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Abstract: Globally, honey bee (Apis mellifera L.) is the most domesticated bee species due to their ability to produce honey
of commercial value, wax, pollen, royal jelly and propolis. They also facilitate pollination processes of flowering plants.
However, there has been an increase in reported incidences of hive and colony infection by honey bee parasites and pathogens,
contributing to colony collapse disorder. This study explored the beekeeper’s approaches to hive infestation by bee parasites
and pathogens in Kenya. Using a questionnaire, 78 individual beekeepers and 15 beekeeping groups in eleven different
Counties in Kenya were surveyed between 2012 and 2013, and their ability to identify and manage honey bee pathogens and
parasites was determined. Majority of the farmers (95%) said they experienced challenges with pests. Ants were the pests
mostly mentioned by the apiarists (90%), followed by small hive beetles (32%), wax moths (28%) and pirate wasps (18%).
Only one respondent mentioned Varroa mites and no respondent mentioned any of the pathogens transmitted by these
parasites. Most (90%) management practices apiarists mentioned targeted controlling ants. Farmers had no idea of how to
control other pest and/or parasites, in spite of their presence as was confirmed by this study that all colonies inspected in all
sites were infested with Varroa mites. Majority (93%) of the apiarist harvested honey at night when visibility is poor and hence
could not see other pests and/or pathogens. Apiarist’ need education on bee husbandry in order to contain honey bee parasites
and pathogens to improve their awareness on the same and to manage colony collapse disorders. They need to embrace colony
inspection and honey harvesting during the day when sufficient lighting is available for detection of parasites and pathogens.
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1. Introduction

Bees are winged, flower-feeding insects with branched
body hairs classified under phylum Arthropoda, class Insecta,
and order Hymenoptera [1]. The order constitutes diverse
species of bees, wasps, ants, and sawflies. There are seven
bee families which are divided into two groups based on
labial palpal morphology, the long tongued group and the
short-tongued group [2]. Honey bees, Apis mellifera L.
belong to the long tongued family Apidae. Ten species of
honey bees of the genus Apis have been categorized into
three distinct groups. Cavity-nesting bees including A.

mellifera, A. cerana Fabricius, A. koschevnikovi Enderlein
and A. nulensis Lin.). Giant bees include A. dorsata
Fabricius, 4. laboriosa Smith and A. nigrocincta Smith).
Dwarf bees constitute A. florea Fabricius and 4.
andreniformis Smith[3, 4].

Honey bees are social insects living together in large
organized family castes consisting of the queen bee, the
sterile female worker bee and the male drone [5]. In the bee
colony there is division of labor, individuals exchange food
and information and the different types of individuals differ
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in ratio and life history schedules [6]. The queen bee is the
only reproductive female in the colony, the sterile workers
perform all the non-reproductive functions in the colony [7],
[5] while the role of male drones is to produce sperms and to
mate with the queen [8].

Living socially makes the bees vulnerable to pathogens
due to the close and extensive social interactions among
individuals. The large homogeneous physical and genetic
environment provides for sustainable path for pathogens
transmission [9]. The distribution of liquid food by
individuals to a large number of other individuals in the
colony, otherwise referred to as trophallaxis contributes to
the spread of brood diseases [9].

The colony size and density of the host population
determines the persistence and transmission of a pathogen in
a population as they influence the frequency of interactions
among individuals [9]. Larger colonies with bigger
workforces have higher contact rate with pathogens outside
the colony. Consequently, pathogens would spread faster due
to a higher contact rate between infected and non-infected
individuals [10].

Beekeeping practices and the beekeepers play a key role in
the spread, diagnosis as well as control of new and
established diseases [11, 12]. The practice of beekeeping
encourages huge colony sizes and densities, as well as
interferes with natural selection [13]. Hive arrangement [14],
placement of bee colonies in rows and in close proximity to
each other, facilitates drifting and increased mites’ infestation
[15] resulting in parasite virulence, host colony morbidity
and death [16]. Crowding of colonies in the apiaries and the
use of large modern hives, exposes the bees to an array of
pathogens especially where there is established populations
of Varroa destructor [17, 18].

Parasites and pathogens stand as a serious threat to the
population of bees’ worldwide [19]. Declines in bee
populations for whichever reason interferes with the role of
beekeeping as a source of livelihood. In order to obtain
sufficient quantity of honey and hive products, availability of
sufficient forage with diverse floral diet, is important for
honey bee survival and pathogen resistance [20, 21].
However, ecological degradation of the natural resources
[22], change in landscape use through intensive agriculture,
and the control of weedy plant species [20, 23], alongside
seasonal drought [24, 25] have led to the depletion of bee
forage. As a result, apiarists’ resort to move their colonies
from one area to another in search of nectar and pollen
sources in order to maintain honey flow [25].

Movement of honey bee colonies in search of forage or for
the purpose of trade [26], exposes the colonies to pesticides
and pathogens [27]. The interaction of managed or imported
bees with wild pollinators, creates a leeway for disease
emergence via direct transmission, facilitated by changes in
host susceptibility [28]. Weak trade restrictions on imports of
honey bee colonies [29] have allowed uncontrolled
movement of honey bee swarms by beekeepers for
commercial pollination and exploitation of honey-flows [30].

Bees are infected by viruses, protozoans, fungi, bacteria

and ectoparasitic mites [31]. Pathogen abundance in
individual honey bee colonies is influenced by beekeeping
operations, colony health, mite infestation levels, colony
genetics, weather, nutrition and agrochemical exposure. The
absence of parasites and pathogens in bee colonies
guarantees healthy strong bee colonies with high production
of honey and other hive products, which is the main purpose
of beekeeping. It is vital to ensure high quality of the hive
products, however, beekeepers exposes bee colonies to
pesticides and hive products to pesticide residues [32, 33]
Boecking and Genersch, 2008) through treatment [12].
Antibiotics used in apiculture for the treatment of bacterial
infections are similar to those used in veterinary. Relatively
high doses are used to treat infections while low doses as
applied as growth promoters. There are no Maximum residue
limits (MRLs) for bee products hence such antibiotics have
direct toxic effect on humans [34]. The presence of chemical
residues as well as the existence of the bee pathogens listed
by organization of animal health (OIE) affects trade in honey
and hive products.

In Kenya, extensive beekeeping is practiced in the arid and
semi-arid lands using traditional log hives hanged on trees,
covering large areas and away from human and animals
habitation. Intensive beekeeping on the other hand, is
practiced using modern hives on small to medium scale
farms in agriculturally productive parts of the country,
inhabited by most people [35, 36]. Beekeeping as an
important alternative source of livelihood for many resource
poor farmers, faces a number of setbacks including
inefficient technologies, insufficient knowledge,
environmental degradation, low production [35] and parasites
and pathogens of bees [37].

This paper explores the knowledge of apiarists on the bee
parasites and pathogens, their management practices and the
possible role they play in their spread through their practices.
The beekeeper’s approaches to hive infestation by bee
parasites and pathogens were assessed in Kenya. Their ability
to identify and manage honey bee pathogens and parasites
and the practices that could contribute to the spread of bee
parasites and pathogens.

2. Materials and Methods

Semi-structured questionnaires were administered to 78
individual beekeepers and 15 beekeeping groups. The
beekeepers originated from Mwingi, Embu and Kibwezi in
Eastern Kenya; Marigat and Narok in Rift Valley; Magarini,
Voi and Matuga in the Coast; [jara in North Eastern; Busia
and Siaya in Western Kenya. The interview took place
between 2012 and 2013. The variables which were assessed
included the apiarist’s ability to identify honey bee parasites
and pathogens, their management practices to alleviate honey
bee parasites and pathogens from honey bee colonies. We
also determined presence of parasites (varroa mites) and
pathogens in the hives to compare what the apiarists said and
the actual situation on the hives. Data was analysed using
descriptive statistics.
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3. Results and Discussions
3.1. Type of Bee Hives Owned

Only three types of bee hives were mentioned to be used in
honeybee management as mentioned by the respondents.
These included traditional log hives, Langstroth hives and
Kenya top bar hives (KTBH). Fifty four of the respondents
owned purely traditional hives while 62 of them owned all
the three types or two types of the mentioned bee hives. The
total number of traditional hives owned by the respondents
was 3647, while modern hives were 1139. Modern hives
were mainly owned by the respondents who had practiced
beekeeping for an average period of five years and below.

The total number of traditional hives owned (3,647) viz the
modern hives owned (1,139) by the respondents in this study,
is an indication that more people used traditional beehives
than modern hives. Traditional hives were more in areas
where beekeeping had been practiced over a long period of
time, while in the areas where respondents had practiced
beekeeping for a short period, modern hives were the most
preferred. The preference to traditional hives was cited by the
respondents as due to reluctance to embrace new technology
of modern hives. The respondents pointed out that log hives
are less to prone to ants’ infestation and that they are hardy
towards harsh environmental conditions like rains and dry
spells. Beekeepers in Marigat, Baringo County had
developed ‘Turgen’ improved log hives, which have two
chambers separated by a queen excluder to ensure quality
honey and to allow for colony inspection.

3.2. Honey Production

The total honey produced during the survey season was 13,
411kg. Production of honey varied with number of hives
owned. The honey was either sold in crude forms (61%) or in
processed form (39%). For increased income from
beekeeping practice, increased honey production should go
hand-in-hand with the quality of the product. Quality may be
compromised along the value chain from the colony to the
processing point. Honey extracted from combs and apiaries
contains pollens, beeswax, and other undesirable materials
including yeast. Honey is consequently processed to remove

Varroa Mites

Pirate Wasps

Wax Moth
Beetles

Ants

the above mentioned in order to improve its quality and shelf
life [38]. Honey processing include filtration and heating by
simple straining, thermal heating or water bath and bulking
for large quantities [39].

Heat or thermal processing of honey eliminates the
microorganisms responsible for spoilage and reduces the
moisture content to a level that retards the fermentation
process [38]. Contamination of honey and hive products may
be initiated by lack of proper hygiene when handling honey
[40] through blending or mixing honey from different
colonies and locations. It is documented that spores of
American foulbrood can be spread through reuse of
contaminated  beekeeping  equipment, feeding  of
contaminated honey or pollen to colonies, or through the
robbing of dead or disease weakened colonies by healthy
bees [41]. Field observations showed that beekeepers shared
hive equipment like protective gear during harvesting, and
they also shared centrifuge or process honey from a common
point. Such contaminations are also of consumer health
concern, international commercial competition, and better
product quality [34].

Beekeepers have collection points for raw honey. At the
collection points, the honey is processed using a common
centrifuge and packaged for marketing. There lies a risk of
transmission of bee brood diseases and sharing the residues
load from different colonies and locations. Parasitic mites can
also be transported in the honey combs to the processing
units. The sharing of such facility is linked to their high
costs.

3.3. Knowledge of Pests and Pathogens in Bee Colonies and
Their Management

Ninety one percent (n=85) of the respondents said they
experienced challenges with pests. Ants were the major pest
as mentioned by most of the respondents (90%). The other
pests mentioned included small hive beetles as mentioned by
32% (27) of the respondents, wax moth, as mentioned by
28% (24) of the respondents and pirate wasps as mentioned
by 18% (15) respondents (Figure 1). Only one respondent
mentioned Varroa mites.
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40 50 60 70 80 90

Number of Respondents

Figure 1. Honey Bee pests observed by beekeepers in their hives in domesticated bee colonies in Kenya in 2012.
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Methods used in controlling these pests as mentioned by
the respondents included smoking the hives, greasing the
posts of hive stands, use of Sevin dust, ash, and pepper spray
and doom to control ants, cleaning hives and hand picking
observed pests. Ten of the respondents smoked their hives,
33 respondents applied grease on hive stands, 9 respondents
inspected their hives, 18 respondents used Sevin dust, 11
respondents used ash, 7 respondents used pepper spray, 26
six respondents cleaned their hives, 7 respondents’ hand-
picked pests while 3 used doom to kill the ants. The methods
of pest management targeted control of ants.

It is apparent that the major pest according to the
respondents, were ants. The other important pests were
beetles, wax moth and pirate wasps. The beekeepers did not
carry out any hive inspection for pests and diseases probably
because they were not awareness of their existence. It was
also difficult to identify any changes in the colonies or the
existence of pests and suspected diseased bees and brood in
good time, because they practiced night beekeeping. In this
case, hives were only visited at night and when they wanted
to harvest honey.

Field colony inspections conducted during the study
revealed that wax moth were a major pest in the bee colonies.
Smaller and larger hive beetles were also observed in some
colonies while Varroa mites were reported in all the colonies
inspected in all the different sites.

3.4. Verification of Presence of Parasites and Pathogens as
Acclaimed by Apiarists

Seventy two hives were opened and inspected. The pests
observed were recorded as either present or absent while the
numbers of Varroa mites’ were recorded per hive. The pests
reported included wax moths which was observed through
damage caused on the combs, presence of webs and in some
cases wax moth larvae. Smaller and larger beetles were
observed moving within the colonies and in some cases their
larvae were also present. Sugar ants were observed on the
hives and their eggs on the hive lids. Of the seventy two
hives inspected, 59 were reported to be infested by Varroa
mites. The pathogens reported in the colonies inspected
included Black queen cell virus, Kakugo virus, Varroa
destructor virus-1 as reported in [42]. None of the pathogens
were reported by the respondents.

4. Conclusions

While reporting the existence of Varroa mites in Kenya in
2009, it was observed that beekeepers in the country were not
aware of the existence of the mite in their colonies, neither
had they experienced any negative impact on colony survival
or productivity [43]. This paper reveals that the status of
beekeepers’ knowledge on the existence of the mites has not
changed. It was observed that beekeepers did not do any
inspection in the hives to check for parasites, pests or
diseases; this could be due to lack of knowledge on their
existence. The bee colonies were only monitored to time

honey harvesting. Harvesting was done at night, making it
impossible to identify anything unusual in the colonies. The
respondents considered ants as the most important pest in
their colonies, and their efforts were focused on the control of
the ants, using Sevin dust and others even using doom. The
lack of awareness of the pests and parasites could contribute
to the continuous spread of the mite in the country through
poor beekeeping practices like self-colony multiplication and
sharing of hive equipment.

Of the pests of honey bees listed by the world organization
of animal health as trade sensitive, only small hive beetle (27
respondents) and Varroa mites (1 respondent) were
mentioned by the respondent. Only one respondent
mentioned Varroa mite, yet all the colonies were infested by
the mites although at varying rates. Varroa mites have been
reported to be throughout the country [42, 44]. This is a
pointer that, beekeepers need information on the
identification of pests and diseases that infect bees and how
they are related to hive production, trade in hive products and
food production.

Varroa mites’ economic threshold is dependent on the
proximity of one colony to another. In case of many colonies
within 3 - 5 miles of each other, the threshold is lower
because of robbing and drifting of bees among colonies
hence horizontal transmission [45]. In managed apiaries,
honey bee colonies are placed in rows and in close proximity
to each other facilitating drifting and increase in mites’
infestation [15, 16]. This was the case in the field
observations in this studies. This is a factor that would be
contributing to the wide spread of Varroa mites in
domesticated honey bee colonies in the country.

Drifting has been reported to play a major role in the
transmission of bee parasites and pathogens. Infected drifters
may infect other honey bees which they come in contact
with. Honey bee drifting may be induced by high colony
densities in the apiary, inter-colony distance, distance from
windbreaks, presence of landmarks, direction of colony
entrance, topography, similarity in hive design and color
[14]. To reduce drifting, beekeepers have resorted to space
hives and use different hive entrance colors [46]. Spacing of
hives only applies to areas where traditional hives are used in
the country. However, where modern hives are used hives are
placed in close proximity in the apiaries.

Beekeepers are at the core of bee health and should be
encouraged to carry out regular hive inspections, to reduce
disease incidences and the possible introduction and spread
of bee pathogens. Siting of apiaries where bees are exposed
to agrochemicals increases their susceptibility to biological
infections [47, 48]. They need to embrace good beekeeping
practices which also contribute to reduced spread of bee
pathogens. The recent rampant spread of AFB in South
Africa has been connected to poor beekeeping practices [49].
Higher colony losses have been observed in migratory
beekeeping practices compared to stationery beekeeping
practices [49]. Therefore, it is crucial to have a collective
understanding of honey bee health through national
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collaboration and establishment of common protocols and
promotion of beekeeper knowledge and beekeeping
management practices [50]. Beekeepers’ knowledge of bee
health would provide an avenue for timely management and
possible control of bee diseases and ensure adherence to
honey safety assurance systems [51]. The importance of
compliance with good beekeeping practices based on in-
depth training in beekeeping and regular monitoring of
colonies to maintain the health of apiaries cannot be
underscored [52]. Apiarists needed to embrace hygiene to
safeguard the quality of their hive product. Quality standards
greatly affects trade in such products.

Monitoring for pests and diseases in honey bee was not a
common practice in the country. The beekeepers who have
been in the practice for more years, have knowledge on
honey timing and the important bee forage. The main support
that beekeepers received was training on hive management
and non on importance of pests and diseases on hive
production. The respondents did not know the pests and
diseases which affected trade, instead they mentioned black
sugar ants. Some respondents used Sevin dust while others
used grease to control the ants. In the country from PCPB
reports, there are no listed products for control in apiculture.
The respondents, who had been in beekeeping practice for
long, maintained the use of traditional log hives. These
respondents cited the log hives to be more resistance to heat
during dry spells and ants attack and that occupation rates
were higher than modern hives. Beekeepers relied mainly on
seasoned beekeepers for information and guidance. None of
the respondents gave supplements proteins to their colonies
during drought. However, some provided water and sugar
solution to reduce absconding. The respondents had no
information on existence of commercial supplement proteins
in the market for bees. For the lack of knowledge of
existence of diseases, respondents never changed brood
combs. Very few mentioned they did colony division to
strengthen their colonies. However, most respondents
complained of absconding as a major challenge in
beekeeping.
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