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The present paper deals with the bionomics, distribution etce..
of the Ethiopran Anophselane mosquitods and their susceptibility,to
the insecticides. The main obgervations on which this paper is
based were made in the WHO Nazareth Pilot Project in 1956, in the
ICA palot projects (Kobo-Ghercher plain, Dewbia plain, Gembella
area) and an many other areas of E‘Eha.op::.a and Eratrea an 1959
Also, some previeuws observations of Italian, Engliash and French
workers ooncerming, the blonomics were included when necessary.
Most of thgse.activities in 1959 were conducted in cooperation
with Foimb Four Malaria Personnel who méde the necessary arrange—
ments to pruvide transportation for the various places wisited
inside HEthiopfa and Eribrea,

I. CBSERVAT [ONS ON ETHLQPIAN ANOPHELES

Thirty-one different species of anc.heles have been reported up
to now fram the twelve dafferent provinces of Ethiopia and from
Britrea, Some of these sbecies are very rare and were never collece
ted by the recert investigators from WHO or ICA, We mention below
these rare species very briefly, as they may be gncountered in future
surveys. DNew species may be discovered in future, as some southern
provinces such as Kaffa, Gem Geoffa, Sidamo and Harrar havg been due to
the lack of roads, superficially explored,

1, 4&nopheline species md malaria transmission

14l dnopheline species
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The following 31 hnopheline specles have so far been

regorded:

A, coustana
A. oObacurus

4, ardensls

e m%gl

Ay roodesiensis

&, rupicolus
4. afenensis
A, dithali

Ao leesony

£, funestus

1:-! Hrpera
onTpalpls

A, marshally
A, rivulerunm
A, wellcomeil
4, demeilloni

4, garnhami
&, macmanoni

L. gambiae

A, christyl

A, Cifidreus
fia_turkhucd

i, rufipes

A, pretoriensis
A, maculipalpls
A, dancalicus
4. pharoensis
A, squamosus

The data on their distribution by provinces are analysed in

the Table I,

Thas table shows that the main vechbor - 4, gambize

15 distraibuted all over the provinces and that 4. funestus exists

in six provinces.,

Other species, and secondary or suspescted

vectors, Yike.ds pharoensis or A. pretoriensis ars qui*be widely
dastraibuted. | Qthers liké. A, rufipes are localised in one or two
Proviness . Araong the other w;d,ely drstributed speciles,

A. coudtani was collected in téh provanges and A. SquUajosus in
eleven, A, nili, potential secondary vector, Xnown only from
Sidamo and Gemu Goffa, was found by us in Shoa and Ilubabor,

A, d'thaly and A. turkhudn., both species belonginz to the

Qricntal Mediterranean ro,ion (drabia, Persia, India, ¢tGaes)

are mainly known from Eritrea amd NyE. Bthiopia.

Other species, like A. carnhami, A. christyi, A. cinereus,
are prevarling at haizh altitudes, though the last two can be
foynd also an low lands, From addis ababa (24702600 metres), the
following nine’ species. nave so, far been reported: a. coustani, .
" daema:r.llom, 4, garnhama,’ & macmahony, «&, gambife, A, christyi,

A« ClREreus, #. pharvensis, A, sqQuUAN0SUS, Carsiul investigations

were undertaken, bub uy Lo now no breeding places have yet been

found for three of these ppecies, including 4.

Lae (possibly

amported) and the vector for tne possible occurrence of autochibonous

cages of malaria an addig s still unkmown,

Breedan_ places occur

an the lukewarm Filowa, swarp (hot sprangs), Lattle aAkaki Raver and

¥abannsh River,

docording to the precipitin tests most of the

4nopheles seem engorged in 4ddis with animal blood (Ovazza & Ners,
1955). On the heights of Entobto (2800-3000m), A. cinereus was
captured and seem to be the haghest anopheles 1n BEALOPid.-

+Y.2 Molarpa tronsmission

There is no doubt that the main malaria vector in Ethiopia is
anopheles zambiae, while A, funestus 1s locally important in the

West_(ﬁambella area), wherc il outnumbers d. gaubiae almost all

the year,
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h, gamblaec 1s widely dastribuded all over the 12 provances
of Ethaiopiz and in Eritrea, at altitudes below 2100Mm, wheye suffi~
crant watcr 15 avarlable for breedings 1lar_e desert arsas of
lowlands in Harrar amd Britrea are relatively free of malaria
(except the river valleys) beecamse of the dry climatac conditions.
This 18 the speciles responsible for the epardemics in the plateau,
¥here molarie s byvierondemc, 1 e vherever suirtahle breeding
places exagt all the year or for a sufficrent perirod each year,
A, gambiae is either the only vector or _emerally share with
A, funesous the responsibility of the transmission.

A relatively lamited mumber of dissections were made of the
salivary glands of 4. canblae in the WHO and ICa projects. Few
infected zlands were found ain the Nazareth area and in the Kobbow
Chercher progJect before or at the beginning of the spraying
campalgn. A sporozoite rate of 3% was found by the I0a team in
Kobo-Chercher in Septenmber 1956,

A, funestus 1s too rare in some areas, like Sodore Hot Springs,
to play an imporbant payh,in the malaria transmission. ~However in
Cambella, 1t 1s a very importadt vector.

Other species, &, pharecnsis and 4, pretoriensis, can be o
pobsible importance in arrigated arcas during the dry season when
the A cambiae populations awe very low and the abovd mosquitoes
very numerous. Somebimes, A. pharoensis can be the only mosquito
present in the dwellings and it was round once infected by Ovazza
in Bbthiopia, Dissechions of this species by the WHO team were
always negative,.

The gtatus of other possible mainor vectors such as A,.nili
4 _coustani var, zremanni (1 specimen found positive for 530T0Z0LLES
1n Bthiopia by Giaquinto), A. rufipes, Arhodesiensis, A, dithali,
A. kingi etc,-,p is staill undetermired as no dissections appear
t0 have been made anywhere in che country and the above gpecies
arc rarcly vory aburdant, Imigsed {Frited4) 4, adengnsis is
regarded by many authors as the local mdlarid carrier.

2. Blonomies of the vectors

2.1 A gambiae

This species is .the most widely distributed and can be found
everywhere 1m Ethiopia and Eritrea, temporarely or permanently, if
there 1s any water available in the area, On the plateau, the
brecdans oceurs in the temporary.rainy pools and mn the resadmal
pools in thecr=eka before #nd after the reans. During the heavy
rains the brecdin; places are flooded. AlL kind of breeding
places, spch gs hoaf printd even polluted with urine, .side poold
of river; sheére of the lakes, (1) arossy swampg, tisteThs etca..
can be found. Peorminent breedin” occcars in the swamps i1ssued
from hot springs, (Sedore)y-arrigation ditches i the plantations
(Alibete, Guabié ete.), permansht rivers (&wash, Omo), ebcae
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A, gambiac in Ethiopia secems under natural conditions hipaly
anthropophilic, endophagle and endophilic, though 1t was Lfound
in many-occasions ta bite outside (4wash, Kobe-Chercher, Soders,
ete)., OSome speeimens were found in Garbella town (sprayed)
rosting wn outdoor shelters and on the northern shore of Morgherita
lake we found larval breedains at about 3Qm far from the nearest
vallage: These mosquitows were surcly "blting animals, In arsas
where men and animals {cows, horses) are mixed, the preecipitin
tests gave a hirher percemtage positive for men than for aiimals.
(2) In Sodore, in a man baited trap, at which a cow was tisd
outside; the results were % positive for men and 6% for
animls. InWonji, Ovazza (1956), and thom the WHO team (1958)
observed that the adults wath numberous Culex are resting among
the Sugar canes during day time near the breeding places, the
irrigation ditchés,

In the ICa projects (Alamata, Gambella), we found the
mosquitoes resting in unsprayed dwellings and the sprayed ones
without any Ancpheles during day time, may be dus to the repellent
effedt of the insecticide. Generally the A.gambize are resting
indoor down on the walls, driven away from the ceilings by -the -
smokés In dwellings where no cqoking is made the ganbiae are
abundant everywhere on the ceilings and along the walls, The
maxi mn collected by dwelling w3s more than 1.000 A.gambiae
in an- unsprayed tukul near Tessenesl in BEritroa.

In hyperendemic areas of Ethiopia, the mosquito fauna is
subject t§ seasonal fluctuations. IF must be a darect scorrclation
between the river lewel, the rains, the pollution of the breeding
places and the number and the species of adult mosquitoes, The
predominence of 4.funestus over gampise 18 occurring in Gambella
almost all fover the year. Such a fluctuation is occurring an the
permanent breedong places, like plantations (Wonji, Martd,
dlibete, 6tcy,s) Wiere A.pharcensys sometimes outnumber the
A.gambrae, In the not springs of Sodors, A.ganbise is however
far away the most aumerous, though «.pharoensis and i.coustand
show some ‘anmwal fluctuations,

In Sodoré Hot Springs (October 1958), the cycle of nocturnal
actavkty of 4. gambiac,i.es the time frequency shown by the
females in enbering tae man bailted trep, 15 given below (average
of two nights)s

Houprs Number of femoles captured ﬁ
16 . 00-20; 00 Ihy 3748
20;00-24,00 185 4836
2, .00~ 00 33 8:6
QJJOO"*OB?‘OO lB Lh?
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The above results arc a littlc dafforent from those of other
workers in that the maximum activity 18 between 6pan, md 12,00p.n.,
ingtead of being spread over a la.ger period at a later hour after
midnight but are not so different from those of Holstein. Few
cases of day tame biting have been recorded (Wonji Sugar Flantation,
Akaki) and taey are excepbiomal, In other arcas where night cat—
ches- have been conducted outdoors A, gamblae was found brting
mainly after dusk and up to midmight, Soms differences may oceur
on other parts of tne countyry. Successiul rearing of about seven
generations of A. gambise was realised in the Gambella ICA Prlot
Prioject 1n an cutdoor insectary,

There 18 no douht that A, pambiae, due to 1ts great adaptive
power either in the choice af the breeding places, or the source
of blood- for adults, 1s the main malaria vector in all parts of
Ethiopia,

2,2 A, funestus

-Though A. funestus can be ¢ollected in six provances (Shoa,
Gogiam, Wollega, Jlubabor, Kaffa, Hirrar) and in Britrea,
genorelly in' low lands (not above 1.700M};this species 1s
gederally scaree.. Fb seems by 1ts abundance to share the rés—
ponsibility of'malaria transmissaons wlth &, gambias only along
the Bare River, in West.(Gambolla area).

Becanse of ats predilcctiron for breeding in peérmanent waters,

&, funestus 1s practically absecnt from the plateau and alwayd
assoclated with mlaria in endemicity and not with QpademLcs.

In Gambella, it ds breeding, in the grassy swamps and predomingnt
over A, gambise in the adults stagp, almost all over the yeab.
In Sodare, it scems to breed 1n the permanent Swamps issued from
the hot springs, bub therc; no mere than two-three specimens

were covllected every months

Adults are generally very endcphilic and anthropophilics
However they can bite men also outside with 4. gambiae dfter dusk,
Only one &pscimen was captured in oyhdoor shelters in Gambella,
bubt few investigations worc undertaken and only dwrang the rainy
seagon when the river banks are wet and without crevices, In
Gambella towm, after the farst spraying with DDT in 1959,

A funestus disappeared completely from the sprayed dwellangs butb
was captured in o very small number from unsprgyed dwellings.

In one unsprayed tukul, at about Skm from the ftuwn, we captured
1n August 1959 287 A, “Tunestus and 63 A, gambiae, A. funestus as
4, pambiae are resting down on the walls, mainly if the hut is
filled with smoke, otherwise,they can be found on the ceilings,
45 A, sanbiae, A, funestus is strongly attrachted by wmashed
clothing in the natave huts, and frequently rosting behind,

In the month of August 1959 (rainy scason) our five day collections
gave the following percentage in Ganbella area: A, funestus 80%,
A, gambiae 17%, A, pharcensis 1%, A, mli O,01%, thus showin
strong predominance of A, funestus. In February fifty-nine (dry
séason) five day collection gave: 50% A, funestus against L1E

A, gamblas, Perbaps the mmber of 4, gafibloe increase when the
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swamps are polluted and becoms more favourable to its larvae.
This should be investaigated.

It 15 possible that in other areas (Qmo Valley, Keffa etC.es)
A, funestus which is closely associated with 4, bise play also
An importert part inthe malaria tranmmssion, estigations
have s€ill to be carried out in those areias.

2.3 Obher suspected vechors.

a) A. pharoensis

This Species (found once infected in Ethiopia by Ovazza) is
the most common mosguato after A, gambiase, during soms months of
the dry season, when 4. gambiag becomss searce, It has been
capbured in eight provinces and in Eritrea, and seems even more
widely dastributed from lowlands up -to the high plateau (2.500m).
It 18 a very c¢ommmn species in irrigated areas (plantations of
Morti, Shoa; Wonjl, Shoa; Tessenei, Eratrea; Ghabid, XKaffa ctcees)s

dn éambella, at is & rather rare mosqurto.

The larve breeds in various collections of water, but are very
common in irragation ditches (plantations) permanent swamps
resulting from hot springs (Sodore, Koka dam), on the edges of the
lakes even 1n flooded areas at the énd of the rains (Koka village).

In Ethiopia, the adults seem to be ambhropophilie &hd
endophalic, btut commonly bite man outside durang the night. Few
precipitin tests have been mde and thus are insignificant,

Qvazza (1956) found thet spscies cxophilic below 1.900m in
Ethiocpia, but ouwr findings are quite different, We found even in
low areas -(¥arty, S4Bm) this species extremely abundant in the
human dwellings (June 1558} during day time, and thas obdervation
was confirmed in Koka (1,530), Wonji {1.650ms) and even in-
Gambella (526m). Some outdoor shelters can be found bub are nob

so commmn, It does not seem that Ovazza is right when he estimated
that A. pharcensis bceame predomnant in Wonji "que lersque

4. ganmbuas Tut en partie élimuné par la forte lutte anti~larvaire
et anfi~adultes pratiquée en 1954%. On the contrary, 4. gambioc

18 xtill very abundant in tne unsprayed dwellings an the surrounding
mative huts but the abundance of A, pharcensis 1s only a seasonal
OIS o

In conclusiod, in Ethiopan, A. phavroensis shelter in huts
during the day and when the brecding 1s prolific there 1s an
overflow into human dwellings: Its maxlmdm peaks of entry wnto &
hut seems to be between 8 p.ms and 12 . The rvesults obbained
in Sodore experimental trap (October 1958) are grouped below
{(average of 4wo mnights):

Hours Number of females captured Z
18,0020, 00 23 31
2.0,00~21;,00 Ll 59
2},,00-04,00 3 'y
;. 00-08,00 b S
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The above findings are simlar to the fagures obtained there
Lor A, ganmbraa.

Corradetti considers A, pharoensis as "one of the most
dangerous carricrs of malaria in Ethiopia"., Practically, due to
its low infectivity, the mosquitc can play. when very abundant,
a possibie small part in the transmissiona

b) 4, rufares

This specics 1s known only from Wollo and Ilubabor (Gambella).
In Ganbella 1ts presence seems to coincide with the drying of the
grassy swamps. Rare and of a little importance, if any. Adulbs
were colle cted indoors ain Ganmbella,

¢) &, pretoricns:E

In Ethiopia, this species 28 rcgarded by some workers as an
1mportant vectos but no evidenee has so far been recorded. Phis
species 18 widely distributed from lewlands up to 1.900m in eight
provinges and 1n kEritrea, but rarely very abundant. This species
was cdllected from the three ICA projects, but very exceptionally
from the WHO progect. It breeds in drying river pools.'

d) A, adenensis

This species 18 -considered by all authors to be the malaria
carrier in Assab (FEritroa)}, but theré is no definite evidence on
this, This mosguito breeds with Cdlex satiens in the wélls and
cisterns of the town, 1n water containing up to 70% sca water
and nitrates. '

o) A. coustam-

DThis species writh its two varietres tenebrosus and zikmarni
is widespread over practically the whole of Ethiopia though ¥t
.has not been yet recorded from ¢ "Ta and Wellega but 1t mst
be existing therc also. In Braitrea, 4. coustany is malnly reportcd
from Tesserci (Sudanesc border;s This speeles 1s common up to
2:100m (Akalcd) br% can be oxccpvronally captured higher (Addis,
2,470m)

The larval broeding occurs mainly in the swamps, back-waters
of streams and 1rrigat.cn ditches in plantations (Wonji, Ghabidé),
The adult seems p~- "y arthrcpophrlic and can be exccptionally
found inside houses during doy tame (Metahara, Sodore, etCees)s
It bartes outdoors and even, whon cxccptionally abundant and
disturbed, during doy txmo 1n the afternoon: Wollo (Ovazza, 1956);
Sodore (WHO Team) where the adults rcst among the grass of the
SWAD .
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Gnaguante (1950) who found one ziemonni an Borkenna valley
(1, 79R)} positive for sporozoites suspcctcd that variety as a
vecbor, I, secms however to be a non vector or at least to have
no importance. 4s 1n other parts of Africa, d.coustany seems
attracted by the light inside the houses, rather bhan by the,
prospect of bitang mn,

£) A, nila

A, ml1l wagoonly known from Southern Ethiopae (Billate Raver,
3ildamo prov., 1l.200m and Valley of Sagan River, Gemu Goffa prov.,
1:400m), We found specimens (L or 2 per monthj in Scdore (Shoa,
1,600m) in 1958, rn sumlar conchtions than in Billate, The
brecding in these two places seems 10 occur in gwanps near hot
springs. In Garbella {fugust 1559}, we found some A, nili restaing
indoors as’in Sedore, thus this species seems to be partly
endophilic. In the Sagan Valley (Giaguinto, 1948), hundreds of
specimens attacked the men severely in the open and in the tents,
being there the preval ling spscics.

Except for the above orservations, md despite 1ts posdibarlity
as a veetor, 4. nili, camnot be considered to be of importance an
BEthiopia because of 1ts rarity when compared with the main vectars.

g) Other #thiopian Lnopheles

Among the other Ethiopian Anophelines, certain species are
only rarities (4. obscurus, &, peludis, ., implexus, 4, ardensis,
A¢ rupicolus, 45 harperi, 4. longipalpis, A. ravuloram, A.leesons,
L, wellcomel, 4, maculipalpis) and they can be considered as
harmjess 1n Ebhiopias Thexr distribution by provinces is shown
1n the Table I, £, Kingl was reported to be sometimes quite «
common and to attzck ren an the open [Knffa, Sadamo), but does
not seem to be 2 vechor, since (. gambiae was obviously present
wherever mglaria oceurred (Giaguinto, L950). 4. rhodesiensis 1s
considered Ly G.aguaiute (LY50) as a mlaria carrier in Ethiopia,
but 2t is doubbtful, This spucics s known from Horrar, Wollo,
Beghemder and Britrea and attacks sdverely men in the open in
eastern Ethropie (Qpaden, Dankalia)

Soma. othér spesiesy mov mxlarad carrrers are quale common in
some areass A,d'thali collectod 14 81X provinces, is meinly campon
an Eritrea below 1500m and in the castern side of Bthiopiz,
According to Mara (1S45) the various breeding places are exposed
to stiniight and the larvae can be found in water with salinitaes
of 3.,5% n asscciation with thosc of 4. dancalicus. This species
rather. rarely found in human dwellings cannot be considered as
vector, though 1t was the opinicn of Bamballa (1941), lega (1937),
Melville (A35) and Mora {1946). No dissections have becn made
anywhere and A. gamblag 1s often present in the same area,
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4, marshélly 1s an exophalic and mainly zoophilic mosquito,captured
in Ethiopia in mule stables and pls~sties. larvac in marshes, even
with bracidsh water and 1n torrents, A4dult females attacked men in
tne open 1n Gumma (Graquinbo, 1950). Recorded from five Ethiopian
provinces, bub not from Britreas

4. demeilloni: Reported in seven proyinccs and in Eritreca from low
1aids wp to 2550m. larvae dnd adults in Addis &baba, Iarval
bresding in 41l kinds of water collcctions, even in drying raver
beds, Common specied an the I0A projects of Kobbo-Chercher and
Derbia, Not reported from Gambelia and Nawareth projechks. Gene-
rally exophilic and zZocphilic sometimes caphured in human dwellings.

4, turkhudas Reported from Eritroa and north~eastern Ethiopia,in
low lands, This asiatic speciss is quate rare and not a malaria
carrier.

Samez speciles can be -found indiffcrently an low lands and in
low plateant A.macmahoni (up to 2400r), 4.cainercus {up 6 3000m
in Entotto and Termeber Fass), Ae. Squamogus (up to 2400m). Two
other common species are almos® .restricted to haigh altitydes in
Ethiopids ‘Asgarphamy and Ae.christyl {up to 2800m) but cm be also
excaptiondl ly found in low arsas, These species are mainly
zoophilic, exophilic or resting in cattle sheds and cannot be
melaria cerriers, Lf resting in Imman dwellings, they are unfed
‘or fed with animal blood.

Thé only Ethiopian indigenous species is #nopheles dancalicus,
described by Coradetti in X940, from Doba Valley, 'Woﬁo lzgﬁﬁ:, in
Dankalia area), The'larval breeding places are small pools
Gherusted with salt and salty marshes with vegetation. The Specaes
1s exophiliec and attacks men in the open., It as-also recorded by
Mara from other locdl 1ties or tae'Dankalia orea (#rafala, 161m,.
Iaile ete..sd an the lowlands. 4, dancalicus 1s not a malaria
CArILET.

Since ‘hew species of anophelines have been recently recopded
from Somalia -(Maffa, 1956), 1t secems that other species mgy be
drscovered when the Harrar province will be better explored,

II. SUSChLTIBUITY OF ADULT .JNOMHELsS MOBGUITUES TO
LNSECTIC LS 1IN ETHLGP 1«

Sinece March 1958, tharty-seven susceptibilaty tests of adult
anopheles to DDT zna Dieldrin were carrised out in Ethiopia and an
Eritrea. Three species of mosqguitoes were tested: A, gambiae
A, funestus, 4, pharoensisg, il.¢. the three local vectors, aAttempts
to test other non-vector species were unsuccessful due to the
s¢arclty of specimens captured, Even A.coustanl in Shoa and
A. squamosus in Eritrea, which can be extremely abundant in certain
years, were never collected am more than 5-10 specimens in the
same area.
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Results go far obtorned arce included 1n the- two annexed
Charts {Table IT ahd T1I), waich sagw the 1050s. Mortalitacs at
high concentrat.a.ons the 101008 can be deducted by intcrpoletion,

1) Techniques

.In alld cases, engorged wild caught femalos were anly tested.
The ‘bc;s’os carried out at the besinning (from March to June 1958)
follgwang the method of Busvine & MNesh. Iater, sihec- ‘1958,
the standard WHO test kits were uded exclbsively. Simi
results are piven with this new test, as those gaven by the
Busvine-laah tests, and the daffcrences, if any, arc insignificant,

Different mstaods were used to transport the mosquitoes for
testing an the laboratory, but in order to avoid hagh control
mortalaty, wrenever possible, testg were made in the fxld, In
Tessened, Eraitrea, and in few other places, we could not avoird,
@durgng the recorver:y‘ period, extremcs of temperature (up to 35°C)
and, 'bhu(s_‘ the' testing became extremely dtfricult anhd some of the
experaments were logt complétely. In Gambella, we were'able
to use the local insectary, o the resulbs were very satisfactory
with extremely Iow mortalitaes ix the combrol.

Extreme care was taken when transporting the mosquitoes to
avowd insecticade conftamination. In Nasardth project the same
vehicles were uscd for the sprayaing and the entomological work,
and thus a careful washing of the vehicles was periodically done.

In BtHiopra, the permenemt breeding placcs {Gambella, Sodore,
hwasa, fwoh, Morti, Ghabié etci..) art rare and nine nonths of
the yéar are comparatlvely dry. So 1t 1s quite impossible to find
gnough mosquitoes in mosﬁ of the areds except during one or two
months sometimes durin_ ‘two weeks.’ ‘One never caa be sure of
the r;t.g,h'b time for cc]lﬁe’élna “the s.afon beins more or less rainy
in an area, or the breeding places being washed out'by abnormally
abundant rains, Most of ‘ng testings should be done :Lt the sanme
tame 1n all the councry ustally-after the rains, and'in Eritrea
bt 1s vven more restricted in time., Due to the previbus rcasons
and also because-not enough time could be always devoted to the
testang work, some first tests (umanly Busvane) should be inter-
prated as *unsatzsfactory aecﬂrd.mg»-te the most recent WHO instruc—
tions (as few mosquitees weres expaidd to each concentration). All
details can be scen from the accompanyipg.charts, We, discarded
only tne tests with « too high control mortality but we kept a
complebe recard of tac others, eveh if some should be accepted
with reserve, At least they give an indication, practically
confirmed by the cther satisfactbry reliable bests.

The IC5ps have been caleulated (on the corrected mortalities
if necessary) from which the regression lines have been fitted by
gye on logarathime probabilaty paper.
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2. Results of susceptibility tests in unsprayed area:

a) A. gamblae

“In the unsprayed Awash area (Shoa), Busvane suscéptabllity
toste gave in l*hrch—-&prnl’i%s, vory high susceptibilities of
4, pambiae to DIT (I05g = 0.32%) and the Dieldran (I0gg = 0,022%),
Samlar results with very high susceptibirlities to both insecticides,
Were obtainéd i the unsprayed arce between Nezareth and Wonji
(BDT, 1050 =~ between 0,15% and OuMi8%; Dieldrin, I050- between
0,(®5% and 0,047%).8uch resylts, similar to those obtained wath
Busvine method in few localities of West Africa in 1957
(Gamercons, Houte Volta) should be considered as, exceptional for

A, @' birae,

In other unsprayed areas, the IC5o® are much higher and can
be_considbred as normal (WHO method);:

Garbella (Ilubaborga ODT Ligp = O.6L%  Dasldran IGgp = O.u2%
Gbié (Faffa)s DOT I050 = 0,70%  Dieldran I0gp < 0.06%
Gouche (Sidamo)s DDT IC5o = Q,72%

In the above cased, the indicated Ll ns were always L% +for
DIT and C.4% Tor Dieldrin, In the case of Ghibie (4% DDT's 53
testedy 1 plivel, the population seems highly suscepbible and the-
one WH1ch escaped the highest congentedtion 1s probably 4 randdm
survivor. The above tests gave an 1dea of the baseline of

susceptability for A.gambiae in Ethiopia before spraying actavztags.
b) A.funestus

Tested :_nh(_}anﬁ)ello., before the spraying of the town,d.funsstus
shov normel sukceptibility (Febe 1959): DT 5o = 0.54%3
Dueldrins I0cy = O,45%. after spraying,the mosqurtoes were
collected away in an unsprayed village (August 1959) and when
t¢¥te’ the IDgcp were for DT = 0,72% and for Dieldrin = 0,082%.
This siaight increase 1n the susceptabrlity seems to be only a
seasanal varlation. A4 complete kdl is given as for A,ganbiae
at UZ DOT and OMf Dieldrin (1indicated I0yp0).

¢) 4,pharcensis

A,pharoensis 1n an unsprayed area (Marti, near Metahara)
showed an 1959 an 1050 below 0.15% for Dieldrin vhach is a normal
value for that Anopheles.
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3, Results of susceptabilaty tests in sprayed areas

a}) A.gambiac

In the sprayed arcas, tested with WHO Method, A.gambiae
shows also a high susceptibilaty to the insecticifie?. IC50
levels in Several places in Ethiopia' and Eritrea lie between
below 0.25% and 0.70% for DOT and bebween -0,d1% and 0,053% £in
Dieldrine

In Sodore, spréyed oncq wath DT, there is & liftle variatlon
according to the daté 'of “thd testings 58 between 0,517 aid 0.70%
DT and between O.00LE and '0.06% Dieldrin, Perhaps it is connectéd
with the fleoding or variations 1n orgame matter content of breg=
ding places, or with the temperature (mch lower during the night
when we got the hagher susceptibillties)s

Testd carried out in the Nomareth-pilot prdject gave a DI
1050 of O.42% and a Dieldran ICgg of 0,063% (Koka village
sprayed twice with DIT),

In Wassero (awash area) where the. breeding places (irrigation
ditches) produce therr anopheline faura all the year round, the
foltowing ICcos were found affey the first spraying with Dieldrin -
Dil5g = Q,62%; Dieldrin I0gy = 0,06%. Soa s spraying with
Dieldrin in May 1958 (testitg, done in apral 1959) seems to have
increased, the Llgg of Asgdnbias from 0,32% up to 0,62% for DT
and from Q,022% up to ’5.%% for Dieldrin.

The increase of télerance can be only due to the elimination
of the more suseeptible phenotypes bt in both éases the 101008
were respectavily et L% DUT and at Oy Dacldrin (165 specimens
werd exposed to 4 ODT and 256 to O.4% Dieldrin). This does not
seem to wndicate the presence of a factor for true DT or Dieldrin
rosistanco.,

In other greas, thé followang IC5gs were fouhdi
Kombolcha (Mezargth project-sprayed HIE1SE): DDT: 0.36%

Alamata (ICa- Kobbe~Chercher project~sprayed Dieldrin!S56sDIOT ! 57=56~
59): DIT ~¢0425% Dieldran: 0,47,

Ali Geder (Eratrca, cotton crops sprayed by plane with BHS/DIT
during four years)s DDT':0,60% Dicldrin: 0.06%,

The spraying of thosc.areas seams not to.have incrcased the
tolerance of A,gambiae, .In the above cases the mosguitoes have
been collected from unsprayed dwellings among the sprayed ones.
The extremely law DDT ICcy in alamata is associated with a
comparatively high control mortality and further tesis are needed,
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b) 4.pharcensis

The followang I0ggs were obtanned in sprayed areast

M: 0.71% (Koko-sprayed two tames wifth DOT) ;. C.3L% (KSdamegebaye-
aprayod once with DIT)

Dieldrins C,1% (Koka)
Ko indication of tolerance can be found from the-above régults,
i, Concluston
a) The 'three specaes tested to hnsedbicides (A.gambiae,
4.funestys, A.phdroensig) are extremely suseceptible to-DHX and

Dieldrin l1n.ths unsprayed qreas and mormally susceptible in the
sprayed ones, even after 3~ years spraying.

b) There 15 no indrcatiom of real telerance, vr &t least
no significant change of susceptibility in. Pileot projects up
1o now.Jb i3 todearly, to lthink that a.gamblac- in dwash area has
developed a real increade off télerance to Digldrin after the
first spraying with tas insectaiéide,

c) It seéms that the most pFobable dreca where resistance
¢ould be estdblibhed (1f the resistant genotypes preexist ). are
the permdnent breeding greas (Gambelln, Awash) in the low lands
where masyy- generations occur] all, the year,—Oh the plateaun; the
speed of ‘selectrion of a wesistant strain willibe slow: (Tow
anmal generstions). |

d) A.pharoensis sdems ‘to bé normlly a little less suscep-
tible to the insecticades than &4,gambiae,ismaller sized mosquito,
4efunestus shows a similar susceptibllity as Legarbige.

e) There 1s an-mndicetion of seasonal verxdtion in the ICgg8
dccopding to'the month of tHe tegting but.thus variation is very: low,

£) In -4ddas-sbaba, there gvaidertly preemists a considerabls
degree of natural tolerance with DDT (IC50 = 3.2) and Dieldrin
(1850 = Q.92) in the adults ‘of: Culex piplens. The highest concen-
trations ;of BDT and ofDieldrin fail to give more ‘than 61%
mortality for DDT apd 58%. for Digldran wath one.hpur exposute.
Such resilts were never found among the Ephiopran anopheles.
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0.1% 0.25¢

. Rel, Hun, Ko, ved e, Observed

5 £ Method  Tested Dued Noxt. 7 Tested Dead Mort, X

e e ————
45 Busvine 9 2 22;2 2 10 45 4
93 Busvine 61 10 1644 & 17 2745
%0 Busvine 48 18 37,5 Mo o® 6,6
92 Busvine 2 8 38,1 3 % T4
7 WHO 52 9 17.3
41 WHO 29 5 1’7:2
9 WHO 2%, 5 20,8
83 WHO 3 2 b
e ", o 40 19 41,5
0 WHO a4 &% 273
58 WHO 22 g 40,9
84 WHO 93 16 172
50 WHO 78 % 17.9
70 WHO 40 25 62,5
62 w0 70 % 34,2
7 WHO 50 2 4
59 WHO 146 i 3.7 |
27 WHO 189 & 14.2 }
%2 WO B 6 76 ]




Species  Province Village gpa:gd Date

A, gasbiae BShea Wassero wnsprwyed 1920/ XTI /58

A, gambiae Shea Kedame-Gebaye unmprayed B/T1-8/19/58

A, gamblae Shea Kombolcha unsprayed 3/TILH/TV/58

A, gambiie Shea Adankuta unsprayed Vivfse

A, gamblae Ilubaber Oambella umapreyed WedI2X /50

A, gaobiae Keffa Ohiidd unapraysd dedfu1 /5%

A, gamiiae Sideme :B!:?h near  unapryed WAL

A, gamblse Shea Sedore DD 1957 2B/0xr2/ 4013 /58

A, gambtae Shea Kok DDT 5758 2L/

A, ganbide Shoa Koka DT 57«58 g Yoy 7i

A, gaubitie Shed Xomboleha DT 1958 DT AIL/58

A, gaobise Shea Sedore 00T 1957 5/1/%9

A, ganbiae Shea Wassero Disldzin 58 T X7/IV/59

&, genblae Wolle Alamata D1, 56-R0F %= 112/IX/%
58e59, )

Ao gambize Eritres  Ali Geder 4 years assia) 00/
spray 0T WG

A, pharoensis Shes  Koia DOT 5758 3-6/1X/58

A, pharoensis 8hes  Kedeme Gebsye DDT 1958 TV, T

A, hamestus Ilubabor Gembella wmeprayed WL3/1L/59

A, fumestus Ilubaber (axbells uasprayel 2024/ VILL /50

w

84 % 3 0

Q¥ B X QR
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" R A T I ¢ N I X ¥ T FERAZL 0 I L
a _4
] Control . Pieldrin
r:Olmez!'vet:l No, Dead Cbserwed e
Elu't. ] Teated Rart, % 50
100 7 0 c 0.022
‘ 67 1 14 0,027
& 1 ) A 0,028
” 2 A 0,025 swn
6. 2 3. 0a042
100 53 0 ° < 0,66
200 % 3 3 £ 0,06
100 % 2 0,063 som
300 1Y 6 %2 04054
100 95 3 31 0,06
00 % 2 0,04 woe
" o 10 10 = 006 mwe
23 1 43 & 0615
0 = 3] - OBl
o 0 ¢ 04045
300 159 6 W 0: 082

tosted ~ 84 dead; with 1LAEMA, 76 tested - 76 dead.
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. Dead  Ubmerved WO, Dead

- } Tomgped . Nowt, #  Tested -

i 3% % 100 32 32
gg ; B 5% B2

. B 3s X
29 P
7 T 22 %53
© iom 25 9205 57 ‘57
65 . “ 6 W S 2 2
e . » a 96,8 43 43

T o o2 9.6 K] 75
139 < 2 208 985 256 256

[
n . 45 7748 joo 100
52 : W0 9% 9% - we 100 a
1 Y 7 9.3 35 35
o . ® 7 e

-g: L 3 ” ok 1m 137

" = Yestasde with 0.8 D1 gave the following re
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- mm JCorrected,
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TABLE III - SUSCEPTIBILITY TESIS

F.

0,01% 0,025%
“No. Dead Ubmerved No. Bead  Ulerwed  Hbe %
- Tegted Mort, & Tested
7 Busvine 28 16 ”1 27
85 Busvine 26 5 19,2 65 33 50,7 &0
63 Busvine 3 10 32.2 59 19 n2 5
85 Busvine 20 2 1¢ 2% 18 7 25
2 WHO 24 10 P2 W 19
4 WHO 6 ) -] »
63 WO 89 6 6,7 97 11 13 60
70 o 12 0 [+ 3.
85 WHO 25 6 » 62
50 WHO 174 22 - ¥ 15%
0 WHO 42 17 8.4 »
62 WHO %A 26 »n.9 72
90 Busvine 18 2 11.1 18 3 )7 ' 16
8 WHO 17 o L a
4 WHO 52 10 w2 &4
92 WHO 70 7 » »
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SPECIES PROVINGE  VILIAGE SPRAY §RCURD  DATE ™,
%
. st ettt et st i a
A, gtabise Shoa Wessero Tnapaiyed 19=20/311 /98 28.5
i, guabiae Shea Kedane o/1v/56 o8
gebaye Unpeagrad

A. gamiae Shca Kimbolohs  Unspraywi BATI-1/1V/58 3¢
Ao piiiae Shes Acsokuta Unapriged 3/11/58 .
i, gaukiae Tilubebor Gagbella tnewenind BANIL/59 »
A. gambiae Keffa Ghibie Unsprajred 6{1T/59 »
A, gambise Shos Sedore T 1957 /7111 /58 »
4, paaixiae Shea Loka DDT 5 58 L
A, pambize Shos Sodore oo 1 8/1/59 -
A. gueiise Shom ¥agsere Dieldvdy 1958 26=27/IV/59 %
A, prxblae Wolle Alamata D1.5&

DT 57.58-9% 213 2/7X /59 2
A, gambiae Eritres A4 geder  serial eprey

TDT-BHG T3 /TX /59 2
A, pharcensis  Shee Yarti Unsprayed e 2Y/V/58 s
A, pharosnsis  Shos Ecka DDTw 3758 Ieb/IX /58 o
Ay Dmestus illviebor dambella Unspreyed 1:22/11 /59 k|
A, fupestus Illdbabor Gambells Unsprayed W /VII1/59 23

mx Test made with Disldrin sempentration 0,075 gave the £ollewing resultst B tewng



