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:Malaria has beer:. and still iG ·.:;he most important 

parasitic dioea.se ir.:. the tropics G lt h&s been estl~ated 

by the world Health Organ:i.zation (W.H.O, 1985, 1987) that 

J 65 million people, nearly one-twelfth of' the world's 

p0pulation, were living in areas, mostly in A:fri c a, ~v-here 

mala1·ia was still h i ghly endemic and where no s p eci i 'ic 

arri;i - malaria measures were be:i.ng applie d . A furt}1E:r 2 217 

milli0-n peovle , 46fa Gf the world's populaticn, 1ere liv::i. ng 

i .:l a~·e ;:;..s wher3 malaria W 3, B e ndernic but where conr; rol. m2asu rcf.; 

b.c.;.VE' reduced itE lev s l of endemicity 0 

I L areas other t1an tropi cal Africa, the i n cidence of 

the dis e ase is current l y e.<.>t i mated a"t 20 million cas3s a 

:,rear. In Africa south of' tbe Sahara aoout 200 mill ::'..on pcopJ e 

are i.J eJ_ieved .,o b e chronic aJly in :fected and o :f t i1ese - a o out 

one thi rd suf'1'er acute mani:f estat i ons 01' "the di s ease ia t· e 

cc rse o I' the year. The consequences of this high mo r bidi t y 

o::i socio-economi.c activities are d e vast·ating. ·ri~arc exi. s t::.> 

a vi0 J.ou& cin.le oi' diszaszf. ( eg 111a-a.ria) aPd pova:>:"t y J..n 

mo&t of t:1e endemic- t hir(t world 0ountries. P!'.·odGctivity i..,, 

; ")W L~_<;_au~e many workers a:ce sick; r cdL1.ced. rrortuctivi ·cv 

.::'1-:. e mal.arici er:..-.c.Hcaticn campaign lau. r..ch~ -i. by thE 



eradicated o:r drasticalJ.y reduced the disease in many parts 

o:f the world, notably the U.S . A. , Europe , parts of Asia, and 

Sou th Americe.. This campai gn could not, however be ,_,xtended 

to Afric·a because of the eno :i.~mity o:f the malaria problem in 

Africa. . Coup l ed with this was an acute shortage of locally 

train9d manpower, ihadequate transport and corrimunication 

syst er11 • Since 1969. the W.H.O i1as changed itf. strategy on 

malaria from global eradication to control (Bruce-Cl-..watt, 

1 985 ) . To this end, morE> emphasis ls b eing- laid. on increas e d 

.ceaearch i:;:1t.o var ious a.spec ts of' the disease and it s vectors 

especially, with regard to ho\ tney are rela~ed to local 

environmental conditions . 

0..rer the years., num3rous studies in many parts of t h e 

worl d have provided an impressive amount of' knowledge on 

mos qui toes c.ui.d maJ a.riEA.e In fac t, t h ere is a n erroneous 

i.np:::-ession amon,g so;;:e people, that knowledge on th e beha-

viou!"' a!1.d ecclog.r ot· ~he s e i!"!.sec t s is no'~ <:' xhaustive. This 

is t however, no~ true • The indi.vidual s:oscies oi' mosaui t ;:.-

..rectors of malaria h ave d.i.sti.i:1ctive habits a!.ld special 

rel.3ti0nships with their environment. 

lc·(; <.t lity t~ another, eveii. for t >1e 52.W~ species , an..:;. c:.~ 1·e 

· 1 ]' ' (r· · 1· c:·iv er.. _. <.H~ a 1. t. y v.J... ;_ i "' s Melllo~, 

T~ · omson. • )82 ). 

local:!. "i;_,- u~n;.; 



b(l thorou.&h .y 

l o cal api.G.emiolcg~ ca.J. cc.1.cl ecol.ogica1 sd. tua't :!.01:-:.. "l'h-e bet; te:r ;:c 

u ~ue~:stand ch';) epi<:temic·.logice.l c ondi tionfl of locai transm:i.s-

eio ~ s the· o~:e t.,;~ =-r~c:t ·.1l..:. l be oar choice o1 control maas!...res 

I.n. othur 't:'ords, eve1-:v Geocrap!1.ical unit; wi t.h di stir..t:.:-· 

anct the envi r on,ae 'l.t.a.1 f"act'>re:. th.n t c~ntrol ~heai" before nny 



t ion of' irrigation schemes 1 dams, fish ponds e t c~ These 

projects Wh i ch are l.ndispen.sable t·or modern agriculture and 

water ma.nc:.gemE:nt, usually bring about profound changes i n 

the physical and biological environments of the areas con-

c e.c:::ied . One o f the most important aspects of' thes e changes 

is the escalation of disease transmissi0n b:y vector organisms 

whose deve ~_ opr.lent are hig~l.ly favoured by t he new environmen-c; 

(1~ •• LO ~ ! 196/; Sirr.psnn, 1975)G 

Mosquito studies should be ::: tarted -prior to co!i.s tru.c­

tion of any large dam project so that fo r casts based on their 

results can be incorporated into the ove r all pla~ (Pate rson, 

1975 ) . Unf'ortunately, due mostly to over- 1~i cting short-term 

pcJi tical and economic c~nsiderations, an4 sometimes ~ o acu t e 

shortage of' qualified manpower, t h is essential requirement 

never gets the seriou s at tent:i.on :i.t deserves. Conseq~.\ently 

wh enever irrigat i on has been carried ou t on a large scale, 

:it ha6 been followed by pro :found changes in mos qui to population 

and o fi,e n :Ln the L:1cide nce o:f mosquito bo rne dise;-,ses ~ 

S omEtimes, the health problems that arise from such extensive 

me di ficatio:n of the environment , Cit! ·cwe igh t:l:<P, e conc.;!ni c.. gains 

and cause unt old damage to chB hea l th and well--being -~ f t:he 

pt" o.ple (I'a:':'id, 19't .5; Patel.~soa, 1 '97 '5 ; S i m9son , ·1 975) o 
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populations to ch~nGes in irrigation pra~~ice s . 

Tili::sa i!lvesti g ations were co1 duct3d simulta:r:ecusly in 
-

a natural mosquito habitat (Lobci swamp) a .'1.d a maP-r.'lade habitat 

(PerkerL'a irrigation) so ;::i.s t o highJ_ight the modifications to 

t !~e natural envircnmen t brought about b~r tr£ introductio n of 

irr i.gat],or.:.. The eff'ect s o f' these modifications on mosquito 

breecb.ng and ma aria transmission were asser.;sed . Malaria is 

a serious problem in t he Ba r i ngo area dnd the r e was an ur-g-cn·i:; 

ne ed for this type of study in order to Jrovide ~l1.e baselL e 

c.i::t ·i:;a -.ipon wb ich f utu.re c o ntro l measu:r.es could be raliably based 

It ls therefore hoped that the resul~s of t h is worK wou l d oe 

of· benefit in t n e pJ.ann ing and exec2tion. of' a cost-e:fJ.'ac t:t. e 

mal8.rj a control pro gramme in the l>'.t;.;._ri.:;at area u f' BL.rin.go distri ct 

\ 
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CH;\.PTE1~ 1 

!<.EV .It;W OF LJ.TERATUHE 

1 .1 §.2.~c_J.~es Composition and.J2i.~tributio::i 

Th€ species C<:>mpcsi ti on and distribt.:i.tion of' ma l aria 

vec tors :;. n most parte. of' Africa h ave been ;1e11 dccume11.1.e a. 

In Kenya, Symes (19 ?.8, 1931 , a ~ b, 1935. ~9LW) Wo'.i.~ked on 

variol.< s aspects of' malaria ·cra!1.smissi0n and vect:>r bio logy 

in differe:::1t parts of the country .. He established tha~ 

Anoph eles gambiae Giles s peci es complex and Ano p hele s 

fune~';:.!_J~ 'iile s we re t~J.e major vectors i:::i thi s pc: .. rt of 

E.as t A f'rlca .. Sturii.ea o n mosqui to dist:;.~it.ution in Keny2. 

have :.: 8 en reported by o"i.;tier ·..rcrker~ (Evans , 19J6 ; Evr~ns 

and Garn.ham 1936; Haddow, 1 9I~ 2 ; -;..ifu i rhaad-Thomsoi:.. , 1951 a.; 

:Mutero, 1985) ~ Two sibli:·1.g i::; pecies cf i.:he _ge."!:iq,£ complex , 

t..he_ 'i!'OS t pred.om:i. rfa.nt and the most i. mp ori.;an -c i:;r tr.:smi tte rs 

of' mn. laria in Kenya, fol~o~cd u v A ~ me rus 
.; -- - ·'"' - - I'oill tz f e.long 
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d:...y secason {::.:iept·-No r) l1ut a reversed sit•..ic.cicn oc::;urr£d d:.....:cing 

the hot -dry weather· f'ollow:..ng the si.i.o ~t rai.:i.1.s t t..::tween Dec em e:c 

.. o,..,?) 
I .· { ,_ • Service \1973, :found 

i hite ( 1972) had v.'orkec. het-.·~sn November aa::i December. Thie 

impli-:::& t hat ;;he populati:ms of !;heae two a.re not sta.tiG ·oui; 

a:Le mo~t prcb<;1bly :::-ela.ted tc rain:falJ. pa·cterns. 

alo:tl.g the east coast c:f Kenyc... the salt-\vater b r eeding 

!}_ .. p~~ is 1:;~1.e dGini:n.ar.t species (Muirhe ad-Thomson., 1951 a; 

1 985) • In a su]'.'vey of t he f:,0ographical distri1::m t ion 

<:i_lld C hTOl.lOSCma.l po _._yrnorphic ii r 3rsivn uf· the £:1?.ophe."!-Gi?_ /;fa.' · i.a"' 

l · b · · · · Ke ''.'cs .... a ,"lna· Sub·;~,, ( ··.• Q 0 2 j' Comp ex SJ. 11ng Spec:t.es 1n nyc.. t .J _ . - c • _,, :J 

f und that A . me:&.~ con s"ti tuted 995~ of the population i the 

c '.)SStal sho:r:-aline area.s Gf Jimb ':, 2'.nd Mor;ibasa. 

pred.omin:::tted in t .. e coasta1_ ii..nterla.nds of' .Mishu, Nashehen.i 

~nd Garashi (1005h in Mc. •'·· _;u ne in AP ..,..: 1) 
- _,_ _ J ' 

both species ar~ sympatr i c at n•o::t times o:f the year . ;1_.gembiae 

s • s • aJ.so predom:Lna1~ c d in K:i.s urr.u (lake V.ic "'.::oria basin) r!rea 

. ~· a·ra:b--i~~ pred.,.H~iir:..ate:d :Ln the T an.a River bas in , Tavatc.. 

.:)::i..vanna ano -~.-1ea highla11.d ar~a.., • cons ti tut~.ng 98 - 1007'0 o ~ 

c? tches betWf'~n May '3:.:u. July ( Mosh.8 a r.d Subra, 1 ~ 82 'i" 

,. ·~ ' •.. ;r 
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distributed in Tracs-Nzoia and Kitale are3s by Symes 

(1931 a,b,); in Kisam and other parts of the lake Victoria 

b~sin by Haddow (~942), Chandler and Highton (1975), 

Chandler (1976); and in Ma.lindi , Mombasa and Ganda areas of 

the Coast (Van Someren et al. 1955). !'=.· .J2!laroensis is 

a we:!..l known vector of maL'l.ria in Egypt (Madwar, 1936; Barber 

and _ ice, 1937: Farid , 1975) but in tropical Afric a jt seems 

at '·rns t a feeble vector and of negligible inportance compared 

-Co gambj.ae and f'unestus (GartLl-iam, 1945; Giles and De Ivieillon, 

1~68) . Another species in thi.s group i s ;Lii.opheles_ ~i:;ani 

Larvern. Thie group includes variaties coustani, ziemmanni 

aild. teneb rosus. They h d v e been found in large n u mbeTs in 

h. isumu (H3r d ow, 1942i Chandler and Highton, 1975 : Chandl er-, 

1 S·76) and p arts 01 the Coast (Van Someren ~.t a l, 1955 ) . 

They are also of negli.gible importance as vectors o:f mal.:1ria 

in Kenya. 

Climatic factors affect the su ... -vival and fecundity of' 

a~1lt mosquitoes and Bre ther~fore important in de t ermi~ing 

tb.e::..r numbers an<.l 3easonal d.is-.;ri butions. Tee most importa:at 

fac to : ·s in this r espect ar(:: tempera tu re ant, re la ti ve !-,um:!. di ty 

(Mui rnead-'i.';i.o .nson, 19 5 ·1 b, 1 982: Druce-Ch.-. :ii. t, 1985). '!'he 

optimum tt::rnpe:i:-·ature f or activit v- :.tor :.no si~ J_nop~ eJ e :?._ spec .:_es 

.,. 
in ths bropics is 2~-J2 ~ r. ~ctivitv is incraaseci ~r~atly 

( n 
a 35~,37 .:. but d ... -oiJb rapidly ,._,_bove ' jd r · . 

dJ_e i f exµosed l-c t!i.is temp•crature for .J-1 0 ruinu - '3s (Mu:i_rhead-

Tho.nt:cn 1 ~..'! t •J ). 

"!" " r'i. ' ' d.-°"l'Oil'~~ r { 1n:...1 ·0 11 t ·o··nd. J.. \. - l -- t:t. ..... l.J • ..,\..i . ._• \ ~' -""' ~ - ...... - .... 
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minimus Th~obald in lndi3 as :cesting 5i.tes '.-.c •. s 2uc lower 

than the outside air te111perature dur:!_n.g the cold season. 

:Ir-.1,Kenya 7 Haddow (19l:2) also .found c. dif'f'e rence o i about. 

as resting oites and the o~tside temperatu~e s. 

1\n.oi:;h.el~s mosquitoes favour ,1i['"h relative humidity, 70-

9076) and tl1e mean r e la t ive 1-iumidity of p:r.cf'c:r!:'ed resting 

sites are usually high ~r t :1an the ou t side rela t ive hurni di t y 

by 10-40% (Haddow 1942 ; Nuirhec:.;-:1-Thomson 1951 ) . Outdoor 

f'avourabl.~ temperatur~s and llu mi di t:i_e.•3. Such sites include 

an.imal burrows, termite mouri.ds, thick vegetations, wells 

.3tc.(Brnce-Chwatt 1.985). 

H~in~all, by influencing t amoe rature a~d ~elative 

humidi ty, has an indirect e f' f'ect on tb.e survival o:[ 

n10squi toes. Thus most species n:f Anohpeles reach t !.1eir 

p eak numbers during the rain;r sea.so n not o:::ily because of 

incrE..ased. longevity of the adult5 (G:L lli·e:::; ana I.\-o }eJ.;1lon, 

·i 968~ .t.n:u.ce-Chwatt, i 985) . I n l~rge bodies of ~ater subject 

to I'J oodin.::; duri n:'5' he a vy 1 ains 7 pGak n umb 3r.;:, a.:1_ s 'tt t a ine d 

a ~ew m~nths after th& e~d of the r a ins when che J~ ter le~e l 
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1 .2 Laival Ecolog~ 

.N"u.merous studies -t;:1 e larval breeding sites 

A g_ambiae ~ . I .. h ::l.ve been !!lad e throughout the areas of' its 

distributio~ ~ange. In most of th ese areas ~· e-ambiae 
~"'----

are £ou n d cu ~~e ea i n shallo¥, cpen , sunli t pools orieinat i ng 

f rom bo :.. row-pi ts, d rains , "lri ck-pi ts 1 c :ir t r acks a'1. d hoof-

pri n ts e c. They a lso breed i~ po0ls result ing from ove r -

1 _ow f rivers, iJ OOls le:ft b y receeding ri,_•er , r;:iin wateI 

c clLecting i ~ natur~l depru s sLo n s ate . ( Nui rhe ad-}~h o ms u 1 ... , 

, 94c ; t--.c .rncein; 1954 ; GiJ l i e s 2.nd De ~eillon , 1968). Rice 

i ~e lds :;0r..>t.ii;u.,<:.! another p::-oli:fic bource of ~ .~ .. '!:>~ 

s. ·- • ( Gi l J i..: s and De Meillon ~ 1960 ; r-Tighton !:t al., 1979; 

·:u e mosc: p ro duc ~ ive o f' ncsqui to<;;::; \>h en t.!::~ey are r•oce11t]} 

ii ;_;oded :_,. 0
: '!;h e ri c e is J. 1.)F . Later on wh~P the ri ~~ i~ ~~lly 

t :> th e n1ar < .n5 of the f 'ield. 

However, o p en 

r' • . · . . 1 . ·~=.-. r,"~·-·-cr'i. · .., 'c'•. ·.,.-: T · ··""~ .... -1"'.1 . ji') ? <:i ',, "'ld i·,., t' · e """'· ·~ -, .- O•"' 'n·-. n ·1 ''' ' ' - ~ • •• -• - - - t::> " ' ./._ J j c.. L . • ~v U •- » ~ - · '·'- .,., .•. ;;, 
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urru~ual places are import a nt . They must ce taken into 

ace ount in the cc.urse of an anti-malaria cor,1pa.i gn directed 

ag~ins~ the larvd l instars since they constitute foci of 

anopheline develop!'1ent. A. t;.:amb~ has not been kn.own , howe ve!."· 

to b ... eed i n fast runni ng w3.ter or in very alkaline or 

p ol l~ tAd wat er (Eyme s , 1940,1941). 

pla c e is closely bouad up wich human activity. 

i nc~e ~ s e in b~ incidence of malaria in a lo~alit r er regiotl 

is oft e n di rectly correlat ed with intensive daveloprnent of' 

a .'_:;ricu.!_ tu.re or sj_wply, \-1 .i th ::..:.1 i n cree.se in "the hulllan 

por. .i lat ion for one re a son or another (Holstein, 195.'. ; Youdeowei 

and r:Jrvic~, 198J j . There are two t ypes of anopheline brec~ing 

p l Lees c reated by l:iuman activities, (a) s :na.11 arnoJnts of •·late r 

col .l e:.:.:t i ng i n empt)' ti n s, b a rrels, c:J .:;~n I; •F tska, cement ratLl~ e 

e ti:, , <.1.rouI1d num;-~ r:; haO.L ta. tlone and. ( b) large bodies of Wat et 

wu:::-ks (CJegg ac d G-a.rli ch .. , "i9 8C; Youdeo h ei u1...l f"~!:·vice,1 9J J). 



1 '· "• 

n··o li:ficali y in the t;hi rd ::ion th aft •;! r planting and •;h.a t 

d3nsities were low er if' irri. g;.ttion w, .... s :i. ntermi t: _,u; id.th.er th<-1n 

con tinuou.s, In ponds vli '.;h d <:? n::oe wa rgin-.ll ve get'1."tion .tnd 

1; : ~ e fo:n1:e;:- zone. lt ~~ems t ha t an in ort unt eco l ogLL . l f~ctor 

J..S tn.e _p rovi sioe o:i.· shette:c f:ror•, u I:t~:..1.-.. L. <.;rci (G-illi1. s , nd. De 

<1x l ,np l e) s y mes ( ·1936) dcbcriJ::es a study i n V'i1.ich n. e :fcu n c ~· 

l~n~stas to be >raedlng ~on~ist ent l~ in w~ll s and ~omestjc 

l~emba is la.ria , Gillies and De .Meillun (l9b8) ioun.d ~.fu~~;E._~ 

breedi !1.g' i n 3. deeply si;.r..;...e.n l_unc~stone · stre,1rr. , co1i1pl1~te l:y· cov en:: u 

overhe::td , .. •:U~ h busl"!. ~:::s , th e wa ter i·~s elf' devoid o .i vegotatlcr. 

av i I :.:tbl~ -.::i tes is res t .ci e t ed . _} . funt..stus~ is cn.p ·.~h l<= v_,.. 

uti lizi:1g r a t her dif'fe:::-er..t w~_ tcrs ;'run t .hos'3 normall;r 

c oloniz C.. 

( . . , ·: ·.'• "',· ,\ . ' ' ' t . : ~ ~t ct~ c n ta~G emperatu r~ i s 

.l •>d the optimum ranr~ is ( ~· yrn6 ~" . 1 '1 ') ') ; .J t: pso11 
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Ha:idow ( 1'.)43) s1,,udied th e ei1ects 01 ' tempt.:rat-

He found t at vegetation h3d a prof0und insul~tin~ effect on 

The range in the grass) pools \ 
....!; • 

gambiae_. lie ccnclvded that not only Jo thz breeding WJtcrs 

c 1· .i\.f'I ga~tiiae reacl1 11igher te1npera. t.urA5 t:i.an th .. o sa o:f ~ucb ----

al~.o undergo m~ch g:!·eate.r t empe:ru.ture f'luctuatians. '-Io l s t ~ i. n 

( 1 954} collected .:.=• gambiae lL · va.~ qnd pup-'t e in shalJ ow ex.c ,vated 

' \ puols at V-0kry (Sudan, Witil temper~tures ba1,,0 eer 1i .-. - ~) 
•.U.:J C a_nl~ 

,, , 3 oc 
; I • :i 

~· gambiae i s highly int oJ_e rctnt of gr0s;:; 1::-o.llu ti. vn o.r either 

~-i.J pkir.s ( i 933) showeu th. t i t 

c. an be contra lled 1J~r t.he addi tio'1. of c ut grass Lo the larval 

breeding si ·i., e;:,. .. \ccord.Lng to f}i ! lj_es alld Se Jv!~~ill r. ( 1968) 

l!. ::;.ncooh. had achieved t he sa1i16 r esults i.Tl. 193,) by acldin& town 

br:!..cl: pi--vs -;:;:e e •. s to 

• 9 ·~ ' ) I lJL.' r 

{ c: x.• ~ P-t1 +-. ", f ' (" ·:>\!. l. se 
\ L • 
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1 ·~s ... ) _, :>,• Goma ( i 9 0 b i!nrestigatcd th e produci::ivity of 

tari.cus rnosquit::> oreeaing sites in swa1r.ps .ia Uganda . 6ix 

..:: hemir.al factors - p!:: ~ po!.a3sium (K+ i;, odit~m (Na+) • ?.bscrbed 

'LZygen" fre-3 and sali.- 8 an!:ncnia ,,._~~ d albam-: noid a111morlia-we:.~•~ 

Only the aua~tity o f soluble organic matter, indi-

c 8 i;ed by abso..:·becl oxygen a nd a:.. urninoid ammonia showed any 

t- e.i ing sma 11est amount o~' orga,;i ~ 1~1atter • 

. ..) 

• 3 1 • ~0Ctality and ~u~vivorshlu 0f La~vae 

1 imitt:::d f'o d s i:nly• competi : o n , pa·~asites auCI pa·;;no ~ens ""·'"c . 

( serv:tce 1970 b). r~ certain ~abitat3 such as ler~e 

c 0 .: lec; ti ons of perma~1e~'!t Wat: er aPd welJ.::- i t1H" i.mpo ~c t a:c .. ;:e · f" 

preda t ion i 3 r ec0gniaed (Christie, 1958, i959~ Gillies an~ 

198~. 1986) . 

-
}..;_, nti_ t.'u. 1 



mosquito la:;:·v ae a :fte r huntir,3 them down cit·_;_ci € 11.tly in 

l aboratory bowls. ~rnong the p a thog2n s t hey ~aund were 

-v~J- ". ' '-i('.<>lla !';rJ 1 p ~otc·J zo a ', wi- i" ch ,,,.+-t -· ·', ed + '1.~~ ..,,,,,1 ,· ~s 1-)"' • v-'-- ~ -1- - U • "-"" '-'-"' · vl ~ . U •J~ -vr; J 

t o various P <.rts o :f the cu 1,.i~ le 01 .:... . _g~n ia~ lar va . • 

s . 1 1')"1) , erv.t.ce \ / ~, 

i.itches in t'.i.e 

T 1-iey 

p 1. ·u.n_s _o f' !{e nya . He r e co r d e d a.1 overc.J J mortality o f' 9 · 'j~ 

amo 0 1g im111atur~ i:>cagGs in ponds a t; Hab our anu Chigrt viL.1a ges 

~ . • d 1 °/c mvJ_ ,,ali ·cy fo r la r vae i n di tchos a~ Ch:i.. r;::: . • Thc.se 

mo 1 t~J. i ties wer~ due to lleav) i nf'ec ~· i on wi tn ££~L2.!!l2.!!1¥ce ::_: a.nd 

i,.mong -p reduto :?:·s -i 1•crimi 1).atea b y p ··ecipi ., .i.. n 

( 1 "' dp ·· 1 e =- ) \. ,• -·- -- ., 

~ields vari~ ~ ~r0m 19 to 5~~ a nd wa s p asiclve l y corre lated ~ 0 

Sur1·ac.;e p:-- d.t.:..~o: .. . ,; \ .er..;: 



(Anis~ . ' .era 1 .t.ygopt e r .... ) am:'.J. Al;ptieme~··cpt ara. 

The absence of' pct e ntial aquatic preda.t: ors from me.st 

t e::-!porc:•.rary pcols, hoof'-prints and othzi:· small and trans-

i ent wa te :c c ollec t io!ls colonized by A . gambiae t e n ds t o 

sue,geet t3a t th~:re is little larval loss b y p e dat i o~> 

(Service, 1973) r Gillies and De Meillon ( 1968) stated 

that ~.K.ambiae favours such sites as an adaptat ion tc escape 

predation. Hc\..reverr adult f'J.ies ha"'je bee.i."1 obse:·v ed settling 

en b ott1 s rna lJ and l a r ee co l lections of' wa te r and -p rey i n g on 

e me r g snt adu.Lt mo sq.Ait o es and a lso on larva e (Se rvi:::e , 1970 b 1, 

l9 ':" 3 t Mo gi ~~·, 1984). Larval p redat iun appear ed to be 

c c :i.cen t :_ z. t ed on ;:;he 4th :i.r.stat'. among ~hese p r edators 

were mn sc id-s belonging to a common species LispE'._ .i~ .. vingi 

C u :::-ran and D~ 1 ichopodids c.41. so D-i. pte ra) belor.giPg to twc> 

spe c ies - Pela stoneur us fOngocnsis 

"I pee i es, Lyco.sid s p ida:::'s h a-... ~ al 'i o . ~.H:~n r e ort e d as p re d a tors 

of eme rg~a~ mcs~ · itoes b y Bishop a nd Ha~t ( 193 1 ) a n a Service 

( 1970 ~) . 

I~ s t imates o f t!:. e 1a:r·v~1 su:tvivo:r.shi.p ..i.3 an irn?ort ant 

co p c.:ns v t cf the poi:;ul.ation d:'.·~::.awic s of: m0 squi t 'l ~S in a:•:iy 

giv~n l ocality (Reisen anti S i~diqui 1979)ft B&tes {194 1 ) 

estimat;e u l ar..ra l eLvi v orship '>y corr• a r i ig +- he Pumbe r cf' 

e& c h insta r collAct b d d ivided by t he instar durat~o~ f 0 T 

~-nc-lt.~di11.g 3<~rvice ( 1 Q '7 1 ..... .. , 
R~J. 5~n 
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l 1979), Reisen 2..1 al. ( 1 ~82), and Mogi et 21. 
•· -- ·- ( 1 984 , 1 ~86 ) , 

have ~sed t:te method of age-spec i fic lif'e- te.bles developed 

by Deevy ( 19ii7) a n d S o2thwooci ( 1978) fo:r. agri cultural pest s 

to E=st i mato the nurvivorship of mosqui t o lar\•ae., 

1 .1.2 

The pioneering wcrk in tha use 01~ physiological 

cha_nges i!• t:he reproduc'tivc organs of' adult !"er.1als mosquit~es 

t c estimat(;? th~~ lr longevity was done by H.ussic.P.. en.tomolo-

g).st::; ~ cL.ief' among whom we r e PclovodoV"i.r Beklemishev and 

Detinova (De t inova, 1962 ; Gil l ies and De Meillon, 1 968). 

i.ll t he blcuu.-suckine Dipt e ra ~how t:1e ol-i. enome non of 

gonotrop . i.c concordance, that is, a f'u l blcod-w.eal is 

nacsssary fo r the matl!.:..~ing of' one e.gg batcho The period 

f"ror~ i:;he time a blood-meeo.1 is tahen to the time of' 

and the nuraber cf c.:ycles undergone ,yy a. :fe:r.c.le con~ti.tu t es 

its p hysiological age ( De t inov·a 1962). · The Ru~ sian ~c i e ...... tis i.;.s 

priri~ip1es have siil.ce beE: :;.1. u;:;ed on. other r.iosquit0 Dpecies 
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~-i ~1., (1987), and P..~sse.t. (1986) i.1 .10 r·l;r. ~rn \.,;~~ ... r a lia, 

en di:f:ferent specj.e s of: culicine wosqui toes . 

The simpJ.e me tho d o f de"':;~rni · ning dai!y su:cvtval 

rates base a on th€ parous/nullip;i r0us ratios nas . ··ound 

mu_cll wider applieation ir1 varicus part s of t h e -w crlcl -

::1avidscc and Drapp2r (1953) , Davidson (1954}, Gillie.s 

:tnu (1963), Clement and Patter o n (198!). A modii'ied 

version o :f the parous f'on. uJ a h a ::- 'a.t.s o be en propose d 1·c ::· 

use in r, itua'!:"io n s w·he r e ::-ec r uitment of null.i.ca :.cou s 1em::-.les 

into the p opulation l~ not conecant (3irley and Rajagopalanr 

'.)81 ).. tH rley anr Boorman ( ;?~2) •1sed t lli"' to -:::stim-:te 

sur.ri •a .'!. aucl biting rates Gf' haema · op!- ago" s .insects in 

(1987) us ed iL to es t imate the 3U~vival rqtes o~ malaria 

vec t or:: i1 Kenya. 

1 .I, V~c t or Beh::;tV.:b.£.1.!r. 

'J:'he b:i..ting cyc l~ s o f the majo:::- ma}ari a vec --·Jr:;;: iP 

19Tl; 



"'C'Jh3- •·1·c.i- .:. ·i·,.,,1· n 
• _,, .. ' .1. .;;:;I ._, .... .!.. ' 

Service, 1963; Snow ~'& & .. ~ 1987). The geEer.al picture 

tr .. at has emer tl'ed from th~se a!ld other studiE:s is tnat t .'.·1er~ 

i:::> usually a period of' low ac~ivity b etween dusk (1900 hrs) 

to about 21 hours. From ~hen on. there is increased ac t i v ity, 

reaching. a pealc. between mid.night and oJ~oo hcurs. The biting 

r1:::mains .fairly hi g±:>. until just bef9re cki.wa when theH~ is 

T!1.is iilcreaseo. ac t i'\••i t;y at dawn is thought 

t.o 1-_.e du..e -co an · n:flux ot mosquitoes C; nt.;:irine ·t:he house to 

.:Se __,k si';,i;)l t e::r.:· f or the day (Ha -:ldow, 9 1l 2; K:cafsur, 1977) • 

For both A. ~mbiaG acd fune~ tu s the bulk f the 

feeding takes pJ.ac e indoorsq This i~ primari l y con~1ec ;cd 

\:;;aoia ..rhe r e peop.Le .sleep outside d-.; r.i"rt:::i.in 't:i.mes o f' t'1e 

yea:o: 1 most :J.:..t:i.ng t ~<ee ole:tce autcloo:: 'Gi1.lies and De dell~o!i 

1;) 68) . H11~1e·-e:., U.1nkeeu and Ome r \"1986) s~ate d t h at 011t-

occurred t.i1rny.gho"..1 ... tn..,. ni5ht with a p e ak b etwee.1 2100 and 

Feeding also r"l.:Lel:: t a k-3.s plac~ during daytime, 

( l 91:.·1) rec o rdl~ o - ~ 
smaJ..~ :.:.umbers o I' !...• 

t;ambia,e feedi n g du..i: i:ng the d.ay in Ugan...Ian :forest s .. The e 



f' l. t:-0 a u.l.... 11..:'e l.!1 ho~C·' s (Gillie s a)i~ D-.. <1£ill.1.J & 

96 } 

197.J ). ~.3e:::vice ·. i )'6)) f01111U 

' .!! • g3mo~ is LS~ entially eauo ph i l ic a!l.d " p enas mcst: 

o f e ~ ch gonotrophic cyc 1 e :est:Lng l.n id.zi h ouses. 

Thc.mso11 ( 19.5 ~ a) f'ound t hat nly 2~ 

t1oueo fl a f ter :fe e~i ~1g , Gillies ( 1954 a, b) :found ,. - '1% whi e 

Wi l Bon (1 960) fou3~ 5 - 1 1e '_•vL1g he h ouses s on a:fter 

:f~edinoo. All th~se wer6 in Er:.1..:l Africa . On the. othr:!r ha:id 

some iorksra :i.n. 'West A. fri.ca 1: Ltnd large per .. entages of' :fea 

l e;nal e . .] eaving th h ouses r.:i c:.t !l:fter f e e ding. li'o r Xt..m lle, 

Gelfand l 1955) L. Liberi<rt. and MuirheR.d-Thomson ( 19h8) n 

Nige r ia ~:~se:-:-..reJ that as much q s bet·, ~en 4 a.rd 965' could 

leave the house~ a ter f'eedi:nr:. 
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I'he n:o..in r c....3CTJ. 

ir .::'~ :3ults is now knJw,-: L; be due to diff'e r::i'!.cer· in 

b e:1a': iour b~twe en t he ve..rious sibbling species of t!-lc A. 

With the separation of' th ~ compJ_ex irltr.) 

s~. x clea:tly de:fi.n e d c~·e net ic) spec ies it became p0ssillle 

ro reconc;_J 0 t 11e con..flictin~ results o :: earlie :;.~ workers 

with regard ~o behaviour ~ ~ t~eins . It is no\v g£nE::r<J.l Ly 

I • ) a cce p<-ed that t, . gc.moiae s . s. \3_?.~cies A '·'hi.ch r.i1rives in 

zo n..: s o:f forest ;:,.::tel iiurnid sa•an:-i.c:.. , i s p:;"edo!nincintJ.y end0'1hi.-

l ic ~nu a r. tfi r,'"' opha.gic in behaYiour (1-!hi te . 197/i; ~{ i.c;h t u n 

~.,, 1 97';;; i·losha and S1J bra 1 1 ~)(32 ). Wh~rever man. is readi:y 

av~iJablc as c:. host ~ tne human blo~ rl inde x ( 1lBr:) is ver~' •dgh 

a..::id nl3arly a.Li e11.do p l·1a gic f e malef' ::ema.ln i.1do•J r~ for ai:; 

l ec.-:!:' t:: "the .Lin - dc.. y af't 3 r f'e dl:J.g ( De>vidson 'lnd Drapre:r. 

~ 953; Gillies, 195l1 ::i s, b, ~956) .. 

i n re~s por1se ':: o envi~or::.;nerd.-.1. .l ( W•1-i 1 e 
'\ . - ~ :- 1 97h, ·,. 

dif~icuJ . t to cteEcribe. Unde~ ~at ur~J condit~cns ~here h 

maj ority aI' hos Ls ·and domestic anim~ls a~e indoo r s ut n~~tL , 

t . / ,. . t' t 0 .r·~:_, t- _ •:>r out: or ~ We:> C! '"<Y • \ :::>nn ... 
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a !ld then ID'.l.Y en~er the: h.:>use to take s hB l t e r. :-ic,wev~r, it' 

t o cutdoor hosts , this species becomes predominantly 

exophagic and com~letely e x ophilic iWh-ltc- ~,q71.!. \ ..• ~, ~· . , .Jo s~-:i et al. 

1 97 5; Hi ghton et al. , 1 979 ; Dunk~en 21.n-:'l Gme r 1986) • 

These dif'f'eren.c e s i:u beha."l.riour bet·i-1ee 1J. sr:ec~,_e3 A an-:' H of' 

the .::i._ . ~mbia~ compJ e;.-: also ac::ount :for the Uif':ferenti&l results 

o:f hot..!E>e spr;:;.yi ng with i~s ec.. tc i des ~Nhe:ce the comple:1::. is t h e 

main vecto::..., Specie~ A ~o9s ~ot have the gena ~ ic capaci t y t o 

develo' true be.l:l.avioural resista.nc :=? t o i:;:isecticide:.s ( \·.hite, 

~ 9 r i..,) o l-:Iouse sprayi ng with :ce siduu.J. j nsE:cticj des :f_s tb ere :fo:re 

lil<~ly t c.> be 1:ery e :ff'ecl; iva a g c:dnst i...ncoph:U.i c spEn.~ ies A 

populati:-.>ns F·aced with in.sec..: c;ic i aa1 sprayj ug of' r1ousc s , 

species E on the other hano. readily selects :for coMpl.ete 

exophily s or a.t leas!: postprancl.i.al exophil;• (Kunlow ~ 1 962; 

(°>. • .... . i..l!"J1 .... , . :: 1962 a , b Pr.1ngle, 1967; White , 1974) . 

'I'he sa1.tWr.tter spe ._.;i e s oi th.e ~.a ~mbi,~e cc~1ple}_r na .. n~ely ... 

A • .!!'..E.b!~ c>.nd ~~ tend to ~e e x ophi l i c :fo:r resting purp02e.,, , 

Ho.-:>~ l'ref~ nn~.c•·J S ------·--------

f!'c>.moi0!::, ~ .. r.. .. G~ _ _,_ 1.:.e:z a:;::d .IJE. HeilloL 
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whi l savanna ,popu.l.ations tend tc show higt•er J.evels of 

zuophily. It is no~ knowh t hat th eGe two types of geographic 

con ditions favour species A. and B. !:-I the complex respectively. 

Davidson and D::.apper ( ·1953) fo'dnd more t ~• an 90% of' catches 

from all situations in parts of East Af~ic~ to be pos itj_ve 

foT human blood. G:!.l l ies 1 195h a, 1956) at M1.lheza, T~nzania 

goi; a hur.1an bloGd indax (H:3I) of 92%, High ton · .et al . ( 1979) 

f"ounn 927b of' A. gamb~:::i.e s. s. in the Kano Pl9.ins of Kenya to 

have fed on man While Arap Seroney et al. ( ~ 985) obtai:!ed 

90 . 37b in the Kisumu area of' Kenya. In a review o f -t;;he subject 

Bn1.ce·Chwatt and Gockel (1 960) noted that the range in most 

parts of East and West Africa is between 41-86% positive for 

human lo o d in~., gambiae s .. J. Excepti o n a lly low indc ::>r HBI 

values of 50% (\»hi ·ce and Roser.., 1973) an ;::8% (3ervice, 

1970 b) cave been obtained where man js outnuabered by cattle 

inside houses a,:; night, 

The g ener::i.l concens~.1.s i s that A.,_ ~'.'.9-biensi:::. feed;-; pre.do·· 

minan.tly 011 hosts othe:.:.~ the.n man. Whe r e specie$ A and B 

~oexistf th9r.efo re B- usually has a low~r hB~ than A~ For 

exampldr Wrdte E..!. z1.• (19'/2) f'o~nd a n HE::': 0f' 91 .25;, c;.nd 

60 ~ 9% for specio3 A an°: B respectively i t: indoor biotcpe and 

2Cf~ and 7$~ fo:!' the two species re::.pect:!.. vely in ou-i,; door bi0t0pe 

\1hile High.ton e t al. ( 1979) :fcund 92% c:.nd 59~& :for tha t l·ln 

species res~)ecri\•eJy ir_ indoor catches., ThP.~, as ',/hit~ (19·tl~) 

poinU~d oat ?:IOOJ-:~~i.l)· irl S!Jecies B is a matter or degree. 

\~her~ver !ll:l.n is pi~esent , he is bittzn :i. n consideri:1.ble numbers 

:.:1!d HBI !:'f 1 Gu~".'.. ha.v~ been f:i ; ,.d ir1 61118.lJ sam;::lBs t G<ke~~ f:i:-um 
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human habitations. 

In keeping with their predomiaantly exophilic tendency, 

·i;he saltw::i.ter spe~ies, A. me la_~ and mert:.s also tend to 

pref'er 1-:.on-huma."l hosts but bite man c?nsi11tently in the 

a bsence of these other hosts~ Iyengar ( 1 962 ) found -o4 :.> ..... fc; of 

house catche s po~itive for human blood and lees than 2~ of 

outdoor catches -po sitive for hum<l.n blood in A. !,!lerus iil 

P emba island.. ' But ?-1'i.~tero ~];_. ( 1 ?84) found as high as 

59.87b of ·their outdoor catches at Jimho, Kenya Coast poaitive 

f'o~.- humar:: blood. 

The degree of a:r:thropophily recorded for~'!. unestus by 

·.rarious work ers is also ecy vari::i.blc. Haddow ~ ·1 942) hac a 

val v. e "Ji.~ 98~/o i.r~ Kisi.1.mu~ :itenya; Brue "-Chwatt and G~ckel ( 1960) 

for ou~door biotope. On the other hand~ Bruc~-Cnwatt and 

Gockel. (1960) in r.1ix.ed haoita.tion5 a :r. d outdoor s:helte:;.~s in 

Upyer Vo1tar fou.nd only 24-265' of their ::;atches posit ive f c::-

c c.•.tcher-: in Jga.nda contain.ed numan blood. 

1 .. 5. 

I>=.!'- ~ • <=>v • . -1 \ '"-" •· M . ..:. _._ ,,, .:t ll \..!. 



i.si a t 

( • ~)tS' 1 9"6} i n the P tilip:Ji.ne;; :::..nd n ~tl r n .:..'! ...... i ~ 1 r:.rl wi tll 

pseuc punct--i p enru.t. Theol)aJ.d., 

cote (1~70; Hi l l, 1970; <:,imp rJ on 2J ,,.!.., 1970; Surtoet-· 9 -1 '.) 70 n ) 

He;:.. chcots ( 1970) 0 t:=t.terl t ~at th .: J ·a n a.net-J0 enC'""nhall tis viru s 
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exclusively on pig..s and~ • .!!:.i.1!_:;:ieniorhvnchus "!.lhich fed 

on both man and pig ,C .tri taeniorhvnchus bred prof'•J.sely - ----
in rice fields a.nd its breeding a8ti vi ty was clcsely 

r~lated to agricu_ tural pract:;..ces throughov.t the year. 

There wer€ two peal:s in its populatioc, the ~ajar peak 

occur1:ed ;_n September/October just before plc..ntiag- and was 

thought to be due to J.. nc1-eased breeding as a result of 

o~eparation of rice fields for cultivation. T}1e secund peak 

o :::curred after harvest in April/Hay {Heathcote~ i 970; H:.11 ~ 

1970) . ~iQilar results we~e also obtained by Surtees (1970 

c) whc studied mc:-:::.qui to reedinc in tre Kuchi.:::i~ 3.rea P .... 

Sa:i:-al:rak wi t.a spe::iaJ. refe::-c nce to dangLte feve'.".'., 

R~uben ( 1971) in his studj_ 2s of the bree<ling· si ttis 

of' rriosqt_t ~_ :nes of north ..\...:'cot. dist:::.~ict ~ Mad:caE>, India 

:Le re ~u.n.-.ian L at d.i i'f'erent l;i.me.3 o:f the yea.1. 

were rr.cat :;i.bundar..t i;--. fal] c•.; "'.'ice f'i.. e l ds while 1_; 
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ir.. irrigation schE;me_:: .;_L K. e z:;.ya !1 a ::. a l so b ee.a istudiod 

e ....:t'3nsivel~· · Bowen .~ .. £..-~ . .!.· ( 197J) ·round h.:i.gh prevalei:c~ rates 

c f t 0 'nyong-nyong ' a nd 1C'1.:! .. kU!""!gunya. ~ 

a.mo •. . g people li "; i "tJg in "\..i1.er() e.nd Kar:..o P 2-e.~ .... 1 ir:cigati-:h-.. 

We.st Pile ' . .ti rus Was a.! .. s~ present ir1 iov' e .. 1der...i..:: propo r;:;ior..3' 

large numbers i!l ·cha riGe i'i el;:is at certa::.n 3t; 3_ges of t L e 

... ·ic e. C'lltivntior.. cyc l ~ (S11.rtees ~J70 a . ~owen et al 1973) • 
., ----·- .. -

.Mocquito ::>reedi ng :i..r .. , .. e:l. "' .. ticn to an irri.gatiou p:co J e c t 

i=~~~a~lon schem~ iBurtees , 19]0 ~i Simpson ~ 1975 ; Chnnd!~r 

a'.!""!c Eigh. t Gn ~ 1 97.); GhardJ .. "". r . 1976; raghton ei~~lo , 1 979 " 

Str:-tees- ·(1970 a ) 8tudied '.;~1-e 1..i.'Ocv ,_n,s d; sea5 e epidemiology 

i r. relation to .;.arge sua~•.e :!..F r:i..g,.~:c io!1. in the Kane. !->lai!'lz . 
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while in the villages in the unmodif'ied area Man::>onia u:niforis_ 

c0nstituted 861Jb of' tb.e c atch; .£1. ~mbiae less than 15b and 

only 3 Culex E. :fatigans (G • .s_uin'J.L!ef'asiatus) were taken. 

Larvae of 6· g:imbil!.£ were inos t abundant: ir .nursery pa.dGy 

while among older , denser p.:!.ants C ~ an term~~ '1a s the 

C.omir.a ti i:.,t; ;::>pGcies. 

Chandler a nd Highton. ( 19?5 ) studied the s ucce :;:sion of 

mo:>f!Ui tn e s ·i_n rice fielQs in 1\isur,ru ·-l.:-..~ea cf Kenya and 

recngni;!:-~d two grouu i:.. -
I ._ 
\2..) 'l'h o se that. b re d. th:cot..:.gh.out th ,. 

( b) Those th'..l.t we: r e a ffecter b y the wate:..' depth and lH~i gbt 

Tha s lur.:-:·y of shgl low :nud.d.~- Po e.l s Wi,ich :fclJ ow crc·: nsplc.1.nt 

Cb d '11 -· ) ~lsc studied the mosquito f a un a o f ~rri -.an .u~ J.. , _. Io -

cf A.. :·a mbiae 
~-------

."3- {'> ~!.ti! ' 

.i\ano i ' 1 xi. .n 



- 31 

an ~· af'ricanue Theobal d.$ Similar results were o b tained 

by ~impson ( 1975) \.!ho also n oted that the peak popula t ions 

~~ga~ t o accur a muath earlier in the irrigation sche~e 

than elsewhe re and were maintained aver a longer periorl and 

that the· breeding ac ti vi ty of e a c h species was re l a.ted to rice 

cu.1 t i vaticn. 

Apart from r ic e , n early every othe:c crop such as cotton , 

ban<J.na, etc :cP-quiring irrigation supports mosqu.i to ponulqtion5. 

of' medical importance ( U.H.O., ·1982; You.ct.eowei and Se .cvice , 

1983) 

Dams p::--ovide i mportant b_~eed.ing grounc s :fo ~ 1nalaria ve~-

many la1·ge dam8 and man-made l akes ln Afric <"~ ~ inclu d iag tt"le 

Nigeria. Bu:, w i ~-r. +he "'xr. L~ --t ~ .,,~ or +-r· l. ... ·,;c l +,,. = ··1·-1 
- , V .& • <t.# "-"' - ~ :' ..L.. .._ -I _. l,> ·~ . ;./' .-. rJ..~ '-'" l~;:;. ::i.nji 



Ne deco 

was er~demi':: in q_l l the &ree:-..s ( '~xccpt Egyp-+;) bef'ore t.he dame 

were -:.:iuiJ_t has remained ::i. maj o r p=-0blem ctEd in "l.ln1ost al.1 tl).e 

cases has escalar;ed as a result of' thP- constru~tion oi'' dams 

(Youdeowei antl Service, 1983 . 

Pate r son (1964 a, b) had 9arlier st _oagly recommended 

that mosquito s tudies should be sta::'ted at an .::::;,trl:y st ag~ 

of' anjr i:crigP\tion er dar:-. prcject, It is impo ~. -c <int f'r0m ti1e 

v ery beg-in:::1ing to i:redi~t how the p? r tir:ular ._lam unde i. 

constr•iction is likely to influence 1'1'osq11:i. to p r e du e t · on and 

T..vha t 'iange rs to the he a l th and comfort of· man a rc J.:U<ely 

to r esul.-t- f~:-orn these influn~cs. 

since W.h&t ha.ppens in any particu) ar case dep•;nds on:. 

( i) The na tt::. :::-e o f th·~ d ...1.m "-' 11.d th us c t0 wb ic!:::. i -;;: is 

put~ and 

I • • ' ]' • .If> \l..1.j ·."he mosqui t o :i:.e.1.l:r>a of the hro2,d c-eog-ra:phical 



2 ~ 1 Tr. G St· .. 1dy .A ea., 

:Marigat .;;tj_·.,.r:i.s:l.on :i.s in Baring~ dis t:r·ic~, Hi.f · ·alley 

Pro"\:in.ce c,f' Kenya (see Figs. i : 2) • It i~ very ~lo se tc th~ 

i0 1 

~, o ·- o t . .J { .) east, at an a J titude o~ acou t 

stu<y is bcu nded ~y Lake ~a~ingo to th& n~rth a~d ~ake Bogcria 

~e&t~r~ boundary 

sJ 'a~ by a range o f.' ni ..i.. lse 

40 .Km apc.>.n~ and t1ariga.t i.: ot!n :!.s <..h!:u·~ h..,d 'f "\i" y be:;l-. een -~;r.e.n. 

Marigat is abcu~ 250 km no~t~-we~t 0f' N~irobi a~d abcut 1 00 

Lm uo rt;h of Naku'"U r :?.O 1-:m .::>Out;h i:- 1' lake B2.rir>gn . K,;:;.ban~et, 

? • 1 ') ... 

0 :f a' Ot.J.t 
r,,- .-... 
t....:Vt..J 1n•n. 

1 3"eC . o- - 0 . ) <in•.:i 
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.c 1 i l.l. -·· -'· "l.. 1 t" .•. ~ ~ 1 . The !: '> .r.. . A ._,;.a :.. "" · •·• · J • .:!.Y 

g n'\mme bcin.g ur.deT-tcl<e n bv ~-~H Dopa r~ment of' I<'orest ry a r.d 

u.pportec · y ho Un.!.-tc .... L'.i~ i. i;;.::.· t;n·\ri ronmen t al J':?·ogram111& ~UNil:l>) 

Dur.i.. ng anc:; imme~ d1at:<-! l.y .:.:ft er t:.,1e :rai!!e (April~July), th · g_r 11f1d 

t e!':lporary green OIJ. t :: .ook ., 

wa;e'!.~, b o th r£aturc-:. 'l.n d man-;nade (s e ~ie,: 2)., bny o :f Th o se 

vate:r,., supp rt rno c..,ui·t;o bi.·eeding a l l r ound t he y ar e T 1, o:!' 

.:hose WG?"~ se e •. t ed t Q t'orm th' wain points of' i n-d epti istu c\ias 

t r t h i !! r>:r.c ject.. Th tls:l are the P e::-ke rr-- i :!.~rigat i on scheme 

"" l'J .~ :-i axamp J. I!'? o:f <; ms-:i-•r:s.de o r oodi.rg s:. te and t h a .ob o i swc:mp 

&e e~u.mp e o f a nf.t;; · ra l bree d-l.ng eite, The L.trval ~<"ology 

s tuui a wera o onductea d.t tl;. e ~4 site • T!1.e adu lt e a 'i'lp l i ne s ite 

.., .. >:e .... 11 l<'CJ.te d c .:L o e t o them • c ~copt; Endau wi l1agt>t~ A b ie:f 

a ncript i on 0 1 · t h e ?n£.. :f.n i'e a t u res o f' th~)ar<a t wo bodic o :f wate:;: 

is givP.n b e l o w. 

!.,he Per-kerr~ Irrigation §£.nerne 

The P erk err a. river i s t he l argest a 1-ee&son river in 

th::.- study ar a a n d i t suppl:tes the water used f:or the 1:..·riga-

t i c n scheme . The it !hemt.t :1.s locu.ted 5 - 6 itm east of' Mari get • 

I t c ov e rs an a ren of 5,850 acre s ( a bout 2,370 hectarss), out 

rn ' ihic h 1 , 704 .-1c re s ( 690 aect a re tJ ) a re put under cu.l ti vat ion 
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in(; :!.,"; r. e~e-J oi' :flow iJ.CL !.e :"'.'o & riction :.te r emoved. 

de~p . Wator 

In t he branch and 

.: s. tlu• crops · re .Zloo ciea onc o a vee J; !io, \.;:)~·i, ~ -·: 10 cw a:fter 

·t":nicl tho w t er ie v.it c f;· . .. ... his ia unique :;.nd .... rery i:':'f'er~ut 

t'rcm mvst :thcr l~rigat :.lun sc'"lemee 1".h..,:r.e tho cropn are f'louded 

1' r prolonced pt;riods of 3..,9 rno:n.tha at a time. Thua , 0ve n 

t h ou .. ll. crop are ,5rown ·aJ.1 y ea1· roun.d, tho1~e are no stagnant 

'I'h:t..s io pa:·ticularly eio during the prolonged dry sonscm. 

SGptamber - March. The cunal. are -waeded at regular interva. s, 

tho <!l!l.in. cnnal b;:-r the i ::t"riaat lon br.>ard a r..d the branch and 
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A pa:.:t C•f t'.l1e P....rkerr<:< i1:ri9 .... t.i;;:: ,. ::.r;h~K.i. 
.:.hewing the md.n C~l!;.il"'e .. ,, 



aJ.so 

and C(•n~ai.ns a lot o:f dcc:a.yi ng o :rga!",J .c ~•1<....t~En·· f rem ti-:. $ ... ,.:n.rer-

ing v(!getatio::-i. 

E-Wamp. T.he two l a.,...g~f;t villae.:>s w~re ~elect ea :f".'.>r tn.is atudy. 

T~ e o t b~r village 

i 5 '!' i:.1.gt t;i yon. I .. ~'3 ~-..>ca e-:i. ; k n1 .from kaphui:i<ui at ... !1.e other 

The first gra~p c~ haue~s is 2 km f~om the 

e. •'amp. 

'! 'his rive _· .... ,;..s i;;s. t!lc;;x·c e in 

l -u;; 

T ht: ax·e;;. is inhabited mainl.y b v t:hc '• ·ug.ans, wi :::h >".malle ::-

·~h<:: ·"'e ;.>l t. are c r{tanJ_~e;l in 

"'oal 1 1'a. w..i 1 y ini. t s , 

r~ii.es. There ls usually & eeparate ~Dude fo~ t~~ h&ad o~ ~h~ 
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A ~~::tior, o= "":~e L:.>boi :-il.'Jarr.p~ chow:i.::!?. thc-: i:~ric~ 
Pap~~,;~·s cov::::r ~ 



:J r-atio.ns such as we cdi.'.1.g ;;; : · Phcn ..:hild.ren g::1.ther to s:i r .. f,; and 

play :ill the moonl:!.gh t during the dry seasono 

AlJ the settlement. = and villages are small. RI and .t< 

on the i:t'.rigalii on scheme havG 40 :;.~esic!.ent ial hout: es each c:.nd 

15 0 ir .... "lah-i tanto p er settleme-i:t. Endau village is also abo:.it 

-che same si~t!. Kakpuikui and Tingt ti yon villages near the 

Loboi .swamp have 6 0-80 :casidantial hot...e:~s, with 200 and JOO 

L1habi. ants res;Jectively per village. 

the village& ~ear i~. +<es.idBnl:s of' ll:1-::.daL. get tneir . .:ate; Ircm 

seasonal r.i. .·ers <::--.nd temporary p oo l-> c,u iag tl:e ~:-ainy ~easer 

l ""' s~aSOL1.. 

-::. ~~5 .. :fic1.a1 13.Kf.:' \;0 En<.ia Was s ti.ll u ncer C:)ns··:uct:ion. 

Occ!.lpation 

Tie peopl~ are tradi~ionally s ~mi-nomadi~ herdsm~n a n. 

a• lmal lu1sbandr y i::. tne most i1. pa r+ ant occupat ion, I'he f'arm 

also eep a fe 'i · c -icken, d .. "1gs / serue as guards) a d :,>et car.s. 

l-1en and a.nimals re in very close p vrulmity, sharing t1 3 game 

houses ·· c;z. sleeping i::i sepa ... ~ate house s c lose to cae a,10 ~ ··1er. 

People .with large numbers of animals 0ften keep t.h~m i;1 ons; 

cr.1.C.rql"iure s within t~~ '; ompou..:id. The ~nimals are ;aken out ;or 

in the _ _eyenlr g ( 6 ,.1JO IJ om. ' . 

sist~ence scale by a s .rai n ori"t ) of' thP pjpuL:.1t.i.on , ou ts ·.ct .... ·he 
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e f ro::ts to r.:> t.l.i.eriZ ~'l i n:.lgat _:_or:. !'a rming ,, 

c :;.-ops ar?- mai .... . , ' se;;.ns f so~ ~d11lm and bananas. 

J.l~?;'ig <:.;. t :i on scher.1e ·;;.i-•_e c:;:.sn crops a ~~e onior:.i:::, epper and "-'at :r. 

r.iP.1 en . Th~ :ces i.dent larme ·s L. :.>o p l ant maize r beans , to:ria~ «-:: .... 

~-learly al l 1;)1 e h ou~:; s in i;he are a ars l oosel:r const ru.:: .;e 

; -· ..t. i_ ;::}1a pe. ~ o r.1e: of tb'S l ou:::-.: i; 

2::-'E:: e l e ' a :;..: d C!! r " <: S :: n a hci~o ~ o:f 1 t - o j me "t:t't:::Cc 

iloo:.· se.r--·E>s a s animal b.ous~ anc ki :;~h -- " .. .fn 1':•.ari g i_::."' t. '• n sh i.:- 1 

most .:>f th e hous es ~re or 1- •1: semi - permane) t ·c;·pe, ·• i .h . L'..:> 

made of ~-: o-;d. o r _;_1'on corruaated ::..r . l 

I t invo J~1 t:0d t..-._ ·ersL1g the "1r 0 a 

oi b~cycl ~ 01; .foot ( \'h.i.. : h t.. VCl 

:foll w :ng: 

l .Locat:!., n an.d e .ten t 01· the p ermaae n t eo,.1.'.'2c e s 0 :f "-"at1;;r ., 

( i. 1. ) D::i.s t r~_bu - : on i::; IJ.ID .3.~.\ s ~tt 1 oments and th ~ i r d .... :111.? '-l.<..: 

,s(1urc eto o .·' a -pr . 
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F.L~e- -s-: 'lbatch-roofed house -common in the study arei&. 
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(iv: -.A:r.y other topographica.::_ re~.ture.::; ->!' "t .. 0 a r ea 'r:l-\:.'_ch 

suc..h :;.s presence of' cave1:>, a.aimc:.l 'Dur :..~0·~1E:, thi:',ket:-3, 

deep roe~ o~e·:ices, term:.. te t!ill-

iay-~ut and essential fGatureso Discuseio~~ were hel • ~i ~h 

t •·1e s _Lai'f' of' t 1e irrigation b<.·ard l'o.t backgr ound inf'::lrma tic 

on the mode of' ope rat ion of' .;he sc 1. eme . Discussi~ns J e r e al so 

c :r V. · tcr Bo:r.:n Diseases fD. ' ~.3~.i.J) -:.11. ~1ax·igat r,:;r i:1f\n·m~tior 

tH'l. ;,;h.;;: ir:~ id-:r .. ce a nd l evel ;:;f .nal c:;x .~c1. . 

c:. iefs a.t Loboi and. E ndau dur.L1g '.•a ich the irJJ.abi. t an1-s 1.f e re 

informed o f the pr.op0sed ~reject. They wer~ .;;1.ven the oe. t~ 

l ine s of" the work, the lik-.J.y i nconvenience s it W..> u lct ca<.~ se 

t o th.em and t'le pcsslbJ.e benefit~ t hat vonl d acr-.ie f r om it in 

-
th ~' fu·turc • f ·fnally, the a.L·eas u r co-oyer2 tion -e. 1d assis.,anc e 

rieedetl oi' th em espec i:~.l ly vi th regard t o the early morni:ig 

py-rethrum ~pray i ngid - llo•.ise s , were d1sc"t:.ssed "nd 1::-iutn a.1 ly 

a.greed upon., 

from anglysis of available aa~a, a tentRtive .is t ~f c3~di· 

date kocalitic 3 fo r dat a aullectinn wa~ conroiled. Jz _~E" limi nf>.ry 

mi cl.-vc_tob~ r l 985 and end 01~ Novombcr 1 J35 ~ Foux methods wera 
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t~es ~rLm a nLmal s h 9<ls, v~getations. borrow pits, ; nd 

oth0 r ~utdoor res~i~~ site s . 

f 'or i 5 m:~ nu-;es on each ~r ,;wo vi e:its dur.i.ng the period. 

:s .oo a ~ n. Cne SJCh collecti0n Was made e~ery w ~ ak r~om 

by th~ pyrethrum spray raetnod , 

The ~l:'i':!.cieucy •::!. tl-;.e outdoor .samp_•.iug metiv·ds c o ·--lld no'~ 

be :::ompo.red stat istic.all.y b e•:- ause, t ne un• ts St'..mpled . that :Ls , 

v·e5·e :.-:ation, ariimaJ. b u rrow ;-,. t c, we re dii'f'arent in size ae<l l t 

&:i...gn · :f.'!.ca.ntly m;)re i;:ff'~.L: i ent ·i:: h=in th e exi ·1; trap in 5a.mp1 ing 

t-i ous~-haur'<;in :: mos qui tr.· -~:S. J.t :::h o1;.ld be ~1.ot ed. , h::>~•ev2 r : t ha t 

thi::: t ' ;) method:..--. sc.::.mpl13d d i f:rereu-i; sut.uni ts o 1· i:;he po~'!.1la1,i on. 

Th e spr!!._,r •ne t.ho d samp1.e0 uaytiine h o u.se -reL t ing r.iosqui t."·-~z 

..... 
e Y.. l. •· r r ap 



the type of hou.si:':~ in t:he study· area. Most of thesia ho'!;ltH~t:. 

were with-:-•J.t windows, maki ng i t e~":.tremely di:fficul t to fi.x 

A 1.arvo.l. survey :.:..nvclving tha examina··ion o:f ell i.n.a 

.1.Jiff'erent .1.,..r· s of ti.e m"'- j:E· per::r.ansnt bod.it.s o ~ 'A'ate~ in 

pool s a1'cl pud.dles in ~xistence at t hat tim~ .-1erc:. sampl~d 

?nee a woe ~ by thd use of dips. 

The ~ollcW~Pg four lcca!i tie z were e~entually sela~ ~Ei 

f~r ro~tine saillpling, based o n the~ x nearness ~ o ~he two 

schem~, and the ;.r accessibil it;' by r oad thr.::m.ghout ~i e y ea;:ot 

o:f he several sm<:>lJ, s •:imi- temp~raJ..")' settlements n.:! a!' 

... h~ 5\.lamp. 

a -part. 
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I"hes<:: t wo St tt lements ';/e:;-e in the midrll<=> o.:: t~1e sc i.1emlo' 

.-.;..tid or a bout. equal sizes . They were apprcximataly 

1 l::.m apa:ct • 

( (!) Enda'..l .··i .1 1.?._ge about :5 ~ ... m JlOi.'t h c :f .tvr.s rigat t0'Wn. '!'"'here 

i a ::, :-: o perrn;.;.n ent source o f' watzr here a~d it '..aiJ 

·:i.band0nme nt 

"-· as 

t:l.nr. s . 
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2 . J General Sar.ip~Ling Methods 

2. .. 3. i tY._rath~um Gpray Collect ion 

This method was u3ed to sampl e indoor. resting adult 

.nos~-:.ui toes f'or various P' rposes bBtween O~-tvber, 198.5, and 

The procedure ased in tnis stiidy was as 

d u·c. r il:led by t he '.-! .H. 0., ( 197 S a) e Since ther e were 40 - 8 0 

hous1:H3 i n t:acL samp l ing locat i on, J'ive houses ·vere se.l e c.t ed 

in e a ch of t .l:e sa•np l ine· 1.oca ti ons: s o that o.c. th~ <? • ..-.r~ rag-e 01'.!. e 

.fortnight using a. s o L 1tion o"!' 2 .. 4/b p yrethr :.rn:, diluted wi th 

wa~er in the rat~o 

~.oo a om. an~ s a. m. Th e ho u.::> es i:::i t h i:: s a mp J .i ng locat ion s 

chosen w _re v e r y i d eal f or t h i5 met. od o ~ c llection. T .::i.ov 

w~ re sing~e-roomed~ ~i thout ~indowe a nd wit h vs~y f e w h o· be-

ho J. d ef.:fects., 

u .5e ':t t roughoui; t h :.:: pcri oO. of' th e study . F~~h hocs e i n each 

locatio n was g l.veu ::i. numb(;r ( 1 to 5 ) a.11d mosoui to es f:::-o m 

each hoae-e w ::ire pi.:.t in a pla!:'ti c t~t: e J, ined wi t'1. :::'il t er p a per 

w i t.!.1. ~-• ~o:cresponciing n u mber fo _ tl:t. ::t~ ~lous e . Al : ide:n t i f.:'..ca-

tion s , di c ssction ~tc were un6e r tak e n in the laboratoxy. 

The r.10squitces colJ,t:cted by the aboye method were u3 ed 

( 1) for t h. "= s ·tn.dy of' t h<::. Bpec i ss c .-::mposition, re~.a-!:;:.'i_v~ 

abund'.'.l.PGe and ze8.'30.f!B.l flnctuat.:Lonz of i::h13 ind.oo T r esti n g 

pop u.1 a ti •ni.;:; end ( 2) to ,pro-.r:i.da mat .:: ri::;.ls f::r :Use ect.i.:Jn:>. etc 

f'o1' che st~udy of age co1119osi tj on, sp0r..>zoi te :cai.~es, host 
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2 .3.2 Searching_~t_hod 

Thi s meth o d was u.sed to aau1p l e a 4.ul t wosqui toes fro m 

different o u tdoor res"t:ing sites a Veget a tions around bree d-· 

iag sites and r e sideatial houses, an~mal encl osures, borrow 

p i ts and store houses were sampled t -'ice a month i1J. each of' 

the sampling locations, Each type o~ resting site was 

sear~h'3d. for 10 ,ninutes on e,:1.ch occasion, isinr~· ;;uc~d.ng 

tubes to collect t~e mesquites. 

The mosquitoes collected by this method were L1 s e ri ;:;•J 

study the resting behaviour (endophily/exophily), the species 

di vex si ty a~i.cl the .-,ost perf ercnc es o:f ~~he mosq1~ i ·coe 5. 

.n. ,•;odi f ie d vers j on f >:.. the rr:i ,,i atu .·e CD::: t r c:..p design ed. 

b y Birley and ~~t~r0 (oers. comm) ~as Jsed to collect 

mos qui toes x·est ing inside an.i ma.t ourrows d.1-;.d te:rmi te h;.lls . 

The t1ap cons-'st;s o f a 12 volt mot.or t.0 '•'hidi. a ::;mall i~an 

Th.3 moto r and f'an are moun t e (t ir.sidc. a 

plastic ~ater pipe , 10 cm in diamete~ ~nd 20 cm J ons, so 

that; t.i.1. " fan ii:. 5 cm fron~ tr1e lower end of the pipe. The 

mo t e~ i s powered ~Y ~our 1 . 5 vol t -torch batteries or a 

12 vol t-recharseable b a ctery . A coll.:::ction bag of' n-ylon 

nett i ng wa te ·ial is ~tt~~hed to the c~oo s i te end 0£ th e 

pi1)e (Fig. 6). Wnen the t r ap is switched on, t.1.1~ f'aP 

-:· tat P. s and any inse c t that Cv!"lE:5 clo:::.f' e-.1oug:·1 5.5 drawn in. 

o y a n Ujj draft S<.!.Gtior.. mHcl1a11iSl'1 ir.to the ~ o llectior.. bag. 
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'rhe m:lru.atui·~ cue ,,.,, .. ti on t.r~p used for ::>ampl.i.'1.g 
mu..nal burro'l!S .. 
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This was j_ntended to miP. :i.m~ ze ary l~ias introd'lCAd intc' tt1e 

~esult ~ ~y differsuces in individual effici0~cy and attrac-

tivanAss tc mosquitoas (Had<l ow j 1942) . Ccll ecting siffiul-

taueo~~ly fr0m insid£ n a~ outs ~ Jc c~sured that partiall.y or 

r"'! r '\ -
. .:. ,. _;. c: ; ... 

·f' 0~ 

; -rr,-
1 • .c._ 

.'.2 - 3 

'l' sr1 dips 

!ni. nut & s ·\-..r a e- \J SUa ll}' 

ul.Lo'.'lttC betw1Jen dips so <:tS ~c p0rmi t tho la:t'V8.0 pr,d pu;)ac 



.t. :i. ~ <1. ti vn . 

n •" 

' ··' 

Do tr 

N~t ional .Mu.seufo ( N . .ltura.1 ~c:::i.en e s .. ·,..-::.al on , Nairobi., !:c-=-

i. r.:e::t i :fi~~a ti one 

Th<i k e ys us t.! d in ·t he iaanti.i'ica.t." on o1 the mosquitoes 

· 4 'IJkin:; ( 1952} , Gillies <:ta.:.: De Jwaillon ( 1968), and Hi gh ton 

( 1983). 



'f'• _.,. 
.&. . ... # 

') r.- • '-· • :.> • r 

( ·i/ 

c , 

.. oc al pop:...l ~ ti on. 

., 
" .. 

In 0ach o:f -i.;h el"I~ ~ t h e cnx-rol.utio11 ~oet.'i:'ici0nt ( r 

was ce.lc".lat'3c.i no a measu.::e o :f the degrcA t o Wh:i ch x a 1 d 

v n ry tog-ather, u~ing the method. of Parke;· ( 1979). The 

cal culated value o'f r was then c ompared t 

v<> l 1~ on a tJ.lble of· c x i tic~l values of i<' in crder "" o tas ;, 

tLe aigr..i :f:i.can.c n of' the ob;.:HlTV' d r .... ~ti li :iear :-Glu::;~_(...,nshi ,., 

The 
2 

v2.l.1.>~c ct: r. 
2 

and 1 ... r were al~o c~ lculnted to e8tim~~ F 

w a t proportions of the v c riance 01· y w~re aesociate~ :-1.n' 
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The establish.IT!<:!nt of a signif'icant rectilinear 

relationsh!p between t wo variab les, x and y, b y calculating 

the correlati on coefficient r~ does no t prove a causal 

relationship between the two (Snede cor and Coc h ran, 1980; 

A regression a nalysis is neede ~ befor e 

any such conclusion cc..n be ,;1ade en whe th e 1 <.' .' nges i n the 

-.· a· ues of' y a.re caused by :::hanges i n tL.e values r _. ~ 

analysi s wa s ~on~ if the v a lue or r was 
,. , rl 

s i gni :fi c ~Hi. t a t ) ;o 

o:t' lower. The regression equati on, y = a+b x , was u s e d to 

es t imate " b!' , the coe f'::::'ic:t.e ."l .: of regre ssi .Jn f ":!:'Orn ~he sample 

i ata , a::>.d 1979) .. 

After +~13 regressi. cn ] j_,1e ' va.., ~'j_ tted: tr._e sigi1i:ficance 

of the re gressi on was t es te~ by an anaylsis of v arianc a, 

especi all.y i.n -chose c ::1.ses wh~re t he !JO:i ·'.Tts '-''ere we1 1- spread 

ab ou t the r e g re ss ion l i~e . The :!c'-rat i~ C; lculat e d was the•·1 

comp ared with c :: :::'r.es:µ o ri.:iing V?J.ue.::, on :::\. ;~ able of F·-:r-ati o s , 

I t was t ;13r'9:i:'o re po ssible to c~ncll.?.de whe t her or no t t he re 

w..a.s-- -a -linear reln t ~onship "!:>e tw een x and . - in ·i;he pare nt 

pop ulation . 
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The st ;!ge-::specific su:i:vivo:cship o.L' immature .Anopheles 

mos qui t o es in two habitats in the stvdy area was calculated 

using the -irocedu~e outlined by Service ( 1973) . The number 

entering e~ch stage (s 1 ) was eHtimat~d from the survivorship 

curve. The surv;_vorship .from 1st instar to adu.1t was then 

calculated o. s S1 (adu.:!..t)/ •1 (1st instar) while the "KilJing 

f each stage w~s Lalculated a s 

Life-tables W(:::ce also calc nlated i'rom th.e survivo1~ship 

curves usine the method o ~ South~oo a l 1978). The tabl es 

co~tained tha following c olumns:-

x ·- e.gt in days 

Nx = ]\To 3urvi v:. -:..g to age x 

1 x = No per 1 000 surviv:i .. ng to age x 

dx = mort a lity oetwc~n ages x a nd x+l 

px = proba ility of surviving from a ge x to Y~ 1 

qx = probab i lity uf dying bet'1veen age and x+ ·i 

ex = expectat:i.on of l..i..:fe re.11<....ining :for ir dividuals 

of age x. 

2. 5 .1-1- . C. . c· ~2) ii:L-square .. 1 _ T~st 

In the study o f re;.tc:" o"" inf"Ecr:i_ ;) I! ·ith "1alaria pac:·asit;es 

a!!: ::ng school children ·::; h. - c l-i.·-Eqt:Lare t~st. (2 x2 table) .. as 

used to test the significanc e of' the dli':ferences :tn infe ction 

rates bet1.·- een diffei.ent sclto •)] s a t diff;;.:•rent times of -the y ear. 
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The rneu.n pa:1.~ou,::, f'c r i.mla ( Mac(JO"ald 195:2 ) ::is mo dif'ied 

by Dav ids on ( 19:> h ) wns u sed t o E::sti rruite th e daily- survi·,•c;,, .._ 

rates of adul t mos quit0es. Acc o :rd:i_ng to this :fo rmula, the 

s urvival rate p er oviposition cyc l e~ ? . is ca!cula c~ 

as follow s: 

F ::-: T ot"!.l__E.a :::- o us 

Total caught 

( 1 ) 

The da ·1:· s 1.;.r-_· i·.ral -r:'ate (Pl) is o•)c"._ ined fro m tru_, f'ol lowing 

e1..,ua t; icn • =: n p { '/) 
\-

where n is ths du ration o~ th e ovipcsitio~ peri~d in day~ . 

Transformati on~ 

The f'ol.:ow i1Lg '.; :can.:;; :t'o r ma ti on~ were an;:.i dz on f> Cn.e oi the 

data ~e~ore analysi~: 

(a} tog x+l trans f o rma t i on was used fo r the numo er of 

mo s quito e s caught in m·Jnt llly sampl ~s, be1 o r?- they coul d 

b~ plot~e~ aga i nst rai n t alJ, ~ dmp A£a.u ~e, etc . .-.i."i-t is 

t r ans i'ormc;.tion ¥as ncces·-:ary becau:;~ the va h.le'°" CJ.~ "';he 

catches va ri e d i·i d e l:- anci contair..ed s ome ze2. o catches 

{Pa rker, 1979 ) . 

( b ) Log x t::."ansfo rm_~ t; i on \: as a sed f'or th ~ median age n Pml:ler"' 

oi mosquit ~,~ s b?.f'o:--c p l otti t.g t l-iem a.gai r st d e ve.lopmen-ta: 

ti ne be~ause of A ~de ~ar~ , tio~s of th~ii v~l u~s. 



SPECIES lJIVEHSITY AV D DISTHIBUTif}\J 

J . 'i Intronuction 

the mosc;,ui tees 

ledg€ o f' t!i.e ci:!.stri i:>u t icn an.a .• :e ..... c:. tive a!Jtu1da-:cc of the 110::-:-

1re c tcrs rna:;: be ess a nt ial in un lcrs .... anding tnt popu.J atic' ·1 

d y nan:ics of' t hf' ve.:;cor~. Such ' l h.::lQ\\'ledge can b e e xpioit ec~ 

when d evis :i_ng- contro l 1!1easu:ces, :Co r exarnp_•_ e in situations 

~here there is compe t i tive di spl ace~ent o f one s p ecie s ~y 

''1.D:::it.nt: r {Sub:':"a and Drans:r.::_eJ d 1 99+) 

('l :!.. ) TI1~ Pe~ •. grr~ i r rigation scheme 

( .. . ' 
:1-l.l.} 
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te r.iporar y pools a r. d by :ceplen isti'.tng the pen112n3nt 0ne::> suci-1 

as the ::3Wamps, det;ermines the seasonal distri~>ntio t1 aEd 

.::bundance of mosquitoi::s. Other clirn&tic fa:::t ors like tern-

perature, relative humidity, and wi ndspeed affect the s t1rvival 

and activity pat tern~ of adult mosquito e s ( vluirhead-Thomson, 

1982; Br uce-Chwatt, 1985). The popalation dynamic s o.f t!i. e 

f' ollowir..g clirnatic fact ors: r,,_inf'::lll ; Le rnp eratu:,·e, J:-elat!.-v~ 

humidity an~ windbp eed. 

J .,2 Mar.e rials and Methods 

f he mus qui t.oe -s used i'o1· .-he s +-n dy 0f snec i t!S diver s :L <"' 1 

distribut ion and rela tive abun dance were collected using four 

me t ri_o ds : 

(i) 

(i. i) 

I .. i \ 
\. 11 J 

(i. v) 

Pyre thrum spr~y collcctic n 

Use oi suckin{t -t-uh es 

Suction trap coJlt~ ~ i . nn 

Human bait method. 

T he details of these ;netho ,;s :-> f' c0llec tic-i. were eiv.,n in 

Chapter 2. sec t ion 2,3 and 2 ,4 . 

~total of 17 dpeci e s o~ rarsquitoes ~ e~~ ~ o J ld~te ~ and 

, I _; J. _. ~: , :1 



~)elongecl to ario·.Js oi J l-_j_ <1 e • , • a ~ 

· • U•J.. Cl.!ll Seasonal 

changes in species diversity ( pl~ces and ~eriods of col ie c~ion) 

ar3 summarized in Ta".:lle I 

rablt-> ..... : Summary of Places ana Times 0f collection c f 

variois Mosqu~to species. 

SPECIES LOCATION PERIOD STTE 

~' gamoiae Loboi Al l yea:.~ ro ;,.,nd Inuoori:::*, T .II, A,B 

II " '· 
H 

Endau I\ 

,, 

-~--------- ----- -------

PerKerra F eb.- :Mar . • 

\,,~. - Oct 

·-----·-- - -·------·- -- ~ 

~sE,g_£!1s i s . Lobo i Hay 

----·----- ·-------------·-
~ h . •._,o.J :.Jl.. · May ·- .u::;u "' t 

I1doors*, T ~H, A,B 

" 

" 
,, 

·----- - - - -- ---
Indoor:;,, \ , egct <-ti o n 

!"!B>:<. animal e.~.::.1 :.isures .. 

'.' {~get.a.t:i on ha ·.)r ti::~eed­
i ng >"ite~ 

-~----------- - ------·-_ .. ____ _ 
T t • uO .. ~ 01. I··-.doe~: =: 
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'3ummary .> .!. l ' .l:.~C c"> :::: IC: J' L - ~ : "' '_, f c '-".i l cc ti_ 1 o t 

the variou ::; Mos quit c <:peci es (cm·JT "l i~-!J i:,D). 

SPEC I~S LOCATIO.~ PERIO D c-rf'\,~ 
1__.l . ..... ..s.. ~· 

~ .~fipes Loboi Ja.n . -Maren 

bre eding 

sit es 

·----------
£i..ansonia Loboi Oc;,. -Dec. , Indoo r s , 

Vee;etai.,ior. 

af'ric anus P e rkerra around h ur:i..:::i.n 

~·1arigat town Ap:r.:iJ - Cctober l n and n "ar ,i.uT'1an 

houses 

.-..p r~l J:.:.ly ~ r ~ .':..' e t: ( '\ t i '-' fl 

11 sar ani · .. :::tJ 

e nc losu1 ·e ~ 

·---------·---·- -------- ---
F'icalt".l. ~ Lobo i Indoors·:f-

Fic3.lh '.2 I ! 

- --· ·------- ·---- - - - ··------------ ·--- -·-- --- - -----
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·-------- - ---·-----
1\1 1 year ro and Ir .. noors* , A. •. T ~:; 

Lob oi 

:fasciatus Perkerra 

Bndau 

Loboi 

c~. vansome-

I-CEY : 

II " II 

Feb. -Decemb e r 

----------------
J an-:..:.a ry 
1' p r il 

* = Most .L mport ant collection s ite . 

A • .i.3 • = An imal burrow 

= Termit e hill 

Vegetatio -• 

" 
., " 

J. ndo".lrs 

_1'he results 01· t:he p) rethru ni spr;:;.y c <:> tcti e s r~rom t i1e 

four sam:;;Jing locat:Lc n.s fo r the eriod Janu~·r7 t ) Dec.::: 1nber 

" 

" 
rr 

The de t ai lf' o:f .:?ac ' 1 j_r•J.i' :i ,:_.1.,: ,1 J. 

r'-1.t ioE> 2,re .;iven i J 1 Appe.nd ·.x 1. 
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From 7.'aol - 2 it can be seen that during tne hot dry 

s e ason (January - .March) A •• gambia0 was the mos t ab;.1.ndant 

species a t Kapk.uikui (Loboi) and P erkerra, :followed by the 

culic i nes .. But r.i.t l' ingt ti;1:::in (Loboi ) and Endau village the 

c ulicin.e i:, we remos t abund a n t at this time :fol_ow2d by A . gambiae . 

At .f.:apkt.<.il·td ~ :&:. •_gambia~ nt:I:'lbers increase d steeply in April 

following the onset of' th e rains i n March, -reaching a pf'>oak 

in :May. There y,·as an e qually steep drop :.n June ar cl there -

after the numbe r s remai ne-:! noderately hi gn a d E'teady till 

August . From S epte tribe r there 1)egan a st:eady decline in numbers 

up to Decem~:Jer (FL{. 7). At TiEgtt: iyon thers was a s l o~er 

but steadie r inc.~ease i r.. A . gambia~ numbers f7.'·)m Mar.en, rec::.ch-

ing a peak in June ~1nd then dropping graduc:::. lly to a l o·..i J evel 

in ;.. ;pt craoe r. B~~tde cr, O .. t.ober and December there was anot'-H.r 

increase J.. i l numbers with. a peak i £1 Nov er.Jt.1er equalling d1at of 

T . '> ( 1:.,.i' 0' 8 \ uune .i:- __ ~ · J• 

The scaso "'!al >l:J • .1.nd..,.r;ce o .c ~., .f·unest'..18 sho1 '2 d thre e 

s h'a!np area. The Et: mher~: increased s t e :i.dily :f:...'om Ja..nt ;).r) 

Ma.rel:. ( ~ "' ' ·t • ' d A • I K ) \ a~ 11ng~ .iyon; an april , a r apkuikui respec-

t ively. Thereafte1: there was a d crease in n:.irr.':>er s during 

th.;, h. e av J ra. i lJ.> e 
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1'aL1r~ 2: Sunrn.ary of monthly coJ1'2ctiom; o( mosquiu.J."!;-; .i.ndo<)rs frcm 4 s,1rnpl L!-:g .' ;it::~: > iii 1986. 

~ Coliect icns f rol'fl 5 houses '1'<:~ :- .:.:~ p nol .:>d • 

i I 

---· -------·-t----i----- · -····----·-
! ! i i 11)!301 

-----.-----·-----·~---------
PERKERRA EN DAO 

---------
Kark11i lrni Ti119ttiyon Rl Encbu Village 

-·-------- ----w-----------
l·k3·I'l'H Garnb·- Fune-- Pharo. Ct.1li- Garnb- Fune-- Culi-· Gamb- l"U1K - Culi - C:i'tmb- Fum~- CuJ 1-

ia€= stu.s c i ne ia.2 stus cine iac ~tus c i ne i zt .stus CHlC 

-.. --·· -- · -- ------ - ----------·-- ------·--- .. -· .. --
'-T\N. 40 4 0 16 30 Jl 72 4 0 u 
r.r:a. 2) 14 0 52 78 18 183 5 ] 2 

f1}\':; . e-I <12 0 49 128 74 29 3 9 3 ·; 0 u 6 

'.1-'i~. 111 83 0 50 144 54 257 13 0 23 0 () •( ' 
Ju 

AJi.~ 54;:, 40 18 52 .l73 41 . 23 14 0 7 27 0 0 

,TUNE J 36 43 24 13 192 43 l6 38 !I l 34 0 0 

JULY 
•t ,..., 
,;. _., 3:! 11 l J l) 9 3S 1 96 [) u Ll.5 0 l 

f.. r· 1./.3 J.84 8 30 129 97 7 203 t.-, 0 29 0 0 ...,; .,;t, -
s;:;;1r 1) 82 .t04 2 26 Sb 23 6 255 9 0 58 1 

, 
.L 

OCT 53 !. 30 0 57 176 291 51 137 8 6 ") () ') 
<. .. 

NOV. 35 56}. I) 174 196 70 24 37 0 4 ~ 0 r: 
~)Et:. 57 .d 7 0 80 ]23 246 21 3~ 0 12 l 0 0 
__ ,.. ________ ______ .. 

------ ------------------... -------
'rt/Ct'\1" l46G j ~7') ()3 GOO 1576 1003 9:)4 f345 ?8 64 270 l . 4e 

" 40 . 7 4:). 9 .l. . G l.6 . 6 44.6 28 . 4 27 . 0 90.2 J.n 6 8 i).1, 6 O. J 15 .l 

- ------ ·---·--- · ---- ...... -·--- ~ --·------- ----· ___ .. _ 
.... ------- ·· ----- ---
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0 - l<ainf all 
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?igu..-e 7 ~- " -Grc..;ph .:;!lowing t h e relat.''..ortship be~:w.::.en rainfall j ei.nd '::}',e nt.'!!ll: e.r 
- of !!_n~Phe_!.~ .S.~1?~ s.l. und ~~£.h_ele_! £~"!.~stus c,. l:!..ed:e<l a·t 

!t ~tm.};;ui 11 Lobo::..., 1 9~6 
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-.P.lgure e: G:;..~i:.ph showing the r..•el&..tionship beb.·ee.n r ainfall -3.!'..d t,i-}c 
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collL~~ted at Tingtt:i yon, LolJ;:-i.., 1986 

.,!-otal f~"ltl 5 :-.ovses were pooler.ie 



montn Cs ~ ~ Figs. 7 A 8 

V<~ t0b<~r tc w c em• e.1.- • 

. <:Lm ... arv to; May ~~re" th...:r. egan to :tncrea.- e .. 

nftio,r the:e wa.a. a snaro dro,. 'hi c t: c oatinued up to ~c embe:r 

l 'l:.v- 2u -.:.f' t!'lem 'iere c o ller-ted 

1 n 'ri'e ' ruary ·~nd Mc.rc h ( J ·~Fl.ch m01n:h ) a n d t h e r e s t were 

was ona :fr <.Hn . :ar . t u .Decembe r 19136 o A.1ouhel'"3 S eamb.j.~ Was 

f irs t c o l.lflctetl in I-lav and i +:ts popu lat ! O!"!. ueak was a t"t a i na 

i n J uly (Fi ,. • 1 0) • 

a sli &,ht 1·ac o..,,e:1.~y in Sept€:mbo :r: bcf J r ·· the :final drop which 

c o r.. d .nae d up t Decetlli.>er . .!• ""u~~ >-l a s v i r tually absen:~ 

l.n t l ..i e loc a tion , wi th o nly a sing.::.. e J..ndividua l of' i t ~ol leC' t etl 

tl ve r the e h tira sam1>.li 1~ psri od \ r~i ;_; ., 1 o a nd '.f'.'ahla 2 ). 
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the o nly culici n e mos quitoes p res E: nt i n Loboi <.lnd Pe:ckerra 

locat :i.. on-s thr.:iugnout the year. 

or totally ab s ent be t ,·een May and December. All c ul icine 

sp~cies wer8 pooled for all cypes of analyses . Their numb e rs 

reached a peak i i'1 all locati on.:; in ~. pril t ab-cut one month 

afte~ t~s onse t 01· the long ra~ns . The nurr.~.)ers ·ie~line d 

r ap i dly du 2int~ the rt8~vy rain:5 2'1.G. remaine d ·::..ow tiJ 1 tne end 

of' the cool dry period . The numb ers increased sligb ·i:"l y 

aga i n, Octo~er - Decemb er (Tab l e 2) . 

3 . 3 ~ 3 .L f':fcc t of Climatic F s•.ctors on r.~osc:u:itc "J::lundarice 

Fo :;:· the p u rpose of' :relatin g· L Luctua -i;ion in mosquito 

t!i. e year was divided into fo u r dis t i~c t periods namely: 

( i ) ma in dry '-' e af> o n an<-' 

i s charn.cte r -' . ~ed oy ri:i_ gh i:;empera";u r e 5 , low r e l a ;,ive 

/ .. \ 
, 1:t. } Ap:.·i l -Ju ne: T'r. ::> i .-: t.-L >~ lovg :.~a.iny season chara:; -

-Cer:'.zed by heavy rains, moderate -tmp6ratures ~ 

high 1elat.ive ~1.mnidit;y anu J.o n -windspe ec~~ 

{- . ) \ l. 1.:\. This i e tt. ::! cool, .:!ry p 0 rLod 

P0~~~d 0f th£ short rains, 

to rm.'de r<> te ,• - . , .,. 
ra.i.n ~ct -~, 



'7'"\ ·-

October is a transition month 

11 sually charac teri se d 'yy high temperatu;.-es) 

little or no r ainB and s trong dusty winds , like 

the t ype just befor e the long rains in Fe bruary-

:March. 

Th e mean value :" o f the se vario,1 s climatic f'act o rs 

for eac h per iod a r e sumn~rized i n T~ble J, using t he 1986/87 

met eorological d a t e rec orded at tne Pelkerra Agricultural 

~."\'3search :.:»tat ion, Marigat . The coMplete met eoro loeical 

data for th1:.' ent ·re. pe r io d, 5eptembe 985 - D2cemb e r 1987, 

d u ring ''hich t h e.dat e f'o r this p rc>.iec t were co ll e cte d are 

giver. in Appendi x J. 



Tabla 3: Summary o f mean clirr.atic co :~dit ions dllring 

different times of' the y e ar at Iv'f-arieat i n 1 986 1987* 

Rainfall Temps ratu .. e 
0 c Relative Humidity & Windspeed 

Pe riod (mm). 

j· a n. - Ma r. .) • 6 

36.6 

Apr 0 -,Jun . 106. 0 

120.7 

Oc tober 

Nov . -Dec., 

6.5 

~ 6. 7 
40.0 

32.6 

J6.J 

Min. 

1 s .o 
18 .2 

: s. 2 

1 0 -· u • I 

A. M. 

58 . 0 

46.4 

* Lo~.:er f'igures a re for 19 87. 

p • M. 

JO . J 
42.9 

l18 . 8 

50 . 4 

J8 . 2 

J.J.J .1 E :ff'ect of __ pair•fall on Mc;sguito A.1? 1.inda.!19~ 

I mp h ) • 

J6.5 

68 .. 7 

66 . 5 

T h e reL:·, tionship b3tween : ~ai:af'21. l.l and t he re i.a tive 

abundance o f' t1:e tw o main wa:Laria v2c"t;o·:r:·s in ;,p_e L o oi s•:amp 

area, ,! .. gstmb i ae a n d fuE!:._S Gus 1 are .shewn in .::.~i ~:::. . 'i' and 8,. Th t 

t. tecp increase i.n ~~ g_ambiae. at Kapkuikui o ccur!'.'ed in Ma) , one 

month a:ft e-r the ra..Lnf"l.11. peak L 1 pril. The re •as '1.1 s o a s_,_igh. t 

p o pu lation peak ~ ~o in.;id.ed with th. +3 Xpr.i..l r ?.i Df'a1 L 1: ea.< ... ~ 

:foJ.10'.-:.::.. rl.ti in:U::ic: .l l e ! ·' ains in !-'larch. The s._,;cond a.:ad thi ;:- ci 
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moncl1•:> et t;l:!.d2'.U vlll ageo 1~r!b 



IF. \ respectiv•"'.LY \ :Lgure 7, . At 1 :Lnr,-tt iyon, the st .aady lncrease 

in n..J.mbe r s of A.gambiae :cen.ched its maximum in ,June, t'iO months 

a f te r th:e h:ti i gher of' the t;Wo rainfall peaks (in April ) ana 

coinc i den-i;al v:it ;1 th .~ sec.:c:nd lower '.H1e. For f::.. . f'unestus th.e 

t·irs i:; of th~ t hree populat10.1 :peaJ.::s occurred in March, the 

+'j_ rs t month of t.he rainy season. The socond and ·.; hi!"'d pe~:s 

i~ Akgust nnd October f01lcwed relativ2ly low rainfalls in 

0uly :;:.i1d Seoter.ibe r ::-es~1ec~ivcly :i.s ,.,as the case in l\a.u:.ruikui 

Sc at-:;'3r cl.ia .. f;.L·am 
t- . 
~ ;' :t.(;'• 1 1 \ 

I I shows th ·· t chere was d stronc 

positive ccr~eclation between ~~infall of t~~ ~~eceedine men~~ 

and .;;~· E.J lrl:)i~ catch.as il.t Kapkutkui. This rela t ionshir wa.s 

ni.;h.Ly -igniLl.c:::u .. ., (r = 0. 7 37. F ....: i ·1 ~9 1, rL 0 . 01,. The L orr~-

at '::'i.ngttiyc,n was not signif~_cant (:.--= 0.399 , _., ) 0,0), Fit<; . 12 ). 

Th er e :-1as < lso no cor~·elatio:i. h e twee:r" .cainfall or prev:i.01..ls 

I.1Gnt:1:1 c>ii.d ~)- • ::::"-tnestus anonthly ca. t Ch-)S 2t both Jocatio n .,.; ._'3 r.::10Wn 

{ 0 076 a·r·1,-i . .L. • n 2· \ \r = • - · -·-01}, f'o. - l' 0.pkn ikui an'-' 

T ingtt iyoP rP5pectiYely. 

- -~Th.e situ.<.ttion '.:l t th.2 2erker:ra i r rirratic;n s c hzme w,,s 

entirely <lifJ:e rent. Th 0 first si:eep increase in '1li.rnber ~• 

• ' ~ I 
I I I W 
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At Lndat_ villago:::, no ~. · z~nbi~ mosqu itoes we re c·..,,11 L"" ~ t·"' d 

oetween March and Aprils pro ... d.bly due t o no rainfalls in th .-~ 

preceeding mont hs o J' January-February. A. _g_ambiae Nas first 

CQllected in 1-'f...ay and t he population increased steeply until 

i;he peak was att a ined. i n July, one month after tl'1 e second 

rainfall peak ( F'ig . 10). There was a significant positive 

correlat.ion betwe e L l."aia fall of p revious months and A _gamhi~ 

monthly c atches ( r = 0.693, F = 7. 40, p~ 0 . 05) as shown in 

Filg . 16. 

Eff'ect of Temperature ~d Relative 

Hurni di ty on . . .... ..iosgu1 ... o Abund,,_~ 

'.L'he seasona l 'rar; ;,!.t i~ns o f· t h3 t wo r ajor Ano •,heles 

species :.n Hnrigai . ." relative t.. u ~l1 anges in tempe :::-. . tu ·-c 3acl 

relative tu1midity a re shown in Figs o 17-20 . Temperature and 

to llign.:_igl1t :,r_e c l osc in.ve !.-se r el a t:ionship Li e .; weer. the m. At 

het.:een ~'..pril and J ul:;r which corresponded to the p-::riod cf 

the yea:!:' "' i tr. t1' e lowest t . mp e r a tur,:,s {Fig. 17) . :''1 ~1 t is·, 

thera was an ~nverse re1at-onship e r ne gative c 0r=elntion 

uetwecn temperat u res and numbers o :f mo squitoes co11ected. A:.'= 

terr._!')e-r:'atures fell with thc.~ onse t oi t.b.e rains :ln i•ia.rc~1 , 

bega11 to ;_-i_..;e -.. fter J ul. , mosq1i_i1 .. o .,.-:.u'11he:r.·3 dr~·.:>pcd ,.:1riiritly . 

T his .. e ~·s t ::. , P c o'.':'.'re:! . .::i t i on b ·()tween mosquito nur•ib ers a;,.d 

. . . . t t 3 J~ tj· r> 1.. J.. . .... c a ... :r1 a . . 
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Since temperature :i.s- inv crsvly 

propurti~nal to relat ive humidity . ~.lllieles gambiae catches 

showed ~ 5trong positive correla~ion to relative humidity at 

t hi s location. The highest numbers of ~.gambiae were c ol lected 

between April and July when R . H. was higtiest (Fi g . 17}. This 

co rrelation was highly significant (r = 0.674 .F = '( , 49 , p t.... 0.01: 

as shown in the ecatte ~ diagram ( F ig. 19). 

For A. furies~, the three popu.lation peaks in Apr:.1, 

Aue-List and November corres ponded tc, pzr·iods of· mo rle:r:=tt:e 

t emp ratu~es and rala t ive humidici ~ s. 

o :f t h is spec i es we re collecte d 1Jetwee n Octcbe::'.' and December • 

d :;_Je:r:- i od ;:>f hig~ ternperaturet. a"1.r i lcJ\·' re.l:::·.tive l-1umidity, 

T ingtt.iyo n and Endau. ;..;ith ·respect to change::: Ln ~Br:ipe ~atura 

and relati~ e h umiditv was similar to ~h nt c t Kapkuikui. Thus 

the p e ak pcpu.lations were attained be!:;\.:e en l•1""'-Y a nd Jt: ly Hhen 

c;empe r atures wer8 J.0 ''L~st and -relative hur11iditi {~S highes t, 

lFigsw 20 and 21) . 

nunb~rs we~e o oll3cted between October and Decernb8r w~an 

t ewpe:catures were relatively high and relative humidity low 

( Fig. 20) . 

At Perkerra ~ ar:like th e Loboi and Endau 10c 2-:. t ,i ons. 

or lo~vest ter.1pz:;,~at •_ires and highest reJ.ative humidi. tieG' just: 

2.S 
. .... 

J.. v dj_d not co inc id;;; with the peri..o d cf [Jlaximu m :cainf'al ls 
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J . J.J . J. ~ffect of 1tiinds11eed on i·lo5cp ... ico Ahun l~,·i.ce 

The relationship between winds;~eed and the seasonal 

relative abundance of the two major anopheline spc~ies are 

illustrated by F'igs. 23 and 24 f'or Loboi and FiG• 25 for 

Perkerra. The highest ><Ji ndspeed oc<::urred betweP.n January and 

March which was also the driest and ~attest part of the year. 

w-in r. 'Teloc l ty \',Las also very 1ligh in October . . As wind velocity 

de crease d as f'1:om j-i.pril, A .~mbi.££_ m . .!:nhers inc :::"ease ct, reachi n g 

their maximum in May a t Kapkuikui and in .June at Tinettiyon. 

fhe loKest wind ~peeds p~evailed between June and Au~1st. 

Thus there was an inverse ralation3hip bet~een wind velocit~ 

and the numbers of A . gambiae collected. Thi::. negative 

correla tiu:1 ·..ia s sigr:iific,1nt at ;:;:Dpl:n i kui ( r = - 0.689 , F ::'! 

For A-· funestu~ in tl1ese 

t wo loc ations the population peaks coi~cidcd with perio ds 

of' !i.igh wi nd velocities bet·heen Cctobe1 and Decembe::;:' , 

!\.gain tt1e stronc; c orrelation between .i• .gambiae catches R.nd 

windspeed was prooably due to the cross-correlati on between 

the latter and 1ainfall. 

_".. t Ferkerra the period of ve:;:y high '-'ind betwaen 

Januf!...,ry_ and !·larch was marked by low A.gambiae catches. Ga4:ch~ 5 

remained lo~ u~to Juna despite rapid drops in ~ind velocity 

The highest numbe:._-3 vf 

motJ Cii-ti to ~s were co 11 ec te d bet\.' aeJ. J ;J.ly and S ept emb e:i. , 

ccrrespor.ding to a period of' moderate wind -.,reloci ties. 

,-1. t Endau village the oighest A. rran.hiaE:: c atches -· W.:---- were in July 1 

the month with the JoWei:>t win('l v~ l·.)city . 
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Thus in t h is l ocat ion m_q_ximum mosquito catches coincided with 

optimum windspecd condition as was t ht: case with ·i;h e other 

c limati""e co:.&di tions al:':'e ady clie->cussed. 

The relati o nships of t hes e climatic conditions t rai 1f'al l, 

t empez:ature, re lative humidity and 'dndspeed, u i th the 

r c: .:..at ive abundoi.n::e of t h e two ruajor !i 1ala::..~ia v2c'Gors L• t he 

study area a re :;;;urnmarized in T ables l: A and B. 

giv eE the valu es of "the coei' ficien·- of correla ti on., :r·, u<~tw· ·:!C-n 

the climati c f ac t or s and the correspoedi . g mos qui t ::i catches 

as \•:ell as th e F-rat i c s Which :L ndicate the~_ r l.ev0ls of 

s i gr~if'ican:~ e . T a bJ_e 4B giveo th€ values of !2 and 1-r2. 

~ cc~ding Lo Snede9or and Co nrin ( 1 980) 
...., 

r~ represent~ ~he 

es ti inate;d p r o po r ti o i""l o:i" th e variance o .f mo s quito c a t c'1 es : Y , 

wh ich cou l d be att r ibut e d t o it~ linear regression on the 

c orr-::sp cnding cLi!llatic 
'") 

fac tnr, x> \Jh:ile "!-r""" is the p roportion 

£'re e o.; it w It C <';.1 bA seen t l i.at a t Endau the variations o:f 

mosquito catc hes 3.Ssoc i ated rtT i th rainfall, t e mpe r<'l.tu r e . 

r e lat; ive humidity and windspecd wae :) .5 ," 0 . 65 ~ 0.11 a nd o . 61 

res~ect ively "l!l.ile at Kapl<:aE~.ui, Loboi i -:; was ~.J4 s o • .'.i- 11, 

In all t~e case s where r Was 

no n s ignif'ic a nt , there \•!as virt u all y no association b e t we ~n 

t l- t •· > 7ar:Lab le s. 
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Hela.tive Ahunda11ce of Anophel·=~ rusquitv:.:s. 

-------·------·---------·-

1 OCA.TI en 

Kapkui-kui 

\ L6bo~~ l 

Tin9ttiyun 

{I Ob<'l ) 

Pi 

P ZRKE.R.RP. 

E'.m?..:: 

SPE!"'.IES 

A. 0amt;iae 
""'---·-

" 
I• 

,, 

A. funest:J.s 

" 
.. 

CloltlATJ.C COHREUd'lOi~ A.NA.Ll'SIS 

FJ..CID? 

Ra_,_nf a.l1 

TEE1p 

R. r.. 

tJ j_r,dspeed 

Ra.inf all 

TeIJ1F'. 

::-~ . j-.. 

1 '1r,ds_0<::; :~".1 

'I:ype r Valu~ F-rat'i.o !J2vel cf 

signif icancE 

+ve +0.583 S.17 * 
-ve -0 . 636 t.128 

+ve +0.674 7 . 4. 9 ** 
-ve - 0.67'2 7 69 

-\7E -·O . os~· N.S. 

-ve --0 ' 094 

.J...~J2 i-0. 3')2 •J '..': 
.• L- t• 

-·/e --0. 02..::. 

--·----------- --·-···---
"' qaJ tlt)i_ae R2Li.!1fad -V!'t..:.; ~o, ·~9 ·'"' · i'l. s . 

• 'I'E:' 7?. -ve -C•. 36 1"] C': 
'-··~ 

" 
.. , ... , 

-i-VE: + (J . 656 .t"" . L ... 

" ~h rldc;,p-=Cd -vc: -· () '-' ' SQj 

h. ~ f unest.us i-1.r,rnf all -·Ve -·O~ OSJ 

" ·rerili=-.i· ··:-\!C +-(J .1 J . N.S. 
n R.H. +ve +0 . O~i9 N. S. 
I" :r;indspe~d -'.- \]2 +o. o~~ 

·------·---
A. _q2-4srbi~ R::\infall +f11'.2 -~o. 25 N.S . 

·11~in:) . -ve -8.548 

R.E. +v •::: +0 .. .... ~9 .. ;:::> f'l s. 
Hindspe2d -"\1(;;- -0. 442 n. s. -

- ----- -------- - --. 
Raini:21 1 +-:.12 -:-o . 7 0·~ 7.97 

Temp .. ~·9\_,e -0 . 8!15 12.91 

R. H. +,;•2 +0.33 l'·l. s . 
Windsf'Eed ··VE: -G.7bl 10 . 96 

~---------~---------·----

*,**,*** = signi.fi::.:mt at n.r~1 . tL025 arid o.m resp.::ct.iv-::1y 

N.3. -· Nvn-si?,n5 i' i. cant 
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linear r€gre3sion. 

------------------- -----
Cl-Ut\ TIC CC'RREl.ATIOi 1 t.NM ... YSIS 

Type corr. Ass x. 

ccx.-::f f. r 

i·{a1rifa l l -t '/ C . ; J . ~03 0 . 3 ~1 

Tei:;~; . -\,E) -0 . 636 8 . t.~ c 
R. H. +ve +O . 674 0 . .: ' 

'±~ " 
·.1 Hi nd::::::~?(:•d - ·'./E- - 0. 679 o. 4;:, 

!\ain f all --~1.,,t~~ --0. 053 r· ·J GU3 

·:::~;np . ··-\,/1,._; ·-0 . 0~·4 ) . n·10 
.JV./ 

R.B. -,.- ~ ,. l +O . 3';2 O. O?l v -" 
v~--; r1ds:Y.2e\~ - .~};::_• - 0. 0~3 u. 001 

Not Assoc . 

1-.1:2 

C' . 66 

0 . 60 

0 . 55 

0 . 992. 

v 9Q[; 

c. 99:} 

··--------·------ - ·--- - ------------· 
1\ . .'-J i3 J11J)l <'~ '-~ Rainf '3ll 7 Ve ""-0. 49 0.24 r. ·1 ~ 

v. ·o 
,. TcrLtp .. --\/C -Q . 3b 0.13 ( 1 • 87 

II r:. • .H. -:-- .. :/e +0 .052 0 . 57 

" Windspeed _,,t:: -0. SOJ 

A. f 11~e st. us Fainf c.ll _t·~ , _ ;J . 003 n.99/ ·- -- ·--
" Te,,i_;: •• +vc= +0 . 126 0.02 0.98 

" 'R l-~ ·!·Ve ..... .._ .!. ... ' '.) . 08'J G.OJ8 0.992 
. , 

vhndspeed +V,' +C 05 :j, 997 

- --------------·--------·- - ----------- ---·------ ---
__ Rl l-. !E~~~ae Raj nfaE + v'2 ·i-0, 25 0 . 26 O. S4 

~~I·."~( E:k'~.e~~i rrt=J1'lf1. -v;~ -0.5 ~ 8 o. 30 0.70 

T~ • '·l . ...!.-\!€ +O . 359 0 . l 3 0.87 

\-ii.' 1d.Si.'l€Cd -·1e - 0.442 0. 20 0 . 80 

- ------------ - ------ ------------------·--·---·-
;:::'\~:>.!-\~ J ~a~ntall ·:-ve +D. 7(>·! ,. r 0 

tj . :. ~) . 50 

•renp - ;__.·e ·-0 . 805 G.6S (1.35 
r. H. 1~\l~ ~0.33 o. Jl 0. 39 -, 

':ii r:.: spr,~d -1]'2 -0 . 761 8 . 61 0 .... 9 
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3.4 Di.:,cussion 

J .L:..1 - Q2ecies Diversity and Distribution 

Ma:riffat division of Barine-o district , Kenya is semi­

arid, dry, dusty and sparsely f 'orested , with an annual rain:fall 

o i-· abuut 600mm. Despite this dry climate, there is a g:!.~eat 

di '· E: .• :sity r;f' mosquito sp e cies in th€ area and breeding is 

maintained all round the y:;a-r in some permanent bodies o f 

water. The wost import ant of these with respect to mosqui t o 

b ;...~eed i;.Lg were fourd t o be the LoLc.j swamp r:i.nd the Perkerr a 

Seventeen speci es were c0ll sc ted and 

identifi e d in t:he course of' this study, H.11 of ~1hich l....i;ere 

f'ou.i.1:1 to br~ert ;_n the Lobo i :-3\\' _. mp whiL~ five were found to 

b ree-i i n the i r rigation sch 81"0 .. Gthe::.~ perma nent bo ~es of' 

water in tha area i~cluded the Cheme r on artificial lake and 

l akes Bogu ri a and Baringo. r11osqui to breeding was ver:,r minimal 

at C •. emeron p:cobably becaPse it has o rly been created in 

1985 and the wate1'.' level was still flu c:;l..rn tiD.g greai:;ly . Iv~ 

reosq~i to larvae were collected .f.._· orn l ake Bog'c-ria during twv 

years of sampling. Tnis was :!Jrobabl~{ due to the G.igh alk~lini ty 

ani..,t 5.al.i_:!!ity af' the l~k<:: "ater 'mea n pn = i 0., 15; percentage 

sali n ity = 2.8 (equi~ ::il.ent c.f 1055'~ seah'ater) , (}'f.cCall 1967). 

A._g_4,!!!bi 5 ~ a nd :!_ • . funes_t:f...::~ Whi~It \·'ere the most a b11nd'.;_l.nt S?ecies 

in thB are e>. ::tre kfic.•wn t ·.) h ·;v~ lo\ve:r:' sq J i. n.' ty to .erances o+ 

( GilliEis and L~ Aeillonr 1968; Mosha and Mute~~o: 1982). 



ca1 te~"~n~ ~S .let ·e"' ':. ;t_11~~)ni<>liue.-. ...:,l.C! :;Plic i _cs unc~ cj i -,. i wi 

;~ou1J s r:.i.: wc..sq"i.toes . 

. th C'V -, ... 

.. .flt:: 2-J aai: satuJ.l1i~-ig por ... ~u. 1.'h ':'nop!ie.1:..n.es 'lro-1 n the r!'ain 

bocy of the swamp Whic: j. was pet r:,.n su.1 lit at ::; ;:.Er.c 9 o intr-' but 

was covereu. • i th .>th f'J.oatina e nd etnergent veget~.t:tons i:n 

:i:ust partl.ll. The culici:li.91;3 b rea mainl T in mar~int'\l ar "as J f' 

t~1e swam·.> that wer6 · &ing cons•antiy gr · ed hy aomet:itic f.!n.i mals 

ano wh s e '1rate;· as u.auall.} pc: lute<! .v i th auima.::.. cl• n.g a nd 

rot t ).n 6 veg~tations, 

~i s were collec-ted only at ciartF1.in t:i.mes i...f the y ar. Tl•~ 

e f>ac i e>d, namely ~",gambim! nnd g_. gu:l..ngue:fas~iatu!_, w re :fJun 

1> r~ cing ... ~.J r.:Bnd ~he y ~ a- irt the P urk rra i rr1.1;ati n so~1a ;i1e, 

the :furm@r in temporary po.:>l.:01 -re su. t l.ng .frr\m int ermi tttlnt 
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a.-reao 

f t hG aI~as ~Gnt ion d . 

r c~rred a s bein~ 

?55) . 

S r te:es ( 1970 c), Ch a11d.:l.er. &nd Hight on ( 1975), and Ch odle~ 

, 197 b) found it b ::-e;icdiug 1n. ric · t•ie l d s in Ah.era e.nd !" .. 

According to Subr ( 1980), latrines , s Qk~~e pits 

c.~1 - 5eptic tanLs a r e t :· .o lite At · ' idcspre ad bre d ing zi t ~e :Lil 

u r b<.uli satiou . F rom :!.nte:-c;i tt.13nt sa~li.ng i n rigat township 

d.u1-i11g t h e pres e nt st u. >..Ly 1; . E:I species wa.d fo tnd breeding 

' ' r 

\ ... 
r;. 
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mosquito in the town. ilut in the l oc at ions where rout;ine 

sampling was don~ no sucl. 'nrban' b r e eding sites were ,v · ~ ila-· 

b::!.e and the species read ily utilized S\lamp a nd i.rriG;:-.ti on 

water containicg dec=yin~ oreanic matter. 

J .. 4 . 2 _ Seasonal Abundance and =-~ f'f'e ct of C l imatic Fa.£1.2:.:.~ 

Acco r ding l;o Huddo w ( 1942 ) \ i n p Lctces wli. .:.re ~er.1pe ra"'Lu.::.'P-

is adequa ... c J.·o :i:· bree ding t hroughout the Y - ci.r, ~._ga.1~~' 

b e ing almost er;.;;_i. 1 ely <:!. pud.dJ. e bre ~~ d.e1 , depends la~gely on 

l oc ~l rainfalls, e x cept i~ pl~cas wh ere r esidual pools !n 

em1_,t;:,· river beds i n the dry se a s on ?:tovide s s i tu.lJle bre e d:i :. _._g 

g round~ . In the p:!"·e :,,e .at s~u ( y , th3rc was c ont.!.n:.1 01 1 s b ree di11g 

a nd i t.: wn.s o Jtly at I'.n d a u v il l age that; th e o:..~ee ing of t h .i."' 

species de pended enti::-ely ·;)11 tb..e l c0_a1 r ains. 

t;hf" t'·i (' loc a t ions at Loboi ~ Kapk :.cikui and Tingttiy o :n p as 

lvel l a~ C" "i; .Endau t he pop uJa't ion p eak ro r A.gamb iae l·1 as 

attai!'led during ~iie 10 ~1g rainy 3eason, Ap!.'il to July. J:t 

was on1.y al.. Pc::."kerr& irrigation s c : ierne t ha t the at t q inment 

of' maximum p0p 11l . tti OH s i 7 e di~ :not occ u r nu ring the long 

:ra.iJlS_• ,. The_,_ e w ~re ;:irastic re due ti Cl.LS i.n n:.irnbers in a ll t:he 

J ocati o ru; duriuc t11e hot d:ry seas on (J~nuary-March) 

i n c rease i ll \ 
.:.! • ' ' i ~11 the onset uf' the ra.u1~ 

in Mar h whicl1 ccntnue d until .:-t maxi.mum was reached in 1"la y 

dt Kapkuih ui, June a t Tin~t ti)on ~nd J ul) at Endau~ It 

w ould a.ppea:e .•row thi '° t;i- 1. t t !i.e c or;_ e la ti o betweGn :i- tin:fal 1 
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<:1.nd .a-Jntl1J ;·· c a tches would l:)e lr.'e11 mc:.. ... :ked . tlo \o.· e v er , -..-;hcr1 

non-si:g r. i f'icant in aJ.l t hi-s c Jee, ti ons. Thi •; i::nn .lie s t hat 

was ct: n izcted. '-'"i th :;.~ainfall; i:;h0 :r·3lation':3hip wa s n t ;:; 

di. r e c t ;~ re . 

I • ) \J. 

( 1 I ) 

Even though ra:i..nfc_-'l e>.ll"Ct...3 ri10.<:quitu ;1umhers 'rr 

b r~eding sit::! . 

,· -- ~ ., , -, .... u J ~ 1 ,1 • 
\ .···'-' '- - '1- .- " 

le,· , mosquit o 1~1ontLJ y C ~'.! :::._ec·i, i <: n s f·;h o ·•_ l l be T)lOt-tcd c=-'-in.st 

= , l""J 

j • • ' ' 
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t'1e ~:iin 
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e twuen Ncve m!'.:1..: :· ·~·-.ct 

r•J)'lt~:..:: a:Cter th~ onset of' the he a v.i. e s t rains ., 
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rrevio~s montns' rainfall. Th•: popula:;i on f'luctU;1.tion"> seemed 

to depend more on irrig"":1.tion pre>.ctices adopted heia than on 

rainf'a:l.l_ patterns. The ma in chctnnel leading iro;n the da.n Waf: 

the o n ly part of the irrigat10n system t at carri~d water 

perman~ntly. The - econdary c a.r..als branching o f' :f f' r o m th.1..s 

and the - feeder canals leading into the cultivated fi elas wer l 

fi:"ed with water only once a ~eek. The basins irr \·thich 

crops were planted and the furrows sepa rating them fror.1 one 

another _ n e ::-e thus only :floode d once a WGHk to a dep-th o:f 

about 10 cm. 'T'h e 11u.ddl2s i 'onne rt '.'1S these a nrt the cana1 s drie~ 

the dry seas on, :-ioueve1· , 'flan~ of the se dried up t00 qt .. ickly 

to allow the ccmpl.etion oi li f'P. cycle by t he rr.osc1u i t o es.. .Ln 

~.1.e rai ny SeEJSOr .; nes e f'Uddles increased in !l&"'ll:llber a. ld .i.asted 

1 o.n.ger . There we::-e also Pdditional ' ites created in c~r· 

trackt!i, b · rrow p 5. ts etc, accou ni:;in.g for th.e rapi<.i i n crease 

in numoers C\ t this time. 

'Chere .is also the lJ racr.i~e ::iy the irrigation bo ,,_::· d o f' 

diverting excess water frorr t he main ch..:!.!1.:"lel int 0 disused 

ca rials anytime there was very he?.V}" ·~ainfall so as to p revent 

th-e-"-former from ov~r:floWJ n-g its ban..1<s. The flow of' -.vater 

i:J. these relier canals is slowe:c th,,._n in the i r rigation 

ca~~ ls and t h~ refcre sui table fnr mcsquito b reedin~. .. Chey 

became particularly ideal ureedirg sites for A..z.~mbiae. at 

th•:; end o:f the rai r:s whea t hP-y begin to dry n;J , c reatinc; 

large stagnant po•Jls in ti1 e process .. T i• se are m0 s tly ~e spo!"l.-
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t e1"'1pera ture r windspenci and r e la.t i ve h uinl di ty ~iere ;:-41sc non-· 

s.i.gnLi:ic...int 7 eyc e p t .to r re lal:i '<d h u mi dit y at Tir~gttiyon, 

(see Tat l e 4A). 

Tabla 4B illustrates the pain~ tha~ the stong linear 

correlation bet·ween mos qui tc catche s an'd sorne of tl ! d cl iiTJa·.;:i c. 

rac tors did no~ in all cases ~mply a close association 

between them . Thue at Loboi only ab~ut 4 0%1 e n t~e ave:age~ 

of the .l\.~~,_t,!nbia.~ catcheswas associated '·'ith t::hances i.E c1ima.tic 

.factors, i :-ispit:e of' the strcng 1.ine-ar relat ions~ ,\.t )i:r. dau 

climatic fa.cton.~ W::;.s stron~-::r, ~xcept ror relativ·0 hut11i di ·:;f .. 

MUSt be takf::n in ln r erpr2ti£:..5 
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tha·:; change& i"1. the value 01 one ;1as c~usecl !Jy the 

"ih&re +.empe;.·::!ture, r-e:i_ati·ve i1~.1mid.ity and wi11.dspeed 

by ~ind also a~fsc~~ 

( .:::;·ill.ics and De ~·ieillon.~ 1968; Brace-Chwatt ~ 1 985). J:.f this 

wu.s :.:.he ::;:::.:::ie :i_n 1 , .~1e ;J!'cs er~~; s';u.jy, tl-1"!1 Lo ·:;ti A.t,-?ai.!,!bi~ c.i.nc 

1,h. f!!Ee .. ~ ·c'L~§. wou.1J-·. ti '3. v2 ;::; i. gn.:. fie qr..-:; i::.. 1H'ar rt. lat i ons "' i. 1· lJ tr e se 

Sat +;her0 ..r .:.t s n.-.: sig:uifica:i1.t corrt::Jation 

cf mcsquj_t(' nu.mbe·{s in this .::;a3e,. 

nt.:wt'ers <..nii these thre..3 cl i. mat: .i.c f'2.c tors at Kapkuilc:ui_ and. 

TI. P dau. mt1s1; ~her.Gfore be the result cf' th ei i: ..::; r o-:;s-cor:t"ela t:;..0 n 

to raL11:fall. 

a.b ·~1. nd.al1fJ.e to :;.~ai:n:fall at f .arkerra •<12.s due to certain ~:.. gricul-

t~ral :rao~ic~s ~dopted 0~ the i .rrieatian sch ~ oe , as explain~d 

abov~~ . '"~:ile th<:.: r~--1n-sign:i_:ficant co!.~,.'ela"t:ion of _!.j;1!._nestu.s 

uum•"lars 'to :c<=1.~~f'all at L0•.>oi ;.;'.:tS pr.)bauly dtl\::! to sor.1c 

charc; c'i:.E)l.'i:-:d;ic f'e2..tu=·es cf' t11e 1:J:..~eedJ.i1ff sites r =i~ ex1JlaL-ied 
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~ . .;.·, e ::-\rice /1C'.~)· \. ·o, 
,,f .J 

.. + 
•J . g:roun.d 

rl"tltnbers and the levaj_ of: Lal<.B 'i1 ict<J:cia This Wa 3 exµ! ained 

~ ,. 
w•· lw' 

seems that dcring the heavy :;.\:~ins, bt;t\-1e2n /1,_, i i]_ a i1.d June, 

:t looci. wa.·.;ers ru.sh ing into tne :o;wa.mp from che su.rrou11.li n::,; 

hills ~'!.a. C: an a<..-'ve:.·se effect on the d.eveJ.0pmeiJ.t ..., _ larvc:;.s 

<:>.nd :1egated a . .:iy i.ncre c.. s e s in nunibers r,hat wot...ld h.a.ve !.'t:spl ;:;e u 

This ·.las cor:fi . . cmed oy the 

ve:cy l o"' Ill.!IT?h.:!Z.' .3 0J: !_. :fun.Gstq~ adults co:il ect ed c . .'C tn i s 

c·uld. ~.xpecterUy l)e ohtai~.erl a f'e ·.; montrs :.::.:fr:~:~.: t.hz rains , 
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rr i ni m~l 

'I'::·.h. l..:: -1 .\ ) • 

... .::tic f::.ctors:-

( .. \ 
I ) 

in Nay: bu-;:; \~ere twc 

ea.: ~. '3 of a-:?pra:ni.nat ely ec;na). si:<.. e .::: ~.n June and Novem · 

;:;at;ci1.es and ~;t.Ch o;_· ·i;,11-: clima."7:ic :f3_cto1·s rne~s;.;::-ed -

rai r falJ .. , ~s-.,1pzrature , r3lati , e hunidity sr1d Kind-

1• ·th roJ .. .q,ti ve humi di t;r ) ., Th::..t is, f;o garnD:!-..2.~ numbers 

were r egulated D.f climati~ :factors~ especi:-:.J .. l.l 

:-:-ainf?l:! .. , at; t.hz :fo rmer loc"'-tion but not the latter. 

Kapic.::i1<u:f. iE- i.o ...: atecl di.rt:~ctly b~Hd de the swamp and 

the mosqui tcct> collec t ed :from here , esp .,cially during 

the cb:y sea-so n 1 b rerl '3ntirel~ " in th<-; swamp. 

rai n) seas "'n, however . additional t:emµ o :;::-ar} si -i; es we :ce 

,~ r3ated. 

from the eWafuPi upt o 0 krn from t he na~r and of it. 
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Villaee£s a~so ~e~1larly diverted water from tbi5 

river t0 i~! igatE crcps ~~d pas tures~ ~ xp3c i ~ lly &iric3 

~ne d~· seaGon , creatinff ideBJ breeding sitas ic the p~ocess. 

I ~ wo~ld see:c tl:.at most o ;:' i;he mosqt:itoes ccllected f:com 

this village •::.red i::i. tl;.ese sites creatPd by Le rt.:'""ai river 

rather thaIL in the Looo _;_ swa.mp. Th e ri~rer has !.~s source 

0epend antirely on th~ lou a l rai n f alls a~ound L~boi f er 

l ~?. d 1:~e hi ghl e>nds in Octave ~. The sudde ".l sna.. r p 

e teep rise in De0ember can also be expLdnHd j_n term5 o:f 

\11ater levels and speed c:f .flow in the riv-s:r :resul t in~ :f'rom 

t lJ.e sh 01 t r 'lins in the hi ghland3 . The 5hort rains i n 

t··ari.ga:: divieion a·.·e usuaJ ly too littl e and som-=·timas conip:!..e-

r.el) absent an.<1 so do not s.ppreciably affe c t mosqv.ito 

b reedi . .:::;; .. Tllus t he :ticn-corn,lati0n. o f' :}Ec2he l e s . md sq ·li to 

r..umbers at T i ngtt:.ny:.ll1 t9 lo;;aJ c J.imatic ;·a ctc•rs ·v.as dc•.e to 

tt:e l~ ·.:. c.: ·:; t~ . at thEir bresG.ing sites were c rec:.t c ~l essentL:l.lly 

b:.· :t < .:.n:falls i n aTJ.oi;i1er lX~rt of· the d:L · trict ';·!ith ?P 

e~ti~e1y dj~fere~t s et o f clima~ic condi tions . 
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li 1 Int"J:-odi.:o.ctior ... 

1-iates ( 1 <jl1.1 ) r~cogineae:-d th:l. t i f tr1(.;; deve lopmeu t ;;.l 

1 a Ul.:?, i .u. Jj_ 1 i'ere ut habi tu.ts. '£hi 

.... !.. l .. e ( 19~·: ) , ~, .. / (.) 

'tn.ere al..; tw o rr.··thods 01 e ;t imatine :-level p men. al 

<~· > {tori~'O':lt al l{ t'e-tahlt: 1 e.;?1.Q~ '", .. i.C:: i'1 best 1JS<J• 1 

generatic .. 6 

( ) -· ... .> ·tit' a l 1 . ':e·· .. ab2.c muth 'd Whi ch is beet appli ci 

to po l at:.ons .-1· th c o mp].etely o're r lapµ ing 

1'5onerat:!.ons. 

t .t\ yea1 l ounct . 

were c ollected throurrh ut th '°' year , indicat i ng o "er lappi :ig 
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in these two h ab ita"t s bet w e~r. J u ne ·1986 a ad i h} 1 9~7. 

Acco:t."ding to r+;_1Jer ~~·al. (1 973)r adc.:. lt SUTvi val 

a t 0 is the mo s t i~por~ant factor determininG the stab ility 

of' a mosqu itc pcpulat i o n ;1 nti i.t::- trital <')gr; ::n.-oduction and 

i s of' critical i mpcr~anc e in jet8 mi ~ing the vector paten-

tial of t he mosqui t oe s . In poJulations with stable age 

dis·i;ribu~ion, the p3.rous r at.::l is a us0ful 9ararneter for 

estinia t i n t; the survival rate of t~1 e who~ c:, pop:.ilati o n in tha 

cours e of' eac h g onot rophic cyclE: (Da vidson, 1954; Gi:il ies 

t\.Il ;:A. Iii l k e s , 1 9 5 5 ) • The p a ""ous ra t e can be us e to c ompa e 

che "'l.ge-compo sition of· dif'ferent popu.lations of t!·1e same 

,3pecies or t r-.. e same populat i on ur der diffe r e nt condition:;; , 

sampled. . Paro1,-: .. s ra t es Wt;, .. "e u se d in cnis study to cc:npare 

-
the age c ompositi on and survi~· 3.l 0 1 A.o~ambiae in. th e two 

habitat s a t differen t times or th e y 3ar 

Li .2 Vertical Estimate~ o f' Immature Survivo.c ship fer 

It . • .. -.1-----Mat erial :." a nd .:Method 

~:E_s timati n of larval instar duration 

The duraticn o f t h e develop;.1e n tal 11Pri0 -1 of 1;h. e l Q,rval 

and pup2.l in.s ·c ara are needed in the Gonstruction o f t e 

survivcrship cu:..~ve c:f the pre- imagi n es . Th9refore while the 

col lection ~f th e sa mp l es for t he estima ~ ion o f survivorship 



cenduc te u to d.ete .cmi.11° t.h.e i ._ . s t L:.~ du.ratica::,. A .nod.ir·ied 

actopted . 

E:r:gorged .L · fi.~TI}9i2:2 :females collec i:;ed .Lro m h ouses 

Js .:..r.;- suc.kil~g tunes were L.ept :i.n c ages oonta:Li-i.ing 2r;~ auga.r 

sulutiun at r uom ·;,.. e mperature (27 - J2°C) un-'.;:il they bee awa 

gra'' i d. Pet::idishes contaiGing either t ap '"ater 0r water 

f'rom t~1c Luboi s W 3;1w) were .Put in the cae;es tc ser~~e as 

ov:'..posi t j on ·· ·esee:s The eggs .;;hus laid we re left to ha !;ch 

-· n the same t y pe vf' watc:-r in 1-ihich th f· y • .ve:re laid. T~eri ty -

f:YE. 1 ir;:;t instar l G. :-vae f':!'o m eac;h .,;yps •• e r e pu·i:; in c.luminiu m 

pans diameter, 5cm daep) in fo~r rep~ica~es, ea.ch 

con!a i nin5 the 5ame type or ~ater in which the inc o~in~ 

larvae wc r1c ·:i.atc: . ec~. 

daily t o the pans containing ' ap watert whi J e wate r in the 

o t r er pan.s waa raplenished every t ' 'i O days with f::-esh wat~r 

f'ron• t h€ swamp. T h e number of la:::--vae in each pan and thei r 

deve lopmental s tages ,.,~re re c orde c! daily L_1.til +-he compl e t.ion 

of a du l t emergence. 

Es timat :..o,!!_pi' S tage-specific Survivorshiu a n d 

-~-c..onst ruction cf' ...b.;!.:fe -taq~. 

Three experiments we :ce conduc ted. The firs t one was at 

Loboi ' n June 1986 , 1uri 11.g the r ainy sea.sm~. Th e 15ec.:.>nd 

e xperiment n'as als0 at Loboi in Febr:iary 1987, a the 

haight of the dry season. The t hird experiment was at t he 

Perkerra irrigatiQn s~herne i n May 1987, a t the h eigh t o f' 
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the ra.iny aeason . ..... ' f']_ ·: t: 

PeI'kerra during tht:: dry season h ecau se breeding sites of 

suitabl~ size and duration could ne t be foand at thi s t ime 

of the year.· . Th.a pools and puddles created by the \·1 eekly 

flooding of the crops were t oo s mall in size and only a 

few 01~ them lasted long e nou gh to support bree ding, thereby 

making them unsuitable f er the sampling m.:> ti1.od 1,;.S ed. .n 

each case the rneth ·d of Se:i.1 vice ( ·1973) was .use d . T•o 

h undred di p s were .nade dai:.y from pre-determined port io·l.s 

of' the -~breeding site f'or 10 consecutive days, ·u sin6 a. 

a.i.urninium dipper 15 cm in diamet ei' and 5cm deep. The larvae 

tak en in the 200 dJ.ps were pool ed z~n d ak.:; n back t ~ +- >·· 0 U v . 1.-

laboratory liv e . I n t u e la:) oratory some of the larvae 'vere 

r3t:io ed for rea:..~ing I;( adu1ts i n c rde r to confirm lc.rval 

in.de n i;:!.. f ic :.lt Lons anci. ve;.~i.f'-.r t.ha · a .::..l spec ::.mens F ere j .,_ f act 

Twent;r anophe lire larvae ~-rare ra ndoml y removed 

f'or rear ing f'ro'n1 each d.ay's collection, giving a totaJ o !' 

200 .:'o r ea.ch e;:pe rime n t .. The :follc'ii .. n g p roport io_ s ~ out cf 

th e n1.1.mbers that em0re;s u .i..c. to adults , we ... : A . p·arnbi~ 

112/150 = 75%; 90/115 = 7~ . ~%; 1 1 5/1 55 ~ 7~~~ g iving e 

Th e rest ~.,,. e:::-e then i ize d in. 70'/·6 '1.lcr,hol, 

a:ft e r which they were i 1ent i:fiect, c aunt ed and scored to 

i 'TS.;:ore:. 

4 .2.2 Results 

A basic assumpti on o f this method is tha t th e nopula-

tion should be stable throughout th ~: pari o0 ::>f' sampl:!.ng: 

th~t is, th e nu.m"ber of' eges laid per day shoLtld h a.J_enc e off 
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II this -._s~~ ··.m;;t:L o n 

tbe ~im€-svccific c~rvivurship curv e lSe~vice, 1973, 1977). 

EinG_e t h e sampling from each h::tbitat was done over o. sh.or-::: 

period of' tLner it was reasonable co believb tlia·c th;.-'-' wa s 

the case in these experiments. To obtaiD a graph of t~e 

age distribution, t e total number of' each ins·car collected 

over the cen-day perio d was divided by the a~pro~riate 

inst.ax durations. Thi5 is to correct f'or any bias created 

O/ d.iff'ere nc e s in s ta3'e dui;:1~io.,1s . f'r(.m t l1e r earing e~ .. _;€. ri-

i1EL1t; i:, desc1~ibed above t he i nsta r dur~ tionl:' f\,r ~~ · zami~ i, 

1axigat were found to be: I= 1.5 day~, I~~ 3 days ~ I~I = 
2 days: r1' = 3 days and i? :.:: 2 da:,·s' givinc '1 total deve j_ c-

Trese ~orrecw2d values 

r number/ instar d1 ... ration) g ive tlie num~ors :.if' l.z,:.'."'rae ""nd 

pupae at th8 temporal 11.idpoint 

plo t ted ag·c: inst age :i:a da) ·- o f' the l <-Hvae ar~d p upa.e . The 

resu ltir.. c- histograms r ep::-es en'Led the st::>r.;e-speci :fic :::..ga 

dist: ributi on . A curve. w ae t 1·;. ·.'}r1 f" tted through t~H: mi12-

poi y ts o~ each histogram block (ins tar ) to g ive thu ag~-

spec ific age dis;:;:ci:.1 t1t ion curv .. wl, ich sii.1ulv t es the time ·-

s~ r:- ci,!i.c survivorshi9 curve (Fi~s 26 - 28). It Wa;;3 not 

pOf?sible: to draw a smooth, co:1t i n uou.s curve through the n1id. 

poi~cS of' the hj_stogra .. 1s as Se!:·vic ~ ( 1973) and Lakh.ani and 

The ? rocedure adopb~d by Rei =>"-'n a_ 1•~ 

Segmented cu r ves wi t b 

the- poi"'.'.tB joi!'led wit}, t~ne aid of' a straight adge \\ ere 

drawn. From these c~rves +- lJe nnmb 2 r or indi vidu.als 
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I'igure 26: Gr Ph showing the. age £t.."'"Ucture of immature 
Anopheles gcimbiae S.l. at the Loboi. s•·1amp rn-J'une, 19as ' . . 
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-.. · gure 28: Graph showing the age s tr.uctui::e of immatur.e 
Anoph~lc:s gamb.1.ae s.J .• at the L .;:.. ':l ~Wc1!1'lp 
in J?ab~, ·1sa7 
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Grap : s!lowing the aqe structure o:: immatur~ 
Anopheli::s ga'Tlbiae .:;. l at the Per.-kerra irr.1.gat.J.on 
echerne iln May , t987 
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':.'atle 5: 

collect ins 

Habitat 

EXP.l 

LDBOI 

JUI~£ 1986 

Mean 

i!ar iance 

C. D. 

EXP.2 

LOBO I 

rr;B . 198·7 

Mean 

Variance 
(' 1) . 

- 11.e .... 

Nwnbers of ImrratuH:: .stas2s of A .• _s.:mtt::l~ s. l. collected eac:i 

day .i.n 200 dips f ::or.: larv.:.t.l hatii:ats, showing the c~fiic · is . 1 t 

of dispersion, C.D . = .32/~, fer each instar. 

No . of larval instars ( I-IV) c.nd Pupa. Collected 

days l E III IV p 

l 23 18 10 8 3 

2 22 14 11 7 0 

3 434 25A 108 70 20 

4 35 27 l <J 5 2 

5 t< 19 19 7 1) . _, I 

6 68 51 37 35 18 

"; ,./ , lQ 20 ' "' l L-.' .J. l 

8 23 1 '7 14 J.9 0 

9 19 "7 10 22 
., 

J, , I 

10 '\ ') 9 c 5 3 ,;,. ..; -' 

TOTAL 711 451 248 192 54 

x 'l. l 45.l 24.8 19 . 2 5 4 
~. 

1648S .1 55 ~0.5 S'- 4931. 29 407 . 07 56 O·~ 

s2/x 231.87 122. 41. 37.55 21 20 10. 38 

1 62 26 16 8 2 

2 165 36 
-- ~· .:.. 

10 4 0 

3 47 13 8 0 0 

4 48 15 6 3 0 

5 155 85 36 7 0 

6 155 68 29 7 l 

7 135 75 42 2~ l 

8 143 93 67 29 0 

9 202 137 ·12 39 8 

10 200 130 81 43 0 

'IDTAL 1312 678 367 .173 12 

x 131.2 67 . P 35.7 17 .3 L2 

~2 3441.73 20 21 . ff' 79.l.34 232,68 6. 18 

f;.2 1x.· 26 23 'lS• . bJ. ?l Sb ., 3.45 I: 
· ' • ) 



"' ' ,.... 
- ) ,.l, , ·-

CoL.1.ectinq No of lc:: r va] instars (I-IV) .~JD Pure collected -·--- ----
n.abitat days I _r III IV p 

EXPT 3 l 75 51 39 ~ in .:. ~'"' 

2 204 165 73 $0 ,;, (; 

PERKERRA 3 1~9 9S 60 1-· 4::> 30 

MAY 1987 4 81 66 38 ?l 
~ ... 15 

5 72 54 27 9 3 

6 99 8~ 52 45 3 

7 105 / 2 45 ,, 
..; _, 3 

8 90 72 
,. A 
:::>.., 45 i5 

9 220 2=..4 90 60 50 

10 120 ti4 Ll. (i 32 6 

'IDTA~ 1271 961 518 366 :.8-1. 

Me.=- 11 
.,. J. 27 .1 a~ - 51 . s 35.6 " . 

h ' ~d.l .• ..,. • ..l.. 

Variance s 2 5002 . 77 2758 . J 348 .4 232.27 259 . 21 

C.D. s 2'x I ·- 39.36 2& .70 6i73 6 .35 14 . ~ 
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entering each stage was estimated by interp olaticn for 

the calculation of stage-epeci.tic su::- ·.rival rates c.ind lif'e-

tables . 

Th e total numbers of e a ch instar obtaine d from 200 

J.ips in each of the three experiments, together with their 

means, variance-S and coefficient o:f dispersi_o~1 (Varin ce/ 

-Mean) are gi ve~1. in Table 5. I n all t h e experiments, the 

coefficients of dispersion were hi(S'.her t han unity ( t'i.at 

is, variances were high.er t b_an the means) indicati g a 

highly aggflegated or clumped d i stri hui:; ion. The 1st i-~:; tar 

larvae 'ive re the rr.ost highly agg:.c Gatad and aggregati a n 

p rogressively d ecrease d as th a l a r v ae g rew older ( except 

bet··:een I and II in •.-.:peri nt0 nt 2 ) . 

the eggs were laid vdr~ clo se toge t h er b y the femal e s an~ 

·ilso due to the rela t:i. ·.re inactivi.ty of che 1st i r _star 

larvae. As the cohcrt mature , t!'!e lar~.ra6 migr ated :fa:..~thc;.~ 

from t :1 e eclosion s ites i u s ea:cch o:f food and mo r e spac e . 

T h e cut1ula.tive ef' r ect of' the various mortality f 2_ctors 

which act e-G o n the l arv ae as they grew .mu:::-c also c ')ro t r ib 1 1 te 

to the lower dispe:sion c oe f~icients of the older insta~s. 

The si,::i.ge-speciflc s urvivorsh ips are shown on Tabl e 

6. ::iu:rvivorslti -~· f'ro n1 1 at :!.nstar to eme r t.re!1.ce was a ppro­

xi ••'.ai;e.1. y equal (0.085) at Lobo :i. and P€ .1..'kt:rr a du r ing the 

l'a. i n)r seasons {Expts • .[ an.d 3) but d t•o:pp ed drc.st7. c al ly 

( 0. 000) a t L oboi during the dry season (:t!~xpt . 2 , Tab le 5). 

The .larges +; proport ion of' larvae die d in the 2nd and 4th 

i •s t ars ln ·:- xperimt:l1 ts 1 and 3 whi 1 0 the low~st p. cportion 



Tab.le 6: 

E<.::bi~at 

Ei'~PT . 1 

LOBO I 

JUNE 1986 

EXPT . -, 
L. 

FEE . 1987 

EXPT . 3 

PERl\ERRA 

MAY 1987 

Stage-specific survivorshif of irnmatutfO. 12 . qami:-.i~ s.l. 

i n the: two larval habitats 

-
Ins tar N - S1 s DJ P1 Y· !_.!.__ 

1 474 590 1 . 000 220 0.373 G.438 

II 150 370 0.627 235 0. 635 0. 438 

III 124 135 0. 229 35 0. 259 0.130 

IV 64 100 0.169 6 C. 150 0 230 
p 54 55 0 . 093 5 0 . 091 0.041 

/". 50 0. 08·17* 540 L = 1.042 

I 87S 1095 : .. uou 435 0.397 0.220 

ll ::26 660 O. F03 160 0.69"7 0.519 

IJI 183 200 0 133 70 0.350 0. 187 

IV 57 130 0.119 105 0. 808 '). 716 

p 6 ...... 
/.....,, 0 .023 25 l.000 

~ 0 O.OVJ* i n cr; \ -=..:.. 6~2 ,... '-' :;_ ,,_ ---·--
I 8'17 995 l. '.)00 320 0. 322 0.1- o9 

T~ 
..l. J. 320 675 0.67€ 390 0 c;~·-• .,, I b 0.374 

III 2150 285 'J.286 85 0.29$ 0 . 154 

IV 120 200 0.201 94 d . 475 0.280 

p 95 105 l}. l 06 20 O.l9C: 0 092 

A 85 0 ·0354 910 ""'- =1 . 069 

J<EY: 

N = Ne collected/stage duration = median agE n0 = no 

at temporal mi d poinL 

S1 = No ~nter ing eacr stage ( estimatE:.'<l f ror;; :.he curves ) 

s = Survi\7orship f r om one stage to an0ther, 

* = 1st i ns t ar to adult survivorship, (A/I) 

D1 = N.::i . dy:'.ng during eac:-1 stager S1-·S1 + l. 

F1 - Pr\)p:Jrtior, a:ring lt1 each s t ag:.= !.:•1/S1 

K1 = ~Killing pa,,.rer " of each stage = logF) S1- 10910 S1 +l 



l ~- ;_:, 

d i ed in the pupal L istars . 

(Lot o i , Februa ry l 986 :· Expts 2 ) the highest pri.:,J;Jertion of 

larvae d ied i.n t he pup a l C'lnd 4th ins t ar s tages . Th0 pro -

porti o n Jy i ng d~:;,ily i n e~~ c h i11 ~t «.r •ttas a J so cor1.::: .i stenc i y 

·1 igner in th i s .exp::;rimc. ~t than i n the two oLtL0r''>. In 

ag ·e ame nt wi tn t ii.os e t t tv~ su.iu of' l·~ \ K i l:!.ing po,1e r", V;1rle:r 

Us i n 0 - • L • I .,.... . ;..,6 "8\ ,flt: survJ. ·0rs,11p cu rve s \ L·J.gs ~ - r- 1 

of lar v a e sur~iving t0 each age i n ~-ys w2 re iead off tc 

give t h e . 7 X co lumn i :: Tabl e 7 . T '.-i ese 1ie1~e then used ~o 

c .. t lculate ;:.;, ::.eries c;f l i .fe-t,.:bJ es i.l.3 sho i•n ' T a b le 7) • 

• -ie .:.n. irn .. ia l; '-.!Te life e x p ect .. , ncy for t he f'i:;_~ s·c t'·io c! ;.ys ::::..fter 

nat hing (X = 0 , 1 , 2) Wa!:; higher c..it Perl:er:;.,~,'l (.C x p t . 3) thah 

l.; Io"boi (Expt s . 1, 2~. Fro m day 1 o nward s tile '1e;·!.P J il'e 

c;.;:pzc t a.ncy was !1ighest at L o ao i (E.xpi.; . 1), f'oLLvWed o~· 

Perker:n;: .. (J<.;xp t. J) a.!Hi remained lvl-.' es t i n :E'x;) t. 
,. 
< ... 

Thus 111 ~.-i.t::! ljJ'.,, s~pec ta'lcy wc-~s J.o wer _ or .... J.1 _, ge.s in che 

dry s eas on (~x ot. 2). \n a v e r.1 J 1no r 'i:; a.: i ".,: ) f' 91 • 976 -~rd 

dr) seaso n ( Februar y) n;,si:;e c tive ly ~ rhe overall mor~~J i v 
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TABLE 7A: Life Tables ior irrunature Ar.opheles .s._ambiae s. l. at the Loboi 

swamp, J une 198C (ExperimE:nt l} 

x ID; Jx ct; px px ~x 

0 595 1000 252 0.740 0 . 252 3.210 

l 445 748 252 0. 662 0. 337 3.130 

2 295 496 244 0. 50& ·o.492 3.467 

3 150 252 17 0. 933 0. 067 5. 339 

4 140 235 16 0. 932- 0 . 068 4.689 

5 130 219 34 0.845 0.1 55 3.995 

6 110 185 34 0. 816 0.184 3.638 

7 90 151 42 0.722 0. 27,8 3.344 

8 65 109 8 0.927 0. 073 3.440 

9 6G 101 Q 0.9L 0.089 2 ,67 3 _, 

..LO 55 92 5 0.946 0.054 1 . 886 

11 52 87 6 0 . 931 n.069 

12 48 81 

T2.ble 7B : Life ~ables for ~mrnature A. qambiae s .l. at the Loboi swamp, ----
FebnF.lry 19&7 (Experiment 2 ) 

x NX lx dx px qx ex 

0 1095 1000 260 G.74 0 0 . ;_60 2 610 

1 810 740 274 0.63C 0.3/0 2. 351 

2 510 466 260 0. 462 o. 583 2. 440 

3 225 206' 17 0. 917 0 . 083 3.890 

4 207 169 15 0.92:i. Q. 079 3.193 

5 190 174 32 0.816 0.184 2.425 

6 155 142 46 0.676 0.324 J. . 859 

7 105 96 .;6 0.521 0.479 1.510 

8 :ts 50 18 0. 640 0 . 360 1.440 

9 35 32 17 0. 469 0.53.l 0.969 

10 16 15 15 0 . 000 1. 000 

11 ·o 0 



Table 7C: 

x 
0 

l 

2 

3 

4 
(: 
_) 

6 
..., 

-- I 

8 

~ 

10 

11 
1 ..., 
-'- "-

13 

Life T? ... bles for irru:1a +:. u r (: !::. • qar;.o i ae S .1. at thE• Perkerra 

irrigat icn SCt!0f.1E:, Mc:i 1987 ( Exper. imerit- 3) 

Nx l x a;.· px qx ex 

1025 1000 234 0.766 0.234 3.568 

785 766 224 0 . 708 0./.92 3.505 

555 542 2J0 0.576 0. 424 2.747 

3.'.20 312 ..... , 
L'- C.929 o. 071 5. 141 

297 290 ?5 G 914 0 . 086 4. 493 
"i -i '; 
L , L. 265 <, l 0 . 845 C.155 3 870 

230 22l 53 0.763 •) . 237 3. 487 
' IC:. 17 1 :- .-, 

U.69E 0 . 304 3 . 412 .l I_, '.._ ~·: 

122 119 J. L (J. 89 S 0 .1 OJ 3. 685 

110 1 " -4U1 L '. l) .37 SJ 0.121 .: • 01~ 2 

96 94 12 c. 87:!. 0.128 2.3% 

b4 62 }.'.; 0.329 o. J 71 1.671 

:o 68 12 0. :::.2.; O. l7E 

57 57 56 

Overal l rrortalities = 91.%; 100% anC. 9 3 . 2% for Expts. l ,, 
_.. I .:,,. I 

respectivelv 

Kev: 

x -

Nx = 
lx = 
ax -· 

p~ 

qx -· 

EX = 

age in days 

No of larvae surviving to age x 

No per 1000 le.rvae s •.<rvi vir10 to age x - -
Mortality between ages x ana x + l 

probability that a larva of age x s'urvives to age x + 1 

probability of a larva of age x dying hef0re l:'eaching 

age x + l 

expectation of life for individuals of age x. 



-
1 26 -

Predators 

Many other arth i~o::o ods we r e collected. along 'With 

mesquite l arva e during these and the o ther e xperil!lents 

invol.ving dipp ing. These included several insects 

especial.1y of the o rder Ooleoptera , Odon.a.ta , Heteroptero. 

and Ephemaxopte ra. as well as Crus t acea (Copepcda) and 

Arachn idc.. (Araneas and Acari ).. Membero of t hese groups are 

well. known as predat ors of' mos q uito larvae a nd adults 

(Servi-ce, 197 1 , 1973; Whit e and Rosen , l973 i Mogi et a.1 91 

19 84, 1986) 9 The most f r ·equ ent found associated with 

mosquito l arvae were identified as fol lows: 

Table Br Arthropods c.nd o ther a.nima.ls col.l3ct ~c! e,long 

with mcsquito la::t'"\ra e 

CLASS ORDER FA.MILY GENUS / SPECIES , 

Insec ta Cole opt e r a Hyd~ophilidae Globari~ sp 

.. Sterno;top_hu§_ sp 

n " " !!_elochares sp 

" Dy 1: iscidae 

n Heteropt e ra Nepidae Ranatra sp 

" Be1o s tomat idae Sphaerodema sp 

i.fot oaectidae 

" Odonata 

H Ani.soptera 

ft Zygopt era 

Eph'3ms r ptera 



C :;t'1J.stacea 

Arachnj.da 

" 

Amphibia 

Copcpo da 

LycosicL't 

- i27 -

Cyclopoidae 

Ara:neae 

Acari 

!!YPeral~ sp .. 

During the experiments to determine ~he vertical 

ea~imates of immature survivorship 9 the :number of' other 

arthropods i n the daily 200 dips v ere recorded,. lt was 

therefore possible to c a lculate ;.;h.e to ~al nur:1ber· o.f thes& 

and the mean n~mber per dip at the ecd of the ten clays o'f' 

sampl.ing. Th values fol"' Loboi lJune 1986, c:..nd Perke ~ra 

( ~y 1987) a ro .:.ven b elow in Ta J.e 9 

It was n t po~s:l.blo to q_ua.nti t'y the o.mou.nt of m-:>rta­

lity due to ;predation or t o eval •ate l.:;he i mpo rtance of~ 

any of the organJ.sms J.isted above a~ predator due to the 

limited time a a· 1able £or t h::..s project.. Di:fferent types 

of small fish were oheerved ;; n t!~. e Loboi Swamp, but only 

one was c o llected twice in dips. Thi.3 Ws>.s ident:.f.f'ied as 

!;el.ochoilichthy,.2. antino •ii.• Ii; is z.:. cyp rin :tdont a nnual 

·fis.. som:etim~s cal.1,ed ki l l i.:f.tsh. I -ts status ae . a pr:.id£1.tflr 

on rnoaqui to larvae could net be Pfitablisherl. 



Table 9·. 

CLASS 

Ir.secta 

" 
II 

" 

" 
.. 
.. 

Crustacea 

Arachnida 

Amphibia 

I<EY: A 

- l~ c -

. ' 

'let.al number and Mean numJY2r/dip of animals col.lectee trom 

Loboi swamp and Perkerra Irrigation scheme . 

ORDER/SUB FAf1ILY UJBOI PERJ,ERl~. 

Coleoptera Hydrophilidae (A} 1650 (0.925 ) 500 (0.25) 

" 
,, L) '758 (0.4) so t u . 05) 

" Dytiscidae (A) 190 (_0 .10) 30 ~ G.02) 

II II (L) 300 (0 . 15) 88 {0.0-l) 

Ocionata Cordullida>? (N ) 1500 (0.75 ) 

Zygoplera {N) 750 (0.37 ) 400 (0.2) 

Anisoptera (N) 800 (0.4) 

Heteropte.::a. Nepida2 (N) 1235 (0,62) 4SO (0 . 23 ) 

BElost~atidc-,e ( l·J) 850 {0.43) ") t:. n 
...J-/ \...j O.l8 ) 

Uot onectidaE: ( 1·J) 258 ( C. 13) 

:sphemeropter3. (tJ) 21CO ( ) • 05 \ 

Copepoda CyclopoidaE ( A) 950 {0.46) 

Araneae (A) 250 (0.13) 1 ,.... .-
..l.~~ (0 . 03) 

_Hyperalius sp {T) 2090 ( l. 05) 1500 ( ·J. 7S) 

;: Adul t, L = L=rva, N = Nymph. T : .TadpolE: 



4.2.J Discuss ion 

Survivorshi.p of I mmature Stages 

Thr e basic assumptions are inherent in the method 

used in thi.s s t u dy to estimate the mortalitien and survj_ ... 

vorship o:f i.mmatur~ !_. pmbiae in. the two types of habitat 

investigated. These are ( i) that the age structurs of' t be 

prc""imagi:n<:s in these habitats was .'::ltablCl (ii) that the 

var~ous larval and pupa instars had the sa~ di3persion 

patterns, and (iii) that the dipper used sampl ed all he 

immature stages with the same degree of efficiency. 

Larvae c:': all stages an.d p'..!p8e, e:x:-::ept on a :?eu 

occasions dnring til.& dr-.r seasonr were coll.ac ted eyeryda.y 

du ::i.ng each of' the experiments. Th.is is an ind;.catio n that 

ti. a age structure as x·e latively Btao le, t ::ius ju.otif'yi ng 

e fj.rst assumption. The second aszurnption was te::;t~· d 

by ca.l e ·la ing the coe:ffici.ent of' dispersion, that is, 

va iance/means ~o . ~ach immature stage from . the da~a c llecteQ 

du rin g os:.Gh experiment(' In all. ce.ses, the val. e was higher 

tha! u nity 0 i!l.dicatin g a h i. gh.ly aggrerra.ted o=· cl.umped dis-

t ibut1on. The younger stages were more clumped in thei r 

di tribution than the oldsr oneo and this is at.r~butable 

t o oviposition habits of' the :fema~es , ~ n laying the aggs 

close together, the 1·elatj.ve inactivity of the yo·unger 

instars and the greate~ cumala tive a:f:facte of mortality 

:factor on older instarae With regard to the ·i;hird aesump­

tion, Service ( 1973) noted that :i.t was likoly that dif':ferent 

immature at age a o:f !_.gamb:ta.~ exhibited di:f.f'erent mathemat.ict:'.l 
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t·orms of· con-:;agiou •• di::otribution.. If' this was so, they 

wou i.. d l>e sampled dif£erentia11y by any one method. However 

several woxkers. incluaing Service {1971, 197J, ·1977), 

LakhaP..:i. and Service { 1974), Reisen and Sl.ddiqui ( 1979), 

Reisen et al . (1932) and Mogi et al. (1984 1986) conaidere 

the third a~sum::;>tion seJ.f-evident and obtained raasonable 

T.o theae three assumptions may be c..dded the assumptioll 

in the preoent Sl;Udy .that :ins·i~ar durati.cns dcn.~ive d t·r m 

lab-oratory expP.rimcnt s alone were applicable to pr~·--ir.1aginen 

developing in Patura.1 hab::..tat s.. The baois ox t h is assur.:;p ticn 

wa s t at no oi.gni :ficE:nt di f:ference ·as f'ouna between t!u·1 

larva.e :;.~earecl in t.{ p rat; e r or ... art i:r~icial diet and those 

rear d in t he s amp \'.."a ter bot -:. in term3 £ he total n.umberR 

that comp1:::i ted d.evulo prmant a nd in terns of mea1•. developmentc. J. 

( 
,,2 . 

t ime . P > 0 . 0.5 by ,,. i n eac ' . case , . Th(-) only 0ther :factor, 

apq,r t :from :foad allti physico-chemica properties ,,f the 

1;ate r , wh.:I ch could · 1ake a di.f':fcr0nce betweer.. &.rval ::I.eve-

lopment in tha laoorato1y and th.a f i e l d was temperature .. 

Hol1ever , temparatures in Mar:f.gat area wer3 consistently 

hig.· and stable throughout the ·study peri.cd that any euch 

di:ffer3nce must have been negligible. 

The survi r&h i..J' :fr..:>1h 1 s~· inr: tar "to ad:uJ.t using th~ 

vertica.l stage-s1 oui:fic :frequency diBtributicn ( '!'able 6) 

was the same at b o th L oboi and Pe?:kerra during the rainy 

season (0.085), civing a morta11ty of 91.5%. The morta-

1i ty for this .,eas o n calculated from the age-spec.:1.fic l ife 
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Pa:dte:t•ra respuc !; .i.v~ly. 

T ':· e h:l.g:1 ;n.;rtal:f.ty r.ate.s are cons:i.st~nt uir.h x-esults by 

Servi c e ('1971 1 19731 :for !!- P,3.'-•eM~ i:.'! po:::ids a~1d dit chE.iG 

i ngly a type IV in all cases t ~ SloboClki:n 196:z). Mean 

lif"o e:q>eo t ancy, ex,. duri n.g t he periccl of higile s ·r; mo r ta-

1 • . ( ) .. ,., A - "" ) • f l • • .._ • . • ' "" '"' .( \ ~ ::i.'\::Y ,ag€ :::-. • 5 1 ,G:, uay .... , -as >l.l. 6.-:.a~ ... a-.: .. er1;:erra. \_,,-:::··-· • ..., ,, 

f'o.llowe d by Loho~ ; _n ~·une ( ex:-:-:J .. 3) o . .i.ld l~a~1t in L ob o :!. in 

Ji'ebruary (ex:::2 ... 5)~ L:i.fe expect.,.,ncy gerLe~a11y inc ::·ea~HHi 

( 1 :i. ee 26 - 2 8 ~ ·rable 7) 

be ce,used by a n1! mb3.s: of :facto:::-g, lnclucli.11.g- adv~rne 
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~limatic conditions, limi:e<l f~od su~ulien. ~redation , ?ar~ 

0i'l.;ez and :~athctienl'j.., Ser"".~:1., ; e ( 1 '.171) founa between 77 - 9!i.,o 

~f 3=~ and 4r;i., :1.::1e:t<:>..~ larv;;t.-: of f:. .. S£:imbiae i:a oi tc..hes and 

.[H.'0ls at Chiga near Kisu.nr..!, .Kenya to b(> infeci.;_d. vitr. . 

.Q.09:ton:i..,myc2s and attri.b ted t:r~ high 1.a1-:.ral inO)."tali.t~- to t;:.is 

i'u.nci1.o,. Jl!o .c:vi1.ie:-:?ce oi' in:f' ctior ... l.'ith goelfJr.~crnycAs 0:.::· aP..y 

ot~er ·at:L?ogen i'lac det·~cte1. ::n th~ pr·35 (,mi., study a:: .. o. prc~atio:i 

e;_-ppeared to bl? the most .impo:L't.::~· \: f'a.ctcr r es;>onsil:>l.e 'for "::he 

high n:orta.li ty. 'I'~1e dch::i.nant g:roups of ~redators enc.:>uvtered 

tnch•deQ. Hydrophilidi:.e 2:r .. d Dytl.scicJ.e.e (C0lo0pte~d~ lan,..~:~ and 

ad~"...ltsr Odonata nymphs, ""'special~y c-1' the f'am:i.:.y Cor.-i.1:-.llid..-::- c~ 

a"l.d subvrc:e._·s Zygopt era a~1d 1:.n:i.snptera. Hetercptara nymphis of' 

the :family 'ep :td.::.e ana 'Belc~to.:na t : i::&.ae, ""'mphibia,~, t a ::p oles 

including the l'.) reda~eou0 !!-.,r:) .:r~ll.~ sp.eciGs ai'~.c1 ~::i r.iaerc; wh ::..c ~1 

we!":; mos'·J_y ,;,·:,_~fac e predato:..·s . Servi.r::e (19·11, ~9TJ) ~ Eeise!'l 

and Oiddiqui /·1979), Mogi et al. (19l3"~ 1 198G) e..!.s0 fciunC:. 

members of ~hese gr.ours as impro·~e.nt predators o f reosqt.'.ito 

pre-imagines. 

Dy · sing preda.tor-- free c~g? f; to b:reed mosq1\ l.. to <:>e in 

natu ral habite.tE e.nd thC'n compa :..~ing the adLllt e:nergE:n.ce rates 

with these ohi;2ined :fr cm unpi~otecte d sites, Reisen and ; 

Siddiqui ( 1979) uere ,;i,ble to 1nal':E g'::'OS3 6ci~:imaLes o~· thci 

ef'f'P-ct of' preda.tion on the ~urviv3.l ct' £ ... tritaeniorl-i~l!E~.§. 

They observiaci -that t!1e ""'agni tu.de of 

predat~ons mcrtal~ty changed seasonally, b~ing ~owes~ in 

the mcnflo 'l'.l and l:.1@1£:st in the pc..;tr•monNoon St>!ason. Using 

th3 sam\3 method, Mogl ~.U.l• 
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tiou J:-}r otfie...; i.r~sect i. Was ~:he mcst :...a:ipo::-·ta~;.t 1.~crt a i.:i.ty 

factor :fo:t.' r..osqaito immatl.•res i ~ bci.t. Pl:lillif<.ne and 

o'f: irew..atu.rea we~t:: lost to aqnatic ·p::-00.atc:cs !111.d ar ... othP.r 

1 10~ tu surf'acc:. p~·edatorf"i, ( thos~ -w! ... :!.ch mov or> the 

They c o:il d 

reJ.ai,ed no1·ta.l:i_t:i e~,, The higher rr.ortalities at Loboi in 

F'eb:cuary ( experir::e::1t 2, 1iiay be due, a~; :.e,;:..sl:; in part, to 

increaoc~ compstiti~n for ~ood and space. At this time ~f 

the yea:r a grec;ote:r p ortion of the s l<.· an:p has dried ou·;; ancl 

5i:r..c'8 tl•-s pre<1.ators •1ere a.iso con~6n.ti·c.tsd 1.n · .~.:.e ~rnalle1· 

4 .J Estimation o-J: Adt.!.J. t Su:...'vi.vorship 

4. J ~1 !~ter:i.als e,n d Method 

Qissectio:".l f'or simple ag~ gr~l£ in female,;, 

The ovaries of un.fed or f'reshly f'ed fe male mosqui.toes 

ll."eri:_ ~extracted and ~xarni~ed for the prel:lenc<" or· absence of 

tr~~neclar skeins ( t · 5htly Gciled t..o;rminals c:f trachi7oles) 

by the met:hod of' Det .i!rnva ( -1962) :- A. 1'._•eshly ki1.led mnsqu:..to 

was ple.ced on its ~ide on a clea-.:1 s· ide a.£ter the win.gs 

and legs WeJl'.'e remov ed. A.. r:!rcp o :f dd.stilled water wc-.s put 
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One d:;.esoct i ne; needla ·was iuser·,ed i.n 

thn !;hora:K w:i:~:U.e- a sac ond needle was used to make two small 

iuei.eions Let·.-;c-;~ r. the sternites ot' segm£T!tc 6 and j G Tbo 

ovaries we:t·a t hen. extracted anci imme diatel.y t:i·ansf'«H.'xed t; o 

the centre or the drc:r of' wa.t.ar and than. 1e:ft to rlry out. 

In t·'.:::-ying ou:t air enteret: thf.: ~.; r3.cheae , making the whole 

'l;ra;::heal system i.:ac1udi:ng t'.>.e sma.:!les t t rac::hioles supp1yin..z 

the ovaries~ to become clearly visible. The sl~de Wa5 

~ xamined under a x40 o~jectivee Th e p re sence of' skei ns 

sh~lied that the :remala was ::ialliparous $- whereas th~ pt esenc e 

l:in:fed and :fr eshly :fed female A•l?'a:abi~ !'r":lm :fo r tni ghtly 

co l lect-ion.s, using the- pyrethrum spr ay ::n~thod s wera dis sected 

f or p a ri ty by t he O'Taria.. +.racheati on technique~ as outlined 

above, between February and October 1987. If there WeTe l ess 

than 5e females of the appropriate abdominal stages, the 

entire collection was dissected; from samples of 50 to 150, 

50 we:;;:·e randomly sel~cted and clissect.ed; and f'rom samples 

of 150 and over, 75 vere se l ected and di.ssecter!. Es·i:iimates 

o :f the parous rates~ based on the mon.thly totals, were. 

cal culated c However, daily survival :rates wer.~ no t ce..lcnl.­

ated,. from .these parous rates; becf'.use two samples per mouth 
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w.;:;:::·0 too few c:.nd t=:stim~t'9R of da] ly suzwi7ivaJ. ra.tcs ba.s'!:d ou 

t:h~m lfould conta.in a high degreG c:l erz·or. A scpL.rat& 

E ··::pGrimont '~a.: there:f'Jre ccLdnc ·i;€id t·or th~ E:stimation o:f 

ci.c::..i.1:; surv .. va.!. rates. 

I• 3 'i oJ • 

Dail.y colJ.ections of' mc.squito•~s oy the hnm=....r.. 'bait 

.:.eth o~. '"as caZ'rie•l c;:~t fo:-: 3;;- days F..:.t L0boi ( :f'.i."2m 8"5" 8'{ 

to 6.£.87) s.nd f'r-r 2.5 days at :Perke:!'ra 1 :f:i·cm :;Q6 . 37 t; o 

3 (. 7 8?) <& 'I'he collec t ions we1:e :nad0 bat-we c l' 'i p &=i.. and 

1•ari i;y"' At J.easi· 30 rnc:5q~. i to""s Fi:C.ou.~cl. h~ d:1.ssect'3d d~ily 

for this experi.r...~nt accordi.ne to Birley C"nd :~a.jagop"'l.le.:. 

( ·4 981 ) ,. Th.is number coulci n 1:. t !.H:: met on oome o ·cas ~.ens. but 

the actual .numbers dissented ·er~ close to JO. 

'.fhe parous 1"'ate t."'crl!ru;_q ( Daidds·~n, 1954) provides a 

good estimate of t~e average survival 1·at>: P"-r oviposiJ; :.c~'l 

cyr.le •-inly if' tn.e recru:itme!l:i; :t ate i~ z-ee,sonably c onstent .. 

It is uot va.!.id under conditions wher~ ·the recru.:f.tment 

rate is changii.'.1.g rapidly (Birley and !la.j£>.gopa1:.J..n, 1981; 

lli:.:l(;ly an.d Boo::.~ma:i, 19e2). :r·t w:"'s the::-s!'ore necessary to 

:firs·~ assese the V::t..!.idil;y ot.' this method in. estimating 

the m.1.l."'"ival rat~:i of' !egamb~- in "i;he l-18.:r.iga·;; area by 

eva.J.uatiilg the c~nsta.ncy o:r oth~r.4i.st3 of' :the r.ecrui.tment 
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r1te of· this species at the time of' the experi.ment $ A 

gra;,;.ih of' ti..H::: n::i.mbe;c o:f' monql_1i+.;oes per p ers on par ~.J.gb.t ~ ~as 

plo~tad fer the total nuP~er dis~ected, nu~er parous and 

number nulliparous: :tn ordur tQ sho"' thG:lr patterns o:f 

:?1.u~tue.ti~n, I:f th.e fluctua~;ions wers great i·i; maa" t that 

'i;h~ rer.ruitmf::nt ~ate was :ceasonabl~ co:i1stant and tbs dail.,. 

!':.u.r.;ival i~at~ can be ~et:i.nat:Gd :from the parous J:'•'\j;e Ti ).h 

a 1'!.igh. degree of' acc1n•aey {&i:t·l.ery and Ua.jagni)al ar.i. ~ 198·i), 

'I"he cumul.ative total;; of' the n.umbers dissec··ed daily 

(.!..1' ). and the r.:u.mte:::-s parCJ1.lS (l..H) uera calculated c...n<l 

(·.t M1~T) :o which r1..1 p 1''2e ents the paro~s rat e oer o.,..ripos i.'Cio.-i 

--;y r-1e 1 uas est:imatado A g:tap~' of (!l.~i/~;T ) x 100 wac thMl 

p :• o tted<> '.£'ha va 1 'l.!e of' (+. .M/;,..T) Ye.ried very :...i tt le througJ.1r>ut 

tn.e experirP<::1 t it': b oth t.abita.ts b•.it a:=pe::-.. :.ia:.ly ~f: .:fr~m day 

1 · ~ 1t ?erker::".'ao ThiB :5. s :::. str-0:1g :i:c:...i~ation th - t the 

populations:- v.err:: s ~able e.nd ·~hat ti-Le r.'.)c rt1i·.:;rnexit r 1: 

n ul.l iparous f email.ea was constant$ 'l'he parous rate was 

the=-efo r e a goo d e stimate of" the :D- r yj val rate. 

The daily survi .. ral. rate Wat: the!.1. ':'.}S.} .. culated :from this 

mean parous i:ate using the parous rat9 t·ormula o:f Davidson 

pn ::: M 

....:hsr& P i s tho prc.babili ty of s urviving through 

om:} day n is the ll:'ng·th in days of' t b e o ·iposi­

tion cy~le M is the proportion parous in th~ 

populat i on 
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Th~ '.1~ocu2t3 a.:cc shci-1:l on Table::. ·i 0 and 11 fo r 

at l.Gboi t !J.e1·e Wa.5 a S :i. gnif'ic&nt di f'f'erenc e bG t;\-'El~i'.l the 

,... 
;:' ~ •~.· _ .. n :r11.1·T,· {. ,.:. 1 '· a u "' - ,,, \ .. A ,:;; • ' ? ., c ~ At Pe :L'~~erra alsc ·;:;he .1_ wes:; 

h :' {,,'1!.es t . ate of 86~ T.<'lccrded i n Sepcemt.er {X.z = 13 ..., 7 ~ r.(O .. COi) ~ 

·~ 
rl~:f:re .• :en.nc t.et«ezn .tht:;m (r = 6 ... 1~ p<.0 .. ~~ 10) .. 

Mar ch, Ap:w:-il-June, Tu.ly-Sept:~mbt-:z- 9 anc:t Octob er. Hu: mear-

puro~"' rates 'lver the fcur pe?"i~ds in t he C1 '~i!\J locati 0:.-•.e ;:ere 

L•:..b'>5. Perkei·x-a 

J.I' e b rt~El.ry-~1ar~h 5~ ,. :; o.:' 49. 5 

.'\p:?dJ .... Juue 71~3 74 

,J~ly-eeptembe:!' 7ii c 'i 8J.J 

o ~~ t <.lb c::r 3fi 76 



T2.~:-le 10: 

c' :.. l.oboi, F"?!:::in1a ~ y to ()ctoo( r, 190 7 . 

NO NO !"O !~(I NO PAROCS 
i1JNTH COU..,EC'IBD uISSBCl'ED NULLI ?l11,;_ PAHOUS RATE(%) 

Feb 35 35 20 1..) 43 
Ma rch 80 50 .lb 31J 68 
A.pr 1 :~ 1 20 50 16 3~ 68 

May 300 75 .. ~ .. . h.., 'il ._,,;. _,_,;) 

. .June 210 73 J~ S6 7S 

July 200 / :.i 14 r 1 
0 .L Bl 

Aug 120 SU 12 13 76 

SE"P 7S 5G 17 .., -, 
..J ... ~ 67 

(\r.+· 
v'-·· .... 

- 1 o. 50 ': l 29 Sb 

------
.rean 67 

Table 1l; .<\ge C8rnpo::;:i.ti0n (Parou.s ::;>at e <,'.) 0: -~ .~1c. s.l 

at Pe:ker .~ ar Febr'.:::.r1· to October, l 9'07 . 

NO NO NO r~O PAROUS 

t·iONTB COLLl:~C'lED DISSSCTED NLiI,LIPAC: PA..~JS RXIB(%) 

Feb 15 15 Q 6 .~(J 

Ma.rch 22 22 9 13 59 

.~pril 20 20 6 14 70 

May 20 20 5 15 75 

June 55 50 12 38 77 

July 100 75 9 41 82 

P.ug 20(1 75 l4 61 Q'• 
~ L. 

Sep 250 75 l (] 65 86 

Oct 151 75 18 57 76 _____ _._ . ____ 
---·~--

_ .. _ , __ 
Mean 72 
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:females du;.:·:ing i:ha Tainy· seaso!«:.» L;>ril-June., th.a?. 

ht~t d:ty r>er'icd. 11 F,abruar~• ~Marc.h (J?- .. ~. 4.6, p<.Ooo.:~ 

du.ring th•3 

p~o.05, ~or Lcbci a:ud Perkerra. re~pectlvely) • '1'hera \i'er·~ 3.1 

per.iod 11 ._Tu.ly ... Sept+:;mber, th.au cic;o,•ing th.a h~.:; o .... ..,~ peric n , 

Ff:;!bruai·y-i..Jarch (x2 =--7o 'l~ p".OC>Ol; x.2-~ 170.3, p.t..G.001., f'oJ:· 

Loboi and P e:rkerra r.aspcctivel.y). But th~r~ was no bigni.fi 

~a:at di:ff'e1:nce in P8X0~1s ra"t;es between the rainy season 

a~vt t;he cool season ( 1Y..0 .. 05). 

TherP. was r..o sig:ni:f:l.car..t di:ff'crencf7 :i..n p~ro· s .. '.'ai::es 

h t:l> twe e :;.1 Lo:H~i an.(..i · Per.ke .• ·:-:-a du.ring corre c:pc nd.in.g peri.ocs of 

obyious "that the ,.:;ig4i:ficant di:ff'C3rcnce in the mean pa1·ous 

r·atee of' the two locations ever the nihe month 1 s period 

was mo::;;tly d!l.e t~ di..ff'e::-encea in a.g6 compositio n b e tuee11 

considered together, there ti'as a s.lgnificunt d:l:.ff'e renoe 

b t th t S' th 1 t. ('~ .. 2 "" 6 ., , i::> weer.. e parous ra es oi e w0 oca ion~ .r. -- .., 

IJ·~o.05). 

Estima,t:lon ·-:Jf Daily Su:t:'yivaJ .... !tat.es 

'I·he results of the daily diesectio!:l.s and t!le parou-

r.<:-..t es calculai;ed :from them are nhown on '~ab.J.e::; 12 and 13, 

and graphico.l1y as Flgur~s 29 and 30. Fro.~ these graphs 
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it can be ~een t hat t'l.w~tnations in the nn..Lipa.rr.u n :f 1::~!!1a 1. cs 

\"Jere minimal, ind.icat~. ng a reasor.ably cor4s t a.1"'!.t rec r.uitment 

o f ne\t/l.y emerged :fera~J.'31:; in:L o t he ·por:.. :.... le.t:!.ons. 'fhe refoz·e 

m~a.n Sl n:iva1 rat ~ per 1.>v:i.position cycle a.n<i ~;he .!ai l y 

survival. ra.·i;e c a~1. b e::- accurat e .ly es t ir.iated :fr oJT. it.. '1.'he 

A "' s:.:ming .o; 2 -.'iay g c;..c.t roph5.o c :rc.la t t h-= .nea a aily S?1rv:1.va.l 

. ~a'4;e;· ~ "ti<='t:'~ C.alcul.at~d as 0&&1 and 0.8'{ fer tho °Cl-< ') J.":..'C&t i,,nf 

ree!lecti.vely . '1'here Wa8 a h:tgitly ~::...gni :fi<..ant c:d.:ff'ur-~nce 

'l:>e tween the tto."o v~lues { x2= l 7o3~ p.{0 ... 0C1 } " 

D:tsc.;ussion 

In t~. 0 present study the :pa.1·ous rate was u aed to 

co!"lpar e the age compositi .. "'u and sur.vivc= .l of ~"~~~iae in 

th.~ two he.bi tat a inv~stigated at di:f:fe::'..,nt t:i.rnf';~ of t!v . .., y3ar. 

Th.Id resu l ts sho rnd £ . scae.:>na1. variat ::.. cn ii~ t>::.•1."'cu s ratE:;:o Loth 

wi "·hin a.nd between habit£:.t~ . At Lob oi the lowest ratei:-; were 



m~bli::. l •. Da .. ~.1.1" ;.,.· 1r'.'. .;·1<-.-"'n POl[Q•lS-: n- . "- S <Jf • ·- i"""·ia- s 1 a~ D • r-.'.C." ~ _ ,, . .. ~ u -~ '"' ~- · ci... ..: . • ~·.::L~ .. :::. • l . _, ~ er•:er . e1 1 

in Hay,1987. 
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2 day Running Means. 

KEY: T = Total dissected ; 
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306 

328 
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57 
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it :in be o - .. th.at fl.u.ctw tions in the nuli.pe:.ro':ls i:""emal eo 

mcc.n _ a:::-oue ato per oviposition cycl.":l .J:"e sho irr1 ir F:.i.gis . 

3J and 34. ll't'otn thea tlto mean Pdr" us ra.tes !•er cyclE 

A s au.ming a P--day g::;..notrophic eye.le, "; ~ mean. da l.y ~ 1-v ": c..l 

a a higi11y ign.ific i t ~if:fe::: nee 
.,. 

) ot'f en tho t ci va.1.ue ( X."' a 17 .. 3 1 p.(_O • )01 ) a 

Di :rsc u. &&on 

Xn th!'! p:z-ec nt stud)• the paroua ri: te -.1·.. n. e c to 

co~pc.re o age !'lompositi,on. and survi val of ~·~i«J~mhi~ in 

.he resul.-ta shoved'. ee sona1 vari.l.ti.01'1 in parous rates both 

• 
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reccrdad cli;r.ing tha c.c~ l dry ?2- --~ri o tl :fellowing the enc;. of the 

a .Z-c".ay gono cphic cycle -rus assumed in c.alci'l..l'.3.ti.n g t.ha 

1'hf?re wa~ a f:'igni:f:i.cant dif':fer(~:::1ce t $'t.Ween ths 1:1e::v1 paron"' 

:&."at es at Perke:-~·a and L..)bl.)i ( Y.2;:;. G.7~ p.(1)~010 ) " 1'h:' ... s 

di:f:f<::rence was du.a mostly to 6i:f:fe:-eime i n ·the ?-.ge com~os5 t~. O<!. 

in the twc; 1ocatione bt:tween Aug~1s t and October, s:tnce d 1 1:..·in.g 

at Perkt:J_rra. be :;wef:)n AuguDt Q.nd Oc"'...ober i~ pr-o!:>a'bly due ·.:;o t~0 

greater sha~e and she .L ter provided bJ~ cropa and treas which 



at Loboi . 

th:: surv).Ya.]_ rat~s "'·ere m~a.:1.21.ed or:J:y dui.ing t:he ·we"!; ::;e as~n 

. ' IT ' t; hay/·' tu:.e , 1. · could not be es!;a"!:>lished whether or not ii~ variE:d 

with the deason. 

WE'ason.s, o'thera :f0"1nd 1!0 ::;nch d!f'l'erencl?e. For e~am_ple, 

Kraf~n1r i1q""1-o) · i t -\ - ew.~ me, ·eu the d a il y p::-0ba'Cili•;y ot' su:rviva.l 
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Ethoipia a>-~ p=S. 89 in th.o wet seaeor! a11.d p=O. 79 in ·the dry 

.:.easc:n, the n1oa:u. b~i:ng p=0.,85. The iaor·.:> ad·ii'anced age-

grading tecnnique~ 0 £ Gilles and Wi1kes (1965) ~e~crdec ~=0 

and •observed 110 d1. f':fe:::·enc e betwe~1;. the hct and the ccc.l seasons .. 

tn Samoa, Samarawickrewa ~-£~· ( 1937) ... fvund paI 'C'US rat0s 

F..~~.1,r!!_~ie~:h§. respec t i vely e.n.d n o t1.:1 cl t~'lat the L'?.t es w~re 

ger .. erally h :!. gh e r .i.n th~ coc.!. than in ·he wa.:=-m seas o n. , 

The pl.:ii."OU.S rE". t e 1'u•ruula (Da vids on., 195l;. ) a2sur_1es . ' . 
"".t"la-a; 

( 1961) r Mj ___ ler 2 t q_! .• (197 3 ); Spencer (15-79 ); C:h.a~:·lwood and 

Wilkes (1979); Mol ir.:1eauf'I c>.nd -rurnicc i.a {1980) and Ru i:>s el( 1985) , 

among other·s made t h e sa1ne asE;umption in estimating the morta-

l! ty and/ o r i:.porozo!. ta rates of tl~:f:f0rcrr~ species of mosqui-

toe~.. Hcw0·~erp G:i..ilieH and 'Wilkes ( 1965 ) :found that the 

mor~ a.J.:i ty rates of' :'!:J!1'¢!!biae in -part s of' Ta:i:iz.anl.a were ccnstant 

het'Y:'e~n the_ :first c..nd <:; ~·;;entb oviposition cycles a! o the re-

after inez-ev.sed with a ge. Samara".!"fickrema (1968) :fol.1.nd that 

the mor.tality l~ates o:f _M.~..:f.2£Pli '.?_ in Co l omb(• ·"ere r easonably 

.:..: mu>ta.-1 t duri.!1'.; the :fi:.i.~s t t hrea go:."lot :.t.'•'lphic cyl..les but 

.t r~c:r.ea.sed. witn age t;h.cre:;:.ftcro Mor~ recen tly, Cl~reent anrt 

Pat~~rson (1981) u~ed a ccn~u~Qr model {Gompertz model), 
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.!.netea:l o:f th<i' trar.ii tional ..::Apvnent :i.al mode.l to re - analyt'J~ 

many of the dc:.t<:' availct.1.e c.;-- paJ.'•>uf"I rat&s, inc le.ding S'lmc:: 

of those man.tioued ab.-,ve~ and sh .w.ad ccnclusi"V'c.ly tnat f'~r 

m;:.st s pec!.cs tb~ mo;:-tali.ty rate does incrr~ as~ wi t.n age. 

In the present study, p~rous r ates were •'iStimatsd :..:.si.r..g 

O va1•iax;. trache.;it i on on l y 3.Pti :no dvte rmi.nat.:'..m:1 ::- f' pb. :,r :sicJ !l ~ 

Th~ re:.!.ationehip of r:icrtality wi-t;h ag.~ WaG tL.e refc ro n et 

i .n v-0st:J gated. 

ra.~es ~btai.ne i we :ce :.-_igh enoL>.gi:a, e.ven d.urin~·; tnc dry 13€~3.SOP. 

mnst ::m.la·~:f_a transm:i ssion occuri: .. 



"'' i 5:J "" 

CHAP'l'1'J.:l. 5 

V.~CTOR Bl!:H!t:. VIOTJR 

.5 .1 Ini; ro duet :i '-!l 

(W.li.,O~ ·1972; Muirhead--'f.homsnn 5 1982)c. Th~ extent a.nd. 

.fr£quency of s:;.c;:i a con:tact dGpends 7:0 a. larg!: (fxte~ \ on 

irector, af:' ueJ . .l as on tho p ret;isince ar..:=l a ... ·i;iv:?.ty cf' ·~he host 

at tte ~amo ti~s a~d place~ 

I.a studying tr.e bebavio1n.· of: th.a ~;h::-ee !!!ajor ~..£},_el~~ 

s 1H~ .iee e.t.-ccu:rtf?red ~.n the pr€s "'ll~ pro.jar.: '.;, the 1'c.ll:-:iwi1'!g 

tcree asper.ta o~ the :Leeding beha.vim .. •s were th~:-::-e:fo re con-

side reel: 

of landing ~mi :feecli:::;.g on man, 

{b) resting its.bits, which. refers ·t;o t:'.J.e shel.ter 

pre:fe:ren,ces o f ' these species when they are not 

!'eeding, un.d 

{c) host preferences, which :t·a;faro to thnb: . p1-cl'erern.~e 

:fn= man o r any ether animal ln the presence of 

a.lte ruo.t.iY~ !lcsts .. 



l . i1;b1g Act:i.vity 

The ~olI~cti. o:..~. of mosqu:i. tues :for -che study of' their 

b:'.ting activity WafJ rlC'.:.:;.e by the huil1an bait met.h<.>d a..;:; desc:r.ibec 

j n s~cticn 2 ~ J.4~ 'rhe t erm -;.; .-:.ting activ:U;;y 9.S used l1ere 

re t.'2r~ to +he a c t u al 1&.ndin.g ~nd eedin g -:,:..1 tL..c host~ 'i'he 

I n each case the study c _ vered th~ :;:>t=Jl i od bet een 

F.e sti:if; Habits 

}fosqu i toes oc·1~acted :from ine i de h ous1Hl at Kapk.uiku i 

(Lobo ·· ) and Perk~rra t.etwgen January. and Decembe :r:· , 1986, 

as .ing the ee.rJ.y morning pyr.ethrum :Jpray method c.s dE.scribed 

in. section 3.1.1 were l'lnalysed to s t udy their daytir.ie resti~g 

habits. The :females were classified im.to the :foJ..lcwing 4 

a.bdorninal ~tage types: 

i ~ _ _____ U_!lfed 1'emaJ.es in whi ch the abd0men was ccn:p:t.etely 

e:npty (without blood), narrow or co.11.ap&ed .. 

~~. Freshly fed f9males in ~hich at le&st the first s i c 

abdond:aal ee.gme.nts t v i .awe<:' ventrally, were :fill e:l 

w;.. ·;;h red blood. 



iii .. 

- 13_; .... 

Ha.l:f gravid :!'CW.2>.l.es J .. n Wbich th"3 f:lx::-t th::e e to 

:f1:ve at•tlom:.l.:ea.l :<.u;g~ments (viewed y e:nt ra.!. ly) were 

f'il l.ed wit!l Ja .. k r:.• '!' J.o .. :::~a blood at vnricuf\ stage .:~ 

of· uigea ion. 

~ravitl :f• .'m.-iles i:g, ~thic~1 the blooc wc;~s c~m.nlete ly 

digss!:ec er row:?.i1;:.etl c..s a :aa:-1·0"11 bla~kieh li.?l0 i•·· 

th~ :first a 'o<it.> in.al <:>egme:at and the ...;;.bldome~ vae 

diste:1.d1.! C. wj th eggs . 

inclu ded. i~ tl' .. e half' g;r-:;.i; :!...! stag-·E. h 6- :::e . '£he un:tec:! :fP-mal.~s 

were di .;.;;oocted and ~;h. ~ i.::" O'"'; F.:. :.ci e s e :.:arr.ine~ to determine 

Ttto T;ynes of: ou.t.J.cor sites . were, sampled for c.utdo or 

resting mosquitoes between . .:ian1 1 :::y· a:c.d Decem0er ·: 9fsE . These 

were ( ~) Animal bu rrows in. !;tart 5 o f t h e Ferkcrra irx i. gat~ Cl:n 

scheme anct naa:.~ t!l.0 L<.,ho:i. swe.rn:- ( 2) vf31getations er.oun ... 1 

ht\man hab:...tatlcn and art::.mal. e ncJ.osure:s at both siteE<c The 

animal burrow& were sa.m.i;:.:.ed by the use of e.n updraft euctio:t 

t i.~ap whilt" the veget ations t;ere s er.1ple:d by the uee of <sucki.ng 

tubes (constant tima aee.rch , as desc.ribed in sections z.3 ., 2 

and 2cJ ,, J. respectively). I-iowevei.·, the number o:f reosquitoee 

ohtai!l.ed by the s.er end . • ethou at Perkerre.,. mo..;tly ~- lici11es 

were so .fatt ·t~hat theiy \1ere exc.!.urled in thl" rGsults prssented 

below. 
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:1 .~st Pref'ere"!>.c~~ 

s:;oll~c!.J.or. cf: E:1g_od Smee.:.:::L:for l:o:;t Pref·ere~· 

,Studies 

/ 
I 

B].ocd em~ars weire tal\:e::a .from :fed mosq ... di~es between 

Jun-= e.nd Octobe:t• 1986, ccrJ:e5pondi;n~ to the period o:f 

hir.;hest m.>squit ~; density. CollE<ctior.\ of' ClOfH~_ul tc.es W&S 0.'lne 

int'\'<ide hou.ses, t'i:om anin:al shel. tei.~s and vegetaticn a?:·cund 

houses arid arilmal e!l.ClC\RUres (a~ detailed in SE.:ction. 2 a 1). 

'H.1.E:· mo :'.'.l qui toe~ we:a;·e firs c id~rn;i:fied, a t'ter which 

t he wings and legs ~a re ~emcv~do 

placed on a f :!.lter pa¥""r 11 10 cm i~ diamet~r, at a d:ista!Y}e 

one . . on the teo,st :request f'c-rw.-

i den.tif':f_P-d wi tC. an alp:':la.bet. 'l'he sn?ea.:n; -i.ero le:f''G to dry • 
:_)roperly after ~hich they we :.cA packed in a p.4astic bag, with 

tl:l e :filter -p3.pe ... s f! ?pars.tea :from one another b;r n.on-absi:;:=-bent 

White paper. The detaiJ.s requi.red on the test :J:'(lt;ueat :form 

in.eluded the sex, spr;>c ie s ~ place anc dat0 ('l:!°' coI1ectj o n 0:f 

ea1:h mosquito. Th~ sat.1plcs we1.-e sent to the I;,1yeri.e.~ ColJ ege 

of' Science and Technology, London where they w~re identified 

by t t.e preclpit:l.n test technique. 

5.3.1. Ilit.ing Ac~ivitv 



•• 1.5': -

and Figf> J6 . T he i'igvr~s ~j_ven on thfl i:~ble::i al."":. t !:':e me ao"..nS 

:fer each ~ei·i o-1. .:>ver t!'H:- four mo:n.the . 

In ~"8..~miae activi.ty both in•iom:-s an.I'! ou·;;noors was 

lowes·' clurir::.g the f'inst two hours of the night (1900-2100 hrf') .. 

:rt increased rapi cil }" ovei· tl1 ii: n<:> x·~ :fou~ hcurs r '.::$achin g a 

peak ;;,e'\;woen 2300 hours ~'ld C100 1:1ouro. T'.nf?rea:f'ter -there v~s 

a t;;:..: ... dual. but ~teady decl.in~ until 0600 hr&. Approximate ly 

58~ o:f the t ()ta.::. bi. t;iilg a:.ctivi ty t ook place 1..-etwe&n ~ jOO h»u .~s 

and 0300 hours Where<:!.s c n J.y a.!>out 27~~ of t he activi t y cccu1·:!·ed 

during the firs~ fcur aours p 1 900 - 23CO hour~ and only &bout 

i ?;; .. , ccc·J.rre d -ei thi..1 the last thr.ze l~ours cf' the nigh~ . , that 

iz CJ OO ... 0(')0 !lours (:F'i.g. J5 (2)) . 

I 11 !.· lli~§..E.us ..._ ac'ti ~i :; y :tndcor a:r.td n...:.td~cr ~!af' ').!.So 

1 owe st du.rin g t he fi.i· st t wo ilou!'s of t:!.1.e night. Tha :r.-e Wac,. 

a steady increase ir: acti. v i t;y as the nl.5Ti.t prc~·n;,ssed ., The 

peak of biting activity was att;i.:!..ned between 0100 i:::.ou.: ~ and 

OJOO hours - two hoers later than in !_. gs.mbiaE?_. Approx:i.mately 

25~ of the biting ~ctivi.ty occurr~d during the first f'our 

hours of' t he night , bet~een 1900 ..-. 2JOO hour~; 39% during 

t he secot1.d :fou1· hours, 2300 - OJOO hours f and J2% during 

the last tb.ree hou.r~~ of the ni.gh.t, 0)00 - 0600 h ours. 

thus there was a wore o,·e:v. distribution 01' activity tn1~ougb.­

cut the n_~ght , espec~a1ly as _f=om about 2JOC hours . till 

dag1n in ~. funestus than in !:: .. ,.&:.mbi~.!.. (Fig • .'.35 ( B)) • 
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·rabJ e l 4A: 

SPECIES ;\ , :i:"J11E.3L.1S A" oh2.cc-ensi -::; - ----- -· -----· 
'.i:IME ·}0. <l NO. ·- NO. ..., 

" 
.., -·-----· ---- --·----.. -...... -·-----·--- ·-··-

:~GQ.:...2100 1IR:3 37 s: •· ~ -(' ~lO. 5 c:. -~ 35,5 ..:..V _, .. _ 

.'2100- 23:!,_. Hrt..S 7u 1 7 . ..; 25 l4 . _, 70 4t:.) 

2300-0:!.00 Hf?:.3 130 ,ji.. :J 42 2 Li .4 ·2 "3 :..5.1 

Jll~G-03G C HPC .. _ ..... ::> SI 2~.3 50 29. J 5 ~-L 3 

e3JC-Clc 00 I-Di:: 66 :..6 . 5 37 ") I s n J.O ,_ ~ . l.,: 

------- -··· - --------'--·-.------------

Table 14B: 

at Loboi, J.S87 

SPBCIES A<~'T':biae I> •• funest.us '!]_.~baro~i~ - ----
'l'HIB 00 " NO o. NO % 'O .,, --.- -------

1900- 210C HPS 12 8.8 6 11.5 67 33.7 

:2100-2300 UF..S 15 ll.O 6 , 1 - { ~ .4? ' ) -.I- .:> vL. "i.i .... 

23CO-Cl00 HRS ... . 
• ..L 37.5 10 19.2 35 2 ·1. 6 

~-.. __ 

0100-0300 HRS 36 20 5 16 30 . 8 10 5. U 

rB00-0600 Hh.S 22 16 . ;~ , ~ 26.9 i:: 2.5 .... .... .J ·-----------·------
136 52 199 
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a.cti-v"i-r;;- Ve::.~ reccrd.ed within the first twc h ours c ,f the 

ou-!·.:lc.c .>.·s th.r!n :'.r..dciora th:,:·ougl!oc.t the 11:!.ght~ 

• · ... · · - · "" · · - t ""b ·"'' ).~-. ·•· .._!!! { 2 ·_~0°0 , 1 ... ·>.. !'.'.g nee . in - G e11c:.:l"'f1J.'} o _ ., , __,,., , ~ 

't!' dn.rins the se.:.ond half of ·;;he r :tgh-:; fro'11 0·1 CO b.•.mru 

"!'he cor-.!poci~icn of the '!.ndn.:...r. rcs ·i: ing c.~squLtoes 

according -:;c "their a.bdont!.nal s t. ages is giv('!!'l or.• Tac . . e 



S~ECIES h.g::ur~ae 

SEX/i>.3.:J 

i~ %* 

218 H.:, 

Fe~rw.le 1248 S5 . l 

UF 1 ' " _.LL: 9.0 

FF 6< 1 ~ ... 50.l 

~.94 2J u6 

G 2E 16 . Q 

'IDTJi.l 1466 

~1) . 7 

NO 

21'.IJ 

l2~S 

~76 

~3-1 

,..,-,-;:. 
L. • ...} 

·299 

l ~ - c· 
•. ':! /..; 

~ ! 

.:.ti • .s 

83.l 

l~- ~ J 

39 " L. 

22.3 

L:~l. 2 

40.S 

J\ • • • 

.:2· pnc;rcc:~l·~~!. 

NO ~ .,.. KO ,,·:..· 

·- -··~ ~...--····· 

5 9.5 14.J 2J.8 

57 90.) 41:'.- · ~ (:. " / .. ; • L 

0 G. U , ....... ...<rt') ..r..:io - u-

47 82 . S <p 
• I 2J . 2 

fi 1 L1 r"' 
J . .. ..1 107 23 .. j 

') .... -
.) • J 115 25.2 

6
. 
~ 600 

l. 8 15.6 

Tc..b 1 ~- J.SB: Ccxnpo.si t i on of i1-:1oor res i:. 1 •19 irosqut\:01?.s at Fcrkerrc. 

SPECIES A. oa.1lbi ae _...,_ A.funestus 0..ll1cini 

SEX/ABD 

STli.TE NO %* t l(J %" NO %* 

Hale 74 8.8 5 17.9 21 .32 . 8 

Fei11ale 71J. 91 . 2 23 81.l 43 67.2 - . -· - -··- ~-- . 

UF 54 7.0 1 4.3 i:: 27 . 7 

FF 413 53.6 7 ·- . ·i 10 23.3 

HG .1.83 23 . 7 .... 30.4 J.O 23 . 3 ! 

G 121 J.5. 7 8 34.8 lJ. 25 . 5 

--- -----· 
'IDTAI, 845 28 64 

~ 90.7 J.O c.e 

-- ------·-· 
KEY: UF =Unfed; FF = Freshly feo ; BG :-= Half gravid; C =Gravid 

First twc figures under the p::rcentc:ge colu.mn r efer to pt:rcentcige 

of totc:l (male + f""m2.:e) ot· ers t o fer..al 0s Fllore. 
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A t::1-r.n.l of' ! li.66 :-:• g~•~_!.±::_c_ we1.' t:. col11lcte ai.. J:apku.Ll-cti, 

LGboi. ho h 1 ... u1dred and eightee:n ( 1.5%) WP.re ma.le~ ·.r'hLLe 

the> ::est t;;ex·e :fem~.1es.. There l'.:ere 1~2 un:fed farnc..~es 

:fem~J.e~ colledtad. Ovarian 

.:l:tssectioa;.::! a! .. u"'ed that 33 o f tlieee ( 85-f,) wel:"e newly emerg..;id 

nulliras."ona :fem ... "i:es ,, Apr:i~o~imately 50% o:f 1;!".e i r1c.o o r r'?st-

in.; fem:!.1es were i're3hJ.y :fee! Vhile ~he hal f' gra-~1.j. and 

grav' d f'ema1ee made up 2li~ and 17'); o1' -che f'eme.1.e~ .respect-

ive::.y. 

'ihe d:i.str.ibutio· o f' incioor resting !:=.· t·u;:1es!U.fi ¥ s 

respec~~. A total 

the r eli'.a.ining 1 2J5 ( 84%) \.ier~ f~ ma.l0~, One i1und.rec.!. and 

s event. y-six ( l '.;.,. J% G·v-arian. dissection Gho-::ed 

that abol..~t 90% c:f these ( 157 were n.u.:!.lip~:r.ou'3. Freshly 

f'ed f'emaJ.es rr.ade up 39 .,2~ of' the :females while the haJ :f 

grav~.ds and gravids accounted for 22. 3% and 24. 2% respec­

ti vel.y. 

On.ly 63 A. I?ha.roensis. l'iere coll.ected ir.d~ors at 

Kapkuikui P Loboi.. None \i as collected at Perkerra (Tables 

n--:A ·a.n.a B). l-1ale1'.t-We r e 9.,5% of the total oo.llection,'4hil.e 

females occcunted for 90 .5%. Freshly fed females were 

SJ% of t e total :females; half' gra.,·ids and grav.ids made 

up 14% and 3.5% respectively~ No unfed f emales • .,,~re c&ught. 
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'!'here 'tle:re a naruter ,. f' stri!ting ait'ierencs3 be .. ·ween 

the ~.cmpa~itiil!1 0£ th~ .i11.\!0'1':.r.~ rasting !_.,&.~~ and · 

!_;,o fur.i1Sat.l!~ on the cne i!.a !ltl a nt1. the -i_n.d~or ::;-1's t:..ng ~.J2.l~roen­

l!J...!. on ti1c o ·.:!:.er.. '!·he most obvious of thes~ incluci.e.: 

(a) th'3 complete auaanca of.' 1;m:fecl f'cmc-.le:s i.:n t!;e !~phar:>en· 

:d:.!. col1ection (b) t! .. e very high pe!·ce11ta~ ot· freshly 

:fed r&m~1es i n A ·:12ha:!'oensis (a2. s~) :.'elative to !. .. g::afl!o:i.ae 

( 50.1~} c-.nd !.•f'unestus (J9.2rf). (c) t.b~ very low percentage 

of' gravid :femal'ls in pharoe~ (J.5%) reJ.a"tive to !_.garobiae 

(16.9%) and ~unestus (24.2%) (d} the r elativel y small per­

c~r..tag~ of maJ.es in A. pharoe.nsia (9 .. .)%) -~ ocpa:·~cl to 

!_. ~amtd.ae (14119%) an~. A.f'unest~ . {1;.7%). Theee differences 

a:.:e discuasect i n de te,!_ l .in eect:ian 5 .li .. 

The compos:i.tion of· the culicina· mosqt i.toes collected 

:idoors are included in Tabl.e 15 :for purposes o'f: comparison. 

'l~he distribution accord:i.ng to abdominal stag~s :ere sim:i:lar 

in many respects to those cf ~.gambiae and ~.~unestus e xcept 

that: (a) the percentage of' mail.es was hi.gher in thi:-~ culicines 

than in the anophelines; (b~ there was also_ a 11.lgher · 

percentage o:f un.f'ed culicines tham anophelineE·; (o) the 

rlif'~erencea among numbers of' the th~ee c~tegor~es {f~eshly 

:fa d, ha.l:f ~a"\""id and gravid) WE'lrE> very em~ll in. the culicines 

com-µ 2.r (> . tu the a~:ioph.elL:.:.eu. As sta ·~ert_ ic sec"'.;icn J..i . • 1 

~- · ~.i:i.nqu3:fa::c:.Lat~s and fl~ ·....£2.mbi_en.sis made up the bulk o:f 

the culicines collected ~ndoors . 
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respect lit.> in.do1..1:r re sting mo.squi toes i<:.> that ther& weL·e 

. t 'b .... . . rn o1·e mosqul. o t.s \ o "n in cpcc:..e f.1, di vei. si t.y and abundance. 

at Lobui th;:.r! a'"; P·erker.r&.. '1.hus , only 28 &pecimena o:f' 

Dec 198~) :: ... t Ferk.ai:ra a s 3.'52.inst 'i ~Gk ::.i.t :.,obcl. aYl.d onl:r 

c ompof:ii tio:-:i o f: :.ndoor r ·esti:.: . .g mozq:ii toes, there wac l .. o 

s ig ... i:fican·!; di.f:ference ba-:::·· eN:: the two locat:i.o:r ... s , on ;;r fc?. 

·- a;3is of abdominal stag~&. 
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The ~sition of the mosquitoes collected from animal 

burrows in the two locations are shown on Table 16 A and B. 

TABLE 16A: Composition of mosquitoes collected from animal burrows 

at Loboi according to their abdominal stages 

SPECIES A.gambiae 

SEX/ABD NO 

STAGE 

MALE 

FEMALE 

UF 

FF 

HG 

G 

'IOTAL 

% 

50 

181 

59 

11 

44 

67 

231 

%* 

21. 7 

78.3 

32.6 

6.1 

24.3 

37.0 

26.2 

A.funestus 

NO 

40 

52 

16 

6 

10 

20 

92 

%* 

43.5 

56.5 

30 .8 

11.5 

19.2 

38 . 5 

10.4 

Culicini 

NO 

228 

332 

231 

17 

39 

45 

560 

%* 

40.7 

59.3 

69.5 

5.2 

11. 7 

13 . 6 

63.4 



Tc.«ble l6B: 

PerkErre. c::cccrdii-19 tr:: Uie:i.r abdorrii1al scages • 

-- ··- ··- ------- .. ---·----·---- ---------·--· ···-·-
SPECIE:.:; ~ ~c:.rrbiae A . l:une~tus r::u1icirii 

SEX,' ABD - no %* 

STAGE ---- ~-----------.. -------·----- ~ ---· 

MALE 14 19.2 .:2 1~ .4 l2J -t4 • .? 

FE~l!. L.E SS 80.8 F . _, 55.6 15~ 55.7 

UF 31 5?. . : .. ?.6.7 llQ 72.4 

ff b 10 ./. '· 13 . 3 6 3.9 

I!G { 15 . .) 20.U lL\ (\ '" ~ _, . "-

,. J3 22 ~ l 6 40 . !J 2L. 14.5 ;,. ' 

72 27 273 

% 19.6 7 3. 2 

------- ·------

KEY: \jF = Unfed, FF = Freshly fed, HG = Ha;.f Grc:1.·1d, --; = Gravia 

* First two figures unde::- the percentage coJ.LLTu'1 ref2r co 

percentage oi: tcta:i. (male + fe1".laJe), otber,s re f <:- r to 

pt:> ;.·c(,,ntage 

of female alone. 
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"- anu B f'o:a.· :!.,gamb:i.ae and. Culicin.i a t Ferkerra ~nly . A 

total o f 2.31 A·~~ WC't'G cclleoted from ar .. :i.mal bu1·rouc 

arcund L0 ooi . ( 7 8 '.(a/_ " 
_ I 0 .J~f 

1"e :.:· c :femal.e.c. The hulk c,~ the :fe1:1ales (J2 .. 6~) cor..sis t ed of 

catch ~ere :frcshJ..)r fed , wh::..le 24% and '37% l":ere half gra i d 

Of' the 92 a_. f'unestus coll.'3«?ted from a.nimal. our.-ro1·is 

at Lobcip 40 (4S c5~) were mal es : a~~ 52 ( 56 . 5~) were females~ 

Unfsd :females e.oc 0 .mteC:.. f'cr JO o 8% c:f al.:.. :f0ma13 s o Fre!-,~.".i..y 

females. The hal i: g:ravi c! and g r avid f'emaJ.e~ were 19 .Z% and 

38o5~ o:f the collecti0n~ ~espec t iveJy. 

Th e c ompo.siti cn oi' ~.gambiae and f 'u nestu s mosqui.tces 

co.lleoted :from bur r ows a t Perl-:erra wqs similar in most 

r espects to those a t Loboi except that as in the caae o f 

i 1·1door resting mosqui toefl a h igher number of' each species 

vas collected. at Loboi . HowevP.r, a signi:ficant1.y higher 

p r oporti n {P L.. o.o;.) o:f un:fed :femal es of' !_. gambi a e we r e 

coll ec ted at Pcrkerra (52.5") t han at Lv'b-oi (J2.6%). On 

the other hand higher percentages o:f the hal:f gravid and 

gr&.vid3 ~ema1es were collected at L~boi {24.3~ and 37 .0% 

respect:(vel}'-) thu1.1 at Ferkerra ( 15.3 and 22.0% fo r the t wo 

~tagea re~pectiv3ly). Ao~iae made up 26.2% of all th~ 

mooquit~es collected frcm burrows at ~oboii ~.funestus was 

·1 Oc4~~ and i;he remairu.ng 63.4%,consist Hd of' culicines. 
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The c ~ rrespondicg vs l~es 

1'~.e c!:i.c.t ri t ut ion o:f 

that thf}r~ WOl:'e higho~ percente.ges o:f males and u n i'ed :fems.le 

J.. a r ge nt.~ml.>ers ;.,n ~-cgctation a::r'\:.•a.n.:'. hcu.ses ant~ animal e n c lo~ 

.~est:-_ :n g s:.te ~-s eiv e: n i n T able ' '7 a-.1ct Fie. 

\i ere f'reshly :fe d :f.ama.les. TJnfe<i ftrn:ales acc:ount 6 a for 

o i: tha total :fsma _es coll~cted~ 

data, sb.o t h at (a) the % of unfed and c:r.avid :f'em&les we :o:e 

hi5·~r in. tha ot.1.tdi:..•~r '!'es t: :'_ng f'lite (12 . 7) and 24,.6% respec -

tive:!.y) t!:1an in the indoo .. · s i te (0.0% a no 3.5~ cspec \; jvely) 

( h) th& lfo of' :f:i.:eshly f'sd :females was higher in the .:. ridoor 

site (82.5%) thi'tn in the outdoo r cite (l ~ S .. 3%) ('Iable 1 15A~ 

-,.. ) 
• f I 9 
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~·af.JJ e i 7: 

UF FF HG G 
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..., 
2 .) 
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i~f:'(jt:: :; ., ..... G 4 . ~ .:._)!/ --·- 0 2 - () .i. 
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~\)t al 127 

gravid, G = Gravid~ 
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5.3 . ~ Host Pref eren~es --------

Th.e re..::ults of. tfif;:; pre:::ipitin tests arl? gi\>·t:n ""J •"! i c~·!. 

'l~able 18: Suff.ma.cy of the Results cf Blooo-Meal jeJ1c· lys§s for dost 

---· --·-·-------·-----·--- ----- ---------· ·--- ·------
P(JSfTIVES NIX::A'i'IVCS - ·---·-·-·--- - - --··-·---··---- ------------- -... 

LAN 

A. GAMBIJ..E ll4 93 81. 5 88 . & 10.5 11.4 7. 9 

P •. FliNESivs 21 2~ i ( J. . 2. 2
., 
J 

1~. P2l:\J~OE1~SIS 5·1 .1 5 26. 3 35. 7 27 47 . 4 64.3 l S 2~i . 3 ---------· --------

'243 138 56.8 60 24.7 45 li:>. ~· 

KEY: % ('.r} = Percentage cf Total 

: H;_unan Blood Index) in ;nan . 

Total No of posit:;_ ve 3!'.ears. 

- -
+vc = No Pdsitive 
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I-IB i of 

the same culculat~ons t0 th9 pceit i v 

The negative resu:tts 2,rose e · t tier beca.uae tt' ~ s;:near.> we r e 

n.ot p rope rly propared or b~c<?.use t he mosquit o es hact ::eel on 

c. rganis .1s other than thos~ t e c:. t;;v'! f"c-. r. Ccnsi.d~ rine.- the h igh 

l east some of' ·them must h ave been. due to the sacond r£a~, on. 



D.!.aci1ssion 

.:;.4.1 

'l'b.e bi t:tng ac{;i v! ty of' the th:r·ee major 2.ll4Jphelina 

species, !..":· r.;auihi.~-1., .f:• !..':!.E~P~ and !_.,ph::..:roensis were studied 

b ~tween C.C.sk and W.:-%-wn since r:;hey are ::,Cno\>' .::i t o 'be essentially 

r..oc t~=n~d i.n their habits (Haddcw 2j?_ r::!.o, 1 .. )t-7; Gill.ies and 

i><? Heillon, 196·~).. There wa.:s a ~lcae sirui.1.e.:r.i ty betl'0e~ 

tt.e :'..nd.oor an.c outdoor bi~~ ing c-ycles (Te.bl.a 14 A and ::-' / ~ 

suggesting tha:c the r;.opu.l.ations in. the two envi.z·cr..ment5 were 

h.o,nogenecuc.,. The res-...lts also sho~1 that ~·~·Ji.~~ c..nd . 

Ao~:!!W~ bi t"1 IDl"re often indoors than ':lu.tdoor$ ~ tt.'hile 

The ~o~J..§.~ result'J ai·e in agreeme.u.t ~ith th.use of' 

H?.J.~.J!' ... r l 1 91~2) :from Ki.st.u.ru, Kenya, Gi llies ('1954, 19;7) in 

Tanzania, Holste.i;:;. ( 9.54) in Upper Volta., Smith and Drappe1• 

( 19.59} in Tanzania and K;ra:!'sur ( 1977) in E·thiopia. Howeve1.~, 

th~y a re in <} onti.~ast with reaults o b ta.ined by other w.;:,rke:.:·s 

(Van Somer.en 2.i .el.• 19.58. Mutero .!?.,! ll•, 19B2; Han ney, 1960 . 

Dunl~een a n d Omer, 1986). 

Wh;i.. te { 1974) states that among the fi• gambi11te ci:.im:i_:>!ex, 

!_. gambi.~ ss. is primarily endophagic ( th~ .. t ;.s, hi tes more 

:f'requent~ty indoors) whlle !,e.ara.biens:ts a.nd the saltwater 

S:i)p, ~"~and !_ .. melasvare primar.i1y exophagi.c! (:bite 

more f'reque~.11;1.y outdoors). A.a.ra_hiensis car.. also be cndo­

pbe..gi"<, ds~:::e11 . .1.in.g on local conC':'i tions. Servic~ ( 1 ?6J) :found 

approxima';e.ly equa1 numbers of" both !•,gambiae and ~o f'unestus 
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b..i..ting indooz·s a.nc! outdoo:r:s in Eacl.u:.1a N1ge::.·ia,. Ho st othe.:r 

than •.)XOphagJ.c :l..n its bi.ti.ng hab-to lHadciow~ 1~42i Muit:i102.d­

Th.omson~ 195 » a; Gillies, 1954 o.; Sm:_t;h ;:ind Ih'c...pp~:r.·, 19.59; 

Hanney, 1 9Gc ~ Kraf'su:;::·, i ?77) -. 

sistfJJnt uith previous reco ds. T:Pc !)1".':ak activity :for ~'.!.c.tm-mbia,!. 

w as o~t.w-aen 2200 and 01 en hours 1 d.roppi:.'lg 5:.."'adu~lly therea:r•e:.~ 

ci.ll 0600 r.ou:r·s.. ':::':t.is agrees \-rith the results r""cc:rderl by 

:;ill.ies ( 19Yi), 1ho e.:-tat.1:..si:-.. ed :.: .. r.;e-al:: &i;tivity of' .2200 

( ' "QQ . A ..a_ • .._ •. t 'J j ~9c, .-,\ ·1- ... d . .: .n.ou .. s: a.nu .i;.;u..,e o ~. ~-!:.· ,1 ;::,,::., • W.i :. s:> reco~ ... e •~ 

a~tiv~ty at 2400 - CJ ~O b 0uro. 

hitii·.:.g activity increased steadl.y throughout the nigl:.t.. H£-

nm; Gd a linear re1at:!.onship betw . en propoz-tior:a ef' nte;ht1y 

te t c::..1s e.ttacki ng an~ b.ov.:· o:f attack. s~r11:!.ce ( 1963 ~ found 

two peaks ef A.ga.m'.>:l.ae biting activity i·1 norther:: N~.geria, 

one betwe:~n 2~·00 and 0100 hourB and e.nothP.r between 0400 and 

2. 30;1 h ... •-:.u.'s and. <]av11. F:rom 220C hcn::.rs 7 there was a steady 

::_:v-::-ease in activity,. reaol?.ir ... g a I"ea.k. betlieen 0100 a.ad 0300 

h.our.::; ar..d dropp:tn.g onl.: sl,,.gb,tl:y thereaftE'.r be:fc;.re dawn. 
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H a.c1do111 ( i942) recGrdec1 the f .-e:h .. c;. o ?.' u>d.Xiiiiu:n n.ctivit) for 

2300 .. o.::;oo ~1m:..r;:; .. 

H addow (1942) oh&rarvad tha~ t n.e ]ncreaaed ac t ivit:/ of' 

:fu nestus a:n. 

~ u:l.lux of' mos'.lv.i. to(1S seeking &:1.ytimr:: ~h.el tere ins:!. de h uses 

and .-~ot ne~<H~sar.Li:;- e.n inc'.".'ca::.e in f'eedi .. 15 act:t-.rity.. :.en 

La gos, NJ.geria s sJ.u ir.hl?!act-l'h0-":.son \ 1 91.f. 8 ) observed that there 

wa~ corsiderc.ble e:;.;i t of half' g:rav:!.d Jr...r:.eJ.as. mcsquj_ ·~-:ies :f:ron: 

f'ound t.ilat his catche r~ at 0600 - 070 .J hu..:::_~s :.nc 1 ::.d.3d a !.a'.l'.'ga 

pr .pcrtion of' &'-'s..·v id and pa:r-t ly f'ea :i.r:.tl::..v::..c!_•:.als, suggest i 1::.<; 

that consider.able i1u;er-m t tr&f':l:i <,.;; occurre 1..i.., 

.!•Eharoeg_s~!!_ had i1;s max:!.l!lUm bj_.ting a0t:i.vity wit! it 

t he f'irat f'ou1 hour" o f' the n.ight; 82~ o:f biting indoors 

and 75% outdoors occurred between 1900 and 2300 ho~.irt.>, tJi~h 

t he peak ar(.,.und 2200 hot.;.rs . The peak perj.ods or bi. ting-

aC ti Vi ty Observed :for !_. W~:r.oe._ Sil:' indoors and outdoors 

were ~imilar to ·tho~e recorded by Hamon ( 1963) and Krafsur 

{ t9ff) - -

~5..iiug Habits 

mal.e-s-- an.d :females werA presen·t; in deytim'3 indoor cat<'!hea 

and the bu:!.k of' the indoor 1·ssting f'emalss consisted of :fed 



number o:f :freHhl.y :fE:ld: g:..·e.vid rat~o. Thj.s sugga~ts that some 

pe. ioc, 1Jet-..rem1 their being f'reshJ.y :fe d ,;:nd gravid .. FnJ.ly 

engorged :fresh.ly f'ed females shouli.:A. cJccu.r indoors w:i.th gravi.d 

0 1 . t°} 
femai.ef' in c. ratJ.cn. app:iroJ:i.mati;-.,g v :P ~ tirnt:.rc J'.· is 4;ne 

·197·7 ': • J II 

Jn the preoent i:;tudy thio would gb,·~ a ratJ.on of' l :O .. ~ 1 

The observed values were 1i.33 and 1: Oo29, :for the two loca-

tiou5 ~espectively (see 1ab1es 15A and B). ~hese were s ig-

ni:ficantl.y · different :fro..:1 the expecteci. (p L_ 0.001) and poj.nts 

to a considex·able degree of e~ophily among th~ gravid g?'oup 

of lu.docr i·esting A· gambiae f'e:na1~s. Sine~ the da.i1y Rui-..rival 

rates o'f' A"funcstus were not calculeted, th~ expected f're-

quencies o~ fresh1y fed/gravid females could not be estimated 

:from the observed re~m.1.ts. Howsver, based on the 10~-:o=:· 

ratio o:f t!'l.a two abdomin..al. stage;,; ~~n t hi.;5 s;..>ec:.=_.:,~ ( l .,_1: l) 

conelud& that t he n.if·:f.'erence of the observed .,,-a1ues :from 



12.ssumtng 2-d.a.y e.r;:aotl:'C. hie cyc:lE, in house ~atches t :i:·epre-

~nu completion of egg deve-lopr.1e:r. ... t. This proportion wae 

;.nc ·;cat.in.g tl:..a\: th.e :fo:;u:e1: wa~ l.a o::. s endoph:tlic t c.n the 

of' this inc ·.pient exophil i c part of' t he &_.ga.mbj,~ pop1•.lp_ •. 

tiot.1. was even high.ex· (37 o9%) 

A r f't.:.:~eE1tus in ?.. lJ. e.bdcminal stages were collected hE'.re, nu 

stron.g concll.1.sionc c~n be baEed 01~. them. 

p:res~nt in :tntloor daytime coJ.lec ·ione and fed 1'emalaf. 

const i tuted the bulk of indoor resting :females . This was 

simil a to observations in ~·P-~iaf.'< e.nd ,! .. :fun-s-cu~. l'.!hile 

ths rilale: .female ratios were 1 :6 and 1 :5 :for £!.gambiae and 

The :!'a.tio for !':. ,p-ba.rocnsi_?._, coupled with the complete ahsP-nce 

indonrs .f un:f.ed f'<n:aales and v~ -z:y amall prcportion cf' 

gi'avids (3. 5~) rela.t:ive t('I :freshly ."'ed ( 83%) c l .early Ghowed 

that th:let _species was "1trongJ.y exopaiJ.ic. Females entered 

housas c.inly to f'eed and anoo·t; l.'f.' th.-) '!'l (up t 79;,) :te.f't the 



.. ~, i ·t!:s ·l.,l"i f:: ::_ndoor ;: .ell ec ti ,-.n. 

T..he composition 01~ iu5oor resting cu.:'.:i..ci110s was 

di:r:t·erent :t.r.. m2.r:y r espects ircm 1:hose cf· t.r::.e anophelinea .. 

1'hesc 't-:fe:re si{?;r:i. i :fic::.R.nt.1.~; 

T21.bles .1 5 A and s ). :~·e St.1 l t S 

a hi.g!1 deg:::.'ee of.' ei:dophi.J.y. 

for feedi~g and resting. More than 90% of ~.he Cul: cino 

know.n t.ou.se-haunting hab.i·cs ( MeL!:~n et al~ ... 
- ··· --·- d 

ccllecte~ f=ora outdoor rasting s~~es (animal t irrow ) 

c3nsis~ed cf thi~ o a me species. This ~~tdoo~ co~lec~ion 

that. 
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in i>oth :....ndocr .:;. r.-l<' cl.4tdoo :-:.· t:;i.tes bef'c:ce ·~ak.in.g the i:r.~ f'ir.st 

leavo the hot.-..~e t o cvmplete ·(:ctJi:::- dev•.,.,.lo:pmer..t nu.ts ·.de , 

W'h:lch :fed outside uaay mc...,e i1.d.!>ore to rE:~t a:c1cl comp.iete th€i:t· 

Tl.1.e :·esul t .-s of' prec .:i.pi tin tests s n owed that A gambiee - _,.. __ _ 
in !A.a.:r-igai: d.i."'.Tisi.ou was predominant ly a n thropoph:i.J.ic •.¥ith 

"'··· 1--u.ma.,.,. ~,. lr.n r' ..._· ~·-- r•,,.,,. (~, T.B .-L- ) "" "'"' 6al. · 1 . ""' t ~ .. ..... ,.,..... • ,.,.,...,..., . -. c :z. oo , 1o; 1.:hi 0 ~·£'-lnes U£'., was 

. feeding ~ehav·~ our C; f t h ese tl:ro speci ii! •· · l,;hro:· 5~0'1. t much 0f' 

blood, even in areas long unde r insectic i de:-.1 atta ~k (Br.i lh· 

Davidsen a d Drapper 1953) found 

more than 90~ o:f their Aogambia£ cat~hes iY'l parts of' East 

A.fri ca positiv e f<>r human blCJod. Gillies ( 1951~ b, 1956) at 

Muheza, Tanzania got f". EBI of' 92~ while Arap Seroney ~ ~· 

( ·198,5) obtained 90. 3~ in K.isumu Kenya. In a l.·e ·vie~.1 o f the 

eubj e~ t , B:ruce-·Chwat t and \.'¥.Jekel ( 1960 ' ~ot ed that t;he range 

in most parts 01' Af'rica is 41 - 86%. Figures as high as 

1 00% have bean recorded (White, 197li; Kraf'sur, 1977). On the 

<.rtne:r hand, exr.eptj on&11y low indoor HBI raJ.ues of 507[ 

(White and Rosen, 1973) and 28 (Se rvice , i970 a) h a ve been 

obtained in areas of northern NigGr~a vhere cattle out -

numbered man inside houses at night . 



'!'he va.iue o.l 58. 85~ o r -tainec'! f "or !_.~ :'"'ere wa~ 

J C"''f;)r t!1aL these :recorded b y ina:iJ.y other workers i; ir..c.iud.ing 

<.rocl.:.Ei .3. ( 1960) I and 100% by Kra:fsui:· ( 1977 / in Gambe:a e 

b loC' d 3!'.1.d auJ:y J.5 .. 7% ccn tai:nin:S human blood.,. 

.,_ .. .. 
..J ~ 000.. 

ou rlc..,r coJ.lec't i cue ga"tr/3 l ow.;,,., p:::'c:pc:r.t::. <.m.r-· o:f ~:1-poe :'. ·: ;:t.. v c::: 

~atches in ifest Afr~c~ a n d Sm~tb ( 1958) got 0 - 9% in t~e 

l.ow l an.ds of' !<en·ya .. Mcst ot~ the sper.:ti.-.ens tested in· the 

( ·eget a ti.on c.rt)und ;::.,ni~ne>.l enclosureci). The vaJ.ue 0£· 35 & 7~ 

plH>it:i.ve fo:i::· huma n b-lo\ld is higher than ti,ose :from other 

outGoor co1Jectio~~~ 
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~ , !utroduction 

d~termi~9 the :;.·ates o:f i:n:fec;tit:>t?. l.'ith lilalar.i~-

pc..·~~asites o r· 5porozoi·te. rates cf t!.:ie major ancphel.ine spE:ic:ies 

:found J .. r.c. tha stJ~y e.rea. I •. \ 
\ 1.l. J aase:ss tha p=eva ence oi' 

r,• ;;;_laria, that is ll tr.e pe :."Cezi_tage ;:if ·;;i"l~ populat:t on infected. 

able: lg di!':feren: . a.ge grcups of' ::c.ho0~ c!J ildren in the a :."ea .. 

::n=:-.ntn a:. c. chi-lcb:e:.:.. &.:rrz usu.~J :;_y bett~ ~ indicat:or.e 

ci.dul ts becc..use of' ·l;be.ir lower natu::-al i.mi':lu.ni ·ty t o t:..e 

the:r.en,re the collection of' b1ood smear.fl :fer examinat i on 

for maJ.aria ?aras J teta l: as concentrat~d on children. 

Materiale and Methods 

Dissectio~ of Mo guitoP-s ~01-:......Spor~_!S>ites 

Th.e salivary glands cf fe'."le.l.a mos qui toc:;s \..'e1,e 

di. sected between April and Soptomber 1987 o Rincc it was not 

p.:>s~ib!.e to cJo the. diss'i!ct:i ?IW ov~r the wh.ol.t.'! year, this 

P"'riod was ch.oser.. bec~uee i~ covered both the peri<'d 13f 



: 1 Q'""5 l, ·' ( 
\ .f~-· 1· a; \(.'"as O.t..1.cwe r • . 

In. orde7. to 

c on~·i rm the ol:se:.•y ations ~1l&dG on the i'resh slides a:':ld ·t;c:, 

l c ce.tJ.unf", l\. .pkuikni villa~e i:a Lobo:i_ a rvi Psrk.e::-ra irrige, i.i.or;. 

echeme, wh:i.le A• :funestu~ Waz o.:-ily collec-:ed .from ih~ :fr>rme!' 

habil;at· .. 

schooJ.s. 

Blood em~a-.r~ were co"!.l"'cted at three d~ ~:· : • .'::?ren·\; tim'E'::s o? 

the; y ear.. :l'he ~;'irst Vas in Ma:ccL "Al'?.ich ia5 the anc o:f the 

1 ong dry e •Ji a.son and tl"!e beginning of th.2 long ra:i.no. 'Iha 

~~cond. '1ias i r .TuJ y "1hich was th.e ~nd c•f ::!:!e long rair!)' 

~Gaecn ~.n~i th1;1 oB~i:m~lug c. :f the cool dry . -;r:l.-~o ~ an<l. the thi.r.d 



001l~cti~u was ~n Octrber j2st before t~e shnr~ :~in3 

'I.'.:).I"ee pr:i.rnazy sr.:hoolfl were. 

uoed; 

(a} re'.C'kerra !'rimu:..-y .School, Si. tu&ted in the nd .. ddle 

0£ the !'e?"lte ::'l~a i:.~ri.ga·;;i.cr! 3chernc ~ with an er; .. :a:·olmcnt o:r. 

<-~ ' . I K'i.pk11 ik~i f·rimary Cch.ooL., tdtuatec! i:a :'Kap .. ':uikui 

~ith a p opJlation oz ~00 p pi lH. 

( c) Loboi P!"imai-y ~":chool ~ s.i taated at T.ingtt :~) ,)iJ. 

The :first tw.:.· surveys :Ln 1".ari..:.i1 a1 -=~ J~ly c ove'.:"e d tne 

~hree .scl1ools. 

Based 

su::-ve·y ir net ove r com~rised :;..n.fari:ts, · aged 0 •· '.22 rr::>nti~ s, 

chi lrtren, at;~d 5 - 1.5 years~ Loboi ::> riir.ar.y School w~s no ·~ 

~ ncluded ia th::.8 t.hircl survey .. 

th~ index. :finger of -pup:i .. 1s and prepared for exa:nino.tio:n. .;.n 

c:"l.ccordc.'."'.t.ce with 'W .H.O galdeL;.r .. es (lf,.H.o, ~ 61, 197: a). .i::»ct.a 

'3 ('.lution ( Gi.em.sa) ue.s prepc-.red on each ocea.sicn .~u -.~· be:fo:r.€l 

use by :nix:.f.ng the si;o. k so .tition ( wh:: ... ~h was prrp;:..:;..•.:.d C"I!e 

·eek in advance ) •rith bt.~:ff"erecl di.stille rl l-fe:-.ter ( ::;R 7 c.~) i D 
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Exr;.mlnation ot Slidea - ' ---~--

Ir- rcul;:f.:ie malaria su:."'veys t au t.1Y:aminati on o:f 100 

(at:>?roxirr.ately 5 minu·tos of e:r.:arr.inat:.on/ i& ·~he :Jtandard 

!n this study, ho~1eve::-, 20\J 

r.licr.;:;sccpic :fields were e:icah1inco. co.a ea1~h sli e {thick ~mea::.:·) 

u1;.der cil :i.mmeraion. Thi s ·was t 0 t0ns1· re that s:c~hty it .. fr-c-

t i ons were :'lot 1 •• issec uut.. Aftr:ir eyam:i_:t1ationr th~ ~lit:las 

An esti.mate o:f t h . .;; deg:c~ o f' 

i:!'.'1£t>ntion nr parc..:d.te dansity •:;"1~ mact.e on ea~G. poi:;it~_ve sJ.ide 

1:;;. a pa1''asi te cou1:.t. The p:-o Gcdure adopt~d tt'as to count the 

:n.umt<er of parasites a nd leuoocytee in the ttdcL smea.1· unt il 

200 of the la:ter had b~en co~uted. Th.13 :'lumber cf l euc<:lcytes 

ln an average h..imart bei1J.g is <::Gtietat(',d at 5 ,ooe - 11 ,ooo 

f a'\ .. eraee 8,000) par cubi.c millilit:t.·es of' bloodo ?he parasite 

count, or pa1·as~. te donsity, was thBn calculated as;-

No . of' .R.~rasi.te"'_S.:£:'.f.!!.1:..ed ~ 80QQ/mm3 ., 
200 

~ 

If this value A.:'!:c~eded 1000/mm"" s: that is, 25 varasi·te~ par 

200 1.isw;oc-ytes oou.uted, th.Po ,;, . n:fe~ ~ion. "ias r~garded a~ heavy. 
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!lOted. 

Anal_:y::.:iz of M"?.la.rj_a cases c.t l":he Piai.'J.~·.s· ~ Hura.1 
Real.th Con·.;re ~---·---·------ --~~·-·· 

1-lar·igat d:ivis:l..011 •ras estim~t(c: ci by reviewing e..::..i cases fff' 

c .:' inical malaria. treated mcnthl.i e.t the 11..:.:.::-.i.gat F' .. U.'a i Health 

C (•nt re bet ·een 1982 c:..n.d 1986. The cent::-e wa=- the bi.ggGst. 

the d e ·\: <:n.·oiuat.i.0r:. Gi: .. he pF-rcentagc of' total :nonth.ly atte A-

6c.J Result is 

O:f the 5.55 _gambiae co11ect€d and dis5ected f:com 

Kapku.ikui, Lobci, 16 carri~d spo::-oz'>ites: g:i.vin~~ an overall 

sporozofte rate ,,f' 2. 9~. The rate o; :lni'ec -::ion. was lcwest 

i:.:i the m .. :mt hs of April and May \2.5%) and nigh.est i:i th.e 

months 0£ August and SeptembPr (3oJ%). c~ the 470 

~·fJ:!lC".esJ;..fil!. dissected, 9 carried sporozc-i tos, giving an 

and highest i::o. ,Tuly (2~5%). 



" 188 -

F1:or.1 t he PorkP-rra !:~:cigation sc.heme, 23 o:f the 645 

givin.g an. ov era.11 :c.::pmi.':'.)Zoite :i.n:fection rate of J.6%. 'rhe 

month.ly 1'ates :;oanged :fz·om 2 .5% :\.11 September {1'»tJest) t o 

At Perk£rrro., 

j_ri.!~ect:!.. o:r.i. rar.es were high f'rom April to ul·y (mean =- 3.9%) , 

then there was a con.13 iderab 1.e decrease in August c-.na Sep ember 

( -nc r • • ·~ 7(1/·) 
u. al..J. .::;;. . • ' ,'.J • On the ot!.·ier hand at Loboi the rat;ec were 

I -:1 ff.ach 

_;th 1·ho 

'J.'h.;:);:-~ was nc .sj gni:fi~::a.nt d.if':fer~nce 5:rntt-:e~n th.~ .!.n ttest and 

There 
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Table 19: Parasite 1 Rates in Mosgll i toer. A ;ri .1 - S· p · :L:1 :·~r , 198/ . 

PERKERRA LOBO I ;.OI30I ----------------·-· ----·-------·-·---- ··--· ··-·- ---- - ·---
A. gambi.aE; 

NO 

A. q<.~mbi. 2:: 1'. f unest.us -------------- ··----- ... _ .. --·- . --- .. ------- ---·--····----··-· ···--··-- -· .... ... ---·--_ .. -··-·-- ... _ .... ____ _ - .... 
f!O ?ARASI TL~ NO t·J(J 1'." !{;\:.)I 'l 'J~ i~U r KJ Pl\ : lt.,.~a i I·. 

~Klt\l"I'HS n.rs~?E1..""'lJJ _f?[-~TTTVE_ .. ,!'i'~~~E ..... - .::.: :-:r ;lx·TI·'\! n · ' ; 1 r 1 \ii · '\i\T! Ii t SSEC1'E;) FOf' I'l': \il~ !{l\')'i ·: 

APRiL 

MAY · 

JUNE 

JULY 

AUG. 

SEP!'. 

30 
~ 

l ?.. :1% 80 

120 s / '/ .. . , ~ 80 

D3 ... 3.8 l c-r ") .. J 

140 4.3 ( 

142 2 2.8 <.Q 

80 4 " «i:: L. • • ) 60 

... 

.:' 

-~ 

..., 
, I 

') 
"-

;~ ' r\~ 

2. ·: 

?. I 

3. ") 

.3. J 
.... ..... .) 

(.;1_1 l 

60 l 

oo 2 

fJG 2 

6C J. 

l(!:J 2 

---------·---------·----------·----- __ .. ____ ... -. ----- ---- -~ "' --·-- ·--·-- . -- - ·-----
645 23 3. 6~. 555 H ~2 , 9~ ti70 9 

l. 3~, 

1.7 

2. 2. 

2.: 
1.7 

2eC 

.1 • 9'6 

•r(f!'A.L, 
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changso in :!E!:..?.h~ densit.:l.as to 'th~: human popula?;:f.on at 

ri.sk, the average 11umber of' bites per person per night a n d 

the av~rag<? da::.ly inoculat:i.m.~ :!'ates wGr:.'l ca.lculat~d. The 

bitee i'Vi!:ii." pe:·.son per n:l.g!:!t we:ce conpu.tec.i as thE: ~roduct oi' 

t!:,e cen~ity o:f mosqu!.toue; per houae per n,:l.ght and the pro-

panta per house.. '!he crude ~nocu.lsi.tic:. :=:a.te in d.:.f'in.Gd e.s 

r.ne n:ea:i mAir.l>er of' sporc.zci.te~J.aden td."::ns r-er person per 

20 and 21 resp~ctively . 

the 

rates wei·e calC'ulatod • l'!e::.·0 no-: a.dju.sted to coru:pe:i'.lsat~ :for 

escapees during col.le•:-tion or for .exophiJ..y . Sine~ the 

number e"lcapi.ng was low because adequate prE;jCali.tL.ns w~re 

taken during sampling, the results would not b e af':fected. 

The biting rates were also calculated from :fresh1y fed :females, 

wheree.a exophily :ln the two specier? con~erned was sho:.:o1n to 



At Fer.!:::err&., 

c.b t a S.ned i.n Ju.ly - S eptemher e!l~. the lol'::-st in .Jl.p:t·il. FG>r 

A.fll~stua, the highest i•a·ces were obtC\.ined i:a. August and 

'l'here was no signLf.icac·~ dif'ference betuti> en t~1a ~ig!'!. est anC! 

1 OWF:i st rat:os .for cac.;L s pecies in thP. t·lf(o 1o~aticns ( p / 



fr-• -•-

-19 2 

'l'able 20: E~':~:.matsd Crud:" ~'J :.d ly T:1oc11lation t<.c-. t.<=: at: Loboi. 

Al-lJPHE.LES GAMBIAE --·-- --- ·· ·-- _ ·--· ------·-- '-1!.NO~:~[~hES J'~NE~~:.~J.!2_. ___________ . -·-·----

MONTH DEW3ITY PROP ~ITES/ G.POROZ • INOC . nm'1srr-

HUT/ FRESHLY MM~/ PNIB .R .\'I'E** !J!JT/ 

_____ r_~tGHT __ JEQ __ ._ MJ:§!'!..
1

!· -·--·--------·------··i:!lGH'I' __ 
J,'\Jl 

FEB 

MAfi 

APR 

MAY 

._iUN 

JU~ , 

!'.UG 

Sf~P 

OC"L; 

!'iOV 

J. 3e 

2.8 

7.1 

9.1 
46.1 

J. :.L2 

11. 7 

8.4 

7.1 

6.0 

3.5 

0. Ii'"{ 0 .. 8Q 

O.f4 o.~o 

0. 58 l. 11.9 

O.JS l 09 

O.A'.J ., . ~,J 

0.49 1 , 99 

(J . ')i) ). '45 

l]. '.)1 l,43 

0,52 l. 23 

0. 58 .t~l~ 

0.69 D.UJ 

o. a 
l. 4 

1. F.l 

0.02'.:> o. o:-:7 -1 ' 3 

0.0?5 0 . 188 .:'! it [' 

0 . ();27 0.054 4 • .l 

0. 03"-2 0. 070 . 3.U 

o. 03 ) U.047 '1 . .l • . ) 

0.0 13 0,41 7'P 
1-1 c 

. '.._ I • -~ 

4·; . <; 

f>RC•P BITr:~S/ SfOROZ INOC. 

PH.ESH LY M.l\N/ RA'i'E J'lATB ':· -A-

l"ED f'lIGH'l'' · 
--·----~·-·---· ... (--------- -

0.75 0. 20 

0.43 o. 20 

0.37 Cl , 47 

(j . . ~1 0. 8() Q.OlJ :) . O.lO 

0 .38 tJ . 51 d. 01·7 0 . 0'.)9 

o. 32 o. '11 P. Pi.!. O.ullJ 

0.411 •J. 4.! O.Ol5 O.OH.1 

0. 23 J . J.l O.ul7 0.019 

0.48 l. 24 D.020 0. 025 

0 . 20 1 19 
0 'H" • !,;_) o. C•.1 

DEC 5. 3 0 • GS J .• 20 .l'2. o 
I ••'-·--..4.----·~---------- ,, _ _.., __ ..,.,,, .. ,.,,,.. ___ , ________ .. ,_..,..., ____ -·-- --------·-• -··- < ----.r•- ---.•·••-··-- ~-

MF.Atl 10 . cO o. $ 1) 1.8? G.029 O . O~i.3 10.1! 0.35 D. 71 0.019 C.OlJ~ 

• CamputeJ as (Dens.i..ty /hut:/nighr) x (proporLi0n fr i;=·.'.;hly ff. ·1 ) di 1.; Vi~·.:0 by averagE: n11r!l.~:>~ · r of 

occupants fJE:r hu ::. ( 3.0 ) 

~ . ... "''""11'M'l " '"'"~ ~"" fP1" t- PS/l" "'l..,/r • r•j·· '·)x ~p--· [ 0"'".,1· .l··p r··~t <' ~I -;iJ r.·'-' . .1 --l. l\\.i. ~ • J. f. tL ~ .._.. ~.J •..1\.J • J\(.A ·. 
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Table 21: Estimat-.ed Cru«:c~ Dai .iy T11oculation Hat·,' .:it '= -~rkeni:~ 

ANOPHELES G•\MBI.~h 
- - - ---------- .. ----...----- - · . ..._., ___ •_• -------- - -- ~· .. -. _..,_. __ - -•4 __ ,..,._ w .. _ _ ,.,_ ,·~- .... • ..,,. ___ .., __ 

D&'JSITY' PROP.URTION B U'ES/ ::;port._;:_;r : J ·:-.; I i~::-.. n; ;f .CC'~ 

HUT. NI GH'i' ---- _£~?.Q . .f~l2_ __ ... .J'.~~/l'-ll.G!·~i'* _ .. J?."~f:: .... ·- __ ___ l~t:.r:t~~-: ......... _ ~ 
,JAN 0.6 0. ::1 D.J.5 

i:"EB 0.4 0.00 0. 00 

f'll\R 0.8 OJ J !),_tC) 

APR 1.1 0.18 G. 08 1. ll.! ·: o L1e3 
M.li.Y 1.4 0 .. 14 a. us . fl, (; 42 C. PU:; 

,JUN 3.5 0 ,60 0. GJ 0 . . )31' O.CJJ 

J"Jt. 8. 9 fl . 42. tl . 44 l. 4 -~ 0.0~2 

AUG 19.8 ll.48 3.66 o.o:za o. ;_o; 
SEP 22 . 3 0. 5) '.), L3 o. n:::::; 0. Ul 

OCT 3.6 O.li7 3.18 

DEC 2.5 O.S6 0.53 

Vi9.N 6. 40 0.46 1.33 n. o 36 fJ.C4S 

* ComputL,,; a .... {D0 nr·1·t-,1/l·, l1' !•.1:11' nr1t}' x (P'(JIJ t•'y·oi:.;i· "'('>{'l' -lL"J--'l""(~ , .. , ">\ff" r"aqc.. 
'-"'-' ·~ ~ ..._") ,..,../ L .. .-,'• j" _,. .t" ' t• t.t;--; a . ... J I ~-•/ ~ ,I.A'\.,..~.; , (A'"'- ... ._ 

No of oc~upc:u;ts per hut ( 2c 1=, ), 

~ ... _,_,, .. ,- ri -.. -- !R11-... "~ '1r,;11./nic1bl) ;{ Soo::o~:oit 1 ' TU'_<::' 
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Th.a detailsd r~sult s !>Z ·;;· .G roal~=-i~ .. surv ey ·:.;mong 

!:Chool ciJ.i.ldren a:rc c:::.ntainad ir;. Append;.x 2 ~ 

the results is given in Tables 2 1 - 23 for the months of 

N:i.1·c..h. ~ .July and Oc tober resr:;ec t i v~l:;r .. 

; <" (\ tJ..~ ' .. ~ . J t;. _, -,v i? ... lu. 

in any c~ the thres schaols. 

i- - .. - · v l..~ ...... ·: ~ 

The re.tes ·.··e r •? cornpe:._rqb!.e Ftt 

Pc r kerra au~1 K.apkuikui <h:.ring t::i.e months bet were :_i e wer at 

Loboi Primacy Scho~l. There was no significant dif'fer'!lnce 

between the in:fect:l..on ro.tes .:.t Perker1'a and Kapkuikui Primary 

Schools during both months (p ) O QOl). However, there 
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i.: a '-> &. highly significant ci.1.:ffc rence be ;;weeu int·ec ti u n rates 

July p .(. 0 • () 1 ) , the 

d~.ff'erance between z·atas at Kapkuikui and Lob~. Primary 

$cno ols : ·ex·e ;:;;igni.f'icant 4...11 P.la.".'c.11 (,C = 6,.25, J.) / 0.,05) , July ....... 

(x2 = io.13, p ~ o.ooi). 
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Table 22: Surrmar:1 of the re.sul t s of MdJaria s•1r:vcy:.:; .:w ~mg 

Pr unary School children in M,:ri'::1.:·t di.vi:::;ioi!, i'Ht •.:l1 : SW?. 

----- PERKSR~!:i'.\_....t:. ··- SCHOOL. _ _ i~~ ·~KU ~SYJ_~~-;_;Cl !02~- ------ --·- _:_~~~~:_-~ :__0CH :_ ____ _ 

ACE 00 

G:hWPS F.xAH. -
r:~ -'.~!~S. . ~ 

1C-14yrn . 179 . 

15-19yrs. 66 

20+yrs 

.::~ll 

t!IJ P i\ll P ... S 1 'T'E NU r .. 10 l 'f·JV\~• :.' l1~ rir i tX ; 

PC'SITI v;, RATE~' F:XAM. FDS l 'l' l \n~ l:{/,'l'E* E::.1\i·L PJS 1T IVC 

... 

/. l l 

2 

-·"-------------··,· - · - -· · ·-----··-~------ ·-------- -------

'j . ·~'.\ 3q ,., 

(-·t. '1) /'..- t • l..' 

fl. () 1j i1 
" 

i 15 . 6) 

0.62 I 

( J. u) 

10 3 

l j •• ; _} 

.. , I .. ' 

I.:, . 0) 

{. l 

( .30 . 0 ) 

t , I .1 

•l i 

nO l 

( l. 3) 

4 

- ----------------------··,---·--
TCY"...AL --- 49 13.1% __.;;..;_;..;._ _______ - - 96 a 1l .L.l . 5~'5 2?.6 --·---------------·--·- ···-----

* UP.bracket(';d f iciures = Percentage of 'l'otaJ. ' ' Par as~t ,: Rates 

Bracket.e:d figur?s = Perc12:-1tJse of ag" \_1roup .1.nfoc;::tPd • 

.. 

Pl\RASl'tE 

HA'Ii::* 

1., 8 

l. 

0.4t1 

3.5% .. 

- ·~ ~- ·::- ·- -·~ -~·:"'~~ -~ .,;,;~=·;--:::.;..·.;~: ·-·~-.,,,~~'::.~...:--; 

.. ~!_~..,.. ·~· -... ~~~~~~'-· ~ 
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Table 23: Surrmary of lhe resu.J. t.s of Malana StJr'Je~1~3 among 

Pr11riary Schools ct'1U.dLen iri M2rigc:t. djv)sinn., ,:iuly JSb7. 

-------------·-·---------------·-------------- ---- --·--·-------·---·---------·--·-----·-·-··-·-
PERKEI1.1<A P , SCHCXJL . KAfl(UIJ\lJl P. SCl iOClr,. LOJ3f) I F • SCH • 

AGE MO NO FAHf'.Sl:'J.'E NO NO PAHJ\Si IE NO i-JO PAPASIT'E 

GROUPS EXAM . "POSI TIVE R,i\'.rE EXAf1 . POSI'l.TIJT: I:ATE L/J-\M '-:OSITVE: RATE --- ----------·----------__,,_ ____ _ - ··----- -~ .. -·-- · - ··--
5-9ycs. 

10-J4yrs. 

l~· B~rn , 

2U+y 1 n. 

92 

172 

T • f 

17 

23 

f, 

5. 0 49 8 

( 18 . 5) 

6 ,7 24 6 

(13 . 4~ 

l. 8 0 _ .. l 

( 7 , 81 
~, 

I 

q . ') 32 
., 

l. 0 

( l 6 . 3) ( 6 . 3; 

6.7 Ull J 2.9 

( 25 . ll) ( 5 .'l) 

,, l 7fl L: l.O 

(lL U ( 2 . t~) 

4 

T"..i'T1v.J 34? -~ 6 U . './~ 89 15 16.9\; 2i..J7 Lil 4 . f:u ----- ____ ,. _________ ,.. ____ _____________ -- ·-- - ----.. · ----------~------- ·- .. ·-·-------··--·------· ~·~-

':_~rl1~."=~C:' .. ··::t~J :- i'.~ l r-7: :. l -' '• ; ! . ... .-~·; " , 1 c ~ f,.; ';l';i _ .. J! J ~, _rd .: i I . ' ~ I 

1-i : ",,-.~:;·::-l •"' ·: r j ~ i !J,. • . ! , ;"' Ct~11t· , · c F"l •1~- ; 1 ! · q r ~".;L · ! . 
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Table 24: 2utrma.ry of t'.w Re:sult s of Malari a Surveys arr.c•r.g 

Pnmary Schoel ci~~l dr en in Marigat di'./is:. un, O::tober 1987. 

-----M 
PERXERP.l. PR.I • SCHOOL Yv\PKUIKUI PRI SCHOOL 

AGE NO NO Pl'L~ITh~ NO !·J( J l:~ ?.HA.5 I TE 

GROUPS EXAM . POSITIVE R"-.TE EXA!'t. POSITIVE RATE ---- ·-... ---
0-11 MJNTHS ~* 3 2.i _, •.. l.6 

( ]3.3) (400 ) 

- .; . 8 10 2 l 6 i 12-22 ?ION'I'~iS 2 7 

( .:il. 2) (20 . 0) 

·? 6 ') 
.~ 18 t ') ·~ 

~ . _, 

26 . 5) 16. 
.., 

5·-9 yrs . 6:5 l& 't ,... A 

..! . .(.. f L± 50 ·:~ 2. 3 

(28.6) (6.0) 
') 

L 10-14 yrs. 12 1 ' ~" '± .,,o 2 l.6 

.:.0. 7) ( 5.0) 

0 0 •.. 0 ~ 15-19 yrs . 10 

20+ ,_,rs. 

'IDI'Af, 145 39 ~'.6 . 9% 12c l ") 
~ .. 

., __________________ _ 
* Unbracketed figures = Pz.ccentage of Total = Pa ras i tE: R0ti:?s 

Bracketed figures = Percent<:ige of age grsup ii.focted 
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Tl1e parsit.c rate in each o..ga gl.'ou p was ca.!.culat''d 

f:t"OM the .fo:a.~mu..ia given aho•:··-a by subs-ti tut in~ the number· 

posit .1.ve in thrJ schnol. wi.th the number po.sit.iv.:, in th~ age 

g:;:o1 p. This gav,J ti'le propm:·tion of th~ cvere::.1 1 paraai te 

rate atributable to each aga g:t'oup • These are the unh,;-a,c:':ce t cd 

.f:!.c,ures in the 1tiztatee 11 columns of: Tables 2Z-2ii. Howev·e.:r. 7 

s~.nc~ di:f-fert'tnt numbers o:f peopJ..e we re exain.i.r..c i :in each ega 

E ~:oun these ratGs did. no·!; indicate cle.~.1.r<Ly ·.;h:5.ch agi:? t;:;:..·ou;.., 

~a3 mo r e prone to malar~a ~han others. T0 £ Gt abli s h t~i~, 

trt: p0~·c.entage :..1 0Gitiv-~ f'v :r.· t;h..;; nu.mbsr o:l peopl::i eJ,~;;:i.r.1in•~ c! in 

grouf· ix:. thH abvv"" :fo r mula. Thase a:..~e the :figu:::-es ;e7::.closiiu 

in b racke~ ~ on ~&bie~ 22-24. It cen be seen fror these that 

the 5-9 JEar Jl ds were th" most susceptible ta malar~a 

ini~e~ l;i on f'o :.:•_ow·:d by t.he 10-1 ' •· year 0 2-.ds. The J.t"'las\: 

susceptib le we:i:e tb.1:?. 15 •. 19 yca.r age group.. 1'he nur:.be~: o:r 

people '3 .--tam::..ncd n :'1.de ;;:- ~he 20 y :~<:i:cn and -:.i.i:.':}VC c.:.g''!?· g1·011.;.:. ... 3 . .3 

tr ox:y owe_J _ _I_ < ... nd ex:; rapt .~or tr..e 3/10 :ra1;"' -=:.~ Kapl.:1.!.•.hl:.i -- · !•lar<..:h , 

no otli -3:C' case of' d~e disease wa:::. i~ecc :!:·d.e d i.::.1. U:dd> age.~ &roup. 

Tl:esia obc&rvat :f. on~ of h:i..gr.;.31· itJ.:fectlon. ~·at Af'- 3.mong 

y cvn.ge r ag~ g :..·oupu p.i».~mpt:eC! the inclu~ion o:f i n:f8.nt8 <:..li'-~ 

pre~- ~ch0 o l af,'E> ~~!1LL.c!ra:i ?.nd the exc .i.u s~. 011 of ->ldt> r ch :l.:....d.ran 

o:f 15 ye3.rs ar..'l o,•er in t :"J.t: last ::.P.:trvey c ,-:rr~-~d. out i .n 

Octobe'.t' 1987 .. Loh1Ji Pri mary school was als~ e.:-:.:..;l.u~~d in this 

l a::>t survey. '£'he re5uJ.ts ;>.r~ gi.v~n on T&.l·la <4. T~. e overal l 
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percent age ln:fecticn rates were 26.9" and 9,.ll% :for Perkerra 

P :::imary school and. Kapkuikui Pri mary school reRpectively. 

Thu<J ~t Ferkerra, inf'ec·i;ion of school children with 

mal aria parasites was hi{~-iest; in Oc t ober (26,.9~~) followed b'y 

March (15.1-fo) and lo·uest in July (1J.5%) At Ks.pkuikui 

( !-'~b-;,i) on the o ther hand the in:fect:ic.m. :i.:·at e · was hi1.,-tles·l, i n 

July ( ·i 6.9%), f'.:>llow·ed by March ( 11.5~G ) a ;;.d lowest in October 

In Oc t ob er, "thr:: infection rate at Perkeri·e, wa.s 

sign:i. ·f.lcant l y higher than that of' Narch 

'? 

a.11c. .J u.J.y ( x.- =11. 86 p<.o.oo·i ) .. The r e 1·1as alsc a significant 

di:ff'er·P.ncG bet~-n~en tlle lnf\:::ctio:;:: ra"te at Perkcir:ra and ·:;hat 

a t J:~apkuikui at this time (x
2 = 12"61 ,pf..0,,001 ) • Just as 

in the tuo previous sunre:yE, the rate cf' infecticn wa::;; high.en.~ 

i n the 1·ounger agP. groups and tended t o decreaee wi th age, 

as :i.s shown by bra ket s in 'i'ablcs 21 .. 23. The Oct ober rate 

at ?erk0rra was also signi:fica~:i.;:; l y higher t han those recorded 

at Kapkuilcu.i. in Marc h ancl. J u ly. 

·rhs d0tailed tabule:ticn of' the resu lt:s g:i.ven in 

Appendix 2 s hows) th~t there were a few cases of' gam~tocytes 

:i. :n the blood o!' in:fected individuals as we.ll as soma ~ases 

of' heavy :Lnfections . There wer<:l 5 cases of gametocy·te·s in 

the blood in :.iarch and 2 cases in July all o ±' them recorded 

in Parkerra. There were 2 cases of h~a·vy infections (above 

3 1 ,ooo parasites/mm of blocd) in March at Perke rra and non2 
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at the other two :::Jchools. But in July there '"ere 

altogether 24 cases of heavy infections , 14 at Perkerra, 

9 at Kapkuikui ancl 1 at Loboi • Eleven of the cases occurr~d 

among the 5-9 year old age group, 11 amo:ig the 10-·1L1. year 

olds a nd th~· remaining 2 among· tha 15-19 y~ar olds., th~ e 

were ~ and · cases of heavy infe~tion at Perkerra and 

Kapkvikui :respectively in October and no case cf' gametocytes 

in either school. O~ly Plasmodium falcipal1:!:fil was encounterec! 

during the three surveys. 

Incidep.£2.._...2f_z.'.a.laria in ";he Popula.tion 

The esul ts are shown on Table 25. On. ·i;he average~ 

b etweeil 153 - 715 cases o:f malaria were treated eve ry 

month, representing 40-69~6 o:f all attendances at the 

hospital. Or.. an annual basis, ma1ari a accounted f'o-::- 51 

- ~6% (m~an 53.5~) of' the total atter!dancee 1i'ebruary· to 

April showed the lowest in.cidence c-;: malaria (mean 46~) 

while July-September showed the hig~est. incidence (58o 7%), · 

over the 5 - year period. 



-·202·-

I 

'l'ABLE 25: Incidence d: Clinical Malaria recorded a t the !1iar i g2':" 
i "'9c',, - .. osr: 
• "' \_I~ ..... k .,.1 v 

Rural HeaXth Centre,
1 

: '·· 
I ' ' 

1982 1983 1984 .!.985 .1986 ----- ---------- ·---·- ---- ··--- ~---··· -------
t·lON'l'H TOT CL % '!Of CL % ·ror CL i TCT CL % TOT' CL % •'10NTHLY 

ATT. MAL MAL ATT. MAL A'l''I' MAL MlJ, A'IT M;.L i-11\L A'I'T MAL M,\L M;;TJ AVE. % - ~--- --·---------·-·- __ ... __ ,_ -·-
JAN 496 273 55 · 5S9 285 51 498 215 45 0% 520 '.:8 706 339 118 '.) l . 4 

FEB 500 260 52 500 225 45 553 260 47 6 ~'8 346 so 65H 302 46 48 .0 

i1AR 537 29 0 511 · t 480 221 46 475 199 42 N .1\ - - 65 ') 275 42 46 . 8 

APR 411 189 46 3!3 3 153 40 500 245 49 N. A ·- 483 203 42 44 . 3 

MAY 429 210 49 446 1% 44 602 349 :)8 N.A - - 64b 232 ')0 50 .J 

,JUN 438 218 50 559 285 SJ. 577 334 58 N. A - sn 42:1 s "j '12 . 8 

.JUL 557 362 65 ilJS 209 48 563 331 59 6?7 590 61. 109J 655 60 58.6 

AUG 543 375 S9 583 .309 53 579 359 G2 JG09 646 f, -~ 11. ',;,j 715 62 <:;2.0 

SEP 488 258 5:3 !:i63 32 j 58 579 324 56 s: :J) 498 5') 911 510 ')6 55.6 

CCT 5<~2 297 55 9ll. :.10 56 609 J?O _ _, 54 900 527. ~3 821 402 49 . 54,4 

NOV 556 328 59 687 357 S2 366 433 50 68 2 354 5 ·~ .766 48:? 50 52.6 

DEC 446 222 50 485 262 54 803 410 51 500 205 4J 929 44: 48 48.8 ·- -------------
'IQTAL 5943 3282 55.2 6591 5338 50 . 5 718~ 1788 52 .7 6537 3681 56.J 9838 5078 51 . 6 52 • .1 

~-·--- ... --·-------- - -·-----··---

KEY: 

TC'LF:rl' = TOTAL 1\1.'rnNDANCE: Ci... 1-iAL :::: CLINIC.\L MALJIJUA 

% MAJ.. = PER!~F;NTAGE MAI.ARii.i.; N. A, ....: t'!OT AV/U f.ACLE . 
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6 .. 491 J.!.\f'ec ·ti on Rates in M~.sg.ui toes 

The sporozoit0 rates in the mosquitoee were measured 

:i.n the coul:'se of thi.s S"tudy between April and September 

which included Plo.st of' the. rainy oeason, April - June, an.d 

t~1e cool dry p~ri.od :follo·win.g i.t, July - September.. At 

Loboi the sporozo:.-te rates in ~·.tt.~.!!!fda~ increased steadily 

:from 2 .5~4> in. April to 3. 3% in Septembere .\t Pe:rkerra 1 the 

highea·t ratf?s were obtained hetwei<Jn May and J'u:.y (l,La:n 4 ll li.~ 

and th~ l owest in September (.2,.5~~). This t~.1i1e of the year~ 

A,~ril ••Se:r-ter,1ber, was the most conducive to mos qui to breedir .... e;· 

and survival as sho\1n 0 11 Table~ 2 and Io. 'fue variations in 

the sporozoite rates could nc•t ·cheref"ore be attributed ta 

differential survival :::-ates ae was obssryed by Kral.'sur ( 1977) 

in Gambela, Ethiopl.a.. On the other hand, the period of :G.igh 

S:iJOrozo:.tte ?:ates in each 100ati11n coin~ided with the period of 

r e lativ-ely low mo.aquito den,::;ity a!l:i •.rice versa. Thus, there 

was an inverse relationship: betueen populnt5.on size and 

sr,>orczoite rate.. This relatiouship · was ho:ever, not signi:fi<.·&r..t 

at both locations (p.1.">' 0. 05). According to Mi.iirh$ad-1'1:1omson 

( 1948) and Ctiillies ( 1951.;. c) large populations usmil.lry consi~t 

o:f young :females·, consqp.ently , the seasonal peak is associateC. 

wi i:h Jou i.nf'ection. rates. The rates incre ~se as the 1iopulat.ion 

d rops at the end of the rain.:.i"' 

Sporozoite rates obtained by earlier workers in many 

parts c:f Africa were g0nerallly hig1:1er than those ohta:tnect 



E.:::amplEH:. .:1' the older valPes i:nc~l'u.de 1 ~' oh1;::-i.nad hy 

Mu.ix-head Thcme,on ( ·19-'+8) f o -r ·t:h"' Lagos area in N·~.{?'c ria ~ 

14 .. 6% by ~.vidson (1955) :i.n Ugar..d.z. and 9~4~ by Muirh::lad• .. 

Thomson t 1 ~5 1 a) i n c oas tal 'J~emzani&. The more recent 

:figur•::s are 2 .2% by Ds Zulueta :"t al. {-i 963) iu Ug ._,_.nda, 

G .. l. ... 0 .. 7% by Smith (1964) in Urribug-;10, Tanzania; z~.2%, 

0 0 J2% and 2 . 7~~ by \i'hi·i;e et-J!.1.o· ( 972) for & e;a.mbiae 

spe c;ies At H and S.l. respectively i.n. Tanzania:· and O. J 8% 

in i;he d:;.~y- season and 5 .4$f ii-1 t he re-.iny season by Kra:is .r 

(1~?7) in Eth1opiau The reas or :for the l"'f:tduction 'n 

usa€;'S o r.~ ant :. - malaria d..:~ugs. 

The spo:rm:r: oi. t11 ra :;es i1; ~ .[ill ... e~ ere g-enere.lJ.y 

J.ower t han i;hos€ of' ~ ,g<!mbi~£2."" 

obtalned botweav. 1-..8.y an-:i July J." 0%). wh i le the h ighf"s t 

va.Lui:.• wa s :!.n Septe111be:r \2 .. 5%) • 

6 .,4.2 

SeaDo~al. ch.ango ,::; ir. the crude inoculation :".'c:.t -0s: are 

-che resulta of chang~s in. the population iiens~ t ies :; :r ·;:1e 

mosquit o es 2 • .i.1d th~ir age et:cucturas, wtd.ch 1riay a1~.f'ect 'tho 

s porozo:t te rat~:J . Th e resu.1 ts i ndicat.€• that t!ie 

inoculation rate s depended more on the changes in tbe 

mosqu.i to de .. 1sj_ties,. The mon·chs with higher maan d ·:..nei­

tie.s per hut ne r nigh had h:!.gher inoculation. rat-es 
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:.... rresp<.c tive of th olf't:ive '\a "i.u...: s 0 1· the e:.:-oroz o i te rat~-. 

(Tubloa 2C and 2~).. Tht<il v~r> d ry mant ho of De~ember tc.-

mus't be pc:-rioda o:f very le; m:~l . ria :ransmiasior:. Th me.jo?' 

rataa ( T abl ) S 'i 0 anri 11), c!ua to !eas !'a".-curabl.e on-,l:i. ronmc:r.tal 

Tha m·: , .. ~.U:Lh!J num E'lr 01 days i.\; wcul :' takil t o acqu.i re (".ll. int·~ ... ti V G 

f' ~-· tho ee mont e \:' t:irfJ not :iete.rmin~ :1. 

At t i1"" P carke.n·a .A.rr:.gatio ech ,. me the pe,_ iod o:: higne~t 

n:e.~.u.ri ;~ tr~nsmiosion, with the hifZl es t cru,.._., in.ocula.;:f.on ra":~.s 

I , 
I ' I 
f; 

i 

i 
L 
i 
I 

'' 

II 
I 

~ ~ 
I 
I 



mean mosquito density/house/night• DecP.mber to Ma:.rcch was 

the pe-rioc o:f lowest transmission.. At the height oi' 

transmission in September (daily inocu1ation rate~o.131)t 

it would take 706 days :for every occupant in a house ( 

\average of' 2.6 per-sons per hut) to acquire a.n inf'ectivf.1 bit~ 

:from~· gambiaCi!,• In April, with an inoculation rate of' 0.,026 

it would take J8.5 days. In Febi"1l.ary 11 the mosqui·to density 

was so low that the proportion o:f :fr3shly· f'od mos qui toes 

dr~pped tc zero~ the mean crude inoculation rate was also 

zero. 

Le f'unestu~ was :fcund in appreciable numb era on1;' in 

I..oboi. Its densi tiee. and the:;.~ef'ore hi ting in. J a.nuary 

Ju.ly were considerably lower than tho~e of J:, .. gaml>iae but 

sometimes .axceeded them in August - December. In Septembar, 

·che mcnth wi-.:h the highes·t crude daily i n oculation rate 

for th:i.s species ( 0.025), it w~uld. require 40 days f'or every 

occupant of' a house (average 3 occupants/hut to acquire an 

infective b-ite i'rom ..t~·funestus whereas in May, With a x·ate 

of 0.009 it \'1-nuld take 111 days to get St!ch an i:n:fectiv·e bite. 

Kra.fsu r ( H!7?) obtained crude daily inoculation r.a tes of' 

0 in March/April to 0 . 13 (i.e one infect.!.ve bite per occupant 

in 7.7 days) in September ror Aogambiae also o in March to 

0.97 (one infective bite per occupant in 1.0J days for 

~· funss·.-;us in November ln Gambel a, Ethiopia. 



s~.;udy ·wc:; :;:"e hi<;h. enough for ~C\.ch 1.inproter;t ~d inr .. abi tant of· the 

study ar'3 :.1. to acquirG. a. ·1; lr,<:-..st o .o.:.s J.nfec ·i;.:i.ve b.:. te i1:'. a year, 

This ~as particularly eviC.ent in Loboi wh~re fl· :f'!.l~~..2. 

c:c.~nsi ti.es bega!.1. to ri~e wh.e1". tho3i;;, of !.• gambia~~ d0clin i.., 

T:1. e i nhabitants we:..~e c..t. a high risk of acquiriag ap·.) :':'."ozoi te ­

l aden mo.squi·i;o bites ::i..n Apri .... - Decemberc, · · Ai; Ferke:crci. 

lJ:o :funestu::.. uas v j_rtually absent th.roughout t~1. e year and 

!• ~ambiae was th<:: sole malarii::.. ve;:;i:~:. r .. At Loboi, h~wever, 

~;he two sper.ieE.; wer0 present in appr·:n·. ima.tel~./ e: :iua:i. numbe 1~s 

and since they reach their maxi.n:;,m densities and cru.de 

i~1oculation rates at dif:t'~rnnt times cf' tho year, ~ .... :-unestus 

must be coneidered importar!.~ in mai.n.tc..ir; in.g a high :..'ate U>f' 

raaiaria transmise~an a~ l year round. ~lone, its r ole aB a 

Vector must be m:!.nima.:!. because of i-Cs lower inc·culation a nd. 

?-12.laria in:fecti en :"1 ates among .s>::hool aE,·e ch i.ldrP.n 

vas high at bot~~ P3rkerra and Kap!c.1.ilku5. Frimary Scb.00.ls 

during threlb di:f:ferE.nt st.1.n.reys in Mar•..:h , .Ju.ly ar:id October . 

'i'he pattern of' ITI<=i.laria. transmissicn i:a the study a~1ea 

obtained :from the Sc;hool Sl.·.rveys is h it;hl r consistent with 

that det ri.itined by !;he~ study and analysis o:i:' mos qui to 

densities, sporozoite and ir .. 'lCulation. '.":'ates, etc, Thus 

.:::..t Kapku:l.kui Frimary Sc!-> c.,-·Js l ocated on the Loooi swau1p, t he 

h i ghest in:fec-;:;ion rate ( 1 :.:~9% ) was :".'ecorded in .J u.l.y. S:imi larly 



... · !f:co:rdecJ in J:iay - .Ju.!y in this a:-.:-,. a. At t he Perkerra Pt .lff•3.ry 

achoo1, on the Perker . .-,1 i.r:·~igation schen.e, on the other 

hand, ~he highest in.fP,cti.on rat-.i (26.9%) was obtained in 

October which also tallies with th2 highest inoc.m .. Lati:m. 

rates (~ean=0.093) in .;u1:,· ..... September. 

Sig:ni:fican~ly lower i!.1:f'£c '.; ion rai:;E:b u;:i:r.e obte.ined <lt 

Loboi Primary School, located at Tin.gtt:i.yon willage, tha:1 

at the Perkerra Primary School both in !>larch and .July 

Gimilarl:r the i uf'acti•:m rates L.l. ·this School was 

signif·icantl~· lower tha.::1 ti1ose obtained a t Kc.pki..!:t.:cui P rima:r.-~' 

1-, a"l"' •. d ~:o explc'c.._··r ... '. cons1"de•·1· n t t t i' · - _ • ... . . g li:!. ~ mcsqu ·,;c vec-.:;ors liere 

•3qually a.bunda:r1t at Tingttiyon as in Kapkc.:ikui ( rcoe e Table . g, y 

and the -pup•l. i s in tr .. e two ::..chools Jere drawn frc ;r. th~ same 

villages a n d J.. ocat ions. There is a dispensary ih::.c:!-1 "..s 

nearer to !..-obai P :cimary School (ahout JGO me.t:-:-<:!s) t han to 

Kapkuikui Primacy Sch•:>ol (about Jkm) and it :ts :o.;.ssit-J_e 

that t.he 1-::-~er :.nfection ra.teB in the ~fo1~mer school was 

due ·· to m-::>:i:·e regular anti-malarial t:r.ea~m0nt. 

A11 th • -~ o~ ~ ~etocytaQ ~11 ~11e b.i." oo~ ~ere rac?r d~a · .s cas ... :1 .1. 1..:>"'"·· · - .... _ ~ .. - \.:. 

at Perkerrn and. Kapkuiku:i. Primary Sch~ols in I-larch and July. 

Gametocyt.es are he sexuaJ f'orms of' the nialaria. na'.':'<:'.si tn 

and i£ is in the~e forms that t~a ~arasi~ e bPc o ru2b infacti·~e 

to mos qui toes, when they a re ingested in the bloodme al. 

"!'hus 
1 

the presen.c:e of' gametoc.ytes i;.:i tbe 1::. :tood is :::.. ::;tro:n.g 

i;.-idication of actir.: transmis&ion cf' malaria. i.n. th<1 a:\.~ea 

concerned. 



The 1:'aco::cds c:f clinical malaria cases 8.t tl:£ Marigat 

Rural Health Centre , also fit into the overall epidemiological 

pattern o:f hig.~ malaria transrniesion. th:rcughout the. yaar with 

the peak between. May and December" These records als':> sh.ow 

that malaria accc.unts f'or between .51 and .56% o:f all stckness 

treated a.nnually in th~ Cen·•; re., Th~ lower ave:>.'.'ages :..~ecorded. 

:for March/April relative to t he other months are probably 

due to two ri'ain r0ascns. Survival rate~ :for ",)cth 

12.rvae and adults a '.!:'€ great :.y reduced between Jar.u.:<.ary c:.nd 

February due to ad.verse environmental con:U.t:i.ons .. This 

means that sp:n·o?.Oo:ite ·- laden females do not appear in 

substan.tial numbers until. t:! i d-·AprL!., one month after the 

vnset of' th-2 rains.. (2) April is the busies t month .::01~ 

agricul tu.1~e ir1 the a rea and many f·armers would :rea.dily 

postpone gc.:J.n.g to the hospital f'or medit.~ al treatment :for as 

long as they are able. t.o ,!'arm .. 

In!PJ:l.Ct-2£_ th~..f.~::r!s_err=;,_ irrig3._llin scheme en Mosq~;E 

!?,re e ding __ <!.lli!...!!al 3.:ij. a trans mi..;;~ 

Impact of' irrigati.£.11-_ on mosgui to breedir,g 

A comparison of' the Perkerra irrigation scheme are:a and 

the n on-irrigated ai"ea Endau village shows -:;hat mo~qu.i to 

abnr.i.dance ~'as sig-rii:ficantly higher at the f'()rmer~ At Endau 

wherE.: mosquito breeding dependec entirely on local rainx'all 10 



..!.•B'apbi,Jl._.J! was completciy a'JscL.t betw3en January 3.nd April 

and was found in appreciable numbers only between May and 

August, with a peal<'. in July. At Perkerra, on the other 

h andg A."~mbiae was collected throughout the year, but 

especially b etween April and December, with tn.e population 

pl~ak in September. The ratio o:f this species collected 

:from the two loc;-.t.ion.s was 311 • There was also more 

A.f.!!!!.estus and culicine specie:..s at Perkerra than at End•au 

although :for !.•fj!nestus t h.a numbers collacted :from both 

l~cations were too small f'or statistical analysic.. Th.?!se 

f'::'..ndings a.re in agreement with the ob11ervati0ns of' ~everal 

wc;."kcrs wh o have sta~ed that irrigation promotes mosqui.tv 

breeding (w , HoO•, 196'(' ~ Surt ees r 1970 a; 6hanuler a:ad Hif,"1lton, 

1975; SimpfJon, 197 5; Chandler, 1976 ). In te:Lms of' 5Decies 

diversity ther~ was no differanc~ between the i r~igation 

schem-3 area. anci thr:? ncn.··irrit~atecl vilJ.e..ge. 

However, a comparison o:f the irrigation scheme area 

anc'I. the Loboi swamp shoH~ 111ore moflqui t CJ '"'s (both species 

and numbers) were breeding in the swarri-> .than in th.e 

irrigatl!:m. scheme. AJ.l the 17 species of mosqui t ces colle~ted 

and identified in :this study w~re found to breed in the swamp, 

but only 5 of them were found i n the irrigation scheme. More 

i ndividuala of' every species 'tie re collected at Lo ... oj_ than at 

Perk~rra. For example, the .1:'our ma jor spe~iee en\~oun.tereo, 

~·embiae s • . 1~ , A. funestus •A•.f?haroer.1.sis and £ guil};gue.:fa8ciatus 

were collected in the foll.owing ratios at Perkerra and Lcboi 

(Kapkuiku i) respectively: 
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A .gambiae 

!_. funestus 

!.• pharoensis 

1:1.7 

1:53 

0:6J 

g_.guinguefesciatus 1:13 

Thus both in terms of species diversity and the relative 

numbers of indiv~dual species the swamp was more productive 

than the irrigation scheme (see also Tables · ·1 a nd 2, Chapter 

J). Further mo re, the studies o f Surtees (1970 a): Chandle r 

and Highton (1975) and Chandler ( 1976) at the Ahero i rriga­

tion scheme in Kenya, and those of Heathcote ( 1970 )r Surtees 

(1970 b) and Mogi et~· (1984 , 19 8,..) in diffe r ent parts 

o f' south east Asia ind:i.cate tha·:; mosquito bi~eeding a t t he 

l1erkerra irrigati o n scheme was minimal '.:! o mpared wi th other 

i rrigation s chemes, both in respec t of spec ies d:i.versity 

and relative abundance. For exampl.e · Surt e e s ( 1970 a) rec orded 

12 species, 4 anopheline and 8 culicine, as breeding i n the 

Ahero irrigation scheme. 

As has al.ready been pointed · out,. the f'ast flow of 

water in the i!.~rigation canals and the practice of intermi­

ttent--trrigation rather than prolonged f l ooding of cultivated 

fields ~.f~ mostly responsible for this relat ive paucity of 

mosqui_:_t_~ -~pecies and numbers . In addition, t he practice 

o'f' regular clearing o f vegetation from the c anal s, apart 

:from ensuring the fast flow of water, also made them particu­

larly ~n$_µitable ~or the breeding of spe~ies ouch as 
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A· funestus and A.pharo~is Which require vegetation in +:heir 

breeding sites. 

The Perkerra irrigation scheme there£ore o£f'ers a good 

example 0£ where irrigation practices, involving environmental 

manipulations, directly reduce the diversity and numbers of 

mosquitoes capable of breeding in it. P'">tential snail vectors 

of schietosomiasis are also completely absent from the scheme 

fir the same reasons. It mus t be noted that vector control 

was not the aim 0£ the irrigation b oard in introduc i ng these 

"-Vi ronmental manipulations. The primary aim was water con­

servat ion. The water level o:f the Perlcerra z-iver is lo\: , 

especially during the long dry period , and the intermittent 

:i.. i.~1 igation system is ai. med at minimi zing water usage (Annon. , 

1987 b). Only crops whj_ch can survi ve on this type of irri-

gation are planted on t he 3cheme. Even the constant weeding 

of the water channels is a i med primarily at ensuring the 

non-obstruction of' water f low. The highly desirable effects 

of these practices on vector popul ations strongly suggest 

that they should be positively encouraged eo as to maximize 

the benefits . 

6 .4.5.2 Impact of irrigation on malaria transmissi og 

Inspite of the disparity in vector numbers, malaria 

was as prevalent, or even more prevalent, in the irr igation 

scheme than in the swamp area . In two of three malaria 

surveys among school children, Perkerra Primaxy School, on 

the irrigat ion s c heme, had higher percentages of infection 
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than Kapkuik...ii Primary School near t he swamp {Table 21). 

One of these differences (October) was highly significant 

( x2 == ·1 2 • 61 ' p L.. 0 • 00 1 ) • During these surveys, all the 7 cases 

of gametocyte .presence in t he blood, were recorded in 

Perkerra. Also , 62~~ (16/26) o:f heavy infection cases were 

recorded iu Pe r kerra . as against 35% (9/26) at Kapkuikui . 

These are --strong indications of' a higher degree of' transmi-

ssion at Perkerra tha n at Loboi. 

The explan a ti on fo r this apparen t cont r adi ction o:f 

:fewe:- mosquitoes c a usin g more malar:!.a , was :found in the 

analyses of some o f t h e e~idemiolog:i.cal .facto r s i nvolved i n 

malaria transmiss i on . The three most important: .fa c t o r s 8.r e 

the sporozoite rate, t he biting rate a n.a the s u rvival rate 

vf the vector (Mac donal.d, 19.5?. a; Bruce-Chwatt , 1985). The 

mean sporazoi t e r a t e fo~ A·gambiae at Perkerra was higher 

than that at Loboi . On the other h.and, >;he mean bites per 

person per night was higher at Loboi, as a r esult o :f higher 

mosqui to densit i es , than at Perkerra (Table 19). Th e se t wo 

di:f:fe r ences which we r e not signifi cant statist :.cal ly seeme d 

t o have cancelled out each other, making the mean inoculation 

rat e (biting rate x sporozoite rate) in t he two l ocat i ons 

approximately equal (o . o48 and 0.053 :for Loboi and Perkerra 

respectively). The mean s u rvival rate of A • .ID!:,mbiae at 

Perkerra (o. 87) was , however, s i gnificant ly higher than at 

2 
Loboi (o .81) , (x =6.7 , p.£.0.0 1 ). 

The most important factor in the dete:.cmi nat .ton of 

~a1aria _transmission in any locality i s t he mean l i f e 

expectancy o:f infective vector, (Macdona ld , 1952 a; Bruce-
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Chwat t, 1985). It is a :function o ~f t :1e daily survival rate 

and the duration of the extr:i.nsic ':Jr sporogonic period of' 

development. The extrinsic period o:f development is the time 

(in days) :it takes the malaria parasite to develop inside 

the mosquito and, for Plasmodiurl! f'a.lr.:iparum, is . about 12 da.ys 

at 26°c (!·lacdonald, 19.52 . . ; Bruee-Chwatt, 1985) • _ The hig~e1• 

daily survival rates of !.gambiae a·!; P erkerra than at :rJoboi 

theref'ore means tl-iat the mosquitoes lived longer at 

Perl<.e :.·ra. This period was adequate for the completion of 

de-relopment o:f the malaria para.sites than at Loboi. It s.lso 

implies that fE.male ~-' gar.i'bia~ mosqui tees could give approxima-

tel.y the same i;.u.mbars c!.' infective bit.as/person/night (a.E 

determined b- the mee.n inoculation rates) over a significn.ntly 

long er peri~d at Perkerra than at Lo~>.)i. This was responsib.1e 

for the h:tgl1er :infection rates at Perkerra despite the 1.ower 

Th~ mean ino-:!ule.tion. rate o f' ~. gambi.~ was four times 

higher t h::in that o f' A. funE=stu.s at Loboi Where both spe~ics 

occurred in appro::idmately e~.ual numbers (0.053:0.0133, Table 19) ., 

The role ~f !!.• :fune~ :.:.n mc.i.1aria transmission was evedentJ.y 

n.0gl.igible when. c1:-mpared with A.gambiae. 

numbers at Loboi ·i;haµ at Perkerra, infection was sti l l higher 

at the latter location. Its importan~e lies probably in help-

ing to maintain transmi.ssion during th?. period of low !.ge.mb:;.El!, 
I 

numbers. 

The h i gher survival rates of adult ! . _mi.mbiae at Perkerra 

is probably due to the grea·ter shado provided by crops , 



e .;:,pec1al.ly tuose su~h as pepp~r a.nd. banan~-.s •.-rh:..~h con r.i!lU~ 

t :.> gro"W long after t i1c l.&in~ h<:lv:.; stopped . Ti· ere ha.v ·<: · a ·;_so 

bean mass~7A t =ce plantin~ by the set ~ l~rn and the Fores~ry 

department in the nc~ereP- area. In additi&n 1 the namerous 

animal bur;:·ow.3 a .. •. f'lnt; the £·0.ges o:f t;;-ie irrigation cane.ls 

Ex:clu~-

i;1g the s· amp, Loboi is d.::-.i~r and. :::w~e .3pc..rse)y :fo::·0:;;-ted 

e:xcept during ·.;he :farmj. :i.g sea.s.:>n, Which coi icide~ "'i tt1 t h o 

rains. 
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CHAP'i'ER 7 

suMM;:..RY 

~ 

• • A comparative s·t::udy o:f the ecology· of mosquito viectors 

o-;: malaria was unaertaken in the Perkerrc:: irrigatl.on scheme 

and the Loboi swamp in Marigat division o:f Bax·ingo district, 

Kenya. 

2 ~ The species diversity and seasonal population f.i.uctua-

t:;..om:> uere studi.e.d in :i:-elation to the ~ol.loi·1ing cl.imat:ic 

f'ac~o!'.'s: 

lJ :i.ndspeed. 

J. Seve.~teen mos qui to speciGa were coL: .. ected and identi:fied 

in the are9. duJ.~ing the study. Seven were Ancphel:i.:ii anti 

ten were Culicini. All 17 species were . breeding in the 

Loboi swamp While only 5 species were found at ·the Perkex·ra 

i r rigation scheme. 

i+ • Two of' the species• Anophele~ ga&ib;_ae s • . 1.. and 

!, .. ~~. are l:no •n m~.J.aria vectors :..n Kenya. A th.5..rd 

species, A . :eharoensis, is a vector in aorne pat-ts o:f the 

world but not in Kenya. The detailed acological stuc1.ies 

focussed on these J species. 

5 . Anoph.ele~ gambiae and ~· ~stus breed all y _ ar round 

in Loboi aud were the mos t abundant species there. A·&~.!. 



r eached it3 p·~ak p0pulat:i.(.'n ~t the hc:ight of' the rainy 

season~ April - June. A • .ft::.n.estl!!! p~aked towards th~ end 

of the Co(lJ. dry period, Augus~ - Novenber,, !!,.£h.ar~':,l~ 

was c o llected in May - .Dec~rr.bex· only, with a p~a., i1~ .July. 

6.. At 'Perkerra , !.• gambia.:: was the most abunda11.!; speci.es 

and was :found all ~ rear l.~ound~ wi !:;:t. the peak populatior~ .in 

September, three months after th';:! rain.s., :i• .funest~s was 

ve:r:y sca.nty while ~-· .:::haro~~ was absent. 

7 • .tlai:.-::fa2..l was !:he most i mp o rtant :facto::- rt2.gulatin5 

~. gambia.e num'".Jers at Lobo :f. e.n.d. th.err:: waa 2. ;1.ighly 

::J ign:i. f'icant cor::.:-.c-J.a ti on between nl.tmbi;rs auc: rainfall 

( p .{.. 0 • 0 'i , ~-,,.. An.ova) • 

8. At Perker:;:-a there was no corr~lati.on bett-reen 

rainfall z.nd _!._&ambiae n u mb.::rs. Ir~i&~tion practices rather 

than climatic :factors were the mojo~ factc r s re&ula~ing 

mosquito diversty and abundan.ca. 

Intermittent irrigaticn, by li~itiug the amoun~ an~ 

du:r-ation of water St!i table f o r mosquito bre•3ding, :i:~du,:;t::c 

their numbers ~- n Perkerra. Constant weeding -f th.e irrigati..:>n 

.c.anals renciered the1n :.insui table for species such as A. :iunest'lA.s 

arid !.·W~.~~~ which require vegetational cover in their 

breeding s.i t~s . 
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10 Stage-speciXic and a&a-speG~fLC aurv:vorship 0f 

the immature stages c:::: &,!l_gphel~A ,,gjimbia.e wara st;udl~d usinz 

vertica.l li:fe tahl<~ method&. AdaJ_t surviv2..1 x·ates e.n.d age 

composition tiere e3 t .imated f' r om parous ra.tios based on 

ovarian diss~cl;ions ~ 

11 Survivorship during the rain;,~ seascr ... ~ :f:i:om fix:·i:.t 

instar to en.ergence was 0 . 085(91.576 mortality) at bot~1. 

Loboi and Perke r ra. It dropped to zero (measured only at 

Loboi) in ~he d~Jt seasc~. 

1 2 ?-fortali ty facto re were net analyss. d but kn~;.;n 

pred3.tors of mos qui to pre-ima.eines f'ou ... 1d in the _ ::-eeC:..i .ng sites 

were collect"3d and counted. The great dive ::-sitf a.nd. la::-g·0 

ilumbers of these predators collectad suggested t:-iat pr~cl.atio::1 

~·.ras an important mortality :factor., N(} evidenc3 o f larval 

i n:fection lvi th. Coelomomyc-e,.;:i. or any othe'.1.~ pathogen was f'ounr1. 

1 J Tb.ere was a seasunal vari.ati :n: i n ti'l e a ,5·e c 0 mpc-si.t1on 

of adul.t :female ~.gamb:tae both within and. between hab.i tats . 

The parous rates uere l .owest in the: ".i.:r:~r ssaf\01.1., Fcb~a:t'y-Mar~h 

and highest i n ·che cool dry peri c d fol L::H:.i.r .. g til. 3 ra~n.s, J\:.J.y-

Sept~mber. In bot':l ha.bitats t.he:r.e wa~ a r.signif'icant dif':fe:c~ir ... ce 

between the lowest and highest pa:..·o-..is rates (pi..0.01). Mean 

parous -rat.es were signj.:fic2.ntly higher at Per!<:t.rra than at 
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·1 4 Da.ily survival. rates .vera sig-£.1.if'icantly higher at 

P~rkerra tha:c.. ai Loboi ( p.(..0.001). The reli:ttionship between 

ml)rtali ty and age was not invest;_ga1;ed but the parous and 

daily eur-vival rat es obtained wei.~e high enough to sugg~st 

tha·I; many :females lived u p to the age at which most malaria 

transndssiou occured (5 - 7 oviposi ti on cycles) s 

1 .5 'The hi~'ler surv:i.val rat~cs at Perkerra i~ thc·~g,-t"it to 

be due to factors related to irrigatim.: .. , c:i-._ief among Hhj.ch ::..:!: 

1; he provision of' cooler and mo :<.~e .hum.id. m5 .. cro-climate by 

groiinc ~rops and shade trees, 

t 6 Vector beha~" :i.our was s-:;udi .. ed w:L-;;h rc.sr,:ect tc bi·Z;ing 

a~t::.vi ty ~ resting habits and ho ;::;t pre~e:r.ar..ces ..i.n th& three 

major anopheline species. 

1 7 The pattern of' bi ting ac ti vi ti.:;;s indoors wid <.•ux do~:t':: 

i u ·each u£ t l:e three &pec ies were simil!.lr~ eugge.sting tho. t 

the indoo1· and outdoor biting popu1atio:Q.S were homogen6ous. 

1 8 Bi.ting activity for Anopheles gambiae f:l • .-:id :funest~ 

was higher indoors 'than out d oors while it was . the ccnl\ferse 

for ~·EP.aroensis. Peak biting activity for!.·~~ and 

~ · :f~~t.!-~f?.. occurred at 2)00-0100 hours and O'iOO-OJOO hours 

respectively while in !• pharoens,is the peak was at 2100 ... 2)00 

hours e 



- <:: ~(\ •• 

l 9 • !.•&a.m~~~ aLd Ars funestus !ere essent ia.l .1.y ~ndophilic, 
• 

Uwt is~ housEJ- haunting in their resting habits. However, 

the ratio of' f'reshly :fed to gravid :i.n indoo:::- :r~sting 

A .. gambi_ee was significantly high.er ( p .~0.001), i.n.dicating 

tha.t therE: ·was a consi.derable degree o f ezophi ly a1;i0r..g the 

gra.v id f'ernales. This incipient exophily was also noticeole 

in !_. f'm.l.estus gravid :femal.es but to a lesser cleg:rae than in 

20. Anopr.. e).~~ ..Eha~oensis. was strongly excphilJ.c, •.-d th up tr 

! 9% o :f tha females lea·v·i.ng the h ou.se after :feeding t o seek 

outdoor rAsting sites. 

21. Anonh~ ;;amhi ~e was strocgly anth:r.opophilic , ana 

'.' O While A • . 11haro~nsis preferred fGeding on bvviae uloo l. 

The rc:..spect.:5.ve hu.man 0loodindice::s (HSI) for t1e three wel.~e 

2 2. 1·18.lariometric studier.> astabli ~hed the prev alenc e 

and sE::asonaiity of· ms.laria t ra:t snti. !!sion and th•~ rei.a tiva 

impo:ctance of the two main anopheline species ai::t 7ectors., 

23 o Calculations of tht. crude i n cc ilation :;:-a-:; ~ s sho.'W0d 

that malaria tranmm.i.ssion was high ,~ st April • July and 

lowest December - 1'·\abruary at Loboi , vhareas at Fe:;;lc~rra, 

transi mi ssion ll'as highest J uly· - September and lpw~st 

D~cember - February. 
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2l~. Malaria in:fec ti on rat •.!s amont(' schnol-.a.~e chi lciren 

was hig!'lest at Loboi in July (16.9%) and at Pflrkerra in 

Octobe:a.• (26.9%). The 5-9 year olds wc::ro mol!t cusceptibl.e 

to Jilc.""\laria :followed. by the ·10-14 year olds. In in:far ts 

l~he .:.~.i~1eat :i.11:fection r:-:!. tcrn •,1ere in the 12-22 month olds~ 

2 5. Malaria prevalence rates 1ere similar in the twe loca· .. 

tions in March and Jul.y but ·were silr.'l'.?.if'icantly higher at 

Perkerra t~an at Lohoi in October (p .( 0.001). Since mean. 

c ;;:udfl inocula·tion r;;.t<::s \tere equal in the two .iocations ( o. 0.5) 

the differen~e i 1"" prev alence rates w0.s probably attributable 

to the higher sa:i:~·iv·s.1 r ates of !:.·.~rabia~ at Perker:t'a. 

2 6. The mean crudt.:: inoculation l~at e _ f' !_.gamb:tae 1 J"as :four 

timc::s higher t!1.a o. th.a ... of' !!..:runestue (.J.~53: o.0·13), th~ 

f'o :t'mer is a mor~ ei'ficien t vector than the l atter. Thus, 

at Loboi but was almost totally absent at Perkerra, male.ria 

-o:::-evalence Wa"' sJ.igh t. ly hi~er in the latter. location. This 

shows that the role of' ~\_.,.f.!!n.estus in m&laria transmi~sion w.a_is 

very negl:i.gib:.e an.d tha. t A,.,gambiae was t .:e main. vecto1~ 

27. In comparing the overall cont::-i!lution~ of' the Perke1:ra 

irrieation scheme and tho::i Lobed swamp to mosquito breedin~ 

an.d malaria transmission~ it is concluded that the Perkerra 
; 

ir:t•igation scheme d oes not promote mosqui tc breed.in~ to the 

same o..;.:t;eut that i<;i :four .. d in many ot!1er :i.rri~atian schem·ss<) 

It is therefore strongly sug~ested that those beneficial 



i ::..·ri~ation. prac.:tice:s such as intermittent .flooding·, rE.H~.:>on­

sible e~r redu~ed breeding and malaria transmi~sio~ should 

be posi tiveJ.y er..CO\<.ra~E)d. 
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A'tJPEl'mrn 1 MONTHLY TOTALS CF THE MAdOR MOSQUITO SPECIES COLLEC'i'SD INDOJRS AT THE A DXATIONS SAMPLED FROM JANU.r..RY 'l'O DECEMBER., 

1966. 

J.A: i\.!]E,Pheles .s_ambia<:! s . 1 . 

------- ·- --- ---------- -- ------- ... -- - ·--·- ·- --·- .. 
=~or-rms KAPKUIKUI,LOBOI TH.JG'ITINYON Rl I PEP.KERRA ENDAU VI LI.~Gr: 

Mal e Femule Total Male Fem. Total M<'1e Femc>k Total MaJe . Fem.:ile Totfl 

·- ~- ..... ··--- -~ ·-- - - --- ---- -··-·-·-·- · ·· - - .. - - ---- -
Ti\NUARY 21 19 40 j 27 30 l 3 4 

.:'El:i..t:lUARY l 28 29 12 66 78 l 4 5 

.,ARCP 10 77 87 46 B~ 128 L 8 9 0 0 0 
,;_.'Dll!L 20 9.l 111 25 119 141 2 11 13 0 0 0 

·~)\ .... 85 461 546 2·1 150 173 0 1·1 14 i 26 27 

.":iTNE .11 122 136 39 153 192 3 35 38 l 33 3~ 

JUI.Y 10 147 157 2~~ i·n Go : 149 7 89 96 2 133 155 
~US"'uST 39 . 104 143 40 89 129 :i 198 :.::03 0 /9 29 

::F.PTEMBER 11 71 82 15 43 58 ~-, 

.J .c. 223 255 9 49 58 

.':(''IDBER 3 60 58 38 138 176 19 118 137 0 I ,_ 2 

:OV3t-1BER 0 35 JS 84 112 l 96 3 ?6 37 0 tl 4 

;ECEMBER 4 53 57 39 84 123 7 :ZS 32 0 1 G 

------ - - -·---- ~-------·· .. ----- ' --·-·-_...,.. __ _ .. ...--..-

•.O'r~-LS 218 1248 J. 471 386 1190 1576 81 764 8'15 13 251 270 

• 
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A.?PENDIX 1 . MONTHLY TOTALS GF THE Mt>.JOR l•DSQUl'I'0 SPECIZS COf..LEC'I'fm INDOORS AT Ti-iE 4 IJXAT!ONS SAMPLE:> FROM J~i,;iJj'\I'': i:v DECEMBEP, 

1985 . 

lB; Anophel eB f trnestus . ~ 

-·--- ·--------- --·-... 

MOMI'HS KAPKUIKUI ,WBOI TING'I'TINYON Rl, PER.T{~\ SND.\\.' ~iILiJ..GB 

·-
Male Fernali::: Tctal Male Fem . To!:.al Male FernaJ 2 Total Male F'l:'Jne1e ·.f\;ta..l 

---- ----------
JANUl.RY 0 4 4 l 10 E 0 0 0 

FEB1'UARY 0 14 14 e 18 18 0 3 3 

l-'A.~CH 4 38 42 23 52 74 0 3 ~ c 0 n ... 
--- APRIL 10 *3 83 a 46 54 0 Cl 0 0 0 J 

i<l.t\Y . 0 40 40 0 41 41 G 3 G (; 0 c 
~TUNE 2 41 43 6 37 43 0 0 () c " I] " " 
JULY 3 30 33 6 29 35 0 0 0 a G 0 

!'-iUCUST 39 145 184 26 69 97 0 5 5 0 tJ 0 

SEPI'Ei13ER 25 79 104 l 22 23 1 8 9 a ., ., 
-~ .1. 

ocr.roaER 51 179 2·m 90 Wl 291 4 4 e 0 ·) 0 
l,:V.t;MB.ER 89 472 5?1 31 39 70 0 0 !J 0 c 
f'ZCFJ.lBER ·17 · l~ 

f 

13'7 93 153 246 0 0 0 0 3 ') 

------· 
•.101:'/\.L.~ 240 . li35 14"/5 287 717 10D4 5 23 28 G l 
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A.Pf'F1'1 :IX l. MON'IHLY 'f(JI'l'iliS OF 'l'HE MAJOR MOSQUI'IO SPE;CIES COLLECTED INI'OORf. A'i. J.•:rn d LOCATI('lt·;s SM"..PLED FF.CM ,JA .. N:JAP.Y ·ro DEC2MBSk, 

1986 . 
; 

~ . 

lC: cu.Heines. l 
I 

.. ---- __ , __ 
t-r:::~f'.'HS KAPt-1JIKTJI ,lDBOI TINGTrINYON Rl, DERKERRA E"'.Ni)At.J 'liiJT~Gr 

.. 

Male Female Total Male Fern. ·rot al Male Female Total Ma].e Fernale Total 

·--·-------
~in~ \lU.\RY 5 11 16 17 55 72 0 0 0 

.. 
FEBRUARY 13 39 52 47 130 183 0 2 2 

W-.RCH 4 45 49 50 243 296 2 5 5 "/ 1 :; -
; 

APRIL l ~ ..) 37 50 58 199 257 10 13 23 l.i 27 38 

M . .?\.Y 19 33 52 5 18 23 2 5 7 G 0 0 

... RMZ 1 12 13 2 14 16 0 3 3 0 0 0 

JULY 0 l 1 0 l 1 0 0 0 0 l l 

JJJGTJS'! ... 
27 30 0 7 7 0 0 0 0 c (. .:> 

SEP'l'EMBE~1 0 26 26 4 4 2 6 0 0 0 1 l 

OC'i.tJBER 12 45 57 11 40 51 3 ? 6 0 2 · . . •' .. 
··~O"l£MBEP. 44 130 f' 174 7 17 24 1 3 4 q 0 0 

IiECEMBKrt 20 60 ao 7 14 21 3 9 12 0 D c I 

~--···- - -- -· 
'l'O'rALS 143 495 6(,0 208 746 954 .-21 41 64 12 36 48 
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\ 

--------- --
WINDSPE i~D TEMPEP A'fURE ( oc) HEL. HUMIDITY(%) Rl'-.INFALL, ~mm) 

(;n .p . h . ) MAX. MP~. ~. • M P .M AMOUNT D/l.V :3 

- __ ... __ 
48.!!7 3 3. 8 ··· 16. 2 55.4 32.0 24.2 6 

75 • .19 .. ~ LI "I 
_) ' • . .l .1 7. 6 50.8 34.l 9.5 7 

60.63 32 . l l -. ,.. 
J.. I • ;) 5 3.2 37 . 9 32.4 8 

f54.20 33.6 17. 3 51.6 32.6 1 .8 2 

· ··- ·~ ·- · --- _ .. .....,~~ ... --~k-~r;_~'t~!'~,~ - -"'";" .. ";- - .... ,,, _ _.~ --:: - .. . :---· .. ~-·· ··~":'1"4 -·-i: -::~~-·~1. · 
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APP:CNDIX 3. (Contd.) 

Records of Meteorolcgical Data from the Perkeru. AgrJ..cultural 

Research Station, Marigat, Septembc1: 1985 to Dec"-~Mber 1987 .. 

B: 

1986. - ·---
WlNDSPEED TEMPEHA'IURE(OC) REL. Hi.JMIDITY ( % ) l~Al NFA.LL l mm I 

!"10NTH (m.p.h. J MAX. MIN. A.M P.H AMClJ~~·r DAYS 

JAN. 66.32 34.8 17. l 45.9 28.8 0 0 

FSB. 71.95 35.0 18.4 44.5 31.4 0 0 

M~.R. 6g.67 35.1 18 . 4 53."6 30.8 16.7 3 

APR. 51.56 33.3 18.9 72.2 48.9 163.5 20 

MAY . 42.54 31.S 18.0 71.l 46 . 5 50.7 18 

u"'t1N • " !, ' 30.06 30 . 2 17.S 83.9 51.0 l03.9 15 

JUL. 23.90 30.6 16.6 73.9 49.0 43.l 9 

AUG. 35. 32 31.6 15.l 62.0 41.l 42.7 7 

SEP. 50.32 3:.!.l 15.6 58.5 34. 3 so.:; 5 

OCT. 68. 71 32 . 6 17. 2 58.1 35.7 5.5 :?. 

NOV. 59.i9 33 . 3 18.4 59.~ 45 . 8 22.4 ' ) ... 
DEC. 54.19 36 .5 17. 7 68 . 0 55.J 10 . ~· ') 

-- -------
'lm'AL - - - - - 510.7 83 

MEAN I 59.81 33.05 17 . 4 62.o 41. 5 ,12. 6 .. u 
ti . ~ 
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A?.?Ei~Dn. 3. (Contd . ) 

C: 

~. J37 

MON'J'g 

necords of Met~roJ.ogic~l Data f :.-om the Perkerra P.gricultural 

Res:.;a::~h Station, Ma!igat, Septenti::er 1985 to December 1937. 

WINl-:.Si?EE::> TEMPERA'IURE(OC) ''. REL . HUMIDITY(%) FJ\INF.\LL(mm) 

rn.p.h.) Ml\X. MIN. A.M P.M MOUNT DAYS 

---·-------------------------------------·-------------·· 
,MJ.J. 

F'SB 

MAH. 

APR. 

MA\ 

JU1~. 

,JUL. 

AUG. 

SEP. 

cx:-r . 
NOV~ 

!JE~. ' 

TOl'.U'.: 

i":F.:.'\N 

54.39 

71.89 

67 .. 37 

•19 . 65 

31.60 
' 

?3.80 

41.72 
~ 

53 .38 

62 . 19 

66.53 

53.06 

5d. 75 

55.10 

34.1 18.7 

34.0 17.2 

35.0 l.S.? 

:n.3 19.5 

34 .5 .!.6. 6 

29.6 18.0 

32.7 16.5 

34 . 0 16.9 

35 . 8 J.7. 2 

36.3 19.l 

32 .8 19.l 

35.6 17.3 

33.8 17.9 

~ 

61. 5 44.0 26.0 2 

63 .3 36.3 64 .2 ,, 3 

70.3 .48.5 19.7 7 

69.6 45.9 133 .5 11 

76.8 50.4 101.3 18 

74 7 49.2 127 . 3 12 

63.0 38.8 l ' l c:: .... . _, 6 

60 . 6 38. 1. 3! .5 10 

50.l 29.9 3.7 "\ 
"-

46.4 29.5 7.4 3 

59.l 39.3 79.4 16 

54.4 37.0 0.60 l 

506.9 89 

62.5 40.6 42.2 7. 4 

I. 
i 
I 

l~ 
~ 

H 


