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ABSTRACT

The Varroa miteVarroa destructo(Arachnida: Acari: Varroidae) is an ectoparagitite of the
honey beqApis mellifera). It was first detected in East Africa in 2009. famtly, no control
strategies have been put in place to manage theirpésganda. A study was conducted to
establish the extent of spread of the Varroa rdggermine its seasonal population dynamics and
also evaluate some control options against the usitey Varroacides. A survey of nine districts
representing four Agro ecological zones of Ugamd&ovember and December 2015 showed
that Varroa was present in all. Severity of infaetes calculated as Varroa load (number of
mites per 100 bees) was below the threshold oftésyper 100 bees. An average of 4+0.69 mites
were recovered per colony sampled. Altitude, seagdny and wet), AEZ had no effect on
Varroa mite populations. There were significantedé#nces in the comparative efficacies of two
varroacides. Fluvalinate had a higher efficacy §5%) than Thymol (38.79%) though both
values were generally lower than those that haven beported elsewhere. Effects of the
treatments on some colony performance parameteght(&ctivity and number of combs with
honey) were found to be insignificant while theyraesignificant for brood characteristics
(brood pattern and number of brood combs). Thisnisndicator that further studies should be
done to establish the effect of these treatmentsrood and also the queens within hives. Also,
an integrated management approach for the mitelghmudeveloped to avoid dependence on

chemicals which can result into development ofstesice of the mite.

Key words: efficacy,incidence, honey bee, population, severityarroa, varroacides
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CHAPTER ONE
1.0 INTRODUCTION

1.1 Background to the study

The honey beeipis melliferalL., is a well adapted insect with great econormmgpartance and
exists in different ecological conditions of thendo(lvanova et al., 2010). It is a valuable insect
known for its importance as a pollinator and hopeyducer (Strauss et al., 2013). One third of
the total human diet comes directly or indirectiynh bee pollinated crops (Fakhimzadeh, 2001).
However, majority of beekeepers do not receive @ayyment for their pollination service from

the crop farmers.

The beekeeping industry is an important compondnaguiculture and economic enterprise
worldwide, generating employment and increasingilfamcome in the rural areas. In addition
to the products produced from apiculture such aeh@nd beeswax. The most important aspect
of honey bees is the vital role they play in theiemment by pollinating both wild flowers and
many agricultural crops as they forage for nectat gollen. By doing so, honey bees contribute
to food security and biodiversity conservation (@ieot et al., 2016). It is therefore important
that Uganda maintains honey bee populations tlast@ong enough to sustain productivity and

essential pollination services (Kajobe et al., 2010

The essential and valuable activities of honey lmespossible only with healthy colonies.
Several factors have been shown to negatively imnftec health and longevity of honey bee
colonies; pests, parasites, pathogens, pesticig@sexe, poor nutrition, reduced genetic diversity
and poor management practices (FAO, 2006; Mulilget29014). Among these factors, the

parasitic mites are one of the most debilitating.



More than 100 species of mites are associated tivgthoney beed. mellifera.Several species
of pollen feeding mites are occasionally found imeb or attached to foragers (FAO, 2006).
These phoretic mites are mostly innocuous to bgekge There are however three species of
parasitic mites;Varroa destructor(Varroa mite), Acarapis woodi(Tracheal mite) and the

Tropilaelaps sppnite, that are capable of producing devastatifectef on honey bee colonies.

Varroa destructorAnderson and Trueman (Acari:Varroidag)considered the most serious pest
mainly threatening the development of the beekeppidustry world over (Begna, 2015). The
excellent microclimate provided by honey bee caemprotectd/. destructorfrom all external

limiting factors thereby enabling it survive in ade range of climatic zones and exist in every

continent except Australia (Fakhimzadeh, 2001).

Relatively harmless to its natural host, the Eastemey beé\pis ceranathe Varroa mite has
recently crossed onto the Western honeyAygis melliferaand spread from its Asian origins to
most of the world (Allsopp, 2006). Colonies infektey V. destructorwill eventually suffer
debilitating effects. Feeding by mites on bee pupae reduce the emerging adult bees’ body
weight by 6.3-25%, suppress their immune systemd,raduce their life spans (Fakhimzadeh,
2001; Lee et al.,, 2010). Mites also can transmitisgs during feeding, which can have

devastating effects on colony health (Lee et a.020

In regions of the world where th&arroa mite is well established, such as Europe and tha,U
wild honey bee populations have disappeared asdt ref Varroa mortality and commercial

beekeeping is only possible with the liberal usamf-Varroa pesticides (Allsop, 2006)



Varroa mites in honey bee colonies in East Africa weentdied for the first time in 2009 (Muli

et al., 2014). In Uganda, several reports haveicoall V. destructorpresence, infestation rates,
pathology and impacts on productivity of honey b@@ksemurot et al., 2016; Kasangaki et al,
2016). The purpose of this study therefore wasstal#ish the incidence and severityM#rroa
mites in selected districts in Ugandearroa seasonal variations and also come up with

appropriate control strategies for their effectivanagement.

1.2 Statement of the problem

Varroa destructoris believed to be largely responsible for honeg belony losses worldwide
particularly in the USA and Europe. There is howelittle information on its prevalence,
severity and any underlying factors that may inflee its persistence and spread in Uganda.
Management measures that are presently unknown qaraon beekeepers also need to be

developed as a way of having a lasting and sudiksrsalution to the problem.

1.3 Objectives of the study

1.3.1 General objective

The overall objective of this study was to deterniine infestation levels, seasonal variation and
evaluate chemical control options fgarroa destructorinfesting hived honey bee colonies in
Uganda.

1.3.2 Specific objectives
I. To determine the incidence and severityMalrroa mites in hived colonies in selected

areas of Uganda.
ii. To determine the seasonal variation\@rroa mites’ population across wet and dry

seasons in two agro ecological zones of Uganda.



li. To evaluate control options fdfarroa mites and their effects on associated honey bee

colony performance parameters in Uganda.

1.4 Null Hypotheses
I. Varroamite incidence and severity is not variable betwagro ecologies

ii. Varroa mites’ population dynamics are not different beswelry and wet seasons, and
between the AEZs
iii. The Varroacides have no appreciable effect on le¥eVarroa mite infestations and

honey bee colony performance

1.5 Justification of the study
The beekeeping industry in Uganda has registeezdandous growth over the years and is being

used as one of the tools for improving rural hootetlncomes. The industry is however faced
with a number of challenges among which is the pastdisease burden. Common among the
pests is th&/arroa mite which causes varroasis, a very serious antgplex infestation to honey
bees. It infests both adults and brood and if mbécted early and control measures administered
it will continue to be a serious threat to the lomegm sustainability and prosperity of the
Ugandan apiculture industry and to the environm@éhis will be through the disruption of
pollination services and quality and quantity oé lproducts brought on the market. The overall
outcome would be affecting food security negativahd the tangible benefit of direct income
from sale of bee products reduced immensely. Tobabrthis, a lasting solution for control and

treatment of Varroa infestations was needed artdghehat this study addressed.



CHAPTER TWO
2.0 LITERATURE REVIEW

2.1 The honey bedApis mellifera)
2.1.1 Honey bee products and their uses

The honey be¢Apis mellifera)originally described by Linnaeus (1758) is a sbiriaect with
the ability to produce large quantities of honey $torage as well as other products of human
interest. Two honey bee racéspis mellifera adansoniand Apis mellifera scutellatagxist in
UgandawherebyA. m. adansoniis more widespread in the AEZs in the northern aastern
parts whileA. m. scutellatas more spread in the southern and western pértseocountry

(Kasangaki et al., 2017).

Products from the bee hive are quite diverse arg thclude honey, bees wax, propolis, bee
venom, royal jelly as well as bee pollen. Someheke can be eaten raw as primary products or
value added to them and utilized in secondary fdfoney is the most important bee product
especially from a quantitative point of view thougbnsidered the cheapest. Honeys contain a
number of sugars from single or varied nectar ssisnd small amounts of minerals, vitamins,

proteins and amino acids.

2.1.2 Economic contribution of honey bees to world agricliure

Honey bees worldwide are highly valued for theoducts and their role in pollination of many
agricultural crops and wild plantBy so doing, they contribute to food security amabiversity

conservation. Honey bees pollinate about one siktthe world’'s flowering plant species and
some 400 of its agricultural plants (Kapwong, 201&jcording to FAO (2006), the value of

honey bees in pollination exceeds by ten to twéimes their value in the production of honey



and beeswax. Overall, the value of insect pollamato global agriculture is estimated to be
approximately $200 billion per year and this ilikto triple in the near future (Kapwong, 2016;

Vandervalk, 2013).

Although the chief contribution of honey bees toi@agture is undeniably pollination services,
they also produce many highly valued products mgamoiney and bees waXarious other hive
products are also sold as natural health productis as propolis; a substance bees collect from
tree resins with uses in traditional medicine, g@jla protein source frequently used as a dietary

supplement and royal jelly; the substance fednealagueens (Vandervalk, 2013).

In Israel, beekeeping yields 3200 metric tonnebafey (a value of $12 million) and 100,000
cycles of pollination services to different crops @ugmented income of $250 million) while in
Canada an estimated 35.4 million kilograms of lyomalued at approximately $151 million
were produced in 2011 (Soroker et al., 2010 ;Varalkey 2013). This clearly shows the value of

honey bees and beekeeping on the global scene.

In East Africa, honey bees provide critical poltioa services and income for smallholder
farmers and rural families (Muli et al., 2014).Kenya, honey production alone is estimated at
25,000MT and beekeeping generally contributes aBdat5 million annually (Kiptarus et al.,
2011) whereas annual export earnings from forestlymts; honey and beeswax inclusive are
valued at around $14 million in Tanzania (Tanzadaional Export Strategy 2010-2014). In
Uganda, there is insufficient statistical data ba apiculture industry performance regarding
sales to both local and export markets although EAQT indicates that 30MT of honey worth

$66,000 was exported in 1995 (FIT, 2006). Also, hitggs annual honey production is estimated



to be about 5,000 tonnes although this is only T%nroestimated potential of 500,000 tonnes

(Horn, 2004). This clearly shows that Uganda preditbe least amount of honey in the region.

Various schools of thought could explain the lownéy production of bee colonies in Uganda.
These include loss of honey bee populations duad®ased loss of natural vegetation cover
like forests which are natural habitats for tropibaes; low extension services provided to
practicing beekeepers especially on how to increamy numbers and productivity; increased
use of insecticides and other agrochemicals tleaharmful to bees and increased infections by

pests and diseases including a number of invasigsegpecies in particular tMarroa mite.

2.1.3 Health threats to honey bees
Serious health threats #. melliferainclude infections by bacteria, microsporidiansuses,

various pests as well as colony disorders. Thdeetions lead to weakened bees and hence non
performing colonies. These threats have contribtdettie loss of most wild honey bee colonies
(Vandervalk, 2013). Reports of heavy colony lossesldwide have raised public concern and

awareness for the future of honey bees (Sorokal,e2010).

Uganda was found to be free of chronic bee pasalsus, Sac brood virus, Deformed wing

virus, Acute bee paralysis virus, Apis iridesceiniy and Israeli acute paralysis virus (Kajobe et
al., 2010). However, Black queen cell virus (BQGMs confirmed present in both adults and
brood. In South Africa, BQCV has been linked wititably increased honey bee mortality when

associated witWarroa (Davidson et al., 2003).

It is now evident thaWarroa destructoris currently widespread in Uganda although farmers
together with beekeeping extension workers aream@tre about its presence (Kasangaki et al.,

2016). Despite having no reports i8ub Saharan Africa about honey bee colony lossestalu



Varroa mites, their presence is a potential threat to ltkekeeping sector and should be

monitored (Chemurot et al., 2016).

2.2 Varroa mites: Description, lifecycle and spread
2.2.1 Description
Varroa destructorAnderson & Trueman (Acari: Varroidae) is an ectagéic mite that feeds on

the haemolymph of immature and adult honey bedss (&hd Nalen, 2010). The adult female
mites are reddish-brown to dark brown and ovalhape (Fig.1) measuring 1.00 to 1.77 mm
long and 1.50 to 1.99 mm wide (Ellis and Nalen, ®0ITheir curved bodies fit into the

abdominal folds of the adult bee and are held thgrehe shape and arrangement of ventral
setae. This protects them from the bee's normahaig habits. It attaches itself on the body of
the bee and sucks its haemolymph through punctoaee in the body wall by their sharp mouth
parts (Fig.2). Adult males are yellowish with lightanned legs and spherical body shape
measuring 0.75mm to 0.98 mm long and 0.70mm tordB8vide. The male chelicerae are

modified for transferring sperm.

Figure 1: Structure of Varroa destructor



Varroa mites

Figure 2: Varroa destructor attached on brood and adult honey bees

V. destructoris a native parasite dpis ceranathroughout Asia (FAO, 2006)Co-evolution
betweenA. ceranaandV. destructorspecies resulted in the persistence of low mitgufadions

in colonies at levels that do not endanger theivigal (Rosenkranz et al., 2010). However, in
the past century. destructorsuccessfully shifted from its original host, theskern honey bek.
ceranaonto the Western honey beée, melliferaand this has facilitated its spread from its Asian
origin to now being almost cosmopolitan (AllsopPBYRosenkranz et al., 2010).

Varroa destructoris a mite as described by Anderson & Trueman, @200 is a eukaryote
belonging to Kingdom: Animalia; Phylum: Arthropodatass: Arachnida, Order: Parasiformes;
Suborder: Mesostigmata; Family: Varroidae; GeMaroa and Species/arroa destructor.

2.2.2 Distribution and Spread
Varroa mites are common nearly everywhere honey bee iedaare found including all the

diverse ecological and geographical conditionsyfed) with slight variation in mite infestation
levels (Mumbi et al., 2014). Today, this parasgefound throughout the world, except for

Australia and New Zealand (Allsopp, 2006; FAO, 2006



Varroa mites are mobile and can easily move from beeew wWithin the hive. They are found
twice as often on bees in the brood nest as onihdbs honey supers and 10 times as often on
brood nest bees as on foragers (Calderone, 20@wever, for their spread across colonies they
depend on adult bees for transport through theralajprocesses of drifting, robbing and
swarming. Phoretid/arroa mites can be passed between colonies of bees infested bees
drift into another colony. This happens frequerittymanaged honey bee situations where
Individual bee colonies are located within met@fr®ne another. It is common for bees in this
situation to return to the wrong colony (drift). $&arch has shown that bees from colonies
heavily infested withvarroa tend to drift more than bees from uninfested cel®r(Schmid-
Hempel, 1998). Also, mites may spread between oedoss bees from the colonies rob (or steal
honey) from one another. It is common for strontpr@s to rob weaker colonies in periods of
nectar scarcity. More so individual colonies maygw, migrating to a new location and spread
Varroa simultaneously (Allsopp, 2006)arroa passing within a colony from bee-to-bee and
between colonies by drifting and robbing demonsfgathat the mites can be transmitted

naturally both horizontally and vertically.

Beekeeping activities like transfer of coloniesnfrone area to another for various reasons have
also escalated the spread\uairroa. First, beekeepers often aid weak colonies byrapdees or
brood from a healthier colony and this practicephealpread the mite. Secondly, beekeepers may
transport colonies from one area to another, tatig the spread dfarroa regionally. Mites
pass easily from bee to bee in these instanceaf Allese methods have contributed/arroa’'s

global distribution as a honey bee pest.
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Figure 3: Varroa destructor distribution (Ellis and Nalen, 2010)

2.2.3 Life cycle of Varroa mites

The entire lifecycle ofVarroa mites occurs in the bee hive and all stages algave

ectoparasites feeding on haemolymph (Allsopp, 200@yroa mite lifecycle has two stages;
these are the reproductive phase and the phoresisepas illustrated in Figure 4. During the
phoretic stage, mites ride on adult workers or dspmat the same time feeding on their
haemolymph usually from the intersegment membrdnde abdomen and this lasts about 5-
1ldays (Huang, 2012). The second stage is the degtive stage and only occurs under the

capped brood cell.

Adult female Varroa mites enter honey bee brood cells (especially dimoed) at the pre-
capping stage and lay two to five eggs after tlomdtrcell is capped. Eggs are 0.5 mm long and

are laid on the bottom of the cells, the walls anthetimes directly on the larvae. The first egg
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laid is a male and subsequent eggs are femaler Atiehing,Varroa mites pass through two
larval stages these are protonymph and deutonyrefiireb developing into an adult. It takes
about 5-6 days for malarroa mites to develop and 7-8 days for female miteddeelop.

Mating occurs in the brood cell. The malMarroa mite dies inside the cell shortly
afterwards. Young femaMarroa mites and the moth&farroa mites emerge from the brood cell
with the emerging honey bee. The daugMarmroa mites will lay eggs in other brood cells after
2 weeks. Adult femal&arroa mites usually live for 2 months, but can overwirbetween the

sclerites (the hardened plates of the exoskeletbadlult honey bees.

After the first infestation of a new honey bee tloVarroa mites are able to build up huge
populations within a few years. The population giove highly variable and depends on all of
the traits of the host and the parasite that miydance the reproductive rate and the mortality of
the mite (Rosenkranz et al., 2010). Features op#rasite that influence population growth are
the reproductive capacity during the mite’s lifetimnd the lifespan. On the other hand, features
of the host are brood availability especially drom®od, swarming and level of defense
behavior, among others. Some of the host featirasinfluence mite population growth are
additionally triggered by ambient factors such lamate and nectar flow (Currie and Tahmashbi,
2008).

Swarming does not prevent the buildup of detrimigmdgulation levels oY¥/. destructor(Fries et
al., 2003). However, as mite levels increase tomental levels in the colonies, mite population
growth is negatively affected and may also detéwrges from swarming by the negative effects

on the bee population.
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Figure 4: Lifecycle of Varroa destructor (Huang, 2012)

Adaptations like bees’ behaviour and physiologytlikarroa mites’ population growth i\pis
ceranaalthough this is lacking id.mellifera(Martin, 1998). This allows the mite population in
A.mellifera colonies to increase freely. If no action is taksgnthe beekeeper, then the colony
collapses (Martin, 1998). However, in regions wahhigh population density of honey bee
colonies, Varroa population dynamics are influenbgda permanent exchange of mites when

foragers or drones enter foreign colonies or bynudp (Goodwin et al., 2006).
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2.3 Potential impact of Varroa mites on honey bees and beekeeping

Varroa destructoris the most serious pest mainly threatening treké&eping industry all over
the globe and has affected the apiculture industgatively in every country it has been
introduced (Ellis and Nalen, 2010; Begna, 2015Jeé&if ofVarroa on adult bees come about
either from the mite feeding directly on the haeyngdh of the adult bee or as a result of feeding
by the mother mite and her offspring on bee larmag pupae in the cell and this subsequently

affects the development of pupae into adults (Gaoncnd Eaton, 2001).

The eventual outcome is to weaken the honey bemiesl and thus decrease honey production,
often seriously, a condition known as varroatoBmsgha, 2015). Occasionally A melliferaand
more frequently irA. cerana heavy infestation may cause absconding. The caitealso act as a
vector and can directly inject virus particles ithe insect haemolymph and this has been linked
to the detection of several bee viruses in Varrgasr{Tentcheva et al., 2004). Examples of such
viruses include Deformed Wing Virus (DWV), Black €rn Cell Virus (BQCV), Acute Bee
Paralysis Virus (ABPV) among others (Tentcheval e2804). Accurate estimates of the effect
of Varroa on the apiculture industry are hard to find, lhus isafe to assume that the mites have
killed hundreds of thousands of colonies worldwigssulting in billions of dollars of economic
loss. Varroa have also caused beekeeping production costssép thus lowering the profit

margin of the beekeeper (Ellis and Nalen, 2010).

During the winter of 1995-1996 in the United StatésAmerica, the bleakest period, colony
losses ranged from 40% in Delaware to 53% in Pdwasia to 80% in Maine (Doebler, 2000).
However, despite th&arroa mite being present in East Africa for more thare fyears, heavy

losses as experienced elsewhere have not occuvesdvathout treatment (Ritter and Ritter,
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2016). This could be an indication that probablg tBast African bees are more adapted to
withstanding attacks byarroa mite infestations or the mite has not yet mulaglto numbers

big enough to cause serious damage to bee colasiesen elsewhere.

Honey bees parasitized By. destructorexhibit a variety of physiological, behaviouraldan

morphological symptoms (Vandervalk, 2013). It ishighly destructive pest responsible for
reduced honey and brood production, precociousgioga increased drift, suppresses the
immunity of honey bees, impact bee wing shape, ingract virgin queen’s acceptance and
mating success, higher bee mortality in winter aadsiderable colony mortality (Downey and

Winston, 2001; Abou-Shaara, 2014).

At the colony level, parasitized foragers displaydecreased capability of non-associated
learning, prolonged absences from the colony antbweer rate of return to the colony

(Rosenkranz et al., 2010). This is very dangeroubé colony as the ability to have enough food
reserves (pollen and honey) is greatly reducedianbte long run overall colony performance
goes down. Without periodic treatment, most of hiomey bee colonies in temperate climates

would collapse within a 2—3 year period (Rosenkretral., 2010).

2.4 Incidence and severity olVarroa mites

Among the various races @&f. melliferabees, Africanized bees show greater tolerancéhtor
Varroa than bees of European races. Reproductive abilifgmale mites is known to be lower
among Africanized bees than that of European b€asézine, 1986). Morettet al, (1991)
obtained a 40% rate of Africanized bees that wéte # rid themselves of the parasite among

20 colonies of artificially infested Africanized we@r bees. When European and Africanized
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bees are reared together in the same hive, Eurdpessare found to be more heavily infested

(Guzman-Novoat al, 1999; Moretto and Mello, 1999).

Varroa infestation rates differ among differeApis mellifera subspecies. Mortensen et al.,
(2015) found thaA. m. scutellatacolonies had significantly high&farroa infestations than did
A. m. capensi€olonies. Furthermore, hybridized colonies of the subspecies hadarroa
infestations intermediate to those Af m. scutellataand A. m. capensisAn earlier study by
Martin and Kryger (2001) comparingarroa mite infestation rates among colonies An.
capensisA.m. scutellataEuropean honey bees (EHB) and the Africanisegndees (AHB), it
was observed that mite populationsAnm. scutellateand EHB colonies increased at similar
rates and even the very short worker developmemgef A. m. capensisould not prevent the
growth of the mite population. However, AHB, whibhs a similar developmental time to EHB
& A. m. scutellatebees had the lowest rate of mite increase andlutssto the low number of
viable Varroa females being produced in worker cells. Howevesjnailar study needs to be
done with other AfricanA. mellifera sub species to see whether similar results woeld b

obtained.

In East Africa,Varroa mite incidence has been found to be high acrosgdpion. This is in
comparison with a series of independent studieshae been done in the different countries
across the region and have revealed almost sinegallts. A study done by Muli et al., (2014) in
Kenya putVarroa mite incidence at 83% for all the colonies sampltbther in Uganda found
100% for all the 16 districts sampled in eight é8)yo ecological zones (Kasangaki et al., 2016)
while in Tanzania out of the 25 districts sampledVarroa, 23(92%) districts tested positive

and only 2(8%) districts were negative (Mumbi et &014). However, the severity or
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infestation levels for Varroa mites in East Afrima still low as compared to those in Europe and
America. In Tanzania for instance it has been @mto be averagely three (3) mites per colony
(Mumbi et al., 2014) while in the UK, lower thresti® can be at 1000 mites per colony (FERA,
2010). Also severity has been found to be positiwarrelated with elevation and colony size

(Muli et al., 2014; Mumbi et al., 2014; Chemurotét 2016)

From the incidence levels mentioned above, it ig/ \evident that the/arroa problem is no
longer a localized one and as such calls for coliaove efforts between neighboring countries
or regional blocks to have coordinated approacbesrds management of the Varroa mite

problem.

2.5 Control options for Varroa mites

Regardless of other threats to honey bees ancthéhiat before theVarroa era” heavy colony
losses were also reportédarroa mites seem to be the crucial driver for these plesitsses. It

is also assumed th&tarroa mite infestations are responsible for the dedimeolony numbers
of both feral and hived honey bees and subsequexiind in quantity and quality of hive
products. As such an effective control strateggasessary to help bring down the mite levels

where damage is insignificant.

Without any doubt most of the coloniesAfmelliferain temperate climates will be damaged or
even collapse within a few years if no control aappropriate control methods are used
(Rademacher and Harz, 2006; Boecking and Gene28€18). The beekeeping industry requires
sustainable management practices that will keep mpapulations below the economic injury
level and maintain the high quality of hive produand the best way to achieve this is to use a

management program that relies on multiple tacicalderone, 2005). Various methods of
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control have been developed and these fall in @tegories; Non chemical control and chemical

control.

2.5.1 Non Chemical / Biotechnical Control ofVarroa

Biotechnical methods are specifically designedetduceVarroa mite levels in a colony but not
as a complete means ¢&rroa control. These methods can be highly successtlican remove
as many as 95% of théarroain a colony and are favoured in many countriesS@yl, 2006).
They are often incorporated into integrated peshagament systems whether with synthetic
chemicals or more generally with organic contrddbsgances. Reasons for biotechnical control
are to avoid chemical residues in hive productsr td chemical resistances and also to avoid
high cost of chemical control substances (Goodwih Baton, 2001). The various non chemical

control methods are described below;

2.5.1.1Brood removal and trapping

Brood removal for control o¥arroa is based on the understanding that mites are reshfin
brood cells once the cells are capped hence thegasily be removed from the colony without
escaping back onto the adult bees (Goodwin andnE&@01). It involves removal of worker
brood as well as using drone brood to trap and vervarroa mites. When capped drone brood
is removed from an infected colony, a disproposiety large number of mites are removed
without affecting the worker population, and it nstes with the highest fecundity that are
removed (Calderone, 2009)he main problem with worker brood removal is thatquires a
large number of frames to be removed to achievel gomtrol, and the removal of frames will
obviously affect the population and productivitytbeé colony. However, drone brood trapping

reduces mite populations and doesn’t affect colmoguctivity (Goodwin and Eaton, 2001).
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2.5.1.2Using genetically tolerant strains ofApis mellifera

Tolerance tovarroa is the ability of a honey bee colony to co-existhvan infestation of the
mite without it causing any harm. It involves rearicolonies or raising queens from colonies
that have shown an ability to tolerafarroa without any harm, displayed a high lewé&hrroa
sensitive hygiene or self grooming behaviour. $effeming in honey bees is heritable
behaviour by which a bee removes a mite from helyland gives it a lethal bite (Delaplane,
2007).This behaviour is useful against brood diseasegeiisasVarroa and has been shown to

delay significantly the onset of treatment thredhol

2.5.1.3lIsolation

Increasing the distance between apiaries reduceschiances of re-infestation from nearby
collapsing colonies. A separation of three mileB provide some protection while a separation
of five miles is better. However, isolation is naactical where colony density is high and
cannot guarantee that your bees will not be restefébecause there may be wild colonies in the
area. Nevertheless, this method should not be @Mezti when selecting apiary sites (Calderone,

2005).

2.5.1.4Screen bottom boards

Varroa mites usually fall off the bees even when no cloairtreatment has been used. Many of
these mites are still alive and can be suppresgedmoval from the colony before they manage
to reacquire a host (Calderone, 200B)e screen bottom board allows the mites thatdll

from the bees to fall out of the hive and as suahnot move back into the hive. If this is

practiced on a daily basis, a beekeeper is abietioid of a considerable number of mites from
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his colonies. This approach also helps the beekdep®onitor Varroa mite populations among

his colonies.

2.5.1.5Sunny apiary locations

There is evidence that by simply placing an apiara sunny instead of a shaded location, a
beekeeper can expect significantly reduced ratagaafoa mite population growth (Delaplane,
2007). However, not much research has been dopetwe this especially in the tropics where it
shines almost throughout the year. Could it be afnhe reasons whyarroa mite infestations

rates are still low despite having a high incidéhce

2.5.2 Chemical control of Varroa mites

Nowadays, beekeepers utilize a wide range of differchemical substances, application
techniques and methods to keep mite populationsrundntrol (Rosenkranz et al., 2010).
Various chemical products have been developed lfp thanage th&/arroa mite problem. An

overview of the various chemical products on maikets follows;

2.5.2.10rganophosphates

These come under brand names like Checkmite, Asantb Perizin. They come as a solution
which is trickled over bees and as such are canggstemic pesticides whose active ingredient
is Coumaphos. Organophosphates are temperaturadiayean their action and have an efficacy
of 80-90% (two treatments) though highly variab®umaphos is an acetylcholinesterase
inhibitor that interferes with nerve signaling afiudiction and through that it is able to kill mites
in sealed brood cells (Rosenkranz et al., 2010; AE®10). However, organophosphates are

highly corrosive and if misused brood and quees t@ happen (FERA, 2010).

20



2.5.2.2 Pyrethroids

The active ingredients here are Tau-fluvalinatetiwbrands like Apistan®, Klartan® and
Mavrik®) and Flumethrin (with brands like Bayvarol)jau-fluvalinate acts at the voltage gated
sodium channels (Rosenkranz et al., 2010). BotHltaalinate and flumethrin come in form of
plastic strips that are administered by hangingpetween the brood combs. They are contact
pesticides and their efficacy has been put at 96ERA, 2010). Apistan can be effective for
killing the mites without harming the bees (Hur212). However, in many places of Europe and

the USA, pyrethroid resistance has been reportdccanfirmed.

2.5.2.30rganic acids and essential oils

These represent the frame of natural compoundsatieabeing used in the control @arroa
mites. Rosenkranz et al., (2010) indentified théofang as advantages of using organic acid

and essential oils for Varroa control;

i. Sufficient efficacy against.destructoy with formic acid as the only acaricide which EHea
to kill mites within the sealed brood cells.

ii. Low risk of residues and accumulation in bee pregluglost of these substances are water
soluble and/or volatile and furthermore, naturalgra@dients of honey. Therefore,
contamination which jeopardize the quality of hooeypeeswax is unlikely.

iii. Low probability of eliciting resistance after repegtreatments.

Examples of such substances are Formic acid, Oaeid; Lactic acid, Thymol and various oils
from plant extracts. They can be used singly ocambination. They come with various brand

names for example Thymol is branded as Apiguanthfiteited as a slow release gel.
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CHAPTER THREE
3.0 MATERIALS AND METHODS

3.1 Description of the study area

Uganda is one of the countries in East Africa and ilandlocked. Agriculture is the main
economic activity in Uganda of which beekeepingast. Nearly 80% of Uganda’s 34 million
people are engaged in agricultural production anttaede. To better manage its agricultural
potential, the country was divided into ten diff@ragro-ecological zones (AEZs) on the basis of
distinct vegetation type, elevation and climatimdidions as follows; Eastern; Lake Albert
Crescent; Lake Victoria Crescent; Mid North; SolEhast; Southern Dry lands; Southern
Highlands; West Nile; Western Highlands and KaramDjrylands. It is important to note
however that beekeeping is practiced throughoutctheatry in all the AEZs. For purposes of
this study, only four of the ten AEZs were seledimdsampling that is; Eastern, Lake Victoria

Crescent, Mid North and Western Highlands (Fig.5).

The Eastern AEZ receives bimodal rainfall rangirapf 900 mm to over 2,100 mm per year. It
has a minimum temperature of about®Z.%nd an altitudinal range of 1,000 to 4,000 m abov
sea level. The vegetation ranges from montane tfdoesiigh open moorland and the main
farming system here is intensive banana and coffeeluction. In this zone Mbale and

Kapchorwa districts were sampled.

The Lake Victoria Crescent AEZ is composed of digrwithin the central region of Uganda
and the most distinct physical feature in this zané&ake Victoria. The area receives rainfall
ranging from 700 mm to over 2,100 mm per annum atrtfroughout the year with two rainfall

peaks. It has a minimum temperature of about®#&nd the altitude varies between 1,100 -
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2,400 m above sea level. The vegetation is foredtsavanna mosaic characterized by patches of
dense tropical rain forests in the south and seatterees in shrubs and grassland in the north.
However, the vegetation cover is gradually reduaog to increased urbanization in this zone.
The farming system is mainly banana, coffee an@rs¢\seasonal crops. In this zone Luweero

and Masaka districts were sampled.

The western highland AEZ is a narrow zone alongwhstern boundary of Uganda and include
part of the Albertine rift valley famous for wilé# species diversity. Annual rainfall in this zone
ranges from 875 to 1800 mm while the altitude ranfgem 600-4500 m above mean sea level.
Temperature conditions vary widely from cold in theuntains, cool in the highlands to hot on

the rift valley floor. In this zone, Bushenyi, Kabke and Kyenjojo districts were sampled.

The Mid-North AEZ includes a bigger part of the thern region of the country. Annual rainfall
ranges from 700-1700 mm while the altitude is betw800-1800 m above sea level. The rainy
season mainly occurs between April to October wthike dry one extends from November to

March. In this zone, Lira and Kitgum districts wesamnpled.

3.2Incidence and severity ofVarroa mites in hived honey bee colonies in Uganda

3.2.1 Sampling procedure

Sampling was carried out in nine study districtat tfall within four of the ten different agro-
ecological zones of Uganda (Fig.5). The zones arsiricts were: Eastern (Mbale and
Kapchorwa); Lake Victoria Crescent (Luweero and &dkas; Mid Northern (Lira and Kitgum)

and Western Highlands (Kabarole, Bushenyi and kKojeh,
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Figure 5: Location of sampled AEZs, districts and iges in Uganda
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This study was done in November and December 201h the participation of district
entomologists, apiaries were selected in eacheohthe districts. Simple random sampling was
used in the selection of apiaries and honey beenmd within apiaries for inspection. The
apiaries were selected in such a way that theynadéferent sub counties or more than 3.5 Km
away from each other to minimize sampling honeysbé&maging within the same area
(Chemurot et al., 2016). In each district, thragaries were randomly selected and from each
apiary a maximum of three bee hives were rangoseglected and examined for mites’
presence using the procedure of Mumbi et al. (2044 kites from which sample collection was
done were geo-referenced using a GPS.

3.2.2 Estimation of Varroa mite incidence and severity

Between 100 -200 worker bees were sampled from lei@ehand placed in 100 -150 ml of 70%
ethanol. Varroa attached to the bees were washed off into thehalcand thereafter counted.

The number of bees actually sampled was also cdurmtercentage incidence in any given
district or AEZ was estimated as the ratio of numdfecolonies infested witNWarroa mites to

the total number of colonies sampled and expreasedpercentage using the following formula;

Number of infested colonies
FPercentage Incidence = . = 100%
Total number of colonies sampled

The severity per colony sampled was calculateduasber ofVarroa mites per 100 bees using

the formula below;

. Number of Varroa mites in sample
Colony Severity = : =100
Number of honey bees in sample
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3.2 Seasonal variation ofVarroa mites’ population across wet and dry seasons in tw
AEZs of Uganda
3.2.1 Sampling Procedure

Two districts namely; Bushenyi and Masaka werecsetkto represent their specific AEZs. For
each district, two apiaries with at least six aetioney bee colonies were selected. Two colonies
were randomly selected per apiary and screenegrigsence of Varroa mites and severity
determined. Altogether, eight colonies were evaldah this study. The colonies under study
were marked for easy identification during evergitvand apiary locations georeferenced as
00°30.543'N, 031°40.977'E; 00°23.752'N, 031°428B850r Masaka and 00°34.399'N,

030°10.549'E; 00°28.574'N, 030°06.026'E for Busheny

Counts ofVarroa mites were taken as described in section 3.2.8nfB8on of Varroa mite
incidence and severity) above once every montlafoeriod of 6 months between February and
July, 2016 to assess population counts over tirdesaasons; wet and dry on the assumption that
all the colonies under study did not abscond. Thbs¢ absconded were replaced with new
colonies within the same apiary. To confirm thessea, information about the times and dates
of sampling was synchronized with Uganda Nationaitédrological Authority Dekadel Agro-

meteorological Bulletins (www.unma.go.ug).

3.2.2 Control options for Varroa and their effect on the associated honey bee colon
performance parameters

3.2.3 Sampling procedure

A completely randomized design was used to evaltlaée efficacy and resultant colony
performance of two treatments; Fluvalinate and TblynThis experiment on evaluation of

control options foiVarroa was also done in the districts of Bushenyi and @&kas For each of
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the two districts, two apiaries were selected andthfeach apiary, six colonies were randomly
selected. The selected colonies were marked wikisp codes and tags and monitored every
21 days for a period of six months. Each treatmeag administered as per the manufacturer’'s
recommendations to two top-bar hives which werestdd withVarroa (Fig.6). Another two
untreated hives were used as a control in eadhediour apiaries. A white sticky board was also
placed at the bottom within each study hive to rnwnthe numbers of free falling mites.
Colonies were followed up in three phases; Beforealinent, During Treatment and Post
Treatment. Data oWarroa infestation, flight activity, comb constructiondamumbers, sealed

brood patterns and honey storage and availabibity gaptured on every visit.

Figure 6: Application of Varroa destructor treatments in hives (a) Fluvalinate strip fixed in
between top bars (b) Thymol gel placed on top of éhtop bars (c) A white sticky board
littered with Varroa mites and other debris from the hive

Pre-treatment involved colony strength assessmamis/. destructorpopulation assessments
prior to assignment into treatment groups. All ooés were checked to ensure queen presence
prior to onset of the trial. The pre-treatment oglcassessments were performed fronf" 10
February to % April, 2016 at three week intervals. Samples d-200 worker bees were also
taken during this time to determiné destructorinfestation levels using the ethanol wash

method.
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All treatments were placed orf%2and ¥ April, 2016 in Masaka and Bushenyi respectively.
Apiguard®, a thymol based treatment in form of &was applied to the colonies and left for
two weeks. It was then removed and replaced witltew dosage that stayed for four more
weeks. This was done in respect to the manufatsurecommendations. On the other hand,
Apistan®, an acaricide from the pyrethroid family form of plastic strips whose active
ingredient is Tau-fluvalinate was put in the comand left there for six consecutive weeks. For
the control colonies, no treatments were put tholadlow up was also done on them for six

consecutive weeks and data collected at a threk wesval.

At the end of the application period recommendedthi®y manufacturer, all treatments were
removed from the hives. The colonies under trialuding the controls were then monitored for
another six weeks post treatment. Data on varioleng parameters were taken at three week

intervals.

3.4 Data analysis
3.4.1 Incidence and severity olVarroa mites in hived honey bee colonies in selected asea
in Uganda
A non parametric ANOVA (Kruskal-Wallis) test wasrgousing SPSS 16.0 statistical program.

This was to compare the relationship between imtideand severity of infestation dfarroa
mites across Agro-ecological zones. Also, a contparanalysis ofVarroa incidence against
altitude was done. Severity of Varroa mite infdsta against altitude was compared using a

line graph.
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3.4.2 Seasonal variation ofVarroa mites’ population across wet and dry seasons in tw
agro-ecological zones of Uganda

One way ANOVA test was done to test difference¥amroa mite populations across seasons
(wet and dry) and across AEZs. Statistical test®wen using SPSS 16.0. Medarroa load per
apiary monitored was also plotted on a bar grapix Blots were used to explain the monthly

Varroa mite load.

3.4.3 Control options for Varroa and the associated honey bee colony performance
(colony strength, absconding rates and honey yield) Uganda.
The formula of Henderson and Tilton (1955) adogdtech El-Ela (2014) was used to determine

efficacy of the acaricides used,;

_ (VaxCh)

————1+100
(Vb X Ca) %

Fercentage population reduction = |1

Where;

Va = number of V. destructor after treatment.

Vb = number of V. destructor before treatment.

Ca = number of V. destructor in the control afterdtment
Cb = number of V. destructor in the control beforeatment

This formula was used to calculate the reductida enongV. destructorpopulations Yarroa
per 100 bees) after application of the two testatieides/ Varroacides.
Comparative analysis of the mean mite fall amorggdtiferent treatment groups was analysed

by ANOVA. A multivariate analysis to test effect sEatments on selected colony parameters
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was run using ANOVA, SPSS version 16.0. The sanmsiare was used to test variation in

Varroamite load in two AEZs with time and treatments astdrs using rmANOVA.
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CHAPTER FOUR
4.0RESULTS

4.1 The incidence and severity d¥arroa mites (Varroa destructor) in hived honey bee

colonies in Uganda

4.1.1 Varroa mite infestation

Varroa mite infestation was above 50% for all districesnpled and thus all the four Agro-

ecological zones under study though the distrilbutias uneven. From the 81 bee colonies

sampled,Varroa mites were found in 61 colonies (75.3%). An averaf) 235+21.89 bees per

colony were examined and averages of 4+0.69 (rar)eVarroa mites were recovered from the

colonies. Infestation rates were found to be hightlie districts of Masaka and Kitgum which

were both at 100%. However, per colony sampled,atlerage number dfarroa mites was

highest for Bushenyi and lowest for Luweero dissrigs summarized in Table 1 below.

Table 1: Sampled districts with percentage of coldes tested positive foilVarroa destructor

District Number of Number of Total Number  Number found Percentage Average bees Average

sampled sites sites positive of bee colonies positive to Infestation sampled per Varroa

for Varroa sampled Varroa mites colony recovered per
colony

Masaka 3 3 9 9 100 250 5
Bushenyi 3 3 9 8 88.9 347 8
Kabarole 3 3 9 6 66.7 170 3
Kyenjojo 2 2 6 5 83.3 228 3
Luweero 6 5 16 8 50 332 1
Mbale 3 2 8 4 50 169 3
Kapchorwa 3 3 7 5 714 192 3
Lira 3 3 9 8 88.9 239 3
Kitgum 3 3 8 8 100 192 6
Total 29 27 81 61 699.2 2119 35
Average 3.2 3 9 6.8 7.7 235.4 3.9
STDEV 2 66 2
SEM 0.59 21.89 0.69
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However, the severity across districts and agrdegooal zones which is indicated as number of
Varroa mites per 100 bees was generally low across thedi{@ able 2).

Table 2: Severity ofVarroa destructor infestations among districts and AEZs

Agro-ecological District Severity
Zone (Mites/100 bees)
Lake Victoria Crescen Masaka 2.2
Luweero 2.4
Eastern Mbale 15
Kapchorwa 1.2
Mid-North Kitgum 0.4
Lira 15
Western Highlands Bushenyi 14
Kabarole 1.2
Kyenjojo 2.9

There were significant differences at 95% levetomfidence among districts sampled based on
Kruskal-Wallis rank test (Appendix i) for both ineince {?=16.052, df=8, P=0.042) and

severity {>=18.058, df=8, P=0.021)

4.2 Effect of altitude on Varroa mite infestation
Varroa mites were found at all altitudes (lowlands anghkands) for all the AEZs surveyed.

(Fig.7). Altitudinal range for the areas surveyedsv®00-2400 m a.s.l. Severity was highest at
altitudes below 1,000 m a.s.I and 1400-1600 m.&mlthe other hand, a significant drop was
observed for altitudes 1000 -1200 m a.s.| as well@00 - above 1800 m a.s.l. Kitgum district
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had the lowest altitude while Kapchorwa districtlhthe highest. Peak levels of severity (2.96

mites per 100 bees) were observed at 1400- 160G.madnile the lowest levels (0.71 mites per

100 bees) were at 1000- 1200m a.s.l.

27 87 2.96

Severity (Mites/100 bees)

O T T T T T

Below 1,000 1001-1200 1201- 1400 1401-1600 1601-1800 Above 1801
Altitude (m a.s.l)

Figure 7: Severity ofVarroa destructor across a range of altitudes

4.3 Seasonal variation oiVarroa mites’ population across wet and dry seasons in twagro-

ecological zones of Uganda

Varroa mite populations were presented\é&mroa per 100 bees and compared across seasons
and AEZs. During sampling, the months of Februdgy, June and July were recorded as dry
while March and April as wet (UNMA Dekadel Agro-reetological Bulletins). In Fig. 9,
increase inVarroa mite populations across apiaries was observed dagtwthe months of
February and March as well as May to July and thesee the periods recorded as dry.
Reductions invVarroa mite numbers were however observed between MandhMay which
were the wet months. There were no significanedgiices across seasons; dry and wet based on
an Analysis of Variance test (F=3.31, P=0.0x&,0.05, df=46) (Appendix ii).
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Also per apiary sampled, Apiary 2 (Kyesiiga, Magakad the highest recorded numbers of
Varroa mite populations and Apiary 4 (Kyamuhungasigenyi) the lowest. Apiary 1 (Buwunga,
Masaka) and Apiary 3 (Bumbiire, Bushenyi) had ageha the samé/arroa mite populations
during the period sampled (Fig. 8). Similarly, &on in Varroa mite populations across the
two AEZs (LVC and Western Highlands) was not sigaifit based on an Analysis of Variance

test (F=0.619, P=0.436,= 0.05, df=46 ) (Appendix iii).

2.5 +

Average Varroa
{mites/100bees)

o =

(=} tn = tn

Apiary Number

Figure 8: Variation of Varroa mite populations among apiaries
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Figure 9: Monthly Varroa load between February and July, 2016

From Fig. 9, slight variations were observed/erroa mite load per 100 bees except in March
whereVarroa load exceeded the rest. For all sampling perittesmediarVVarroa mite load did
not go beyond 2 mites. A few outliers were howeseserved in June and July wktarroa load

going beyond 5 and 9 mites per 100 bees respegtivel

4.4 Control options forVarroa and their effects on associated honey bee colony

performance parameters

The comparative efficacy of the two varroacidesreduction ofVarroa destructorinfesting
hived honey bee colonies under field conditionshewn in Table 3. The two varroacides,
Thymol and Fluvalinate caused an average redugtiov. destructorof 38.8% and 59.7%

reduction respectively within 3, 6, 9 and 12 weaksr application of the treatments.

However, highest reduction for Fluvalinate was 68i8 the §' week while that of Thymol was

78.9% in the 19 week (Table 3). The overall change caused by ThyFiovalinate and control
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was 76%, 51.9% and -10.2% respectively. Therefbingmol was more potent than Fluvalinate

in reducing the size of mite populations.

Table 3: Efficacy of two varroacides against th&/arroa mite in honey bee colonies of
Uganda

Treatments Pretreatment Number (N) and percentage reduction (R) of V. destructor per 100  Average Overall

Number bees Reduction change (%)
(%)
3 weeks 6 weeks 9 weeks 12 weeks
N. R. N. R. N. R. N. R.
Thymol 1.5 2.2 -5.9 0.5 29.6 2.3 52.6 0.3 78.9 38.8 76
Fluvalinate 1.9 0.9 65.0 0.5 53.3 0.7 64.0 0.9 56.3 59.7 51.9
Control 1.3 1.8 - 0.7 - 1.3 - 1.4 - -10.2

On comparison, there were some slight fluctuationactivity for Fluvalinate after every three
week interval while for Thymol activity was more exponential with percentage reduction in

Varroa mites increasing with time over the period of tneent (Fig.10).

80 -
70 4 Key

60 - =—=—Thymol

>0 1 ——Fluvalinate
40
30 -
20 -

10
o] T T T
10 { 6 9 12

=20 4

Percentage reduction in Varroa mites

Post treatment period (weeks)

Figure 10: Activity of Thymol and Fluvalinate compaed
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Varroa mite fall statistics during and post applicatidntreatments are summarized in Table 4
and Table 5 respectively. The médarroa mite fall for all experimental colonies was foutad

be 5.55 mites during treatment while for individtrélatment groups it was 3.35, 12 and 2.29 for
Thymol, Fluvalinate and Control respectively. Therere significant differences (P= 0.0@257
0.05) among treatment group means in termgasfoa mite fall during treatment (Table 4). No
significant differences (P= 0.698, = 0.05) were observed among the treatment groaps f

Varroa mite fall post treatment (Table 5).

Table 4: AverageVarroa mite fall during treatment

Treatments N Mean t S.E Range

Thymol 8 3.35+0.865° 0 17
Fluvalinate 8 12.0 £3.457° 1 48
Control 8 2.29+0.928° 0 18

*Different letters indicate significant differere@among the means (P<0.05)

Table 5: AverageVarroa mite fall post treatment

Treatments N Mean * S.E Range

Thymol 8 1.59 £0.707 0 10
Fluvalinate 8 1.21 £+ 0.604 0 8
Control 8 2.69+1.929 0 30
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The averageVarroa mite fall post treatment was 1.59, 1.21 and 2.68€esnin Thymol,
Fluvalinate and Control respectively. This cleaslyows that mite fall greatly reduced within
colonies after removal of the treatments whereeesnitained the same for the control colonies.

A multivariate analysis (Appendix iv) was done ésttthe effect of treatments used on selected
colony performance parameters (flight activity, oenof brood combs, percentage of brood
pattern and number of honey combs). There wereigufisant differences for both flight
activity (P=0.115p = 0.05, df=2) and number of combs with honey (B#9,a =, 0.05, df=2).
However, the treatments had significant differermesiumber of combs with brood (P=0.009,

= 0.05, df=2) and brood pattern (P=0.085; 0.05, df= 2).

Results of rmANOVA orVarroaload for the two AEZs with time and treatment astérs
(Appendix v) indicate that there were no significdifferences between treatments and time of

application (P=0.635, F=0.793, df=10,93)
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CHAPTER FIVE
5.0 DISCUSSION

5.1Incidence and severity olVarroa mites in hived honey bee colonies in Uganda

Generally, the study revealed that tWarroa mite occurs in all the sampled districig.
destructorin Uganda is 100% identical to the South Koreapldtgpe (Chemurot et al, 2016).
The wide occurrence &farroais an indicator that the mite has spread vastlgsacthe country.
Also, it shows that the mites have tremendous iafes behaviour and are not obstructed by
variations in vegetation type, climatic conditicasd elevation of an area (Mumbi et al. 2014).
This is because mites were found among honey Heaies from the diverse agro-ecologies and
geographical locations with slight variation in enitnfestation levels. The different agro-
ecological zones differ according to climatic cdmuiis, farming systems, vegetation and

elevation.

Varroa mite prevalence reported in this study was contpais lower than that reported in
neighbouring countries that is Tanzania (Mumbi let2814), Kenya (Muli et al. 2014) and
Ethiopia (Begna, 2015). This could be because thetes are relatively new in Uganda and that
their populations are not entirely settled sinae pghocess of spread is still ongoing from the east

to the west (Chemurot et al. 2016).

Also, the severity (mites/100 bees) was generally Bnd below the threshold@his is in
comparison with the recommended threshold whidh nsites per 100 bees for an infestation to
be considered alarming (Mumbi et al., 2014). Thexéfore means that Ugandan bees are able to
keep mite levels low through natural mechanisme &ksconding if heavily infested or having

less drone brood since it is most preferred byntites.
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Altitude was not a limitation t&¥arroa spread since the mites were present at all titecihal
levels sampled. However, there was some variatiotevels of severity with some altitudes
having lower numbers of mites per 100 bees. Anedsw altitudes are seen to have a relatively
higher varroa load as well as higher temperatuhes) tareas in high altitudes. The high
temperatures favour high honey bee activity as aglroper brood development. This in a way
also facilitates the reproduction and survivallad Varroa mites since their reproductive stages

take place within brood.

5.2 Seasonal variation of Varroa mites’ population acoss wet and dry seasons in two
AEZs of Uganda

There were no significant differences betw&tmroa mite populations across seasons (wet and
dry) which is similar to earlier studies in Ugan@@hemurot et al., 2016). This is however
different from Salima (2015) whose study in Algerevealed that the level of infestation of
Varroain a colony varies depending on weather conditi@eason) but can also be affected by

internal conditions of the colony.

The wet season in Uganda is characterised by isedeaccurrence of rains almost on a daily
basis with low sunny intervals as well as reducaitldemperatures. The temperatures however
usually do not fall below 20°C in most parts of ttwntry. The dry season on the other hand is
characterised by long sunny days with temperatgoesg beyond 30°C in some parts of the

country.

Weather conditions in Uganda do not create a bgigdemperature variation there by keeping
the Varroa mite natural reproduction rates constant withhgligariations almost throughout the

year. Honey bees also have a natural mechanismaoftaming hive temperatures within a
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certain range despite the prevailing temperatudeciimatic conditions outside the hive. This in
a way keeps the in-hive temperatures constant arawlfable forVarroa mite reproduction and
survival since they have coevolved with their hogts such,Varroa populations are not so

much disturbed.

Further still, brood production among tropical hprixees which is the case here in Uganda is
almost throughout the year without particular beeakthe cycle. Sinc¥arroa mites naturally
prefer to multiply from within drone brood, thiscfltates their continuous reproduction without

major breaks hence their populations not beingctdteby seasonal differences.

In addition, there have been changes in seasonaltivas due to effects of climate change in

such a way that there are no clear variations inand dry seasons in Uganda currently.

5.3 Control options for Varroa and the associated honey bee colony performancel@ny

strength and absconding rates)

The results showed th&tarroa mite fall decreased in treated colonies from 3(B8& during
treatment to 1.59+0.7 mites after treatment formbland from 12.0+3.45 during treatment to
1.21+0.60 mites after treatment for Fluvalinate le/ihere was no major difference in mite fall
for the control colonies during and after treatmdihiis clearly shows that the treatments helped
in dislodging the mites off the bodies of bees leetie increase in mite fall during the period of
treatment for both treatments. Both varroacidesuced the mite population over the

experimental period with Fluvalinate causing a kiggduction than Thymol.

Thymol is the active ingredient in the varroacidpiguard® (Watkins, 2012) that is widely used
againstVarroa mites in honey bee colonies. It is an organic medural treatment. The active

ingredient (A.l) is released gradually from a fogrdide gel. Fluvalinate on the other hand comes
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under the trade name Apistan® whose active ingnéaseT au-fluvalinate, a powerful varroacide
from the pyrethroid family. It comes in form of &gtic matrix strip enabling controlled release

of the A.l (Watkins, 2012). It is a contact varrmhe

For the average reduction in mites per 100 beegmohregistered 38.79% while Fluvalinate
was 59.65%. This was generally low for both treattaespecially Thymol. These efficacies of
the treatments were probably underestimated dtigetoeproduction of the surviving mites and
possible re-invasions during the experimental gkiGregorc and Planinc, 2012). Reported
efficacies for gel-based Thymol as was used in eéljgeriment include 76% (Matilla and Otis,
2000), 46% (Gregorc and Planinc, 2005) and 82.388hdervalk, 2013). It should also be noted
that an important consideration when applying Thiyrbased products is the ambient
temperature whose range should be 15-20°C for heteeffective (Imdorf et al., 1995). This
however could have been the main cause of the foeaey observed with Thymol since the
prevailing temperatures in Uganda and especiaflyatieas where the trial took place were higher

than the recommended limit of 20°C there by afferthe efficiency of the treatment.

The analyses oW. destructorinfestation rates and efficacy data both confirnuvBlinate
provided significantly better management of Yfaroa mite than both Thymol and the control.
The calculated efficacy of Fluvaliante was 59.65%cl was also way far below the efficacies
reported in similar studies with Fluvalinate bagezhtments. Some of the reported efficacies
include 85% (Loucif Ayad et al., 2010) and 87.7%Kaya and Vurusaner, 1996). It should also
be noted that the effect of Fluvalinate is onlyiagdd when the honey bees get into contact with
the strips and the A.l is then transferred by daairaction in the hive. In this way, the A.l

eventually gets to the mites and are killed. Howgvbere is likelihood that during the
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experimental period a fewWarroa mites were able to get in touch with the Fluvaknatrips

hence registering a low efficacy as compared twipus reports.

Also, it could have been applied at a time whentnobthe mites were still hidden in capped
brood therefore making them get less exposed tardaments. Ellis and Baxendale (1994)
found that up to 90% od¥arroa mites present in a honey bee colony are in sdaieod cells.

This greatly reduces the efficacy of varroacidest #ire contact in nature. Therefore, effective
performance of Fluvalinate was found to be affettgdhaving most of the mites still covered up

in capped brood since it is a contact varroacide.

The results also suggested that there were nofis@mi differences between treatments and
some colony parameters (flight activity and numbgrcombs with honey) while there were
significant differences between treatments and drolaracteristics (number of combs with
brood and brood pattern). This suggests that dartrents could have had an effect on the queen
laying characteristics and abilities negativelyréhby affecting the brood pattern as well as the

resulting number of combs with brood.
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CHAPTER SIX
6.0 CONCLUSIONS AND RECOMMENDATIONS
6.1 Conclusions
Varroa mites have spread to all the AEZs that were sasnipl¢his study. However, the severity
(mites per 100 bees) is still low and below thesshiold though the mite populations are still
building up. Altitude is not a limiting factor tdarroa mite spread though it might have an effect
on severity. Also, seasonal variations of wet and did not have any effect oviarroa mite

population growth since they were not causing aranges in temperature changes.

Different efficacies between treatments were fowith Fluvalinate having a higher efficacy
than Thymol. The efficacies for both treatments evBowever lower than reports of similar
studies. Effects of these treatments on other gop@mameters were also tested and found not to
not have significant effects on flight activity ahdney production but a significant effect was
observed with brood characteristics like broodgratind number of combs with brood. This is
the first study of its kind in Uganda therefore, rndield studies are necessary to assess the
efficacies of the treatments over a much longeiodesf study and in different apiary set ups so
as to obtain a better understanding of the effadftsthe applied treatments on colony

performance.

6.2 Recommendations

v' Awareness should be created and raised among lpszkesnd extension staff country wide
about the invasion of our bee colonies by Waroa mite and appropriate measures put in

place to manage the mite.
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The relevant authorities particularly MAAIF shduintervene by financially supporting
the management of this honeybee pest and aleaghr policy and long-term political
commitments.

More Varroa mite monitoring should continually be done in tt@untry so that severity

levels are kept at the minimum and don’t go beyiedthreshold.

Given the low severity which is even below the sin@d, chemical control should not be
adopted forVarroa control currently in Uganda since it is costly alsdbound to create

resistance among the mites.

Studies should be conducted on other methods ofradonf Varroa mites so that an

intergrated management approach of the mite isldpséd.
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APPENDIX

Appendix i: Kruskal-Wallis test of significance for Varroa mite incidence and severity
across districts

Ranks

District N Mean Rank

severity (mites/100 bees) Masaka 9 57.33
Bushenyi 9 49.78
Kabarole 9 38.67
Kyenjojo 6 42.75
Luweero 16 23.94
Kapchorwa 7 41.00
Mbale 8 34.50
Lira 9 40.28
Kitgum 8 55.50
Total 81

incidence Masaka 9 31.00
Bushenyi 9 35.50
Kabarole 9 44.50
Kyenjojo 6 37.75
Luweero 16 51.25
Kapchorwa 7 42.57
Mbale 8 51.25
Lira 9 35.50
Kitgum 8 31.00
Total 81

Severity: Chi-squared = 18.058, df =8, P = 0.021
Incidence: Chi-squared = 16.052, df =8, P = 0.042
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Test StatisticgP

severity Incidence
(mites/100bees)
Chi-Square 18.058 16.052
Df 8 8
Asymp. Sig. .021 .042

a. Kruskal Wallis Test
b. Grouping Variable: district

Appendix ii: Varroa mite populations across seasons

ANOVA
Varroa population (mites/100bees)
Sum of Squares df Mean Square F Sig.
Between Groups 9.441 1 9.441 3.307 .076
Within Groups 128.471 45 2.855
Total 137.913 46
Appendix iii: Varroa populations across Agro-ecological Zone
ANOVA
Varroa population (mites/100bees)
Sum of Squares df Mean Square F Sig.
Between Groups 1.871 1 1.871 .619 436
Within Groups 136.042 45 3.023
Total 137.913 46
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Appendix iv: Multivariate analysis for effect of treatments on colony productivity

Tests of Between-Subjects Effects

56

Dependent Type Il Sum of Mean Noncent. Observed
Source Variable Squares df Square F Sig. | Parameter Power®?
Corrected flight activity 8911.2463 2 4455623 2.187] .115 4.373 443
Model no. of combs with
88.394° 2 44.197| 4.832( .009 9.663 794
brood
brood pattern 31243919 2 1562.195| 3.425| .035 6.851 .638
no. of combs with
6.209¢| 2 3.104 .679| .508 1.359 .163
honey
Intercept flight activity 1587841.409| 1(1587841.409(779.247] .000 779.247 1.000]
no. of combs with
17874.654( 1| 17874.654|1.954E3| .000 1954.009 1.000]
brood
brood pattern 391249.062| 1| 391249.062|857.886| .000 857.886 1.000]
no. of combs with
448.263| 1 448.263| 98.107| .000 98.107 1.000]
honey
treatments  flight activity 8911.246| 2 4455.623| 2.187| .115 4.373 443
no. of combs with
88.394| 2 44.197| 4.832( .009 9.663 794
brood
brood pattern 3124.391| 2 1562.195| 3.425[ .035 6.851 .638
no. of combs with
6.209| 2 3.104 .679| .508 1.359 .163
honey
Error flight activity 368816.907|181 2037.662
no. of combs with
1655.731|181 9.148
brood
brood pattern 82547.212]|181 456.062
no. of combs with
827.009(181 4.569
honey
Total flight activity 1962084.000|184
no. of combs with
19687.000(184
brood
brood pattern 481575.000|184




no. of combs with
1284.000(184

honey
Corrected flight activity 377728.152|183
Total no. of combs with
1744.125]183
brood
brood pattern 85671.603|183

no. of combs with
833.217]183
honey

a. R Squared = .024 (Adjusted R Squared = .013)
b. Computed using alpha = .05

c. R Squared = .051 (Adjusted R Squared = .040)
d. R Squared = .036 (Adjusted R Squared = .026)

e. R Squared = .007 (Adjusted R Squared = -.004)

Appendix v: rmANOVA of data on Varroa load for the two zones with time and treatment as factors

Type |l tests of fixed effects:

Num Den
Effects DF DF F Pr>F
Treat 2 20 0.013 0.987
Time 5 93 2.023 0.083
treat*time 10 93 0.793 0.635

treat*time| F= 0.793, df = 10,93; P=0.635| no sig effect for time or for treat
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