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1t enducticen

Oucborn vbseeovatrong madoe as fSnboacko ist of cho iklaria
Control ilol Progect, Sudan, durin  too yoars 1957-59 for. the
subject matbor of thais pocr.

Goacral Deseripbion of va. arca

The Sudan {formerly s.n lo-f yobian Sudan) s a vash plain
of aboui a mwliion sguarc mles wisclated on the north by a descrt
throuzh whieh the Nile flows and on the cast by thoe oluvaied tract
boundang, the Bod Sca., Tne pueculiar ad low watur—shed of tic
Sudan makes a  vast traiaaulor clayoy deprescion an the basin of
the Blue and White MNle riv.oes. The madlle of tnis Jlain is
ocou ied by the swampy! sudd! ro_ion, (Mbp I)

Pilot Projcet arca

The Malaria Control Pilot Project in Sudan, os cr the basic
arrcement between the Governmcat of Sudon, World Health Op aniza-
tion and the UNICEF startcd worlan: an the Blue Mule Province in
195 whach is the most densoly populated arce in the country,

For malaria control the cnbairc aisca of the Scnnar District and
Northorn and Southern Pung, Dastrict have been aimcluded, covering
a population of 453,400, The arca east of the Dinder and suuth
of the railway linc and cxtondin uoto the boundaries of tho
Province on thecastern side and up to the Notbrunal Pask ond

Game preserve in the south has boen 1ofd og v Checs aroa.

(Mop II)

Clumtu

Thoe meteorolorical date .urmasnea 1n tobie L an .es.cct o1
bhree recordan, stotions Sononr, Roscires and Kurmuk, 4l withon
the Projeel arce <no wor hunarcd mii.s Jlstonee from cach othor
znd  toe avera o condibions ot Sennar (Grapgh I), ave a clzor
~icturs of tle moegooroloreal conaditions 1 thu arca,

The Project arce lyan couba o latitude 19° W qas 2 typreal
troncal combinembol ty o of clumatc. In _cnoral the climsto
must bu eonsadered Mot witn a wmezn Loily tem cratur. usually nover
DClOW 2).}00'

It w8 wery .wch aumnated by the anmal movemcats of tho
boundary between the dry nortacrly wigo and tac meast southoslies,
Bzan is assveisted with the latter, nd sarticularly wibn the
% m. cxteadin  about 500 milcs soath irom bac boundary, Most
Ou Lde FUIn 13 comvoctionad aad oceurs in the afternuvon and
VeI 4

UIn wintor e 30baran o1 b-prossurce systom
woainates the cirewlation md tne northaerlics
arc maanly of a4 cool dry contincnlal naturc
iron the Norta surican sourcc—re ion, thou h
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occasionally tiie arabian hi h intensafies
and brin s 2 rotoer wariwr Zar asnss Lo tac
castoern part ot the coumtry. In Spran:
cad autwn the Arabian 1 15 more
dosnant 1n the cast snd the offect of
tne tkditeryene.sn degresoion 18 rarcly
f.1t an tho Sudan, From both the North
African and thu aroblan sources Lne sir
15 1n those seasons coasadercbly warmer
than in the winter, In summer the
&rabran hich disappears comglctely and
ihe Sahlran hizh 1s dominmt.branzing

hot dry slr. A1l the rportherly air-
magses are extrunely dry,., The southerlies,
camun; from the scas brin rain.!

Thms. thoere is a snort rainy season ift the north and a long,
rainy scason in the south, with a projressively greater rain as
one rocecds from north to tho goubn.

The relative humidity is very low execept durin, the rainy
months, when it may (o for varying poriods ¢i tums over 60Z.
Very luw hamidaties, evon 25§, are recorded eves at Sam.

Tne darection of the wind is maunly 'bowa.rds the north
sxceplt duran; the wintur nontas vhi. g ¢ nait e .k

A N "

1

Fopulation

The counbry is generally thinly populated although the
Blue Nile Provance, in which about 1/5 of the puyalation of tac

country lave, is the most tmcldy Jopulated provincc in the
Sndan  (Toble L1I)

The population may be considercd under two headss

1} Settled pogulstion
2) tovin: population

Scttled pogulation: This may pernaps also be described as the

nomad, who bns sebtled. In fact various grodes of this attempt
at settlement may be secn in tho area,

tovin , pooulotions: Two broad wstinet types ean be observed:

1; Tnc nomads
2) Scasonal and mi-ratory

he Nomads: The history of*Nomadism dates from vory early
times. Nomadism 18 a particular way of life
suited to the advorse coviromnment. The patboern
of life amongst the nomads is Jjust the same
from very carly tuimcs. Tncere as, however,
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evadence tuat slowly tne nomadism is beins left in
Favoir co & slblement wus uvr dalo.

Tne nosmare tribes in Lhz Projecl ar-a are L1lven
25 a oyplcal ewcwple oif toe btype of Nomadism iound
1in the Suuan.

Threo min tribes eor ralhss administribions are
found 1in the Progect area:

1) Rufa'a el Sherig
2) Rufala el Hoi
35 Kawﬁ l.l K.Gmna

Some of these people are seen amongst the settled
popalation in Abu Hager, Dar Az11, Wad en Meil etc.

The Rufala el Sherig is meinly camel owning and
of late the mimbér of camels ssem to decreass while
that of +the sheep and oxen seem 1o 1ncrease, These
people: grage ad far soubh as the National gams
preserve on-the Abyssinian f{romtier 1n the Dinder
and as far south as Sowlerl on the east bank of the
Blue Nale, The otaer two tribeg are mainly cattle
and sheep owning ang thexr moyement extends from
Managil to beyond:-Khor ¥Yabbus in the Souih of the
Province, Tne Kawapla Acnaue kssp S0 the hash of
the Blue Mle, while the Rufala el Hoi keep to ™tae
1steny sades £ big_er frasment of the Rufa'a move
as far south ag Knor Yabbus , while a smeller fragment
reran distriputed round about Roseires.

Further the Rufata el Heoi camping round abouw
Roseares send taelr cattle to trne castern side of
the Blue Mle anua luerr cattle graze along with
those of Aenana tribs by muvual consent, Lsua]Jg
the hepd-men ro. The families live on tac wo stern
s1de, Toere mly be rare exeepblcns to this agrwd
delimpbabion,

During s e pestod they concuaurahc 1o
certain arcas 4o shown ' Map II1 Luousn some lew
gscattered nomads <oist 1 tae othier arsas as well,

Beasonal rogrebion of populatio. consists ol

1

A\
}

Homadss: The aomsis vhewsclves gob employed as gab
zad cotlun paexers hrlle tae months of Novemoers

to iarca. Very ofilvn you will sec tuc tengs of

“he Nomoas an ¢ cotton plantation' guthixas! aerd the
ordinary 'tukuls!.
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2) ILabour.ers receruated from vilia_os for eobbon pickan
com. and scbtle wn spceially constructed tomporary
structurcs an the plantatiunsy loavaing their former
nUuBCE .

3) Towm, orary stay of ownoer-culbivebors or hircd labourors
ob veryan, distancos from tasar notave valla es uswally
for short LarLodS.

L)-Izoour from dbys.imia cmployed .as herdsmon by the
nomads .

5) Pallata: Those are tac il rams from Ni_oric who
while crussin_ thce Sudan te Lo to tho holy city
Mecca tend to stoy for varyin, poriods, somc evon-
as pormancnd sctblers.

Iabite of ancphelos cambiac, Giles

Araanst the back round prosented above lot us now corsider
the henavicur of the malaria voector dnophcles pomblac,

Scascnal prevalenco: Seasonal provalcnce of the species
was studied by the followlnr motaods ol eolicetion 1 b
unsprayed check area,

~» Routing end yvaadom daytime collvebion from ficld
stations durin:, the ycars 1957 to 1959 (averi e)

2. Daytame collectaion oy Pyrotarium spray in routine
colloetlion vilia jos but av rondom sceleetion of
houses (avera o 1957-1956).

"

+« Ni-ht tiuc collectzion by Pyrothriwn spray at 9 jp.m.
and I} a.n. Toree nousus wor: usually sclccted ab
rancuom ang sporoyec ab ¢ pum. ond three obthrs also
at random av 4 a.m, {1956 and 1959 avers @)

The munibcr and frequoncy of culloctions by metihods two and
three were camparatively loss than one, nombacless chey help to
coufirm tac scasonal purv. vecd Ta&ole IIL 'nu Graph IT,

From the Table and Graph showin, the provalence of adults,
e m ht bo casily made ouw taqab lacso. are scncrolly two geaks
of provalencs uvne thet moy be cclled o  cneral peak found all
over Lho ared cceurrin | Jurin, one or otacr months of ausust to
Getobor and @ sceoau w.ich aoy Lo called a local peak dejendans
woon the extunt of 1.veouraole cunuibiuns available for the BocoLos.

4 ni h aindex of prevalonee of larvae is also observed durin,
tae months of au,ust to October. At other scasons the nunber of
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brecdin: places ond anwensatr of croodin | varies, (Table IV)

Lntiox wa, clso o
ke Bebiugg 1a tihs ok
Lo oorlior swaobnbas ©
til L the znd ot lorcia. The sene glaces dad nod suow stmlar
econuitron 1 Juob. Tans 18 steted as an waebpl. of the coadatiloas
Wuled Ciue vl ¢ 8GIui LO2K.

maae hoerse teot 1d ot loost sore jances
ke ares where brcedin  focilirtics crasted
1959+  .mblac continuzd to oo captuced

3

o G
~

ct

Tenptratura Mosquitoss like obher insects or even all
arinnls are considerobly allcctad vy bomperatmre. Frobably no
othor sin_le lactar nas a greater ciicet upon ftae distribution
or. the sarth and wpon vweir scasonal aclivaty. Witrin the
Iumts of temperaturc in which tagy are active, the rate of
tholr metabolism and cunscguently their rate of orowth and the
resultant sopulation are combrwlled. Temperature affcotsncarly
all of the cther physical fcaturcs of the covircnment. Lot us
nar study the scasonal curve of «, zambiac as obtaincd and
certain othor cbservations made on its lifc habits in rolation
te thus very wmportant cnviroamental facltor.

4. cambiae 15 capbured tiroushout tihe year, thou,h tno
trou_h 1n the temporaturc curve durainm, the months of July,
r ust and Septerber saems to support 4 high srevalence of
A, garbiae and its aumbors cve mroally reduced wien e 2VARALE
meen temperaturc excceds 30° C, It will Be suen .« a aarusal
of the mean temperature fi_ures furnished that this aocticst
fer b~ los o afiosnl wnoas of the yeor in the three
dirferent arcas wndes consideration (Table V).

This perzod or mign nean towperature i1s carlaicr in the
soubh, and latsr in the noril bub for o longer peinod,

a stuay of the prevelonco of «, ambiae xn relation vo this
factor durin_ 1950 scomad oo coafarm tact a meanm e ereture over
30° 0 18 adversc rur 1bs lon ovity on. towrefore 1ts provilonce
(Table VI).

Purthor durin, thne h.ttosl aonths of the yoar the data piven
1n Table VIT will anczecte tich arwon, the fow 4, zamblac lissuchua
there “are many boyond Ovarian ~rovp ITL Cuaristo,hers aond some 1n
V 4o, The conmtaon ol tac abdamen on dissocebi.n also wxdicates
quite a number aaving Irosh blooda

Thue retio of the goecies 1n oo coheles G ducia, the
period furnished andicotus a  ood oroportion of walcs (Tacle VIIL).

Swaan, up bue swwr bealdviouwr 1t mi_ne be saud tnat hottost
Leriod sceem tu wailocbavedy cnoe’t b populatiun of the spocics,
I'ne Tullowin; adurtional ownts may .criaps also he stated.
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7 bheos oeqmker ol Tairvac of L instars topether wata the
. oS A Ta o wloCTod Blawsbis brecuinp places
caal o 48U L. D tawwe et hrosn Tomperatirs.

. 2) malos have been capwured

3 b.l no nugh catca of ither sex could be rade uring the
period by axy WMethod known

Porhaps it JE7 Lo ghetef that durang the adverse season the
specres agintains wtweli at tho expense of the wndividual and
as stated by Russel and Rao the adult A. ganbiae like A.
culicafacics probaebly lays only onc batch of eggs during the
scason and dies after a sport pernod of existence.

Reanfalls Rainfall affects the adults in their longevity,
and algo provides better facilities for breeding, by the formation
of pools. Formation of pools depends upon the initial rainfall
and subsequent frequency of occurrence.

Jeasonal A, garbias curve and rainfall, i1f studied, would
ipdicates

i) +that there s ancreascd prevalence after the start of rains
11) that the gencral poak 1s rcached only during the reiny mouths.,

The observence of Sporozoites during this perarod indicates
that the mosquitoes are able to Lliv. sul e _outly l.ng o
complete.the sporogeny cyele «

srools arc very neccssary sor 4, gambiae to breed. These
poels are formed by the rains, To form pools a eertain amount
of imitial rainfall is necessary, first to soak vae soil and
then to form the pool, About 150mn of rainfsll would create
favourahlc conditions for pool formation. Ancther point to be
consinered is the inbterwal between any twe rains. If the interval
is too long then tie pool formed would tend to dry up. Along with
sucn drying larvae and cggs would dessicate., AlLl chese factors
woclu adversely afiees prevalencos

, The daaly rainfzll, and collcetion
of adults and larvae indicales that the extenmt of Anophelos
gamblae an the Nomda! tents 1s gsovernmd by the preosence of raan
poois during the rainy months of July, August and Scptember,
Durirg this perzod o long inmberval such as the ung thet occurred
betwoen the 6th and 26th and agean 16th and 30th of Septomber
1957 tend to dry up the pools and conscquont reduction in the
output of the zdults and hence their lower prevalence in ths tents.

It was alrvady statcd that the reanfall extends over a much
longer period ia the south and s gradually lessened as one
proceeds nortn. Honce favourable conditions for the breeding of
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ko a.rmw veourc vorlocr i tde s2asca 1a tae Souta. Tho 1Sumn
ey
ER T s tl".I‘OSrl’ch., is rodenud carlaer an b st (Vids kxp IV).

& Lopvol sirve) ecrried odb i fae Rescicos oroo an Jade
1958 wndreated val | reooence oL 4, pabiod lervec in & stoomont
o0l arita hoof warks o gobtle and dost orants of man, waien Lac
L&m taresauld oif rawnf.ll wag erosned, Lub gumlar survoys
curr:.w out in the scuw arua 1 1959 yicldod neithor larvac nor
adilts confirmin,_ peracps, thk o survetlon of provicus yeoir tad
ag the roquarcd threshold of 150m rawnicll was not cressed in
1959 no amosquito colloctions could be nads,

4% about the same time aowover rwsquitous both adults and
larvac could be capturcd in the Bong arca 200 miles south on the
frange of the !'Sudd! ro ion,

Redataive owaditys <4 ni h rdlatave -humidity is obsorved only
Guran_ the rainy period.

A& o her humpdity favours lon_evaty of “the mosquito and
also favourable conditions for tronsmission. OCbservation of
gporozoites quran , this perxod confarm this peint.

A caruful perusal of tne f1uwrcs mecoreed o 2 .01
indicates that whilc 1a Scnnary e L7.er o wLllave aatoadty
novor wenb over 60%, atdid _o over 60% £ two months w tus
—i8 1rC8  rol oo Lor four aomths Lo the Karmuk arca.

Evaporation: Tnc Piche f1 wree indicate & comoaravively
low rate of evaporcoien only doria, the montas ol radndcdl.
Further o _crusel of bac .1 ures furasshed Lor toe taree places
1 Lhe .rogoct arcd indircate ohdd waile an the Karmuk arcd
tne f1ure 1s loss tien 10m durin, tae womthe of ralnfall, an
e otho™ o places tac 4arl.:.ur lLI'lOd of shuowels Leca APril,
Sy cad June do siow 4n ovop bl om rooce a3 nor than 1Qri.

Tais andwcates tac hn b dry:m;l capacity timt exasts in the area
inspite of tao roin, durin, btads poriod,.

This oxplains in art thot warle anoghelane breeduin, din
roin peols /M, veeur ib.dous ast continue in Sennar and Roscires
arca wuurin ., tac carlicr 1onths as b does in tho more seuthern
marmk ares,

Wine diroctiovns From November to Moreh the darection of the
wind 18 .2anly soutiwards, while Erom april vo October it 1s
dirccted towoarus the neorth, The wind spoed s low duxan, the
months of o uwsl and Sc tonber and hihost wuran, tne monbh of
U 4

The provairlan; soubn to North wind my be of sz ;mificance
in che gasﬂl*s., tr:anoportatlan ol 4. somolac.
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cncflide s Tao gycroluy of tonc Mle is invercstins 1a Liec
stugy & the bionomics <-4 ambase. Therc aroe two scasuna, the
flood mad T rests The'peak fiow 1o wn wurust cad Sopuaier.
inis Ciow is apwut 16 tumes toce of ats Lowest stac. Ovir bolf
Lhuc butal yolume lor th. year pasces 1a the 23 months rid-duly
to Suj_.tk.iffbﬁl’.

Durin’ toc flood the Blue Nile wischar o may risce upbo
sixty %mS tast ob low raver. The Winitc Nile onn vho wblicr hand
1.5 much more stcady 1n tnat its disepar o durin ilood buln
only thred tumes that av low scas.om.

Iar ¢ low-lyin arccs near the Bluc Mile river, et flooded
during, the peak #low and remminficoded until €he river falls
low, Durin;, the peak bume and subsequent times when pools are
left by the 'Pededin,, raver amplc faealities arc cruated for
the brcedin, of A. gambaac,

Duting, the period of obscrvations reported in this paper
the Down stream levels recorded ncar thoe Semnar dam shows wide
varrations between the year 1957 and 158,

The flood remaining for a lon er tame in 1956 dclayed the
formtion of the pools aid tnus affected the breedin and
prevalonce of A, jambiac.

24 RESTING PIaCES,

Tseo to dle o .oles mambrac captured were from hwirn
dwollangs either an the vxllajes or in the tents of the nomads
an the bush or in the scasom’l croy) nubs in cotbton dantation
or other cultivatoed arcas. 4 fuw were also captured from
cattloshdds, which arc relatively fower in mumber algo.(vide
chart I). The Raves, an ths village Sukul' or housc furnish the
bast rostln,;, gpol of the speecrcs. Tae cobtton glantatron swmmer
hmts gave a vory hiria prevalence of the species, The nomadic tents
ver. BRUS CuLtler of cosrse wood cr padm Loaf mats. Colloctrons
in this type of snelicr arc uau&lly pearly cent por coit. Bosidos
the rcof I the tenmt Formim, ~ood pedting placcs for 4.  arbiac
many obher spots for restin_ are foungd in tho lor o or SmA L
utensils, leaviacr bags, woollen ru s uscu as curtains ctc.

Besides waat is statod above otikr restim. spoba pre -house—
hold articles; uwbonsails, Jurniturc and thoe Tgoer! a mud pot uscd
for kecpin drinkin, waier,

In one -ans¥ance durin_ the momth of Mereh about noon adults
wore cajybured froa the floor of a 'twwml! (there is ucually no-
madc~out~floor 1a a Sudancse 'tukul! ond so the F£1.or in many cascs
Jooks just lukc any other crackcd clayey sorl aqubside Lhoe house).
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w ogrocerpitin tusts of wacpnelus  cnoiag reals wndicate
et tn., Twenty~btoamel out of sovoenty-nine or wwonby-oi bt o
cunt Tore  0sLTVC Lor awnaan blood wue ol thogo collected frou
ths newads: tonss.  Tac' collsctivns fron the valla,c haod 75%
250 oub va 335, ,.ertave for human blood. In tac cotbon
Jrckers camp 89% (férty~three wut of [ by-ei nt) contained
man bleod, while 1n curvarn villa os da the montnsof Octibe:
aad December the Jorecent ositave for human blood was very low
four out of srxteen wr lwenty~fave psr cent aad iive out of
forty~e1cht or ten percent.

k., HOWE FuEQUENTING, amopncles pambide waes collectoed, dustod
with praintcrs’ - old dust ard relcased an the area capturad. The
next day attompts werc mede bo rocopture them (Tablo IX),

ds with a vory fow oxeeption 21l thé himan dwellin,s werc
searched wath Pyrothrum spray the 1% recapture represcats the
exteont vhat return to the housc,

Tt 18 also noteworbhy that mosquitoes werce also recaptured
in houses cobther thon that i1n wineh tacy were roleased,

5. MORTALITY R.Ti,

o mazalids ol bhe Jola dustin, oxpoeriments indicatc that
ornly 1y or 15% of the mosguitocs ruturn to the village of
reledse. Does the remaimin:, 85 ovr 06% rcprescab nortality?
Russel copeludsd sv 1n tho case of a, cullcifacics in India.

aldso wur repeabod fai lures to  cavea dead mosgquatocs in
spr&yed premuses may confirm this pownt, toat mortality cccurs
morc i1n thoe wutsade than insaide the houss, Thas perhaps can slso
ke concluded fvom the comaratave abscnce of larvae 1a the ared
wder Dadldrin as olso from the satisfactory control of mlaria
attained ih the arca,

6. PBo IBLE TIWASICH Or Tiid SPECIES FAlh THE SOJTH.

It was statea that the 1Sudd! re_ion 18 1in thoe central
Sudan, whorc blie are. 1§ SWi.LY.

The rarnfall starts early an the soubth and lasts for 3
Lor or poraod. 30 as rain occurs in the north prosressively
from the south, the thresaold of rainfall of 150mm ws reached
at various times; so, when condibions favourable for A. pombice
exist in Roseires, simlar conditaion may nol exast abt all at
Sonner .

Concurrcnt surveys made at rou hly 50 miles dastant from
Sconar sontlwards showed that no adult could he capturcd by
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Pyrethrum Sray ab 9 p.m, md Y cea, 1n 2ll the places oxcept
Bong, wiere adult osd loxvoc coulu oe copburca, gdong is in tac
frpn ¢ of the 'Wudd! roaon-

This mi_nb perhapd indicate dmwt guittole sonditions exist
iur tuc breedan; of 4, rambite in tho pools ncéy abont the swamp
about the (Sudd'reglon, with tha otcurrence of the rein-
Lhere 18 an ‘wvesion! Of thig spscices 0 mope favourabls arcas
croatud by the rain prodeediam, gnd ancreasmng in intensity from
south~northwards. This mu:ht projressively incrcase the output
of adnlts 1n the arca invaded.

Further the movement of ths nomads from south-~nortiwards
Altehing their tents at short distance during tho season of
early rains possibly gives a chance for the A. vembize to live
also a highly nomadic lifs to go to and fro wath them, I mean
there 18 dntebb! in its area of provalsnce and a (fallt
backwards.

Suchlebbins! and ffallin ;' may also take place from the
riveriar tracts especlally from such rivers that _o into pools
during: summcr affording idesl condations for A. gqambiae output,

The wind dircctaon from south to north at this time may also
help in the dispersion of vne sgccics.

7. SUSCEPIIBILITY OF THE SPFECIES 10 DIELDRIN 4ND AT

High susceptibility has beon cobserved to Dieldrin and also
DT, The MIO for Dielurin iz 0.08 and 0.11-as recordcd inWad
EL &;e1lf and Kurmuk res cetively. It is 0.27 for DDT as recorded
from speeimens gollected from the former place,

8, FolTRS THeT FaCILITATE sblal i THNSMISSION BY 4, GuMBIAE
IN THE ke,

1) The clayey soil in the cemtral part of Sudan, as
represented an the Bluc Nile Province bein, o hly Lmpormeable to
water, creatos pools even wath a low rainfall. MNevertheless
pools lastan, for the necessary poriod of aguatic stawes of A garoise
are ,enerally available only a®ier an anitaal raainfall of 150ms.

2) Formataion of pools gave rase to a hi h output of
A, roxbine, not perhaps nccesscrily higher than that which hagpons
under sWmmer conditions and tho ha her humdity present at tius
time favours lengevity sufficicnt Cor mularia transmigsion.

3) & high anthropoppilic inde: (758 of fecds examined were
on wan) nas bsen rocorded 1a the arwa, The comparatavely lower
percont of feeds ain the nomads may be largely facultative in vaiow
of the very large muber of cattl. populstion that exist with the
nomads, wsually oubnumburaing the hwaan popuistaon.
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Table I
Metoorole 1eal Data
Semar
15N
Month Temporature Rainfall Relatave hwaaity Lvaporavion
tyor-o 1958 avera,e 1958 B adi 2 EM (£ilche)

average 195" 1958  Averacc 1958

Jan

25,0

25.5

g - ué6 34 16 15.h  36.7
Feb 26,1 24.7 o .- hi 28 14 17.7 18:6
Mar 291  30:0 - . 33 30 23 203 222
Apr  32;0 33,7 3 6 Ay 35 - 202 26
Moy 32:h 33,9 24 Tr L5 35 23 17:0  22:9
Jun 312 30:9 60 ol “0 k9 33 W2 1659
Jul 284 27,6 119 250 6 7L 54 8.5 8:6
auz 274 27:1 160 313 8L 7 5y 5:6 6:3
Sep 28;2 285 70 37 75 70 L5 6.5 77
Oct 2929 30:5 17 2 58 51 26 10,5 1331
Nov 28B:4 29.9 1 - e 39 20 51 1T
Dec 26,0 27.1 - - 48 39 0. 15.0 1484
Total 28,7 45l 685 54 13.8
Rose1ras
Jan 262 283 - - Li k1 35 T2 2:d
Feb 275 26.3 1 - 4 lw 3 .0,
Mop 2978 31:1 Z - 27 24 1 166 176
U Y < 21 39 21 162 153
Moy© T 31:0 3L 62 6L L8 L8 12:9 12
Jun 286 27;6 128 53 65 77 50 8.5 535
Jul 2638 26;7 186 199 79 8 el 5 3.8
Lo 26 256 222 108 83 89 6% l3z2 3:0
Sep 26:{9 272 155 62 8o 8 51 ks W6
Oct  28:0 =8.7 21 a5 70 ™ 37 6.8 6.5
Nov 27:8 29:1 5 - Lo 52 2, 109 10,3
Dec 265 27,0 Pr W2 hs 21 12,5 114
samal 28,1 808 525 gl 10.5
Mormd
Month Meon Temperaturs  Raanfall an mm Relative Humidity Bvagora-
8 aM 2 MM . blun
Jon 29,9 - 29 T 22 13
Feb 2&;9 -t 26 1.8 ]3 [
ier 2.9 - 25 i5 shie
£ 309 39 53 31 6.2
Moy 27.6 157 70 L6 b9
Jun 25¢7 100 81 62 236
Jul 4.9 194 82 61 2.1
fur 243 158 85 6l 2:1
Sap 2533 15 G 66 2:5
Oct 26;1 1y b% L5 3;27
No . .
DO.Z . ?-E -EL 32 L7 %? 13.3
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pase

Poepulcotion

Pravithe o o oo e e e e Porglagion
B 1 ‘Ghazal 213,751 “991,022
Bluc Mlc” 12,136 2 ,058,61k
Darfir L93,269 1,320,559
Eqngtorli 196,321 §533718
Knssala 349,665 ohl,379
Rnartoun 20,974 505,157
Kordofan 380,546 1,162,760
Northern | 477,07k £70,765
Upper Nile 236,180 889,700

-~ Tobal — - - 2,505,805 10,262,674

T:ble 3

Scasoml pre mlencs . L.anogaelod A oviae fwulbs

[SRENY

Lnophelec combice collected per structure

Month
averase Tpoor-tine Wi hl Da~Lux by tube Coloom
A1 sho'liers Walloco Viile JAiliage Rewnds  Packors

(trabic ) (F1atY 9 Pn & L im
Jan 01}4- - - Q. . 202 -
Feb 0,9 0.0 - 0.0 151 L.7
or 0.2 0.0 - 0.0 .5 3.2
Lpr 0.2 £.05 - 0.0 0,5 2.0
1%y o.a, 0.0 0.0 0.0 0.2 0.0
Jun 0Lc08 0.1 C.5 0.0 0.0L 0.0
Jul 0.05 0.9 1.8 0.0 0.7 ~
Aug, 2.3 6.0 2.E 1.2 .3 B
Scp 3.2 5.0 - 1.0 h.9 -
Oct 153 2.3 2.5 0.02 2.2 -
Nov 1. 0.9 1.2 .0 - -
Deg 0.4 1.0 0,7 0.1 Ot 0.5




Lt o-Toe Luny

o o 15

™o

r_!.lt }\J‘i
Soodoedl nevwlores of Lpopacics £ biee Lirvt .,
Tvises of Jumer per
Jloath Mulver of s zon-a 1 rrac 100 Sipe
Jinuory 103 175 18
Februory 104 95 ¢
March 122 i) 1
Apral o5 11 1
Ny 112 16 1
Junc 96 6 1
July 56 2l L
Au usd L5 103 20
Sentomber Lo 115 30
Detobo. 37 101 30
November ha 8 2
Decenber 57 g 1
ranll 5
llon%' s oo ligwn Deapor Jilure over 20%
Pl oo kont s
Sconuer Lpra Iy  Junc
lRosg.res Aprad My
Korvulk March wpril
Table &
Anophiclos rmade s evilence dvein, v ~obls . porroa,
Pl eco ionohe SN0l g oabas, por ohe Lber
Tollar o Nor: €8 Cotton pickers
Scrnzr Lpral 0.0 0.5 2.0
Moy 0,0 0.3 0.0
Junc 0.0y c.ok 0.0
Furmulk March 0,0
Lpril 0.0
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Tabl ?
obonoe onl Ov'rl L cem o Lote 0 L, WYL T 0 TuslCn0C
\ 3
tonth Svomact Ovar (Christ~pnc.s)  Tol -l

I IT IIT 1V I i1 iz Iv Vv

even Y2 76 26 19 2 Ly ok 26 7 153
aperl 71 28 ~ - 6& 20 15, 5 - Lé
My 8 15 - ] 9 22 23
June 8 10 - ~ 3 3 L 5 3 18
™ 1 Fresh blood I Ovor; wll developed
IT Poaow My ducoctd TV To Jlooe "ol no cverlon Covelopment
Pole 8_
Sex Proporizer ol L, gambire
Month Rumber crpbured
= S =
L EEANISS
Toen 1h b6
april 2 22
oy 3 8
Trble 9
Gold cdustin oo menls
D-te Anophelo™ < mhicce
Roleascd HumbeT TCOVoT of
19=9 ead T T AL Totel o Reccrer
Wth 1reh 80 i (5ED 2
TR CINLS) 3 13 16
17:h Morch 57 1 (5EM) 1
5 7 g
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I e meacal dasuribubion ane texonemy of mohelincs mn Sulan

hog e 42033 mivh an the accounts on mosguiltoss of the dthioni-a rorioan
by Evens (1938), Hookine (1941), and Tdwards (1941). Scae twenty-six
anoshelinc socei.s were rocorded Fron the counery (Lowis-1945).

Within the Sucan-p Mrlora- Trolaceiaon Pilot Project Arce, ext nding

to cover the Blue M. Province, nm. TALCLTE WEISS rcecorded so for.
3
Thess arce

et Sl

A, pambioc Galoes, A, fua ~wgetedss, A, ohrrocnsis rheobald, A.pali

Th, ond 1. CouBtani L~V -ren, A, scuamocis Tn., 4. maculipalpis Gilcs,

A, priboriensis The ond L. rufipee T¢voris. O these:mine soceres

L. cfmbire ond o, funcsius arc mporoouwl bto be the nramory maloria
veetors in the ar.a., No other chccer.z eonld be inerimineted in malaria
fransmission in thc area as ycb. Howcver, L. pharcensis is suspecied as
a sccondary vcelor in vicw of wnet is remorted from nelsy ring regions.

SEASONAL IENSITIES

The fevourshle hrccdine porized for anophclines common in the rojcce
oo v ae comew Ly ust followzay Wb roiny scoson, with the neeks
of populeuions verisble accordia, $0 §9.C1.8,CONCEINC,

-~ A

e v R

Informction on the s eomrl apuxoac. of ... Mo, ndic” i
thee tais shceaer 318 e ny varovzhout the se-r wa llom™e e 2, ¥ 2n
scosontl occusrence o villo Lo oend €0 Jlon CtekkT crmed Jurdng - uey
throush Awral.  There eice 7o oe-ka for the pomlnty-n »f twe ncovie,
(a) a rencr 1 ek 011 oves e oree occurrisic comewhers Jurns, e
aorind surust through Oc o».v, and (o) a sceon mer. logl_sad ek
occurri.; curin; the mon h- of Nov.mb p through Flbrvory or Merend  Ihc
forrer H~enk 1s do cndent on e ng which 2 ¢ cne™l durdi m Ghedt seried,
the louser s derendent "n locnd conciol ms coxdiecal-rly n »l-%ion
¥,k cobvon 1rris Vinn.

Lorwl supveys »ov 1 ¢ & h her breedong acel. during ne —eriod
from furust throurh Ccwbor.

Vorious groe o2 U o oan oxir o sonnl e wandtnec FLouree oub
rom he {ollmman- (* dc 1)
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22 -Densaty Inttes ol wt Por Men/Mour From D cllines

SF'C.CS

sarueh oot Lem Lr Ocilabor
1. onnibiae 0.4 2.3 2.8
«e phorocnsis 0.3 C.4 0.3
Loe SQUAMOSUS 0.1 0.1 0.0
.. covcuvend 0.3 0,0 0.0

From Table I, 16 ic cl.~r thrt whilc L. gambi-c shows a rasc in

popule aon durang, Scptember, a. Hhoroensis maintrins mare or lowsc the
gaac levll dhroughout the =.cson.

QEDUCTION IN L.NO HELING D7F.Tef
TN RESPONSE TO S0 YING

The exuwensivg post operstioncl Ano hclme surviys indicete vory
clearly thrt dnopheline densidics for bobth odulve and lorvee dron concidorably
as a result of insecacidc apnliceiaon. Albhou-h wno-helsy cuolictturn
i by no mcms the ter, b of the rojech, yeiu such drop in soouleton
L Qs 18 Tecossary 08 on esscnbicl Jdement i aakimeleraa work.
(Mcdonald 1957), The recuction in Ano-hel:pe dansily ndice wos
sumul.c~ncously the effecaviness of syreymmg and e succese of Lhe
camaC LM 1n gencrtl,

RESTING HioITS

A. cembice wes found Bo oyrel.r humen Juclline o thon e-itleshed ' for
reotng. They reet wa the wolls oy rool. o i hube ~g ") - dfanxde,
‘chand or undornco ot household ovbrelos of vorious o iurc. wn °arlys s
of whe ¢fteh of tlns mosguito from e cwek oxem Jrom Juffoens ro b ne

sites within the enmniccl ly-. of hues (o wa-=) 1 ramen clow (T-F1. T7).
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Roof

Walls

Junctim betwen roof and well
Otacr situ-aons

O N
o~ PO O
4 A
OO

These fipures andrecd. th & A, combiae - o Jefimte ~refironce
_—u&mﬂ—-—-
for the si.orc of the junclion between roofc ond wlls of hues a¢ their
restanz places.

DITING .51 . ..ND HOSY PubF alEYCH

4. prmolos 1z on cndophoric most oy however, wxohagy 12 lso
encounwered. aludrouzh this snecics res:s andoors ‘(a_g.c. cado-halic)
yeb 1t could be collecuwed elscwhcre from ocutdoors narticularly from
arbificiolly consgtruducd cuidoor resting pleces (a. s Dion ddFhonroy

breeding places).

e brTan ac.ivaty, elihoush a variable element subject to both
LnVIToOm €nbcl Lecuwrs o3 Yidll a3 ce che Dhysrtological roythm of the
moscewito, yoct 18 of ulmost intcrest ia antarrle- .o warl., Conerr.oron
of the bilin: hebic of the morcuito in the sproyed onu cheek crues ao bt
lced bo shooiang, of ony bchoviouriciie Avold"nec woii JESGLNCC. LRC
batin,, r:ic oleo helos to forurc ovw the relcg o7 ;_“mcul t1m agd
reoroctetion of che maloizs wn ceoivaty aoomy f eax cadn communy Gy
(Mreconsle 1957). % prec.~b ¢ corterntee sWlT of the andoor our

”

outloor privia, r .o of _, 77 ¢ vo¢ ap the srewd ond encel Lrcor

L3

beinn eorricd ovt.  Betes ovcailohle oU vwen ploare thwoo dbucang) on

Scptarbor from oae U tima of e alc. shudy sonc (. &0 r), - for
hY

Gevel Moya onc of grrayed ol o, o ac wojcel arct wo st LI

dlot scudy zome, gemc v an Y dollomas ohle (Takle III),
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o, Poow a2 by Ho, /Han

———

OTOD G CHT ‘s e e ——— e
iy CU'PRO. T g
Tehie T 8L Poae o Desns

S h. Eour (srot 3-9 )

0.0 1.5 - 3:6
Qch, 0.0 1.0 0.7 35
10th. 0.0 1.0 1.0 3.5
11th, 0.0 C.8 1.7 1.8
12¢h. (17 mdon-ht 0.3 1.% 1.0 2.8
0 1 aul.)
lst. Hour (1 ~ 2 am) 0.3 2.3 0.7 2.3
2nc . 8.3 3.0 0.3 1.8
3rd. 1.0 2,5 - 2.8
4th, (4 ~ 5 am) 2.3 3.3 0.7 3.6

From the ferggoins toble 1t 1s motield thei &4, sanbife preetiecs
both exeophar; e wdll co endophny, 16 antirs Lo feed ev o wathan gwrwed
cirucourcss seovl ¢ also mndice e LUhot the batang rate of e jomhan.
(an¢ nence 1ho @ 'by) in shc saroyed swojcel 'rld ouustde ohe malot
ctudy zone, is much huchor vhan within the leo.r, Study 3s in »ro-ress
to analysc the biting fcwivi.y of Lus voe or o veldl 2 1. virzoo
othcr acaviach.

ko 0I2C rover e be anbnropo-~arlicy 84 por cent of the Plood oictre
collce.cd from this sxecics 1n the orojoct arc: and ce~ond by the Lisber
Imssatuce, murncd oul to 'v of worrn soarcc.

SROUDING I, 5T

Levvo oo &, smbrog woar . eollec O Jrom verioas Yy oL Yoo dan
nlaces of CLlTer at ames oo whe oov. Ib wre colleoebed Imwr ozavor moctlc
and surocer aringy Loml chrouct Jue, en ' frwp oan pocls Jurid, Oelobor
throush November.  «dro 3t s found wo orecd wn e foot cnd hoof rrace
of amumAlcoround ALLoocrt Wower 2o, (Cors nefars ouf o o dike) whisc
suca agomals crrak.  Lerveoe hen 1 oo bewn collee of from 4l ane Loty
to sueh aofive folloma reaar ciccell -

L £ r asro 0ol brecdue 35 concral’, 1b @ - noLLe 4w a
inifacl ©oan of 2boub 150 suws. 18 L gy el o bt formtal oL oo
sullable breedang ~locecs m the éo r ool o2 the »rojee. aec o Tarbky 1
coniinuvance of mich brecding pizece s ‘epencce b on the succcsoron o
rengys - Catucl vrodines oloee o~othar vuth Shomev labl ol pomcr, T hn
ucurldy eevole noecrl waters, nelo bhoT creeice Lo overeonl bhe < Tomn

of adwcrce conditaons {1.c. cro=- ovir ¢ ¢r, c.ason),

=
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lnder cmliudens ~auver Ll 7 Hie proJece Aret fulddre SL

L .
rohe v apolieTm creearscn By the wen (006 s/ a?) rov.d o ste
Goieeive 2ominet apo heliics chroachoud.oig. sus o ch.¢ o 018 .o8in
scogoa ‘July dlwoucsh Ocowona ), ot vion 2Hove the reovruml o od
0“ mscelicoe o 18 gought toroush both survival rote soadie s 05 «€wcll os
trooss yans Acchniques. Roesultes of ihe survavoel rodhc boows for

A, gembiac conturced from sorvyed huts oppe-r i e followmny haale

ZTablc V).
TABLE IV

SURVIV.L ™S OF A, GADL 0 QJICOVIED FROM DID SPUYTD iUT

(n

E—_RIOD TIME M¢Pb11D }.‘m:’b :&aGIJJjJ‘B:.E STJRVIVJ’:I: R:J.T-L(S
SINCE SFLYING T OTESTED 24 BOURS

1954

fupust ‘2 uonths 80 0.C
Scpiember 3 months 103 8.0
October 4 months 9 114

1959

. ~ush 1 mornth 177 0.0

Study along the some lane 1s 1n pro ross at cresanb.
Bioassry tests undar f1.l¢ condrtioms wilh thas socclcs (¢ ~mbioc)
will bec eerracd out an the check arce wn cxmporiacntel huts.  Such study
will cover a comperison octwean the residual cffocts of DDV, DID end BHC
similer studice are plamnce Llor Scansr under labortorss cond tions weno-

ing the success n rexsing an 4, gamdbizc colony in the insce s rium, nov
under consiLraceion.

TRANSMISSLON SE.SUN

The main maleraio o, ans™assim coason ap the arce of dhe roject is
limyited to cnd cxvunde Yioile boyond gl raimy season. I oas darmcetly
corsuloted uth both the amount of rains on ome hand :nd <he donsiby
as well as the Droidle povnuirl of bthe coneccnod vecwr on e other.
Infeeted 4, pombrac weoe only cncountercd during Scptombor throush
Movember.  Nome of the olher eaochdlinc specres common in the crea wore
found anfiewed 30 for. In the folleowing toble results of disscetione

carricd out in the cheek arce for 1957 arc includcd, (Toul. V).
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WECrD T.Y 1 €0 DOIT COMpa L M T HELTLL JUUIT 1957
7 LD CHOOK A7

PR -

- Py | -
A1 e i cad Po,ra o (Oeween L olne .'5 ey,

oo v NI J1 -orAar Tuntam o ﬁb::.“—_f" I
4, ganoise w0(0) 50y (o or(4) 15z(2) 110(2)
A, ph roénsis - - 32(0) 63(0) 5(0) 1(¢)
A, mufipec 21({U) - - 10(v) 2G(0) 1(v)

P ——

——mrm mme A e . o~ - - P—

2

Eoidemiolosicel ooiluentory o0 16 Ll CClVLLY .eouC

Azsec renbs eorried out 1n the check area revecddled Jhe e.nsuwence of 2
long dry oeriocd, frec of maloria bmnsmiesion, cousing the reserveir to
droc to 1b. annued minimum level (June throuch Augcust).  Tne noviced
increase of snorozmoxite rete (0.043) during Sepuerber 1s avtri~uteble,
therefore, Lo the prolongation of the 1ifc span of che vecuor as a resuls
of favourathle environmentsl conditions thet prevarl durzng such period,
In syxive of the decrease in lonpevaty and deasity of ohe veclor during
Ocwber, a high snorozoite ratc is 29e°n recon.zed "n November, Thms 1s
becauece by chen most of the e.rlier Seniembcr :nZections had o2 rd the
ancubation interval (prevalcace o fale_"~yu1) aand “ome beemc l. . -7
infective for vechors towswds end of Ocuober. Shorcenins of life span
ead coc.cece . denclyy of A, gamlaae m Novumber ore priwally compensated
by ‘the enlarged and more suiteble reservoir.

PLAN JCR 'TE XGTURE

Stucics wlamed for wne fubture :nd recomiended by JHO (1959) for the

presens abuoek che ~e of owr ovrocrarme, will cover che o:se socnue of

(2) The resyonce of vecwors to insecuicides,
(") The =crsistcnce of res Ausl dz eclug, 1n Lhe a1~ wader soro oe

Tt 28 hcoed hev a surveillance svstem 111 e zxrended Lo cover uhe
whole pilot project arec cofore dicconcinvebion of spreyiag. The CGovern-

ment has~ also agreed in prancirle wo cfrry oot a pre-eradication susvey Wy

by md 1960 oo develon a comrrchensive lan of oper-idm Ffor Jho
imclemenuouron of o foture maleraa ersd.c. Vion programme mmclud.ng the
whole counbry.

CONCLUSIONS

A reviev of the d2 & presented >n this reoort indicote thets

1. No phyrsiclopicrl resistasce h-s emermed so f2r ia the number ong vec.or
namel7 A, gambiae rithin the vroject are . Thas nmosqur o is su2ll ver
suscentible So both DDT aad OID. 1In 1958 tne LCg0 were found %o be 0.0C
for DID enad 0,27 for IDT,

% Ivodemiolo icsl comeent imiioved by Dr. W, Wernsdorfer, tzam letacr.
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2, The rcmducl cifoect -1 JID undoy nriveall ne conditlons eXochal
™ [}
For crovch Linien o COVCY Wi MJicinaLed mean oronsaission sooson
- iy
{Jur~ thru.Nev.) 1o o6 "1 are~.

3 A, Lmeade Lo Geveld o¢ no heLeviouris ke cvold Jce & c.nst UID
in the eproved-rojeccer. So Inr,

Yo The Censaty of L. ~ombacc hes Crborwd conuiderebly 2o ¢ resali of
goroying.  Toas cchicvement, torcuilor wmth the drow mm averarc
lonscvity of agd:lt fumiloes, resulied an si nificoad reuuetion in
tronclassion of ncl wrae in the ares.

5. i, pambiac practises boin exoohary and endoshogy. The tatam, rate
(and hence 1ts deasaty) vithia the oilot s'udyg ¥ong,ig mmchaess vacn in-
the oubur nroject swreyed area.
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