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~ B R V & I ~  ON THE ETHLC@I&l ItNO?HEUi% mUnCS?s 
H M )  T E X R  SUSCWDUJJCY TO IS.FD. .CZUES 

The present paper deals with the bionomics, ttistributioa etc,.. 
of the Etkuopzw Hnophahne mscp~tds and t&ir susceptibUty,to 
the inseot~cjdes. The 'main  obs'elZTatlons on wlllch this paper is 
based were made in the WHO Nazareth P d o t  Project i n  1958, i n  the 

p q o t  proje&s (Kobo-Ohercber p h ,  Ddmb& plain, Gmbe-Ua 
area) and m many other areas of Ekhiopia and Erltrea m 1959. 
Also, scwoe jrevlms observatloris of 33aLzan, English wd French 
warkers c , O n C e X m i  the bionomrcs were included w k n  necessaxy-. 
Host of Gb-sG . -ac txv~t~es  in WSPt~ebe c6kducted in, coogeration 
~ 5 t h  &inti Faer W7ar~a Pessonne1 who ndae the neoessaqr arrq;e- 
mnts t o  prnide transportation f o r  the varlous places n s i t e d  
vls~de E%Mop$a and Erikea. 

T h i r t y - o r ~  ciiffererrt slxcias o f  &o,~heles have been reported up 
t o  naw frarp the twelve d l f f e e n t  ;3rovlhces I+ Ethlagizl and from 
Er~troa, S w  of these siacies-am irery rare and were naver collec- 
ted by t& rec& i.mrestlga%ors fyom WHO or I&. Ye mntion belar 
these rare specles very b r~e f lg ,  as they m y  be,pcountsred in future 
surveys. l@xa specles nay be duewered in f i ture,  as some southern 
provinces such as E ~ f f i l ~  G e m  Goffn,  Sidamo and Harxar'hnve been due t o  
the lack of roads, sugerf~c3ictUy explored. 

1, k o ~ h e l i n e  spci.ea md mlarra transmission 
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The follomnt;; 31 AnoQhe&ne species have so f a r  been 
recorded: 

!P&e data on t h e ~ r  h s t n b u t i o n  by prwinces are  malysed i n  
the Tabh I, T h ~ s  table shows that, the main vector - 8. anbiae 
zs hstrzbuted a l l  we r  the prwsnces and that  4, fune z!&-- us  exlsts  
in six provinces. &her spsoxes, and secondary or suspected 
vectars, Xj.ke,& p!wwenszs o r  A. pref o r ~ e n s b  a re  q ~ i t e  wsdely 
dzstr;Lbuted, : Qtlzers' lIW#, rufzpes are localised in  one ox two 
p rmnces  , bong  the' otnqp ~ ~ d & l y  dzstrsbuted species, 
4, coustaai was col leckd m 8th prmUt3es and &a s uqaopus in 
eleven. A. .gih., p o t e n t l a  secon&ry v e c k o ~ )  h i i w  
S i h o  and Gem Goffa, was found by us ~n Shca and Ilubabor. 
i, dltI?ah and h, tuxkhudi, both s b c i e s  belongmg t o  the  
&sen%al &kdi.t~rranean rq,,son (Arabia, Persia, -la,. e t c  . , *) 
are maznly known from Eritrea' and &E., &h;lopa. 

Other spsc~es ,  lake 4, ; a r ~ ~ ,  A, christyi,  h. cmyeus ,  
are p r e v a ~ l w  a t  hz;h altxtudes, thoughthe l a s t  two can be 
f w d  also &n low lands,. From Liddrs lrbaba (2470-2600 metres), the 
$ofiowzng ~ e r s p e b x e s S  hjve so. far been reportcd: a. cousta&; 
h: demeWm, a, gasnhanu,'~;' m c n a h ~ n $ ~  ii. vambme K ,  chr&tyL, 
4. cuereus, 4.. pknroensls, K. squamgsus. -est;Lptions 
bere und~gm~n; but up t o  now no breedin.: places havc yet  been 
found for threei of these Fpecses, ;Lncl~&-&~ ~posszbly 
mportod) and tile vector fo r  tne passxble occurrence Of aubochtonous 
cases of malaria m Md3s 1~ st i l l  unknown. Bre&n, places occur 
ul the lukewarm Fdcwa, swmq (hot ~pru lga) ,  h t t l e  &ki &wr and 
Kabannah Rwer, b c ~ r d i n &  t o  the p m c ~ p i t i n  t e s t s  most of the 
hnophelcs seem engorged u? 4idd1s w~th~an lma l  blood (~vaaaa & & r ~ ,  
295.5). Gn the heii;hts of Errtotto (280&3WQn), 4. cinereus was 
captured and seem t o  be t l i ~  h g h c s t  wopheles xa Kthiopia,~ 

There is no doubt that the maln & m a  vector m Ethiop~a zs 
hnopheles gamb~ae, while 4. funestus LS local ly important m the 
bes t  IGanbal la  area), where it: outnumbem A. gaaibiae almost a l l  
the 



k, gambsao 1s w~clely h s t r l ' u u t ~ d  a l l  over the 12 povmces 
of Ethiopia and ul Zrltrea, a t  altstudes below 21C&, whege d f  jr 

csqnt watir 1s ava lab le  f q r  &.%edmgr h , e  desert areqs of 
lowlands m a& EMtrea a r e  rela'cxvely free of malaria 
(excegt the r lver  va3hys)  because of the dry c lmat lc  connd3tLon6. 
Thx3 1s the s ~ e c ~ e s  res;~ors~.ble fo r  the e;~sdemics m the plateau, 
l%ere r r ~ l a r ~  IS 5yLcrz~c!emc, L e rrherevcr sultahle breed3.n; 
pl.aces exlst  a l l  the year or for  a suff lclent  derlod each year, 

is  el ther  the only vector or  ,eneraUy share m t h  
the responsibib-ty of the transnussion, 

4 r e l a t ~ v e l y  luruted number of d lssec t~ons  were made of the  
s a l ~ v a r y  glands of k.  &anbLae in the WHO and ICn projects. Few 
snfected g l a d s  were found sn the IQzareth area and in t& Kobbo- 
Chercher'groject before or 2t  the  begmnrung of the spraylng 
campagn. 4 sporozoite rate uf '3% was found by the team m 
Kobo-Chercher m September 1956 

Ae funestus 1s too rare m same areas, Ilk ,Sodore Hot Sprmgs, 
t o  &ay an W ~ r t a n t  ~ & , x D  the malarxii t~aIi3rmssion. --fBEever m 
CambeU,  it LS a very m$ortazt vector. 

Other species, 4, phz!~wnsls and A. petomenszs, can be d 
pobs~ble ajartame m v r ~ ~ a t e d  arcas during the dry season &en 
the h. <ambiae populations ace very low and the abovd mosquitoes 
very nwncrw: Somsti.i~~s, A. pWoensls can be t& oal3. mosqurto 
prese& in the- dwellmngs a d  it . t s  found once m e c t e d  by &a%% 
m Etluapja, , Dissec$lons of t h l s  sp ecles by the WHO team were 
always 13~ga-p-ve . 

TQe s, iqLqs of ot'ner poss~ble  wnoP vectore such as Lxjili 
&, c o u & d h f ' ~ a r ,  zremawj. &1. s @ o h  found positzive flarrsporoz~xtes 
ut l3thmpL.a Q~,G*-; ii;dmfr*pea, Axhdeslensls, A, dtthali, 
A. kin& etc,-,, is stiLl uncleterm-ed as no hssect lons  appear 
t o  ha-n been mde anywhere in   he country and the above opectes 

ral-oljr -;c;.-j 3bx&~ii", h t - ~ ~ s c l .  !?ZC?*?~), 4@ adenersu is 
regarded by m n ~ ~  authors as the local  m3.lariA carxier. 

Z 0  B ~ ~ Q ~ c s  of the  vectors -- 

T U s  6pec~es  & , the  most wide% d ~ s t r i b u t e a  a$& can be foung 
everywhere x r ~  %?iiopja and E;rxCres~, teworarely or p r m e n t l y ,  If 
there 1s any anyater ava~ lab le  m the are?. On the plateau, the  
b r e a ~ g  occurs 3.p tbe teIq~~ryaryc~au& Ijbols a~Id am $he ressdnal 
pooh m t@c-.\e"a- before &d after the rams. D u r m ~  the heavy 
r a m s  tl-e brecmn, &aces are flooded: klL U d  of b-e- 
places, sych qs hoof #ht$ even ,301Iuted mtb, urme, .a& pool4 
of slveqd 4hb.k of t& La&&$, fl)-4~~sy swpgqp ~iste-2i-m etc. ., 
can be found. F o m m t  ocmrs in the swamps lssued 
from hot s p r u ~ i s ,  & ~ c k s e )  ,b+,iLrr$.gatiolf Qltcheq l;fg the p l a ~ ~ i o n ~ e  
(&bete, Gusbse eta*), p e m M  i?i*rs (mash, Qmo)$ etao. 



A, gamb~ac in Ethsopla seem under natural condstrons M;nly 
~nthropopkulso, endopkiglc and endophdlc, though 1% was found 
in m&f20ccasions t a  bite outside (mash, Kab&hercherl Sodors, 
etc). Some s p c m n s  wer@ found m C+ambeUa tm (sprayed] 
rostmg m outdoor shelters and on the northern chore of 1'4argharita 
lake we'round l a rva l  broedsn:; a t  about 3CBan f a r  from the nearest 
v-gc; Tileso mosqu ~ t o o s  w L t e  surely - b i t i n g  anunals, In areas 
where men and ani.mls (cows, horses) are m e d ,  the procipltin 
t e s t s  grve a hizher pexcentago pos~ t rve  for man than for awls. 
(2) In  Sodore, i n  a man b a t e d  trap, a t  which a cow was t i ed  
outside; the resul ts  were %% p o s i t ~ v e  fo r  m n  and 6% f o r  
anua l s .  In Wonji, Ovazza (1956), and then, the WHO team C3.958) 
observed tha t  the adults n t h  nunherous Culex are  restvlg among 
the Sugar canes burxng  day tsm near thebreeding places, tihe 
Irr igat ion dLtches, 

In the p r u j ~ c t s  (bLanata, GambeUiL), we found the 
mosquitoes resting m unsprayed & e w s  and the sprayed ones 
without my hnophelos dhulng day t*, may be due t o  the repellent 
effed% of -%he r n s e c t ~ e i d e ~  Genera- the 4, ambiae are  rest ing 
indoor dmn on the wal ls ,  driven away from - T i n  tlle c e ~  gs b-the - 

smoke. Ln dwellings wbre  no c ~ o k k g  1s mde the gambiae are  
abundant everywhere on the cesLings and along the walls. The 
maxi mum co l l eded  :by dwelling w a s  more than 1.000 B.@iae 
i n  an- ansprayed tulaxl m~F-Tesseliez. u Erltrea. 

14 kyperendemc areas of Ethsopia,- the rnosqu~to f+una i s  
subject t@ seasonat f ~ u c t u a t ~ o n s .  3 3  mst be a U e c t  eormlatlon 
between the n v e r  level, the ram,  the ppllutlon of the breeding 
places and the number and the specles of adult rnosqultoes. The 
predomnence of 4.funestas over p b l a e  1s occurring i n  
almost [q-r Che year. Such a fluctuat~on 1s occurrsng ul the 
pe rmt in t  bree- Maces, 11kc pliLntatscns (Y~nj i ,  ih-ti, 
U b e k ,  .&kc, ,..) w4ge  ~.pharoensns som&lmes outnlmber the 
A.gambsaer In t h e  not springs of Sodore, 
f a r  away the niost numrous, tlwugh 
show som h w l  fluctuatLons. 

I n  Sodore Hot SprSlgs (October 1958), the cycle of noctlamal 
actlvitty of A, gambzac,i,e, the tune frequency shown by 
females kn entermg tne m;ln b a t e d  trap, 1s @.van below (average 
of two n~ghts) :  



The abovo msul ts  arc a lsttlc Wfcront  from tbose of Other 
worhrs zn that the maximum actsvrty 1s between 6 p . ~  md 12.00p+m., 
vlstead of be- spread over a la-ger pcrlod a t  a l a te r  hour af ter  
mdnlght but are not s o  drfferent from those of Hobtern. Few 
cases of day t;lmc bltlng have been recorded (Wonji Sugar Plantation, 
&ki) and t m y  are except~onal. In otlrer areas where mght  cat- 
ches. &vo been conducbd outrioors & arnbiae was found bztxng 
m.i& a f t e r  dusk and up t o  midught -?%-- o& differences may occur 
on o t b r  parts of "me country, ')uccessful rearm8 of about seven 
$sneratiom~ of , r b & ~  was realrsed zn the OYnbeUir ICB M o t  
W~ject .  m an outdoor ms'ectary, 

There ss no douht that 8, gambiaeae_, d,uo t o  z t s  great adaptive 
power elther in the chosce of the breedmg places, or t he  source 
of blood-for adults, IS tb mJ_o mJ+ria vector in all parts of 
Ethropla , 

-Though 8, h e s t u s  c m  be 9,ollected in six p r m c e s  (Shoa, 
Gogmm, MoUga, ILulxtbo.r,;-IGzffa; &rsar * n d  sn Ent rea t  1 geneTct35y ur h w  Unds . ( 4 0 ~  abwe 1,7mJjf&is specses 1s 
g&ek&& scaras.. . a $s@ms by 16s abwiundancB t p  share the r6s- 
ponssbL;l;i%y of' mCiari.3 tranarmsssons d th A, gambiae only  along 
tho Wat Xvqr) in Uest (~mbgL3.a area). 

Bemuse of sts predsScct&on for breeding ul permanen% waters, 
A, '&newtus i s  practicalf3r absent f r ~ m  the @kau  always 
esso&a\t&d w ~ t h  m b r m  ~1 endCmLqJty a& not d t h -  pp~dcrmcs. 
fn GarnlseU, it iis breedxg,, yl thc  &w.ssy Swamps aqd, pred&i.Mnt 

anibae m tho a u t s  stagp, ahos t  all oyer the ye&. 
y & $ $ ; c ~ e  t o  breed m the pcmne* swamps ltl-d fed!  
the hat springs, but them; no more t W s  two-thee ,specime;ns 
were cOllectsd evwy montibp 

U t $  Cuw getxi- very. end0ph~l.x~ ~yld ?nthropo@dkic, 
However they oan bi%e men a lso  outs~de m t h  8, gamblae df ter  d h k ,  
Wg om apc- was captus.ed m outdoor shF~te rs  In hbeS.la, 
but few jmrsstlgatscxs werc undsr*ken and & during the r a w  
season when the rher bqnks are  ,wet and mthou t  crevxces. 
~ m b W  %cm, a f t e r  tihe f w s t  spraymg withLDe i n  -9, 
8; funeatns dSsappeared ccrmpLetely from the sprayed dweTLmgS but 
was captured in a ye@ smaU nwnbcr from unspxqxed @wfimgs. 
In one unsprayed tukul, a t  about 5 h  from the %m, we -captured 
ul August m9 287 K,-fknest~s and 63 A. gambme, 8. funestus as 
4, gmbiae are resting dawn on the r.ralh, nB.znQ if the hut is 
f i l ld  d w ~ t l  smoke, otherwise, t h e y  can be found on the ceilmgs. 
As A, gambiae, 8,-furaestus ss strongly attracfod by wash6d-  
clot-P ul the n a t ~ v e  huts, and frequently msting behind. 
In the month of Kugust 1959 (rainy season) our fsde day collections 
gave the following percentage ui GambeU area: A. funestus 8W, 
A amblae 17% A. baroensss l$, A, lvli 0 . a ,  thus shcwin 
~ d o & a ~ f u n C : s t u s ~ n ' ~ e b r u a s y  f i f  ty-nme fdry 
sdason) fiqe day collection gave: A+ funestus against 
A. gamblae. Perlmps the number of A. gambiae increase when tfif: 



swam are  poUu-Ged arid become more favourable t o  ~ t s  larvae. 
T h ~ s  should be ~nvestiga.tcd, 

It ~s poss~bl,e that in  other areas (Quo Valley, Keffa etc.,,) 
A. funestus ,which i s  closely associated wxth  
an ~'oA?&YI% part in t he rrrrlar~a 
have st9l.l t o  be carried 0u.t in those areas. 

2 3  Other suspected vectors. 

This kpecles (found once Jnfected m Ethiopia by Ouazza) is 
the most common mosqu~to a f te r  A. gmibiaa, during some months of 
ths dry season, when 8. garnbsae beconmes scarce, It has bees 
captured m eight p m o e s  arid sn Erltrea, and seems even'morg 
widely &strib&ed from 1owUnds up , to  the- hlgh -plateau (2 :SOC~~). 
It ~s a v e e  cammnn specles m xrngated amas (phlltations of 
hrtl Shoa; W o n j i ,  Shoa; Tessenei, k t r e a ;  Glubi6, flaffa etc..,). 

1 1 n  &ul z t  is  a rather ra re  masqulto. 

The larvct' breeds m various collections of water, but are very 
cawnan 5.a 5xngation ditches (plantat~ons) pemnent swamps 
resulting f x m  hat; sprbgs  (Sodore, Kob, dm), on the edges of the 
lakes even In flooded areas a t  t h e  gad of the r a m  (Koka ClJage), 

Ln Etbopia, the adults seem to  be anthrop~pWai3 Bkd 
endo&xlAa, but commonly b ~ t e  m n  ou"i;i.de dun% -&& dghf,  Pew 
p r e c ~ p l t h  tasii's have been mdo and thu6 we ~ l s ~ g a f i c a r k ~  
Wzza (3.956) found that speczes cxqdxS&.c Wow 1.30an in 
Ethiopia, but find;Lngs are q n t e  different. Me f d even I n  
low amas ~ ( Y a r t r ,  %am) t b s  species extremely abundant uz the 
humn dwellings (June 1958) durrulg day time, and tlus db~ervation 
was confirmed ;in Koka (1.530), g w j ~  (1.65m) and even. 5xi- 
GmbeZLa (r;26m}. Sorer: outdowr shelters can be found but a? p@ 
so conman. It dbes not seem ?mat Ovasza zs rzght when he e$-ted 
that  A. pharoehsis became predom~nant lri Lfon j i  "qm hrxque. 
a. ganbliari fui; ell partie ijLurun& par la forte l u t t e  anti-lamaire, 
e t  anf ~-adul%es prat~qqu&e en 19%". Qn tha contrary, A. gamb~ae'' 
IS &ill very abundant m tne unspmyed dweLlzngs ul tkre s d o u n h g  
native huts but the abundance of A, @Eiroensss LS a seasOrd 
one. 

c.onclwLori; In .&hiopw, A. pb'Toens.js shelter in  huts 
dq-jlyg the >day and when the beecding i s  prolxflo there 1s an 
werf$av into hurnzn &ellmgs; I t s  rmch&n pm of entry zntb 8 
kt seems t o  be between 8 p.m. and 3.2 p.m. ' The results obtasned 
i n  Sodore expermnta l  t rap (Oc.t;ober l.958) are grouped b e h  
(averago of  kwo nxghts) t 

Hours Number of few3.e~ captured .k 
L8.00-20;OO S 31' 
2 0 . w . 0 0  59.4 
24.m40oQ 3 4< 
ae.00-m.~ 4 5.4 



The abwe fsndmgs are simiLar t o  tho figures obtalned thcre 
for 1L. garnb~ae~ 

Cormde t t~  considers A, pharoensls as'"one of the most 
dangerous carr lcrs  of imlaria m Ethlopla", PmctlcaUy, due t o  
i ts low s n i ' e ~ t r v l t y ~  the mosqu~to car1 pUf. when very abundant, 

posslbse smU, past m the r;ransmsslon. 

Thm specrcs 1s knam on l ,~  from FJollo and Ltubabor (CambeUa). 
In Garbella ~ t s  presence seems t o  comc~dc  wlth the dry* of tk 
grassy swamps, Pxe and of a l i t t l e  xmportance, if any. Bddts  
were collected mcloors m Gambella, 

I n  J?lthiopz&, thxs spemes ;L$ rcgarded by same worke??s as an 
w o r t a n t  vacto- bub no cv5denee has so  f a r  been recorded. T h ~ s  
species IS wideJs distributed from L c r w h d s  up t o  3-.90QR in &gM 
prcwws ---- .and -. m Lrltrea, but rarely very abundant. This specles 
was cdllec.ted fromthe tkz?ee ZCh projects, but very e%ceptiona;m 
from the WHO pr$Je~ t ;  It bmeds b dry'hg r iver  pooh. ' 

This, s p c l e s  1s -consLdered by a l l  authors t o  be the  m l a r i a  
carr ier  in k s a b  ( E r i t ~ m ) ,  but the% IS no de f im t t  endence on 
hkis. T h s  mosquto breeds mth C a e x  - sxtzens In the wd3;Ls ahd 
cisterns of t thc  town, I n  water contanm,? up t o  74 sca water 
and n ~ t r a t e s .  

3 h b  sppcxes m t h  its tFfo v a r ~ e t s e s  tenebrosw and ziWwi 
is widespread over prastTca-Qr th whole o r " ? i a  thoulgh 2% 
.lws not bcen yet  recorded from C- ' :a and WeUega but; ~t must 
bc ox~si;hg there aLsot LI 3ra.trea: Be ~ cous$aru. is mLriIy reported 
fron Tnssarici (Sudanese border;. T h s  speciss LS common up t o  
2;LWm (&saki) bv% caa bc cxccpr;~oadl;r o a p t w d  hqher  (~dd i s ,  
2 A7Qd 0 

The l a rva l  brcadng occurs mmnly m the suainps, back-waters 
of streams ahd lr-xgaf A ~ I  ditchcs i n  plantztlons (@on J-F, ~h lb i6 ) .  
The ad-alt seems p? - -&y ~o-+A!opop]:c3 LC and can be exccptsoxXiw 
found inside houscas du;ing day bm (!ktahara, Sodore, etc*..). 
It bites outdoors and cven, yhon cxc~y t i oml ly  abundant a M  
clisturbed, c h r ~ n ~  day ta3 m tho afternoon: Wollo (Ovazm, 1956); 
So&& (WHO ~ e a r n y  where -&I adxlts r e s t  among tho grass of the 
manlp* 



Gxaqumto (l.950) who found o x  zzerrunni m Borkenrm v a l h y  
(l.'f%%) positive fo r  sporoxoites suspcct~d that  varlety as a 
vect or, I: seems however t o  be a non vector or a t  l eas t  t o  Mvc 
no unportance. As m other prts of Pfrsca, A,coustam seems 
a t tmcted by tk lxgh% h s s d e  bhe houses, rather bhan by the, 
prospect of bztmg wn, 

&. m h  waSoody known from Southern EthxopS ( ~ x l l a t e  bver ,  - Sidamo prw,, 1,200m a m  Valley of Sagan River Gem Goffa prav., 
, ge found ~pecLmens ( 1  or 2 per moothj in Sodore (~hoa,  
sn 1958, ?n s w a r  conchtzons than l n  BUa te .  The 

b r e c h g  in these txo places seems t o  occur m swamp$ near hot 
springs, In Gambella (&ugua-t s 5 9 ) ,  we found some 8, nLb  restsng 
indoors a a * m  Sodore, thus th i s  specles seem t o  be partly 
endophil~c, In the Sagan Valley (Gi~quinto, l$48), Swzctneds of 
spcunens attaclsed the lren sevorely m the open and in thc tents, 
being there the pz"eva;ilmg specLes, 

lWcept f OP the a b w  ol-semat~ons, an d despjte L ~ S  pos si b~li,i"ty 
as a' vector, A. dB cannot be cons~dered t o  be of importa~ce m 
Ethiopia because of LCS r a r l t g  when compared wsth the maln veotors. 

g) Other Sthlop~an k'ophelcs 

xn the Table I, A. lungs ;ras reported t o  'oc sometvfies quste 
common and t o  a t t ~ c k  xen sn the open (K;Lrfa, S~dano), but does 
not seem t o  be a vecJ;or, slxcc 0.., gambiae was olSvlous3y present 
wherever q h m a  occurred ( ~ ~ a q u r n i ; ~ ,  1950)- &. rhodessensrs 1s 
consicbred by G,aquirito (1~5'0) as a mlarm carr ier  ul Eth;Lopsa, 
but 1.C i s  doubtfd., ~ h r s  spucics LS jamvrn from %mar, ESbllo, 
Beghemder and E r ~ t r & a  and a+,tacks sdvorely men In the open m 
sastern ECh~opr3- (%aden, D5nkaha)  

Sam. o.tl16r spebrcs, noT mlarxa carriers are quste c m o n  m. 
some areas: i?,dlthala collected I n  6lx promnces, i s  manly c a t ~ ~ o ~ i \  
sn Erstrca dmS0-&I and m thc castern side of EtMopxa. 
Hccording t o  &bra (1a5) t l 2 s  varrous breeding places are (exposed 
t o  sfxihghtj ancl tnc larvae can be £om& zn water w i t h  s a l m i t ~ e s  
of 3,S$, w assoclatson m.th thoso of A, -L!ancal;Lcus. Thss spcc~es  
rather. rarely found Ln h m n  &tellul;;s ca%not be cansadered a s  
vector, thou& 1% was the o p ~ r , ~ c r ,  of Bamb~lla (1941), Lega ( ~ 9 3 7 ) ~  
& l v i l l e  ( ~ 2 l . & )  ana Yma (19&6), No dissections havc becn mde 
anywhere and A,, gambxae: ss often g e s e n t  ' ~ n  +,he same ama. 



i ~ .  marshtxl3.1 2s zin e x o p U c  and maa-dy zuophdic moscp~to,captured 
rn Ethlop~a m muile s'cables and psA-stses, Iarva~ ;m marshes, even 
with bmckish wakes and u? t-omerrtsr hclult females attacked men i n  
tnc open m Gum@. (Graqulnto, 1950). Recorded from f ivo  E-thlopian 
provincts, but not from Er l t r ea j  

ti. a&me&bni: Reported m. seven p rqmccs  and m Eritroa from Low 
up t o  259&. Brvae and adults in Lnicld3s iibaba, krvd 

bhedfnl; sa 'dll b d s  of water ccoli~ctsons, even In  drying r lvcr  
beds; , Cornon specred m the ICH, p r~ jecha  of Kobbo-Chercher and 
Dernb~a. Not reported froni GambeU and Emareth projects, Gene- 
r e  sxqhiha and. 80dph~hu  soixtlj~mes cap$ured b hhuman dwellings. 

ti, tmkhub:  Reported from i3ritrca and northeastern Ethopla ,m 
low lards. T h i s  asiatke s ~ c l a s  IS q u ~ t e  rare a d  not a n a l a r ~ a  
c w r  i e r  . 

SOD& specses can be -found mdifSerent3p tm l a w  lands and m 
low p l a t ea  : 4rmacmahoni (up to'240&), 8,cxmreus (up $6 3Whn 
i n  Entutto and Tember  Pass), &,. s q u a m o & ~ & ~ ~ ~ ) .  TWO 
other common specxes are almost$ .watr lcted t o  hi& glt i tqdes h, 
Ethibpxd= l..garnhau. and Q.christgi (up t o  2 8 a )  but m be also 
excaptiion& ly f ouad i n  low areas, These species are inasnly 
z o o p m c ,  exophilic or res tmg zn c a t t l e  sheds and cannot be 
rralar~a carrsers, If rest ing m hurtan dwellings, they are unfed 
'or fed with animal blocid. 

Thd o* Ethiogian sndzgsnous specses ui 
described by Corade6ti xn a0, from Dobi VaUey, 
.- Dankalia d area),. T td l a rva l  bmecbng places are s m l l  pooh 
cjhcmted with s a l t  am3 sa l ty  ma.Pshes u l t h  vege-batrpn. The &eo~es  
IS ekoph ihe  an8 at tacks men m the open.- It IS-a- recorded by 
Mara' fsom other locd  x t ~ e s  or t m  'Dankalia r c a  [&af&, Iblm, 
Lade  eec., ;)i ~sl the lowlands. k, dmcahcus IS. not ,a -ria 
c a r n e r  . 

Slnce'ilew species of nnophebms have been recbntly r e c o m d  
from SomdLw. *(Ykffi, U s ) ,  1% seems that  other species m q  e 
dxscuvered when the B r r a r  prwlnce w ~ l l  be bet ter  explored. 

suzce k c h  l%B, thuty-seven susceptrbzlxty t e s t s  of adult 
wopheles t o  13DT u a  Dieldrin were carrwd out in Ethiopla and rn 
Eritrea. Three species of momxtoes werz tested: ambiae 
A. funestus, k,  pharoens~s, i.e. the three local vectors -kT- t teqts  
t o  t e s t  other non-veator species were nnsuccessful due t o  the 
searclty of specimens captured. &en k.coustani i n  Shoa and 
8. squvnosus m Eritrea, which can be %extremely abundant m certaln 
years, were never collected rn more than 5-10 spechens i n  the 
same area. 
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Results so f a r  obtnmed arL included m the-fxo-imxmd 
Charts CTable I1 ahd -TIT), wnich snyw ,tho LCf;@. klar tal~t~se9 a t  
h+gh concentratsons the I&~Q@ czn bd deducted by urtorpolrtson, 

. k all cases? engorged wild cau$gt f e m b s  wdre only t ~ s t e d .  
T b  tests s&-rrcd sut a t  the bezlr?ii~ng ((frbm Fhrch t o  June 1958) 
foIJ@'hg-the method of Ebsvmc & Msh. &tar, s lncc4 
the sbandard MU0 t e s t  h f  s were d e d  e x c l ~ r v e l y  . S m i  
results a r e  &en n t h  t h l s  new tes t ;  as those given by the 
Bus-vhe-%ah tests ,  and the dcfforences, if any, arc mignif5cant .  

Dsfferen* &%nods were used t o  tra'wport the incrsqutoss f o r  
test ing sn the laboratory, but m order t o  avoid h g h  conCrol 
mortabty, menever possible, testa  were mde m the  fz3.d. In 
Tesssnei, Eritrea, and in few other places, we could not avo~d,  
$ur@$ fhe, r-ecwery period, extremos of temperature (tfp t o  3SDC) 
a@ t3&&, bhe: teprtnn@ became extremcJy ctii%mlt ahd some of t!&e 
e$$er&nts were 'h+ oanrpGtely. h Gambella, we were ,able 
t o  use the local, msec.trsry, s, the results were very s a t~ s f ac to ry  
with extremely low rno&afi-k@s lrl the  cdntrol* 

&reme care was taken when transpoxtirig the nosquatoes t o  
avold insectsclde conEmmatlon. I n  Na&ar&h project the same 
vehlcles were used for  the sprcryxng and the entomolo~~cal  work, 
anci thus a careful w a s h q  of the vehxcles was perlo&cally done. 

In &kiiopsa, the permanent Bmedmg places (~ambeUa, Sodore, 
irwasa, k a h ,  h r t ~ ,  ~ b b i 6  etc;,.) arc rare and m e  months of 
t h ~  y6a.r a re  conpamt~vely dxy,. So ~t ss qu3Le impossible t o  fsnd 
cnou?;h mosquitoes in i ~ ~ o s t  of  t h e  areas except &ring one o r  Wo 
months, sometimes d w n ,  l t ~ 3  weeks. ' "h never can be sure of 
the r ight  tune $0; coUcetin;'the s ~ a d o n  be=: rR0i.e or less rainy 
m an area, or  the breebng places bem;: washed out 'by abnormally 
abundant rams. kbst of tiaf4testsngs should be done st %he sam 
tune m a l l  ths  counuq ustially-sftcr'tlx: mhs ,  anat  in Erxtrea 
~t is ~tTen more restrxcted u? tune, Due t o  the prevlbus reasons 
and 00 because~not enough ttsme could be alwa s devotcd t o  the 
test* work,- qom f i r s t  t e s t?  (~iamly T3usumey should be rnter- 
prated as unsat ls fac to~y* ae&A+g- i% the nos t  recent WHO mnstruc- 
tsons (as few mosqultoes&crc expa2e'd t b  each concentratson), li;U 
detallr; can be seen from the a c c o n q ? a ~ , c h a r t s .  We, ~ s c a r c l e d  
o* t n e  t e s t s  trsth d too high conkrol itlo4F-&lity but &e kept a 
c q l e t e  record of tfie others, eveh ilf sow should be accepted 
wxth reserve. 4t leas t  t h y  give an b&catlon, practically 
confirmed by the other sa t~bfactbry  r~11aU.e tes ts .  

The E5@ have ben'calculated (on the corrected ino@alxties 
LC necessary) from which the regression l ines hzve been f i t t e d  by 
eye on logars~thrmc p-obabillty paper. 
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2 ,  hsults of s w c e p t s b U t y  t es t s  sn unsprayed area: 

'In the unsprayed %ash arw. ($boat)$ Busme mscbptsbilsty 
t o s b  gave %rch-kprLi.'&8, Tj~xy ~ , s u s c e p t i b i l i t ~ e s  of 
4, gamblae t o  Dm (Uso = 0.32%) and the DFoldr?n (Il35;0 - 0,Cl3@), 
~ur$.bx rqsults wlth very h g h  susceptsbllsties t o  both bsect icides,  
kern obt;ah&d di tb unspmpd area between Wzareth and  %nji 
(@Xi', Z1$rjO .* between 0.45% and Or48%; Diemin ,  IGS* between 
ff,LR$$ Eind 0.a?i%) .&haCh qeq l t s ,  sWlar t o  t@ose obtained w~%.th 
hsvjne mthod jn few lma l s t i e s  of West hfr lca in 1957 
(~~derooris ,  &'uke ifolta)' &~~pl.d be conssdered as, e x c e p t s o d  f o r  
4, gainbsae. 

In other waprayed areas, the @s@ are mch  h g h e r  and can 
be-con&&d as  norm1 WHO method) r 

In t!m aboye cases, the u d ~ c a t e d  @ were a h a s  &%&or 
Dl2 aM OL$ ?& ~ i e l d i i n .  ' In  ths case o$ Gbibie (bg Dm s 53 
test@,, $,&&u?);,, $he popula-Um seems kgW S U S C € @ . ~ ~ ~  anti the- 
013~!-~&s01i- e'saped the hghes t  conc;ent&a'don 1 s  probab* a a d d m  
surv~vor. The abwe' tests  gave an sdea of the baseline of 
s u s c e p t ~ b ~ I ~ t y  f o r  ,8mambme m &thxop~a before .sp&Ying act~vxtsGs. 

Tested q,Cjambella, bcfom the spraysng of the h , & . f h n e s t u s  
shm n o r m t  s@&eptsbrhty (~eb. ,  1959) 8 DrrP = 0.%$- 
Dseelbdn: *LI: = O,%%, A f t e r  spray%, the mSqurtroes were 
coJ,boted doaway @ an meprayed vsIlage ( L i u g ~ t  ~ 5 9 )  and wlku 
t&$te J the La)f;@ were fo r  DMI = 0.72% and fo r  Dieldrin a 0.082$. 
ThLs s h g h t  mcrease m the susceptsbslsty seems t o  be only a 
seasma1 variation, 4 complets In;U is  gxven a s  for bgambiae 
a t  4% DDT and 0.4% DieJdrln (mdca t ed  J.C1m). 

roensis m an unsprayed area ( k r t s ,  near Metafiara) 
below O,s% for Dieldrlxl +sch is a nomi l  

value for  tha t  Arlopheles, 



3 ,  Results of susceptsbs&ty tests b sprayed areas 

a )  K.?ambhe 

h tb sprayed arcas, tested with WHO kkthcdJ JL ambaye 
sharp also  a lugh s u s c e p t ~ b ~ j r t y  t o  the 3.nsectioipe* 
levels in Bewral place$ u E$&~opw~.and E r i t r e a  he beW@+ 
b l o w  O.*% and 0.7% for' DMI and Wween~.O,Q% and 0. a~i3g~d 
Dield&J. 

h Sodore, sprayed Oacp w&$h DiE, there is 8' bb&tle var~t&on 
accte&ng t o  thci &*tQ ~ 0 2 ' ' ~ 6 ~ t e ' s t ~ ~ 1 g ;  'UIp Betwe- aid Q;7@ 
DlJE and between O.C&$ and U.(36% ble2dsin. Perha@ It i s  c o m & b d  
w i t h  the fl+wdmg or variatkws yl wgmuc m t t o r  contgnt of b m -  
dLng places, gr a l t h  tb temperature ( m h  lower dursng the Ilight 
when we got tho lugher s u ~ c e ~ t i b i l s t i e s )  r 

Test$ carried1 aut In the ,+zareth-pilot pedject gave a DIE 
90 of 0.42% and a Dieldrvz qO a€ 0.053% (I(ak;: vi23Sge 
sprayed twice with Dm). 

Ih Wassero (&wash area) w i p e  $he1 brae- places ( m i g a t i o n  
ditches) p r o a c s  .bhesr anop l i ' eh  f aura all the yeag, round., the 
f oU'd~mg'&~gs were f OM a f t e r  f 119 f hst spraymLng' with Die- - 
 SO = 0,62$; DieLdrvl Uso ; 0.05%. 
Dieldrin m 1kb-y 195'8 ( test ing , dona 'w xprd I359 pe,ew $a have 
=creased, the ;tC 0 'of A: &iw $ram 032s rip $0 0.62% for 
and from (1.Q2.21 & t o  Dieldrin. 

The sncreqse of tokrance c m  be only due t o  the e.&Lintmt~on 
of the more suscapthble phenotypes M t  5.n both &sea the 
were r e ~ ~ e c t i v c i l y a t  4$ Dm and a t  OJ+% llsc3drm (165 specimens 
werd :xp&ed t o  4% 0D.T and 256 t o  0.4% D~eIdrUf). This doea not 
seem t o  lndlcate the presence of a fa6tox fo r  t p e  DMI o r  Dseldrin 
resutancc. 

Ih other ,aLpeas, thd fonaw1ng -WS@ WeP" f cnlhd: 

Kombolcha (Iihaapth projock-sprhpd $I@ l58) a DDl: 0.36% 

U Geder (Entrea, cotton crops sprayed bp plane w i t h  B~C/U~Z' 
durulg four years) t DDT:0.6@ DxeJdrin: 0.05%. 

The s q r y a ~  qf those a.z-es;s seems nqt t o  <have increased .the 
tolerance of A,g.mbiae. )3;n the abwe cases t he  mosquitoes have 
been collected from unsprayed d w e l l q s  among the sprayed ones, 
The extremely h i  DDT ~n as associated n t h  a 
compascltsvely high control mortaLty and fuxther t e s t s  are needed, 
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p) iL.pharoepsrs 

The foUow-mg were o b k n e d  m sprayed areas: 

47u (bka+s~r&yeci two t m s  d & h  I1MT) ; ,-0&% (E-gebay* 
qp-yta once mFtlCb ' m) 

ho M c a t i a n  of toLerance can be f o W  fi?om the-abate r e d u l t s .  

a) The'three spches tpsted 
8,fws%qa, &puroens4} ape 
%Win lm_f:he unsppyed qrcas a d  
spKzyed onas; even a f t e r  3-4 yeazfs s@ay%ng.- 

b) ?i!he.re ~s no indxcatlarm- of t 6 k e ~ w ,  "or &t least  
n o  s~gr&%.caxt change cut! suscept PiZot $ro;iects up 
t o  now& i s  $&arly, t o  khidk qwh  area has 
heirBl,opd*il r e a l  innreah o* t a r w i i & s - a f t e r r  ths 
f srs* sprayblg ~ 5 t h  L h s  f i sec t~&ide ,  

c) *It s e e d  t+t -phe q&%- pFobable area6 where resistance 
hould be estdbaj.bbed (a2 We: res is tant  t;encrf;ms ptefu~~&?i-j-are 
the pe&ent breeang ?reas. (Gambe~, Aqash) in the Icy lands 
wh& nqy- generations- w c 4  a31, the 'par,-%$ thc r  pbtrsanj--the 
speed of 'selectlon af a rreshtant s t M n  d i l l :  be sloir' ( 9 ~  
$nnuEtl gmerations). 

d) L p h r o e n s w  sclew t o  b& nobJ-l$ a, llttk 1-3 suscep 
tLb3e to the msectkudes than k,gambaae, i smUm s b e &  mosquitor 
4,fW~gtUs shows: a sbLkir ssusq@t%b$ll;ty as tl~gwXge. 

e) 4lhe~e ~s sn-xwl~ca-iwz-i of seasonal ~ a r & i o r i -  m %he %@ 
Qccor&ing to'the month of t K e  tegtmg, but,tlus varjla.W.an is vexy:low, 

2) h&&i6-4&ba.3 there e i r~der i t l y  ~ree~glsts a cions%derab&, 
& ~ q e  off n%%unal- t@rance ;with iXXP , (a50 = 3 2 )  a& J%ieWin 
f m S ~  a &92)1 in' the:-adults ' a t  Oulex plpiwux. T h e  w e s t  concen* 
Eraixkons ;of &WT mrd ~ t ' - q i e f ~ ~ k ~  ,to g ve--more tlaan-6l$ t WWLW f of. SDT and 58%. f  or..^^-^ me-hirur e w ~ .  
Such resats 'wero never found among the E+h~op~an wopheles. 
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