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NOTES ON SERIAL ISSUES
%

The docunent  Par t  I  has been processed ln ser la l -  l -ssues as fo l lows:

The  f l r s t  i s sue :  VBC/84 .6 -MAp l84 .3covered the  fo l1 -owing :

PREFACE
IIIIRODUCTION
ACKNOWLEDGEMENTS
SECTION I
SECTION I I

The second issue:  VBC/85. l -MAplg5.1 covered the fo l lowlng:

sEcrroN rrr vEcroR BroNoMrcs, MALARTA EPrDEMroLocY AND
(A) WEST AFRICA and ANNEXES I & rr

CONTROL .BY GEOGRAPHICAL AREAS

The th iqd lssue:  vBc/95.  2- t tLp/s5.2 covered the fol lowlng

(B) EQUATORTAL MRrCA
(C) SOUTHERN AFRICA

The  p resen t  l ssuq :  VBC/g5 .3 -MAp /g5 .3  i s  t he
a reas :

l as t  one cover ing the remaining geographical

( D )
/ F \

( F )

EAST AFRICA
EASTERN OIITER ISLANDS
SOUTHWESTERN ARABIA

Page
4

r63
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For the readerrs convenlence,  the rnap shown as Fig.  1 in  the f l rs t  issue has been
reproduced here for  or ientat ion to the arb i t rar i ly  atv iaea geographical  areas.  I t  should bepolnted out  that  a l though the l l terature search ceased 

" t  " id  
ieeerber  r -sa3r-"oru-p" t - i i . t "a

and unpubl ished wHo reports  have been inc luded as they becane avai lable in  1984.
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sEcTroN IrI (D) EAST AFRICA

Brief notee on l-lterature

The area covered by thls sectlon ls shown ln Flg, t. As adopted ln the foregolng
geographlcal  areas,  compi lat lon of  in format lon essent la l ly  s tar ts  f ron 1965 onwaidsr-but
recapl- tu lat lon f ron ear l ler  l l terature ls  seLect lve ly  uade as necessary.  There ls  a weal th
of  l l terature f rom old studles ln  East  Afr lca and i t  is  not  posslb le t t  present  a sumrnary of
these wl th ln reasonable space.  Apart  f rom those recapi tu lated under the appropr late headlngs
below, l t  ls  ueefu l  to  g ive br lef  notes f rom a number of  se lected referenc"" ,  ty  country,
s ince nost  of  these-  have f requent ly  been c i ted by var lous workers Ln recent  iuUircat torr" 'on
vector  asPects ln  the Afr lcan Reglon.  Conpl la t lon of  these notes and nore recent  in format lon
ln the text  below proceeds f rom the nor th (Sudan) to the 6outh (Tanzanla)  in  the present
geographlcal  area.

Sudan:

-  Lewls (1949) descr lbed the nethods appl led for  exrern lnat lon of  An.  ga4blpe s.1.  f ron
Irradl Halfa durlng 1945-1946 to oinlnlze the chances of this 

"p.cIFGEEig 
Egypr, afrer

1 t e e r a d l . c a t i o n f r o n t h e c o u n t r y ( s e e u n d e r I . L " 2 b e 1 o w )

-  Lewis (1956) conpl led and napped reeords of  the d ls t r lbut lon of  anophel ines ln  Sudan and
nade addl t ional  notes on the nor thern l ln l ts  of  An.  gambiae s.1.  and on i ts  reappearance
ln the Wadl Halfa area 10 years after the e*termGForr-Gpaign was dlscontlnued.

-  Lewis (1958a) made ecological  notes on mosqul tos of  the Blue Nl le  val ley wi th specia l
reference to S-gam[ lae s.L.  Notes were nade on the breedlng condi t ions and seasonal
prevalence orEl t lEEes ln re lat ion to i r r tgar ion of  crops a"d r ; i ; ; i t - i ;  ; i l - ;  u"r r^
area and to the o ld contro l  ueasures in i t la ted 1n 1925.  Thlse measures conslsted of
farmers bai l ing water  out  of  a l l  snal l  i r r lgat lon canals wi th ln three aays- ; ; - ; ; ;  

" "a 
ot

each l r r igat lon cyc le, .pumplng and dra inage of  r . r r ,  r . i " r ; ; ; i ;  i .or  ror  ly lng areas.
Larvlcldes such as parls green and l-ater not ln nalariol oi crank-case ol1 weie used as
subst l tu tes for  bai l lng which was found labor lous and became unpopular  apar t  f ron
exposlng the people to the rlsk of schlstosomtasls infection. itt. ,rsu of Ganbusia flsh
was found effective ln a few areas with sna11 permanent water channels.

E th lop ta :

-  Mara (1950) repor ted the resul ts  of  epidenio logical /entonological  s tudies carr ied out
dur ing a f ive year  per iod ln  the Tesseni  area and some local i t t . "  o f  the hrestern
provlnces,  wi th the a in of  assessing the ef fect  of  agr icu l tura l  development  h l ther to
undertaken on malar la.  Several  anophel ine specles were recorded but  at tent ion was
focused on the condi t ions favour ing the breeding of  An_,  gambiae s.1. ,  created by the vast
lrrigatlon system and the possibil i ty of epldemics a6ffiff inong agricultural
labourers comlng fron other areas.

-  Galquinto-Mira (1950) conpi led a l l  correct ly  tdent i f ied records of  anophel ine and culc ine
rnosqul to specles repor ted by previous workers ( inc luding the publ ished work of  Carradet t i
on anophel lnes)  ln  Eth lopia adding h is  own data.  The geographical  d is t r ibut ion of  31
anophel ine specles,  wl th notes on thei r  b io logy and ro le in  malar ia t ransmiss ion,  h 'ere
aesembled.  An.  gaPbiae s.1.  was considered the nost  dangerous vector  because i t  was
responslb le for  mal-ar la  eplderu lcs in  a lnost  a l l  d is t r ic ts  and was adaptable to a var iery
of  ecological -  condi t ions.  I t  ex i "s ted in  a l l  areas at  a l t l tu{des reachi .ng 2400 n,  but
occurred ln  cer ta in months at  h lgher  a l t i tudes,  reaching 2400 m or  more.  The d iscovery
of-a s ingle 4n.  gambiae s.1.  female ln  Addls Ababa,  where i ts  larva was not  found,
under l lnes the lmportance of  t ransportat lon of  th ls  species by t raf f ic  f rom nearby
endemic areas and the posslb l l i ty  of  favourable condi t ions permi t t ing,  at  t imes,  a
cer ta ln degree of  act lv l ty  par t lcu lar ly  wl th autochthonous rnalar la  cases belng recorded
year ly  in  the c i ty .  An.  funestus s.s .  was the second lmportant  vector  and recorded ln
s e v e r a l a r e a s u u t 1 e s F . f f i y t h a n A n . g a n b i a e s . 1 . . 4 n . - - p ! ' - a r o e n s r s , a c e o r d ' i n g t o
carradet t i ts  repor ts  should be considereaEan-Epo.runt  . rEET6Fl i lEth iopia bur  wirh
less extensive d ls t r ibut ion as 1n the case of  An.  funestus.
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- Ovazza & Nerl (1955) notlng the conflicting views of prevlous vtorkers ln Ethlopla

regardl-ng the altttude l lnlts of malarla endenlcity, conducted an anophetrine survey ln

Addls Ababa - Akakl zone, durlng their study of Aedes and cullclne indices ln 1953-1955'

The survey covered the clty proper whlch i"s at .tt lTfltttde of 2470'2580 n on Shoa plateau

and extends to Akakl sltua-ted ai Zl km on the road to the Awash valley at an altltude of

1950-21-00 n, where the area of the hydroelectrlc barrage was also examlned. Several

anophellne species nere recorded and the concluslons, wlth respect to-g-g?n!!ae 8.1'

and nalarla, rrere: it was rareLy found ln Addls Ababa as an adult and lts larvae was

never encountered durlng the 2-year survey; the snall number of adult feroalee of thls

specles were caught ln lower quarters of the clty near truck and rallway terminuses, and

cases of malarla were recorded 1n the sane quarters; ln contrastr the Akakt area seemed

to be a permanent malaria focus wlth annual epidenlc waves rnost probably caused by

An. garnbiae s.1.; the survey covered two net seasons whlch were falrly dry and lt 1s

; o 8 - 8 1 b 1 e t h " t l n w e t t e r y e a r s A n . g a n b 1 a e s . ] . . b r e e d 1 n g c a n b e e s t a b 1 1 s h e d 1 n t h e
quarters of the clty close to ttre transport terminuses; lt is possible that the rtarn

water of streams ln the Akakt valley would favour the establishuent of the epecies. If

thls can be verlf led, lt nay reveal that the tlarm Ivaters of streams ln the Flloha quarter

of rhe ctty (247Q n) could ltay ttre same role as ln Akaki, though sltuated 400 n higher;

although Addis Ababa is not a permanent focus, l-t seems that An. ganbiae can at t lnes

extend its existence to an altitude of above IOOO t and this waffigreenent wlth

Glagulnto-Mlra (1950).

-  Fonta ine,  Maj jar  & Pr lnce (Lg5g/Lg6L) l  repor ted a malar la epidenic that  broke out  in

the latter half of 1958 strtklng nost of the highland area of Ethiopla where at least

four of the central hlghland provlnces were severely affected resultlng in high

rnortality. The llnlts of the epldenic ranged between an altltude of 1600 and 2150 m and

uralaria lnrnunlty ln the populatlon was rather 1ow ln nost of the area. The number of

malaria case6 caused by thls epldenic was estlnated to be not less than 3 nll l lonr and

deaths due to malar ia Lxceeded 150 000.  A food shor tage in 1958,  due !o crop fa i lure in

1957,  contr ibuted indl rect ly  to  h lgh nor ta l l ty  Ln some areas.  The responslbJ-e vector  was

pr inctpal ly  An.  Lanbiae s.1.  and 3.- Igf" ip* .  was the predominant  parasi te.  The nain

cause was rhe GGffii:Teather fn TS56fE;E-inf all exceeded all prevlous records and was

accompanled by abnornally high tenperatures and relative hunldlty.

Sonal la :

-  Wi lson (L949) repor ted the resul ts  of  a malar la reconnaisance survey carr led ou!  ln

May-June 1946 tn the former terrltory of Brit lsh Sonall land. The terrltory was dlvLded

into nor thern footh l l ls ,  centra l  p lateau and southern grazing areas.  Sl ight  malar ia

endenlc i ty  was found In lso lated foc i  in  the nor thern footh i l ls  wi th the posslb l i ty  of

epidemic outbreaks. The nain area ln which serious epldenics were foreseen to occur was

l-n the south, whll,e there was lltt le if any rnalarla transmlssl-on in the hlgh central

pJ-ateau. Entonological searches conflrured that An. ganbiae s.l. was the roain if not the

sole vector  of  nalar ia .

- Mafft (l-95S) reviewed the anopheline fauna in Sonalla and added some more species

recorded for the flrst t lne

-  Maf f i  (1959) descr ibed the nalar ia  contro l  progranme wi th DDT house spraying condueted

durlng L956-Lg57 covering all zones known or suspected to be nalarlous in an area of

about  220 000 people.  The nost  s igni f icant  problen that  threatened the success of  the

progranrne was the developurent of reslstance in bed-bugs to DDT whlch l-ed the inhabltants

to oppose spraylng.  The data h i ther to col lected on the ef fect  of  the programme on the

malar la s i tuat ion d ld not  pern l t  prec ise conclus ions or  forcasts to be nade.

The paper was init ially presented by Fontaine & Najjar as an unpubllshed working doeunent

(Ef"f/ in:tech 2/3) to the Second WHO Reglonal Conference on Malarla Eradicatlon, Addls

Ababa,  L6 '2L November 1959,  then formal ly  publ tshed wl- th more deta i ls  in  1961.  See

reference 1 ls t  under Eth iopia.

1 .



vBc/85.3
UAP/85.3
Page 7

Uganda:

- Hopklns (1941) revlewed several observations made by previous workers on the range of
f l lght  of  4 l r .  ganblae s.1.  and.An.  funestus and cal led for  d ls t lnct lon between " ihe
max1nunra i ! f f i i f f i t r enax1nun f f i ange ' . de f1n1ng the1a t te r tenDas the rangea t
whlch a specles night occur ln sufflclent numbers to cause an appreclable anount of
malarla lnfectlon. A series of observatlons were conducted at MlriEl and Jlnja 1n the
vlclnlty of Lake VictorLa lnvolvlng locatlon and lnspectlon of An. funestus breedlng
places and adult searches ln dwell ings at dlfferent dlstances fron-[EEEEdlng places,
as well as collectlng lnfornatlon on l"ake-breeze. From these observatlons lt was
concluded that under normal conditlons ln Uganda, i.e., when breedlng places are not
unusually prollf lc and are eltuated upwlnd fron the dwell lngs, nelther An. funeetua nor
An. ganblae e;1. ttould fly rnore than half a n1le (0.8 kn) ln sufftclentff iEffio-be of
lnportance, so that the few which could fly further could be dealt wlth through pereonal
Protect ion measurea such as house screening or  use of  bed-nets,  etc .  In  contrast ,  when
breedlng ls exceptlonally extensive as at Mwltl, the effective range nay reach two ruiles
(3.2 lm) or more, depending on the evenlng breeze. The avallable evldence suggests that
the effectl.ve range ls reducecl under unfavourable wind condl-tlons.

- Haddow et al. (l-951) after publlshlng a serles of papers on mosqultos of the Bwanba
county during the 1940t6, gave brlef notes on the behavlour of all species encountered
whether or not they were l ikely to be lnvolved ln yellow fever epldenlology. The authors
expJ"alned the descrlptive terus they used to classify the abundance of a specles. On
An.  samblae s.1.  the notes showed:  l ts  bt t ing man ( landlng catches)  by day ln  forests,:--
huts and tents was not'uncomqon; lts blt lng by ntghi was abundant ln the same sites, very
conrnon in canopy and comrhon ln plantation and open ground; lte distrlbution ln forests
ltas very uneven and it was usual:ly abundant in unlnhabited areas but was scarce or
apparentl-y absent where huts were cornmon; lts larvae and pupae were found in ground pools
( typ lcal  sunl i t  puddles)  lnr forests away f rom the nearest  dwel l ings but  were not' 
encountered In shaded forest pools and were scantiJ-y presented ln sLow novlng streams
where lts larvae was found ln tepid water wtth hlgh sallnlty f lowlng fron hoi sprlngs.
[It should be recalled that species D of the An. ganb{ae conplex was dlscovered 20 y".rs
1 a t e r 1 n S e n 1 i k 1 f o r e s t ; B w a i n b a c o u n t y . s e e f f i n d e r 1 ' . 1 . 2 a n d 1 . 1 . 3 i n
vBc /84 .6 -MAP/84 .3 .  l

-  Davldson (1955) s tudled the pr inc ipal  factors lnvolved ln nalar la  t ransmlss ion ln  the
northern provlnce of Uganda, airnlng at conparlng the pattern of transmlsslon at the
cooler alt ltude of the East Afrlcan plateau wlth that of the hot hunld coastal condltlons
ln Tanzania whlch wae prevlously studied by Davldson & Draper (1953) - (see below). The
study was carrLed out in L952 ln the srdanpy Lango dlstrlct north of Lake Vlctoria,
covering an area of about 8 kn radlus around Lira town sltuated at an altltude of
1000 n- The study showed that: malarla wae holoenderoic and the parasitoJ.ogical
inoculatlon rate was estimated as one lnfection every two months; the densiiy of
An. ,gambl+e s.1.  and An.  funestus compared wl th that  ln  the coasta l  area of  Tanzania was
ra the r  l ow  bu t  t he  spo rozo i t e  ra tes  o f  t he  t l r o  vec to rs 'we re  qu i t e  h igh :14 .62  and  6 .2%
respect lve ly ;  the entomologlcal  inoculat ion rate (EIR) was est l -nated as one infect ion
every three days;  sporogony cyc le of  P. fa lc iparun was completed in  14 days;  the dai ly
nor ta l l ty  of  4n.  gamblae s.1.  and An. lunestus was est imated to be 3% and 7% respect lve ly
and accordrngly-tre l iol 'abll l ty otff iff i-rough the sporogony cycle was 0.36 for
A{ t , . - ,8-gmbiae s.1.  and 0.36 for  An.  funestus;  both vectors were ent l re ly  anthropophi t ic
wlth Sn.= g3.nbla9_s.1- feedlng on nan eriery second day and An,; funestus once every 2 days
durlng about half the observatlon period and once every: ZIviEIng the other iralf.
The basic  reproduct ion rate was of  the order  of  1600 secondary caaea ar ls ing f rom a
non*inmune prlmary untreated case surrounded by non-immunes and to reduce this rate below
gler  vector  contro. l -  by inagocides should increase the dai ly  roor ta l l ty  of  both vectors to
30X and even to malnta ln 1t  at  nore than 502 among the proport ion of  these vectors
enter ing houses.  Compared wl th the Tanzanian coasta l  area,  contro l  o f  the two vectors
should be less d i f f tcu l t  ln  the p lateau,area of  Uganda because of  thei r  much lower
dens l t i es .

Kenya

- Garnhan ( l -945)  repor ted the occurrenie of  malar ia epidemics in  areas at  h igh a l t l tude in
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Kenya. In LondlanL (L2O km from Klsuna) at an altltude of about 23OO-240O n, an ePldeml'c

broke out for the flrst t lme ln 1941 and therl occurred on a nllder scale ln subsequent

years (May-July). Most of the cases rrere !: jgfgllg and a.f9Y y"t: P' yiv+T'

L944, a p. 
farbear"n ourbreak struck a fa6 sltu;E;A;t about 36 kn fron Londlanl at an

altltude of about 2500-2600 o but lasted only for two weeks. An. ganblae s.1. was found

ln both places and was regarded as the probable vector. IndtcffinE:ffi obtalned from

clLmatlc records that breedlng of thls specles could occur at 2600 n only during March

but would contl-nue durlng t'tarch-t'tay 
"t 

.o altitude of 2300 n. Temperature records

suggested that sprogony -ould be conpleted lndoors, where 4g:-gggg s'1' spent most of

its l i fe, in houses where the teuperature m" 
"..r"r.r 

aegrAfi-iFthan outdoors' .The

outelde envlronment lras too cold lo allow any develoPment. It was assumed that

An. eanbl+q s.1. nas lntroduced.annually bv road.or rail, 
l:.":q:t:_t:1^:lt:^:::^:"tttt

conflrmed by
arrlving at

the flnding ot 63 l-n searches made ln train coaches

Kisumu tn 1943 and 1944.

, Grainger (1947) reported the results of experinents for control of .nosqultos ln rice

flelds. Tn L942, L."".r". of a severe shortage of rice ln Kenya, schemes for lts

productlon or, a i.rg* scale were started. One of these schenes was near Kisumu coverlng

200 acree. It was declded to attenpt to control nosqulto breeding by lnternlttent

irrtgation. In the flrst season, 12 plots were put under a scheme of lnternlttent

irrlgation and one plot under contlnutus irrigatlon as a control. The scheme varied from

a 3-aay irrlgatlon perlod followed by a 7'day dry spell, to a 5-day lrrigatlon perlod,

followed by 4-day diy spell. To prevent larvae being lntroduced from the naln channel'

small cloth boons r"i. pl."ed across lrrlgation canals and pushed down well below the'

surface of the water. The results clearly showed that preventlon of nosqulto breeding by

internlttent lrrlgatLon was unsuccessfuL, for a number of larvae and pupae were found ln

each p1ot, althou;h the actual numbers were lower than ln the control plot. The lack of

success was nalnl| due to the length of t lne lt took to dry off the plots conpletely'

Even when thls was accompllshed, suffielent t ine usually had elapsed for many mosquitos

to emerge. The trlal was contlnued for another season. In addltion one plot was stocked

wlth Ganbusla afflnts holbrookll, and another was treated with o11 from a drlpping can'

i r , ' " " r a i n s a n d d 1 d n o t p r o d u c e r i c e 1 n q u a n c 1 t i e 8 c o r n p a r a b 1 e
to those of the first season. 0n the other hand, condltions were oore favourable for

mosqulto production and the paddies took even longer to dry up' The results conflrned

the lack of success of the lnteroittent lrrlgatlon as experlenced in the first season'

Garnbusia had litt le or no effect probably due to the thlck growth of vegetation and to

ffi";ru"i ot frsh stocked. inrs, alspite the fact that the fish seeued to flourish

and increased frorn 97, the orlginal nurnber'stockedr to more than 1200 in four xoonths'

The oil drip nethod proved to be effectlve. The aoount o-f o11 waa measured but lt was

possible to find out by testing, the correct rate which varled fronn about 10-L2

lrops/nin.rte to a flne trlckle fron the tap depending on the various water speeds ln the

narron trrigation canal. A watch was rnainiained to ensure that the oil was not applied

too heavllYr 4s lt appeared to burn the rice plants, while a low dosage produced too fine

a fi ln that banked up on vegetalion at the entrance of the plot. Attempts were made. to

overcome th ls .  Wl th regard to mosqul to speclep,  An.  gaubl . .ae s.1 '  was a pers is tent

b r e e d e r 1 n t h e p a d d 1 e s i h r o u g h o u t t h e t I d o s e a s o n s a n d l i k e w i s e A ! r ' p h a r o e n s i s .
An. funestus ani An. coustanl appeared ln the thlrd nonth of eaEh season and seened to be

affected by inLerqittent f.rfg"tioi, while their numbers were conslderably higher in

plots under contlnuous lrrlgation. To estlmate the number of nosquitosr a large portable

cage covering a surface area of about L3 aZ was placed ln various Parts of the

paddles. Large numbers of nosquitos rdere obtalned even of the specles which were not'

recovered as larvae. The productlon of An. gqrollae s.l. in June was estlnated at about

1000/acre /day.

Tanzania:

Clyde & Shute (1955) noted that  the usual  technique of  co l lect ing mosqul tos in  select ive

feeding observat lons was oPen to serLoue cr l t ic ism because of-  the possib le d ls turbance tO

mosquiios and sleepers thai arises fron the presence of a collector ln charge of nosquito

capture. Therefore, an attempt was nade to develop a technlque that avoids such

lnterference. This was based on couparison between leucocyte counts (l inited to

eosinophil, polynorphonuclear and nononucl'ear Cel1s) ln thick blood smears taken from

human subjects steeiing ln huts and fron bloodneals of rnosquitos coJ lected by PSC in the



same huts. Mosqultos were dlesected dry and then the bloodneals were
of sallne ln order to prepare thLck soear6. The nethod of stalnlng of
deecrlbed and, an example was glven of the frequency of dlfferent vrhlte
fanlly of dlfferent age groups.
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mlxed with a drop
the smears was
cel ls  ln  a typ lcal

Clyde E Shute (1958) lnvestlgated whether A{r. ganblae s.1,. and A,n. funestus would
eelectlvely feed on certaln age-groups amoffTfrffiFlcan popr.tl-affiT--ffiThi.s 36
volunteers of  dt f ferent  ages ( f ron 6 nonths to 65 years)  s lept  ln  thel r  own huts or
epecla lJ .y  constructed huts and were exposed to mosqui to b l tes under natura l  condl t lons.
In order to determlne the distrlbutlon of bltes amongst age-groups, leucocyte counts r{rere
nade ln etalned blood anears taken fron the occupants of the huts and the bloodrneals of
moequltoe applylng the above mentloned technlque. Exanlnatlon of blood neals of 695
An. -Ranblae and An. fr,rneetus eaught 7a 26 nlghts showed that there was no conslstent
preference of the tlro specles to certaln hunan age-groups.

Draper & DavLdson (1953) descrlbed a near nethod which they developed to estioate the
probabll lty of da1ly survLval (p) of anophellne mosquitos by deterninlng the lmediate
and delayed sporozoite rates. Applylng thls method on An, ganbl-ae s.1. and An; funestus
collected fron a eoastal area 1n Tanzanla duri.ng Septenber-Decenb-er 1952 (seE-bEIoFf,
p ltas eetlnated as 0.93 and 0.92 f,ot the two vectors reepectLvely. [The rnethod ls
descr lbed by Maedonald (1957) -  l t  has a lso been ment loned ln SECTION I I I  (A)  under
1 .10 .1 .  l n  VBC/85 .1 -MAP/85 . r1  .

Davldson & Draper (1953) s tudled the pr lnc ipal  ualar ia  t ransmiss ion factors in  a val ley
on the southern sloPes of t.he Usambara mountains, about 64 km fron Tanga on lhe coast of
Tanzanla durlng Septenber-December 1952 where An. ganbiae and An. funestus were the
prlncipal vectors. Exanlnatlon of the human'populatfon showed-that nalarla was
holoendenlc.  Ihe parasi to loglcal  inoculat lon rate was est imated at  one infect ion every
100 days which was much less than the EIR, est{mated as one lnfectlve bite every 10
days.  Var ious reasons for  th is  d iscrepancy erere d lscussed,  the most  p lauslb le of  which
was consldered to be the suppression by lnfants of the najority of sporozirlte
Lnoculat lons before parasl taemla developed.  Se1ect lve feedlng was thc iught  not  to  occur
to any great  extent .  Both An.  g4nblae s.1"  and An" funestus were to be st rongly
anthropophlllc, feed wtttrtn-Z-Iilffir ur.rg".r"iIffiI--1y require two utooineals to
mature the f l rs t  batch of  eggs,  subsequent ly  they showed a 48-hour gonotrophic cyc le.  A
slgnl f icant  proport lon of  hal f -grav id An.  ganblae s.1.  le f t  houses to complete thei r
cycle elsewhere. The probabll lty of dal1y survival of the two vectors lras determined by
the new nethod (as shown above). The basic reproductlon r4te was extrenely high
(2000-5000 secondary cases) .  Vector  contro l  by inagoclde should a in at  lncreaslng the
dally nortality from 7-8% to at least 457. but in vj-ew of certaln degree of vector
exophllyr the rnortallty should not be less than 602 anong those aboundlng in houses. In
th is  s tudy,  the authors determined the durat ion of  sporogony of  the 1oca1 st ra l -n of
P.  fa lc lparum by-exper lnenta l  in fect ion ln  A.n.  ganblae s.1.  as 13 days under a nean
temperature of  25.8oC. Gland d issect ion made-on-Ef i l  caught  An.  gamblae s.1.  and
An.  funestus on successive days af ter  capture,  showed maximuu sporozi te rates at  days
I1--

Gl l l ies  (1953)  conducted  a  ser ies  o f  observa t ions  on  the  dura t ion  o f  the  gonot roph ic

91c le  ln  Aq.  gambiae  s .1 .  and An.  funes tus  dur ing  a  7 -8  nonth  per iod  a t  Tengen i  v i1 lage,
42  kn  in land f rom Tanga.  An exper imenta l  hu t  f i t ted  w l th  en t ry  s l i t s  a l lowed nosqu i tos
to  en ter  and na tura l l y  b l te  two occupants  f rom 20.30  h  to  05 .30  h  when the  hu t  was  c losed
wi th  shut te rs  and b loodfed  mosqu l tos  co l lec ted  by  hand capture .  the  mosqu i tos  were  then
conflned to smal"l  cages unti l  the fol lowlng rnornlng r^rhen the species rdere identi f led and
t rans fer red  to  ov lpos l t ion  cages  pJ-aced in  the  same hut  un t i l  the  eggs  were  1a id .  When
the nean teoperature I, tas above 25.64Q the gonotrophic cycle lasted for trdo days in both
spec ies .  When the  teupera ture  was be l -ow 23.3oC the  cyc le  in  An.  funes tus  las ted  fo r
three days but in the rnajori . ty of An. gamblae s.1. the cycle tEGII l f f io a"ys.
Obv lous ly  these observa t lons  eou ld  no t  p rov ide  ln fo rmat ion  on  the  dura t ion  o f  the  o ther
t r to  phases  o f  the  gonot roph ic  cyc1e,  i .e . ,  the  t ine  needed fo r  search  o f  a  hos t  a f te r
ov ipos i t ion  and tha t  spent  ln  search  o f  a  b reed ing  s l te  fo r  ov ipos l t ion .

Gil l tes (1954a) nade
An.  ganbiae s.L.  and

a comprehensLve study of  the outs lde rest ing poputrat ions of
An. funestus over a period of more than 20 months Ln an area around
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Tengeni whlch is typical of the foothll ls of the Usambara mountalns. Sanpling of the

outside restlng populatlon was made by searches ln natural resting sitee and by neans of

ar t l f ic ia l  box shel ters burLed 1n the ground ln shaded s l tes;  catches f ron the la t ter

gave a vai.ld sanple when sited at a dlstance from houses. F and G fenales of

An.  ganblae s. l .  const l tu ted 672 of  the tota l  outs lde rest lng populat lon,  the la t ter
grr"p ff i.5-12 tines as numerous aa the forrner" Less than half of An. funeetup females

were unfed, the rernainlng part of the catch were G feuales. Bulldlng a hut ln the

vlclnlty of a box shelter drastLcally reduced the nurobers of mosquitos resting ln this

shel ter .  The outs lde b l t lng act lv i ty  of  the two specles had a negl ig lbLe inf luence as a

source of  outs ide rest lng females.  I r r  the study area,  outa lde rest lng of  both vectors

occurred regularly durlng ttre 2nd and 3rd day of the gonotrophlc cycle.

Gi l l les (1954b) pursuing observat ions ln  the same area,  s tudied the exodus of

An, gamblae s.1. and An. funejtus females fron experlmental huts fitted wlth entry

6h"trd;-and exlt wlni6FTia!'s. Also the compositlon of the populatlons of the two

species resting indoors in day-tlne was studled in collectlons made by PSC in loca1
huts.  Samples of  a l l  indoor rest lng and t rap catches were c lass i f ied accordlng to the

abdoninal stages and fron analysts of these data lt was deduced that: when the

gonotrophlc cyc le nas t rdo days,  about  5% of  An.  gambiae s.1.  le f t  the huts fed,  to  rest
outs lde and 502 d ld so in  the gravid state.  About  5% of  An.  funestus le f t  to  rest

outdoors when fed and 302 when gravld. In the cool seaeon when the gonotrophic cycle
lasted three days about 5QZ of An. funestus spent the second and third days of the cycle

restlng outsl-de. Re-entry of gravtO ternales of An. funestus lnto unoccupied and open

types of inhabited houses occurred at dawn.

GiL l ies (1954c)  fur ther  carr ied out  observat lons on the ovar ian development  tn wt ld

populations of An. garnbiae s.1. by examlning hand captured samples collected from loca1

and experi*errt.ffliG-fi-T lowLand area in ?anzania where thls species exhiblted a Z-day

gonotrophic cyc le.  The fenales were kept  a l ive f ,or  24 hours or  unt l1  the b lood d igested,

. f te t  which per iod the catch was c lass l f ied ln to two groups:  females wi th ovar les at

stages IV or V are the "gravlds", and those in which the development of the ovarles had

not advanced beyond beyond stage II were termed "pre-gravids". The pre-gravlds were

deflned ." "n"r|y energed fenales whlch have taken a slngle blood neal onJ-y and whose

ovar ies,  as a resul t ,  have not  developed beyond stage I I .  A proport ion of  then nay take

more than one bl-ood neal before passl.ng on to the second phase of the gonotrophic cycle

1n which development of the eggs occur. Females in thls second phase rnay be called
prernLgravld". The pre-gravlds may be used as an indtcator of changes in the

age-composltion of the natural population. The available evidence showed that not nore

than 1.4/" of o|d multiparous females in the biting population would regulre more than a

single bloodmeal ln each cycle.

Gi l l ies (1954d) cont lnuing the study at  Tengeni  developed a method to detennine the

proportion of newly ernerged female population of An. garnblaq s.l. from the pre-gravld

rate.  The nnethod of  recogniz ing the pre-gravid females was descr ibed.  Samples col lected

in the norning by hand capture krere sorted into freshly fed and gravld fernales. Tbe

former were held for 24 bours when the gonotrophic was 2 days (wtth a 3-day cycle the
females should be held for  48 hours) .  Subsequent ly  Ehe pre-gravld fenales could easi ly

be recognized wi thout  d issect ion by thei r  re lat ive ly  col lapsed abdonen.  A large
proport lon of  the pre-gravid fernales were,  however,  d issected to check the degree of
Lvarian development, the presence or absence of sperm and the condition of the ampullae.

A srnall- proportlon of the pre-gravid group was old multlparous fenales showing
gonotrophle d lscordance.  These were est lmated to be about  8% of  the pre-gravid

fer t i l ized femaleg.  As the nean pre-gravid rate recorded over  53-week catches f rom loca1

and exper inenta l  houses was about  2A7,  not  more than L.77" of  the tota l  b i t ing populat ion

hrere o1d females 1n need of  mul t ip le feeds.  Wi th th is  snal l -  proport ion,  the pre-gravid

rate remained as a val id  measure of  the proport lon cf  newly emerged An.  ganbiae s.1.  The

gravid females were d issected to determine lhe sporozoi te rate"  As the pre-gravid

females are non- infeet lve they were d iscarded when ealculat ing the r t ruer  sporozoi te
rate.  In  th is  calculat ion,  the proport lon of  o ld females showing gonotrophic d iscordance
(7.7%) was subtracted f rom the pre-gravid rate to g ive the actual  proport ion of  the
populatlon known to be non-infective, on the assumption that these o1d fenales had the

same sporozoi te rate as the gravids.  The pre-gravid rate enabled the recogni t ion of  the

dal ly  f l r rc tuat ion in  the proport ion of  newly emerged ln the populat lon and i ts  re lat ion
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to ralnfall. The nonthly sporozolte rate ln gravld An. funes_rue females varied over a
pertod of elght months from 1.57" to 3.32, indlcatlng that the denslty of infectlve human
populatlon lras nore or less constant durlng thls study pertod. In gravi.d An ganblae e.1.
the sporozolte rate varled greatly, the range was 2.5-15,42 and greater f luctuatlons were
observed at weekly lntervale. Changes ln the age-composltlon wlthln the population were
responsLble for thle short-term fluctuation. Analysls of the conpositlon of 21
succesel.ve weekly samples ln terms of three age-groups: the pre-gravldsr the gravlds and
the sporozoite-posltive gravlds demonstrated the lnstabilLty and constantly changlng
age-conposltlon of An. ganbiae s.1. populatl-on in the study area. For a proper
assessnent of the lnfectlve potentlalit les of this vector, analysis should be made over
an extended per iod.

Gll"t les (1955a) applted the technlque of recognitlon of the pre-gravlds on An. funestus
in the same area. The pre-gravid rate was 20,7% of fed fenales of thls species; the
conpositLon of the pre-gravlds dlffered in certain aspects fron that prevlously recorded
ln An. ganblae s.1. ComparLson of nonthJ.y variation ln the Proportion of newly emerged
fenaleb oFAn. funestus caughf bit ing ln experlmental huts, based on the pre-gravid rate
1 n d 1 c a t e d t m 8 t a b 1 1 t t y o f t h e a g e - c o m p o a 1 t 1 o n o f t h e p o p u 1 a t 1 o n o f t h l s s p e e i e s .

G11l les (1955b) dur ing l " -12 Decenber 1-952,  atEenpted to est lmate the spat ia l  densi ty  of
Aa. gaPblae s.1. and An. funestps at Tengenl and a surrounding area forming a radlus of
about 640 m. The area contained 119 inhabited houses and one experlmental hut and
sanpllng of the lndoor resting density was made by PSC. The total surface area Itas about
380 acres. Females of anophelines were dissected to record the ovarlan stages and the
degree of digestlon of blood. The total nurober of each of An. ganblae s.1. and
An.  {unestus was est inated at  about  151000.  t r ' ron the data of  Gi l l les 1954 (a & b)
showlng the dtstrtbution of females at dtfferent stages of ovarlan development between
the lndoors and outs lde day- t lme rest lng shel te i rs ,  est lmtes were oade of  each stage
rest lng outs ide.  Accordlngly ,  Ehe spat la l  densi ty  of  a l l -  s tages was calculated at  about
40 feuales /acre for each of the two vectors and the outslde restlng populatlon of each at
about  14-15 fenales/acre.  The seasonal  f luctuat ion in  densl ty ,  as est lnated f rom bi t ing
catches ln the experioental hut, varied nithln a range of 2-48 An. ganblaq s.l.
fenaLes,/acre and 0.5*78 An. funestus females/acre. From thls lnvestigatlon lt becane
clear that the very hlgh-EFFffiaria transmlsslon in the area was rnaintained by a
relatlvely snall nunber of the tno vectors. Thls was attrlbuted to the conplete
anthropophlly of both veetors due to absence of cattle and of other alternatlve hosts anei
to the h lgh surv lva l  rate,  c i t lng the work of  Davldson & Draper (1953).

Gl l l tes (L956) summarized and d lscussed h ls  observat ions on the exophi ly  of
An. ganblae s.1. ln Tanzania where, in an arid ln1and area with abundant cattler the
outs ide catches conslsted naln ly  of  recent ly  fed feuales,  wh11e in a coasta l  area
(Tengeni)  wl th no cat t ler  the outs lde catches were largely UF and G. Other  repor ts  of
exophl ly  of  An.  gambiae s.1.  in  Afr lca were analyzed indlcat ing great  var iat lon in
behavlour of--t r ln dlfferenf areas. Some of thls variatl-on could be explained
partl-y by environmental differences particularly wlth regard to the availabil ity of
d l f ferent  hosts at  n lght  and par t ly  by genet lc  d i f ferences Ln the An ganbiae complex.  In
studies of exophily, lt is iroportant to establish the exlstence and nature of behavloural
d l f ferences and to s tudy in  deta i l  the f ract ion of  the exophi l lc  populat lon that  surv ives
the act ion of  systenat lc  appl icat lon of  res idual  house spraying.  The terns of  exophi ly
were def l -ned and cer ta in pr lnc ip les were set  for  ln terpret lng the data of  c l -assLf icat ion
of the abdonlnal stages of samples caught fron outside shelters as shown in Annex I (in
VBD/85.1-MAP/85.1,  pp.  2L7-2I9>.

Gt i l - tes (1957) not ing the great  d iscrepancy beth/een the f ind lngs of  prev ious authors on
the b l t ing cyele of  Ag.  gemblae s.J- . ,  decided to conduct  observat ions at  Tengeni  dur ing
the nain rainy seaaon (ApriJ--ear1y June 1953) to check an assumption made by some authors
that  cer ta ln features of  the b i t lng cyc le may be at t r lbuted to the act lv i ty  of  a
par t lcu lar  age-group of  An.  gamblae s.1.  Two exper imenta l  huts in  which volunteers s lept
a l lowed entry of  nosqul tos throughout  the ntght .  Mosqui tos leaving through shut ters were
col lected,  d iv ld ing the n ight  ln to three t rapplng per iods,  thereaf ter  the huts were
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sealed untl l nosqultos were col-lected by hand capture in the rnornlng. Females of

An. ganblae s.1. were kept allve untl-l they were dlseected the followlng day, recordlng

the total catch, number of pre-gravids and percentage of these that utere found ferti l ized

and the number of gravlcts and thelr sporozoite rate. As prevlouslyr the bltlng-
populatlon was claJslfied lnto three catego,ries: the pre-gravldsr nearly alL of whlch

represented the newly eoerged, feedlng for the ftrst t ine; the sPorozolte - negative

gravids of nlxed ages whlch had fed at least once prevlously; and the sporozoite-posltlve
gravlds, none of whtch wa6 less than 13-14 days old. Analysls of data showed that the

feedlng activlty of the newly energed followed falrly closely that of the older age

groups, in whlcir entry into the experlmental huts reached a peak fron 2200-0200h.

nor.rr.r, the younger ienales were sllghtly more active before 22OOb. No dlfference ln

the fertl l lzatlon rate rras observed amongst newly emerged females caught ln dlfferent

perlods of the nlght. Sporozolte-posLtlve fenales were caught in all three perlods of

the n lght .

- Gll l ies (1958) comprehensively revlewed the rnethods of age-grouplng of vector populations

vlz, the measurement of the arnpullae, the qualitatlve changes 1n the female genltal traet

including those of Polovodova and Detlnova, the pre-gravld rate, the inrnediate and

delayed sporozol te rate,  the recognl t lon of  the nat lng p lug and the Presence of ,parasl t lc

nltes. The use of a comblnation of th""e of these methods was proposed : the degree of

ovarlan developnent, nating plug and qualltative changes in the ampullae and oviduct with

measurements oi the anpullae i-n doubtful cases. These corablned rnethods were applied on

the populatlons of An. ganbiae s.1. in two contrasting environments ln Tanzania, one in

the hunld coastal fowf?'iE-ana the other in a seml-arld inland area. The conblned nethods

enabled d lv ld ing An.  ganbia9 s.1.  fenales ln to three groups;  group 1,  those tak ing- thei r

flrst bloodmeall cro"j:.Fhose taking thelr second bloodneal but not yet oviposited;

group 3, those which have laid eggs at least once. The results showed a reduced

1ongevlty Ln the lnland area. Mark/release/recapture experiments ln the coastal area

gave a d i rect  meagurement  of  the t rue age of  the group6:  group L,  L-2 days;  group 2,  2 '3

days; group 3, four daYs and over.

IFol lowlng the publ lc . t loo of  th ls  paper,  Dr  Det inova presented and demonstrat"d ! ! : -
Sovler  techniquls of  age-grouping o i  u"" lo"  populat lons at  the L.S.H.T.M. 1n May 1959'

Subsequently Citttes and his co-workers lntenslfied the applieatlon of these technlques

on An.  garnblae s.1.  and An.  fPneFtus populat ions in  Tanzanla af ter  an in i t ia l  assessment

made on these two vectors wl th l f iF i - r i t f " ipat ion of  Dr  Det inova -  see under 1.10.1 below. l

- Mul-rhead-Thomson (1951a)1 provlded tite basic knowledge on the bionomics of the East

Afr ican sal twater 'speciesr-An.  merus2.  Hls observat ions were conducted dur lng

Lg47'Lg48 in the Dar es sal-aam ffiIal atea, T4'nzanla at changornbe village as a centre of

studles on An.  nerus and at  Klyogo,  l - .6  kn ln land where f reshwater  4" . ,g i?91?" s .1.  and

An. funestuilff id. The observatlons comprised densitles of house-restlng

populat ions,  exodus f ron houses by means of  exper lmenta l  huts f i t ted wi th ex i t  t raps and

the outside restlng populattons as sampled malnl-y by pit shelters. As mentioned ln

SECTION I  ( unde r  r1 . r , 1 .1 .4 .1  &  1 .L .4 .2 ) ,  Mu i rhead -Thomson  ( l oc  c i t )  hav ing  found  tha t

A n . m e r u s a n d t h e f r e s . i r w a t e r A n . ' g a r o b i . a e s . 1 . ' c o u 1 d n o t b e d i s t i n g u i s n e | t r . | ! |
characters of  the eggs and farvaf-pecten,  appl ied the sal in i t .y  test  wi th rnodi f icat ioo '

On the behavlour of these two specles, the experlmental hut observatlons showed that

whl le  fenales of  f reshwater  An.  ganbiae s. l . .exhibLted 1 i t f le  tendency to leave the

i n d o o r s h e I t e r a t d a w n a f t e r - ? f f i v e t I / 3 o f f r e s h 1 . y f e d A n . m e r u s 1 e f t ' t h e h u t s a t
dawn. Many HG females of freshwai"i 'R,. g"*Uir" 

".f. 
leir ttre-Tffi?Iausk on the night

a f t e r f e e d 1 n g . F a n d G f e r n a 1 e s o f r r @ s . 1 . a n d A n . f u { r e s t ] r s . i n t h e
inland area and An. nerus in the coastal area werE fonnt resting in outside shelters with

the G females. t -m-mt two species being predominant .  Dissect ions showed that  whi le

the sporozoi te rate recorded ln f reshwater  An.  gambiae s.1.  was 9,4%, that  of  An'  nergs

was on]-y 0.8%, desplte the fact that ttre two specTG trad equal chances of acquiring the

lnfectlon in itre same vll lage. About t+7" of both specles \^rere lnfected with fi larial

larvae but the nonthly data showed that the infection rate rr.ay reacln 22%. Periodical

breeding of An. merus was found to occur in swanpy patches 
-of 

Psapalun graas along the

exrrene rrpp"rTd.-inlts that were only reached by the htghest-; 'mg tides. The most

See  re fe rence  1 l s t '  SECTION I ,  1 . I
The name An.merus Donitz was glven

in VBC/84. 6-t 'tAP I 84. 3.
l a te r  i n  ] - 964  -  see  SECTION I ,  1 .1 .4 .4 (c ) .

l-.
2 .
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dense &nd contlnuous breedlng wae found ln ehallow, bare-edged bracklsh water ponds up to
about 0.8 kn inland from che tldal belt whlch had no connectl.on r+ith the sea; ttrlelr
eallnlty wae roughly about 502 sea water. Althougtr some previous studles showed that
larvae of An. rnerus could conplete thelr development I-n pure Bea nater, Ln nature
sallnlty wii-Eiirt-to be a l i; l ttng factor before reaching the level of sea lrarer.
Breedlng of thLs specles lras no longer possLble when saLl-nity reached about 832 sea
It9te,r. A large Avlcennla orchard occupled the maln ttdal part of MeLnbazl creek, in
which no lndicatLon of An. merus breedlng was found during the favourable seaeon of
1947. It was real-lzed Gteffi '-at the hl;h sal-lnity of the sprtrng ttde whleh f looded thls
ground was the l lnlt ing factor and that the greatly reduced rdater f low in t.he Msimbazl
rlver was unabl-e to keep the eal-lnlty suffl.ciently Low to all-ow breedi"ng of An. nerus.
Thus, sallnity as a l lnlt lng factor could explai.n the resrrlcted breeding of-It l i&is on
the coast. wlth the Indian ocean extendlng along the coaet of Dar es Sal-aam"-Tfriliffi<rr
proposed that certaln coastal freshwater snampe could be cleared of alL anophellne
breedlng by addlng aea water .  [As nent ioned under SECTI0N I ,  1 .3,  Whi te ( ] "977b) v is l ted
the Changonbe study area of Mulrhead-Thonson and found that An. merus breedlng habitar
had been changed by urbanlzatlon and onJ-y An. ganbla_e s.t. wlFffing in rlce paddles. ]

Smlth (1958) s tudled the feedlng and rest lng behaviour  of  An.  gaeb: lee s.1.  ln  conpar lsou
to An. pharoensls ln certaln parts of the Pare-Taveta area whEiE--iIQe herds of cattle
nad access to Pasture. The inhabltants kept the herds penned in unroofed enclosures of
thorn bush or stakes. Sanpllng of anophel-lnes was made at lntervals throughout the nlght
fron the walls of these enclosures. Day-tine indoor restlng mosquitos were sampled fron
huts near to and far from these encl-osures and the outstde restlng populatl-ons rdere
col lected by searches ln  natura l  and ar t l f lc la l  box shel ters.  Col lect lons f rom the wal ls
of cattle enclosures at nlght showed that the density of unfed An. ganbtge s.l-. increased
betlteen l-900 and 0l-00h and then dec1Lned. The peak of fed ln__ggnblae s.1. oceurred
about four hours after the peak of unfed, suggestlng a aetay EIGEi-Irrival at the
enclosure and feedlng. Infornatlon was also glven on the tine of appearance of unfed and
fed An. pharoensis females at the enclosure. Most fenales of the two species left the
enclosure wall- shortly after dawn wlth An. gaublaq s.f. but not An. pharoensie appearlng
in box shelters placed nearby the enclosures. A significant pro!!Tt6iAf--
An.  ganblae s.1. ,  but  not  of  An.  pharoensls,  that  had fed at  cat t le  enclosures were found
restlng lnside huts in day-tlme. An. gambiae s.1. coul-d al-so be found restlng 1n
day-tftne under eaves and on outsid-;ATl;-;Fhuts near cattle enclosures and most of
these were shown by precip l t ln  tests that  they had fed on cat t le .  Vegetat ion appeared to
be the prlncipal day-tine resting place of An. pharoensis and of a proportion of
An. ganbiae s.1. that had fed at cattle encffi l- lAi-?ttenpt r"s-r.i" to calculate the
dlstrlbutlon of Aq:-.Eg!fgg s.1. between the outdoor and lndoor resting sites in two
vl l lages af ter  feedlng on cat t le"  In  Mata v l l lage where large herds of  cat t le  were kepr
and overgrazing reduced vegetation near enclosures and huts to the extent that the ground
in th is  v lc ln l ty  was a lmost  bare,  l t  was est lmated that  about  9O" l  of  An.  ganbiae s.1.  fed
on cattle and that about 1/2 of these rested outside. rn Burnba vil lage-in t6E-iwanpy
areas of South Pare where fewer cattle were kept and there was nore vegetation near huts
and enclosures,  i t  was est lnated that  about  6O7" of  An.  gambiae s.1.  fed on cat t l -e  aod 3/4
of  these rested outdoors

Conpl la t lon of  more recent  in format lon fo l lows the same system adopted in the foregoing
geographlcal  areas ln  that  the ln format lon is  being grouped into t ! , ro subsect ions:  ( i )  Vector
b ionomlcs and ( i i )  Epldemlology and contro l .  In  th is  connect ion,  i t  is  usefu l  to  refer  to
tlto reviews publlshed about 10 years ago. trt was nentioned earlier that White (1974)
coroplled lnforrnatlon on the distributlon and biononies of the An. g+mbiae conplex in relation
to disease transmis€ion. In thls revl-ew, the available knowleEgE-ETFal habitat, adult
behavl"our and vector status of the six members of An. ganbiae complex was summed up in a
tabul-ar foro. AJ-so, the patterns of feedlng ana rGl?n[TEEiviour of four nembers of the
complex,  as recorded in Eth iopla,  Uganda,  Kenya and Tanzania,  of  the present  geographical
areasr were tabulated. The other review was made by Zahar Q974) covering the ecology of
malar la vectors ln  the WHO East  Medi terranean Region.  This rev iew inc ludes ln format ion
hl ther to aval lable on the d is t r lbutLon and cer ta in aspects of  vector  b lononl-cs of
An.  ganbiae s.1.  and An.  funestus wl th the appropr iate reference to malar ia contro l  in  Sudan
and Eth iopla. r  Fron these rev iews some informat ion is  recapi tu lated here or  ln  cer ta in
lnstances,  adequate summarles are made f ron the or ig inal  paper.

1. Ethtopla at that tLme was tn EMR.
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(i) vEcToR BroNoMrcs

The same standard vector profi le adopted prevlously ls more or less followed here.
Except  for  vector  d ls t r ibut lon in  East  Afr ica (see 1.1 below),  f reshwater  An.  ganblae s.1.
and 1[lgggtus group are dealt wlth together under various headings of vector blononlcs.
As there are a falr amount of studies on An. merus ln the perlod under revlew this species is
dealt with under a separate subheading. InforrnatLon on other vectors ls grouped under 2.
Addl t lonal  and lnc ldenta l  vectors.

1. An. gamblae complex and An. funestus group

L.l Distrlbutlon of A". q.rbl". .orple : Maps of Flgs 6 (a-c & e) under
SfCt An. ganbiae cornplex ln the present
geographical -  area.  Fron the Progress Report  of  the L.S.H.T.M. (No.40,  1980)r ,  the number
of tdentlf ications by country are shown in the followlng table:

Eth lopia
Kenya
Sornalia
Sudan
Tanzanla:

Malnland
Zanzlbar?
Penba

Uganda

ganblae

5187

-

428\

135

arabiensls specles D

:

ssl

merus

1616
6783

2
42

376L
l_59

7
53

quadrlannulatue

u:o

,o
1

it

6

9

These data shows that very few identlfLcations have been made from Sonalia and none have
been made f ron Dj ibout l .  In  a recent  unpubl ished repor t  on a v is i t  to  Dj lbout i  in  1982,  the
species of the An. ganbiae complex existlng tn thls country was regarded as An. arabiensis -

see subsectton ?IIJ-Tffi i i l  From the Progress Report of the London s.H.T.M.H;fE-?il-
1981-)r An. garnblae s.s. was ldentif ied from pooled egg batches obtalned from females caught
restlng in houses at Bumbwl Sudi ln Zanzlbar, in February 1981 (collection by V.
Ar i taratnan) .  The Progress Report  of  the L.S.H.T.M. (No.  43 '  1982)J showed new
identlf lcations made recently fron Zaazibar and Penba islands, Tanzania. From ZanzLbarr the
progeny of  egg batches of  females col lected ln  a eat t le  t rap at  Founl  (co l lected by Mr B,D.
Raoji, l"tuhtrnbllt I ' ledical, Centre, Dar*es-Salaarn) were tdentif led cytogenetically as
An.  arabiensis  and fur ther ,  the progeny of  house rest lng females (eol lected by Dr C.F.
ff iG;-lE:Enji and Mr J. Mtnjas) were identlfted cytogenetically as Aq:_€gsblee s.s. Fron
Pemba, the progeny of house restlng feaaLes (collected by the sane Persons) were also
identlf ied cytogenetically as 4&_ggg!ig s.s. These are the first records of
An. garobiae s.s. in Zanzlbat and Penba" Thls specles was found to be resistant to DDT and
die ldr ln  (see aLso under 1.J-2 below).  the progeny of  egg batches of  females col lected
restlng on mangrove roots ln Pemba, was ldentif ied cytogenetleally as An. merus as ldas
prevlously ldentif led frour thls lsland. As shown tn the above list An. quadriannulatus in
East  Afr lca was ident l f lgd f rom Zanzlbar /Pemba ls lands and Eth iopla I in  the h ighlands]  on1y.
As shown by Whl te ( lg74)4 these foc l  together  wi th those of  Southern Afr ica [see SECTION I I I
(C)  I  represent  the only d ls t r ibut lon range of  th is  species so far  recorded in the whole
Afrot ropical  Reglon.

From the above data, no An. gambiae s.s" has been recorded frorn areas north of Uganda.
More recent idenflciations rnade on a snall number of specLmens collected from Juba, southern
region of  Sudan,  showed the presence of  a few An.  ganbiae s.s .  besides An.  a le l lensis .  (Prof .
14. Coluzzl, personal comuunication, 1984.). Perhaps with nore collections to be qade from
wlder  ecological  n iches rn ight  reveal  the presence of  An.  ganblae s,s .  ln  the nor thern par t  of
the present geographlcal area.

1 .,)

3 .
4 .

See
Now

S e e
See

re fe rence  l i s t  SECTION I ,  1 .3
narned Ungunja
reference l ls t  SECTION I ,  1 .2
reference l is t  SECTION I ,  1 .1
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1.1.1 
.The 

ngr thern l l rn i t  o f  f reshwater  An.  gaEblae s.1. :  I t  ls  wel l  known that
An.  ganbl-ae s.1. ,  a  typ ical  anophel ine spectes of  the Afrot roplcaL or  the Eth loplan
Zo6gffi ical- Reglon, extended lte distrtbutlon to the north causlng devastatlng malarla
epldemles 1n Egypt  ln  the ear ly  1940ts whlch necessl tated an extenslve canpaign for  i ts
eradlcat lon as was thoroughly repor ted by Shousha (1948).  From th ls  repor t ,  when a oalar ia
epldenlc '  associated wl th An.  ganblae s. i . ,  broke out  in  the Egypt lan Nul fa ' tn  May 1942 an
entonologlcal  survey was carr led out  to  determine the extent  of  the spread of  th ls  exot ic
specles ln to Egypt .  I t  was soon d iscovered {n several  nor thern local i t ies,  up to Asslut  c l ty
ln September and further ln Novenber in a sna1l lsolated focus ln Manfalut, a town sltuated
25 km nor th of  Asslut ,  but  th ls  focus was deal" t  wl th lmnediateJ-y.  Thus the nor thern l in l t  o f
An.  g3-nblae,  s . I - .  was consldered to be south of  .A,ss lut ,  a  s t retch of  about  850 kn a long thq
course of the Nlle Valley frorn Ballana near the SuCan border, coverLng an area of 4276 ku-z,
h l ther to represent lng e narrow cul t ivated st r lp  of  land tn t te  f lood i f " fn  of  the Nl1e,
lnhabl ted by 3 mi l l ton people.  A study of  the c l f inat ic  condl t lons showed that
An.  garnblae s.1.  had onJ"y three nonths,  Septernber to November,  when 1t  could pro l - i ferate ln
upper Egypt ,  but  the remaln lng par t  of  the year  represented a d l f f lcu l t  per iod for  th ls
species.  At  the beglnnlng of  the campalgn,  vector  contro l  oeasures and t reatment  of  nalar la
cases irere gravely haurpered by the tnaaequacy of transport, parls green and antimalarlal
drugs due to war condl t lons.  In  July  l -944 the Gambia-Eradicat lon serv ice was establ ished
: iq" | - ! :kqC l l .  contro l  act lv l t ies-as a n l l l tary operat lon and fo l lowtng rhe same rechniques
and organlzat lon as those appl- led for  exterrn lnat lon of  An.  ganblae s.1.  f ron Brazl l  a f ter  l t
had lnvaded the northern part of the countrlr as descri6EE--6f$lEr & tr{l lson (1943).
cornplete eradlcat ion of -Aqr  ganFlqe s.1.  f rom Egypt  was f l rmiy. r t .b l i "h.d af ier  suspendlng
all control operatlons auE[E6:il 'ost favourabil-perrod, sepierober-November rg+s. 

-in 
trr.s

d lscussion,  Shousha (1oc c i t )  c i ted the observat ions of  iewls (Lg44) roade dur lng I942-L943,
showing that  An.  gamblae s.1.  ln  t .he wadi  l la l fa  area of  nor thern Sudan border ln!  on Egypr,
fI 'uctuated seaffitT a-n'd dlsappeared in winter months and that the source of its
replenlshnent  in  Wadt  Hal fa was the 2nd cataract  of  the Ni le  where large breeding pools
exis ted throughout  the winter  months.  Shousha therefore suggested t t ra i  t t re  nor t iward spread
o_f-  4n.  ganbtag s.1.  f rom Wadi  Hal fa ln to Abu Simbel  ln  the Jfuthern par t  of  the Egypt lan
Nubia was probably through boat  t ransport  which great ly  increased aur fng Wor ld War I I .  He
suggested that  An.  ggnblaq 

" : l .  luy have rnvaded upper neyp.- ; ; i ; r - ; ; - 'Ld42,  and gave the
hlstory of seveiEffiTlE-epldemics causing large n,rnquers of deaths. uo 

"rropn.rirr"- 

-

eol l "ect lons were nade at  that  t lme but  these episodes lndlcated that  An.- .ganb: !ae s.1.  was
Probably the responsible vector rather than the locaL vector, en. phai66ffi l--To conclude,
he stated: "But whether or not ganbiae ever tnvaded Egypt beforfitm;-E'ther beslde the
point .  r t  d id so, then,  and 1t  c ! -n- ,El?o again,  unless adequate protect lve measures are put
ln to force." '  He fur ther  expressed apprectat lon of  the arr t i -g"rb iae measures appl ied wi th
complete success by the sudan lledical service ln the area of-Il l i i l i  Halfa extendlng to 5g km
from the border  to the 2nd cataract .

Lew is  (1949 )  desc r i bed  the  measu res  app l i ed  t o  ex te rm ina te  An .  gamb lae  s . l .  f r om the  Wad i
Halfa area during L945-I946 in support of the g3robiae-eradicatlon-Eaif,algn in Egypt, adopting
the same_technlques appl led ear l ier  in  Brazi l  . l -G- l l ' is  repor t ,  Lewls ( loc c i t )  d iscussed the
northward spread of  An.  gapbiae s.1.  in to Egypt  and excludud 

"-" t rgg"st ion 
that  th ls  may have

been assoclated wi th a l r  t ' i -a 'nsport  f rom Centra l -  and West  Afr ica,  iecal l ing that

le . ,9qgf l t t -s .1. .occurred ln  the wadi  Hal fa a-re? for  rnany years and i t  rnay have "occurred i .n ,
or  v is i ted the o ld Aswan Reservbl r  area,  which 1 les rnain iy  in  the t ropics,  for  a J-ong
per lod" ,  c i t lng Lewis,  (1944).  Af ter  prov id ing the proof  of  An.  garnbiae s.1.  exterminat ion
from the tr '/adi Halfa area by 1946, Lewli (rS+g) nade several rff irne-iff ions for naintaining
the area as a barr ier  to  prevent  An.  gambiae s.1- .  spreading ln to Egypt .  0f  these,  the need
for  DDT res idual -  spraying or  t ratnf -ornGlE wadt  Hal fa f lom the io" t t t ,  in  addr i io ; ; "  

-

BI : - " ! l tYt_!P1ce spraying before thei r  arr iva l ,  was emphastzed.  Not ing a prev ious repor t  onJ-year  lnsect  co l lect lons f rom al rp lanes at  Khartoum whereby 16 anophEl in ls  were found,  of
which two nere At , -€3t ! ! .u  s ;1. ,  he proposed the spraying of  a i rcra i t  a t  Wadl  Hal fa anj  at
southern aerodr l i -es.  

-  '

Lew is  (1956 )  re fe r r i ng  t o  t he  no rEhward  sp read  o f  An .  ga rnb lae  s .1 .  i n  a  s t re t ch  o f  abou t
850 km into Egypt  as def ined by shousha (1948),  pointed o, r t -ThFth is  Eth ioplan species
reached a poin- t  600 km lns ide the Palearct ic  Region.  Unr i l  L942,  l ts  nor thern l tmi t  probably
occurred between Saras [about  60 km south of  Wadl  Hal fa -  a s t retch which has now been
lnundated by Lake Nasser]  and the Tropic of  Cancer which t raverses the southern par t  of  rhe
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o 1 d A s w a n R e s e r v o 1 r . I n t h l s a r e a @ - s . 1 . a p p a r e n t 1 . y c o u 1 d s u r v 1 v e r e 1 a t 1 v e 1 y c o 1 d
nlnters l -n cer ta ln p laces wt th long tast ing poofs and i ts  d ls t r lbut lon f luctuated f rom season
to aeason and perhaps from year to year.

Dur lng Septenrber-October 1950 a few larvae of  An.  ganblae s.1.  were detected at  Abu

Slnbel and Bellana near the border wlth Sudan. ttri,ilEfi-inilres applted by the Egyptlan

Mlnistry of Health, thls Lirnlted lnvaslon was dealt wlth pronptly by DDT house spraylng and

larvicli lng 1n a1-1 LocaLltles of the Egyptlan Nubla. Subsequent searches were all negative

for  An.  garnbiae s.1.  On the Sudan s lde of  the border ,  Lewls (1956) lndicated that

m. EffiET. did not reappear ln the area of tr{adl Halfa under control untl l- December of

m-s=ame year when a few of lts larvae were detected ln Abdln locallty, a short distance

south of Wadi Halfa town. This was thought to be elther due to falLure of control to cover

the breedlng place or to spread frorn the south possibly by one fernale transported by a train

during that year of unusually heavy ralnfa11. Larvlcldlng wlth DDT ln o11 was funnedlately
applled as from January l-951 in a stretch extending 80 krn south of the border as \tas

suggested by the Egypt lan author i t ies.

With the construct lon of  the Aswan Hlgh Dam from 1960-1969 and the gradual  fornat ion of

its 1ake, (known as Lake Nassar tn Egypt and Lake Nubla 1n Sudan) extendlng about 500 kn to

the south including 150 km into Sudan and coverlng about 6000 knzr great ecological changes

occurred.  Apart  f rom faunLst ic ,  f lor is t lc  and physlcal  changes,  a l l  local i t ies of  the

Egyptlan Nubla were inundated and their popuLatlons resettLed north of Aswan but Abu Sinbel

was saved by re-establ lshment  at  a h lgher  Level .  Sone local - i t les ln  nor th Sudan were a lso

inundated, notably the o1d Wadi l{alfa and environs, the populatlon of which was resettled ln

Khashln E1 Girba ln Kassala provlnce whil-e other locallt les awalted inundatlon when the lake

\ras expected to reach its target 1eve1 of 183 m in ]974. New I'Jadl Halfa town ltas
re-established south of the old slte on the eastern bank of the lake and remained connected

with Aswan, Egypt by passenger and cargo boat services salltng fron a srnalL port establlshed
3 kn fron the town, passlng through the newly establlshed Abu Sirnbel" loca1ity. The new I' ladl-
Halfa torvn rernalned connected with Khartoum by rallroad and with the northern province of

Sudan by road.  Heal th hazards ar is ing f roro the lake received at tent ion f rorn both the

Egypt ian and Sudanese heal- th author i t ies,  par t icu lar ly  \ t l th  resPect . to  the potent ia l  r isk of
re l lnvasion of  An.  galnbiae s.1. ,  the spread of  nalar ia  and lnfestat ion of  schis tosonias is .

Several srrr.r.ys-ff i-5Een-undertaken by Egypt and Sudan in the lake area giving sPecial
at tent lon to the border  area.

In a rev lew of  the hazards of  re- lnvaslon of  An.  garnFiae s.1.  ln to Egypt  ar ie ing f rom the

construction of the high dam and formatlon of take l lassar, Stranarby, I ' fahdt & Kolta (L967>

gave the nor thern ] iml i  o f  An.  garnbiae s.1.  in  nor thern Sudan as Kweka,  193 km south of  o1d

Wadi  Ha1fa,  c l t lng rn, tnp, tbfshed repor t  by Gad on a survey cbnducted dur lng 1954-1955.  At

the same t i .me Jolnt  teams rrere organlzed to contro l  malar la by DDT houSe spraying -and mass

drug adrninistration in the area betseen Halfa and Dongola. In February 1966 a joint

conimittee of the Mlnistrles of Heal-th of Sudan and Egypt met in Khartoum to revielt the

anti-gasb:lggmeasures conducted by both countries. At that t iroe the lake had already flooded

Saras and i ts  southernmost  end was expected to reach Dal ,  (about  150 kn south of  new Ha1-fa) .

Thus,  in tensl - f icat ion of  surveys and contro l  measures by larv lc ld ing and house spraying in

the area between Dal and Abu Fatma (see dlstances below) and the application of other
protect ive measures,  were recommended ln the hope that  An.  garnblae s.1.  would be eradlcated

frorn th ls  area before 1970.

In Apr i l  l -970 an entomologlcal /parasi to loglcal  survey was conducted cover ing new Hal fa

and several  local i t les ln  a s t retch of  about  150 kn to the southr  up to and inc l -uding Da1'  as

reporte<l  by Zahar (1970).  These local i t ies were ardai l lng inundat ion and ln the meant ime were

covered by DDT house spraylng and larvicldtng. Intensive adult and 1arval surveys showed a

gamblae-free area extendlng from new Halfa and lts port to Akasha, 126 km south where

abundant  cul lc ines were encountered.  An.  ganblae s.1.  was f i rs t  encounLered as larvae

iO.S: i .Ol fo afp" l  and as adul ts  resr in[ -Efr6Tl- (0.4-1.0 female/room) at  Dal ,  Sarkamato and

Farka. DaI was situated on the nest bank of the Nt1e, about 150 kn south of ne\t Halfa and

th ls  was considered as the nor thernmost  l i rn i t  o f  An.  ganbiae s.1.  under the condi t ions

prevail lng during the survey. Sarkamato and rarti 'Effi-ted on the east bank nearly

opposi te Tta l  but  a 1 l t t le  to the south.  In  th is  area the Nl1e at  the t i rne of  the survey was

st i11 narrow and fast  f lowlng wi th cataracts among basal t ic  rocks.  Inundat ion which star ted
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ln 1957 dld not nuch affect these locallt les but they were awalti.ng their turn. Many pools
Itere seen ln this area whlch were sald to reach a maxlmum durlng the flood tlne but they were
at a mlninun durlng the survey. Probably clinatlc condltlons of the dry season durlng rshlch
the survey was carrled out were adverse for ag. g44!1se s.1. longevLty and contrlbuted to the
low denelty encountered (tenperature 25-35oc.ff i6:ry). on the oalarla sltuatlon, the
hospltal records ln Halfa ln 1969 shorded 10 c1lnlcal1y dlagnosed mal"arla cases anong
out-patlents and 10 nlcroscoplcally dlagnosed cases among ln-patlents. Ihese were probably
lnported casea from the endenlc areas of Sudan. The dispensary at Farka in the area where
An. ganbtae s.L. was encountered, c.l- lnically dlagnosed 105 cases of malarla among 9142
attendants ln 1969; 57i( of these cases were dlagnosed from October-December. None of 1864
blood slldes collected durlng the survey representlng about L5% of the total populatlon of
aeven locallt les (4 ganblae-free and 3 ganblae-lnfested), wae poeltive for oalarla and some
doubts were ralsed about the quallty of rnlcroscoplcal examinatlon. Recomrnendations were nade
for reorganlzlng and lnprovlng the larvlcldlng and spraying operatlons and for testlng
larvivorous flsh l-n pernanent poo1s. Surveys during the favourable season and susceptibil i ty
testlng of An. ganblae s.1. to DDT were suggested. It was stressed that both Sudan and Egypt
should oalntal-n thelr areas of the lake dlsease- free on a long-term basis as opposed to
tenPorary thort-tern rneasures. As an lnterln measure, short-term plans should be developed
to deal !,"lth the changlng sltuatlon as the lake 1eve1 rises and llkewlse, long-term plans
should be devel.oped for permanent control when the level scabll izes.

Gl l11es (1971) repor ted the resul ts  of  h is  observat lons as a WHO Consul tant  ln  the lake
area ln Egypt and Sudan durlng October-Decenber 1971. Fron hls revlew of prevlous work in
northern Sudan, surveys in July 1970 confirned the findlngs of Zahar (1970) that the northern
l ln l t  o f  An.  Sanblae s.1.  nas Dal  (J-50 km f rom Hal fa) .  A lso 3767 b lood s l ldes col lecred ln
July fron locallt les between Dal and Abu Fatna (350 km south of Halfa) were al-l negatlve.
Fron th ls  Gl l l les ( loc c i t )  ln ferred that  l l t t le  t ransmlss lon seened to have occurred ln  th ls
area despl te the presence of  An.  ganbiae s.1,  In  fact  there was l i t t l -e  malar ia ln  recent
year8 ln Dongola, a populous centre 80 kn south of Abu Fatma. However, ln the few months
precedlng hls vlslt, there was a rnarked resurgence of nalarla ln the area as slgnlfied by the
nunber of mlcroscopicall-y diagnosed eases at the hospltal whlch reached several hundred per
Donth. Thls suggested that there was consLderable risk of malaria spreadlng north again
unless l t  could be conta ined by act ive contro l .  Fur ther ,  suscept ib l l l ty  tests nade in July
1970 at Kweka (2L2 l<n south of Halfa) showed that An. ganbiae s.1. was reslstant to dieldrin
b u t s u s c e p t 1 b 1 e t o D D T . G l 1 1 1 e s w a r n e d t h a t t h 1 s ; 1 f f i o u 1 d c h a n g e a n d r e s e r v e s t o c k s
of  a l ternat lve lnsect ic ldes should be nainta ined for  replacement  of  DDT. Gi l l test
observations in northern Sudan were nalnly dlrected co Halfa and the locallt les south of it,
up to Akasha, at 140 lm. At Halfa port only euliclnes were breeding moderately ln covered
tanks of a floating wharf. A1so, only culiclnes were found at 6ome locallt les to the south
up to Akasha. Froo Semna (S0 kn south of new Halfa) to Duwlshat (92 km) condltlons were
consldered unfavourable for An. ganblae s"1. breedlng where the Nlle was transforned into a
f looded val ley but  f rom Sar j ia  (127 km) to the upper par t  of  Mt lk  E1 Nassi r  (118 ku)  was rhe
fur thest  nor th that  could be colonlzed by a natura l  spread of  An.  ganblae s.1.  or  by ics
t ransport  over  shor t  d is tances.  Thus the nor thern 11mlt  of  An.  gambiae s.1.  according to the
prevlous records, remalned at Da1. In hLs concluslons and recornnendatTons, G1l1ies
under l lned that  r lsk of  ln t roduct ion of  An.  gambiae s.1.  in to Egypt  rernains forever .  The key
l lnks ln  the chaln of  events are:  f i rsEly,  the pro l i ferat lon of  An.  gambiae s.1.  in  the
endemlc zone of northern Sudan and lts spread to the lake ports; seconafy t ts transport by
lake steamers to the high dam area in Aswan; thirdly the establishnent of breedlng
populat lons at  th ls  s i te  and later  in  i r r lgated areas to the nor th.  Fur ther  development
along the l-ake shores could facil l tate such transport by providlng internedlate breedlng
populatlons but the Hlgh Dan complex would sti l1 be the key port of entry of the species into
Egypt. Therefore, alJ- structures of the High Dam complex should be sprayed wtth DDT twiee
annually. In the endemlc northern part of Sudan, the source of An. garnbiae s.1. l-nvasion is
roost l lkely to orlglnate from a rlbbon of about 230 km of farnland and rlver va11ey bethreen
Akasha and Abu Fatma.  The renoteness of  the area,  the d i f f icu l ty  of  i ts  terra in and the poor
communlcat ions make regular  supervLslon by senlor  s taf f  rather  d i f f icu l t .  Nevertheless,  i t
should be posslb le wt th the aval1ab1e rneans to keep the populat ion of  A-n.  garnbiae s.1.  at  a
low level- to prevent lts northward spread by actl,ve aod passive ror.tesl-i i f i ff ined two
rounds of DDT house spraylng annually were endorsed and larvi.clding with temephos was
suPportedr  prov ided that  i ts  ef f lcacy under 1oca1 condi t ions i .s  ascer ta lned by a t r la1,
Gi l l ies fur ther  polnted out  that  the long- term r isks are d i f f icu l t  to  assess but  large scale
development along the l-ake shores and associated communlcations would pose problems of
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establishnent of An. ganblae s.1. and lts transportatlon to UPPer Egypt. Close involvenent

of health a,tthorlt les fron the lnceptlon of such development schemes ls essential with the
An. ganblae s.L. probleru one of thelr najor concerns.

An agreement was formulated and slgned by the Governmenls of Egypt and Sudan for "I{ealth

and Medlcal Cooperatlon". As part of thls agreenent, the two Governments agreed to cooPerate
ln undertaklng measures for eradleatlng 4n. ganblae s.1. fron the lake area up to Abu Fatmat

the detalls of whlch were given 1n a separate piotocol. Protective neasures to be

lntensified at the High Dan complex in Aswan, Abu Sirobel and Halfa lncluding dlsLnsectlon of

riverlne transport operating belween the two countrles as well as dlsinsectlon of trains
before reaching Halfa were out1lned. The measures to be continued ln Aswan Governorate rtere
also descrlbed. In northern Sudan, survey and control operatlons by larvlcldlng and house

spraying should contlnue ln the area between Halfa and Dal. Surveys and periodlcal
larvlclding of all breedlng pJ-aces 1n the area between Dal and Abu Fatma should be conllnued
besldes whlch house spraylng ls to be applled using an insectlclde to be agreed upon by the

tvro Governments. Positlve places detected durl-ng adult or larval surveys should be
lnnediately dealt wlth. The two Governnents are to undertake measures to free the area from
Aswan to Abu Fatma from malaria by active case detection and radical treatment of positlve

cases. Exchange of reports on survey work, surveil lance and vector confrol oPeratLons should

be made monthly. In addltion a joint team 1s to survey Lhe lake shores twlce a year: once l-n

Aprll-May and again tn Novenber-December, using riverlne transPort. The aln of these joint

surveys is to check the findings reported routlnely frono the Lake area ln Egypt and Sudan. A

Jolnt committee ls to be forrned to examine the aehlevements made and for exchange of
technlcal experlence.

Recent lnfornation comes from a report by Shidrawl (l-980) who accompanled a joint survey

team durl-ng Aprll-May of the same year. Since 1971 nlne surveys have been carrled out once a

year,  in  Apr l l -May,  lnstead of  twlce a year .  In  th ls  repor t ,  the ongoing contro l  act iv l t ies
undertaken ln the Egyptian part of the lake were descrlbed. In northern Sudan, weekly
larvicldlng contLnued as pJ.anned and DDT house spraylng was applied twice annually coverlng a

population of 481000 llvtng wlthtn L/2 b on each slde of the lake or south of the Ni1e. At

Haifa, fogglng of all tralns and boats has been maintained. Since 1979, tt has been nutually

agreed to extend the control area to Lebab, 85 kn south of Abu Fatma covering an addltional
populatlon of about 1601000, naking a total length of 800 km south of the High Dan. While

the annual- inspectlon by the joint survey team found nothing in L979, research workers from
Khartoun Universtty collected considerable nurnbers of An. arablensl.s (the only species of the

An. ganbiae compJ-ex tdentifted so far fron northern Sudan) at thls locallty durlng
$-dfer-December of the same year. During the survey of the joint tearn of 1980 ln which

Shtdrawi partLclpated, the breedlng p1-aces were found to have been heavl-ly treated with
temephos as none was positive and no adults could be found in houses in six vil lages

includlng Dal and Farka as well as Kweka (212 km south of Halfa), It was only in Attab
vll1age ihat Uoth larvae and adults of An. arabiensls were found and at Sai Island (aluost

opposi te Kweka) where only larvae of  th is  species were col lected.  In  th is  area,  breeding
occurred ln vegetatlon away fron the shores in the middle of the rlver and obviously were

nissed by the larv lc ldes.  The posl t ive f ind lngs provided fur ther  ev idence that  the specles

could persLst  in  i ts  normal  habi tat  and range of  d is t r ibut ion.  In  h ls  conclus lonsr  Shldrawi

r e - e n p h a s 1 z e d t h a t f r o n t h e a b o v e o b s e r v a t i o n s , s - @ h a s n o t b e e a e r a d i c a t e d f r o m
the project area by the control measures undertaken so far and it is doubtful that this can

be achieved. He reiterated the previous views that control measures ln northern Sudan should

aim at  keeping the densi ty  of  An.  arablensls  suf f ic lent ly  low to min imlze i ts  abi l i ty  to

spread northwards lnto Upper Egypt. In thfs connectlonr he pointed to the role that can be

pJ.ayed by rlverine and air transport and also underlined the potential danger when the lake

shores become repopulated,  thus fac i l i ta t ing the nor thward spread of  the specles.

The latest  in forrnat ion comes f rom Dr l '1 .A.  Far id (personal  communicat ion 1984) who

accompanied the joint annual lnspection team as a WHO Consultant durlng February-March 1984.

Wht le h is  repor t  ls  Ln preparat lon,  he c i ted the f ind ings of  d i f ferent  larval  s tages of

An arablensLs recorded by the team at Tombos island adjacent Eo Abu Fatma (about 350 kn south

;ffi;i6')GF further south of Abu Fatma at Kureik village.

L.L.2 The nor thern l imi t  o f  An.  merus:  Gl l l les & De Mei l lon gave the d is t r lbut lon of

An meruq as being the East Afr ican coast
Ln the Indian Ocean.

from southern Sonalia to che south lncludlng lslands


