quality pollen resources, etc.);
♦ beekeeping practices (an apiary’s health depends on its management);
♦ other causes (in the absence of an aetiological diagnosis, the cause of numerous
cases of mortality is still undetermined today).
A broad range of very diverse factors, acting either individually or simultaneously, may
therefore cause abnormal morbidity or mortality in bee colonies, this sometimes being
termed weakening or collapse, etc. Nowadays, diagnosis of some of these factors is
routine (this is notably the case for numerous biological and chemical agents). However,
for others, it is, first of all, difficult to demonstrate their effect (effect of the nutrient
environment, of climatic factors, of certain plant protection products or viral infections, etc.)
and, secondly, the synergetic or cumulative effect of several of these is still unclear,
despite ongoing studies.
In the second part of the report, an attempt is made to rank the causes of bee colony
mortality in France.
•
A survey carried out by the European Food Safety Authority (EFSA) revealed that
out of thirteen countries indicating the annual mortality rate for 2006 and 2007, nine of
them declared a mortality rate of more than 10% for their bee colonies.
In France, the national statistics do not allow us to accurately quantify a phenomenon of
excess mortality affecting the apiaries in the country for the time being.
The scientific studies conducted following winter mortality declarations have
demonstrated the importance of infectious agents in this type of mortality. The Varroa
destructor mite and the relatively ineffective methods available to control this pathogen
12

appear to be a major risk factor for winter mortality in honey bee colonies. Other biological
pathogens, such as some viruses (CBPV), Nosema sp., Paenibacillus larvae, etc., also
play a role in the increasing mortality rate observed in certain apiaries.
For some cases of acute mortality – apparently rare – occurring during the summer
season, poisoning may be diagnosed, usually due to agricultural misuse of certain plant
protection products. Furthermore, it is not currently possible to confirm or refute the
hypothesis that chronic exposure of bee colonies to some of these products may play a
direct or adjuvant role with respect to certain known biological pathogens.
Surveillance carried out by the public authorities focuses exclusively on notifiable animal
diseases (NDs), which, for the French beekeeping industry, means nosemosis and
American foulbrood. Given the diversity of infectious agents that can potentially cause
mortality, public data on the subject is, consequently, fragmented. The operation of the
surveillance network for bee health disorders, which is also dependent on the State’s
administrative departments, suffers from a lack of declarations by beekeepers along with
operational difficulties, meaning that it is not, at present, possible to issue analysable data
in this report. A review of the organisation of the system for collecting and analysing health
data in the French beekeeping industry is therefore considered necessary.
•
A marked deficiency in drug treatments to control the main infectious agents
currently rife in France was observed. To date, only three medicinal products with a
marketing authorisation are available to control Varroa destructor. Only one of these
seems to be genuinely effective against the parasite, which has developed resistance
against several active substances, making it particularly difficult to eliminate. It is
necessary to highlight the total absence of any treatment that can be used to control any of
the other known biological agents, all bee colony mortality factors taken together, including
the two agents for CADs in France (nosemosis and American foulbrood).
In the third part of the report, after an analysis of the French data available concerning
bee colony mortality, the working group issued a number of recommendations:
1/ aimed at improving the bee situation by:
♦ the creation of an epidemiological surveillance network that operates continuously;
♦ the creation of a technical beekeeping institute, a body fostering exchange
between representatives of the beekeeping professions. This body would
encourage beekeepers to pool their efforts and focus on joint projects, necessary
for implementation of future projects in the field for the industry. The creation of a
regulated beekeeper status could also foster cohesion;
♦ reorganisation of the administrative system via the introduction of public health
officers on a regional level, with a consistently high level of knowledge:
standardisation and increased frequency of random health inspection visits;
reactivation, if necessary, of the bee disease health network;
♦ the introduction of coercive measures aimed at ensuring compliance with the
regulations in force by all bee sector stakeholders;
♦ participation of the industry’s health organisations in certain formalities required by
the State in order to facilitate their application (census of French apiaries for strictly
health-related purposes, organisation of collective preventive measures against
certain pathogens, etc.).
2/ concerning applied research and aimed at improving:
♦ the control of pathogens in domestic bees through:
- the marketing of new medicinal products;
- the development of diagnostic methods for the greatest possible number of
mortality causes, both by identification of the various pathogens on
diseased bees and by identification of the effects of these causes on the
organisms affected (modification of the expression of certain genes);
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♦

knowledge of bee breeding via the production of a reference assessment grid
used to assess the strength of a colony using a standardised method;
♦ understanding of the multifactorial aetiology of the problems observed in bee
colonies by furthering knowledge on:
- evaluation of bee colony exposure to pesticides;
- evaluation of the impact of pesticides and pathogens on the “bee” organism
and on bee colonies;
- assessment of natural nutrient resources available;
- validation of stress markers.
The capacity to extrapolate experimental results obtained for an individual (bee) to
a bee colony in its natural environment remains one of the major difficulties in the
field of bee science research, and one which needs to be overcome if we are to
make reliable diagnoses.

14

INTRODUCTION
The environment and agriculture are dependent on a large number of diverse pollinator
species, including 20,000 different bee1 species around the world (around 850 in France),
which contribute to the survival and evolution of more than 80% of all plant species. In this
report, unless indicated otherwise, we are referring to honey bees (Apis mellifera). The
annual economic value worldwide for the ecological service they provide is believed to
amount to more than a hundred billion dollars.
But for the last fifty or so years, populations of these pollinators have been declining in a
number of industrialised countries, with the trend appearing to be accelerating (Decourtye,
2006), raising ecological and economic concerns due to the resulting loss of plant
production, on the one hand, and the effect this has on biodiversity, on the other.
Accordingly, honey bee and honey bee colony losses have long been reported in
beekeeping journals, since the time that beekeeping moved on from traditional hives to
frame hives. A bibliographic study of the accounts of beekeepers prior to the use of
synthetic products in agriculture demonstrates that 23% of them in 1894 (Revue
internationale d’apiculture, 1894) and 69% of them in 1926 (Apiculteur journal, 1926)
indicated honey harvests considered to be abnormally low, usually explained by
unfavourable weather conditions. A large number of articles at the time focused on bee
and brood diseases and their control.
From 1998 onwards, several accounts and press articles began to report an apparently
unusual weakening and mortality of bee colonies in France (Tardieu, 1998; Cougard,
1999; Bernard, 2000; Maus et al., 2003). The beekeeping profession estimated that there
was a 22% drop in honey production nationally between 1995 and 2001 (Hopquin, 2002).
A similar bee colony mortality, with a corresponding impact on honey yields, has been
observed in the majority of European countries and, in particular, Belgium, Switzerland,
Germany, the UK, the Netherlands, Italy and Spain. Scientific publications report a
mortality of up to 90 or even 100% of stock in extreme cases when activity is resumed at
the end of winter/start of spring (Faucon et al., 2002; Faucon, 2006).
In July 2008, the English and Welsh epidemiological surveillance network reported a bee
colony mortality rate of up to 24.2% and predicted a higher rate than in previous years for
2008 as a whole (EFSA, 2008).
In France, these colony weakenings and losses are reported mainly, but not exclusively, in
major arable farming areas. The depopulation observed in hives is sometimes severe,
reducing honey production to an extent proportional to the lack of bees. Weakenings
occurring at the end of the beekeeping year can also result in more frequent reports of
winter mortality.
Bees are subjected to various elements in their environment, including infectious biological
agents (predators, parasites, fungi, bacteria, viruses) and non-biological agents (various
toxins, climatic conditions, production constraints, etc.). While, historically, bee
abnormalities have predominantly been linked to diseases due to biological agents
pathogenic to bees, more recently, the presence of chemical substances in the bees’
environment, potentially causing poisoning, have been incriminated. Beekeepers tend to
relate the following to poisoning:
- bee and colony losses observed in the sunflower sowing season and/or during the
sunflower and maize flowering season;
- winter mortality, especially in major arable farming areas.
Furthermore, the opinion has gradually developed that all diseases are triggered by a
chemical contaminant (Molga, 2007; De Vericourt, 2007).
With considerable debate taking place, it therefore seemed essential to improve our
knowledge of the problem of bee colony weakening and mortality, via multifactor studies.

1

Bees: Hymenoptera belonging to the Apidae family.
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These studies, conducted using transparent methods, should provide as objective a view
as possible of the interactions between agricultural production and beekeeping.
In response to the concerns of beekeepers concerning the large-scale weakening of
French apiaries that the profession attributes mainly to the agricultural use of coated
sunflower and maize seed (active substances: fipronil and imidacloprid), the French
Minister of Agriculture, Food and Fisheries decided to apply a precautionary principle by
suspending the use of Gaucho® (imidacloprid) for the treatment of sunflower seed in
January 1999, and then its use for the treatment of maize seed in May 2004. At the end of
February 2004, the use of Regent TS® (fipronil) was suspended for all agricultural uses.
In addition, a specific Scientific and Technical Committee was created in 2001, charged
with leading a multifactor study of bee diseases. So far, this committee has published two
reports, entitled: “Imidacloprid used as a seed coating (Gaucho®) and bee disorders” and
“Fipronil used as a seed coating (Regent TS®) and bee disorders” (see Annex 3 of the
report, for an outline of these studies).
In order to provide the French beekeeping industry with answers regarding the mortality of
bee colonies and determine the causes and/or associated risk factors, the Director
General of the French Food Safety Agency (Afssa) considered it necessary to carry out an
analysis of all the studies conducted on the subject and perform a collective scientific
evaluation using the data available.
With the agreement of and in liaison with the chairperson of the Animal Health Scientific
Panel, and with the aim of adopting a multidisciplinary scientific approach, she decided to
form an ad hoc working group charged with:
1) α) performing a critical analysis of the scientific data and research results collected
and available on a national and international scale concerning bee colony mortality
(including collapse and weakening);
β) if possible, identifying the causes and/or risk factors for mortality (including
collapse, weakening) of bee colonies studied in France using the available data;
2) evaluating whether these conclusions can be generally extended to all apiaries in
France on the basis of quantitative assessment of recordings made in apiaries by
beekeepers and bee health officers: number of hives and apiaries on a national
level, production, evolution of hive numbers over time, declared cases of notifiable
diseases, identification of poisonings, anti-parasite and anti-infectious agents used,
etc.;
3) formulating recommendations:
- on the records and surveillance plans necessary for an objective and
quantitative monitoring of the extent of the problems;
- on the need for additional studies if the data are found inadequate in the
context of this self-tasking;
on the potential need to set up an epidemiological surveillance network.
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The members of this working group met thirteen times between June 2007 and October
2008 and their work led to the production of this report, which provides a synopsis of their
deliberations, divided into three main parts:
the first part corresponds to an unranked list of the various causes of bee colony mortality found in the
bibliography used by the group. The aim of this part is to draw up an almost exhaustive list of these causes;
the second part draws on prospective multi-factor studies (in particular French and Belgian ones) to try to
identify the main causes and risk factors for bee colony weakening, collapse and mortality in France;
the third part puts forward recommendations that might improve the situation for the French beekeeping
industry.
This report was submitted to and validated by the Animal Health Scientific Panel at its
session on 15 October 2008.
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1

LIST OF CAUSES OF BEE COLONY MORTALITY

In order to list the known causes of bee colony mortality, sorted by risk factor category, it
would appear necessary to first provide a reminder of a few definitions relating to the
normal situation for a bee colony and the various abnormal or pathological states of bees.

1.1 REMINDER OF DEFINITIONS
Before characterising and defining abnormality, it is first necessary to remind ourselves
what a “normal” bee colony is and, in particular, how the population density of a bee hive
naturally evolves over time.

1.1.1 State of normality
The honey bee (Apis mellifera) is an animal species that lives in a colony. For this species,
unlike other domestic animal species, health and diseases are mainly assessed on the
basis of the colony, and not on an individual level.
1.1.1.1

Composition of a bee colony

The colony can be considered a very large family in which the brothers and sisters
surround their mother and work together as a community, maintaining, within a complex
society, a structure permitting the indefinite survival of the group, whereas the individuals
have only a short life-span. A honey bee colony boasts 40,000 to 60,000 individuals during
the warm season, with the number falling to 15,000 or even 5,000 in winter (see Figure 1).
Each colony is made up of:
• three castes of adult bees: a queen, her female workers and the males, or drones;
• the brood: all the eggs, larvae and pupae in the hive.
The colony is organised in time and space in such a way as to support the needs of the
individuals making it up and each of these individuals participates actively in the colony’s
collective life:
- the queen, the only fertile female in the colony, is unique; totally devoid of
the specialised organs characteristic of the workers, she is unable to gather
her own food (which is supplied to her by the worker bees). Only the queen
lays eggs that are capable of generating offspring in order to sustain the
long-term existence of the colony;
- the workers (non-breeding females) make up the very great majority of the
population. Their activity varies through the course of their lives: nurses,
cleaners, wax-secretors, pollen and nectar foragers. Their number also
regulates the temperature of the colony;
- the drones (male, several hundred), help fertilise virgin queens, present
from April to September in temperate regions.
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Figure 1: Mean theoretical bee population per hive, according to the season, in temperate regions
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1.1.1.2

Phases in the development cycle of a bee colony

The natural cycle of a bee colony is annual and is strongly dependent on the vegetation
available in the environment. In temperate regions, the cycle begins in the spring. It is
characterised by four successive phases (see Figure 1):
- a development phase (in the spring), during which the queen lays intensively (1,500
to 2,000 eggs per day), followed by relative stability of the population that continues
until autumn, with fewer and fewer eggs being laid;
- a swarming period corresponding to a phenomenon of asexual reproduction.
Towards the end of the spring, when the population peaks, the queen leaves her hive
with some of her workers to found a new colony further away. Soon, a new queen is
hatched in the original colony to replace the old queen having left with the swarm;
- a wintering preparation phase to enable the best possible development of the
colonies the next spring. During this crucial phase, the colony produces worker bees
who will spend the winter in the hive. These individuals will live longer (several
months) than the summer foraging bees who harvest the honey and whose normal
life expectancy is just a few weeks. Wintering worker bees also have the task of
starting work up again in the colony in the spring. The health of these wintering
individuals is of key importance for the good survival of colonies during the cold
season.
- a winter season, called “wintering”, during which time the population, which is
reduced to a few thousand worker bees around the queen, lives on stores
accumulated during the warm season.
The stocking and evolution of the population of a hive varies on the basis of a number of
parameters (see Figure 2).
In the springtime, the bee colonies emerge from their winter torpor and the queen begins
laying again. Over the course of the following months, thousands of young bees will hatch
and the colony’s strength will gradually increase until it reaches a peak. While a queen bee
can live for up to five years, worker bees have a different lifespan depending on the time of
year when the eggs were laid. “Summer” adult bees are characterised by a short lifespan,
ranging from 20 to 40 days (or three to six weeks); they are constantly replaced. Those born
at the end of the summer are worker bees with a longer life expectancy (up to 190 days or 27
weeks), since they survive until the following spring. At the end of summer, the colony
decline period begins, during which time the bee mortality rate increases and the laying rate
falls. The strength of the colony, defined both by its physiological condition and the dynamics
of its bee population, decreases as the days go by, until it reaches its wintering level in the
autumn (Imdorf et al., 1996). The lowest bee population is recorded in the winter months; the
weakest colonies do not survive the winter.
The strength of a colony can be evaluated using the Swiss beekeeping research centre
method (Imdorf et al., 1987; Imdorf and Gezig, 1999). This is a quantitative method to
estimate the number of bees in the colony and the capped and open brood surface areas.
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Figure 2: Factors influencing the evolution of a colony (Source: Imdorf et al., 1996)
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1.1.2 States of abnormality
The aim of the definitions examined below is to draw up a list, so that each word
encountered in this report characterising a state of abnormality of a bee colony can be
associated with a precise definition, and not to standardise the vocabulary of the various
scientific publications on the subject of beekeeping.
1.1.2.1

Die-off

Bee die-off indicates the ultimate destruction of bees with no precise expression of the nature
or speed of this destruction. A number of terms are commonly used in beekeeping journals
and conference reports to designate and characterise this. In particular, scientists and
beekeepers use the terms weakening, collapse, mortality, excess mortality and depopulation
(Haubruge et al., 2006).
1.1.2.2

Weakening

Weakening describes a lack of strength of a bee colony and is linked to a decrease in the
density of the colony population over time, generally accompanied by a reduction in hive
activity (for a period of the year when such reductions are not expected). Disorders can be
observed among the bees, such as developmental or behavioural abnormalities, for
example. The term “weakening” covers a multitude of clinical signs, left to the observer’s
subjective assessment. Weakening of a colony is accompanied by a reduction in its honey
production.
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1.1.2.3

Colony depopulation

Colony depopulation is a specific nosological2 entity, characterised by a gradual reduction in
the number of bees in a colony over time, with no apparent cause, until it disappears
completely, due to the inability of the surviving bees to perform the elementary tasks
essential to the survival of the colony. This syndrome3 can be linked to a series of signs,
such as a reduction in honey production and pollen collection resulting from the gradual loss
of bees (Higes et al., 2005).
1.1.2.4

Collapse

Collapse is characterised by a rapid loss of bees within a colony, leading to its total
destruction. This syndrome is known as Colony Collapse Disorder or CCD.
Table 1 presents various terms characterising states of abnormality for a colony on the basis
of the main criteria defining them (reduction in the number of bees, reduction in the activity of
a colony, reduction in honey production).
Table 1: Die-off, weakening, depopulation and collapse of bee colonies (schematisation)
Qualifier
Die-off
Weakening

Decrease in the number of bees
Rapid
X
(X)

Yes
X
X

X

X

X

X

X

X

No

Decrease in honey
production

Gradual
X
X

Depopulation
Collapse

Decrease in colony activity

Yes
X
X

No
X

X*

*: bees do not produce large quantities of honey all year round. Periods exist known as “honeyflow”4 during which
large quantities of nectar are accumulated. If the collapse occurs after the last honeyflow, there will be no
noticeable reduction in honey production.
1.1.2.5

Mortality and morbidity

Mortality
Mortality is defined as the frequency of deaths. It corresponds to the number of deaths in a
population over a given period. It is often expressed as the mortality rate, corresponding to
the ratio between the number of deaths occurring over a given period and the number of
subjects in the population (Toma et al., 1991). In beekeeping, the mortality rate takes into
account the epidemiological unit, which is a colony within an apiary, since the mortality rate
of bees within a hive is impossible to evaluate. Indeed, the possibility of being able to count
the number of bees in a colony other than by purely experimental techniques appears to be
illusory.
For the mortality rate, the following definition has been adopted: “percentage of dead
colonies in an apiary over the course of a given period”.
Furthermore, the duration (winter, year) and place of observation of corpses (inside and/or
outside the hives) for which the mortality is expressed must always be indicated. For
calculation of the mortality rate, only dead colonies will be counted in the numerator;

Nosology: medical discipline studying the distinctive characteristics of diseases with a view to their methodical classification.
Syndrome: set of clinical signs, symptoms and morphological, biological or functional changes of an organism, forming a morbid entity that may be
triggered by causes that are varied or of unclear origin (Toma et al., 1991).
4 Honeyflow: transport by bees of nectar secreted by the nectaries of flowers and making of honey.
2
3
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weakened colonies are excluded from this calculation but may be included in calculation of
the morbidity rate (see “Morbidity”).
Mortality of bee colonies is a normal and constant phenomenon in apiaries. Beekeeping
manuals indicate that this mortality rate is usually less than 10% (Morgenthaler, 1968; Imdorf
et al., 2007). However, this rate is largely dependent on the perception of beekeepers. For
example, a rate of 15.9% (95% confidence interval: 15.6 to 16.2%) is considered to be
acceptable in the United States5 (Vanengelsdorp et al., 2007a).
The causes of mortality and influencing factors are numerous: ageing, predation, human
activities, infestation, climatic conditions, the quantity and/or quality of nutrient resources
(Haubruge et al., 2006).
When the number of colonies not managing to survive the winter is higher than normal, this
is referred to as excess winter mortality of colonies. Weakened colonies are not taken into
account in calculation of the mortality but may be included in calculation of the morbidity rate
(see below).
Morbidity
Morbidity is defined as being a state of disease or the frequency of subjects with the disease.
The second meaning corresponds to the number of subjects with a disease in a population
over a given period of time (prevalence) or at a given moment in time (spot prevalence). It is
often expressed as the morbidity rate, i.e. the ratio between the number of subjects with a
disease over a given period of time or at a given moment of time and the total number of
subjects in the population (Toma et al., 1991). In beekeeping, the mortality rate takes into
account the epidemiological unit, which is a colony within an apiary, since the morbidity rate
of bees within a hive is impossible to evaluate. For calculation of the morbidity rate, defined
by “the percentage of diseased colonies in an apiary over the course of a given period”, only
diseased (abnormal) colonies will be counted in the numerator.
We will give priority to mortality rates and morbidity rates as quantifiable assessment
criteria for “die-off” of honey bees; the other notions (weakening, depopulation, collapse)
are subject to numerous interpretations and could lead to confusion; indeed the
perception that beekeepers may have of the production and health of their bee colonies is
subjective and specific to their own situation and bee stock. It should also be noted that
scientific criteria and endpoints for the evaluation of the health of bee colonies are used in
some studies (Imdorf et al., 1987) but are still little used in the field. The international
surveillance network for bee colony losses, “Coloss”, is currently determining standardised
instruments to measure the health of bee colonies with a view to their use by the countries
making up this network.
At the current time in Europe, according to data communicated by EFSA6 in 2008
(see 2.1 “The European beekeeping sector”), 8 out of the 22 Member States having taken
part in the survey conducted report the existence of a surveillance network responsible for
gathering epidemiological data, such as weakening, collapse and mortality of bee colonies in
their country (Germany, Estonia, France, Finland, Italy, Luxembourg, Romania and the
United Kingdom). EFSA stresses the difficulty of comparing data from these surveillance
programmes due to the variability of interpretation of non-standardised definitions between
the different Member States (EFSA, 2008).

5
6

This perception study concerns 148 respondents and a total of 67,935 colonies.
EFSA: European Food Safety Authority.
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1.2

CAUSES OF BEE COLONY MORTALITY

The causes of bee colony mortality can be divided into five categories:
- biological agents;
- chemical agents;
- the environment;
- beekeeping practices;
- other causes.

1.2.1 Biological agents
The biological agents studied below have been ranked by order of size (predators, parasites,
fungi, bacteria and viruses). A detailed list of these agents is provided in Annex 2 to the
report.
Two synoptic tables summarise their main characteristics:
-

Table 2 summarises the clinical signs and importance of the diseases triggered by
predators, parasites, fungi and bacteria;

-

Table 3 presents the 12 main bee viruses, along with the presumed or proven impact
of viral diseases on the health of colonies and the symptoms described in apiaries.

Twenty-nine known biological pathogens affecting bees have been identified today. For the purposes of this
report, a precise, up-to-date synoptic paragraph has been drafted for each of them, based upon numerous
bibliographic references, including the recent studies conducted on the decline in the honey bee population.
While all of them are potential causes of bee colony mortality, some are more specifically highlighted in the
most recent studies on the phenomenon of “bee colony mortality, collapse and weakening”, either alone or in
combination. This is the case for the following (see Annex 2):
-

Varroa destructor, alone or in combination with other biological pathogens (viral
diseases, for example);
Nosema cerenae, alone or in combination with other biological pathogens;
chronic bee paralysis virus (agent: CBPV), etc.
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Table 2: Synoptic table of the main biological pathogens for bees (predators, parasites, fungi and bacteria, excluding viruses), ranked in order of size

Pathogen

Disease or common
Type of agent
name

Type of population
affected
Adult bees

Clinical signs

Importance of the disease

Brood
PREDATORS

Vespa velutina

Asian hornet

Aethina tumida

Small hive beetle *

Galleria
mellonella

Wax moths or
Honeycomb moths

Achroea grisella

Insect
Hymenoptera
Insect
Coleoptera

yes

yes

Stationary flight of hornets in front of the colony: direct predation

Weakening of colonies due to a reduction in the number
of worker bees (may progress to collapse in A. cerenae)

yes

yes

Tunnels in the combs, destruction of brood, excrement in honey

Loss of harvest, loss of colonies

Insect
Lepidoptera

no

yes

Damage to hives and frames, tunnels in the combs, comb covered
with a white web

Insect
Lepidoptera

no

yes

Damage to frames, tunnels in the combs, bald brood
PARASITES
Trailing bees, bees with atrophied wings, cannibalism (brood),
during winter mortality period, small pack of bees left in the hive
with large quantities of honey and stored pollen

Loss of colonies already weakened before infestation
with the parasite. Possible transmission of pathogens
(American foulbrood)
Loss of colonies already weakened before infestation
with the parasite. Possible transmission of pathogens (in
particular: American foulbrood)

Varroa destructor

Varroasis °

Mite
Mesostigmata

yes

yes

Acarapis woodi

Acariosis

Mite
Trombidiformes

yes

no

Bees paralysed and/or incapable of flying (bees trailing or gripping
onto strands of grass )

Shortening of the bees’ lifespan, increased spring
mortality, high winter mortality, reduced brood and
honey production

Tropilaelaps
clareae

Tropilaelaps clarae *

Mite

yes

yes

Crawling bees, malformations of the wings, legs and abdomen,
irregular brood

Reduction in longevity, colony mortality

Braula caeca

Bee louse

Diptera

yes
(queen)

no

Ectoparasites present predominantly on the thorax of the queen

Massive infestation of the queen can cause reduced
laying and death of the queen

Malpighamoeba
mellificae

Amebiasis

Protozoa

yes

no

Bees incapable of flying, swollen abdomen, diarrhoea, round,
yellowish faecal stains on the flight board, sparse brood

Weakening and die-off of colonies
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High winter mortality rate, transmission of other
pathogens

Pathogen

Disease or
common name

Type of agent

Type of population
affected
Adult
Brood
bees

Clinical signs

Importance of the disease

Flying difficulties, swollen abdomen, supersedure7, reduction in pollen
collection, reduction or cessation of laying, reduced honey production

Depopulation and reduction in colony
strength, reduction in longevity,
development of secondary diseases, high
winter mortality

FUNGI
Nosema apis
Nosema ceranae

Nosemosis *

Microsporidia

yes

no

Ascosphaera apis

Ascospherosis
(chalkbrood)

Ascomycetous
fungus

no

yes

Aspergillus flavus

Aspergillosis
(stonebrood)

Ascomycetous
fungus

yes

yes

Paenibacillus larvae

American
foulbrood*

Bacillus sp.

BACTERIA
Damage to capped brood, brownish-coloured dead larvae, transformed
into a runny viscous mass, prepupae with altered shape and
segmentation. Ragged scales sticking to the wall of the brood cell.

Weakening of colonies

Brood mortality,
weakening and mortality of colonies

yes

no

yes

Damage to capped brood, yellowish then brownish-coloured shrinking
larvae. Dark brown to black ragged scales inside the brood cell, easily
detachable from their support.

Brood mortality,
weakening and mortality of colonies

Spiroplasmosis

yes

no

Nervous symptoms

Forager bee mortality. Weakening

Septicaemia

yes

no

Weakening

Chilled brood

no

yes

Flying difficulties
Agents multiplying in immature bees (larvae), dying as a result of being
too cold

European foulbrood

Non-sporulating
capsulated
bacterium

*: CAD in France, °: ND in France

7

Weakening of colonies

no

Melissococcus plutonius
(primary agent)
Bacillus alvei
Streptococcus faecalis
(secondary agents)
Spiroplasma apis
Spiroplasma melliferum
Bacillus apisepticus

Sporulating
bacterium

Dead, mummified and dried bee larvae, covered with white mycelium,
and/or black fruit-like bodies, mummies lying at the flight hole and in
front of the hive
Agitation of bees, flying laborious or even impossible, greenish-yellow
filaments coming from the natural orifices of dead bees, sparse brood

Supersedure = replacement of a queen outside the swarming season, unrelated to the colony’s biological cycle.
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Weakening

Table 3: The main twelve bee viruses (ranked in alphabetical order): the history of their discovery, their specific characteristics demonstrated in experimentallyinduced infections, their link with other pathogens, along with the assumed or demonstrated impact of the viral disease on colony health and symptoms described
in apiaries

Virus

Discovery

Experimentally-induced infection

Acute Bee Paralysis Virus
(ABPV)

During studies on CBPV (1963)

Early paralysis symptoms (2-4 d),
rapid mortality (3-5 d)

Black Queen Cell Virus
(BQCV)

From queen larvae in black-walled brood
Reduction in the lifespan of infected bees,
cells (1977)
dependent on N. apis for infection of adults by
the trophic route

Consequences* of the viral disease and
symptoms
Believed to be involved in weakening, linked with V.
destructor 1 causing the mortality of worker bees and
brood, NS
Believed to be involved in worker bee mortality,
linked with N. apis. Believed to cause queen larvae
mortality, NS

Bee Virus X
(BVX)

During studies on other viruses (1974)

No symptoms, shortening of adult lifespans

Believed to be involved in worker bee mortality,
linked with M. mellificae, NS

Bee Virus Y
(BVY)

From dead bees in England (1980)

Dependent on N. apis for infection of adults,
increase in the pathogenicity of N. apis

Believed to be involved in worker bee mortality,
linked with N. apis, NS

Chronic Bee Paralysis Virus
(CBPV)a

Disease known since ancient times
(Aristotle): Black disease or Chronic
paralysis

Paralysis symptoms (5 d) several days
before death (7 d)

Causes mortality, sometimes significant, of hairless
black worker bees with symptoms of tremor

Cloudy Wing Virus
(CWV)

From bees with opaque wings (1980)

No precise symptoms, studies subject to
controversy

Consequences unclear. Spread of the virus may be
linked to V. destructor, NS

Deformed Wing Virus
(DWV)

From bees from Japan (1983)

Wing and body deformations in hatching
bees

Involved in weakening, linked with V destructor1,2
causing worker bee mortality and deformities in
hatching bees
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Key:

Virus

Discovery

Experimentally-induced infection

Consequences* of the viral disease and
symptoms

Filamentous virus
(FV)

From the milky haemolymph of bees in the
United States (1977)

No symptoms or mortality

Consequences unclear. Virus considered to be
common but not pathogenic, NS

Israeli Acute Paralysis Virus
(IAPV)

Following the mortality of bees in Israel (2002)

Rapid mortality (4 d) without symptoms

Strongly correlated with CCD in the United
States. In the absence of any demonstrated
pathogenic link, considered to be a significant
marker

Kashmir Bee Virus
(KBV)

From Apis cerana bees from Kashmir (1974)

Rapid mortality (3 d) without symptoms

Believed to be involved in weakening, linked with
V. destructor 1, NS

Sacbrood Virus
(SBV)

1st virus identified as being responsible for a
disease: sacbrood (1917)

Mortality of sac-shaped larvae

Mortality of sac-shaped larvae (fluid between
the integument and the body, causing
weakening of colonies

Slow Bee Paralysis Virus
(SBPV)

During study of BVX (1974)

Late paralysis symptoms (10-11 d), followed
by mortality (12 d)

Believed to be involved in worker bee mortality,
linked with V. destructor 1, NS

d: days after contamination by inoculation.
*: persistent virus with non-apparent infections, consequences on the health of colonies in the event of clinical viral diseases.
1: passive carrying of the virus by the parasite.
2: multiplication of the virus in the parasite, which acts as a vector and host.
CCD: Colony Collapse Disorder
NS: no known symptom specific to the viral disease in natural conditions.
a: there is a viral particle associated with CBPV: CBPASV (Chronic Bee-Paralysis Associated Satellite Virus) ranked as a satellite virus, the multiplication of which is believed to be entirely dependent on CBPV.
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1.2.2 Chemical agents
Like all living organisms, bees can be exposed to a variety of chemical agents potentially
present in the environment. In arable regions, most chemical agents responsible for this
exposure belong to the plant protection product category, also known as plant health
products or pesticides.
A plant protection product is any product designed to protect a crop from damage by a
harmful organism8. Through its mechanism of action, a plant protection product is, in theory,
specific to a type of target: fungicides, herbicides, insecticides, nematicides, molluscicides,
rodenticides or avicides. Again due to their mechanism of action, the specificity of the action
of a plant protection product on this target may vary (generalist insecticide or acaricide only,
for example). Among plant protection products, some are of biological origin, such as
Bacillus thuringiensis, and carry various toxins or antiproteinases. Their role is analysed at a
later stage in this report (see 1.2.3.4 “Farming practices, transgenic plants”).
The catalogue of plant protection products includes around 450 active substances (active
ingredient of marketed products) and some 5,000 corresponding commercial products
(ACTA, 2008). An exhaustive review of the properties of these products and, in particular, of
their toxic properties for bees, determined following laboratory studies, has been deliberately
excluded from this synopsis, the aim not being to list the possible effects of the products but,
rather, their known effects in situ. In addition, the knowledge acquired in this field during
regulatory examination of plant protection products is available on the AGRITOX website:
(http://www.dive.afssa.fr/agritox/index.php).
This presentation of chemical agents potentially involved in bee colony mortality is based,
first of all, on the scientific literature concerning the impact of plant protection products on
bees9, and, secondly, on field information gathered by existing monitoring networks in
several neighbouring countries, such as the United Kingdom, Germany and the Netherlands.
1.2.2.1

Conditions of exposure of bees to plant protection products

•

Type of exposure
In agricultural regions, since plant protection products are, for the most part, solely intended
to be applied on cultivated areas of land, exposure is theoretically limited to the individuals
present at the time of treatment.
In practice, application of the products, especially by spraying, almost systematically leads to
contamination of the areas bordering the land treated (hedges, bushes, neighbouring crops,
etc.) through drifting of “spray clouds” (see Klöppel and Kördel (1997), Koch et al., (2003) for
field studies and, Rautmann et al., 2001 for generation of a database on spray drift).
Likewise, dry or wet residues, generated during treatment or by revolatilisation from foliage
or soil, contribute – sometimes significantly – to medium or long-distance transfer of
substances away from the original treatment location.
“Full spraying” distributes the product evenly over the entire field, whereas “in-furrow
spraying” directly into the seed furrow enables selective treatment of specific zones.

8 A harmful organism may be: a fungus; another microorganism causing a disease to develop in the plant; weeds, the growth of which adversely effects the
growth of the crop; plant-eating or disease-carrying insects; but also nematodes; molluscs; small vertebrates; or birds.
9 This information was reviewed in the context of the Pesticides Collective Expert Assessment report by INRA-CEMAGREF, in 2005: Aubertot, J.M.,
Barbier, J.M., Carpentier, A. , Gril, J.J. , Guichard, L., Lucas, P. , et al. (2005) Pesticides, agriculture et environnement. Réduire l'utilisation des
pesticides et limiter leurs impacts environnementaux. Expertise Collective synthèse du rapport. Paris, France. INRA and Cemagref.
http://www.inra.fr/l_institut/expertise/expertises_realisees/pesticides_rapport_d_expertise.
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Exposure via the air is through dry residues or wet residues, with the latter probably
representing the dominant route in comparison with dry residues (Unsworth et al., 1999).
That said, the contribution of these residues to exposure in the field consecutive to spraying
is limited (Unsworth et al., 1999)10.
Treatment of seed by film-coating with the product is designed to protect the seed from the
effects of fungi or to stop the seed or seedling being eaten by insects.
The resulting exposure for bees can occur via nectar and pollen from the crop in the event of
systemic substances.
•

Exposure routes
Like other pollinators, bees can come into contact with plant protection products:
directly, during treatment, when residues are present in the air;
via a substrate carrying residues of the products, such as the soil or plants.
Contact of bees with the product residues can account for a significant share of exposure,
particularly due to their small size, meaning that they have a particularly large body surface
area for exchange with contaminated surfaces. The trophic relationship with the crop then
determines the duration of presence of the bees in the crop, along with the type of exposure,
contact and ingestion by grooming, to which can be added ingestion of sap and exudates
from plants that may contain substances with systemic properties 11.
Exposure by inhalation is also possible and concerns all substances at the time of spraying,
and volatile substances thereafter.
The quantity of product with which the bees may come into contact will determine the
possibility of direct effects. This quantity depends on the bee’s interest in the treated field, the
quantity of product applied to the field and the method of product application. By
concentrating the product in the zones to be protected, in-furrow application or application to
seed can limit the amount of product used per hectare.
•

Exposure resulting from sprayed products
Exposure of bees to products used during spraying requires the presence of bees at the time
of treatment and therefore greatly depends on the presence of flowers in the crop at the time
of treatment. This then involves exposure by contact mainly. However, exposure by ingestion
via grooming is also possible.
In the event of treatment by spraying, the dose provided is specific to the product, to its
efficacy and to the target spectrum of action (ACTA, 2008). Spraying deposits very variable
quantities of active substance on a field, ranging from a few grams (for some sulphonylureas,
for example) to a few kilograms (for certain generalist herbicides or soil treatments against
nematodes).

10 By way of example, pesticide concentrations commonly measured in rainwater are in the region of one microgram per litre, which, assuming precipitation
of 20 mm of rain containing 1 µg/L, corresponds to a redeposited quantity per hectare of 0.2 g of substance. At this dose, the direct effects of these residues
could only be manifested for substances with an LD50 of less than 1 ng/bee.
11 A systemic product is a product capable of migrating in a plant at a concentration liable to have the biological effects sought (example: herbicides, etc.).
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•

Exposure resulting from the use of treated seed
In the event of seed treatment, exposure of bees by ingestion can occur in crops attracting
them and depends on the systemic properties of the product. In order for bees to be
exposed, a significant quantity of product residues must persist in the plant until the flowering
period and migrate to the flower, nectaries or pollen.
For the most systemic substances, the residue concentration in the green parts of the plant
(stems, leaves) rarely exceeds 0.1 mg/kg. Data available for imidacloprid indicate residual
concentrations in pollens of in the region of 1 µg/kg of pollen, thus suggesting low exposure
for bees in comparison with exposure following spraying (around a hundred g/ha for
imidacloprid, according to e-phy: http://e-phy.agriculture.gouv.fr/).
A study by Cutler and Scott-Dupree on the effects of exposure of bees to rapeseed plants
treated with clothianidin12 at the seed stage confirm the transfer levels, with residual
concentrations in the region of 2 µg/kg in the pollen and nectar (Cutler and Scott-Dupree,
2007).
1.2.2.2

Regulations on the marketing of plant protection products

Because exposure of bees and other pollinators to the pesticides used in agriculture cannot
be excluded, the regulations require a risk assessment for these organisms before the
product can be placed on the market (Directive 91/414/EC, 01/01/2004).
This assessment is carried out on the basis of ecotoxicity tests for honey bees, using a
progressive approach employing experimental tools appropriate to the risk identified: acute
risk for adults, risk for larva development, risk of return to the hive, etc. (see Annex 3). This
procedure has now been updated to specifically cover systemic products used as a seed or
soil treatment (Alix and Vergnet, 2007; Alix et al. 2008a).
In France, risk management measures for bees, via control of exposure, have been taken on
a regulatory level. An order stipulates that, in order to protect bees and other pollinating
insects, "the application of any insecticide or acaricide during the flowering or exudate
production period, irrespective of the products and systems used, on all forestry populations
and all crops targeted by these insects (French Official Journal, 2004)" is banned. Subject to
specific conditions, a derogation to this ban may be permitted for certain products, which
may then be used during these periods, but always when no bees are present. Hence in
France, the use of plant protection products (acaricides and insecticides) with a marketing
authorisation (MA), according to good farming practices, ought to guarantee the absence of
exposure for bees.
Likewise, the European regulations stipulate a ban on uses leading to exposure of pollinators
that applies to all products for which the risk assessment indicates a risk to bees, irrespective
of the action (insecticide or fungicide) of the product (Directive 91/414/EC, consolidated text,
2004)13. It also stipulates that conditions aimed at limiting exposure of ecosystems located
outside the fields treated be indicated on the labels of products, on the basis of the
conclusions of the risk assessment (Directive 91/414/EC, consolidated text, 2004). These
conditions include, for example, the provision of untreated zones, of variable width, intended
to act as a buffer between the field and neighbouring zones. The width of these zones is
defined during the risk assessment procedure14. These labelling provisions have come into
force on a national level and are gradually beginning to appear on the packaging of products
on the market.
Insecticide belonging to the nicotinoid family.
SPe8: Dangerous to bees/To protect bees and other pollinating insects do not apply to crop plants when in flower/Do not use where bees are actively
foraging/Remove or cover beehives during application and for (state time) after treatment/Do not apply when flowering weeds are present/Remove weeds
before flowering/Do not apply before (state time) (according to Directive 2003/82/EC amending annex V of Directive 91/414/EC).

12
13

14

SPe3: To protect aquatic organisms/non-target plants/non-target arthropods/insects respect an unsprayed buffer zone of (distance to be specified) to
non-agricultural land/surface water bodies (according to Directive 2003/82/EC amending annex V of Directive 91/414/EC).
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1.2.2.3

Identified effects of plant protection products on bees

•

Information sources
European directive 96/23/EC regulates the implementation, in each Member State, of a
chemical residue monitoring plan for honey (setting of an MRL15 for certain active substances
in honey), mainly concerning active substances for veterinary use, some of which may also
be included in the composition of products used to protect plants. Regulation 396/2005,
which came into force in September 2008, sets MRLs in honey for 48 substances and will
enable the collection of informative data concerning plant protection product residues in
honey (EFSA, 2008).
In addition, in its survey conducted in 2008 (see 2.1 “The European beekeeping sector” and
Annex 5), EFSA reports that out of the 22 Member States having taken part, five had a
monitoring network responsible for collecting data on chemical residues contaminating bees
and honey (EFSA, 2008).
For this subject, it is these monitoring networks that are the most significant source of
information. They collect data following notifications but also monitor bee populations at sites
where exposure and impacts linked to pesticides are possible.
The scientific literature identifies few cases of bee poisoning (see 2.3.2 “Chemical agents”)
following plant protection treatments, despite the relatively numerous accidents, being
recorded for more than 50 years, usually linked to misuse of insecticides – particularly
organophosphates. The specific case of microencapsulated insecticides is a good example
of this: the microcapsules used were the same size as pollen grains and were harvested and
stored in colonies for later consumption, thereby causing delayed poisoning of bee colonies
(Russell et al., 1998).

•

Analysis of data by operating networks
Analysis of incidents notified to monitoring networks reveals the following:
- uses of plant protection products in large quantities, such as in the event of crops being
attacked by aphids;
- applications of these products in the presence of bees or on crops that are in flower;
- applications of these products to plants outside the plots of land targeted by the
treatments due, for example, to inadequate rinsing of the sprayer tank before use (thereby
generating a mixture at the next application);
- the presence of contaminated water;
- the treatment of wood (Lewis, 2003).
In 18% of cases, the incident follows authorised use and in 4% it follows incorrect use, the
remaining cases not being classifiable due to a lack of information.
The number of cases of poisoning tends to decrease year on year, reflecting both better
farming practices and a tendency among honey beekeepers to declare any incidents less
(Lewis, 2003; Aubertot et al.,2005).
-

-

15
16

In the United Kingdom, according to the WIIS (Wildlife Incident Investigation
Scheme), the majority of the products involved in accidents are insecticides, used
alone or in mixtures. According to Aldridge and Hart in Liess et al., 2003, no product
classified as being “low risk” in risk assessments has been involved in the incidents
identified. Substances belonging to the pyrethrinoid family, classified as being “high
risk” have rarely been involved in incidents (Inglesfield, 1989, in Liess et al., 2003)
(Barnett et al., 2007).
In Germany, monitoring is carried out by a sub-group of the ICPBR16 (Lewis, 2003). A
total of 82 cases of poisoning were identified between 1993 and 2003, with a
downward trend in the number of cases over time. The incidents involve both

MRL: maximum residue limit.
International Commission on Plant-Bee Relationships.
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-

substances that are authorised on the German market and banned substances,
therefore reflecting illegal importation and use of products. For 1999 alone, for
example, 47 cases of bee colony poisoning were recorded in Germany, in which
exposure to a combination of products (spray mixtures) was demonstrated. This
number is falling due to the introduction of regulations restricting the application of
these types of mixtures (a total of 11 cases in the subsequent three years (Lewis,
2003)). The reduction in the number of incidents concerns vines but not fruit tree
crops, for which the number of incidents remains stable. However, the number of
deliberate poisonings is tending to increase.
In the Netherlands, voluntary monitoring of bee populations has been operating since
1989 (Oomen, 1999). Beekeepers inform their national organisation about any
incidents and an investigation is carried out in order to determine whether the rules for
pesticide use (Pesticide Acta) have been violated or otherwise. The annual number of
incidents is variable (21 in 1994, 175 in 1996, generally between 20 and 60 each
year) but remains higher in intensive farming areas. Crops in arable areas (largescale crops) are the most concerned. The substances involved notably include
insecticides, especially organophosphates.

Other, less numerous cases are identified in the literature:
- in Canada and the United States, programmes to regulate mosquito pullulations
have, in the past, been linked with significant damage to bee colonies, costing around
US$ 90,000 in the province of Manitoba alone in 1981 and US$ 850,000 in 1983
(Dixon and Fingler, 1982, 1984 in (Kevan, 1999);
- in France, an incident involving treatment of seed with an insecticide preparation was
recorded for fipronil. The circumstances of this incident, clarified using experiments,
were described in the report issued by the committee for the study of plant protection
product,
fertiliser
and
growing
media
toxicity17
in
January
2004
(http://agriculture.gouv.fr/IMG/pdf/avisctweb200401.pdf). The incident was thus linked
to the production of a significantly greater amount of dust by the seed of one
sunflower variety, combined with a nine and a half times higher fipronil concentration
in this dust than the fipronil content in the dust from another variety. The effects of
exposure of bees to this dust were tested; the following signs were observed: a sharp
increase in bee mortality after sowing, an almost total reduction in foraging activity, an
absence of activity (flying – landing on the flight board) in the 48 hours following
sowing, abnormal behaviour in exposed bees in the two hours following the end of
sowing. Poor quality film-coating was implicated to explain this incident that occurred
in the Midi-Pyrénées region.
In comparison, the causes of the bee mortality attributed to the use of products
containing imidacloprid (in particular “Gaucho NT” coated sunflower and maize seed,
the use of which was suspended by the Minister of Agriculture in January 1999 then
May 2004, respectively, see the introduction to this report) could not be clearly
determined, despite the numerous experiments carried out following the incidents.
- Similar incidents involving film-coated seed dust have been reported recently in
Germany, Slovenia and Italy (Forster, 2008; Pistorius, 2008).
The common characteristic of all these incidents is a high bee colony mortality
following film-coated maize sowing.
They have been linked to exposure of colonies during sowing to dust emitted by
pneumatic seed drills.
Analysis of residues in bees, but also on the flowers and plants visited by bees in the
areas surrounding the sown land, has revealed the presence of clothianidin, an
insecticide used in seed film-coatings.

17

Body in charge of the scientific evaluation of plant protection products in the context of examination of marketing applications at the time.
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Analysis of the causes for the presence of residues in bees and in the area
surrounding hives has revealed:
♦ a poor film-coating quality for the seed used, as was the case in Germany,
where seed batches presented under-dosing of an adhesive coformulant, or
even double film-coating of the seed, i.e. film-coating of a seed already filmcoated and ready to use, the thickness of the coating thereby generating
abnormal amounts of dust containing product residues;
♦ sowing carried out using pneumatic seed drills in which the air outlet flow was
directed upwards and therefore emitted seed dust into the air;
♦ sowing carried out in hot, dry, windy weather, thereby encouraging the dust to
be spread over large distances.
This fits with the observations made in Italy since 2001, of the involvement of seed
dust in acute mortality events, this time implicating imidacloprid, with the same
combination of factors (Greatti et al., 2003; Greatti et al., 2006):
♦ pneumatic seed drills vertically emitting dust;
♦ marked abrasion of the film-coating by the seed distribution disc;
♦ poor quality film-coating;
♦ weather conditions.
A review of recent incidents involving film-coated seed was carried out at the
ICPBR18, meeting in Bucharest in October 2008. It emerged from the deliberations
that the causes of these incidents have been clearly identified and can be
avoided by measures that are simple to apply, such as control of the quantity of
dust emitted in batches by means of a test in comparison with a threshold (as in
the context of the “dust plan” in France, for example) (French Official Journal No. 35
of 11 February 2004, “Notice to national factories producing treated maize and
sunflower seed”), or the use of seed drills fitted with devices to limit dust
emissions.
By their very nature, these types of incidents affecting bees and involving seed
treatments are only liable to occur occasionally, since they require the emission of
quantities that are toxic to bees. However, they reveal a dispersion of variable
quantities of products used in film-coatings into the environment, and hence exposure
that may have broader consequences, including on the health of the users of these
products.
This observation led the ICPBR to designate this sowing practice as “poor farming
practice” and to therefore encourage the rapid implementation of measures designed
to solve this dust problem on a European level (Pistorius, 2008; Forster, 2008; Alix et
al., 2008b).
Finally, if we broaden the scope of identification of poisoning cases to all pollinators,
other aspects emerge, such as the indirect effects of plant protection products. Thus,
when pesticides are listed in the causes for pollinator population decline, herbicides
are mentioned more often than insecticides (Kevan, 1999; Wilcock and Neiland,
2002). For example, the decline of bumble bee populations in France and Belgium is
attributed to early hay-cutting and the use of herbicides to eliminate broad-leafed
weeds (i.e. Asteraceae or Lamiaceae; Rasmont (1988) and Rasmont and Mersch
(1988) in (Kevan, 1999)).

18

ICPBR: International Commission for Plant-Bee Relationships.
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•

Overall assessment
A few characteristics can be highlighted from among the various data collected (for the
assessment specific to France, see chapter 2.3.2 “Chemical agents”):
- acute poisonings of bee colonies by sprayed products intended to protect plants are
accidents that are liable to occur in the event of non-compliance with good farming
practices;
- no cases of poisoning involving product residues in the pollen or nectar of plant
species produced from treated seed have been identified in the literature or by the
networks. A study concerning this issue has been published. This study, which was
conducted in Canada, monitored the effects of exposure of 32 bee colonies to
rapeseed plants grown from film-coated seed over a period of 130 days (Cutler and
Scott-Dupree, 2007). The study concerned film-coating with clothianidin, with
exposure taking place at the time of flowering of the treated plants. No effect was
observed on the parameters monitored: worker bee mortality rate, worker bee
longevity, colony weight, honey production and brood surface area, for bee exposure
quantified as 2 µg/kg in the nectar and pollen by analysis of residues.
- As observed in the case of wild pollinators, the impact on populations via indirect
effects of pesticides – in particular by destruction of habitat following application of
herbicides – seems to be more easily evident on the ground than the direct impact of
a substance that is intrinsically toxic for these organisms (insecticides for example).
The duration of the pressure (in the broad sense of the term) exerted by these
different products may partially explain this phenomenon: chemical destruction of
habitat can have consequences, on a scale of a few months, or even a few years, on
the distribution of populations in the agricultural environment, in comparison with an
effect on the survival of exposed individuals, which, in principle, only affects the
individuals having come into direct contact with the product at a toxic dose (assuming,
of course, the absence of any contamination of the habitat – of whatever type – by
toxic doses of the product carried there by the organisms themselves).

1.2.3 Environment
The following will in turn be outlined as potential causes of honey bee colony mortality:
- diet;
- climatic factors;
- electric and magnetic fields;
- farming practices.
1.2.3.1
Diet
Before tackling this chapter dedicated to the potential effects of diet on bee colony mortality,
it seems essential to define the nutritional requirements of honey bees and their significance,
focusing mainly on carbohydrates and protein (Chauzat and Pierre, 2005; Pierre and
Chauzat, 2005)
Nutritional requirements of bees
•

Carbohydrates
Carbohydrates are some of the most important components of food, covering the energy
requirements needed for temperature regulation, hive maintenance work, such as cell
cleaning, brood feeding, foraging journeys, etc. They are generally stored in the organism in
the form of fat.
The sugars generally present in flower secretions (nectar) are metabolised by bees (glucose,
fructose, trehalose, maltose); conversely, some other sugars, present in the secretions of
certain insects (honeydew), are not (raffinose).
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Temperature regulation is very important, it being necessary, in particular, to maintain a
temperature of 34°C in the presence of brood. In winter, the temperature of the “cluster”19
must not fall below 13°C. In temperate regions, the sugar consumption of a bee colony
during the winter can range from 19 to 25 kg, and is 80 kg for the whole year. Numerous
factors influence the quantity and quality of apiary foraging.
•

Proteins and amino acids
Proteins are supplied by pollen and are essential to bee colonies to ensure their growth and
vital functions, such as enzymatic functions and reproduction (Roulston and Cane, 2000). In
particular, pollen is involved in the development of the hypopharyngeal glands of young bees
(Pernal and Currie, 2000) and their adipose tissue (Soudek, 1927; Kratky, 1931). In the event
of an inadequate pollen intake, these glands do not develop properly in nurse bees, in whom
the royal jelly produced can therefore no longer ensure normal brood development or normal
feeding of the queen (the protein supplied in hypopharyngeal secretions accounts for around
95% of the protein required for development of a larva).
The pollen is stored in the brood cells, in the form of bee bread, which can be likened to
silage and has a greater biological value than fresh pollen due to the fermentation that it has
undergone (under the action of three saccharomyces strains and one lactobacillus strain)
(Pain and Maugenet, 1966). The protein content is variable depending on the botanical
source (see Table 4), thus doubling between maize or sunflower pollen and lacy
scorpionweed or white clover. For example, the quantity of available protein represents 32%
of the dry matter of A. greatheadii (aloe) pollen whereas the protein level is 15% in the dry
matter of H. annuus (sunflower) pollen. The protein level contained in the pollen also varies
depending on genetic and environmental factors: the variety within the same species (Clark
and Lintas, 1992; Pernal and Currie, 2000), the age and nutritive stress of the plant (Day et
al., 1990) and the geographic location (Pernal and Currie, 2000).
Depending on the plant source, the amount of pollen required to supply the same quantity of
proteins can therefore fall by 50% when the protein level increases from 20% to 30%. In
moderate honeyflow periods, this level must be at least 25%, and increases to more than
30% during intense honeyflow (Kleinschmidt, 1986).
In addition, the balance between amino acids is very variable depending on the plant source.
Pollen from some plants (white lupin, scorpionweed, etc.) has a very high essential amino
acid content, whereas other pollens have a much lower content (buckwheat, sunflower,
maize, etc.). Hence dandelion pollen, which contains low quantities of tryptophan,
phenylalanine and arginine, does not enable brood development on its own (Loper and
Cohen, 1987).

•

Fat
Very little information is available at present concerning the dietary fat requirements of honey
bees (fatty acids, sterols and phospholipids). In normal conditions (diversified diet), these
requirements are covered by the consumption of pollen (Bruneau, 2006). Among these fats,
sterols play a role in the production of molting hormone (ecdysone), making them particularly
indispensable (Day et al., 1990).

•

Minerals and vitamins
Mineral and vitamin requirements do not appear to pose the same difficulties as protein,
carbohydrate or water requirements (Bruneau, 2006).

In order to withstand cold winter temperatures, bee colonies are organised in the form of a cluster a bees, making it possible to conserve heat inside the
hive.

19
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•

Water
It is important to stress the difficulty represented by water intake, particularly during heat
waves, since a decrease in its availability can be a very significant factor limiting colony
survival.
Effects of the nutrient environment on bee colony mortality

Several studies show that there is no relationship between the species of crops near apiaries
(maize, rapeseed, sunflower, etc.) and excess mortality in honey bees; in particular, this is
the case in Switzerland (Charrière et al., 2003) and Germany (Otten, 2003).
However, a reduction in biodiversity linked to intensive farming leads, notably, to a lack of
availability of pollen and nectar-producing plants; to a reduction in flowering periods and the
use of pollen sources of lower nutritional value (deficient in essential amino acids) such as
Taraxacum sp. (dandelion) pollen (Genissel et al., 2002).
•

Quantity and quality of pollen intake
The existence of an imbalance in the composition of pollen does not appear to be a recent
phenomenon: it was also observed in studies conducted during the 1940s and 50s (Synge,
1947; Wille and Wille, 1984). Studies in various countries have demonstrated that most of
the pollen collected by bees is harvested from a limited number of plants, usually
corresponding to common species, such as agricultural crops (Keller et al., 2005). Honey
bees do not necessarily suffer from a depletion of flora in agricultural zones; however, in this
type of environment, certain periods of pollen shortage can occur that are not observed in a
more diversified environment (Stefan-Dewenter and Kuhn, 2002). More specifically,
Charrière et al. demonstrated, firstly, that foraging on sunflower (in the absence or presence
of insecticide treatment of the seed) has no detrimental effect on bee populations during
flowering and, secondly, winter losses are not increased (Charrière et al., 2006).
Furthermore, sunflower pollen seems to be of little interest to bees; in Switzerland, in the
presence of other pollens, honey bees abandon sunflower pollen, preferring maize or clover.

Honey bees need good-quality food to successfully complete their larva development, but
also to enable them to optimise their activity cycle during the winter season (Somerville,
2001). In 1936, Farrar was already reporting that the strength of the spring population,
expressed as a percentage of the autumn one, was positively correlated with the quantity of
stored pollen (Farrar, 1936). Moreover, a lack of pollen can be the source of a marked
reduction in summer brood production or the total cessation of laying at the end of summer
or start of autumn.
Field studies carried out in Wallonia demonstrated that in a large number of hives, pollen
stores were inadequate to get through the winter. According to Rozenkranz and Jacobs, in
certain regions – Germany and Belgium, respectively – worker bees do not collect enough
pollen, whereas in Switzerland pollen is collected in sufficient quantities (Jacobs, 2004;
Rosenkranz, 2004; Imdorf et al., 2007). Yet two key periods in the life of a colony can
become critical in the event of inadequate pollen supplies for the colony:
- in the spring: the resumption of activity is dependent on the hive being supplied with
fresh pollen, once the pollen stores are exhausted;
- at the end of the summer, corresponding to the wintering preparation period: in a
period of food shortages, there is a risk that laying will stop, resulting in a diminished
winter bee population, thereby reducing the chances of survival through the winter
and potentially adversely affecting the strength of the colony when it starts up again
the following spring.
The first few days after hatching are important for A. mellifera; the nitrogen content of the
young bee increases by 64% on average over the first five days (Haydak, 1934). When
young honey bees are deprived of pollen (“imago” phase after metamorphosis), their life
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expectancy is reduced (Maurizio, 1950). Jacobs recently carried out tests in experimental
cages on the influence of pollen diet on the lifespan of honey bees (Jacobs, 2004). He
demonstrated that the consumption of maize pollen has a negative impact on the longevity of
A. mellifera in contrast with strawberry or field bean pollen.
So, just like a quantitatively low supply of pollen to the colony, the massive supply of
qualitatively poor pollen can have crucial effects on the population of a hive. During the
wintering preparation period, a continuous pollen supply triggers quantitatively normal laying
by the queen. However, if the nutrient supply for the larvae hatching after this laying is
inadequate, there is a risk that their life expectancy will suffer. These types of worker bees
are liable to die during the winter, causing severe weakening or even mortality of the colony.
Pollen and nectar can even sometimes be toxic for honey bees, either naturally in certain
plant species, such as Anomone nemorosa (Renonculaceae), Ranunculus auricomus
(Renonculaceae), Tilia platyphyllos (Malvaceae), Stryphnodendron polyphylum (Fabaceae),
Dimorphandra mollis (Caesalpiniaceae) (Maurizio, 1950; Pimentel de Carvalho and
Message, 2004; Cintra et al., 2005), or as a result of the presence on pollen grains of fungi
producing mycotoxins, such as Aspergillus flavus (Gonzalez et al., 2005).
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Table 4: Raw protein content of different pollens (Source: Bruneau, 2006)
Quality

% protein

% fat

Poor
Buckwheat - Fagopyrum esculentum
Sunflower - Helianthus annuus
Pine - Pinus banksiana
Blueberry - Vaccinium
Maize - Zea mays

11a
13a-15b
14b
14a
15a

Spotted cat’s ear - Hypochoeris radicata

16a*

Common thistle - Cirsium vulgare
Citrus - Citrus sp.
Lavender - Lavendula sp.

17a*
19a
20a*

11.9c

lip.a

Moderate
Barnaby’s thistle - Centaurea solstitia

21 a

Pussy willow - Salix caprea
Common hedge mustard - Sisymbrium officinale
Asphodel - Asphodelus fistulosus

22a
22a
23a

lip.a

Annual bastard cabbage - Rapistrum rugosum

23a

lip.a

Turnip - Brassica napus
Vetch grass – Vicia sp.
Field bean - Vicia faba
Yellow sweet clover - Melilotus officinale

24a
24a
24a
24b

lip.a

High
Almond - Prunus dulci
Apple - Malus domestica
Rapeseed - Brassica campestris

25a
25b
26b*

White clover - Trifolium repens

26a

Pear - Pyrus communis
Gorse - Ulex europaeus

26a
28a

Excellent
Scorpionweed Phacelia tanacetifolia
Lupin - Lupinus angustifolius
Blueweed - Echium vulgare

30b
34a
35a

*: does not fully meet amino acid requirements
lip.: high in fat
a: (Somerville, 2001)
b: (Pernal and Curie, 2000)
c: (Singh et al., 1999)
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20.3c

1.2.3.2

Climatic factors

Back in 1976, Mesquida was already highlighting the importance of climatic factors on honey
bee survival (Mesquida, 1976). Following a drought, flowering of nectar and/or pollenproducing plants can rapidly decrease over the course of the summer and even stop totally.
Low temperatures – and particularly “cold spells” – have an influence on the development of
honey bee colonies. Dustmann and Von der Ohe demonstrated that periods of two or more
days when the maximum daytime temperature is below 12°C without rain, or below 16°C with
rain, inhibit the flying activity and interrupt pollen supplies to the hive, with negative
consequences on brood rearing and the development of future nurse bees (Dustmann and
Von der Ohe, 1988). Temperature is a determining factor for the strength of a colony; indeed,
honey bees maintain the brood at a precise temperature of 34.5+0.5°C, despite fluctuations
in ambient temperature (Jones et al., 2004). When brood is heated to above this
temperature, the bees it produces, while having a normal morphological appearance, present
learning and memory deficiencies (Tautz et al., 2003; Jones et al., 2005). Tautz et al. also
demonstrated that worker bees reared at sub-optimum temperatures lost their sense of
direction and were no longer able to dance properly (Tautz et al., 2003). Bühler et al. studied
the effects of CO2 concentration and temperature inside the hive on honey bees: at climatic
conditions characteristic of brood (1.5% CO2 and 35°C, inside the hive), the physiology of the
apidae corresponds to that of summer bees with a very short lifespan. When, for the same
CO2 concentration, the temperature falls from 35 to 27°C, the worker bees become
physiologically similar to those in winter (Bühler et al., 1983).
Crailsheim et al. have demonstrated that climatic disturbances have an impact on the
behaviour of nurse bees and forager bees, as well as nectar supplies to the hive and
distribution of food within the hive. The climatic conditions can therefore influence the
development of the colony and the lifespan of honey bees (Crailsheim et al., 1999).
However, according to Imdorf et al., it would appear that weather conditions are not the only
risk factor for bee colony mortality. These authors report that when the climatic data for the
winters of 2002/2003 and 2005/2006, during which colony losses were high, are compared, it
emerges that the weather conditions were different (Imdorf et al., 2007). This fact suggests
that other factors of instability exist, depending on the year.
Furthermore, if the predicted climate changes occur, bees will need to be able to rapidly
adapt to the changes in certain climatic regions. The rich biodiversity of honey bees, which
thrive in very different climates, should enable the species to adapt, with the crucial
assistance of beekeepers (Le Conte and Navajas, 2008).
1.2.3.3

Electric and magnetic fields

Bees perceive electric and magnetic fields through small abdominal crystals containing iron
(Wajnberg et al., 2001). The influence of electric and magnetic fields has been the subject of
few studies in bees and there is not enough data currently to be able to identify any
relationship between these types of fields and honey bee colony mortality (Imdorf et al.,
2007).
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1.2.3.4

Farming practices

Changing farming practices
In recent decades, farming practices have changed significantly. In the majority of production
areas, crop rotations have been simplified, with a resulting depletion in certain nectarproducing plants, especially leguminous ones. In these zones, cereal crops often dominate,
to the detriment of entomophilous species (rapeseed, field bean, clover, etc.). Therefore
flowering of nectar-producing crops is often preceded and followed by long periods without
any food sources for insects if no substitute is provided to compensate for the absence of
this food.
In livestock farming regions, natural grazing with composite flora, in which mowing before
flowering eliminates the resources that it could provide, is now being replaced by artificial
grazing, made up of grasses containing few nectar and pollen-producing resources.
It seems to be essential to stress the damage caused by single-crop farming, which is behind
alternating food gluts and shortages, and above all based on plants containing few pollen
and nectar-producing resources (cereals, sunflower). In addition, fixed elements of the
landscape, such as embankments, hedges, verges, grassy areas along river banks and
transport routes are also being destroyed.
In North-West European countries, increased urbanisation and intensive agriculture are
gradually causing the fragmentation of insect habitats. the isolation and destruction of seminatural areas and “refuge” zones, such as fallow land, hedges and embankments (Dawson,
1994). The “biological corridor” networks between the various areas of pollen and nectarproducing interest can thus be altered or damaged (Richards, 2001). This leads to
disruptions in habitat colonisation and in the use of food resources by pollinating insects
(Kearns et al., 1998; Kremen and Ricketts, 2000).
Intensive farming practices are also a source of a decrease in food resources for honey bees
(Weibull et al., 2003; Todd et al., 2007). The decline in the biodiversity of pollen and honeyproducing plants in agricultural environments is a direct result of two combined actions: that
of total or selective herbicides and that of single-crop farming, in particular the cultivation of
plants devoid of interest for apidae, such as cereal crops (Bäckman and Tiainen, 2002). Very
recently, Marshall et al. demonstrated a marked abundance of apidae in agricultural
environments when strips of land sown with leguminous and various flowering plants were
located near large-scale crops (Marshall et al., 2006).
Farming practices can also cause significant bee losses. Scorpionweed or white clover fields
are very frequently visited by pollinating insects, particularly honey bees. For dairy farmers,
this grazing containing flowers is mown before the end of flowering, thereby causing
significant bee losses due to a shortage of food. Frick and Fluri indicate that after mowing,
bee losses, linked to the disappearance of nutrient sources, rise, for white clover fields, from
9,000 to 24,000 bees/ha and for scorpionweed fields, to 90,000 bees/ha (Frick and Fluri,
2001).
Studies concerning the effects of pesticides on pollinator populations are covered in specific
literature, often combining ecological monitoring with the evolution of the crops themselves,
the impacts on pollinator populations usually being detected following drastic reductions in
production yields of pollinated crops. Identification of cases of reduced yields in plant species
at the beginning of the 1990s by Burd (1994), in (Richards, 2001), made it possible to make
a link between these and impacts on pollinating species. Of the 23 cases identified, five were
associated with a reduction in the number of ecological niches available, and three were
associated with a switch to an intensive crop management method.
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A link with chemical treatments was made once only, following the treatment of Canadian
forests with fenitrothion against spruce budworm (Choristoneura fumiferana). This incident is
one of the rare examples of direct effects of an insecticide treatment on pollinator species
dependent on crops. The source of this incident was the treatment of hectares of forest in
New Brunswick against spruce budworm. Populations of numerous pollinating species fell
drastically (Plowright and Rodd 1980, in (Kevan, 1999) thereby affecting the reproduction of
numerous plant species (Thaler and Plowright, 1980, in (Kevan, 1999) and resulting in a
significant fall in blueberry production yields (Kevan 1975b; Kevan and Laberge 1999 in
(Kevan, 1999). It was through this decrease in yields that the effect on pollinators was
discovered. Replacement of this product by Matacil (aminocarb) restored blueberry yields but
an impact was nonetheless observed following monitoring of small pollinator insect
populations (Andrenidae, Halictidae, Anthophoridae and Syrphidae; Thompson et al., 1985,
in (Richards, 2001). In turn, wild plant species dependent on these insects for their
reproduction also produced less fruit.
Transgenic plants
The application of genetic engineering techniques to plants provides the genetically modified
plants currently marketed with better protection against certain adverse environmental
conditions, in particular by enabling easier destruction of weeds and a reduction in losses
linked to animal pests.
Plants that are resistant to herbicides can therefore withstand more comprehensive weed
killing treatments than those subject to conventional techniques with, however, an indirect
effect – above all trophic – on bees, due to the radical disappearance of flowering weeds.
Furthermore, it is possible to make some plants resistant to insect attacks through the
insertion of genes producing Bacillus thuringiensis toxins (Arpaia, 1996), or antiproteinases
of insect intestinal enzymes (Malone et al., 1998) or lectins (Lehrman, 2007). The insertion of
the Bt gene, derived from Bacillus thuringiensis, is currently the most widely recommended
method. This bacillus presents a very high level of genetic variability; it can thus be the
source of around a hundred different toxins (“crystal proteins”, Cry), which have been
isolated and studied. Each of these has a specific host spectrum. The most commonly used
of these in genetic engineering are:
- Cry1, active against moths, the most widely used (particularly in Monsanto 810
maize);
- Cry3 active against beetles;
- Cry4 active against dipterous insects.
In principle, the gene of interest can be used with a promoter, sending the toxin to only the
green tissues of the plant, excluding its transmission to the pollen (none of these toxins being
harmful to Hymenoptera).
For proteinase inhibitors, a distinction is made on the basis of their binding activity and two of
these are predominantly used:
- serine-proteinase inhibitors;
- cysteine-proteinase inhibitors.
Serine-proteinases play an important role in bees; the inhibitor of this enzyme can therefore
prevent digestion and have consequences on the health of apidae, which is not the case for
cysteine-proteinase inhibitors (Babendreier et al., 2006).
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Under laboratory, semi-natural (plastic tunnel) or natural (field) conditions, no studies,
except those focusing on serine-proteases, have revealed negative impacts from
currently marketed toxins on the honey bee, in both physiological and behavioural
terms (Malone and Pham-Delegue, 2001; Keil et al., 2002; Malone, 2004; Babendreier et al.,
2006; Lehrman, 2007; Duan et al., 2008; Ramirez-Romero et al., 2008). The use of serineprotease inhibitors with a view to increasing plant resistance to insects is ruled out for the
time being.

1.2.4 Beekeeping practices
1.2.4.1

General points

Since the colony can be compared to a perennial superorganism, due to the organisation
and work relations existing between the different individuals making it up, it must have a
balanced population (see 1.1 “State of normality").
A shortage of worker bees, nurse bees or pollen-gathering bees can disrupt colonies. When
handling bees, a demographic balance must be maintained. The beekeeper’s role is to help
colonies to survive through the technique and methods applied so that they will produce
honey every year.
A lack of worker bees and therefore of nutritional resources slows colony growth and reduces
population size. In the winter, too few bees will not be able to maintain the necessary
temperature for the bee cluster to survive.
The loss of the queen, a unique bee within the hive, may cause colony death if her death
occurs in a "maleless" period, and therefore without fertilisation. Every colony visit should be
made by endeavouring not to make any mistake as far as the queen is concerned. The
beekeeper must also keep an eye on the queens’ age, by marking them to anticipate their
renewal for preserving their optimum vitality, which is generally limited to the first two years
of life. The division of colonies (creating artificial swarms) should not be done too late in the
year, as new colonies that have not developed sufficiently for the winter may be lost.
The general upkeep of the apiary is also important. Common sense must be applied to foster
good colony growth:
- Humidity must be maintained as low as possible within the hives (the beekeeper must
keep the hives away from the ground and ensure that rainwater does not gather
within) and within the apiary (the beekeeper must clear away any vegetation and use
hive stands that do not retain residual water);
- the hive entrance must be clear;
- a drinking container must be placed near the apiary.
1.2.4.2

Swarming

Regular visits in the spring and in early summer must be carried out to prevent or stop
swarming as much as possible.
During a swarming, almost half or even two thirds of the population leave the hive to found
another colony. This phenomenon is accentuated by the momentary absence of a fertile
queen. By visiting colonies, it is possible when necessary:
- to prevent the swarming process from starting up (good beekeeping practices:
expanding the hive, creating an artificial swarm, etc.);
- to avoid swarming by destroying royal cells;
- to find out the cause of colony depopulation.

44

In temperate regions, swarming may occur until the end of June and the colony needs a few
weeks to reach its initial population. In addition to the reduction in bee numbers, there is also
a significant decline in honey production. Moreover, after swarming, the beekeeper must
adapt the hive volume to the remaining population so as to minimise energy waste
(thermoregulation) and avoid the development of parasites in the empty spaces (particularly
honeycomb moth).
1.2.4.3

The colony’s living environment

A colony’s life cycle and survival depend heavily upon the vegetation in the environment and
more specifically on the available pollen and nectar sources. Accordingly, two factors must
be taken into account when installing a sedentary apiary:
- the available nutritional resources all season and particularly before the critical winter
period;
- the number of colonies per apiary.
There may be a large number of colonies per site during the flowering of plants that contain
high levels of nectar and pollen. However, when foodstuffs are more scarce, the number of
colonies per site must be adapted so that each one can benefit from the long-lasting protein
and nutrient stores enabling winter bee growth.
The pollen traps permanently set up on the colonies can cause food deficiencies and poor
requeening20. This device has proven impacts on the hive population: in the spring, there
would be less capped brood and adult bees in the colony in hives equipped with this system
(Webster et al., 1985).
During transhumance, while each colony is adapting to its new environment, clashes
between bee populations are common, and may cause partial population decline in the
colonies concerned.
1.2.4.4

Feeding

Regarding bee feeding, Imdorf et al. indicate that winter feeding, rich in honeydew and often
coming from late forest honey flow, is inappropriate for wintering and can cause symptoms
such as dysentery and/or significant colony loss (Imdorf et al., 2007).
Another proven cause of death is the lack of food during the winter period. After the
beekeeper has gathered the honey and therefore the reserves of carbohydrate stored in the
honey body, the bees must be brought a substitute.
Four distinct situations may cause a famine:
- not enough food;
- unsuitable beekeeping methods (food provision) for the needs of a new parent
colony.
- prolonged bad weather in the spring, preventing food collection;
- weather conditions alternating a brief rise in temperature and a long cold spell,
resulting in the bee cluster opening and closing some way from the food stored in the
hive, which is nevertheless still abundant (Haubruge et al., 2006).
1.2.4.5

Monitoring and treatment of apiary diseases

Another beekeeping factor is the monitoring by beekeepers of the different pathogens likely
to develop in their apiary.
Over the last few years, acaricide resistance has emerged in Europe, particularly in Belgium
(Trouiller, 1998; Spreafico et al., 2001; Thompson et al., 2002), reducing the effectiveness of
accredited molecules in combating V. destructor. This resistance phenomenon would seem
to stem mainly from a prevention strategy based on the use of a very small number of
20

Requeening: beekeeping term meaning a change of queen in a hive.
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acaricide molecules in apiaries, without alternating them. Coumaphos resistance has been
described in particular in North America and may have similar significant consequences on
the effectiveness of this treatment to those that were demonstrated for fluvalinate (Elzen et
al., 1998; Pettis, 2004).
Moreover, treatments applied incorrectly have caused significant losses (Phibbs, 1996). The
multi-factor study, conducted in Wallonia on the die-off of honey bee colonies, has revealed a
link between the treatment against V. destructor (types of acaricide, application dates and
intervals) and the excess death rates in colonies (Nguyen and Haubruge, 2005).
The application by the beekeeper of a single treatment against the mite in the autumn may
therefore be insufficient since the damage inflicted on the colony population is already too
serious (Amdam et al., 2004).
Three approaches have been developed to overcome this difficulty:
- apply early treatments (end of August) (Faucon et al., 2007a);
- carry out the first treatment in the summer, the second at the end of the summer
and the last one in late autumn (Amdam et al., 2004);
- apply the first treatment at the beginning of the bee season (Delaplane and Hood,
1999).
In addition, some varroasis treatments using fat-soluble products (coumaphos and
fluvalinate) are a high source of wax contamination (Chauzat and Faucon, 2007) which may
harm the queens.
The medicinal products authorised for preventing V. destructor cannot be applied during the honey flow, which
leaves very little time for the beekeeper to assess the extent of varroasis infection in the apiary and to apply
the suitable treatment (Currie and Gatien, 2006).
The beekeeper can also contribute to the expansion of other serious diseases by:
- introducing bees (addition of brood or bees from infected or contaminated colonies
into healthy hives);
- combining healthy colonies with colonies that have been cured and still bear other
pathogens, but have been weakened;
- reusing hives without disinfecting them first.
1.2.4.6

Selecting queens

The selection of queens can be a risk factor in beekeeping practices.
Imdorf et al. believe that the current selection criteria are insufficient to guarantee healthy,
strong and performing colonies (Imdorf et al., 2007). Until now, selection has above all been
based on:
- the behaviour and more specifically non-aggressiveness of bee colonies;
- the honey yields.
Beekeepers used to overlook the hygiene behaviour criterion of bees between themselves
and vis-à-vis the brood by considering principally these two criteria.
The species of the queen selected may be the cause of specific responses of the bees she
produces. Indeed, it would seem that the adaptive physiological responses of the bee to
different stresses (see 3.4.3.4. “Stress markers”) are species-dependent. This has been
proven for sensitivity to pesticides, depending on nutrition (Wahl and Ulm, 1983) and for
infections by N. apis (Malone and Stefanovic, 1999).
Some beekeepers currently specialise in the production of hybrid queens to increase royal
jelly yields, while others defend the protection of an intact genetic heritage (Le Conte and
Navajas, 2008).

1.2.5 Other causes
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Due to the fact that an etiological diagnosis is not always requested, as it is costly or
considered pointless by some of the beekeepers concerned, a large percentage of causes of
bee colony deaths are still unknown.
Although the causes of colony deaths used to be linked mainly to biological agents, the
situation has become more complex today and the simultaneous contribution of several
factors makes it difficult to issue an unequivocal diagnosis.
The appearance of environmental causes influencing the decline in colony strength makes it
difficult to make a diagnosis.
These causes particularly include:
- climate factors influencing the flora and wintering preparations;
- the intensive production conditions of some apiaries;
- the quality and quantity of pollen available.
Accordingly, although the Afssa Sophia-Antipolis laboratory has detected traces of pesticides
in bee matrices (see 2.3.2 “Chemical agents”, Table 13), the effects of these molecules in
terms of symptoms (if present) have not been studied in the field. No diagnosis can be made
if there are no symptoms.

This review of possible causes of colony death shows the wide diversity of factors than can
act alone or simultaneously, causing the decline, collapse or death of bee colonies. For now,
in addition to this review, the type and extent of the causes of problems observed in the
French beekeeping sector need to be identified.
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2 HEALTH OF THE BEEKEEPING SECTOR
2.1 THE EUROPEAN BEEKEEPING SECTOR
For comparison purposes, the working group wanted to gain an idea of the health of the
European beekeeping sector. To this end, Afssa requested information from the European
Food Safety Authority (EFSA), which carried out a quick survey among the Member States
via their Focal Points with a view to drawing up a list of:
- data on levels of honey production;
- surveillance programmes monitoring chemical residue levels in honey, in accordance
with Directive 96/23/EC;
- surveillance programmes monitoring collapse, weakening and mortality in bee
colonies.
The full report on this survey is available from EFSA’s website by clicking on the link below:
http://www.efsa.europa.eu/cs/BlobServer/Scientific_Document/AMU_Technical_Report_Bee
s_EFSA-Q-2008-428_20083007_final.pdf?ssbinary=true.
A summary of this survey was recently presented by EFSA at EurBee3 hosted by Queen’s
University, Belfast, on 8-11 September 2008 (see Annex 5).
In total, 22 Member States, plus Norway and Switzerland, took part in this survey.
The honey production figures reported by the Member States were frequently higher than
those reported in the FAOSTAT and EUROSTAT databases. When honey production figures
extracted from FAOSTAT and EUROSAT were averaged, Spain was the highest producer,
followed by Germany, Hungary, France, Romania, Greece and Poland.
The number of hives is estimated at more than 8 million within the European Union. This is a
partial estimation, for two major honey producing Member States did not respond to the
questionnaire (Spain and Poland).
The annual residue surveillance programmes concern:
∗ veterinary medicinal product residues,
∗ substances from group B1 (antimicrobial substances, including sulfamides and
quinolones),
∗ group B2(c) (carbamates and pyrethroids)
∗ substances from groups 3a, 3b and 3c (other substances and environmental
contaminants such as organochlorine compounds, including polychlorobiphenyls,
organophosphorus compounds and some other chemical elements).
These programmes have revealed that the most commonly detected substances are from
group B1. However, when the total number of samples taken in the European Union is
considered, a constant decrease in the percentage of non-conformity is observed in this
group: 2.03% in 2003 (with a confidence interval [CI] of 95% between: 1.54 and 2.63%);
0.97% in 2004 (95% CI: 0.7 to 1.3 %); 0.65 % in 2005 (95% CI: 0.42 to 0.96%).
Lastly, this survey gave an idea of the extent of colony mortality in Europe (see Table 5). For
those Member States with data, a mortality rate over 10% was observed, exceeding the rate
considered to be acceptable in most beekeeping manuals (see 1.1.2.5 "Mortality and
morbidity”).
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Table 5: European statistics concerning the number of hives, beekeepers and mortality rate of bee
colonies for 2006 and 2007 (Source: EFSA, 2008)
Member State

2006

2007

Hives

Beekeepers

Mortality (%)

Hives

Beekeepers

Mortality (%)

Belgium

110,000

8,600

-

-

-

-

Cyprus

41,478

707

-

40,533

712

-

Czech Republic

525,560

46,647

10

520,084

48,919

20

Denmark

80,000

4,100

15

-

4,100

7

Estonia

48,000

7,000

8 - 10

48,000

7,000

8 - 10

Finland

53,000

3,300

9.3

54,000

3,200

10.2

France

1,324,565

66,924

808*

1,243,046

65,050

142*

Germany

700,000

82,000

13

710,000

82,000

9

Greece

1,380,000

23,000

-

1,380,000

23,000

-

Hungary

923,103

15,764

-

897,670

15,320

-

Ireland

20,000

2,200

-

20,000

2,200

-

Italy

1,083,266

75,000

30 - 40

1,100,000

55,000

40 - 50

Latvia

62,000

3,300

-

70,000

3,400

-

Lithuania

100,000
- 120,000

11,000

-

100,000
- 120,000

11,000

-

Luxembourg

5,637

369

16

5,300

358

20

Netherlands

80,000

7,500

26

80,000

7,500

15

Norway

70,000

3,500

10.6

70,000

3,500

-

Portugal

-

-

-

555,049

15,267

-

Romania

1,100,000

3,200

10

996,000

2,942

> 20

Slovakia

217,338

12,797

-

247,678

14,854

0

Sweden

105,000

13,000

18

110,000

12,000

12

United Kingdom

274,000

43,900

11.1

274,000

43,900

11.7

* Mortality expressed in number of declarations, or, for France: in 2006, 1.2% of beekeepers declared mortality
(808/66,924 = 0.012073); in 2007, 0.6% of beekeepers declared mortality (142/65,050 = 0.002183).
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2.2 THE FRENCH BEEKEEPING SECTOR
2.2.1 Characteristics and statistics
There are around 75,000 beekeepers in the French beekeeping sector (see Table 6). These
form two distinct groups:
• professional beekeepers making their living from beekeeping;
• amateur beekeepers.
The number of hives per apiary varies depending on the beekeeper’s status (see Tables 6
and 7).
Table 6: Number of hives and beekeepers in 1994 and 2004 in mainland France (French overseas
départements and territories not included) (Source: GEM-ONIFLHOR, 200521)
1994

2004

Number of hives

1,351,991

1,346,575

Number of beekeepers

84,215

69,237

Table 7: Number and percentage of beekeepers depending on number of owned hives, in mainland
France (for a total number of beekeepers of 68,263*) GEM-ONIFLHOR, 2005)
Number of owned hives

Number of beekeepers

% of beekeepers in this group

1 - 10

53,290

78.1

11 - 30

9,026

13.2

31 - 70

2,803

4.1

71 - 150

1,382

2

150 - 300

1,043

1.5

300 and over
719
1.1
* the total of 68,263 beekeepers (and not 69,237 as indicated in Table 6) corresponds to those for which the breakdown of beekeepers
depending on the number of bees has been filled in.

The breakdown of hives per apiary (see Table 7) reveals a high dominance of amateur
beekeepers (1 to 30 hives per apiary) within the beekeeping sector, corresponding to 66,501
of its stakeholders, or 97.4% of a total 68,263 beekeepers. There are around 1,762
professional or pluriactive beekeepers (more than 150 hives per apiary), or 2.6% of a total
68,263 beekeepers.
The average number of hives per professional beekeeper is 338. These beekeepers own
around 600,000 hives, or 45% of all French hives (GEM-ONIFLHOR, 2005).
Analysis of Table 6 reveals a decrease of around 15,000 beekeepers between 1994 and
2004. This was particularly marked in the amateur beekeeper group.
A decline in the number of hives per apiary has also been observed for the latter group,
contrary to the increase in number of hives observed for professional beekeepers. This is
probably intended to compensate for the decrease in production associated with colony loss.
Accordingly, a quote from the Abeille & Cie review states that the number of French hives
has apparently increased significantly in recent years: “an increase of more than 300,000
colonies has been observed over the last 3 years for the 25 countries of the European Union.
France stands out with an increase of 200,000 colonies” (Bruneau, 2007).

21

The GEM audit of the beekeeping sector, published at the end of October 2005, was funded by ONIFLHOR (public institution
responsible for the fruit, vegetable, horticulture and honey sectors which contributes to drawing up regulations, analyses market trends and
provides national and European support for the sectors it oversees) as part of the beekeeping assistance programme. It was conducted by
the firm GEM, which had already conducted the previous one in 1997. Under Council Regulation (EC) No 1221/97, the European
Community wanted each Member State to conduct a review of its beekeeping sector.
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An overall reduction in French honey production was observed between 1996 and 2004.
Honey production varied between 29,000 and 30,000 tons in 1996 and 25,000 and 26,000
tons in 2006 (Clément, 2006; GEM-ONIFLHOR, 2005). The 2004 honey production study
(see Table 8) shows:
- variable production levels depending on the beekeeper’s status (professional
beekeepers have a higher yield through optimised beekeeping techniques:
transhumance, follow-up of honey flow, etc.);
- a fall in production compared with previous years, explained by a high winter mortality
and climate change (particularly drought).
Table 8: Average yield of honey production for 1996 and 2004, depending on the number of hives
managed (Source: GEM-ONIFLHOR audit, 2005)
Average yield, depending on the number of hives
managed

1996

2004

Fewer than 150 hives

18 kg/hive

15 kg/hive

More than 150 hives

30 kg/hive

24 kg/hive

However, according to the data collected for the 2008 EFSA survey (see Annex 5), such a
reduction does not appear between 2000 and 2006 (EFSA, 2008).
Moreover, honey harvesting by a bee colony, typical of its activity (as seen in this chapter),
cannot be considered an indicator of the expression of this colony’s attack by a biological or
chemical agent. This is because it can reflect:
- a reduction in the quantity of honey plants;
- a reduction in nectar production by plants next to the hive;
- an anomaly in nectar production by normal honey plants;
- a reduction in bee populations.
Production costs per apiary vary and increase with the number of hives. They are around
€25 per hive for an apiary with fewer than 150 hives and €53 per hive for apiaries with more
hives. This paradox is undoubtedly tied in with the differences in expenditure consideration
depending on the size of apiaries.

This review reveals the absence of reliable figures for giving an objective explanation of the
reduction in French bee populations. The creation of an epidemiosurveillance network would
enable the collection of information for clearly assessing and giving a cost to the situation of
beekeepers.
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2.2.2 The difficulties of the French beekeeping sector, according to its
stakeholders
According to many French beekeepers, the recent difficulties suffered by the beekeeping
sector would seem to arise from the following phenomena:
- an abnormally high winter mortality (excess winter mortality) of bee colonies;
- colony collapse and/or weakening during the beekeeping year;
- anomalies linked to queens, resulting in different difficulties for bee management
(colonies with drone laying queen, supersedures, requeening22 failures, abnormal
laying and brood, abnormally short life of the queen);
- drops in honey harvests due to an insufficient bee population, reduction in nectar
secretions from flowers or a lack of flowers.
According to some beekeepers, these phenomena apparently all stem from acute or chronic
poisoning due to contaminating chemical agents (Chauvency, 1997; Le Chatellier, 2001;
Alétru, 2008; Bruderer and Hermieu, 2008).
Higher winter mortality figures than the norm considered in France (10% mortality) have
nevertheless been recorded for the last 20 years (Goanach, 2005), confirming the existence
of a persistent anomaly affecting the French beekeeping sector (Schiro, 2008).
The records, by Afssa's Sophia-Antipolis laboratory23, of abnormal colony mortality in
apiaries in different départements for the first quarter of 2008 are shown in Table 9.
However, the figures presented in this table correspond to voluntary reports from beekeepers
and do not, in theory, represent a category of beekeeper or the general situation or diversity
of bee disease in France.

A failure to requeen leads to a colony with a drone laying queen (either she has not been fertilised, or she has been poorly fertilised, or she has
disappeared).
23 Afssa’s Sophia-Antipolis laboratory is the French Food Safety Agency’s Laboratory for studies and research on bees.
22
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Table 9: Winter mortality of bee colonies recorded in apiaries in different départements in early 2008 (the
Table is not exhaustive and only takes account of calls received at Afssa's Sophia-Antipolis laboratory)
(Source: Celle et al., 2008)

Départements

Number of apiaries
per département
reported

Number of hives

% of winter mortality

Allier

1

50

70

Alpes-de-Haute-Provence

1

50

96

Hautes-Alpes

5

184

80

Aveyron

2

47

100

Cantal

2

44

95

Corrèze

2

25

96

Cote-d’Or

1

50

60

Dordogne

1

17

100

Essonne

1

10

90

Jura

2

50

96

Gard

1

80

69

Landes

1

30

93

Lozère

4

723

56

Morbihan

1

22

86

Nièvre

1

6

67

Haute-Savoie

1

8

100

Pyrénées-Atlantiques

2

150

91

Rhône

1

10

100

Var

2

38

97

53

2.3 CAUSES OF BEE DISEASE IN FRANCE
Research on the cause of higher mortality rates of bee colonies led to the identification of
various risk factors associated with biological agents, chemical agents and the environment
of bee colonies.
In September 2002, the risk factors considered at the conference organised by Afssa on “the
analysis of bee colony weakening phenomena” were similar (Faucon and Ribière, 2003).
The data used below to list and rank the causes and risk factors of French bee colony
mortality come partly from official reports (French Ministry of Agriculture and Fisheries) and
partly from scientific reports or publications.
The former data was collected by centres responsible for managing and monitoring the
French beekeeping sector: the Directorate General for Food (DGAI), Département
Directorates for Veterinary Services (DDSVs) and bee health officers within the DDSVs. The
latter data was collected through field investigations conducted mainly by Afssa’s SophiaAntipolis laboratory.
The analysis of this official and scientific data contains a bias however, inherent in the
data collection method (see 2.3.1.2 “Publications and scientific reports”), which
means that a representative and exhaustive report of the beekeeping sector's situation
today cannot be drawn up.
It seems necessary that continuous monitoring systems be set up immediately with a
view to obtaining faithful data on the current state of the French sector. This is why
Chapter III on recommendations mentions the need for entities such as a technical
beekeeping institute and an epidemiological monitoring network of the sector.

2.3.1 Biological agents
2.3.1.1

Reviews and reports of the French Ministry of Agriculture and Fisheries

In France, the Ministry of Agriculture and Fisheries is responsible for listing those bee
diseases strictly concerning notifiable animal diseases. These lists lead to the
publication of annual public reports (see Table 10).
Prior to 2006, the list of notifiable animal diseases, which are notified to the prefecture and
lead to health management measures being taken, included American foulbrood (agent:
Paenibacillus larvae), European foulbrood (agent: Melissococcus plutonius), acariosis
(agent: Acarapis woodi), nosemosis (agent: Nosema apis) and varroasis (agent: Varroa
destructor).
This list was amended24 in February 2006 (French Rural Code, 2006) and currently includes:
American foulbrood, nosemosis, infestation by Aethina tumida (the small hive beetle) and by
Tropilaelaps clareae. Only American foulbrood and nosemosis from this list are currently
found in France.
Due to its ubiquity, varroasis has been classified as a notifiable animal disease, leading to
notification of the prefecture, without health management measures being taken.

24

Decree no.2006-178 of 17 February 2006.
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Table 10: Prevalence of bee diseases (in % compared with number of visits carried out) according to the
annual reports of the French Ministry of Agriculture and Fisheries
Number of outbreaks and percentage of outbreaks per disease and per type of visit
Year

Number of
random
visits

Number of
health visits
other than
random ones

American
foulbrood

European
foulbrood

Acariosis

Nosemosis

Varroasis

Random
visits

Other
visits

Random
visits

Other
visits

Random
visits

Other
visits

Random
visits

Other
visits

Random
visits

Other
visits

2001

975

3,596

69
(7.08 %)

715
(19.88 %)

21
(2.15 %)

135
(3.15 %)

0
(0 %)

11
(0.3 %)

0
(0 %)

110
(3.06 %)

75
(7.70 %)

395
(10.98 %)

2002

1,231

3,514

99
(8.04 %)

401
(11.41 %)

23
(1.87%)

72
(2.05 %)

0
(0 %)

168
(4.78 %)

0
(0 %)

108
(3.07 %)

114
(9.26 %)

290
(8.25 %)

2003

Total “random and other
visits” = 4,296

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

2004

1,757

3,169

103
(5.86 %)

461
(14.55 %)

34
(1.94 %)

37
(1.17 %)

0
(0 %)

10
(0.32 %)

11
(0.63 %)

46
(1.45 %)

225
(12.8 %)

183
(5.77 %)

2005

2,108

2,802

103
(4.88 %)

335
(11.96 %)

37
(1.76 %)

64
(2.28 %)

3
(0.14 %)

9
(0.03 %)

7
(0.03 %)

91
(3.25 %)

65
(3.05 %)

23
(0.83 %)

2006

2,044

4,252

51
(2.50 %)

182
(4.28 %)

/

/

/

/

5
(0.24 %)

64
(1.62 %)

/

/

The term “health visits other than random ones” encompasses: visits for suspicion of diseases, visits following requests, visits for follow-up and
lifting of decrees declaring infection, visits for transhumant inspection, visits for mortality and depopulation, visits for “other reasons”. In 2006,
the data on visits for “bee disorders” could not be taken into account as they do not specify the type of disease detected.
/ : figures unavailable as diseases removed from the list of contagious animal diseases in 2006.
nd = data not available.

According to the official data, there was a clear decline in American foulbrood in 2005 and
2006, even though it is the most commonly observed contagious animal disease in French
apiaries. Note that varroasis records are unusual: the omnipresence of the V. destructor mite
in French apiaries led to only symptomatic apiaries being notified (varroasis declared within
the apiary, linked to a critical infestation limit being exceeded).
The analysis of the official reports also shows the absence of information on bee and brood
diseases due to mycotic and viral agents.
The latest official publication of the French Ministry of Agriculture25 on causes of bee
mortality in France, associated with the joint action of several factors in the excess mortality
of honey bee colonies, stipulates that “the objectivity and faithfulness of both interviews and
visits in the field prompt the mission to consider the problems of bee disease as dominant
factors" (Saddier, 2008).

Report of the Prime Minister François Filllon, published in October 2008, entitled “Pour une filière apicole durable” (For a sustainable beekeeping sector),
written by the Haute-Savoie MP Mr Martial Saddier and corresponding “to the conclusions of meetings with the various sector stakeholders and public
authorities” and to the analysis conducted by Mr Saddier “with a view to curbing the problem of excess mortality observed worldwide and considered
unquestionable.” http://www.agriculture-environnement.fr/telecharger/Rapport_SADDIER.pdf
25
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2.3.1.2

Publications and scientific reports

To understand the different types of scientific studies conducted, it is necessary to recall the
various situations encountered during the studies (see 1.1.2 “Reminder of definitions, States
of abnormality”) as part of the research on the causes “of death, collapse and weakening" of
bee colonies. Two situations stand out in particular: the mortality of bee colonies (group of
social individuals) and the mortality of bees (individuals):
- the mortality of bee colonies is a phenomenon that is observed less often during
the “bee activity season” (spring, summer, autumn), than during or at the end of
winter.
A bee colony mortality rate exceeding a certain percentage (10% in Europe, 16% in
the United States; see 1.1.2.5 “Mortality and morbidity”) (Morgenthaler, 1968; Imdorf
et al., 2007) is an unquestionable indicator of a health anomaly observed during the
wintering period or at the end of the bee season (mortality is usually observed at the
end of winter and called "winter mortality”);
- the mortality of bees occurs mainly during the bee season and is more or less high.
Its impact on the colony survival is difficult to assess. Through one-off measures,
associated with this type of mortality, only “subjective” assessments of the number of
dead bees and the strength of the colonies can be carried out.
In order to assess the phenomena of mortality, collapse and weakening of bee
colonies, scientists have recently tried to use:
1) “prospective” follow-up studies of bee colonies over several months
to have a record of colonies monitored before and after the expected
episodes (see Table 11);
2) cases of bee colony mortality that can be objectively explained:
studies on winter mortality (see Table 11). Accordingly, different
studies have been conducted on a one-off basis on episodes of
abnormally high winter mortality with a view to determining the
causes and/or risk factors.
Table 11: Studies conducted by the French Centre for Veterinary and Food Research (CNEVA) and then
by Afssa’s Sophia-Antipolis laboratory in response to the colony weakening, collapses and mortality
observed in the field
Years

Title

Type of study

1987 – 1988

Colony weakening: ecopathological survey

Follow-up

Publication

2002 – 2005

Study of the causes of winter mortality of bees (Apis
mellifera)
Prospective multi-factor study of bee disorders

Follow-up

(Fléché and Faucon,
1989)
(Faucon and Ribière,
2003)
(Aubert et al., 2008)

2005 – 2006

Winter mortality study: causes of mortality

One-off

(Faucon et al., 2008a)

2007 – 2008

Winter mortality: exhaustive study of major cases

One-off

(Celle et al., 2008)

1999 – 2000
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One-off

Table 12: Results of studies conducted in 1987-88, 1999-2000, 2005-06 and 2007-08 on brood and adult
bee diseases (Sources: Faucon et Ribière, 2003; Celle et al., 2008; Faucon et al., 2008)
Brood diseases

1987-1988

1999-2000

2002- 2005

2005-2006

2007-2008

Number of apiaries studied

17

33

24

17

/

23

30

32 to 39

23

/

18

33

18 to 29

18

/

Mycoses (% of outbreaks)

/

36

73 to 87

/

/

Adult bee diseases

1987-1988

1999-2000

2002- 2005

2005-2006

2007-2008

Number of apiaries studied

17

35

24

18

35

Acariosis (% of outbreaks)

/

0

/

17

3

Nosemosis (% of outbreaks)

41

31

50 to 79

55

37

Varroasis (% of outbreaks)

18

37

35 to 46

61

54

American foulbrood (% of
outbreaks)
European foulbrood (% of
outbreaks)

Although most of these studies on bee health - except prospective multi-factor type follow-up
studies (2002-05) and the ecopathological study (1987-88) - are carried out during
abnormally high winter mortality in specific regions of France, their conclusions, presented in
Table 12, are markedly different from those issued by the French Ministry of
Agriculture and Fisheries (see Table 10) (Faucon et Chauzat, 2008).
The relative frequency of identification of different bee and brood diseases compared with
the number of targeted visits carried out during these studies is much higher than what is
recorded in the annual reports of the French Ministry of Agriculture (see Table 12). The data
collection method, as well as the quality of investigations in the field, may explain this
different in results:
- the data collected by the French Ministry of Agriculture and Fisheries
was obtained from targeted visits (sometimes with a lack of declaration
of bee anomalies by their operators, see Table 5) or random visits (the
number of these visits has doubled in five years, see Table 10);
- the data collected during surveys carried out by the Sophia-Antipolis
laboratory mostly corresponds to visits of sick apiaries;
- the possibilities of assessing the specific symptoms of certain diseases
are not always optimum.
The results of the different studies reveal:
•

the systematic involvement of at least one of the pathogens responsible for the
adult bee or brood disease, in the apiaries studied to find out the cause of high
winter mortality;
• the importance of diseases caused by infectious biological agents in the etiology
of winter mortality;
• that the mite Varroa destructor and ineffective prevention methods against this
agent are a major risk factor of winter mortality in bee colonies.
• that infestations by Nosema sp., Paenibacillus larvae, Melissococcus plutonius
and Acarapis woodi also play a part in the phenomenon observed.
A study on the viruses of bees in asymptomatic colonies of 36 apiaries across France
(Gauthier et al., 2007) has revealed the systematic presence, at variable levels, of acute bee
paralysis virus (ABPV), black queen cell virus (BQCV), chronic bee paralysis virus (CBPV),
deformed wing virus (DWV), sacbrood virus (SBV) and Kashmir bee virus (KBV).
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In the case of viruses, initially asymptomatic infections can sometimes lead to clinical
manifestations following the intervention of still poorly defined triggers.
CBPV is currently diagnosed using reliable techniques which can, depending on the viral
limit reached, result in a notified disease. The review of analysis results obtained during the
2007 bee season, conducted at the request of beekeepers, reports, for 14 départements in
which excess bee mortality was declared by breeders, the presence of CBPV at limits
indicating a clinical disease in 79% of the samples taken (22 of the 28 apiaries monitored in
total in this study) (Faucon et al., 2007b). These results are proof of the scale of this viral
disease (chronic paralysis) over recent years and of its probably involvement in the
weakening of bee colonies observed or of a possible confusion between the symptoms
associated with poisoning and those attributed to a fatal viral disease.
As well as these results from one-off or follow-up studies, the analyses carried out at the
request of beekeepers when acute bee mortality occurs during the bee season (so-called
“summer” mortality, as opposed to "winter" mortality), reveal biological and/or chemical
pathogens (see 2.3.2.2 “Chemical agents, Publications and scientific reports”). Data
interpretation is still difficult regarding the importance of these bee (individual) mortalities on
the phenomena of colony weakening or collapse.
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2.3.2 Chemical agents
2.3.2.1

Reviews and reports of the French Ministry of Agriculture and Fisheries

In France, in addition to the regulatory surveillance programme monitoring chemical residues
in honey, the réseau élargi des troubles des abeilles (extended bee disorder network), set up
through the guidance note DGAl/SDQPV/SDSPA/N2002-8110 of 2 August 2002 makes it
possible to gather field information, although it currently does not report any
“accident/incident” of acute poisoning of bee colonies in the field.
The extent of anomalies observed in the field (particularly weakening and excess mortality)
would seem, according to the beekeepers questioned, to be linked to the acute or chronic
poisoning of bee colonies exposed to plant protection products for agricultural use. The
following quote from a review could summarise the view of some sector stakeholders on the
current phenomenon: “for some fifty years now, agricultural development has taken a heavy
tool on bees” (Servel, 2002).
Despite the hypothesis put forward by certain breeders on the role of plant protection
products and importance they attach to it, there have been no official reports of incidents
linked to products for agricultural use by the French Ministry of Agriculture and Fisheries26.
This could be due to:
- difficulties in setting up study protocols;
- the low number of official declarations of hive depopulation by beekeepers
(see Table 5) and, where applicable, insufficient investigation by DDSV and
Regional Plant Protection Departments (SRPV);
- the cost of research analyses (considered to be too expensive by
beekeepers);
- analysis results that are sometimes not very convincing (swiftly degradable
molecules, late sampling, etc.).
Regarding so-called “chronic” poisoning, the MP Mr Saddier states in his report for the Prime
Minister that “this situation and above all the abundant communication on this subject has
created rifts between certain stakeholders of the sector. This cause is usually mentioned
after technical problems, particularly bee health protection (Varroa, etc.)” (Saddier, 2008).

26

DGAl: Directorate General for Food, which is one of the main Directorate Generals of the French Ministry of Agriculture and Fisheries;
DDSV: Local Veterinary Service Department. At the national level, these report to the DGAI’s Sub-Directorate of Animal Protection and Health;
SDQPV: Sub-Directorate of Plant Protection and Quality;
SRPV: Regional Plant Protection Department. This department is responsible for ensuring that plant protection products are correctly used. At the national
level, they report to the SDQPV.
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2.3.2.2

Publications and scientific reports

•

The studies conducted by Afssa’s Sophia-Antipolis laboratory (see Table 10) have
revealed the presence of a variety of contaminating chemical agents (see Table 13), of both
exogenous (from the apiary environment) and endogenous origin (apiary treatments against
bee diseases, particularly varroasis) in all of the bee matrices analyses (living and dead
bees, pollen, honey and wax). It is important to note that, during these “prospective” followup studies, bee mortality was negligible while bee colony mortality correlated with the
presence of biological pathogens. The apiaries followed up in this type of study were chosen
at random and not following a declared incident.
Table 13: Average pesticide residue levels (µg/kg) in the samples collected during Afssa’s multi-factor
prospective study (2002-2005 study) (Source: Aubert et al., 2008)
Matrices
Residues

Pollen
Number of
Average
samples
level
analysed

Honey
Number of
Average
samples
level
analysed

Bees *
Number of
Average
samples
level
analysed

Wax
Number of
Average
samples
level
analysed

6-chloronicotinic
acid

185

1.15

239

1.21

187

0.97

0

In

Azinphos-methyl

198

<LOD

229

21.82

307

<LOD

54

228.15

Carbaryl

126

142.44

227

30.75

214

214.3

0

In

Carbofuran

181

32.73

239

16.10

293

12.95

0

In

Coumaphos

198

423.48

236

37.94

307

1545.61

92

647.49

Deltamethrin

198

39.00

239

2.6

307

16.92

87

14.70

Endosulfan

198

45.83

239

<LOD

307

8.34

93

50.95

Fipronil

185

1.20

239

<LOD

187

0.45

0

In

Fipronil
desulfinyl

185

0.96

239

<LOD

187

1.20

0

In

Fipronil sulfone

185

1.66

239

<LOD

187

0.42

0

In

Imidacloprid

185

0.92

239

0.73

187

1.20

0

In

Lindane

198

7.00

239

8.45

307

10.51

87

18.8

Penconazole

181

17.55

140

<LOD

304

7.50

0

Procymidone

0

In

96

<LOD

0

In

76

27.7

Propiconazole

181

<LOD

140

<LOD

304

<LOD

0

In

Tau-Fluvalinate

198

334.10

226

44.7

307

65.52

67

220.01

Tebuconazole

181

16.49

140

<LOD

304

18.17

0

In

Tetraconazole

181

<LOD

140

<LOD

304

17.28

0

In

Vinclozolin

0

In

140

109.4

0

In

81

21.5

LOD: Limit Of Detection.
In: inappropriate.
When the values ranged between the LOD and the LOQ (Limit Of Quantification), the median was selected for the calculations.
* The bees analysed were living and did not present any symptoms.
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•

Although coumaphos is less toxic than imidacloprid and fipronil (see Table 14,
comparison of LD50s27), the average amount found per living bee shows that the bees are
exposed to a dose that is closer to a toxic value (5% of the LD50) with coumaphos (used to
treat varroasis) than with the other two insecticides (less than 1% of the LD50) (see last
column in table).
Table 14: Comparison between average levels (µg/bee) and oral and topical LD50s (O = oral LD50; T =
topical LD50) (Source: Aubert et al., 2008)
Average level
(µg/kg of bees)

Approximate average
level per bee (µg/bee)

LD50 (µg/bee)

LD50/Approximate
average level per bee

Coumaphos

1545.61

1545.61 x 10-4

3 (O)

19

Imidacloprid

1.20

1.2 x 10-4

0.0179 (T)

150

0.04 (O)

300

Fipronil

0.45

0.45 x 10-4

0.006 (T)

133

0.004 (O)

88

The average content per bee has been assessed by estimating the average weight of a bee to be 0.1g.
LD50: Lethal dose 50 (dose for which 50% of individuals die after 24 hours or 48 hours of exposure).
oral LD50: dose for which 50% of individuals die after 24 hours or 48 hours of oral exposure.
topical LD50: dose for which 50% of individuals die after 24 hours or 48 hours of exposure through contact.

•

The analysis of the results obtained from the studies contacted from 1987 to 2006
(Fléché and Faucon, 1989; Faucon et al., 2002; Faucon and Ribière, 2003; Aubert et al.,
2008; Celle et al., 2008; Faucon et al., 2008a) enables the following conclusions to be drawn:
- the type of exogenous chemical agents detected in bee matrices has evolved
through the studies, attesting to:
• the use of new plant protection products in agriculture and/or the removal
of some of these products;
• a more rigorous use of plant protection products by farmers (Fléché and
Faucon, 1989; Chauzat et al., 2006; Chauzat and Faucon, 2007; Martel et
al., 2007);
- the traces of these chemical residues found in the bee matrices, revealing the
chronic exposure of bees to these molecules, does not correlate with the
abnormal mortality rates of bee colonies in the apiaries studied.
Moreover, the investigation of notified cases of acute bee mortality has revealed one-off
incidents related to chemical agents. Chlorpyrifos, dimethoate, methyl parathion and the
combined use of deltamethrin and prochloraze have caused the cases of acute poisoning
recorded by Afssa’s Sophia-Antipolis laboratory (internal analyses).

Plant pollution by dust emitted during the sowing of MELODYND coated (fipronil) seeds using
pneumatic sowing machines also caused acute bee poisoning in 2002 and 2003 (Brouard
and Russier, 2002; Faucon and Chauzat, 2003) (see 1.2.2 "Chemical agents, identified
effects of plant protection products on bees").
Cases of abnormal bee (individual) mortality within certain colonies of their apiary and
abnormal bee colony mortality for one of the apiaries considered below (Bas-Rhin) were
reported by beekeepers in spring 2008. These cases concerned:
- one apiary in the Bas-Rhin (East France);
- three apiaries in the Pyrénées-Atlantiques (South-West France);
27

LD50: Lethal dose 50 (dose for which 50% of individuals die after 24 hours or 48 hours of exposure).
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Examinations to search for biological and chemical agents have been carried out at Afssa's
Sophia-Antipolis laboratory:
- biological agents: agents of tracheal acariosis, nosemosis (in number of spores),
diseases of the brood and viruses (ABPV, IAPV, CBPV);
- chemical agents: clothianidin, thiametoxam, acetamiprid, thiacloprid, imidacloprid.
• In the Bas-Rhin case, the data was as follows:
- epidemiological data: the symptoms concern all of the hives in one apiary. The
veterinary services observed symptoms of trembling, a weakening of certain colonies,
mortality of individuals (dead bees in front of the hives) and of certain colonies;
- health data: Nosema. sp spores were found without leading to a notified disease
being diagnosed.
- toxicological data: a residue of clothianidin (1.8 ng/bee) in the dead bees and a
quantifiable level of the same molecule in two samples of bee bread (25 and 40µg/kg
of clothianidin) were detected.
Summary: this case may be compared to those recorded in spring 2008 in Germany (see
1.2.2.3 “Identified effects of plant protection products on bees”), for which poor conditions
of coated maize seed use (PonchoProNT, the active molecule of which is clothianidin)
were to blame for the acute mortality of bee colonies in around 11,500 apiaries
(Rozenkranz and Wallner, 2008). Clothianidin is a substance used to manufacture
products for agricultural use, but its use is not authorised in France. Quantifiable residues
of this substance in the bees samples may be linked to the proximity of the Bas-Rhin
apiary to the German border and the agricultural zone treated in this country (emission of
dust due to a seed coating defect and use of pneumatic sowing machines, which are not
suitable for sowing these seeds). A more in-depth analysis of the land cover around this
apiary and collection of data on the neighbouring apiaries are nevertheless necessary to
validate this hypothesis.
•

In the Pyrénées-Atlantiques case:
- epidemiological data: the epidemiological data is not available, only the death of
individuals was reported;
- health data: the chronic bee paralysis virus (CBPV) and N. cerenae were detected in
all three of the sites studied, but only one case of the notified disease (chronic
paralysis) was diagnosed;
- toxicological data: the residue analysis revealed clothianidin at a quantifiable level in
the dead bees of two of the apiaries, at 0.33 ng/bee and 0.47 ng/bee respectively.
Summary: the bee mortality observed in the three apiaries in the Pyrénées-Atlantiques
may be linked to biological and/or chemical pathogens. Given the partial and intermediate
analysis results, no valid scientific interpretation has been made for the time being.
Additional studies are necessary before conclusions can be drawn on these cases of
individual mortality.
These cases illustrate the difficulty in making definite diagnoses and the need for
standardised follow-up protocols of suspected poisoning.
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Regarding so-called chronic poisoning, several studies and surveys have been conducted
to assess:
- the effects on bee and bee colony mortality of imidacloprid in colony feed (Faucon et
al., 2005). This study did not detect any quantifiable anomaly corresponding to those
described by beekeepers, who observed them during sunflower nectar flow;
- the effects of a potential synergy between the chronic paralysis virus and the
presence of active molecules such as imidacloprid, fipronil and coumaphos in the
feed of adult bees under test conditions (Ribière, 2002; Ribière, 2004). The results of
this study have not been published due to a lack of reproducibility, and did not
confirm the hypothesis of there being a potential synergy between the subchronic intake of these active molecules in adult bee food and the chronic
paralysis virus;
- the possible effects on bee colony mortality and collapse of bee exposure to
pesticides (Chauzat et al., 2008).
Several studies have proved the harmful effect of low doses of pesticides on proboscis
extension, for example (Devillers et al., 2003; Decourtye et al., 2004; Decourtye et al., 2005),
or on the return flight to the hive (Colin et al., 2004). However, these studies are still sporadic
and it is still not possible as yet to extrapolate these effects, revealed at the individual
level under test conditions, to the whole colony under natural conditions.
At present, in accordance with the proposals of beekeepers, scientists are continuing to look
into a multi-factor cause of the anomalies observed.
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It can be concluded from the information available in France that:
♦ documented acute poisonings from chemical agents are rare;
♦ traces of pesticide residues (much lower than the LD50) are commonly detected
in living bees and hive products.
The investigations and field work conducted to date do not lead to any conclusion that
pesticides are a major cause of die-off of bee colonies in France.
Of the various agents potentially implicated in bee colony mortality, chemical agents should be
considered according to two approaches:

•

their role in acute mortality of bee colonies from acute poisoning from different plant
protection substances because of their agricultural misuse. This is a verified finding although
an exhaustive case listing is not available because of a failure to declare these incidents and
the absence of systematic testing.
It must be stressed that when suspected poisoning is present the samples are difficult to take
and use:
♦ depopulation or mortality are not always noticed immediately by the beekeeper,
particularly for large producers or when apiary visits are too far apart;
♦ dead bees decompose quickly;
♦ in some cases there may be a time delay between spreading the plant protection
products and the first deaths;
♦ it is difficult for an official agent to take samples urgently, particularly during the
summer months;
♦ the testing is expensive and the molecule(s) to be tested for is (are) determined
from the information obtained on farming practices in the area concerned;
♦ as a result, the complexity of testing for chemical agents is due to the
difficulty in proving the absence of a toxin, whereas it is easier to
demonstrate its presence.
It would be useful to have a standardised protocol for monitoring suspected poisoning and
screening for causes, based on a field investigation. A financial contribution from the owner
of the apiary in question could also be considered for this type of testing.
Reducing acute poisoning causing acute mortality of individuals relies on following good farming
and beekeeping practices. It should also be noted that recording farming practices (products
used/surfaces treated, etc.) by producers is a regulatory obligation (“hygiene package”,
“Sustainable pesticide use” Directive);

• their role in the chronic exposure of bee colonies to various chemical agents. The
surveys which have been conducted demonstrate very low doses of these products,
comparable to trace amounts of pesticides, of farming and beekeeping origin. These traces
can be detected in all of the hive products. It is not at present possible, however, to confirm
or refute the hypothesis that these chemical agents play a direct or adjuvant role with regard
to traditional biological bee pathogens (predators, parasites, bacteria, viruses).

64

2.3.3 Environment and beekeeping practices
There are no specific findings in France on measurement of climate impact (drought, long
cold winters, for example) on the health of bee colonies. The environmental causes of
mortality described above (see 1.2.3 “Environment”) are seen naturally in France as in all
other countries. These factors play an unpredictable role in bee colony mortality (Pointereau
and Bisault, 2006).
The only environmental findings available are on farming areas. These findings highlight an
increase in single crop farming (maize, sunflower, cereals, rape) to the detriment of
grassland. The disappearance of mixed farms lies at the heart of the transformation of the
French farming countryside. In the Landes and Alsace plain in particular, crop rotations have
been simplified radically.
In terms of the pollen- and nectar-producing aspects of crops, maize, which is of little interest
to bees, is the most widely grown crop in France after cereals. Changes in farming areas are
small (1,900,000 ha in 2001 and 1,658,000 ha in 2005).
Conversely, the rape crop area has increased markedly from 157,000 ha in 1989 to 1,406
000 ha in 2006.
On the other hand, there has been a falling trend in sunflower crop areas, which declined
from 891,000 ha in 1989 to 645,000 ha in 2006, after a peak of slightly over 1 million
hectares during the years 1990, 1991 and 1994 (CETIOM, 2001). Lavender-lavandin crops in
Provence have suffered from bad weather and declining plots which have adversely affected
crop areas and reduced the potential for production (Onippam, 2008).
However, these national findings do not reflect the regional variations. In the Vendée, for
example, the sunflower crop area has decreased by more than half (43,000 ha in 1990 and
15,000 in 2004).
Another factor which influences the health of bee colonies is the change in varieties grown.
It is difficult to obtain data on the frequency of change of cultivars. Rotation of sunflower
varieties has been estimated to take place every 5 to 10 years (CETIOM, 2001). There was a
reduction in the varieties of sunflower grown in the 1990s to better combat diseases
(phomopsis and sclerotinia) (AMSOL-PROLEA, 2002). We could therefore hypothesise that
sunflower is of less interest to bees nowadays than in previous decades because of changes
in the variety landscape. Scientific studies considering this question date from the 1990s and
show variations in the quantity and quality of nectar depending on sunflower variety (Vear et
al., 1990). These findings must be interpreted in parallel with other studies showing
significant differences in bee pollen gathering depending on the variety (Pham-Delègue et
al., 1990). Odoux et al. showed that when sunflower and maize crops were present at a
density of 10 and 5% respectively within a 2 km radius around the apiary, these crops could
make up 75% to 80% of the pollen grains harvested by the bees (Odoux et al., 2004).
There are very few findings available on the impact of the French countryside on bee
populations. Two studies provide information about this subject however, one on the spread
of GMO maize pollen (Aquitaine Avenir sans OGM, 2006) and the other on fallow land,
although no data on hive health was presented in these.
Experiments conducted recently on the establishment of wildflower fallow land in large
farming areas in France were designed to promote the introduction of a diverse range of
pollen into the bees’ diet (Decourtye et al., 2007). There are no findings to date, however,
confirming that these activities benefit the colonies, even if in theory it seems obvious that
they restore a disrupted balance.
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2.3.3.1

Reviews and reports from the Ministry of Agriculture and Fisheries

The role of risk factors in bee colony mortality associated with the environment (diet, climate
factors, farming practices) or beekeeping practices has not yet been investigated by the
Ministry of Agriculture and Fisheries.
2.3.3.2

Publications and scientific reports

Various studies conducted by Afssa’s Sophia-Antipolis laboratory have examined
beekeeping practices, and more specifically:
- the medicinal products available and their use by beekeepers;
- the bee health knowledge of the profession.
•

Medicinal products available
At present, the beekeeping sector has three veterinary medicinal products available
(ApistanNT, ApivarNT, ApiguardNT) with a marketing authorisation (MA), intended to combat the
mite Varroa destructor. They are variably effective.
- ApistanNT contains the active molecule fluvalinate. The parasite developed
resistance to this molecule as early as 1995 (Faucon et al., 1995; Elzen et al.,
1998; Elzen et al., 1999; Milani, 1999; Martin, 2004).
- ApivarNT contains the active molecule amitraz. This medicinal product appears
to have preserved real acaricide activity (Faucon et al., 2001; Vallon et al.,
2007; Faucon et al., 2007a) although in 1999, the finding of an increase in the
lethal time for the parasite in contact with this substance led to fears of the
development of resistance of the parasite to amitraz (Mathieu et Faucon,
2000).
- ApiguardNT contains the active molecule thymol. This treatment is considered
to be inadequately effective as parasite reinfestation is seen when it is used
(Vallon et al., 2006; Suard 2008).
To date, no antibiotic treatment intended to combat American foulbrood has MA. An
authorised treatment is available to combat nosemosis (Nosema sp.) (Fumidil B NT),
containing the active molecule fumagillin. This authorisation was nevertheless suspended in
January 2002, pending the European Medicines Agency (EMEA) setting a maximum residue
limit28 in honey for the use of this medicinal product.
Currently no medicinal products are available to combat tracheal acariosis.
•

Health knowledge
- All of the scientific surveys conducted have questioned beekeepers on
different subjects and revealed:
a variably profound lack of knowledge in some people about the management
of their stock and more particularly about combating diseases caused by
biological agents through the implementation of medical treatments;
often empirical, local and heterogeneous bee management practices.
- This finding can be illustrated by some significant examples:

In accordance with Commission Regulation (EEC) No 675/92 of 18 March 1992 amending Annexes I and III of Council Regulation (EEC) No 2377/90
laying down a Community procedure for the establishment of maximum residue limits of veterinary medicinal products in foodstuffs of animal origin.
Official Journal no. L 073 of 19/03/1992 p. 0008 – 0014.

28
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Between the end of 2007 and the start of 2008 Afssa’s Sophia-Antipolis
laboratory recorded 30 cases of high winter mortality in bee colonies. Of
these:
no treatment for the V. destructor mite had been used in 10 cases;
14 cases were associated with ineffective or modestly effective treatments used, two of which were related to
resistance of the parasite to treatment (Apistan NT) (Celle et al., 2008);
In their search for less expensive treatments some sector stakeholders
are experimenting with treatment methods, some of which are described
in technical bee journals and are erroneous, ineffective, counter to the
regulations and dangerous. They have little or no awareness of the risks run
by the user or the risks of residues in hive products which reach consumers.
Whilst fluvalinate for example is an active molecule used in the treatment of
varroasis (available in the presentation Apistan NT), its use by other methods
is prohibited. Similarly, acrinathrin, which is occasionally used for veterinary
purposes is not an approved active molecule for beekeeping. The same
applies to chlorfenvinphos, the use of which is not permitted in France. It also
appears that V. destructor carries resistance to acrinathrin.
It is also essential to recall the danger which handling these active materials
represents to beekeepers. Exposure of users to the active materials contained
in commercial proprietary products is minimised when all of the recommended
precautions are taken. Using a product outside of the situation for which it has
been approved increases the risks of user exposure and therefore the danger
of human poisoning.
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One observation and one corollary emerge from the study of the causes of bee
diseases in France:
•

Observation
The annual reviews published by the Ministry of Agriculture and Fisheries are not
very representative of the actual situation of the health of French bee stock because
of:
- a significant lack of data on the non-biological or environmental pathogenic
bee agents;
- occasionally biased data, as a result underestimating the prevalence of
contagious diseases affecting French bee stock.
A comparison of the results of official surveys and scientific surveys, for correctly
described cases of bee colony mortality of weakening, shows that the official results
on diseases due to biological agents are under-estimated.
There is also no official data on possible acute bee colony poisoning, and there is
still very little scientific data on this subject.
Scientific studies have established the presence of contaminating chemical residues
in trace amounts originating both from plant health control and bee treatments in all
of the bee matrices sampled.
• Corollary
The organisation of collection and analysis methods for the French bee sector
health data needs to be revised.

2.4 ORGANISATION OF BEE HEALTH MANAGEMENT AND MONITORING IN FRANCE
The health management of the beekeeping sector is the responsibility of the Ministry of
Agriculture and Fisheries via the Département (County) Directorate of Veterinary Services
(DDSV) and the bee health officers in the field. Correct operational management of this
sector is limited by several difficulties:
- deficiencies in bee health monitoring;
- lack of training of sector stakeholders and of veterinary practitioners in the “bee”
problem;
- failure to comply with the veterinary pharmaceuticals regulations.
These will be described in order.

2.4.1 Health monitoring in France
There is currently inadequate knowledge about the health of the French bee stock and as a
result it is not possible to set up appropriate measures which respond to the difficulties
experienced by beekeepers. The different bodies responsible for health monitoring in the
beekeeping sector are the Directorate General for Food (DGAl), DDSVs, Afssa, and the
beekeeping organisations (health organisations, unions).
2.4.1.1

Role of the Directorate General For Food

The DGAI is one of the five technical Directorates of the Ministry of Agriculture and Fisheries.
It coordinates the operation of all DDSVs. The administrative hierarchy responsible for
monitoring and managing the beekeeping sector is shown in Figure 3.
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Management of the beekeeping sector is organised within the framework of the réseau élargi
de surveillance des troubles des abeilles (extended network for monitoring bee disorders)
and brings together two sub-directorates of the DGAl: SDSPA (Sub-Directorate for Animal
Health and Protection) and SDQPV (Sub-Directorate for Plant Quality and Protection).
The SDSPA and DDSVs are responsible for monitoring and managing notifiable animal
diseases and the SDQPV and Regional Departments for Plant Protection (SRPVs) for good
plant treatment practices. Cases of bee colony poisoning therefore involve these two public
bodies jointly in the field.
The health monitoring of the French beekeeping sector by the DGAI’s SDSPA leads to:
Annual reports
These reports provide information mostly on:
• the numbers in the French beekeeping sector (number of beekeepers, number of
hives, number of hives/apiary);
• transhumances, demonstrated by the number of keeper’s licences granted;
• the number of bee health officers (health assistants and bee specialists) and the
number of visits which they conduct;
• the number of CAD outbreaks noted during these visits.
These annual reports are written using département summaries produced by each
DDSV, which themselves are based on the activities of the bee health officers.
Official data collection as a result of the activities of these officers (who are mostly
beekeepers except for a few health assistants acting as veterinary services
technicians) is made difficult by its dependency on:
• financial grants to the beekeeping sector from the DGAl and DDSV;
• the skills, availability and/or motivation for beekeeping within each DDSV;
• the motivation of the Groupement de défense sanitaire apicole (Bee Health
Protection Group/GDSA);
• the motivation of the bee health officers.
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Figure 3: Organisation of the administrative structures and their officers responsible
for monitoring and managing the French beekeeping sector

Directorate General for Food
Sub-Directorate for Animal Health
& Protection
Bee health assistants
inform the
Département
veterinary services

DDSV

(DDSV)
Bee health officers
Bee health officers
may be bee health
assistants

Bee health
officers may be bee specialists

Bee health assistants
• one to three per département
• nominated by prefectural decree
• assist the DDSV in setting up
prevention, health monitoring and
bee disease prevention measures
• may or may not be DDSV civil
servants
• may be DDSV technicians or
professional beekeepers or amateur
beekeepers
• take a course of further education
delivered by Afssa’s Sophia-Antipolis

Bee specialists
• 20 per département (variable
number), or approximately 1 per
district
• appointed by prefectural decree
• take part in technical tasks and
bee inspection and control
missions
• Professional or amateur
beekeepers
• Take a field course delivered by
Afssa’s Sophia-Antipolis

The health assistants manage and
coordinate bee specialists

The bee specialists
are replaced by
bee specialist
assistants

Bee specialist assistants
- assist the bee specialists
in districts
- are beekeepers, future bee
specialists, trained during field
courses.
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An epidemiological monitoring network
•

The French national bee epidemiological monitoring network (Résan)

was created by the DGAl via circular no. 155 of 10/05/93, defining the objectives and
operation of the network (a guidance note from DGAL, DGAL/SDSPA/N93/no. 8142 of
30 August 1993, defines the roles of the different Résan partners and their
interrelationships). The missions assigned to this network involved the recording of
abnormalities in bee stock and research into their causes. Its operation was based on a
standardised modifiable visit protocol defined in circular no. 1155. Between 1990 and
1995, 26 départements participated in the operation of this network. All of the data
collected from the visit forms was centralised by data processing software called
“Gestapic”, produced specifically for this purpose. Lack of motivation, operating
resources and funding, however, resulted in the activities of this network ceasing in
1997.
The network subsequently changed. Guidance notes no. 8108 of 23 June 1998 and no.
8048 of 14 April 1999 stated that the Government had decided to focus its departments’
activities on the detection of notifiable animal diseases and that the Ministry of
Agriculture and Fisheries would, where applicable, on request of professionals and
depending on emerging needs, organise more specific measures.
Any depopulation was therefore considered to be a warning sign, triggering a health
officer visit and, in the same way as for any suspected notifiable bee disease, the visit
would result in testing being carried out.
•

The extended network for monitoring bee disorders

The establishment of this network in 2002, in a context of apiary weakening and
mortality, was intended to extend surveillance activities of bee health disorders to
include disorders caused by the use of plant protection products29. Initially, this
extended surveillance network was tested on a limited number of départements
(Bouches-du-Rhône, Haute-Garonne, Gers, Deux-Sèvres, Vaucluse). Its establishment
was then extended to all French départements30.
The health monitoring conducted by the official bodies, which may be consulted in the
annual reports produced, was supplemented by surveys by the Regional Department for
Plant Protection (SRPV) and testing for toxic chemical residues when poisoning was
suspected. Both these sectors of the public authorities are currently responsible for
monitoring abnormalities reported under this network.
The network’s activities are conducted on several levels: detection of bee disorders by
bee health officers, reporting of these disorders to the DDSV and SRPV inspection
services, the joint DDSV/SRPV visit, laboratory testing for biological and toxic agents and
result processing.

29
30

Guidance note DGAL/SDQPV/SDSPA/N2002-8110 of 02 August 2002 defined the establishment of the extended network for monitoring bee disorders.
Guidance note DGAL/SDQPV/SDSPA/N2003-8023 of 11 February 2003 defined the extension of the network to the whole of France.
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For several reasons, however, the data which this network should have generated could not
be collected:
• inaccurate diagnosis of the disorders noted by bee health officers sometimes
resulted in testing for toxic agents when the causative factor was biological, or
vice versa;
• no findings on the environment of affected apiaries could be interpreted because
of late on-site visits and lack of field visits by the SRPV officers due to a lack of
availability or staff;
• the considerable cost of testing for toxic agents, which was borne entirely by the
DDSVs, meant that these tests could not be conducted systematically;
• the absence of a coordinator in the network resulted in the information being
scattered between the analytical laboratories, with no centralisation or review of
the results.
2.4.1.2

Role of the Département Directorate of Veterinary Services

The DDSVs play a key role in bee health control. They ensure that the health regulations
defined in the decree of 11 August 198031 on combating notifiable bee diseases are applied.
The different bee health officers involved in monitoring and managing the beekeeping sector
are presented in Chapter 2.4.1.1 “Role of the Directorate General for Food “, Figure 3.
The beekeeping health assistants, the functions of which are described in article 2 of the
ministerial decree of 11 August 1980, and appointed by prefectural decree in collaboration
with the DDSV, determine the distribution of bee specialists by département and decide on
apiary health visits under the control of the DDSV. These visits are of various types:
• random visits;
• targeted visits;
• visits-on-demand (from a telephone contact from a beekeeper who has identified
problems with his/her apiary);
• visits for issuing keeper’s licences.
In general, the bee specialists conduct these visits. In complicated situations, a DDSV
technician (who may or may not be acting as a bee health assistant) may accompany the
bee specialist.
The DDSV gathers its bee health officers annually in order to:
• review the health monitoring in the département’s bee stock;
• plan future measures, generally involving visits to apiaries funded by the government;
• informing them of changes in authorised beekeeping treatments and their uses.

31

Decree of 11/08/80 published in the French Official Journal on 01/10/1980 p.NC 8684-8686, amended by decrees:
of 22/02/84 published in the French Official Journal on 16/03/84;
of 27/02/92 published in the French Official Journal on 03/04/92;
and amended by the decrees of:
of 16/02/95 published in the French Official Journal on 09/03/95;
of 08/ 08/95 published in the French Official Journal on 30/08/95.
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Bee health control, which is the responsibility of the DDSVs, suffers from multiple
irregularities, the most important ones of which are listed below:
• detailed knowledge of health abnormalities in the bee stock is dependent on the number
of random visits conducted in French apiaries. To date, however, these visits are few
and inadequate in number;
• planned apiary visits are not systematically conducted, because of:
- a lack of cooperation by the beekeepers to be visited;
- a lack of availability of DDSV staff, particularly to organise for these visits to be
carried out;
• the data recorded from the visit forms at the end of the apiary visits are frequently
disputable, making it difficult or impossible to interpret them.
Control of the application of regulations on beekeeping practices, which is the responsibility
of the DDSVs, suffers from the same problems:
• abandoned apiaries, which are a source of infection for neighbouring producing apiaries,
are pretty much or entirely overlooked by DDSV agents;
• frequent lack of systematic sanctions for failure to comply with the veterinary
pharmaceuticals regulations;
• frequent lack of sanctions for failure to comply with the regulations on farming practice,
particularly the possession and maintenance of a farm register.
These shortcomings with regard to applying the law leave beekeepers the option to ignore it.
Since 2006 (decree of 1 June 06) 32, the annual declaration of hives to DDSV has no longer
been mandatory. At present this declaration is only made for “significant changes” although
these have not been defined by central government and each DDSV remains free in how it
interprets this term. This measure, requested by the DDSVs in order to simplify their work,
has resulted in a loss of knowledge about bee numbers.
2.4.1.3

Afssa’s role

In general, the Agency:
- ensures intelligence, alert and monitoring activities, contributes to the major
international scientific meetings and collaborates with the other French research
institutes (INRA, CNRS, ENV, universities, etc.);
- assesses the health and nutritional risks and benefits through collective scientific
expertise;
- conducts, coordinates and drives research work;
- recommends health protection measures;
- carries out reference work;
- carries out training and information work;
- evaluates, authorises and operates an animal health mission in the field of veterinary
medicinal products;
- assesses the risks and benefits of plant protection products and submits a proposal
for decision to the Ministry of Agriculture.

32 Decree of 1 June 06, amending the decree of 11 August 1980 on combating contagious bee diseases published in the French Official Journal on 20 June
2006, page 9222.
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Different units of the Agency are involved more specifically in the beekeeping sector,
including:
-

Afssa’s Sophia-Antipolis laboratory, the reference laboratory of the World
Organisation for Animal Health (OIE) for bee diseases, acts as the French National
Reference Laboratory. It studies the major bee diseases and their methods of
transmission and carries out health and epidemiological monitoring of bee stock. It
develops diagnostic tools and develops preventive measures. It provides scientific
and technical support for veterinary inspections carried out by the authorities and also
takes part in postgraduate practical training and education in biotechnology, cellular
engineering and bee health management.
The “animal health and welfare” strategic policy followed by Afssa defines the
development of bee research programmes focused on:
•
emerging problems in the beekeeping sector;
•
studying the pathogenicity of biological agents;
•
the efficacy of beekeeping veterinary medicinal products;
•
studying the effect of pesticides on bees.
The laboratory’s investigations also consider honey contaminants, pesticide or
veterinary medicinal product residues, in order to improve the health safety of hive
products.
The conclusions of the different types of study conducted by this laboratory’s
scientists have, however, been refuted by some of the leaders in the beekeeping
profession, who are currently encouraging beekeepers not to cooperate with the
Agency’s scientists. This situation makes knowledge of field abnormalities, evidence
of resourcefulness in applied research, difficult, despite the fact that this is maintained
by a collaborative network with some beekeeping associations. The beekeeping
sector would benefit from this situation evolving into one of real collaboration between
the two complementary parties.

-

The Agency is requested by its funding ministries (Ministry of Agriculture and
Fisheries, Ministry of the Economy, Finance and Industry, Ministry of Health) or
consumer associations or may self-task on subjects which it has identified as being
sensitive and requiring a risk assessment. DERNS33 is tasked with evaluating
nutritional and health risks. Scientific opinions on the French beekeeping sector have
been produced:
•
opinion of the French Food Safety Agency on a draft decree on combating
notifiable bee diseases, supplemented by a financial project to apply articles 5, 6
and 22 , produced on 7 January 2004, in response to request 2003-SA-0218;
•
opinion of the French Food Safety Agency on the emergence of resistance of the
parasite Varroa, responsible for a notifiable parasitic bee disease to veterinary
medicinal products widely used to combat this disease, produced on 26 May
2005, in response to request 2004-SA-0382;
•

33

opinion of the French Food Safety Agency on a draft decree setting the
importation and carriage conditions for bee products intended for human
consumption in France and on a draft decree setting the importation and
carriage conditions for bee products not intended for human consumption or for

DERNS: Department for the Evaluation of Nutritional and Health Risks
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beekeeping in France produced on 24 October 2005, in response to request
2005-SA-0230;

-

-

34
35

•

French Food Safety Agency note on the request for scientific and technical
support on bee foulbrood produced on 7 January 2005, in response to request
2004-SA-0381;

•

French Food Safety Agency note on the request for scientific and technical
support on bee nosemosis produced on 7 January 2005, in response to request
2004-SA-0383.

the purpose of DiVE34 is to scientifically evaluate crop treatment products before they
are marketed. It examines marketing authorisation applications submitted by
manufacturers, assesses the efficacy of these products on the crops concerned and
the risks which they may represent for human health and the environment and it
submits an opinion to the authorities which make the marketing authorisation
decisions. To this effect, one of its numerous tasks is to assess the risks which the
new products may represent for living organisms (microorganisms in the soil, fauna
and flora) and particularly the bee. Several opinions have already been produced on
this subject:
•

French Food Safety Agency opinion on a marketing authorisation application for
the preparation PONCHO MAÏS containing clothianidin from Bayer CropScience,
France, through a mutual recognition procedure, produced on 21 November
2007, dossier no. 2007- 3841;

•

French Food Safety Agency opinion on a marketing authorisation application for
the preparation CRUISER containing thiamethoxam from Syngenta Agro,
through a mutual recognition procedure, produced on 21 November 2007,
dossier no. 2007- 3845;

•

French Food Safety Agency opinion on the conclusions of the Cruiser
preparation evaluation on long-term risk to bee colonies, produced on 20
December 2007, request 2007-SA- 0393;

•

French Food Safety Agency opinion on the conclusions of the Poncho Maize
preparation evaluation on long-term risk to bee colonies, produced on 20
December 2007, request 2007-SA- 0393.

Finally, the ANMV35 evaluates, authorises and conducts animal health activities in the
field of veterinary medicinal products to treat bees and apiaries.

DiVE: Plants and Environment Department.
ANMV: French Agency for Veterinary Medicinal Products
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2.4.1.4

Role of the beekeeping professionals

Different professional groups are trying to conduct their own surveys in order to present
information to the Ministry of Agriculture and Fisheries (sometimes via the DDSVs) (or
information supplements) about changes in the bee stock, which they consider to be more
demonstrative as they have been initiated by field beekeepers. Different periodic surveys are
currently being carried out on winter mortality of bee colonies, conducted in particular by the
National Federation of département bee health organisations (FNOSAD) and the National
Centre for Bee Development (CNDA). The different structures made up of professional
and/or amateur beekeepers working with their peers are shown in Figure 4. Some bee
health structures (Association for the Development of Beekeeping [ADA] and CNDA) are
currently conducting particularly interesting field monitoring work and testing because of the
large number of apiaries studied (see Annex 6). This type of initiative is trying to objectively
identify the current observation of depopulation made by the profession through figures
obtained from field surveys (in each département). In future, the use of an epidemiological
monitoring network should also help to provide this type of data. At present, the work and
efforts of these health-oriented associations are to be applauded.
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Figure 4: Diagram of the different structures involved in beekeeping sector health
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This figure shows the diverse range of structures involved in the bee sector.
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2.4.1.5

Bee health training

Training of bee health officers (see 2.4.1.1 “Role of the Directorate General for Food”,
Figure 3 and 2.4.1.2 “Role of the Département Directorate of Veterinary Services”).
The bee health officer profession was created in the 1960s to respond to the absence of bee
specialist veterinary practitioners. It includes bee health assistants and bee specialists.
• Bee health assistants
Bee health assistants work directly for the département directorates of veterinary services
(DDSVs). As part of the agreement between the Directorate General for Food and Afssa, the
further education course on beekeeping was administered by scientists from Afssa’s SophiaAntipolis laboratory. This two-week training was carried out annually at Afssa’s SophiaAntipolis laboratory36. The course studied: all bee diseases, their treatments and the
regulations; it was validated by a course assessment.
• Bee specialists
The management of health monitoring is mainly carried out by bee specialists responsible for
one or more districts per département. As a result they undergo periodic technical training
updates in line with the French regulations. Bee specialists are appointed by prefectural
decree on the proposal of the DDSVs. The status of bee specialist is obtained by following a
field course on bee health practices, which is validated by a final examination. Three field
courses37 were administered annually by scientists from Afssa’s Sophia-Antipolis laboratory
in three different départements.
The bee health courses stopped in 2007 as maintaining training of bee health officers
requires financial support.
In order to maintain high-quality bee health management, it appears necessary to reinstate
and extend these courses guaranteeing:
- training of new bee health assistants in order to compensate for the retirement of
many;
- a consistently high level of knowledge for the officers responsible in the field for
French bee health management.
The decision to renew the status of health officers is the responsibility of the DDSV, although
people who are relatively inactive are retained within the profession, slowing the dynamics of
bee health management. Criteria to assess the frequencies of visits by BHOs could be
established in order to demonstrate their impact on these dynamics. At present these people
are difficult to replace, in particular because of a lack of applicants for the BHO position.
Other training
Health questions are a major focus of professional meetings, general assemblies of the bee
health protection groups and trade union meetings. Bee health subjects are also discussed
in national and international scientific conferences.
Training is also provided by veterinary practitioners or trainers who themselves have been
specifically trained in these activities.

36
37

example of guidance note produced to set up a further education course on bees: DGAL/SDSPA/N2003-8119 on: 17 July 2003.
example of guidance note produced to set up a field course on bees: DGAL/SDSPA/N2004-8065 on 27 February 2004.
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In 2005, a training session leading to the DIE (Inter-School Diploma) awarded in the national
veterinary schools (ENV) of Nantes and Alfort was created in order to train veterinary
practitioners in bee pathology and to create a geographical network of people who had been
trained. This training involved in particular different partners from the bee profession.
The aims of the DIE training were:
- acquisition of basic, theoretical and practical knowledge about the bee;
- handling bee colonies for diagnostic research, sampling or experimental purposes;
- acquisition of sound bee pathology knowledge enabling application of health
measures;
- conducting a health audit (four weeks’ immersion learning and personal work with a
beekeeper).
The training is divided into four modules, the first of which is dedicated to the bee, the colony
and bee behaviour, the second to bee disease, the third to a field placement in an apiary and
producing a placement report (farm health audit); and the last on regulations, health
management and feedback of the health audits. These courses, which lead to a diploma for
veterinary practitioners, may also be open to veterinary service technicians (depending on
residual places) although do not lead to a diploma for these people. The head of DIE has
also stated a wish to make this training mandatory for all veterinary practitioners who have
bee responsibilities, although at present the training is only recognised as such by the DGAl.
Two sessions have already taken place:
- the 2005-2006 session was attended by 8 veterinary practitioners and 4 veterinary
service technicians;
- the 2007-2008 session was attended by 10 veterinary practitioners and 4 veterinary
service technicians.
Figure 5 shows the geographical distribution of the DIE-qualified veterinary practitioners
following the 2007-2008 session.
Figure 5: Geographical network of DIE graduates following the 2007-2008 session

2005-2006
2007-2008

Veterinary
practitioner
98
Technician

AFSSA, 15 mai 2008
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2.4.2 Veterinary pharmaceuticals in the beekeeping sector
The medical treatment of honey bee diseases is subject to veterinary pharmaceuticals
regulations.
Only three medicinal products intended for the beekeeping sector to combat varroasis are
currently available on the market. It appears that the veterinary pharmaceuticals of this
sector suffer from the low interest of pharmaceutical firms in developing new bee treatments.
In addition, some beekeepers do not appear to use treatments with MA in preference when
these are available. They combine unauthorised treatments produced by their own methods,
using substances intended for other species of animal38 or plant protection preparations
containing an identical active molecule to that in the medicinal products authorised for bees.
These treatments constitute misuse and in addition often contain incorrect doses.
2.4.2.1

Treatment of varroasis

The treatment of varroasis is the key to good health management of apiaries. The V.
destructor mite is ubiquitous in the French bee stock. The hives infested are usually
asymptomatic and have not been identified as suffering from varroasis. The presence of
clinical signs, stemming from a high parasitic infestation limit being exceeded, is the
determining factor for declaring the disease. Annual or six-monthly treatments must be
applied in order to maintain the parasite load at its lowest possible level and to obtain a
correct yield from parasite-infested apiaries.
During the visits conducted in the first quarter of 2008 by Afssa Sophia-Antipolis scientists,
lack of V. destructor treatment was found in 31% of cases (32 apiaries studied, see Table 9)
and on each occasion was considered to be the cause of the high colony mortality rate
found. Several reasons were given by the beekeepers to explain the lack of treatment: there
was no point in applying these treatments, ignorance of the methods of use; their cost,
considered to be excessive; supposed resistance of bees to the treatments; use of
mechanical techniques (mesh sheets).
Only persisting treatments (slow prolonged release of the active molecule over time) can
remove the parasites, protected in the capped brood, and ensure that treatment is
successful.
One or two treatments should be used during the bee year. The difficulty in combating
varroasis lies in determining the treatment application period which requires sound
knowledge of the biology of the bee and mite.
• The first treatment must be administered between the end of August and start of
September in order to guarantee optimal bee wintering survival.
It must offer excellent efficacy guaranteed by the presence of less than fifty parasites in
the treated hives after treatment. Effective treatment used at the right time is not
however an absolute gauge of success. There are several additional risk factors which
exist in addition to parasite load, such as the amount of pollen bee feed in autumn
(source of fat development), the presence of opportunistic parasites such as Nosema sp.,
the bee environment (more or less contaminated by parasite infested apiaries located
nearby), the harshness of the coming winter, etc.

38 The following active molecules are obtained and used by beekeepers via veterinary products (intended for other species) or their associated plant
protection products: fluvalinate with KlartanNT ; coumaphos with Asuntol NT ; amitraz with Tactik NT or Maïtac NT .
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If the apiary colonies are located in an area conducive to early brood development (the
source of parasite development), a second treatment must be applied at the beginning of
spring (during the month of March).

It has been found, however, that regardless of the treatment applied, a small, variable
number of colonies retain a high level of parasite infestation, which is a source of
reinfestation of other colonies in the apiary and of weakening.
Of the medicinal products with MA, only ApivarNT (amitraz) is currently sufficiently
effective (see 2.3.3.2 “Publications and scientific reports, available medicinal
products”) and should be used as a priority. The efficacy of ApiguardNT (thymol) is
neither as high nor sufficient (estimated to be 50% for some treatments used) which may be
a source of parasite reinfestation of other hives in the apiary (Vallon et al., 2006; Suard
2008). If these findings are confirmed the competent authorities should consider withdrawing
its MA.
Despite three medicinal products being authorised to combat this mite, farmers frequently
use other acaricide products which are not authorised for use in beekeeping and come from
plant protection products as described above, or are veterinary treatments (see 2.3.2
“Chemical agents”).
Amitraz, fluvalinate, acrinathrin, coumaphos and chlorfenvinphos39 are the different active
molecules used without authorisation by beekeepers to combat varroasis.
However, some pharmacologically active substances, belonging to list II of Regulation
2377/90/EEC (art.14), such as thymol, oxalic acid and formic acid, are not prohibited in
beekeeping practice40. In practice they are used as impregnating supports (wood, cardboard,
cotton, jute sheets, blotting paper) placed in the hives, or through evaporation, droplets or
sprays. Intermittent use of these treatments only removes some of the parasites (phoretic
parasites). In addition they may contaminate hive products and be potentially toxic to the
bees. Despite this, these treatments are increasingly widely used resulting in increased toxic
risk to bees (Martin-Hernandez, 2007b).
Despite the fact that combating varroasis is a major factor in bee health practice, it is
frequently ignored for financial reasons, or because of a general lack of knowledge on the
subject.
The economics of using treatments are responsible for many of the anomalies found. The
results of the audit conducted by GEM-ONIFLHOR (GEM-ONIFLHOR, 2005) showed that
the cost of treatment per hive varied from €1.1 to 1.6, whereas the cost of an approved
treatment such as ApivarNT (in 2007) was €4. These figures demonstrate the low use of MA
medicinal products in favour of practices open to criticism.
On 4 November 2004, Afssa was asked by its funding government body (DGAl) about the
development of parasite resistance to the active molecule fluvalinate and, in response,
produced an opinion (Afssa opinion of 26 May 2005, entitled: “Afssa opinion on the
development of resistance of the Varroa parasite responsible for a notifiable bee disease to
the veterinary medicinal products commonly used to combat this disease”).

39
40

Chlorfenvinphos is a molecule contained in products which have been withdrawn from sale in France.
as stipulated in the guidance notes: DGAL/SDSPA/N2002-8045 of 18 March 2002 and DGAL/SDSPA/N2004-8136 of 12 May 2004.
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2.4.2.2

Treatment of other diseases

There are no treatments with MA for the other bee or brood diseases.
The use of antibiotics to combat American foulbrood is regulated and defined in the guidance
note released by the DGAl on 26 April 200541. Use of this treatment is subject to veterinary
prescription and removal of the honey once treatment is completed. As a result this
treatment is only rarely used officially by beekeeping professionals. In addition some
beekeepers disapprove of the use of antibiotics in order to preserve the honey “brand
image”. Furthermore, following field observations, the action of transferring affected colonies
is considered necessary and sufficient to combat this disease by some bee pathologists
(Barbançon et al., 2005). It should be noted that in other bee circles the preventive use of
antibiotics in colonies has been found.
Concomitant use of antibiotics and transferring sick bee colonies, however, should help to
consolidate the actions taken to eradicate the disease.
A maximum residue limit for tetracyclines in honey is currently being set on a European scale
by the European Medicines Agency. In addition, a market study conducted for a
pharmaceutical company seeking to market an antibiotic to combat American foulbrood is
currently ongoing. The state of advancement of this dossier is not known at present.
Treatment of nosemosis with Fumidil BNT (active molecule: fumagillin) is no longer approved
(since January 2002) because of a lack of funding for the further studies required to establish
a maximum residue limit for this molecule in honey. Despite prohibition of the use of this
substance, it has been observed during visits that beekeepers do use it (bottles seen in
beekeepers premises) if necessary obtaining it from neighbouring European countries which
do not follow the current European regulations on these substances.
2.4.2.3

Farm Health Plans

Historically the Bee Health Protection Group (GDSA) was responsible for the management
and dispensing of veterinary medicinal products. An official letter acting as a prescription
signed by the département director of veterinary services enabled GDSA to purchase stocks
of medicinal products, subsequently dispensed on request from beekeepers.
Nowadays, at the request of DDSVs wanting to follow the regulations on veterinary
pharmaceuticals offering a release from the responsibility for prescription, the management
and dispensing of veterinary medicinal products required to treat varroasis still occurs via the
GDSA but only as this body is officially accredited and has set up a Farm Health Plan
(PSE),42 supervised by a veterinary advisor. This advisor is responsible for issuing the
prescriptions required to purchase a stock of medicinal products, the size of which must be
justified.
The Farm Health Plan is a written document listing all of the information on the health
association including:
• an initial descriptive part relating to GDSA and including a list of executive members and
all members, their name, and qualifications, French Veterinary Council registration
number and locum cover;
• a second part dedicated to the management of veterinary medicinal products and listing:
the names of medicinal products which may be dispensed and their dosage, the
dispensing procedure for the medicinal products, model prescriptions which must be
signed by the PSE veterinary advisor, a description of the medicinal product stock
management, methods for monitoring the application of the PSE in the field, involving
visits to all of the member beekeepers over a period of five years;

41
42

Guidance note: DGAL/SDSPA/N2005-8123 dated 26 April 2005
The establishment of the PSE is defined in guidance note: DGAl/SDSPA/N2007-8240 dated 20 September 2007.
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a third part containing the PSE annexes, dedicated to the official administrative
documents required to establish the PSE (layout plan for medicinal products storage
premises, official time commitment agreement for the veterinary advisor, BHO job
descriptions, etc.).

To set up a PSE for a period of five years requires validation of the application by a regional
committee.
Various difficulties are encountered in the procedure required to implement the PSE:
- the number and type of documents required to develop a PSE vary depending on the
regional committees. The validation procedure could be simplified by setting up
a national PSE;
- shortage of veterinary practitioners likely to work in beekeeping and the unattractive
remuneration offered to them do not facilitate recruitment of a veterinary advisor and
his/her locum cover to the PSE.
The “Beekeeping and bee disease” training session created in 2005 and leading to an
inter-school diploma delivered in the National Veterinary Schools (ENV) of Nantes
and Alfort will allow a larger number of veterinary practitioners competent in
beekeeping to be trained;
- the extent of the administrative restrictions frustrates GDSA administrators
(beekeepers) who are not trained in this type of exercise;
- the funding, all of the costs of which fall to the health association (GDSA):
• of high level computer equipment (management, imposed by the health plan, of
orders for medicinal products, prescription production, the organisation’s accounting
etc.);
• of all of the visits by the veterinary advisor (theoretically to all of the beekeeper
members over a period of five years). In practice, these visits are performed by the
BHOs (and not by the single veterinary advisor) at the request of the GDSA;
• of insurance and remuneration for the BHOs for health visits performed (outside
the remit of the DDSV);
- the limitations of visits performed by the BHOs:
in theory, all of the PSE members should be visited between the start of
September (the time when treatments are applied) and the start of October (the
date from which the apiaries can no longer be observed). In practice, it is not
possible to accomplish all of these visits in one month;
in these visits intended to confirm that the PSE is being correctly followed (the
medicinal products used have MA and the treatments are correctly used), the
BHOs are not commissioned by the DDSV and do not as a result have the
power to intervene for the notifiable bee diseases which may be found.
The burden of requirements needed to obtain approved medicinal products (registration,
official farm visit, etc.) whereas others in the profession freely use dubious treatments is
incomprehensible to beekeepers who are members of the PSE.
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3 RECOMMENDATIONS
We have attempted to produce a classification of the causes of bee colony mortality which
may be seen in Europe by aetiology, frequency and conditions under which these diseases
develop. This classification is an aid to veterinary practitioners and other agents involved in
beekeeping faced with bee colony deaths. Some forty causes which may result in bee
colony mortality have been identified.
Depending on the approach used, other
classifications, such as anatomo-pathological diagnoses, are available.
The frequency, severity and speed of bee colony mortality vary depending on several
parameters: the type of causal agent (dose, virulence), the location of the lesions which
occur, the host (resistance, general state, immune status) and the environment. The key
factor is the quality of the case description which depends on the level of information,
awareness and training of beekeepers and veterinary practitioners. The frequency with
which bee colonies are observed also plays a role. After taking account of these factors,
variability still exists and depends on the bee colonies in question and on the observer
(clinical picture, pre-patent phase, development duration). In order to improve knowledge on
bee colony mortality, particularly in France or Belgium, it is important:
• to improve awareness, information and training of beekeepers and veterinary
practitioners;
• to use a uniform standardised method of clinical examination for bee colonies (careful
observation of bees, brood, pollen reserves, beekeeping practices, health practices,
environment, climate);
• to use further investigations more systematically;
• to train sentinel networks of the most motivated beekeepers and veterinary
practitioners;
• to transcribe observation results in a standardised coded format for both type and
duration;
• to collate this information;
• to enrich a relational database;
• to compare experiences.
A “typology” of bee colony mortality could then be established and risk factor hypotheses
advanced.
The durability of the sentinel networks described above will depend on the level of voluntary
participation from beekeepers and veterinary practitioners, the level of subsequent data
analysis and the level of positive feedback activities (distribution of specialist and summary
reports amongst the network participants). Bee colony mortality may have many causes in
veterinary practice although they are only rarely diagnosed and diagnosis requires time and
is still relatively expensive. In order to improve knowledge on the subject, external funding
should be secured for the costs of investigations for an aetiological diagnosis. This
knowledge is and will remain particularly useful in terms of bee colony mortality as it will
firstly allow the causes of deaths to be ranked and secondly the corollary prophylactic and
control plans to be classified and polymorphisms of the clinical expression of the mortality to
be taken into account. Development of knowledge on the causes of bee colony mortality and
strengthening existing epidemiological monitoring networks in the different European
countries are priority issues.
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In order to make an aetiological diagnosis, a clinical examination must be performed using a
standardised method, a complete history must be sent and appropriate further examinations
used43. Despite the major advances achieved in beekeeping, gaps remain in the systematic
recording and analysis of data. It is regrettable that because of difficulties in obtaining the
history, establishing a diagnosis and conducting epidemiological surveys have become so
difficult. It is useful to make an aetiological diagnosis for several reasons:
• classifying diseases as a function of their frequency and as a result attaching all of the
necessary importance to those which are seen most often (identifying risk factors,
enabling these to be controlled);
• identifying new diseases in order to understand them better;
• assessing the relevance of the clinical diagnosis made in order to improve the
methodology of the clinical approach used.
Knowledge of factors in the differential diagnosis of causes of bee colony mortality will help
to improve epidemiological monitoring of these causes.

The overview of the bee stock health situation in France and the operation of this sector
considered in the previous chapter leads to recommendations intended to improve the
situation:
• in the field of epidemiological monitoring of bee diseases,
• in the French beekeeping sector,
• of relationships between the farming sector and the beekeeping sector,
• through applied research activities.
We attempted to rank these four sets of recommendations, but this could not be done as it
appeared that urgent efforts are needed in each of the areas, which are clearly distinct from
each other.
In the same way, the proposals within each of these four sets of recommendations have not
been ranked in priority. This appeared inappropriate for the epidemiological monitoring and
organisation of the beekeeping sector and, although it could be considered for the parts
dedicated to the beekeeping/farming sector relationships and for research, we decided to
organise the proposals into a logical progression of thinking rather than by their degree of
urgency.

43

History: a record of notable events.
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3.1 EPIDEMIOLOGICAL MONITORING 44 OF BEE DISEASES
3.1.1 Current situation
According to the information sent by EFSA in 2008, sixteen countries (of 22 which responded
to the survey) described a national surveillance system for their beekeeping sector (see
Annex 5). These surveillance programmes are often managed and organised by bee
health associations (EFSA, 2008).
In addition, the international COLOSS network in which some Member States are involved is
dedicated to the prevention of bee colony losses (EFSA, 2008).
A single, government-dependent system operates in France. This is an “alert” system which
principally involves intervening following a request from beekeepers in apiaries in which bee
colony morbidity/mortality has been found. This system is under the control of the DGAl,
SDQPV and the DDSVs and SRPV.
The DGAl and DDSVs are only responsible for monitoring notifiable bee diseases and are
not responsible for intervening for other causes of bee colony morbidity/mortality. This
system also involves the BHOs via the DDSV. The current situation for this sector in terms of
epidemiological monitoring only involves limited surveillance orientated more towards direct
actions. A system based mostly on surveillance may be considered for the future: this would
then be intended less for purely regulatory activities related to contagious animal diseases.
The lack of region-per-region records has not until now allowed the descriptions of
population losses given by the beekeepers to be demonstrated.
In terms of the extended monitoring network for bee health disorders (“alert” system), in its
current state, it does not allow large amounts of data to be collected. Despite the willingness
of government agents, the samples taken are not analysed when they should be because of
a lack of DDSV and SRPV budgetary funds. This network could be re-energised by
changing its funding through an agreement between DGAl/SDPV and the regional bee
services such that the laboratory tests (diseases and toxicology) are paid for by the regional
bee associations. A precedent for this exists in the Rhône-Alpes region. It has also been
suggested that during reported incidents, the network could sample and analyse the bee
bread obtained from the sick hive in order to test for different types of molecules. The utility
of a bee bread examination in the hive health assessment should be highlighted in light of
the studies which have already been performed (see 2.3.2 “Chemical agents”). The high cost
of this type of examination however makes it difficult to apply systematically.
Before considering setting up a bee surveillance network, it must be noted that because of
the very specific features of bee production this network cannot be based on animal health
management models conventionally used in other animal production sectors. The
information which can actually be collected and its utility in terms of health actions
should be defined before creating such a network.

Epidemiological monitoring: an observation method based on continuous recording to monitor the state of health or risk factors in a defined population,
particularly to detect the emergence of pathological processes and to study their development over time and space with a view to adopting appropriate
prevention measures (Toma et al., 1991).

44
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3.1.2 Establishment of an epidemiological monitoring network for the
beekeeping sector: justification
There are three main reasons to justify establishing an epidemiological monitoring network:
• detecting new pathological processes (diseases);
• monitoring the incidence and progression of diseases or disorders of bee colony
health over space and time;
• ranking the diseases against each other and/or setting up an appropriate plan to
combat them.
One can draw usefully from the example of the Anglo-Welsh bee epidemiological monitoring
network shown in Annex 4.
The future epidemiological monitoring network for bee diseases to be created in France
should deal as a priority with ranking diseases against each other. At present, the
information obtained in France does not allow a straightforward answer to the question of the
main biological, chemical or environmental causes of bee colony morbidity/mortality despite
all of the work conducted on the subject, which all report the extent of health abnormalities in
French apiaries.

3.1.3 Institutional organisation
Some internal obligations (such as declaring bee diseases to the World Organisation for
Animal Health) and other factors (such as the need for a national vision) should direct the
future epidemiological monitoring network for bee diseases to organise itself around a four
level structure as shown in Figure 6:
Figure 6: Diagram of the organisation of the bee epidemiological monitoring network

In this design, the data would be:
• collected and validated from beekeepers (local surveillance stations) by bee officers
who are still to be appointed;
• consolidated regionally to conduct a second validation based on initial analysis and
interpretation work;
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aggregated, validated, interpreted and communicated by a single national structure.

A steering committee and a technical committee should be set up (Dufour et al., 2005):
• the steering committee would set the main policies, objectives of the network and
make strategic decisions;
• the technical committee would bring together the scientists and technicians to design,
construct and provide critiques on the surveillance protocol to be set up depending on
the objectives set.
In this design, the laboratory testing would be performed by regional laboratories, accredited
and coordinated by a national reference laboratory for bee diseases. The intended
laboratories would be the département veterinary laboratories which were to date accredited
for the diagnosis of bee diseases and still perform this type of testing. The management of
such an epidemiological monitoring network could be entrusted to an organisation (National
reference laboratory for bee disease, technical beekeeping institute, National Federation of
Département Bee Health Organisations) or to a group of these organisations. A pre-requisite
for the correct operation of such a network is the presence of a single independent reliable
authority at its highest level.
Conducting examinations intended to improve knowledge of the sector’s health features
requires a standardised method, which is as reproducible as possible and can be used
under normal field visit conditions by a bee officer trained in this practice.
In order to assess the applicability of such an epidemiological monitoring network nationwide,
a pilot product could be set up. The presence of such a project in a limited geographical
area would help to considerably reduce initial costs. This would enable the feasibility and
relevance of the project to be tested. At the end of an initial assessment the methods for
extending the project countrywide would be considered. The definition of a local test
structure could be linked to the presence of a laboratory able to perform bee disease
diagnoses.

3.1.4 Training
Training of participants in the future epidemiological monitoring network combined with a
sufficient geographical distribution of trained people across France is another key point of the
system. The pilot study described in the section above could in particular lead to a proposal
for standard training tailored to the context of an envisaged epidemiological monitoring
network.
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3.1.5 Performance indicators
Performance indicators consist of a limited number of variables brought together in chart
allowing a continuous estimate to be made of the achievement of the network’s priority
activities in order to facilitate its management. These epidemiological monitoring network
performance indicators are identified as soon as the pilot project is set up in order to assess
its activity periodically.

3.1.6 Determining the current health status of the French beekeeping sector
Concomitantly with this pilot project the working group suggests that an initial snapshot of the
current situation of bee colony morbidity/mortality in France be taken.
Determining this “zero state” requires information to be recovered from all départements over
a given period using a simple anonymous standardised epidemiological questionnaire. In
order to ensure the subsequent scientific applicability of the questionnaire, it is written by a
multidisciplinary expert group (in particular, epidemiologists and specialists in bee diseases):
a pre-test is performed before it is widely distributed. Around a hundred apiaries over the
French national territory is drawn at random followed by random visits designed to collect
simple information about the health status of the hives visited (for example: bee colony
morbidity/mortality) and about the apiary honey production. These visits may or may not be
accompanied by sampling the honey to assess its health quality (for example: presence of
bacterial spores or pesticides). BHOs who have had appropriate training and been chosen
for their motivation could conduct these visits over a period of a year.

3.2 ORGANISATION OF THE FRENCH BEEKEEPING SECTOR
Prior to any recommendation to improve the organisation of the beekeeping sector, it
must be stressed that the success of the efforts undertaken requires the beekeepers
to commit to the planned activities. The heterogeneity of the activities pursued by the
beekeeping profession, its location and future prospects have not until now allowed
this sector to be structured correctly.
The agreement and cohesion of beekeepers in common projects is a prerequisite and
the guarantee of the success of any French beekeeping organisational enterprise.

3.2.1 Creation of a technical beekeeping institute
The French beekeeping sector should acquire a technical beekeeping institute which
operates in the same way as the institutes existing for other French farming sectors. This
body would bring together an inter-professional honey sector group, i.e.:
• beekeeping professionals;
• suppliers of bee raw materials;
• hive product retailers;
• queen bee farmers;
• producers of hive products (sweets, candles, waxes etc.);
• farmers’ representatives;
• representatives of pharmaceutical firms;
• representatives of plant protection firms.
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The priority task for this institute would be to bring together the people involved in the
beekeeping sector with the aim of reaching agreement, initially prioritising dialogue and
exchange between the people concerned.
The institute would have an independent scientific and technical steering committee
appointed by the Ministry of Agriculture and Fisheries, which would also appoint the single
State contact person with whom the committee would communicate.
An expression of willingness for joint action from the profession would be a positive sign in
setting up a technical beekeeping institute.
Such a body would in particular have the tasks of proposing solutions to improve the health
status of apiaries and quality of production, testing the feasibility and relevance of the
proposals with the future intention of ultimately bringing the recommendations into common
use.
New tools could be developed, such as management software intended for beekeepers.
This software, which could be used by either amateur or professional beekeepers, would in
particular provide assistance in treatment choices and in monitoring sites.
This institute could also intervene directly to promote certain research subjects and would
guarantee a degree of independence in allocating research funds (see 3.4.4 “Funding
research projects”). This proposal is consistent with the possible role of a technical and
scientific beekeeping institute described in the report “Pour une filière apicole durable”
(Towards a sustainable bee sector) which “should produce specifications for research
programmes and organise calls for projects” (Saddier, 2008).
Active participation of farming sector stakeholders within the institute would be desirable to
have informative exchange about prospects and each side’s respective difficulties in order to
apply jointly agreed measures (beekeeping and farming) (see 3.3 “Farming
sector/beekeeping sector relationships”). Direct collaboration with officers in charge of the
ACTA (Association for the Coordination of Agricultural Methods) pollinators section could be
considered.
It will be noted that measures will have already been taken to create a “technical beekeeping
institute” unit within the ACTA (Network of Animal and Plant Sector Institutes). According to
P. Jourdan, the public bodies have instructed CNDA, a subsidiary of ACTA, to run the future
bee unit of the Animal Sector Technical Institutes.
In the absence of its own resources, at present CNDA experiments rely on the ADAs through
regional coordination of the work of each ADA.
Funding within a technical beekeeping institute could be obtained from rural development
funds and would, in collaboration with research teams, enable experiments to be conducted
to collect representative data of the sector.
An initial study “Survey of winter mortality in bee colonies in professional apiaries (more than
150 hives per apiary)” conducted by CNDA through the ADAs and with the support of the
farming institute has recently been conducted (see Annex 6).

3.2.2 Creation of a regulated beekeeper status
As in other countries, the beekeeping profession in France consists of two types of people:
professional beekeepers (more than 150 hives per apiary) and amateur beekeepers (less
than 150 hives). In order that all can feel involved with the measures to be introduced
described below, a status of beekeeper could be defined by regulation. This status would
be defined by certain number of hives being used and would determine the regulatory
obligations which all farmers with more than this number of hives would need to follow.
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3.2.3 Improvement of the administrative organisation of the French
beekeeping sector
• Identification of limitations and weak points
Several deficiencies are found within the administrative organisation responsible for the
management and surveillance of the beekeeping sector:
• a lack of time and/or motivation on the part of some DDSVs and health officials for this
sector;
• criticism made by some of the beekeepers visited, of the lack of competence and
knowledge on the part of some BHOs responsible for the health visits;
• the small amount of data collected;
• the failure of this data to provide an accurate reflection of the actual health status of
French apiaries.
• Suggestions for improvement
In order to remedy these deficiencies and achieve an effective procedure to evaluate the
health status of the sector, a few initiatives can be considered:
Regionally, a bee health officer who is both competent and trained should be made available
to the different DDSVs in the region.
Structures accredited by the Ministry of Agriculture and Fisheries would provide training for
these officers. These officers are very active in the field during the bee season and could
provide health education during the winter period. In addition, they could be brought together
annually by their national governmental authorities to:
- review the health situation in the bee stock;
- update their knowledge;
- avoid any misinterpretation of abnormalities noted in the field.

3.2.4 Development of tools for managing the beekeeping sector
• Increasing the number of random health visits
It would be appropriate to increase the number of random health visits (which has,
nevertheless, already doubled over five years, see Table 10), organised by each DDSV.
These visits should be standardised, and recorded on common software which itself
would be managed by a resource person. Input to the database will be possible at several
levels (public and specialist), with or without the ability for this database to evolve. Apart
from improving recording of notifiable bee diseases, the health visits would help to ensure
compliance with current regulations for the beekeeping sector and veterinary
pharmaceuticals.
• Development of IT software to manage bee data
Management of the beekeeping sector (number of hives, stock movements, diseases, etc.)
requires specific IT software which can be used by animal health managers.
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• Creation of a good beekeeping practice guide
It would be worthwhile producing a good farming practice guide for beekeepers similar to
what is seen in many other animal production sectors.

3.2.5 Active participation by beekeeping health organisations in managing the
sector
The purpose of the State is not to resolve all the health difficulties of the French animal
sectors. The State’s priority activities are the most serious diseases and it is the
responsibility of each sector to organise itself to combat other diseases which it considers to
be worrying.
In terms of animal sector health surveillance, as the State is not able to provide this
surveillance on its own, it therefore relies on other stakeholders: health professionals
(veterinary practitioners) and sector professionals through their organisations (bee health
protection groups [GDSA] or other types of structures). It is therefore important that
stakeholders from each of the animal sectors take part, organise and apply measures
against non-regulated animal diseases which concern them. A common vision around a type
of surveillance and areas to be targeted for the surveillance is needed in order to produce
meaningful results.
In the beekeeping sector the activities of the State are limited to combating notifiable bee
diseases (nosemosis and American foulbrood) and the animal health measures which apply
to these can only be undertaken when they are brought to the knowledge of the DDSV
(declarations). In this context the lack of importance attributed to participation of accredited
bee health groups (GDSA, etc.) in the operations to combat these diseases is regrettable,
even if it were only to increase beekeepers’ uptake of screening and eradication procedures.
It would also be desirable to be able to delegate health activities to these organisations
as is done in some départements in which the GDSA is responsible for all or part of bee
health monitoring. This could be achieved through the establishment of a DDSV-GDSA
agreement and by awarding grants
The GDSA could, where applicable, manage the annual declarations from apiaries and other
specific points in conjunction with the DDSV.
Very widespread diseases such as varroasis could in addition justify collective activity
(optional to set up) managed with the assistance of the State by the bee health groups
with firm commitment from their member beekeepers and following a département,
regional or national action plan.
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3.2.6 Regulation of the beekeeping sector
3.2.6.1

Control of compliance with current
diseases/veterinary pharmaceuticals)

regulations

(notifiable

animal

It appears at present that failure to comply with the beekeeping legislation does not
systematically lead to administrative consequences (non-declaration of notifiable diseases,
use of non-approved medicinal products, etc.).
It is therefore desirable that measures be taken in order to ensure compliance with the
legislation. Workers in the sector could initially be targeted by an awareness campaign.
The penalties stipulated in the regulations should therefore apply if the latter are not
observed.
3.2.6.2

Beekeeping register

As for any farming, it is essential that French beekeepers list the activities conducted on their
stock. This monitoring was occasionally omitted although is stipulated in the health
regulations.
3.2.6.3

Annual declaration of number of hives per apiary

The mandatory annual declaration of the number of hives per apiary, rescinded by the
decree of 1 June 2006, should be reinstated, exclusively for health purposes.
3.2.6.4

Importation

Importation of swarms and queen bees must be controlled. However, application of the
decree of 11 April 2008, repealing the decree of 14 April 2003 which prohibited importation of
bees, hives, groups of queen bees, etc. will not enable correct health control. This decree
could be discussed with the structures concerned. If the current regulations were
correctly applied, traceability of queen imports should allow monitoring of the concomitant
importation of new pathogens (for example T. clareae,) and control of the genetic heritage of
queen bees in France, which is currently left to the sector workers to assess.
3.2.6.5

Agents of notifiable animal diseases

It is desirable for N. ceranae to be recognised within the notifiable disease agents in the
same way as N. apis, in view of its recognised presence and occasional involvement in some
cases of French bee colony excess mortality (this is particularly the case in the Jura).
3.2.6.6

Simplification of application of the law on veterinary pharmaceuticals

A simplified national farming health plan (PSE) should be established. This is currently
granted to the health protection groups by regional commissions for a period of five years.
Although a national regulation defines the methods for setting up this structure, variations in
interpretation of the regulation exist between the different commissions. In addition, the
question arises as to the strict application of this PSE to beekeeping, particularly the apiary
visits to be performed over five years. It would be useful to define the precise merit of these
visits and methods by which they are conducted.
3.2.6.7

Establishing an official optional health control for apiaries

The principle of establishing an official optional health control for apiaries could be an
effective way of promoting the highest quality professional apiaries. This type of system
combined with the obligation to comply with a good beekeeping practice guide produced with
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people in the sector would help to commercially promote apiaries offering a high level of
health and add value to the beekeeping sector.

3.3 FARMING SECTOR/BEEKEEPING SECTOR RELATIONSHIPS
Although the task given to the working group did not directly involve pollination and its
economic importance, it is useful to recall that the consequences of this excess bee mortality
on the plant world are considerable.

3.3.1 Complementarity between the farming and beekeeping sectors
This report mostly describes the production resulting from the honey production by bees. But
“honey” or wild bees living either alone or in colonies of variable size are also major
contributors to pollination. This phenomenon, which is essential for the reproduction of many
plants, ensures the transport of pollen from the anthers, the male organs of flowers to the
stigmata, the female flower organs. Various insects carry out more than 80% of pollination,
although amongst these bees play a predominant role. A comparison of the relative
frequencies of insect visits to flowers of different plants reveals the key role played by the
honey bee, which alone carries out three quarters of visits for some crops (Ravazzi, 2003).
Bees are therefore involved in pollinating large groups of entomophilic plants, including the
following, non-exhaustive list: fruit-bearing rosaciae (apricot tree etc.), cucurbitaciae (melons
etc) solaniae, (tomato etc.), oil and protein-bearing plants (field-bean), many vegetables and
not forgetting the important role they play in renewing the spontaneous plant ground cover,
the survival of which is only ensured by their pollen and nectar gathering.
A large reduction in this activity can therefore have disastrous consequences on plant
production: more than 70% of the 124 most important types of crop worldwide, including
almost all fruit trees, are believed to benefit from the pollinating activities of wild or honey
bees.
The financial benefits of pollination are certainly difficult to determine. Worldwide, it has been
estimated to be worth 117 billion dollars per year (Costanza et al., 1997). Again, worldwide,
the global impact of pollinators is estimated to be approximately 10% of the farming sector
turnover (Vincent, 2007). Pollination by honey bees in France is believed to have increased
farming production by an estimated three billion francs in 1982, i.e. 457,000,000 Euros.
Pollination therefore plays a key economic role. The added value to agriculture represents
fifteen to twenty times the estimated value of the hive products (INRA, 2005, 2006, 2007). As
highlighted in the conclusions published on 17 January 2007 by the working group of the
French Academy for Agriculture on “Bees and pollination”, the phenomenon of bee
population weakening therefore has potentially harmful economic consequences on
agriculture going well beyond the losses to bee products. Ecologically this also results in a
decrease in biological diversity. We can therefore see the complementarity between
beekeeping and agriculture which cannot survive without cooperation and the need for
stakeholders in both sectors to jointly organise the most beneficial conditions for
protecting the health and welfare of bees with clearly understood mutual concerns at
heart. This cooperation could be born from a technical beekeeping institute (French
Academy for Agriculture, 2005, 2006, 2007).
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3.3.2 The technical beekeeping institute
The creation of a technical beekeeping institute (see 3.2.1 “”Creation of a technical
beekeeping institute”) would help to bring together and promote exchange not only between
beekeepers and farmers but also with:
- scientists (pathologists, toxicologists, entomologists, etc) in;
- representatives of plant protection and pharmaceutical firms to involve them in:
♦ research into new products which are both better suited for protecting plants and
less harmful for bees. Active substances against the various parasitic, bacterial
and viral bee aggressors could also be developed;
♦ research into new, more targeted toxicology tests;
- State representatives to arbitrate, initiate the simplification of some procedures (MA)
and look for resources.
The technical beekeeping institute would need to define areas for progress in all
failing areas: it should establish a hierarchy and obtain resources allowing these
proposals to advance satisfactorily. These tasks could be given to an independent
steering committee.

3.3.3 Recommendations
The recommendations below only concern recommended solutions designed to promote
pollination, as proposals relating to health and administrative aspects of the sector are dealt
with elsewhere. Most of these proposals have already been suggested by the French
Academy of Agriculture in its review of recent work on pollination (French Academy for
Agriculture, 2005, 2006, 2007).
These measures (the list of which shown below is not exhaustive) are intended to provide
pollinators with continuous sources of nectar- and pollen-producing resources in
order to avoid alternating periods of abundance or shortage of these resources:
- implement a policy of wild flower fallow land with vegetation chosen for its nectarand pollen-producing features, formed from species flowering at different times
throughout the year. A working group could be set up for this purpose involving
beekeeping professionals and pollinating insect specialists to propose lists of plants
and compositions of mixtures;
- extend the list of permitted cover such as winter coverage of ground with species
which can provide late sources;
- encourage diversification of rotation cropping, particularly encouraging planting of
leguminous vegetables;
- modify the management conditions for environmental coverage areas (grassed
field edges) and fallow land to make these more attractive to pollinators;
- prevent the destruction of fixed countryside features (hedges, embankments,
grass river banks); and at the same time promote the planting of hedges made up of
indigenous species beneficial to pollinators;
- prevent early mowing of meadows before flowering;
- limit mowing of roadsides; limit mowing of parks and gardens to twice annually;
- limit shredding;
- organise strict application of the regulations for all plant protection treatments
(herbicides, fungicides, insecticides, etc.) over time and space.

3.4 APPLIED RESEARCH
The applied research suggestions relate to:
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•
•
•

combating pathogenic biological and toxic chemical agents ;
bee breeding;
multifactorial aetiology of bee colony mortality.

3.4.1 Combating pathogenic agents (chemical and biological) in honey bees
Two approaches are involved in combating these pathogenic agents:
- improved work in the field for known identifiable agents;
- improved diagnostic methods for agents which are still difficult to identify and
demonstrate.
3.4.1.1

Improvement in disease diagnosis

To better combat pathogenic biological agents they need to be better recognised.
It is essential:
-

to have standardised descriptions of clinical pictures of diseases for symptomatic
cases;

-

to develop laboratory diagnoses allowing the main pathogenic agents to be detected
and identified. Where applicable it should be possible to quantify these agents.
Simple fast tools usable in the field are still to be designed. In order to facilitate field
activities, occasionally carried out by non-specialists, it is important to develop
diagnostic kits (such as the “Vita” kit for American foulbrood) for nosemosis (N. apis
and N. ceranae) and for European foulbrood. In parallel, training for their
corresponding use should be introduced.

-

to have infestation limits for diseases which only develop beyond a certain number
of pathogenic agents present in the hive, in order to allow correct interpretation of
the results obtained (notifiable disease or not). The possibility of co-infection with
pathogenic agents and potentiation between pathogenic agents and pesticides will
also need to be taken into account.

3.4.1.2

Improving prevention in the field

Medicinal products
The prevalence of diseases and parasites in French apiaries indicates a need for new
medicinal products for the beekeeping sector (at present only three treatments currently have
MA for the beekeeping sector, see chapter 2.4.2 “Veterinary pharmaceuticals in the
beekeeping sector”).
It is essential to conduct research on identifying and marketing new medicinal products
against varroasis, nosemosis, ascospherosis, American foulbrood and European foulbrood.
It must be remembered and stressed that the beekeeping sector currently has no treatment
against nosemosis, ascospherosis, American foulbrood or European foulbrood.
Many acaricides exist and could be used to combat V. destructor, provided that a
pharmaceutical company takes an interest: an initial analysis of the acaricidal molecules
listed in the AGRITOX database was conducted by the working group and identified several
molecules which could potentially be used. As a minimum, the existence of several
treatments would allow alternation between the active molecules uses, limiting emergence of
parasite resistance.
Concomitantly, studies on the unintended adverse effects of these molecules on the colonies
should be conducted (for example, coumaphos, an effective acaricide for V. destructor but
which has consequences at high dose on the queen bees) by setting up residue monitoring
(pesticides and antibiotics) in hive products and larvae.
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The development of new medicinal products and combating misuse go hand in hand with
improved distribution of information designed to improve the management of the medical
treatment of some diseases (se 3.2.5 “Active participation of bee health organisations in
managing the sector”).
Protection of colonies from the predator Vespa velutina
The introduction of a new predator hornet (V. velutina) into France should be responded to
rapidly with research projects intended if not to eradicate the predator, then at least to limit
the spread of its population nationally.

3.4.2 Bee breeding research
3.4.2.1

Assessment of colony health and population

Assessment of the colony “strength” (adult population, stock, ratio between these two
groups, general state) is an indicator which is consistently used in field surveys. It is
however an extremely difficult indicator to quantify. One fundamental approach therefore is
the development of a reference assessment grid allowing the strength of the colony to
be determined using a standardised method, based on the population assessment
methods which already exist but do not yet take account of factors such as season, bee
conditions (professional or amateur context, types of production), etc.
3.4.2.2

Assessment of artificial nutrition

The use of nutrients for bee colonies has two main objectives:
- colony survival in adverse conditions via the use of syrups and sugars;
- improved colony performance (contributing to disease resistance through the use of
liquid or paste protein substitutes).
These nutritional substitutes are widely given to bees and it is essential that their impact on
colony health be assessed.

3.4.3 Multifactorial aetiology of bee colony weakening, collapse and mortality
In order to assess the involvement of different factors in bee colony weakening, collapse and mortality,
knowledge of exposure to different factors and the impact of these factors is needed.
3.4.3.1

Assessment of colony exposure to pesticides

In general, bee colonies are chronically exposed to low or very low doses of plant protection
substances.
It would appear difficult in this context to reliably estimate bee exposure to pesticide residues
by examining bee products because of their natural renewal (limited lifespan of bees,
consumption of honey and pollen). The development of a “pesticide residue sensor or
exposure marker” consisting of a system which can bind to pesticides to which colonies are
exposed and be used as a tracer put inside the apiaries or in colonies would make
traceability of colony exposure to pesticides possible.
It should also be noted that research groups must continue their efforts to identify a
maximum number of active molecules in test samples when testing for toxic residues.
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3.4.3.2

Assessment of the impact of pesticides and pathogens

For the purposes of surveillance and determining the causes of bee colony weakening and
mortality it is essential to supplement knowledge about the impact of exposure to infectious
agents and plant protection substances either individually or concomitantly on bee “health”,
using standardised methods. Many questions remain as to the pathogenicity of some of
these agents and their role in colony weakening and mortality.
For the chemical agents, the best known finding is the LD50 which measures acute toxicity. Chronic toxicity
data however need to be studied. Research should be conducted in order to identify possible sub-lethal
effects of chemicals on the colonies. Finally, it should be noted that the molecules used to treat plants change
regularly. As a result, research must adapt and produce new diagnostic tests for substances appearing on the
market.
In addition, the complexity of “health” pictures examined in the field raises the question of the concomitant
effects of chronic pesticide exposure in the presence of recurrent “latent” infections with different pathogenic
agents, which may potentiate each other. These effects must be assessed in order to establish their possible
impact on bee colony weakening, collapse and mortality.

•

On the bee

It is difficult to study the impact of infectious or chemical agents on the “individual” bee.
There are few measures available to estimate the health of a bee: inability to monitor
temperature, antibodies, blood profile or weight, etc.
The findings recorded in experimental studies (bees in small cages or nucléi45), are the
number of bees which die per day, infestation rates with pathogens or the dose of molecule
administered. These findings cannot be extrapolated to a colony in its natural living
environment. To date, the hypothesis of pesticide impact is based on bee colonies (and not
individual bees) exposed to very low doses of pesticides under natural conditions.
Behavioural tests can be used (for example, the proboscis extension test). These tests,
however, do not allow a conclusion to be drawn under field conditions as in a natural
environment the colonies develop compensatory responses which cancel out the behavioural
effects. Similarly, dissecting insects and testing anatomo-pathological consequences does
not always provide a conclusive answer.

•

On the colony

The second difficulty faced by researchers in studying the effect of infections with pathogenic
agents and/or pesticide poisoning is extrapolating results obtained from the individual bee to
the hive.
In this context, studies on colonies under tunnels or in the open field should be conducted
and suitable measurement tools to assess their health developed.
3.4.3.3

Assessment of naturally available nutritional resources

The nutritional intake from major crops (particularly sunflower and rape seed), and more
specifically the quantitative and qualitative production of pollen from these crops is not
45

Nuclei: small swarms (between 500 and 1,000 bees) used for experimental tests
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known. It would be worth creating tests allowing this information to be obtained quickly and
easily. Joint work should be conducted between the bodies concerned in order to
standardise these tests, and where appropriate incorporate them systematically in the
specifications for variety selection (for example, studying the features of new sunflower
varieties in terms of their benefits to bees).
3.4.3.4

“Stress” markers

An additional aspect of monitoring is studying synergies between different stresses.
Studies need to be continued on biological indicators inherent to the colonies on the one
hand and to the bees on another:
- biomarker indicators at a colony level should help to better understand the impact of
sub-lethal effects of stresses on the entire population under field conditions;
- at an individual level these markers would provide information about exposure to
stresses before bees die.
Studies on the behavioural, biochemical and genomic aspects of these markers are already
going on although these are patchy and not coordinated. In practice this makes them difficult
or impossible to use. More efforts are needed towards an ordered development, producing
effective results. Attention should also be paid to their ecological relevance.
3.4.3.5

Mathematical modelling of effects

Scientists agree that bee colony mortality and in particular colony collapse disorder (CCD)
is/are multifactorial in origin (Le Conte and Ellis, 2008). Knowledge of the different factors
has been advancing rapidly since the excess mortality was identified. For this reason,
mathematical modelling methods may be particularly relevant to quantify the effect of each of
these factors and predict the change in the optimal development of bee colonies in the
environment of the different known stresses.

3.4.4 Funding research projects
Various funding programmes exist on which research teams can draw (ANR46, FP47);
although these budgetary instruments promote fundamental research and it would be
desirable to develop an approach dedicated to apidology outcome research.
Funding already exists for applied research although is currently dependent on decisions
from the beekeeping sector.
For example, the European Agricultural Guidance and Guarantee Funds (EAGGF) are
allocated in two stages:
- initially, a scientific committee made up of members of the beekeeping organisations
ranks the research projects which will receive these funds. This committee should be
formed from competent individuals who provide guarantees that they have no conflict
of interest;
- secondly, representatives of the same beekeeping organisation confirm the allocation
or refusal of the funding proposed by the scientific committee.

46
47

: French national research agency.
: European Framework Programme for Research and Technological Development.
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Summary of main recommendations
Reminder: the proposals in part III of this report dedicated to recommendations have
not been ranked.
Epidemiological monitoring of bee diseases:
-

creation of an epidemiological monitoring network administered by a central unit;

Organisation of the French beekeeping sector:
-

Creation of a technical beekeeping institute bringing together inter-professional
honey sector workers intended to establish prophylactic action plans and to create
new tools for beekeepers, promoting dialogue between the different parties involved
(particularly farmers/beekeepers or pharmaceutical industries/beekeepers);

Sector regulation:
-

Reinstate the annual declaration of the hive number by beekeepers for strictly
health purposes;
apply coercive measures if the current regulations are not followed.

Improvement and conservation of pollination activity:
-

Different measures are described in chapter 3.3.3.

Applied research:
Various points, described in chapter 3.4, apply to:
-

combating biological pathogenic agents in the honey bee;

-

breeding in beekeeping;

-

the multifactorial aetiology of problems found in bee colonies.

These recommendations are consistent with those from the Saddier report (Saddier, 2008)
particularly on the following points:
- the organisation of the beekeeping sector;
- the requirement for an annual hive declaration;
- the creation of a honey interprofessional group;
- the definition of beekeeper status;
- the creation of a technical beekeeping institute;
- the production of a good beekeeping practice guide;
- the establishment of an expert protocol for poisoning;
- bee health protection;
- establishing a queen bee production sector;
- bee nutritional resources (bee fallow land);
- the main new bee parasites, etc.
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CONCLUSION
The deliberations of the working group have brought together much information published in
the international scientific literature and from interviews.
This information has allowed an almost exhaustive inventory of the causes of bee diseases
and particularly bee colony mortality to be drawn up. It reveals the very wide range of
biological, chemical and environmental factors which may play a harmful role on bee
colonies, either independently or in combination.
In view of this wide diversity, the cost of investigations needed for a precise diagnosis, the
role of the State, limited to a small number of notifiable diseases, the heterogeneous nature
of the apiary owner population and to date the limited information available to calculate or
seek to interpret the limited factual information available, it is currently difficult to obtain a
reliable picture of the health situation of the French beekeeping sector.
The second chapter of this report emphasises the dominant pathological factors affecting
bee colonies in France and obstacles hindering better knowledge of the situation.
Factors identified responsible for high mortality in colonies have been mostly biological,
particularly the varroasis agent. The group’s deliberations do not confirm the hypothesis of a
predominant role attributed to pesticides by beekeeping professionals in French bee colony
mortality. Traces of numerous plant protection substances however are often detected within
bee matrices and the question of their possible role as adjuvant factors alongside major or
minor biological pathogenic agents remains.
This report ends by making recommendations intended to improve understanding of the
health status of the beekeeping sector in the future, in particular through improved
application of epidemiological monitoring, improved organisation of the sector, in particular
with the creation of a technical beekeeping institute and acquisition of useful knowledge to
assist applied research activities.
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ANNEXES

ANNEX 1: Decision to create the working group on “weakening, collapse and
mortality of bee colonies”
FRENCH FOOD SAFETY AGENCY
Decision no. 2007/04/327
creating the working group “weakening, collapse and mortality
of bee colonies”
The Director General of the French Food Safety Agency:
Having regard to the Code of Public Health, particularly articles L.1323-4 and R.1323-22;
Having regard to the decree of 17 October 2006 on scientific panels set up in the French Food Safety Agency;
Having regard to the decree of 4 August 2006 nominating members of the scientific panels of the French Food
Safety Agency;
Having regard to the French Food Safety Agency internal regulations.
HAS DECIDED
Article one. On the proposal of the Director General and following consultation with the “Animal Health”
(Department for the Evaluation of Nutritional and Health Risks) scientific panel “a working group entitled
“weakening, collapse and mortality of bee colonies” is set up. Its purpose is:
1)

α) to undertake a critical analysis of the scientific data and results of research collected and available
nationally and internationally on mortality (including collapse and weakening) of bee colonies;
β) to identify if possible the causes and/or risk factors for mortality (including collapse and weakening) of
bee colonies studied in France from the data available.

2)

to evaluate the general applicable nature of these conditions to all apiaries in France based on the lists
of records drawn up in apiaries by beekeepers and bee health officers: number of hives and apiaries
nationally, productions, change in numbers of hives over time, declared cases of notifiable diseases
(NDs), list of poisonings, anti-parasitic and anti-infectious treatments used.

3)

to produce recommendations:
-

on the records and monitoring plans required for objective, quantitative monitoring of the extent of
the problems;
on the further work necessary if inadequate data were found for this self-tasking;
on the possible need to set up an epidemiological monitoring network.

Article 2 – The group described in article one will consist of the following members:
-

Members of the “Animal health” scientific panel:
Mr. Jean Pierre Ganière (ENVN)
Mr. François Moulou (Afssa Laboratory for studies and research on animal diseases and
zoonoses)
Mr. Claude Saegerman (Liège Veterinary Faculty, Belgium)
Mr. Bernard Toma (ENVA)

-

Members of the “Plant health” scientific panel
Ms. Marie-Pierre Chauzat (Afssa SOPHIA ANTIPOLIS)
Mr. Robert Delcome (INRA, Versailles)

-

Scientists
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Ms. Ann Alix (Afssa Plants and Environment Department/DiVE)
Mr. Mike Brown (Apiculture field and advisory services, UK)
Mr. Patrice Carpentier (Afssa DiVE)
Mr. Jean-Daniel Charrière (Federal Research station, Berne, Switzerland)
Mr. Jean-Paul Faucon (Afssa SOPHIA ANTIPOLIS)
Mr. Eric Haubruge (Faculty of agro-foods Sciences, Université de Gembloux, Belgium)
Mr. Frans J. Jacobs (Université de Gand, Belgium)
Mr. Yves Le Conte (INRA Avignon)
Mr. Françoise Madec (Afssa PLOUFRAGAN)
Mr. Alain Rérat (French Academy for Agriculture)
Ms. Magali Ribière (Afssa SOPHIA ANTIPOLIS)

Article 3 – Mr. Bernard Toma is appointed Chairman of the Working Group described in article one.
Article 4 – The scientific coordination of the group described in article one will be provided by the “Animal health”
scientific panel coordination and the conclusions of the working group are required by the end of the first half of
2008.
Article 5 – This decision will be published in the Official Bulletin of the French Food Safety Agency

Maisons-Alfort, 02 May 2007

Director General of the French Food Safety
Agency
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ANNEX 2: Biological agents pathogenic to the honey bee
Some biological agents which are pathogenic to the honey bee have intentionally been
excluded from the following listing because of their low pathogenic potential or intermittent
anecdotal nature of their involvement in the causes of French bee colony mortality:
- accidental parasitic infestation by a small dipter belonging to the genus Borophaga
which deposits its eggs in dead and occasionally living larvae;
- empty brood, a phenomenon associated with maternal immunodeficiency requiring
the queen of the affected colony to be changed;
- paratyphoid due to the pathogen Enterobacter haffnia (= Salmonella paratyphi alvei)
the pathogenic role of which is sometimes questioned;
- some bee destructors:
•
arthropods: blister beetle: Meloe proscarabeus, whose larvae, present on
flowers, are transported by the foraging bees (“phoresis “) and attack the
brood once in the hive;
•
insect-eating vertebrates: batrachians (frogs, toads); reptiles (lizards,
snakes); birds (European bee-eater, swallows, flycatchers, shrikes,
woodpeckers, tits, honey buzzards), mammals (hedgehogs, shrews, bears).

1) PREDATORS
•

Vespa velutina

Common name: Asian hornet
Regulation: disease not regulated
History and geographical distribution: V. velutina was described for the first time in
1836, by Lepeletier, from specimens obtained on Java (Indonesia). This hymenopter is
widely found throughout south-east Asia. In continental Asia the species develops in
climates similar to those of southern Europe. V. velutina has been present probably
since 2004, in the south-west of the France (Haxaire, 2006).
Effects on honey bee colonies: In India, V. velutina is reported to be a feared apiary
predator. It is estimated that 20 to 30% of the population of an Asian bee colony (Apis
cerana) dies as the result of a hornet attack.
V. velutina removes the foraging bees. It waits in stationary flight in front of and around
the hive. When a bee arrives it swoops on it, traps it between its legs and kills it. It then
takes it to its nest. After destroying all of the guardians of the colony one by one, the V.
velutina workers enter the hive and remove the brood which they feed to their own
larvae. In terms of the damage seen, if eight hornets are present around a hive, by
removing the bees they cause a stop in egg-laying, a cessation of the colony’s activity
and the colony dies off (Haxaire, 2006; Haxaire et al., 2006; Villemand et al., 2006).
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•

Aethina tumida

Common name: small hive beetle
Regulation: disease present on the OIE48 list, the list of notifiable diseases in Europe49
and the CAD50 list in France
History and geographical distribution: originating from tropical and sub-tropical
regions south of the Sahara, Aethina tumida was identified and described for the first
time in 1867. It has been described as a parasite of A. mellifera since 1940. The beetle
was discovered for the first time in a commercial apiary in Florida (United States) in 1998
(Thomas, 1998). During the last ten years A. tumida, which is considered to be an
invasive species, has spread rapidly in North America, Egypt and Australia (Neumann
and Elzen, 2004).
Clinical features: in the hive, the beetle lays its eggs in wood cracks or at the bottom of
the cells. A. tumida larvae cause the greatest damage. In order to feed on the bee
larvae and eggs they burrow from the galleries through the combs destroying brood cells
and honey. The honey stored flows from the damaged cells, sticks to the combs and,
contaminated by the predator’s larvae excrement, then ferments. The destroyed combs
ultimately collapse. The degree of destruction inflicted by the beetle in a colony depends
on the number of A. tumida larvae which hatch. With high level infestation the honey
bee colony is at high risk of totally dying off (Hauser, 2003).
•

Galleria mellonella and Achroea grisella

Common name: greater honeycomb moth (Galleria mellonella) or lesser honeycomb
moth (Achroea grisella) or tubular brood or bald brood
Regulation: disease not regulated
Two species of moth belonging to the pyralidae family infest waxes in the larval stage
and cause considerable damage. Honeycomb moths infest constructed waxes51 held in
reserve for future bee use but also the combs of inadequately populated colonies which
cannot defend themselves.
Honeycomb moths are generally seen when the hives are left unsupervised and/or the
bee cluster is insufficiently developed to cover the frames of the hive.
-

Galleria mellonella (or greater honeycomb moth) is the more common. It is active
from May to October (depending on the temperatures of these months). Its growth is
limited mostly to altitudes of under 1,200 metres in France. The female moth lays its
eggs on the wax. Eight to ten days of development are required before the larvae
hatch. They then burrow through the silk-lined galleries. The larvae feed on the wax,
pollen, honey and cocoon residues left in the cells as the bee larvae grow.
The colour of the G. mellonella caterpillars varies from cream white to grey colour
depending on their stage of development. The combs of the affected hive are lined
with a white sheet where the black excrement of the moth caterpillars is found.
Depending on temperature and relative humidity conditions, it takes 25 to 45 days for
the caterpillars to metamorphose into a solid cocoon firmly inserted into the support
(generally the hive wood which is burrowed out for this purpose);

OIE: World Organisation for Animal Health.
COMMISSION REGULATION (EC) No 1398/2003 of 5 August 2003 amending Annex A to Council Directive 92/65/EEC. EU OJ of 06.08.03
50 CAD: contagious animal disease.
51 The waxes made are combs produced by the bees from sheets of embossed wax (wax plates on which the openings for the cells used as the starting
point for production) are marked. There is a high energy cost to the bees for making these combs. For this reason the beekeeper uses them from one year
to the next.
48
49
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-

Achroea grisella (or lesser honeycomb moth) was previously less widely found
than now before hive infestation with V. destructor. Apart from their far smaller size,
the young A. grisella larvae are identical to those of the greater honeycomb moth. The
larvae burrow through the galleries at the base of the cells causing symptoms to the
bee brood. The burrowed galleries restrict the available space for growth of the
larvae. Accordingly, the larvae or bee nymphs above are not always capped. A wax
plug around the cell operculum may be visible: this is bald brood or tubular brood.

Apart from destroying frames, G. mellonella and A. grisella are believed to be able to
transmit pathogens for serious diseases, particularly American foulbrood (P. larvae, see
“Bacteria”) (Borchert, 1966).
These infestations mostly cause damage to the stored wax and loss of colonies which
are already weak, but also incur the risk of allowing more serious diseases to emerge.

2) PARASITES
2.1) Arthropod mites
•

Varroa destructor

Disease: varroasis
Synonyms: varroatosis, varroosis
Regulation: disease listed on the OIE and the notifiable disease list in France.
History and geographical distribution: discovered at the turn of the 20th century in
Indonesia on the Apis cerana bee, the Varroa jacobsoni Oudemans mite rapidly grew on
its new host, Apis mellifera. It was subsequently renamed Varroa destructor (Anderson
and Trueman, 2000). The adaptation of the mite to its new host probably occurred during
the 1960s following the progressive increase in A. mellifera populations in Asia in order
to improve production of Asian bee colonies.
Transport of infested swarms on the one hand and exchanges between beekeepers on
the other, resulted in the spread of this pathogen worldwide.
Varroasis now affects all countries, except for Australia.
Clinical features: the development cycle for the ectoparasite mostly occurs in the brood
and lasts for approximately eight days. The adult females invade the brood cells a few
hours before capping (Beetsma et al., 1999). Approximately 60 hours after capping the
female mite lays its first egg which produces a male, the following eggs producing
females.
The capping time for the A. mellifera worker brood generally allows three females to be
produced from the mature parasite and five mature females to be produced from the
male brood (Martin, 1998).
The parasite feeds on the haemolymph of nymphs and adults. V. destructor infestation is
extremely damaging to honey bee colonies (Bailey and Ball, 1991). The major harmful
effects are caused by the reproducing females which by feeding on the haemolymph of
larvae, nymphs and worker bees render them weak, with repercussions on the entire
colony (Kanbar and Engels, 2003). The mite is also a vector for several pathogens,
particularly viral (see below, Annex 2, 5.2 “Viruses, The viruses associated with other
pathogenic biological agents”). A large proportion of the symptoms seen within the
colonies appears to be due to transmitted infections rather than infestation itself (Ball,
1985; Glinski and Jarosz, 1995).
In addition, Benoit et al. (2004) identified the ability of V. destructor to carry microorganisms such as Aspergillus sp. and Penicillium sp. into honey bee colonies (Benoit et
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al., 2004). The mite is considered to be a potential vector for stonebrood disease and/or
plastered brood disease (Liu, 1996; Benoit et al., 2004).
In particular the consequences of infestation in the nymph stage are:
- reduction in the weight and volume of haemolymph (Romaniuk and Wawrzyniak,
1991; Yang and Cox-Foster, 2007);
- underdevelopment of the hypopharyngeal glands (De Jong et al., 1982);
- reduced lifespan (Kovak and Crailsheim, 1988; Amdam et al., 2004);
- early foraging activity by worker bees in their lifecycle (Janmaat and Winston, 2000);
- reduced ontogenesis and expression of spermatozoal glycoproteins (Marti et al.,
1996).
Infestation with the parasite has also been shown to have an immunosuppressant action
on infested emerging bees (Yang and Cox-Foster, 2005; Yang and Cox-Foster, 2007).
Effects may also develop due to synergy or association with other pathogens (other
mites, bacteria, viruses and fungi) (see below, Annex 2, 5.2 “Viruses”), potentially
associated with the immunosuppression (Gregory et al., 2005; Yang and Cox-Foster,
2005).
A high level of winter mortality is generally seen in a highly infested apiary (Amdam et al.,
2004) together with loss of many colonies (Morse and Goncalves, 1979; Wenning, 2001;
Faucon et al., 2002; Caron et al., 2005; Oldroyd, 2007). As described in the report
delivered to the American Congress on 26 March 2007 by Renée Johnson, an
agricultural economics analyst, entitled “Recent honey bee colony declines” and
examining CCD, a large proportion of colony mortality can be attributed to the action of
the Varroa destructor mite in synergy with viral attacks (Johnson, 2007).
The presence of the mite and the methods used to combat it are the risk factors most
often considered in multifactorial studies on increased bee mortality; in particular in
Germany, the United States, Canada, France, Austria, Belgium, Luxembourg,
Liechtenstein and England (Haubruge et al., 2006).
These studies all reveal firstly the presence of and damage caused by the parasite and
secondly the difficulty controlling its population within the hives. Witters reported that in
Spain V. destructor was responsible for the destruction of a million hives a year and
results in increased work time for beekeepers and apiary treatment costs (Witters, 2003).
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•

Acarapis woodi

Disease: tracheal acariosis
Synonyms: acarapiosis
Regulation: disease present on the OIE list
History and geographical distribution: the geographical distribution of A. woodi is
worldwide except for the south-west Pacific (Oceania) (Wilson et al., 1997). Like
varroasis, acariosis is harmful to beekeeping. Since its first identification in the United
States in 1984, A. woodi has been responsible for the loss of millions of colonies at an
estimated cost of several million dollars (Delfinado-Baker, 1984). In 1989, bee sampling
from 55 beekeepers revealed firstly A. woodi to be present in 50% of samples and
secondly, a significant relationship between the impact of the mite and winter mortality
(Frazier et al., 1994).
Clinical features: acariosis is an adult bee disease. The mite invades part of the
respiratory system (particularly the first pair of the tracheae). It perforates the A. mellifera
tracheal wall feeding on its haemolymph and sometimes severely compromising the
host’s respiration. Whereas all of the development stages (development cycle lasting
approximately fourteen days) of A. woodi take place within the respiratory tract the
reproducing females leave the trachea to infest another adult bee (Morgenthaler, 1933).
As A. woodi only survives a few hours outside of the trachea, direct contact transmission
between adult bees appears necessary (Pettis et al., 2007). Any prolonged confinement
of colony individuals particularly under adverse weather conditions, is conducive to
transmission of the pathogen.
The clinical signs in adult bees depend on the number of parasites present in the
tracheae and are usually attributed to mechanical injury and physiological disturbances
from obstruction of the first pair of tracheae.
The symptoms of colony infestation only appear once the number of parasites exceeds a
critical limit, generally at the beginning of spring:
- bees which are paralysed and/or unable to fly (Faucon, 1992; Mcmullan and Brown,
2006);
- shortening of bee lifespan (Gary and Page, 1989; Bailey and Ball, 1991; Deguzman
et al., 2005);
- adult mortality (in spring time) in excess of natural mortality (Root, 1990; Bailey and
Ball, 1991; Otis and Scott-Dupree, 1992);
- high winter mortality particularly in temperate regions (Bailey, 1958; Phibbs, 1996;
Deguzman et al., 2005);
- reduction of brood and honey production (Eischen, 1987; Eischen et al., 1988;
Mcmullan and Brown, 2005; Coineau and Fernandez, 2007a).
Apart from its plundering and damaging activities, A. woodi is believed to be able to
transmit viruses to the honey bee (particularly acute bee paralysis virus: ABPV)
(Shimanuki et al., 1994).
Some symptoms seen in colony collapse disorder (CCD) in the United States appear
very similar to those of “Isle of Wight Disease” (Vanengelsdorp et al., 2007), which was
particularly associated with this parasite (Rennie, 1921). Bee disease associated with
extremely high losses developed in 1904 in the Isle of Wight (United Kingdom). In 1906,
approximately 90% of the Island’s bee colonies were believed to have been affected and
in 1918, the colony loss throughout the British Isles was estimated to be 90% (Borchert,
1970a; Sammataro et al., 2000).
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Bailey (1961) reported that adverse harvesting and weather conditions together with the
disastrous beekeeping practices associated with the unstable, unsafe situation during
World War I promoted the development of acariosis. According to Bailey, however, the
disease was not only due to the tracheal mite. From an analysis of bee health data
obtained on the Isle of Wight, many diseases were believed to have contributed to this
situation with occasionally similar clinical signs. The symptoms of the disease described
are also very similar to those described for the chronic paralysis virus (see below, Annex
2, 5.2 “Viruses”) (Ball and Bailey, 1997; Ribière et al., 2008). Isle of Wight disease was
therefore believed to be fatal, infectious in nature and to have different causes including
A. woodi (Borchert, 1970a; Wilson et al., 1997).
•

Tropilaelaps clareae

Disease: Tropilaelosis
Regulation: disease present on the OIE list, the list of notifiable diseases in Europe and
the CAD list in France
History and geographical distribution: the Tropilaelaps clarea mite is present in NorthWest Asia, from Iran to New Guinea (Delfinado et Baker, 1961; Burgett et al., 1983). This
external parasite of Apis dorsata, but also A. mellifera (Laigo and Morse, 1968), has not
been reported in Europe.
Very little information is currently available on T. clareae. The rapid spread of V.
destructor throughout the world appears to have masked the emergence of this new
parasite. Since 1961, T. clareae has been known as a worrying attacker of A. mellifera
colonies (Michael, 1962; Woyke, 1994a).
Clinical features: the lifestyle of the mite is very similar to that of V. destructor;
although it has a faster development cycle (approximately seven days) (Woyke, 1994b).
T. clareae develops to the detriment of the brood, larvae and nymphs, feeding off their
haemolymph (Sammataro et al., 2000).
The symptoms caused by the parasite are relatively similar to those caused by
V. destructor: crawling bees, malformations of the wings, legs and abdomen; on the
frames, irregular brood with mortality rate reaching 50% (Burgett et al., 1983). The
capped brood is occasionally uncovered by the internal worker bees trying to eradicate
the parasites. The male brood appears to be favoured particularly and may reach a
parasite load of 100%. This mite only survives for a short time outside of the brood
(seven to ten days) (D. Anderson, personal communication): its chelicers do not allow it
to perforate the bee’s cuticle and it cannot feed on the adult bee. Wintering periods
without brood in temperate and cold regions are adverse to this parasite.
2.2) Dipter arthropods
•

Braula caeca

Common name: bee louse (in reality a dipter)
Regulation: disease not regulated
Geographical distribution: because of treatments against varroasis to which it is
sensitive, B. caeca is no longer found in apiaries in France.
Clinical features: B. caeca is present on the body (generally the thorax) of the queen in
the warm season, sometimes in very large numbers (up to around a hundred),
occasionally on the worker bees and very rarely on the males. This ectoparasite feeds on
food intended for the queen, taking it from them onto its labium when the worker bees
come to feed on it. B. caeca lays its eggs on the honey combs: the larvae burrow
tunnels in the wax covers. It has a limited pathogenic role although if large numbers of
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“lice” are present a reduction in egg-laying and as a result hive population occurs. The
parasite may however kill the queen (Root, 1990).
2.3) Protozoa
•

Malpighamoeba mellificae

Synonyms: Malpighiella mellificae
Disease: amibiasis or amoebosis
Regulation: disease not regulated
History and geographical distribution: rare disease in France, more widely found in
Central Europe where it is believed to be commonly associated with nosemosis
(Anonymous, 1996).
Clinical features: the latent stages (ambient cysts) are eaten by the workers through
food or water or from their grooming activities. The parasite hatches from the cyst and
develops in the intestine reaching the Malpighian tubes where it multiplies by scissiparity
and produces new cysts. The new amoebae produced leave the bee with the faeces.
The symptoms caused by the protozoa are mostly gastro-intestinal (swollen abdomen,
diarrhoea, yellow and round coloured faecal spots on the flight board). Colonies suffering
from amibiasis are often suffering from mixed infections (nosemosis or bee X virus)
(Anonymous, 1996). The parasite usually causes weakening of the affected strains (Fluri
et al., 1998).

3) FUNGI
•

Nosema apis and Nosema ceranae (recently declassified from the protozoa and
classified amongst the fungi (Adl et al., 2005 )
Disease: nosemosis
Regulation: on the OIE list and CAD list in France for N. apis only
History and geographical distribution: Nosema apis Zander was described in 1909
and identified as the causal agent for honey bee nosemosis. N. ceranae was identified in
1996 in the colonies of A. cerana in Asia (Fries et al., 1996). These microsporidia are
now known to be related to unicellular eukaryotic fungi, obligate intracellular parasites,
involving more than 1,200 species and unable to form resistant spores in the
environment (Adl et al., 2005 ).
The parasite was subsequently found in Spain where progressive depopulation of many
A. mellifera hives was found (Higes et al., 2005). This phenomenon has been monitored
since the end of the 1990s and accentuated particularly during the autumn-winter of
2004 and in the following spring. Higes et al. (2005) then found the new pathogen to be
present in 90 to 97% of outbreaks analysed throughout Spain. These two microsporidia
are currently present in France (Chauzat et al., 2007). They have a worldwide
geographical distribution (N. apis and N. ceranae) (Klee et al., 2007; Paxton et al., 2007).
Clinical features: these two obligate intracellular parasites mostly infest cells of the
adult bee middle intestine wall. In temperate regions, N. apis nosemosis is known to
cause severe clinical signs in adult bees.
According
to
veterinary
practitioners
specialised
in
bee
diseases
(http://www.apivet.eu/la-nosmose-une-disease-pr.html) “the presence of spores is not
absolute proof that the parasite is the cause of the disease seen in colonies or of the
observed losses”. The same veterinary practitioners consider that “generally a hive is
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affected if a high proportion of bees is infested with more than 50 million spores per
individual”. This figure however has not been validated in any scientific publication and
remains to be demonstrated in view of the various predisposing conditions which are
necessary for the disease to become established.
It has many symptoms which are often associated with other diseases (particularly,
amibiasis). N. apis infection causes effects on the hypopharyngeal glands (Wang and
Moeller, 1971) and behavioural effects on the flight of foraging bees (flying difficulties)
(L'arrivée, 1963; Somerville, 2005; Coineau and Fernandez, 2007b). The main symptom
described for N. apis nosemosis is severe dysentery, although in some cases there is
also:
- accumulation of dead bees at the hive entrance (Somerville, 2005);
- reduction in the lifespan of infected bees (Maurizio, 1946; Kleinschmidt and
Furguson, 1989);
- early mortality in foraging bees (Somerville, 2005);
- increased winter mortality (Jeffree, 1955; Fries, 1988; Mattila and Otis, 2006).
The disease develops either chronically or acutely and is characterised, depending on
the situation, by collapse of affected colonies generally resulting in their death (MartínHernández et al., 2007a). The severity of the clinical signs depends on (Fries, 1993):
- the bee strain;
- the strength of the colony;
- the time of year;
- climate and degree of infection;
- and on synergies with other pathogens (particularly viruses).
A change in the symptoms of the disease has been seen over the last few years, with
only bee mortality and colony weakening now being seen. This change may be due to
the change in the pathogen (N. ceranae to the detriment of N. apis) which appears to
have occurred in recent years.
N. ceranae infestation does not cause characteristic symptoms but has the following
consequences (Higes et al., 2006):
- population loss in colonies, reduction in honey and pollen production;
- reduced colony strength.
The disease spreads via the bees and the beekeeper (for example via use of instruments
soiled by faecal matter from infested bees). Natural contamination via excreta of infested
worker bees occurs only with the spores of Nosema sp. Normally, honey bees have a
cleansing flight during which they release their excreta outside of the hive. During
episodes of dysentery and periods of confinement due to weather conditions they
excrete into the hive and the other worker bees become contaminated during cleaning
activities or by ingesting contaminated food or water (Fries, 1993; Coineau and
Fernandez, 2007b). The extent of the infectious and contaminating potential of
nosemosis lies in the high resistance of Nosema sp. spores both in faeces and bee
cadavers (Borchert, 1970b; Malone et al., 2001).
Whilst N. apis does not appear to be the direct cause of honey bee die-off (Oldroyd,
2007), it has been identified in the metagenomic study conducted on the CCD as a
potential marker of this syndrome, with a predictive value of 73% (see below, Annex 2,
5.2 “Viruses”) (Cox-Foster et al., 2007).
N. ceranae infestation was assessed in the same study, and found to have a predictive
value of 63% for A. mellifera colonies (Cox-Foster et al., 2007). A clear relationship was
also found between the presence of N. ceranae in colonies and depopulation in the
colonies (Martín-Hernández et al., 2007; Higes et al., 2008). Finally, Paxton et al. showed
that this new microsporidian could cause significantly greater mortality in A. mellifera than
N. apis (Paxton et al., 2007). The experiments on which this study is based (experimental
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laboratory infections of bees in “cages”) conducted in 1994 have never been repeated
since.
•

Ascosphaera apis

Disease: mycosis, ascospherosis
Synonyms: plasterbrood, chalkbrood, whitebrood
Regulation: disease not regulated
Geographical distribution: this bee disease is a form of mycosis due to a heterothallic
sexually reproducing fungus: Ascosphaera apis. It is a contagious disease (the spores are
resistant and protected) with a worldwide distribution (Puerta et al., 1999).
Clinical features: ascospherosis affects the non-capped brood. It is only dangerous if
the colony is weakened by other factors, particularly nutritional deficiencies (Flores et al.,
2005). It rarely causes mortality in honey bee colonies and only a few cases have been
reported (Roussy, 1962). A. apis is nevertheless responsible for colony weakening
causing larval loss reflected in a reduced population of foraging bees and reduced honey
and pollen production. Under natural conditions the spores are contained in the honey
and pollen stored in the hive. Contamination occurs mechanically through the worker
bees, particularly from sharing food and in care periods. The fungal spores eaten by the
larvae from three to four days old germinate in the intestine and produce a mycelium
which grows until it pierces its host (Fluri et al., 1998).
•

Aspergillus sp.

Disease: aspergillomycosis, aspergillosis
Synonyms: stonebrood
Regulation: disease not regulated, only zoonosis of the diseases listed to date.
History and geographical distribution: different species of the Aspergillus genus may
cause the disease; the most widely identified species is Aspergillus flavus. This relatively
non-contagious disease is widespread throughout Europe and America.
Clinical features: aspergillosis affects both adult bees and larvae. Poor weather
conditions (too humid or too cold), food shortages and excess pollen transported into the
super too early are the main predisposing factors for the development of aspergillosis.
Like other pathogens (foulbrood, ascospherosis), the aspergillus spores are completely
free and exogenous. Air movements in the hive can therefore detach the asexual spores
and transport them into all parts of the hive. Dispersion of spores also occurs via the
bees: the pathogen is transmitted to the larvae by direct contact during the care they
receive from the bees. Dispersion of the spores outside of the hive may occur from
removal of dead larvae and cleaning the cells.
Natural contamination occurs through the gastro-intestinal tract. Aspergillus sp. spores
ingested with food germinate in the intestine and the mycelial filaments spread throughout
the body of the bee or larva (Borchert, 1970c).

4) BACTERIA
Only two diseases (foulbroods), the symptoms of which are caused by a bacterial agent have
been identified and described in the honey bee. They both affect the brood and have serious
repercussions on the fate of colonies by the reduced renewal of the population that they
cause.
The names of these two diseases have nothing to do with their geographical distribution but
with the places where they were discovered and studied.
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•

Paenibacillus larvae

Disease: American foulbrood
Synonyms: malignant foulbrood or sticky foulbrood or putrefied foulbrood
Regulation: disease present on the OIE list, list of notifiable diseases in Europe and CAD
list in France
History and geographical distribution: American foulbrood is one of the most widely
found brood diseases in bee colonies. The disease is present on all continents
(Matheson, 1996) and has also been found in Sub-Saharan Africa (Hansen and
Brodsgaard, 1999).
Clinical features: the causal agent is a spore-forming bacterium: P. larvae, which has a
high capacity to spread. The bacterium can produce several billion spores per infected
bee larva. The spores, which are able to cause the disease alone, are extremely resistant
to temperature decontamination (more than 120°C for several hours) or to
decontamination by chemical agents (Sturtevant, 1949; Hansen and Brodsgaard, 1999).
American foulbrood affects older larvae and prenymphs. P. larvae infection is clinically
visible in the capped brood (particularly the larvae) which initially are yellowish coloured,
soft and viscous, then become dark brown and finally die. The larva decomposes into a
thready mass. The remains of the larva dry out and are converted into scales, described
as ragged, which adhere tightly to the wall of the cell. At this stage the cadavers cannot
be easily removed by cleaner bees. The smell of the bee colony affected by American
foulbrood is characteristic and reminiscent of rotten eggs (H2S). Examination of an
infected comb reveals irregularly distributed capping with the appearances of a mosaic
brood. The capping is sometimes depressed and/or perforated.
De Graaf et al. revealed spores of P. larvae to be present in honey in 11% of hives in
Belgium (De Graaf et al., 2001). As the prevalence of clinical cases is only 1 to 2%, it is
possible or indeed likely that the bee colonies are resistant or that other factors are
involved including the bees’ hygiene behaviour (Sturtevant, 1949; Rothenbuhler, 1964;
Spivak and Reuter, 2001; Brodsgaard and Hansen, 2003).
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•

Melissococcus plutonius (formerly Streptococcus plutonius)

Disease: European foulbrood
Synonyms: benign foulbrood, para foulbrood, bitter brood or acid brood
Regulation: disease listed on the OIE list
History and geographical distribution: European brood was described as early as 1769
(Phillips and White, 1912). In 1991, Bailey and Ball studied the geographical distribution of
the disease and concluded that M. plutonius was present in almost all countries (Bailey
and Ball, 1991). Belloy et al. found a large increase in the incidence of European
foulbrood between 1997 and 2005 in Switzerland (Belloy et al., 2007) and also
demonstrated that M. plutonius could be detected in 30% of apparently healthy colonies.
Clinical features: the most favourable period for the development of the disease is at the
end of spring. The primary infectious agent (M. plutonius) responsible for European
foulbrood is often associated with Paenibacillus alvei and Enterococcus faecalis
(secondary infectious agents). Unlike American foulbrood, the disease mostly affects the
young (non-capped) brood. The larvae affected take on a yellowish colour although the
larval integument is maintained allowing sick individuals to be removed by cleaner bees
more easily than when the larvae are suffering from American foulbrood. European
foulbrood is a disease of the larval intestine caused by the infectious agents above at the
time when the intestinal exit orifice is not yet functional. The infected brood takes on a
mosaic appearance similar to what is seen with American foulbrood. An acetic smell can
often be detected when the sick colonies are visited. The primary agent does not have a
resistance form (spores).
Once the infection develops colony weakening may be seen without immediate mortality.
•

Other bacterial infections

Other bacterial infections have been described although little data is available about the
potential co-infections characterising them and the actual impact of these pathogens.
Disease: spiroplasmosis
Spiroplasmosis is described as the potential cause of colony dysfunction (Albisetti, 1998).
Spiroplasma melliferum infection was first described in Maryland (United States) although
it has a far wider geographical distribution as the disease has also been described in
Hawaii and Savoie. The insects become infected when they are gathering pollen and
nectar from flowers and the spiroplasma then reach the haemolymph and cause death
within a period of seven to twenty days. In some apiaries the mortality rate is as high as
30 to 40%.
Spiroplasma apis is the agent for a disease identified in the South-West of France.
Inoculating a culture or ingesting bacteria results in Spiroplasma apis becoming present in
haemolymph and causes nervous symptoms resulting in the insect’s death. Under natural
conditions bees become infected when collecting pollen and nectar from plants carrying
spiroplasma on the surface of their flowers.
Disease: septicaemia
Another bacterial disease, septicaemia, is described in the adult bee (Albisetti and
Brizard, 1982). This disease, which was discovered in America in 1928, was subsequently
also described in France in 1941 (Paillot et al., 1949).

This is believed to be due to the development of Bacillus apisepticus in haemolymph. The
colonies weaken and bees suffer difficulties flying and seizures.
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Accident: chilled brood
The chilled brood is the result of a population of bees unable to maintain the brood at
temperature because of extreme meteorological factors or because of an inadequate
population of adult bees to cover the brood. Chilled brood is not a disease but an
“accident”. The whole brood, particularly the non-capped brood, is affected.
The bacteria already present in the hive may reproduce in the cadavers (dead brood)
before the cleaner bees have removed these. Bacillus alvei, Bacillus laterosporus,
Bacillus gracilesporus, Bacillus apidarium and Bacillus feum are the bacterial agents liable
to proliferate in honey bee hives (Biri, 2002).

5) VIRUSES
5.1) A. mellifera viral infections
Twelve viruses52,53 have been identified and characterised in A. mellifera (Bailey and Ball,
1991; Ball and Bailey, 1991; Olivier and Ribière, 2006; Maori et al., 2007; Ribière et al.,
2008). The history of their discovery, specific features found in experimental infections,
association with other pathogens and their supposed or demonstrated impact on colony
health and symptoms seen in infected apiaries are summarised in Table 3 (see 1.2.1
“Causes of bee colony mortality, Biological agents”). The viruses presented in this table
are shown in alphabetical order of their English nomenclature.
Most if not all of these viruses are believed to persist in apparently healthy bee colonies
(Bailey, 1965; Dall, 1985; Anderson and Gibbs, 1988). These infections have been
described by the term “unapparent” infection because of the absence of symptoms or
visible consequences on colony health and the lack of information about the viral
persistence mechanisms in the bee (Ribière et al., 2008).
Many viruses have therefore been found in colonies and even in individuals which
continue to appear healthy even when several viruses are present simultaneously (Bailey,
1981; Ball and Allen, 1988; Bailey and Ball, 1991; Evans, 2001; Chen et al., 2004;
Tentcheva et al., 2004).
These unapparent viral infections may be present in colonies over several generations,
causing few if any visible signs. In some, still poorly understood, circumstances the viral
infections may be activated and result in acute, often individually fatal infections, causing
colony weakening (Ribière et al., 2008).
It should be noted that whilst the genes of the main viruses have been sequenced (ABPV,
BQCV, CBPV, DWV, IAPV, KBV and SBV), the other viruses (BVX, BVY, CWV, FV and
SBPV) have been detected using serological techniques in the past and no genetic
sequence is currently available to detect them (Ribière et al., 2008).

Arkansas bee virus (ABV,) and Berkeley bee virus (BBV,) and the Egypt Bee Virus (EBV), have only occasionally been isolated. In the absence of any
information about their natural history they have not been included in this bee virus study.
53 The viral particle associated with CBPV: CBPASV (Chronic Bee-Paralysis Associated Satellite Virus), has been classified as a satellite virus. As its
multiplication is potentially entirely dependent on CBPV and in the absence of any information about its natural history, it has not been included in this bee
virus study.
52
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5.2) Viruses associated with other pathogenic biological agents
•

Viruses associated with V. destructor

Co-infections with the V. destructor mite make up some of the identified causes of
episodes of mortality associated with some viral infections (see Table 3, 1.2.1 “Causes of
bee colony mortality, Biological agents”). It is now recognised that spread of V .
destructor amongst other things results in a change of the prevalence of bee viruses and
their impact on colony health.
- The best example is that of the acute bee paralysis virus (ABPV). Before the spread
of V. destructor this virus had never been found in association with a disease or
mortality under natural conditions. After the arrival of the mite in Europe, this viral
infection was demonstrated to be one of the leading causes of adult and brood
mortality associated with colony weakening and mortality (Ball, 1985; Carpana et al.,
1990; Faucon et al., 1992; Ribière et al., 2008a). In recent years however, its
involvement in colony losses has no longer been as clearly demonstrated although it
is assumed that the virus contributes to weakening and winter losses (Berthoud et al.,
2005; Siede et al., 2006). This finding could be related to the availability of treatments
to control infestations with the parasite.
- The question therefore arises as to the impact of viruses associated with
V. destructor in current weakenings. Some of the cases of weakening appear only to
be related to difficulties in the treatment of the mite (Faucon, 2006). It has recently
been shown that recrudescence of Kashmir virus infections (KBV: Kashmir bee virus)
in New Zealand colonies resulted in collapse of the colonies when the mite load was
high (Todd et al., 2007).
- Some bee viruses are closely associated with V. destructor in terms of their impact on
colony health. This applies to the ABPV, KBV, slow bee paralysis virus (SBPV) and
deformed wing virus (DWV). Some of these viruses are known and others assumed
to contribute to weakening and/or are transmitted by the mite, either do or do not
multiply in this vector (Ball, 1983; Wiegers, 1986; Ongus et al., 2004).
- Of these viruses, DWV causes deformities of the wings and bodies of emerging
(nascent) bees which have long been attributed to V. destructor alone (Akratanakul
and Burgett, 1975; Koch et Ritter, 1991). These deformities have been shown to be
due to viral infection but are closely related to infestation with the parasite (Yang and
Cox-Foster, 2005). DWV is transmitted by the mite and multiplies in the host (Ball,
1989; Bowen-Walker et al., 1999; Yue and Genersch, 2005). The presence of
deformed bees is considered to be a symptom of varroasis.
•

Viruses associated with Nosema sp.

Two viruses appear to depend on co-infection with N. apis in adult bee infections: the
black queen cell virus (BQCV) and bee virus Y (BVY). At present, the discovery of N.
ceranae, first isolated in A. cerana, in A. mellifera in many areas of the world particularly
Europe, raises the question of its association with honey bee viruses (Higes et al., 2006).
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5.3) Viruses not in association with other pathogenic bee agents
Only two of the bee viruses cause characteristic symptoms and mortality without
necessarily being associated with other pathogens.
•

Sacbrood Virus (SBV)

The Sacbrood Virus (SBV) causes mortality of larvae described as forming a sac
because of the accumulation of fluid between the integument and body. More than 80%
of the sick larvae without bacteria in England were found to be infected with SBV and
more than 30% of apparently healthy colonies were found to contain a few larvae killed
by the virus (Bailey, 1967). In Australia, SBV has been reported as being the most
common of the bee viruses but only occasionally causing severe brood losses (Dall,
1985).
•

Chronic Bee Paralysis Virus (CBPV)

Chronic bee paralysis virus (CBPV) causes a contagious and infectious disease of adult
bees known as chronic paralysis and black disease. Two syndromes of this disease
have been described, the adult bee virus disease alone causing visible symptoms on the
flight path and in front of the hives (Bailey and Ball, 1991; Ball and Bailey, 1997; Ball,
1999).
- The type 1 syndrome was described in England as mostly causing abnormal tremor of
the wings and bodies of infected bees. These bees are unable to fly and often crawl
on the ground and on plant stems, occasionally massing into thousands of individual
bees. The sick bees die in a few days after the onset of symptoms. The population
of severely infected colonies collapses suddenly, occasionally during the eighth
month of the year leaving the queen with a few worker bees and poorly managed
brood. These symptoms are all identical to those described for “Isle of Wight Disease”
at the start of the century (Ball and Bailey, 1997) (see Parasites “Acarapis woodi”);
- The so-called type II syndrome is the syndrome known in France as “black disease”.
Initially the infected bees can still fly but lose their hair and appear black and shiny
and are rejected by the healthy colony bees. After a few days they can no longer fly,
suffer from tremor and die.
For French beekeepers, black disease occurs from the springtime until the start of
summer and has a low mortality. Currently, however, a mixture of the two syndromes is
being seen in apiaries with cases of chronic paralysis occurring throughout the year
(Ball, 1999).
This disease mostly causes colony weakening and reduced production (Ball and Bailey,
1997) although it may progress to severe stock losses (Kulincevic and Rothenbuhler,
1975; Bailey and Ball, 1991; Ball and Bailey, 1997; Ribière et al., 2008). It is often
confused with poisoning.
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5.4) CCD
•

Description of colony collapse disorder (CCD)

In the United States, colony collapse disorder was described as a rapid loss of the adult
bee population in a colony, the dead bees not being found either in the colony or nearby
(Oldroyd, 2007; Stokstad, 2007a; 2007b). In the end stage the queen was only
surrounded by a few newly emerged bees although the hive still contained food reserves
and capped brood. The CCD phenomenon was seen primarily from winter losses
(Vanengelsdorp et al., 2007). The expert group working on these types of mortality
however pointed out that “the references to season are not appropriate as there is
increasing evidence that these disorders are seen throughout the year”
(http://maarec.cas.psu.edu/ColonyCollapseDisorderInfo.html) ».
The difficulty in studying CCD lies firmly in the fact that the bees analysed are the
survivors (as CCD causes most of the colony population to disappear). In addition, some
authors highlight the undoubtedly important role of V. destructor in the phenomenon
(see Parasites “Varroa destructor”).
•

Demonstration of the infectious nature of CCD

All of the information obtained highlights the presence of pathogens at the time of the
losses and particularly a virus: an Israeli acute paralysis virus (IAPV) (Cox-Foster et al.,
2007). Initial testing on colony collapse disorder revealed the presence of numerous
pathogens, although did not determine a specific cause for the phenomenon (Pettis et
al., 2007). Preliminary observations tend to indicate however that “CCD” is transmissible
and therefore potentially due to one of the agents. Transfer of “disease free” swarms to
materials which had contained colonies suffering from CCD resulted in the colonies
appearing weaker with a lower population than the colonies transferred into materials
which had been irradiated prior to the transfer (Cox-Foster et al., 2007; Pettis et al.,
2007). These initial results have neither been reproduced nor supplemented by research
into pathogens on the “apparently weaker”” colonies obtained.
•

Results of the metagenomic study

A metagenomic approach (studying genetic material from the entire microbial flora
contained in a sample) was conducted on samples taken in CCD cases compared to
samples obtained from control colonies (not affected by the disorder). (Cox-Foster et al.,
2007). This study was conducted on a limited number of samples (four cases of CCD
and two controls) and revealed numerous pathogens (several bacteria potentially
present in the colonies but no actual impact demonstrated on bee health), four
microsporidia, including two known to be pathogenic to bees, Nosema apis and Nosema
ceranae, the parasite V. destructor and the seven main bee viruses) in the colonies
suffering from CCD and in the control colonies. However, two viruses, IAPV and KBV
appeared to correlate consistently with CCD and two microsporidia, N. apis and
N. ceranae, were very often present in the cases of CCD and in the control apiaries.
An association of these four pathogens (APV, KBV, N. apis and N. ceranae) with CCD
was then assessed on a larger number of samples from CCD cases (30 colonies) and
control colonies (21), over a three year period (2004-2007).
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IAPV emerged as being closely correlated with CCD: 83.3% of the affected colonies
(25/30) carried the virus, which was only detected in one colony not affected by the
syndrome (4.8%). As no “pathogenic” causality link has yet been established between
this virus (or any other pathogen) and the colony losses, lAPV is currently proposed by
authors as a “significant marker” of CCD with a positive predictive value of 96% (CoxFoster et al., 2007). This positive predictive value is the likelihood that a positive result
for a pathogen indicates a significant association with CCD.
For the other three pathogens identified as potential markers of CCD in this study,
N. apis had a predictive value of 73%, KBV 65% and N. ceranae 63%.
It should be noted that IAPV is genetically a very similar virus to ABPV and KBV (Maori
et al., 2007). The phylogenetic distance between the viruses is very small and in reality,
KBV and IAPV could be considered to be isolates of the same virus, as has been
suggested by some authors (Palacios et al., 2008). The question which arises in reality is
that of the role of the ABPV/IAPV/KBV virus in bee colony weakening and losses. The
pathogenicity of these viruses is closely associated with V. destructor and they could
considerably worsen the health condition of colonies (Ribière et al., 2008).

5.5) Summary of bee viral infections
Bee viruses are extremely common in colonies and although some are able to cause severe
diseases they are usually present as unapparent infections. Simply detecting these viruses
is not therefore sufficient to determine their involvement in colony weakening or mortality. In
addition, the laboratory markers to diagnose these pathogens, the cost of these diagnoses
and the limited knowledge available about the complexity of co-infections between viral or
non-viral pathogens make their involvement in bee losses often difficult to assess (Ribière et
al., 2008).
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ANNEXE 3: Assessment of risks of plant protection products for bees
1) REGULATORY FRAMEWORK
The assessment of risks of plant protection products for bees is performed in a regulatory
framework. This framework was established by European Directive 91-414 and stipulates
that the risks of plant protection products for humans and the environment be evaluated prior
to their being marketed. The risk assessment for bees and other pollinators is performed as
part of the risk assessment for environmental organisms, ecosystems and media (see Figure
7). Because of this transverse approach the ecotoxicological profile of a product vis-à-vis the
bee will clearly be enriched by information available on the potential impact on other groups
of organisms.
Figure 7 (Annex 3): Ecosystems and environments affected by the assessment of the environmental risks
of plant protection products

The risk assessment involves both the active materials in plant protection products, or active
substances, and pharmaceutical preparations. On a European scale, assessment of the
substances results in the registration or non-registration of the substance on a positive list of
substances which may be contained in products marketed in Member States. The evaluation
of plant protection products or preparations results in marketing authorisation or nonauthorisation in Member States.
The assessment is performed on data contained in dossiers produced by the applicants in
accordance with the regulations. These dossiers contain study reports including the bench
data. The studies are performed following guidelines validated on a European scale. They
also contain a precise description of the intended uses of the product which defines the
means by which organisms are exposed. Finally, the dossiers contain calculations of
exposure levels following each of the proposed uses of the products and the corresponding
risk assessment.
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2) PRINCIPLE OF THE RISK ASSESSMENT
A risk assessment is performed whenever the use of a substance may result in exposure of
environmental organisms. In the case of bees, the uses which result in exposure are defined
from a regulatory perspective: open field spraying of products, systemic treatment of seeds,
spreading of systemic preparations on the ground such as granules spread in seed drills or
planting out of bulbs or plants which have previously been immersed in systemic treatments.
The risk assessment involves comparing levels of expected exposure following use of the
substance with a hazard level to the bee specific to the toxicity and toxic profile of the
substance or product. The potential risks of using the product are established by comparing
these two levels.
2.1) Situations resulting in exposure
For spray uses of the substance, exposure, intended to treat the foliage of the plants, is
relatively well reflected by the dose of substance sprayed per hectare (see Figure 8). For
ground or seed treatments the problem is different as the level of exposure is assessed from
the fraction of the substance which is transferred to the flowers into the pollen or nectar. For
a pollinator to come into contact with the substance it must penetrate the plant and be
transferred to the flower, the part which interests the bee. Systemic penetration of a
substance into a plant depends on the molecule and on the plant itself. Finally, the species
of plant must be of interest to the bee. Exposure cannot therefore be assessed a priori by
the dose of substance applied per hectare or per quintal of seeds as the density of seed
itself varies from one plant species to another. It can only be measured from concentrations
of residues in the plants and if necessary in the materials of interest to the bee54, pollen and
nectar.
Figure 8 (Annex 3): Means of exposure of bees to plant protection products used by spraying and in
ground or seed treatments

For spraying, exposure occurs through contact and possibly by ingestion if the substance is
sprayed onto materials which interest the bees (flowers, nectar) or if it can reach these parts

54 When a risk assessment based on concentrations of residues in the green parts of the plants shows a possible risk for exposure to this concentration
level. The expected concentration in the flowering parts, particularly in pollen and nectar, is generally lower.
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by systemic absorption. For ground or seed treatment, exposure may occur if the substance
is systemic and if the plant is of interest to the bee.
The final exposure route which affects both products used by spray and those used for
ground or seed treatment is ingestion of nectar containing residues of the substance. This
may occur if nectar is present during spraying or through systemic absorption. It should be
noted that spraying can also result in residues in the pollen or nectar following pre-flowering
treatment with a systemic substance. In this situation, as in the case of nectar contaminated
after spraying, exposure is assessed from the dose of substance applied per hectare.
2.2) Assessment of the ecotoxicity of a substance to the bee
The toxicity of the substance is assessed from a battery of tests beginning with laboratory
tests during which bees are exposed to the substance under controlled conditions in order to
maximise contact or ingestion. These are acute toxicity studies intended to assess the
sensitivity of adult bees to the substance after contact or injection. A lethal dose for 50% of
individual exposed bees is determined.
Other ecotoxicity tests can be performed.
For substances liable to expose foraging bees, the effects of spraying on such bees are
studied by placing colonies in tunnels or on the ground immediately before or during spraying
of the product at the proposed dose. The crop used for this type of study is either the target
crop for the product (for example sunflower) or a crop which is attractive to the bee, such as
phacelia. In both cases the crop is flowering at the time of treatment. The effects are
assessed from various parameters, such as survival of the exposed bees, foraging activity
and the health of the colony. This type of experiment can be conducted over a variable
period depending on the time for which the colonies need to be monitored. Tests performed
under a tunnel allow improved control of exposure although the bees’ behaviour may be
influenced by the confinement. An illustration of field studies is shown in Figure 9.
Figure 9 (Annex 3): Use of an ecotoxicity study for the bee placed in the field. The protocol requires two
to ten plots of land with a known past history of plant protection treatments.

The size of each plot may range from 0.2 to 1 hectare. One to five colonies are placed per
plot, spaced 3 to 6 kilometres apart in order to avoid interferences between colonies. These
plots are also distanced from the attractive crops in order to force the bees to feed on the
treated plots. The test is conducted on an attractive crop to the bee in order to maximise
exposure, using for example phacelia. The crop is sprayed and the colonies placed in the
plots. The impact on different parameters is then observed: survival of foraging bees and
hive bees, foraging activity, brood weight, brood health, health of bees and of the hive - the
most recent studies also include monitoring for diseases and honey production monitoring.
In some cases monitoring has been conducted over several years.
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For insecticides, the exposure conditions for this type of study does not reflect reality as
treatment of crops with insecticides is prohibited in France during the flowering season55. It is
also important to note that these studies take account of bee biology for both sprayed
substances and those used to treat seeds. This is because the impact assessment is
performed on lethal and sub-lethal parameters and assesses the health of the colonies by
including parameters which reflect its development, state of health and if necessary ability to
overwinter. Finally, the assessment of effects is conducted on a colony scale, a scale of
investigation specific to the type of experiment. In monitoring, it is often the apiary which is
used as the investigation unit. The impact and therefore risk assessment is therefore on a
more detailed and more sensitive scale than post-approval monitoring as the percentage of
effects in the colony is being examined. All of this information helps to limit the uncertainties
of extrapolating conclusions of the assessment to reality in the field.
Finally, if the product concerned is an insect growth regulator, a brood toxicity study is
performed in addition to these tests, during which the development of bee broods is
monitored in colonies exposed to the substance by a supplemented sugar solution.
The risk assessment, designs of which are harmonised on a European level56, follows an
approach which is seen for all other organism groups (see guidance documents Sanco
3268/2001 and Sanco 4145/2000 for aquatic and terrestrial organisms respectively).
3) RISK ASSESSMENT
3.1) General design
The question of bee exposure always lies at the heart of the assessment design (see Figure
10). If exposure is possible, laboratory oral toxicity or contact studies on adults are
performed and an initial risk assessment is performed by comparing the exposure from the
dose applied per hectare to the toxicity (measured as the LD50 in the adult bee, from oral or
contact exposure) to calculate a hazard quotient (HQ). This quotient is compared to a
threshold value (50). If the hazard quotient is below the threshold value the risk is considered
to be acceptable; above the threshold value the risk assessment is fine-tuned, usually
incorporating the results of under-tunnel and/or field studies, in both situations on treated
attractive crops in flower.

Except for products granted a regulatory indication by the Decree of 28 November 2003 on conditions of use for agricultural acaricides and insecticides
with a view to protecting bees and other pollinating insects, after a risk assessment and for the uses which require it. This indication then allows the product
to be applied during crop flowering or during the exsudate production period, but not in the period when bees are present .
56 This approach is described in European guidance documents, Sanco 10329/2002 (European Commission, Doc Sanco/10329/2002-rev 2 final,
"Guidance Document on Terrestrial Ecotoxicology", 17 October 2002) and t EPPO (EPPO PP1/170 (3), PP 1/170(3) Revision approved in 2000-09 in
Hazards of pesticides to bees, Les Colloques N° 98, Ed. INRA, Paris 2001).
.
55
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Figure 10 (Annex 3): Plan of risk assessment for bees for spray products
Is bee exposure possible
No

Risk negligible

Yes
Oral and contact toxicity
studies on adults
(measurement of LD50)
Dose applied per hectare
Calculation of hazard quotient
HQ = dose applied/LD50
(HQ> 50 ?)

Risk acceptable
No

Yes
Tests under tunnel, on treated,
attractive cultures during flowering
(Significant effects at the
recommended product dose?)

Risk acceptable
No

Yes
Field studies, on treated,
attractive crops during flowering
(Significant effects at the
recommended product dose?)
Yes
Possible risk

The threshold value of 50 for the hazard quotient, or HQ, is one of the rare ones to be used
in the regulations which originates from field work. It comes from the studies conducted by
Smart and Stevenson (1983), who were questioned about the potential risks of a new family
of pesticides, pyrethrinoids, at the time of their development (see Table 15).
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Table 15 (Annex 3): Toxicity of various insecticides for the honey bee measured in the laboratory (LD50)
and field, typical doses of these products and corresponding hazard quotients (from Smart and Stevenson,
1982)

Insecticide

Field toxicity

LD50 (µg/bee)

Dose applied (g/ha)

No. of LD50 in the amount
applied (x 106)

Azinphos-methyl
Triazophos
Malathion
Dimethoate
HCH
Demeton-S-methyl
Cyhalothrin
Cypermethrin
Permethrin
Flucythrinate
Fenvalerate
Deltamethrin
Endosulfan
Phosalone
Pirimicarb

H
H
H
H
H
H
P
P
P
P
P
P
L
L
L

0.063
0.055
0.27
0.12
0.20
0.26
0.027
0.056
0.11
0.27
0.23
0.051
7.1
8.9
> 50

460
400
1300
350
280
240
12,5
25
50
75
50
10
470
460
140

7 300
7 300
4 800
2 900
1 400
920
460
460
450
280
220
200
66
52
<3

H: hazardous in the field, P: pyrethroid), L: (low hazard in the field.

Lindane (HCH) and the substances belonging to the organophosphate family listed in this
table are hazardous to the bee in the field. The laboratory toxicity of these substances
measured in the bee and assessed from the oral LD50 in micrograms of active substance
per bee is relatively high (LD50 less than µg/bee, the limit test being performed at
100 micrograms per bee).
Endosulfan, phosalone and pirimicarb, the effects of which have been tested in the field had
a low impact on bees under these conditions. These substances have slightly lower intrinsic
toxicity to the bee (LD50 higher than the LD50 of the compounds above).
In order to determine the expected impact of pyrethrinoids on bees under field exposure
conditions, the authors developed an index intended to express the expected risk under field
exposure conditions represented by the dose of substance applied per hectare. This
quotient is calculated by dividing the dose applied per hectare by the LD50 per bee and its
value is proportional to the expected risk. The factor of 50 used in the regulations was
obtained from this calculation. If the quotient is 50 or less the substance is deemed to have
a low impact in the field. If it exceeds 50, a possible risk is identified and the effects of the
substance must be studied in more detail in studies conducted under tunnels and/or in the
field (refined risk assessment).
The hazard quotient calculation stage is essential in the risk assessment and must be
discriminatory. Figure 11 shows the distribution of oral LD50 values, all substances
combined (243 plant protection substances, herbicides, fungicides or insecticides). This is a
cumulative distribution of these values, the limit test being performed at 100 micrograms per
bee. Approximately half of the products have an LD50 value at or above the maximum limit
of 100 micrograms per bee and therefore low toxicity: some substances conversely have
toxicity of up to a nanogramme per bee. A relevant assessment plan must be able to
discriminate at-risk products from those which are not in order to avoid the systematic use of
field experiments for products which do not require them.
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Figure 11 (Annex 3): Cumulative distribution of oral LD50 values of active substances, all methods of
action combined (n= 243) (Source: Agritox)
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3.2) Risk assessment for products applied to the ground (ground or seed treatments)
The assessment plan shown on Figure 10 is not suitable to assess ground or seed
treatments. For these types of application, exposure can only be correctly assessed from the
dose of product applied per hectare. As a result calculation of the hazard coefficient is
inappropriate: its threshold value validated from field study results from sprayed substances
is not relevant. Lastly, tests need to be performed on crops which have been treated to take
account of systemic absorption aspects and under tunnel and field studies on treated
attractive flower crops are therefore poorly suited to assess hazards.
An assessment design suitable for this type of exposure is currently being studied by an
ICPBR57, European working group run by Afssa. The aim of this working group is to fill the
gaps in Directive 91-414 for an assessment of the risk of products used to treat ground or
seeds for bees, as no guidance document currently supports a harmonised approach. The
aim is to update the existing EPPO document at the October 2008 meeting.
The current project is using the same approach as for sprayed substances adapted for the
seed treatment situation.
Exposure is assessed from an evaluation of the systemic properties of the substance: a
substance is considered to be systemic if a residue is found in the plants.
A list of plants attractive to bees is currently being produced. This should include both
cultivated plants involving ground or seed treatment and other plants or plant cover which
may enter the rotation, including fallow land if the substance persists.
If exposure is possible, an oral adult toxicity study is performed. The result is compared by
calculating an exposure hazard quotient expressed from the concentration in pollen or in
nectar. In view of the difficulty of developing analytical methods for pollens and nectars
these concentrations can be estimated as an initial approach from the concentration found in
the green parts of the plants. Measurements of residues in pollens and nectars can be
performed if the assessment of exposure from this over-estimate identifies a hazard.

57
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The following assessment stages can be used to examine the effects of prolonged exposure
of adult bees by a ten-day oral toxicity test. This test takes account of the fact that a foraging
bee can be exposed for several days. If necessary, tunnel or field studies on relevant crops
may be needed.
Finally, sowing a crop with treated seeds may result in exposure of the bee if dust is emitted.
This is often described as a problem for bees. The risks in this case may be assessed from
contact toxicity data on adults and measurement of dust emissions made during sowing.
This type of data has already been generated for some seed treatment products and has
allowed a potential acute risk following dust emission to be assessed through calculation of a
hazard quotient.
4) SUMMARY OF APPLICATION OF THE REGULATIONS
These risk assessment methods are applied to all active substances, both old and new58,
assessed on a European scale. The risks are assessed for each use of the preparation
containing the substance. Registration or non-registration decisions on the substances are
published in the Official Journal and available on the DG Sanco website
(http://ec.europa.eu/food/plant/protection/evaluation/index_en.htm). The conclusions on the
risk assessment on the substances are also available and published on the European Food
Safety
Authority
(EFSA)
website
(http://www.efsa.europa.eu/EFSA/efsa_locale1178620753816_home.htm). As of 31 December 2008, in accordance with the calendar set
by the Commission, all old and new substances will have undergone a risk assessment in
accordance with the terms of Directive 91-414 EC. This implies that all pesticides currently
marketed in France and in other European States will have a dossier meeting the regulatory
requirements.
5) REPORTS OF THE SCIENTIFIC AND TECHNICAL COMMITTEE FOR THE
MULTIFACTORIAL STUDY OF BEE DISORDERS IN THE CONTEXT OF THE
EUROPEAN EXAMINATION OF PLANT PROTECTION PRODUCTS
Two of these products are the subject of assessment reports prepared by the Scientific and
Technical Committee (STC) for the multifactorial study of bee disorders, a working group
meeting at the request of the Ministry of Agriculture. These reports involve two products
used in sunflower and maize seed treatment (imidacloprid and fipronil, see report
introduction) and were intended to produce an inventory of scientific and technical knowledge
on Gaucho® and its active substance imidacloprid, in terms of its toxic, ecological and
metabolic
features
(first
report
published
in
2004,
http://agriculture.gouv.fr/IMG/pdf/rapportfin.pdf) and on fipronil in the second report
(http://agriculture.gouv.fr/sections/publications/rapports/fipronil-utiliseen/downloadFile/FichierAttache_1_f0/080218_rapport_fiproniljuillet2006.pdf?nocache=12034
26652.66) , and to study the possible role of these products in bee disorders as part of the
multifactorial study.
Both reports analysed all of the available information provided by the Ministry and the plant
protection companies holding the licences for the two products and the data available on the
products found in the scientific literature. This data enabled exposure levels in the bee to be
estimated from residue concentrations found in the pollens and nectars of corn and
sunflower plants grown from treated seeds. An analysis of the effects was also conducted
from laboratory under tunnel and field studies. These analyses were incorporated into the
dossiers.
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The substances have old or new status depending on whether they were marketed before or after Directive 91-414 EC came into application.
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The risk assessment was performed following the assessment criteria used for chemicals
published in the TGD (Technical Guidance Document, 200359). The principle of risk
assessment of chemicals involving comparing effect thresholds with exposure thresholds, is
identical to the assessment principle used for plant protection products although the
uncertainty factors applied to each stage of the assessment are however different60.
These reports base their conclusions on the hazard quotient values called
“PEC/PNEC ratios”. According to these conclusions, the “PEC/PNEC ratios” for imidacloprid
are “worrying and consistent with the field observations reported by many beekeepers in
large crop growing areas (maize, sunflower), on mortality of foraging bees, their
disappearance, behavioural problems and some winter mortality”. The conclusions for
fipronil are “the quotients obtained are worrying and cannot rule out an unacceptable risk”.
At the time when they were written, these reports and this committee’s work had the dual
merits of being an exhaustive review of available data on the two products implicated and of
proposing a plan for risk assessment for bees exposed to systemic products used to treat
ground or seeds, although the practical issues of methods for the risk assessment raised by
seed treatments are only very partially discussed in the guidance documents.
It can be noted, however, that the conclusions of these reports are based on hazard
quotients calculated from laboratory toxicity data and include large safety factors (1000 for
fipronil and 5 to 100 for imidacloprid depending on the study61) and not on the observation of
impact on colonies exposed to residues of the substance via pollen and nectar on the
ground. The exposure values used in the corresponding calculations were in addition the
maximum concentrations found in pollen and nectar matrices. For concentrations below the
limits of detection, the limits of detection were used as the exposure level. The PEC/PNEC
ratio calculations based on laboratory studies generally represent the first stages of the risk
assessment and must be followed by analysis of results collected from field studies, placing
the bees in the presence of residues under realistic exposure conditions. The conclusions of
these reports should therefore be considered in light of the findings on which the calculations
are based and can be supplemented by the risk assessments which are being performed by
the European bodies in the examination of European dossiers for the active substances
fipronil
and
imidacloprid
(http://www.efsa.europa.eu/EFSA/efsa_locale1178620753816_1178620764421.htm).

Technical Guidance Document on Risk Assessment in support of Commission Directive 93/67/EEC on Risk Assessment for new notified substances
Commission Regulation (EC) No 1488/94 on Risk Assessment for existing substances Directive 98/8/EC of the European Parliament and of the Council
concerning the placing of biocidal products on the market, 2003.
60 These factors developed to assess risk for aquatic organisms exposed to chemicals are far higher than the factors widely used for terrestrial organisms in
Directive 91-414 EC.
61 For terrestrial vertebrates and invertebrates the inter-species variability of plant protection products sensitivity is taken into account by a safety factor of 10
in the decision criteria for Directive 91/414 EC and the uncertainty from extrapolating from the acute to chronic situation is also represented by a safety
factor of 10 as applies, for example, to the case of the aquatic organisms.
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ANNEX 4: The Anglo-Welsh epidemiological monitoring network
The economic and biological importance of the domestic bee both as a pollinating insect, for
the environment, biodiversity and rural economy lie behind the existence of this network (the
economic value strictly due to crops pollinated by bees was estimated in 2001 to be 200
million pounds sterling).
1)

DESCRIPTION

The Anglo-Welsh epidemio-surveillance network is managed by the national bee unit
(National Bee Unit, NBU) of the CSL (Central Science Laboratory), an executive agency of
DEFRA (Department of Environment Food and Rural Affairs).
(http://www.csl.gov.uk/aboutCsl/scienceGroupsAndTeams/phg/documents/beeUnit.pdf)
The three major sectors of the bee unit have met on the same site in York since 1993:
research, the inspection department and the laboratory (see Figure 11).
The CSL inspection department is responsible for:
- Inspecting notifiable bee diseases (not performed by veterinary service directorate
officers);
- production of administrative papers such as import/export certificates;
- bee training and advisory work with beekeepers.
It employs 54 people. Nine are based at the CSL Headquarters in York and 45 are health
officers (experienced beekeepers) employed by the CSL and responsible for the regulatory
monitoring programme for DEFRA and the Welsh Assembly Government. The number of
apiary visits performed by these officers varies from 5,000 to 6,000 annually representing a
total of 24,000 to 29,000 hives, i.e. 10% of the English and Welsh colonies.
Eight health officers working with regional inspectors are permanent employees of the
inspection department responsible for epidemiological monitoring of apiaries in eight regions
covering England and Wales (see Figure 12). They are based in their respective homes and
co-ordinate the seasonal health officers who are highly qualified beekeepers.
These bee health officers:
search for and treat bee stock diseases (control of enzootic diseases);
provide advice and knowledge to beekeepers (recognition and control of parasites and
diseases, reducing the risk of importing exotic pathogenic biological agents);
take part in field studies;
take part in research.
The CSL NBU:
- collaborates with a programme responsible for registering animal incidents from
pesticide poisoning;
- is responsible for collecting samples of honey analysed as part of the European
Directive on residues present in this foodstuff;
- provides bee training equivalent to approximately 700 courses per year;
- organises an annual conference at its Headquarters to which foreign specialists are
invited. This conference is considered to be the annual culmination of the monitoring
system.

148

Figure 12 (Annex 4): Map of English and Welsh regions belonging to the CSL epidemiological monitoring
network and the scope of the “National Bee Unit” (Source: CSL NBU)
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OPERATION OF THE NETWORK

The network operates through a computer site called “BeeBase”.
This site includes:
- a public part open to everyone and in particular open to beekeepers where they can
find a large amount of health information;
- a secure in-house section which inspectors can access from home.
The beekeeper registration system in this database is not regulated; the beekeepers are
encouraged to register themselves voluntarily in order to access the information, advice and
training provided by the CSL officers on beekeeping practices.
The major purpose of this IT system is the control of bee diseases.
The inspection system is based on identification of at-risk apiaries via a GIS system
(geographical information system) which helps to produce monitoring and inspection plans
with digital maps and to study the epidemiology of diseases (see Figure 13).
Each regional inspector has a list of apiaries in his/her region and the monitoring for which
he/she is responsible. Each apiary is visited more or less annually: the visit frequency
depends on the predetermined monitoring plans, which are based on the risks to which the
apiaries are exposed.
Two types of network currently operate in parallel. These are:
- an “alert” network operating on the basis of estimated risk from specific outbreaks or
places;
- a complementary “random” monitoring system for apiaries not affected by at-risk
areas.
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Figure 13 (Annex 4): The epidemiological monitoring network is based on the geographical information
system
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This dual monitoring system has existed since 1993.
The “random” system enables all apiaries to be visited randomly.
The “alert” monitoring system is based on risk factors such as:
- port or airport areas liable to represent a pathway for illegal introduction of swarms or
parasites;
- freight areas;
- proximity of infected apiaries.
The apiaries visited are scored by the health officers on a risk scale from 1 to 4 (from high to
low risk). The assessment is based on the incidence of current diseases and/or location
(geographical proximity of the apiary to a risk factor).
The geographical information system enables digital maps to be produced (see Figure 14).
The services provided by CSL are free to beekeepers. Only some laboratory analyses incur
a direct cost to people in the beekeeping sector.
All of the professional beekeepers (400 in number) and amateur beekeepers (the majority)
are included in this database. Of the 200,000 hives monitored by CSL, 50,000 belong to
professional beekeepers.
3)

FUTURE PROSPECTS
-

One year from now the CSL will merge with two other DEFRA agencies, in particular
the plant inspection department.
Training provided to beekeepers will now be directed towards improving the
measures for beekeepers to combat bee diseases themselves.
Partnership work with pharmaceutical companies is underway to develop veterinary
medicinal products for beekeeping as there are currently very few of these.
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Figure 14 (Annex 4): Example of interactive digital maps produced by the Anglo-Welsh
epidemiological monitoring network
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ANNEX 5: Survey of Member State bee surveillance programmes and collation of bee
population data from the States by EFSA (2008)
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ANNEXE 6: Estimation of bee colony losses from professional beekeepers in France
during winter 2007/2008, study conducted by CNDA

Estimation of bee colony losses from
professional beekeepers in France during
winter 2007/2008, study conducted by CNDA
Study funded by VINIFHLOR
in the context of the European bee
regulation
24 September 2008

National Bee
Development Centre

Problem

Objective

In recent years French professional beekeepers have noticed an
increase in winter mortality and weakening of bee colonies.
At present in France no quantitative monitoring of colony losses
takes place with beekeepers. For this reason the CNDA (National
Centre for Bee Development) Health Commission launched this
survey on the problem during the winter of 2007/2008 in a sample
of professional beekeepers. The data collected is processed
nationally by the National Farming Institute Biometrics Department.

This survey examines the overwintering
conditions of colonies and the number of hives
after overwintering.
The results of this survey will enable us to
quantify losses and weakening of colonies and
open lines of research to explain the possible
causes.

Method
• Content of the survey
The survey consists of 2 parts. The base unit is the apiary
•
Part I provides information about the “colony preparation for overwintering and the apiary environment”:
- number of colonies removed before overwintering
- location of the apiary,
- amount and type of food provided by the beekeeper
- availability of resources,
- estimate of varroa load and treatments used
- assessment of last harvest,
- queen replacement practices
- assessment of the colony strength
•
Part II examines overwintering losses and the “spring visit(s)”
- number of dead colonies
Survey
- number of orphan colonies or colonies with drone laying
168 production units
queen
1358 apiaries
- number of sick colonies and types of diseases
62,408 hives
- number of “non-values” with no cause actually identified

• Choice of target population
- Randomised from the list of professional
beekeepers belonging to the CNDA network.
Randomisation performed from 782 producers.
- Stratified by region.
- Target sampling rate 20% in each region with
a minimum of 5 producers.

• Contingency for non-responses
- Formation of a “standing” member and
“replacement” member list by randomisation
(40% sampling rate).
- Replacement of standing members who did
not respond by replacement members in
registration order on the list.

• Sampling (see map opposite)
- Region not represented (in white)
- Region under-represented (in yellow)
(Lorraine, Poitou-Charentes, Limousin)
- Region normally represented (in green) with
an indicator showing sampling rate, the number
of beekeepers and number of hives

E: total number of beekeeper responses
TS: actual sampling rate
R: total number of hives
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Fig. 1 Comparison of number of responses
obtained with the number of expected surveys
in each region

Results 2007/2008
• Response rate

Number of
beekeepers

The response rate for most regions was
representative of the professional beekeepers from
the different regional associations covering the
territory.
In some regions supplementary
questionnaires were included in the data (beekeepers
belonging to the list of “replacement” members). A
total of 168 producers responded to the survey out of
169 expected and the actual sampling rate was
therefore 21.5%.

Responder
Responses
expected

• Mean bee colony losses (mortality and non values) during the winter 2007-2008 (fig. 2)
The mean loss was 28.6% (+/- 28%). Not adjusted for the actual sampling rates. Losses ranged from 20 to 60% depending
on the region, excluding
Reunion Island (the mean is calculated by
weighting each apiary by the number of hives).
The results of the analysis take account of the
actual sampling rates obtained in each region.
Reunion Island had the lowest loss rate, of
approximately 15%. In most regions the figure
was between 25 and 35%. The following regions
appear to be particularly affected:
Auvergne (38%), France-Comté (45%),
Burgundy (50%) and Alsace (62%).
The beekeepers also estimated the global losses in
their production for the previous two years. The
average figures excluding Reunion Island were:
-17.8% (+/- 11%) during the winter of 2005-2006
-17.5% (+/- 11.6%) during the winter of 2006-2007
The corresponding figure on Reunion Island over
the two years was less than 5%.

Fig. 2 Distribution of loss rate per region

•

Examples
of
variables
overwintering conditions
Estimate of the last harvest

studied:

•
The last honey harvest was estimated as being low to zero in half
of the apiaries.

• Type of losses (fig. 3)
Spring non-values therefore represent half of the 29% of winter losses from our survey

with drone layer/orphan

weak

sick

dead

not stated

Fig. 3: Nature of losses
Legend: with drone layer/orphan (in violet); queenless
colony; weak (in claret); weak colony with low
population; sick (in .
colony suffering from disease,
viruses, parasite; death (in
); no more living bees
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good average poor zero

Fig. 4: Estimate of last harvest (comparison with the
mean for the previous year).
Key: good (in green); the last honey harvest was
considered to be good (compared to the previous year);
average (in
); considered to be average; poor (in
orange); considered to be low; zero (in red); considered to
be zero; not stated (in
); the beekeeper did not
respond.

During autumn 2007 pollen and nectar and/or honeydew
availability was considered to be low to zero in 50% of
colonies in the apiary overwintering environment

not stated

good

average

Whilst for 37% of apiaries the beekeepers considered that
their colonies were suffering from high varroa load, 60% of
the apiaries were considered to have a medium to low
load.

poor

not stated

Fig. 5. Estimated available pollen, nectar and
honeydew availability in the environment.
Legend: good (in green); availability is considered to be
good; average (in
); considered to be sufficient for
colony overwintering; low (estimated to be insufficient for
overwintering); zero (red) estimated to be non-existent

good

average

poor

Fig. 6. Estimate of varroa load
Legend: high (in red); high infestation threatening colony
survival; average (in orange) a few hives infested but not
threatening colony survival; low (in
); no visible
varroa; zero (in green); no varroa; not stated (in
); the
beekeeper did not respond

75% of apiaries were fed in preparation for winter or during overwintering.
Discussion and future prospects
The National survey on winter colony losses in France has been very successful for this first pilot
year (2007/2008). The results are representative of beekeeping professionals in the different
regional beekeeping associations. Very high winter losses are found. In addition, the initial results
for the year concerned reveal often difficult environmental conditions for colony overwintering such
as inadequate pollen and nectar resources for the bee at the end of the season and other conditions
occasionally including high varroa load.
We are however only at the descriptive stage of the results of the survey and as a result no causeeffect relationship can be inferred from these initial results. The following stage will provide us with
further information and will involve analysing any correlations between colony losses at the end of
overwintering and the different variables recorded. Of this we are studying in particular the
progression through the season, the last honeydew flow period, any poisonings, practices used to
prepare for overwintering (varroa treatment, feeding etc) and the apiary overwintering environment.
We will then repeat this national survey over several years as a beekeeping sector observatory.
This will provide us with rigorous monitoring information on losses and allow us to try to understand
the causes and guide us towards the experimental scientific work found to be necessary.
Contact
F. ALLIER (Tel. 33 (0) 1 40 04 04 50 25 – E-mail: fabrice.allier@cnda.asso.fr)
This work was conducted by the CNDA health commission (F. ALLILER, L. BOURNEZ, V.
BRITTEN, P. JOURDAN, I. LEONCINI, J. VALLONI with the participation of S. MASSELIN-SILVIN
(National Farming Institute).

155

