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ABSTRACT

Honey bee diseases and pests caused dramatic losses of Tunisian honey bee colonies during the past
years. This research aimed to evaluate of beekeepers’ perceptions on bee diseases and pests, and
current management practices via interview method of 80 beekeepers in the North of Tunisia. The data
were analyzed using descriptive analysis. Most of the beekeepers reported that Varroosis was the most
dangerous pest (97.5%), followed by Foulbrood (19%). Moreover, "moth" butterfly (heteroecious) was
the most cited pest (15.2%). Diseases and pest reports were significantly correlated with the
educational level of the beekeepers, their training, route to beekeeping (heritage) and number of bee
hives. The treatment of diseases was carried out twice a year by most beekeepers (70.7%), once
(25.3%) or three times (4%) per year, mainly in winter (62.1%) and autumn (37.9%). The used sanitary
products by the respondents were Apivar® (63.9%), Apistan® (35.1%), Apiguard® (35.1%), a mixture
of garlic and petrolatum (6.5%), or a mixture of garlic and thyme essential oil (1.3%), accordingly to
the disease nature (p<0.05). The treatment type was significantly related to beekeepers' age and
education, number of bee hives and the disease nature (p<0.05), whereas significant correlations of
numbers and season of treatment applications were found with beekeepers’ age, honey laboratory
analysis and disease nature (p<0.05). Finally, 98% of beekeepers have implemented preventive
prophylactic measures before honey harvesting based on apiary hygiene control, which confirms that
the beekeepers are aware of the importance of sanitation.
Keywords: Beekeeping; bee pests, bee diseases, varroosis, foulbrood perceptions, sanitation

1. INTRODUCTION increased by 57% between 2011 and 2021.
Beekeeping in Tunisia is of great Tunisian production is mainly intended for
importance for its economic growth and domestic consumption (99% of production
local development, food security and in 2021), with very low annual honey
nutrition as well as for nature conservation. consumption  at around 0.2 kg/inhabitant
In Tunisia, the beekeeping sector contributes (MAWRMF,  2022) compared  with
0.1% of national gross domestic product European countries. It is limited in particular
(GDP) and 1% of agricultural GDP. by household purchasing power. In addition
Average annual honey production has been to production of honey and other products
estimated at 2,360 tons in 2021, which from the hive, beekeeping contributes also
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to up to 30% of global food production,
through pollinating many crops, including
pome fruits, berries, vegetables, nuts and
oilseeds. Pollination enables plants to
produce fruit and vegetables of better
quality, in greater quantity and more
uniformly.  Intergovernmental  Science-
Policy Platform on Biodiversity and
Ecosystem  Services (IPBES, 2016)
estimated that the annual market value of 5-
8 % of global agricultural production was
directly linked to pollination services, at
between $235 billion and $577 billion
dollars (in 2015). According to the Tunisian
Ministry of Agriculture, Water Resources
and Maritime Fisheries (MAWRMF, 2022),
there are around 13,200 beekeepers, 65% of
whom have fewer than 50 hives. Only
21.1% of beekeepers (>100 hives) are
professionals.  Nevertheless, worldwide,
including Tunisia, irregularities in honey bee
colonies and thus in honey production, were
recently observed, leading to economic
losses (OEP, 2022). Climate change,
exposure to pesticides (Chmiel et al., 2020;
Siviter et al., 2021), and habitat loss (Rong
and Sadhukhan, 2021) as well as diseases
and pathogens, particularly parasites were
the main factors contributing
disproportionately to the decline in honey
bee populations.

Honey bees are often infected by diseases
and parasites that can be transmitted
between bee colonies (Schmeller et al.,
2020). These include bacterial diseases,
American foulbrood, Paenibacillus larvae,
and European foulbrood, Melissococcus
plutonius, fungal diseases (Nosema apis and
Nosema carinae), viral diseases, deformed
wing virus, chronic paralysis virus, acute
paralysis virus, black cell virus and
protozoa. Also, insect pests, greater wax
moth, Galleria mellonella and the lesser
wax moth, Achroia grisella, parasitic mites,
Varroa destructor and vertebrate pests.
Among all these pests, the Varroa mite
represents a major threat to commercial
beekeeping worldwide. It is a notifiable
infestation to the Office International of
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Epizooties (OIE)/ World Organization for
Animal Health (Pirk et al., 2016). It spreads
very rapidly and causes severe damage to its
host colonies, where it breeds inside capped
brood cells to protect them from most
acaricides (Chauhan et al., 2021). It is
responsible for the loss of more than 50 %
of Apis mellifera honey bee colonies
worldwide (Chauhan et al., 2021). Bacterial
diseases such as the European Foulbroods
(EFB) and the American Foulbroods (AFB)
and the severe bee rot, Pestis apium_may
cause serious losses of brood and colony
collapse, and are notifiable to OIE. These
diseases represent the most prevalent and
highly dangerous of the honey bee brood
diseases, leading to high morbidity (Matovi¢
et al., 2023). These agents have been

detected in countries on all continents
(Boncristiani et al., 2020), thus have
economic  significance for beekeeping

industry worldwide (Matovi¢ et al., 2023).
In addition to its harmful effects on
biodiversity and natural resources, climate
change impairs bee health and can
exacerbate indirectly the severity and
distribution of pests and diseases. Indeed,
climatic habitat shift leads to mixing
between bee communities, disseminating
diseases and pests amongst populations
(Schmeller et al., 2020). Therefore, climate
change is perceived as the major threat for
beekeeping (Chmiel et al., 2020 and Siviter
etal., 2021).

Implementation of suitable pathogen
management and  prevention  control
strategies in bee hives, particularly against
V. destructor mites, is crucial for preserving
bee colonies' health and productivity. Bee
health and disease prevention strategies are
based on Good Farming Practices (GFPs)
and Good Veterinary Practices (GVPS) in
apicultural production (Hendrikx et al.,
2009). Nekoei et al. (2023) have reviewed
management and treatment options used to
reduce pathogen loads or infestation levels.
Synthetic miticides are actually used by
fumigation against Varroa mites, but
residues in all hive products and resistance
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have been observed these past years.
Therefore, sustainable organic biocontrol
medications against Varroa mites have
come into widespread use. They are based
on trickling, fumigation or spraying organic
acids (oxalic and formic acids) and thymol
essential oils from medicinal plants, but
their actions depend on climatic and in-hive
conditions, and application methods, leading
to partial or temporary efficacy (Giese and
Giese, 2013 and Nekoei et al., 2023).
Recently, the honey bee recombinant DNA
vaccine for oral application has been
developed for the treatment of V. destructor
(Giese and Giese, 2013).

In addition, in terms of hygiene, the
European Food and Safety Agency (EFSA)
recommendations are based not only on the
treatment of bee colonies, but also on the
disinfection of equipment. The EFSA also
recommends the destruction of affected or
suspected colonies and contaminated
material in order to ensure the rapid
eradication of any outbreak of a contagious
disease (Hendrikx et al., 2009). Most of the
management and treatment strategies to be
implemented depend on beekeepers’
initiatives as well as local governmental
rules, which may vary considerably from
country to country. The actions and
measures undertaken by beekeepers in their
apiaries depend on their perception of the
threats. Jacques et al. (2017) have
established a strong relation between colony
losses and European beekeepers’ education
and training. Professional beekeepers are
able to detect quickly the symptoms,
especially those due to V. destructor and FB,
and to implement suitable control
countermeasures, leading to the survival of
their bee colonies. Therefore, this study
aimed to evaluating the  Tunisian
beekeepers’ perceptions on bee diseases and
pests, and their current management and
treatment options, in order to develop
successful integrated management practices,
with the aim of the development and
promotion of Tunisian honey value chain.
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2. MATERIALS AND METHODS

The research methodology was based on
a survey conducted through face-to-face
interviewing and semi-structured
questionnaire. It was developed through
Google website, and directly administered in
Tunisian  dialect from long time.
Respondents were recruited on a voluntary
basis. The questionnaire consisted of a series
of questions that were expected to be
answered by beekeepers. The first part of
the questionnaire included the questions
related to: (1) the characteristics of
beekeeping production and operations, (2)
diseases and pests’ inquiry, (3) treatment
management, and (4) hygiene cleaning and
disinfection procedures. The last part was
about  beekeeper respondents’  socio-
demographic characteristics (gender, age,
education, training and experience in
beekeeping, route into beekeeping.
Statistical analysis

Data were analyzed by descriptive
statistics, as percentages, and Chi-Square
Test, using IBM SPSS® statistics version 22
software.

3. RESULTS AND DISCUSSIONS

The most import results about
demographics and main characteristics for
respondents are summarized in Table (1).
The Respondents were men (76.3 %), aged
between 26-59 vyears old, (73.7 %),
university educated (57.5 %) with at least 6
years of experience (81.3%) in the sector,
and specifically trained (47.9 %). Schouten
and Lloyd (2019) reported a positive impact
of beekeeping extension, education and
training on honey productivity and
beekeeping income. Beekeeping was a
subsidiary activity for most of the
respondents (71.3%), and thus was
considered as a source of extra-income.
Only 35.1 % were heritage beekeepers, and
thus, have knowledge and skills concerning
bees, honey, and related products. About the
features of agricultural exploitations, most
of respondents (77.5 %) are private, only 6.3
% are cooperatives.
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Table (1): Distribution of respondents’
characteristics (n=80).

Type of Characteristics | %
characteristics respondents
Gender Women 23.7
Men 76.3
Age (years 18-25 21.1
old) 26-40 335
41-59 40.2
60 and more 5.2
Education Primary 15.0
High School 15.0
Baccalaureate 6.5
University 575
Professional
Training 5.0
Occupational | Main activity 28.7
Status Subsidiary activity | 71.3
Beekeeping Yes 47.9
training No 52.1
Total years of | <1 0
experience in | 1-5 13.7
beekeeping 6-10 25.0
11-20 18.8
21-30 175
>30 20.0
Does not answer 5.0
Routes into Heritage 35.1
beekeeping Non heritage 64.9
Farm legal Private agricultural
status exploitation 775
Private company 15
Agricultural
cooperative 6.3
Plot rented by the
state for
agricultural
technicians 1.2
Number of 1-20 10.0
bee hives 21-50 18.8
51-100 375
101-1000 325
>1000 1.2
Honey Yes 57%
laboratory 43%
analysis No

The data was obtained through face-to-face
interview and semi-structured questionnaire.

Most of the respondents (71.2%) declared
having more than 50 bee hives, indicating
medium to large scale sizes in the Tunisian
context. In fact, 80% of Tunisian beekeepers
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have less than 50 hives (MARHP, 2020). All
of the beekeepers interviewed owned
modern hives (Langstroth type), 12.5 %
have both traditional and modern hives.
Only 43 % beekeepers declared to analyze
their honey production in laboratories, in
order to ascertain the quality of honey.

As shown in Table (2), respondents have
reported Varroosis (97.5 %), as the main and
harmful disease, followed by Foulbrood
Bacterial (FB) diseases (18.8 %). The data
in this table support that V. destructor is
actually a pan-global pest, observed
worldwide (Boncristiani et al., 2020 and
Chauhan et al., 2021) including the
Mediterranean region: Egypt (Kugonza,
2020), Turkey (Kosoglu et al., 2019), Spain,
and Greece. Varroa mites have also been
detected in Tunisia (Pirk et al., 2016;
Abdelkader, 2020 and Kugonza, 2020).
Beekeepers can easily identify Varroa mites
at the naked eye: they notice small reddish
or brownish spots, about the size of a
pinhead, on the thorax of a honeybee or on
the larva (Kugonza, 2020).

AFB and EFB are present in numerous
countries on all continents where honey bee
breeding is developed (Boncristiani et al.,
2020). They include all the countries of the
Mediterranean region, except Egypt where
EFB has not been detected so far. However,
AFB did not spread to eastern, central and
western Africa (Kugonza, 2020). Since both
FB are bacterial diseases affecting bee
broods/ larvae, beekeepers can do visual
inspection of brood combs. For AFB
diagnosis, they can observe changes in the
color, layout, and integrity of the cell caps,
detectable twenty days after the larvae
infection (Matovi¢ et al., 2023). For EFB
diagnosis, they will notice irregular capping
of the brood; capped and uncapped cells are
found irregularly scattered over the brood
frame (called pepper pot brood) (Forsgren et
al., 2013). The difference between both is
based on the high mortality (90%) of EFB
infected larvae before capping whereas for
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Table (2): Survey on reported diseases and pests’ inquiry, according beckeepers’ socio
demographics (n=80).

Reported diseases and pests Statistics
(% respondents)
Type of Characteristics
Characteristics Wax Chi-
Varroa | moths | Foulbroods | square, df | P value
Age (years old) 97.5 15 18.8
25-40 100 14.3 25.7 6.792. 4 0.1473
41-60 100 16.1 16.1
> 60 85.7 14.3 7.1
Gender Women 100 21.1 21.1 2.612. 2 0.2709
Men 96.7 13.1 18
Beekeeping Main 100 21.7 26.1 3.381.2 0.1844
activity Secondary 96.5 12.3 15.8
Education Primary 100 8.3 8.3 87.99.10 <0.0001
Professional
training 100 25 25
Baccalaureate 100 0 20
High School 83.3 8.3 0
University 100 19.6 26.1
Not specified 100 0 0
Training in Yes 94.3 20 22.9 20.40. 4 0.0004
beekeeping No 100 15.8 15.8
Not specified 100 0 14.3
Route to Yes 100 14 18 30.98. 4 <0.0001
beekeeping: No 92.6 18.5 18.5
Heritage Not specified 100 0 33.3
Bee farmsize | <20 100 0 14.3 0107.3.8 | <0.0001
(hives) 20-49 100 0 7.1
50-99 93.3 13.3 13.3
100-1000 100 29.6 33.3
>1000 100 0 0
Experiencein | <6 100 0 9.1 72.69.10 | <0.0001
beekeeping 6-10 100 30 30
(years) 11-20 100 125 13.3
21-30 100 214 28.6
>30 87.5 12.5 6.3

The data was obtained through face-to-face interview and semi-structured questionnaire.
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in the cells, whereas AFB infected brood
commonly have very patchy brood patterns,
with perforated capping (Cook, 2023).

In this research, beekeepers have
provided a general answer, not
distinguishing between AFB and EFB. As
shown in Table 2, wax moths were the most
cited pests (15%). Wax moths, Galleria and
Achroia can destroy beeswax combs,
making pollen, honey and lay eggs
unavailable for the next generation of bees.
They are not considered as serious as other
stress agents are, but they are opportunists
and indicators of poor management
practices, leading to bee absconding and
economic losses (Kugonza, 2020). Wax
moths are present in almost all parts of the
world. In the Mediterranean Region, they
were found in Turkey, Egypt, Morocco,
Algeria and Tunisia (Boncristiani et al.,
2020 and Kugonza, 2020). They are usually
located in areas of the hives (top bars and
inner covers) that are not accessible for bees.
Wax moth detection can be based on visual
inspection by beekeepers showing: (1)
tunnels of silk throughout combs, (2)
patterns of bald brood caused by bees
uncapping cells where wax moth larvae have
tunneled, and (3) cocoons stuck to frames
and parts of the hive (Ellis et al., 2013).

As indicated in Table (2), diseases and
pest reports were significantly related with
beekeepers’  education, training and
experience in beekeeping, its route to
beekeeping (heritage) as well as number of
bee hives (p<0.05). In fact, since diagnosis
can be based on regular visual inspection of
hives, Tunisian beekeepers have the
knowledge to detect bee diseases and pests,
and to treat them consequently, thus
reducing harmful effects. Similarly, other
studies have reported beekeepers know
colonies from pest ledge and experience as the
most significant factors in the protection of
bee colonies from pests and diseases (Lawal
and Banjo, 2010 and Jacques et al., 2017,
Mezher et al., 2021). Beekeepers are aware
that pests and diseases can affect beehive
losses (Lawal and Banjo, 2010 and Dias de
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Freitas et al., 2022) and alter both the
quantity and quality of honey (Lawal and
Banjo, 2010; Schmeller et al., 2020), and
therefore their farm profitability. Varroa
infestation control can occur using synthetic
or natural chemicals as shown in Table (3).

According to the results in Table (3),

Table (3): Distribution of respondents on

chemical treatments against Varroa

destructor used in surveyed apiaries

(n=80
Item Treatment Respondents
(%)

Type of Apivar® 63.9
treatment Apistan® 35.1

Apiguard® 35.1

Garlic_+

petrolatum 5.6

Garlic + thyme

essential oil 1.3
Frequency of | 1 25.3
Treatment 2 70.7

>2 4
Season of Autumn 70.5
Treatment Winter 82.1

Spring 3.8

Summer 6.4

The data was obtained through face-to-face interview

Apivar® (500 mg of Amitraz/strip, Veto
Pharma) was the most used chemical
miticide to control V. destructor (63.9% of
respondents), followed by Apistan® (824 mg
of Tau-fluvalinate/strip, Vita Europe)
(35.1%). They are long-term treatments
(longer than 6-10 weeks) and require less
handling and renewal, compared to organic
molecules, but they leave traces of residue in
the waxes. After 20-30 years of use, V.
destructor is beginning to show signs of
resistance to Apivar® and Apistan®
(Bahreini et al., 2020), with only a limited
number of other options being developed.
According to Leza et al. (2015), thymol-
based Apiguard® represents an interesting
alternative product for integrated control due
to not only the low risk of V. destructor
resistance, but also to low residues in bee
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products. Apiguard® (35.1% of respondents)
is widely used in organic beekeeping.
Thymol (Apiguard®, Thyme essential oil)
has acaricidal activity and repellent effects
(Gracia et al., 2017). Loucif-Ayad et al.
(2010) in Algeria and Leza et al. (2015) in
Spain have shown better effectiveness of
treatments based on Apiguard® when
compared with Apivar®. However, Apiguard
appeared to be less effective in warm
climates (Leza et al., 2015). According to
the results, some Dbeekeepers used a
combination of these medicines. Other
natural miticides based on garlic, were also
used by 6.9 % respondents’ beekeepers. Al-
Kenawy et al. (2021) have shown the
efficiency of garlic paste in reducing by 76-
78%, V. destructor mites infesting honeybee
colonies. Plates can be impregnated with
petrolatum in order to attach mites to the
plates when they fell from the bees.
According to the literature, high loads of
V. destructor in bee colonies are observed
before summer collapse or overwintering
and are risk factors for colony loss
throughout the season (Bartlett, 2022). This
situation has been exacerbated by climate
change: the autumn infestation by V.
destructor in Central Europe can be
reinforced by the increase in spring and
autumn temperatures (Smolinski et al.,
2021). In this context, Tunisian beekeepers
have implemented prophylactic measures in
apiaries through treatments twice a year
(70.7 % of respondents), mainly in winter
(82.1 %) and autumn (70.5 %). The
treatment type was significantly related to
beekeepers age and education, number of
bee hives and the disease nature (p<0.05),
whereas as significant correlations of
numbers and season of treatment
applications were found with beekeepers’
age, honey laboratory analysis and disease
nature (p<0.05) (Data not shown).
According to Jacques et al. (2017) in
Europe, beekeepers’ knowledge on disease
detection and management (specifically for
varroosis and AFB) is essential to applying
earlier prophylactic measures and good
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beekeeping practices. The use of antibiotics
such as oxytetracycline, sulfathiazole and
Terramycin to treat FB bacterial infections
was not mentioned by surveyed beekeepers.
Antibiotics are considered as a last resort
and they are not used for prophylactic
purposes to avoid drug resistance and the
presence of residues in bee products (Patel
and Rahul, 2020). There are also
antimicrobial and antioxidant molecules in
the honey produced by the hives (Nolan et
al.,, 2019). In case of infection, EFSA
recommends destroying the entire infected
or suspected colonies. Therefore, most of
Tunisian professional beekeepers implement
preventative prophylactic measures to help
avoid diseases and pests, and keep apiaries
safe and healthy, as recommended by EFSA.
In regulatory terms in Tunisia, beekeeping
structures are subject to health approval as
defined in the Order of the Minister of
Agriculture and Hydraulic Resources of
May 26, 2006, setting out the terms of
veterinary health control, the conditions and
procedures for granting of health approval
for establishments producing, processing
and packaging animal products. Among
good beekeeping practices, apiary hygiene
constitutes a prevention and control measure
against honey bee diseases and pests.

Our survey revealed a compliance
regarding the hygiene of premises, hives and
equipment: 98.7% of respondents claimed
cleaning and disinfecting them before and
after the harvest. Interestingly, according to
our surveys, professional beekeepers are
more concerned about the diseases affecting
their stock, as well as the problems of
predators and parasites, than amateur
beekeepers. This is probably due to the
different profitability objectives between
amateur and professional beekeepers.
Deaths caused by disease and parasites are
very detrimental to professional beekeepers,
who have to make a living from their
operations. Moreover. as professionals
(>100 hives) have less time to devote to
each hive, they pay more attention to the
health and sanitary aspects.
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The respondents used more of products for
cleaning and disinfecting premises, hives
and equipment (Table, 4).

Table (4):

Respondents by ways of

cleaning and disinfection methods
used in surveyed apiaries.

Way of Disinfection | Respondents
cleaning methods (%)
Premises Hot water 434
disinfecting | Warm
products sodium
hypochloride
solution 34.2
Detergents 17.1
Detergents
and
disinfectants | 15.8
Hive and Hot water 34.6
equipment | Warm
disinfecting | sodium
products hypochlorite
solution 24.4
Detergents 10.3
Detergents
and
disinfectants | 23.1
Blowtorch
for hive
bodies 46.2

The data was obtained through face-to-face
interview and semi-structured questionnaire.

Disinfecting with boiling water is a

common  physical method wused in
beekeeping (Bojani¢-Rasovi¢, 2021). This is
the most used method by the respondents,
for cleaning and disinfecting premises
(43%) and equipment (34%). However, this
method requires preliminary mechanical
cleaning. Temperature and contact time are
very important for the efficacy of the
operation (Bojani¢ RaSovi¢, 2021). 46.2 %
of respondents declared disinfecting hives
bodies with a blowtorch, which is a very
efficient physical method to destroy the
pathogens that are on them. According to
results, beekeepers mostly used chemical
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methods, then physical ones (Table 4).
Sodium hypochlorite (NaClO) is the most
used agent in our survey for cleaning and
disinfecting premises (34%) and equipment
(24%). 1t is a well-established antimicrobial
agent, and it is very affordable. A
concentration of warm 5 % sodium
hypochlorite for approximately 30 minutes
IS needed to achieve a disinfectant effect
(Bojani¢-Rasovi¢, 2021). Patel and Rahul
(2020) have documented that dipping the
hive parts in 3% sodium hypochlorite
NaClO solution was effective to destroy FB
bacterial agents. However, this chemical can
leave some traces on equipment. Therefore,
beekeepers use detergents alone, or
combined with disinfectants that usually
affect the metabolism of microorganisms
(Bojani¢-Rasovi¢, 2021). Detergents are
bactericid and fungistatic, but they have no
effect on spores and viruses (Bojanic-
Rasovi¢, 2021). They are used for washing
and cleaning of metal and wooden surfaces.
The main constraints for beekeepers at this
level, a lack of information and training as
well as a limited access to veterinary
treatments for bees. According to
respondents, the medicines available on the
Tunisian market to treat bee diseases are few
in number and do not meet the growing need
for effective veterinary medicines. For them,
scientific research and development efforts
remain inadequate in terms of treatments
against microbial and parasitic species in a
climate change context. Schmeller et al.
(2020) have reported that V. destructor
spreads more rapidly in hot and humid
environments. Medicines and treatments are
very free for professional organizations and
small beekeepers, but this is still limited
because of the very low budget. Beekeepers'
associations  receive indirect financial
assistance from the Tunisian government
through Livestock and Pasture Office (70%
of equipment and tools), while beekeepers
belonging to professional organizations pay
only 30%. This aid does not apply to
independent beekeepers. In order to ensure
the protection of bee health, our study has
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highlighted that beekeepers must be trained,
in particular on the knowledge and diagnosis
(clinical signs) of bee diseases and pests, the
control, prevention and control of infectious
diseases of bees. They also need support
through technical assistance for
implementing good beekeeping practices
and good hygiene practices in their apiaries.
The application of the principles of these
good practices not only ensures the health
safety of hive products including honey, but
also better preserves the health of bee
colonies. In reality, good beekeeping
practices constitute the basis for the
implementation of an internal management
and control system based on the principles
of Hazard Analysis Critical Control Point
(HACCP), considering that the HACCP
system itself is not legally compulsory for
beekeepers as primary producers.

Conclusion and recommendations

The obtained result has established that
among pests and diseases affecting apiaries,
V. destructor is a major issue for Tunisian
beekeeping sector. Interestingly beekeeper
respondents have developed mitigation
strategies based on preventive prophylactic
measures including apiary hygiene, and on
the use of chemical synthetic and/or natural

miticides. Our findings indicated that
beekeepers’ experience, education and
knowledge on disease detection and

management are crucial for preserving bee
colonies' health and productivity, and
therefore bee farm profitability. Limitations
of this study would be related to the data
collection method, through face-to-face
interviews. This would introduce bias, due
to respondents’ subjective opinions and to
interviewer effects. However, according to
Jacques et al. (2017), these data represent
valuable contributions for policy makers, as
well as for corroborating scientific findings.
Our findings may be of special interest for
policy makers, stakeholders and other actors
for designing and implementing successful
integrated  bee  diseases and  pest
management strategies, in order to support
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Tunisian beekeeping sector. Given that this
IS a multifactorial issue, recommended
solutions would be:

e Strengthen the national program for the
prevention and control of bee diseases;

e Implement an integrated fight program
against Varroa.

¢ Organize health prophylaxis campaigns
and strengthen colony control on
beekeeping farms.

e Strengthen the technical capacities of
beekeepers, by developing training courses
relating to breeding techniques, the
detection and the treatments of diseases
and pests, as well as traceability, good
beekeeping practices and good hygiene
practices;

o Support beekeepers in their fight to protect
the health of colonies through extension
Services.

e Promote the availability of treatments on
the market at preferential prices.

o Better, regulate transhumance in order to
fight against diseases spread during
transhumance, and to avoid a
concentration of apiaries in a limited
geographical area.

o Arise awareness of amateur beekeepers to
sanitary bee issues.

e Provide support for the digitalization of
production systems and promote the use of
innovative technologies for livestock
monitoring: Innovative technologies, such
as drones, sensors, and forecasting models,
can help beekeepers monitor and manage
their production more efficiently. In
general, our findings may be of special
interest for policy makers, stakeholders
and other actors for designing and
implementing successful integrated bee
diseases and pest management strategies,
in order to support Tunisian beekeeping.
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