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-'ST 0, c;-

Ecol og (,,3 

0+ G ibe Fann ~e cOoid ceo , hJ e Hp r I • q87 an M r ' h 

l'3G3 'L 2 manUls ) , a 1d b e::t weer NOVI?Jfo er 1~8u a d Fe r lary , 

1989 4 0 hs) • It was ound t • ma arlo i s ndem' c 1n t e 

aI-ea. :=' • was p edOm l :12,nt (2 . ;;.o X and 

vivax was de ect d at re ouenc 

6 . 01. ) 

( 1 . 71.) 

t..:.. 

t..:.. 

falc ipa um was morp pr_v lent mong ch1ldren han 

among adu l ts (36.~X ) . The anophel l n fauna of the area was 

composed o f An . gambi e s.l . , An.phar ensis , An . cous t ani 

coustanl. , An.longip Ipis, An . pl-etOl- ensis-,- ~ nata enS 1S , 

An. o ar ami, An. c hri tyi and en. s gu2.mosus. An . gambiae 

~ nd ~ pha-oens l s W· l-e the mo st anthl-opophi l i c spec ies . 

An. gamb 1 a~ s . 1 ~ wen? e qlla 1 1 Y e d op ag i c and e>~oph - 9 i c and 

presumab y t h C? most im ol-tao")t mala- la vectol- i n Ghibe. An. 

pha r o e nsis were ma i Iy e xophagous in their f eding beh a v i ol 

and may p ay a s condal-y I-ole i l1 malar ia transm 1ssion in the 

area . The avel-age me n-bi t ing ,-ate 0 ~ gamblae ~ (3 .0 

bltes per ma n per even1 g) 1ndoor _ e x ceed ed that o f other 

anophel 'ne speCies. Ou t door man-bitin ra e 0 --D...!.. g amb lae 

~ (2.3) and -D...!.. phal-oenl s is (2.5) wel-e SImi a • The o t el-

a nophel ' ne spec s wen::~ e ss a nthropophillc and more 

e;.<ophagic i n th 1- e ding et'lavloLll-. 62 . 71. f __ 

s_. ___ • n 68.41. An. p har oensis ca lgh t on human ba:t ere un ed 

v ... 1 



fem tes . Fe f m ... l s m d l 2- . 8 'l. c d " . 7'!. 

r sp C t ", I? . Abou 0" rd 241. of 

An .P l 1- 0 S4~ dl£sr;-cted \II ...: 1 " ~ reg1" vd '1d nu l p rous 

emal s. 3-pa1-olls and t de1- ~ma ::> c s 1 ted bo t 5 . 61. 

nd w.2Y. 0 e dissec ed females , r espec e . T e oldest 

f (T, a les c lIght ' e e -parolls . 

Vl l i 



1 . t fR!:Y UC I Gl 

~alarl<.\ is o ne rl f t l1 e:; mos 

d l s e a-cs h t p reva 1 ln ro l ca A'ri c 

disease sam jar pub c health prot m 1 

... tor- orne 

T. e imp c at tI le 

ost p al- ts of 

tropICs has b ee n ong und8r s too . I t J S one o f th~ wars 

scourges and a s e rious 0 s t acl e t o deve opme t in an 

coun res . Attempts to co nt r ol m2lar i a in most parts of 

A rlca S I n oth r p _r t s o ~ . 0 - 1 du 1 g the ast our 

dec des, h a ve m , t with c hal l e ng i ng d r wb ~ ~ , s and t e d i sease 

remains a th -ea in the oreseeab L 

Gl- am ' c c ld, 1'-wO; WHO, 1 '~8 ). 

f u tu-e (Molin aL X a nd 

Mal a ria is ~ nown to be d l ong-st a nd ing communicable 

dise se In E hio l a o At presen t i t IS -ep Jrted ' S a major 

heclth pro em n many p a r t s o f ~ h ' op la ~nd its deleteriOus 

effe t tJl , ch ec onomy of the -:::: ... -,t',-y f c.: )- £Ul-passes many of 

the o t he)- commLln ' c b le ise s es Wa ng, 19 : , Geb r e M r a m, 

In Et h i opi a h di s E .se h .s f L enc e d th e 

settlement and occu a l on l p a ttern of h e p o llatlon in the 

p a st . The rna eme n o f t p p llat ' o n f )- om t e 

overcrowded h i ghl a nd - r eas 1 t the fertil and e m larious 

l o wl nd r g i on5 h s been n p rogr es- or some tlme (Schaller , 

1972= Ge re M riam , 1"8 D . e 1 emlCs 

we r e comma and the i e ff ect s s e v e - e in man p t s 0 the 

h lghl a n r g l o ns . Ep sodes o f m- larl ep l dem lcs at differe nt 



1 ., e"" al e w l) 1M ted C I • Fa. 1n t 

w~ , g. 1 'J E.t: ; '.' 21 

In t:L'rnmar 1 ZE:' p' ~ r, .'). .I.on 0 11 t larl S1 lla Ion 

( 1 _ 3 ) 1" ~ror t ed bo 75~ f e CO nt 

an b l l1. 0 

s 

rna nrious or pot entl ~ l md. ar ia s the ei t hel 

Ethiopi population t ris~ of be n in f ec ed. De::- i e th 

ant ral a era lons da Ig back o he w n continued 

he Mala ' ion ServIce as e st lished the d ' s se 

has stIll erslsted 1 any different fOC l i h~ d i ferent 

regions of Ethio ia . 

As in many other countrI es al t i ude tapa raphy nd 

cl ma 010g1ca l ac Grs m ' nly determIne t he prevalence of 

malu-ia in EthIopIa (Covel 1957; Wang, 950; Sc al l er , 

1972 Geb-e 198£ ) Tt e d1sease IS en emic i n 

d.l. f ferent foe. and H-,e moc::t ul nerab e and ndemic ar e as ar e 

found I n t e Iowan ,-eg ' ons of .I-,e c unt ry . 

t -ansml s slo n seldom occurs a ve 2000 me ers and t he di s ase 

is u ~~able in hIgh r altltudes 

Climato og ca Fac tor s such as 

for ins nce e a nd 18 m. 

rainf 1 1 and tempera ture a t 

such hi g h al-1:.i Lldes arn~s ' th e requ '-Ed popula ion d namlC 

f vector speci S and he extr lnsic cycle of the malar 

pal- s i t,es i he vector for 5 abll t y of the d i sease . 

owever per l d Ie epid~mlcs acc r a resLlt of e ~ ption 1 

and he e / trlnsic develo menl of h parasl e ~ a 

2 

of vect ol-S 

lti udes 



<:16 , • 

r i t 1 n .L n t h d e n~ of e nde c y i '5 'so d t rm ned 

y a It It ud opog r p y and c \ lma logi c ~l f c o - c M 50-

and hy erendemic a as re TO Ind t l o wer a1 ltu es 

perm ne nt breedin sit s . In low- a l • de rlverlne a e 5 Wl 

co nve nl e t br e ing site , ransmiss i on is usual l pe - ennla 1 

with s l ig h seasona var i ations In magnitude . Th pe k 

t 1- Ism i 5S i on sr-as ns ollowing the end 0 t h e heavy raI ns in 

mid- e p t ember a nd aroLnd t e sort-li d sh o ers 0 Ap~it 

May are more or less si mll r n m s t parts of t h e count r y 

( eb re Mar "- m, 198 

ophe l e s mosq ui oes al- the o n y insec vector s of 

huma n ma la la und er natural c ond t l ons and ar e c r uc I a l l y 

unpor t nt 1 n t e e p idemiology 0 mal a r a t r ns mi s si on . 

I nfor matI on r el a t ng to malaria i n Eth i o p ia goes 

b ack to I nves ti gat I ons and surve s c rr l ed o ut by It li n 

wor~ers d uring the E hio-I alian war . Bo t h p r elimlnar a nd 

det ci led studIes n the ep i demiology of he di s e se we -e 

conducted b y Lega et a l. (1937) COl- rad ti 193. 1940 a nd 

Melvll e et ~ (1 45 also s t Idied th e 

prev a e nce nd tran mlssion 0 nd th e vectors 

I nvolved 1 dlffer nt oar s of - h lOp" a . 

(1'"3<=0) has i ves i ted the dist r ibutIon and b l Ol og 0 h e 

Anoohe es mos LIJ. u S 1 r l d " Tee n t p a - t 5 0 f Et hi p I a . 

on th· ar o phe l ne + Lna as enr I ched by Co e l 



( 1357) 

,-\ " I • 

a e,' o n , s me e e t £le w rk on l ar 1 and Anophel~s 

o11 0S0 Ul t OC?'E s un~ r t a~ en 1 n d 1fier ~nt par s of th ou n t r • 

Fon a i n e r por ted un th e 1958 ma l a r ia 

e p 1demics, hi c h had de as t a 1ng f f e cts in a n Imber 0 th e 

high a nd p r o v i nc E_ i h e c o un t ry . 0 ub seq u e ntl Ven- one 

\ 1962a , l '362b ) p r o duced keys f o r the etermina ti on and 

iden i f ic a t i o n o ma lari ~ mo Ul~ oes t o !: l ar l fy the 

e p idemio l o gy o f ma l a ria in Ethi o pi a . also 

r e o i e wed and r e corded he d stribu tlon of the Anopheles 

s p eC I es of Et h iDD 1a. Kra f sur 1'_ 70b , 1 '_ 71 , 1'377 J 

r ep o rted det a i l ed s ud i es on the ecolog y, b I onomics , and 

p op u l ati o n dy nami s Ga mb ela 

with r e s pe t t o ffial a rla t r a nsml=s:on . Sc a l lel (197 2 

s u mmar 1 z e d perti nent nf ormat lon r gardl ng t h e e p i dem i o l o g y 

o f m l al- ia ; n E hi op ia. 

ct I t h s andin the Import nce of h e s e a nd s imi lar 

wo r ks , th e scarci t ~ 0 ' C?n t omo l cg J - 1 datL o n ve cto r s pec Ies 

i n d i:" e)-ent ma al- 1: f OCl in Et hiop1 a 15 s r o ng l y felt 

Webre 1'1a r-ia , 19 ~). The ~ hibe Horti c u ture De v elopmen 

wh e r e th i s st u df was c o nd uct d , oc cup I e s a par 0 the 

Gh i b e Ri v e r v alley sys t e m. I t i s 0 ~ o f the many fe r t i e 

1 0 l a nd mala- OLS _ e~s v.hich is b e i ng tn- ned in t a 

SL c.:C s s f L 1 ag l-ic I t ,,-a l deve l0l--ment s c heme . I n v e w of 



cu>-re n 't S!. Ie tom:; s u: h s f ml n :1 e et. e n m n 1 _ 

' 1_ U on t h l.: xp"ns cr, 0 r lr. LI L .. 5 o ne o. 

f or d~V E opmen t 1 tt-, Li n t l ~ pr 'dam n nt l V a 

'1 e~.s t hu ~ ~ ~ v_ ely h am ers ~ · cull!...l a ' 

developme t. has bee r, 0 , undel-sto d t a n malarlOus 

reas agricLiltura d_velopme t s~ h emes c ou d be s uc c e s s ul 

only when the pr ab ems 0 t h e d l s8as e a re CLl ~ai1ed or 

l-esolved . En t.omolo i c · 1 st dl es on the di str · bLI lon, 

Ident i y, ecolog havioLI'I- nd ve torla l ~ a t us 0 

anopt-,e li ne mos Ll i toes, tog the l- Wl th a s aunCl knowle ge of 

asso iated envlronme nt a l fac t o s 0 th e d i f fel-en m 1 rious 

reas , wOL l d ul t 1mdt l · c o nt Ib u te to the control nd 

possible erad ica t' on f malar! from a ny count r y, 1 nc 1 L di ng 

Ethiop · a. It s be llev d t a base- l ' n~ d t obt a lne d ~r om 

c lose and ef fectl Y e n tomo l 'CJIC p ':lr as i t a logic 1 nd 

re ~ ted s Ll ti JeS wil l f a ci li a t"" r u nderstanding f the 

facto s wh i- bear Llp o n t he pe-si s t e rc e or ag -Qvat ed 

tr ns mission 0+ alar l a i n differen t reg o ns . 

T e ai tn of thE! pres er ,t p oJec t wa s t o ga h ,- yeal- - r oLind 

i n er m t 10n o~ t ho a r opophillC i:lnop ,el i ne 

mosq i t oe ,=> o ·f th Gh lbe HortlcLlltLire D velopment F rm and 

thel-b y t Cl. C i J.t t e + I t Ll l- e o ntro l of mal r1 and i s v e ctOl- s 

1n and r o nd Gh be . 

He'-e c3f t e ,- I w 1 l t temp t 0 re 1 th m s re1e =l nt 

lnform .. 10 n or· the AnoQ .::>e s tha t I-e wId s p -e-



"r j .1 p C'r ~ rn .:.$ v C O', ' s of (fa .:l 1 .I. ... ln h ..... 1 :, nd t . r s t 

ot Lr . C r h ~ 1- ( P- .. Olbpl- U tl2 ,.. 
tJ "-

lE' . t , 

L ', 1 s. t 1 !, I I j ~)~, l , at , e 1s \1'111 e r ( , ,- lCd r.r ve bl.: 

1n er on: ; l f L '" t .In :ss ot',d:!. In !:'> ;":' t ::\ e . The 

fo 10 \l'Ji n 

revie . 

t ~'lc:. s lave een giVE'll s peci 1 c: t en"tlO'1 1n his 

1 . 1 Lll S t )- i but . 0 n oes 

mo ng e<"al-lit:!r .. Ior ke S wh s ,udied 1he dl stl ibut l o n o f 

Anopheles mosq Ilt r es ' n E h_ la, l. t;:; et al . (13:;7) reported 

the 0 curence of a bo ll 4 noph e l l ne specles in 

p~rts OT Ethiopia . Con- de t i I, ') ) 

t han e r. d noptlel ' n s 1. • Wollo pr'OVI nce a nCJ 

,eCOr ed mOl-e 

co , ::;idered An . 

~nd second~ry vect rs 

o f ma' .:.\\- ia , 

and ...!~..!'.. g i: mhlae a s !' e dom i ncnt sp e ci , S .:\10ng the Bar ca 

northern - thlO lc . \ 1'350) a so 

r pur ted ~ out e l gtt anophe'ine spec ips in Tess ene i Ql- t h-

Eth 'oo i a and An . gamb ia~ as the 

pr .l.nc ' pa l cclJs ing ep l demic~ i n t he crea. 

Th other anoph lin s pec IDs inc udin 

'ou st en 1 

w_r e pI esu~ed to p lay som~ r ol 

I t h a I 1 end ~ p \- e tor i e n i £) 

1n ggl-,V ti ng t h , ep ' dem1c 

:; i Llo:; t ion. 1950) d scr \bed th d1stribut on 

an ' bl e ed ng hcbi a c of S me of th ' mp o) t c t Anophe ~~ 

m03qL.1 O~ f d lf{ ' r en parts o~ Etn op'a, 'nclu 1ng tha o f 



',h2b ) '"EC 'l ."E!d't E e ·'( 1 S E .=_ 0+ 

a bou t S, { f t t:.; 

most comprEhEns:v~ w r .5 on t he d l str ' t i n of Anophe les 

mosquitoes that 0 'Connor ( 9: 7) . The aLthor revi wed the 

works o ' many Investlgat r s and recurded th e distrib ItLO of 

34 specIes and 2 sub s pecl es by prOVln e. 

More rec~n r e or t s Ind i cat ed h t ab ut 42 s pec i es of 

Anophe lesmosqu i oes have been ent ifi d and record ed from 

Et h iop ia (G bY"e r,c\l-iam, 1'304) s f o- most parts of Afr lca 

~outh of th2 Sahara , t he rna n vector s o f mal aria in Et hiopia 

gamb l2e cOii1!Jl :.( a'"1d tl \eAn funestLIs group 

Fanta n e ..=.1. al. I 

1966; 0' Con no)- , 

1950 ; Cove 1 , 1957 . 

'~ bl; Meku.ria nd Woldet 'adi k , E OO ; Wang, 

1967 ; Schaller , 1972; Gebre Mar iam, 384) • 

Acco·-d1. 9 t o th s -epol-ts, ~ qamb' e s .l..!.. was th~ m jo ­

vector r ~sponsible f r epidemic out b~ _ a ~ s i n s ome pa ts of 

Et n iopi a, wh e r eas ~ qambi s • l. and t he An . -'.f...=:..:..:=.:::...:c='_:.:.;\ s:. 

g r oup ar e t h~ most mp rt a n t vector s r spons l bl e for tne 

mainte once o f ende i c m", l I-i 1 t e c L tl~y. Afl.!.. qamb iae 

......J...!.. '", \.'Ji ely distl~lbuted through LI t Et io ia (Q'Conno, 

1967 ) . Th e rec og ni t ion of tne e ' ~ stence of s i b ling s peci es 

o 1.1 e A n ~ ~bi -e cOlr .. il e ·;: ' 'li t ': e d h emarc_ io e of th 

dI Sh ' bu -t l on of tt _5e s i b i. 9 sp!?cie = (.Ia idso , 1 -: 7 ; White, 

7 



mO tlg "I 5 1 )'::' 1 'n 6.._, 

comp e>< ~ 1S a nd 

o cc u r in ~resh w er habi t t s ' ana o n l 

n . g uad r l a n nu 1.a tus na e bee recor d e d f rom 

Ethiop a Whi t e . ~ 74a : Kr fsu r , g77 . 

e I repor ted to oc cu - in e 

hig land r e ions of Eth1opia. So fa r his sp ec ' es as not 

beer, v e r mal ari a . Lac' of e idence 

nfec t ion I n An. gua d ,- Ia r,nulatus may be scribed 

to its o w ant r o o philic i n c es hIg h e r d gree of e x op i y 

the C 0 1 c l ' m ~t ic : 0 ' t ID S 111 whl this species 

O C C u- S , Jhich l i mlts y tr ' nSl c a rasit e d e l opme n t (W h i t e 

l '374a; vJ h it e et a 1. •. ,1':-I80) . Ace o - ding to t hese wo r ke -s 

c y o g E' ne [ l C met lods c c'\n e e f CtlVe y u ed to distinguish 

t I-,!? no r,-YGC t 01· 8.!l..:.. 

n E t h io i~ . Since An 

in Et n op 1 a maI n \,' ' 

trans miss l o n b y -.!l!.. Da m iae c omp l e>~ as Cl e ci by fOLl S 

wod~ el- S in -1: 1 :l p ast le ~ds ct-~d ence t o An.arabIens's s t h e 

p r inc'pa l vector of m l a-ia 1 th · co Intl-y . 

o s t 0 s ub-Sa r a n Afri c is n f e s ted ~ ith a m'x t ur e of 

Ar .garnb jae ~ e nd -D...!.. ~F bier.sis . But It s al so recor ded 

th at t h ese s peci e s occu~y sep~rate goo~r~pnl a ar _ a~ . s 

r e su lt o f C llru~ IC f3C or= (~ ~Idsan , \':-167 ; Wh i te, 1974 a) 

~s 1;11 d e l 

8 



=l ;,; _ OC 43 cd \ 1 i h ma - 8 a i , b l t t o Jh 1 ~-. 

( '37 s un 'nnwn ~ c f r 

rom th2 Horn 0 ~ 'r lca r d s~~the ~ r .:\bl -

s common ~n w ide~preod , r ob.? 

bar ri r s fo rm d b y belts of dry savannah d s ( P p.s. 

The An. funestus l- OUP, c principa vector of malaria 

s econ d to Ar. gambi e ~ in thl p I a .:\nd othe- a rts 0+ 

Af l- . ca, al- e found i most 0 the reg i o ns 1 n 1he count r .....ll.!. 

h ve and ,- el elt ivel localized 

dlstl-i b u ti c nal pa ~t er' r, probably d I to heIr preference to 

bl-eed ~n lcrge and m01- o r' l e s s pel- ,anent wa el-- 0 ie s whel-e 

shade is aVeli labl e (S ,ith . L364; Q ' Conn )- . '".:67) • 

Vectu-s of seconda -y ~fPQr ance In the trans i ' si on 0 

malaria i n the various endemI c f~ci of EthIopIa i nc ud An . 

':.07; Geb l-e a. r i am, 1'384) . 

In some rest r'c tp local 

absent the s e ~ e iss wer _ found t o e the maJor 

vec t ors of oca~ importanc e . G th In thiopia and sewh ere 

in Af ri c a (Se r i-e , 1 9~~ ' Wang, 196~, Vrafsur 

1. 2 -eeding Hab i tats 

Anaphe es mosqui oes bn:?ed n al L kinds 

e b eedi 9 h a i t a t s a r e s v ar ied as h 

I n WhI ch t.hey OCCllr. ht:! most im 01- t 

mal l-i a ve': or HI Eth iopia, An . 

ra n e o f hab ' t - ts usu" l l 

aier-bod ies and 

l tlt udin anges 

and widespread 

breed i n a wld 

atel- bodies. 



1 ' 1 :'a= a ore{o.-er!.:t? o br ed 

pe'tn ne ,t pools of raln ~ater or ove f ow pool::::. -"ads de 

l tche~, clogged dr I,a t! d c _~'" 

epr 5S10ns e ground s ma 1 

i n-I ga'll o n cana 5 ~, d man -mc.de ceme It-lIned '..l11 els (S levens 

138 ; Zahar , 1984). ~ ang (1 -6) re o - t d An. gambia~ ~ to 

1 ab ita [s Slt h s pudd es. shallow pond s pis , 

animal footprl n s d _h 5, seepage n alo ng edges 0 ke s 

and swamp s . O'Connor '1 9&7 '" l so repOl-ted An ., gambl2,e s. 1 . 

fund breeding i n sm.lt o r ar if l CJ. 1 £unlj t 

c llec tions of water usually wi OLt floa ting v egetati on . 

Th e funestLs ,a b i tats re 

c harac ter lS i a lly of a more or loss 

Veg e t at Ion sh2.d IS hIgh 'I pref rre (0' Connol- , 19&7) Co el 

1957) (1977) l- e po ,- ed ~ fu estus a t he 

domin nt s pecies in S~' Ii::".! y al'ec71S .;:, l ong the 2Jges of 'a es and 

IS a so -ep rted ~s a st ream bree er, showing 

hah ' ta s found along 

perenn i~l ~ r.-ms and r ' vers. On the ,ole, cl r freshwater 

is prefer- Ed and 0 9 i c pollut o n no tolera ed . 

An. p ', roensl§. has a patchy o'e or less r 

pa t t ~rn of dlstri but l on 0 th a 

In Et h l OPl thJ.s s e ies ree S In s h a d el~manen water 

found near s wam 5 , alo ng la~e _hor s in r CE ields and 1 

o 



n· 1 g:\ 1. n d 1- (..1 f?5 'L n, lfJ ,- , rE,] . 'J Me ( l u i ( '::15 c 

1 ~-j"':. 1 , I-. f.i wr 't ed e..'l:. er • 

..J:: :.. .. ~ Wei ... I- epa - "d to n l )' .:~ stre m -'I 

was C CC!Li21 t 1. f ', \" LInd 1 fly e u J ll'::S 0 ~ ge 

1- i 1-5 1 eg ~ ta t l n r n s h c:,de (:)~ I ell c;n ~ 19<') 5 b ) . 
<r f sur ( 1970 i 1977) reo or ted t a p ~ k densl 

11: l ' wi o ding 0 ~ t 8 

of B.......:.. nili 

)"0 - ' ver 1 n 

Gambel ' . T1112 a th o r -ec o l- ded the occurrence of 

n r-:.am e L"" and 

and ciens lty + illos t sp eci:; I t h ' l 

c lated t 

flood 1 ng 0 

bou 1 

f'(lva ence 

th -::: E? spec es 

wer · b r 21M poo l s and ~w~mps form d by f l cod water Kr -fsur 

1.977) • 

=.:.."-,-.o;.;:;S;...;t;...Y,-,,,-l and A n ~_ 5 qua m 0 S L 5 

j j n ~5 1 a, 

1 '351 ' ) • -e Ulr 5 

som sr,,, d e. ~ c ous1, ae, ~, -9J.lSt ani can ,n:?ed w tho t sn ade as 

b '2. I n the c s,e o ,f ~ 

5; _de i s not e s -ent 1<:11 nd l21 ' Y a e tole - an of 

organic pol l u lon (['12 i' lelllon. SIS 

1 wl de v T e y o f wate)- '· dies ~~ hich ot 

hedVl y sha a G-' , I nc lu H I s e ' r.\ _,es . 

a d r -t ' , t 5 o f en 1 ult 

1 1 



)r:Jsq 1 Q's ar e -- spn t 1 comp j) _ • IE OT 

ttl c:? 1mf-,or' ;: : , ... E 0 s . 

e ff cti er.ess: o f 1 d 01 - r 5 u a -=P'- _ n g W i tn 

l n SE::C lc id S E:: e::nd5 , a m<:.ong oth l- fac a.- ' - en t h ' Teed ' n _nd 

rest i n g h abI t s of the vee 0 1- spe 1es i nvo v d. An . g a mo1 e 

~ n An . a "".;..-...;;;:.:::....;;.l.::e ""I-'·I .. :c~ are nle w most '" n t n poph 1 1 1 c nd 

e ff i c lent vec tor ~p ecles of th e An . Q ~~~~= (P nt ~ 

1'38 1 ') .. Gn . g u adi- l<:lnnu 1 a t us ap p ars 0 b e nt "re l y 

::00 h 1 1 i C e>:o i 1 ic , a d p - b a b l i s n t a ve tor o f 

h uma n ma 1 .. ) 0 t a (Davi d sor' 1 1<367 ; ~ J h 1 t e 1'37 a ; Wh i te ~ -
--" 

'3 3() } • P i-;:?C 1 P 1 t j n t es l r esult s s e v el- _ 

ind 1c a ted a n gll i b e 

Human B l o or. Inde>:: ( 1-IB 1 ) (Sm1th , ':lE. ; Wh ite et ~ 1'380 ) 

mor e an t rop o p h ' l ic ,nd 

[ta v' d s o 1 '367; Sel- v ' ce , 

1 '370 ; Wh 1 1'?"72 ; W it e , 

Accord ng to t ·ese l-epm-ts ...:.!l._ -=-,-,=-=--=",-..:.=..;:..i =s i s mar e 

c a t ho l lc i n i t s eed ll g a n d -es tl r g havl o lr, d e p e n d ' n g on 

t he v a ' l a i ' .,. 1 , f hosts C''1d h o s pitabl e r ' 5 1 ng ~ i e s . 

ACe-Ol- d i ng a Hight o n 2t ~ ( ' j7'=j I , A;t "- qamblae S . s . . s 

f o u nd to e mo -e ant h l- ' oph 1 1. 1 C t a An . al- I'nth 92Y. 

of the ·f I mel- fee 'J on m-n comp e:r ed t o .J . y. of An . 

s is. Ca t tI e wer' 0 .he f a 'aun~d os t of -...!l...:... S l S 

i t h ..... 31. hOSIng ~ h l " o s t c :::>mp_ r ed lCl Llf"11y ~. 1. of ~ 

I n t Q pres_nee a a C l C'" of A tl ta Ie hu:, ts t e 8 1 

12 



r!iGsqu i ous are ssen t .a comp ~ n OT 

ma la,- ' a and d erml 1 s.!c s . 

e eff c ti er.e~s o f d OQl- r s i ua .::p _ 1ng Wlt 

1 nSE::C'l - C id s de snds , a mong oth · \- f a c t U ,-f- en th Teed n 

resting h ab1t s of the v€:.: 0 1- spe 1e::> i nvo v d. An . g a m 1 

a re t~e W most ~ ntn OpOph 1l 1C nd 

ef fic1en t ve tm- ~pe::::les of the An . g ~=!.!:...:~=. 

1'381) • n't rely 

::OOphllic and e>:o hi 1 ic , a d p n}bab 1 i s n t a vector o f 

l'j7 a ; White ~ ~ human mal<.l-i a ([lavidsDr'j 1<367; ~ h1te, 

'33() } • Pr;:?Clpltjn tesl esults severa 

1nd1 c ated a negl1gib e 

Human l ood Inde>:: {HBI) (Smuh, l ':lb ; Whi te et ~ 1980 ) 

Anopheles gambi 3::: ~s. 1 more -nt ropoph ' 11C nd 

e rltjophj i c t C.n An . arabien!: ls (Dav ' dsor" Serv ' ce, 

1970; Wh l e~ a 1 • , l'?i2 : Wh 1 te ~ \ 'j 7 a; H' hton et Cl ., 

1 '::.'; 3 ) . Ac..:ord n9 to 'ese I- epm- ts ...:ll..:.. s 1S more 

ca th011c i n i t. s eed ll 9 nd -es t1 ;-g behavlo 11- , dt;op_ndjng on 

the ava ' l ability o f hosts 2~d hospitable r ' S 1ng ~ e s . 

ACC'Ol- d ' ng t o Hig ton et c\i , ( ':;7'~ ();, ~ gamb · a e s. s • - 5 

f o und to e mo -e anthn:;)pophl lJ.c t a An . a~r.;:.:.::...:....=..!..:..:::..:..= wlth .2Y. 

to ...,r X of An . fee 9 on m- n comp r ed 

sis. Cattle wen,,' . he fc "Clun~d host of -D..:.. S1S 

In tle pres_nce of a :::: h01cu of u aole hObt c , t e Bl 

12 



~t 0 LD..:.. I 

ton ~ 1 79). ~1j11l t l' 72: ha./e 

HBI v lues ':j ':;' j . 2X or r.il, qamblae ~ and 6 ) . 9Y. 

wher eas he HIB v lu for An . funestu~ 

gr ou~ was 97.5X. An arab ens 1 sere mOl- exoph i ic <2 .2 

tIm s) han An . q mbiae ~ (Hlgton gl ~ 1979 Vra ur 

( 1'377) h at ....Jl!.. gamblae ~ (presumably n . 

al-abienSls) c,nd ~ funestus g l-OU females were to a large 

e x t ent eflGOp dglC in thei r f edi ng b havi.oL-, \-Jhereas An . 

phar6ens"s showed ~ 5 m3 ar choic· of feed"ng n a rs and 

An. D..:...ll. and Arl . we l eamel st-lO wed considerable 

endophagic beil a io)- in Gamb la , but the An. cOLlsta nl comp e )( 

were mar ~edlv e xophaglc. 

g~O) repo ed CU 5 fr equenti g habi s 

both Bn...!.. c OLls t ani cous1..ani hr istyi , where s 

elsewhere i n Afrlc~ thes spec le = 6-e rega-ded s more 0-

less ex p ol " l cad ge~eral y ~ao hI le (De Meil on, 1951 

An . ':"Just a ni ;iemann " , An. gem lloni, __ . impL f::YL S , ~ 

dlO es i ensis and An . ~uamosus ""re gen:.ral y co slde-ed 

exoc ilic species, h i ch o n t ::\bi .0 s 

r ead I ly. These s peci s ~na 0 hers are known to occur In 

E t h i op i a • S i c th Y h y b8f:'11 fauna "L ye:cte w th fT1 c. r ia 

t h e ' in n 

rest ng behavlour 0 these s peCl es n i e been 0 "er ved I 

13 



o n. o 

n 

o 

·oup w s Y . -X. 

An . HI on 

( '",'77 r ur d h t n . 

showed ~ 5 m· lar ChOIC 

uter en 5. nd fL..:.. 

nooph 1- ::Jena lor n am .t el . b 

W I .n 

GiuqLlnlo-Mi,a 

oth 

. --,0) r po d QU 

nd 

wt er r, Atr th",,; > c; c: 

\ " aug n r 1 y zoo hl1 lC 

nd L. 

pecic:s "'h ch ' 0 n 

Thc:~ pac: "'::> n oth r 

S · c:> th V' 0 no 

P 5 n 1 

r b ha lo:..&r 0 tt, ' Cl 
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1 .4 Soorozo teo 

Eff ..:iency of Bnopl eles Meosgui oes 

Amo ng t he va~ IOUS s e ies of Anophe s squ 0 S 

esc r ibe and re o r ded i n Ethl p Ia, only _ fe w r e recognized 

a s impor t a n ' v ectors 0 mal_rIa . T p rinCI al v Ectors ore 

wh 1e ~ 

phcn-nens is at ctors i n 

th e t-ansmissio n of malaria ebre Mar ' m. 1 04) . 1m or t ant 

tha determine the vecto - stat u s of specl s factGl-S 

inc de l o ng~v tv of that specIes , f v urable c limat ic 

cond it ior,s, ~vallabi L i t y of host, 6nd feeding a d resting 

h abi s . T e com j d e f fec t of hese f c tors hOL d ens Ir e 

th e vee 0:- t o live ong enrugh to allow develop ment 

t ransmissIo n ot tne mal~r i p r~site c a nother ho= 

Vect o r status f - noph 11ne s p cies c~ n b ~ m_ sured 

de t emrl ing t he spo-oz It -a e in a Ji en 0pu 1,-tion . 

sporm: it toget her wi th 0 1 ng freqL~ency 

and 

by 

T 

nd 

i noculation rat e, g iv an index of the rIsk f hla l _rl 

i n ction n a gi en are~ (MolIn au~ n Graml cc'a 1 8,1 A 

num Jel-

t Ie ma in vec Drs of m,;\lar .a n E"hiopla and 0 her 

A l-ica. 

r s o f 



81 l ce-ct ~Ja , . , t·_~ . ... ~ 'E -, f "~ ITIEL'i1 jver c:l 1 1 

n I e: _, • _ :IX on " '.) ,par b le 

all '? 1 o n 

1951b) 

WQl- k er nd e numerate about 3 ) r no phelea spec l es and 

- rasltes. 

i_was unk rlO~ whether the in ec t ion~ wer e ue to human 

nor-numa n cp_Cles of 1 c . '5mod 1 um . V 1 n k e ( cit ec b ' e 

1"18 1 1 10n, re ort · d two i nfec lo ns amo ng 2 116 An. 

c o ust ni c alista i d 5 s ected; h E suggeste~ a pos-lble s ho ~ 

l ife-span of the femal mo _ u'to t o ': : ~ l a ; r"j h e min i mum 

po ::;si bi i. i " o f i n f ee t i r, in spec a s . 

fOLnd f"l e s ec men of An . coustan 1 

zieman!, i bu he 

num~er of mosq uit o es disse ted w~s not s~eclfiea . D_ Mei l ion 

r.l95 1b stated that s aliva r y gland Infecti o ra t e 

fr o m 0 . 8 t o 9 . ~ % , n d ' e ,- en t .:I '- t 0+ f r ica 

wh n the spec i e s s n owed a mar ~ ed degree 0 a th ropop hil nd 

e ndoph .. 1 y. Davidso n and Draper ( L9 5 3) ~eported .7i'. of t e 

I ,~ • g am i a e §.± a, d 3 . q % of the --Il.!. funes t us roup s 

na t u,- a l ~y ' nfec ed WIt , spo'- oz!j te n theIr all ry g la nds. 

S l':l-vice 9~~ ) dlSS c te1 s me mosq u ' t e - i 1ge - a a n d found 

u. estu§. . 9 72 rep o ted n 0 eral l 

'" s .. , 1 . 62'/. 1 n ..-D...!. 



s . l .!,. ill Tanza.ni a . • 

Accord ing t o O ' Connor 's -EV 1 I. " to 

'e or status of 5~3pect~d ~nDnh21~ _s 1'1 

Et io ie:\ _ca.rce. sa 1 V r y gland 

issections with negative flndi gs, s oro ~ oite rate s of O . 03~ 

'n Wollo, n t . e Awas r. ' y, 0 . 2 1. in the 

lc: k e l-eglons i n Shoa ':'nd j d . mo wcxe ~. epOl- ed . n 6..!l.!.. ~mb i ae 

in An . 

fun§....:..SL~ to determine spa," 20i te rates, " s repor e d so ar, 

a1-e llmited ana incanclu . ive . 

found the infect i on l- ':lt e ir. (l!......!.. qai~l b' ae ~ (most 

" '7)7% • all.!... fl.: n stLlS 1 .23'l~ and 

nor in the 47 

o i ssec t i o ns 0 r t .iL... wt~ 1 :,-:)m8 i . 

1 .5 (1ge _~si t ion -D..9.. 

StrLtctur :> i n (-Il':>phe l£>_ Moc-,ault es 

Th e stUdy of the a e ompo~ltion f ~opu t l0ns of 

~ nqp leles mosquitoe5 and 0 t .e!- haema tophagou s Dio t el-a h s 

und e.-gonE v a'lious modi. fi=a 1. 1-nS lhl- oug" t J. me . The p IOnee)-

'J-i ',-!c,s of Folovodova and De tinova in the '35(::> phvslologl 

ag ~ determira l on b sed o n cou nt s of d l ations 

ovarloles has ~e n a strong basJs fo- -ela vel~' 

In tne 

-e flne 

p resent-day methods used i n nopneles mosq~ito~e (Gi lIes and 

1r.:. 



n ea,-t ' E' wor . tla tht... 

as dl +icu't to c; \Jp l v e ect :,.." { tc 

n (A I '1 i. ':. !: 

) ,2; G c 

det Cl-nn II " t 1 0 i r. (.!. ~ . gc:,mwla<'? Gi l "-5 and _~ G l"'S 

wer e t he r e fore res ' r l -ted to a gross deter na lon c the 

f nl_ 1 i P :3.l- Ll pal"Ou::-. fema es 1 1 the ::; t Idy 

popul at lun based on l _ a bsence or presence of f o llicular 

r e li cs , ,-es pec' i ve ly . Acco-ding to D~tinova \ 1 '3b ) , th is 

me th od was recommended to e lucidate . he 0pu ' ation s trLcture 

of t he majOl- Anophe l e3 VEe-tO'-S of maL:\l- Th e 

same au~h or a lso statea lna Mosqultres of all s tages a 

b loed digesti on c~uld - d ~h~uld b2 use for d I ssections a 

detel- mi ne t , ep h~:s i lcgic a 3.ge of ..:..:..:.=.:...:..::::-:...:e5 popuLat'lo s. 

HO> , 

concluded that Po_ lovodova' s ~ . mel!lOO co I \ d be ef ec t ivel 

app l ied to ~~ n!.. gCtmD~ ard ..D . Tune st Ls e><cep t hat It would 

be niOi- e dif'rlcul t,3n In !.ll..:... ma r u l ipc:nn'..:5. ' llies and 

Wi lkes 0 1 

a ge detel-min3.ti an on pOPLtl2.-ti ns: o 'f both An. gamb lae and An. 

funest IS i Tan';:J -nyik ' and camp _r ed the i r dat e vn th th 

Ca Le nd r ag e obt a ined f r o m mark-release recaptur e techniques. 

T e aut -rs ~ep orted t ~ t e re li ab il ity of 

a g l.ng me tho , 1 th case of A~. g mbiae en' ~ 

17 



71 'G I 0 t-, 

v,?" . lole:::. 'Jhl tne 

we ·-l:.S .. Je I. O '~ _. (1 '3 _, - , 

I'? ' ,) .h t 

8t e r, i ation licable 

to maj or vectors of me r 1n Afl1ca . the 

sta t Me!t tha t reliabi~l ' v of resuL s d pended 

and expert ise n-uld n . e overlooked. 

StudIES on the 10:1gev11 y 0 , -
-"-' 1 ambi e s . l . and 

. ndicatE'd that th e 

el dest i ldlvldua13 It'H'?r tros€:! "J.1 i. c h had com let!:· 13 and 14 

gonotrophi - cycles (~I:lies a nd ilkes, 1~65) . Detine a n 

81 li 2:= (1964) also r ported tn t t~e oldest 

~ema l es were lndivi duals In thel - s e vent h onot rophic cycle 

and the oldest tn An . funestu5 wer e femal s n t elr tenth 

gonotrop h ic ~y le . -om mar k and recapture e xper lments , 

Gl lies end W ' lkes( 19G~ ) found that _ e Q des. EL.~ gamb iae 

~ fema l _ · s ~q days old :nd had l~ d eggs 10 t . mes . So 

ar it has been aS5e-ted that 3-p r ous and older +emal 5 ot 

An. 9...a .bIae 5.1 •. an ~ fun stus c;re epic m i ologic~ ly 

:.mpOl- nt )n th~ transml~s L n o f ma larIa (De lnova and 

Glllie::.>. il l e5 ~nd Wit (es~ 1965) . 5 Lldles on the 

longeVl"t of Anopt1ele mosqLllto s al- e ' mpOl-t to assess the 

e as : -es ~~e e fect i v The presence 

o of 01 a ~ 1- J ne: l ' i La 1 s . n a Ir .. ~cate::; t, l pl-ob ab y 

18 



l E. e:; he r .. nt - ndcd to 

be !.Iet j q V<3 . 

o f he ve _~or spe c i_s in r el at l n 0 

I mus t be pOlnted ou t her e h o t 'p r t r om th e l l mlt ed 

volume o f i nf or ma t io n in t he l i t e r tu r e o n mal r ia e-~ors i n 

f 

pub l l h e rt a t tempts t o d Et e-ml~e th e a ge 

s t "I- Lct Ul-e o f Anoph l e~ ITiDsql.ll toes I n Et t") iop l a using a a r iole 

di s sec t i o ns . Tc i s f a c should be a p -al se- d i n i \Ill a th e 

need f or s uch i nfo r mation to e ucidct _ the epidem "o g o f 

ma lar ia i n any par t of Et h i opia. 

1':; 



, c t Ll ,:\ t samp 1 1 9 c· c ti S I n Gh1 e ,Jere prE;Cc ed by 'wo 

p relim ina ry f ield t r ps i n ebruary nd M r ch, These 

trips d e vo t ed to se ectior 0 s am ling s ites, 

o rien t a t ion o f fjeld aSs Istant s n over al rec onna1SS nce 0 

the st ud y area. Assessm .nt o f he mal . ria p r oblem In he 

a rea and he fea sibi i t - o f a r o Utl e year ro nd stud ere 

consi dered u ri ng t hese tr : ps . 

to the s t ~dy area ~er e ma de b twee n Apr il , '337 and arch, 

1988 . Te nn l cal p ~ oblems force th e i n e rruptlon of mon ' hly 

tiel. tl ips 1988 nd 

1 '3 8 '~ . A r esu l t of this data are now vail abl e 

1988 t o Februar' , 1923 . 

Th e Ghlb e H.r t ic u lt ure [8ve opment Fa-m of the M~ 1S ry 

of g-' culture ' s loc ted he Ghlbe rIver va l Le~ syst@m . 

TMe Ghib e r i ve ~ j s p_rt of ~he u er course th.> OTIO '- lver 

syst m in Sout h - Wes ein Ethio 13 '" d is als ~'nov ' n as t e 

Upper Omo . Th study is S l tU '1t d :... t about ~. 

~ ' m . to the _ no~ . .:, 

wes t of th e ai n Gnbe r 1(.-: !?i r.) CI ... 5 SDml? 80 k m. SOLt -

west of Addi s b;:\ - , e:ole;nq t h Ab r -.1 _ Ill':>' '-0 d (FIg. 

1>, 
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Tr Gni be '-1or .. ... c '_d un:? D8\1 · l m'_ t .'1,- , I/'Ih I"e · h 5 ~ t. ud 
) J 

s l oc.ated ':11. ~.to It 8 1 ~" and 3 7 ... 3 E. 

al t.lt ud e 0" 1 

s i tuated ~ ra nges b tw en 10QO a nd 1140m~ he escar men s of 

the valley on bot. sidC'~ )-l St? to <.'n .,1 .I. ud e of about 160u . 

The valley is about 3 0 km. 1 e at .his pint 

Michael, 1':J89 ) • 

Th e a l- ea rec.ei ':?s -,,1.J.f1nu". l 1'ec i i:ation of about 759 . 1 

mm. ( i n 19 84) t 0 1 u 1~, • 3 rTlm. . h . mean annL 1 

mm. LIn , ., I 
~, \, Y nd Au ust ; 

w i le t he ShOl- t, I"al nc:: )Ccur i I APi-l tad 11ay AppE?ndi .:: 1) . 

t he b egi nni.'9 of ::. " L i1 • 

o 
temperature rangec 1'=. I::' 

~, . 18 . 6 

monthly 

wh ereas 
o 

minImum 

m 
o 

mo nthl)' ma~ i mum t e , pe-~t~re ra nges f l Gm 28 . 9 C a 37 . 3 C 

( "lp pe nd i>:' CJ. 

8 1 . 3aX (Appendi x 2 ) . 

r, e Gnibc:: Fal-m Uc.cLlpie::. " n e x anse of land h ch 15 

f th . fl onr o f 1he va l ey yi ng on bot sides of 

t he rl v e r. Th Ghi 1e r lver, at th l=> pOl nt of 1 ~ co Irse, 

In a west - \ -ea t di rect l n. Th E ype 0 pl- evai 1 i ng 

ver etat i o n i s open r a ss a nd sava nnah . The vege t tlon 
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of a r e C O Io . !O • \IJ ldl fe 

CO!1IPClS it lon 

U ,.:~ rl ac t ' v'i t · 1 nth 

has d 1- as i c: al l' C 1 arE d t h e n t LlI- a 1 .. tlon f o r 

domesti c and agricu l tural pur oses . Str ' ps of pel e nnial 

-f ores t EE S a ong he r l v e r bank s a r e ou 

rud ' men ary. ~i re is a frequent - h e nomenon 1 he 1 Y <:: rea 

duri g the dry SEason. 

T he Ghlbe Hor ticu cture Devel opme . Farm has t 0 sec tions 

(Ghi be Fal-ms 1 d.n 2) w i c r! r e l oce :ed iJ n eit er s de o f the 

2) . Ghibe F ar" 1 

c onduct. e d, lies on t h e nor t nern 51de of he river ~nd is 

pal-t 1f l~e st el-n-S .~a {'dm!il.i.s r,=.:\t ive ieg i on (formerly Shoa) . 

Ghib e Fann '2 l' _5 _fl the Slou t en, side of the l-lVE1- a nd is 

P2U- t of I l tul")CI.bol- Ad .l lini s· +.!'"a t i ve "!? lon (T o rme l- l y Kaffa . t 

t . (? Gr, i be f c:,n s -: 1.tl 'UV "t e s om ' 68-= hec ares o f la d 

i n bot h sec t · o ns . CUl tlV"" ed 121 d in RrlitJe Far m i s bout 

4 b9 h ectal"'s. T~e t~r ms proo~ce a v -i ety of frLlts no 

vegetc:<b les . 

h 1 t· ~ b F 1 whel-e he main e d quar el-I L!m .a n po u ct .:;' 8 n 1:-1 \.j 1 e a l'"f'l • 
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are is situated, was ~bout 1041. Of the.e, 535 were mal.~ and 

506 were females. The human popul~tion in Ghibe Far~ 2 w •• 

952 of which 478 were males and 474 w@re females. The bulk. 

of the population is composed of permanent and miQrant 

labourers and their dependents. Administrative and technic al 

personnel form part of the influx population. Duration of 

residence in the ~rea among the pop~lation ~anQes fro~ less 

than a year to over 20 years. Among the subjects who gav@ 

blood samples for malaria surveys were children who have 

never left the area or who have not been to other areas away 

from the valley. But some labourers and man~Qement personnel 

have been at one time or another to other areas, u.u~lly to 

stat e farms in low\and regiQns. , 
, . 

The 'population in Ghibe Farm 1 maintain some four 
*:..... ". 

hundred cattle, a few goats, sheep, donkeys, dOQs and 
I 

poultry. AnImal shelters are ususally either in the 

immediate vicinity of human dwel~ings, or in back yards 

directly connected to dwellings. Human dwellinQs 1n the are. 

ar e scattered, forming homesteads or very small «villages". 

The majority of the houses in these "villages" are tukuls 

which have mud-plastered walls and thatch roofs. Most of the 

tukuls comprise one livinQ room. But concrate walled hous •• 

and with corrugated metal roofs are not uncommon, esp.cially 

in the premises of the farm headquarters. While houses with 

corruga t ed metal roofs usually have windows of some kind, 

25 



most of t he tukul5 are constructed wit ho ut wIndows . The t ype 

of tu ~ ul cons t ruction, nonetheless, al l o ws en r nce o f 

mos quitoes through the e~ves to th e inside of such houses . 

It should be emphas i s ed t ha t house- to-house spra 1ng 

wi th DDT by the Division o f 

Vec t or - born Diseases (DCMOVD, 

ont r o l of Ma laria 

for mer l y Ma l ria 

and her 

Eradic tion 

Se r vice) has been ongoing in th e study a r e a f o r more th a n 

five y e ars. Spraying was car r ied aut twi c e a ye ar , usually 

i n January and June . Spr a yi ng was some t i mes r e i n o r ced by t he 

u s e of larvicides in places wi th larg e temporary col l ec ti o ns 

of wa ter. Field wor ker s from DCMOVD a Lso supp ly and 

adm i ni s ter anti-malaria prophylactic d r ugs at t i mes of 

severe malaria transmission. The farm cl i nic under the 

he a lth a s sistant treats suspe cted mal ari a cas es and 

occ asiona l ly provides prophylact i c drugs d u r i ng p ea k 

transmission period s . The c l i nic al s o re fer s se r i ous cas es 

to nearby government a nd missi o nary ho p i t als . 

One of the most importan t feat ures o f Ghibe duri ng the 

dry season i s the deployment of the r Iver water for 

irriga tion purposes . Water i ntercepted t a numb er o f s it es 

from the r iver is run through Ir ri ga tion c a nals t o the arm . 

The main pump station is loc ated up-rIver a t a d is t ance o f 

about lkm. from the farm headq uarters a nd the mai n c amp (F ig . 

2 ). I n addit i on to the clin i c, the fa r m r uns a school, a 

motor house a nd wor kshops. There i s a fi ld station o f t he 

26 



International Livestock Center for Af ri ca ( ILCA), wh i ch is 

l ocated immediately by the main Ghibe bridge a nd on the wa y 

to Ghibe Farm 1. Most of the important landmark s i n a nd 

arou nd the study area are shown in F i gure 2. 

2 .4 Malal- ia Infection in Humans 

At the initial stage, blood samples from about 5Y. (60 

subject s) of the human population in Ghibe Farm 1 were ta ken 

in May 1987. Later on, blood samples from about lOY. (131 

s ub j ec t s) of the population in Ghibe Farm 1 were ta ken (in 

November 1988) to reinforce first preliminary 

parasitological findings. Both thick and thin blodd smears 

fr om i ndividuals of different age groups were stained wi th 

standa rd Giemsa stain. Two sets of both thick and thin blood 

smears we r e taken from each person. One set was stained and 

mi c roscop i cally e x amined in the field, and the second pai r in 

the laboratory in Addis Ababa. All th i n smear s were fi xed on 

the s po t with absolute methanol after the smears were t a ken. 

All stai ned slides were microscopically e xamined for the 

p r e sence o f Plasmodium species. Identified positive s lides 

we r e taken to DCMOVD for confirmation. 

Information on sex , age, occupation and hi s tory of 

movement of the subjects who volunteered to give blood 

sampl e s were recorded. Positive slides were prRs&rved fo r 

reference purposes. Species identification of P l ~smQd ium 

p a ras ites was effected by reference to Jeff r ey and Leach 
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(1975) , Faust et al. (1975) and Nobel and Nob el (182) . 

2.5 SU1- vey of the Anopheles Mosq uitoes 

of Ghibe 

Anopheles mosqu i toes, both m-t ur and lmma ure st ges , 

were sampled usi ng dif fer ent en tomo logical techn i ques, as 

descri bed in the s e ctions below. Ad ult Ano pheles females 

were samp l ed o n a month ly basis \hroughou t th e study perl od . 

Immature st ages o f anop e lne 

mosquito~s wer e col lected at different t imes of th e ear a s 

conditions allowed. I dentificat ion and processlng of 

collect ed adult a nd immature stages of mosquitoes wer e 

performed using appropriate methods i n the fiel nd the 

laboratory , in Addis Ababa. 

2.5.1 Collection Ident l ficat i on 

Larvae of Ano p he les mosquit oes were col e cted n 

diff e rent mont hs using a number 0 s a p l lng tec hniques 

rec cmmended by WHO (1 963) . Cho i ce of sampling tech niques 

largely d e pended on the type and nature 0 breeding places 

at dif ferent times. Most of the time anop he lin lar e a nd 

pupae were sampled using pipe ttes, rubber bu l bs, sc o ps and 

ladles . Di o nets ~"i th s ma l me s h-si e s wel-e I so Llsed . - a 

result of the semi-permanent and temporar y n tur e 0 t e 

breeding hab itats i n t h e ar ea~ sampli ng S l es 
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depend ed on where breeding places were a vailable. 

Mos t f r equented s~mpling sites for immature stages are 

indicated in Figure 2. Collections of larvae and pupae were 

usually conducted in the morning and in the afternoon, s o 

tha t c ol l ection was possible with minlmum discomfort to the 

collec tor . Collected pupae were put in cups and left in 

cages, to allow emergence of adults for species 

iden t ification. 

Collected larvae were pr~~¥ed in about 70X ethanel .nd 

on pl-OC~ .. Qd and mounted on microscope slides as 

suggested by La~ (1974). Live larvae were also killed in 

b,p. water (60 C) ,,",nd then pl- oeessed and mounted on s I ides. 

Specimens mounted in Canada balsam were allowed to dry and 

examined later under a compound mi croscope. Identification 

to the species level was based on Verrone (1 962b). In some 

cases, live l arvae were brought to the laboratory and reared 

to the adu lt stage for species identification purposes. 

2.5.2 Adult anoohel~s Samoli~ ~ ldentj~~ 

Adul t anthropophilic Anopheles mosquitoes 

collected on a routine monthly basis using human bai t. For 

the 12--months pel- iod between Ap r ii, 1987 and Ma rch , 1988, two 

collection sites (SAl and SA2) were selected for regular 

mO J"'It hly indoor and outdoor collect ions (Fi g. 2). At each 
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s i t e one f i e l d assistant was stationed lnside while another 

was stationed outside, usually from five to ten metres away 

fr o m the house. Later on, human bait collections at SA2 were 

int e r rupt ed due to difficulties in supervision. 

Each collector was provided with a flashlight, a 

number o f t est-tubes, cotton wool and plastic beake r s, whose 

open e nds were closed with mesh cloth having large holes to 

e nable t he transfer of captured mosquitoes from test-tubes to 

Collection normally started at 18:30 hr. and 

term i nated at 2 4 :00 hr. for four consecutive nights per 

month, un l ess collection was interruped by rain, in which 

case it wa s postponed to the next evening. Indoor and 

outdoor col lectors exchanged positions at the end of every 

hour, at which t i me hourly collections wer e recorded. Field 

assistants were s upplied with chloroquine tablets and were 

cons istently advised to take them as p r oplhylax is at the 

beg inni ng of each monthly trip. 

All a dult female anopheline mosquitoes collected were 

i d e ntifi ed either the same evening or the nex t day. 

Abdominal condi t ion~ of freshly c~ught female mosquitoes were 

rec o r ded as unfed, fed or gravid. Mosquitoes which died 

du r i ng the nigh t in test-tubes or p last i c beakers were 

i dent ifi ed and pinned. Identification of female Anopheles 

mosqui toes was made by the keys of Verrore (1962a). Some 
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identified and pinned speci-mens were l a t r c o l r ed 

DCMOVD , Ministry of Health . 

2.6 Dissection of Adult Anophe l es to De 
=-=:;....:...:::..:.....;.c:...:...:...:..:. 

Age Structure and Natural In fect ion with 

Malaria Parasi t es 

Dissections of female Anopheles mosqui toes , freshly 

ki lled with chloroform, were conducted i n the fiel d by he 

method s of Furman and Catts (1982), Detinova ( 19 2 ) and 

Hodgkin (1950) . Dissections were made the s a me n1 g t o r the 

ne x t day. 

Mosquitoes were dissec t ed in a dr o p of physiological 

saline (0 .87% NaCl solution ) , on a glass s lide , under a 

diss ect ing microscope. Salivar y glands, stomach and ovaries 

of the diss ected mosqui toes were r emov e d and sep a rately 

e xamined in fresh drops o f ph YSi ological sa li ne . Sa livery 

gland s were e xa mi ned under low and h ig h b j ec t "ves for t h e 

presence of sporozoites. Slides under s usp icion wer e f i x ed 

with methano l and s ta ined wit h s an a rd G1 emsa l a " n . 

S ta ined slides were la t er e x ami ned wit h h "gh-dr obJ e ctives 

o r o i 1 immer sion o b jec ti ve f o r the presenc e o f 

sporozoites. 

Stomachs of di s sected mosquit oes wer e t ransferr ed 0 

f r e h d f ' " on s eparate e l i des , a nd e '<amined fo r s rops 0 sBL1ne, ~ 

Plasmodium oocyst both under low (x l0) nd h lgh powe r 

o ject i ves. 
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Ovaries o f di ssected mos quit oes 0 

transferred to fr e sh dro s ot ph 5 1 010g ca sa l ... n 

Ie 

on 

microscope slides . Tr,E ova-i a les wer e t hen teased 11 h f In 

dissec t ing needles and e x am "ned f o d il tlons nd o cu r 

relics. At leas t f i ve intac 0" ~ rloles were exmaln d efore 

t he numbe r of di l ations for each mosqLlto wer r cord d . 

Ex amina tion and determinat i on of the number a dilations were 

made accord "ng to t he r e comme ndations 0 Deti no ( 1 2 , 

1968), Gigli ol i (l'~63), Detinova a nd 8i l lies (l':r4 ) nd 

8 i lUes and Wi lkes (1'365) . 

32 



F'arasi t o log ic"l and e , t omo lr''jlCCi at 1 t 1 neo f ro 

mo nt h l y sampling, a nd also fj _ ld nd l a ' oratory ob er a 10ns 

were a na l ysed to give -n c; 81- 11 pic Ir e of h st t us of 

malar ia a nd the possIble Anophe l e§ mos qu i oes Invo l v d i n t e 

t ransmission of the di s ease InGhlbe during t he st udy per iod . 

The greater part of t he en tomo log i ca l d ta were obtai e d 

using h u man bait. 

3.1 Prevalence. of Pl closmodium Species L Man 

examinations of stained b lood 

indicated t hat realaria was c ommon in Gh obe. 

survey c o nd ucted in May 1987 1 23 . 3X of the 60 indlvIduals 

examined had ma laria (Table 1 ). st 0 the posit ve C s es 

(85.7% ) we r e obse r ved among adul t s o f t e a ge g -oup 15 ears-

a lej and above . On the othero nand, dur On the second urvey 

wh i ch was c ond uc ted in November 1988 , 4S . 6 X of he 131 

indi viduals e~am ined were positive f o r me l ri inf C on 

(T ab 1 e 2) . The frequenc y 0 i nf ec tI o n du ng t he sec on 

sur vey was twice as hig h as tha t of the fir s surve y . 

In b ot h surveys PlasmodIum falcip rum was t he mos 

preva lent speci es in the area . In ac t , -!...::::c..:..::::...:..I::=r,-=u=m \-./ S 

the only par as i t e observed ur ng the s econd surv E..:... 

uri n t he fl~st s urve v - 1 w 

fn:! que ncy (1. 7X) . ~ e2o d~0 / 1 (? 
!.!!:::...:...:~-=-== 

oth of Whl h 

in the c oun tr y were not obser e d dur n 1 

33 



Sh i be. The Plasmod um 3p 1 mong 

n 2 , 

TABLE 4 P I- eva 1 e nce o f Plas modium species he .1. mo ng 

popula t ion in Gh l be Fal-m 1 In May , 1 87 

P.f al c-ip a nlm P.vi va x e 
Age No. 

GI-OUp <Yl-S .) E}~ami ned +ve 'l. +ve % +ve % + 1. 

£) 4 8 1 12. 5 

"" . .J 1'+ '3 1 11. 1 

15 2 '3 21 7 3~ "3 1 . 8 

30 t.j. '~ ' 0 lu 3 lS .7 

45 and above 4 1 25 . 0 

TOTAL. 6 ( 13 2:".7 1 1.7 
60 14 (+ve) 23 . 3% ( 'Ie) 

TABLE ."" c. F'l-eva 1 ence of P 1 ci sm~-::.!1]. LIm speci es ,o.mong t he 

popu lat ion in Ghibe Fdl-m 1 In No e mber 1~88 

P . f Ci. l c i pal-u rn P. ivax F' .rna 1 '-1 ae P.o e 

t'1g 8 No . 
G-oup (yrs.) Examined +ve 'IE 1/2 +-'1 

t) - 4 26 lS 6 1. 5 

.. - - 14 21, It.j <;;, E, • • 7 '-' 

15 29 -.c:-
~_I 1,7 48.6 

30 - l.i 4 'to 12 ..., 0 . 0 

45 & a b ove '3 2 22 . 0 

TOT AL 131 6 1 4t..7 

r'l4 



The s p c ies com ositl· o n 0 A h nop e e s mos u ) 0 ~ 1 n 

study area we re determined bas e d on adul 
em l e s c Lgh t on 

hLman ba i t and on la -val sp~ci mens c oll ecte · f rom d l f fe e n 

mosquit o breeding sites . Pup e ere a lse co l l c d nd 

rear ed to th e ad ul t st age in the fIel d nd 1n h l a b or o r 

to conf i rm i dentification. From l a r v al and adu l t s p CI ens 

c ollect e d in the stL dy ar a, the f llowing anophell e s pe I e s 

wel-e i dent if ied: 

Anopheles gambiae Giles , 1902, Anop he es phar o e ns 1s 

Theobal d, 1901, Anopheles c ous t an i coust a ni La v e ran ro , 

Anopheles l '?(3 ) , 

Anophe lGs (Hil l and 

Hayden, : 9 0 7) . Anophel es q a r nh s mi Ed ward s , 1930 , An pheles 

christ yi (Newstead and Carter, jg l 1 ) a nd Anophel ~ sguamosu 

Theoba 1d, 1901. 

3 . 2.1 Anophe 12s lal- vae co lec---fi f l-om d if fel-ent ------ ---
si te~ and hab ita t s at Gi be 
~~==- -- ------- - -

An h ' 2- ·l~. r vae wer e obse~ vG d in dl f :eren !_. o p e '. . s •. " breedi nq 

sites a nd throug h ou t t he st ud y ~er lod d ur 1 ng both h we 

and d ry seasons . In a tot al o f 42 ", al- val identi flc l on , 

the pr o porti o ns of t h e n il e a no pheline speCIes 

comparat ive pr e fer e nce for s h a d e a a sun l l gh 

bree ding s ite are s own i n Table3 • Du ri n th rjr 

nd h 

e ch 

e aso n 

s ma ll pocket s of r a i poo l s a nd a_so L c d c oI l ct l ons 
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i-IE'( CL r ed ' L l.-g j • 
q th r r 

1 'S 

The o f l =.;.',v.::\" i, ~"'l - 'V cJ ' 
""_. ':.;:'( ~ • ,_\,- '1 r.'; no, - t td )' ~c 1 00 

8,, 2,.2 

T h 8 comb i ned n25ltlts ot a dult {~ ,lDk '=' U?2. col ~c i n5 

based onindocr and oltdoor hum -1 b Olt ap ures, are ~ o~n 1n 

Table t.'L Huma n bcdt collections o f du l f ema le m'Js ul't'Jes 

wer e conducted a t t wo sites (SAl a d 't 2) . 

we-e c aurht in l a rg e number s ~5 . JX of t he total c~Lches) C: d 

o t 1 ca hes. 

5 and __ ere 

9 man. On th ot her 

An . ch r l~ly i ~nd An . 

T a b"[ e ii, Sp ecies and numbe r s of adul reMa n Anop heles 

mo squ i t oes caught on hum n b ci 

Ap r il, 1~87 and Feb ru2 r y , 1989 

bpeci es col 1ec t_ d and identified 

6:.!:h 9.E.!Dl;lL?-; e Gi l e s 
(..) n !. !2l'li\ r' g§.n 5 i 2 T ~-, eo b 0:.'1 I d 
An .c-ous t :H1i g:.,ustan · L.:W G1-a n 
fro..!_lS;!..!JfLi qj}J.PJ. s:~ (Th eDt, a L c.1 ~ 
An . Jretor i ensi s (' heob . ld > 
fr . . ,~ .::;, *:.9., , e t ---:_~--H ill. it. ayde. 
ELI. Q:.rnh r.: iTl i Edwal- ds 
An • ch;i~ t' vi. <t etrJst .=:a dt,Ca '- t e · 
!'2ln '. '§91.:.M....Q.Sll :§, Til E:ub <o '[ d 

37 

Numbel­
E.,.~ am i n :l 

864 
(,45 

c.:; . 
122 

':iC 

10 
7 
r. 
'. ' 

J 2 

1'30 

P~ l· c ent [om OSl 

tio I Df Tota 

. U 
6 . 4 
4 . 7 

l • c; 

O. 
0.3 
0 . 6 

. 
1 



__ nLp h _~_ tv· a :.C' • 1 t _ er: -=-<-- -

d tl 

fema l e f.~n qp..be 1..:.:'·~ sf. ee i .? ·,:- l. Slrg Jlum.=..n b - t lndlcate th t -1l..!. 

ga.mb i ae ::'.-!.l.':. and B.D...!. th e DS ~ bundant m n-

biti ng specles in Ghibe t h~'u hOlt the year (rable 5) nd 

pai ticL.lar-ly a ·f ter t h e heav ' a i s ab 1 es ',5 C'.nd _) . 

in sma L 1 numbprs thraug hou l e yee. r . 

mosus wer c u h t in v rt 

small nLmbers only n som~ m nths. Tab 5 an (:. show 

An. a.:...rDbi"".e 5.1. and An "- ohal-oen . i :.:> appeared to be 5 to 

t imES more anthropophilic t h~n some 0 th o her ::;p c £IS 

collected on man. 

FiglJ.l"e ,::-j sho~"is th e. mon thl l ~-ai nf II p t tern n GhlbC' as 

record eci by the Nai t ona Me tem"olog ica 5er lee 9 nc-t 

wQa t her st~ti on at Ghibe Farm 1 , a nd ih c on- span 1 ng 

c ~ug ht on huma~ bait dur i 9 t,e study per lud . I s 

to ~ote that both -D..!. nd -..D...:. 

af e. " vy 

1- a .i. ns ( F H,j . 3 ). 

38 
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22 5 0 2~ 35 ...... 1 ) . 7 G 2 30 :5 -• l_ 

(29) 33 . C ' :' 26) (2 , (29 . <3'1) {!+6 ) (42 ) 39) { 6 (.,. ( I ) I~ , 

8 .' :" 0 1~ '1 8 12 1 0 7 ') i 11 \ 

Ul. 

:j 7 1 1<1 1 2 8 12 7 ,. ",.6 .,I 

6) 

9 0 .\ 4- 13 :5 0 6 '10 6 !"4 
( 4) 

A!iOp~~les '1 0 0 o· ~ 0 1 0 2 0 (\ 0 ",. 

.. ' r 
uatn en is ( <.1} 
-~~ 

~n'~fh~l~!_ ,0. 1 0 t) 1 1 0 0 0 0 6 
~-i;~ ."·nhtlrn!i « 1 
~-~-.,. 

~h~: .. et,. 0 'I 0 0 0 1 'I (} {) 0 0 0 3 
~~~- ( '\ . , 
_~pl~:..~ 
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. A8.E ~:, 

Relative mon~hl y prevc ence of Anophe e- mosq 1 a ~ 

based an hwnan bai t collec lon In si e ~",H ... ) 1" l.Jr'ub 

Far m bet we en November 1988 and Fe ruary '~8'j . 

( numbers in bra~kets are per c ent of tot al man h c tc hesl 

'j88 l'~o9 

Species 

Nov. Dec . J n. Fe . . Tot-l 
--_. . _--_. 

AnogtlC? les 9..a mq,.i 2..t~ ? w_l_li_ 6~) 48 .::,2 ~.c 
":.-_1 lau 

4 ) 4'f) (4 1 ) (37 ) (42) 

4t. 20 31 1 ':) 

;Clnopht'lJ...§s ph .:!:I l- o ens i,.2. ,-,0 '"' 
( 31) 35) (3 ~ I (4 ) (3S) 

Anoptit:' 1 eg,;. CiJU '2, t <3-l1 :.. 
3 4 1 ~ 10) c: O Ll.S t a}"! i. i t.; 'j 10 

Anophele§. l i.;)j:]qipalpi~ 1 5 4 t. 26 ( . ) 

&-:ophe 1 es Of_ot.pr·iensis 7 E. 3 0 26 . ) 

Anop ,e les nCl.t:'.lg tl 3is 1 ( I) 2 S ( 1) 

U 0 1 ( (1) 
Ano'.:; h e 1 es gar nh..am 1. --' 

_ nop-ne1e2 ch..:c.L",t y"i 2. I . 
(I ({ . ) 

1 2 ..... 
2 I 

A" gheh;>s .?guamo..§.b!.§. 

108 7 ,- I. 2 
TG"!"''- L 149 

-----.. _-

o 





ard out d oor f e ading Deh aV l our 0 th e n 1 ne 

a~op h e li ne s p ecies wer e ~ssessed y the lr f r ~q u enc les of 

bit 1 ng , 01- o f attempt.s t o b it e, hwna b al t bo t h indo Ol"S d 

BitinQ catches f or d i ff e r e n t month s of he yea r 

show the man-bi t ing den~ ity and behaviour of the eios 

i n \i ol. v ed ( Tab les 7 8 Gd 8) . The number of b tlng 

catches ·for Bfu nat_a1 e..C!.§) s , :!. AI-' ~ gal-nl-iaml -'- An. c i s t Yl a nd 

I~n .!. §"9...b!il iilO~J:.\ S. b oth in"" ide and o u.tsi e houses were v er y low. 

Fema. l t: S cr f t hese s pec ies were al most ex c l usively caugh 

b iting mi:;n o u"l dc.;o"("s Dnd i n ve1-y small num El"S . An . c ous anl 

COLlS tan j:....L tiCL.!.. long jcpa IfL:b..§. a nd An. p ret Ol- l e nsl S were to a 

g l- eEl.t.er 2~ t e nt caugh ~ bi t ing outside , um~n dwe llt ng~ . 

2 ...!:J_,!" f t::'ma i.e s w.r e cau grn b 1 t . ng ITI n bot h i. door a nd 

i n good number s <Table 7 a nd 8 . The ma JOl- l Y of An . 

wer e c aUf ht b ,t i 9 outdoo - s (abollt E..' 'it) 

<3.nd s l!owE·d less acti vi t "! o f lndoQl" feedi ng . 



!. l ' -
- --

~!E S ...:.T ,c.. . "<;~ I't:r.t J. u Jy g . - Oct. I. ~ '\. r t I t 

-- - ---- - ' ._--_._--- ----- ----- -_._- -
r 1 

, 
j ' Yl ':'6- 2S .>~ 2 7 24 2 10 2.' .. 

JT I i t> 2S 17 ' _1 18 ~4 20 1 1.2 "' . , l 
, 

I ..j B :::: 7 5 1.8 20 .')< 
'"- 1 10 Q 8 1.3 

u 'r ' 9 12 7 10 16 19 2 .. y:; 1 15 1.1 t . ~: 

• • 
~-:.tr IN 0 t) Q 0 0 0 1 1 I) 2 5 ~ 

~5tOO.t 
Gmftli.OO.1 OJf Jt; 

:;:J ...; . 0 S 8 4 4 8 .~ >4 5 7 ''' --- 9: .. ~· 

!':.~)Ql:t'lf'!i~ IN 0 0 0 0 () 0 0 ," -..' .:5 0 i 0 4 ~" :2~, 

ls'lJ9~lJ.2~ o..n 0 :5 1. ..:l '" \,;: 10 Q Q 8 7 2 ~ t.· .• (;; . .:5., E.~ 

£l:l..Qlib2~ 1.N 0 0 0 \) 0 0 () () 0 0 f) 1 &~ • ~ 'Js 

n.~J..oc~ OJ! 5 f) r, 3 9 4 0 5 6 8 41-> .oi"-' ("",--t . 
~ . J I _ f r~ 

~t~l~ IN 0 0 0 0 ( ) I) f.) () £) ~j 0 0 

D.~~J.m"ii.~ fu r 1 :) () 0 .3 0 .I. 0 2 () 0 7 W ' 0 , ." 

!.:tiQ£.ti~~ IN (~ t;} ;) 0 c 0 0 0 0 (\ 0 0 '0 

f~fr"}1~n~ c(n~ 0 1 4) C. 1 1. D 0 0 0 () .~ 6- , .. oc\~~, 

£lli,,~J.~_~ ~ tN (\ 0 0 0 (:, () 0 0 0 0 0 0 (\ 

~..J~'§~~j, (JUT 1, 0 0 0 0 1 . 0 0 0 0 0 ~ l O( )·% ... ,J 

€f.::~QQt!~ )~t§ IN 0 0 0- 0 0 0 0 0 0 0 () 0 ~j 

~~~ OJT 0 1 , f"' ,/ 0 0 1 1 2 0 0 0 s wcr\ 

---- ._ - --- , ...... _------- .. ----,.-_ .. ---.... _- ---.----.... ------~---~ ... ---------. ...... 



.. 

IndoQr' ",1.nd o u tOOOi- ma rl Cli t ililg . 
enS l.y 0 -Doph 1 s 

mosqui toes ~ t si t e SAl i n 
h ibe Fcrm be ween 

November, 1988 and Februar y , 1989 . 

--- "---, 

1988 19 ':/ To 1 
Species Lnc at i on 

---_.-
Nov. Dec . Jan . Feb . No. /, 

----- --
Anaehe le:?,. IN ::..5 19 '3 12 75 52 . 8 ,9ilmb i ~§!. OUT 22 20 1,::, 12 E,7 47.2 

BIl9p._hfiL~Sl .~. ;' - 1 '" '3 10 M 42 42 . J. I'I '-' 0 
fl h~.:.f:.gn:::: i ~ OUT 1'3 1.:'J 11 111 <='7 57 . E-

A ng8!l§ 1 e_§. Ir--; 2 (I 1 0 =' 10 . 0 
f.2.b!..§.JAll. ~_ OUT 10 7 , Il 27 0 . 0 - "t 

S!.h!..? t. a f1 i 

Ang,b!l1.§!J .. §?!2 IN -:::l 0 0 0 2 1 . 0 
1 nJJ.9l.P..§ . .l pi...:'§. OUT ..... 

(~ q 
-.J 18 0 . 0 I 

£1 npp h ~ .. 1.£t§. I i\! • 1 0 0 2 1 ) . 5 J. 

Ql- et 01- j. ens is L1UT Ll, .::) 3 7 17 8':1 ~ 
,-, _._----

HnoRh_~l...§.'~ I !~ (\ .. ' 0 0 ") (. 

D.ata len~ .. .t2. OUT I) ( I C .;;" 1 0,-

[inogheles TN i) U (1 . ) ( . 
@r nt\~ OUT 1 0 \) 0 1 0") 

fL-'2gb.. e 1 e s IN 0 (> 0 (I 0 -,-
I) 2 f.b..r::. tsm OUT 2 (1 0 

BD.9.r: h e 1 e s, IN 0 (> U ," 
' .. ' (I 

.2.gL,@ i:JOS t..i ~ DUT :::. 2 1 2 



> 

by thE' n : .. ! f(;bel - o -f bit es a Del-so n n?ce i ved pe Ven 1 9 

(between 18:30 and 24:00 hrs) . Eve n ing b lt ing ca t ches 

for a tota l of 1 12 man-even ings bo th 1n 0 r s nd 

cu tdoOl-S . Th e total indoor and outdoor ~atches are show ~ 1 n 

Tab h~ "::I ., The average man-bi ting r t es for the nop 11 ne 

species we r 2 cal c ul ated from indoor a nd ou door bl t 1n 

cat ches jur i nq the sampli ng period . Whi le t ne mean numb er 0 

than 0 . 1 for each o f these speci es~ t he indoOl- mc?n-bi 1n 

h n 

30 and 15 t ime§ h lgher, respectivel y. The Indoor bl ng ra 

The chance o f a per so n r eceivlng ites r o An.qa.llb .aE! ~ 

i ns i d ,::? hCU=>2S wel"' e hi ghsl' t han t h 3t outdoors . ;e o 

indoors. (\ pe l- s on might be blt ten by A I") . !:;1g==-=~;:;. 

hances in t 

evening . 

4 <=' ._' 



> 

Gh ibe Farm be ween A r ' l , 198 

Spec i e s 

-------------_._--- -_ .. -..-_-
No. Q f mosqu it;~_;__:·-:-:--------- ---.-
_._ .... -

IN - au T- ·-:r.rrO::;:I;:A";L-- --:-:-;:.-=--=-=---------
INDGOF; au 

.---. -- ---- - - -------

An. Co'~! sta r~i 
.;gLt 5 t a[l i 

(-\r!....".. l Id t d. l ens i s. 

TOTAL 

::: 

SA2 --

-

3 37 28L~ 6_ 1 

171 =5'~ 42~ 

...-. 100 1 )~ '.~ 

;-, 79 87 '_. 

e ::;,3 EIB '-' 

0 1 :J 1. (I 

C~ 7 7 

(I :5 5 

~J U. 11 

-- --_ ........ _. __ . 
::;2 I'? 81 3 1 .34 2 

._--
( 12 months + 4 month !.?) 

':I l !. ma n - eve, i ngs (ind 

12 mOllt h s :.-:: Lj. eve n i 5 

48 man - ev~ ni ng s t ndo 

3. 0 

1. 5 

,_ . 1 

_ • 1 

4 . 7 

)o.~ even l ngs 

0)- .3 _ nd 01..1 1 0 

X- l ba 

j- S a nd :" otda 

T ~c:.l::::: 11.2 man-- eVEnl.ng", i ndoa. ( a nd 112 m n-e gs 

Ai i e per man per Eve n i no = 

2 c-
o .J 

~ . 3 

r ) .':1 

0 . 7 

O. 

. 1 

0 .1 

.) .0 

( .1 

7 . 2 t 

1 b 

. 

E • 9 • Bit. i. n..; 1- . t e af ....:.C!..!.. 2 5.1 . ( I n oars ) - 3~7 - 3 . 0 
~~~~ 112 

1 

ch 



s 

.. :' \I !;. 

biti ng act l vltis.· 

c~ptu red O~ h lma n bai t wer e rec~~d, 

( I a 1 1 .1, • 

a c tiv i ties t e nded t o bU llo up 't D~1 -d .... t -:. en .. _ 

and r ea~hed D pe~ k around 2(:00 hrs. 

ev:->n • ng • 

wi 1.h a sharp decline tD~ar d s m· d-nl ght . 

nd 22 : (HJ 1- • 

indoor and outdoor biting act l v~ · ~ S b 

t m . 

Occurred between 21~uO ~n~ 22 :00 h'~. tl;"1 

Ollt'~ 'M ' M . ' d b · t · "'I r' n n_,;1.:_o8ns.i r,> W,'S . ::.11 ,, 8 1:.. a n l nS .l. · :::: J .. rig ,; ..1.:.. • ...!. I::.. _ 

t h . ts.. . , < h ' l ': ', 10" ' p )- ma n1 tLldes i n .}Li gilOLt't Ill? 2\;' :> 1ng L);..\~! vv. "'1-
11 C. 

\1;"::.,- .i..;. t i Ci t,S. bl no 

ho . 

i 11 Fig '.n' e L~. 



• 

Evening h ou:- s C'{ h i ing (begl r ng 

Spec: l t~~S -.---~ 

Locc;\'t ion 133~) 1'300 2000 21 0C 22 0 230 To ------ - . .. __ .. ,... ... _--_ ...... 

Bfu l.:.1a!T:JJ~, 2.e h .l .. !~ IN 81 -":;) ';)2 9 ')9 ES 3':'7 I ,"", 

QUi 3 i j. f':,5 c ·- 61 {11 27 2",4 ,_'t:. 

8.r1. j..i!'1 C:-lr~":u?j. s~ IN : E~ 20 .-;n 4'"' ~'3 ~0 1""' . I J 

OUT C:2 1 40 i 6 "'.., Eo 2" 2C;Lj ... ' I 

A Ii • r.: Qb!.§i.§!.' " i IN 1 ~; 

;::; 1 1 E 
f..Q..\..Ls t §\ n t OUT 11 18 26 2 7 tv' 

{'l '. l ong1l:::~JDi§ It,; j t ( I 1 1 0 ~, .:"- t 

LUr c: w 19 21 H 7 'oj 

~Jl." .. £J:_~~~ .. f~·~Ll.§..CL~~L~ IN 1 i 2 J 0 S 
OUT 4 15 '3 2() 11 Lj .:. 

Ll.'..!..!l£J..s...: ~;tEl_s i §.. IN ') (1 0 I) 'j 0 0 
C}UT 0 ..... 4 ,. 2 (, 1 (1 ;::, 

€Lh £l!"-;"IJJ.b..§.!!lt T ~J (: 0 () v (I I,) 0 
2 0 

.., 
:':iLi'j~ (\ 2 ..... 0 , ;::, 

An!.. en)"' ~_s'; y i_ n. (l 0 ) C ,) I) 

OUT (1 1 4 (I n (. 

A [", .! .~:.9J:.!:iWl9s'.!...,!.S_ I N - c. ( ( !. 
2 C' 2 1 ",a I T (' ~, 

\.... ~ 

TOT{.\L 1 ':1::;;; c '. 271 303 2-0 3- . 1 . 
-------
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p 

!1onth 1. Y observat ions wit h r egard to t 

appeal- ances of fresh 1 y c ':3. ugh t fema 1e An. qamb i ae ~ nd n. 

Out o f a 8~4 f m 1e L 

qambiae 2..~h caugh t on human bC',it, abOL\ t 62 . 81. w.x un f d . 

Consid(?l" i ng + t~ d mosq u i toes as those I ich wel- e par 1 ed d 

int e r r Apted before capture. or' those f reshl y n erg do th 

evening o f cap_ure, t he combi ned f ed -unfe d An . gamb l e ~ 

fema'l.es ill2.d(:2 Lip HlQl-e than 85% o f t he total c ches. L es 

than of the total ca t ches were g ravI d . 

Ct:l.tc:h~s of t h is s p ecies on h u man bait. Th\: nfed .. nd f 

cat ches were a bout Say of the t t a l 645 fE es . bo 1. 

6 f a l 5 w r ugh \ mE?S Inu)'-e ,fed and unfed 6.rl . .!.. Q..b.~e..§..!J.§£ EfT, 

while attempting to bite m8n t hen did gravld fem 1e 

,l + I 'j! b d t hcl- t I n all t e mon t 15 of - SlOUtO e nuT.9 . 

"I 

e:;<cee 5 tha t of fe and gr 11 on· . 
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( ) . L':" ':;,: ,Z: ~ 1'\ ,~'fJ4 o. ;'-~ C' _ 1 ~~:t !..: : . , ; 

-_ ... - ... _.", .-- ...• ----~ ........ .....-..-- -.. -. -~-- .. -~ 

f. 

\~ 

Lr') 



and since 1 was t he onl y re-sa n es ons u~G; o. 

.:tLldy peT im:!. Results of mon t h ly ~~om3c 3nd S:11V ry _I 

d i SSE'C t Ems c;nd 

bath from i~door and out door human b~l! catches . 

the s t udy peen,cd l lc::, <) .21. . 

+or f'l ~_smod i um i nfection" Ou' of t. 1 - I 
( _ t 

Q.b..s l- Oii2 ns i ~ , no P O !'7, i t i\i '?, =p:cime n6 ,El-e 

{- m 

&n('1 th i:l,t. of Lk 

d 

fa 

.... , 
c.. r 

, 
L • 

~":;'t::ct?d 

nd. 

:'1 

a mean mont h ly cl:J. e::sec::tion c..'~ .3 '7 .:?en 
2::. { .m 1 EO tor t 

1. 

-D...:. 



between Apr il 1987 a nd February , 198~. 

Period 

1987 

1 Qr-.. -. 
_·0":1 

~) ) y-

M<":,<y 
:!Ltf""i 

Jul 
(.";\..(g 

Sep 
Oc t 
Nov 
[ipc 

Jar. 
F l~b 
Mal-
Nov 
D-'c 
J.2-\n 
Feb 

" 

· · 
· 
· , 

· · · 
· 
· · 
· · · 

Number Stomach Sali varv 
d isS E!C - \ oc.cysU (sporoz-

ted 0 1 te) 

-ve +ye -v ~ +v · 

----------_ .. -
24 2L!· cA 
2:::J 3:::- JE, 
I , 1 q 1 I.! 1 ''1" 

3':~ '':;~;J 3 ':~ 
':.l-:'~' w2 ~CI 
,,-t~ t.J:.-

'+7 '+ 
..., 

'1·7 { 

q '=' -{l· 3 J' ~ ..... ,} .. -t.;::, 

3'3 3':' 3'::' 
qO 40 4·(> 
3:4· 34 Sit 
~j\) 80 3 ( 1 

3~5 35 ,..,c· 
.::J ._! 

'3 1 50 :i. ._,1 

3 13 3'~ 3 1:1 
1.:J 1:. ._w 28 c!8 
3() 3() 30 

Numbel­
di s58C­
t '? ) 

i:.. 
'.: .:1 
i_C 
.. . 

I"'" } ': C. _, 

82 
2.0 
?2 
~,~ 

~.:J 

2 7 
2 ~ 

28 
" -
c5 
C. .--
2 ._, 

! , 

~, 

.": :. 

'=! 
_t: 

>-_ . J 

,2 

~2 

'. 

, :; 
I 

~ 

;. -
" 

2:: 
r: -

: 

- ---, 17 1"1 

---_._------------ - ------

... 



p 

Tho ~ge s trLctur e of ~opu l a t j~ns o f A ~ . a nb · a ' 
--- - ~ d 

were Leter min2d bas~d on t l ~ c~a in t on of 

the numbel- of d1 l at i ons i n t he ovario es of dissec t2d e m 

mosqu i t oc~s • 111 the COL(r S f~ o f t he s tudy , a t l eas t 10 

mosqu itoes o f bo t h spec i es were dissec t ed. s mon or'" 

mean mont h 1 \.: d i ssee: t i ons ~Je l-e_ ·-:7 0 )- An b 1 - __ • gam -

The agl'?-groLlps a\" e 9 j. ve n in t e rms o f the numbel- o f O!l 

in t l""l 9 QVC"l l- iolf2s <gonotropt"d c e ye: les comp "t e ted) . NUio er 0 

p cll- QLlS, 3-par·oLls, et c . <T ab Iss 13 a nd 14) . 

The mont h l y age compost ion of 0n !" q a rr,bi ae ~ ar '5ho Ii 

in Tab le l3. Out of ~58a ...::..ll!.. aambiae. ~ dissect ed. 2~ , 1" '. 

I • d I ., - • f 1 - - q-pal-ous a nd 0 1 81 ~ere pre-grav l ana nUL llparous ama. e~ . -

female s .. c.onstj. tuted about 45 . 61. o f t he huma n baIt ca tch 

that were d issec ted. I . o f pl- e- aVId . nd ·Th e Pl-OPOl-"t. l ons 

females we r e h igher t an t hose of any at r a e 

gr oup through ou+ t h e st u dy per iod . 

Tht::: 3.gecompos i t o n 0 .. An ". ~~ a~l-=-":..:..:..:=--,,,-__ 
lei l e 1 ) showed 

thd "( 2l~X at a. tot al o f 4 17 d i ssec t ed wer e pregl-
aVI 

gn:lvi d f I n were hi gh r th n e ma r';;_ 

54 

of 

tho:; o 

nd 

n 



age i n most .. f t.he months . ur ir,g 
tf-J u 

oldel- tha r. :3 - p a - CH.ls W81-e e ncf.JLm t en.=d lel-y oc S10n<3 ly . h 

o l dest t ema les observed in b o t h spec i es d Ir l n t E 

wen? those wh i ch compl et ed n i ne go no t i'oph i 
c c es 

T?1BLE 1. 3 

Physiol c gica l ag e de t er mi na t i~n ba sed on mont hl 
d).s sections ctf A!J5-;)J2h e l f? s gamb :i.ae s. h co ll c te 
on n u rnsn bai t a t Sh ibe Fa r m 

~~ o f numb el- of gono t l-oph i c cycles completed 

------_._---_ .. _._--
Disse '-

f f-: r i OD r.: t ed I) 2 i 
J. 3 

-- -------------_._--_ .. _------_._-_ .. _ - -
1987 
AP 1- • 
Ma y 
JU,(1 . 

JI.! 1 . 
Au.g. 
Sep . 
Oct, 
Nov. 
Dec. 

l':;.J88 
.Jan . 
Feb. 
N.:.·n- • 
I'~ov • 
Dec. 

24 

82 

3';j· 

3(; 
.- , t::" 
;::. . .... t 

2() .. 8 
25 . () 
2 E,.8 
35 ~ 171 
21 r,~J 

::::() "2 
28 ~ E~ 

17 Ii ~i 

21 .E, 
20.5 

2::. ~ 8 
11 .1 
17.1. 

25 .~5 
13 ~ ';; 
23 . 1 
1.2,5 

1 1. 8 
20.0 
2(; .( 

t:J ~;3 
10 .3 

8~3 
13 ~ l:J 

14 .t. 
12.8 
-t ~ C' 
J.;._ Of ._1 

19 . 1 

15A 
7 . 5 

20 . E. 
0 . 0 

11.4 
., .' ,-; 
J. i ., Q 

5 _1 

16 . 7 
11.1 
14.6 

7 . 7 
15.6 

4 .3 

12 . 8 
10 . C' 

11.B 
10. 0 
5.7 

17,E-, 
1S.4 

12 't5 
11. . 1 

10 . 3 
12. ':' 

~, . c. • , 

7.( 
5. t 

15.0 

1:l . 8 
:' • 7 
8 . 6 
3 . 7 

1.2. 8 

c 
~, 

8 . 3 
7 r , 

. u 
10. ;:; 

'3 . 4 
6. 4 
9 . 3 

6 

4 .2 
8 . 3 
4 . 8 
"i . 1 
: .4 
2 .1 
4 . 6 
7 . 7 

7 

n 
O . 

,-I.F-. 

2 . 4 
"'.. .7 
:; . 1 

. 3 

. u 
2. 7 

7 .5 12 .5 l(l . O 

8 . 8 5.9 
j ( .G 3 . 3 
5.7 8 .6 
'-;.w 5 . '3 
7 . 7 12 . 8 

S . 
6 . 7 
'" ~, . 
'; • Cj 

7 . 7 
198') 
Jan , 
Feb . 8 C} 

Z~2 . 7 -. . 
I • J. 

16.7 
1-/ .'3 

t l J:7 
10 ,­

f;', .7 
10 . 7 7 . 1 3 . 6 10 . 7 

1( . 010 . ,1 0 . 0 I 

---_._-_._--_._--_._-----------------
TOTAL ~588 9i 77 

------.. _-- - ------------ ::>----. -... )--::;-:; 
tJ ~ c::- .-. 1' ;:::- t;, 1:3 1 1 1 . .. . 1 (! • " R ~0. ~ J . ~ 6 • 

-----.----------------
..:-C::­
... ) .... 1 

l~ O 

8 

2. 

_ . 1 
2 . 
2,3 

. 1 
2 .5 

'5 . 

2 . 
3 . 

. 1 

.7 

7 

2 . 

2 .3 
2 
5 . 

2 . . 
:. . ~ 
o 

2 

8 



TABLE tl. 

nthlV 
d Oil 

_ -.-- ..... - .. - -.. - -- .... -----.. .. ' ..... -N--.. ------.-_ .. ~ 

No. % of nu.mb er-"" elf gonot-oph : c c cles com;> 
Period disse­

cted 
-----------_._ - -

1987 
AP 1- • 
Mal- • 
Jun. 
Ju l. 
ALg. 
Sep. 
Oct . 
Nov , 
Dec. 

12 
25 
22 
1 .::-~ _. 

2 6 
32 
3() 

:32 

25.0 
32.(i 
27 . 3 
2 1.1 
11 .5 
21.9 
if.":, • 7 
18 .7 
36 . 4 

J,;.=tn" f~7 2E~.2 
Feb. 24 20.8 
Mal-. 28 14.3 

198B 

1. 

1€:., 7 
16 . 0 

'3 . 1 
10.5 
23 " 1 
1·::;) Co: c • '.~' 

21 , ') 
18.2 

2 

8.3 
12,0 

l { . 5 
15 . 8 
1. 1 . 5 
15 .Eo 
10.0 
6. !: 

1 !:i • 1 

3 

16 . 7 
8. (> 

18. 2 
10 . 5 
11.5 
9.4 

'3 . 4 
(. .1 

Lj. 

8.3 
8.0 
'3 . 1 
1. 1 
7.7 

3.8 
'3.4 
'3.1 

",. 
._1 

8 . 3 8. 3 

13 . 6 
10 .5 
1'7' .2 

8 .0 
g . 1 
5 .3 
1. 5 

12 .5 9 .4 
1(.0 E .. 7 
'3.4 ':; . 
Eo .1 3 . 0 

7 

8 . 
'9 . 1 
5 .3 

3 . 
10 . 0 

_ . 4 
3 . _ 

8 

.3 
l .0 

3. 8 
3 . 1 
6 .7 
-' . 
3 . 0 

lL~ .. 8 1 1 .1 l i !.11 4 .8 l 1al 7 . 4 3 . 7 3. 7 
81(3 1£:' '0$·7 8p.8 12 . 5 l~ . 2 12 . 5 8 . 3 0 . 3 

1·Q!l3 1() . 7 14a310.7 10 .7 7 . 1 7 . 1 7 . 1 

'4 .0 

Nov. 36 33.2 1S.7 19.4 
Dec . 25 32 .0 20.0 12.0 

8.3 ~.5.E.1 

8~ O 8.0 
2. 8 5 .6 2 .3 2 .8 2. 8 
4 .0 8 . 0 .0 

}.'389 
Jar,. 
Feb. 

1.::<) ~35 • () 1 ~) • c) 

25 15 " .q 23 • i 
:::" 0 15.0 10 . 0 15 .0 5. 0 . 0 

11. 5 11.5 11 .!:1 3 .8 7 . 7 7 .7 3.8 3 .8 

37 32 22 

-~:-----~ .. - .. - --_.- 7 .8 5 .3 . 3 1 . 0 
I. c..f • i) 15 .. 8 12.0 10 . 8 10.3 



parasite in the ar~a ( 7ab~ es 1 a i~ 2: 

E..!.. e l.c.. . 

tha ~ amo n~ 2d u is ~ ~ c e 
I.' a 

transmiss ion EXl st ed ... , 

i+ ..... 

.. .. . .i • • , -
, .... ~ ~\..i 

t, 2 a r e 

, te..:t 

- ~ .. 
' c I'" 

- .... 
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A 'cordl r.g 

F'. v i V 2.::{ ._- ---,- was al s o f ound to bp =n 
- C:( . J mpor . <.: r, 

even though wi dely s p r e a d a t h igher a l t i tudes . 
L. 

was also commo n l y repor t ed in Et h iop i 
Btt t he 

pe - ' es 

i den+ if i ed in Et h i op i a r elati vely nl r c e n 

1978 ) • 

Font<.'l1 n e et c.l~_ (1961) repol-ted the prevalence 0 _ 

251. and P. ffiCl. l.£ir:j....::~as 151. . Krafsur (1977) rEpor 'd 

p n ?"v c\lem. e o·f about 5 '31. fm- ~ falcipanJ.lo amo ng chi d en 

t han 15 vear s o ld , 

abov!:;; ? j. r'": 6amb~~ 1 i£ ••• The pn?va lence o t P . 31c ip ",ru~ t. ::er cd 

dw- i ng t r'lis s tudy in Gh i b8 f Ol- t hl? two ag (' gOI-UpS leI"€? 

e €? 

r egions of E t hiop ia . 

Th ~ n ? la .ively 1m'\! fn?quencl es of ~:' " ~ r ;:,on by 

t 0 '3('8) Jon cllffcr n a nd Kr a f s ur .nd Arms r ong 

StLIO Y · 

t hat 
,n P r s 

Eth i op ia ~t eleva t ions between 1000 and 2000m 
(~r t ro 

Y v r . t " t h e c,pp ",-en As a temp e rat 8 zone p~ras l s , 

.~.i 8 

o 



Sl r 

"'_ I t' itt.tdi nci. l fac tDrs \-,.,h i ch -f avour' P . fl' ._, <:t clpan~m tr ensm l .S 0 

l-'r'l e l-~_~lat l ve l \.' low number of blood - Sri ;221)- S e>·.c" m ned ' o. In ~.l 

might al s o poss i b~y explain tha -ete tio c.,f cr 

t.!- yivct ::·:: i n fe:!c tions ~. r,d i: he apparent absenc:e o f ~ malar a 

and P. ovale --- in fect ions at Ghibe. 

Another' poi nt o f in t el-est i s tha t out 0 the 131 

sub jects exami ned dL!l-inc_J. t r le sec ond SLll-Y""Y! 1~ 2'/ P '" t:. . "were -..!. 

f..?-1f..i. pal- Llm gametocyt. e po s i ti ves a nd hence ~'Jel-e infec 1 0 

mosql!. it o es • 

wel-E' s upp l ied to some o f the i nhab i tants by the farm - 1nlC 

as a p 'r ophy 1 a::o:;i 5 in Dc t ober '"'.nd NoYembel-, 1. 988 . is mlght 

have r'educ:ed the ac tLl ':'ll. pn~valence o f lOa ada in fections n 

t he population. 

l2~'c val specimens:, indic <.'\ tc'?ci that the ni ne 2!lophe l i e soeC1es 

dens i t. ies -f 0l- the most p <",.'( t of th t:~ yeal- (Table 3 . -.!l.!. 

b · d r d l' f J:.'-~'\.- "'n~ I ~.l' nds of br eea I 
9.E:m' laE.~ ):i.1.. wen.:! collec t. e -( 'com :; o;c l , 

h abi ta ts , rock poo l s and s ma l l poc ket s 
wat r o 

incl.udi ng 

a l ong the \- iVe1- b a nk 1 o \!er fl ow pools and standing wa er 
lon 

in- i gat ion temporar y ra in poo l ~ and road 1 

c a nals , 

asons . Most of 
dLi\"" i ng tt"te 1-8i ny s 

§..:h lar ae "r 
fn)m t"h i ch ~ gambiae breeding pl ':KEs 

coll ected , wer e genera ll y ex pos ed to sunlight. 
The c P C 



(as Qbse~-''y~e r'~ dLH" 1 !'l~J 

inve ~t l ~at~rs (Wang ~ 

st evens, Z aha. l- , 1 '384 ) • 

of br e i ng 

Wh i l e mos t obs ervatl' ns agree 

lli':lmh_i as s .k bl- e ed i n si t es c omp l e t e1 y or pa r t 1 1 

exposed t o sunl ight , it was a lso not ed t ha t An . ga mbi e ~ 

bref.:'!d i ng habita t s "Jer e devo i d o f fl o a t ir,g vege t l O. 

pe r e nnial G!"~ib 8 ,-ive-r ~ ;;"Jh en.'? Bn._ qambi ae s .l. li', r vae were 

ollect eo, most ly :-Iad f l oa ting al gal veget a ti on. f\oadsl e 

dit ct"18S ';;l,no tempo t'::I \'-Y l-.::d n p ools '1 150 had st and ing gr ass , 

wh i ch may pl- o vid e ::;;h a ci e a t t. h e micn:t- g fWironme nt l ev€? 

lar v ae of t his s pe c ies ws: r e i de . !f l ed ro 

OVl:.'·cflot-J pools assoclF-d:. e d l<'Jit h in-i ga ti o n cdna l s '-:lad 5 1d 

d · t . , an;-l 1- 1' v e l- Sl oe I- OC 1 ches with st a nd ing wa ter c oll e ct i o ns, -

sl' - f,Jend -' d ... . 0'- f l. o ~. t l' r·!g :> In. a 1_ vf:>ge ah on Whl h III g \~ . E!.J el.rl t us, • Q ... '::J -

P i~ ovi dE c:l s i-laded o r p ccctia ll y s hade d m"cra-en lr o 

Sltl tCib i e t his spec i es. Q/Co r nor (1 9S7) d -scr Ibe 

bod 1 

a n~ ir r iga~ion ditches . 
. " . ho- n mb er 0 Th-' --c>j ':> 'i l vel v t'll g "" I t I~ t __ _ ~~" '" .. 1 

hU.man ba j, t 
c 

c:atcl es tit the 

fu l l . n-n~ b l-~_~ inc_ seml.--pe .- ma t:: l c -
p l a.ces -re 1 • 

~, nd 



p 

Gh ip ',? , =uch 
t h2.t t hi s sPEc i e s pre f er s 

'. nds c 
De 11e 111. 0 11 

d t n. 
typic a 'l l y <3. ~ ' ~~""mp br Ei2der . 

lar va e a t the mI c r o-environme nt l e vel . 

An . , £Qb!.§.,t@.f1i la.l- vae wen? c o ll ec t. ed mostl '." from eed l ng 

pl aces along thE T ' V 2~-' ba l k a nd f'- olT: I-aa d side d l tches and 

temp o r a r y ra i n p oc ls. Ri v ersi de r oc k poo l s may pr o I d 

fl ,::) ,::'lt ing al ga l v E'ge t a t ion ''''hieh migh t favOLll- the spec i es . De 

Me i l l on ( 'L 951b) r e pa ·· t ed t. h ~, t fi n. coust am was a swamp 

a n d t h2,t s he; d e i s no t essentia 1 if f lea t 1ng 

veg etat i on is a va il able . 

Gi aqu i n t o - Mlra. ( 1 '3 :::~ O;' y":;'pc:; r· t e cl tt1'3 t t he spec ies pr efer'red t o 

and hC;- i zDnti:-.l vf?g e tL t ior. and wit l"1;:; . .!.Hi c: i e fi ~ Sh2d • 

'::)b s erved came on l y 1n 

s eepa g e roc~ p o ol s w· t h c lea r water , ban • 

Th i ", sp:~c i as 

part s of Africa. 

, . <_':',h",d '" " nd t o pr ef r T2 p o r ted t o a vo I d . ,~ ~ g 

s eep a ges ( De Meill on 1951 a, 195 b ln 0 her 

found 

. m l' ',_4n . £.!J..l"i styi 9..et nna il....s.. 

t k. i nds of bl- eed 1 ng i n mos 

and .-!h 

h ml and ---=­
( 1'35 0 > d f-? s cribec ~ gar n a 



s peciES mi g h t 6:\ l sc b r-8 f.'(j i:1 l ow l anD 
Th:: u 0 

m3r she~ wit hout veget~ i o n and may be ~ oL . d In mudoy 
r . 

These pr e f e rences were a l s o no t e d b v [I e Me l1 1.on 
( 1 ':J5 oJ J • n 

r oc, pol 

wit h f loa ti ng al ga l veg e t a t i on. The spec i es was re rt d a 

pl-efel- ~som2 k i rid of s h ad e a nd t o b n ,ed i n dee helds an 

swamps (De 11,'2 ::' 1 1 o n , 1951 b ) • 

l ar v 3 1 d ens it i es 0 the a nop he l ine s pec E 

"'Jer e cl o se l y -. ss;oc i a.ted with th e aVB. i lab i lit y 0 5 1 t b 1 

it s bar:ks. But ' his seems to be more than 

eomp !o'? ll s a i:. ed by the cn?at.i on Q·f nlJmel- OLtS new b l-eedlng s i tes , 

s uc h el '::; t <-~iil p ol- 2n- y l- a i np Dol s a nd small co ll ections o f water I 

th d . on the gro nd as .e roa side di tches and other dep r ess ions 

l oc a t prec ip i t a tion. As s uch, m SqU l 0 

prO liferat ion i s ·fa.YOL!'f'ed dur-i ng t h i s pel-iod. Ther efor e 

man-biting denS':. :i.t ie"" Q·f Ar!..!.. 9 .31110 1<:,\ e 15 , 1. a nd An. 

t e nd • b J'LtSt' => f ter the he vy ra l to ui ld up a nd reach a p eak Q 

(Sep t8mber to Nov ember) (F ig. S). Aftel- tnat, th b 

d ~ . .. . -e n=l _l e s ot thes e . d ' de -r ace ~pec ~es co n t l n~ e t o L ~ 
a o~ r 

leve l th r , 
t he dr y s:ea s on . At thi s t l me o f 



onn by 

-: n d O V "::1- + 1m.,: r,.'ioa ,s ·:\n ,... '1 t 
- , 0 l (JC . C' II:' 0 

1:'1 he ar e~, . 

h 

short r .:;lins ~ :pr' i l --t1ay), u nl ess t hen? is e xe ephonal! h 

l-ainfall. vJni le reck poo :'s ;:\ 10n9 t h e: pel ennial Ghlb r 

bank f aVDLn-ed t he OCCLln- enC 8 and bl-eed i ng aeti vi h 5 of 

of tne a.nop he line sp ecies~ bl- eeding habi t ts assoel ct d It 

irTi qa t ion c ':i:\r3.l s seemed to fi:.VOLll- An . phal- oens is . 

The c:h-3.nges in t he ,-elative densi ties 0 

the yea," ( e .g. September t o Decembel-) might be due to h 

Ci- e c.<.tion o 'f n :'2W suit a ble tn- eeLiing s i tes dw-ing he r a \ y 

season ::ind h ?:'.i1ce of i nCl- ea.sed b r"i='ed i ng a eti vi ties b t he e 

species . {~pp .':\.l-t .. nt ly hig!: n,:, l ,", 'Live densi t ies of An.ph aroe n 

b iting man c:: orn:.:'sponde d with e>::tensive il-i-igat:.o de t 1" 1. p 

In the area (October -Janua r y). An. gambiae ~ bl I n 

densi ti es seem to decl-eas>.::' at t he hei ght of the dr - e 50 

be t ween Feb r ua r y a nd April (Tables 5 and 6). Th ism y b du 

t o t t 1 

o f the year a nd probably t o effects of hOl.,se 

with DD T On t he other ha no , !'l. 

in Janu-3.r y by DCMOVD. 

inCl- ease in 

we t SEason (June - September) and 1n some man s h Clt' 

sea <:: on due to t e \ c 
(September-January) , 



t h p n '- -"p . , • . - .J ' '.J,... 1 r , many k nds 0 

<Ta.ble 

f 

i n nUmb E)l- both dLl l- ing tilE he i ght o f t he we t 
sea on 

(June-August), a nd dW' i.g the height of he d s asa, 

Th e f luc t ucd i on<=, ' n the bl' t ' d - • 1 ng ens 

c osely associatf~ij wit h t.t1€':- a v a i13.b ili t y o f su it a bl e -E'edlng 

f l u.c t uat ions due to t he cap ,cKi t 'j of the mosqi ut oes t c br eed 

i n both na,ttu-<3.l and .. u-· tlfic i al i, abltats, f u l y m- p r t l 1 

e:,::posed to sL.\n ~.ig nt \1tJang~ .~ '?66; Stev e ns, 1984 : 2ah 1-

F;el,:t:VE: man--b iti ng denstt i25 of f~ n . f ous tam coust n, . 

seasonalit y , bu t 

b 1 , ;:< r"!d a-,': 't 8 1- t' n' "', n ea y rc. l ns . num - 21- S;. Cd_\.- 1 n g ~, . . '" h 

appeared to decl ine with th e approach f th h 

(T2<.t ,le 5), ' t lo f a dul t::. of illl.:. The s carel y 

dLl l- i ng mos t of '- d to t he i r l ow t he year may wE ue 

d e ns iti e :~ in the -5 well as due tc the ~er y ow 



> 

ihe r~re~ e nt c ~ d .J ( l L y . 

ware ~ eported a s l mp or tant Y2 c t ors of ~alar i n 

sur I 

l'370a , 1977:; Ge br e l'1i=,xlam~ 19 84) .Th e absence of the e s eCles 

due t o l ack o f su lt ab l e br eedln 

hab i +. - L,; l!l the aTe"". Huma. n ba.it c o llec t i or:s , wh i cll ('l ' g t be 

t he l ast bie-I,sed <';\nd p l-obab ly the mos t j- eliablE- me t hod t o 

st udy a n thr'opoph i l OLls ano phel ine popula : ions (Ser vi ce, 1 -T) , 

if t hese spec i es were pr esent a t Ghl be. 

F:esults Q'f h u man b a il c ol l ec ti ons i n this '5 tudy show 

t ha t 8.!:l:.. er 

I t, 1 S 

evi d e nt th a t t hE) t~<Jo s peci es WE1-e t he mos t abundan 

a nt hr opoph ilous s pec i e s in GMi be . Tables 7 and 8 show ha 

An. Q;:..mb i B. e d oLl, tdoors In equal fed bo t h indoor s a n 

propoi-tions and h e nc e we l-e eqL!al ly endophagous and e" oph our. 

i n '~. h p_l· ",- .:;. (-r ;:::: 1. 7'3, F' = l. 044 ( ab l e 7) \. , eding b_havi oL\l-

and 
0 . 0 1 

0 . 01 
( ; M 32, p == Table 8 ) . 

wh ere t he 

I t bit i ng man 
o f thi s spec i es wer e cau9 '-
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II 

( I 
a r c! T 

o . t Oj 1 

:::: ..... 1 . E.3 , 
(} . t)l 

F'=r [' -'7 - ' • ,) I , 

n?Spec t i ' .. 'r-=: 1 y ) • 

fi n . ar a b iensi 5 

I n i ts 
1 m l lar 

obSf?1- va t ioP5 wen? r epol- h :d b y Whi te at al. (1972), White 

a nd t~jhite e t al !. (l '380 ). The high er degree of 

t h e tenoenc y for" equal endophar l' c d ' '3 ... il 

An,.!. s.u:..at ir,: ns i.::;) OD:::,E.' j- V8 ' in t he pl-es ent study are comparable 

( 1977) fou nd An . 9amb) as s . 1. s tJ- a ng l 

Tll i :; s p: c ies , h c wE'vel- ~ wa,s main l y e >~oph agoLts and tended to 

bitE' man:? c '..t: si d e t han i ns i de hWilan dwe lli ngs at Ghibe In the 

I n o H le'l- s t u d i e s i n Afri ca , the species shololS 

i nh enm t 
nd 

feedi ng b eh a v i oUl- (De tiei 110n, i '351b). 

Such , " t t h ' o f h ost and feeding lnconSlS e n , C I Di c e 
behaviour 

th t . choice at n 
e av a il ci bi1. i t y and l o c at i on o f th e has ot 

a lso b e n o t ed t hat at Ghibe Fa r m 1, 
wh er e an 

where the I nhabitants m 
c,nc 

i n the eveni ng , 
the? 

:i. n d o Ql- S 

Dehav i o lr o f these s pec i es ob ser ved 
in the present ,tud 

y 

66 
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dif fe r f~ C f some o f the preV10US r epor ts. 

Ano~he le5 cQustan i ....!-_s __ .-.._". __ _ . __ , ____ ...... __ . 

Gh iDe . These spec ies WE'i-e caugh t bi ting ma n ~n 101-4 nlJmb-

Ind oon,' (ab out l OY. o f each) <Table 7 a nd 3) • 
Wh ite ( 97 ' b 

repo 'i-ted o n the occurrence o f A __ n. 'L'"' nMl' '''''-l 
w H e ~ PlS I n Ethl oPla , 

b ut tit tle is known a bou t the feed ing behav ioLll- and ChoIce 0 

host fOl- H:i:;:;'3 p eci~2s . Nor j'3 t hen ? any evidence of na LJr3 

infect ion 
I n 

Et h i op i a, cw in other parts o f f~ f\-i c a ([Ie Mei11on, 1951b ) . 

,: n Ethiop ia b u t as h igh as 2 11. lndoor cap tLlres we l-e 

beh.:.wioUJ" t.y f:f!...!!.. !;'pUSt.::Hllcous tan i wer e a l so reported I n 

Eth " ' 1' ' '''f ' ( r';.":·"qLllnt' o-Mira, 1':'5(,' -, ilC'iP J, 3. ~,';O e s-=: ':.jn e ',- t: In !"~ l-lca , \.:l _ Q 

The mos:t impor tant .-;:,nt.hr"cJoophllaus speci es in Ghl be Far 

n 

d i f fe;-ent t h Pal-ts of A'rlc Et hi op ia and o ,er 

-c:'- ~':-_~l-vl' ce ! ! g63 j anQ, 1 '-j ,_(~) ; ~ , 

1'377; ~Jhite, 1 ~7&.1 

. n v iew 0 

A __ n . a o~blae ~ aCCumu l ated informat i on o n vector 5p~ci es , 

G 10 • 



Thi s s pecies may be impor t ant 

dUl- i n9 tra ns mis s ion ~ea ' ur (Ur- t- 'D - D 
- ' - • I '- u el - e E:-rr. e • 

i n mai n ta i n i ng t he e naem i c 
Situat ion . 

,-""lat i v el'y' hi " h e!- rt i ttTIber c 0 + J.hes"" s ' b 
"" ";;1 - I :::> , ~ <.:;' peelE:; iting ma n .l ndoo s 

anc! the ma laria incIdence observed 

s t ud y ~ st r-ong 1 y ~;up pt1r t the imp li ca ted and/or 
asser ed 

The a v e r-a o_,,;; ,nan-ob i _l.nc,_i ,- a t e indool-s ':Jf Ar',. gamb lae s 
......!-......t 

1'\,.... '""1. • 

comb i nc::j 

, T ab 1 e <::; ) . 

The 

t, i t i ng indoST S b ; 0 n . gambia~ ~ and ~ 

bi t t e r. b y (i n0-.Q h ? 1 8§. spec i es at Ghibe. BLt the c ombIned 

r espec ti vel y) we -e ore 

0 )- 1 .,. t.hen,dore a chance of reee V ln~ - E'SS S lrl''d, 1 ar • ,'her e ~'Jc\S 

number of bit es per even i ng lndoor s and out doors 

bl' t :t r1t:.1 ra tes b y A:1 . gam 1' 1 man 

, th : SlLldy IfJe)-e mud' h '1he 
. ' o f"-,, c:p_l-ved I n I 15 g ll .::u-oensJ.s c ~ 

-n be, 

{ [ '??7) Gambel a . T 



averaqe b it e s p e r ma n p· el- e . 
Venlng for the ot her 

ana he h nec: 
ins ide hou s es was v e ry low (Table 9 ) . 

Men t i on s hou ld be made at thi s point that 
i nq t ne 

of cyc l e s t h e a no r heli ne mosquitoes OVEI- a 12-hoL rs per lod 

rem.::d ns t·, be inve s t igated. However, the patter n Qf eedl 9 

act i vi t ies o f Anoph§l~s mos qu i toes befol-e midnight was 

j-emar- kab l e in t h a t ther· e was a decline in biting acti ltlE!S 

t owar ds mid n i g h t (2 ::: : 0 0 t o 24:00 hl-S. ) <Table l( ) . 

indoOl- S a nd OLttdOOl- S b e t(""een j.'3~OO and 22: 00 hl-s. I ndoors 

pea k feewi n g a c tivi t y ttJa s observed bet~men 20:00 and 21:00 

h l- S .. p-ec eded b y outd001- peak feeding activity (1·3 : 00 0 

20:00 h l- S ) . An-!- QD..!:.J:.9.fu'1s i 2. f eeding ac U vities indoors pe led 

bet we e n 2 1 :00 c"t nd 22 ~ OO hrs, and pl-eceded outdoor pea 

f eed:i ng a c t i vi t H ::S b ~: h'>leen 22 : 00 Cl.nd 23 :00 hrs. (Fig. 4 ) . 

by -IL!. 

2....:...L!!.. :;. 11 Ni ged a h ad a :s ingle peaf~ b => t ween 03: .10 

(14 : 00 h r-5 • + this was var iably rep rt ed and c o mmented tha •• 

feed l ng indoor"S between 04: 00 and 
a c t iv i ty to oc cur" 

hl-S. Howe vel- , this p e r i od of t he n i ght 'las not cover 

and 

b 

i n 

wit h t he results 0 
t h i s s t udv and it i s d if fi r:: u H t o comp i:l.l- e 

ot her s in th is respect . 

~[oe n'::>is ~ 

two I pea t(s, 

-h ~ o ~ o f Niger l a 
in t h e GI.l i ne 3 sav an:-io;L '- , -

- _ ~ and a: tc r midni ~ht . 
whi c h occur r ed betO!~ 



~ er e ac 1 " 

shori. 1 Y af t. e r dark wl t h most o f t ' , ne o i t i ng ca t ches OCcur ln 

bef TE' mid n ' g :1 t • '" , t h e pres en t Si !_ld' y' , pE.'t.~ k b; ti r,g ac tl es 

of 'D'-,~. l l,~e~_ " ~ . ~)(-) d 
' Y '- C l ;'. _ an 23: 00 fI rs 0 T is 

obser va t i on was s ome what si mi l a r t o that of Krafsur (1'377) 1n 

Gambe 1 a . 

It was observed in th i s stLldy ~hat ~he ~ ~ propor ti on 0 

unfed mD~::.qu:l. tOE'S i n h u ma n ba it ca tches was a l ways muc 

gn ,:a tel- t han t h a t of -fed and gl-av i d mosqui toes <Tab e 11) 0 

bot h ) ",;e )- e the pn:!do minan t f ema l es in tI llma n bait catcl,es and 

9r avi c.1 ,fern ' les of the ::; e sp ec ies migh t hav e been a t t r ac ted 0 

man f.0ithel- +0',- the Ile ,:,:: t b l ood mea l, m- wh ile looki ng fo· a 

110nthly d i.-sec-ti o \"l;::- o f bo th fir:l..!. gamb iae s . l. nd ...!l..:. 

fo- ,t l~ ~, t d l· ~.'~.- '_~ l-~_' n t t l' n,l ~_'S ~, f th e year (Ta le , , , €~Se '::pecIEs "" " ,,- ,- " .. '-, 
) 0 

or 
Onl y o ne -fema le BD...!. 

sa 1) ve Y 

noc ys. t • In 

g land and st um~ ch 
b ' ae s ol o crd An . 

i.n 'fec tions i n b o t h ~l n . 9,ilm 1, 

st ud y , it. is d iHi CU. ' t t o 
ES I Mr e 

th is 
h ' 

i noeL!. 1 at ion j"'a te 

Spec ies. 

Fr om t h is ooserva ti c n , 

i ncide nce obs e r ve d 
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i n b l ood 5~mp l es a 
t h e hu, " 



popu i, -;, t i on U v i n GI') i be. 

of d i s sec tions to determi ne t h ~, 
'1= vector l ~l st. us o 

B.!1opheleg mos qu i t08,- i ·1 d i ': f e 'r ent )-e i gons of Eth iopi d 

Ac: O'I-d i nC,Il y, )" .;J Cll- t ::.' o f spon :;zo i t e rates I- anged from o .(3X 0 

O. 2X in d i f-fen:~nt p l aces at d i ff el-ent t imes tOl- An . gamb ae 

s .l ., Thl S h owev81-, d id not t ake into account dissec t ons 

with nega . i vE r e sul t s . Kra fsur (1977 ) repor t ed an infec I on 

ra te of 1. :371. (i 56 183q8 ) f OI- A,n_,. oamb ' 1 _ laB ~ 1n G mbela . 

SpOl-o :zoite r~t.e o f 0 . 321. in ?k l . i:\1-ab i ensis and 2 .681. i n...Ll.!. 

same li.m its • Th l'? me an ovel-all spoi- o :zoite I-ate of 5. 89X was 

In thE abserh_e u+ p os i tivE s .:lli val-Y g l and 
t ht~ ca s e in t lli?, ~-; tL\d y ~ the f m-egoing 

di ssectIOns , 
repo-ts 0 

o 

per':> n 

i ; 1 a g ' en t i lilE • This , f' lnc t ion 0+ th E' l S a 
bI tl 9 

ratE.~ of 
- ) =>nd 1 t 5 e~ i . .J , - (. T::-.'''' 1e ':;l c spec le·".:1 ,,, .. ..... 

In v iew of 
the ;e l ati ve ly loW nL mbe 

u 

r a te. 

mos q '..l j, i:. Des d i ssec t ed . t n· l' c., s t ud y 
dLlI-ln(~ ~ 

(Tah l e 12) 1 

ma 

SPorO ZO:l te 

aSSumed a s a n esti m~ te of 
t ~ 

L:.L.. <:t. t Gh i be . 
. aSSL1mp i on ~ 

, l-~ n' t.hl "? f on :?9Ci 1llg 
Bi3 Si:'(j _ , r-

7 1 



resL(l t. s of 
hl ~ s t u 

(Tab 1e i nfecti ve bit es pcr per s on p r 

eveni n9 
~GL\ l d be 2. 7 x 

1 .87/ 1 (0) ::::: suci'! yalu~s may e~agQera ~ 

actual i nfc-c t i VQ b it e,,; p e l- man per' eveni ng, by the mei- e fa 

that. human ba ":.5 iJ8 i ll te nt iona.lly e>(pased to invite b ' tlng 

mosqu it oes , as oppos .:;d to the normal conditlOn Qf avo id ln 

bit es , 

fo r 51 0l-o;,:oite and o o cyst infec tions. This spec i es wa~ 

report ed to b ~ vec tor- o f second .::o-y impodance in Ethi oPl 

Nevertheless mos 

att emp t. s a t. diss ect i on to detenH ine the spOi-ozo i te 1- te 

yie l ded 0W pos itive l-esults (O'Conn01-, 1967; Kl- a f sur, 1977 ) . 

HQ\I'JeVel- , s ome a u hCl- :lties r'epOl-ted c. few positive salivary 

gl and 1 n 'f ec t i one: i n . and othel- par ts of Af r i ca E thioplCl 

Even though th l 

and were SpeCies W~.-:. 5-. 't MJ .. ·i t·.l· nn man i ndool- S and outd001"S, .... , c:augn .," ':l 

.. d to A_.~ gamb ' ae~) rela ti ve l y more a nt hropophil ic (sp-con 

th a iJ ot l- e l- a nopheline s.pecies at Ghibe , there is t oo I t 

. 'I-at e that CQuld be used as Information on t he s porozoite 

basis fo r a n estimate . 

bi tes 

the theoretIca l inf e ll 

ti me f ,-om in a given 
or 

not be even estimated , 
as was done 

~i.~ 2..~ abel '\2. 



COi..lstant !;,gLlst ani ----- and 6..!:h 

moderate Y • ~ .l. , - - C .. ed ~-
r;: ~ I I C',_~ l O ma,n , a few e::<a mp ',es _ 

01 ',I _s e s EL 

add ition to trH2SE' r: peci es , An rh ' ) ' 
t_" .::.-J.::.Fill.l. and tifl.:.. 9 mosus 

to were be infec ted with P l asmodium spor ozo l tes 

Ll ncl er' nat ur- a 1 cO fid i , i em s (De I'le1' 'I,l on, l'3!;;;lb ; O'Connor. 1'367 ) . 

But r o le 1 ma laria t ransmission still 

least kno~."n . The l-e is littl E.' i nfOl-mati Or1 in th e 1iter tu e 

wiHl n-2gal-cl ~O natur-Cil infections in B.1l.:. longipalpi s , An . 

Monthl dissections f or age detel-minat'on in An . gamb l <:e 

trl al1 t li ose by Det ino va arid Gi llies ( 1'367) and Gi llies nd 

Wi 1 kes Therefore , it is dI fF i cult o 

de ter rrll ne tie tXL', e age ctJrnposi bon of t ' ,eee species f rom 50 

short· oeriod o f mo nt h ly samp li ng. However, t he resu1 s of 

di ss-:ction s of hese s peci e s c an be used t o det e- mi ne he ge 

at \~'hi c h tht:'=3E.' mosqu itoes wen? c aLlght bi ting man . 

The p l'opod: i ons of you ng fe mc?, 1 €!I 

'[1 ' h 1\ Q..amqi§.g §..!:..L. nu i panKls ard l -P ':H'OLtS} in bot, t!.!.."G.. 

that o f 3-paroGS and o l der f mal - n 

Some months of the year (Ta b le 13 a nd 14 ) . 
It was a l s 

that nul liparous fema les made up the g : eate 
of 

mas part- 0 
h 

theSE spe~ie£ tha n any other age gor up i 

' d b l.:-..I vell-ia t i ans 
uper lon 

Ther8 were conS l- era - . ~ 

"' '-, 1,";1 



o f 

be due to var i a tions l~ th e i ntensi~ i es 0'( 

Gillies and Wi : kes (l SGS) I e ported high 

pr o p ort i o ns o f young females cor r espo nded to h i gh adult 

density and rai nfall, t h er2by a ssoc i at ed wit h an inc reased 

'The ol dest +em2.1es ob s:.e rved in bDth fiD...! garll9...t§.L€:. ?~~, ,:\f1d 

It was r e peatedly demo nst rated 

it too ~ 3 to 5 d a ys to g onot.r ophic 

cyc l e and 3 days for 2ver v s~05equent DYl pocl ti o n (Gi l li es 

t he presen t study wo u ld h a ve been ~7 to 2 9 da y s ol d . The 

go no t r ophic cycle, 

( 1 '35'3) was 1· .;:, 
.C t c 

i s abou t 11 t o i 3 days. 

13 d<..Y s . Th ere,ore a-parous in 

the ' r ml -four +h g o not rophi c cyc les would be o f suff icient 

_ge 
_0 d e l o p the p a ras i t e to th _ i nfecti v e s tage . 

3-pa1"OUS 

fe ma l e s l ounges t ag e ~hic, are d angerous as 

I . ~ s ~ound th - t S·-parou.s a. r:d o 'i (jer' +ema 1 es o f fin. 

- r e capture experiments, Gil. l ies 

female 

II 
I 

II 

III 
I I 



:iJ.j.··· a nd 15- pa r o us f8ma l e s under 

r :B t u. ·- C3.1 cend i. t i o n~.:;. Th e r2s u. l t s o f diss e c tir ns at Ghi b e 

a s 9-p a rous . Fr o m these f ind ings it i s d iff i c ult t o c o nc l ud e 

th a t th e aver a ge longevi t y of t hes e species i s 27-29 days . 

Th e lack of ev ide nce for the e x i st e nc e of older fema les ma y 

probabl y be d ue to t he i nc r e a s ed mor t a lit y, due t o a higher 

ch anc e o f e x posure t o r e s idua l i nsectic ides i n he ar ea. At 

old e r ag ~ 5 ~ t he p ropor t i o ns d im In i s h due to mor t ality. On th e 

o t h e:- fi a nd . i t was fo u nd i nc r easing ly di f fi c u l t to c ou nt 

d ila ti o n ~ i n ol d e r 3pe cime ns 1 wi th cha ins of d il a t i o ns whic h 

are ad he rent a nd f o rm c lumps . Th e d j f fi c u l t ~ es wh ic h wer e 

d 2. s cussed di ssect i on 

(De tinovi?~ , 196 8 :; De t i n;:iV - a nd G 1. 1 i es 1 1 ":.lEA; GiL 1 i a s 

and ~i l ke~ , 1 ~S5) were we ll f oundea a nd l a lid . 

c on f l r me d t hct the Gh ibe Fdrm i s o ns of the ma ari a endemi c 

fCIC P . fal ;:ip ::~T um wa s th - pr edominant 

mal a ria pa ras i t e I n t h ~ area. It was noted t ha f a lc i p a r u m 

amo ng a:.:i Ilt:- . 

~ t o mo og i c a l s t udies reve aied t ha t n lne anophe l ine 

s pe c ·es th e Gt ibe Far m. t10s qu i to 

pr ol tf er a t i~n i n t h e ~rGa wa ~ per enn I a l . Th e mos t a bu nda nt 



(~cJ I.). l"t 

c 10sely dSSG c i ~tcd wIth ralnf~ \ l , wi th i r ri g atio n a ct i v i ties , 

responsibl e for the malari a in f ec t i o n ob s e r ved dur i ng the 

were eq ua l l y endophagic ant e x o p h a g i c in t hei r feedi ng 

behav ioUl- ~ si gnif ican t ly 

e x oph agous in th e p r esen t s t u Th e i ndoor a nd o u td oor 

~ no r:. h e l i ne s p ecit?s . The b · ti 19 )-at es o f .:Jl!.. 

.hose r e port ed by prev i o L3 i nv e s t igat r s i n o ther regIons o f 

Et h i opIa . Ev en i ng b t Ing c .t ches i nd ic a Ted ha t mos t o f t he 

u t doo;- b it I ng ':Iy An. g a mbi a e ~ occLll- r ed 

be"f: wee n 1'3:00 El nd 22:.>0 , - 5 . Mos t of th e e ve ning bit e s b y 

I nd oOi-S: a nd bet we en 1 : 00 a nd 2 3 : (1) h)-so oLlt d oors . n f ed An. 

g amblae ~ a nd An . Q.tlaroe n_ is f e males made u p the gl- ea El-

p r o portion of te human b a lt t hes . 

Is_ectio 5 f o r s a l·vaql gland l n f e ct i o ns in bo t h 0n. 

qambl e ?~ . • a.nd aD...!.. ohal o e nsis f em-l · s q ?v e 1e no pos itive 

:-p ec I m !.:. , s. Only 0 11 _ A r . q ;::,.=;a:.:..iT.:.:;;::-=..= s . • fern 1e c\s found t o b e 

p ositive f or P l asmod i u~ oocys s . Monthly d isse ctions f r a g e 

7 " 
- ' 



r t ,',a.5 f o und 

that t h e ol des t f~males i n t hese s pec i es enc o untered at Gh ib e 

we r e 9-p a r ou5 ind ivi dua ls. 3-parous and ol der fema les, whi c h 

are epidemiologlca l ly imoortant i n th e t ransmi ss ion 

in in 

dif fe r en t months of t h e y e ar . Since the a verage age of the 

ol dest fema l es o bserved fro m huma n b ~ i t ca tches wa s about 29 

day s~ -2 t o 3 monthly samp ling and c l o ~er mon it or i ng of the 

pa t ter n of gonot rophic cyc les are r ecommended to d et ermine 

77 
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M2 t eoro loq. l'C. ~1 ~ t _ . ud. . a on Ra ' nfa ll n Gh b 

He ". i ' , r" '11 t · - " j , , ",c ,_'_ , <,li E L eV\'::' l oome n t F ':',rnl r - ' bet w ,en J y , 

19 84 and Februar y , 1989 . 

-----_ .. _ - -------
Ra i nf a l l in mm. 

MONTH --------
193 4 1985 1'386 1'387 1 - a 8 r' r 

- - - _. 
~iaiiua'l- y 0 . 0 12.3 0. 0 34. 5 22 . 0 

Febl-ual- Y 
._, " .. 
I • c~ 0.0 31 • 1 2 lt .2 5S . Q 2 

t"18,r c h 1 0. 1 E . • " l t l } .2 84 .5 13 . 9 

Ap r' i 1 {?, • '3 ::i 1 
,.... 

.c:. 87. 0 48. 0 1...1 . 8 

May 1 ,..., l-'~ -., 115.2 8 1 . 7 17'j .7 43 . 7 
';:'.0 • ( 

Ju ne 1lJ.f-i- .") 135 1' :~ i 78 . 7 l OlJ . 0 12 • 1 

hlly 2 12 . 0 2E~:3. I~ 151 . 0 15G.4 355 . 1 

August. 1 3~~ • ~7 222. 3 82 . 0 138 . 7 176 . 

Sept e mb er 81 0: 5 2 .1 176.4 55 . 0 150 .1 
", ... ,1 

Oc:t ob e l- 10. c' 24 .2 26.8 18 . 4 b . 0 

Novemb e r 12 . 3 1 '::> 0 .2 7 .4 .0 . .., 
Dec e mb el- 4 .2 10 . 0 1 . 0 3 . ..- 0 . 0 

-- - _ ... _._ ---_ .. -_._ .. -- -
TOTAL 8 S f3 . 7 86(1. 1 856 . 1 10 16 . 3 

T39 . 1 

"- .. _---_._-----



n :£.1 .1 

Re la ti v e HLmi di t ies in G~ ' be -l~' o ) 

----'---------'- --_._--_._ -----
Av e r a g e Monthl ; 

o 
Max . -M in. Temp. C 

t10NTH 
1'1 a. >~ • 1'1 in. 

J3nU i:"\1'" Y "'::' (:. ,, 2 ... . -, ,'::\ 
"-' ~-' J .:;:, •• ...1 

F ED rOo '~ ~ta. ,- ''1 3 6 .. 5 jr;" .. ~ 
. . ~.,/; . 

Mar 'ch 8 7 "~: -'.7 . ( ) 

Ap r 'i. " 3E. r. i I, 18,.E, • 

r'1ay 3 4 
.. , 

18 q ~:t · ( 
~;L\ne - • t~l 17 .0 .::., ;. 

JLt ly p ~;~ 
,-, 

• :> 
i E, II it 

Augus t E::':; .. i~ 17 w :1 

Se p t e rnb el- 3l 
' -') 1 7 :'/ '3 · l 

Dc t ob e-,- '=-'':=: "-.. ~ · 1 :l5 ~ E, 

1·~oveIT,b e ..- 3EI ·::e · ,.-/ 

. 4 • ;5 

Dec ember 3& .4 14 .7 

r4 T 0600 

l:if) • ::; 

88~ 7 

8(~i . ( 

n Il ,-
c"'t. ( 

:37 . 7 

79. :=:' 

';'~5 ~ d 

'~17 ; 3 

9,;' p (~ 

113 .3 

~i5 ~8 

8 ':; . 7 

AVE! l- age M nth 1'l 'e ti 

Humid i t l es Y. ) 

- ---
0900 1200 .... 00 180(1 

72 . 2 5'3 . 8 5 1 . 7 6': . ? 

76 . :: ~J3 . 2 C' • , - f 63 .8 

'7 ~ r= E,I";' . 0 7 . \.1 ~ .8 I _ 
• • _ 1 

77 . . :, 6 .8 _,3 . 2 6'. 

82 . 0 69 . E. 7 . ~, 77 . , 

85" -) .", . 0 3 . 2 76 .2 

':11 .::. n h I 5 , 0 S .3 . 
'32. ( ~.J3 .2 .n 8 1 .3 

8 13. 
..., 8 fl . 2 ..... c: 8 . 3 
I 

o _ "",t 

0 2 . C 7 4 . - 7 ' . 7 . 5 

7~ . - 67 0 1::0 4 . 7 7 ... . 0 

69 .0 : .0 . 3 64 . 0 



I, the under s ignEd, dec lare tha t th is t heslS 

i s my work and tha t a l l sour ces o f material use 

fo r the thesis have been duly ac ~now l edged . 

Siq nature: 

\"1ABTE Thb l E 

/Ld btl; Te K~~ 
Name: 

Date D.f submi ss ion : .JUL Y-,- 1'38'3 


