














Rainfall was 1ihe moest imaosrtant factor affect

(S
¢

seasonal popul.ation fluctuations at the swawp. However,
at the irrigation scheome, cocthexr faetors, especially farming
and irrigation practices, were observed to affect the =wechor

populaticn significantly.

Larval survivorship was similar in both btypes of habitat

and predation seemed tc ke the major mortality factor during

larval development, Aduift survivorship wWas, however,
significantly nhigher In the irrigation schems than ian the
swamp, The higner survival rate at Perkerra was probably due

to factors related to irrigation, in particular the prowvisio

e

of cooler and more humid microclimates Ly growing crops and
shade trees in the irrigated areas; cspecialily during th=

long dry seasoh.

The wo vector species were strongly endovhilic bucx
a degree of exophi.y was evideant among the gravid females,

which was surcuger in i.gambiae (33%) than in A, funestus
y iae |\ ) A

N

(13%)}e Ao _pamibize also showed a Ligher preference for
human hloecd, ®iin a humzn P lood index of 88,6% than

Ae. funestus with an index oy 538,8%,

Malaria accounited foir 56% of all sicknesses treated

annually in the arcea. Transmissi

Q

11 occurred throughout ihie
year wich the uealk belwveen april and September, Crude
incoulation mawe: ware four wimes high r in A.gambiae tliau

in A.funestus,indicating vhet the Jormer wa- the wmore efficient

and iwmportant vecior 1ia vhe area,
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in another place hae be:zn largely responsible foxr poor res:lits
in most anti-mesguiso compaisns (Mairhead-Thomson, 1932},
Environmental manipalatlcon can %2 an effective rcinod
of mosquito contrel under certain conditions (vaddy, 1975
Palterson, 19275:; sSruce~Chwati, ?985:. The "rceeding habiics and
nabitate in that localiity of the wector specles must, nowcver;
he thoroughly unde  si.od borore the cnvircinent can be moedl-
1ied te rendexr it uwvsuaitablise ¢r the wvendor, Failure tos o

e
G d

e.l)

5 WAy sind le unuesivea roegulis. Fsr erauplcy cloaring

of vegetatlcns from the Drecdlng silaes in gl aréa WiSre an opoae
water oreeder s the wmajor wvecter but ceoeszziate Vith o none-
vagrtor whiclki brevds in vegetation-covered water, Will cnav
lead to increased transmission {¥.addy, 1975). Tne meaas znd
methods ,of contral must cnercfore alvays talie account of

local epicemiological and ecolbgicai situsction, The better we
unuasrstand th2 epidemiciogical conditions of local transmis-
sions the move correct Will be our choice c¢f contrel measures
aind the more successful will be the resaltsohtained (ilolstein,
1954 Deklewmishev, 19633 ¥W.l.U0., 19675 Muirhesd=Thomson,
1252}, In other words, every geographical unit with distince
tive climatic and topographicel features should be studied

to apecaercain the charjcterisitics i the main malarie wvectors
and thie envircnuental factore that contrgl them before any
control measures ¢an bo erbariied npon with a reasoconadle

eiEpectatrion of success,

a4 maioex contributory fictor to the probleme of mosquito

Coutrul in vecenl yaars has bean fhe apsurge in the constimoe



tion of irrigation schemes, dams, fish ponds etc. These
projects which are indispensable for modern agriculture and
water mansgement, usually bring about profound changes in

the physical and biological environments of the areas con-
ceimed. One of the most important gspects of these changes
is the escalation of disease transmissiocn by vector organisms
vhose déve;opment are hignly favoursed by the new environmentg
(#.4.0e, 1967; Simpsocn, 1975}

Mosquito studies should be started prior to construc-
tion of any large dam project so that forcasts bgsed on their
results can be incorporated into the overall plan (Paterson,
1975)e Unfortunately, due mostly to over-riding short-term
poiitical and economic considerations, and sometimes to acute
shortage of qualified manpover, this essential requirement
never gets the seriosus attention it ﬁe@erves. Conseuyuently
whenever irrigation has been carried out on a large scale,
it hes been followed by profsuna changes in mosquito populaticn
and ofcven in the iuncidence of mosquito-borne disenses.
Sometimes, the health problems that arise from such extensive
medi fication of the environment, cutweigh *the econcmic geins
and dause untoid damage to the health and well-being ef the

r

people {(Farid, 1975; Paterson, 1975: Simpson, 1975 )«

—Thewe is thereicre an urgent need to study the exiscing
irrigavion schemes i.a relation to wesguito breeding ana
arie transmissiou, In ¥enya, this type of svudy was

condunted a. tne Allcto pice fyrigatien Schemwe ncar Liswau



(,u rtess, 1970 by, 14%7%; Simpson, 1975t Chaadlew, 1370 i tien

-~

et _eles 157%)e Io studies hpve becn dons on the impact of
irvimation oo mesquico LUreeding in any other irrigation schony
in the country, incliuding the Forkerra irvigation schzme at

b 3 ~~
Maulente

I 1584, sume atteunts were made by the Ministry ol

Haalta 7o coendtol meosgnritees in the Lobel Swamp iees of Marig t
Lhplondi, LorSe CulBicte Paits ol the sSwamuap ¥ere ticoved wiih

. - . .. v i g W e, k - B SF e b i
agh solvent Ul aavimelarial oils mad RONsSed 7210 Epaaven

. L el " MR s Be 2 saDd £ v g \ -y - -~ 2 ? ws
ooy 2 tinees wWivh fenitroathicn {oorpasoprhcsphate) o098y & AinSe

pmoata perisc, 2ilace thers vas o PIOPSY EYO=-3pray study,

Lot epideniciogiaal ang znt moansrcnl dats Were dcanty and
anyelictlie, Thexyt a:no clear pleture of #oadopel prevalonee

L owmalaplie L e population or of #epvonal chenses Ln

densaties of e essumec vacitora, It was thsrofore impossicle
te decerioine waetner or ot the timing ana frequency o sproyin s

verae tftaenls onin gadeaunte, as suntemologicnl Yascline “ale

w2y lankingg it Was impossible Lo ovaluats the iupact of ko

exercize, Tne actenprt ended witlhiovsy any restacinieveomoent,

The baas of tie present project was to undertake o
caquratLVe stady of tiie ecology of malaria vectours in she
Perlarra irzigation scheme ana the Lobol swaump, both in
ez oat wivosion of Baringe viastvaict, Keava (Fig 1),

Tiwe dnvestigatici: fevusrd on sorma aspoets of the complex

iPLeiqactions oetvaen malaxrio » ~neites, theldr vectors and

-

MR wweoats on Lhe ono and,; anu their vhysical and hidleosiosz

.

snvivouments {nutural and men-made} on the other,



Ob jeciives.

1e Te stucy thie species diverslity, relative wbundance

for}

and geascnal poupgslation changes ot boetn the

Perkerrvra irriwation scheme an' tne Lob I gwang

Ze To dotarnine how specler Mwervalty ann roiative

. T i s F Biay <F Lwaw . vins MR s 4 =y
agt RCano® 3ye arfecied Dy Lile TollowWing enviivn-
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{141 Temparaturae

Relative Homidity
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; w
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e
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Windopaed

Je To compars the age compesition and survivorship
£ 3

of the pre=imaginael and sdult populaticns in the

two habitats, Loboi awamp and Porlkerig lvrigation

SCHEenie .

4. To study the osehavicur of tiie mijor vector Epeciss

with wespact 4o feeding, resting, and hosSt prerersncal,

L
L ]
3
L
193
)
o
]
i 4

infection rates in both man and moaquritoss
and toe relate vector behiaviour te malaria
transmissicon.

To assess the impact of ixrigation ow mosguito

2

o
L)

breeding by recating fluctuations in morquito



populations to chaiiges 1n irrigation praciuices.

These ianvestigations were conductesd simultanecusly in
a natural mosquito habitat (Loboi swamp) and a mar-nade habitat
(Perk.érra irrigation) so as tc highlight the modifications to
the ngﬁural envircnment brought about by the introduction of
irrigation. The effects of these modifications on mosquito
nreéaingiand malaria transmiscion were assesged. Maiaria is
a serious problem in the Baringo area and there was an urgeut
need for this type of study in order +to provide c¢inie baseline
dataruéon which futuvre control measures could be reliably based.
It is therefore hoped that the resuirs of this work wouid be
cf benefit in the pianning and execcaticn of a cost-efiective
malaria control programme in the Marigat area of Baringo district

Keayae












minimis Theobald in lodia as resting sites was Z0c lower
than the outside air temperature during the cold seasorn.
fn Kenya,Haddow (1942) also ifound o difference oi about,

P ¢ ;. s R

37C betwzen the mud huts used by a.gambiage and A.iuncstus

as resting sites and the outside temperatures.

Ancpheles mosquitoes fuvour aigh relative humidity, 70-
90%) and the mean relative humidity of preferred resting
sites are usually high3r than the outside relative humidity
by 10-40% (Jaddow 1942; Muirhezd-Thomson 1951}. Outdoor
resting mosquitoes choose heagvily shaded sites to ensure
favourable temperaturegs and humidities, Such sites includse
animal burrows, termite mounds, thick wvegetations, wells

2tc. (Bruce-Chwatt 1985},

Rainfall, by influencing temperature aad relatlive
humidity, has an indirect effect on the survival of
mosgquitoes. Thus most species of Anohpeles reach tiieir
peak numbers during the rainy sceason not only because of
increased longevity of the adults (Gillies and De Meillon,
1968: bruce-Chwatt, 1985). In lairge bodies of water subject
t6 Ffliocoding during heavy iains, peak numbers axe attalned
a faow menths after the end of the rains when c¢he “ater level
begins to fall (Dunkeen and Cmer, 19856, Smow et _al., 1987,

Wigds assist the dispersail of mosgquitoves beyond ftheilr norim:l

Fante. limnes but very stiong winds can alse disturb teight

and mrovant egeg-laving {Rrgc:w"hwutt, 1:85%).



1 a2 . Laival Ecology

c

Numerous studies = the larval breeding sites of
4 gambige s.l. haove been made throughout the areas of its
distributicn range. In wost of these areas A, gambiae
are found tu breed in shallow, c¢pen, sunlit vools originatiag
from borrow=pits, drains, hrick-pits; car tracksand hoof-
prints ete. They also breed in pools resulting from over-
tiow of rivers, pcols lett by receeding river, rain water
ccllecting in natural depressions 2tc. {(rFuirhead-rhomso:i,

i94e; Hoilstein, 1954; Giliies and De Meillon, 1968). Rice

iields constitvaee another prolific scurce of 4., gambiae
g+ke (Gillies and De Meillon, 1963; Highton et al., 19793

surtees, 1270 b: 19753 hkogi et al., 1986). In general they

m—

n1e most productive of mosquiteoes when they are receuntly

-
o

S
;_J

iiocded -..d the rice is low, Later on wher the rice is ¢

L

grown, bre¢ding of A, gmambiae is st a lower level and econfianed

to the mar-ins of the field.

However, open, sumlis vaters are by nc means the only ones

3 - . i / ="'\ T . P
can breed, Holstein (195+] n Upner Volian

in whicgh ,"::..‘. [ '*"n‘.'...b i $ x

i~und ther nrcading ia pouvls and ponds ccovered with veretstion

as w2ll as n grassy awWwamps. ‘o mambiae also brecd Lo tre

noles {(Macii= ana Ingram, 1923}, and in tie stumps of banauta

y

- o R PN Y - i e ARE e vy . o 2 { 4o S L [
Faimham, 1929). \erording to Holstsin (1954} such









et _al, 1947). Haddow (19&3} stvuidied the efirects oi temperat-

ure and light on the larval habitats of l.gambig

and A.funestus,

He found that vegetation had a profcund insuvlating =2ffect on
temperature. The range in the grassy pools favourad by
ggmbiaé: Hle concluvded that not only do the breeding waters

cif A.gambiae reach higher temperatures thnan those of such
species as A.funestus, 4. counstani,and A. pnaroensis but they
also undergo much greater :emperature fiucbtuations. Tlolstein
(1954, collected s.gambiae iu¥vae aud punae in shallow exc.vated

pools at Yokry (Sudan) with temperatures beiween 40,59

T and

as.gambiae is highly intolerant of gross gollutiun of either
regetation or animal qriéin. Hopkins (1933) showed th.at it
can be controlled by the addition of cut grass to the iarval
breeding sites. According to Gitlies and Be Meillon (196%)
Hancook had achiewved the same results in 1930 by adding town
retuse to the larval sites, Cona (1960) observed that vhere

swamps had been altered by either cutting cor burning of zapyrus

the burnt hagbitat produced veryv rew anopheline mosquiitoes.
Water with suspended colloidal macter such as is seen in
brick pits-<ceems particulariy favourable to

sanophielcs fMunestus shows 21ttls tolz2rance to zcaline wotes
2l

and in noture is never fould in Drochisa puols (Gilrres and

De Mocillon, TGI8, Mesna and Matoye, '0R2}, Apoovhele: sgwabine
alsu has littie tolerance of salin- Wecer

exept of course

the salteWatsr membess of the cowrpi=s), This difisranc © nos






lorvae of Cordullicue {(Oocaatujy Culen olprpes CGrandire aad

Chaymoy and Dytiscidae (Coleoptera) tuat devoured nuwmerous

=

musquito larvae after hunting them down efficiently in

laboratory bowls, smeng the pathogens they found were

/

Vorticella sp .pfotmzoa) which attached themselves by stalk

to various parts of the culicle oi L. gombiae larvas. They

also found ::umerouc cases of inreciion with protzca oi the

genus Thelchania {Microsporida) anc with the fuugus

s bt it 4

Coelomcnyces,

o5\ 3 . . » ~ . ~ s
3} studied mortalities cf the larvae of A,

Service {1973, ke
Zambiage complax in ponds, ditches and gools in the lano

plains of Kenyae. He recorded an overalil mortality of 95%
among immature scageés in ponds at Rzbour ano Chiga viilages

~nd 100% moitality for larvae in ditches a* Chiga, These

mortalities were due to heavy infection with Coelomomyces gnd

to predators, imong predators iwncriminatea by precipiiin

]

tests were spiders, ancs, Colecptera and ampiibians (aadpcles)a

5

Mogi et al, {(1984,1986) found that mervaliiy attribuc-

able to cguatic predators of Anopheles pedataenigius and

Anopheies siniensis in the Philippines and Thailand rice

. v s e, Fiie & . . =

fields wvaried from '9 to 5%% and was positively correlated to
th= abundance of aquatic predators. Surface predabors uere
a minor mertaiity iactor {0~

inciuded Dvtiscidae, Hydrophilidae, (Tolcoptora). Nepi lse,

veliidae, Wotoneciidae {(Heicropteraj, as Well as NMion <a
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(1979}, Reisen 2t al. (1982), and Mogi et 21. (1984, 1y8s),
have used the method of age-specific life~tables developed
by Deevy (1947) and Scuthwood (1978) for agricultural pests

to estimate the survivorship of mosquito larvae.

1:.3.2

Adulvs Mortality and Survivorship

The pioneering wWerk in the use of physiological
changes in the reproductive organs of adult female mosguitoes
to estimate vhelr longevity was done by Russian entomolo-
gists, chiefl among whom weve Pclovodoewva, Beklemishev and
Detinova (Detinova, 1962; Gillies and De Meillon, 1968),

A1l the blcud-suckKing Diptera rhow thie phenomenon of
gonotrophic concordance, that is, a ful blcod-meal is
unecessary ior the maturing ofl one egg batch,. The pericd

from the time a blood-meal is taken to the time of
oviposition of mature eggs makes un a gonotrophic cyasle

and the mamber cf cycles undergene o2y a female constituves

ité physiological age {(Detinova 1962). The Rucsian sciertisis

worked mainly con Anopheles maculipennis eigen but the - .

- e

Im

priuciples have since been used on other mosquitc species
by other workers including Detinnva and Gillies {1954} in

Tanzania vin

Lo

¥

e

,‘Ei ) ke ad iun

le

s iae stus, Gillies =~nd Wilkes (1965

C‘
s

s - S . - N s -~ Y .
zhgain on gamdige aud funesias in Tanzania, Xay (197%) o

wueensland, Australia, Samarawickrams {19£2), Samarawickrama



et ale, (1987), and Russei (1985) i. aorkhe

R

cn different species of culicine mosquitoes,

The simple method of determining daily survival

rates based on the parous/nulliparous ratios has found
muqh wider application in varicus parts of the world =
Davidson and Drapper {1953), Davidson {1954%), Gillies

cc {1963), Clement and Patterson (1981). A modified
version o1 the parous formula has also been proposed 1oz
use in situations where recruitment of mullirarous femzles
into the population is not comstant (3iriey and Rajagopalan,
1981}‘ Biriey anc Boorman (1982} used this to 2stimnte

survival and biting rates of haematophagons insects

”8?) used it to estimate the survival rates of malaria

-
-

vectors in Kenyez,

1 et Vectoxr Behaviour

leliei Biting Activit

The biting cycies of thc major malaria vectors in

Africa, especially As gambiae and A. funestus have be2n

now

exteusivel, studied and docum:snted in parts of Eas. and

West Africa (Haddow, 1302 g 1054; Van Someren €L al.,

5
1958; Weite, 1374; krafsur, 1977; Muverv et ai.. 1294

fraen



0

Muirhead-Thomsun, 1948; Helstsin, 1954; danrey; 19260:

Service, 1963; Snow et al., 1987). The general picture

thhat has emexrged from these and other studies is tiat there

is usually a period of low activity between . {1900 hrs)

to about 21 hours, From then on, there is increased activity,
reaching a peak between midnight and O400 hcurs. The biting
remains fairly high until just before dawn when thexes is
another peal., nis increased activity at dawn is thougit

to We due to an influx oi mosguitoes cntering the house to

3

se.k shelter for the day (Haddow, 1942; Krafsur, 1377).

For both A, gambiae and 4, funecstus the bulk of the

feeding takes place indoors. This is primarily comnuected
'ith the late feeding habits of tile sepcies, In southern

itabia where people sleep outside av u~rtain times of the

,

year, most blting takes place outdoor {Gillies and De Meliion
\ T . : ; -
1958), Hovever, unkeen and Omer {1985) stated that ont-

goor biting activity by A, arzbiensis in northern Sudan

—— e W ki ot

occurred tnroughou* tne night with a psak betweein 2100 and

9500 hours., Feeding also rarely tukes place during daytime,

-~

although Hoddoy ec al 1947} recorded small numbers of 2,
dl g et ¥ 2 der
gambiae feeding during the day in Ugandan forests. There
hav? alsns been vecords oi daytime feeding by A, funestus

| Gillice =nd e Meilloa, 1968; Smith 1955, 'a).
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end then may enter the house to take shelter, However, if

L]

suvitable outdocyr resting sites agre also asvailablzs in addition

Late

to cutdoor hosts, this species becomes predominantly

exophagic and completely exophilic (White, 1974; Joshi et al.

1975; Highton et _al.,1979; Dunkeen and Gmer, 1986),

These differences in benaviour betweean species A and B of
the 4. gembias complex aiso account For the differential resulis

of house spraying with insectceides wheire the complex is the

main vectoyr, 8pecies A does not have the gens*ic capacity to
develoH true behavioural resistsncs to insecticides (vhite,

?9{&), House spraying with residual insecticides is therelore

6]

likely te be very effective agninst endephilic species A

e

populiations. Faced with insecticiaal spraviung of nouscs,

ects for compliete

fmid

e

species B on the other hand readily se
exophily or at least postprandial excophilsy (Eunlow, 1962

Smith, 1962 a,b,Pringle, 1967; White, 1974).

The saltwater species oi the A, gambize complex, namely

a2d A. meius are generaily more excshilzc and

P

£
]

. : ' . . ¥4 . e
exophagic than their fresh-water relstives tlvengar, '902

e

\

3. C

09

. ——— L,

Mutero €t aiey ?98&)0 Lven in unspraycu houses, endorhe
o Melas and merus tend to be exophilic for resting purpofes,

e P

but this tendency increases after spraving (Sqsow et ale..l19871.

Tolo 2 Hoat VPreferences

In reference tc A. gambiae s.Y,. Giillez and D¢ Meillor

lf958} obsirved thatbt in genegal. 2oagstal sred i1orest areans tend

te be arroulabed with the hipgusst dsgree of anthrupepnily
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while savanna
zoophilys

conditions favour species A,

Davidson and Drapper (1953) found more

from 11
for human blood,

£0%¢

situations in parts of

and 3,

Gillies (195% a,

East Africa

1956) at

populations tend tc show higher levels of
I{ is now known that thece two types of geographic

'of the complex respectively.

fian 90% of catches
to be positive

Muheza, Tanzania

a human blocd index (HBI) of 92%, Highton et _ai.(1979)

found 92% of A. gambiae s.s.

e o

in the Kano Plains of Kenya to
have fed on man while Arap Seroney et al, (1985) obtained

9Ce3% in the Kisumu area of Kenya., 1In a review of the subject

Bruce-Chwatt and Gockel (1960} ncted that the range in most
parts of Bast and West Africa is between 41-86% positive for
human blood in_A. gambiae s,l, Exceptivnally low indcor HBI
values of 50% (%Vhite and Rosen, 1973} and (Service,

1970 b\ have been obtained where man is outnumbered by cattle

inside houses at night.

The general concensus is that A, arabiensis feeds predo-
minantly on hosts cother than man, Where species A and B
coexist, therefore B-usually has a lower HBL than 4. For
example, White et a2l. {(1972) found an H2I of 21.2% and

60.9% for species A and B respectively in indoor biotcpe and

2% and 7% for the two species respectively in outdcor biotope

whiie Highton st al. (1979) found 92% =nd 59% for the two
species respectively in indoor catches, Thus, as White (19?4)
pointed out zoopirily in species B is s matter of degree,

Wherever man is present, he is bitten in considerable numbers

and HBI have been faound in smzll samgles tgken from

af 1C0Y












The transmission ¢f artovirus hy mosquitoes breeding

in irrigation scheme= L1 Kenya has alsc beea studisd

. ar - \ .
extensively, Bowen 2t al. {1973} found high prevalence rates

' 4 / - LN .
6f 'O'nysng-nveng! {56%) and ‘Cunikungunys'® {51%) viruses
amomg people living in Aneros and Kano Plaziua irrigation
arease These viruses were transmitied by A.gamoiae and A

funestus which breei in lLiigh numbars in ated fields.

b 28

k8
o1}

’.h

West Nile virus Was alsc present in iov eundewmic proportions,

maintained by birds and Culex antennstus Beck which Lied in

large numbers in the rice fields at certain stages of ihe

iice culiivation cycle {(Surtees 1270 a, 3Bowen et al 1973).

Mocguito breeding in velation to an irrigation project

g ]
ldl
o
(0]

in Xenya has been studied extensively in the Aherxo
irrigation scheme (8Surtees, 1970 z; Simpson, 1975; Chandler
ané Highton, 19753 Chandler, 1576 righton et _al., 1979).
Surtees (1970 a) studied the arbev.rus disease epidemiology
in relation to large scale rxrigation in the Kance nlains,

3

He conparsd species cowpnsitio:

3 - 5 £ . 2 T .y
and roiative akusdance oi

uman-3iting mesquitoes o1 the irrigation rcheme and cn an

undisturbed crea and Tound that im ihe villages adjscent to



the rice fields, A Giles wmad? up 65% of the catch;

o Zalilbias

Mansonia uniformis Thecobald 28% and Culex P fatigans Weid 5%

g .

while in the viliazges in the unmeodified area Mansonia uniforis

constituted 86% of the catchy A. gambiae less than 1% and

only 3 Culex p fatigans (g.gyinguefasiatus) were taken,

Larvae of A. gambiage were most abundant in .aursery paddy

A

while among older, denser plants C., antenuatus was the

dominating species.,

Chandler and Highton {1975) studied the succession of

mosouitees in rice fields in Kisunu avrea ¢ Kenva and

/
/

recognised two groups:- (z) Those that bred throughout th-

rice cycle, including Msnsonia unifermis and M africanus

(b} Those that Were affected by the water depth and height

of the rice crop, including A. gambiae,A. pheroensis,A.

— S s o Bt T

ziemanni Grunberg and Cuiex poicilipes Thecobald,

The slurry of shallow muddy vocls which follow trensplant

stimulated intense breeding of A.gambiae and s, pharoensis.

jo

Reflooding and rice gioWwth Tavoured A.zicemanni agnd C.poiciiipes

Chandicr {1976) =lsc studiea the mosquite fauna of irri-

gated an® non~irrwgaed areas of taz Kano plain, ie colleucued

iz2rze ovmbers of A, gambiae  2.1e, s.iicmani ana f, pharoensis
nr vae aAhng piloc mices scheme whije on the nen-izrigated
Kans plain cosohes vwere made wp predos-aaantly of M, uniform:y



an M. afxicanus Theobalo, Similar results were obtained
by Simpson (1975} wiro also moted that the peak populations
began to occur a month cariier in the irrigation scheme
than elsewhere and were maintained over a longer period and
that the breeding activity of each species Was related to rvice

cultivaticae

Apart from rice, nearly every other crop such as cotton,

(=8
o1

banana, etc requiring igaticon supports mosquito popnulations

. - . £ - S 3 . 3 =~ -
of medical importance (W ,H.0., 1982; Youdeowei and Service

-

1983)

Dams provide important breeding grounds for malaria vec-—
tors such as A,gamviae complex and s.funestus in africa,

Ashyracanus Pallas in Asia =und A darlingi Root in South America

(Mzcdonald, 1955: Youdeowei gnid Scrvice, 1983). There are

(J

A"

U)

many iarge dams and mar—made lalk in Africa, including the
lake Kgiiba on the berder between Zambia ond 4dimbabwe,; lake
Nasser in Egypt; Volwa iaks “n Gihana and Kainji lake in

Nigerias Bul wign the excesticn of th: Velta and Kainji ihe

medical implications of thie mrojects were not thovougihly

iavestigated bator consivciticn work began {2aifour Bealtityv and



Nedeco, 1963; Waddy, 1975; Imevbore, 1973)e. llalaria whick

was endemizc in =211 the areas (except bBgynt) before the dams

were Vullt has remained a major problem and in almost al

[o=

cases has escalated as a result of the construction of dams

(Youdecwei and Service; 1983,

Paterscn.{196h ay, b] had carlier stroagly recommended

thhat mosquito studies should he started at an carly stage

o

of any irrigation or dam prcject. It is impowtvant from the
very beginning to predict how the particulai Jdam undex
constraction is likely to influence mwosguito proeduction and
what dangers to the health and comfort eof man arc likely

to result from these influnces, It folles Jrom this that
eacihh irrigation or dam mist ke treated as a unicue case
since whnat happens in any parciculiar case depends ons

(i) The nature of the dum and the usc to which it is

pot, and

~~
je
e

~.

The mosquito faura of the bread geograpliical

region in which the dam is situated (Farria

\0O
L |

the
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angually. & methnd of dnciined plenc irvigavion is used. The
water flov depends completeay wu groititsticanl forses, wishout
any mechanical pumping of vater, Mors than S0% of ke schems
(3,3&5 acxes) is couveraed iu this way, whiie the vemaining 339
acres are under (ue lLeval pdasin sirrigaticn,. hwatei levels in
the main canal end the gocceondary cenale avre maintained LUy means

o

of "proteciion river wares”., [hesa are devices by vwhich ihe
water f{low is restiriciod at intervals along the canzis io order
to alluw the level o yvise to a desixed height, thereby Irncvease

ing itn specd of flow wWiaern tie restriction ie removed,

There is one mal:a canal Loauing from the daw on the Per-

,.,
it
fh
3
i
.
)
0
p
q

raprra tiver whicr Hele schiens into fwo hialzes
(Fig 3). Branch canals lsad of{f from this and pag: in betveen
tne plots. From the branch nfananls smaller [feesder (nnals carry

r

waptey intoc the cultivatec fzrms. The cultliveted plots are made

¢ }

inzo 'bagins® each weasariung about 4 3 weters. Thess are
separatad from cue arothor by 'furrowe’ sbout 10 ¢ deep. WYWator
flow is pemmenent only in the wailn canal. In the branch and
feedar gouuls water 1s allowsd to flev only once a week. 7That
s, the crops are ilooded once a wesk %o a4 W3 4 oJ 160 em after
wnich the water is out ©if, This is uvnique and wvery different
from mest othexr irrigstion scnemee vhere the crops are flooded
for prolonged periocds of 3-9 months at a time. Thua, even
though crops are grown all year round, there zre no stagnant
Puols within the ploes for any considerable period of time,

This is particularly so during the preolonged dry seascn,

Ssptember - March, The canals are weeded at regulay intervals,

the main canal by the irrigation Board and the branch and






sprouting from the nills, Riza offi wWacer fron thhe Bills also
empty intn the cwamp. The water is aliairus {mean pF = R.3)
decaying organic metier from *he ~aver-
ing vegetation. There are many small villag2s arnund the
swamp. The twe largest villages were selected for tnis studye.
Lapkuikui is situat2d pear the Mavigat end of the swawp, A
dug-cut canal dyaiuing tbe sWamp provides the villagers water

N

for domestrs use and smal: szzle irrisation. the other wvilla

7
{

is Tingttiyon. It 28 locatea ¥ km from kapkuikui at the other
end o ihe sVWamv. The first group o3 houses is 2 km from the

[ea) 2 - F - . N
awWampe. <+here iz an all =eascen rvivsy., Rivel Loruwai,

il
£
I
X
e}
.
o

passes through vhis viillage. forming a “emporaxy sWamp in some
part of i, thereby creating a micro-environmeai which affecis
mosquito breeding in the area. This river .i=s i
tie Mogotlo hignlanﬁs, about 60 km £-uth ot Marigat and emnties

into Lzke Logoria,scme 10 km after Tingtitiyvon,

A, IR The Inhabitants

The arez is inhgbited mainiy bv the "ugens, with smaller
aumbers of Miemps and Turkanas., The ueopnle are crganized in
=mall Tamily anits. Several un.ts consggitute a setclement or
a viliage. #mach Yamily uai+ has a clustar of 3-C houses, close

to one ancther and enclosed by a feuce of thorny acacdia bran-

ches, There is usuvally =z separate house for the head of iLhe

1

Tamily, 2.ae fur tne wife an? shildren and one each for auy

adolascent male child., Akl of these may bz shared Ly nimals
unleszs Serarstz2 houses hDav? Yeosn Luilt for tne animals. The
strule fowds are mpise meal, wmlilil aod meat. Pecpie acormally
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retire for the nigiit around .00 p.m. =sxcept on 37ec .al cele=
brations sucli as wedding o2 vwhen children gather to sing and

piay du the moonlight during the dry season.

All the settlements and villages are small. RI and kK

on the irrigatvion scheme have 40 residential houses each ond

150 1nhab1tantv ver setiiement. Endau village is also agbout
the same sice, Hakpuikul and Tingttiyon villages near the
Loboi swamp have 60-80 residential houses, with 200 and 300
inhabitants respectively per village. Wwater for domestic use
is obtained from the irrigation canals in the case of the
setitlements neur i¢ and irom thie Loboi swamp in the case of
the villages near it. HResidesnts of Endau get their ~atexr from
seasonal rivers and temporary pools during the rTainy seasorn
and from Marigatl ivown (5 km away) during the dry season. Aan
ivrigation stheme Wﬁi:h will carry wate:r from the CThemeron:

arvificial lake to Endau was still under constructione.

2:3:5 Occupation

The people are traditionally semi-nomadic herdsmen and

s

animal husbandry is the most important occupation. ihe farm
animals include cattle, sheep, gvats and donkeys. Most peuple

also keep a tew chicken, dogs (serve as guards) and pet catsS.

Men and snimals live in very close priomimity, sharing thes same
houses cor sleeping in separate houses close to ocne anciher.
Peop}e with large numbers of animals often keep them in onan
angfﬁéures within thez comgound, The animals are taken out {or
grazing in the moining, 3.00 a.m - .00 a.ie and brought back

in the evening (6.00 Peme}s Crop farmiang iz on a small zub-

sistence scale by a s.minority of the population, outsides :he












gsced ftor adult wmosguits Sanpliing, namely:
. Y . 3 e i i 2 o 1= e . »
(i) Hand collisction azing sucking htubes t- colieci mosqui=-

tses rrcm animnal sheds, vegetations. boryrow pics, sud

othar sutdoor resiving sites, Each site Was sanmled
9

for i5 minustes on each «f ¢wo visits during ithe period.

o~
}. -
e
o

Suction trap collecticn which consisted ¢f the use of

H

a modified Morkswood trap to cellect moesguitees from
animal Yurrows and termite hills hetween 6.0C peowm: and

2,00 a.m. Cne sach collection Was made every w=22k from

cach UyoDe 01 resting sSice.

By the pyrethium spray metizod.
L Use =zf exit traps to sawmple mosguitoes thias were leaving

the housss after eutsy setween $5.90 n.m. and 5,00 4 m-

The efficiency <t the outdoor sampiing meithods could not
be compared statistically because the units samplied, that is,
vegetation, animal burrow &tc, were different in size and Lt
was very difficult to standzrydize the catches for purnpeses of
comparision. The pyrecthrum spray method wac found co bde

S518n

poe
< 2

ficantly mere efficient than the exiv trap in sampling
houee-naurting mosqguitess. It sheould bs peted, hovwever, that

the twa methods sampled different subunits ot che nopulailion.

™

T'he spray method sampleoc gaytime house-resting mosguiiies

. -
consisting

3

zi:ly of freshly fad females wherea=s thae exit rrap
sampled uafed Zemzles leaving the house in se2arch of ciher

hests and oxuphilic memdesrs =i the populstions seatving out-



sampling Was startea in Jaruarv, 1986 wnot -nly because of

i

its low preductiviiy but alse because it was unsuitable for

e

tihhe type of houses in the study area. Mest of these houses
were without windows, making it extremely difficult te fix

the exit trapse.

A larval survey invclving the examination of 211 ihe
ex’sting er pociential bDreeding sites wWas also carried oub.

Bifferent onaris of bodies of water in

ine areay nam2ly the irrigation scheme,; the Loboi Ewamp,

Lakes Baringe, Bogoirla and Chemsrcon, as well as temporary

p0o0ols and puddles in existence at that time were sampled

G

sonce a week by the use of dips. Ten dips were taken i1rom

2acihh type o1 Babiiat per sampliag vecasicne.

The following four locanilities were eventuzlly selecied

for routine sampiing, based on theiyr nearness *to the two

ot

ntain Dreeding

A

iebitavs, lobol svwamp and Perkerra irrigation

scheme ; and thelr geccessibility by road throughout the year:

Ed

(a) Xapkuikuli and Tingttiyon villages, near the Loboi

Al

Ve

Swamp. These were the largest in size aud most pooula

!

cf the several small, sumi-~temporsry settlements asar
tha svwamp. The twn villages ware approximately 3 km

apart.

ft) Tocations RY and RS on tue Perkerra ixrigaticon scheme.
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243 General Bampiing Methods
2 ¢ Pyrethrum Spray Collecticn

This methed was used to samplg indoor resting adult
mesquitoes for various purposes between OCtaber, 1983, and
September; 1987, The procedure used in this study was =25
described by the W,H.0. (1675 a). Since tﬁere wvere 40 - 80

houses in ecaclk sampling locaticn, five houses Were selected

=

in each of the

0]

ampling iocations, s0 that on the average one

2cuse in ten was sagmplad.,. These wvere spiaved once every

n

fortnight, using a solution of 2,4% pyvrethrum, diluted with
vater in the ratio of 1550. The spraviang was done hetween
F.00 a.m, and ¢ a.m, The houses in the sampling locations
chosen were very ideal for this method of collection, They
were single-roomed, Without windows and with wvery few house-
hoid effects, In «ach locaticn tire same five houses wers
used throughout thc period of the studv. Fach house in each
location was given a number {1 to 5) and mosgquitoces from

A

each house Wa2re put in a plastic tube lined with {ilter paper

L

with a correspounding number for that house, All identifica-
tions, dissesction etc were undertaken in the laboratocxv.

The mosquitoces collected by the above method wWere used

{1) for the stndy of the species composition, relative

ot

:

abundance and zeasonal fluctuations of the indooy resting

entions ete

]

peprlations and {2) to provide matc:riszls for dis
for the situdy of age composition, sperozoite rates, host

perferences etce
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2.542, EZGRESLION avD aNaLYSIS OF VARIANCE (ANOV.A)

The estublishment of a significant zrectilinear
relationship between tvwo variables, x and y, by calculating
thé,correlation coecfficient =, does not prove a2 czusal
relationship between the twce (Snedecor and Cochran, 198Gj
Bailey, 1981). A regressicn analysis is needed before
any such conclusion can be :made on whether ¢l nges in the
values of y are @aused by changes in the values @i x. There fore

in the pDivariate-normal data mentioned above a regzrescsion

. A TRP=S ~ - . A pe ot
analysis was 4oae 1if the value of 1 was significant at Hze

or lower. The regression equation, y = a+bx, was used to
"yt

estimate "b", the coeflicient of regression from the sample

ata, and "z" the int:rcept (Parker, 1979).

{0

After ths regressicn line was fitted, the siganificance
of the regression was tested by an anavlsis of variance,
especially in those cases where the poiunts were well-spread
about the regression line, The Y-ratioc c: lculated was then
combargd with ccrresponding valuez cn a vable of F-ratios,
It was thareiore possikle to ceonclude whether or not there

was.-a linear relationship between x and y in the parent

population,
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The stage-specific suivivorship of immature Anopheles
mosquitoes in two habitats in the study area was calculated
using the »rocedure outlined by Service (1973). The number
entering each stage (51) was estimatéed from the survivorship
curve, The survivorship from ist instar to adult was then
calculated as S7 (adult)/s; (ist instar) while the "Killing
Power" K (varley et_al 1974) of each stage was calculated as

TP ~106; "

> iy

Life-tables were alsc calculated Trom the survivorship
curves using the method of Scuthwood (i978)., The tablies
contained the following columns: -~

X = &ge

gl

n days
Nx = No surviving to age x
1; = No per 1000 surviving to age X
dx = mortality vetwcen ages x and x+1
pX = probability of surviving from age x to x+1
gx = probability of dying between age and x+1
— ex = expectation of l1ife remcining for individuals

of age xs

3

-205.1"'. Chi-—square (4{2) Test

In the study of ratez of

Jwbe

nfection with malaria parasites
. = L A r -
amcng school children the cli-square test (2x2 tablej was

used to test the significance of the diifferences in infection

rates betveen diffeirent schools at different times of the year,
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CLAPTER 3
= SPECIEE DIVERSITY AND DISTRIBUTION
Fio Introcduction

I:: studying the ecology 2f malaria wvectors in any

lccality,; it is necessary to identify and dogcument all the
other mosquito species which share tlie same breeding sites

and hoests with the iarget spscies. This is because since all

the mosquitees QJreeding in one habitat comrete for the

available rescgurces such as fcod, space; shelter ezc., Fnow-

vecters may be essential in understanding the populatiocn

it}

dvnamics of the veﬁ;ar&. Buch 2 knowledge can be
when devising contrel measures, ior cxample in situatiocns
where there is competitive displacement of one species by
another (Subra and Dransfield, 19%4)

Mosguitoes in tlie parts oi Buringo distyict covered

this study -vre 1Tound to breed mwainly ir shree types of

tuats

beda

1a0

'

{3 The Lobecl swaino

s

(14) The Pertherra irrigsation scheme

3 e ¥ - . . T
(111; Temporary pools such as hoof-prints, bLarrow pits,

~ay and tractic¢r tracks ete,

The fizrst two were large pnermanent bodies of water waich

xploited

*J-

uppirted mesquito bresding round the wear while the thisd

weie uXansient aad =sppeared only during or sovn aiter the

:

ledge of the distribution ana relative abundance of the non-

N L ne
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nelonged to various geners of the Lvive wulicini Seasonal
changes in species diversity (plpces and periocds of coliection)

are summarized in Tahle 1

Table 1 Summary of Ilaces and Times of collection of

varicus Mosguito species,

SPECIES LOCATION PERIOD STTE

A,gambiae  lLoboi All year round Incoors*, T.HI, A.B
Perker-a o 0 ' it
"
Endau May = Decenber i "
1y
A.funestus Loboi All year rcund Indoors*, T,H, A,.,B
Perkerra Feb.~ Mar., " ! B
‘ 1 (P' . Oct L " ‘l ”
i,phearoensis Loboi May = Tecember Indoors, VYegetation
near animal enclosures®
Le.coustani Loboi - May - August Vegetation hear hreed~
ing sites
sezZiemani
A.saibaiil Loboi Janaary = Apial Ivdoors
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From Table 2 it cait be seen that during tne hot dry
season {January - March) A,ganbiae Wwas the most abundant
species at Kapkuikui (Loboi) ana Perkerra, followed by the
culicines. But at lingttivon {(Loboi) and Endau village the
culicines weremost abundant at this time followed by A.gambiae,
Av Kapkuilkul, LZ.gambiae numbers increased steeply in April
following the onset of the rains in March, reaching a peak
in May. There was an equally steep drop Zu June ard there-
after the numbers remained moderately hipgh and steady tilil
August. From September there began a steady decline in numbers
up toc December (Fiq. 7). At Tingttiyon there was a slower
but steadier increase in A.gambiae numbers zo-»m March, reach-
ing a peak in June and then dropping grédually to a low level

in Septcmwer., Betwecn Oclober and December there was anoiher

ry

increase in numbers with a peak in November equalling chat of

June (Fig. 8).

The seasonal shundance ox A.funestus shovad three

clearly defined population peaks during tihe year in Lhe Laboi

swamp area. The numbers increased steadily from January
. / ra i) - . s - - -
untii March {(at Tingttiyon) and April (at Kapkuikui) respec-—

tivelv, Thereaftexr therc was a decrease in numbers during

the heavy rains,



- ("64,

vab.1? 2: Sunmary of monthly coliections of mosquircas indoors from 4 sompling sites in 1986,

{Coliecticns from 5 houses were paslad,

e m—

} |
1 -
i | LOBOL PERKERRA  ENDAU

Kapknikui Tingt tiyon R1 Endau village
MOPFIH Gamb- Fune~ Pharo. Cnli- Gam- Fune- Culi~ Gamb- Fuie- Culi- Camb- Fune- Cudi-
iae stus ' cine iae atys  <ine jac stus  cine 180 stus cine

JAN, 40 4
Fi3. 23 14
REN 87 42

16 30 11 72 4 0 0 ~ - -
52 78 18 183 5 3
74 293 9 3
50 144 54 257 13 0 23 0 0 38
ABY 54 40 18 52 173 4. 23 14 0 7 2 0
JUNE 136 43 24 13 192 43 16 38 0 2 34 0
JULY 1.7 32 11 1 149 3¢ 115 0
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Graph showing the relationship between rainfzll and the
number of Anopheles gambiae S.,l. and Anopheles Funestus
collected at Tingttiyon, Loboi. 1986

statal from 5 houses were pooled,












Cezombiensis, S.quinguefasciatus and i.afuvicanus werea

the only culicine mosquitoes present in Loboi and Perkerra

locatioms thirougnout the vear, At Endau, they were very tew
or totally absent between May azand December, All culicine
species were poolied foxr all types of analyses. Their numbers
reached a peak in all location:z in Aprii, abcut one month
after the onset of the long rains. The numbhers Jdeclined
rapicély during the neavy rains ana remained low till the end
of the cool dry period, The numbers increased slightly

=~

again, October =~ December (Tabie 2),

o
l’\

Fe363 Effect of Climatic Factors on Moscuitec Abundance

For the purpose of relating fluctuatiocn in mosqguito

numbers to seasonal changes in climatic conditicns in Maxiat

atiy
the year was divided into four distinct periods namely:
(i) January-Marciis~ This is the main dry season and

is characterized by high tvemperatures, low relaiive

humidity, strcap dusty wWinds and very little roins.
7 &) ph

d s & . . - N
\id ) April-~Junes Th. s is tie long rainy season charac-—
terized by heavy rains, moderate tmperatures,
s high 1elative humidity ane low windspeed,

(iii) Julv-Sep.ember: This is the cool, dry period
witht moderate to low temperatures (nspﬁcially
at nisht), low viadspeed, modcrate relative
humidity and rainfall

;)v} November-lNecember: Peiiod of the short rains,
charactzrissed by Jittle to moderate rainfall,

S | - . " . re (3 .\ —
aigh cenpergonies, =maderate i .lzsive Liumidivy
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Scatter diagram showing strong positive correlation between
monthly catches of Anopheles gamblae Sele and razinfall of the
preceeding months at Kapkulrui, T.obol 1986
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lon rainfalls iln the prede=sding months of July and Semptenbeyr
respectively (Figure 7). At Tingttiyon, the steady increase

in nambers of A.gambiae reagched its maximum in June, two months
after the hhigher of the two rainfall peaks (in April) and
coincidental witn th=2 seccnd lower ones For A, funestus the

firsc of the three population veaks occurred ia March, the

e

first month of the rainy season. The sccond and third peaks

in August and Octovner followed relatively low reinfalls in

July and September respectively as was the case in Kapkuikui

{1i7.73)

Scatter diagram (Fig. 11) shows that there was a strong
positive correclation between rainfall of the oreceeding month
and 1. gaumbiae catches at Kapkuikui. This relationship was
nighly significang {r = 07374 F = ?1.9q; pA_O.Gi). The corre-
lation beztween rainfall of pravious month and é.g@gbiae‘aat:ﬁwf

-

r = 0.399, oy 0,035, Fig. 12}.

i

at Tingttivon was not significant
There wWas =150 no correlavion between rainfall of previcus
month ond iN.Iuanestus inonthly catches a2t both locations as shown

-

i TFigs 13 and 1% Qx = 0,276 and ¥ = =0,12

N

s fo. Hapkuikul and

Tingttiyon respectively,

.

—-The situation at the Ferkerra irrigaticn scheme Was
entirely different, The first steep increase in numbers
ocuvurrer in Junsz, twc montlis aftér the rirst 1rainfell pezl,

B:xt mosguito pepulation peah wWos not attained until Septiombern
thiree months after the ead of the iousg rains (Jis. 9). There
was only a wealh positive covrelation between rainifali ard
d-gambice aenthly catecbes which Vas non-sienificant at 57

F: - 3
AN 0,,’:.29 I‘lg,‘p i, e












)

.

p'< 0,05) as shown in Fig. 18. Since temperature is inversecly

proportional to relative humidity, Anopheles gambiase catches

showed = strong positive correlation to relative humidity at
this location. The highest numbers of A.gambiae were collected
between April and July when R.H. was highest (Fig, 17). This
correlation was highly significant (r = 0.674 F = 7.49, p Z 0,01

as shown in the scatter diagram (FPig. 19).

For A.funestus, the three population peaks in April,
August and November correspunded to periods of moderate
temperatures and relative humidiiies. The highest wumbers
of this species were collected hetween Octcber and December,

a period of nigh temperatures and lovw rvelzstive humidity.

The palcern of scascnal distribution of A,gambiae af

e

Tingttiyon and Endau wilhh respect to changes in Semperature
and relative humidity was similar to that at Xapkuikui. Thus
the peak pepulations were attained between May and July when

temperatures were lowest and ‘relative humidities highesc

25

,,
tz)

igs. 20 and 21). For A.funestus at Tingttiyon, the highest

nunbexrse were collected hetween October and Descember when

[N

temperatures were relatively high and relative humidity low

(T“ig. 20) °

At Perkerra, uniike the Loboi and Endau locatdon

m

Aezambiae peak populations did not coincide wiith the period

of lowest temperatures and highest relative humidities, just
as it did net coincids with the period of maximum rainfalls

. 22)

( Fi

P
=2
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Scatter diagram showing strong positive correlation between
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3a2e3e3e Effect of Windspeed on Mosguico Abuninnce

The relationship between windspeed and the seasonail
relative abundance of the two major anopheline species are
illustrated by Figs. 23 and 24 for Loboi and Fig. 25 for
Perkerra. The hizhest windspeed occurred beitween January and
Marcn which was also the driest and hotiest part of the year,
winc velocity was also véry iigh in October. As wind velocity
decreased as from April, A,gambiac numbers increased, reaching
their maximam in May at Kapkuikui and in June at Tingttiyon.
ithe loweét wind speeds pirevailed between June and Auguste.

Thus there was an inverse relatiocnship between wind velocity
and the nuwbers of A.gambiae collected., This negative
correlation was sigrificant at Kopkuikui (r = -0.68%, F =
8.14, ©£0.01) as shown in Fig., 24, For A.funestus in these
two locations the population peaks coincided with periods
of high wind velocities between Cctobél and December.

igain the strong correlation between A.gambiae catches and

windspeed was probably due to the cross~correlation between

the latter and rainfall.

4t Perkerra the period of very high wind between

@

January and March was marked by low A,gambiae catches. Catche

remained low upto June despite rapid drops in wind velocity

fde

between April ana June {Fig.25). The highest numbers of

moscultoes were collected betwecen July and Septemben,

corresponding to a period of moderate wind velocities,
At Ei i 5 i 13 8 :
Endau village the nighest A.gambiae catches were in July,

the month with the lowesi wind velocity.,
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Thus in this location maximum mosquito catches coincided with
optimum windspeed condition as was the case with the other
climatie cownditions already discussed,

The relaticnships of these climatic conditions, rainfall,
temperature, relative humidity and windspeed, with the

3

ors in the

ey

r:2_ative abundancze of the two mnajor malaria vac

study area are summarized in Tables 4 A and 3. Table 4a

(4

gives the values of the coefficient of correlation, 1, between
the climatic factors and the corresponding mosqguito catches
as well as the F-ratics which indicate their levels of

T
3

S , Ia)
able 45 gives the values of rz and 1-r~,

3 o, 3 { ry ~ I'j
iocording to Snedecor and Cochran (1980) v~ represents the

estimated proportion of the variance of mosquito catches, Y,

to its

o

which could be altributed

iinear regression on the

n

correspending climatic factor, x, while 1-r® is the proportion

=

free oi it. t can be seen that ot Endau the variations of
mosquito catches associated with rainfall, temperature,

relative humidity and windspeecd was 3,5, 0.65, 0.11 and 0,61

Lt

respectively while at Kapkuilui, Loboi i% was 0.34; 0,49,
0,4% and 0,46 respectively. 1In all the cases where r was
nonsignificant, there was virtuaily no association between

the t«) wariables,






Tzble 4A: A Somuary of the resationship peoween Climatic Pactore and

kelative Abundance of Anopheles mosdguitons,

CLIMAT:C CORREBIATION ANALYSIS
LOCATICH SFEETIES FACTOR Type r Vaiue F-ratio Level of
significance

A. gamtige Ra.nfali +ve +0.5
Kapkuikui " Tenp. -ve -0.636  €.12
(Loboi ) : R.c. +ve  +0.674 4

K viindspeed -ve -0.67S8 .65 2
A. funestus Rainfall -ve -0.050 - H.S.

¢ T \
i Ternp., -ve  ~0.094 = N5,

& E® >~ AN @
- RuH +Ve +,302 = .3

. 5 . . 5 o
viindspesd ~Ve ={J. 023 - PR

- —_—

ma = x 5. - & = - 2l Q ar

Tingttiven A, gambiae  Rainfarl ~Vi +0,.49 - Hhs
- —— A e Wt

—
:
o]
]
COI -
i\
o 3
4
IA
@
|
o
.
o W
o
!
tr

Ll S.

A. funestus Rainfaii  -v -0.053 - .S,

" Tent. e +D.126 - N.S.

" R.H, +ve  +0.039 - N,S.

% Wwindspeed +ve  +0.05 - #H.5.

Rl A. gambiae Rainfall +ve 40,25 = N.S.
PIRKERRA Lemn, -ve  ~0.548 = H.5.

)
J
Y
o
0

R.E. +VE L LN 5 -

)
"l
&
.
w
s
|

Windspead -ve -0, 442 -

* k% _*%% = gignificant at 0.05, 0.025 and 0.1 respectivzly

N.S. = Nen-sign: Ficant



CLIMATIC CORRELATION ANALYSIS

LOCATION SPECIES FACTOR Tvpe C©orr. Not Assoc.
coeff.r 1-r<

iae kainfall +E +J. 583 .34 n.66

Xapiu: ku? T Teing, -ve -0.636 C.aC 0.60
{Lobot) 2 K H, +ve  +0.674 0.4t dJ.55
! Windspzea -ve ~0.872 0.4 0.54
A. Rainfali -ve  -0.053 §.003 3,997

& Ebnt. e ~0.094 3. 009 0.%31
’ R.H. wye  #0.302 g.0%1 J. 908
: Windgspeed -wv=  -0.033 g.001 C.299

Tinctiivon A, gampier  Rainfail +ve  +0.4¢© £.24 G.78
{Lobuot } - Tenp. ~ve  ~0.3 0.13 C.87

L w3 % 3 iy oo s B 1=
jindspesd e =050 Gx 25 Uga 7

£~ - N NeRT " o o To

A, Faintall ' =N, 053 2. 002 Nn,297

N Windspeed +ve  +(.05 .003 s 887

Ri L. gambiae Rainfail +ve  +0.25 0.c 0.84

—— v R ] o e oo - -

ENDAT] Rainfall +vye +0, 704 .50 7.50

Windspesd -ve  -0.701 .64 .39




Ty Discussion
Foltel _Species Diversitv and Distribution

Marigat division of Baringo district, Kenya is semi-
aridy dry, dusty and sparsely forested, with an annual rainfall
oi about 500mm, Despite this dryv climate, there is a great

diveyssity of mosquito species in the area and breeding is

7

maintained all round the yeavr 4in some permanent bodies of
water. The most important of these With respect to mosquito
breeding were found to be the Loboei swamp and the Perkerra
irrigation scheme. Seventeen species wWere collected and
identified in whe course of this study, all of vwhich wuere
fouad to breed in the Loboi sw.ommp while five were found to
breed in the irrigation scheie, Other permanent bodies of
water in the arez included the Chemeron artificial lake and
iakes Bogoria and Baringo. MoDuulto breeding was very minimal
at Chemeron probably becarse it has only been created in

1985 and the water level was still fluctuating greatly. No
mosquito larvae Wers collected from lake bo goriza during twe

vears of sampling. This was nrcbably dne to the high alkalinity
and salinity of the iake “ater [mean pH = i0e15; percentage
salinity = 2,8 (equivalent cof 105% eawater),(“~Ca11 1967).

3

A.gambige and A,funestus which were the most abundant species

= o

in the ares are knewn to have lowar salin’ ty tolerances of
~ =l / $
20 and 0,73 (equivagient of 75% and 27 seawater) res ively,

pe
(Gxxlies and De Meillon, 1968; Mosha and Mutero, 1982).












and montily catches would ke well me.hed, However, when

the coetticient of coryrela*ion it wns
non-sigrificant in ail three lccations, This impnlies that

although

the seasonal abundance ¢f Aqganbiae in these places

Wwas ccinnected with rainfall, cthe relationship was not =

direct onre, There are two wvossiwvie explanations i1or iwnis:

——~
e
—

(1)

Lhie

EBven though rainfo'l afi~cues mosguito numbers Dy

creating more brecding sites, c¢imnerabture aad reiati

pumidity which regulacve dule leoagevity may be wors
important in determinatiaing the final populaticn size.
By influencing tempercture =zaud irolative humidicy.,
rainfall has an ind’ reci eliLci_un survaval ana

hence on pepuluricn size {(Gillies and De Meilloan,

1968; Bruce-Chw.. ;g (985 .

L | P

o« Zambiar takes between 10 co 15 days tce devzlop

Trorm egg to adult under cpoimun tempiratyre conditicns.
There is therefore a vime-lag betweaenr the emevgence

of new adults and tiwe rainfali that crsaced the
breeding sitc.
fluctuaticnz iu teampeiaturs apva ra2lative humidicy

littas <o have hod any profound effect on pepulacion

tsee Tpole )¢ thersbhy duxing thne Tivs. evaplanation

mocst unlikely, In ovrder te eliminate the eliect of time

- -
&7y
the

Gie

5834

maos

gquito monthidly cellieciicns shonll be nlotted - gninst

rainfaii ovs the jpyecesdirg mornehs, When this was dene,

coLY

: % LI ot % i 3 F s b d {
elatior wag slgnilicant at Sapkaikai, Loebol (70

5e¥7, BLU.I5;

=






and mosquito catches, even when this was plotiea agalni
previous montns' rainfall. The population fluctuations seemed
to depend more on irrigation practices adopted heie than on
rainfall patterns., The msin channel leading irom the dam was
the only part of the irrvigation system that carried water
permanéntly. The secondary carals branching off from th.is
and the feeder canals leadiag into the cultivated fields wer:
fil"ed with wvater only once a weak, The basins in which

crops wWere planted and the furrows separating them from one
another were thus only fleooded once a week to a depth of

about 10 cm. The puddles formed as these and the canals dried
up, provided suituble sites for A.gambise breeding. During
the dry season, novever, many of these dried up teoc quickl

to allow the completion of 1ife cycle by the mosguitees. In
the rainy segsorn Lhese puddles increased in mamber and iasted
longer. There were also additional <ites crested in cor
tracks, burrow pits etc, accounting for the rapid increase

in numoers &t this time.

There is also the vnractice Dy the irrigation bosrd of
diverting excess water from the main channel into disused
caenals anytime there wWas very heavy rainfalil so as to prevent
the-former from overflowing its banks, The flow of wWater
in these reliel canals is slower than in the irrigaticn
canals and therefore suitable for mosquito breedin,. Tﬁey
beca%e particularly ideal vreedirg sites for A.gambiae at
the end of the rains when they begin to dry up, creating
large staguant pools in tne process, Thnese are mostly respon-

sivle fer the peak ropulations between July and Septe aber,
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the breeding of C.quingu=la3ciatus.

e S

Rainfall aas aa inverse reliatvionship with tempsrature

vy and is

Winds#esc and a direct one with relative humidity,
therefore cross-sorrelatasd to ail thres of ti:eme Thus at
Kapkuiliui where mosguiteo monthly catches has a sigrificant
positive corieclation wiih rainfaill; tne mon*ily catches,

18 4 sSignificant negative correlation with temperature and
windspeed aunc a significant posicive corvelatvion with reisbtive
pumidicty, The same typz of situntion was ovuzined at Endau,
cxcept that the relationsiip becween catchies and relative
numidity was non-sigriiicant (saes Table 24A). At Tiagtiivon
and Perkerra whers fthere was no corrslation detween mosaul :,-;;.'
catches and rainfell, ihes relavionship wetween caitches and
temperature, windspeea and relative humidity were zalsc non-

signiiicanty except for relative humidity at Tingttiyon,

Table 4B iilustrates the point that the stong linear
correiation between mosquitc catches and some of tlie climavic
{factors 4id not in  all cases imply a close asscciation
between them. Thus at Loboi only absut L0%, cn the average,
of the A.gambiae catcheswas associated with changes in climatic
factors, inspite of the strong linear relations. At Endau
the assoclianion betwzen changes ian A,gambiae and cbanges in
ciimatic factors was stronger, except for relative humidivy.

Lt ranged from 50% ior rainfall to 65% fox temperaturc, I

4l instances, however, care must be taken in interpretiag



D

the results vecause as Spedecor wntd Cocbrar {(1280) puinted

4

sut ewidenc2 of assuciation buetween tvo variabhies is no
prowr tha® changes in the value o1 one was cgused by the
oo o L ”
[ v N = Y

““here temperature

relative numidity and windspeed

v

are impaviznt ia

M

egnlating mosguiso aumhers, they do so

by rzgmulating adult sorvival zad longevity, Wind also affecis

SR

actrvities svch zg feeding, flight range and oviposition

~
L

Giiiies and De Meillom, 1968; Bruce-Chwatt, 1985). If this

was the case in Lhe preserny shudy, then Loth A.gambiae and

AJfunestus would bave significant linear relations with these
climwatic factors, since they would affect the survival of the

two species equally, But there was no sigunificzsnt correlation

B

bet«een g,funestus nawbers and any one of these fa~tors,
indicaiing that they viere nct innortant iv. the reguiatiocn
oi mesguito numbers in this case.

The significant correlation cbserved bhetween A.gambiae

numbers witit these three climatic factors at Kapkuikui and
Londauw must therefere be the result cf their cross-~correlatiocn
te rainfall, The non-cervelation of A.gambiae relative

abundange to irainfall at Ferkerra was due to certain agricul-

tural Tractices adonted vn the irrigation scheme, as explained
above. waile the non-~significant correlation of A.funestus
nunhers to rainfall at Leboi was prebably due to somc
charsctexristic features of the breeding sites, az explained

ovelow,






was 3¢ill higa bul the speed of flow »f Lhe Wator wWes

rinimal, Tuils explains the increpses Bebwaeen Augast and

November, There was ro significant correlavioin bHetween

unessus nunbers and cny other of the clitatic Factors

measured at both Kapkuikui and Tinttiycern {see Tenle 44),
we imnoxrtant differentes were abgerved helbween
Kepkuikui and Tingttivoun (both in Ls%ci) with respect to
Anopheles mosquito numbers agnd their relation ship to cli-

matic factorss=—

1 X Vg e = - » T - . v
(1) At Eapluikul there was oniv one nopii.atiosn peask for
A.gambiae in May, but at Tingttivon tliere were iwe

peaiis of appromimately egual sizes in Juneg and Novem-
Daer,
- - . - . I . P
{2} Thera was a snificant ccirrelation between A.sambiae
nb R LS

catcizes and #£ach of th? climaftic Iactors megsured =

1

G

)—l-

£

rainfali, tszsumperature; relative humidity znd w

speed=-at hapkuikui bui not at Tingitiyvon (except

with relative humiditv). Thsat

‘-Jl

Sy A.gambiae numbers

were regulated by climatic factors, especizlly

rainfall, a% the former location but not the latter,

Kapkuikui is located directly beside the swamp and
the mosquitecesz collected from here, esp.cially during
the dyy season, bred entirelx in the swamp. During the
rainy seascn, hovwever, additional temporary sites were

arecated. Tingtiiynsn on the other haund, is further away

from the ewamp, upto "km from the neasr e¢nd of it.



Secondly tlwere g an all season river, River Loruvai,

which passes through Tipgttiyon, Ioiming o vesetatiosn-

covered permane:nt svamp in ¢ forested ares beside the
viligge., Viillagers also regulariy diverted water from this

.

river te irrigate creops and pastures, expscinliy durins

the dry season, creating ideesl breeding s3ites in the process,

It would seemx that most of cthe mosouitoes ccllected from

>

this village bred in tihiese sites created by Leruwai river
rather than in the Loboi swamp., The river has i%s source
i the Mogotio highilaunds some 0C km away and so doas not
depend entirely on the locval rainfalls around Loboi for
fluctuaticns in its levels,

Ihe upsuwrge din A, mwbise numbers in this loc

t

= W 585

in Nevenber was probably due te additional breeding sites

created by the river as a result of the short vhich

1
o2
)‘\
Jode
1ot
o
6]

liad startea in the highlands in Octover, The sudden snarp

=

drop 1n A,funestus mumbers in Nowvember agnd the equally
steep rise in Decembexr can also be explained in terms of
water levels and speed cf flow in the river resulting from

L

the shoit rains in the highlands. The short rains in
Marigat division ave usually too little and somztimeas comple=
rely absent and =o do not appreciably affect mosquito
breedinsg. Thus the nen-correlation of Ancpheles mosqgaito

numbers at Tingttinyon to local climatic factors was due to

the ¢t tliat their breeding sites were crected essentially

ot

1s in another part of the district with an

o)
A

1
t
ﬁ
)
QO
o

entirely different set of climaiic conditions.
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was going on iin June 1986, =} 36}:\?1""_;‘1;@ sxperiment was
cenductea to detewmiine the instar duraticase A modiried
version ¢f the method used by Meogi et at. (198%) was

acdopted.

Engorged A.gambiae females collected from houses
asing suclkiiig tubes Were kept in cages containing 2% sugar
solution at room itemperature (27 =~ 32°C) until they becamé
gravide, TPetridishes containing either tap Water or water
from the Loibol swamp Were put in the cages tc serve as
oviposition ressels, The eggs thus laid wexre left to hatch
in the same ftype of water in which they vwere laid, Twentye
five 1irst instar larvae from each type were put in ocluminium
pans (zzcm, in diameter, 5cm deep) in four replicates, each
containing the same type of water in whichh the incoming
larvae WCre Hatcheé. uUried yeast powder was added twice
daily to the pens containing tap water, vhile water in the
other pans vas replenished every two days with fresh water
from the swamp. The number of larvae in each pan and their
develepmental stages were recorded daily w1atil fthe completion

of adult emergence.,

Estimaticn of Stage~specific Survivorship and

—maaL

—.construction of Life=tables,.

Three experiments were conducted., The first one was at
Loboi in June 1986, during the rainy season, The second
experiment was alsc at Loboi in February 1987, at the
height of the dry season. The third experiment was at the

Perkerra irrigation scheme in May 1987, at the height of
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the rainy season. The experimert could uot bLe .cp . ated =t
Pégkerra during the dry season because breeding sites of
suitable size and duration could nct be found at this time
ofrthe yeaxe The pools and puddles created by the weekly
flooding of the crops were too small in size and only a

few of them lasted long enough to support breeding, thcreby
making them unsuitable fcr the sampling method used. In
each case the method of Service {(1973) was used. Tuwo
hundred dips were made dally from pre-determined portions
of tﬁefbreeding site for 10 consecutive days, ‘using an
aluminium dipper 15cm in diameter and 5cm deep. The larvae
taken in the 200 dips werxe pooled and taken back to the
laboratory lives In the laboratory some of the larvae were
removed for reawring t¢ adults in order to confirm larval
indentifications and verify that all specimens were in fact
A.gambiae,. Twenty ancpheline larvae were randomly remecved
for rearing from each day's collection, giving a total of
200 for each experiment. The folleowing proportions, out of

the mumbers that emergsd into adults, were ramhiae:

| 29
{
;
2
i
l

112/150 = 78%%; 90/115 = 78.7%%;s 115/155 = 74%, giving an
average of 75.8%. The rest were then fixed in 70% alcohol,
after which they were identified,; counted and scored to

inscars,

4 ¢e2¢2 Results

A basic assumption o7 this method is that the popula-
tion should be stable throughout the period of sampling;

that is, the number of eggs laid per day should balance off
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the number of dezgthis in all stages. If this aszumption

[

hholds, then the zze-spaciflic distribution curve sinalates
the time=specific survivorship curve ({(Service, 1973, ?977}
fince the sampling from each habitat was done over a shorc
period of time, it wWas reasonable {to believe that this was
the ecase in these experiments. To chtain a graph of the
age distribution; the total number of 2ach instar collected
over the ten-day pericd was divided by the appropriate
instar durations. This is to correct for any bias created
0 differences in stage duratioans. Frecm the rearing e:seri-

nents described above the instar durstions for [

Mazigat were found to be: I = 145 days, II = 35 days, III =
2 davs, IV, = 3 days and ¥ = 2 days, giving a total develc-
omental period of 1i1.5 davs, These correcied values
(number/instar dufation) give the numbers of lairrae and
pupae at ths temporal midpoint of each instar and were
plotted against age in days of the larvae and pupaz. The
resulting histograms represenied the stege~specific zage
distribution, A curve was. thaen fitted through the mid-
points of each histogram block (instar) to give the age-
specific age distvibution curv: which simulates the timem

spreific survivorship curve (Fiss 26 ~ 28), It was not

possible to draw a smooth, continuous curve through the mid

58 of the histograas as Service (1973) and Lakhani and

é;};iée'(1974) did, The procedure adopted by Reisen and
Siddigui (1979) was therefore used, Segmented curves with
the points joined with the aid of a straight adge were

dravn, From these curwves +he number of individuals

e
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Graph showing the age structure of immature
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Numbers of Immature staces of A.cambiae s.l. collected each

e s

n

Takle b
day in 200 dips from iarval habitats, showing the coefficiaint

-

of disperczion, C.D. = 53/K, for each instar.

collecting No. of larval instars (I-1V) and Pupa Collected

Habitat days 1 11 111 v ®
EXP.1 1 23 18 i0
y) 22 14 11 7 0
LOBOI 3 434 254 168 70 20
JUNE 1986 4 35 27 14 g 2
5 43 19 19 7 )
€ 66 51 37 35 18
7 Z1 18§ 20 12 1
8 23 17 14 18 0
9 19 17 10 22 E;
10 23 © g 5 3
TOTAL 711 451 248 192 54
Mean % 71.1 45,1 24.8 19.2 5.4
Variance S< 16485.1 5570.5  49831.29 407.07 56.04
C.D. s2/% 231.87 122.41, 37.5% 21 20 10.38
EXP,2 1 62 26 16 - & 2
2 165 L3 19 4 9
LOBOI 3 47 13 & ) 0
reB8.1987 4 48 15 6 3 0
5 155 85 36 7 C
6 155 68 29 7 i
7 135 75 42 25 1
8 143 93 67 29 0
9 202 137 72 39 8
10 200 130 &1 43 0
TOTAL 1312 678 367 173 12
Mean X 131.2  67.8 36.7 7.3 1.2
Variance ©2 3443,73 2021.07 791.34 232,68 6.18
G, S2/% 26.23 24,6l 2i.56 13.45 5 15



Coliecting No of larval instars (I-IV) AND Pupa collected

Habitat ~days I IL. . 111 v P
EXPT. 3 1 75 51 39 z 20
2 204 165 73 50 36
PERKERRA 3 129 99 60 45 36
MAY 1987 4 81 66 38 Z1 15
5 72 54 27 9 3
6 99 4 52 45 3
7 105 72 45 33 3
8 90 Ty 54 45 15
9 220 214 90 0 50
10 120 a4 40 32 6
TOTAL 1271 961 518 36 Al
Mean ¥ 127.1 G5, 1 81.8 5.6 8.1
/ariance 52 5002.77 2758.1  348.4 232,27 259.21

C.D. S§2/% 39, 3¢ 28.70 65,73 6.35 14.3
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entering each stage was estimated by interpolaticn for
the calculation of stagew~speciiic survival rates and life=

tablese.

The total numbers of each instar cbtained from 200
dins in each of the three experiments, together with their
means, variances and coefficient of dispersion (Variance/
‘Mean) are givein in Table 3, In all the exﬁeriments, the
coefficients of dispersiou were higher than unity (that
is, variances were higher than the means) indicating a
highly aggfegated or clumped distribution, The 1st irstar
larvae were the most highly aggregated and aggregation
nrogressively decreased as the larvae grew older (excepﬁ
between I and II in «perinent 2). This is probably because
the eggs were laid vdry clcose together by the females and
nlso due to the relative inactivity of the 1st instar
ilarvae, As the cohcrt mature, the-larvae migrated further
from the eclosion sites in search of food and more space.
The curmlative effect of the various mortality fectors
which acted on the larvae as they grev must also contribute

to the lower dispersion coefficients of the older instars.

The stage-specific surviverships are shown on Table
6. Survivorsihi~ from 1st instar to emergence wWas appro-
ximately egual (0.085) at Loboi and Pervkerra during the
rainy seasons (Expts, L and 3) but dropped drastically
(0.000) atl Loboi during the dry season (Expt. 2, Table 5).
The largest proportion of larvae died in the 2nd and 4th

instars in Experiments 1 and 3 while the lowest precportion
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> 6: . Stage-gpecific survivorship of immature A.gambiae s.l.

in the two larval habitats

Eobitat Instar N S1 S Dy Py K1
EXPT. 1 i 474 500 1.000 220 0.373 0.438
LOBO1 11 150 370 0.627 235 0.635 (}.438
JUNE 1986 11l 124 135 0.229 35 0.259 0.130
v 64 100 0.169 45 0.450 0.230
P 54 55  0£.093 5 ¢.091 0.041
A 50  0.0847* 54C r = 1,042
EXPT. 2
I 875 1095  1.000 435 0.397 0.220
LOBOT 11 226 660  0.F03 160 G.697 0.519
FEB. 1987 111 183 260 0.133 70 0.350 0.187
v 57 130 0,119 105 0. 808 9.716
P 6 25 0.023 25 1.000 -
E . g 0.000*F 1095 X =..642
EXPT, 3 I 847 995 1.200 320 0.322 0.169
PERKERRZ: 11 320 675 0.57¢& - 390 0.57¢ 0.374
MAY 1987  III 260 285 6,286 8  0.296  0.154
iv 120 200 0.201 94 0.475 0.280
P 65 105 C.106 20 0.190 0.092
A 85 0.0854 9i0 = =1.069
KEY

N = Nc collected/stage cduration = median age nu = no
at temporal mid point

S1 = No entering each stage (estimated f{rom the curves]
S = Survivorship from one stage to another,

= 1st instar to adult survivorship, (A/I)
Dy = No. dying during each stage, $1-3) + 1
F1 = Proportior dving in each stage, 013/S)
Ky = "Killing power" of each stage = 10g); S)- logjg S; +1



died in the pupal :

istars, But during the 2zy season

(Loboi, February 1986, Expts 2} the highest propertion of

larvae died in the pupal and 4th instar stages. The pro-

portion dyving daily

nigner in this expe

the

»’)

ct

ag.oeement with

in each instay wWas also consistently
riment than in the two others. In

ey, the suwm of Kk {(Killing power", Varley

et al 1974 ) was highest in ecaperiment 2.

Using the survirorship curves (Figs 26~28) the number

cf larvae surviving to each age in days were read off to

€ive the XNx column

calculate a ~eries

Meu imaature life
4 .

natchi (X = 0,1,2

2t ILoboi (Bxpts, 142)}. From day 3 onwards the mean 1ife

expectancy was highest at Lobo1i

Perkerrs (Expt. 3)

Thus mzan life expectancy was lowvwer

dry season (Expt.

in Tuble 7. These vere then used to
cf life~tables as shown (Table 7).
expectancy for the first twe days oiter

. T £ N % P
) was higher at Perkerra (Expte. 3} thaun

‘Bxpt, 1), foilowed by

\ 3
and remained lowest in Txpte 2.

Fal

for ail sges in the

). An overll mertality of 9?.9% and

%,
-

100% was recorded at Loboi during the roins (June) and the

dry season (February) respectively. Fhe overall mortalily

av Perker a during

the rains {May) was 93,2%.
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TABLE 7A: Life Tables for immature Anopheles gambiae s.l. at the Leboi

swamp, June 198€ (Experiment 1)

X NX ix di j 874 px ex
0 595 1009 252 0.748 0.252 3,216
1 445 748 252 0.662 0.337 3.130
2 295 496 244 0.506 0.4%52 3.467
3 150 252 17 0.933 0.067 5339
4 140 235 16 0.932- 0.068 4.689
5 130 219 34 0.845 0,155 3,995
6 110 185 34 0.8l 0.184 3.638
7 90 151 42 0.722 0.278 3.344
& 65 109 8 0.927 0.073 3.440
9 60 102 ¢ 0.911 0.089 2,673
10 55 92 5 0.946 0.054 1.886
11 52 87 6 0.931 n.06S

332 48

81

Teble 7B: Life Tables for immature A.gambiae s.l. at the Loboi swamp,

e

Febrvary 1987 (Experiment 2)

X NX 1x dx pX Qx ex
1095 1000 260 G6.740 0.250 2.610

o)

1 810 740 274  0.630  0.370  2.351
2 510 466 260  0.462  0.583  2.440
3 225 206- 17 0,917  0.083  2.890
4 207 189 15 0,923 0.079 3,193
5 190 174 32 0.816  0.184  2.425
6 155 142 46 0.676  0.324  1.859
7 105 9 46 0.521  0.479  1.510
8 5 50 18  0.640  0.360  1.440
9 35 32 17  0.469  0.531  0.969

10 16 15 15 0.000  1.000
i1 0 0



# o
R -

fe Tables for imnature A.gamplas s$..1. at the Perkerra

pede

Table 7C: L

= irrigaticn scihene, May 1987 (Experiment 3)

Nx 1x ax

54
o)
<-4
o
B4
@
S

0 1025 1000 238 0.766 0.234 3,568
1 785 766 224 0.708 0.292 3.505
2 555 542 230 0.576 0.424 2,747
3 320 312 22 £.929 - 0.071 £.141
2 297 290 25 (.914 G. 986 4,493
5 773 265 £l 0.845 0,155 3.870
6 230 224 53 0.763 3. 237 3,487
-7 175 17 5% 0.696 0.304 3.412
8 122 119 iz 0.89% 0.102 3.685
9 110 107 2 0.879 0.121 2042
10 96 94 12 0,872 0.126 2.39¢
11 54 82 14 0.829 0.171 1.671
12 0 . 68 17 0,824 0.17€
13 57 57 56

Overall mortalities = 91,9%;, 100% anc¢ 93.2% for Expts. 1,

respectiveiv

& = age in days
Nx = No of larvae surviving to age x
ix = No per 1000 larvae surviving to age x
dx = Mortality betwesen ages X ana x + 1
jo7 S probébility that a larva cf age x curvives to age x +
o gx = probability of a larva of age x dying before reaching
age % + 1 7

ex = expectation of life for individuals of age x.






Crustacea Ccpepcda Cyclopoidae
Avrachnida Lycosida Araneae
" Acari.
Amphibia Hyperalius spe.

During the experiments to determine the vertical
eatimates of immature survivership, the mumber of cther
arthropods in the daily 200 dips vere recorded. 1t was
therefore possible to calculate Lhe total number of these
and the mean number per dip at the end of the ten days of
sampling, The wvalues for Loboi (June 1986) znd Perikerra

(May 1987) are given below in Table 9,

It wvas net possiblie to guantiiy the amount of morta-
1ity due to predation or to evaluvate the imporiance of
any of the organisms listed above as predator due teo the
limited time available for this project. Different types
of small fish were observed in the Lobeoi Swamp, but only
one wés collected twice in dips, This Was identified as
Aplocheilichthys antinoriie. 1t is =z cyprinidont annual
fis. sometimes called killifish, Its status as a proadator

cn moagquite larvae could nct be established,



Table 9

1 Tectal number and Mean number/dip of animals collected from

A~
LAG

Tobol Swamp and Perkerra Irrigation scheme.

CLASS ORDER/SUB FAMILY LOBOI PERLERRA
Insecta Coleoptera Hydrophilidae (A} 1850 (0.925) E00 (0.25)
. & " (L) 758 (0.4) 80 (G.05)
* . Dytiscidae (a) 180 (5.10} 30 {G.02)
B " o (i) 200 (0.15) 38 (0.04)
. Odonata Cordullidas (W) 1500 (0.75) -
- Zygoptera (N} 750 (0.37) 400 (0.2)
" Anisoptera (N) 800 (0.4} -
Heteroptera Nepidae (N} 1235 {0.62) 450 (0,23)
. Belostomatidae (1) 850 (0.43) 35C (0.18)
HNetonectiaae (N) 256 (£.13) -
ETphemeroptera (N} 21C0 {1.05} -
Crustacea Copepoda Cyclopoidae () 950 (0.46) =
Arachnide Araneae (A) 250 (0.13} 155 (0.08)
Amphibia eralius sp (T) 2090 (1.05) 1500 (2.75)
KEY: A = Aduit, L = Larva, N = Nymph. T = Tadpole
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4.2,3 Discussion

Survivorship cof immature Stages

Three basic assumptions are inherent in the method
used in this study to estimate the mortalities and survie
vership of immature A.gambiae in the iwo types of habitat
investigated, These are (i) that the age structure of the
pre-imagines in these habitats was stable (ii) that the
various laryval and pupa instars had the sa@e disperszlion
patterns, and (iii) that the dipper used sampled all the

immature stages With the same degree of efficiency.

Larvae ¢ all stages and pupaec, except on a few
occasions duaring the dry season; wexre collected everyday
during each of the experiments, This is an indicaticn that

ths age structure was relatively stabley, thus justifyin

(¢}

the first assumption., The second assumption Was tested

bv calculating the ceefficient of aiépersion, that is,
va!iance/means for each immature stage from the dava collected
during cessh experiment. In all cases, the value Was highesx
than unity, indicating a highly aggregated or clumped dise
tributicn, The yvounger stages vere moré clumped in their
ai: tribution than the older enes and this is atributable
to ovipositien habits of the females, in laying the aggs
close together, the relative inactivity of the younger
instars and the greater cumlative affects of mortality
facter on older instars. With regard to the third assumpe
tiony Barvice (1973) noted that it was likely that different

immature stages of A.gambiae exhibited different mathematical
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«limatic conditions, iimilted food supniies, pradaticn, vara
sites and »rathcgens. Servive (1273} founa between 77 ~ 94%

of 3rd and btk instar larvae of ~gambiae in ditches and

-

onls at Chipga near Kisum:, Kenya to be infecied with
p ’ Y

Coclowomyces and atiributed tre high larval mextality to this

fungus, Mo eviuence of infection vwith Cosloumomyces n: any
: =  J

other patirogen was detecied In the present study ana predation
appeared to be the most important facter responsible Tor the

hrigh mortaliive. The dcuwinant groups of gredators encounrtered
“._-

. - " s . = \
incivded Hydrophiiidae and tiecidae (Coloeptera) larvae and
\ 2 ;

3

adults, Odonata nymphs, wuspecialily c¢f the family Cordullidae
¢ £ R

‘.u

and suborders Z2ygoptera and Anisoptera, Hetercpiera nymphs of

¢t
e
-

family Nepidse and Belestomestidae, amphibisn tadpoles

including the predaceous Hysp2rolius specisces and spicgers whichu

were mostly svrface predators. Service (1971, 1972), Teisen
.1.,. 3 . S57% .

and Biddigui {1979}, Mogi et ale. (198~ 188G} aise found

membhers of these groups as improignt predators of mosquite

re~imggines.
P

By using predator-free cages to breed mosgiitoes in
natural habitats and then comparing the adult emergence rates

with these obiteined from unprotected sites, Reisen and .

Siddiqui (1979) were able to make gross estimates of the

effect of predaticon on the survival cf C.iritaeuiorhynchus

in Pekictuni pends, They observed that the magnitude of
predations mertality changed seasonally, being lowess in
the mcnsocon and hightst in the pcoct-monsoon season, Using

the same method, Mogi et _al. (128%, 1966) fornd that preda-



tion by othrer insect: was the mecst important wertality
factor for moesquito immatwvires in beih Phillipine and
Thailand rice flelds. They estimated that uetween 9 « 54k
of immgtures were lost to aguatic predaters and another

T = {G% tuv surface predators, (those which meove or the
gurface znd feed on emergent adultc eg spiders). They coul
10ty however, establiskr the scurces cf the ncn-predatcr
related mortalities, The higauer mortalities at icboi in
Febiuaxy (experiment 2) may be due, a%t _east in part, tec
increascd competition for Tood znd space, AL this time of
the #ear a gregtery portion of the swamp has dried out and
breeding is rescricted to a much swgller area than in the
rainy scason. Predation would aisno be expecied to ve nigher
since the predators were glso councentrated in the smaliler

breeding =sitss available,

Estimation of Adult Survivorship

4 o3
HeFel Materials and Method

4.,3.1.1 Dissectioe for simple age gradineg in females

The evaries of unfed or freshly fed female mosquitces
wef@;pxtracted and axamined for the presence or absence of
tracheoclar skeins {tightly cciled terminals of trachsoles)
by the method of Detinova (1962):- A rreshly killed mosquite

was placed on its side on a clean slide after the wings

and legs were removeéd, A drop of distilled watexr was put



near the abdomsen. One dissceting needlse wWas inserced in
ths thorax wiiile a second needle was used tc make two small
incigions Letween the sternites of segwente 6 and 7. The
ovaries were theu exitracted and immediately transfexrred to
the centre of the drop of water and then ieft to dry oute

In ¢rying out air entered the iracheae, making the whele

3

sTacheal syvstem includin

15

i

> the smallest trachioles supplying
the ovaries; tc become clearly visible, The sliide was
examined under a2 x40 st jective. The presence of skeins

shicwed that the female was nulliparous, wherzas the presence

L]
¢}
;
£
a

oL -heat net without skeins sncewed that the FTewale

Wob Darous,

T Lstimewion of Parous Rotes

Unfed and freshly fed female Legambiae from forinightly
collections, using the pyrethrum spray method; were dissected
for parity by the ovarian %tracheation techmnique, as outlined
above, bétween February and Octcber 1987, If there were less
than 5@ femaies of the appiropriate abdomiual stages, the
entire collection was dissected; from samples of 50 to 150,
560 were randomly selected and dissected; and from samples
of 150 and over, 75 wWere selected and dissected, Estimates
of the parous rates, based on the monthly totals, wWere
calcuiated. However, daily survival rates wer: noi calcul-

ated. from .these parous rates becsuse two samples psr month









PG T Resulss
eBelaly Egtimation of Parous Rates

The rosults are shewn on Takles 1Q and 17 for

perkerra respectively.

At Loboil theie Was a significant difference bsiveen the
lewast parous rvate of 43% in February and the highest rese oi
=% # ¥é A
61% in July (X = 14,8, p42.001;,; At Perkerra alsc the lcves

rate of #0% in Februar: wac cignifizently different frem the

highecst rate of 86% recerded in September (X5 = 13.7, 1g0.00%

-y

The meen paxous rates for the two locaticas ware 57% and 72%

for Lohoil end llexkerra respectively mnd there was a sligouific

“
differennc betwecn fhem {X‘ = 6.7, pL0.€10),

It iz poesible to Adivide ithie nine months of

<

his

experiment inte four pericds ccryesponding to d

s

Tferent

f

climatic conditions (see section 343630} thuse: February-
March, AprileJune, July=Sept=mber, and October, Tthe meer
paroug rates over the four periods in the $¥s locatiocns wWere

as follows :

Labod, Perkeira
februgiv-March 53e5 hoes

April-June 71,3 74
JulyeSeptember TieT 83.3

Caotober N 38 76



- 18-

i
[83)

133
()

-~ s e s g e - N - e -
¢ 10:  Age Cumposition (Parous Patec) aophelos qanbiae
' L L e L

et Loboi, Febrva.y to Qctoper, 1957,

NO NO MO NG NC PARCUS
MONTE COLLECTED DISSECIED NULLIBAM PAROUS RATE(%)

Feb 45 35 20 13 43
March &0 50 1o 34 6¢
April 120 50 i6 34 68
May 360 75 7, 53 71
June 210 75 19 £6 75
July 200 75 14 61 81
hug 120 5¢ 12 38 /6
Sep 7% 56 17 33 67
Oct ol 50 71 28 55
Mean 57
Table 1i: Age Composition (Parcus Rates) ol A gambia s.l
at Perkerra, Febriary to October, 1967.

NO NO NO 0 PAROUS

MONTH COLLECTED DISSECTED NULLIPAR PAROUS RATE(%)
Feb 15 _ 18 a 6 40
March 2z 22 9 13 59
April 20 20 6 14 - 70
May P 20 5 15 75
June 55 50 12 38 T
July 100 78 9 a1 82
Pug <00 75 14 61 ez
Sep 250 75 106 65 86
2o 131 75 18 S 76




At hoth locations there were significantly more paraus

females during the rainy season, Lpril-June, than during the
, - 2 ’

hot dry pericd, Februarv-March (x’ n Lbeb, pL0.0U5; x = 5.6,
PLC.05; for Lebei and FPerkerra respectively), There wera al
a’so significagntly mowve parcus Tfemales during the cecl dry
pericd, July«September, than dﬁring the hov dvy periecd,
February-iarch (X? =TeTy PL 0013 s 173, p4G.001, fox
ioboi and Perkerra raspectively). But there was no signifi .
cant differnce in pavous rates betwWween she rainy season

and the cool season (p(U.OS).

There was no sigunificant difference in parovus rates
hetween LobLoi and Perkerra during corresponding pericds of
the year. However, from the summary given above it is
obvious that the cignificant diifference in the mean parcus
rates of the twWwo lecations cver the nine month's period
vWas mostly due to differences in gge compositicn between
July and October, When the percid (July-Cateber) was

considered together, there was a significant difference

be]
bstveen the parous rates of the two locations (X = 6,3,
P40-05)0
he3e2e20e Estimgtion of Daily Survival Rates

The results of the daily diszsecticons and the parous
rates calculated from them are shown on Tgbles 12 and 13,

and graphicelly as Figurhs 29 and 30. From these graphs









Table 13: Daily and iiean Paroug Paces of A.gambiae s.l. ai

o e o o

@
"~
&~
133
"~
~
Wi

in Hav,1987.

NG, DISS LNULLIPAR PARDJUS % MEAN RATE
DAYS LTI (N)* (M)* PARROUS T ¥ (W Tt
1 28 12 16 £7 28 16 57
2 36 13 23 64 04 39 6]

3 33 ic z3 765 87 &2 04
4 26 € 20 77 123 6z 67
5 29 7 22 76 152 104 €8
6 25 7 2% 78 181 126 70
7 27 ¢ 18 57 208 144 69
8 2% 5 16 ’6 229  i#D 70
9 23 > 20 g7 252 L& 71
10 36 4 32 29 288 21z 74
i1 26 Z Z 92 314 256 75
12 28 2 2k 93 347 252 77
13 2= 4 23 o4 267 283 71
ig 31 8 23 74 298 306 77
15 34 12 22 65 43z 328 76
i6 27 g 17 63 459 345 75
17 26 5 23 81 485 281 58
18 26 9 zU £8 514 385 15
19 23 7 15 70 537 401 75
20 24 5 1e 79 561 420 75
2} 31 6 25 81 591 445 75
22 29 6 23 7¢ 621 468 75
23 26 6 20 77 547 488 75
24 25 7 18 72 672 506 75
¥ 2 day Running Means.
KEY: T = Totel dissecteq; N = No. Nuliiparous: M = No Parous

Ccurulative total.
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recordad cduring the dry season ad early wainy ssason, February
7 \ - 3 s &
March (Mean paircus rate = 56%,, wWhile the highsst rates were

recerded during the ccal dry poriod fecliowing the end of ihe

H

winy season, petween July and September (Mean = 83%), In
beoth »laces thaere Was a zigaificant diiference bLetwesnm the

lewest and highest parous rates reuovided,

A 2~¢ay goneoixcphic cycle was assumed in calculating the
daily survival rates {or z2ll months. This was based on the
evidence cf several wWorkers who have studied the niviogy of
Aegamulae in this pzrs of Africa and found the gonotrophic

cyecle to be of 2-days duration under the preveiling

: ¢
temperatures (2 3 ;
peratures (23C ana above a.l tarcugh the year) (Muirhead

Thomscn, 19251 a, bs Lewis, 1048; Macdenald, 1952; Davidsou;

o

1954)

There Was a rignificant difference Letvween the mean parcus
rates at Ferkerra and Loboi (ﬁ235,7§ P£0DC10)e  This
difference ves due mostly te difference in -the age compesitisa
in the tvwo locations between August and October, since during
the other periods the rates werc mot significently different
in the *wo locations, The reason for the grecater parous rate
at Perkerrs boiWween August and Oclober iz probably due c¢o the
greater shade and sheiter provided by crons and tress wWhic
continue to flourish cn the irrigaled arveas long aftex the ralns

have stoppeda Irrigation is storped or restricted to « small



levoel

L&}

area cniy betWween January aad Harch when the wace
in thee Perkerra river becomes too low duey, to th=z long dry

season. Secondly, af has been pecinted out earlier; A.garbiae

attained its peak mpopulations at Perkerva beilween Lugust and

Jetober and at Loboi betwesn lMay a2nd Julv.

‘Thus the pericd of highest parous vates synchrenized with

ps

=

the period of haighest mosguite densiti=z st Terkeria but rot

at Loboi. 3y August, the recruitwent rate and already declined

o
P
ol
&)
=2
]
1
o
[

wes still rising at Ferkerra. The combination

) Pactors which is optimal for mosguiho breeaing and suvrvival
was obiteinad alt Lobol during the second nglf of the rvainy
zeascn and at Pcrkerra about two to thiee months after the .
rains, ©Seasonal variztiens in tiie poroens yvates are indicaticns
2% seassonal variations in survival rates, Huwever, as sltatec
already, survival Tates couid not be reliabliy estimated From
the parous rates here because of the few samples from which

they were calculated,

The daily survival rate of a.gambiae s¢f. Was significantly

higher at ykerra than at Loboi

hds

(X7 = 17.3, P(D.0 out) gince

*

the survival ratss v¥ere meawuired only during the wet season,
wr 7 . - s . 3
May/June, it could net e estahlished whether or net i% varied

with the seascn., While some woriers in the past found

differences between the survival races in the wet and dry

Weéasons, ofthers found 2o such differences, For example
£ ol s

Krafsur (1970) esiimated the daily probatilivy of survival
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of Anophcles gambiae B and Anopheles funestus at Gambela,

Ethoipia a5 p=8.89 in the wet season and p=0.79 ir the dry
season, the mean being p=0.85, The more advanced age-

grading tecnnigues of Gilles and Wilkes (1965) recerded u=C

e85 for A.gambise and p=0.83 ifor A, funestus in,Muheri; Tanzania
and 'observed no difrerence between the hot and the ceceol seasoins.
in Samoa, Samaravickrewa ei zi. (1987), fa@nd parcus ratcs

Cf 37.9¢49.7% and 36.6-59,5% for Anopheles samcanus and A

9 —— —

pllilynesiensis respectively end noted that the rates wers

generally higher in the cocl than in the Warm season,
suggesting higher daily surwvival during the ccol periede

The parous rate furmula (Davidson, 195L) assumes Lhat
mortality facteors =ct equally on all adulst moscuivoes
irrespective cf ags, and severgl vorkers, ijincluding Gillies
11961); Miller =t élﬁ (1973)3 spencei (1579); Chaxlwood and

1980) and Russel(1986),

~~

Wilkes (1979); Molineaus cznd CGramiccia
among others made the same assumption in estimating the morta-
lity andfor sporozoeite rates of different species of mosgui-
toes, However, Gillies and Wiikes {1965) found that the
mortality rates of A.gambiae in parts of Tanzanlia Were constant
betvween the first and s=venth oviposition cycles ard there-
after incrensed with age. Samaravwickrema (1968) found that

the mortality rates of M.unifermis in Colombo Were reasonably
constast during the rfirst three gomnotwrophic cycles but
increased with age thereafter, More recently, Clement and

Fatterson (1981) used a computer model (Gompertz model),



inztead of the tradilional cuponential model to re-analvae
many of the date availesble er parous rates, including soms
of those mentionsd above, and shewad conclusively tnat fox
most species the mortality rate dees increase with age.

In the preszuni study, parous rates wers ostimated using
ovarian tracheation only and no determinatieon of physiclo-
gice’ age by tlr» mumter of eveviolar dilatation was done.
The reiaticonship of mertality with ag:e was therefoye not
investigated. Hovever, the parous gnd mean daily survival

rztes oubtained wWere igh enough, even during the dry sessor

.

to suggest that many females survive up te the age at wiich

most malaia transmission occurs. This acocording o Gillies

1,

and ¥Yilkes (1965) is betveen the 5th and 7th oviposition



CHAPTER 5

-

VECTOR BIEEAVIOUR

5ol Introduction

An understanding ¢f the pattern of contact which a
liae aiopiiagous insect malkkes with its hast ia esseﬁtlal in
ceteymining the rele of such an insect as a diseace veclor
(W.H.0, 1972; Muirhead-Thomson, 1982). The extent ead
freguency of such a conbtact depends To a largz extenlt on

ing behaviour, the time and place of activity of

H
[
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o
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B

rector, as well as on the preseonce and activiiy ¢f the host

at the samc time and place.

l1a studying the behaviouy eof the three major Ancpheles
species succuntered in the present projert, the Tfecllowing
tnree gspects of the {eeding behaviowy wWere therefore con-
sidereds:

(a) biting activity. which refers to tne frequency
of landing and feeding on man,

(b) esting nabits, which refers to the shelter
preferences of these species when they are not
feeding,; and

(c) host preferences, which vefers to thoiy preference
fer man or any cther animal in the presence of

alternative hests,









Sl o3 Iost Preferences

[ ection of Blood Smears for liost Preference

Studies

Bloed smears were taken ifrom fed mosgquites between
June gnd October 1986, ccerresponding to the period of
highest mosquito density. Cellection of mosgulitces was done

inside houses, from animzl shelters aad vegetatvicn arcund

houses and animal enclosures (as detailed in Seciion 2.1},

The mosquitees were first idencvified, after which
the wings and legs were removed, An indivicdusl was then
placed on a filter gpaper, i0 cm in diameter, at a distance
of about 1 ¢m from tue edge. The pudomen was thon squgshed

with a pin. #fach filter papecr contained sign

(s3]
(‘-
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[¢]
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L i

each of whiecn was given a mumber ccor.esponding ¢o a similar
one ..on the test regquest ferm. The filter paper ihgelf was
identified with an alphabet. The smears werc left te dry
properly after which they were packed in a piastic bag, with
the filter papers #2parated {rom ocne another by nen«-abscrbent
white paper. The details required on the test wrogquest form
included the sex; species, place and date 5f collection of
each mosqguitoe he sawples wWere sent to the Twperiel College

of Science and Techinology, London where they wWere identified

by the precipitin test technique.

562 Results

— o

The results are summarised in Tables 14 A and B



and Fig. 36. The figvres given on the tszbles ar: t:e means

for each pericd over the four months.

In A.gambiase activiity both indoors and ouidoors was
lowest during the first two hours of the night {1900-210C hrej.
It increased rapialy over the next four hours, reaching a

peak beiween 2300 hours and CIQ0 nours., Thereafter there was

9]

gx..dual but steady decline umntil 06GOC hrs. Approximately
58% of the total bitiug activity teok place between 2300 howuos
and 0300 hours whereas only shout 27% of the activity‘ccnur;ed
during the {firsv four aours, 19006 -~ 22C0 hours and cnly about
17% eccurred vithia the last thrze hours of the nighi, that

is 0300 « O€730 nours (

N2 -~ !
ige 35 (a)).

In A.funestus, activiity indcor and ocutdocr was 21so
lowest during the first two hours of the night. Thers was

a steady increase im gctivity as the pight preogressed, The
peak of biting activity was attained between G100 hours and
0300 hours - two hours later than in A.gsmbiae. Approximately
25% of the biting activity occurred during the first fouar
hours of the night, between 1900 « 2300 hours; 39% dﬁring
the second four hours, 2300 - 0300 houré, and 32% during

the last three hours of the night, 0300 = 0600 hours, .-

thus there was a ma?e even distribution of acfivity through-~
cut the night, especially as from about 2300 hours till

dawn in A,funestus than in 4,gembiae (Fig. 35 (B)).

retbasy
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Table 14A: Bitiny Actvity of Xngphelns losquitoes Indoors

-

&t Lohti 18&7

SPECIE;S h.gambiae  A.fuanestyus  A.phaccensis
TIME 0. %2 NI v NO. 5
1903-2100 HRS 3T .5 18 106.5 54 35.5
2100-2320 HRS 7o 17.5 2% 14,5 70 46,1
23060-0:00 HR3 130 2.5 42 24.4 23 £9.1
ol00-0330C HRS 37 24.2 50 29,1 5 ;|
£2AC-0000 BRe 66 i6.5 37 Zl.5 9 J.0
) 107 3??:"_ » P
Table 14B: Riting Acivity of Anopheles Mosquitoes Cutdoors

at Loboi, 1987

SPECIES A.gambize  A.funestus  A.pharoensis
TIME NO % MO % RO $

1900-210C HRS 12 8.8 6 11.5 67 33.7
21060-2300 HRs 15 1i.0 6 1.5 &2 43.2
2300-0100 HRS 51 37.5 10 19.2 35 17.6

01006-0300 HRS 36 2.5 16 30,8 i0 5.4

1300-0600 HkS 24 16,2 14 26.9 S 249
136 52 19¢
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There vere a numbter I striking aitierences be‘veen
the compesition of the indoor raesting A.gamsbiae and
A.funestus on the one hend and the indoer resting A.pharoen=

sis on the ocher. The most obvious of these includes

{a) th3 complete avsence of unfed focmsles im the A.pharoaen-

is coliection (b) the very high percentage of freshly

{9

fed females in A.pharoensis (82.5%) relative to A.gambiae
(50.1%, and A.funestus (39.2%). (¢) the very low percentage
of gravid females in pharcensis (3.5%) relative to A.gambine
(16.5%) and funestus (24,2%) (d) the relatively smzll per-

centage of males in A.pharcensiz (9.5%) compazed to

A.gambige {14,9%) and A.funestus (i15.7%j. These differences

are discussed iu detail in secticn S.4.

The composition of the culicine mosqguitces collected
indoors are included in Tsble 15 for purposes of comparison,
The distribution according to gbdominal stages .‘ere similar
in many respects to those cf,&.gambiae and é.funesths except
that: (a) the percentage of males was“hiéher in the culicines
than in the anophelines; (b} there was also a higher -
percentage of unfed culicines than ancphelines; {(c) the
differences among numbers of the three categories (f:gshly
fod, half gravid and gravid) vere very small in the culicines

comwpared to the anopheliues., As staved in secticn o1

c. yuinquefasclatus and C. _zombiensis made up the bulk of

the culicines collected indcors,
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D

The mwzir Jifference between lLoboi and Terkerra with

{

respect to indov:r resting mosquiteoes is that there were

more mosquitoes (both in species, diveisity and abundance. )
at Loboi thezn at Perkerrs., “rhus, only 2& specimens of
Lefunestus were collected over the one year perxicd {¥an-
Dec. 1986) =t Perkerra as ageinst 14&Lk at Lobei and only
84y and 6t L.gambise and cuiicines respectively Were coliected

as against 1460 and 600 respectively at Loboi. A.pharxceusi

e S ——

was mnot collected at all at Perkeria. With respect to
composition of indoor resting mosguitoes, there wWas Lo
significant difference between the {we locations, on ihe

-

wasie of zgbdominal stag

(D]
4]

‘e
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The

L

esults are presented graphically in Fig. 37

A agnd B for A.gambise and Culicini at Perkerra ouly. A
total of 231 A.gapbice Were cellected from animal buirrovc
arcund Loboi. TFifty (21.7%) vere mal;s while 181 (78.3%>-
were females. The bulk cf the females (32.6%) counsisted of
urTed individuals; 85% vwere muiilipars. Only 6.1% of the
catch were freshiy fed, while 24% and 37% were half gravid

and gravid femalies raspectivelr.

Of the 92 A.funestus cellected from animal burrows
at Loboi, 40 (43.5%) were males , and 52 (56.5%) were females.
Unfed females zccounted feor 30.8% of ali fewales, Freshliy
fed femzics were few, accounting focr ounly 12.5% of the

females. The half gravid and gravid females were 1G.2% and

38.5% of the collections respectively,

The compositicn of A.gambiae and funestus mosguitces
collected from burrows ai Perkerra Gqs similar in most
respects to those at Loboi except that as in the case of
indoor resting mosquitoes a higher number of =ach species
was ceollected at Lobei, However, g siggificantly higher
proportion (P £ 0,05) of unfed females of A.gambiae vere
ccllected at Perker?a (52.5%) than at Loboi (32.6%). On
the other hand higher percentages of the half gravid and
gravide females were collected at Loboi (24,3% and 37.0%
respectively) than at FPerkerra (15.3 and 22,0% forvthe tvo
“tagea respectivaly). Ac.gambiae made up 26.,2% of all the
mosquitces collected from burrows at Loboi, A.funestus was

10.4% and the remaining 63.4%,consisted of culicines.
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The curresponding vslues at Perkerra were 1L .£% for A.gombiae,

7 e2% A.funesius end 73.2% Culicinie 7The distrikution of

Culines collecied froir enimal buriows cn the basics of

abdominal stages vas similar to that of the arcep! n2E €ent

&

e

p,.
e
{2

¢l

-f

that %there wexe higher percenteges of males and unsred Temale

hsn suaopnelines (Table 16 A and B).

'ﬂm
or

culicines

A.phbarcensis was the only species found in rairly

&

lLarge numbers in wvegetation arcund heuvses and animal encio-

e

sures. Three culicine genera Culex. Manscnia and Aedss

il e S A

wese also ccllected frem this ryesting site L

i1
1G]
4]
i)
[
et

mumbers,
A.gaubiae snd funestus were completely abseat. The compo-

ticn of L.phorsensis and the Culicine ccllected in thia

resting site iz given in Table 7 aud Pig. 33-

0f 127 specimens colliectad, 9 (7.1%) were males and
118 (92,9%) females. Ine majority (ks.a%)nf the females
were freshly fed females. TUnfed females accounted fo
12,7%, half gravid feunles 14.,4% and gravid females 24 .6%
of the totali females collected, Analyses of 4L.pharcensis
data, show that (2) the % of unfed and gravid femmles weie
higher in the outdeor resting site (12,7) and 24,6% respec-
tiveiy) than in the indoer site (U,0% and 3.5% respeciively)

(») the % of freshly fed females was higher in the indoor

ot

w
e

e (82,5%) than in the ocutdoor cite (48,3%) (Tablex 15a,

-t

-3
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A total ox 247 hicod smears were analysed: of these,138(56.8%)

was human hinod, €0 {2k,.4} comicined bovine blood and 45(18.5%)

were negative (dnconcivsive). Thers were 114 Asgambiae smeais;

e il & - £ g = - \

93 {81¢6%) were Lumaz niocd; 12 (10.3%jbovine blood and 9 {7.9%;

wore negabive. For Lifipestus,7? siears vere analysed, 30{41.7%
) TR 5 T T s T A .

vwere buman blocd, 21 {(29,2%) bovime Tlood and 21 (29.2%) nezatv

were analyzed, 26,33 were human

W0
et
h
’ o
i
)]
=
«
o
.
1]

Pifiy-seven A.pharo

e ]

biocod, 27 (47.4%) bovine bloocd and 15 (26.3%) were negative.

The human tlood index {HBI) was calculat<d for each species.
As stated abosve, this is the percentage of the positive smearvrs
that c¢ontaxnea hvman bLlood and is a measure of the dagree of

M

antthropophily of the species corcerned., A.gamhlas baa an

LS y & 0 7ol # e 5 > [ R’ % Ky 1 2 L. T A 5% ar
H81 of 28.6%, A.Funestus 56,8% and A.phareensic 35.7%. nplying
e TUMLE A SepllalORNSIE

the same calculaticns tc¢ the positive smears wWwith Lovine bDlocd
the degree of zoophily of each species could be estimated.

nc respective values for A.gembiae,A.funestus and pharoensis

were 11.4%, 41,2% and 64,.3%.

0

The negative results arose either because the smears vere
not properly propared or because the mosquitces had Ted on
organisms other than those tested for., Cconsidering the high

percentages of negatives in A,funestus and

o

lesast some of them muist have been due to the s=2cond reascne.
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biting indocis and outdeors in Kaduaa, Nige:da. Mest other
workers, hovevei, have found A.funesius to be more endophagic
than sxophagic in its biling habits (Haddow, 1942; Muirhezd~
Thomseorn; 1951 aj Gillies, 1954 a3 Smith and Drapper, 19593

Hanney, 13(C; Krafsur, ‘;977)@

Tne biting activiity of A.gambiae zud A.funestus vas
hignest during tnce seconnd half of the night, a pattera con-
sistent with previcus reco~ds. The peak activity for A.gambige
was between 2200 and 01CO houvrs, dropping graduzlly thereafver
L1l G600 pours. This agrees with the results reccrded by
Giliies (1957), vho established a peal: zgectivity of 2200 -~

1982), who recorded n peak

[ 4

;
et ai. \

G200 houre and Mate:o et 21
avtivity at 24060 « 0370 heurs, Other woerkers “ave alsec feund
maxismm Diting sctivity between 02300 hownrs znd dawn, with

eak arcund OLGO te G600 houra, (Mattingly, 19k7; Hsddow et al;

1947, Bauney, 19603 Var Semerern et al; 1958; Dunkeen and

Omer, 1686). Krafsur (1977), in E+licnia, found that A.ganbiae

biting activity increased steadiy throughout the night. He

noved a lincar relationship between proportiors of nightly

+

z1ls attacking and bour of attack. Service (1963) found

o
[

@
two pzaks of A¢ganmbiae biting activity in northern Nigeria,
one between 2400 and 0100 hours and another between 0400 and

GCRD hours,

A, funestus activiiy was more evenly spread betvwaen
2300 houvs and davwn, Frem 2200 hours, there was a stesdy
innrease in activity, reachring a peak between G100 gad 0300

hours and dropping onl; slightly thersafier before dawn.



laddow (19h2) recerded the period of maxiaum activity for

-

U »

A.funestus as C3C0 -~ 06060 hours, while Haunsy {196C) recorded

22060 - 0500 hours. Ser-ice (1963) recorded two peald {or
shis aspaciess 2400 « 0205 hours and 0200 - 0409 hours,
Haddow (1942) observed that the incieased activity of

¥ G
A.zambias and funestus at 0500 = 0600 hours was due to an
Inyliux of musguitoes seeking dayvtime shelters inside houses
and uot ﬁeQGSSariiy an increase in feeding activiiy. In
Lagos, Nigeria, Muirhead-Thomson (1948) ouserved that there
was corsidergble exit of half gravid A.melas mesquivees Irom
houses at dawn which he alsc attributed te the secking of

s

3T7 ) in Eviiopie

A\

cutdoci daytime restimg sites, Hrafsur (1
found thiat his catchez at G600 « 0700 hours incliuded a large

propertion of gravid and partly fea individials, suggesting

that considerzble inter~nut traffic: occurred.

A.pharoensis khad its maximum biting activity within

the first four hours of the night: 82% of biting indoors
and 75% outdoors occurred between 1900 and 2300 hours, with
the peak arcvund 2200 hours. The peak periods of biting
activity observed for A.pharcensis indoors and cutdoors

were similar to those recorded by Hamcen (1963) and Krafsur

(1977)e—

5 ekt o2 Resting Hebits

it

In both Anopheles gawbiae and aAnopheles fuasstus,

nales and females vere preseni in daytime indocor catches

and the buik of the indoor resting females consisted of fed
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the srrocted wounid e much lész., According to suirhegl-
Thomson (1}&8}, eny axcess oif freshly fed over gravids,
assuming 2-day guactreshic cycle, in house catches, irepre-

sents the prepertion that higs 121t the house between feeding

]

and completion of egp develeopment., This preoportion was

.

£l

302

K

()

for A.pambiae and i5% for L.zfunestus at Loboi,

A3

adicating that the former Wwas less endophilic than the
latter. At the Peikerra ivrigaticn schemog the propsoriion
of this incipient exophilic part of the A.gambiae popula-
tion was even highex (237.9%)¢ Fox A.funestus in this loca-
tion,; the higher wvalue of the gravids {(34.8%) over the
freshily fed (304X} is consisteut witi the observations of
Hockirg and MacInnes (1948} anc Gilliec {1984 a) that some

individuals which had fed elilsevhers mryve inte houses Lo e

e

st

€

during the day. However, because very small pumbers cf
A.funestus in all a2bdominal stages were collected here, no

strong conclusionc can e based on them.

In AJphgroensis, beth males and femsles were also
present in indoor daytime collections agnd fed femaliss
constituted the bulk of indoor resting females. This was
similar to observations in A.gambise and A.funesvus., ¥hile

the male: female ratios were 1:6 and 1:5 for A,gambiae and

A.fgunestus respeciively, it wvas 1210 for A.pharoensis,
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A , 3 the complete absemnce
indoers nf unfed females agnd very small preportion of
gravids (3.5%) relative to freshly fed (813%) clearly showed

that thnis specles Was strongly exephilic. Females entered

houses only to Feed and most of them (up te 79%) left tue









The wvaiue of %8,8% ortained for A.funect.s here was

lever tharn: thoese recorded by wany other workers,; inciuding
08% by Haddow (1942} in Kisumu Kenya; 97% in Liberia, 94%
in GChena and 83% in Northern Nigexria hy Druce-Chwatt and
Gocliel (1960); amd 100% by Krafsur (1977} in Gambela,
Zthiopize Lo¥W $s Were obtained by Symes (19232}, 60%,
Fa.~tze and &ymes (1933). in Kervya,

3
Gockel {1960) in Upper Volia, 24 =« 26%; and De Zuineta et

al,
{1965} ir Uganda, 2%,
A.pharcoensis cclliscced in the preosent scedy shoved
marked zopphiily with 54 .3% of the catches comtaining tovine

bloed and only 35.7% ccntaining human blood. From indoor

i . » 4 " « ; - 2
catones, Symes L1931 a} in Eenyva found %9» containing humsan

coir ceillections ob

fu

fede

Llood; Smith {1955 E} alse Found 48% or in
dkara ielandy Ts:argnia e contair human blcode Hoewvever,

ocutdeny collections gave lower propoeriions of man-positives
c.g Bruce-Chuatt and Bockel (1960) geot 5 - 20% irom sutdoor

catches in West Africa aand Smith {(i1258) got O - 9% in the

low iands of XKenva. DMcst of the specimens tested in the

vrresent study vwere cellected from ontdoocr sites
(vegetation cvound znimal enclosurea), The value of 35,7%

positive for human blcod is highexr than those from other

sutdeor collections,



CHAPTIER 6

MALARIOMETRIC STUDIES

Fel Introduction

Malariometric surveyve were carried out in 12807 in
crder to:r= {1} determine the rates cf infection with malaria
pavasites or sperezc¢ite rates of the major ancpheline species
found in the studv zi2ae. (ii) assess the prevalence cf

malaria, that is, the peicventage ¢f the population infected

amcng different age greoups of =school children in the area.

ants and children avre usuzlly better indicators

of %4he prevalence of malaria in zny populatien thar the

o
b

ults becguse of their lover natvral immuniiy to the
disease (V.H.,0, 1961, 1575 b, 1980, 1987}, In tkis study
theveifore the ccllection of biood smears for examination

for melaria parasites was concentrgizd on children,
b

6.2 Materiale and Methods

526l Dissectior of Mosouitoes for Suorozocites

The salivary glands of female mosquiﬁoas vere
dissected between April and Septomber 1987, Since it was not
rossible te do the. dissections over the whole year, this

period was chesen because i1 cevered beth the pericd of



Lighoust moscuito densities, April-September, as well uas

o 9,

fhe period cf hignesi maiaris incidence, July-Septermber,; as

indicated dy the results of the pre=siudy survev,

The method outlines By 4he W li,0¢ (1975 z) was foilicweds

The clides were examined imnpedialely afiter po

e

5
(&)

paretion under
high power fcr the presenne of spnlczuitesgl in order to
confirm the obkservatvions made on the fresh slides and to
presexrve them for future refersnces, scme of the s3iides were
left te dry, then fized wiilr methanol zind staime? wiinh

CGremsae, Ttheoe wera ther
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A tovai of 1070 Ancphelces mosguitoes were dissected

£

D.oLA = September iéo? {as described in Sexiier 3.b4j,
1.2 Cdsf fhese were Ao gambize s£,1, while the rermaining 470
ware Ao, funestus. A. gambiae was zcoliected rrom hwe
lccations, RKapkuikui villiage in Loboi and Perkerra irrigation

scheme, while A, funestus was only collected from the fnormer

h abitatu

6e2:2, Collection and Examination of Bloed Smears from

schools

Blcod 2mesrs ¥ere collected at three difierencv times of
the year. The First was in Marci: which was the and cf the
long dry ssason and the begianing of the long rains. The
cz2cond was ir Tuly which wWas the =2nd c¢f 4the long rainy

scuscen and the peginning ¢i the coel dry  =srica, and the third






























6.3.3. Earasate Rgtes in Soiocd Onildre:

The detziled results o (he malorin survey wmong
school children arc contained ir Appendix 2. 4 summary of
the results is given in Tables 21 «~ 23 for the months of

March, July and Cctober respectively.

The overalili inertion rate for each schcol was calou-
loted as the percentage cf the scneol populgtion showiag

matariz parasites In their blcad, thet is,

d Tows e 1 44 == Ly ] - P
Rate - Tobal Pogitive i che school x 100
Laal . - - - P - -~ ¥ -

Tosel Exarndned in thwe school

3
L]
52

7 = oy S e DF & - = T} J L Ty 2, i » 3 ‘ - oy " o~ -
The values were 1%9.7%, 1ei.5% gnd Z.5% ror FPerkerve. bvaprkuik-ii

arad Lobol Friwmary schogls rvespectively in Macchh and 7 5.30

s 7 ! % 4 ot i3 . i % R s

15.,8% and L.%r for the three scheools respsstivels fiv Juive
o € oy £ =~ - £y, -

has zn € tWwo schoeole neax the Labo: rempy (Kephkuikal and

Lonoi Piimary Bckaols) the infsciion rates wsre higher in

July than i March whereas at the Perkerra Primary Schocol,
lccated e the irrigation echeme, the rate wps higher in
March then in July (Tables 22 and 23), There Was, however,
ne¢ significgnt diffgrence catween tlhie nighcor znd Lower yate

in any of the thres schools. The rates vere compargble at
Perkerra and RKapkuikul during the months but wexre lower at
Loboi Primary School, There was no significant difference
between the infection rotes at Perkeryra and Kapkuikui Primary

Schools during both months (p 3 0.01). However, there









Table 23:

0T =
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1

summarcy of the resuits of Malaria Survevs among

Primary Scheols childien in Marigat division, July

KAPKUTRUL F. SCHGOT,, LOROT

PERKERRA P. SCHOOL.

HO NO FARASTTE 1O NO PARASLIE O NO
RATE  EXAM  POSITVE
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PARASTTE
RATE

i0-14vrs,

15-18yrs.

20+yis.
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at the c¢other two schools, But in July there were

altogether 24 cases of heavy infections, 14 at Perkerra,

9 at Kapkuikui and 1 a«t Loboi., Eleven of the cases occcurvrad
among the 5=9 year old age group, 11 améng the 10-14 year
clds znd the remaining 2 among the 15-19 year oids. there
were 2 and | cases of heavy infeBtion at Perkerra and
Kapkuikui respectively in Cctober and no case cf gametocytes
in either schecol. Only Plasmodium falciparum was encounterecd

during thie three surveys,

6a3elts Incidence of Malaria in *he Populstion

The results are shown on Table 25, On the average,
betweern 1553 = 715 cases of malaria were treated every
month, representing 40-69% of all attendances at the
hospiftale On an ammual basis, malaria accounted for 51
- 56% (mean 53,5%) of the total attendances February to
April showed the lowest incidence cof malaria (mean 46€%)
while July-September showed the highest incidence (58.7%),

over the 5 - yeaxr period.
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6.h Liscussicn
6.l Infection Rates in Mosguitoes

The sporozoite rates in the mosquitoes were measured

in the course of this study between April and September
which included most of the wrainy season, April - June, and
the 5001 dry period folliowing it, July « September, At
ioboi the sporozcite rates in A,gambiae increased steadily
from 2.5% in April to 3.3% in September, At Perkerra, the
highest rates were obtained between May and July (Mean k. i%
and the lowest in September (2.5%). This time of the year,
April-~Septenber, was the most conducive to mosquito breeding
and survival as shown on Tables 2 and 10, The variations in
the sporozoite rates could not theref&re be attributed to
differential survival rates as was observed by Krarsur (1977)
in Gambela, Ethiopia. On the other hand, the period of nigh
sporozcite rates in each losatian coincided with the peried of
relatively low mosquito density and vice versa, Thus, there
was an inverse relationshipsbetween.popuiation size and
sporczoite rate. This relationship was however, nnt significant
at both locations (P> 0.05). According to Muirhsad~Thomson
(1948) and Gillies (195% c¢) large populations usually consist
of young femalesy, consguently, the seasonal peak is associatec
with low infection rates. The rates increase as the population
drops at the end of the rains.

Sporozoite rates obtained by earlier workers in many

parts of Africa were generally higher than those obtained






irrespective f the zelative valucs of the srorozolts rates
{Tables 20 and 21}, The very dry months of December tc
Februaery, with greatly ssduced donsities per hiou's» per night
must D8 periods of very locv maloria transmigsion. The ma jorx
biological factor respuneible for this is provbakly the wvery
reduced survival rates cf the 4th instar larvae und.pupaﬁ {==e
Tables 6 and 7 and Flg. 27), 28 vwell as the lover zdult survival
rates {Tablos 10 and 11), due to less favcurable onvirommental
conditions. [ile numan population at Loboi wae thue highest

at risk or imnfection between Apxil and July and lozst at risk

betwoen lecember and Februvary form A.gzmblae.

During the periad of heaviesat incculation in May, with a
daily “4noculation rate of 0,188, it would take only 3.3 days

for svarybody ir a house (av&r&g@ aumber of erccupants ot

Lobel =3} %o get at leass one infectivae bite. In April, with
the lovwest incculation vate «f 0,027 among the months meglured,

it woulid take 37 :ays for every occupant cof the house to get

at least sns infective bice fxem a sperorcite-~laden A,gamniae
The maxivaus number of days it would take to aequire un infective
bite ia cbvicuely higher than 37 betwveen Decenber sud March

but thess hnd not becu caxculated since the susrozoite ratss

for tnuae monthsa vere not determined,

At tie Perkerxia irrigation schema the perviod ol highest
malaria tronsmission, with the highest crude imnocuialtion rates

ves July - Bepteomber; and cgain, basod on the v.luss of the
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mean mosquito density/nouse/night, December to Maxch was

the period of lowest transmissione, At the height of
transmission in September (daily inoculation rate=0,i131);,

it would take 7.6 days for every occupant in a house (
\average of 2,6 persons per hut) to acquire an infective bite
from A, gambiae. In April, with an inoculation rate of 0,026
it would take 38,5 days. In February, the mosquito density
Was so low that the proportion éf freshly fed mosquitoes
dropped to zZero; the mean crude inoculation rate wWas alsc

ZE€r0e

Aofunestus was found in appreciable numbers only in
Lovoi. Its densities and therefore biting in January -
July vwere considerably lower than those of A.gambiae but
sometimes exceeded them in August « December. In September,
the month with the highest crude daily inoculation rate
for this species (0.025), it would require 40 days for every
occupant of a house (average 3 occupants/hut to acgquire an
infective bite Irom A.funestus whereas in May, with a rate
of 0,009 it would take 111 days to get such an infective bite.
Krafsur {1977) obtained crude daily inéculation rates of
C in March/April to 0.13 (i.e one infective bite per occupant
in 7.7 days) in Seﬁtember for A.pambiae also O in March to
0.97 (one infective bite per occupant in 1,03 days for

A.funessus in November In Gambela, Ethiopia,



“he conde daily ilnocviation raktes obtained Lo t?is
study were high enough for each unprotected inhavitant of the
study area to acquire au loast one infectvive blte in a year,
This ¥as particularly evicdeni in Loboi where A. funestus
aensities began to rise when those of A, gambiae declind,
The inhabitants were al a high »isk of acguiriag sporozoite-
laden mosquito bites in Aprii -~ December;"At Fericerra
Ae funéétus_was virtually absent throughout the vear and
Aes gambiae was the scle malarvia vectore At Lobei, hovever,
she tWwo species were present in approximately ciual numbers
and since they reach their maximum densities and crade
inoculation rates at difrereant times cof the year, A.Zunestus
must be considered important in maintaining a high rate of
masaria transmission all year roun¢. Alone, its role as a

Vector must be minimal because of ivs lower incculation and

sporozoite rates,

54,3 Parasite Rates in School Children

Malaria infecticn wrates among school age children
vas high at both Perkerra and Xapluikui Frimary Bechools
during three different surveys in March, July and Cctober.
The pattern of malaria transmicsicn ir the study area
sbtained from the Bchool Surveys is highly censistent with
that determined by the study and analysis oi mecsquito
densities,; sporozoite and innculation rates, etc. Thus
at Xapkuilkui Primary Schoal; ilocated on the Loboi swauwp, the
highest infection rate (16.9%) was recorded in Juilye. Similarly

thie highest inoculation ra%es in g.gambize (mean=(.107) was

B




vecorded in May < July in this area. AT the Perkerra Primary

#chool, on the Perker.va irrigation schkiem2, on ihe other
hand, the highest infaction rate {(25.9%) was obtained in

Cctober which alsoc tallies with the highest imnoculation

rates (ﬁean=0.098) in July « September,

Significantly lover infection rgctes vware obtained av
Lobeidi Primary School, located at Tingttiyon willage, than
at the Perkerra Primary Schooli bath in March and July
(P{0,01), ©Similarly the infeciion rates ia this School vas
significantly lower than those obtained at Kapkuikui Priwmaiy
School (PAUGOT)¢ These highly signifcant differences are
lrard to explaing; considering that

mocsqguitc veciors were

2qually abundant at Tingttiyon as

h

in Kapkuikui (see Table %)

and the pupdis in the tWo schools were drawn frcm the same
villages and iocations. There is a dispensary which is
pearer to Loboi Primary School (about 360 metres) than to
Eapk;ikui Primary School {about 3km) and it is possible
that the lower infection rates in the former school Was

due to more regular anti-malarial trecatment,

A1l the cases of gametocytes in the blood were recoxdad
a;m;;;gér“a and Képkuikni Primary Schools in Marcn and July.
Gametocytes are he sexual forms of the nmalarvia pavasite
and it is in these forms that the zarasite becomes infactive
to mosquitoes, when they are ingested in the bloodmeale.
‘Thus,'ﬁhe‘presence of gametocytes in the klood is =2 stTong

jndication of active transmissiocn of malaria in the aves

concerned,



6eclokt Incidence of Malaria in the Population

The recoirds of clinical malariag cases at the Marigat
Rural Health Centre, alsc fit into the overall epidemiolegical
pattern of high malaria transmissiorn thrcughout the year with
the peak between May and December, These records also show
that malaria accounts for between 51 and 56% of ail sickness
treated annually in the Cenire. The lower averages recorded
for March/April relative to the other months are probably
due to tWo main reascns. (1) Survival rates for both
larvae and adults ave greatly reduced bhetween January znd
Febriary due to adverse environimental conditions. This
means that sporczoite~laden females do not appear in
substantial numbers until nid-April, one month after the
onset of the rains. (2) April is the busiest month for
agriculture in the area and many farmers wWould readiiy
postpone going to the hospital for medical treatment {or as

icrg as they are able to.farm.

Gelto5 Tmpact of the Perkerrs irrigaticn scheme cn Mosguito

breeding and Malatxia transmission

6clioB01 Impact of irrigzation on mosquito breeding

A comparison of the Perkerra irrigation scheme area and
the non=irrigated aziea Endau vilillage shows that mosquito
abundance was significantly higher at the former. At Endan

vhere mosquitoe breeding depended entirely on local rainiall,
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A.gaybiae was completeliy absent betwsen January and April
and was found in appreciable numbers only bstween May and
August, with a peak in July, At Perkerra, on the other
band; A.gambiae wWas collected 'througllxoxlt the year, but
especially between April and December, with the porulation
peak in September. The ratic of this species colilectbd
from the two locaticns was 3§1, There was alsc more
Asfunestus and culicine specics at Perkerr% than at Endau
although for A.funestus the numbers collected from both
locations were too small for statistical analysis. Thase
findings are in agreement with the observations of several
werkers who have stated that irrigation promotes mosqguito
hreeding (¥.H.0., 1967, Surtees, 1970 a; Ghandler and Highton,
1975; Simpson, 1975; Chandler, 1976}, In terms of species
diversity there was no differsnce between the ircigation

scheme area and the non-irrigated wvillageo,

However, a comparison of the irrigation scheme area
and the Lobei swamp shows more mosquitocs {both species
and numbers) were breeding in the swamp .than in the
irrigation scheme. All the 17 species of mosquiices collected
and identified in t@is study were fcund to breed in the swamp,
but only 5 of them were found in the irrigation scheme., More
individuals of every species were collected at Loboi than at
Perkaerra. For example, the four ma jor species encountered,

A.gambiae s¢l., Aeofunestus,i.pharcensis and C quinguefasciatus

were collected in the following ratios at Perkerra and Lcboi

(Kapkuikui) respectively:



Ao.gambiae 1=127
A . funestus 1353

A.pharoensis 0:63

C.guinguefesciatus 1:13

Thus both in terms of species diversity and the relative
numbgfs ef individual species the swamp was more productive
thanrthé irrigation scheme (see also Tables | and 2, Chapter
3). Further more, the studies of Surtees (1970 a), Chandler
and Higﬁton {1975) and Chandler {1976) at the Ahero irriga-
tion scheme in Kenya, and those of Heathcote (1970); Surtees
(1970 ©) and Mogi et al. (1984, 1985) in different parts
of south east Asia indicate that mosquito breeding at the
Ferkerra irrigation scheme Was minimal zompared with other
irrigation schemes, both in respect of species diversity
and relative abundance. For example Surtees {1970 a) reccrded
12 species, 4 anopheline and 8 culicine, as breeding in the

Ahero irrigation scheme,

As has already teen pointed out, the fast flow of
water in the irrigation canals and the practice of intermi-
ttentirrigation rather than prolonged fiooding of cultivated

fields are mostly responsible for this relative paucity of

mosqui§q~5pecies and nurbers., In addition, the practice
of regular clearing of vegetation from the canals, apart
from ensuring the fast flow of water, also made them particu=-

larly unsuitable for the breeding of species such as






than Kapkuikui Primary School near the swamp (Table 21),

One of these differences (October) was highly significant
(X2=12.61, p4.0.001). During these surveys, all the 7 cases
of gametocyte . presence in the blood, were recorded in
Perkerra. Aiso, 62% (16/26) of heavy infection cases were
recorded in Perkerra. as against 35% (9/26) at Kapkuikui.

These are strong indications of a higher degree of transmi-

ssion at Perkerra than at Loboi.

The explanation for this apparent contradiction of
fewer mosquitoes causing more malaria, was found in the
analyses of some of the epidemiological factors involved in
malaria transmission. The three most important faciors are
the sporozoite rate, the biting rate ana the survival rate
of the vectur {Macdonald, 1952 a; Bruce-Chwatt, 19835). The
mean sporazoite rate for A.gambiae at Perkerra was higher
than that at Lobci. On the other hand, the inean bites per
person per night wWas higher at Loboi, as a result of higher
mosquito densities, than at Perkerra (Table 19). These tvo
differences Which were not significant statistically seemed
to have cancelled out each other, makirng the mean inoculation
rate (biting rate x sporozcite rate) in the two locations
éﬁ;fbkiagzelyvequal (0.048 and 0,053 for Loboi and Perkerra
respectively). The mean survival rate of A.gambiae at
Perkerra (0.87) was, hovever, significantly higher than at

Loboi (0.81), (x2=6.7, p£0.01).

The most important factor in the determination of
Mmalaria transmission in any locality is the mean life

expectancy of infective vector, (Macdonald, 1952 aj; Bruce-



Chwatt, 1985)7 It is a function of the daily survival rate
and the duraticn of the extrinsic or spcrogonic period of
development. The extrinsic peviod of development is the time
(in days) it takes the malaria parasite to develop inside

the wmosquito andy, for Plasmodium falciparum, is zbout 12 days

at 26°C (Macdonald, 1932 .: Bruce~Chwatt, 1985). The higher
daily survival rates of A.gambiae at Perkerra than at ILobci
thexreiore . . means tihiat the mosquitoes iived longer at
Perkexrra., This period was adequate for the completion of
development of the malaria parasites than gt Loboi. It zlse
implies that female A.ggmbia® mosquitees could give approxima-
tely the same numbers cof infective bites/person/night (as
determined by the mean incculation rates) over a significantly
longer period at Perkerra than at Leboi, This was responsible
for the higher infection rates at Perkerra despite the lower
nicaquitoc density,

The mean inoculstion rate of A.gambiae was four tiines
higher than that of A.funestus at Loboi where both species
occurred in approximately ecual numbers (0.053:0.0133, Table 19).
The role of A.funestus in mularia transmission was evedently
negligible when compared WithAéygambiae. Despite its higher
numbere at Lobel than at Perkerra, infection was still higher
at the latter location, Its importance lies probably in help=-
ing to maintain transmission during the period of low A,gambiae

numbers,

The higher survival rates of adult A.gambiae at Perkerra

is'probably due to the gfeater shade provided by crops,



especially tuocse such as pepper and bananzs wihich concinue

to grow long after the iains have stopped. Tirere have aisc

bezn massive iLree planting by the settlers and the Foresiry

depariment in the scheme arca. In addition, the nuamerous

animal burrows a:ong the sdges of the irrigation canals

create micro-climates conducive teo mosquitc survival. Exclud-
ing the swamp, Lobni is drier and more sparsely forested

except during the farming segson, Which coincides witn ths

raiuse.
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CHAPTER 7

SUMMARY

. A comparative study of the ecology of mosgquito wectors
o1 malaria was uncertaken in the Perkerryra irrigation scheme
and the Loboi swamp in Marigat division of Baringoe district,

Xenyae

2., The species diversity and seasonal population fiuctua=
tions vwere studied in relation to the Ffollowing climatic
factors: Rainfall, Temperature, Relative Humidity and

VWindspeed,

—~

Fe Seventeen mosquito species were collected and identified
in the area during the study. Seven Were Ancphelini snd

ten vere Culicini. 411 17 species were . breeding in the
Loboi sWwamp while only 5 species were found at the Perkexra

irrigation scheme,

Ig o Two of the species, Anopheles gambiae s, li. and

A.funestus are knovwn malaria vectors in Kenya. A thiird

species, A.pharoensis, is a vector in some pavrtis of the

world but not in Kenya. The detailed ecological studies

focussed on these 3 species,

5 Anopheles gambiage and A,funestus breed all y ar round

in Leboi and were the most abundant species there. A.gzambiae



reached itz peak pepulatiocn at the height of the rainy

season, April - June. A.funesvus peaked towards tine end

L e

of the cocol dry period, Aungust - Novewmber. A.pharoensis

Was collected in May ~ December only, with a peak in Julye.

ies

[¢]

6. At 'Perkerra, A.gambiac Was the most abundant spe

and wgs found all year round, withh the peak population in

September, thres2 months after the rains. A.funestus was

very scanty While A.sharoensis was absent,

7e Ralnfall was the most important factor regulating
As.gambiae numvers at Loboi and there was a highly

significant correlation between numbers and rainfall

(p(_0.0Y, Y Anova).

Be At Perkerra theiré was no coxrelation between
rainfall and A.gambiae numbers, Irrigaticn practices rather
than climatic factors wWere the mojor facicrs regulaitiag

<

mosquitc diversty and abundances.

9. Intermittent irrigaticn, by limitiung the amouni and
duration of water suitable for mosquito bresding, reducecd
their nunbers in Perkerra., Constant weeding of the irrigation

canals rendered them unsuitable for species such as A.funestus

and A.pharoensis which require vegetational cover in their

breeding sites.
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10 Stage~-specific and agz-spe.lric aurvivership of

the immature stages oi anopheles gambiae werz studied using

verticel life table methods, Adult survival zates and age
coimposition were estimated from parous ratios based on

ovarian diss=2citions.

11 Survivorship during the rainy seascn, from first
instar to emergence was 0,085(91,.5% mortality) at both
Loboi and Perkerra. It dropped to zerc (measured opiy at

Lobei) in the dry, seasoi.

2 Mortality factors were not analysed but knswn

predators of mosquito pre-imagines found in the 2rescing sites

(¢

were collected and counted, The great diversity and larg
aumbers of these predators collected suggested that predation
was an important mortality factore. No evidence oi larval

infection with Coelomonyeces or any otheir natheogen was found,

13 There Was a seasonal variation in the age coeompesition
of adult female A.,gambiae both wWithin and between heahitats.
The parous rates Were lowest in the dry season, Fecbruary-March

and hignhest i the cool dry pericd following thez rains, July-

September.s In both habitats there was a significant difference

between $he lowest and higiest pairous rates (pl0.01). Mean
parous rates were significantly higher at Perkerra than at

Loboi (p£0.01).



ih Daily survival rates were significantly higher at
Perkerrathar. at Loboi (p{0.001), The relationship between
mortality and age was not investigated but the parous and
daily sarvival rates obtained were high enough te suggest
that meny females lived up to the age at which mest malaria

transmission cccured {5 = 7 oviposition cycles}.

s

5 ‘The higher survival rates at Perkerra is theought to
ze due to factors related to irrigation, chlief among whicihh is
she provision of cooler and more humid micro-climate by

rouing creps and shade trees
g H $

16 Vector behaviour was studied with respect tc biting
activity, resting habits and heosi preferences in the three

major anovheline species,

17 The pattern of biting activities indoors and cuvdoery
in-egech of the three species were similay; suggesting that

the indoor and outdoor biting populaticns were homogenecus.

18 Biting activity for Anopheles gamtiae apcd funesius

was higher indeors than outdoors while it was the converse

for A.pharoensis, Peak biting activity for A.gambiae and
A. funestus occurred at 2300-0100 hours and Ci00-030C hours

respectively while in A, phaxoensis the peak was at 210022300

hours,
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19 A.gambiae and A.funestus were essentizlly endophilic,
E2A0LE EA St L2k A :

¢

that isy house-haunting in their resting habiis. However,
the ratio of freshly fed to gravid in indocr resting
A.gambige was significantly higher (o ;;0.001), indicating
that there Was a considergble degree of exophily among the
gravia femzlese This incipient exophily was alsc noticeble

in A.funestus gravid females but to a lesser degree than in

gambiae.

20, Anopheles pha¥oensis was strongly excphilic, with up te

‘2% of the females leaving the house after feeding to seek

ocoutdoor resting sites,

21. Anopheles gambiae Was strongly anthropophilic, ana

fed predsmizantly en human bleed, A, funestus was moderately
0 while A.pharoensis wreferred feeding on buvine blood.
The respective human blogdindices (HRI) for the three were

88.6%, 58.8% and 35.7%.

-

22, Malariometric studies established the prevalence
and seascna:ity of malaria traunsmission and the reiative

importance of the two main anopheline species as veciors,

23 Galculations of the crude incculation fates showed
that malaria transmission was highest April - July and
lovest December - February at Loboi, whereas at Perkerra,
transmission was highest July - September and lowest

December - February,
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APPENDIX 1.

1A: Anopheles gambiae s.1.

MONTHLY TOTALS OF THE MAJOR MOSQUITO SPECIES COLLECTED INDOORS AT THE 4 LOCATIONS SAMPLED FROM JANUARY TO DECEMBEK,
1986.

ENDAU VILLAGE

“OMTHS KAPKUTKUT ,LOBOT TINGTTINYON R1, PERKERRA
Male Female Total Male  Fem, Total Mele Femele Total Male Female Total
FANURKY 21 19 40 27 30 1 3 4 - . =
“EBRUARY 1 28 29 12 66 78 1 4 5 - -
HARCH 10 77 87 46 82 128 L 8 9 0 0 0
APRIL 20 91 111 25 119 144 2 13 i3 0 0 0
Y 85 461 546 22 150 173 0 14 14 1 26 27
ANE, 14 122 136 39 153 192 3 35 38 1 33 34,
TULY 10 147 157 22 127 149 7 89 96 2 133 155
AUGUST 39 104 143 40 89 129 5 198 203 0 29 29
SEPTEMBER 11 71 82 15 43 58 32 223 255 9 49 50
XTOBER 60 58 38 138 176 19 118 137 0 2 2
OVEMBER 0 35 35 g4 112 196 3 26 37 0 4 4
JECEMBER 4 53 57 39 84 123 7 25 32 0 1 0
OTALS 218 1248 1471 386 1190 1576 81 764 845 13 257 270






API'EN bIX 1. MONTHLY TOTALS OF THE MAJCR MOSQUITO SPECIES COLLECTED INDGCORS A% THE 4 LOCATIONS SAMPLED FRCM JANMJARY 10 DECIMBEK,
1986, » ‘
1C: Culicines, ;
MOMTHE KAPKUIKUI,LOBOI TINGTTINYON R1, PERKERPA ENDAU VILLAGE
Male Female Total Male Fen. Total Male Female Total Male Female Total
JANUARY 5 11 © 16 17 55 72 0 0 0 - - -
FEBRUARY 13 39 52 47 136 185 0 2 2 - - -
MARCH 4 45 49 50 243 296 2 5 5 7 1 S
APRIL 13 37 50 56 199 257 19 13 23 1i 27 28
MAY 19 ‘ 33 52 5 18 23 y; 5 7 c 0 0
JUNE 1 1z 13 2 14 16 G 3 3 0 0 0
JULY 0 1 1 0 1 1 0 0 0 0 1 i
RUGUST 3 27 3 0 7 7 0 0 C o ¢ 0
SEPTENBER e 26 26 4 4 2 5 0 0 0 1 1
OCTORER 12 45 57 11 40 51 3. 2 6 0 2 .
NGVEMBER 44 130¥ 174 7 17 24 1 3 4 4 o g
DECEMBER 20 60 30 7 14 21 3 9 12 g 0 c

SOTALS 143 495 6L0 208 746 954 .21 41 64 12 6 48




































