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ABSTRACT
A study ofpopulationgenetic structure dsetse fliegGlossinaspp) vectors of Human and Animal

trypanosomiasiswas undertaken in order to increase our understanding on the distribution and
dynamics of tsetse fly populations in Nigef@etse flies were collected in selected four Naye
National Parks/Game Reserve nam#é&lginji Lake National Park, Old Oyo National Park, Cross
River National Park, Yankari Game Reserve and a highly tsetse ingggtguhstoraarea within
the Federal Catal Territory Abuja atijah Gwari, and examined usir@ytochromeOxidase C
SU1 (CO 1), Internal transcribed spad€iTS-1) sequencesna geometric wing morphometrics.
Flies wee sampled usingtandardbiconical traps while ambient temperatur@and relative
humidity conditions were recorded witn whirling hygrometerand ©-ordinates of sampled
locations and trapping points were recorded with GPS déwigecreferencingA total of 1891
tsetse flies were collected comprisiriglossinatachinades (1050 55.53%), Glossinapalpalis
palpalis (568 30.04%) Glossinamorsitanssubmorsitang270, 14.23%)and Glossinafusca(3,
0.16%) Analysed data showesignificant diference ¢ (4) = 1375.417p " 0.00J) in the relative
abundanceof Glossinaspp. per sampled location, whereas pairwise comparison shaweed
significant differencdp = 1.000)in the relative abundance Glossinaspp.betweenCross River
and ljahGwari sampled locationApparent densitiesf Glossinapopulations weraignificanty
different(c®(4) = 20.500p < 0.00) persampled location. Pairwise comparison however, sidow

that Od Oyo, Yankari, and Kainji locations had comparatively ldgharent densities &flossina

Spp

Male and female fly ratios wersignificanty differe n t2 (1 =54.000, p =0.046) withigher
proportion of maldlies caught than females some but not all species in all regions sampled
The composition oGlossinaspecies in the sampled locatisiswed no significant association

(&2(12) = 2134.106p > 0.007), as well as nsignificant differencét = -1.580, p 0.13% U= 0.05)
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in tsetse catches in relation to ambient temperature and relative humidity cawédsobserved

in Yankari Game Reserve. Significant difference{t0 . 6 3 3, p=0.650intsete@atches U

in relation to ambient temperature and relative humidity conditwas observenh Kainji Lake

National Park(t=-36. 290, p = 0.000 °~ U = 0168339, pFn Ol d
0.000 °~ U = 0.05)Parkmnd@rf.s61 R,i veer= Nm.tGlona U = 0
No significant correlations between tsetse catches and ambient temperature and relative humidity
conditions were observed in most of the trapping locations visited, suggesting that the distributio

of flies across the sampled locations were probably influencethly environmental factotsan

climatic conditions alone

Tenerity phenomenon showsidnificant difference(c® (4) = 20.500p < 0.00)) in the proportion
of teneral and non tenerfiles amongt the fourGlossinaspeciescaught, withthe proportion of
teneralflies in eachGlossinaspecies beingignificantly higher than theonteneral flies, except
in G. fuscain which there was nsignificant difference between the number of tahand non
teneral fliescaught Pairwise comparisoshowel that YankarGame Reserv&ld Oyoand Kainiji

LakeNational Park$rad comparable tenerity Gflossinaspecies

Five Glossinaspp.for whichno information on their COI sequences is available on the Genbank,
coud not be identified molecularly using phylogenetic analysis. How#westudy demonstrated
the splitting of G. p. palpalis populations into two major groups, a West African Clade (WAC)
and a Central Africa Clade (CAC), with the convergence zone of the tvaw gnapyps (WAC and
CAC) found ceexisting sypatrically irthe region of Cross River National Park at the Nigerian
Cameoonian bordearea While the ITS1 regions of thes. p. palpalis subpopulations did not
show any differencesthe geometric wing morphometricshoweda sex depetent shape
dimorphism in 41 flieexaminedrom Dodeo region in Cameroon
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Since the COlsequences havelearly revealed the splittingf Glossina palpalis palpalis
populations into two major grougbe question requiring answierwhether the two groups G.

p. palpalisidentified in this study camterbreedandif so arethe vectorialcapacities of the two
groupsof flies the same, these needlde investigatedThis is even so as theolation status of
flies inthe National Parkseed to be investigated especially as migration of other fle<sieared
areasmay hinder the succes$tsetse control using SIT, whereas limited migration may lead to

success

It is concludel that informaiton generated from this studypwld aid the choice of effective anti
tsetse management appr oa ckhasisg aicampanénedtiesterient r y 6 s
insect technique $IT) as being advocated biype Pan AfricanTsetse and Trypanosomiasis

Eradication CampaigrPATTEQ).
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CHAPTER ONE
1.0 INTRODUCTION
1.1 Preamble
African Trypanosomiasis is a debilitating tropical diseasaplexof humansand livestoclcaused
by protozoan parasites of the GedugpanosomaThe disease is the major cause of extensive
morbidity and mortality inaffected individuals and livesto@cross38 endemic countries cub
SaharamAfrica (Leak, 1999) It is the major impediment to profitable agriculture and livestock

development in the poverty stricken sidgiion (Swallow, 2000).

Animal African trypanosomiasis (AATQtherwise calledinaganain cattle,is a wasting disease
responsible for the deatsf about threamillion cattle annuallyand other breeds of livestock in
subSaharan Afric§Abengaet al, 2002; Mulumba, 2003).osseslue to AATaloneare estimated

at approximately 4.5illion United Stateslollars (Hursey, 2001)Large areas of fertile land have

been abandoned, antherefore not utited for agricultural purposesAnimal African
trypanosomiasis (AAT)mpacts negatively on the soeszonomic and political wellbeing of
teeming human populations in affected countries (Nash, 1958). The resultant effects of these on
large scale is food insecurity, low protein intake, low manure for local organic foodcpoogu

low income from sale of farm produce, lack of employment and national insecurity (Swallow,

1999).

In Nigeria lossesdue to AAT are estimated about837.20million Naira in six states of the
Federation (MRP/NITR Mid Term Review, 1998), largelyecausdsetseand typanosomiasis
have altered the economic health and social status of inhabitants of affectad #dreasuntry

Nigeria, despitats cattle population of over 1@illion head(FAO 2004) is the largest importer

of meatand dairyproducts in West AfricéBonnetet al, 2015.
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Human Africantrypanosomiasis (HATd t h e r wi s IeepingasicknesgbccuisSnan area
approximatelyl.55million Km?2with over 2 million people mainly living in rural areas at risk of

the disease (Aksogt al.,2017. The World Health Organisation (WHO) estimates the disease
burden at 2.0&illion disability adjusted life years (WHO, 2006). Epidemics of sleeping sickness
which ravaged sukSahara African countries affected by the diseasethe twentiethcentury
causedmassive human displacement and depopulation (Steverding, 2008, Satalr,@012).
Thoughthe situation was broughiinder control, in the 19604, iesurged agaiin the 1980s
(Curtain, 2015), due mainly to economic decline, civil disturbances, war, population movements
and refugees (Smith, 1998)he gradual encroachment of people into tsetse infested areas as a
result of war, civil disturbancesaybe responsible for the resurgence of sleeping sickness in areas
where the disease had prawsty been eliminated as observedhe Republic of Congo, Southern
Sudan and Rwanda (Lyons, 1992; Arbstnal, 1995; MoreandRicher, 2001; Stanghellirand
Jos@mado, 2001; Aksowt al.,2003;Buscheret al.,2017). However tle number of new cases of
HAT in 2009declined to below 10,000@r the first time in 50 yearasagainst 30,000 reptad in

1999 and 2804 reported 2015 (WHO, 2018)lue mainly to the improwveent of surveillance and
treatment activities (Simarret al, 2011). Even though, with concerted efforts through active
surveillance and treatment of infected individuals, the epidemic situation has been brought under
control, sleeping sicknesstill remans endemic in many countries in s@aharan Africa,

including Nigeria (Francet al.,2014).

In Nigeria, the disease which was previouslgarded as a northern problamdconquered in the
1960s is reemerging, with a shift to the soutiithe countryEdeghereet al, 1989;Anereet al.,
2006; Curtain, 2008Adamuet al.,2011). Reports of active surveillance activities’e shown

that the disease is on the rise even though the WHO has grouped the country amongst those with



low sleeping sickness caggnyebiguweet al.,2010;Francoet al.,2014;Karshimaet al.,2016;
WHO, 2017). In February, 201@ut of 470 subjects screengdDelta State Nigeria, 4 (0.85%)
were parasitologically positive and 49.34%) were serologically positivéor trypanosomes
(NITR unpublished repoyrt In 2011, out of tworeported cases (NortAnd South), onewas

confirmed CATT positivanddied (NITR unpublished repgrt

Trypano®mes are the causative ageonfstrypanosomiasisThey are single celled protozoan
parasites belonging to the geAugpanosomaThey are transmitted from host to host via the bite
of infectedblood-sucking insect, tsetse fls{ossinaspecies The most economadly important
trypanosomeparasites transmitted in livestock inclufieypanosoma vivax, T. congolense, T.
brucei, T. simiaeandT. evansi Two subspecies ofT. bruceithat are responsible fanedisease

in humarsincludeT. brucei gambiensevhich causes the chronic form of thisease in west and
central Africa, andl. brucei rhodesiensthat causes the acuiem in east and southern Africa
where it is a zoonosis. THE brucei forms that cause the disease in husnamd animad are
morphologicallyidenticalexcept that the animal parasites are susceptible to a trypanocidal factor
due to the presence of a high density lipoprotein associatedhe human blood (Rickman and
Robson, 1970; Jenni atun, 1982 Hager andHajduk, 1997)The trypanosome parasitdsat
causetrypanosomiasisn both humans and animals are transmitted cyclically by the bites of
infected tsetse fliesglossinaspecies) during blood mealdtherbiting flies includingtabanis,
stomoxysand haematopotaave been incriminated in themcyclic transmission of the disease

in animals(Bitome-Essono, 2016

Tsetse flies Glossinaspecie} are obligate hematophagous insects of human andnal hosts
occupyng about 10 million Kné (78 % of the total land mass of the region of sSéharan Africa

traversing the continent between latitudé North and 20 Sauth (Swallowet al, 1998). There
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are 34 extantspeciesand subspeciesf tsetse flies distributed across 38b Sahara African
countries(Davies, 1977). Within their confinegsetse flies are not uniformly distributed, lawe
distributeddiscontinuously due to habitat fragmentatiddrafsur, 2009. Added to that is the
influence of environmental factossich agemperature, relative humidjtglevation, rainfall and
vegetation coveon the relative abundanoéthe fly populationgRogers, 197 7/Brightwell et al.,

1992 Robinsongt al.,1997a; 1997p The above listed environmental factors in addition to host
availability (Rogers and Boreham, 1973; Turner, 1981), cause uneven distribution of tsetse flies
between vegetmin types. Environmental changes (i.e. land use due to increasing human
population and deforestation) haveen implicated in the changing pattef the epidemiology of
trypanosomiasis (Van den Boss@htal.,2001; 2010)Tsetse flies exist igeographically isolated
units or subpopulations in which flies are adapte@rnd maybe responsible for thebserved
intraspecific geographical variatiambehavior and tist preferencedorr et al.,1988; Colvin and

Gibson, 1992).

Out of the 3 extant specieand subspeciesf tsetse flies so far describetil occur in Nigeria
covering an area approximately-88%o0f Ni ger i a 0 s ilohe&ds,t@allénd magsu ar e
They are distributedccording to habitat preferendestweerMangroove swamp vegetation from

the coast throughrainforest, derived savanna dorthern guineaSahel savannahbetween

latitude 1213°north with extensions algnHadejialJana 6 d@ydmgraphic networkgDavies,

1977; Onyialet al, 1983).Exceptions includ areas above 1,200 taes above sea level (Dede

al., 2005. However, it has recently been observed that tsetse infestatiomgxXtanded into areas

in which theywere previously not recordgatobably dudo the phenomenon of global warming
(Jordan, 1989; Kalu, 1996; Aks@{ al.,2003; Dedeet al., 2005 Ogedegbeand Rotimi,2006;

Tongueet al.,2015
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All the 11 speciesand subspeciesf tsetse in Nigeriaare capable otransmiting animal
trypanosomiasighe most important beirg. m. submorsitansG. longipalpis G. tachinoidesand

G. p. palpalis(Davies, 1977) Two members of theverine group{Glossina palpalis palpaliand

Glossina tachinoidgs in addition totransmitting animal trypanosomiasis, are abldéramsmit

human trypanosomiasis. It estimated that if tsetse and trypanosomiasis are eradicated and the
area presently occupied by tsetse flies is opened up and put into full utilizatoaldsupport
additional 253 . 2 times the countryds currendd7).lhsti mat
addition,the countrycould save approximatelyS $1.3billion from the importation of meat and

dairy productsannually, andensure increaseemployment opportunitiedood availabilityand

national security

In view of the negative impacif trypanosomiasisn the economy of mosbuntriesaffected by

the diseasethe African Heads of Stand Government during the 8&€onference ofAfrican
Union (AU) at Lome,Togo,declared throughessolutionAHG/Dec.156 (XXXV] of 12 July, 2000,
that tsetsdlies be eliminated from the African continent through the Pan Africa Tsetse and

Trypanosomiasi&radication Campaign (PATTEC)

Control of trypanosomiasis relies on the deliberate actions agairtsypa@aosomegparasites, the
vector aw/or the host. Thedisease could be controlled either by chemotherapy or
chemoprophylaxis. However in view tife lack of effective vaccine against the parasif®ok,

2005), due to the phem®non of va@able surface glycoproteins trypanosomes¢Barry, 1997;
Payset al, 2004), unavailability and high cost of drugs, resistance of parasites to available drugs,
vector control is considered the most effective method of trypanosomiasis control (Ravel, 2007).
The vecor couldbe controlled by mearsf aerial or ground applicatioof chemical insecticides,

impregnated screens and targets, pouar formulationsused on animaland the use oSterile
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Insect TechniquéSIT) for mop up operations (Allsop, 200However, despite concerted efforts
to cantrol tsetse fliestheseeffortsare hampered ye reinvasion of cleadeareas byther tsetse
flies (Aksoy, 2003; Krafsuet al.,2008; Beadelkt al.,2010) The limiting factos havemainy
been attributetb inadequate knowledge on the dynamic8yopopulationsinvariably,adequate
knowledgeon the population dynamics of tsetse fliskey tosuccessful control of tsetse flies
using theSterile Insect Techniqu@=eldmannet al, 2005; Hendrichset al, 2005; Torret al,

2006.

Earlier laboratory studies hathownthat t®etse populations could be differentiat&hg Etten,
1981;1982a; 1982bTJorr et al.,1988;Colvin and Gbson, 1992Moloo, 1992, 1998 but genetic
basis of the differences were never investigated probably due to limited availability of molecular
tools.With the currentawvailability of molecular tools, studidsave showithat the genetic basis of
differentiations intsetse popuaiions could be investigatett is possiblefor instanceto employ
molecular toolsto providedata on genetic differentiatiorsd tsetsepopulations using either
mitochondrial or microsatetk DNA markergSolanocet al, 1999, 2000; Krafsur 2008Jarqueze

et al., 2009. Cytochromeoxidasel geneavhich is importantin oxidative activities during
metabolism isa maternallyinheritedgene found inMitochondrial DNA that could be used to
assess genetic drift and bottlenecks in population size (Avise, 1081a conseved gene and
relatively stablewhereadMicrosatellites are short repetitive nucleotide sequences witkecats
flanking regions thatould be amplified by polsnerase chain reactions (Krafsur and Endsley,
2002). These techniques rapidly identifye levels of epidemiologically important population-sub
structuring in tsetse fly vectors.

Investigating genetic variatiors in natural populations o6Glossinaspecies is imperative for

ascertaining theuccess or otherwise of tsetse control programsimg SIT Where there is limited



gene flowfor instance SIT may succeed because chances of reinvasion from neaighigo
populdionsmaybe minimal, but wherthere is no restriction to gene flow, the success of control

campaign using SIT cannbé guaranteed (Krafsur, 2003).

To our knowledge,information on the genetic structures of Nigeria tsetse fly populatiats
would enable planning of effeste control strategieagainst the vectors the countryis limited.
ThereforeinvestigatingwhetherCytochromeoxidasel mtDNA markercould be useto unravel
genetic variationgn natural tsetse fly popafions could improve ourunderstanding othe
dynamics ofsetse fly populationis Nigeriaand provide some answei$e result fronthis study
might provide information thatauld aid choice ofeffective control strategy against tsetse fly
vectors in Nigeriaespecially as the country is part of the PATTEC campaign of eradication of

economically importanGlosssinaspp.using a component of SIT

1.2 Statement ofthe Research Problem

Despite concerted efforts to control tsetse flies, reinvasion of clearedbgretiser tsetse flies

often occurs due pmarily to inadequate knowledgenahe population dynamics of target
Glosssinaspeciesand their role in diseassgnsmission Ecological ditaneeddo be supported by
molecular techniqueas providing cleaer understandingn the extent of dispersal, delineatiah

cryptic species boundry, isolation and disease transmission potentials of a given target tsetse

population. These are currently limited in Nigeria.

1.3 Justification

Knowledge on the population structure of tsetse flies is of paramount importance as it is expected
to allow for the assessmenttbé menace of tsetse and trypanosomiasis in the colnfogmation
generated fronthis studymay aid the choiceof effectiveani-tsetse management approacimes

the count r y ousingd eotmpooentafith8IP.ar k s
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1.4 Aim and Objectives
1.41Aim
To evaluate and compatfee population genetic structures @fossinaspecies irNigeria National

Parksand ljah Gwariwith aview to deciphering underlying changes in species composition

1.4.2 Objectives
i)  To deteminethe speciescompositionand relative abundana# Glossinapopulations in

someNigeria National Parkand ljah Gwatri

i)  To determinghe apparent densities and distribution pattefn&lossinapopulationsin

Nigeria National Parks in relation to vegetation types and climatic conditions

iii)  To determinegenetic structuresf Glossinaspeciesin Nigeria National Parkand ljah

GwariusingCytochrome Oxidase C SU1 (CP1

Iv)  To determine the phylogenetic profile/structureGdbssinapopulationsn someNigeria

National Parkand ljah Gwari.

v)  To determinéhow narrow or wideGlossinapopulatiors havedriftedin Nigeria National

Parks and ljalGwari

1.5Research Questions
I) Isthe speciegompositionandrelative abundance d@slossinapopulations in the selected

Nigeria National Parkthe sam@

i) Are there any variations in thepparent densgitand distribution pattersin the Glossina
populations in relation to vegetation typssd climatic condition#n the different National

Parksand ljah Gwar?



iii) Are there genetic variationstie differentspecies oGlossinain the different National Parks

iv) Are there variations ithephylogenet relationship within, among and between the different

populations ofSlossinaspp.in the different National Parks

v) Are theGlossinapopulations homogenous in teampled locatiors



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Economic Importance of Trypanosomiasis
African trypanosomiasis is a parasitic disease of man and live§ioglanosomiasis constitutes
one of the major causes of oty in affecteccountries of sutbahara Africa (Aksoy, 2003). The

humandisease is ranked"®ut of 25 infectbus disease®cognizedy the WHO.

Animal Trypanosomiasiss a major threat to food security Nigeria and other parts ofils-
Saharan Africagwallow, 200Q Abengaet al, 2002. Livestock industry plays a very important
role in the national economy ahy nation. In Nigeria it consistently contribute$% of gross
domestic product (GDP) and between2l®%6 of the total agridctural GDP over the years. It is
alsoanimportantsource of protein in local diet and provides employment and income for a large

portionof the rural populacé&huaibuet al, 1997 FMARD, 2003.

In Nigeria anumber of factorencluding nutrition, diseasesnd pestgontinue to militate against
the attainment of food security by impacting negatively on the agricultural sector. (Saualbu
1997). Lossedue toanimaldiseasesncluding typanosomiasisre estimated at betwe88-40%
(Majiyagbe and Lamorde,997). Where typanosomiasis is prederthe disease constantly
impededivestock productivity andrainsthe financial reources of livestock keepers. Tdisease
consistentlyesults inmortality, reducedertility and overall production in lestock if notreated

(Shaw, 2004).

The Food and Agriculture Organisation (FA@Eognizes that theanacedor a successfuight
against povertys the improvement of food sarity in developing countriehe need to promote

agriculure, health and food security ispee-requisiteto poverty reduction as notedlring the
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World Food Summit held in Rome in 1996. The neecktluce poverty is particularly important
in tsetse infested areas aflbsSaharan Africa where half of the population suffers from food
insecurity.Approximately, 85% of the poor are located in rural areasnam@ than 80% of the

populacedepends on amulture (PAAT, 2008.

It is estimated that 70 million people (Aksoy, 2Dard48 million cattle (Kristjansoet al., 1999)
areat risk ofAfrican trypanosomiasis. Abotihireemillion livestock dethsdue to typanosomiasis
are reported annuallgnd the loss in livestogiroduction and mixed farminglone is valued at

approximatelyt.5billion U.S dollars yearly in AfricaAbengaet al, 2002 Mulumba,2003.

Direct impact of the disease resultdasses in milk and mearoduction as well as mortality and
morbidity (FAO, 2007)Reductiorsin milk intake by 1626% in tiypanotolerant breeds of anirsal
calvingrates by 112 % in trypanotolerant breedscahl-12% in susceptible breedsd increase

in calf mortality by 810% per tolerant breeds and-20% per ssceptible breedhave been
reported Swallow, 2000. Theoverallcattle population igstimated to beeduced by 3%0%, due

to the avoidancey farmersof areaswith high tsetse challenge aypansomiasis risk, even if
suchareasvould be good for grazind his negatively affects livestock population and production

(Altman, 1985 Gombe, 2008

The indirect impact of typanosomiasi contributes to food shortagerough reduced crop
production, land use, ecosystem structure and function, human welfare and availability of healthy
animds that provide traction powerrypanosomiasiads as an importantonstraint tohuman
settlement pattern dimigration (Swallow, 2000) irug-Saharan AfricancludingNigeria (Takele

and Abebe, 1988 The nain factor leading to changes land use and settlement is migration.
Outbreaks of the disease usually lead tgddosses itivestock numbers forcingeople to leave

tsetse infested areas to uninfestedas(Abengaet al, 2004) Also the fear of contracting the
11



disease and stigmatization has led petplaigratefrom tsdse fly infested fertile farnands into

areas that are tsetse fly free but less fertile. This results in poor crop production, over population,
over exploitation and devaluation of the land and environment (Kabayo, 206&)rding to
Swallow(2000) the rate of migration from tsetflg infested to tsetse fly controlled areas doubled

during a study in Zimbabwe

The human form of the disease in Nigeria is chronic in nature (Swallow, 2000) resulting in
reduction of overall efficiency of thaffected individua while animal trypanosomiasis reduces
work efficiency of xen used in cultivation, producgansportation and manure, thereby
discouraging the introduction of drought animals into crop farminggetse fly infested areas
(Omotanseet al, 2004). The cosbf treatment and management further drains the resources of
infected individuad and if diverted elsewhemuldgo a long way in improving their standard of
living (Swallow, 2000). All of these hamper farming and livestock production thereby increasing

poverty (Kabayo, 2002).

Presently trypanosomiasimpacs negetivelyonlivelihood of rural dwellersesuling in reduction

of agricultural output of affectedommunities, thus greatly influencirfigod production, natural
resource utilization and the pattern of livestock and human distibtiiroughout much ofub-
Saharan Africa. The infection in livestock robs man of valuable protein intake in form of milk and
meat. The economic lossin six datesin Nigeria,due to the disease cattle aloneare estimated
atN837.2million annually (NARRPNITR, 1998. Tsetse infested areas of Nigeria could potentially
support additional 1.5 million herds of cattle and twice as much as the number of sheepndoa
pigs if the vector is eliminated (Onyial,997. The cost ofvector control is estimatedat

approximately™N357/km for ground applicatiorof insectidesand N400/km for helicopter
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application.Thecost of reclaiming almost 400,000kof the Sudan and Northern Guinea Sanan

zones between 1955 and 1983 rbayabou®1.6 billion (Samdiet al, 2010

2.2 TheCausative Agent- Trypanosomaspecies
2.2.1Description of trypanosome
The nameTrypanosomais derived from the Greek word trypano (meaning borer) and soma

(meaning body) becausé their corkscrewlike motion (https://en.wikipedia.org>wiki>Trypano).

TrypanosomegPlatel) are small and heterotrophic; they share common characteristics with other
members of the phylum Euglenozoa, particularly the stiffening paraxial rtekiflagellum, a
characteristicommon to the order Kinetoplastida, specifically a large clump of DNAténl at

one end of the unusually long mitochondrion known akthen et op | ast .stru€turey panos
plays avital role in allowing the parasite morph into three froms (trypomastigote, epimastigote,

and amastigote) during its lifecycldepending on were the parasitte s | ocated i n t
anatomy. The location of the kinetoplast in relation to the nucleus and the flagellum emergence
dictates inwhich stage the trypanosome parassté o u n d . Key sources of t
energy, for example achlcisomes and reservosomes, are not kndwpanosomesse several
methodsinordr t o penetrate the host 0 sactiveentuctionof ncl ud
receptormediated phagocytoss . T r y pumique stractare éllsws thgarasitego invade the

host cell usually with little difficulty, resulting eventually in cell rupture, release of
trypomastigotes, and their subsequent multiplicaffogpanosomaruzi differs from its African

relatives Trypanosomadrucel in that no replicatiomccurs in tle bloodstream; rather, the forms

are only able to replicate after another cell has been penetrated.
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2.2.2Classification of trypanosomes

Trypanosomesnfect a variety of hosts and cause various diseases, including the fatal human
disease,sleeping sickness, caused Byypanosomabrucei, and Chagas disease caused by
Trypanosoma cruziTrypanosomedelong to he PhylumEuglenozoa Class Kinetoplastida
Family Trypanosomatida@nd genus: TrypanosomaGruby, 1843 The genws Trypanosomas
further splitinto two major groups based on some inherent morphological differentbs
Stercorarian or non pathogenic and Salivarian or pathogenic gr@hjogfmann,et al, 1984)
While the famer are transmitted during bloogeals by the insect vectors (Anterior stationg, th
latter are transmitted via fees of the insect vector(Posterior station).The pathogenic
trypanosomegclude Dutonnéla (T. vivay, NannomonagT. congolensg andTrypanozoorn(T.
bruce)) groups The stercorarian trypanosomes include amongst othgsdfreyj T. grayiandT.
rangeli which are trypanosomes infectirggocodles and other reptilesHowever studies have
shown thafl'. grayiinfectsG. fuscipes fuscipe&. palpalis palpaliandG. tachinoidegChallier,
1982). The parasite (T. grayi and T. theiler) have recently been foundin cattle and their

pathogenicity is being investigaté@dgomtchoet al, 2017)

2.2.3Life cycle of trypanosomes and diseassribution

2.2.3.1 Life cycle of trypanosomes
During a blood meal on the mammalian host, an infected tsetse fly (&dossing injects

infective metacyclic trypomastigotes into the skin tisgiégure 2.1) The parasites enter the
lymphatic system and pass into the bloodstream. Inside the host, they transform into bloodstream
trypomastigotes, are carddo other parts othe bodyandfluids (eg, lymph, spinal fluid), and
continue the replication by binary fission. The entire life cycle of Afritgppanosomes is
represented by extracellular stages. The tsetse fly becomes infected with bloodstream

trypomastigotes when taking a blood mealan infected mammalian host. Inthé y 6 s mi dgut ,
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parasites transform into procyclic trypomastigotes, multiply by binary fission, leave the midgut,
and transform into epimastigotes. The epi mast
multiplication by binary fission. The cycle in the fly tal@sproximately 3weeks. Humans are the

main reservoir fof rypanosom#ruceigamgiensebut this species could also be found in animals.

Wild game animals are the main reservoii ob. rhodesiense.

The causative agents of both HAT and AAT are differepécies of trypanosomes. The
economically important parasites includer animal trypanosomiasi3rypanosoma congolense,

T. viva, T. evansi, T. suis, T. equidem,andT. bruceibruce; Two subspecies off. bruceij T.

b. gambiensandT. b. rhodesieresare responsible for the chronic West Africa and acute East
Africa forms of sleeping sickness respectivellan den Bossche, 200I)he brucei forms that

cause the disease in humans and animals are morphologically indistinguishable except that the
animal parasites are susceptible to a trypanocidal factor due to the presence of a high density
lipoprotein associated with the human blood (RickrmadRobson, 1970;JenniandBrun, 1982;

Hager and Hajduk, 199Thomsoret al, 2009).All the parasites however rely on tsetse flies for
their cyclical development and transmissiercept trypanosomes of equin&s équinumandT.
equiperdumand of camelsI{. evansiwhichare not transmitted by tsetse flies but by direct blood
contact diring copulation (horses) or by other biting insects such as horse flies (tabanids) in the
case of camelRavelet al.,2007).Research has shown that some enzymes play important roles
in the life clycle of trypanosomes. It is thought that some of thesslidase enzymes are
essential in the sustenance of trypanosomes inside of the vector tsetse flyrenchamtmalian

host and thus maye important in the pathophysiology of the disease (Gdteath, 2013).
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2.2.3.2Disease distribution

The currentdistributionof trypanosomiasis in Africa corresponds to the range of distribution of
tsetse flies whih currently spans an area approximately 10 millimalketween latitude PAorth

and 20South (Molyneuxet al., 1996). HAT is discontinuously spread ovér million square
kilometers ad affects populations across 38bSaharan countriegFigure 2.2) Animal
trypanosomiasi6AAT), caused by a wider number of trypanosome species and carried with higher
prevalence by a greater number@lossinaspecies, is invariably the greater epidemic across the
African continent with dire economic consequences. In general, trypanosome infections that
threaten livestock are over 100 to 180 higher inG. morsitanghan the trypanosome infections

that causehuman trypanosomiasis (Jordad976). Historically, the impact of animal
trypanosomiasis were so profound that it influenced the migration routes ofovatileg tribes

into the continent who were forced to avoid @anorsitansi f-b ¢ | t s 0, thensoovements| a s
of early European and Arab settlers into the continent who depended on horses and oxen
(McKelvey, 1973 as cited by Steverding, 2008Trypanosomiasis has severely hampered the

sociaeconomic development of siaharan Africa (Steverding, 2008

Disease distribution in Nigeria

Theorigin of trypanosomiasis in Nigeria is not known. The disease seems to have been in Nigeria
since time immemorial, precisely before the coming of the colonial masters. Evidences however,
abound indicating that theatives were conversant with the disease and have had traditional
methods of its treatment before the era of colonialidativesand pastoralists seemed to have
developed some type of response in preventive and curative medicine as far as human and animal
trypanosomiasis were concerned. Research on trypanosomiasis in different parts of Africa reveals

that the people had practiced evacuation of tsetse infested areas, avoidance of certain riparian areas
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in the dry seasons, produced traditional concoctiortsetd affected persons and animals, and
practiced the isolation of persons affected by the diseas&wvettcthough in some instances some

of these movements were i gnorimlA07,lagolonidiaficeg, ht t o
Dr. McGahey,repr t ed t he case of a fAnative doctor o at
treating sleeping sicknessnce the beginning of the ZA@ntury. According to him, sleeping
sickness patients were treated by t hstedofidoct c
Aincising the glands in the neck and dressing
been burned, powdered and made into a paste with water. A decoction of other leaves was made
for internal admini st r ¢athednherited thie emedy from his father d o c t
and that he had treated 83 cases in the previous two years and lost only two. Consciously or
unconsciously, the practice of bush burning in the dry season also reduced the amount of space
tsetse flies could uséhereby reducing them to vegetation and shades near water holes, streams

and ponds.

The first reported case of sleeping sickness in Nigeria was by MacFie and Gallagher (1914) in
Eket district in SoutiEast Nigeria. It has been reported tthagt greater part of Norénn Nigeria

was virtually free from human trypanosomiasistil the beginning of the 26entury whernthe
diseasegose to an epidemic proportion probably throlejtour forces employed on the opening

up of road and rail transpornfrastructuresInfections introduced in this way wepgobably

carried a stage further by travelers and traders traversing the newly developed lines of
communication and eventually foci of infection became established alomlydds of kilometers

of thesenewly opened routes from which, in due course, the disease filtered through to the remoter

areas. Once a reservoir of infection had been introduced, the altered mode of life of the community
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created ideal conditions for the spreddsleeping sicknes3his was probably made possible by
the increase in mathy contact that resulted from increased pastoral and agricultural activities, and
the practice on the tin mines of washing the mineral deposits in the hundreds of streams known to

be the habitat of tset flies.

Recent reports however, show changes in the dynamics and epidemiology of human
trypanosomiasis in the country. New endemic foci have been reported in the southern part of the
country (Edegheret al, 1989). A disease which was previously confine the north seems to be
shifting to the south as revealed in Figure 2.3 (NITR records), whangagaltrypanosmiasis is
presentlyendemic in all the 36tates of the federation including tRederal Capital Territory

Abuja.

2.2.4Historical trends

The historical trend of the evolution of trypanosomes and their role in the-socimmic
development of the African continent has been succinctly captured by Steverding (2008). It is
suggested thaheé origin of trypanosomiasis predates recorded historyeder, evidence from
phylogenetic reconstruction suggests that all Salivarian trypanosomes divieoge other
trypanosomes appxonately 300 million years ago (Haa&g al., 1998). It seems most probable

that soon after their emergence, Salivarian trypames became gut parasites of early insects
which evolvel around 380 million years agbsetse flies are thought to have evolved about 35
million years ago and have been involved in the transmission of trypanosomes to mammals since
then. The trypanotolerastatus of African wild animals as a reseluld reasonably be traced to

the long ceexistence of both ts&t flies and the game animals. In confrdsimestic animalsave

not yetfully developed resistance against trypanosomiasigspite theitbreedig over 13 000
yearsnow (Lambrecht, 198%s cited by Steverding, 2008).
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Fromantiquity, it has been established thtte ancient timeorth coast of the African continent

held more flush vegetation than what it is toflzolly et al.,1998). Tsetse flies distribution would
probably have extended beyond the present limit much more northwards into the Nile delta. It
seems most reasonabermentionthat the native livestock keepers at that time must have been
familiar with trypanosomiasis. Besides, further evidence of the presence of tsetse flies in ancient
Egypt as provided by the Veterinary Papyrus of the Kahun Papyri dates back framd seco
millinium, in which adisease resembling nagana wlascribed (Griffithet al, 1998 as cited by
Steverding 2008). Following the adjustment of the stream course of the Nile River during the
course of the Middle Kingdom (2000BT300BC), the breeding st of tsetse flies would
probably have been largely destroyed. This would have led to the gradual eradication of tsetse flies
from the NileRiver andwould probablyhave paved the way for raising pure breed zebu cattle and
other domestic animals like hoss@ntroduced in 18 Century) by the ancient Egyptia(&/inkle

et al.,2005 as cited by Steverding, 2008).

In his review of the situatiomithe middle age§teverding2008) mentionethatevidence of the
occurrence of trypanosomiasn Africa hadoeen describefbllowing reports from the Arabs who

kept close trade relations with the West African Kingdoms of Benin, Ghana, Mali and Songhai.
Hefurther statedhat ;e of the earliest repad casesf human trypanosomiasis is credited to the
famous Ambian geographer Abu Abdallah Yaguwiho journeyed into Africa and found the
ACountry of ed 20@4), &iaundgrgrouad)village whose inhabitants and even
their dogs were just skin and bones and asleep (WiR@@bas cited by Steverding008)). The
reportdepictedhe devastating sleeping sickness epidemic in Uganda at the turn ofcdat @ .

The review also gavaccount of lhe first sleeping sickness cabatwas reported by #hArabian

historian lIbn Khaldunin which he referredot a fellow country man whbad earlier told him
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about the death of the Sultan Mar.i Jat a, Empe
told me that Jata had been smitten by the sleeping illness, a disease which frequently afflicts the
inhabitantso f t hat climate, especially the <chiefta

resembled that of human trypanosomiagidi{ams, 1996as cited by Steverding008.

Modern time account of the history of human trypanosomiasmidsto beclosely rehted to slave
trade. The first ecount of sleeping sickness would probably have come $tom doctors and
medical officers who worked for slateade companies. As sleeping sickness caused increasing
losses, shiypwners and slave tradesould probdly have insisted thaheir ship doctorsiad the
cause investigated? It thus followed thatlir34,the first accurate medical report on African
sleeping sickness was publishegthe English naval surgeon John Aktig8OX, 2004 as cited

by Steverding 2008) It is also provided in the account thathereas only the neurological
symptoms of the late stage of sleeping sickmem® described by Aktinghe Englit physician
Thomas Winterbottonpublished in 1803 a report referring to the characteristic siguvoflen
lymph glands along the back of the neck in the earlyesththe diseas€COX, 2004). It waslso
mentioned that this symptom was known long ago by Arabian slave traders who refrained from
buying slaves with this sign (Winkl2005). Although throughout the ®%entury, reports on
sleeping sickness increased and human trypanosomiasis became a well recoggasedb one

had any cluabout the nature of the illnesS@X, 2004 cited by Steverdy2008).
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2.3 Trypanosomei Tsetse Interaction

The review of Steveling (2008) gives account of the history of tseftggpanosome interactions,

in which it is suggested thate Scottish missiongrand explorer David Livingstowas the first

to suggest that nagana is caused by iteedb tsetse flieslt further states thabflowing the death

of all the cattle he carried along the valleys of the Limpopo and Zambezi rivers as well as at the
banks of the lakes of Nyasa and Tanganyika, after they were bitten by tsetse flies, lnvivegsto
promptedin 1852 to report the presence of the disease (Wi2kl@5). The report wsaviewed

with scepticism until 460 years later that trypanosomes were identified as the causative agents
of both animal and human trypanosomiasis. The Scottislolpgikt and microscopist David
Bruce, in 1895, discovered bruceias the cause of cattle trypanosomiasis (as cited by Steverding
2008). The presence dfrypanosomes in human bloadas first demonstratioby the British
Colonial surgeon Robert MichaEbrdein 1901 following the examination of eemboat captain

in The Gambia by nanféord RM (as cited by Steverding008).The organismsverefirst thought

to be worms, not untithe English physician Joseph Everett Duttatentified them as
trypanosores a few months later and proposed in 1902 the speciesingpagosoma gambiense
(now T. b. gambienge In yet another developmerthe Italian physician and pathologist Aldo
Castellaniin the same yeafpund trypanosomes in the cerebrospinal fluid ekping sickness
patients and suggested that they cause sleeping sickioegsver,Bruceone year lateiprovided
conclusive evidence that sleeping sickness is tnétexd by tsetse flies. But hieelieved that
trypanosomes were transmitted magically bytsetse flies. This was countered thg German
Military surgeon Friedrick Karl Kleineyho showed in 1909 the cyclical transmissiofi dfrucei

in tsetse fliesHaving been compelled to change baigyinal opinion of mechanicatansmission

of trypanosomes, Bruce instedescribe the full developmental cycle of the parasites within their

insect hostln his review, Steverding (2008), further gives account of the discevaitieo other
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animal pathogenic trypanosome spediesongolens@andT. vivaxmadein 1904 and 1905 by the
Belgian physician Alphase Broderand the German Navalddtor Hans Ziemanrespectivelyln
1910 he second human pathogenic trypanosome spécidspdesiensénow T. b. rhodesienge
was eventually recovered by the parasitologists Jofilfiiam Watson Stephensnd Hardd

Benjamin Fanthamas revealed (Steverding, 2008).
2.4 Evasionof Host Immune System by Trypanosomes

2.4.1Variant Surface Glycoprotein (VG

One of the majocharacteristis of trypanosomes is the presence of variant surfagagrotein

(VSG) which covers nearly all the membrane of trypanosomes and is the pradbsurface

antigen of Africanftypanosomes. VSG constitutes an important molecular interfacedetie
trypanosmes and the host immune systéirypanosomes establish their presence in host animals

by releasing numerous toxic substances and by mediating alternate expression of an extensive
repertoire of variant surface glycoprotein, VSG, a processvk as antigenic variatiomhe

success of the establishment and the maturatidrypanosomes play a key role in the disease
transmission cyclel n t he flyds midgut, the trypanosome
environments(Welburn and Maudlin,1999; Haoet al, 2001 and Boulangeret al, 2002),
proliferate and translocate into the salivary gland, where they become infectious to the next
mammalian host (Vickermagt al., 1988).These survival mechanisms employed by the parasite

are major factorghat have made the chemotherapy and development of vaccine against

trypanosomiasis difficult

242Anttpat hogeni city inducing fihosto factors
Trypanosomedave evolved effient immune escape mechanisms by sculptutinge host 6s

innate/adaptive immune response in order to establish an environment suitable for parasite survival
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and transmission. Usual ly thi dgdermmesnts gbuity ®ot i on
respondrecover following establishment of the psitas. Intervention strategies against African
trypanosomiasis that would require the development of efficienitrgpinosomal agents in
combination with nuetralisation of asgiat hogeni ci ty i nducing fAihosto
elucidated, with th view to reducing economic losses of affected countries (Stijleratias.,

2016).

2.5 TsetseFlies

According to Baldry and Riodan (1967etse fliegFigure 2.4)could be described asbust,dark
brown, blackish, yellowistbrown, or yellowish flieganging in length(excluding the proboscis

and wings)from about 6 or 8mm, in the case®ftachinoidesto as longas13 or 1315mm, in

the case of. brevipalpisor G. longipennisA prominent proboscihich has a distinct basal bulb

and points forwaravhen at resis presenin all speciesThe mouth parts consist of three parts (the
upper lip or labium, the hypopharynx and the lower lip or labrum) surrounded by a pair of maxilla
palps the third segment of the @mna bears an arista with haiveich are themselves branched

on the upper surface gnlThe compound eyeshich are wdely separated by thedns are
important in shortange host location. The eyes (ocetliay also distinguish between light and
darkness, a useful attribute for segkoutshaded microclimates when ambient temperatures are
at lethal levels. The wings at rest are foltikel a pair of scissorsothat they are fully overlapping

one anotbr. The wing venation is characteristigth the discal cell (Figure 2.4) comprise
between fourth and fifttongitudinal vein and the posteriorcrese i n) bei ng HAhat che
a but c he rTaeabdonieenahe & mprsitansgroup and inG. tachinoidess of a paler
colour and marked with sharply dark brown bands, interrupted in the middleuindjdpart of

the body is inisible when the isect is at rest, since itétenealed beneath the wingsAO, 200Q.
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Hatchet cell

Figure 2.4: Abdominal markings of adult tsetse

(Adapted from flyhttp://www.kznhealth.gov.za/environ/vector/tsetsefly htm
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Tsetse flisdetect odours by means of sensilla situated on the antdimegemay also be attracted
byKai romones pr oduc dedg. carbon didxide, dratosapdiesr3-0h) and et h
the urine of African buffaloes and catflghenol3 (Vale and Hall,1985 andVale et al., 1988).
However some tsetse are repelledi®/odours of humans and soamemal species e.g. waterbuck

(Gikonyoet al., 2002)

Theinternal anatomy of tsetse flies is characterized by two extremely long salivary glands which
end in the anterior part of the abdomen, an alimentary tract subdivided in an oesophagus, a crop,
which receives the major part of the blood meal before the meal is diverted to the midgut, the
proventriculus which controls the passage of blood between the crop and the midgut and secretes
the peritrophic membrane (a sepgrmeable membrane protecting the guidcells), a midgut
responsible for water absorption, digestion of the meal and absorption of the nutrients and behind
the insertion of the Malphigian tubules (with a function comparable to kidneys) the hindgut. The
female reproductive system consistgaired ovaries each consisting of two ovarioles, the uterus

and two spermathecae. The four ovarioles produce a single follicle in turn in a predicted order,
which could be used to determine the age of an adult female tsetse (Saunders, 1960; Challier, 1965

as cited by Challier, 1982).

Importance of Tsetse flies

Tsetse flies have been extensively studied because of their role in transmitting diseases of humans
and livestock. They have a prominent economic impact irsablaran Africa as the biological

vectorsof trypanosomes which cause human sleeping sickness and animal trypanosomiasis.

29



2.6 Male and Female FliesDifferentiation

Tsetse flie®f both sexeare obligate haematophagous insetihe £xes are readily differentiated

when the external genitilia are examined. In the male the external genitalia forms a conspicuous
knobr-like protuberance (hypopygium) beneath the end of the abdomen, which is abdgent in
female (Figure 2)6 During copulation the hypopygium is deployadd reveals the superior
claspers and penis. The claspers are used for withholding the female during copulation and their

form is characteristic for each sgenus.

During emergence, sex ratio in the field is always uniform but the tmtomes distorted
dependingon the sampling method used. Hand net catches seem to have more representative
segment of male flies, whereas sex ratio in trap catchesaganr of females (Pollock, 1982n

their attempt to unravel the riddle of sex ratio in tsetse fResdolphet al.,(199]) reported that

trap catches dBlossinalongipenisdepended on movement of flies, timing of activity, nutritional
status, trap efficiency, climatic conditions, host availability or a combimaifosome or all.
Okiwelu, (1982 affirmed that different sampling methods often capture different sectors of
Glossinapopulations. Study of sex ratio in tsetse populations is important while considering the

control of target populations using SIT.
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female

Figure 2.5: Differences between male and fem@lessinaventral view (Source FAO, 1992)
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2.7 Glossinaldentification

Tsetse flies mapeidentified morphologicallyFigures 2.6) using identification keys as previously
de<ribed Buxton, 1955Potts 1970;FAQ, 1983. Other methods of species identification include
length polymorphism, barcoding, cuticular hycsdbons (Sutton and Carlson, T9@etahuret

al., 2014).

Very recently, wing geometricorphametrics have been shown to distinguish between species,
subpopulations, ecotypes and even successive generatidosensic sciencgPatterson and
Schofield 2005). Besides it has the advantage of simplicity of data acquisition and low cost (Rohlf
and Macus 1993).Phylogenetic analysis couklsobe used to differentiate between tsetse fly
species, their subpopulations and their evolutionary relationdbgtte(son and Schofield, 2005;
Abila et al, 2008; Dyett al.,2008;Dyer et al, 2011). Phylogenetic analysis also important as

a tool for species identification (Christophegral, 2015). Recently, Mauricio and Juaf2016)
using Molecular phylogenetics were able to identify a new frog species drospniimantis

lacrineosusspp.(Anura Gaugaetoridagfrom Colombia.

Each of these method®weverhas its advantages and disadvantagésle, the phylogenetics
method is expected to give greater accuracy when fully developed, a combination of identification
methods is expected to give more accurate identification than the single methods. It was proposed
that in control programs that inlve Sterile Insect Techniqu&IT) as suggested foiG f. fuscipes

SIT program in Ethiopia, morphological classification alone is not used to classify such

populations (Dyeet al, 2011).
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Figure 2.6: Morphological differences among economically import@tassinaspp.found in
Nigeria

(A) G. m.submorsitangB) G. longipalpis(C) G. tachinoidegD) G. palpalis palpalis

(Source: Daws, 1977)
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2.8 TsetseLife History and Biology

2.8.1Mating

Tsetse reprodudey adenotrophic viviparity (Tobe and Langley, 197B3etse flies mate during

the days after emergence, when the females are teneral. One insermination is enough for the whole
life of the female, but males mate several times during tifiejrdndperhaps some females too
Non-teneral wild caught females are always inseminated. Homologous matings are the rule but
sometimes mating occurs in nature between closely related species; such magagsrally not

fertile and maybe lethal to the female.

2.8.20vulation
The two ovaries are composed of two ovarioles each, and each ovariole developSaundes,
1962; Challier, 1968 The first ovulation occurs 3 to 11 days after the emergence of the female

(Figure 2.7)

2.83 Egg stage

There is no free egg stage, and females retain each egg within the uterus. The fertilized egg hatches
into a first stage larva that passes through three instars, nourished by milk glands that are highly
modified accessory glands idsithe uteus (Denlinger and M&974). A female tsetse deposits its

first mature larva when it is 16 to 17days old. Thereafter, progenies are produced optimally every
9 to 10 days. The larvae burrow into the soil and pupate 1darffafter larviposition. Pupae
remain in the ground for about 30 60 days before adults emergepending on temperature
(Gooding, 1998).The development rate of the various stages of the tsetse fly is directly
proportional to the temperature. High temperateoesd shorten the intéarval period, the pupal

stage (20 days at 3D but 100 days at 26), the lifespan of the adult and the period between
successive feeds.
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Consequently, tsetse flies halleen reported to have very low reproductive rate. The low
fecundity and peculiar life cycle of tsetse qualifies them as ideal targets for control or eradication

using genetic methods (Vreysen, 2001).

2.8.4 Larval and pupal stages

The depth to which the larvae enter the soil varies with environmental conditions; in the rainy
season the larva could pupate almost on the ground or only one or two centimeters kiblew. In
dry season the larva could enter five to eight centimeters below the ground before pupating. The
pupae cannot move and so are susceptible to wide variations of temperature and humidity. They
can withstand high relative humidities but neither submerbiowater nor dryness (Bursell,

1963) Pupal duration is an important parameter in timing tsetse atooperations. High
temperatures reduce the length of pupal life, but too high temperatures may kill the pupae in some
days and even some hours and pwjtak are usually situated in well shagéakces, under logs,
bushes, and so oRor some species, €y tachinoidesandG. p. palpalis breeding sites couloe

entirely manmade, such as mango and banana atemis

2.8.5 Adult Emergence

During emergence, a young fly emerges by breaking the puparium at the opposite end of the end
which has the two respiratory lobes, with the aid of a swelling on top of the head of the fly called
ptillinium. It is with the aid of this same structure that it foriteslf out of the soil in which it was
buried. Upon emergence, the wings of the fly flatten out into their normal shape within few

minutes, the young fly then craws to a suitable place and rests waiting for its first blood meal.
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2.9Teneral and Non-Teneral Flies

From emergence to taking of its first blood meal, a yoilyngs referred to as teneral fly. A
teneralfly may be recognizedy the whitishsemt transparent appearance of the undersidben
abdomen, the ptilinium magometimes be evedeby squeezing both side$ the head capsule
between two fingers and the fly has a soft soapy touch (Ppll@82. After the first blood meal
has been takerthe fly ceases to beneral, but rather referred to asn teneral fly. It couldbe
recognized bythe more creamy yellowgppearance of the underside of the abdoarehwhen
held up to the light, thdark shape of the last meal coldd seenThe thorax feels firmer and
harder, because of the greater development of muscles in jptililiem cannot easily be everted

when the head is squassl between two fingers (FAO, 2008)

2.10Age Determination in Male and Female Flies

The assessment of the age structure of samples colbftéednsecticide spraying has been used
as ameans tcevaluate the effectiveness of treatmentssetse control trials (Chapman, 1976;
Davies, 1978Molyneuxet al.,1978).Age determination in male and female tsetse flies requires
the use of different methods. In the males the wing fray method is useccawhavarian

configuration is used in the case of female flies.

2.10.1Wing fray analysisn males

Age estimation in male tsetse flissdone according to the degree of wear or fraying on the hind
margin of the wing(Figure 28) According to the degree of wear, flies are assigned a number
corresponding to one or other of the six categories as described by Jackson (1946) and Challier
(1965). After giving the wing fray catego(yable 2.1) the a@e is estimated using the guifibe
estimating the mean age of a sample of the tsets¢Tdxe 2.2) and mean wing fray is calctdal

as the sum of each categaliyided by the sum of fly number for each category and finding the
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Figure 2.8: Wing fray analysis for the estimation of the age of male.fi\asmbers from 56
correspond to the degree of wear or fraying on the hind margin of the wing.

(Adaptedfrom: FAO, 1982)
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Table2. 1: Analysis of wing fraydata from 40 flies

Wing fray category No. of flies in each Factor Product
category

1 5 1 5

2 20 2 40

3 9 3 27

4 5 4.4 22

5 1 55 5.5

6 0 6.9 0
40 99.5
Total flies Total

(sum of products)

(Source: FAO, 1982)
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Table 2.2: Correspondence between mean wing fray value (MWFV) and estinmetanbge in
days of flies irsampe (Est. age)

MWFV  Est. age MWFV  Est. age MWFV  Est. age MWFV  Est. age
1.6 11 2.8 21 3.9 31 51 41
1.8 12 2.9 22 4.0 32 5.2 42
19 13 3.0 23 4.2 33 5.3 43
2.0 14 3.1 24 4.3 34 54 44
2.1 15 3.3 25 4.4 35 55 45
2.2 16 3.4 26 4.5 36 5.6 46
2.3 17 3.5 27 4.6 37 5.8 47
24 18 3.6 28 4.7 38 5.9 48
2.6 19 3.7 29 4.8 39 6.0 49
2.7 20 3.8 30 5.0 40 - -

(Source: FAO, 1982)
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given value on the table as given in the Food and Agriculture Organisation (FAO) Training manual

for tsetse control personnel (FAO, 2000).

2.10.2 Ovarian configuration in female flies

Age estimationn female flies is done using ovarian configuration (Figure 2.9). Flies are dissected
to examine the contents of the uterus. Based on the relative sizes of the follicles in each of the two
ovarioles and in each of the two ovules that constitute each,dharflies are assigned an age
category following methods described by Saunders (1962) and as illustrated in Food and

Agriculture Organisation (FAO) Training manual for tsetse control personnel (FAO, 2000).
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2.11PhysiologicalStates in Female Flies

It is very difficult to recognize a pregnant female fly when the larva is small unless it is dissected.
Assessing pregnancy rates requires careful examination obfitents of theiterus whether #
uterus is empty, haan egg, first, second or thirshstar larva (recognizetly the size of the
developing polypnuestic lobespBased onthe aboveobservatios, the female fly can be

categorized as pregnant or non pregnant.

2.12Hunger Staging

Hunger staging is done only on nteneral male flies. It is always very difficult to hunger stage
pregnant femaledue to the development of larva which obscures the manifestation of the hunger
cycle.Some workers hunger stage flies into three categbeéestage 1 when a fly is engorged;
stage 2, when a fly is non hungry and stage 3, when a fly is h(ibgwes, 1977). The classical
method of assessing hunger stage howevehasof Jackson (1933) which gives the mean hunger
stage (MHS). This paran@tenables comparison be made between various categories of flies

or between different populations or different seasdtale flies couldbe categorized into four
hungerstagesStage 1: Gorged when abdomendistended with red or bldelack blood Stage 2:
Replete when abdomensbghtly convex with no red or black color visible and #ords opaque.
Stage3: Intermediate when abdomessiightly concavand a quarter to twdhirdsopaqueStage

4: Hungry when abdomen is flahd underside wrinkled’he Mean Hunger Stage (MH&)uld

then becomputed by multiplying the number of flies in stages 1, 2, 3and 4 by 1, 2, 3, 4 respectively
and dividing the sum of these numbers by the sum of the numbers of flies assigned to each of these
stages. This givesor the MHS, a figure between 2 aAdA figure between 2 and 2showsa

non-hungrypopulation while a fjure between 3 and 3sbowsa hungry population.

43



2.13TsetseEcology

Vegetation is determined by climate and soil. Apart from grasslands, whiobt dopport tsetse

flies, all forms of woodlandrém savannah to rain forest, cogplicdvide suitable habitat for some
species of tsetse flies, but no single vegetation type is suitable for all species. Some species (e.qg.
G. p. palpali$ adjust easily tartificial biotopes, such as coffee, cocoa and palm oil plantations.
Thickets (sometimes comprising chieflyantana camarg which develop on abandoned
agricultural land, are also oftgoodhabitats for themAs the type of vegetation, its photosynthetic
activity over the course of the year and the rate of fragatientof the natural habitat couddsily

be monitored by satellite data; tleeare often used to predict the distribution and density of

Glossinaspecies in an area.

Each species of tsetse fly has a specific distribution area characterized by climate, vegetation and
soil, this last element being important for larval deposit and pupal survival. Indestigchution

area, it is often possible, to digjuish three zonesfouchetet al, 1961). The permanent breeding

sites, where flies occur all year round, the temporary breeding sites, and where they congregate in
unfavourable seasons, and usually where they lay larvae, and whe@atm®t survive in dry
seasonThe breeding gnands are generally open areast very far from théreeding sites, where

flies couldeasily detect their hosts, and deapon them; feeding grounds cowdgtend a few
kilometers around breeding sites, bre & their immediate vicinityin each zone resting places

of the flies vary according to environmental conditions and physiological condition of the fly, but
they are usually constituted by poles, small trunks and medium sized branches, up to some meters
above the ground. But some species likeGhswynnertonandG. pallidipesrest extensively on

leaves by night and on the underside of brantlyeday (Harley, 19601963. Some species of

trees afford better réag-places than areas in wooslgvannaelected by the majority of flies.
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2.14 Survival and Longevity of Tsetse Flies

Adults of Glossinahave been reported to havaigh survival rate, in the laboratory agll as in
nature.G. p. palpalishas been observed to live for 154 days with males livingworor three
months Unfavourdle environmental conditionpredators (birds, spide@nd insects)parasits

and parasitoids (fungind protozopcould killed the fly Apart from death fronaging, flies could
alsodiefrom stavation. Larvae and pupae are more proned to death from predasexiyorous
birds, insetivorous insects, ants etc). Insects whyudrasiise tsetse pupae includ®iptera
bombylidae, Hymenoptera chalcidae and Mugkle. Pupae are also much more easily killed by
unfavourable environmental @hges than adult flies which couttbve away. In nature probably

less than half of the laid larvae reach adult stage.

2.15Activity Cycle

Tsetse flieshave been observed to contplg rely on blood meals for theinutritional
requirements. It thusuggestethat adult tsetse must regularly make flights to contast énimals

to feed off them. Iiemale tsetse, routine activitiappear taconsist mainly on a cycle of finding

a blood meal, resting for digestion of blood meals, larvipositgom seardng for another
bloodmeal. In that manner, flighbuld consumenergy up to 100 times the resting rate (Bursell,
1973), and feeding, moreover carries its own risk. Optimal feeding behavior in females thus
involves balancing the requirements of getting enough blood to produce a larva, whilst using as

little energy apossible, and avoiding being killed while feeding.

In male flies, the optimal behavior consists entirely of mating with as many virgin females as
possible. Rates of energy replenishment must nonetheless be balanced against the risks associated
with feedirg and the high costs of flight. This balance for both sexes is modified by climate. Thus,

when temperatures rise, metabolic rates increase in tsetse flies like in other poikilotherms. If flies
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are to maintain condition and, in the case of females, thefsikae pupae they produce, they must
feeed more frequently, and/or modify their behavior so as to reduce body temperature below
ambient. Failure to do soould lead to increases in mortality and consequent decreases in

population growth rate (Hargrove, 99 as cited invww.tsetse.org>FAQ>Pdf>hargrop4

2.16FeedingBehaviour and Host Selection

Tsetse flies are haematophagous insects i.e. they feed only on blood of their hosts. Host seeking
and selection in tsetse flies is a compfgxenomenon and is central to the transmission of
trypanosomiasidVhile some workers claim host selection is influenced by host abundance, others
feel host selection in tsetse flies depends on host availability. Some still feel, learning influences

host séction in tsetse fliesBouyeret al.,2007a)

Each species of tsetse fly exhibits definite feeding preferences, but the maj@itssinaare

able to bite a great variety of vertebrat€s.swynnertoni, G. austeni, G. fuscipleuasd G.
tabaniformishave been reported to feed mainly on suids, with bovids and other vertebrates
(rhinoceros, hippopotamus, and porcupine) as secondary hosts (Weitz,TH@dadrsitansgroup

flies are cathoti in feeding behaviuor deriving their blood meals mainly from large bovids and
ungulates whereas tiiRalpalisgroup feed on any available hosts including reptiles.

G. morsitanssl., equally feeds mainly on suids and bovids, wartiRlgatochoeruspp) beimy

the preferred hostG. pallidipes G. fuscaand G. longipalpisfeed extensively on bushbuck
(Tragelaphus scriptysand the first and second species bite also suids to some extent.

G. longipennidgeeds mainly on rhinoceros, with giraffe, elephant, baféald ostrich as secondary
hosts.

G. brevipalpisfeeds mainly on hippopotami, suids, buffaloes and bushi@clpalpalis G.

fuscipesand G. tachinoidesfeed extensively on man, crocodiles, lizards and bovids, the last
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species being particularly infeodated to man and cattle. The behavior of each species is
characteristic and is not entirely dependent on the availability of different hosts; this view is
supported by the fact that commonly occurring animals are not fduy @slossina the best
example being ZebreEQuus burchel)i in G. morsitansareas of East Africa and water bucks
(Kobussp.).

Few data are available about the adaptability of tsetse flies to a varying host fauna. It is likely that
flies like G. morsitanss.l., the G. palpalis group, and possiblé. swynnertonandG. pallidipes

would quickly adapt to changes in fauna. The anthropophil@.qfalpalis and G. tachinoides
increases when the wild fauna and livestock decrease (Onyiahg)18RB@vever some speae

such asG. fuscipleuris G. austeniandG. tabaniformig(infeodated to suids);. longipalpisand

G. fusca (infeodated to bushbuck and buffalo), a@d longipennis(rhinoceros, elephant and
buffalo), couldbe very rapidly affected by the removal of only a few species.

2.17Host Detection

Mechanism of host lo¢@®n in tsetse flies has beetudied extensively andbserved to be
influenced ly visual and olfactory factors (Onyiah, 1%§0Both visualand odour detection are

used by the tsetse fly to locate its host, vision is used in-sdraye recognition (about 15m) while
odours are responsilflar attracting flies from greater distancésany case, odours play important

role in attracting flieso hosts even in the open savanna where sight is predominantly used for
locating host positionsIsetse flies detect odours by means of sensilla situated on the antennae.
They are also attracted by Kair omo ide acetpne,oduc e
1-octen3-0I) and in the urine of African bufi@es and cattle (phenols) (Vaed Hall,198% and

Vale et al, 1988). However some tsetse are repelled by the odours of humans and some animal

species e.g. waterbuck (Gikongbal, 2002) In the savanna flies, host locatiorbisvisual means
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though flies couldnove upwind in the direction of emanating odours even when the hosts are

hidden (Vale, 1978 as cited by Onyiah, 1880

Tsetse fliesrespond differently to different odours emangtirom animal hosts (Gikonyet al,
2002). The choice of a hostaydepend primarily on the host preference of the fly but, as tsetse
flies are opportunistic feeders, host availabitibpldalso play an impdant role (e.g. in théorest
G. p.palpalisfeeds mainly on reptiles). However in West and Central Africa the most important
densities of this fly are met around villages where pigs are bred. For tsetse fliesnoir$itans

group such peridomestic habits are seldom observed.

It was shown that tsetse flies, which have fed on a specific host species, have the tendency to return
to the same host species for their following meals (Boetyal.,2007a). Repeated feeding on the

same host species by a disease vector is likely teare the withispecies diseasdésansmission

risk, but to decrease it between species. In the laboratory, feeding sterile, warmatetidsiood

through a membrane hagnerallybeenused to maintain colonies of tsetse fli#hile the
behavior of somé&lossinaspeciess considered to be catholiG. palpalisis able to adapt to
environmental changes and could feed on any available animal mudsling humans.
Madubunyi (199D observed that the peridomestic populationgsopalpalis in south eastern

Nigeria obtained most of its blood meal fralnmestic pigs. Also Ahmed (20D#hferred that a
peridomestic population d&. p. palpalisin Kontagora northern Guinea savanmzaneNigeria,

obtaned most of its blood meals by feedingpmtple who visited a public park for relaxation.

2.18RestingBehaviour
Proper selective application of insecticides in tsetse cordgrplires sound knowledge of the
resting behavior oGlossinaspecies in order to optimize the contact between fliesresedticide
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treated surfaces. Thus, efficient, economic and envieomaily safe control methods coube

devised.

The general feature of tsetse resting behaviotivatsdaytime resting sites differ from the night
time ones.Males and females behave iretbame manner regarding resting substr&gisstrates
utilized as night resting sites mainly congibteaves, twigs and creepers, and, to a nanchller
extent, of branches, stems, petioles, trunists and fruitsall as live organs of plants ameéver
when deadDaytime resting sites mostly consist of brancleesepers, trunks, twigs and roots
and, to a smakxtent, of rocks, stems and sometimes burrddsually, flies rest with their body
parallelto the length of the plant organ and mostiyttemunderside of it. The heaap position is
commonesbn vertical organs (Abdurrahim, 19A1an Vegten, 1971ab; Challier, 1973 Bois et
al., 1977; Laveissiéeret al., 1978; Spielberger and Barwinek, 197Baveissiereet al., 1979
Turner, 1980 and thehorizontal position on horizontadrgans (Onyiah, 1981)According to
Challier, (1982), e general patterrof vertical dstribution of resting tsetse seems ta (&)
decreasinqiumber of flies with increasing height, (b) restsites lower in thelaytime than at

night, and (c) restingites lower in the dry than in the wet season.

2.19Classification of Tsetse Flies

Tsetse flies belag to the Rylum: Arthropoda, Class: Insecta, Order: Diptera, Fan@ljpssinidae

and GenusGlossina The genusslossinacomprises 34xtant species and sulesjes of tsetse

flies distributed across 3@untries of suisaharan Africa (Leak, 1999). The genus is further split
into three sub group§lossina(Morsitansgroup),NemorhinaPalpalis group) and théustenna
(Fuscagroup) based on some minor inherent differences in their morphological characteristics
such as differences menitalia, wing size and shape and abdominal colourdimy hairsand

habitat preferenceB(xton, 1955;FAO, 1982 Gouteuxet al, 1987; Gooding, et al, 1991;
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Gooding and Krafsyr2005. Members of theAustenina(Fusca group) are predominantly
inhabitants of the tropical forests and are considered to be of less economic importance because
they seldom come in contact with man or domestic animals. MembersGibgwna(Morsitang

and Nemorhina (Palpalis) groups are th major vectors of Nagana or Animal African
Trypanosomiasis (AAT) in livestock and sleeping sickness or Human African trypanosomiasis
(HAT) in humans respectively, thus constituting a greatipinealth hazard (Jordan, 198ila

et al, 2008).

2.20Distinctive Characteristics

Here attempt is made to describe some external characters of the diB&rssinaspecies by
means of which thegouldmost easily be distinguished as well as providing some information on
where theycould be found.The following descrption is according to the identification kegs
editedby FAO: (ftp://ftp.fao.org/docrep/fao/011/i0535e/i0535e03.pdf)

2.201 G. palpalisgroup

Tsetse flies of thgalpalis group are of small to average size (6.5 to 11mirhgir abdomen is
uniformly brown or grey with some dark spots (exd@piachinoidesf which the abdomen often
resembles that ofrorsitangly). The male genital amature compris@gergent superior claspers
joined by an intercalated membrane. The targhethind legs are uniformly da¢kigure 2.5@nd

d). Bristles on the pteropleuron are composed of rather small, uniform hairs, which are much
shorter and weaker than those on the sternopleuron. Straight hairs cover the fringe of the thoracic
squamaPalpdis flies are mainly species living in the forests or in riverine or lakeside habitats;
they are diurnal; apart from domestic animals they often feed on reptiles and birde amte

or less anthropophagid.he Palpalis group includes five species and four sgecies and is

restricted to West and Central Africa, with relics in Ethiopia and Arabia.
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2.201.1G. tachinoides

This species occurs in the Sudanese savanna and in the southern part of the Sahelian area of West
Africa with residual focin North-Eastern Africa and couldithstand very dry weather conditions

but congregates in the dry season around water holes, residual pools of tempensptc

2.201.2G. palpalisandG. fuscipes

These species occur in tfegest as well as in theuBhean and Sudanese savannahs, but in this last

environment they are restricted to rivers and rivulets in the neighbourhood

2.201.3G. palliceraandG. caliginea

These speciescour in the high forestbut the first maybe caughtin the gallery forests of the
Guinean savannah.

2.20.2 G. morsitansgroup

Tsetse flies of thenorsitansgroupare small or medium siz€d.5 to 11mm) and the abdomen is
usually coloured with dark spots on a yellow backgroughbssinaaustenihas a small size
compared to the other flies of the group. Male genital amature comprises convergent claspers with
an intercalated membrane. Only the last two segments of the hind tarsi are darker than the more
proximal segmentgFigure 2.% andb), except inG. austenwhere the tarstould be uniformly

dark. Bristles on the pteropleuron are composed of rather small, uniform hairs, which are much
shorter and weaker than those on the sternople8taaight hairs cover the fringe of the thoracic
squana. Themorsitansspecies are primarily found in savannah woodland and evergreen thickets.
They are diurnal, feed on wildlife or livestock and are more or less anthropophagic.

This group includes seven species and threespabies, all inhabiting sanndns.

G. morsitanscomplex occurs mainly in Sudanese savannah @itim. submorsitans West and

Central AfricaandG. morsitansin East Africa Glossina longipalpiss restricted to the Guinean
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savannahs of West Afric&s. austenioccurs mainly in the coastal areas of East AfriGa
swynnertoniand G. pallidipesare highland species of East Africa, the first being restricted to
Kenyaand Tanzania and the second species occurring from Ethiopia to Mozambique and being
present in som coastal areass. pallidipeshas beereradicated from Nataind G. borgesihas

been recently described from Mozambigque

2.20.3 G. fuscagroup

Tsetse flies of théuscagroup are large (10.5 to 15.5mm) ahé abdomen is generally of dark
and uniform colour. The genital armature comprises divergent claspers not joined by an
intercalated membran&ither all or only two last segments of the hind tarsi are uniformly dark
dorsally(FAO, 2008) On the pteropleuron (a plate on the side of the thorax uhdensertion

point of the wing) short, thin hairs are intermingled with longer, stronger hairs. Silks that cover
the fringe of the thoracic squama are long and corrugatedpp®hr muddled and disordered.

The fuscagroup includes 13pecies and two sedpecies which inhabit mainly densely forested
areag(exceptG. longipennisand G. brevipalpig, are most active at dusk and mainly feeding on
vertebrate animalsslossinanashi, G. schwetzi, G. tabaniformis, G. haningtoni, G. severini, G.
vanhoofiandG. fuscipleurisoccur in the lower Guinean forests, sometimes in very restricted areas.
Glossinafuscaoccurs in all forested areas from SierraletmUganda, an. nigrdfuscais wide
spread in the upper Gwan forests and in the northern part of the lo@&emnean forest, from
Guinea to UgandaG. medicorumis restricted to the Upper Guinea, sanannah and f@est
brevipalpisis very widespread in gallery forests and savannahs of East Africa from Natal to
Eastern ConggLéopddville) and to Southern Ethiopiand SomaliaG. longipennisis also an
EasternAfrica savannah species but restricted to Kenya, Ethiopia, Southern Somalia; South

Eastern Sudan, NodWestern Uganda and Northern Tanzania.
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2.21TsetseFly Distribution a nd Abundance

2.211 Historicaltrends

Theorigin of tsetse flies is not known; different sources give different accounts of the real origin
of tsetse fliesThe Biblical account in Isaiahi@pter 7 verses 1819,in New King Jame¥ersion

of The Holy Bible(Thomas Nelsonl982edn)st at es @Al n t wilhwhistte doythet he L C
fly that is in the remotest part of the rivers of Egypt and for the bee that is in the land of Assyria.
Theywill all come and settle on the steep ravines, on the ledges of the cliffs, on all the thesn bus
ad on al |l t h e Franatheeewalutiogary pding the arigin of tsetse flies has been
captured more succinctly by Krafsur (2009). The existence of tsetse flies predates recorded history
as shownby the discovery of fossils of the flies iHoFissant shale of Colorado, dating from
35million years agoNIYA) (Grimaldi, 1992) and from Oligocene strata in Germany (Grimaldi and
Engel, 2005). It is assumed that tsetse had nearly a worldwide distribution some 30 to 40 million
years ago. It seems ditefore that tsetse flies would probably have evolved predating continental

separation in the Cretacious mdin@n 100million years ago (Krafsur, 2009).

2.212 Speciation irtsetse lies

Speciation is the evolutionary process by which reproductiseliated biological populations

evdve to become distinct species. The temasfirst coinedby F. Cookto describehe splitting
lineages or cladogenesis as opposed to anagenesis or phyletic evolution occurring within lineages.
The role of natural selecin in speciationvas firstdescribe by Charles DarwinFour geographic

modes of speciationccurin nature based on the extent to which speciating populations are
isolated from one another, allopatric, peripatand parapatriand sympatric. Speciatiazould

also be induced artificially through animal husbandry, agriculture or laboratory experiments.
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2.213 Phylogeny ofGlossina

According to Gooding and Kfsur (2004) 34 extart taxa have been described of g cies that
include fivespecies complexesith well defined habitats in terms of satellite imagery derived
variables Evidence exists that thgeenusGlossinais ancient Examplesof fossil of four species

have been tracedom sedimentary Shales in Colarado USA (Cockdr@l8)

There are speculations froemnumber of authoritiesn the relationship between the fossil and
extant species @blossing and on the likely distribution of the genes in eadieological periods.
Currentopinion on this subjecanalysedby Ford (1970)suggest thatthe fossil species were
closely related to the present day species oFtiszagroupas postulated bivens(1953. This

was disputed byvlachado (1959), submitting that the paleontological evidence reneaisore

than that the genes hashown considerable variation for a long period of time and that is
previously extnded beyond its present rangeens(1953)suggested that the living members of
the fuscagroup show more primitive features than the species oP#ipalis and Morsitans
groups. Newsteaet al, (1924) considered that the superior claspers of the male become
progressively more complicated through the grdupsapalpalismorsitans Bursell (1958) also
considered the moderfiuscagroup to be the most primitive. He postulated that the ancestral
Glossinainhabited a humid forest envimment as do most members of thecagroup of today.
Bur=ell also suggested that divergence from this stnaetype was associated wiificreased
water-proofing of the puparia, resulting in speciation and evolution of forms able to survive in
drier environments. He saw evolution as progressing from a predominantly xeropioyitans
group GlossinalongipennisandG. austeniwere considered as examples of reversion to drier or

wetter environments after the adoption of a basic habitat, by the group to which they belong.
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Superior claspers appear to become progressively more complex fdusiteegroup to the
morsitansgroup(Machado,1959) The complicateghages & many species of the former could
be considered as possessing the most primitive features and thosdusichgroup, the most
specializednes. It hasbeenshownthat species of th@orsitanggroup are morpholagally much
closer togasterophilusspecies of théuscagroup.This could be based on the knowledgehe

origin of the extangastrophilidaeandGlossinidaen a basic gastrophilid stock.

2.214 Glossinadistribution

Abundant information is available osignificant interactions between tsetse flies and their
environment, especially regardiclimate, vegetation and fauriehe biology and ecology of tsetse
flies has been comprehensively reviewbg Leak (1999). Tsetse flies are distributed
discontnuouslyspanning an area approximat&yi0 million Km? across 3&ountries of sub
Saharan Africa. The discontinuousdistribution of tsetse flies across the African continent is
governed by climate particularly mgerature relative humidity and altitude(Nash 1937) A
humid atmosphere makes it possible for tsetse to move away from the protected habitats where it
survives during harsh weather conditioRer instanceG. tachinoidesandG. palpalisgambiensis

in the rainyseason have been observetttive the gallery foresis the Sudanian savanaadG.
pallidipesleaves the Lambwe Valley National Park in Kenya anddadie the surrounding arable
land Temperatures above ®Band below 17T aredetrimental toadult flies. They could seek
shelter as soon as the temperaueaci35°C (negative pbtotactism). At theseemperatures the
fat reserveof the pupa becomes also easily exhausted.

The distributionarea of the genu&lossinais restricted to the lowland rainfoteand woody
savannah regions of Africa south of the Saliigure 2.10. Some species had alseenobserved

in southwed SaudiArabia. To be precisésetse flies mape found betweelatitude14 degrees
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Figure 2.10: Tsetse distribution in suaharan Africa

(Source http://www.tsetse.org/FAQ/Pics/allspec)gif
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North and latitude29 degrees Sout{Buxton, 195%. The distribution is however not uniform but
often patchy. Country lying below the 500mm isohyets does not support tsetse flies unless there
are watercourses with somegetationalong them (forest galleriedylountainsexceeding 1600
metersof height geerally form an insuperable obstacle for tsetse flies. Howevieastbeen
established that is not the aitude itself which hinders colonization by tsetbat rather the low
temperature prevailing at these heights. Recently, how@ven,submorsitansias been observed

in Ethiopia and Camepn at a height of 2000 eters corrdorating the hypothesis of global
warming of the earth. Likewise in Nigeyiaedeet d., (2005 observedslossinapalpalispalpalis
populationson the highlands of the Jptateay suggesting thathe highland might havéost its
previous status as tsetse free zon&or the purposesf emphasiswithin the confines of its
distributionin much of subSaharan Africathe distribution of the genusGlossinain nature is
discontinuous angbatchy dueto factorsinvolving climate and animal host distribution and
abundance (Roger$998).G. morsitansappeargo have the widest distribution, extending from
Senegal in West Africa, easterly to the lowlands in Ethiopia and southwards to Botswana,
Zimbabwe and Mozambique (Krafsur and Endsi802).Each subspecieds charaterised by a
disjunctive distribution (Rogers, 1998)G. morsitanss | consists of three subspecigs, m.
morsitans Westwood, G. m. centralis Machado andG. m. submorsitansNewstead. The
geographical distribution of subspecies is allopaGicm.submorsitan®ccurs in the north from
below the Sahel from Senegal to Ethiogia.m.morsitansoccurs in Tanzania to Mozambique

and eastern Zambia and Zimbab®e m.centralisoccurs inAngola, northern Botswana, Uganda,

Zaire and western Zdma (Jordan, 1993).
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G. tachinoidess distributed from Mali, Ghana, Guinea, Ivory Coast, Burkina Faso, Togo, Benin,
Nigeria, Cameroon, in the west, Southern Sudan, Chad, Niger in the north and Central African
Republic to Ethiopia in the eadtrafsur and Endsley2002). G. palpalis complex is composed of

two subspecies(s. palpalis palpalis and G. palpalis gambiensiswhich show high levels of
mitochondrial sequence divergence and postzygotic isolation, with F1 males of intersubspecific
crosses being sterile (GoodintP97). The subspecies are almost entirely allopatric, v@thp.
palpalishaving a more southerly distribution. Challetral, (1983) proposed that the subspecies
diverged from an ancestnalpalisfollowing the contraction of their riverine forest habitat during

a dry period at the last glacial maximum around 19-T®®00 years ago. Mating experiments
between colonies d&. p.palpalisoriginating in Nigeria and the Democratic Republic of Congo
(DRC) yielded sterile hybrid males, suggesting thap. palpalisitself mayconsist of more than

one subspecies (Goodirg al, 2004). A molecular phylogenetic study of thalpalis group
produced results consistent with this hypothesi§.gs palpalisfrom DRC and West Africa had
divergent Cytochrome Oxidase (CO1) gene sequences and ribosomal Internal transcribed
spacerl(ITSL) lengths (Dyeet al, 2008). InterestinglyG. p. palpalisfrom Equatorial Guinea

had ITS1 length polymorphism, containingpies otthesame size as both West African and DRC
flies, suggesting the possible presence of hybrids in this population€Dgle2008).G. palpalis

s.l. occurs in Angola, Benin, Cameroon, GQahtAfrican Republic, Congo édplesRepublig
Equatorial Guinea, Gabon, Gambia, Ghana, Guinea, Guinea Bissau, Ivory Coast, Liberia, Mali,

Nigeria, Senegal Sierra Leon Togo and Burkina Faso.

The limits of tsetse distribution and abundance are influenced by environmental factors such as
temperaturerelative humidity elevation rainfall and vegetation cover (Rogers, 1977; Brightwell

etal, 1992; Robinsort al, 1997a; 1997b). Host availability also plays a part in determining local
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distribution and abundance of flieburner, 1981Rogers andBoreham, 1973). Tset$ges move

randomlyin their habitats (Bursell1970). Such random movement is able to cause an even
distribution of tsetse flies and homogenize gene frequencies among subpopulations. However the
above listed environmental factocsuld cause uneven distribution of tsetse flies between
vegetation types. For exampl e, such uwasven d
attributedto extreme climatic conditions during the hot dry season, which made riverine woodland

more suitabled tsetsg¢Hargrove and Valgl980).

Satellite datacould be usedo predict suitable habitat f@. m.centralis, G. morsitansand G.
pallidipes and indeed they have been used infer the environmental factors that shape the
distribution of thesespeciesin Zimbabwe and ZambigRobinsonet al, (1997a). Tsetse
distribution cuts acrss various ecological zones adliferent models and variables are required

to describe the distribution across these different zonesnidysuggest that tsetse populations

exist in geographically isolated units or subpopulations in which flies are adapted to the local
environment. Indeed, genetic data show that tsetse populations are highly differentiated, consistent
with a discontinuous digbution (Krafsuret al., 1997a; Krafsur and Wohlford, 1999; Krafsand

Endsley 2002). Whereas genetic data show pattern of restricted gene flow, ecologiciiaiata

that tsetse of theorsitansgrouphave great capacitidsr dispersalVale et al, 1984;Williams

et al, 19929.

2.21.5 Tsetse distribution in Nigeria

Tsetse flies are distributeliscontinuously in Nigeria spaningn area appsomately 75-80% of

t he count r yo0 silofieles tofaldadd nsagfigare 21). Khey are foundn areas

from the coast to latitude 1P3’North with extensionslong Hadejialana 6 ar e hydr ogr

networks(Davies, 19770nyiahet al, 1983. Due to the phenomenon of global warming, tsetse
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flies haverecentlybeen observed texist onthe JosPlateau,previously regarded as tsetse free
(Jordan, 1989 Kalu, 1996;Dedeet al, 2009. Climatic facors particularlyrelative humidity and
temperaturgAppendix XXXVII) and vegetationype (Appendix XXXV Il1) play major roles in

the distribution of tsse in the country

There are 11 different speciaad subspeciesf tsetse flies in Nigeria which have further been
grouped based on their habitat preferences to inchaléorest Fuscagroup), riverine Palpalis
group) and the savannkl¢rsitansgroup) flies(Table 2.3. In order togive an insight into the
various types ohabitats that these flies mdne found, a brief description of the habitats of

representative melpers of these groups given as follows:

The Fuscagroup (forest flies) are predominantly forest dwellecsupying both rain forest and
riverine forest in the savanna zori@dppendixXXX I1). In many instances suitable habitats for the
Fuscagroup flies are fast disappearing due to the influencanttiropogenic factoysuch as
logging and poaching of wild animal hostaiey seldom come in contact with humans or livels
and are considerenf less economic importancéhey derive most of &#ir blood meals from red
river- hug in the rain forest or bush buckamest outliers othe savannalThe group is represented

by GlossinafuscaandGlossinamedicorunas illustratedAppendix XXXII).

The Palpalisgroup (Riverine flies) are found in riparian vegetations at the banks of rivers/stream

systemswhere precipitation is within 2068000mm of rainfall, and mean temperatures of 25
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Table 23: Glossinaspecies known to be present in Nigeria according to their habitat preferences

Fuscagroupi Forest flies Palpalisgroupi Riverine flies Morsitansgroupi Savanna flies
GlossinatabaniformisWestwood (1850) GlossinapalpalispalpalisRobineau Glossinamorsitanssubmorsitans
Desvoidy (1830) Newstead (1910)

GlossinatabaniformisWestwood (1850) GlossinatachinoidesNVestwood (1830)  Glossina longipalpisViedmann (1830)

GlossinamedicorumAusten (1911) Glossinapallicera palliceraBigot (1891)
GlossinafuscacongolensidNewsteadand Glossinacaliginea Austen (1911)
Evans (1921)

GlossinahaningtoniiNewsteacandEvans

(1922)

(Adapted from Baldry, 1967)
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+2°C and 8885% R.H. They are found in dense vegetation along watersides with closed canopy
from both sides to prevent wind from penetrating. The shade that ensures as a result of the canopy
allows temperature to remain lower in the afternoon and higher at night thaartbanding
environmental conditions in the open savannah. At extremely dry conditions when temperatures
are high, flies find resting places close to water bodies. In the dry season when most streams dry
up flies leave and concentrate in areas where hgmglihigh. Other habitats whef@lossina

palpalis group flies maybe found include sacred grooves where natives perform prayers to their
gods. Such places are characterized by patches of vegetation consisting of large old trees, dense
creepers and shrubsften around water holes or flooded areas. The Mangrove swamps form the
lower limit of G. p. palpalisdistribution in Nigeria. Lake shores with gallery forests as found in

the savannah. Other atypical habitats include coffee, cocoa and banana plantations and
peridomestic situations (Madubun¥P90; Ahmed2004). ThePalpalisgroup derive most of their

blood meals from monitor lizard (Varanus), crocodile and man visiting the habitat for fishing,
cutting wood, hunting or farming at the bank of rivers/stredingy are constantly in contact with
humans and livestock and are of high economic importance.robp  represented li§ossina

tachinoideqAppendixXXXIll) andGlossinapalpalispalpalis(Appendix XXXIV) as illustrated

The Morsitansgroup (Savanna flies) is found in the open woodland savawiaie the mean
annual rainfall is between 800 and 1350mm (Rogers and Randolph 1986), where it is neither very
humid nor very dry Their distribution is patchy or more appropriately in broken belts whegye th

are found. At extremelgry weather conditionsslossinamorsitansmay behaveas riverineflies

by concentrating in cooler and moister part of the habitat to escape from the worst effect of the dry
season. The typical habitat G m. submorsitans Nigeria, is open woodland and woodland

savannah invhich the dominant tree Isoberlina dokeor its close relatives, with plenty of game
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animals living in the area. In the more northernly z&dem. submorsitang found in areas in
which the dominant trees aknogeissus, Balanites, Lannea, Combretam certainAcasia
species. In the southern Guinea and derived savannah &nas, submorsitangs found in
vegetations dominated Wyaniella, Hymenocardia, Detarium, Afzelia, Lophiemd Terminalia
trees. In the absence of gan@&, m. submorsitangnay derive most of its blood meals from
livestock eg cattleThey are constantly in contact with humans and livestock and are equally of
high economic importancas vectors of AATIn Eastern and Central Afric&. morsitansis an
important vector offrypano®ma rhodesienseausing sleeping sickness in mdie range of
distribution of the group represented®ylongipalpis(Appendix XXXV) andG. m.submorsitans
(Appendix XXXVI) in Nigeriais as illustrated G. m. submorsitanss not found in very high

rainfall areas such as rain forest and mangrove swamp

In Nigerig AAT is cyclically transmitted byG. m. submorsitansGlossina longipalpisG. p.
palpalis and Glossinatachinoides AAT is also transmitted mechanically by biting flies eg
tabanids like in the case of evansin camels or sexually in the case @f equiperdunin horses

(Isaacet al, 2016). While HAT is transmitted glossina p. palpalieandG. tachinoides

2.216 Tsetse flies in Nigeria National Parks and Game Reserves

National parks are protected areas which can be definddnds and waters with defined
boundaries established primarily to permanently protect natural heritage features such as unique
landforms, pant communities and animal life. In Nigeria, protected areas include; game/forest
reserves, national parks, strict nature reserves, ramser sitesThetc make a significant

contribution to maintaining ecosystem health and diversity.
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Protected areaprotect habitats for wildlife, includingndangeredpecies andiversify local and
regional economies by supporting tourism, especially ecotouriBhey support forest
Acertificationod that helps compani e sduatsdnk e
addition,they preserve genetic materials that have potential for newsfanddicines and other

products and therefore haweportant scientific and educational value

The prominent protected areas are the National Parks, managed by the Najeneal Park
Service (NNP% The eightNational Parks namel\Chad Basin, Cross River, Gashaka Gumti,

Kainji, Kamuku, Okomu, Old Oyo andankari Game Reserve, cover a total land area of

approximately 20,156kfmor about 3% oNiger i a0 s t ¢Riga&ll2, TableRd). The e a

threemajor natural resources in the protected areas are biodiversity, forests and freshwater.

The NigeriaGover nment 6s policy and goal on the

sustainable use of forest resources aedgwation of the many benefits accruing from soil, water,

t hel

and wildlife conservation for economic development. Among the current priority programmes are

the extension of National Parks and Reserves and the compilation of the flora and fauna of Nigeria

The policies and activities ofhe Federal Government on the thragjor resources (Wildlife,

forests, freshwater) of protected areas are vital in addressing the environmental considerations on

Glossinacontrol in these areas. Sin@ossinacontrol under thewuspices of the Paifrican

Tsetse and Trypanosomiasis Eradication Campaign (PATTEC) is to be implemented based on the

principle of the rolling carpet, emphasis has to be shifted to protected areas were tsetse populations

have been reported to be highest.

In Nigeria, the expansion in human population hasdélge reduction of areas previously occupied

by tsetse fliesrestricting their distributions to the National Parks/Game Resdtvesently
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Figure 2 12: Location of the National Parks of Nigeria

(Sourcehttp://en.wikipedia.org/wiki/st_of national_parks of Nigef817).
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Table 24: Co-ordinates ofocations and soméharacteristics of Nigeria National Paidsd
Game Reserve

S/N National Year Area Co-ordinates State/ Ecological
ParKGame  established (Km?) zone
Reserve
1 Old Oyo 1999 2512 Lat.810and 905N and  Oyo
Long. 300fand 202E. Derived savanna
2 Kamuku 1999 1121 Lat. 14 5 a N a n d Kaduna/
6°3 0 aE Northern Guinea
3 Chad Basin 1991 2258 Lat. 11°0 O g a®a @ & Bl Borno/Yobe
and Long. 130 0 ¢ a r Sudan savanna
15. 30aE
4 Cross River 1991 4000 Long. 305and 629N Cross River/
and Lat. 815and930E. Rain forest
5 Gashaka 1991 6731 Lat.6’5 5 g ° 8 d N8 Adamawa/Taraba
Gumti Long. 11. 11 Northern Guinea
1. 13 aE. savanna
6 Okomu 1991 202 Lat. . 15 a2&dmdN Edo/
and Long. 89 a  &2n3d¢ Rain forest
7 Kainji Lake 1979 5382 Lat.45and1023N and  Niger/Kwara
Long. 341%nd 547¢E Southern Guinea
8 Yankari 1962 2244 Lat.0®. 50 g N an Bauchi/
Game Long.1®0. 30 a E Northern Guinea
Reserve
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National Parks and Game Reserves, hold the highest densi®os$inapopulationsin the

country.

2.22Dispersalin Tsetse Flies

Dispersal of tsetse flies simply means movement of flies frdested to unfested areas for the
purposes of colonizationThese movements are influenced by environmental factors such a
temperature, relative humidijtyelevation, rainfall and vegetation cover and host availability
resulting in the uneven distribution and abundance of tsetséRleeslolphet al, 199).

Early estimates of rate of dispersal in tsetse flies depended on classicateteake recapture

method of Jackson (1944, 1946). Jackson concluded from such experiments that tsetse dispersal
involved teandfro ambitmovemenbetween resting sites aneetling grounds. This observation

was however countered by Bursell (1970) who observed that catches ftaatthagave different
information orfly distribution and movement than previously provided by +fiyarounds. Further

Bursell (1970, suggested #t tsetse movement could be explained by a random walk model. The
idea of random movement was upheld by Rogers (1977) who fittaddom walk model to

J a ¢ k s 0 ndata and © AiSown markleaserecapture data 06. fuscipes fuscipes and G.
morsitansmorsitans Subsequet ree x a mi nat i on odata Shawed thkey codfametd 9 4 6

well to a simple diffusion modeHargrove, 1981Hargrove and Lange, 1989

It is predicted that the mean rate of frontal advand@.ahorsitansgroup flies is of the order of
200 m dag! or 7 km yeat (Williams et al, (1992) In a theoretical study of i@vasion of cleared
areas byG. pallidipes,Hargrove (2000) suggestahat areas as large as 10,066kshould be

treated to minimize reinvasionn summary, tsetse dispersal mhg modeled as a random
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movement or as a diffusion process. Additionally, savanna gsmipe flies are highly vagile

(Ouma 2009

From the fore going it is pertinent to note ttte distribution of tsetse in na&grs homogenous,

but the distrilution becomes disjointed due @abitatfragmentation Yan den Bosschet al,

2009. Apart from physical features like mountains, oceans and riametistopogenic factorslso

have greatnfluence on the distribution @lossinaspeciesMost of the great forests have been
destroyed forcing the forest flieByscagroup to either go extinct or new species evolving as a
means of adaptation to new conditions. Dispersal of tsetse flies is always for exploitation of new
grounds during favourable conditions (immigration) or for escape from harsh weather conditions
(emigratian). Dispersal irmorsitansgroup flies is said to be limited due to the patchy nature of its
distribution. HoweverG. palpalisis considered to have the widest distribution since its movement

is horizantal following the hydrographic networkis the pasthe classical markeleaserecapture
method of Jackson (1944, 194@as used to estimate extent of dispersal in tsetse flies. But because
of the challenges involved in the technique whereby not all individual fikesmsed to the
environment maye recoveed, it was difficult to determine the extent of dispersal of a target
speciesGenetic methods can now be used in predicting fly movements; barriers to gene flow and
exchanges, as well as assessing risks of possible recolonisation from neighbouringhareas
control is not implemented (Echoe@u al, 2013). Of equal importance ise spatial delineation,
temporal stability and size of the targeted population. All these attributes could be defined by
genetic tools. This information could be used in defining the effectiveness and appropriate scales
of control measures that have bewoa vital tool in guiding the implementation of tsetse control

strategies.
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2.23 Disease Tansmission

2.231 Cyclic transmission

The transmissionf trypanosomes by tsetse flies occurs cyclically. That means that the fly after

taken a blood meal from an infected host, does not immediately become infectious but that the
pat hogen during fAthe extrinsic i rectaldydetinsiden per i
the vector. During this period the trypanosome undergoes substantial morphological and metabolic
changes. The developmental cycl@ ofivaxis restricedto the mouthparts and lasts 5 todeys.

T. congolensédevelops in the midgut drthe proboscis and its development takes generally about

12-18 daysT. bruceihas the most complicated developmental cycle with trypanosomes migrating

from the midgut to the salivary glands of the tsetse fly. The cycle takes between 17 and 45 days.

The lasic reproductive rate of an infecti® is the mean number of secondary cases caused by
an infected individual into a population with no q@esting immunity to the disease and in the

absence of control interventions. Reproductive rate is obtainedibypée formula (Macdonald

(1957) and Smitlet al,, (2007)Ro= ————

Where

m = rate of vectors to hosts (amongst others depending on the space utilization of the host and

alternative hosts in relation to tsetse mobility and distribution).

a =feeding rate of the vectoronthe hfbte pends on t he feeding rate i

on the feeding preferences Aiqo of tsetse fli

b = probability that a hostouldbecome infected once bitten by an infectedtor

¢ = the probability that the vector becomes infected from a bite on an infected host
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p = daily suvival rate of the vector, so pe=g and the death rate g (p)

g = death rate of the vector

n = extrinsic incubation period (number of days befbesvtector becomes infectious)

r = the rate with which the host cures the infection.

Factors affecting m;

- The rateof vectors to hosts (mpaydecrease as a result of vector control, disappearance
or fragmentation of tsetse habitat, or a massive immigraifooattle in an area (e.qg.
temporarily available pasture land)

- The rate of vectors to hosts (mayincrease as a result of livestock movements (e.g. cattle
moving into gameeservs),

- Particularly beneficial climatic conditions for tsetse (at the etigdeofainy season the tsetse
fly population density is generally at its top because of an increased reproduction in the
previous months and an increased longevity at that time).

- Tsetse flies seeking refuge in the forest galleries during the hot dry seastimg in a
temporarily increased transmission risk for cattle at watering points. Notwithstahding
tsetsepopulation is not at its highest density at that time high trypanosomiasis incidences
couldbe observed.

- Sudden immigrations of tsetse fliesigtmaybe particularly high in case of tsetse control
operations when the control area is not isolated making the control effort often

unsustainable).

Factors affecting a:
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This important parametelepends on the number of feeds taken by the vectorngteofulime,

which could increase when the climate becomes dry and hot, but it depends also on the feeding
prefences of the flies.

Furthermore it was demonstrated that upon colonization of the tsetse salivary glands with
brucei the antthaemostatic awtity of the saliva changes resulting in a prolonged probing/feeding

time, whichcouldresult in an increase of interrupted feeding and thus contribute to an increased
parasite transmissiofVan den Abbeelest al, 2010). Increased probing activity havseen

observed inl. congolensénfectedG. morsitansflies, which could possibly be due fhysical
interference of the parasite with phagoreceptors in the proboscis in combination with a reduced
diameter of the tsetse labrum due to the presence of pamesgitegLiveseyet al, 1980).

With regard to b: Thisnaydepend on the Atrypanotoleranceodo
infection of the host. Trypanotol erant ani mal
and once infected thegould clear the infection more rapidly, resulting in a larger value for the

par ame Thep a ma me toeldalsaibk ieduced when prophylactic drugs are used.

With regard to c: thisnay depend on the vectorial competence (ability to become infected) and
vectorial capacity (the ease with which the development cycle in the vector is completed) of the
vector. In most tsetse flies taking up trypanosomes, these pratmzidde killed by thecombined

action of proteases, lectins, immunopeptides and oxidative dtedsane, 2004; Macleod, 2007
Young flies infect themselves more easily with trypanosomes than old ones. However, it was
shown that even older flies mapow a similar vectorialapacity in case the vector undergoes a
stress of some ki sithmwehgene lexprassidngAkoetaal, 2009¢. Thel y 6

morsitansgroup flies havéiigher infection ratethan those of thealpalis group (except fofl.

72



vivax in West Africa). Thefuscagroup is generally a poor vector for tfie brucei group of
trypanosomes but experiments showed it to be a good vecibrv¥oraxandT. congolense

With regard to p and g:

These depend on the longevity of the vector, whiolld be influenced by environmental
conditions (climate, host availability, tsetse density dependent mortality) and possibly by local
tsetse control operations.

With regard to n:

To become infectious the longevity of an infected tsetse fly must be supetloe &xtrinsic
incubation period of the trypanosome. This period varies according to the trypanosome species
and the environmental conditions (e.g when temperatures are rising, the pathwoigetevelop

more rapidly in the vector).

2.232 Noncyclic transnission (Mechanical transmission)

Thismode of transmission refers to tthieect transmission of trypanosomé&®m an infected host

into an uninfected hostithout the parasite undergoing any form of development. It is sitoilar
mechanical injectioof trypanosome parasit@go a hostith asyringe Mechanical transmission
requires that tsetse feed on an infected host and acquire trypanosomes in the bloodmeal, and then,
within a relatively short period, tsetskeed on an uninfected host and regurgitate some of the
infected blood from the first blood meal into the tissue of the uninfected animal. This type of
transmission occurs maogequently when tsetse are interrupted during a blood meal and attempt

to satide themselves with ather meal. Other flies, such as horse flils®transmittrypanosomes

mechanicallyCherenett al., 2004).
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2.24Vectorial Capacity and Transmission Potential

The vectorialcapacity of a targeblossinaspeciess its ability to acquire infectignwhereas the

ability of a fly to transmit infection is its potentidlectorial capacity depends on several factors
including, the population dymnaics of the fly, survivorshipspecies diversity, genotype, sex, age,
hunger stage, seasonal changes, habitat/vegetation dayppieopogenic factoysavailability of

hosts, hosseeking behaviour and selectiand the presence of symbiotic orgarssim the fly.

These factors have beshown to have an impact on the vector cetapce of tsetse flies. Once
established, parasites migrate to the mouthparts where they differentiate into epimastigote forms
and, finally, into infectious metacyclic fims (maturation step), which coulden be transmitted

to mammals by the fly duringsitblood feeding\(ickermanet al, 1988 Kazadiet al, 1998).
However, only a small part of tsetse flies showing midgut infection develop mature infection and
are capable of transmitting the disease (Maudlin and Welburn, 1994). This ability to acquire the
trypanosome, favor its maturation, and transmib i tmnammalian host is known as trextorial
competence. A large variability in vectorial competence has been recorded between different
species oGlossira. It is known that théVlorsitansgroup flies carry higher infectiorates than the
Palpalisgroup (&rdan, 1976).

2.25Infection Rates in Tsetse

Infection rates in tsetse flies mde determined by examining dissectetwuth parts, salivary
glands and guif tsetse fliesor trypanosome parasites. The process involves removal of the wings
of freshlykilled flies and placing therwith ventral side upunde a dissecting microscope in 0.9%
normal saline. A cover slip is placed on each part of the slide where the proboscis, salivary gland,
or the midgut (including the proventriculus) are placed, and migg@me infections in the tsetse

are identified using a compound microscope at x400 magnification according to the methods of
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Lloyd and Johnson (1924). Parasites are then identified based on their location in the dissected
tissues. Parasitdsund in the math parts only belong to thButtonellla group {Trypanosome
vivaxtype infection) those in the mouth ps and midgts Nanomonas(Trypanosoma
congolensdype), and thoséound in themouth partsmidgut,andsalivary glands are regarded as
belonging to thdrypanozoon(Trypanosomdruceii type), immatureinfections, when only the

midgut isinfected. The infection rate caimen be calculated as:

Infection rate (IRF x 100

The intrinsic vectorial capacity of a tsetse fly refers to the intrinsic capability of the fly to develop

a metacyclic infection (Le Ray, 1989). According to Jordan (1974), generddigfion rates in

the three salivarian subgenera {@odla, Nannomonas and Trypanozoon) are usually low in
populations of tsetse flies, with infections determined by the host, the vector, the parasite and the
environmentTrypanosomanfections in tses flies varies between species withvivaxranking

the highest and. bruceithe lowest. Factors influencing trypanosome infection rates in tsetse flies
include, endogenous factors (vector), parasite factors, ecological factors (environment) and host
factors. Endogenous factors include tsetse species]as®evity, age at taking infective blood

meal, age structure of tsetse populations, genetic differences (variations within species),
concurrent infections (virus, bacteria, fungi), intéi@at between dctins and ricketta-like
organisns, physiological and biochemical statdParasitesfactors include, parasite numbers
available to tsetse, parasite species and its infectiwitigetse, subspecies/strain pErasites.
Ecological factors include, climatifactors, availability of infected hosts and hosts available for
subsequent feeds. Host factors include susceptibility, immune state of host and host behavior and

attractiveness to tsetse.
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Tsetse flies differ in their ability to develop infections asestatbove. Female tsetse flies usually
have higher infection rates than lem(Kubi et al, 2007; Moloo et al, 1992; Welburn and
Maudlin, 1992 Destaet al, 2013 Isaacet al, 201§, probably due to a hightangevity of female

flies than males and therefore have a higher probability of infextidoweverit is not yet known
whether ifiection rates in tsetse fliesdgtermined by seaf the fly (Kazadi, 1991; Mihok, 1992).
Within species, it has been found that infection rates vary greatly depending on individual host
factors. It has also been shown that susceptibility of flie§. tbruceiinfection is also due to
maternally inheritd characteristic, associated with presence of intracellular rickékisia
organisms (RLOs). Tsetse flies carrying RLOs in their midgut were found to be six times more
likely to be infected with trypanosomes than those without (Matetlial., 1990). Witln any

given species, indivuals and sexes of the same species respond differently to infection suggesting

the involvement of some genetic differences (Jordan, 1974).

2.26 Tsetselmmunity

The immune system in tsetse is made up of both cellular andetlotar defence mechanisms to

act against a wide range of miemoganisms (Brehelin, 1986; Dunn, 1986). Naturally occurring
nonspecific and in some cases inducible &é6i mmun
precipitins, opsonins, complemdike and microbicides,are present in insest haemolymph,
(Komanoet al.,1980; Karp, 1985De Azambujaet al.,1 9 8 6 ; df al.6188¢.d ectins are

sugar binding proteins or glycoproteiof nonimmune origin which magelectively agglutinate

cells or precipitate glycoproteins and which have specific receptors for certain carbohadrates
configurations(Franzet al, 1982). They are unlike artiodies in that they are not synthesized

during an immune response and do retehthe typical immunoglobulin structure, nor do they

show enzymatic activities toward the carbohydrate to which they bind (Kocourek and Horejsi,
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1981). Endogenous lectins of insect hosts of trypanosomatid pacasitdmediate susceptibility
and vectorial capacityPgreiraet al, 1981; Wallbankset al, 1986; Molyneux and Killick
Kendrick, 1987Maudlin and Welburn, 1987, 198Bigram and Méyneux, 1988.

Such insect derived lectimsaybind to the surface carbohaydrates which, like lectins show inter
and intraspecific variatiorhis variation coulde demonstrated by the use of commercial lectins
which agglutinate parasites carrying, on tiseirface the sugars for which the lectineeaspecific
(Wallbankset al., 1986).

Insect haemolymph agglutinins or lectingre thought to mediatély susceptibility to and
maturation of trypanosomafections(Maudlin et al, 1987;Welburn and Maudlin1989. The
interaction between tsetse lectins and parasite surfacemagtse responsible for trypanosome
transmissibility and partly distribution of trypanosomiasis in Afrid&dglo et al.,1990;Welburn

and Maudlin,1990. However interand intraspecific variatins occurin Glossinaspp.based on
levels (titres) of haemolymph and middattins (Welbun and Maudlin1990). Fes with high
midgut and haemolymph lectin titres (e®.morsitang may have high transmission indices for
T. congolensandT. b. rhodesiensehereaghose with low titres of haemolymph lectin (e@.

p. palpalis), maymature few infections of those trypanosomes, even in the presence of high midgut
lectin titres.

Inter and intraspecific variation in exposed carbohydrate residues@lasginaspp.have been
investigated usingFlourescen&onjugateas marker to determine the presence of surface
carbohydrate on the peritrophic membran@lfssinaspp.(Okoloet al, 1988) Similarly, Ingram

et al, (1988) detected the presence of relatively-fedzite, human ABQ(H) blood group non
specific lectins or lectitike agglutinins, titre range221®in G. m.morsitans G. p. gambiensis

and G. tachinoides haemolymph. The haemagglutinins exhibited wide specificities for
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carbohydrate residues on the surface of human erythrocytes, indicative of heterogeneity, which
varied according to th&lossinaspp.examined and the type of erythrocyte udédhas further

been reported that midgut haemagglutinins, titré®22’ were only found inG. m.morsitans
exclusively g ai nst OABO erythrocyte types. A mini mt
required for agglutinationf different species of Herpetosartrypanosome, in other words the
degreeof trypanosome agglutination de@pendent on lectin concentratidaraghiet al, 1989).

The longer expsure to midgut lectin the highéhne frequency ofl. congolensematuration,
suggestinghat there iglonalvariation in response to lectin stimulatwithin trypanosome stocks
(Welburn and Maudlin1989) It is most probable that this variation corresponds to differences in
lectin binding sites on the trypanosome swefadidgut trypanosomes retatheir ability to mature
throughout their life in the flywhenlectin activity in the midgut is inhibitedhe trypanosomes
remainas procyclic foms but when this inhibition isemoved maturatioms able to proceed

(Welburn and Maudlin1989)

2.27Tsetse ampling

In tsetse fly population studies, fli@se most often sampled in order to assess #vailability
andapparent densities in a given arBaring sampling different segmentef the populatiorare
collected depending on sampling method ugeHiwelu, 1982. For instance, fly rounds are
generally considered to give bias representatives of the population in favour of males, whereas the
inverse is the case in trap catches.

Availability of flies is also affected byessonal changesiver systemsvegetdion type land
fragmentation anthropogenic factorsavailability of hosts fly species, sex, age, hunger stage

(nutritional status), physiological stgfeavies, 1977)

78



2.27.1Fly rounds

One of the earliest methods of tsetse survey is fiynds. Thiswas based on fundamental
knowledge on behaviors characteristic of certain species of tsets©fii¢ise basis of thatash,

in 1934,recommended different mechanisms for finding the inseuiscatching them. In his
words:fiWhen looking fotG. palpalisthe river banks should be followed, and constant stops made
under shade so as to detect the insect, which usually settles fairly high up on the body. Any glades
in the dense forest should be inspected, and near settlements mango trees should be investigated
as they are often a faurite haunt of this tsetsés. tachinoidess often a very secretive species,

and to find it in its true home, one must enter a Kurumi, find an open glade with high overhead
shade and stand moankiepandtese avfa t @ahse IGusuallp atiecks)s

very low down and is exceedingly restive; it approaches silently and adiglgently that nothing

is felt. G. morsitangs not of a secretive disposition, but attacks openly alighting frexgiently

on the bak, and couldoften be heard before it is seen; when numerous they frequently swarm
around the invest i @ bhtsmethbdwaslater ihpreveddo incliadblack d e r s
piece of clothcarried by two fly catchers durirfty roundsalong a deihite path in the fly habitat.

The screen is often baited with tsetse fly attractant (butanone or octenol) to increase its
attractiveness to tsetfiees. The fly catchers movdang the path, stopping at defined intervals to
catch flies attracted to theusing hand nets. This method gives idea of the true fly density but it
makes it possible to observe fluctuations in the density of the flies over time. This method captures
much more males than females (mothstanding female tsetse flies déivonger tharmales and

thus a populatiowould comprise more females than males). With this method teneral males are
often underepresented and teneral females relatively oy@resented. Instead of a black blad

attract the flies an ox coulik used as a bait ilocrease the catch.

79



2.27.2 Traps

Tsetses respondifferently to different objectsG. morsitansmorsitansis attracted by different
shapes of stationary obje€ttale, 1977). Thismightexplainwhy the design ofhe first set of traps
which were mad® resemble ungulates (Harri930. But because most animal traps were bulky
and could not be moved easily from one place to another, this gave rise to the design of the
geometric traps, which are considered lighter, easily collapsible and could bd frmweplace

to place (Kuzoand Schofield, 2005 Traps have the addedvantage of woikg round the clock
which indirectly eliminategshe human factom fly sampling thatis assoated with fly round
technique Because differenspecies of tsetse flieBehave differently to differe trapsthe
proliferation of trapsias become inevitablé is envisaged that thimaycontinue until a universal
trap is produced thabuldactat leastigainst all spcies of flies in one region against all species
in all regions. The prototype NITSE trap produced by Omoajath, (1994), upon experimental
trial at theYankari Game Reseryperformedvell againsG. tachinoidesn Nigeria. The modified
versionshowedno significant difference in performance against standardnidal trap at the
Kainji Lake National ParKShaidaet al, (2000) unpublished reportfrurthermorein that same
experimentNGU trap and F4 trap from east Africa performed poorly againsiibst Africa

Glossinaspeciesvhen compared togethéhaidaet al, (2000) unpublished report).

Traps afract and capturesétse flies but olour is keyi n  forientaiesl behavioBlue attracts
tsetse flies while black enamages them to land@he efficiency mayvary according to the tsetse
fly species. The biconical traphallier and Laveissiér€l973)is often considard as the gold
standard. The biconical traperformance depends on its location awidibility against the
surrounding vegetatiorChemicalodours (CQ acetone, octenol and phenols) or natural odours

(cow urine) enhance trap catchespecialf those of the savanna groudgeneralflies (especially
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nulliparous fenales) arevery often under represented irap samplesbut traps give mre
representative of sex ratio thiiyp rounds.Large proportions of flies captured by trapslauegry

and have low faReservs.

2.27.3Electric nets

Electricscreens are maaé a metal frame and parallel electric wires betwehbith a high voltage

is passed througltFlies colliding with the screen are electrocuted andifédl the collecting

device. Electric screens are used to evaluate the effectiveness of traps, target screens, odours etc.
At equilibrium, in the absence @mmigration or emigration, the redénsity of a tsetggopulation

may be estimatedusing mark /release / recapture technique. Hareandom sample of the

population is marked, released and recaptured at a lattefTéhatpopulation density (X) is then
cdculated as- — where Y= the number of all recaptured flies (marked and unmarked), M =

322Inumber of allmarked flies, R= number of marked flies recaptured.

2.27.4Visual and olfactory attractants of tsetse flies
Tsetse fliesise both visuadnd olfactory detectioto locate theihoss. These visual and olfactory
stimul.i attract tsetse flies respectively at

single ox).The different sampling sthods make use of this principle

2.27.5Screens, targets and traps

Screensand targets are simple cloth materials designed to attract tsetse flies or to catch them in
the case of traps. The number of flies that are attracted to their vicinity and those that actually land
on them or, in the cas# traps are caught by them, depends on the shape and size of these objects.
Studies have shown that the visueduity in tsetse spans from ultra violet (UV) to infra red (IFR)

on theoptical spectrumJordan and Green (198described the performancektargets made of

differentcoloured materials of known spectral reflectance and concluded that the most attractive
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colour was blue (46800nm) and the unattractive was grgetiow (506600nm). Optimising the

visual attractiveness of targets is partely important if odour is not employed to effect the initial
attraction of tsetse to their vicinifizindh et al.,2012) Further studiebave showithat tsetse flies
respond differently to different colours, for instance Riadpalis group responds only the blue

colour, theMorsitansto both blue and black, exce@t longipennisvhich only responds to blue.

Black is to be preferred @#sinduces a landing responsebothG. pallidipesandG. moristans. G.
medicorumand Fuscagroup fly, is attracted to blue from the additional mosquito netting to induce
landing (FAO, 2017)Not all flies are attracted to traps, and not all flies attraetetup landing

on traps. Valé1977) using electric grids estimated that the proportibities that come near traps

but avoid being caught are more in number than those that end up being caught by traps. In order
to increase landing rates, a number of studies have been undertaken to identify techniques that
couldencourage landing of flie&sreen 1988 reported that flies respond differently to different
colours based on the reflectivity of the ultra violet (UV) ray on the wave length band and concluded
that the blue (pthalogen blue) colour is for attraction while the black colour sniing. This

was later to be accepted for use in the construction of blue black targets for the control of vectors
of deeping sickness as describ@glisanceet al, 1990). Recentlya study on the tsetse genome

led to the identification adigene responsible for colour selection in tsetse th&sdyet al, 2014;

Frazer, 2011

2.27.60dour attractants

Acetone, 1Octenr3-Oland CQf ound i n breath odour and Butano
phenols) found in cattle urine are known to patent olfactory attractants for tsetse flies
particularly theMorsitansgroupflies. Valeet al, (1988)reported 99.99% reduction &. m.

morsitansandG. pallidipespopulations in 600 Kfarea of Zambezi valley, using targets baited
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with acetone and octenol and coated with deltamethrin. Mélt, (1986) while using charcoal

filter observed that CHwasnot the only attractant db. palpalis and G. tachinoidesfound in

breath odour. However, Chekéal, (1988) had reported that twice as m&yp. palpaliswere

caught in traps baited with acetone eocten3-0l as against unbaited traps. No evidence for
attraction neither by OTF 86/ 056 nor Gipr a ¢
palpalis. All species of tsetse so far tested have been shown to be attracted to carbon dioxide,
acetone, buteone, octenol and phenols (Vaeal, 1988). TheFuscagroup is attracted by the

phenol components from bushbuck urine whileNteesitansgroup is attracted by the component

from cattle or buffalo urine. However, in Somafa pallidipesdoes not seem to respond to

phenols from these components. It is believed that other odour components remain to be

discovered.

2.28Population Dynamics

Tsetse fly populatios areaffected byclimatic conditions (seasonal changes)d population
growth rate (Hargrove, 1988). Growth rates are determined by the interplay of rates of dispersal,
birth and death, amummerised by the equation:

Growth rate= (Birth rate + Immigration ratd) (Death rate and Immigration rate)

Studies by Rogers and Randoli986) suggest that it is possible to prethet behavior of tsetse
populations under a wide variety of circumstances. It is possible for instance to lpoediptickly

fly populations grow under different levels of imposearrtality, how quickly they coulde-invade
cleared areas and what needs to be done in order to preventagon. And with the present
advances in the knowledge on population dynanticspossible to predict the outcome of various

approaches to tsetse and trypanosomiasis control (Hargrove, 2003).
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2.29Population Analysis

Population genetics tracks patterns of inheritance from individual parents toftigring. These
patternscould relatively be simply determined statistically. Genetic traits are distributed in
breeding populations following particular patter$e interrelated patterns of phenotypic,
genotypic and allelic &quencies within populations coldé studied and @xessed in relatively

formal statistical notations. At the core of all of the genotypic and phenotypic variation are, of
course, alleles. And the frequencies of those alleles are at the core of the calculations of population
genetics. The total genetic lbaof a population is its gene pool. Calculating these frequencies, and
tracking changes in those frequencies are important due to influences they have in selection and
chance(Http:www2.£. ac. uk/ project/ Vgec/ school sccolleg
Presently, with th&knowedge of genotypic frequencies, it is possible to calculate the allelic

frequencies for any population.

Basic priciples of population genetics are founded on the assumption of an ideal population
described by the HareWeinberg equatiomiven by g + ¢ + (p+qF =1. A population which
simul ates this ideal popul ation is often des

between the allelic and genotypic frequencies in this ideal population metsthadollowing five

criteria:

1. There must be completely nsandom mating.

2. There must be no selection, natural or artificial.

3. There must be no mutation. Noting that this is impossia¢e mutatiorratesc a rnbé t

reduced to zero.
4, There must be no migration of species members frasideupopulations (as they could

come from a population with different allelic frequencies).
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5. There must be no genetic drift. Genetic drift results from chance alterations in allelic
frequencies, and again cannot realistically bduced to zero. Genetic driftould be
minimized if the population is very large. The smaller the population, the more influential

genetic driftcouldbe.

The HW equation shows the relationship between allelic and genotypic frequencies in a
population which meets these exacting statslaExceptions to the-M/ equation occur when

there is

1. Sexual selection as a result of random mating,

2. Genetic drift is any changes to allelic frequencies which are simply the result of chance. It

comprisef sampling error, founder effect and bottlenecking

3. Mutation also changes allelic frequencies, though this effect is generally very small

4. Natural selection or artificial selections

5. Migration occurs when two populations of the same species at@reahtogether to form a

single new popul ati on. This is generally vice
i ntood) a | arger popul ati on, but the equatic
populations.

2.30GeneticVariation in Tsetse Flies

2.301 Laboratory studies

Evidence exists of intraspecific geographical variation in behavior and host selection in tsetse flies
(Torr, 1988; Colvin and Gbson, 199 Earlier empirical data on variation predominantly came

from studies with laboratorgoloniesof tsetse flies. A comparative study on the performance of
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G. pallidipesoriginating from two allopatric Kenya populations, one from the 8hiiills and

the other from the Nguruman, showed that there was no difference in the bionomic parameters
(insemination rates, female survival rates, puparial weights and suratea) between the two
colonies(Moloo, 1992). However, fecundity of the Shimba Hills culture flies was significantly
greater than that of the Nguruman culture. In addition, Ngurwuhuare flies were significantly
susceptible to infection witlirypanosoma congolensand were more likely to develop mature

infection (Moloo, 1993).

In another experiment, Van Etten (1982882) reported differences ifeeding frequencigs
activity patterrs and responses to temperature in his examinatidentdle G. pallidipesfrom
allopatric Kenyan population# yet another study, it was demonstrated @atallidipescultures
established from the Lambwe and from Kibwezi Forest populationgeatiff@gnificantly in the
duration of copulation (Van Etten, 198The abovestudiesshow that the laboratory colonies of
Glossinaspecies differedeneti@ally. However,the genetic bas of these differences, wemever
investigated probably due to limited availability of appropriate genetic markers.

2.302 Variation in natural populations

Genetic variation among natural populationsGf pallidipeshas been studied by using gel
electrophoresis of allozymegdn Etten, 1982d500ding, 1990Nesbittet al,, 1990. Results from
these studieshowthat genetivariationsexist within and amonglossinapopulations and these
variationsmaybe responsible for the differences in infection rates as well as the spatial distribution

and epidemiology of trypanosomiasisafizaro and Warburg, 199600ding, 19960umaet al,

2003 Awono-Ambeneetal,200d . For i nstance studies carried
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that Glossinapalpalis palpalis s.l is a species complex consisting of genetically distinct siblings

/subspecies (Ravel al, 2007).

2.31 Genetic Markersin Tsetse Flies

Studies onpopulation genetics in tsetse flies can now be carried out by the use of a range of
molecular markers following the discovery of markers which have revolutionised studies in tsetse
population geneticgsenetic markers afgological features that are detgned by allelic forms

of genes or genetic loci and can be transmitted from one generation to another, and thus they can
be used asxperimental probes or tags to keep track of an individual, a tissue, a cell, a nucleus, a
chromosome or a gene. DNA markdrave developed into many systems based on different
polymorphismdetecting techniques or methods (southern bloitimyiclear acid hybridization,

PCR polymerase chain reactipmnd DNA sequencingduch asrestricted fragment length
polymorphism RFLP), amplified fragment length polymorphismAELP), random amplified
polymorphic DNA RAPD), simple sequence repeatSSR), single nucleotide polymorphism
(SNP), etc.(Collardet al., 2005).

2.32Biochemical /Protein Markers

2.321 Allozymes

Allozymes can bedefined ascodominant protein variant&@lleles) that can be visualized by
appropriate staining and stargkl electrophoresif\llozymes are the most cost effective protein
markers for investigating genetic variation at the population level, as such are the most widely
used (Murphyet al, 1990. Enzymes are being widely used in genetic variation studies of
laboratory and field gaulations of tsetse flietsozymes are alternative forms or structural variants

of an enzyme that have different molecular weights and electrophoretic mobility but have the same

catalytic activity or function. Isozymes reflect the products of differéeliesl rather than different
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genes because the difference in electrophoretic mobility is caused by point mutation as a result of
amino acid substitution (Xu, 201®pariants of the same enzyme (Isozymes) for instance, were
used for interspecific comparisookgenetic variation, and for inferring phylogenetic relatedness
amongGlossinaspeciegGoodinget al, 1991). Also isozymes have been used for designation of
linkage groups and for mapping @lossinapalpalis palpalis (Gooding and Rolsetl1,995). The

use of these markers has provided information len dgenetic structure of natur@lossina
populationgNesbittet al, 1990;Krafsuret al, 197b; Krafsur and Griffiths, 1997Krafsurand
Endsley 2009. The disadvantage of the use of isozyme markergdioetic studiesf population

is that they reveal little or no variation and a low frequency of polymorphicGanding, 1981;
Gooding 1993) They alschave the disadvantage of low detectable variability of many ergyme
and most importantly, fresh or deep frozen biological material is required. Obtaining liquid
nitrogen for sample preservation for electrophoretic studies in developing countries could be quiet
challenging because of unavailability and high cost. Alterelgt DNA markers coulde used

for assessing genetic variation within andasmg populations, since they coyddovide more
characters per gene and less sample and storage costs

2.33 Molecular / DNA M arkers

2.33.1 Microsatellites

Genetc variation intsetse flies coul@dlsobe investigatd by the use of Microsatellitearkers.
Microsatellites are short repetitive nucleotide sequences with conserved flanking regions that
could be amplified by polymerase chain reactions (Krafand Endsley2002). They occur
throughout the genomes of many eukaryotic organisms, including inSaotigret al, 1993;
Haymer, 1994 Microsatellite loci tend to be highly polymorphic. Variation at these loci is

reflected by length polymorphism, which is liketlue to slippage during DNA replication
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(Schbtterer and Tautz, 1992). Due to their codominance, supposed selective neutrality and
Mendelian inheritance, microsatellites are very useful for population studies (QOOw).
Microsatellites have the disadvantagé high mutation rates which coulelad to underestimation

of genetic differentiation by using Btatistics particularly when migration is low (Hedrick, 1999).
Underestimation of genetic differeation among population varianteud lead to overestimation

of gene flow (Krafsur, 2003). However the benefits of the use of microsatellites far outweigh the
shortcomings. A limited number of microsatellite markers have been developed in tsetBefflies.
instance nuclear DNA markers suas microsateltes provide information that coulte used to
document colonization by both males and females. It is also possible to examine behavioral
differences between sexes by comparing-gecific data An autosomal and two -¥nked
microsatelliteloci from G. palpalisgambiensifiave been isolated (Solaabal.,1997). FronG.

p. palpalisgroup,13 polymorphic microsatellite markdnave been identifieLunaet al, 2001)

And amongst th&. morsitansgroupflies, microsatellites have been isolated fr@mmorsitans

d. (Baker and Krafsur, 2001) arial pallidipes(Oumaet al, 2003).

2.33.2 Mitochondrial DNA (mtDNA)

Mitochondrial DNA has been widely used in taxonomic and population studies (®itrain
1994). Itis maternally inherited and coulte used to assess genetic drift and bottlenecks in
populationstudies (Avise, 1994). Insect mtDNA could be rapidly isolatednitwchondrial DNA
studies(Martinezet al, 1992), and there are available univégmamers that can amplify across

the entire insect mtDNA (Simaet al, 1994). Analysis of viaation in mitochondrial DNA could

be done using th&ingle Strand Conformation Polymorphi$85CP) method (Black and Du Teau,
1997). The application of SSCP tder gene flow and gene diversity inuse flies (Marquez and

Krafsur, 2002;2003), and in several species of tsetse flikemfSur and Wohlforcet al, 1999;

89



Wohlford et al,, 1999;Krafsuret al, 2000y, 2001) has been describedespite the usefulness of
MtDNA for population studies, its matrilineal inheritance tends to lead to erroneous interpretation
of colonizing insects relative to their source population (Roderick, 1996). For instance, if mtDNA
is used to study gene flow, tdeect consequences of dispersal by males is missed (Palumbi and
Baker, 1994). This is because the colonizing ability of male and female imd¢atsed from
mtDNA markerdrequently diffe (Birky et al, 1989; Slatkin and Maddison, 198Roderick and
Caldwell, 1992.

The above studieshowthatGlossinapopulations could be differentiated using molecular tools.

2.34Geometry Wing Morphometrics

Studieson tsetse population structures haeeome increasingly important as a guiiegianning
effective control interventions agairStossinaspecies as envisaged by ABATTEC initiative.

Such studies are necessary for post control monitoring and analyzing the possibility of
recolonisation of controlled areas. Time of moleculatechniques for analyzin@NA sequences

in such studies has proven to be expensive. Other alternative methadsittiatinimize the cost

of DNA sequence analysis are being explored. Geometric wing morphometrics seems most
promising as an inexpensive altemattechnique for genetic analysis of tsetse populatibns.
method involves removal of wings and dnpunting them between microscope slides. Each of
the wings so mounted are photograptsitig a digital camerafter land marks have beassigned

and anbysis carried out according to methods previously descriPadtdrson and Schofield,

2005)
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2.35Tsetse and Trypanosomiasis Control

Control of trypanosomiasis relies on actions against the parasites and the vectors.

2.351 Control of trypanosomiasissingChemotherapy and Chemoprophylaxis

Through sustained surveillance of human and animal lpbpos at risk, the disease couid
controlled by chemotherapy and/or chemoprophylaxis. Lack of effective vaccine against the
diseasedue to the phenomenon of variable surface glycoprotein (\V,Ss)high cost and
unavailability of drugs arelimiting factors against the control of the disease by the use of
prophylactic and therapeutic mears wide range of drugs are available for thheatment of
trypanosomiasi§éTable 2.5, however, the development of resistance by trypanosome parasites to
drugs in current use has been reported in several countries including Nigeria (Raedalph,
2011). Because of the limitations associated wihtrol actions against the parasites, vector

control is considered the most efficacious method of trypanosomiasis q&tawelet al, 2007)
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Table 2.5 Chemotherapgpf AAT (Calouset al, 2013)and HAT (Nok, 2003)

Year of Yearof
AAT _ HAT _

discovery discovery
Homidium 1950s Nifurtimox 2009

. . U-Difloromethylonithine
Diminazene aceturate (Berenil) 1955 o 1990
DFMO (Eflonithine)

Isometamidium Chloride

_ 1945 Melarsoprol 1949
(Samorin)

Pentamidine 1940

Suramin 1920
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2.352 Useof trypanosome resista(ifrypanotolerantpreeds

Trypanotolerant breeds are breeds of animals that have the ability to withstand high tsetse
challenge when compared to others not found in the redi®weral species of Africanildlife

are known to tolerate trypanosomiasis infections without showing clinical symptoms and with no
apparent detriment to their health. Certain
ruminants inWest Africa also tolerate trypanosomiasis amdsome cases recovery from the
disease without chemotherapy has been repd?taeéntial exists to replace susceptible herds with
those that are trypanotolerant and this possibility is currently being investigated in several West
African countries, in dtaboration with FAO and ILRIIt has been established tlwaly 200,000

out of the 1614 million cattle in Nigeria araypanotolerant (Adeniji, 1993).

2.36 TsetseControl

Methods for tsetse fly control just before and after the Second Worléd¥\@ptured bidamon

et al.,(1965) which were essentiallgrude methodkaverecentlybeenreplaced by methods that

are cheaper, moreirdct, and ecologically friendly Presently tsetse control involves use of
selective application ahsecticides, impregnated traps and targets,-pauormulations and the

use ofSterile Insect Techniquer mopup operations (BAsopp, 200L

In many instances tsetse control has proven toabeery efficient way to stop human
trypanosomiasis transmissi in restricted areass a complement to chemotherapeutgasures,

and tsetse control or eradication is often the cheapest method for preventing livestock
trypanosomiasis transmission in cattle grazing areas of Sudanese and Guinean savannah (Hocking

etd., 1963).
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2.361 Direct destruction of tsetse flies

Hand catchingusing nets and sticyanels habeen used as a method of tsetse costnale the
early twentiethcentury gainstG. palpalis in Principe Island/Austen and Hegh, 1922) and in
Riamugasire orLake Victoria (Kock, 1914) Also extermination ofG. f. fuscipesfrom an
experimental site throughahdcatching has been describé@lasgow and Duffy, 1947).
Successes have been recordedome areas whereathers have resulted in failures (Glasgow
and Potts, 1970Destuction by trapping (Harris, 193&as been successful in controllicg
pallidipesin a restricted breeding area of Zululand, SoutticafIn Nigeria, Offor and Nlumanze,
(1986) reported th catching out of a tsetse population in an area near Abuja, NigerAdtate.
Onyiahand Riordan(1978), reported the fluctuation in numbers awdntual collapse of wild
population ofGlossinapalpalis (R-D) population in Anara foredReserve Nigeria, following
intenseanthropogenic activitieOn the contrary failures to exterminate tsetse populations from
certain areas have been reported to be entirely due fsolation and the use of smaller number
of catchers in the study areas (Symes ¥ade, 1937; Symes and Southby, 1938; Glasgow and
Duffy, 1951). Undoubtedly, the most important advantage of heatdhing as a control method
of tsetse is that it is absolutely species specific making sure that only tsetse are caught as the target

speciesThe advent of modern tools makesnd catchinginpopular as a tsetse contna¢thod

2.362 Tsetse control by game elimination

One of the earliest methodsteétse fly contl is game elimination. Tsetseéd game have a long
history of association, thisievidenced by strong reduction or even disappearanGéoesina
populations following game elimination, during rinderpest epidemics. Game destruction has been

used as a routine method of tsetse fly control in Eastern and-3fagtern Africa, and has
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succeeded in clearing many thousands of square kilometers of flies belongingrtorsitans

group, thebest known experiment being tledtShinyangain Tanganyika (Glasgow, 1960).

However Weitz (1963) and Glovef{l1964),stressed thdhe palpalisgroup flies cannot be starved

except if reptiles and humans aisoeradicated, and the control by starvation of m@fgssina
species(such asswynnertoni austenj fuscipleuris tabaniformis morsitansand submorsitang
supposed total elimination of suids, which constitute a group more difficult to locate and kill than
antelopes and big game. Besideasmann(1962) and Hockingt al, (1963), have underscored

the importance of game farming asnare profitableventurein some marginal areas than cattle
raising as a source of meat, hides and skins and also for the tourist industry, so tsetse control by

game destruction is almost entirely abandoned. now

2.363 Tsetse fly control by bush clearing

Bushesand trees are waly used by tsetse flies as resting places, but they are vital as shelters for
pupae. Pupae can only survive if the soil is sufficiently shaded, protectediifiect insulaibn

and preserved from rapid ratons humidity and temperature. The clearing af woody
vegetation in a fly infested area has rarely been used for tsetse fly eradication, but has extensively
beenemployed to provide barrier areas or to reduce the contact between flies and, lauooizus

villages and water holes, at river crossiragg] along the main routes of communication of humans

and cattle (Le Rouzic,1948 uch <cl eari ngs cal | é&dRrrénehgpeakingo mi c a |
countries couldoe used for cultivation to be kept clear of trees and bushes. They cannot be
extended otarge areas in sparsely inhabited zones because they require larger manpower supply
than available, and are very costly if carried out by administrative agencies. However, for special
purposes, clearings and protective barriers have been done up tdaboétés long, and three

kilimeters wide as in Southern Zimbahwe
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Selective clearing has been much more extensively used for tsetse fly control. It is based on the
tendency of flies, in unfavourable seasons, to concentrate in permanent breeding ositesting
that comprise identifiable phicommunities and a comparatively small proportion of the bush or

woodland as a whole.

The requirements of the common tsetse fly vectors of trypanosomiasis have been described and
the types of vegetation most favoumalls refuges are known. They must be located before tsetse
fly control measures are uedaken. Selective clearance colle done directly or by use of
chemicals; it suffers from the same deficiency as total clearing; it is a costly measure, the regrowth
of bush must be kept down and it is much more efficient in dry areasithamid ones. In Guinea
savannah zonetemporary control of rigrine tsetse coulde done by use of obstructive clearing,

by felling of trees forming the overhead canopy and blariue stream bed bstruct the tsetse

flight line. The flies cannot move freely under shade and either are starved or forced into the open
where the climate in the dry season is intadde (Nash and Steiner, 195With the discovery of
modern insecticles it appears that it is very often more efficient to spray a residual toxicant on
the tsetse permanerdgsting sites than to destroy thelpecause tsetse couttiange resting sites

when the preferred ones are destroyed, but they do not abandseitestiger spaying (Hocking,

1964).

2.364 Tsetse control by population resettlement

Tsetse clearance by cardration of population involvemassive movements or the removal of
many thousands of families and placing them in new areas. In many caseseamtitages had

to be built, and the sites for these had to be carefully selected. These new villages were situated

sufficiently close together to produce something of a land hunger so that inhabitants were to go in
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for intensive farming. Under such cotidns it was prbablythought that all the tsetse bush would

be cleared as all the land available would be wanted by the farmers and the timber and scrub needed
for domestic use. A very good example of this project was the Anchau resattlecheme in

northern Nigeria.The major benefits of population concentration included, the facts that the
villages so moved were well planned dadl out before they were builthe inhabitants were
theoretically all to be eventla protected from tsetse fliemnd other diseases (@kmalaria and

guinea worm) were the more easily controlled because there were to be provided in these villages

good sources of water from wells.

2.365 Tsetse control bgerial sprayingf insecticides

Insecticidexouldbe used as aerosols of temporary efficacy on huge areas or as residual sprays on
resting places, in traps and on balitsecticide residues have very short residual effect and Kkill
tsetse flies during some hours onfteatheir application. They coultbntrol or eradicate the flies

only if they are applied on large areas at convenient intervals to kill all bkésre their
reproduction and emergené®m pupae since the previous application. A convenient rhythm
seems to be about eight applicationsnétrvals of two to four weeks (Burnett, 1@p2Aircraft
application couldbe advantageous faoveing large areas within a shaditme andcould be

efficient against savannah inhabiting species Gkenorsitans G. swynnertonandG. pallidipes.

It is less adequate than ground application against riverine tsetse fligsalpadis (Burnet,

19623, and is almost imposible to carry out agai@kissinaspeciesdiving in high forests.

Ground application coulde done either with lorrgarried generators, or with light generators,
like Swingfog Challieret al, 1964). Insecticide aerosols can only be applied some hours a day,

just after dawn and before dusikd sometimes by night, whein eurrents are downwds; during
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other daytime periods the insecticide cloud dispenses very rapidly and if applied by aircraft, does
not reach ground level. Only a very small amount of insecticide reaches each individual fly, and
gravid females, less susceptible to insectgittean males and females of other physiological
conditions (Burndt 1962), are not easily killed by chlorinated insecticides, some
organophosphateompounds like fenthiooouldperhaps be more efficient (Hockiegal, 1963).

For eradication programmaegeldrin and 3HC aerosols have been used mainly in East Africa, with

variable results including fair success (Cockéilal, 1963).

2.366 Tsetse control bground spaying of insecticides

Residual treatment of tsetse fly resting places must be lethal for the fly on short contact for a longer
period than the maximum duration of the pupal life. In such conditions only one sprayidbe
sufficient to control the species, and perhaps ea#elit in an isolated aredhe first residual
applications have been done against riverine speciespéigalis and fuscipes with habitats
restricted to water edge. In larger gallery forests, it is sometimes possible to open paths in the
forest, whichcould be extensively used by moving flies, and to treat them for controlling flies.
Dichlorodiphenyltrichloroethan@DT) suspensions and emulsions, which have been used in the
first experiments, have usually been replaced by dieldrin emulsions, whicheasgube efficient

almost one year and sometimesrenthan one year if applied at 47% (Kernaghan, 1962)
According to Baldry (19631964), DDT emulsions have a longer residual effect than dieldrin and
telodrin (isobenzan) when applied at the concentrati®3 and even, in some conditions at lower

concentrations.
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Such control procedures are 5 to 10 times cheaper than bush clearing and ofparmareent

effect (Hocking, 1963Maclennanand Aitchison, 1963 Challier, 196%. Improvement on the
knowledgeof tsetse fly resting places has permitted the use of residual insecticides against
savannah species of tsetse likanorsitansandG. swynnertoniby selective spraying of the lower

side of the branches of acacia trees in fly concentration dt#eagi(ig 1961;Chadwick, 1964;
Chadwicket al, 1964). The cost of control by selective sprayiagsimilar to or lower than by
aircraft fogging but the worksimore difficult to supervisé&residual insecticides have been used
also against. tachinoidesn NorthernNigeria, along Tchad€ameroons border, but that fly is not

as concentrated &3. palpalisalong places and trees and bushes must be treated on a large width
on both sides of the rivers and water holes (Mouehat, 1961). They have also beeredswith

fair success again&t. fuscaandG. fuscipesn large gallery forests of the Central African Republic
(Finelleet al, 1962;1963;Yvore et al, 1963. Tsetse fly control by residual insecticides has not
been carried out against high foregtecies and is only promising when the fly habitats are

restricted.

2.367 Trapping

The hstory of tsetse trapping begarmen a farmer in Principe Island had his workers wear on
their backs a black piece of cloth covered with ghred wth partial clearance of vegetation and
elimination of wild animal hosts, the island was ridhatsetse flyGlossinap. palpalis(Da Costa

et al, 1916. Trapping technigues are considered very importgrgriiomologists because they
couldbe used to estimatsetse populationgi@arris 1930; 1938Morris and Morris, 194P Some

authors, stress that traps give the best way for catching representative samples of fly populations
(Morris, 19601961), whereas others consider traps as useléssli(A963). Traps by their nature

attracttsetseflies by virture oftheir shapesnd colours (Green and Flirit986). The attraction of
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tsetse flies to traps varies from species to species amd@gion to region (Kuzoe and Schofield,

2005. The responses of male and female flies to colours also differ (GReéaet al.,(2004)

Traps however have remained the mosegatabl tool fotsetse samplingince their discovery by
Harris in1930(Kuzoe and Schofield, 20p5Traps by their nature are environmentally friendly
since they act only against the target species. The performance of the biconical trap @ltallier
Laveisseir, 1973) again&lossinaspeciesn West Africa had attraatlea lot of interesthe world
over leading to the proliferation of traps in many parts of-Sabaran Africa aimed at tsetse
control. Such traps include the alpha, beta and gamma traps, thedfd F2 traps (FlintL985,

the S trap, the vauvou trap atie NGU traps (Kuzoe and Schefd, 2005, and theNITSE trap
(Omooguret al, 1994).But be@use different species Glossinarespond differently to different
traps, their use is limited especially in epidemic situations as traps are shmtioim. However
their action couldbe enhanced by impregnating them with chemical insecticides and tloé use
odour baits to increase th#ractivenessf trapsto flies. But because of the limitations associated
with the use of traps for control,gethe avoidance of landing by some gatées of tsetse as

outlinedby Olet (2007), their effectiveness on a large scale has been put to question.

2.368 Insecticide treated traps atatgets

Before the advent of insecticides, the control of animal trypanosomiasis had rellgcoadiee
physical elimination of the vectors of the disease, as it was logically thought that absence of the
vectorssuggestabsence of the disease in the animals. To accomplish this task, ruthless clearance
of vegetations serving as resting and breeditep ©f the tsetse vectoend selective game
destruction were carrieaut (Duggan, 196 With the advent of insecticides however, the use of
which began in 1955 to control tsetse in Nigeria, the vector had been eradicated from large areas

of the country (Maclennaand Kirby, 1958; Davies, 1964 Spielbergeret al, 1977). But the
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method becmes less effective with increase in humidity as one moves from the northern sahelian
region to the southern part of the country. Unfortunately the application of persistent insecticides
had undesirable side effects on non target organisms in the ecos$&eene mortalities in
insectivorous vertebrates were reported in Nigeria following Dieldrin applications (Kaetragn

1978). High fish rortality and acute mortalities in mammals, birds, reptiles and amphibians were
similarly reported following Endoswdh spraying in Nigeria (Koemaet al, 1978; Nagel, 199).
However,from the beginning of the 198®ther norinsecticidal method of control and methods
requiring selective or less use of insecticides received prominence such Steritee Insect
Technigie (SIT) and the use of traps and screens/targets to control tsetse flies. Insecticide
impregnated traps for instance have been shown to reduce tsetse populations almost to the point
of extinction (Laveissiereand Couret, 1980). A 91% reductioof Glossinapalpalis palpalis
population within three months was achieved in the forest zone of Goagt (Goutewet al,

1982). Similarly, a 90% reduction in tlé& palpalis density in seven weeks and 95% in twenty
weeks was achieved using Deltamehimpregnatd screens at a concentration of 0.104% during

the rainy season, in the shlhmid savanna zone of Nigeria (Oladunmatial, 1985. Continuous
trapping with biconical traps in the Tsakuwa and Maisamari forests of the Akunni catchment zone
of the BICOT progct area, for two weeks and seven weeks each reduced the average female fly
population density by 80% and 95% in eaxhthe lo@tions respectively (Oladunmaee al.,

1988). However, the major constraint to the use of traps for control purposestigaplaack
efficiency in capturing all species of tsetse in a given region or the same species in other regions
presumably because of changes in their behavior occasioned by changes in their ecological
requirements. Thus as observed by Jordan (1986§ #rerstill prospects for the design of new

tsetse traps. This factor is dbiied to the observatidhat traps coulde used to reduce tsetse
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populations and incidence of trypanosomiasis. They are ecologically friendly, and are accessible

to the Africarrural communities afflicted by the disease (Brightweehl, 1987; Valeet al.,, 1988).

2.369 Pouron formulations

Insecticide treatment of cattle and other livestock is considered one of the important methods of
tsetse control and reduction of incideraf trypanosomiasis. The principle involves use of cattle

as mobile targetéor baits) Tsetse are attracted via visual and olfactory means, and as they land
on their targetthey pick up insectide deposites enough to kill themQxttle constituteatural
attractantsand both systematic and resitlaanventional insecticides applied to tatare being

used to killtsetse flies in restricted areas where wild game is scarce or dbsastbeen shown

that a single insecticide treated cow potentikills about as many tsetse as a single odaited
target.Therefore, if there is a reasonably large population of cattle in an area, tfenseeticide

treated cattle offers several advantages over using targets. Treating an animal is cheaper than
constructing and deploying an insecticidesated target. In addition, cattle owners are strongly
inclined to treat their cattle with insecticide, to maintain them and protect them from theft. As a
result, several problems associated with using targetsarcome by using insecticitieated

cattle, including the loss of targets due to general wear and tear, theft, animal ddovegeer,

in practice a combined approach using both traps and insecticide treatedotadtiepresent the

best option.Pourons are formulations of a number of different synthetic pyrethroid (SP)
insectiedes that couldbe applied to livestock. These products have been shown to be very effective
against tsetse flies as well as ticks. Poumrtreatment involves the applicatiohan insecticide

along the backline of livésck at a prescribed dosage

(http://lwww.tsetse.org/http://www.nri.org/tsetse/FAQO/itc.html
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2.37Biological control of tsetse

Tsetse flies can be controlled by the release of natural englardsns, 1964 Biological control
techniques employing nematodes, fungiiruses and rickettsibke organisms have been
successful in laboratoryxperimental trials onlyl(aird, 1977) Crossmatingof closely related
species toproduce a high degree of sterility in attse fly population have largely been
unsuccessfulGlasgow, 196Q)Sterilization of of tsetse flias possible, either by radiation or with
chemosterilants (Knippling,963; SmithandDame, 1963).

2.37.1 Predators

Lizards snakes, birds, bats, mongoose, rodents, insects, spigetsants Okiwelu, (1976)
recordedpredators ofs. tachinoides G. pallidipes ands. m.submorsitanso includeAsilids and
spiders.

2.37.2 Parasites

Tsetse fly pupabave been found to parasitized whereggs of some parasites are deposited in
tsetse fly pupae.dPcentage opupae parasitism could howevrctuate strongly depending on

seasonal changes

2.37.3 Parasitoids

Parasitoids belong to the Diptera. Twelve different speciEglofalanthraXThyridanthray were

found to parasitise tsetse flies as well as other flies, 10 in eastern Afiliba@n Western Africa.

The cycle from egg to adult generally lasts 20 ta&¥s,but sometimes there could heind of
hibernation of the larvae so that the adults hatch only after several months (up to 14 months). The
breeding of these dipteral could not be achiefAzdtasitoids that have been found to infect pupae

of various pecies of Glossina include, Chrestoinutilla (Mutilla auct), Exhyalaiithrax

(Thyridanthrax auct) and Acari inpupae ofG. morsitans(van der Vloedt1970) E. beckerianus
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have been found to parasitiiee pupaeof G. tachinoidesand G. Pallidipes Nesolynxspp.
(Syntomospheriurapp) do not attack the pupae of tsetse flies exclus{é@tyiah and Ricdan,
1978;Baldry, 1981) Establishment of breedy colonies of this parasite p@ssible but significant
releases could be challenging, while itheect isnot able to dig the ground to seafohthe pupae

of tsetse fliesChrestomutillaspp. Mutilla spp) are able to reproduce by parthenogenesis, the
unfertilized eggs giving rise to maléhe female lays 2 to 3 eggs in the same pupa, but only one
adult parasitoiccould emerge. The development of the immature stages takes approximately a

month and half. Breeding of this insect in the laboratory has not been successful.

2.37.4 Pathogens

Pathg@ensinclude microbial agents (e.@acterium mathigj several fungi andaculovirus
(salivary gland hypérophy virus) are pathogenic teetse flies but none of these pathogens can
be used sibiological control agent yet.

2.37.5 Nematodes

Mermithid larvae have been found to parasitise tsetse flies though at low levels. They penetrate
newly emerged flies through thin places in their body whléxamermisglossina specie$sound

in G. palpalis G. palliceraandG. n. nigrofuscain Ivory Coast havéeen describefPoinaret al,
1981).

2.38GeneticControl of Tsetse Flies

2.38.1 Transgenesis

Transgenesis involves the manipulatiothef vector genetic makgp throughgenetic engineering

SO as to render it sterile or refractory to infection (Aksoy, 20B8pheticcontrol of tsetse fliedy
transgenesisnvolves modulatirg vector competence dhe flies which could eliminate the

ability to transmit pathogens by introducing and expressing foreign genes wipa#imbigenic
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properties that interfere with pathogen viability, developmentamstnissionThese genetically
engineered refractory insects coulden be driven into natural populat® to replace their
susceptible counterpartsThe endsymbionts of the tsetse flySodalis glossinidiys
Wigglesworthia glossinidiurand a strain diVolbachig are all maternally transméitl to progeny.

Using recombinant DNA (rDNA) technologyt is possibleto alter the genome of the
endosymbiontSodalis glossinidiusso that the symbiont expresses trypanolytic substantes

the fly. Wolbachiais able to introduce cytoplasmic incompatibility in natural tsetse populations.
Cytoplasmic incompdiility is achieved when wild type females are mated with males infected by
a Wolbachianstrain that is nomxistent in the female. The intracellulMfolbachiathen causes
embryonic mortalityUsing cytoplasmic incompatibilit{Cl), it is also possible teterilize male

flies and release them to mate with their wild female counterparts, as a vector control technique
which at the long rungouldincrease their efficacy and reduce cost as against the use of gamma
irradiation for the SIT programn{@ksoy and R, 2005) When both methods are combined it is
expected that the wiltl type, trypanosomsusceptible tsetse populatioouldbe replaced by the

engineered, trypanosome refractory lines.

2.38.2 Sterilelnsect TechniquéSIT)

Sterile insect technique is a form of birth control in tsetse flies. The concept was first developed
by Knipling (Knipling, 1955). It involves the sterilization of male tsetse flies using gamma
radiation and releasing them to compete with their wild counterparts taking advantage of the
reproductive biology of the female flies which mate only once in their life @flewas first used

for the control of the fruit flies (Allsopet al, 2000), and the new world Screw wo@ochliomyia
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hominovoraxCoquerel) from the Island of Curacao, Netherlands Antilles in 1954 (Bauméiover

al., 1955.

Attempts havebeenmade to cotrol Glossinaspecies using SITh Zimbabwe, Burkina Faso,
Nigeria,and Tanzaniand most recently in Ungujaland Zanzibar. IfNigeria SITwas achieved

by the succesiil elimination of G. palpalis palpalis populations from 1,500Kfmarea n the
BICOT operational arealOladunmadeet al, 1990), andin Zanzibar Glossina austeni
(Glossinidag was eradicated frorthe Ungujaisland using SIT(Vreysenet al, 2000). Failures
have been recorded in some instancesw@iemi et al, 2008) due to non isolation of contiexd
areasthus making it possible for reinvasion of other tsetse flies from neighbouring uncontrolled
areadnto areas that have been controlledeRbility of remnants of tsetse populations to recover
quickly has als been identified as a factor responsible for failurs®imetsetse control operations

(Hendrichset al, 2005; Torret al, 2008.

But basically failures have been attributed to a large extent on inadequate knowledge on the
population dynamics of théarget speciesThis is primarily attributed tdhe limitations of
conventional methods for population studiesng morphological means. For instance it is not
possible to use Markeleaserecapture methodf Jackson (1944, 194@o inferthe exacextent

of dispersal of species, spatial delineation, assessing riskocolaeisation of controlled areas,

size of target population. Molecular tools have overcome the limitations of the use of Mark
releaserecapture method for tsetse popuatstudies. Genttlow could be used to infer dispersal
indirectly in tsetse populations (Krafsur, 2003). They also provide the platform for which
informed choice by authorities.(e PATTEC) of effective and appropriate control strategies

against tsetse aridypanosomiasis using SIT couté made.
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The sterile insect technique via irradiation considers primarily the eradication of isolated
populations of tsetse flies. It involves the breeding of millions of tsetse flies of each subspecies
present in the areand the male tsetse are then sterilized using gamma-joradiation and
releasing at regular intervals, thus swarming the population with males that are unable to fertilise
females successfullglossinaaustenihas been successfullyadicated from Zanbar using this
method (Vreyseret al, 2000). During this campaign 5.5 million sterile males were released in
total. Before flooding the area with the sterile males the local wild tsetse population must be largely
reduced by other local control methaish as the use of arial or ground spraying of insecticides,
use of traps, impregnated screens and targets andopdiarmulations It is estimated that a
proportion of 10 to 30 sterile males per ferti&nale is needed in order to ensure that most
couplings with the few remaining wild female®uld occur with sterile males and, since most
female setse flies do not copulate mahanonce with a male, the populatioauldbe eradicated.
Sterilization by irradiation is possible for adult male and female tsetse as well as for pupae. Before
being released the sterile males are nourished with blood from animals treated with trypanocides
in order to decrease as much as possil@ehances of transmission by the sterile flies. For riverine
tsetse fly species it seems easier for the sterilized, released male to find wild flies of the opposite

sex than for the savannah species.

2.38.3 The Sterile Insect Techniquea chemical stelisation:

In this methodof control,the reproductivgootential of the vector or itgectorial competencis
altered Males and / or female flies coule autosterilizedh the fieldusing asystemof traps or
screendy allowingsufficient contact between the insect and a sterilizing chemical pr@elgct
bisazir, tepa, hempadylass breeding followed by gamma ray sterilization of males could possibly

be replacd by thisdirectmethod ofsterilization.Theseproducts are relatiygdangeros and toxic
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to mammals, but coulde substituted by analogues of the juvenile horen(e.g. pyriproxyfen:
(Langley,1994). Anamountof0.02 g of pyri proxyf en acpudinhibed on
pupaiation by the female Pyriproxyfenis relatively stabe under tropical conditions, ens
treated with a mixturef oil (Cerechlor 545) and of pyriproxyfen 2mg/oould be effective for

a period of nine month3his juvenile hormone mimics the chitin synthesis inhibitor, triflurmuron,
andcould provide a safe way to effectively autosterilise female tsetse Tliese methodsould
eliminate the need for the caogtrtifially maintained membrane feeding tsetse fly colonies.
2.39Benefitsof Tsetse and Trypanosomiasis Control

The benefits of tsetse and trypanosomiasistrol are enormous. Elimination of HAT and AAT
could bring about increased livestock and agricultural production, increased revenue accruing to
the Federal Government, improved standard of living, increased employment opportunities
especially in the agricultural sector and National security

In general terns, the defeat of sleeping sickness and nagana would be of immense benefit to rural
development and contribute to poverty alleviation and improved food security in affected countries

of sukSaharan Africa.

2.40Pan African Tsetse and Typanosomiasis Eradi@ation Campaign (PATTEC)

Despite several decades of conserted efforts to control tsetse and trypanosomiasis, the disease still
persists.Following the successful elimination &. austenifrom the Ungujalsland Zanzibar
(Vreysenret al, 2000 using SIT andri view oftheapparent devastating effecfstrypanosomiasis

on the economy of most affected sthhara African countries, the African Heads of State and
Governmentduring the 36conference ofAU at Lome, declared via a resolutigResoldion
AHG/Dec.156 XKXXVI), of 12 July, 200Dto eliminate tsets&om the African continent through

the Pan Africa Tsetse and Trypanosomiasis Eradication Campaign (PATTEE)s because
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SITis the most environmentally friendly tsetse contechniquelt makes sure that only the target
insecs are eliminatedThis is to be done using a combination of insecticide impregnated screens
and targets, pour on formulations to suppress tsetse populations and the use of sterile insect for
mop up operations.

2.41Criteria for Tsetse Control UsingSIT

The criteriafor a successful areaide tsetse control using Slddgted by PATTTEC for its
operationsis compreherigely given by Vreysen2001) Study componentsomprisingpre-
control baskne data generatigrinclude a full comprehensive speciigersity andcomposition,
distribution and infection ratedispersal, populath density, genetic structufer determining
isolation status of target populationsing morphometrics, establishment of tsetse colosje
monitoring and evaktion of control programmes et8ll these attributes couldebdefined by
genetic toolsinformationobtained in the study euld be used in defining the effectiveness and
appropriate scales of control measures that have becemaétaol in guiding the implementain

of tsetse control strategies
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CHAPTER THREE
3.0 MATERIALS AND METHODS

3.1 Description of Study Areas

Location of study areas is as shown on Figure Bak. dudy was carried out ilYankari Game
ReservegFigure 3.2), Kainji Lake (Figure 3.3, Old Oyo (Figure 3.4, CrossRiver (Figure 3.9
National Park, anda highly tsetse infestedgropastoral zonm ljah Gwari(Figure 3.§. All,
except ljah Gwariare national park¢Table 2.4. National parks are protected areas, where
hunting, fishing, lumbering, firewood gathering, livestock grazing, farming activities etc are
prohibited.ljah Gwari was chosen to compdsetsepopulations outside the national parks with

those in the nationalgoks.

3.1.1 Yankari Game Reserve

Yankari Game Reserve (Figure Bi& located in the southasternpart of Bauchi State, North
eastern Nigeria between latitud@.50'N and 1030'Eand lies within thélorthern guinegudan
savannalvegetation zondt is an ecotourism and tourism destinati®he reserve covers an area
of 2,244knt and is home to several natural warm water springs as wellvaeavariety of flora
and fauna. Yankari igich in wildlife resources; the reserve an important refuge for ev 50
species oimammals, includind.oxodonta AfricangElephant}, Papio papio,(Olive Baboom),
Makaka fascicularigPatas Monkes), Chlorocebus tantalugTantalus Monkey), Hippotragus
equinus(Roan Antelopes), Alcelaphus buselaphu8VesternHartebeegt Panthera leo(Lion),
Syncerus caffe(African Buffalo), Kobus ellipsiprymnugWaterbucl, Tragelaphus sylvaticus
(Bushbuch andHippopotamus amphibioyslippopotanus) (National parks Hand bills, 2004)

has a large and diverse freshwater ecosyatennd its freshwater springsrasses with scattered
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Figure 3.1: Study areas irNigeria
1. Yankari Game Reserye. Kainji Lake National Park, 3. ljah Gwari, 4. Old Oyo National Park, 5.
Cross River National Park (Okwango Division), 6. Criesger National Park (Bama Division)
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Figure 3.2: Yankari Game Resenandtsetse trapping points.
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trees and shrubs dominate the vegetation. Trees areishnd thorny and are fewer in numbers
than in thesouthern guinea savanna. Tree spefmaad in the Northerngneasavanna include
Isorberlina Doka, Vapola, 8monaand Monotest kertingiiThe park consists of two vegetation

types, a savannah woodland at the hinterland, and a riverine vegetation at the bank of river courses.

The climate of Yankari Game Resens tropical in nature and is characterized by wet and dry
seasons. The temperature ranges between 31 arfi€ 3&sile the mean annual rainfall ranges
between 510 antl,140mm The wet season is associated with the Southwest monsodrfrom

the Atlantic Ocean while the dry season is associated with the northeast trade winds from the
Sahara desert.hE dry season lasbetween 5 7months(October April). There ae 350 species

of birds; of thee, 130 are residents, 50 Pateamigrants and the rest are intfdrican migrants

that move locally within Nigeria. These birds include Bphippiorhynchus senegalengssaddle

billed stork, Gyps bengalensig¢white-rumped vultur®y Numididae (Guinea fow), Ocyceros
birostris (Grey hornbil) and theBubulcus ibis(cattle Egret The park hasome of the largest
populations ofLoxodona spp.(elephantsin West Africa, estimated at more than 300 in 2005

(National Parks of Nigeria Hand bill2009.

3.1.2 Kainji Lake National Park

Kainji Lake National Park (Figure 3)3s located in the northwegtart of the country, between
latitude 945Nand 1023W and longitudes @Mnd $47% in Niger and Kwaratateswithin the
Southern Guinea vegetation zome mearannualainfall is above 500mm. Diseasorns shorter

and less intense than the northern guinea savaniThe vegetation is an open savanna waod

type, with tall grasses up to 3m high. The trees have short, large and broad leaves. Major

characteristics of theone are the common ocence ofwild fires in the dry season. Several of
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Figure 3.3: Kainji Lake National Parkand se® trapping points.
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the trees are adapted to fifey the possession of thickidiresistant barks. Trees includeniellia
oliveri: Hypharreniaand pennisetumThe parkcovers an area about 582kn¥ separated into
two distinct norcontiguous sectors, namely Borgu sector with an area of 3970%0&kdh

Zugurma sector covering an area of 1370.8b{ational Parks of Nigeria Hand bills, 2004).

3.1.30Id Oyo National Park

Old Oyo National Park (Figure 3.4s located in the northern part of Oyo State, South Western
Nigeria. It has a total land area of 2,512kBry season is usually three monthish mean annual
rainfall of 1,4401,780mm.The park liebetween latitudes’8O¥and F05W and longitudes BOM
and 402¥ within the derived Savannah vegetation zofike park is rich in fauna and flora
resources, significant among which atgpotragus equinugRoanantelopg, Kobus kob kob
(Buffon Kob), Syncerus caffefBuffalo), Tragelaphus sylvaticuushbuck and a wide variety

of Birdlife (National Parks of Nigeria Hand bill2004.

3.1.4 Cross River National Park

CrossRiver National Park (Figure 3.5 located in the rainforest ecological zone in the extreme
southeastern corner Nigeriaon the border with Republic of Camerdogtweerongitudes 805V

and 629N and latitudes @5¥nd 930¥.. The park occupies a total land area of about 4000km

of tropical rain forest ecosystem which thins out progressively into montane savanna vegetation at
the edge of the Obudu Plateau in Okwangwo dreaists as two nowgontiguous tvisions, Oban

and Okwangwo. The Southern Oban sector has an area of 30@8Kethe Northern Okwango
division near Obudu covers an area of 1,000Kfine parkhaboursmany species of plants and
animals some of which ar&orilla gorilla (Gorilla), Mandrillus leucophaeugDrill), Pan

troglodyte(Chimpanzeg Arctocebus aureugAngwantibo or Golden PotjpLoxodonta cyclotis
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Figure 3.5: Cross River National Pand tsetse trapping points.
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the trees are adapted to filey the possessiontbiick, fire resistant barks. Trees includeniellia
oliveri: Hypharreniaand pennisetumThe parkcovers an area about 582kn¥ separated into
The park has two entry points, Erokut entry point, at AkamkpaBartdtong Base Camp in

Okwaango rision (National Parks of Nigeria Hand biJ/I2009.

3.1.5 ljah Gwari

ljah Gwari (Figure 3.Blies between latititude®@ 2NNMnd 92 4 NJ]N and °1 2N  a md e
2 0 NjNjearfa Local Government Area of Nigert&e, within theSouhern guinea savannah
vegetation zone. The area is traversed by several small streams which empty into the major River
Muye that flows through Abuja Federal Capital Territory (FCT). The vegetation is riverine forest
forming a @é&nse two storey canopy. The arsa refuge to laye populations of terrestrial and
aboreal animals including, reptiles, squirrels and primates. The lanscape is characterized by rocky
outcrops of small and medium sizes. The major settlement in the areksi@neters to the
collection site. Fulani hoekolds are about 4kilometeaosthe sudy site. Anthropogenic activities
observed include logging, firewood collectiamarcoal making, palm wine tapping, rearing of
domestic animals and crop cultivation at the hinterland. ljah Gwari is a field expeaairsiat

under the supervision of the Suleja outstation of the Nigerian Institute for Trypanosomiasis

Research.

3.2Entry Permit into National Parks
Entry permit into the National Parks for tsetse collections was sought and obtained from the Office
of the ConservatoiGeneral of National Parks (Appendix 1). Entry permit into ljah Gwari was

obtained from traditional leaders and local administrative authorities according to Nigerian laws.
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Figure 3.6: ljah Gwariandtsetse trapping points.
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3.3 Methodology

3.3.1 Sample collection, handling and documentation

Tsetseflies were collectedisingstandardiconical trag (Plate I), between February and March

2014 A total of fifty one traps wereleployedto tsetse colleabin sites during thesampling
comprising, 18 in Yankari Game Reserve, 10 Kainji, 11 Old Oyo, 7 Cross river and 5 in ljah Gwari.
Trapping was carried out over a period afd/s each in Yankari and Cross Rivatagseach in

Kai nj i and Ol d Oyo, whiolbtaneddronh ljph Gwarthakingastotat ol | e ¢
of 118 trap daysTraps were deployed niparian vegetations élhe banks of river/stream system

at water points where animals water, at animal tracis areas where aniralan/fly contact were
suspected to beighest. Traps were deployed at distances of 100 metetsaapavere harvested

after a minimum of 2&ours anca maximum of 4&ours before removing and redeploying to new
positions Trap catches were&onveyedto campin cool boxes for further ewmological
evaluations. Flies were sorted out according to species and sews#sy morphological
identification keys as previously described (FAO, 1982). Data entry and documentation was done
accordingo standard operational proced{80OP)developed bytte African Center of Excellence

on Neglected Tropical Désses and Forensic BiotechnologyCENTDFB, 2014)

3.3.2 Mapping ofGlossinaspecies distribution using the Global Positioning System (GPS)
Positions of traps @re captured using GPS deviGPEMAF® 60CSx Garmilfor imputing on the

map for georeferencing the spatial distribution of the fliHse captured points in the GPS were
downloadednto thecomputer using the DNR Garmitdsy GPS$oftware The downloaded data
from the GPS were furthénansferred to the MAPSOURCE and processed using EXCEL program

and Arc GIS/ Maplinfo/ Arc Map/ Quantum GISpatial patterns of tsetse distrilaut were
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Plate It The biconical trapGhallierandLavessiere, 1973h a tsetse collectiosite

(SourceFromfield work collections)
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determined using the average nearest neighbour analysis feature in ESRI Arc GIS 9.0 and geo

referenced distribution maps drawn to s¢&igures 3.33.6).

3.3.3 Micro climatic conditions in Nationd&arks

The ambient teperature and relative humidityere take with whirling hygrometerduring
positioning and harvesting of trapg/hereas ambient temperature readings where obtained with
the dry bulb thermometer, the wet bulb thermometer readings wheverted by the slide rule to

obtain relative humidity values.

3.3.4 Species compositiomelative abundancand distribution
In each study area, trap catches were sorted out and examirspedees composition, relative
abundancanddistribution Sum total é each parameter wamcumentedFlies wereidentified

morphologically using identification keys as previouslyali®d FAO, 1982).

3.35 Apparent density oGlossinaspecies irsampled locations

Apparent density is measuredthsrelativenumber of fly species in a locality. It@slculatedby
summing thenumber of flies collected divided by number of traps multiplied by number of
trapping daysAnd the density is in the scale b0 fly/trap/day,wherevaluesbetweesl-5 are

regarded as low densjt$20 medium density and above 20 high density.

3.3.6 Sexratio

Sex ratio is the proportion of male and femalesflin a population expressedasatio. It was
determined by simplg or t i ng out mal e a n dthefcatcheslamdividingi e s 6
the total number of female flies captured by the total number of males in the Malehand

female flies were distinguished by simply examiniing external genit& of the adult flies. Aly

thatpossessed an external genitétiaming a conspicuous knelike protuberance (hypopygium)
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beneath the end of the abdomeas identifiecas a malewhereas a flyvithout this structurevas

regarded as a femalEigure 2.5.

3.37 Teneral and on-teneral flies

Teneral and noteneral flies were sorted out and counted as a percentile proportion of the overall
catch and according to speci€eneral flies are flies that hamever taken albod meal since their
emergence, thiereas nottenerals are those that hawaddn blood meals. Thvo categories of
flies weredistinguishedoy looking closely at the ventral side of the abdonTameral fliesvere
identifiedby a soft soapy touchby awhitish semitransparent appearance of the underside of the
abdomenand the evertion of theptilinium uponsqueezingof both sides of the head capsule
between two fingerss earlier describeqPollock 1982) Whereasthe nonteneral flies were
identified bythe more creamy yellow, appearance of the underside of the abdomen artueithe
up to the light, thelark shape of the last meal collle seenThe thoraxin the nonteneral flies
whenfelt, wasfirmer and harder, because of the geealevelopment of muscles. The ptilinium
could notbeessily everted when the head wsgueezethetween two fingeras described iRAO

(2008).

3.3.8 Hunger staging

The classical methoibr estimatinghunger stage in tsetse flissaccordingo the mehodearier
described idakson(1933).However,due tologistical problemsthis method couldot beused

to hunger stage flies in this study. Rather the method described by Madubunyi (1989) which
involves dissection of both male and female flies and assessing blood meal contents in the guts of
dissected flies was usedlies were hunger staged by simply examining the blood contents in the
guts of dissected flies. Méretraces of blood we detected in the guts of dissected fliagy weae

regarded abkavingfed and wher&o traces of blod mealwere detected, flies we regarded as
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not having fedThe proportion of hungry and ndmungryflies were determined by counting and

the sum totals in each category documented.

3.3.9 Collection andoreservation of tsetse fly tissues for genetic analysis

Live flies collectedby trappingaccording to the standard operational procedures (SOPs) were
dissected to acquire the following tissues, wings, legs, proboscis, salivary glands, and midguts.
Wings were collectethto 2ml tubesfor morphanetric analysis2 to 3 legs in tubescontaining

2 0 0 RNAlater for genetic analysisyhile proboscis, salivary glandsd wholémidgutsin tubes
cont ai niRNglate2 forGrgphnosome infection rate studies. Rsi&r (25 mM sodium
citrate, 10 mM ethylene diamine tetratic acid (EDTA), 70 g ammoniursulfate/100 mL
solution, pH 7.5)was dispensedo each of the tubes for preservation. Samples containing
RNAlater were kept at room temperature for 2dis and lger at-20°C or-80°C until needed for
further analysisin order to avoid conterminationftar each dissection, dissection pins were
dippedin decontaminatiorsolution containing 70% alcohol &0:50% distilled watersodium

hypochloride (bleachpr 30minutes anthenrinsed indoubledistilled water

3.4Molecular Studies
Molecular aspecbf this work wascarried out at the Centdor Biomolecular Interactions,

University of Bremen, Germany during the period 2012015

3.4.1 DNA Extraction

DNA was extractedisng Dneasy DNA kit (Qiagen, Germany ol | owi ng t he manu
instructo n s . tub2scbntaining-3 legsin 2 5 0 BNAlater earlier collectedwere centrifuged

to obtain the supernatanRNAlater was decantednd thelegs weret r ansf erred i nto

tubes andjuashed using metal bead8QuL Buffer ATL and 20@u Proteinase K waadded and
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mixed thoroughly by vortexing. The mixture was then incubated @ &6til completely lysed,
with vortexing at intervaldor 15 minutes .  [Z Buffes ATL was added and mixed thoroughly
by vortexing and incubated at®5for 10minutes. 10QUL absolute ethanatas added and mixed
thoroughly by vortexing. The mixte was pippetted into a DNeasymspin column placed i@ml
collection tubes and centrifuged @6 0 00 g ( 8 0 0 O utep Tp flodv dhrough weis n
discarded and the spincomn was t hen p tobectiendube, to whach 5Q@Buffel ¢ L

AW?2 (wash buffer) was added and centrifuged for 3nemat 20008g (14,000rpm).

The flow through wasgain discarded with the collection tube. The spin column raasferred
to a new 1.5ml micro centrifuge tube, whéne DNA was eluded by adding 3d0Buffer AE
(elusion buffer) to the center of the spin column membrane and incubated for 1minute at room

temperature (1:25°C) and finallycentrifuged for iminoteat O6000g and stored.

3.4.2 DNA Quantification

DNA was quantifiedby SpectrophotometrfNanodrop ND1000Thermo Scientific, Germanat

a wavelength of 260nmThe process involvedhtee stages oinitialization, calibration and
measurement. The machine was set twlsic Acid programme. The sample loading peddestral
of the Nanodropwas wiped with clean white tissue paperdrefand after every measurement
Thenl.5uL double distilled water (dd#9) was applied to the loading peddestithe Nanodrop
for initialisation, followed by 1.8L elusion bufferfor blank test followed by measurement of the
concentration by applying Jub of DNA sample on to thimading peddestralf theNanodropand

readingswere taken
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3.4.3 Preparation of Master Mix

Reactionmixtureswer e carri ed out i n 25uL &0k DréanfaggGleenv ol u me
Buffer 0.5uL dNTPs), 0.5ulDreanTagPolymerase (all supplied Bjnermo Scientific, Dreieich,

Germany, 0.5uL 100 pM Primers(forward and reverge 13.5uL ddH.O and 5.0 uLDNA

template(Dyer et al, 2008)

3.4.4 PCRAmplifications

Partial gene fragments of Cytochrome C Oxidase SUI and Internal transcribed spacet)l (ITS

were amplified as described in Dyetral., (2008).Tubes containin@ 5 e L f i Master vol um
Mix were placed in the thermocycler (2720 Thermal Cycler Applied Biosystefaslial
CytochromeC Oxidase SU1GO1) was amplified witiPrimers( f o r wBIG ATTITOT TGG

TCA TCC AGA AGT-3gandr e v e FT$SA AGCATTA AAT TCATTG CAC TAATG3 q) at

initial denaturation step @5 °C for 5 mimtes followed by 35 cycles of 1 minute at 9@, 1
minuteannealing temperatuet55°C and 2 minuteslongationat 72 °C. The final elogation was

10 minutesat 72 °Cand 4C final hold.

The ITS1 region waamplified with ITS1-f o r wa-GTc ATGOWC CGC TTA GAG TGA
30) aA-ceverbeT(BiCA AAA GTT GAC CGA ACT TGA3)Njrimers, with an initial
denaturation step at 95 °C for 5 min, followed by 30 cycles of 1 minute at 94 °C, 1 minute at 60

°C and 1.5 minutes at 72 °C. The final elongation was 7 minutes at 72 °C.

3.4.5 Preparation of Agarose Gel
A 1.5- 2% (w/v) Agarose gel was constituteg weighing 1.52gof agarose gel ia conical flask
and 100ml of TA buffer @0 mM Tris, 10nM Na-Acetate, 1mM EDTA, pH 8)0was added to

the powder and mixeéieat was applied to the mixtui@ 3-5 minutes in a microwave tissolve

126



the power and allowed to cool to%% after whichl.5uL G- stain was added.he gel solution
was then cast in a gel mould in which the gel comb had been appropriately insertecard$e ag

gel was allowed to solidiffor 45 minutes at room temure.

3.4.6 Gel Electrophoresis

10uL of 100bp molecular marker wésaded withmicropipette into the firsivell followed by the
loading of 10uLtest sample plusi2. loading dye(bromophenol bluen other wells of agarose.

The loadingdye helpgo increase the vissity of the sample (DNA) ensuring that samples drop
evenly into the wells of agarose prevent diffusion into the TAENn addition toaddng colour to

the sample thereby simplifying the loading process. The sample was run on 100 volts for 45
minutes for migration after which thlgeel was removed and transferred tottla@silluminatorand

for documentation

3.4.7 Purification of DNA samples fasequencing

To obtain high gade DNA for sequencing, PCR amplicomere subjected tanother round of
amplifications 20uL of PCR products were loaded on to the wetlade with preparatogombs

of a 2% (w/v) solidified gel. Excised PCR productsere gel purified using GeneJet DNA
purificationkit (ThermoSci ent i fi c, Dreieich, Germany) foll
DNA concenrations were determined at a wavelength of 260nm on a Nanodrop 1000 device
(Thermo Scientific, Dreiech, Germany). PurdfifCR productsvere cloned into linearised pJET

1.2/blunt plasmid using the CloneJET PCR (Thermo Scientific, Dreiech, Germany) according to
the manufacturerods instructions. Positive cl ol
colonies were cultured in LB ppu ampi ci Il I in (100 eg/ mL) with

Bacteria were collected by centrifugation (4,500 x g, 15 minutes at 4 °C) and the plasmid DNA
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was purified using the GeneJET Plasmid Mini Prep Kit (Thermo Fischer Scientific, Dreiech,
Germany)accari ng t o the manufactureros instructions
3.4.8 Sequenimg reactions

Purified DNA samplesbtained were subjected to sequencing reactions in final volumeslof 11
consisting of 2.6L Big Dye, 1.@L using20 - 50ng templat€€ytochromeOxidaseC SUL insect

generic prime f o r WwaTGATTSIAT TGG TCA TCC AGAAGT-3gand r evI[éA se 5a
AGC TTA AAT TCATTG CAC TAA TC-3)g(Dyeret al, 2008) Sequencingeactions were left

over night after which they were subjected to PCR (Thermoc2e20® Applied Biosystems) for

60cycles regime at 98 for 2minutes, 98C for 15secondsand 56°C for 15 seconds, 60C for

4 minutes and 6 for 7 minutes.Reactions were then purified using Sephadex 50 in 96 well
plates previously equilibrated withgtilled water at 4C andsent for sequencirgt the Max Planck

Institute for Marine MicrobiologgyBremen

3.4.9 Sequening
Sequencing was carried oait the Max plank InstitutfeBremenGermany according tdSanger
termination methodSangeret al., 1977) using a Genetic Analyser (Applied Biosystems,

Germany)

3.5Data Analyses

3.5.1 Differential Statistics

TheSt u d etestwdmssedo determine if there was any statistical relationfleifpveen ambient
temperature and relative humidity conditions in relation to fly catches foiseagbling siteising

the IBM SPSS Statistical parkage version @0rreletion statistics was also used to determine if
there was any correlation between tsetaeches and climatic conditions of temperature and

relative humidity Analysis of variance (ANOVA) was used to compare if there was any significant
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difference between tsetse catches sardpled location®Vherethere was similarity in means, the

Ducan 6Multiple Range tesivas used to separate the means.

3.6 GeneticAnalyses

3.6.1 Sequence alignments

For each PCRroductssequencedybtainedsequencefrward and reverse weatignedusing the
Geneious software version 5.5.9 (Drummendl.,2001) Alignments werérimmed and analysed
usingthe ClustalWalgorithmin MEGA version6.0 with gapopening penalty 15, gap extension
penalty 7.5, IUB weight matrixransition weight 0.5 and delay divergent-oéit 30. MEGA was

also used to calculate theoportion of sites differing betwegairs of sequences, which are quoted

in the text as percentage differenc8sS-1 sequences were analysed as described above, using
pairwise gap deletion.

3.6.2 Molecular species identification

Species identification as dondyy sequence similarity searches using the BasgalAlignment
Search Tool (BLASYbased oralignmentsof closdy related sequences the Genban#atabase

of the National Centre forBiotechnology Information (NCBIirttp//www.ncbi.nim.nih.gov/
BLAST). Sequences from the database that best matched that of the sample=tresesifor
phylogenetic analysissing the programme encapsulated in Genius Versi®® $Drummond
200]). The sample and GenBank database sequences of the speciabgneden MEGA 4.1 to
generate neighbour joining tree separately for the two géhesMEGA 4.1 Kimura2 parameter
model simultaneously calculates the genetic distances between pairs of sequences and constructs
a neighbour joining tree (Saitou and Nei, 1987). The bootstrap test of phylogeny (Hillis and Bull,

1993) option of MEGA 4.1 waselected and used. DnaSP version 5 was used to generate the
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haplotypes, an index of DNA polymorphism (Librado and Rozas, 2009)1 sequences were

analysed as described above, using pairwise gap deletion.

3.6.3 Haplotype diversity

Haplotype diversity islefined as the probability that two randomly chosen haplotypes are different
(Nei, 1987).The unbiased estimate of haplotype diversity is givehebyn (117 Exk2)/(n1 1),
wherex is the frequency of haplotygeandn is the number foindividuals (Nei,1987).For the
parsimony analysis, haplotype trees@1data fromG. tachinoidesG. m.submorsitangandG.

p. palpaliswere generated usintpe algorithm ofTempletonet al., (1992). The TCS 1.21
programmewas used to estimate the haplotype tree, With connection limit{probability of
parsimony) at 95% (Clemeat al.,2000).The softwareéBottleneckver. 1.2 (Piryet al, 1999)was
usedto test hypotheses that populatiomsre in mutatiordrift equilibrium at selectively neutral

loci (Cornuetand Luikart, 1996). Departures from equilibrium coultbe caused by recent
bottlenecks in population size or recamreases in population size (MaruyaamaFuerst, 1985).

A test of neutrality, the McDonaliKreitman test (Mcdonald and Kreitmai991), vwas
implemented in DnaSPRr the CO1 dataset (Rozas ariRlozas, 1995; 1997999; Roza®t al,
2003). DnaSRvas also usetb calculate the average number of nucleotide differences between

the clales defined by the TCS analysis

3.6.4 Nucleotide diversitfGenetic variation)
Nucleotide diversity is defined as the average number of nucleotide differences per site between
two randomly chosen DNA sequencdde( and Lj 1979) It is the variation in composite

nucleotides between a pair of randomly selected sequextayses of nucleotiddiversity were
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carried outusing FSTAT version 2.9.3.2 (Goudet, 1993)he level of similarityor variation is

estimated in terms of the numh#Erneocleotideshe sequences have in common.

3.6.5 Geneticdifferentiation (Average Evolutionaryiergence

Differentiations werestimated fronthe number of base substitutions per site from averaging over
all sequence pairsising the MaximunComposite Likelihood model (Tamued al, 2004).The
analysis involved alhucleotide sequenceer Glossinaspecies per sitélll positions containing
gaps and missindata were eliminated to get a total numbepositions in the final dataset.
Evolutionary analyses were conducted in MEGA6 (Tametaal, 2013) Tests for Hardy
Weinberg equilibrium of the substitutidinequencies were carried out wigttlequin version 60
(Schneideeet al, 2000) Differentiation between regions, blockadtrapping sites was assessed
by exad tests of homogeneity of nucleotidestribution amag samples (Raymond and Rousset
1995. Significance in pairwise comparisons was aated after a Bonferronbrrection of critical
probabilities. The extent gbopulation differentiation wasuantified by computing Weir and
Cockerham's (1984) estimators\Wfight's (Wright, 1951) Fstatistics (k1, Fis andFg) by using
Genepop The genetic structureras analyzed using an analysis of variance ntefrmmework
(Weir and Cockerharml984; Excoffieret al, 1992; Weir 1996) as encapsulaiadArlequin 2.0
(Schneideret al, 2000).Arlequin was also used to determine statistical significance of pairwise
Fstbased on thpermutation test of Manly (198%ith 1000 terations. e relationship between
genetic distance and geographic distames testedaccording tomethodsof Hutchinson and
Templeton (1999 Hierarchical analysis of diversity were computed according to methods of Nei
(1987). Single locus statistics dngenetic differentiation within and among natural populations

were estimatedusing Analysis of Molecular Variance (AMOVA) with Alequin version 6.0
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(Excoffier et al, 1992) Statistical significance of deviation of single lodtgestimates from zero

wastested by using ckéquare as outlined by Workman adgwander (1970).

3.6.6 Phylogenetic relationships

Distance basednaximum likelihood and Bayesian phylogenies were calcultte€€O1, and

ITS1 separately, and also for the concatenatédNA dataset consisting d€O1 and ITS1.
Phylogenetic analysis was performed using MEGA 6.0. Alignments were calculated with Muscle
alignment tool (Gap open penalt00, Gap extension 0, Clustering methods (all iterations)
UPGMB). Neighbor joining treesere calculated using complete gap deletion and 900 bootstrap
replications. Maximum likelihood trees were calculated using the model finder tool of MEGA.
Tamura 3parameter model was picked, assuming Gamma distribution with invariant sites with
the defaul setting for number of discrete gamma categorie$-(B)all the phylogenetic inferenge
positions containing gaps or missing data were not. idgdogeneticeconstructionsvere carried

outusing neighbour joining treeés MEGA 6 (Tamuraet al, 2013.

3.7 Geometric Wing Morphometrics

Geometric morphometrics are coresield a cheap and fast technidoeinvestigating ppulation

structure Thetechnique was used to investigate population structu@osisina palpalis palpalis
populations for comparative purposggh CO 1 sequencedo achieve this4l individual flies

collected at the border region witbameroon had wings in a state suitable for morphometric
analysis. Wings were secured on a microscope slide using a dregpwffFe 6 sche sol ut i «
wing root. They were covered with a cover glass and dried overnight. Pictures were taken using

an Olympus SzZX16 Binocular (Olympus, Hamburg, Germany) with upward light (Olympus
KL1500 LCD, Olympus, Hamburg, Germany) employing b@xgnification and scale bar added

using Cell*F program (Olympus, Hamburg, Germany). 9 landmarks were selected for analysis as
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described previouslfAchukwi et al, 2013). The CLIC packagéttp://momeclic.com) was used

for landmarks analysis. COO was udeddigitalize the landmarks. Procrustes superimposition
(centering of configuration of landmarks, scaliagdrotation) and comparison of centroid sizes
was done using MOG. Samples were segregated according to their genetic groupDattasex.

obtained wereompared with the COI sequences.
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CHAPTER FOUR
4.0 RESULTS
4.1 EcologicalStudies

4.1.1Glossinaspeciesompositionandrelatve abundance

Table 4.1showspattern of catches dblossinaspecies in the national parks and ljah Gwaki.
total of 1891 tsetse flies waaptured dring the samplingFliesweremorphologicallyidentified
to include Glossina tachinoides105Q Glossina palpalis palpalis 568 Glossina morsitans
submorsitan2270 and Glossinafusca3. Figure 4.1 showsotal Glossinaspecies caught in the
national parks and ljah Gwaf.atchesverehigher inYankari Game Reseng&63(45.64%) than
Old Oyo 530 (28.027%), Kainji Lake457 (24.16%) and Cross river21 (1%) National Park
respectively, while injah Gwari20 (1.05%)flies werecaught Figure 4.2showsabundance of
Glossinaspecies caught in the national pagkd ljah GwariThe predominanGlossinaspp.in
the catches wa&. tachinoides1050 (55%) followed by G. p. palpalis568 (30%) G. m.
submorsitan270 (14%) and the leasG. fusca(1%). In terms of compositionYankari Game
Reservewascomposed ofslossinatachinoides682 (78.02%)followed by G. m.submorsitans
179 @0.74% andG. p.palpalis2 (0.23%) respectivelyKainji Lake National Parkvascomposed
of G. tachinoides368 B80.52%), and G. m. submorsitans89 (19.47%. In Old Oyo, thecatch
composition ofGlossinaspp.wasG. p. palpalis528(99.63%, followed byG. m. submorsitan®
(0.3799. A total of 18 (85.71% G. p. palpaliswasrecordedn Cross River National Pafkllowed
by 3 (14.28% G. fusca while 20 (10099 G. p. palpalis were caughtin ljah Gwari Statistical
analysis showsignificant diference(c®(4) = 1375.417p° 0.00]) in the relative abundanasf
Glossina spp. per sampledlocation However, pairwisecomparisonshows no significant

associationd@ (12) = 2134.106p > 0.001). Whereas nesignificant difference (t =1.580, p 0.133
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Table 4.1: Patternof Glossinaspeciesaught in the National Parlesid ljah Gwari

Glossinaspecies caught

Total %

Location G. tachinoides G. m. submorsitans G. p. palpalis G. fusca
I I I I Il I I I

Yankari 476 206 80 99 1 1 863 46
Old Oyo 1 1 276 252 53¢ 28
Kainji 250 118 39 50 457 24
Cross River 6 12 3 21 1
ljah Gwari* 10 10 20" 1
Total by sex 726 324 120 150 293 275 3 1891 100
Total 1050 270 568 3 1891 100

*NITR Sulga Outstatiorcollection site

Values in olumn total with different superscripts have significantly diffe@si0.05)relative abundance @lossinaspp.per site.
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Figure 4.1: Total Glossinaspecies caught in the NationarRs and ljah Gwari

136




60 -

(]

(@]

& 50 -

2

S 40 S

<

o 30 -

=

& 20

i

- 10 -

S Ay /

0 T T T T
G. tachinoides G. palpalis G. morsitans G. fusca
palpalis submorsitans

Glossinaspecies

Figure 4.2: Abundance ofslossinaspecies acrossampled\ational Rirks and ljah Gwari

Significant differencgp = 1.000)in the relative abundance Glossinaspp.betweenCross
River and ljahGwari sampled locations
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> U= 0.05) in tsetse catches in relation to ambient temperature and relative humidity conditions

was recorded in Yankari Game Reserve, significant differ¢he-1 0 . 6 3 3, p =0.000

was recorded in Kainji Lake National Park, @6 . 290, p = 0.000 °~ U = 0.
Park (t=-18. 939, p = 0.000 ° U = 0-185P39Cro®s =ROv e
0.05)and ljahGwarit-4. 613, p = 0.01 °~ U = 0.05) respecHt
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4.1.2Glossinaspp.distribution in the National Parks and ljah Gwari

Results(Figure 4.3 show uneven distribution @lossinaspecies across the national parks and
ljah Gwari.In Yankari Game Reservéie most frequently caugl@lossinaspp.was Glossina
tachinoides682 (78.02%) followed byG. m.submorsitansl79 0.74% and G. p.palpalis 2
(0.239%) respectively. IrKainji Lake National Parkthe most frequently caugf®ossinaspp.was
G. tachinoides368 80.52%), followed byG. m.submorsitang89 (19.47%. In Old Oyo, the most
frequentGlossinaspp.caught wass. p. palpalis 528 ©9.63%), followed byG. m. submorsitans
2 (0.379. A total of 18 85.71% G. p. palpalis was recorded in CrosRiver National Park
followed by3 (14.28% G. fusca while 20 (00% G. p. palpaliswere caught ifjah Gwari The
distribution offly catches showthatout of a total ofL050G. tachinoidesaught,682(65%) were
captured in Yankari Game Reserve @68 (35%) in Kainji Lake National ParkOut of a total of
270G. m. submorsitangaught, 1796.3% were captured in Yankari Game ReseB2(33%)
in Kainji Lake and 20.74%) in Old Oyo National Park€f the 568 G. p. palpalis caught,528
(93 %) were captured in Old Oyo National Pa2k,(3.5%) in ljah Gwari,18 (3%) in Cross River
National Park and 20.359%9 in Yankari Game Reserve respectivel the 3 Glossina fusca
caught in the studywere from Cross River National Park. Statistical arsady showed no
significant diference € (12) = 2134.106p > 0.00]) in Glossinaspecies distribution betwedne

sampled locations.
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4.1.3Glossinaspp.distribution in relation to ambient temperature and relative humidity
conditions

Figure 4.4 showed the distributionin catchesof G. m. submorsitansG. tachinoidesand G. p.
palpalisin relation to ambient temperature and relative humidity ¢mmdi in Yankari Game
Reserve Flieswere collected undegrevailingaverageambienttemperatureangeof 31 - 35.5C
andrelative humidity range d8.0- 46.0% In Kainji Lake National ParkFigure 4.9, onlytwo
tsetse species were caugl. ¢achinoidesand G. m. submorsitans under prevailingambient
temperaturesange of26.5- 36°C and relative humidity range of 43:557.5% In Old Oyo
National Park(Figure 4.6) G. p. palpalisandG. m. submorsitansvere caughtunder prevailing
ambient emperatures range @0- 31.8C and relative humidity range &8.5 69% In Cross
River National ParkFigure 4.7)G. fuscaandG. p. palpalisverecaughtunderprevailingambient
temperatureangeof 24.5- 29°C and relative humidityangeof 765 - 100% In ljah Gwari(Figure
4.8), G. p. palpaliswas caught under prevailing temperaturasgeof 27 - 34°C and relative
humidity range o060 - 84.5%.A decreasingattern inprevailingambienttemperatureange of
35.5- 29°C and increasing relative humidityangeof 46 - 100% from the Northern Guinea
savannah to thedi forestregion wagletectedduring the samplingSo also a decreasing pattern
in fluctuatiorsin tsetse catchas relation toambient temperature and relative humidity conditions
from the Northern Guinea savanfkgure 4.4)to the Southern @nea savanntenrough the rain

forest (Figure 4.7yegetation zonewas observeduring the study
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Figure 4.4: Catch distribution ofGlossinaspp.in relation to ambient temperature and relative
humidity conditions in Yankari Game Reserve
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Statistical analysishowedno significant differencet = -1.580, p 0.133> U= 0.05) intsetse
catches in relation to ambient temperature and relative humidity corsdinoMankari Game
Reserve. In KainjLake National Park, result showsgnificant difference (t =10.633, p =0.000
" U 085) in tsetse catches in relation to ambient teaipee and relative humidity conditisn

Significant difference, wa®btained in tsetse catches in relation to ambient temperature and

relative humidity conditiongn Old Oyo(t=-3 6. 29 0, p = 0. 0®Bert=-U = 0.
18.939), p .85) Ratiohad Parks andJjahFGwari (t4. 6 13, p = 0. 01
respectivelyHowever, correlation statistics showed n

tsetse catches and ambient temperature and relative humidity conditiohthen drksvisited.
Figure 4.9a showedthat tsetse catches negatively correlated with ambient temperature, but
correlated positively with relative humidity catidns (Figure 4.8) in Yankari Game Reserve. In
Kainji Lake National Park, tsetse catches correlated tivedya with both temperature (Figure
4.101) and relativlhumidity conditions (Figure 4.1). However when the species were considered
separately,Glossina tachinoidesnarginally correlated positively witlambient temperature
(Figure 4.1@). In Old Oyo Natnal Park howevei. p.palpaliscorrelated positively wh both
temperature (Figure 4.a) and relativehumidity conditions (Figure 4.1). In Cross River
National Park, correlation statistics showed that tsetse catches correlated positivainbiéht
temperature (Figure 4.4 and negatively wh relative humidity (Figure 4.19. This result is a
direct inverse of the result obtained in Yankari Game Reserve described above. Furthermore, in
ljah Gwari, catches d@b. p.palpaliscorrelated negately with ambient temperature (Figure 4a)3

and positively with relativbumidity conditions (Figure 4.13.
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Kainji Lake National Park
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4.1.4 Apparent density afsetsely populationsin the National Brks and ljah Gwari

Figure 4.14howsapparent density dly populations aught in the IdtionalParksand ljah Gwatri.
Fly apparent density of 16.06/ per trap per dayR/T/D), was recorded i@ld Oyo National Park,
followed by15.98 (F/T/D) inYankari Game Reseryd5.23F/T/D inKainji Lake National Park
4.0 F/T/Din ljah Gwari andlL.0 F/T/Din Cross River National Pamrespectively Further results
(AppendixXll andXlll) showthat inOld Oyo Ndional Park, apparent density Gf p. palpalis
populations was HT/D and 0.0%/T/D in G. m. submorsitansin Yankari Game Reserye
apparent densityvas 18.9&/T/D in G. tachinoides 4.97 F/T/D in G. m. submorsitansand
0.05-/T/D in G. p. palpalisrespectively In Kainji, apparent density @. tachinoidesvas 12.26
F/T/Dand 2.96/T/Din G. m.submorsitanswhile in ljah Gwarj apparentlensity ofG. p. palpalis
was 4.6/T/D. In Cross River National Parlapparent density @&. p. palpaliswas 1.2&/T/D and

0.21F/T/D in G. fuscarespectively.

Statistical analysishowedsignificant difference? (4) = 20.500p < 0.001in the apparent density
of Glossinaspp.persampledocation Pairwise comparison shew that Gdl Oyo, Yankari, and

Kainji sampled locationsad comparable apparent densitieStissinaspp.
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415 Sex ratio

Figure4.15 showedabundance ahale and femal&lossinaspecies caughih sampled locations
In Yankari Game Reseryenore male476 (70%) than female 206 (30%}. tachinoideswere
caught giving a sex ratiof 2:1 malesto femalesin G. p. palpalis however,only 2 flies (1lmale
and 1 female) were caught with a ratid a piece. Wereas 80(45%) male and 9955%)female
G. m.submorsitansvere caughtvith sexratioin sampled flies beind: 1.5 in favour of females.
In Kainji Lake National Park250(68%)male and 11832%)femaleG. tachinoidesvere caught,
sex ratiowas 2: 1 in favour of males, wheraasG. m. submorsitansit was 1:1.5 in favour of
femalesin 30 (37%) male and 5@43%)femaleflies caught In Old Oyo National Parkwhereas
276 (52%) male and 25248%) femaleG. p. palpalis were caught with a sex ratio @f5:1 in
favour of males, ils. m.submorsitansnly 2flies (1male and 1femalayere caught witlsex ratio
of 1:1 a piece In Cross River National Parkvhereas §33%) male and 1267%) femaleG. p.
palpaliswere caught with sex ratio of 1.51i favour of males, 13 femaleG. fuscacaught atio
was 0:1all in favour of femaledn ljah Gwari,10 (50%)male and 1@50%)femaleG. p. palpalis
were caught, sex ratwasl:1a piece Overall fly catchegAppendix XV)showthat more males
(60%) were caught during the samplitigan females (40%) given a sex ratio of:1.temales to
males Statistichanalysis revealestatistically significant i f f e ¢ (&)~ ¢.@00, p s0.046h
sexratio between male and female fliesampled locationwith a higher proportion of maldan

femaleflies caught
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4.1.6Teneral and on-teneral flies

Table 4.2 shows the proportion of teneral and non teneral flies icdtapesOut of 1891tsetse
flies collected 1500(79%) were teneral and891(21%) non-teneral A total of 824(55.53%) G.
tachinoides451(30%)G. p. palpalis225(15%)G. m.submorsitangind 0 (0.0%%5. fuscateneral
flies were caughtwhile the nonteneral fliesconstituted 226 (21.52%ip G. tachinoides117

(20.6%) G. p. palpalis45(16.67%)G. m.submorsitansand3 (0.77%)G. fuscaof the catches

Chi-squareanalysis revealesignificant differencéc? (4) = 20.500p < 0.00)) in the proportion
of teneral and noteneral flies among the fowlossinaspeciescaught. Within eaciGlossina
speciesthe resulshowa significantly higheproportion ofteneraflies than thenon tenerafflies,
exceptin G. m. submorsitanandG. fuscain which no significant differencevas found between
teneraland non teneral fliesaught.Pairwise comparisoshowel comparable tenerity @élossina

speciesn Old Oyo, Yankari, and KainjNational Parks

4.1.7 Hunger staging

Hunger stage estimated digsecting and examining blood meal contents in both male and female
flies was carried out following the method described by Madubunyi (1989). Results (Table 4.3)
showedthat of the total of 391 flies dissected, 38(9.7 %) had traces of blood meal dete¢btsd

guts. Of these, more females 28 (74%) bldd meals in their guts than (26%) males.
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Table 4.2: Teneral and on-teneral flies

Glossinaspecies Total Teneral Non-teneral
collected (%) (%)

Glossinatachinoides 105055.53) 824(78.47)(55) 22621.52)(57.8)

Glossina palpaligalpalis 56830.04) 451(79.40)(30) 117(20.60)(29.9)

Glossina morsitansubmorsitans 270(14.28)

Glossinafusca 3(0.16)

22583.33)(15) 45(16.67)(11.51)

0(0.0)(0) 3(100)(0.76)

Total 1891

1500(79J100) 391(21f100)

( ) ( ): First bracket () showspercentag tenerality within individualGlossinaspp
Second bracket | showspercentag tenerality in overall flycatches
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Table 4.3: Hungry and norhungryGlossinaspecies cliected from the National Parks

Glossinaspecies Non hungry  Totalnon-hungry Hungry (%) Total hungry
(%)
Il I Il I
Glossina morsitansubmorsitans 1 2 3 9 33 42
Glossina palpaligalpalis 6 19 25 84 117 201
Glossinatachinoides 3 6 9 62 46 108
Glossinafusca 0 1 1 0 2 2
Total 10(26) 28(74) 38 155 198 353
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4.2 Molecular Studies

4.2.1 Amplifications

Resuts (Table4.4) showedthat 391 Glossinaspecies oubf thetotal of 1891 flies caught,were
subjected to polymerase chain reactiomplifications were obtained from 26G. m.
submorsitansl2G.tachinoides29G. p. palpalisand 2G. fusca Amplifications obtained showed
expectedproductsize ofabout900bp for all the four specied tsetse subjected to PCR targeting
CO1gene(Figure 4.1@). Electrophoresisnalysis obtained showed singlmpliconsindicating
that the flypopulations were homogengs. Similarly, Figure 4.16 shows results of PCR da.

m. submorsitan®nly, with expected product size of about 900bp.

4.2.2 Molecular species identification

Sequences dBlossinaspecies obtained in comjation with sequence similarity searches in the
Genbank, were used to build phylogenetic trees for speciatficktion. Result [Figure 4.17
showedthat whereas 60 (91%) out of 66 flies were accurately identified using phylogenetic
analysissix flies (nos. 17, 74, 162, 273, 352 and 353) could not be identified beyond generic level.
Closely relatedslossinaspecies clustered together and separately from those of distantly related
siblings. Flies of the samspeciesclustered together, whereas different species clustered

separately.
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Table4. 4: Amplified samples ofslossinaspeciebtainedoy PCRtargetingCytochrome Oxidase laype

Glossinaspecies

Location

No. of flies Dissected No. Positive % positive

G. m. submorsitan Yankari Game Reserve 26 13 50.0
(4'5) ' ~ Kainji LakeNationalPark 17 12 70.58
G. tachinoides Yankari Game Reserve 23 5 220
(117) Kainji LakeNationalPark 94 7 =7 40
G. p. palpalis Old Oyo 188 14 7.44
(Zé%)p P Cross River 18 10 55.55
ljah Gwari 20 5 25 0
g.)fusca Cross River 3 2 66.66
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Figure 4.16&: Gel Electropherographs of amplified Cytochrome oxidase | (CO1)igeaem.
submorsitangGms) G. p.palpalis(Gpp)andG. tachinoideqGtac)collectedin sampled
locations

Amplifications were obtained from samples in wells 2, 3, 6, 8, 10, 11, 12, 13, 17, 18,&4] 21
24; whereas numbers 1, 4, 5, 7, 9,14, 15, 16, 19, 22, 28,&86 did not aplify within the
expected band size region of 900 bp.
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19

Figure4.16b: Gel Electropherographs of amplified Cytochrome Oxidase | (CO1) gegherm
submorsitangollected in Yankari and Kainji Lake National Parks.

Amplifications were obtained fromell numberd, 5, 6, 78, 1Q 11, 14, 1516,17andL8; whereas

numbers 2, 3, 4, 9, 12, 18nd 19 did not amplify within the expected regioh900base pairs
PCR product size.
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Figure 4.17 Molecular identification ofslossinasp. collected in Nigeria National Parks
and ljah Gwari
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4.2.3Characteristics of CO1 sequencesstdssinaspp.in sampled locations

Results inTable 45 showedvariation in nucleotide frequenciessd#quences dblossinaspecies

in sampledlocations. Partial CO1 fragment lengths of mtDNA gene obtained from sequence
alignments of individuals olossinafrom the five different sampled locations, show that the
average nucleotide frequencies of A,&, T in all sequences were 31.7%3.3%, 132% and
31.2%respectively. The AT contern29.799 was higher than the GC conteB1(3%9. In Yankari
Game Reserve, average nucleotide frequencies of A, C, GGlbéasina tachinoidepopulation

were A=27.1%, C=11.0%, G=11.0%, T=31.9%. TAE content was higher (19.2%) th&C
content (12.9%)while in G. m. submorsitangopulations, the average nucleotide frequencies of
A, C,G, Tin all 5 sequences were 27.8%, 10.6%, 10.9%9288h the GC content higher
(19.%%) thanAT 9.0% contentln Kainji Lake National Park, the average nucleotide frequencies
of A, C, G, T in 5 sequences & tachinoidespopulations were 31.4%, 11.4%, 12.1%, 30.6%.
The AT content (278%) was higher thaGC content (20.8%), Wile in G. m. submorsitans
populations, theaverage nucleotide frequencies of A,&, T in all 5 sequences were.3%,
13.1%, 13.1%, 34.0%with the GC content beingigher (21.4%), than (184) AT content.In

Old Oyo National Park, the average nucleotide frequencies of A, C, G, TGinp6palpalis
sequences were 33.4%, 12.5%, 12.7%, %7 with the AT contenthigher (20.7%) than (17.9%)
theGC contentIn Cross River National Park, the average nucleotide frequencies of A, C, G, T in
6 G. p. palpalis sequences were 33.3%, 14.2%, 14.1%, 32.0% respectively. The AT content was
higher (29.7%) thasC (24.9%) contentn ljah Gwari, the average nucleotide frequencies,

C, G, T, in 5G. p. palpalissequences were 36.0%, 14.7%, 14.7%, 34\6#h a higher (29.7%)

AT contentthanGC (23.8%) contentMoleaular basedstatistical analysis oB. tachinoidesand

G. m.submorsitansthe two dominanGlossinaspecies identified itYankari Game Reserve
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Table 4.5: Characteristics of sequences@ibssinaspp.in the different sampled sites

Sampledsite Glossinaspecies No. of % Average nicleotide % AT % GC
sequences frequencies content content
A C G T

Yankari Game Reserve G. tachinoides 5 271 11.0 110 319 192 12.9
G.m.submorsitans 5 278 106 109 289 9.0 195

Kainji Lake NationalPark G. tachinoides 5 314 114 121 30.6 278 20.8
G.m.submorsitans 4 33.3 13.0 131 340 181 21.4

Old Oyo National Park  G. p. palpalis 6 334 125 127 277 295 20.9

Cross RivelNational Park G. p. palpalis 6 33.3 142 141 320 297 24.9

ljah Gwari G. p. palpalis 5 36.0 147 147 345 297 23.6
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revealed thatthere wao significant differencé¢ %6(1)= 1.125,p = 0.2289) in the AT and GC
content inG. tachinoides However, there was significant differencéq1) = 0.172,p = 0.041)

in the AT and GC content i@. m. submorsitansvith a higher proportion of GC to AT content.

In Kainji Lake National Parkstatistical analyses showed that there wasigoificant difference
in AT and GC content in botB. tachinoideg 1)= 2.455,p = 0.117) and5. m. submorsitans

( 1)=0.231,p = 0.631) populations. Similarly, i®ld Oyo National Parkwhereas, there was
no statisticallysignificant differencgc? (1) = 0.231,p = 0.631) in AT and GC content i@. p.
palpalis, in Cross River National Park, tdéference in AT and GC content (. p. palpaliswas
not statisticallysignificant( <1)= 0.610,p = 0.435) And in ljah Gwari, thelifferencein AT and
GC content inG. p. palpaliswas not statisticallg i g n i f? (1c=a2r632, p(=®.105)Figure
4.18-g) shows banding patterns in sequenceSlogsinaspeciesaught in the national parks and

ljah Gwarri.
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Figure 4.18d & e): Banding pattern of Cytochrome Oxidase | sequerineéd) Glossina
tachinoideqG.tach)populationsn Kainji Lake National Park (&p. p. palpalis(Gpp)populations
in Old OyoNational ParKf) G. p. palpalis(Gpp)populationsn Old Oyo NationaParkcontinued.
Sequences with similar banding patterns clustered together.
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Figure 4.18f & g): Banding pattern of Cytochrome Oxidase | sequentcé3 G. p. palpalis
(Gpp)populations in Cross River National Park andghG. p. palpalis (Gpp) populations in
ljah Gwari Sequences with similar banding pattern clustered together.
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4.2.4Haplotype dversity

Result of analysis dfaplotypediversity (Table 4.6, showsthe number oEtomposite haplotypes
per Glossinaspeciescaughtper sampled locatiorin G. m. submorsitangopulation inYankari
Game ReservéFigure 4.19), number ofdetectedhaplotypeswas 4 with 2 of them being
singlgonsor privatehaplotypeswhile 2were sharedThe population of5. m. submorsitanms
Kainji Lake National Park (gure 4.1®), showed 2shared haplotypesand none private. G.
tachinoidegpopulation in Yankar(Figure 4.18), showed3 detected haplotype$,private and 2
shared while the population in Kainji Lake National Pafkigure 4.19) showedl shared
haplotypeand?2 private In G. p. palpalisin Old Oyo National ParkFigure 4.1@), 2 privateand
2 sharedhaplotypesvere detectedslossina. p. palpalipopulation n Cross River National Park
(Figure 4.19), consisted o2 shared haplotypes addprivate, while thé&. p.palpalispopulation
in ljah Gwari(Figure 4.19), showedthat out of 3haplotypesdetected]l wasprivateand 2were
shared Overall results showedo significant difference itaplotype diversityp > 0.05) inG.

tachinoidesG. m. submorsitanandG. p. palpalispopulations.

4.2.5 Nucleotide diversitgGenetic variations)

Result (Table 4)7shows composite nucleotide diversity Glossinapopulationssampled.A

53.2% variationn composite nucleotidesas recorded ilG. m. submorsitansn Yankari Game
Reserve and7.20 variation was recorded in the saspecies in Kainji Lake National Park G.
tachinoidesvariations werd4.3% inYankari Game Reserve ad8.3%in Kainji Lake National
Park.In G. p. palpalispopulatiors, Old Oyo had36.8% variationCross River National Paitkad
50.6%andljah Gwarihad 40.8%The threegsGlossinafuscagroupflies captured in this study were

very negligibleto be subjected to sequence analysis, so genetic variation in them was not

determined
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Table 4.6: Haplotype diversity irGlossinapopulations sampleid National Rirks and ljah Gwari

Glossinaspecies fg(gzlgr? Sequence Hgbgtypes Hgbgt?/gi;ed rl\llgf)lgwpﬂavsate Confidence % Eairwise
Length : Mean Variation
(singletons)

G. tachinoides Yankari 1067 3 2 1 88.2 44.3

G. m. submorsitans  Yankari 1075 4 2 2 81.5 53.2

G. p. palpalis* Yankari - - - - - -

G. tachinoides Kainji Lake 1067 3 1 2 88.2 44.3
G.m. submorsitans ;i Lake 1071 2 2 0 84.0 47.2

G. p. palpalis Old Oyo 1100 4 2 2 84.4 36.8

G. p. palpalis CrossRiver 999 3 2 1 85.7 50.6

G. p. palpalis ljah Gwari 1065 3 2 1 87.5 40.8

*Could not be computed dielow sample size

178



Gms{38)YMP

7483

Gms(24)YMP

7458

Gms{18)YMP

—— Gms(19)¥MP

74.83
Gms{46)YMP

73N

Gms{32)YMP

0.2

Figure 4.19 Composite haplotypdiversity in Glossina morsitansubmorsitangopulations in
Yankari Game Reserve

Branches with Gms 19 and 38 represent single/private haplotypes, while branch@sn&lis)
24, 32 and 46 represeBtshared haplotypes.
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CO1 generic Gms(Mr 3MELMNP-MG

CO1 generic Gms(Mr 3TIKLMNP-MG

(Gms147 KLNP)

64.13

(Gms148 KLNP) 2

Figure 4.19: Composite haplotype diversity (Blossina morsitans submorsitapgpulations in
Kainji Lake National Park.

Branches witltGms130, 137,147, and 148 represensBared haplotypes. No private
haplotypes/singletons were detected here
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Gtach(13)¥MP

99.05

Gtach(5)YMP

99.05

Gtach(39)YMP

0.2

Figure4.19%c: Composite haplotype diversity Glossina tachinoidepopulations at Yankari
Game Reserve.

Branches with Gtach15 represent single/private haplotype, while branches with Gtach 5, 13, 28
and 39 represent 2 shared lo&ypes
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Gtach({53)KLMP

— Gtach115 KLMNP)

az2.09
Gtach118)KLNP

5965

Gtach({110)kLMP

0.2

Figure 4.19: Composite haplotype diversity (Blossina tachinoidepopulations at Kainji Lake
National Park.

Branches with Gtach 53 and 115 represent single/private haplotypes, while branches with
Gtach110 and 118 represent 1 shared haplotype
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Gpp(17E)00MP

I_BEI.EE
Gpp(184)00MP

— Gpp(185)00NP

Gpp(200)00MP

7359
Gpp(287)00MP

g2.03
Gpp(273)00MP

0.2

Figure 4.1@ Composite haplotype diversity lossina palpalis palpalipopulations at Old
Oyo National Park.

Branches with Gpp 185 and 200 represamgle/private haplotypes, while branches with
Gppl76, 184, 278 and 287 represent 2 shared haplotypes
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Gpp(363)CRMP

LIDD
Gpp(371)CRMP

—— Gpp(368)CRMP

100
Gpp(356)CRMP

100

Gpp(359)CRMP

0.2

Figure 4.1%: Composite haplotypes @lossina palpalis palpalipopulations at Cross River
National Park.

Branches with Gpp 368 represent single/private haplotype, while branches with Gpp356, 359,
363 and 371 represent 2 shared haplotypes
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Gpp(373)JG

ljDD
Gpp(388)lJG

= Gpp(384)lJG

100
Gpp377IJG

a7.04

Gpp(381)lJG

0.2

Figure 4.19: Composite haplotype diversity Blossina palpalis palpalipopulations in ljah
Gwari sampled site.

Branches with Gpp 384 represent single/private haplotype, while branches with Gpp373, 377,
381 and 389 represent 2 shared haplotypes
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Table 4.7: Nucleotide diversityn Glossinapopulations sampleid National Rirks and ljah
Gwari

Location/ Glossinaspecies  No. of Sequence Confidence % Pairwise
National Sequences Length Mean Similarity
Park

Yankari . tachinoides 4 1067 88.2 55.7

. m. submorsitans 4 1075 815 46.8

G
G
G. p.palpalist - - - -
G
G

Kainji Lake . tachinoides 5 1067 88.2 55.7

. m. submorsitans 4 1071 84.0 52.8
Old Oyo G. p. palpalis 4 1100 84.4 63.2
Crossriver G. p. palpalis 6 999 85.7 49.4
ljlah Gwari  G. p. palpalis 5 1065 87.5 59.2

*Could not be computed dielow sample size
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4.3 GeneticDifferentiation (Average Evolutionary Divergence in SampledGlossinaspp

4.31G. m. submorsitangopulationsn Yankari Game Reserve

Genetic diferentiation wasneasured aequency of nucleotide substitut®m sequences &
Glossinam. submorsitanglies. Results of analysed dat@able 4.8 revealechigh (Fst= 0.7643

levels genetic differentiationsin aligned sequences within the 1075 fragment giz€&. m.
submorsitangopulationscollectedin Yankari Game Reservéigure 4.2@, showsnucleotide
substitutionat the 560 base pair region of the sequence fragofidéiytnumber38. The dominant
nucleotide Thymine (T) was substituted with Adenine (A) as a single nucleotide substitution.
Whereas, at the 569 base pair region, the dominant nucleotide, Adenine (A), was substituted with
Thymine (T).

4.3.2 G. m. submorsitangopulationdgn Kainji Lake National Park

Differentiation was determined by examining the frequency of nucleotidstigutions using
sequences of 45. m. submorsitansResults (Table 4)8showed high (Fst= 0.6508 level
differentiationin aligned sequences within th@71fragment size Figure 4.20 shows nicleotide
substitutionof the dominant nucleotedAdenine (A) with Thymine (T)expressed ithe 536 bp

region of nucleotide sequenceflyf No.147.

4.3.3G. tachinoidegpopulations in Yankari Game Reserve

Genetiadifferentiationwithin G. tachinoidepopulations inYankari Game Reserve wasamined
using sequences of G. tachinoidesResults (Table 4)8showedthat differentiationbased on
frequencyof nucleotide substitutions wa@st=0.3427. Figure 4.20c shows differentiation
expressed withira portion ofthe 1067 base pair fragment length of the sequences, indicating
nucleotide substitutions at the 579 and 580bp regodrity no. 15 The dominantucleotide

Thymine (T) was substituted with Adenine (#8)a dinucleotide substitutionks thus appear from
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Table 4.8. Genetic differentiations based on fregog of nucleotide substitutions Glossina
populations irsampled locations

Location Glossinaspp Number of Mean Standard P7T value
sequences diversity deviation
Yankari Game G. tachinoides 5 0.3427 45.0 0.175
Reserve G. m. submorsitans 5 0.7643 13.0 0.174
Kainji Lake G. tachinoides 5 0.3025 24.3 0.268
G. m.submorsitans 4 0.6508 122.5 0315
Old Oyo G. p. palpalis 6 0.2805 96.6 0.403
Cross river G. p. palpalis 6 0.4033 306.7 0.116
ljah Gwari G. p. palpalis 5 0.3856 17.3 0.472

Standard range =@ 1.0 based oHardy-Weinbergequilibrium.
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Figure 4.2@. Some nucleotide substitutions in CO | sequencé&s im. submorsitans

populations in Yankari Game Reserve (YGR)
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Single nucleotide substitution

530 540 &850

Consensus YA S YIIM YENAMIR K IMAREWEATWH Y SAAWATG WG YDA
|dlentity
1. Gms(T4KLNP CAGCTIOCTA TG - RN AINCRAC ATANTGAANA TGRAGHTA
2 (Gms148 KLNF) 1 CAGC  TCCTATAG -ATNMAACACATAATCAARAATCACE T TA
3. Gms(14T)KLMP TACTTATTATGTTE T TECTCATTTCCACTATGTTTTA
4. Gms |AEA A ENETESET A TCEENC T AGCHEIC A TSN, T CECET A

Legend

A = Adenine

T =Thyminell ycleotides

C = Cytosin

G = Guanin

K=Gor

R=AorG 5 »

egenerate residue
S=GorC 9

Y =C or T|| Specifications

W=AorT
Figure 4.20. A nucleotide substitution in CO | sequence&imm. submorsitangopulations in
Kainji Lake National Park (KLNR)
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Dinucleotide substitution

\

1] a70

&80 a0 aoon a0

Consensus GO TCATTTTCATTATGETY TTATC TATAGCACCAGTATTTECAATTATAGE =
Identity B .

1. Gtach(5)YMP LGCTHMA THY THMMTHYMT G TE HnYFTMYMRSnuTRHnTHHL-'MnnHTnHrK" v
2 Glach(15)YNP  .GCTAATACTACTCCTGTTAAACCTCCCACAGTAASATAAGAAAATAAATCC
3 Gtach(28)YNP  'GCTCATTTCCACTATCTTTTATC TATAGE S \C T 2 = Az

4. Gtach(38)YMP WGCTCATTTTCATTATGTETTATCTATAG
5. Gtach(13)YMP IGCTCATTTECCACTATGTTTTATCTATAGGA

Legend

A = Adenin

T = Thymine :
Nucleotides

C =Cytosine

G = Guanin

K=GorT

M=AorC

N=A G, CorT

R=AorG Deggqergte residue

specifications

S=GorC

Y=CorT

W=AorT j

Figure 4.2@. Some nucleotide substitutions in CO | sequencé&s. itachinoidegopulations in
Yankari Game Reserve (YGR).
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the analysis that th&. tachinoidespopultions were more homogeneoc@mpared toG. m.

submorsitangopulations

4.3.4G. tachinoidegopulations in Kainji Lake National Park

Results (Table 4)8&how low level differentiatiofFst= 0.3025) in Sexaminedsequence of G.
tachinoidesin Kainji Lake National Park. Figure 4.20d showsbstitution of the dominant
nucleotide Guanine (G) with Cytosine (C) expressed at the region of 460 bp in flywithb8

the fragment length of 1067 base pairs

4.3.5G. p. @lpalis populations in Old Oyo National Park

Result (Table 48shows low level (Er= 0.2809 genetic differentiation whin G. p. palpalis
population inOld Oyo National Park Analysis of sequencd&igure 4.20eshows substitutions
within the 1100bp fragrent length portion of sequences o066 p. palpalis Substitution of the
dominant nucleotide Adenine (A) with Guanine (G), at the 749 bp sequegioa of fly no.278
is shown.

4.3.6G. p. palpalispopulations in Cross River National Park

Result(Table 4.8) shows low level genetic differentiatiog~0.4033) inG. p. palpalisn Cross
River National Park. Figure 4.20f shows nucleotide substitutions in sequer&€s pf palpalis
flies withdominant nucleotide Guanine (88ing substitutedith Adenine (A) in 834bp sequence
region of fly no363. Also in the sequence region of 860 bp, the dominant nucleotide Thymine (T)

was substituted with Guanine (G) in fly no.36%thiw the fragment length of 969.

4.3.7G. p. palpalispopulations in ljah Gwa
Result obtained (Table 4.8hows low leveldifferentiation (Fst= 0.3856, in 5 G. p. palpalis
populations in ljah Gwarfigure 4.20g showsubstitutions of the dominant nucleotide Adenine

(A) with Guanine (G) occurring ahé 450bp sequence regionl®67kp fragment lenght of fly no
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Consensus

|dentity .

1. Gtach118)KLMP ICTMWAATWE CANA TWNC 'Y
2. Gtach(B3)KLMP W TCAAATTTCATATTCT
3. Gtach({110)KLNP O TATAATAGCAARATACTG
4. Gtach115 KLMNP) T TATAATAGCAARATACTG

480 400

Legend
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C =Cytosine

Nucleotides

G =Guanine
K=GorT )
M=AorC
N=A,G,Cor T> Degenerate residue
R=AorG specifications
S=GorC

W=AorT )

Figure 4.2@. Genetic differentiations based on some nucleotide substitutions in CO | sequences
in G. tachinoidegpopulations in Kainji Lake National Park (KLNP).
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Figure4.2Ce. Genetic differentiations based on some nucleotide substitutions in CO | sequences
in G. p. palpalispopulations in Old Oyo National Park (OONP)
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Nucleotide substitutions
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1. Gpp(363CRNP T C TG AEEEEEEIA O AT
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Figure 4.20. Genetic differentiations based on some nucleotide substitutions in CO | sequences in
G. p.palpalispopulations in Cross River National Park (CRNP)
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373. Substitution of dominant nucleotide Adenine (A) with Thymine (T) at the 481bp sequence

region of fly no.389 is also shown.

Overall result in Table 4.8howsthat genetic differentiatiom fly populations inthe sampled
national @mrksand ljah Gwaripased orirequency oihucleotide substitutions averaged across all
sequencesaried between species and between p&rkerentiation was higher @&=0.7643) n

G. m. submorsitangopulatonin Yankari Game Reserve than in Kainji Lake National Pagk=F
0.6508). Differentiations irG. tachinoidespopulations in Yankari Game Reserve was higher
(Fs1=0.3427) than in Kainji Lake National Parks(E0.3025) Differentiationin G. p.palpaliswas
higherin Cross River National Park ¢= 0.4033, followed bylow level genetic differentiation

in ljah Gwari (Fs1= 0.38569 andin Old Oyo National ParkFst= 0.2805. Overall results show
high lewel genetic differentiations in the savanna tsetseGlym. submorsitanghile low level
differentiations were recorded in the riverine fl@sp. palpalisandG. tachinoidesn the parks

sampled.
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4.4 Phylogeretic Relationships ofGlossinaSpeciesin National Parks and ljah Gwari

Results obtainettom phylogenetic analysisef G. m.submorsitansG. tachinoidesG. p. palpalis
andG. fuscacaughtin this study(Figure 4.2) showsthat Glossinaspp.evolved from a single
ancestor.Through evolutionary relationshipdiet neighbor joining treeeconstructionshowed
clear pattersof clustering of closely relatexpecies withirone clade, and distantly relatsgecies
forming another clade. Within the clades, closely related siblings clustered together and separately
from their distant relationsuggesting that tsg¢ populations at the NationarRs exist irsmaller
population subunits that are geneticalyilar. Areas of onflict identified were in foumstances
where specimen numbers 17 and 74 morphologically identifi&@lassina tachinalesclustered
with G. m. submorsitansinstead of theiclosdy related siblingss. tachinoidesAlso specimen
numbes 162 and 273caught in Old Oyanorphologically identified a&. m. submordians did
not cluster with its sister group, but rather clustered @itlpallidipessequences obtained from

the GenBank.

4.5 Phylogenetic Relationships with Particular Rference toG. p. palpalisPopulations

Results obtained from plogenetic analysis db. p. palpalis(Figure 4.22 showed relationships

of G. p. palpalis populations in sampled location§he neighbor joining treeeconstruction

showed clear pattesof clusteringof closely related siblings separately from their distant cousins.

It is interesting to note the splitting &. p. palpalis populations into two major groups, a West
African Clade (WAC) and a Central Africa Clade (CAC), with the groupsexsting
sympatrically in Cross River National Park at the Nigefameroonian baler area (Figure 4.

16).G. p. palpalispopulations in Old Oyo National Park clustered with populations in Republics

of Benin, Togo, Cote doévoire and LG.p.eapaisa, f o

populations in Cross River National Pafkstered with those populations in Cameroon, Congo,
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Figure 421. Phylogenetic relationships with{Blossinaspp.populations in Nigeria National Parks
based on CO1 sequences
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morphologically indistinguishable fronG. m. submorsitandyut phylogenetically related tG.
pallidipesfound in Central and Eastern Africa
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Central African Republic to form the Central African clade. In Cross River National Park at the
NigerianCamerounian boarder, it was observed that the two groups [f palpalisdetected in

this study exist in sympatry, based on the capttiftes (Nos 356 and 370) representing the two
groups (WAC and CAC) in the same location. The overlap in the ecologies of te pwpalpalis

groups identified may suggest that the contact zone of the two groups identified exists around the
NigerianCameroonian border area. However the extent of admixture of the two groGp$ of

palpalis populations identified in this work remains unknown.

4.6 ITS-1 Analysis

The two G. p. palpalisclusters and various unidentifigdlossinasp. were further analysed
regarding changes in their ITS region, vhile the ITS1 regions of theG. p. palpalis
subpopulations did not show any differendbs marker cold be used for looking more closely
into Glossinaspecies. In contrast to the homogeneous populasbownby the CO1 analysis,
ITS-1 comparison groupedthe sequences into two branches (data not showhe observed

differences may bdue to very distinct nucleotide deletions as well as several substitutions.
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4.7 Geometric Wing Morphometrics

Analysis of 9 landmark®&r morphometry of the win¢Figure 4.23) was performed as described
(Achukwiet al, 2013)on 41 tsetse fly wings froi@. p. palpalisof the two genetic cluste(§VAC

and CAC)obtained byCO1 analysis.However, die to the low number of samples collected in

Ni g e €rosa Riwer National Parkamples collected ihoungo in Adamawat&teat theNigeria

- Camerooran boarder,were used for thignalysis.CO1 sequences from all these flies were
analysed and grouped in the two observed clusters. 20 flies belonged to the Central African cluster,

while 21 samples grouped in the West African cluster.

The centroid size was used as a measure of geometriRaib# et al, 1996)and the distance
showeda difference in the two genetic clusters in the total sample, with the Central African group
showing a smaller median than the West African group. Howvexreen comparing the principal
component analysis (PCA) of the partial warps, no diffe®n@¥e seen between the centroid

sizes of the two populations (data not shown).

When the sex distribution of the subgroups was taken into account and the samelsglive
accordingly, the samplehowed a sex depgent shape dimorphism (Figure 4[93The centroid
distance was larger in female flies. Interestingly, PCA on the partial whgvgedhat the female

subgroup of the Central African cluster segtedfrom the others (Figure 4.28
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Figure 4.23. Landmarkdor geometric wing morphometric analysis
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CHAPTER FIVE
5.0 DISCUSSION
5.1Ecological Sudies
5.11 Glossinaspecies compositioand relativeabundancén National Parks and ljah Gwari

5.1.2Yankari Game Reserve

Fromthe resultobtained (Tabld.1), Yankari Game Resernginfested withG. m.submorsitans

G. tachinoidesandG. p. palpalis popuations with G. tachinoidedeing more abundant th&h

m. submorsitanfllowed byG. p. palpalis This agrees with Molynuex (1973), in which presence
of large numbers of5. tachinoidesand G. submorsitansas well as a smalG. p. palpalis
populatiors had been described@he result shows thdess anthropogenic acttes that could
threaten the existence of tsetse fleghin the park may have taken place over the yedns
contrastlsaacet al, (2016)observedhat onlyG. tachinoideendG. m.submorsitansverepresent

at the Yankari Game Reservihis discrepancy in theompositionandabundancen catchesof
Glossinaspp. in Yankari Game Reservenight be attributed tovariation in environmental
conditionsand possiblydue todifferences in timing of samplingctivities. In Yankari Game
Reserve(G. m.submorsitansverecaughtn areasith high ambientemperatures andw relative
humidity conditions whilé&. tachinoidesandG. p.palpalisweremostlycaught neawater bodies
with lower ambienttemperatureand highrelative humidity conditions Results of statistical
analysis in this study shows that tsetse catches correlated negativelynegih ambient
temperature and pasiely with relative humidity conditiondVlean ambient temperatures between
31land35.5C and relative humiditpetween 28nd 4646 obtainedn this studyare consistent with
data preiously describedNash, 1937Davies, 197Y, suggesting that tsetskstribution in nature

is govenedby climatic factors

206



The dfferences inthe observedly compositionmayalsohavebeeninfluenced bydifferences in
vegetation typesGlossinam. submorsitansvas captured in the open woodlaar@asof Yankari

Game Reservewhile G. tachinoidesand G. p. palpaliswere caught along the banks of rivers/
stream course®Vhereasn the sameegetatiorzonementioned aboves. tachinoidesandG. m.
submorsitansverefoundin sympatryin some instances open woothnd G. p. palpalis (caught

in Yankari) washoweverfound in gallery forests at the bank of river cour3ég low population

of G. p. palpalisobserved in Yankari may be due to its less tolerance to high temperatures, as this
species has been reported to thrive best under prevailing temperature rabgeX@ and 80

85% relative humidity, with 1062000 mm of rainfall (Davies, 1977 This is lower than
temperature range of &5.3C andrelative humidityrange of 2846%recorded in Yankari during

this study(Appendix IX).

The overlap in the ecologies db. m. submorsitansa savanna species ands. tachinoidesa
riverine speciesn Yankari Game Resenis in consonanceith earlier works suggestirthe co
existence ofG. tachinoidesand G. m. submorsitanat certain times of the yeé&dordan 1986.
Theextremely dry weather conditiomaight havemadeG. m. submorsitandecomedess tolerant
to high tenperatures and low relative humidity conditicarsdbehave like a riverine species by
retreatingrom open woodland and stayeldse to the banks ofver systemso avoid desiccation,
while G. tachinoidesthough a riverine speciedut because of itdroad tolerance tohigh
temperature and low relative humidity camohs mighthavedispersd widely into areas with
dryer conditions Those conditions as describablove might havebrought both species of flies

to co-exist atthatperiodof the yearas erlier describeqRogers and Randolph, 1986)

Results Figure 4.1) further showed that tsetse flies were most abundant in Yankari thathany

location sampled. This might beue to the lgh concentration of gamm the park as host
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availability has been described pbvay important part in determinintpcal distribution and
abundance of flies (Turner, 198Rogers and Boreham, 1978) addition, it wasobserved that
G. tachinoidespopulation wasmore abundan682 (79.03%)than G. m. submorsitans179
(20.74%)in the reserveThe dominance ofG. tachinoidesin our trap catches in Yankari is
consistent with the works of Omooguwat al, (1994) who describedhe dominance ofG.
tachinoidesover G. m. submorsitangn Yankari during trap trials This observation further
buttressethe view expressed dhe nterplay oth o savaslability and their selection on tsetfly
abundance (Onyiall98®). Glossinatachinoideshas a wide host range compared@om.
submorsitansvhich is reported to have a limited choidehosts because of its cathofeeding
behaviar (Maduunyi, 1990. Glossina m. submorsitanglerives most of its blood mediom
large bovids and ungulates whighaze in the open woodland anmbve to riverine areas only
when they are thsty, suggestingha fluctuations in numbers dfostanimalsmay havedirect
impact on the abundance of fliest has been established that elimination of large géase
occurred during the rinderpest pandenaoyld lead to extenination ofmorsitanspopulations,
but less so for thpalpalisgroup which are able to switch to any available hosts including humans

for their blood meals (Onyial98Q).

Glosssina tachinoideasbundance may be associated with the extensive hydrographic network in
Yankari Game Reservélhe reservas traversed by several tributaries which discharge their
contents into the major perennial riv@aji in the areaSeveral breeding sites become kalde

from theexposed sandyeds as the small tributaries dry up durindry seasonBeing a riverine
species it is most probableghat G. tachinoideswould have taken advantage of the breeding
grounds associated with the extensmelrographic networkn Yankari Game Reservier its

breeding activity.

208



The dominance 0. tachinoidespopulationsn Yankari(Figure 4.2 in addition,may bedue to
theoccurrence ofiparian vegetationwhich maybe providingshelterto the large populations of
small animal hosts, reptiledirds and primatesvhich almund the prk from whichtachinoides
possiblyobtains its blood meslThe preponderance of young teneral flies in the catch composition

(Table 4.2)showsthattheflies were probably at the p&aof theirbreeding activities.

From theoverall outlook it seems mosteasonable to concludinat the dominanceof G.
tachinoidesat Yankari ovelG. m.submorsitan&indG. p. palpalismight possiblybe attributed to
its ability to explore more niches and to adapt to changing environmental condétterthanG.

m. submorsitans Environmental conditionsush as ambient temperature and relative humjdity
breedingsites foragingor feeding groundgesting sites ahwide choice of animal hostsight be

responsible for the dominance®f tachinoidesn the game reserve

The dominance d&. tachinoidesn our catchesnayin additionbe attributed tesampling lase of
thebiconicaltrap. It has been reported thaetse respondifferently to different traps (Kuzoe and
Schofield, 200k The biconical trap is reported to be more effective at catching the riverine species
of flies thanit does forthe morsitansgroup(Omoogunet al, 1994;Ajibade and Agbede2008.
Thismaybe attributed tohevertical shapef biconical trapwhichG. tachinoideseems to prefer

In contrasiG. morsitanspreference for horizontigl cylindrical shapes (drum shap@&ndearstito

large bovids and ungulates, except the Zebra wisets¢ do not feed on because of its strips

(Gibson 1992.

5.1.3Kainji Lake National Park
Tsetsecatches irKainji Lake National ParkTable4.1)showedvariations in species composition

and relative abundance during the studiyhe most abundanGlossinaspeciescaughtwas G.
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tachinoides368 (80.53%) followed byG. m. submorsitanaith 89 (19.47%) of the catche$he
predominance o6. tachinoidesn the catchesvassimilar to the observatiom Yankari Game
Reserveadescribed earlier ithis study Although G. p. palpaliswas recorded in Kainji duringna
earlierstudy, (Ahmecet al, 2000, it was notcaughtduringthis study problaly dueto differences
in timing of sampling activitiesSimilar reportsby AjibadeandAgbede(2008), showethatG. m.
submorsitansG.tachinoidesandG. p. palpalisexistin different habitats ifKainji Lake National
Park Wherea<s. m. submorsitansnhabited open woddnd savanrain the two sectorsf the
park (Zugurma and Borgu sectoy#)e riverine tsetsé. p. palpalisand G.tachinoidesvere found
along the course @&iverOli. These discrgancesn species compositiamaybe due to differences
in trapping points ahother environmental factorSarlier studies did not provide -@ydinates of
trapping positionsin an earlierstudy (Shaidaet al, 2002 unpublished repoytin Kainji Lake
National Parkthe ceexistence of5. tachinoidesandG. m. submorsitansn the same habitat was
describd, suggesting an over lap in the ecologieshofseflies. Thisis consistent wittworks of
Rogers and Randolph (1986) in which theco-existenceof Glossina species in studies of

ecodistribution and abdance of the vectodsad beenlescribed

5.1.40Id Oyo National Park

In Old Oyo National ParKTable 4.1), G. p. palpalis and G. m. submorsitansvere caughtat
varying levels of relative abundancéHoweverG. p. palpaliswas the dominanGlossinaspp.
caughthere.The dominance 0&. p. palpalis528(99.62%)populations ovet. m. submorsitans
2(0.37%)might be attributed tothe hydrographic network ensuring a lush riverine vegetation
which createdinsuitableenvironmental condition fa&. m. submorsitans Ambienttemperature
conditionsof 29to 31.8°C andrelative humidityconditionsof 58.5 to69%recorded her€-igure

4.8) were lowercompared with conditions obtained Kainji Lake National Parland Yankari
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Game Reserv@wvhereG. tachinoidesandG. m. submorsitansodominatglocated in theguinea
savannah northwards of Old Qydowever in a recent separate stubdgtween 2014 and 2015
(unpublished reportha total of 41G. p.palpalisand 30G. tachinoidesvere collected during the
wet season and 486. p. palpalisand 2G. tachinoidesollectedduring the dry seasan sone
localitiesin Old Oyoat the proximity otheOld OyoNational Parkindicatingthe presnce ofow

population ofG. tachinoidesvithin the zone.

Old Oyo National Park falls within the derived savammane, where the vegetati@a transition

from the forest to thguinea savannah vegetation zohbe vegetation is typical of theedved
savannah typas earlier described (Keay, 1953he low catchesf G. m.submorsitansnay be

due to unsuitable microclimatic conditions. Although according to Omooguaral, (1989)
anthropogenicactivities such as lumbering, farming, charcoal stacking and hunting, were
responsible for theollapse ofmorsitansbeltsin Egbe in Kwarastate, Nigeriaand indeed have
been shown to be responsible for the decline and collapsetsé tselts and disappearance of
tsetse flies from various regions of sBaharan Africathese activies were not pronounceit

Old Oyo National Park being protected area.

It is thoughtthata lot of illegal gamepoachingactivitiesmay be taking placen the park which

maybe detrimental to fly survivallhis maybe due to weak legislation and lack of observance or
enforcement of extant rulesd regulation®f protected areadaleyimuet al, 2012) Wildlife
elimination results in tsetse starvatiomdadeath. One of the earliest methods of tsetse control was
wild life extermination (deRaadt, 2005)However the method had to be suspendee to the
negativeeffect on the ecosystem. Rather game farming was encouraged due to the economic value
derivable from the sale b game meat, hides and skins, aadotourism(Hamon 1965.

Anthropogenic activities were however observede existingoutside the national park which
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couldthreaten the survival of tsetse populatiahshe hinterland. Thieuffer zoneseparating the
gamepark fom the communities was not protected making it eadyetencroachedpon for
farming activitiesor huntingwithin the perimeter of the parfof course vegetation clearance for
farming activities otherwise referred to in some pate agiagricultural prophylaxid had been

advocated as a means of tsetse cofittamon 1965.

5.1.5Cross River National Park

In Cross River National Par@able4.1), only theforest species of tsetse flies consisting of the
fuscagroup and som6&. p. palpaliswerecaught constituting 1% of the total flies caught (Figure
4.1). This may be due tdhe low availability of wild animal hostas compared with what is
obtainable in the savanna regidtcording to Rogers and Randolph (1986), low availabdity
hosts in the high rain forest areas may lirtit palpalis abundance in areas which are
bioclimatically optimal. The fuscagroup flies were less abundant compared with trepalis
group probably dueotenvironmental conditions or sampling method u3egtse species have
been reported to behave differently to different traps (Kuzoe and Schofield, R00&yeria,
there have been very little information on thecagroup flies in the recent past probably doe t
their less economic valu&heir disapparance owing to destruction of the great forests, through
massive human activies as earlier predi¢tentdan, 1989)emains speculativelue literally to

the absence of anthropogenic activities within the National FReksults of this study showing
presence of thdusca group flies is fundamental and requires a review of their economic
importanceowing to the present environmental chang@snilar studies showing the presence of
thefuscaspecies in the Niger delta ar@faNigeria has also been described (Ogedeglbé, 2006).
Averageambient émperaturesecorded in this areaere relativelylow, and relative humidity

conditions were high reaching prgstation levels at some instance¢Figure 4.5. Tsetse
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populationscaughtwere generally low in all sites visitgutobablydue towide dispersal oflies.
Similar low catches (5%) dblossinaspecies among other tiitg flies were recorded by Olet
al., (2011), in Rhoko foresh AKamkpa LochGovernment Area, Cross Rivetag. Ithas been
established that thain forest region maintaimslativelysteady temperature and relative hdity
conditionsthrough out the yegiWamaet al, 2018) Thischaracteristic of the rain forgstevens
locdization of tsetse populationsesultingin wide dispersal otsetse flies through out tegion
as indicated byhelow tsetsecaichesduring the studperiod In addition, bw tsetsecatdes made
may be due toeffect oflocal rains. Wienever it rainedsetses were naaughtprobaly due to
high humidity conditionswhich possiblydepressdfly catchesSimilar studieshowng that rains

depress tsetse catchemseearlierbeen describe(Muhigwaet al, 1999.

In this study, the use of traps faisetse samplin@n therain forest region was not very effive
probably due to less attractive properties of trapghadorest fliesForest fliesseenedto be less
attracted by visual objects probably due to the high canopy associated webite it appears
less light penetration waslowed to enable traps to be sightadflies. Eventhough tsetse flies
have been reported to be positively phototdséiow about 30°C (Popham and Vickers, 1979)
very fewof suchflies came tdraps,prompting heuse ofacetone vapouo remedy the situation,
since odours enhance trap catcf@sekeet al, 1988) Host location in rivane and forest flies is
mainly by olfactory meangChekeet al, 1988) In the savanna flidsowever host location is by
visual meanghough flies caiémove upwind in the direction afdours even when the hosts are
hidden {ale, 1978 as cited by Onyiah, 1980

5.1.6ljah Gwari

Resulsfrom ljah Gwari(Table4.1)showedthat the tsetse fl(. p. palpaliswas the onlyGlossina

speciescaughtduring the samplingonstituting 1% of the total flies caugint all the locations
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sampledFigure 4.1) Similar reports of theomposition ofcatches ofs. p. palpalissolelyas the
dominart speciesn this locality have been describé@ffor and Nlumanze, 198&hristophelet

al., 2015). This maye due to the massive encroachmémiot he f | y 0 soeRendive t at
anthropogeni@ctivities, going on irthe sampled locatioawing to its proximity tothe Federal
Capital Territory (FCT) Previous studiegFalana, 1974; Ridan, 1974)showedvery high
populations ofGlossinaspecies present withthe FCT For instance, Falana, (1974) captured a
total of 7,850G. p. palpalisat Gimi between 1971 and 197de also captured 93,700 and
2,260,000G. longipalpisat Chizako and Gwacipi, all within the FCFurthemore,between 1973
and 1983, Offor and Nlumanze (1986) recordetbtal of 67,708 femade 101266 mals and
280,902 pugpria ofG. p. palpalisand 1,023 femak 3,243 males and 200 puparig@flongipalpis

in 1974, 1975 and 1978he situation is no longer the same due to enviemtal changes that
have taken placen the FCT oer the years. It seems most likeéhat theMorsitansgroup flies
representetly G. longipalpiswhich used to be present in this locahtightno longer be available
for captureand the relative abundance &. p. palpalis presently existing has declined
tremendously. Th&lorsitansgroup flies appar to be most sensitive to environmental changes
which impact negatively on their populations. N&&®48),had reported thablossina morsitans
would not be found wheteumanpopulation densities exceed 40 per square kilometer. The current
censudigurefor FCT is put aapproximately 1.4million peopl@\PC, 2006. With the high influx

of people into FCT, this figurlar exceeds the limfor the existence d&. morsitandlies. While
increase in anthropogenic activitiesbas farming, lumberindpunting and industrializatiodue

to increase in human population in the F@iByhave had a negative impact@nmorsitanglies,

G. p. palpalishas beeknown to be able tadjust quickly to emronmental changes and have been

found to exist in peridomestic situatiofhmed 2004) Tsetse distribution in the FO¥hichis
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now restricted tohe relic forestfollowing the destruction of savanna vegetatiprgviously
inhabited by theMorsitans group flies, probably still mairtains small populations of diverse
specief small wild animalhosts thatre preferredby the riverine group fliesrom which they
derive their means of livelihood through their opportunistic feeding habits as earlier described
(Clauseret al, 1999. Farmers that cultivaten farmlands at the bank of the rivenayas wellbe
sources of blood meal to thieefs.It was observed in thistudy that nomadic pastoralists that are
permanently settled in ¢hproximity of the sampled locatiasften grazetheir cattleand other
livestockclose to the banksf therivers inhabitedy the Glossinaspecies. Thae flies could take
advantage of the presence of these domestic animals to obtain blootbmeadsheir nutritional
needsin ljah Gwari. The lush vegetation whiclprobably used tgersst through out the year
possiblybeing sustainetly thepermanent xier, may ndongerbe providing adequateshelterto

the wild animal hosts both terrestrial and aborrealsmadhle to maintain the internal hetypical

of the forest vegetation as done previouglye presents. p.palpalispopulation would probably
havehad to adjustts breeding, resting and feeding habits in order to survive in the changing
environmentPresenty, capture ofG. p.palpalisas theonly Glossinaspeciesxistingwithin ljah
Gwatrifollowing the declineof the otheiMorsitansgroup fies previously recorded in the FCT has
beencorrdborated byAjuwan et al, (2017).This is even the case in the study by Bourn (1988),

where the impact of environmental changes on tserse distribution in Nigeria had been described.

From the foregoingChi - squa r &) arfalysisshowedsignificant diferencec? (4) = 1375.417p

" 0.001in the relative abundanad Glossinaspp persampled location. &rwise comparison of

the composition and relative abundancé&tdssinapopulations in sampled locations, shows that
whereas significant difference exists in catches in Yankari Game Reserve, Kainji and Old Oyo

National Parks, there wano significant differencép = 1.000)in the relative abundance of
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Glossinaspp.caughtbetweenCross RivemNational Parkand ljahGwari locations This may be
due to similarity in environmental conidinsthat prevailedluring the study periodetween Cross

River and ljah Gwari samplddcations.

5.1.7Glossinaspp.distributionin the National Brks and ljah Gwari

Results (Figure 4.3) showed thmipulations ofGlossinaspeciesvere not uniformly distributed,
with their distribution varying between vegetations zoiég most widely distribute®lossina
species were the riveripecies(. p. palpalisandG. tachinoidesSimilar uneven distribution of
Glossinaspecies in Gashaka Gumti National Park Nigeria has been described @Vaima018).
Glossina p. palpalisvas caught in Yankari Game Reserve, Old Oyo, Cross Riagonal Parks
and ljah Gwari, Wile G. tachinoideswas caught in Yankari Game Reserve and Kainji lake
National park onlyAlthoughG. tachinoidesvas recorded in some communities outside the Old
Oyo National Park in a separate study (unpublished regida)an indication of théow presence

of the species within the zonEhe distribution ofG. palpaliswas confined to the hydrographic
networks.This may be due tiess tolerance thigh temperatureonditionsasfound in thenorthern
and southern Guinesvannah vegetation zon@dthough someiverine species magccasionally

be found in dér conditions as was the case wWahtachinoidesvhich werecaught in sympatry
with G. submorsitang Yankari and Kainji, they have also been reported to exhépitlpmestic
behaviours by maintaininglose association with urban and suburban settimgsagricultural
plantations(Ahmed, 2004) The savannah specje&. m. submorsitansvas restricted to the
northern and southernGuinea savanna vegetation zon@tere it thrives best undedrier
conditions)dominated byisoberlinea doka and other xerophytic plantsvhere it is discretely
distributed within thenorsitandbelts, while the forest speci€slossina fuscavas restricted to the

forest vegetation zon&imilar pattern of distributiorof Glossinaspecies found in Nigeribas
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long been described (Dagi, 1977).Statistical analysis shovwgsgnificantdifference (p<0.05) in
relative abundance @lossinaspp.caught per location except in Cross River National Park and
ljah Gwari locations where catches were not significantly different probably due to similarity in

ecological conditions.

5.1.8Glossinaspp.distribution in relation to ambient temperature agldtive humidity
conditions

Results of tsetse samplimtptained in this study (Figure 448), showed thattsetse fliesvere
unevenlydistributed across the sampled locatibased on variations in ambient temperature and
relative humidity conditionsWhereasG. m. submorsitanspopulations had a more discrete
distributionand probablyconfined to thes. morsitansbelts whee they wereaught the riverine
species G. p. palpalis and G. tachinoides had more extensive distribatis along the
hydrographic networksGlossina fuscgopulations werdoweverrestricted to the forest region
only. Eventhoughonly four Glosssinaspecies@. tachinoides, Gn.submorsitans, G. alpalis
and G. fuscawere caughtduring the samplingin contrastto the 11 species and subspecies
descriled earlie(Baldry 1967), thisnaybe due tdhe inability to visit all ecological nichekiring
this study Ogedegbe and Rotimi (2006) for instance recor@éussina fusca congolensis, G.
nigrofusca nigrofusca, Gcaligenig G. pallicera palliceraandG. p. palpalisin the Niger Delta
area of the countryt is interesting thougto note that despite thew number ofGlossinaspecies
caught all flies caughtrepresent the three groupshich the genusGlossinacompriseqi.e the
Austeninaor Fuscagroup, theNemorhinaor Palpalisgroup andhe Glossinaor Morsitansgroup)
This finding is thus in conformity witkarlierclassificationof Glossinaspeciegpresenin Nigeria
into the three major groups of forgsverine and savanna flielt is also interestinghat thregG.

tachinoides, G. m. submorsitaasid G. p. palpali$ out of the four economically important
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Glossinaspecies in Nigeria wereaughtduring this studyDavies (1977)hadreported thaG. m.
submorsitans, G. longipalpis, G. tachinoidesid G. p. palpalisare the most economically
important Glossinaspecies in Nigeria due to their ability to transmit HAT and AAhe
distributions of the variou§lossinaspeciesaughtin the sampled lcationswere notuniform as
shown by fluctuations in number of catches betwetapping poins and betweersampled
locatiors (Figure 4.4- 4.8). This supports the observation Bfallier (1982), that tsetse species
exhibit various patterns of population fluctuations related to local climates and vegetation.
Fluctuation in tsetse catchesrelation to ambient temperature and relative humidity conditions
that prevailedappeared more frequt in Yankari Game Reser(@igure 4.4) than itainji Lake
National Park (Figure 4.5). Similarly, fluctuations were more frequent in Old Oyo (Figure 4.6)
than in Cross River National Parks (Figure 4HYy catches did not show apparent fluctuations
Cross River National Pagrobably due taelatively steady conditionthat prevailedhrough out

the period of trappingSlight fluctions werdnoweverobserved irljah Gwarigalleryforest relic
(Figure 4.8) possibly due tahe infiltration of Gunea savanna conditions due tocreasing
anthropogenic activitiegithin thesampled locationOnyiah (1978) had observed that a decrease
in atmospheric humidity and increase in human activities led to a decline and eventual collapse of
a G. palpalis populationin a forest reserven Nigeria. All the variations inGlossinaspecies
distribution observed above malye attributed to seval factors chief amongst which might
possibly bevanations in micraelimatic conditions(Appendix VIII), vegetatiortypes availability

of wild animal hostsandpossiblyother environmental conditionResults of statistical analysis
obtained in this studghowthat, at the two extreme ends of our study areas (North and South)
there was complete inverse relationshiggween the numbers Gllossinaspp.captured in relation

to dimatic conditions.Resultsshowed that in Yankari Game Reseryéhere wasnegative
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correlation betweethe number of5. m. submorsitanand G. tachinoidescaught(Figure 4.%)
andambient temperatu@ndsignificantpositive correlatiorfFigure 4.®) betweerthe number of
flies caught and relative humidityn Cross River National Park, tsetse catches correlated
positively with ambient temperatu(Eigure 4.12) andnegatively withrelative humidity(Figure
4.120). In Yankari Game Reserve at the Northern Guinea savaagetation zon¢he number of
tsetse flies caught in relation to ambient temperature and relative humidity condiitiows show
any significant difference, thereassignificant differenceén Cross River National Park located at
the Rain forest \getation zone in relation to tsetse catcti@gther results shosdthatthenumber

of catches of tsetse flies at Yankari va#imost twice as margs all the other locatns put together.
This is in line with earlier observation that at extremely Weather conditions as found tine
Northern Guinea savanna, tthistribution of tsetse flies becomesncentrated along river courses
where humidity is high tavoid desiccation and subsequeathfrom hash weather conditions
at the hinterlandn Kainji Lake National Parknumber of tsetse flies caught correlated negatively
(Figure 4.1@) with ambient temperatuyehowever whe species were considered sepealy,
number of G. tachinoidesmarginally correlated positively witmbient temperature (Figure
4.1(M). This maybe due to a broadéslerance to higher temperatusngeshy G. tachinoidess
opined by Rogers and Randolgh986. Catches ofG. m. submorsitanand G. tachinoides
howevercorrelated negatively (Figure 4.40with relative humidityin Kainji Lake National Park.
This result isnot urexpected due to the locationkoinji Lake National Parkvhich issituatedn
the southersubhumid Guinea savannaegetation zone, as a restdetse distribution would be
less concentrated along river courses as comparédniari Game Reserv&he lownumbe of
tsetse catches in Kainji malgereforebe reflective of the microlimatic conditions recorded. In

Old Oyo National Park there was significant difference between the numlér mfpalpalis
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caught and th climatic conditionswith G. p. palpalis catches correlatingositively with both
ambient temperatur@igure 4.1a) and relative humidity (Figure.41b). It is interesting to note
that both temperature and relative humidity were favouratsie o palpalisand perhaps thatay

be responsible for the highapparent density in fly populations thafi othersampled locations

In Cross River NationaPark however,fly catches correlategostively (Figure 4.12) with
ambient temperaturand negavely (Figure 4.1B) with relative humidity This may be
responsible for théow fly catchesrecorded here as a resultwide dispesal of flies within the
zone. Inljah Gwari, tsetse catches correlated negatiyElgure 4.13) with temperature and
positively (Figure 4.18) with relative humidity. Even though ljah Gwari is a forest relic, it is
located within the northern guinea savanna vegetation zone, with climatic conditions peculiar with
the northern guinea savanna infiltrating. The low number of flies recorded niyenot
necessalty be due to high dpersal ¢ tsetsdlies as it were, in &ypical forest region, bumight

be due tdow population size brought about bgthropogenic factors

From the foregoing, it is pertinent to note thatiations in microclimatic@nditionsthat prevailed

in the study areasnay be responsiblen partfor the uneven distribution and the occurerafe
someGlossinaspeciesin sane parks and their abseniceothers.For instage, wherea$s. m.
submorsitansvas caughtonly in the savanna vegetations of Yankari and Kainji Lake National
Parks, it was not found in the forest zo8amilarly, G. tachinoidesthough a riverine specidige
other members of thealpalisgrouptsetsegxists in much drier habitats thénpalpalisand does
not occur in the forest zone (Rogers and Randolph, 1986). In co@rdagcabeing a forest fly
caughtin the forests o€ross River National Park the rainforestvegetatiorzone wasnot found

in thenorthernGuineasavanna vegetation zonéswas observed during the survey tharéwas

asteady decrease in ambient temperattom a range o31- 35.5C in Yankari Game Reserye
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in northern guinea savanna geoological zoné¢o a rangef 24.5- 29°C in Cross RiveiNational

Park in rain forestgeoecological zoneand a correspondingncrease in relative humidity
conditionsfrom a range of28 - 46.0% in Yankari Game Reseru® a range of 76.5 100%in

Cross River National PariAppendix VIII). This may be due taltitudinal change between
sampling locationsis shown imMAppendixIll T VII. While high altitudes between 230 and 530
meters above sea level obtained in the northern Guinea savanna would probably had ensured low
relative humidity due to the low level tife water table, low altitudes between 123 and 151meters
above sea leveabbtained in the rainforest regiomould probably had ensured high humidity
conditions due to higlevel of water tablein additiontot h e r @rogximityntd the coast
(Atlantic Ocan). These variations in microclimatic conditionsight possiblybe responble in

part for uneverdistributionof Glossinaspecies in theampled locationBesidesthe change in
vegetation type from a sparsely dry woody savannah in the ndwkuieant foresin the south as
earlier describd (Keay, 1953)might be a factor n t he f | i.SwtSticathnatyses | but i
revealedno significant correlationbetween tsetse catches and ambient temperature and relative
humidity conditionsin mostof the tapping locations visited. This mighossiby suggesthatthe
distribuion of flies across the samplextations were probabinfluenced by other environmental
factors tharclimatic conditions alone as described ab@endweet al, (2009), observed that the
uneven distribtion of G. m. morsitangnside Nchotakota Game Reserve Malawi is attributed

to the uneven distribution of wildlife the main hosts of tsetse flies. It would be most relasona
thereforeto concludethat tsetse abundance and distribuiiothe sampled locations were most
possiblyinfluenced by the relativeabundance and distribution of wild animalsksy vegetation
types andwildlife conservatiormanagement practices addition to ambient temperature and

relative humidity conditionsilt is interestingnoweverto note thentra and inter species variations
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in behaviour ofGlossinaspeciescaughtin this studyin relation to these biotic and abiotic
environmental faors a crucial information forareawide tsetsepopulation management with

particular reference tile sterile insect technique (SIT).

5.2 ApparentDensity of Tsetse Fly Populations in th&lational Parks and ljah Gwari

Results inFigure 4.14showedvariations inapparent densi bewveen fly populations imational

parks and ljah Gwasampled locationd=romthe results obtained, it coultk deducedhatthe
highestapparentensity of flypopulationswas recorded i®©ld Oyo National Park, followedyb
Yankari Game Reserv&ainji Lake, Cross river National Parks, ahé least wagah Gwari.Old

Oyo National Park spans an area 2,512kt slightly bigger tharyankari Game RBserve. The

park is ranked the firgh terms of apparent density of tsetse populatidhgs may be due to the
presence of gallery foresind dense vegetation of tall shade trees along the banks of rivers which
provide conducive climatic conditions for the flies as well as shelter farhiei animal hosts.

The gallery forests are kept lush throughout the year being watered by the perenial River Ogun.
The small size and plenty of aging for the wild animals male responsible for the high
population of the game throughout the year. Thigh population of game possibly ensures
sustanance of the high density of tsetse populations in the Fagk.extremely low number of
morsitanggroup flies caught in Old Oyo maye attributed tansuitable climatic conditions for its
existence and podsy low population of large bovids, the preferred hosts ofntloesitansflies.
Glossinam. submorsitans found in open woodland and woodland savanmidih mean annual
rainfall between 80@350mm andn which the dommant tree idsoberlirea dokaor its close
relatives, with plenty of game animals living in the afRagers and Randolph, 200G his is
contrary to thanean annual rainfall of 1440780mmearlier described for the deed savanna

zone (Davies, 1973 7Anthropogeni@ctivitiessuch asumbering vegetatiorclearance for farming
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activites and hunting, creatnfavourable coditions for the survival of tsetsiies. These
anthropogenic activitiewere absent in Old Oyo NationahF, therefore the low catch @. m.
submorsitansluring this study mapot be attributed to anthropogenic activitidsthoughillegal
hunting activitiesnight possiblybe going on unabatedue to poor legislatioand enforcementit

may leadto gradual decimation of the wild animal hostBich aremainsaurces of blood meals

for the Morsitansgroup flies.Theriverine group flies have been reported to be less affected by
such activitieslt thus appeathat the parknay presently be sustaining populations of small game
which are preferredhosts ofG. p.palpalis populations inhe lushriparian vegetatiomas well as
providing conduciveesting, hunting and breeding sites for Ghep. palpalis populationswvhich

aboundthe park.

In Yankari Game Reser@ppendix Xll), apparent density in fly populatiomses15.98 F/T/D.
This is contrary to apparent density of 128/D and 101F/T/D obtaindin 2012asreportedby
Isaacet al,, (2016 duringadry and wet e a steetsédsarvey ifankari Game Reserveflecting

a seasonal trendhis discrepancy in results obtaineaybe due to differences in trapping points
and environmental conditns during tsetse samplings. Othactbrs which were probably
responsible for thaigh apparent densitin fly populationsobservedn Yankari might be local
concentration ofly populations, recruitment of young flies into existing populations, timing of
tsetse survey, pupal duratiovegetation typeGlossinaspecies, ambient temperaturelative
humidity conditionsand availabilityof wild animal hosts and activity patterns of fliesocal
concentration of flies observedoand riverine vegetations mighe responsible for the high
apparent density of tsetse populationyamkari Game Resena the time of sampling The high
numtler of teneral flies in the fly catches (Table 4@ghtbe due tdherecruitmenbof young flies

into the populatiofirom proximal breeding siteduringthe peak breedingctivity. This finding is
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in consonance witbbservations oTurner(1987) suggesting that preponderance of teneral flies
indicates an active populationlt is interestingthat the timing of tsetse survey in this study
(February to March), probably coincidedth the peak of pupd emergencevhich hasbeen
reported to baround the middle of dry seas(@hallier, 1982. It has been established that pupal
duration decreasavith increase in temperature (Jaenson, 198iis suggestshat adecrease in
pupal duration mighhaveensure a faster turnover in fly populatiorresulting in increase in
apparent densityApparent density was however lowithin the forest vegetation zores
compared to what was obtained atwethern Guinea savanna regimobably due to differences

in vegetation type and micro climatic conditsAppendix XlI). Whereasapparent density was
4.0 fly/trap/day n ljah Gwari gallery forest relic, was 10 fly/trap/dayin Cross River National
Park Thisresultis consistent with the low apparent density obtained in 1999 by Ogedegbe and
Rotimi (2006).The forest region is known to be achcterised by high relativeumidity and
constant temperatumenditions almosthroughout the year. Thmmightbe responsibleot thelow
tsetse catches during our survey as a resulid# dispersal of tsetse fli@sthin the zoneClimate

is consideredh very important factor determinintpe abundance @slossinaspeciegarticulaty

in the northerrguineasavanna region®kpgers and Randolph986) It has been established that
during extremely dry weather conditiong @uring the dry seaspmost fodder from whiclthe
game obtain their feed at the hinterlahigés up forcing theanimalsto retreat from the hinterland
andmove closer to rivecourses fofresh grazing and faheir waterequirementsThe distribution

of flies at this time also becomes localized around water bodies. Both tsetse and wild animal hosts
are brought into intimateontact, as flies obtain their blood meals with minimal efforts. gt

be responsible for the higipparentensity of flies recorded at Yankari during the surffggure
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4.2). It is possible thaturing rainy seasomelative humiditymightincreasempacting negatively

on the apparent density of flies due to extensive dispersal of fly populations.

Activities of host animalgould influence tsetse behawioand hence their availabilityf ankari
Game Reserveith an area 244Kn¥ is ranked fifthin terms of land mas#iowever, theGame
Reservehas a high concentration ghme, and is considered to be the richesaiméresources
than any other nationabyks in NigeriaHigh apparent densityf tsetse populations recordethy
not be unconnectedith the high concentration arativities of game at the gsk during the

survey.

Tsetse fly activitiehrave beerknown to be diurnal, cparscularor nocturnalin nature and this
could be influenced by activities of their animal hod##embers of the familHippopotamidae
(Hippopotamus amphibioy$or instance, feed only at night and would probably be visited by flies
that have nocturnal feeding behawioTenabe (19883 studied he diurnal activities ofG. p.
palpalis within the Guinea avann& vegetationzone, in Niger StatelNorthern Nigeria and
concluded that the fly activities weteoth diurnal and cprscular suggesting some strain

differences in th&. p.palpalis populationscaught

Further results in this studshowed thatthe apparent densitf tsetse caught did not depeoxd
the number of traps usedrfeampling(Appendix Xl). This mightbe dueto lack of uniformity in
the number of tragpdeployedat the rks due tadifferences in terrainfrap gerformancelepends
on its siting and visibility against background vegetatitsetse flies are attracted traps from
distance®n short andong term basis. It has been suggeshedfor effective performance, traps

should be sitted in such a manner tihar actionwithin their ambitswvould bewithin the radius
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of at least50 meters(Laird, 1977) This underscorethe importance of trap positionimigiring

tsetse samplirgy

Kainji Lake National Parkwith an area 382Kn¥, isranked secondutof all the NationaParks

in terms of land mass. Results (Figdré4 showedthatthe park hasthe thirdhighest apparent
density(15.23ly/trap/day) of tsetse population®ppendix XllIl). Though about twicethe size of
Yankari,Kainji is a tourist destination in terms of number of game present. The high tsetse density
recordednaybe partly dug¢o abundant gamand localizatiorof tsetse populations along riparian
vegetations bankinthe river system and its tributari€&incebaoth Kainji and Yankari fall within

the same Guinea savannah zdhehigh density ofs. tachinoidesandG. m. submorsitangaught

in theparkis not expected to be different except floe larger landmass Kainji enjoys.

Cross River National Pagpans an area about 4,000Kand is ranked thirth terms of land mass.
G. p. palpalisand G. fuscacaughthere(Figure 4.14, havea combinedapparent density df.0
fly/trap/day The rain forest region is noted for uniformity @imatic conditionsthrouglout the
year. Low temperature and high humidity coiwtis associated with this regiqreventsany
localization of tsetse populatisnThis maybe responsible fothe wide dispersal and the low
apparent density dblossinapopulationscaughtin the region during the stud$even out of the
11 Glossinaspecies recorded in Nigeria occur in this regpoobably because the forest areas are
noted for high biodiversityhutthe prevailing environmental conditions during tsetse sunvay

be resposible for the low fly density recorded during this study due to didpasal of flies.

In lja Gwari, results Figure 4.14 showedthat the apparent density Gf. p. palpalis populdion
(4.Ofly/trap/day) wascomparatively low This maybe attributed to a relatively wide dispersal of

the flies within the sampled locatioijah Gwari is a gallery forest relic within a Guinea savannah
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zone, with a lot of farming activists at the bank of the river. Partial localization of flregybe

dueto relativdy low ambienttemperatures, artie presence of smalild animal hostsncluding
primates which atund theforest. The largevertebrate mamalian hostsmight have been
decimated due tdlegal pouching. Thenassive encroachment into thd i e s Gmaybadue t at
to natural or anthropogenic fact@s®ce the area is contigus with the Federal Capital Territory
(FTC) Abuja. The absence of thmorsitandflies is to be expected due to a combinatiofaofors
including vegetation clearancg unfavourable ambient temperature and relative humidity
conditions,increase imnthropogenic activitiedack of largegame,illegal encroachment of the

forestfor farming activities, lumbering and hunting.

5.3 SexRatio

Results Figure 4.1% showed differences in the proportion of male and femadketsdlies caught
during the survey.Variations in male and fermakatio occuredbetween specieand between
species andregetation typ fromwhichtheywerecaughtln Yankari Game Resery@hereas 0%
males and 30%emales constituted the catdim G. tachinoideggiving a sexratio of 2:1 in favour
of males ratiowas1: 1.5 in favour of females i6. m. submorsitansvith 55% of the catchedn
G. p. palpalis however,sex ratio wad.:1 a pieceThisis contraryto 20% male and 80% female
G. tachinoidesand 19%male and 79%emaleG. m. submorsitanwith sex ratio consistently in
favour of femalegecordedin 2012by Isaacet al, (2016).These discrepancies malye due to
differences in environmental conditions amdsampling techniques at the time of tsetse survey.
Earlier records show that sex ratio in trap catches were always in favour of f¢rfss1982)
This was attributed to a claim that female fliee longer than malg€hallier and Gouteur, 1980;
Jaenson, 1981MHowever, with time tls concept seems no longer tenahlgiew of the opinions

expressed by several workers wiave observed distortions $ex ratio in tsetse flies. According

227



to Okiwelu (1982), at emergence, sex ratidiétd populationss alwaysthought tobe unitybut
the ratio becomes distorted depending on the sampling methodTuseg@reponderance ofate
flies in G. tachinoidessanples inYankari maybe attributed to the search fmating partnersit
has been established thatiticular hydrocarbongpheromones play a major role in the
reproductive behavior of male and female tsetse flies. Pheromonespaessed ifiemale flies
by virtueof which male fliesareattractedor matingexpalition (Offor et al., 1981). Recent studies
have however,shown that male and female flies respond differently to different coldtues.
dominance of male over female flies@ tachinoidescatchesmay be attibuted to their strong
affinity to blue colour in biconical trapg.his view corrobores observations biksoy et al,
(2014)suggesting thaittraction of nalefliesto blue colouis governed by a genk has also been
suggested that the preponderance of males jinciitches mape due to trap bias (Rogessd
Randolph,1986. Female fliesnay have visitedrapsprobablybecausdrapswere mistakerior
larviposition sitesas opined bySaunders (1964 A good proportion of femalesiay have also
visitedtrapsin seach of blood mealprobablybecause they we hungryin conformitywith FAO,
(1982. That notwithstandingsexratio in G. p. palpalisat Yankarigives representative ratod

1:1 males tdfemales which closely resembleatural field situations.

In Kainji Lake National Parksex ratio inG. tachinoideswasin favour of males, whilén G. m.
submorsitansratio wasin favour of femalegFigure 4.1%. This is similar to results obtained in
Yankari in the Northern Guinea savannah. This result is expected since both Yank&airgnd
Lake National Parkare located within the Gwea savannah vegetation zomeOld Oyo National
Park, sex ratio iiGs. p. palpaliswasin favour of males, whereas & m.submorsitansex ratio
was unity (Figure 4.1%. Ordinarily more female flies in a populatimould show a hungry

population ora population in search of larviposition sigasce females need more blaoéalfor
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the maturation of their follicles. This is not the case here, but rather more males seem to signify a

population in search of mating partners

In Cross River National Parkex ratio inG. p. palpaliswas 1.5:1 in favour of males, whereas in
G. fuscaratio was 0:1 in favour of femal€Bigure 4.1%. This maybe due to theeason adduced
above whereG. p. palpalismales probably visitettaps in search of matin@artners Irdjah Gwari
sex ratio inG. p. palpaliscaughtwas unity(Figure 4.15%. ljah Gwariis within the Northern Guinea
savanna ggetation zone. Theex ratioobtained inG. p. palpalisseens to agree with the ratio in

other locations (Yankari) within the zone.

It seems therefore that the general believe thatimet catches sed¢mhave more representative
segment of male fliesvhile trap catchegive ratioin favour of femalegPollock, 1982, mayno
longer be tenabldResultsin this studyshowing variation in sex ratiwom oneGlossinaspecies
to another(Figure 4.1% and fran one vegetation zone to anotlaee thereforeconsistentwith
works of earlier workers suggesting thaapt catches itsetse flieslependon movement of flies,
timing of activity, nutritional statustrap efficiency, climatic conditions, hoawailability or a
combination of some or afRandolphet al, 1991). The above foregoings describe sex ratio in
natural conditions, which however differ from what is obtainable in the labor&eryratio in
laboratory coloniesf G. m.submorsitangor instance givesgatio inexcess of femalesuggesting
the occurrence ofjeneic aberration inaboratorycolonies Rawlingsand Maudlin,1984) The
biased sex ratio in favour of femalesGnm. sulmorsitansmaybe due tasome Ieritable factors
that have to do witlpresence of supernumeragx chromosomeg$o0oding and Kafsur, 2005)
Such biased sex ratios amdverse andhot acceptable in breeding stocks meant for SHe
possibility of raising breeding stocks whickvould yield male biased sex ratios neetisbe

exploredto enhance the efficacy of the SIT program
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5.4Teneral and Non-Teneral Flies

Results obtainedTable 4.2, showed very hgh levels oftererity 79% (1500)in the total fly
collection. Thismaybe due to theecruitment of young emergents into the population gb¢hied

of fly collection which seemed to haweincided with the peak dlies breeding activitiesThe
tererity phenomenon implies that flies which have not taken a single blood meal since emergenc
have higher chances of being infectmtd transmitting trypanosomegpon taking a infected
blood mealthan oldemonteneralones (Haines2013. This previledge however reduces as the

fly becomes older leading to refractorinessliter flies(Oteinoet al, 1983.

5.5Hunger Staging

Results(Table 4.3)obtainedshowed thatmost of the flies captured were hungmhe high
preponderance of hungfljes captured irvYankari Game Resenas compared to other locations
may be dudo prevailing high ambiertemperature conditionia the game reserve at the time of
sampling It has been established that rate of blood meal digestion increases with increase in
temperatureTerblancheet al, 2008. It thus appeathat increase in temperature wotlaveled

to a shortened hungerycle resultingin high number of hungry flieen our catchesThis is
consistent with observation of other workef®rblancheet al., 2009. Besides it was also
observed that more femdles were found to be hungry thdlhe males. Similar observations in
Glossina tachinoidekave leen described by Madubunyi (198%he higher prportion of hungry
females in our catchesaybe due to thattraction of this category of flies to traphich areoften
being mistaken for animal bts, to meet theeedof moreblood meals byhe female fliesfor the

maturation of their follicules.
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5.6 Molecular Studies

5.6.1 Amplifications

From the results obtaingdable 4.3, out of 391 surviving flies subjectd to polymerase chain
reactions amplificaions were obtained from only 66 @b flies while others did not amplify
(Figures 1@ and b)Reasons for theatk of amplificationsfrom the other fliesubjected to R

is not known busequencing erroduring hybridationhas been observed to cause failidger et
al., 2008. Different methods of DNA extractiocouldalsogive dfferent yields of PCR products
as the quality of PCR product®me timeglepends on the extraction method ugtalymerase
chain reaction iknown to behighly sensitive and specific and @pplicationto populationstudies
has increased our understandingpopulation dynamicsf tsetse flies and other disease vectors
(Dyer et al.,2009; Christopheret al, 2015. Thesensitivity of themethod mayevealthe extent
to whichmorphological techniquesould provideunderestimate®f ecological data as described

in this study.

5.6.2 Molecular pecies identification

Results(Figure 4.17 of sequene similarity searches on the Guamk datebaseand phylogenic
reconstruction of sequenceshowedthat closely related species of flies clustered together,
whereas distant relations clustered separajeling a taal of 60 (94%)flies with matching
identities out of 66 flies analysed Resuls showed that accurateidentification of natural
populations ofGlossina species in Nigerianational parksusing CO1 mtDNA gene was
successfully achieve@imilar combination of sample DNA and database sequenceswgetto
generate neighbour joining tree for the identification of blow fl@srdylobia anthropophaga
another insect of medical, veterinary and forensic importance €0glg 2012).Severalreports

haveshownthatthis toolcanbe used forgeciesidentification withaccuracyDyer et al.,2008
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2011;Christopheeet al, 2015;Mauricioand Juan201§. The 6 unidentified flies due to smatch

of their sequencies the databassuggestthat CO1 mtDNA markercould be used for dual
purposesnamely, species identification anfbr molecular evolutionary genetic analysé@$ie
unidentifiedGlossinaspecies for which no information on their COI sequences is available in the
Genbank may require other markers in additiotmlmicrosatellitesfor possible acurate

identification.

5.6.3 Characteristics of CO1 sequence&tafssinaspp.in sampled locations

Results obtainedT@ble 4.5 showed thatthe GC content was significaythigherthanthe AT
contentin G. m.submorsitangopulations inYankari GameReserveln G. tachinoidesiowever,
even though thAT content was higher than tl&C, the difference was not statistically significant.
This discrepancy malye due to differences in the distribution pattern& ai. submorsitansand
tachinoidegopulations in the game reserireYankari Game Reserv€,. m. submorsitarseems

to have a more restricted distribution confinedntorsitansbelt 29, while G. tachinoides
distribution appears less restricted due probably tcegtensivehydrographic network which
forms the major habitat d&. tachinoideswithin the game reserve. Thisay have resulted in
extensve migration offlies resulting inrandom mating forming a more diffused population as
indicated by the GC/AT content. The GC/A&®dntent did not show any significant difference in
G. m. submorsitan€. tachinoidesandG. p. palpalispopulations found in Kainji Lake, Old Oyo,
and Cross River National Parks. Similarly no significant difference was found between GC and
AT content inG. p. palpalisin ljah Gwari, even thougAT content was higher thaBC content.

All these maye due to homogenisatiasf the populationsdue to random mating within the
southernmost populations asesult of extensive migrationsgithin their respective vegetation

zoneslt is thoughtthat the detected variation banding patterns (Figure 4&8) in sequences,
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shows thatGlossinaspecies could be differentiated based on differences in sequence banding
patterns.Similar use ofbarding patterns for identification of tsetse flies basedramdomly

amplified polymorphic DNARAPD) approaclmasearlierbeen describedjde et al, 199).

5.6.4 Haplotype diversitfGenetic variability)

Results (Table 4)6of analysis of compositeaplotypes showed that, tsetse populations in the
various sampled locations were genetically structured and that structuring in the fly populations
varied between sampled locations and between species. The frequency of composite haplotypes
was from one pviate haplotype to as many as 4 sharedidtgpes as shown in Figures 4a§. In

G. m. submorsitangopulation in Yankari Game Reserve (Figure 4al.9two private haplotypes

were detecteddaplotype diversity measurése rate of evolutionary changea ppulation. From

the results obtained, it is only most reasonable to state that the rate of evolutionary cl@&nge in
m. submorsitanpopulation in Yankari was higher than otl&lossinapopulations sampled in
other locations in this study based on the neindf private haplotypes detected in this study.
Private halotypes detected mdye indication of new adaptations the fly populations have had to
undergo in order to survive in their environments. Similar observation of private haplotypes being
new adaptabns flies have to undergo in order to survive in their environments has long been
described $jostrandet al, 2014) Long term environmental changes such as the long period of
draught experienced in Yankari Game Reserve and the extensive anthropotjatiesagoing

on in | jah Gwar Fedeval Gapital territbrin redgad to disappeasadce of native

species and possibly introduction of alien ones

5.6.5 Nucleotide diversitf{Genetic variation
Results (Table 4)7of analysis ofnucleotide diversity which is msared asfrequency of

compositenucleotides sequences have in common, showed that variat®mnsubmorsitans
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population in Yankari Game Reserve was higl&.2%9 thanin G. m. submorsitané7.2%)
populations irKainji Lake National Park. The high level variation in composite nucleotid€x in
m.submorsitanpopulations in Yankari Game Reserve is probably not unconnected with the more
restricted nature of its distribution in the park. Unli&em. subnorsitanspopulationin Yankari,

the population in Kainji Lake appeared to be more extensively distributed probably due to the size
of themorsitansbelt in Kainji Lake National Park which is twice as large as the size of the belt in
Yankari, where the flies are morestricted in their distribution. Likewise iG. tachinoides
populations, genetic variation was higher in Yankari Game Reserve (44.3%) than in Kainji Lake
National Park (43.3%). This low level variation in composite nucleotide frequency obtai@ed in
tachinoides populations inKainji may be due to extensive migrations of flies forming more
homogeneous populations, the result describes the widgersaland distribution ofG.
tachinoidegopulations relative to the dense hydrographic network in the [Paskite the higher
apparent density recorded i@. tachinoidespopulations, low level variation in composite
nucleotides was detected in this fly population as compared with high level variations obtained in

G. m.submorsitangopulation with low apparemtensity.

These differences in frequenaf composite nucleotides mag the underlying factors responsible

for observed differences in behavior and indeed distribution patte@isralsubmorsitanandG.
tachinoidescaught in both Yankari Game Reserve and Kainji Lake National Park, given that the
two parks have differences in microclimatic and other environmental condifibissstudy has
revealedsubstructuringn tsetsdly populations caught in YankaBame Reswe and Kainji Lake
National Park and corroborates earlier observation by Krafsur, (2009) suggesting that tsetse
populations are genetically structured and that variations in structuring exist within and between

species.

234



In G. p.palpalispopulations in @ Oyo National Park (Tiae 4.7, low genetic variatio(36.8%)

in composite nucleotide fgegency was recorded. Thesiggest that G. p. palpalispopulations
caugh in Old Oyo National Park malye extensively dispersqubssiblydue to a much denser
hydrogaphic networkesulting inmore homogenisation of the populations throughout the range
of its distribution bringing about the low level of diversity. Similar low level genetic variation in
G. p. gambiensisa major vector of sleeping sickness in West Africa, has been described in
populations in continental locations due to wide dispersal than Island populations in Coastal
Guinea (Solan@t al, 2000; Bouyetet al, 200b). Glossina p.palpalis populations caght in

Cross River National Park (Table 4,7however show marginally high level (50.6%) genetic
variation. This is not unexpected due to the number of locatweseflies were collected from
during the sampling. Samples were collected from three diftdocations ostensibly to beef up

the number of tsetse catches due to poor performarnielmtonical trap in the forest region. The
apparehdensity in the fly populatiowas 1fly/trap/day (Appendix X)I Flies were collected from
Akamkpa, Bamba, anButateng all at various distances apart and pooled together for ease of
analysis. Tis may have brought abotite margind/ high level composite nucleotide frequency
obtained in Cross River Nation@ark. In ljah Gwari (Table 4)//nucleotide diversity as 40.8%
showing relatively low level variation in composite nucleotide frequency as compared to what was
obtained in Cross River. This result is not unexpected in view of the low apparent de@sity. of
palpalis population in ljah Gwari. The apparentndéy of G. p.palpalis population recorded in

ljah Gwari was 4flies /trap /day (Appendix XllI). This low apparentsityrin the fly population

may be attributed to demographic pressure as @iassinaspecies is known to be capable of

extensive dispersal especially during wet seasons. The low apparent density of tsetse populations
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in ljah Gwari may in additiorbe due to tremendous encroachmemt t he f Il yds ha

anthropogenic activities owing ttsiproximity to Abuja, the Nigeria Federal Capital.

From the foregoing, it would appear that there is a more restricted distribution of the savanna fly
G. m.submorsitanpopulation in Yankari Game Reserve than it is obtainé€l m.submorsitans
populaton in Kainji Lake National Park. In view of the abowentrol of G. m. submorsitans
population using SIT male less challenging in Yankari Game Reserve than contr@ling.
submorsitangpopulation in Kainji Lake National Park which appeasshiave lesgestricted
migration Further studies are however required using microsatellites to determine the level of
isolation (gene flow), population size and delineation of thé#eht fly populations, thatauld

aid the decision on whether controbuld beimplemented selectively or simultaneously in the
contextof Areavi de t setse control f ol |l owbemgadiotated pr i nc
by PATTEC The riverine group flies. p.palpalisandG. tachinoidegpopulations analysed in

this study that showed low nucleotide diversity appear to have less restricted migrations compared
to the savanna flyG. m. submorsitansn Yankari and mayherefore pose some challenges for
control using SIT. This also needs b confirmed using other genetic markers including

microsatellites.

5.7 GeneticDifferentiation in Glossinaspp.in Sampled Locations

5.7.1 G. m. submorsitangopulationsn Yankari Game Reserve

Results of analysis of genetic differentiationsmeasured aghe frequency of nucleotide
substitutionsshowed high level geneticdifferentiation(Fst=0.7643 within G. m. submorsitans
populatiors in Yankari Game Reserv€Table 4.8). A similar observationn East, West and

Southern Africa,suggest thatG. morsitanssl may be associated with high levelgenetic
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differentiationat mitochondrial and microsatellite loci (Wohlforel al, 1999; Krafsuret al,
200(; Krafsuret al, 2001; Krafsur and Endsley, 200Zhe high levelenetic differentiatiom
G. m. submorsitangopulations inYankari Game Resen@&ipportsresult ofecological workin
this studysuggesting thathe restricteddistribution of G. m. submorsitangopulation within the
parkmaybe responsible fahe high level genetic differentiatioBesidesthe longperiod of dry

seasonasting langer than rainy season, may hawedifiedt h e f | y dnsYankagihav i or

5.7.2 G. m. submorsitangopulationgn Kainji Lake National Park

Results of analysis showed high leyedt=0.6508) geneticdifferentiation inG. m. submorsitans
populations in Kainji Lake National Parkgble4.8). This shows a lower level of differentiation
compared to th&. m. submorsitangopulation in Yankari Game Reserve. This is not unexpected
bearing in mind that thievo populations are siblings of the sa@®ssinaspp.seperatethrough
habitat fragmentation. Lower levels of genetic differentiation displayed.by. submorsitanis
Kainji Lake National Parkmaybe due to more extensive distribution than their counterparts in

Yankari Game Reserve.

5.7.3 G. tachinoidegopulationgn Yankari Game Reserve

Results of analysis showed low level genetic differentiafiest=0.3427 in G. tachinoides
populations in Yankari Game Reserviealle 4.8). Similar studies showing low and infact no
genetic differentiation i5. tachinoideshave been reported by other workdfsrie, 2010Adam

et al, 2014). It thus appear from the analysis thaGhchinoidegopulations in Yankari Game
Reserve were more homogeneous comparedGvith. submorsitanpopulations suggesting that
G. tachinoidespopulationspossibly have moravider distributionthan G. m. submorsitans

populations which are rather maestricted in their distribution.
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5.7.4 G. tachinoidegopulationan Kainji Lake National Park

In Kainji Lake National Park (Table 4).8esults of analysis of genetic differentiation showed low
levels genetic differentiation §=0.3025) in G. tachinoides populations. Low genetic
differentiation inG. tachinoidesn Kainji Lake National Park as compared to what was obtained

in G. tachinoidepopulations in Yankari Game Reserve at the northern Guinea savanna vegetation
zone, was not unexpectelde to differences in environmental conditions between Yankari Game
Reserve and Kainji Lake National Park. This low genetic differentiatiGn tachinoidesn Kainji

Lake National Park mape due to a more homogeneous population brought about possibly by

random mating.

5.7.5G. p. palpalispopulationgn Old Oyo National Park

Resultsof analysisshowedlow (Fst=0.2805) genetic differentiation ilG. p. palpalispopulations

in Old Oyo National Park Table 4.8). The extensive migrationsf members ofpalpalis
populations during dispersal magpve resulted in more homogeneous populations negtittithe
observed low levedifferentiation. Low level genetic differentiation has been observed to be
associated with thealpalisgroup flies(Adamet al, 2014). Thismay perhaps explain why despite
high relative abundance and apparent densifg.qd. palpalisobtained in this study in Old Oyo
National Park, yet low level genetic differentiation was recordgidhilarly, low genetic
differentiation (ls7=0.016) inG. p. gambiensipopulations inhabiting two adjacemter basins in

Burkina Faso halseen describe(Bouyeret al, 2010.

5.7.6 G. p. palpalispopulationsn Cross River National Park

Table 4.8 showedlow differentiation (Fst=0.4033 in G. p. palpalis populationin Cross River

National ParkThe lowlevel of differentiation maye due tdow tsetse population sizé has
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been established that low population stpeild possiblybring aboutreduced differentiation and
increased variatiorspecially in southern populations (Krafsur and Endg@§2) This is in
consonance with observation that the forest zone has the highest reservoir of biodOktssly (
al., 2011. Perhaps this may explain whytof the 11 extanBlossinaspecies idetified in Nigeria,

7 occur in the rain forest regi@one(Davies, 1977)

5.7.7 G. p. palpalispopulationgn ljah Gwari

Results(Table4.8) showed lowdifferentiation(Fst=0.3856) in G. p. palpalispopuations in ljah
Gwatri. This lowdifferentiationmaybe due tdow population size brought about by anthropogenic

factors. Low apparent density of 4 flies / trap / day was recorded during this study at ljah Gwari.

From the foregoingasuls of analysis of genetic differentiatigrshowshatGlossinapopulatons

in the locations surveyedegenetically differentiated in line with discontinuous distributiohs
tsetseas observed earlier in the ecological warlthis study. Whereas high genetic differentiation
wasrecorded inG. m. submorsitangopuhtions probably due to threstricted angbatchy nature

of its distribution, low differentiations detected in tRalpalis group flies maybe due to their
extensive distributions alortge hydrographic networks. Thesifferentiations observed mde

due b drift, inbreeding or restricted gene floas a result of severalucleotide substitutions,
insertions and / or deletioas showr{Figures4.2(ai g). Genetic drift have been knowndause
gene variants to disappear completely and thereby reduce gearéicon. When there are a few
copies of an allele, the effect of genetic drift would be larger, and when there are many copies the
effect would be smaller (Fisher, 1998%Yhen populations become small and discontinuous, drift
will cause gene frequenciesdiverge in proportion to numbers and time since diverg@tredsur

et al, 200@). Abundant variation occurring at mitochondrial locinmorsitansgroup flies have

been reported by several workers (Krafstuial, 2001;Bouyeret al, 201Q. A high degree of
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genetic differentiation (§=0.866) in six natural populations Gf m. centralisfrom, Botswana,

the Caprivi Strip (Namibia), Zambia, and in a laboratory culture derived from Singida, Tanzania
have been described (Krafseiral, 2001).Similarly, low genetic differentiation @=0.016) in

G. p. gambiensipopulations inhabiting two adjacent river basins in Burkina Fasodlaubeen
describedBouyeret al, 2010Q. This is in conformity with resultsf ecological databtained in

this gudy showingsignificant differences in population parameters (relative abundance, apparent
density, distribution, altitude, ambient temperature, relative humidity,reéasured in all the fly
populations sampledcross the vasus vegetation zoneSimiarly, analyss of sequenceshowed

significant differencesn genetic variations (GC/AT content, haplotype diversity and nucleotide
diversity), and these differences appeared to be in line with differences in the distribution patterns

of the flies acrosthesampled locationg hese differences in tsetse populations across thaugario

national parks mape due to differences in genetic make d the flies, which in turn mape
responsi ble for differences i n ndgasobsesvédindteshavi o
study. It has been established ttdfterences n f | i esd behavior coul d pc
differences in infection rates as well as the spatial distribuaod epidemiology of
trypanosomiasigLanzaro and Warburg, 199%00ding, 1996;0umaet al, 2003 Awono-

Ambeneet al,, 2004).

Tsetse populations in Nigeria are discontinuously distributed possibly due to habitat fragmentation
by physical features such as mountains, rivers, and roads. Similar observation had earlier be
made suggesting that, differences in tsetse distribution, appear to be consisterd
discontinuous distributiom line with habitat fragmentatio(Krafsur et al, 1997 Krafsur and
Wohlford, 1999;Krafsur, 2002 Bouyeret al, 2007). Habitat fragmentation could lead to loss

of genetic variability and increased differentiation through random genetic drift, inbreeding and
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reduced gene flow between fragmented populatidampletonet al, 1990;Younget al, 1996).

In Nigeria, increasen human population has been known to bring about increase in anthropogenic
activities, such as bush burning, clearance of vegetation for agricultural purpolsiite

el i mi nati on Human habitatios, mnd madacbnstuction. All these iietsvcould
threaten tsetse existence leading to fragmentation of tsetse populations. Such anthropogenic
activities are restricted in the National Parks but prevalent in ljah Gwari which is contiguous with
Ni g er iesabCapitéd €edritory. Earlierecods show that the Federal Capital Territory was
infested with high populations dBlossinaspecies . longipalpis,and G. p. palpali$ but
extensive anthropogenic activities in theea, has led to the declioé other Glossinaspecies

inhabitingthe areawith the exceptiof G. p. palpaliswhich presentlyexists in low numbers.

5.8 Phylogeretic Relationships ofGlossinaspecies inNational Parks and ljah Gwari

Tsetse fliescaughtin this studycomprisedGlossinaspeciesderived from the forest Fuscg,
riverine (Palpalis) and savannahMorsitang groups The naghbor joining tree (Figure 4.21
revealedthat closely relatedGlossina speciesclustered together, whereas distant relations
clustered separatelyhe evolutionarylink between théviorsitans Palpalis andFuscagroups as
revealed in this worksuggest that the flies havacommon ancesg from where they all evolved
from. A similar observation had been maagDyer et al, (2009)showing that thehree groups
of Glossinaspecies belong to single phylum Further analysein this studyhaverevealed that
natural tsese fly populations in Nigeria nationaagks are genetically differentiat¢@able 4.§.
Variationsin number of clustersf closlely related siblingsbserved peflossinaspecies per
national @mrk maybe dueto the level of differentionsxistingin the fly populationgs showrby
the number of haplotype3he clustering together of closelglatedspeciesmay be due tahe

number of identical nucleotides in their sequenéieappers theéhigher the number of identical
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nucleotides, the more closely rela@adthe lower the number aflentical nucleotides, the less

closely related and the less chances of clusteringherget

Figure 4.2] alsorevealed thantraspecifiogenetic variatiomxistsamong flies of the sangpecies

in different vegetation zones showrby the dedogranes Tsetse flies of the same species from
thesame prk clustered togethdémut separatelyrom flies of the same species in othgarks. For
instanceG. m. submorsitangrom Yankari Game Resenaustered togethdyut separately from
G. m.submorsitangn Kainji Lake National ParkSo also(. tachinoidedrom Yankari were found
to cluster separately froi@. tachinoidesfrom Kainji Lake National ParkThe only exceptions
occurred irclustering together of two flies previously identifiedrphologicallyasG. tachinoides
with G. m. submorsitansn Yankari(Fig 4.2]). It is interesting thatphylogenetic analysis this
studyrevealed that th&lossinaspp.from Cross River Natioal Park are clustering in different
groups which are notdescribed in the databaderstly, Glossinaspp. 351 position within the
Glossinaspecies is not clearly understood in respect of sequence similarity searches. It clustered
with the G. palpalis group, closely together witls. pallicera Similarly, Glossinaspp. 352
clustered away from thRalpalis and Morsitansgroups and appeared to be closely relate@.to
medicoruna Fuscagroup. AlsoGlossinaspp.357 clustered claty with G. medicorumprobably

belonging to thé-uscagroup.

Secondly, inthe course of this studywo flies(Nr 162and 273 found n Old Oyo National Park
(Figure 4.2}, identified asG. m. submorsitangmorpholgically indistinguishable) ansubjected
to phylogenetic analysis wefeund to clustecloselywith G. pallidipes an Easifrican savannah
speciesFrom the phylogenetic atysis, fly nos 162 and 273 may rno¢ G. m. submorsitans.
Krafsur, (2009) described bo@. longipalpisexclusively found in West Africa an@. pallidipes

found in East Africa, as morphologically and ecologically similar, and suggested investigation of
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their phylogenetic relationship. But noformation onCO1l1sequences @. longipalpiss available
in the Genbankhat would allowfor conclusive inferencén addition Dyeret al,, (2008) observed
that G. f. fuscipesspecimens originally derived from the Central Afridaepublic, clustexd
together withG. f. quanzensiBom the Democrati®epublic ofCongo (DRC), and not wit. f.
fuscipesrom southern Uganda and Kenya another experiment, Dyet al, (2008) observed
clustering ofG. fuscipesequencebtainedrom Peterseet al, (2007) with G. p. gambiensiand
attributed this to eithamnisidentification of this specimen, or to mitochondrial introgressitis
is because, ary often field workersare cofronted with challenges of accurate identification of
closly related species subjected to morphological means of identification anceshiss in

misplacement of tax@yer et al, 2009.

Phylogenetic analysis has becomgortant inresolving issues of speciekentificationmaking it
possible to identify species which could not be resdimorphologically.Closelyrelated species
will normallycluster togethein a neighbor jaling tree, whilaistantly relatedpecies will cluster
differently. In view of the foregoing, it will be very necessary to carry out further investigations
on the relative abundancadextent of distribution of tise unidentifiedGlossinaspeciecaught

in this studyespecially as their distribution extenoisyondDedeo at the NigeriaG@ameroonian
border.Recentstudies havshown achangingpattern in the epidemiology of trypanosomiasis in
subSaharan AfricdGooding andKafsur, 2005. In Nigeria recent localized studies hasbown
that the patterrof the distribution of trypanosomiasis and its vector tsetse fbeshanging
(Majekodunmiet al.,, 2013. HAT which was thoughto be cofined to the northern region seems
to haveshifted to the south (Figue 2.Recently, thgpresence of som@lossinaspecies in areas
which they were previously neecorded have beaeported For instance. p. palpalishave

been reporteth Niger Delta areaNigeria (Ogedegbe and Rotimi, 2006) hggrophytic riverine
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speciesG. fuscipes fuscipas Gashaka Gumti National Park Nigeria, (Wan#t al, 201§, G.

fusca congolenssndG. fuscipesn Northern Cameroon (Tonge¢al, 2015. All theseGlossina

species have recently been netmml in areas previously not reced] suggestingthat
environmental changes may bapactingon the distibution of tsetse flies in suBaharan Africa.

It seems most reasonable therefore to concludeithatew of the changing pattern in the
distribution and epidemiology of trypanosomiasis across 38 countried-&aharan Africathe

existing tsetse distribution maps earlier produced by Ford and Katondo (1971) more than 5 decades
ago maypose some challeng@s interpreting current tsetse ecological data and therenane

need updatingThis is becausdong term environmental changes could lead to disappearance of

indigenous species or emergence of newer ones.

5.9 PhylogenetidRelationships with Particular Reference3mssinapalpalis palpalis
Populations

As regards$s. p. palpalispopulationgaughtin this studyphylogenetic analysis revealed evidence
sufficiently suggesting th&t. p.palpalispopulation in Nigeria is composed of genetically distinct
subpopulationgFigure 4.22. The neighbor joining tree showed tl@tp. palpalispopulations in
ljah Gwari dustered together bugeparately fromG. p. palpalisin Old Oyo National Park
Likewise populations in Old Oyo National park clustered separately from populati@ress
River National Parklt is interesting to note th&. p. palpalisfrom Old Oyo clustered together
with G. p. palpalisfrom Togo suggesting that the distribution@fp. palpalissubpopulation in
Old Oyo National park extends beyoR&public of Benin (which shares border with Nigeria) up
to Togo. Thissubpopulation ofpalpalisis genetically distincirom the pgulationin Cross River
National ParksuggestinghatG. p. palpalianaybe existingas a complei Nigeria This finding

supports similar observation Co t e dwhichvhas suggestatiatG. palpalis s.lexistsas a
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species complex caisting of genetically distincsiblings /subspecies (Ravet al, 2007). In
Burkina Faso, discrete populations@®fp.gambiensisvith limited gene flow among populations

have also been reported (Solatal, 2000).

In this study(Figure 422), two clearly distinct groups o6. p. palpalis populationshave been
revealeda group cmprising of flies that clustewith those from Camerouemocratic Republic
of Congo DRC), Central Afican Republic andEquatorial Guiea. The second group comprises
of flies that clustewith those from TogoC o t &voirdaind Liberia.The two major groups exist
sympatrically inthe samedcationin Cross River National Park at the NigeH@aameroonian
border area, suggésy thatthere is an overlap in the distribution of the twoup® identified
above. It is however not known whether the tywoups of G. p. palpaligClade | and Cladell) can
interbreed However, thisfinding is consistent withiesults of edier studiesby Cafos, (2014)
reveallingthatG. p. palpalispopulationsdrom Equatorial Guinea phylogetcally belong tatwo
distinct allopatric cladegshe WestAfrican Clade(WAC) and the Central Aican Gade (CAC).
Similarly, Dyer et al, (2009) alsoreveded through phylogenetic analysthat G. p. palpalis
populationin Equatorial Guinea exists axamplex A further molecular phylogenetic study of
thepalpalisgroup tsetséy Dyeret al.,(2008)produced results consistent with this hypothesis, as
G. p. palpalis from DRC and West Africa had diverge@ttochromeOxidase 1(CO1) gene
sequences and ribosomal internal transcribed spacerdljllEAgths From the studiesefered to
above, it is suggestdatiat theG. p.palpalis populationsn Nigeria is genetically structuredto
two major groups, a Westfrican Clade(WAC) and a Centraifrica Clade(CAC). This finding

is consistentvith earlier observations th&lossinapopulationscan be genetically differentiated
using molecular tool¢Gooding and Krafsur2005). These differences ithe flies appear to be

consistent with discontinuoufistribution ofthe speciesdueto habitat fragmentatioas earlier
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descriled (van den Bosschet al, 2009) In Nigeria, the presence ohysical featuves like
mountains, riers,vegetatiorand increasing anthropogenic activitraay havea great impact on
tsetse distributiomeading toloss ofgene flow Addal to these, isthe role of the famousNiger
Riverwith its tributaryBenueRiver. TheNigerRiveris the principal riveof WestAfrica (Gleick,
2000).1t takes its sourcen the Guinea highlands in southeastern Guinea. It runs in a crescent
through Mali, Niger, on the border with Benin and then through Nigeria, discharging through a
massive deh, known as the Niger Delta or the Oil Rivers, into the Gulf of Guinea in the Atlantic
Ocean. The Niger is the thitdngest river in Africa, exceeded only by the Nile and the Congo
River. Its main tributary is the Benue River which merges with the aivieokojaforming a larger

river which runstirough the middle diigeriadischarging its content into the co@SAO, 1997).
Benue Rver in WestAfrica, is thelongest tributary of the Nigett rises in northern Cameropn
joined by the Gongolanathenflows east and soutfThe Niger River in Nigeriand Sanaga River

in Cameroorhavesimilarly been identied asbarriess to gene flow between getieally distinct
populations ofChimpanzeesPan troglodytes veruand Pan troglodytedroglodytes(Gonder,
2000).In another studyNiger and Benue Rivers have been identified as partial barriers to gene

flow in Mastomys natalensRodentsyectors of Lassa fever in Nigeria (Olayeatial.,2016).

In the light of the above, it is only most reaable toconcludethat theNiger Rivermight have

had a great impact on tsetse distribution and differentiation in Nitpsise fliesand maybe a
physicalbarrier to gene flow between the two major groups .gf. palpalispopulations identified

in this work.This findingis the first on tsetse flies in Nigeria aodrroborateshe RiverBarrier

to gene flow hypothesis (RBH), which posists that tropical rivers can be effective barriers to gene
flow (Wallace 1852 as cited by Voelket al, 2013).The origin oftsetse flies in Nigeria is not

known, however it is thought thasetse wouldprobably have existein Nigeria preceding
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continental separation over 100 Million years atjothus appear very likg that before the
formation of Niger River(probably throuf tectonic forces)about 23nillion years agan the
Miocene(Bonne, 201% tsetsdlies would probably have had thadistributionin West Africa

With the formatiorof theNiger River, the moderrpopulationstructure oimanyGlossinaspecies

with particular reference @. p. palpaliswould probably have been shapet two major clades

one to the west and the other to the eastently referred to as Weshd CentralAfrican Clades.
Their uniqueness indicates that these populations bese isolated for significant amounts of
time. Movement®f flies between western and regions to the east of the Niger Raghave not
occurred for hundreds of thousands of yedtsough some members belonging to the Central
African Cladeshare similaty with somemembers in the West Africa@lade by dlistering
together this mayhave been induced by some evolutionary forces of Natural selection, drift,
mutation, migration and/or random mating. Speciation could also occur artificially through animal
husbandry, agriculture or laboratory investigatioimsNigeria, the transhumant nature of animal
husbandary is highly incriminated this caselt is very unlikely that tsetse fliesauld disperse
actively acresNiger Riverwhich has a large drainabasin coveringeverathousandkilometers
Flight in tsetse flies consists of short bur&srsell and Taylor (1980) estimated that the daily
flight duration is about 15 and 30 min for males in the hot and cold seasons respectively; for
females, the fght duration is limited to a few minuteSince it has been predicted that the mean
rate of frontal advance @&. morsitangyroup flies is about 200 m dapr 7 km year (Williams

et al.,(1992), it seemmost inconceivabléo thinkthatflies would disperseactivdy acrossNiger
River, exceptconveyedpassivelyby cattle during seasonal movements as opined by Lambrecht

(1972).
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All the above factorsould separate tsetse populatiamghe countryleading to restrictegene
flow in tsetseand maybring about differentiation within species. This observation $ecrédence

to the works of Oumg2004) who observed differentiation@ pallidepegpopulations in Kenya
and attributed that to presence of physical features like mountains and valleys in theesudy a
Recently, Carlost al,, (2014) observed genetic structuring and differentiation inGwo. palpalis
populations in Equatorial Guinetom the costal and the continental regicnsforning to the
hypothesis of habitat fragmentatidaimilarly, Lake Kyaa in Uganda has been described as a
barrier to gene flow between two genetically distinct populatioi. biscipes fuscipes riverine

specieskEchoduet al, 2013.

Genetic differentiation, if associated with differences in physiology, behavior, and /or symbiont
composition affecting vector competence, could have implications for the epidemiology of
trypanosomiasis, as Weds vector control (Beadedit al., 2010). Moloo (1992) compared the
performance o6. pallidipesoriginating from allopatric Kenya populations, one from the Shimba
Hills and the other from the Nguruman. He observed that bionomic parameters (insemitegion ra
female survivorship, puparial weights and survival rates) did nderdietween the two
populationsHowever, fecundity of the Shimba Hills culture females was significantly greater than
that of the Nguruman culture. In addition, Nguruman cultues fivere more likely to develop
mature infections (Moloo, 1993). Also an Etten (1982a) demonstrated different feeding
frequencies of femal&. pallidipesfrom allopatric Kenya populations. Differences were also
recorded in activity patterrend responses to temperaturan\Etten, 1982b). In a separate study,

it was shown thaG. pallidipescultures establisheddm the Lambwe and from Kibwezorfest
populations differed significantly the duration of copulation & Etten, 1981)Goodinget al.,

(2004) revealed through mating experiments betvizgn palpalisoriginating from Nigeria and
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DemocraticRepublic of Congo (DRC) vyieldingterile F1 hybrid males, suggess that G. p.

palpalisitself mayconsist of more than one subspecies.

At presentavailabledataindicate thathe actuakone of ontact between Weéfrica and Central
Africa Clades of G. p. palpaligoopulationsn Nigeria,is in the NigeriarCameroonian borderrea
where the two groups meet, howewbe level of admixture between théam popuation groups

in locations where thego-exist andempirical data on the extent of dispersalzddssinaspecies
from the Natbnal Paks surveyed is not knowi®f equal importance is the et investigate the
status of gyptic (unusual)species of tsetse flies in Nigeria in view of the presémgether in the
same place (Nigeria@ameroonian border areaf)closely related sibling speciesG. p. palpalis
populationswhich are geographically distributed distily in the country.Using flies from
colonies originating from Nigeria and#&si Zaire (the present day Democratic Republic of Congo
DRC), in X-chromosome mapping experiments, Goodha@l., (2004), revealed the occurrence
of cryptic species iithe tsetse fl\G. p. palpalis The findingshowedthat thepopulations were
reproductively isolated and also showedliation invectorialcapacity betweethe two groups

A clear understanding of the structure of tsetse populations and their role in disease transmission
in Nigeriacould define the scale in which vector controllilely to be more effectivel-urther
breeding experimentse required to determine if the taistinct groups 06. p. palpalisrevealed

in this study are reproductively compatiblé.is also important to determine if there is any
differences in thevectorial capacities of these two groups @&. p. palpalis identified
phylogenetically. The outcomeof the studycouldreveal whether breeding stock of flies for use
in the SIT programmeould be done selectivelgr not.Further studies are also required on gene
flow using microsatellites to determine the isolation status of the parks to guidstagaivassion

should control be implementelesuls obtained from these alysesvould define whethezontrol
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would be implemeted simultaneously or progresdivy f ol | owi ng the pr

c ar [Veeysenet al.,2007)

5.10Internal Transcribed Spacer (TS)-1 Analysis

ITS-1 region is characterizdxy high variability and couldhusshowmore recent changegthin
species and even sufficiently isolated populations. However, in the ddggeoinG. p. palpalis
populationsdifferencescould not be identifiedThis inability of ITS1 to distinguistbetweenG.

p. palpalisat the population level has also been observed by otBger €t al, 2008) The
phylogenetic analysis vealed that the population whemogenous. This cid possibly imply
thatthe segregation in two groupsobserved by looking &O1resembles two different maternal

lineages, but not clades segating into distinct species.

5.11Geometric Wing Morphometrics

Landmarksof wings for morphormetric§Figure 4.23) were choseraccording tomethods
described byAchukwi et al, (2013) in a study of subpopulations of5. m. submorsitanfor
segregation. The sexual dimorphighigure 4.28) observed here has been described previously
for G. p. gambiensigCamaraet al., 2006) Principal component analysis of the partial warps
showeda segregation of the female population belonging to the central African (ffaype
4.23%). However, due to the low sanepsize available for analysiso final conclusion auld be

drawn andt remains to be seen if this can bpnoduced with a larger samslize. It is interesting

nci

that the observed difference is not detected if data from male and female flies are pooled together.

As this divergence o6. p. palpalisis strongly supported b€O1 analysis, it is important to

acknowledge this factor in breeding and vector competence, as it reflects the maternal lineage. It

was shown in breeding experiments with m. centralisthat susceptibility to trypanosomal
infection is maternally inherite(Moloo et al, 1998) A sex dependent breeding preference has
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been observed and sterility in tsetse fly males has been linked 4thiserosomal factors
(Gooding, 1997; Goodinet al.,2004) It has been proposed that this magdue to chromosomal
incompatibility(Goodinget al, 2004) Interestingly, in that same study a breeding barrier has been
observed betwee@. p. palpaliscolonies originating from Nigeria and Zaire, respectively, while
they also had different vector capses. Similarly, in a study comparing the performanc&of
pallidipesoriginating from two allopatric Kenygoopulations, one from the Shimba Hills and the
other from the Nguruman, it was observed that bionomic parameters did not differ between the
two (Moloo, 1992) However, fecundity of the Shimba Hills culture females was significantly
greater than that of the Nguruman culture. In addition, Nguruman culture flies were more likely to
develop mature infectior{®oloo, 1993) Furthermore, different feedirfgequencies of femal@.
pallidipes from allopatric Kenya populations was demonstrated in an earlier éradyEtten,
19823). Differences were also recorded in activity patterns and responses to temp@wture
Etten, 198B). In a separate study, it wahown thaG. pallidipescultures established from the
Lambwe and from Kibwezi Forest populations differed significantly in the duration of copulation

(Jaenson, 1978)

This together brings up the questions, if the coexisting clusters observed in this study are actually
representing subspeciation or even subspecies in the classical sénge palpalis and if so:

Can these flies interbreed or do they exhibit differenteding preferences or breeding
incompatibility as observed bgooding et al., (2004) and is there a difference in vector
competence regarding trypanosomal infections between these clusters. These questions have to be
investigated closely to see whetlgame flow occurs between these clustassthis will provide

vital information for the application of Sldr paratransgenesis approacimetsetse control.
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CHAPTER SIX

6.0 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

6.1 Summary

Tsetse flies Glossinaspecies) are the main vectors of trypanosomes, protozoan parasites that
cause human African trypanosomiasis (HAT) in humans and animal African trypanosomiasis
(AAT) in livestock across 38 countries of s@aharan AfricaAdequate knowledge oBlossina
speies preseinin an area angbopulation dynamics is required for planning effective control
measures against the target speici¢be target aredn order to achieve this on tsetse populations

in Nigeria, setse fliesvere collected from five different éationsin Nigeria,from the rain forest,
through derived savanna, southern Guinea, northern Guirgadtn savannah vegetation zones
These locations include;ankari Game ReseryeKanji Lake National ParkOld Oyo National

Park Cross River NationdParkand ljah Gwari, a highly tsetse infested angthin the Federal
Capital Territory Abujafor purposesof determiningthe population structuref dhe Glossina
species as well as to havereased undstanding orther population dynamicsFlies collected

with standard biconical traps weadentified morphologically anthterconfirmed molecularly by
phylogenetic analysis using Cytochrom®gidase §U1) andinternal Transcribed Spacegion

1 (ITS-1) sequences as genetic markers for populasibacture as well a&eometic wing
morphanetric analysi®f the wing land markdfkesultsobtained inthe studyshowedthatof 1891

tsetse fliescaughtand identified morphologicallyincluded, Glossinatachinoides105Q G. p.
palpalis568 G. m. submorsitan270andGlossinafusca3. Three out of the fouGlossinaspecies
caughtnamely, G. tachinoides G. p.palpalis, and G. m submorsitansare of high ecoomic
importance inNigeriaas vectors of both human andirmal African trypanosomiase&lossina

tachinoidesvasthe dominanspeciesaughtin Yankari Game ResenandKainji Lake National
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Park followedby G. m.submorsitansWhereass. p. palpalisdominateccatches irOld Oyo and

Cross River National Paskit alsoconstitutedhe sole speciesaughtin ljah Gwari.

The discontinuoudistribution ofGlossinaspeciescaughtin this study coulgossiblybe dueto
habitat fragmentationyariation in vegetation typesrelative humidity,ambient temperature
condtions, altitudeanddistribution ofwild animal hostsacross the sampled locationSexratio
wasin favour of femaleG. m.submorsitansn Yankari Game ResenandKainji Lake National
Park while catches ofG. tachinoidesgave sex ration favour of mals. In Old Oyo andCross
River National Parg sex ratio inG. p.palpaliswas infavour of males. Thes®bservations suggest
that sex ratio in tsetse trap catches depends on fly spesgesatiortype, temperature and relative
humidity conditionsamong other facts, which is a crudal information for areavide tsetse

population management with particular referenciia¢osterile insect techniqggIT).

Results of statictical analysghowed no significant differencét = -1.580,p 0.133> U 0.05)
betweenambienttemperatur@andmean relative humiditgonditionsin relation to flycatches in
Yankari Game Reservelowever,in Kainji Lake National Parkthere wassignificant difference
(t=-10.633, p =0.000<0.05) betweemeanambienttemperatur@andmean relativéhumidity in

relation tofly catches.

In Old Oyo National Parkily catches wersignificanty different (t =-36.290, p = 0.000 €.05)
in relation tomeanambienttemperatureand mean relative humiditgonditions.In Cross River
National Park significant difference(t = -18.939, p =0.000 < 0.05) between meamambient

temperature and meaelative humidityconditionsin relation to tsetse catchess recorded

Analysis of CytochromeC Oxidase SUlsequencerevealedhatGlossinapopulations in Nigeria

are diverse anaould bedifferentiatedgenetically High level genetic differentiations were
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recorded inG. m. submorsitanpopulations, whereas thgalpalis group exhibited low genetic
differentiations.The underlying causes dffferentiations inGlossinaspeciesaughtmaybe due
to nucleotidedeletions insertions angarioussubstitutionsit was possible to useO 1 sequences
in conjunctionwith sequence similarity searches thre Genbanko accurately identify 91%
Glossinaspecies subjected to phylogenetic analy§ie six unidentifiedGlossinaspp.to our
knowledgehave not theiCO1sequencedepositedn the Genbank ddiase The study revealed
thattwo of the unidentifiedflies closely resembl&lossinapallidipes anEast African species,
while somenther fliesalignedcloselywith G. medicorunostensibly belonging to tHeuscagroup.
There is the need to employ some other markers including microsatellites to look more closely at
the unidentifiedGlossinaspp.for possible new country records.has been shown in thggudy
thatG. p. palpalispopulation in Nigeria ifomposed of two genetically distingtoups a West
African Clade(WAC) and a CentraAfrican Clade(CAC). It is not known whethehe two distinct
groups are reproductively compagldr there is a mating barrier between thdins also not

known whethethere is variatiorn vectorialcapacitiesdbetween the two groups

It is interesting that wing morphtetric analysis could nalistinquish between the two groups of
Glossina palpalis palpalisevealedby CO 1sequencem this study, but rather grouped the flies
based on sexual dimorphis@ther geometric morpmoe t r i ¢ t ool s ot her t han
used in this study, coullde employed to Idomore closely into the possibility of distinguishing

betweenthe two identified groups d&. p. palpalisas revealed by CO1.

From the findings in this study, it is possible to conBtwssinapopulations in the National Paxk
by the use of SI®ince it is species specifity view of the existinggenetically divers&lossina
populationsHoweverthelevel of isolation ofGlossinaspecies in the national pariksaddition to

suggestions made above néedbe investigated
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6.2 Conclusion

From the findings in this study, we most reasonably conclude that:

The ecological data obtained in this studgve shown evidence ofvariationsin species
compodtion and relative abundance Gf m. submorsitanss. tachinoidesG. p. palpalis
and G. fuscaduring the studyand that the variationsnay be due to variation in

environmental factors acrosampled locations

i. Theapparent density and spatial distributiorGdébssinapopuktions inthe National Parks

and ljah Gwarivary from specieso species and from sampled location to location
relation to variationgn vegetation types andicro-climatic conditions

To our knowledgethe population genetic structure®lossinapopulations in the National
Parks and ljah Gwahas been revealddr the first timeand that the tsetse fliexist in
small clusters or subpopulatiorisinits of closely related sibling spesiebased on
phylogenetic profiles

The gendic data obtained in this studyave shown that tsetse populations in Nigeria
National Parksand ljah Gwariare geneticallystructuredand are even more diverse than
ecological dataouldreveal The study has sufficiently demonstratbdt Glossina palpalis
palpalispopulationin Nigeriais composed ofwo majorgenetically distincgroups a West
African Clade (WAC) and Central Africanl&le (CAC) with the two groups cexisting
sympatricallyin the region ofCross river National Paykat the NigeriarCameroonian
borderarea

The study has shown th&lossinapopulations inthe National Parkand ljah Gwarmay

be driftingas showrby single nucleotide polymorphismSKNP3.
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vi. Finally, the ecological data supported by molecular data obtained in this study have given a
clearer understanding on the population dynamics of tsetse flies in the seledtedhiNat
Parks and ljah Gwari, which may be a vitaformation that would aid the choice of

effective control strategiemyainst tsetse flies atiypanosomiasis managememiNigeria

6.3 Recommendations

From the results obtained in this study, it is recommended that

1. For effective controlof tsetse flies in Nigeriausng SIT, the dominant economically
important tsetse fliegresenin each National Park ehld be targeted for elimination.

2. Suppressionof tsetse fliesusng density dependent metho@spregnated traps and
screens, poson formulationsshould precdethe use of SITn theselectedNational Parks
/Game Reservstudied

3. Tsetse control in the National Parks using SIT is feasible in view of species specificity of
the method. Howevelit is necessary to find out those closely related species could
interbreed, aghis maypose some challenges to theccestl implementation of the
control campaign.

4. The isolation status of eacBlossina species in each sampled locatishould be
determinedn addition totheir host rage through blood meal analysighis is because
where there is migratiQrSIT may not succeed, but where there is limited migration, SIT
may succeed.

5. The genotypes oflies across sampled locatiorshiould be determinedn view of the

peracived populatiordrift as indicated bysNPs
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APPENDICES

Appendix|: Entry Permit

. Office of the
Director-General{ CEQ
NITR Eaduno

sir}ﬁ:;g"“%& EIDV e 'f{ 1‘{‘

srport Expressway P. M B 0258 Garkl : - Abuja.

Tel: 09-6714926. E-mail: consgenparksi@hotmail.com

‘Nnamch A2|klwe Internatnonal A

NPH/GEN/501/1/90 4" March, 2014
O / ______________________________ Y75 o comemenm o s s i

Director-General/CEQ,

Nigerian Institute for Trypanosomiasis Research,
Federal Ministry of Science & Technology,

NO. 1 Surame Road,

Ungwan Rimi G.R.A,

P.M.B 2077,

Kaduna.

Attention: Director Researchfﬁ oject Ofilce1
PATT]:C Nigcua

RE: REQUEST FOR FNTRY PERMIT AND E’LRN,[ISSION TO (.ARRY
OUT RESEARCH ACT]’ VITIES WITHIN THE PARKS

Your letier dated gg February, ZULL., vide S5/ lleUUJ/ViUL;I on the
above subject mattel refels pleasu B :

2. Iam du'ected to convey apprmfal f01 your team of: rese'zrchers from your
Institute to vmt the thmn’ll Parks and collect tsetse ﬂ1es for rcsem ch purposes

as indicated; . . &
. :

i Kainji Lake thmnal Pa]k (4"‘ 9t Mcuch 014)

ii. 0ldOyo Nauonal quk (10”' '1%”' Mau.h 1014)

fii. CrossRiver Nationg] Park (16™-20" March, 2014).

3. Thank you. \

>~ Jonah C. use
For: Conservator-General

297



Appendixll: Tsetse trapping using biconical trap
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Appendixlll : Co-ordinates of trapping pointsnvironmentatonditionsandGlossinaspp.caughtin Yankari Game Reserve

_ Trap Co-ordinate Ave Ave Glossinaspecies caught Total
Location No. Temp R
Longitude Latitude Elev oc % G.ppalpalis G.tachinoides G.m.sulmorsitans G.fusca
E° N° M I (I I I I I I

Yankari 1 09 44.25N 1030.72Nj 227 335 30 1 3 2 3 9
2 0943908l 10 30 . 232 32 35 17 14 38
3 0943870 10 30. 232 31 36.5 5 15 10 30
4 0943768 10 30. 232 335 39 13 11 14 38
5 0943625 10 30. 233 328 34 6 6 6 18
6 094357N 10 30. 234 333 32 17 1 7 25
7 0943508 10 30. 234 333 32 17 1 4 29
8 0943443 10 30. 235 353 315 11 6 4 21
9 0943395 10 30. 237 325 32 46 21 3 70
10 09433853\ 10 30. 232 335 28 49 15 4 11 79
11 0943365 10 30. 232 35 29 30 13 1 44
12 09433080, 10 30. 232 345 34 7 4 8 6 25
13 0943258, 10 30. 233 355 46 23 14 7 4 48
14 0943.00N 103 0. 01234 333 40 1 21 8 5 35
15 094364N 10 29. 233 33 43 93 60 1 154
16 0943644 10 29. 234 335 38 44 21 10 81
17 094366N 10 29. 234 33 39.5 1 76 29 7 115
18 094367, 10 29. 235 35.3 38 3 4

Total 863
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AppendixIV: Co-ordinates of trapping points, environmental conditions@lodsinaspp.caughtin Kainji Lake National Park

Location "I\'lr(;ap Co-ordinate Glossinaspecies caught Total
Ave Ave
Longitude Latitude Elev ;I'gmp E/QO.H G.ppalpalis Gtachinoides G.m.sulmorsitans G .fusca
E° N° M I I I I I I ol
Kainji 1 0954.72Nj 03 57 245 34 53.5 7 3 10
2 0954. 03 57 245 36 55 13 5 1 2 21
3 0954. 03 57 243 348 455 50 19 3 2 74
4 0954. 03 57 239 34 60 34 20 2 5 61
5 0954. 03 59 227 265 575 15 10 7 5 37
6 0954. 03 59 220 265 54 46 20 8 8 82
7 0954. 03 59 226 275 465 9 8 11 13 44
8 0954.09% N 0359 . 7 224 288 505 14 6 2 4 26
9 0954. 03 56 238 305 435 36 13 3 7 59
10 0954. 03 56 236 29 51 23 14 2 4 43
Total 457
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AppendixV: Co-ordinates of trapping points, environmental conditions@lugsinaspp.caughtin Old Oyo National Park

Co-ordinate Glossinaspecies caught
Ave Ave Total
Location Trap No Longitude Latitude Elev G.ppalpalis Gtachinoides  G.m.sulmorsitans Gfusca
Temp °C R.H%
E° N° M I I Il I ol I I
OldOyo 1 0827.28Nj 0346.59N, 307 31.8 68 2 5 7
2 0827.223j 0346.58N 309 30.5 66 5 9 1 15
3 0827.15Nj 0346.58N 306 31 68 81 86 167
4 0827.12'Nj 0346.57MN, 305 315 62 30 16 46
5 0827.124j 0346.54N, 305 315 69 5 17 22
6 0827.128lj 0346.398I 300 31 69 24 22 46
7 0827.118lj 0346.37N, 300 315 67 39 38 77
8 0827.06@Nj 0346.383% 301 30.5 65.5 16 18 34
9 0827.02Nj 0346.368! 301 32 66 35 23 58
10 0826.99%j 0346.374 303 29 58.5 34 14 1 49
11 0825.05Nj 03 6.72@8Nj 298 30 59.5 5 4 9
Total 530
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AppendixVI: Co-ordinates of trapping points, environmental conditiandGlossinaspp.caughtin Cross River National Park

Location "I\'lr(;ap Co-ordinate Glossinaspecies caught Total
Ave Ave
Temp R.H
°C %
Longitude Latitude Elev G.ppalpalis Gtachinoides G.m.sulnorsitans G.fusca
E° N° M I | I I I I ol
Cross 0521.77%j 08 2 7. 123 245 100
River
2 0623.03Nj 0910. 151 28 90.5 2 2
3 0623.06%j 0910. 155 29 88.5 1 1
4 0623. 0910. 152 28 885 1 8 9
5 0623. 0910. 130 29 765 4 2 6
6 0521. 0826. 155 265 92 1 1 2
7 0521. 0826. 151 265 96 1 1
Total 21
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AppendixVII: Co-ordinates of trapping points, environmental conditions@logsinaspp.caught inljah Gwari

Co-ordinates

Glossinaspecies caught

Ave temp Ave RH Total
Location trapno Longitude Latitude G.ppalpalis Gtachinoides G.m.submordtans G.fusca
Elev °c %
N° II | I I I | I I
liah Gwari 1 09 18 0726.81N 524 32 56 2 2
2 09 1807 26 508 34 58 2 3 5
3 09 1707 26 474 30 50 2 2 4
4 09 17 07 26 446 29 60 1 1 2
5 09 17 07 26 446 27 84.5 5 2 7
Total 10 10 20
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AppendixVIII : Glossinaspp.distributionin relation toclimatic conditions angegetation zore

National Glossinaspecies Relative Ambient Relative Vegetation type
Park abundance temperature Humidity
°C) (%RH)
Yankari G.tachinoides 682 31-35.5 28.046.0 Sudan savannah
G. m.submorsitans 179 /Gallery forests
G. p.palpalis 2
Kainiji G. tachinoides 368 26.536 43.557.5 Southern Guinea
G. m.submorsitans 89
Old Oyo G. p. palpalis 528 29-31.8 58.569.0 Derived
G. m.submorsitans 2 Savannah
Crossriver G. p.palpalis 18 24.529 76.5100 Rain forest
G.fusca 3
ljah Gwari G. p.palpalis 20 27-34 50-84.5 Northern
GuineaFringing
forest
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AppendixIX: Environmental conditions asampledocations (neantemperature and relative
humidity)

120
100
80
60

40

Ambient Temperaturé®

20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Trap Numbers

Yankari Average Temp 0C Yankari Average R.H(%) Kainji Average Temp 0C

Kainji Average R.H(%) == (0ld Oyo Average Temp 0C ===Qld Oyo Average R.H(%)

e Cr0ss River Average Temp @&===Cross River Average R.H(%)
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AppendixX: Total number of5lossinaspp.caught per location

Glossinaspecies caught

Total
Location G. p. palpalis G. tachinoides G. m. submorsitans  G.fusca %
I I I I Il I Il I

Yankari 1 1 476 206 80 99 - - 863 46
Old Oyo 276 252 - - 1 1 - - 530 28
Kainji - - 250 118 30 50 - - 457 24
Cross River 6 12 - - - - - 3 21 1
ljah Gwari* 10 10 - - - - - - 20 1
Total by sex 293 275 726 324 120 150 3 1891 100
Total 568 1050 270 3 1891

*NITR Sulga Outstatiorcollection site



AppendixXI: Tsetse catches in relation to location and number of traps used

Old Oyo

Yankari o
Kainji
ljah Gwari

Cross River

Location

m No. of traps m Tsetse catches m Apparent Density
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AppendixXIl : Apparent density olossinaspp.in relation to location and vegetation zdagype

No.of No. of Tsetse Apparent Density

Location Type of vegetation

Traps flies caught (F/T/D)
Old Oyo 11 530 16.09 Derivedsavannatandriverine
Yankari 18 863 15.98 Northern guinea savannahndriverine
Kainji 10 457 15.23 RiverineandSoutherrguinea
ljah Gwari* 5 20 4.00 Riverineandforest relic
Cross River 7 21 1.00 Tropical rain forest

*NITR Suleja outstatiorollection site
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AppendixXIIl Apparent density oBlossinaperspeciegpersampling site

) _ Total No. Total Na of Trapping ApparentDensity
Location Glossinaspp Trap days
caught traps used days (F/T/D)

G. p. palpalis 528 16
Old OyoNational Park 1 3 33

G. m. submorsitans 2 i i i 0.09

G. tachinoides 682 18.94
Yankari Game Reserve G. m. submorsitans 179 18 2 36 4.97

G. p. palpalis 2 ) i i 0.05

G. tachinoides 368 12.26
Kainji Lake National Park 10 3 30

G. m. submorsitans 89 i i i 2.96
liah Gwari G. p. palpalis 20 5 1 5 4.0

G. p. palpalis 18 1.28
Cross River National Park ! 2 14

G. fusca 3 0.21
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AppendixXIV : Patternof tsetse fly catchesccording to specigserlocation

Locations

Glossinaspp Yankari ljah

Kainiji Old Oyo Cross River Total %

Gwari
I [ [ [ l

G.tachinoides 476 206 250 118 1050 55
G. p. palpalis 1 1 276 252 6 12 10 10 568 30
G.m.submorsitans 80 99 39 50 1 1 270 14
G.fusca 3 3 1
Total by sex 557 306 289 168 277 253 6 15 10 10 1891 100
Total 863 455 530 21 20 1891
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AppendixXV: Catch composition oGlossinaspecies according &ex insampled Nigeria
National Parks

H Male HFemale
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AppendixXVI: Comparative nucleotide bstitutions based 0601sequenceamongG. m.
submorsitanpopulationan YankariandKainji Lake National Par&k(KLNP)

Consensus
[dentity

1. Gms(24)YNP
2. Gms(46)YNP
3. Gms IAEA

4. Gms(18)YNP
5. Gms(147)KLNP
B. Gms(38)NP

7.Gms(19)YNP

8. Gms(74KLNP
9. Gms(148)KLNP
10. Gms(32)YNP

= = =Tl =l = = e =]
LT*ET'ET]LT"'—ZI'—ZI'—ZI
Of‘)f‘)f‘):h:h:h
G167 3 1 3 1 1

AT
4 T
AT
r T
AT
r T
: T

["JE"JE"J["JI—ZII—ZII—ZI

]]"],]]]]

Gﬁtﬁtﬁﬁ‘u—:ln—:ln—:l

Nucleotide substitutions

312

Iﬁm T% méhl eTa-~'~l"eeﬁn

330
TYYHCEmCH

8 RHHTTfIWHMTRn
VABMATTTHNNNCHEIT GA
AGTACCAACAGGAATTVMAAATTTTTAGATGA
AGTACCAACTGGAATTAAAATTTTTAGT TGA
AGTACCAACTGGAATTAAAATTTTITAGTTIGA
AATCTGAATAACGACGAGGTATTCCTGC TAA
AATCTGAATAACGACGAGGTATTCCTGCTAG
AATCTGAATAACGACGAGGTATTCCTGCTAA
AATCTGAATAACGACGAGGTATTCCTGC TAA
Legend
A = Adenine
T =Thymine :
_ Nucleotides
C = Cytosine
G = Guanin
K=GorT )
M=AorC
N=A G,CorT )
Degenerate residue
R=AorG  specification
S=GorC
W=AorT
Y=CorT




AppendixXVII : Comparativenucleotide substitutionsased or€O1sequences G.
tachinoidegopulationsat Yankari andKainji National Parks (KLNP)

Nucleotide substitutions

Consensus
Identity — . — LB ..
1. Gtach(a)YMNP G LEN T BN T SRS T BEEMEE T BN T GOT W W AY CT
2. Gtach118)kLMP CHEl TERA T ABET ABET CEETENRG T A BEEC TI1
3. Gtach(15)¥NP GES TEEY A T ABREET ANERT CHEH TECGHETE TRl A BBER C T
4. Gtach115 KLNP) CHEEH TESA T AT AT CHEETERS TESARREERCT
&, Gtach(110)KLNP CEE TESA T AT AGBET CINETESE TS ABEEE C T
6. Gtach(28)¥P e T T G ATATTATTCT T TCATGGATATCT
7. Gtach(39) WP G THEEG ATATTATT TEITEIC A TGATATCT
8. Gtach(a3)kLNP G oG Ay A T TR T ME T AT A E T
4. Gtach(13)YNP G i A e oA T A T T AT METTEREANTE AT A E T
10. Gtach 69 KLNP TTGATATTATTCTTOCATGATATCQCT

Legend

A = Adenine

T =Thymine

y Nucleotides

C = Cytosine

G =Guanine/

M =

R=

S= M| Degenerate residue

specification
w=| L3P
Y =)
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Consensus
[dentity

1, Gpp(176)00NP
2. Gpp(389)lJG
3. Gpp(373)IJG
4. Gpp(363)CRNP
)
J
)
)

6. Gpp(371)CRENP
7. Gpp(368)CRNP
8. Gpp(384)IG
9. Gpp200)Q0ONP
10. Gpp(287)00NP
1. Gpp(381NG
12. Gpp(358)CRNP
13. Gpp(278)00NP
14.Gpp(3T7TING
{185)
(356)

(
E
5. Gpp(184)00NP
(
(
(

15. Gpp(185)00NP
16. Gpp(356)CRNP

AppendixXVIll : Comparativenucleotide substitutions based 6@1sequences G. p. palpalis
populations in Old OydCross River National PasK CRNP)andljah Gwari (1JG)

Nucleotide substitutions

W THCTYCARTHRATAT i TRREMY TTHYHATRT TCH TG’
CATTCTTCAGTITGATAT T TGATACTTACTATGTTGTTGE?
BETEC TECAETEEA TAT il TGATACTTACTATGTTGTTGC
VATTCTTCAGTTGATAT for TGATACTTACTATGTTGTTGE"
EETHEC TEHCAGTEGA TAT THT T GHRNISET TAEEA TGT TGHTGCET
VATTCTTCAGTTGATAT TCTTCATGATACTTACTATGTTGTTGE
-TTACHECCAATAAATAT TACTATAAATTGACTTTTTAATATTGATG-"
-TTACTCCAATAAATATCACTATAAATTGACTTTTTAATATTGATG -
-TTACTCCAATAAATATTACTATAAATTGACTTTTITAATATTGATG -
-TTACTCCAATAAATATTACTATAAATTIGACTTTTITAATATTGATG -
-TTACTCCAATAAATATCACTATAAATTGACTTTTTAATATTGATG "
-TTACTCCAATAAATATCACTATAAATTGACTTTTTAATATTGATG "
-TTACTCCAATAAATATTACTATAAATTGACTTTTTAATATTGATG -
-TTACTCCAATAAATATCACTATAAATTGACTTTTTAATATTGATG-"
-TTACTCCAATAAATATTACTATAAATTGACTTTTITAATATTGATG -
-TTACTCCAATAAATATCACTATAAATTGACTTTTTAATATTGATG -

Legend

A = Adenine

T =Thymine .

] Nucleotides

C = Cytosin

G = Guanine

K=GorT )

M=GorT

N =A, G, CorT| | Degenerate residue

R=AorG specification

W=AorT

Y=CorT D,
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AppendixXIX: Divergence time (2MYA) of5. m. submorsitangopulations in Yankari from
samepopulation inKainji Lake National Park.

18

G(4THLP
G{TAKLIP
L G(4BLIP
G5 3911P
" GNP

181

14l

100

(
(
10 b
(
(
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AppendixXX: Sample ofGlossinaspp.used for DNA &traction

Glossinaspecies

Location G. m. submorsitan G.tachinoides G. p. palpalis G.fusca Tow
I I I I I [
Yankari 4 22 10 13 - - - - 49
Kainji 5 12 55 39 - - - - 111
Old Oyo 1 1 - - 74 114 - - 190
Cross river 1 - - - - 3 1 - 3 7
Cross river 2 - - - - 3 11 - - 14
ljah Gwari - - - - 10 10 - - 20
Total by sex 10 35 65 52 90 136 - 3 391
Total 45 117 226 3 391
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AppendixXXI: CytochromeOxidase lampligfied samples

Glossinaspecies Location No. Dissected No. Amplified % Amplification
\R()ankarl Game 26 13 50,0
G. m. submorsitans "€S€rve
(45) Kainiji 17 12 70.58
Old Oyo 2 1 50
G. tachinoides Yankari Game 23 5 220
Resrve
(117) Kainiji 94 7 7.40
Old Oyo 188 14 7.44
G. p. palpalis
Cross River 18 10 55.5
(226)
liah Gwari 20 5 20.0
G. fusca
Cross River 3 2 66.66
3)
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AppendixXXIl: St u d etest od snvironmental conditions Yrankari Game Reserve

Paired Samples Statistics

Me a N Std. Std.
Devi a|lMe an
Me an 3.:18 1.195.2818
1 temper a
Me aRh. H 35. 418 4. 9381.164
Paired Samples Test
i ndependent Di f ft df |Si g-
MeanStd. |[Std.|95% Con t ai l
Devi dErro|/l nterval
Mean|Di ffer en
LowerUpp
Me an
. tempe -1.8°'5.0271.18-4.37 .62 -1.5t17 .133
Pair
-Me aRn.
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AppendixXXIll: St u d etest adadysistof environmental conditiond<ainji Lake National

Park
Paired Samples Statistics
Me a nN Std. Std.
Devi attMe an
Me an 0.710 3.63171. 148°¢
1 temper at
Me aRh. H 51. 710 5.339¢1. 688¢

ParedSampl es Test

| ndepebndefretr encit df |Si g-
Mean |Std. |[Std.95% Con tail
Devi ¢Errqlnterval
MearnDi fferenc
LowelUppe
Me an
pairtempei-20.96.2271.9¢-25.3-16.4-10. ¢9 . 000

1 -Me aRh.
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AppendixXXIV:St u d etest od snvironmental conditions@id Oyo National Park

Paired Samples Statistioc

Me a nN St d. St d.
Devi attMe an

Me an 30. 911 . 8857 .2671
1 temper at
MeaR. H 65. 311 3.696¢1. 114¢°

Paired Samples Test

I ndepetempe-34.33.14:..94-36.4-32.2-36.
1 -Me aRh.

I ndep®Ondémtr enc|T dflSi g
Mean|Std. |[St d95% Confi (2
Devi ¢éErrjflnterval tal
Me aDi f ferenc
LoweﬂUppel
Me an
:10. 00
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AppendixXXV:St u d e tedtadadysistof environmental conditions@noss River National
Park

Paired Staapilesics

Me a n/N St d. St d.
Devi attMe an
Me an 7.37 1.6257.6145
Pair 1 temper at
Me aRh. H 90. 27 7.376(02.787¢
Pai SathpTest
I ndep®ndémertr ences |T df |[Si ¢
Mean [Std. [Std. |95% Con (2
Devi aErrojl nterval g;’“
Mean|Di fferencses
Lowe|Upper
Me an
ailr‘tempe-62.9:8.7913.32‘-71.0-54.79-18.S6 .0C
P -Me aRh.
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AppendixXXVI: St u d etest od snvironmental conditionsljph GwariNational Park

Paired Samples Statistics

Mean N Std. Deviation | Std. Error Mean
_ Temperature 30.40 5 2.702 1.208
Pair 1 Relative humidity 61.70 5 13.283 5.941
Paired Samples Test
Paired Differences t Df | Sig. (2tailed)
Mean| Std. |[Std. Errof 95% Confidence
Deviatio| Mean Interval of the
n Difference
Lower Upper
b air Temperatur -
- Relative 31.30 15.172 6.785 -50.139 -12.461 -4.613 4 .010
humidity 0
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AppendixXXV Il: Correlation between tsetse catchasbientemperature and relative humidity

in Yankari Game Reserve

CorrelationsP

Temperature vs number of tsetse caught Total population| Temperature (°C
per point of at catch site
collection
, ) Pearson Correlation 1 -.220
Total population per point of )
collection Sig. (2tailed) .380
N 18 18
Pearson Correlation -.220 1
Temperature (°C) at catch site Sig. (2tailed) 380
N 18 18

a. Catch site ¥ankari National Game Reserves.

b. Footnote: there is a negative correlatiopsf = - 0.220) between number tsetse flies and
temperature; however, the relationship is not statistically signifipan(380).

CorrelationsP

Humidity vs number of tsetse caught Total population Relative
per point of | humidity at catch
collection site
. ) Pearson Correlation 1 .368
Total population per point of
collection Sig. (2tailed) 134
N 18 18
Pearson Correlation .368 1
Relative humidity at catch sit _. .
elative humidity at catch si Sig. (2tailed) 134
N 18 18

a. Catch site ¥ankari Game Reserve

b. Footnotethere is a positive correlation s = 0.368) between number tsetse flies and
relative humidity; however, the relationship is not statistically signifiqart@.134)
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Kainji Lake National Park
Correlations®®

Temperature vs number of tsetse caught Total populationf Temperature
per point of [ (°C) at catch sitq
collection
Pearson Correlation 1 -.201
Total population per point o
collection Sig. (2tailed) 577
N 1P 10
Pearson Correlation -.201 1
Temperature (°C) at catch
site Sig. (2tailed) 577
N 10 10

a. Catch site ¥Kainji Lake National Park

b. Footnote: there is a negative correlatiog) -0.201) between number tsetse flies anc
temperature; however, the relationship is not statistically signifigen0(577)

Correlations2P

Humidity vs number of tsetse caught Total population Relative
per point of humidity at
collection catch site
. ) Pearson Correlation 1 -.211
Total population per point of
collection Sig. (2tailed) .559
N 10 10
_ o PearsorCorrelation -.211 1
Relative humidity at catch
site Sig. (2tailed) .559
N 10 10

a. Gatch site Kainji Lake National Park

b. Footnote: there is a negative correlatiog)E -0.211) between number tsetse flies anc
relative humidity; however, the relationship is not statistically signifiqart@.559)
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Old Oyo National Park
Correlation a

Temperature vs number of tsetse caught Total population Temperature
per point of | (°C) at catch sitg
collection
Total pobulation per point o Pearson Correlation 1 .096
Conecgoﬁ PEFPOINtO oy (2tailed) 779
N 11 11
Pearson Correlation . 1
Temperature (°C) at catch _. , ! 096
site Sig. (2tailed) 779
N 11 11

a Catch site = Old Oyblational Park

b. Footnote: there is a positive correlatio{) = 0.096) between number tsetse flies and
temperature; however, the relationship is not statistically signifigemO(779)

Correlations b

Humidity vs number of tsetse caug| Total population | Relative humidity
per point of at catch site
collection
_ pearson 1 089
Total population per correlation
point of collection  sig. (2tailed) .795
n 11 11
pearson 089 1
Relative humidity at correlation
catch site sig. (2tailed) 795
n 11 11

a. Gatch site =0ld Oyo National Park

b. footnote: there is a positive correlationg(= 0.089) between number tsets
flies and relative humidity; however, the relationship is not statistically

significant © = 0.795).
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CrossRiver National Park

Correlationsa,b

Temperature vs number of tsetse | Total population | Temperature (°C
per point of at catch site
collection
Pearson 1
Total population per Correlation
point of collection  Sig. (2tailed)
N 6
Pearson_ 308
Temperature (°C) at Correlation
catch site Sig. (2tailed) 528
N 6

a. Catch Site = Cross River National Park

b. Footnote: there was a positive correlatiop)E 0.326) between number of
tsetse and temperature; however, the relation is no statistically significant

0.528).

Correlationsa,b

Humidity vs number of tsetse caught Total population relative
per point of humidity at
collection catch site
| | Pearsoh 1 _ 530
Total population per point o Correlation
collection Sig. (2tailed) .280
N 6 6b
_ . Pearsoq -.530 1
Relative humidity at catch Correlation
site Sig. (2tailed) .280
N 6 7

a. Gatch site =Cross iver

b. Footnote: there israegative correlatiorr (4) = -0.530) betweenumber tsetse flies and
relativehumidity; however, the relationship is not statistically significant 0.280)
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ljah Gwari

Correlationsa

Temperature vs number of tsetse caught Total Temperature
population per| (°C) at catch
point of site
collection
. _ Pearson Correlation 1 -.305
Total population per point
of collection Sig. (2tailed) 617
N 5 5
Pearson Correlation -.305 1
Temperature (°C) at catch
site Sig. (2tailed) 617
N 5 5

a.Catch site 4jah Gwari

b. Footnote: there is a negative correlatiop)E - 0.305) between number tsetse flies
and relative humidity; however, the relationship is not statistically signifigem0(617)

CorrelationsaP

Humidity vs number of tsetse caught Total populatior Relative
per point of humidity at
collection catch site
, ] Pearson Correlation 1 0.705
Total population per point ¢
collection Sig. (2tailed) 0.183
N 5 5
_ o Pearson Correlation 0.705 1
Relative humidity at catch
site Sig. (2tailed) 0.183
N 5 5

a. Catch site = ljah @ari

b. Footnote: there is a positive correlatioy(= 0.705) between number tsetse flies an
relative humidity; however, the relationship is not statistically signifiqart@.183)
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AppendixXXVI I1: Protocolfor DNA extraction using Chelek00

Add 1ml of 5% Chelex into microtubes containing tsetse fly-gutl

- Incubate mixture in water bath for 1hr aP66then for 30mintesat 100C
- Centrifuge the tubes and thewntents for 10minutes at 14,000rpm.
- Carefully collect supernatant into new tubes and discard former with debris

- Use supernatant as DNA template for your PCR reactions.

(SourceWalshet al, 1991)
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AppendixXXIX : PCR protocols foGlossinaspecies idetification/ population genetics
1. Cytochrome oxidase 1
a. Glossina morsitanspecific

Sequence

Forward: TTACCTGGATTTGGT
Reverse: TGGAAATGAGCTACG

PCRReactiommix:

OSK2335 100 pmol/puL 0.5 pL
OSK2336 100 pmol/ pL 0.5 uL
TagBuffer (+KCI-MgClz)  10x 2.5 uL
MgCl, 25 mM 2.5 uL
DNTPs 10 mM 0.5 pL
TagPolymerase 5 U/uL 0.5 uL
ddH.0 13.0 L
Template 1 ng/uL 5 puL
PCRProgramm:
Initial denaturation 95°C 5min
Denaturation 95°C 30s
Annealing 51°C 30s 30x
Elongation 72°C 30s
Final Elongation 72°C 6 min
Store 4°C o
Notes:

Amplifies to G. morsitanonly

Fragment size:
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b. Insect generic primer
Sequence

Forward:
TTGATTTTTTGGTCATCCAGAAGT

Reverse:
TGAAGCTTAAATTCATTGCACTAATC

PCRReactiommix:

OSK2499 100 pmol/pL 0.5 pL
OSK2500 100pmol/ pL 0.5 pL
DreamTag-Buffer 10x 2.5 uL
BSA 2 mg/mL 2.5 uL
DNTPs 10 mM 0.5 pL
DreamTagPolymerase 5 U/uL 0.5 uL
ddH.0O Fill up to 25 pL
Template 1 ng/pL 2.5 L1 5L
PCRProgramm:

Initial denaturation 95°C 5min

Denaturation 94 °C 1 min

Annealing 55°C 1min 35x

Elongation 72°C 2min

Final Elongation 72°C 10

min
Store 4°C o
Notes:

Fragment size?! Prominent signaP&00 bp

Cycle number reduced to 30?
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AppendixXX X: Hypothetical example of the principle of tBéerilelnsect Technique

No. of No. of The sterile Percent No. of Growth rate
) Insects insects to wild sterility insects
Generation released insects remaining
ratio fertile
P 1 000 000 9 000 000 91 900 100 000 Five fold
Fi 500 000 9 000 000 18:1 947 26 316 Five fold
F2 131 579 9 000 000 68:1 986 1896 Five fold
F3 9480 9 000 000 949:1 999 10 Five fold
F4 50 9 000 000 180 000:1 999 1 Five fold

(Adapted from Knippling 1955)
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AppendixXXXI : List of consumable and non consumable items

Non - consumables

ltem

Agaroose gel chamber
-80°C Ultra Freezer
-20 Freezer
Heatblock

High speed Centrifuge
Swing out rotor(plates)
Micropipettes
10001000¢ L
20200¢ L
2-2027I

012 .5¢
Spectrophotometer
Tablecentrifuge
Thermocycler
Thermocycler gradient
2720 Thermaycler
UV-chamber/camera
Transilluminator
Programme

Binocular Dissecting

Microscope

Supplier/Specification

BioRad SubCell gt

Eppendorf High efficiency

Vestfrost S247C

Eppendorf thermmixer comfort (L.5mL)
Eppendorf 5810B804R

Eppendorf A2-DWP

AB MATE

ABI MED ht

ABIMED ht

Eppendorf research

Nanodrop® Spectrophotometer ND1000

Eppendorf table centrifuge FAS 101

Eppendorf

Applied biosystems

Herolab

EasyWin 32

LeicaS6E
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Biconical traps

High speed centrifuge
Centrifuge 5417R
Rotor FA4524-1
Microscope slides
Vortex mixe
Consumables
Microscope Slides
Microtitre plates
96-well transparent
Parafilm

Pipet tips micrgipets
Reaction tubes
0.5mL tubes

1.5mL tubes
2.0mLtubes
Acetone

Agarose

EDTA

G-Stain

PCR Reagents
DreamTaqPolymerase
X10 Green buffer
TagPolymerase

X10 Tagbuffer +KCI

Vestergaard Fransen

Eppendorf
Eppendorf

VWR

CHINCAN XH-C vortex

VXR

Sarsdedt

Bemi sE Par af i

Sarsdedt

Eppendorf
Eppendorf
Eppendorf
SigmaAldrich
Biozyme LE

AnalaRNormapur

SERVA Electrophoresis

Thermoscientific
Thermoscientific
Thermoscientific

Thermoscientific
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MgCl Thermoscientific

dNTPs- mix (50mM) Thermoscientific
Primers Eurofins
RNAlater
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AppendixXXXIl : Distribution of thefuscagroup in Nigeria
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AppendixXXXIll : Distribution ofGlossinatachinoidesn Nigeria
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AppendixXXXIV : Distribution of Glossinapalpalisin Nigeria

(Source: Dawas 1977)
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