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The island of Sardinia in the Mediterranean Sea has been the site of a large-
scale experiment to establish the feasibility of the eradication of an indigenous
malaria vector, Anopheles (. labranchiae Falleroni. The progress of this project
has been reported by Logan (1950) and is to be the subject of a full account
edited by Logan (Monographic Series of the American Journal of Hygiene).
One of us (T.H.G.A.) made a survey of the anophelines of the island during
the summer of 1946 and was present throughout the entire eradication period.
The full-scale eradication operation, a joint effort of the Italian Government
in cooperation with UNRRA and later ECA, under the technical direction of
The Rockefeller Foundation, was carried on from 1947 through 1950. Since
1950 the domestic insect control serviee of the Sardinian Regional Government
has carried on the work as funds permitted.

While throughout most of its range labranchiae is a eoastal marsh breeder,
in Sardinia this mosquito was very generally distributed in the quiet water of
gtreams even at considerable elevations, Thus, for a time during the eradieation
operation, all water surfaces on the island were treated as actual or potential
labranchiae breeding places. Later, however, only the places where labranchioe
was found were subjected to larvicide treatment. At the conclusion of the
ERLAAS® campaign in 1950 only very few labranchiae could be found anywhere
on the island. The efforts of the local government since that time have been
directed at the elimination of the species from these few remaining foei.

As the eradication effort proceeded, a number of fundamental and perplexing
problems emerged. With eradication within a limited time as the prime objective,
it was not possible to investigate these problems, which were in many respects
wholly new and without precedent, there having been no prior attempt to
eradicate so well-established an indigenous mosquito in so large an area of such
varied terrain. OFf particular interest was the question of how the minute residual
population of labranchine would respond to the vacuum ereated by the eradica-
tion effort, once control measures were suspended or reduced. The writers spent
much of the active mosquito-breeding season of 1952, from late June through
the end of September, in an attempt to resolve certain of these problems.

| The studies and observations on which this paper is based were condueted with the
support and under the auspicea of the Division of Medicine and Public Health of The
Bockefeller Foundation with the cooperation of the Italian Government.

1 Oq leave of abzence from the Gorgas Memorial Laboratory, Panama.

! “FEnte Regionale per la Lotta Anti-Anofelica in Sardegna' was the designation of the
organization which undertook the eradication of Anopheles 1. lohranchiae in Sardinia,

58
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While the Sardinian regional heawlth authorities were continaing too freat all
foed of fabreanehioe which could be found, within the hmitations of the funds
availuble to them, an agreement was reached to permit the writers tr study
v foens from which all treatment would De withheld, ot lesst during the 152
seazoin The primary objectives of this study were the following:

L. The determination of the rate of inerease of a fabeanchiae population
a snitable breeding place in the absenee of treatment. One of the curions phe-
nomens which greatly hampered the liter work of ERLAAS was that in sueh
falrarehiae lnrval breeding places as were fomred, the larvie were 1 most eises
present i only very small pumbers. Factors influencing the finding of larvae
wider these conditions have in part been brought out by Trapido (19510, The
small munber of larvae i breeding places in which they formerly abounded
mcdieated that here must be a large element of chanee in finding larvae, despite
conseientions sampling of all water surfaces. It had been assumed from the
generil knowledge of the high reproductive potential of mosquitoes and the
rapid inerease of the E:l::}ll.l|:t|i|l|| prssilide in ondy o few penerad ions, that breeding
areus !tLiFh{"I_L TREL LRELE :-i:-nuﬁng_ ".V"l" 'u.'nnhl iuql L\:u:—:il} 'I-II|||'H|. oy lifer H'hulillg. RIS
validity of this assumption was to he tested by earefully following known
breeding places throughout the summer, in the absenee of treatment.

2 Related to this firsst objective was the establishment of the wate of dispersul
of the species by determining the rapidity with which larvae appeared in breeding
places wihjacent to 1he original foeus,

3. Adult latranchiee had become more diffienlt 1o find than larvae as the
eracication project had progressed. While this might be due 1o the persisting
effertiveness of resicdual DDT freatments of all known resting plices, 1t was
destrable to find ot what larval densities sigaificant numbers of adults again
appeared in human habitations and domestic animal shelters,

L. Soon after the ERLAAS plan of attack had been shifted from the treating
of all water surfaces (exeept the water aceumulations i tree holes, the breeding
place of Anopheles phombeas) 1o the larvieiding of the water surfaces i the areas
whoere fabiranetiioe conld be found, i became apparent that the oty anophelines
wnderwent a shift hoth in distribution and abundunce, The question of how these
chunges i the balanee of the anopheline fauna might affect lalrasehine thramel
possible competition was also to be considered.

Fssential to the investigation of problems such as these was the selection
of an ares from which treatment could be withheld, but which had a small
restdual foews of tabranchioe, Other necessary features of the propused area of
ohservation were these:

I, That the area be large enough to be representative of the general simation,
bt small enough 1o be readily kept under intensive surveillunee,

2. That it be enclosed by o natural barrier to limit the spread of lafeanchioe
il the population of the mosguito diffused rapidly.

2. That the area he vonveniontly loeated for trewtment, if the regrowth of the
fabranehiae population was rapid and g malaria transmission hazard developed,

Oy June 21, 1952, regional seouts fomnd larvae of fabrneliiae alone o braneh
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of the R Crerermmens within 730 meters of the point schere this eiver veachis thae
At Ui Juee 2 breedinge places in the immediate vieiniiy reeeived o treslment
ol foel oil avemented with the spreading aeent Triton X-100 Cche Losvieide dicd
mot contain DY Further dreatment was suszpended ponding the decision of
Professor O Teoten, 2 Assessore all’lzione, Sannd e Pobblicn Istmgione dells
Regione Autonoma Harda,” as to whetlier the valley of this river might e usel
a= oan ohservitlon arei doring Lhe sumeoer of L9320 Agreement fo wilhlold
treatment from the area was reached on Joly 12, and the aetive study of the
fielivaneldor population was begun as soon as possible thereafter,

The experimental aren is shown in the sketeh map (see Figare 150 10 ineludel
the valley of 1he Rio Geremens and the tributary Bio Meriago, together with
the adjacent smaller vallevs of the o sa Morta Ul and (he Tio Seellas, T owas
lrnited by the vidge of the Serra Marapintag on the west, 1he Rette Fracell
massif wo the north, the ndee of the Serra de Misa on the sest, and the sea on
This somth, The vidges on the sides of 1he avea vise rapidly from the sea o 700
ared B} meters, and o the north to the sununit of che Alontn der Secte Pracell
with an elovation of 1025 meters, The area eneompassed was approximaltely 51
siquare kilometers,

The vegion, lke practically all of Sardioia, has long apo been deforestod.
Tl wteeper gl less geesssible slopes are covered with seenb vegeration, while
the more gentle slopes are plonbed witl winler wheal or sel oul with groves of
almaned frecs. The upper veaches of the valley, where there s olider second
sroowLh, sre now betng eutl over and the weod buarned Tor chareoal, The anly
eomzicerable level area is within two kilometers of the sea, and is muler eultiva-
ton with plantings of winter wheat, vineyvards, aond almond, cibius and peach
trecs, The peach ovchards aee rvigated daving the dev sumomer months, bat the
irrigation = mintmal and water does not stand long enough to support mosouioo
breeding {see Fleare 2.

The bnlk of the human population s coneentrated inoa group of T baild-
s aboul 2000 meters from the main river and 1.0 killometers Drom the sea
(e [enree 31 Here too are coneenceated most of The domestie animals, o census
of which = given i Table L For the rese there are only seatiered small shelters,
inoa Tew eases of =oone but for the most part of heash, inowhich shephends and
clutreoal brners live, The total lnoman population during the summer of 1he
investigation was aluain L83 porsons,

The water in the valley ig all contained in the stremns and  thoen Teeding
springs, and several small ponds at the mouth of the main river near the wea.
At Hood times these ponds beeome pard of the lower course of the stream, but
throughout the summer months of the study they remained diserete beside the
river bed. With the Lk of forest cover on the valley slopes, the winler rains

Lurn Lhe wader conrses ko Torrents bad during the dey swmmer maonthe thess
are reduced o intermittency. The two kilometers of the streomm nearest the sen
were particulocky allected by deving during thesummer of The stady, ot stretehes
of water remained near the originallv-Tound fabegnchiior foel, and the larcer of
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Che lower pertion of dhe Ceremens valley fron o poinl shout four Sl
tediers Tron the =en, howing Uhe Barzen sgeen oaodre of the conntry aned the aeen near the
river ot wnder enllivation,

Fr, i View af the mein gronp of Taoem badldings st Gerenwas center, neliding the
qutarters of o Jabarers, aosheep per, enttle voed, horse stable and pigsee. The one adull
Amogebetes | labranehdoe talen during the study wes in the pigsts here.
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the ponds, in some cases as much as Dwo meters deep, contained water through-
ot the samnner.

The principal raintell is during the fall, winter, and early spring monihs
The summers are ot and :]]':..', wilth lictle or no rain. :'n]v'll.'ut'ci-]r'lgi-;';l| dhib e
nol wvailable from the Geremess vallew dlsell, bat in Table 2 are ghven the data
anc raindall, temperature and humidity from the Elmas airport, about 335 kilo-
meters northwest of Geremeas, During the period of the stady st Geremeas

TALLL 1

Dhaieatic animat eoneus, recepeas cendee, Saviinfo, Augusd 1952

Ol ; 2 13 | Dogs. ]
Fhee SR AR ey i A Lals s 22
B e e 2 Fakhiis. ... T
Marses. ..o o 1 Chickoms & Chieks. 0.0 . 114
T T S T e RS T BTG {0 R e o b e g S i

TABRLLE Z

MWetearalogieal date Troni Flinas ofepart, Sevdinig, 1052

WEAN TESIER

LEN rADE )

BTN = oo B i i k.2 15
Febrwary .. .. REEi, #.1 Th R ] it
Muarch, .o 12.5 o a4 i
April R 13,2 71 246 b
Wl 17.4 i i &
Juhe de e R : g (% 0.1 i
7 ] B s A e S 5.5 il 12,4 z
st R 2500 i {hi @
Eeplemter . 21.59 i M2 =
Clelotaer e 153 i 17 .4 H
Movember " do g B S 14.1 i $1.2 1
Drocoraber; oo v e e 105 =2 TR B 14

Total precipitation and rainy days. o : 2= 00 Sl

there wos noosianifieant precipitation except a howvy raonfall from Seplember
1t 17

While the knowledoe of the binlogy awd habiiats of the anopheflines of Sar
dinta has beest reviewed b Adtken (o Dogane of af 0 P33 00 will he necessary
here briefly 1o deseribe the maim featwres of the hiology of the anophelines
prosent in Lhe valley

At Creremeas wo Found Anapheles ispaiols 1o be the anopheline most inti
mately associated with lalrancliae, The larvae are charvactesistie of clear sun-lit
water with some [reshening by surfaee movement or by seepage, and are mos
often associated with growths of the alga, Spéeoguea, Larvae were not Tl i
water rivh in -!]|'__E;’|'|]i_1_' naletial from t!.'lt.ll:it*r-:l:.' of :ll[ll:l‘:i(' vl o The D RLAAS
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experience was that the species baile op slowly dueing Lhe summer, becoming
most abaodant o the Jost half of the summer and eacly Fall, Unlike faderaefiinge
the adults are not found v houses or domestic animal shelters even i the
preseuce of heavy lacval concentrations i newrby breeding places, The adults
are thus not subject to the attrition prodoced on anopheline species that rest o
strietnres treated wich DT or odlier resudoal toxieants, The species has been
Lakion in Sacdinia from seo level tooat least 800 meders, bt was not commonly
Trnnuel baefore 405

Awopheles cloeiper 15 alsn g species fTooud in clear freshowarer, bat is usoally
i shached stuations, [ s also encountered woder sun-I10 condivions, bol uswally
where the water = cool (ordinarily Tess than 20707, Mozt collections of larvae
in Sardinig were made inosprings and che rivalets Tromn springs, The speeics s
vessl alndant da speing and Call, and exhibits o decline in numbers doring che
hot swmmer monthes Adults ave cecasionedly taken o man-mode stogetorees,
bl the bdk ol these foosd B IR AAS were resting in natural gratioes or in
veoetntion, 1 has been taken as high o= D300 meders in Sardinge.

Anoplictes wmoarfers 15 0 species of the cool shadol walors of moantain =treams,
1w most commaonly associated with eleeiger and only versy varvely with falieen-
chige, The few owdults taken by BRHLAAS were o0 grotloes o similar natural
shelters along water conrses,

Omite rare in the Geremeas experimental area dusing 1952 was cliapheles
afgertensts, Larvae are usaolly i sl water sehich ds partially shaded. T has
Breew eolleeted D brackish water, While not mony adnlis were taken by BRLAAS,
a lowe were fonondd 1o man-made sheluers,

At che beginning of the eradivation efforr o BT, Awapheles {0 dafiranelfiom
wae The domdmwant, most widespread and moese generalized anopheline in Sae-
iz, While 11 was only ravely fonnd dn brackizh water, it was widely dis-
tribted] in fresh-wnter situations np to D00 meters, Do this the speeies dilTered
i s larval Jahatats From the situations desevibed on dhe Tialion mainlid where
it s eonsidered o constal broeder, often in benelasl water, Hacketd [1EHO has
vemavkaed on the Presh-water disteibution of 1his mosquite in Clorsien, Savdinia,
Sieilv and 1he Barbary Coastoof MNoeth Afvien and attvibuted 20 0o the el of
freshovater competitors, Tn Sardins fobeaachooe was most often taken nosan

L water, usoally Tace vegelation. The water might be clear, or
cottld be rieh o organie nutterial, gquiet as e powds o swamps, or slowly moving
as b the margins of streams, A fosl adalis were common o pigstivs, staldes
angd hoses, e these were all subject 1o resicual trentments with DIV ol
lter Oeta-chlor, and adults beeame execedingly rare inosnch situatione, Inoadidi
Cicns Lo msn-made strpetwres they were daken i oooeh lesser numbers iy geotioes,

Frvine the aoophelioe survey of =Saedinia in 136 fafwarehios was Tomul
1o b common o the Geremess vollen, Colleetions of larcae were oblaaned al
a o ber of plaees sunpled alene the conese of the <treamy, and while the detuiled
]'1'-:'-:1|'-:|:~' e Ll ;L'-.'u']hlh]r*, i oo il_ L:u'r'!zt']'i'-:l 11]'| 140 an elavmat o of -!l:"-.'l:'l'él|
Bl eeel mcters ol aodosen or moore kilometers Cron e sea, The last falieanefivoe
i Lhe vallex, prior Lo 1052, were found in T None were fousd in the intensive
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FRLAAS search during 1950, ar ihe less concentrated seonting condueted by
the Wegional Government in 1931 The nearest positives during 1950 and 18351
were slong the east const o the vicinity of, and o the south of, San Priamo,
an aren separated [rom the Geremeas valley by several high, baveen and dey
rrotmitain ridees, The vear 1852 was thos the thivd one during which no Lavieid-
'm;_l; was done in the 1."1|][~_'.,'_ The last 130T residual :i]l:';':}'in_ﬂ; ol Toses in the
valley by ERLAAR was in Seplember 1948, Althongh no lelvonelios had been
fonned here, as part of a seneral precantionary program the provineis]l medieal
anthorities hied also sprayved houses stk DY on June 5 18357,

o 1932 1he Geremeas valley was under rouline observation by seouls of the
Tegional Covernment during the months prior o ils desirnaltion as an exper-
mental aren for our use incJuly, The search was primarily diveeted at the linding
ol larvee. Beouting started during the week Deginning Apeil 280 Only efaeiger
wis found consistently during this and  subsequent weeks, hut in addition
there were a few colleetions of martert in the Rio Baru Mandara, a tributary of
the Ceremens, and in mid-June some afgeriensiz were found in the powds al the
Fiver month and fnoa few water Tioles o the viver hed apstrenm. As a result of the
diseovery of labrenchioe i the lower Bio Geremeas on June 21, the swiljacent
Wio s Murta Uel was scouted the following week, bul only mariers and hispanisle
were Porud, wnd these in the lower part of the stream. At the time lofranehiae
wits Tonnd on June 21, there was, inferestingly enougl, little else in the Hio
Cievemeas, possibly beeanse the river was still running too fast as o vesult of the
spring rains, and there had not yet been encugh development of Spivogges 1o
provite stream margin shelter for luvae, Tuis noteworthy that up to this time
in the Lo Geremens and the tribadare Bio Meriag, dvsponiele, which was later
the dominant species, had not been taken at all, Draring the eritieal week when
[ebrarehiae was Trst found, the collections eonsisted of 15 larvae of fabranchioe,
VO ol algerionsis sl 69 of claviger, Noadult anophelines were taken during this
|}r-'|"iu|l.

LATEV vl ST DIES
M ethod 2

I order 1o loeate anopheline findings ax closely as possible, the streams were
prvekecd off i the feld into traess 230 meters lone and were given servial numbers,
The naber ol Cepets i eceh river was oz Tollows:

Tiie Giereneas G (2£0 km)
4ia Alevizeu A6 10 k.l
Tia sz Auarta Ve 33 0525 ko)

e Sellas AFS km.

The lirst seonts were emploved on July 17, preliminary scouting began an
July 18, and by the week of July 21 ten seouts were employed. 1owas =l
sequently fownd that this number of men was not sufficient for I ensEly @ o
of the entire aren and two additionn] scomts were added onJuly 310 The men,
working n pairs, were assigned one Rilometer ol stream to scoul cach ay,
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These men had all had previous experience in hunting anopheline larcae ani
quickly beeame familiar with the terrain. The crews were rotated so that each
pair of men had o differend stretel of stream o cover earh week. The at ey
wits maile 1o scarch the most important parts of the main streams (the o
Creremens aoul Bio Meriagn) each week, and the stresms with less snitalie
falrarehine habitals (the Rio sa Murta Ui and Bio S8tellas) on alternale weeks.
The iehd work was completed on September 20,

To follow the picture of febranckios distribation and abuandanee 10 even
greater detail in the lower part of Ahe Geremens valley where the species was
lesr found, the portion of 1he Rio Geremeas within 1.5 kilometers of the sea
was further subdivided into S0-meter tracts, and all small pods and pools
milzside the siream eonrse sell were numbiered, Twa seoils were stz
exelusively 1o this ares and spent a full week covering i,

TARLIE 3

Nooeaers af aoepdiedine fnveae eoflecied by sonals af Goromens, Sacdinin (el Sepleaher, 1052

T Bid KN I 4 4 S
A pirstes GEREMEAS MER[AGT a4 MuRTa vp FEESTELLAG TR
Sitlivaiefeine ARG 292 1 i ] e
RESHERLANT o s e s papa .07 1,224 26] A 5,145
cliiigar L o 70 22 b 71 e
L0 7 1 S oot S 8 ] 1 25 34 N
ifperiensle ... ; ] 0 0 i 10
Toeul. . e 4,474 1,51 i it TG

Apart from the searching neeessarily delegated to the scouts, the writers,
towelher with their associale e Sergin Heivn of the Tstitulo Baperiore o

Santta in Rome, undertook to Tollow cortain of the water surfaees 30 the -
meiate vieiniiy of the ariginal positives,

fleanlts al routine seowling

The story of what happened 10 fabranchioe is 2 very simple one, aml rather
dhifferent from what might have been expected in this aren in which we knew i
had Formerly been the dominunt species, There was no rapid bl ol the
Propladion in the original breeding pliees, and onlyv o nesliatble o trnnsitory
appeacinee of larvae in adjaeent appropriate hreeding places,

The species remained confined o the frst Gee teaets ol the Bio Gleremens
fwithin 1.23 kilometers of the sea) throughout the summer, with only fwe e
ceptinns, O July WL g seout of the Begional Government, later emploved as enr
chiel seont, found fowr dth instar larvae woa portion of 1he Rio Geremens,
subsrouently numbered by us as teaet 24225, six kilometers from the mouth of
the river at an elevation of 75 meters. An intensive search of this Prael iy s
the Tollowing week failed to produce additional larvie, and routine searches by

seonls during ten subseqnent weeks were also neoative for fobemectiiee. T he only
= I E A
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other appearanee of lefranelios outside the small concentration near the river
moutl, was & single Srd instar larva laken by the scouts on Seplember 8 in
trwet 3331 of the Rio Meriagu, VLS kilometers from the sea ot an clevation of
Fia meters, The hewvy rains of Seplember 14 o 17 Mushed ont chis eiver so 1o
e anophelines of any species were taken during the following two wecks hefore
the project was terminaled, and folrarehioe was not aonin encountered away
frorm the menth of the river.

OF particalsr mterest 15 Lhe seneral disteibation and laree nombers of lervae
of clrapheles hispandola talien in the Wio Geremeas and the o Meriagn. This
spocies was nol fomd i the anopheline survey of Sardinda by Adtken in 10406,
ane it was not until lave PO or TO30 1hat 3 was fiesl Found i the Geremess
iLres.

The funidlamentally altered  relationship among the anophelines 15 nicely
demonstented by the faer that doring the week of the st diseovery of abeanchioe
inJune, when 13 larvae of this species were Laken, no LTuevae of bispaeioln were
lowmedy et in the subsequent eollections made from July through Seplember,
only 243 additiona] larvae of lelbrareliae were fommul, while 5425 larvae af
fizpanigla were taken (=cc Table 3], Thus during o pesod sullicient 1o permil
the developrent of 1the drgpaessda population from g level so low that no larvae
were fonndd by routine scarch, up 1o the point where (0 was the dominant species,
ffienelroe was bacely able foo maintain iself

Hesudls of Talersive powd studies

HNear Lhe mouth of the [Rio Geremeas, within o fow hoaodred meters of the
sea, wre several depressions, either al 1he edge o the stream bed whivh was oy
during the summer, or within o few meters of it The larger of these depressions
contained water thronghont the snmmer and o rich growth of aoguatic vegotation
(Typde aagusfifolin, Jueews Hloralia, Selepins argeresecns, Plragailes comimanis,
fris peeudacornus, Polomogelor wolans, Coeer spe,oand Demen sp ). The oregaonie
vichness of the water o these ponds, produced by the decay of The associatel
vegelation, wonld we supposed favor the breeding of fabranchios over epandolo
sinee the Tatier species = usually Townd noclear water with some freshening
v cirenlation. These ponds were all in the immediste vicinity of the originully
discovercd fnfraneldoe foel or were themselves positive ot the beginning of the
stuelv. W thooght that they would be ideal beeeding places for fafveanelioo
andd arvwoged o follow the growth of the popualation in them by personal examing-
tion each week throughout the summer, Three of the ponds were seleeted For
hois stody (Nos 2,7 oand 1200 I these ponds the oncire water surface interseo el
v aouatio vegelation was swept by using a lavee oval net (63 x 30 cml ), ainl
Lhe coneentration of surfaee debeis then minocely examined inowhite enamel
Losins o tubs (see Figure 4 Al anopheline lasvae Toual were microscopically
tcdentifiend 1 the feld and returned alive oo the ponds from which they hiad been
ke, The numbers of anopheline huvae takaen each week are recordsd 10 Table
B e i.HI{‘I'i*r'IiH:L'; resnlt of I,Hi:= .‘-z[I.I,c,J_k' 1= ]]1.:_[[ 1|||]_v .!'r.lll:'.".'ui'r'.f'.lf-rg' WilE ['m::ul, |]]|_~..~:{'
brecding places nov being vvaded by either Sfspansala or algecivesis (the latoer
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Fre, L Coneed raded searet for anopbeline loevae 2t one of the pomls near the meath
af the Wio Ceremens, The entive interseetion surfiee of the pond was swepl with the large
net and e aernmodared deleis transforeed 1o pans where lievse were soughs by visand
(ETR RS GITR

Fre 5. Uhe portion af the Rio Geromeas where stusdies of the relations between Lasph.
les § fobennehiiae and - béspeaiota were earcied on, botle along the strenm margino and in

the sevificisl poal in the Soregeowndd,
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wits present by very small imbers close by near the moutlh of the Rio Cereneas).
Bt despite the absenee of any other anopheline larvae which might have
ereated o situation of competition, the lebrenchioe population did now build ugp,
and in fact no larvae at all were Tound the last two weels of September, follow-
g the rains of mid-September. The hot, drey weather of August may have re-
sulted i oo short Life span of adults which wonll have been unfavorable (o the

TABLE 4

Mvbeers of Anopheles Llabranchiae feveee fo eofueel ponds ol fecsosas, 1053

PIaTE w3 i I s a2 1CrTAL
20 Jalx. oo : 1 - 100
LRI ELL (T i 1 22 iy
LG gt L 12 ] Xl +1
2 ANENEL S ST S 4 f 13 22
L L A P I 2 101 12
b Beprember L ] 11 44 )
1 September 0 L 1 a i 13
14 Heptember, oo 0 I 1 i 0
20 September., o0 ee ] L] 0l 0
d B8 R e R R e e a7 32 117 L6

TALBLE 5
Noumbers al Anopheles L labranehiee ard A hispaniola lavees Do artifiefal posl N {,
(loremeas, T352 Cohug Jwly 30, (632
sl TR Tab i B s bnrele Forrad. I,I:';_ﬁ_;':i,;:::l'l

Vgt AR R A 0l I B 0

11 Aumast R i I i 7 e i

LR — i aw 74 TiH 27

P Y [T IR e g AL & ] 41 Al 18

A Beplember. o gixas L3 i 14 L4 i

10 Beptomber, Lo i 1 0 | 1 0

11 Heptember . 203 0 17 7 i

i Heptembor il sy 20 0 Y i i

b T TR T4 ad 223 270

vapid growth of Lval poputations, but there was also o build-up during the
cooler weadler o Seplomber,

Fesulla af fndvnsive arlilivind pool sladies
To provide vonditions inteemedinte betwean the vich organic waters of he
nniural ponds and the fresh Dowing water of the stream, we dog tao pools,
two meters i diameter and 20 centimeters deep, about a meter's distanee from
the river edge, where there woeuld be some subsiface Treshening of the water
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Faei G The white stabes slong the maegin of the sream mark Ll Togr-roet o stredelips
where he Dalanee between larvae of Awapbefes | labeaneh foe and 4 s geindode wis sldieod
aehowerk. As moeh

streteh. T ahis brecding place, formerl

three hours was nocezzace Tor e exaiination of each Fome-nuslor

the habitnr of Awopheles | Iabvaschiae, | fis
preniole predoninated throaghout 1he summer,
F

7 The Shatsnon light amd el trap sel ap beside o beeeding place in the stream at

night, Moesguitoes attracicd by the Hght inside the contenl “hos ' of the trap wers eolleeiod
B hand, The onlv anophelioes tken by this mesns were 1. B peteiotu .
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theough the sandy =oil, O of these, which had been dug on July 30, was ox-
arnited by us each week from Auensc T oo SBeptember 206 {see Fignre 31 The pool
wins sechedl with algae aod a Few aguatie plants Prom che adjaeent steeam, Collee-
choms were mede with conventional dippers and lorvae retuened alive afier
identifieation, The resulis of the weekly sampling of 1his pool aee given i Table
Ao Awrepdictes fdspenielo nvaded 1he pool st onee, bt oon the seeond examina-
tronn, oo Angusl 1 fabrenefioe was dominonl, 71 per cenl of the luvae beangs
of Alkis specics, After this, however, the balance shifted in favor of hispandola,
with fabwmechine disappearing alogether ut Uhe last, just as 0 dil in the natneal
|J||I|I'i.-:.

TABLLL 6

Visishers of Anophelos |, lubemteebine and AL hi.-s|:-:i:|i-:'||:| Yereneee aloenn SLrcam vanrai.
fiovenieas, [H52

TR Ry dabrgmriiae Bir paniais TETAL I-.Illf,i.jl:‘:lﬁ-,':{
o duly. o e Ehe LG 12 s a8
Ml e R e AT 250 I =2 =3 I
FR L T LT | et S S e '..’ i al i
Vohwgwst oo 113 3 145 124 @
14 Angust, ., o i £ 131 1 EE| 24 3
‘Talalsn s ae s 1,11 2% BHE] aas

Femells of intensive stream mavgin sfudies

We also atlompted o concentrated study of the progress of the balanee be-
tween lobranchine aul Adspooiele o the stream habilal lormerly ocenpied by
Dilearelioe, Several tracts of four meters of river margin woere examined by s
sach week nndil the deving of the lower portion of the Tao Geremeas muade the
s nnswiled for anopheline reeding in the Tatter part of Augost (sce Fiesnee
60, The results of this study are given i Table G 1o will be seen that at all Himes
haeperriolo was Lhe dominant species,

ADULT STUDIES

D saledvizen vo the men employved as larval seous, two men were engaged 1o
seqredy Tor adolt mosguicoes in looman hahbitations and domestie animal sheliors
tan the sketeh map {see Tigure L) oave indieated by block eiveles practieslly
all man-macde sheleers in the studsy area. The tvpes of sheliors and the number
of times they were examined are shown in Table 7. The net resull of this in-
tensiee =eareh Tor adult anophelines was the finding of one aduali female efaiiger
o stalde ot Casg Oehithn, Sa Clordy, on Avgost 21, and a0 sinele Sabvanefiio:
Temale i the pigsiy al Geremeas conter on Septomber 3, Following the Tinding
of Ahis one fobeawchioe, the pigsty was searched daily from Monday throngh
Friday of each week, bui no additional specimens wore faken,

Samples of wall serapings were talen at Geremess center an August 25 for
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determination of the amount of DEVT vesidue from the spraving of 1051 Thraneh
the courtesy of Professor M. Alessaudring and De, V. Amorming, DT determing-
Hions were nade at the Tstitna Superiore i Sanith, Rome; the results are miven

TARLE 7
Fuspections for adilt anvplelines in the Qereaeas onlfey du i Ve T0-aeeeds poreioel Dl 20

Sepleniber 2F ) 1083

MWERACE wUMEER o
LXRPECTIONS

HOANLER OF ROGRA S RO INSFECTIONS

SHELTEE TyVIE

h:::::‘;"'" Oiler nreas I'::L;':E;““ thher argps O her ares

Honse +2 il 13 280 5.3 d.7
Stalile . . = h 0y |G A H.o2
Pigsta on i I 125 s 0l Ty
Hen honse B i 4 a7 Rl g
Rabbit huteh 3 a 22 A T LAl
St A 3 i il [l li. 2 G2
Shephord s hae Ii 35 43 |52 4.a 5.2
Greddii.. .. : il I il fi ] i1
Brpdee .. ) It 11} ] 37 1] 1.7

Potdad - oo Al Ll TR 035 G.7 5L

Cirand Taral it 1,020 a7

Mote: One febiearekioe in pdgsty on September 5 one devdger in stgble an Agrust 21

TARLE &
B deferinalion o wall seeeples from Gocewsus ponter
Seniples eollected Nugust 25, 1952

UNALTE
SUUAHE METER

EL LIIT FER
WE T LAT R ¥
Wil OF SAMPLE HESCRIFTIOY OF SAMPLE ELAHT F MATRRTAL

CGRAMS] imtinfec)
1 Whitewashed wall, surfaee material {1415 0.1
& The same, bol deeper seraping i 6 T
4 The saone, anathier place (16 0.z
El Tl sarne, bt IEE"'I!|J('I' AT 1 (¥} [ |
) Wooden boeam ol pigsiv, exteeiol with E I, 11
neelone an eelion
i The seme, another loeatjon .1
¥ Stote wall of pigsty, extractiion with ace Lrsies
fane on eatlon
& The game, soother losation Lraee

Panalyses performed st the [stiluie Superiore di Suniti, Romne,
i lable 5. Lo is diffienlt 1o say how effective these residual deposits ranging
from @ teace to (L8 zram per square meter wonld be in killing adult defearedae
under field conditions, But il these mosguiloes were visiting the main FARTII
al Farm buildings al Geremeas in oeven modest numbers, more than the one
specimen should have been taken i the repested duayvtime and pight Gme searches,
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W also attempted to find adult fefiraneldoe in places other thau conventiong)
shelters, Adults were sought in all grass and sedges beside the ponds in which
Larvie were present, by placing o mosouite net over an arvea of about 2.5 square
micters and bBlowing simole into 1he vepetation with o boee smolker. This procedre
wigs performed 7O tmes belween the end of July and mid-September. While a
nmber of enlivine mosinitoes were Towml by this means, no anophelines were
ke,

Anvphelines were also soueht o rabbil borrows by eovering the entranees
with wetting wnd spraving in acetone to st up Sy tnes i toes inside. Aboud
7 burrows were thing treaded duwring Augnst osnd carly September, bl ne
mcsg it oes wore ool

Locan atverapt to find fefeanckioe ot nighl when the adults would be active,
wee et up o Shannon nel and lHght tea beside o portion of the Bio Goromens
where lnrval breciling was going on (zee Flgore 750 The resulis were as follows:

il G0 A220 Lo 10220 1AL RN
August 18 Al o 102000 110 fi fide g
Aupust 25 S:00 £ 10200 1*,AT, nE  vee
August 27 Ti30 i 93 AL neEalive

Twer dnspections were made ab night o the prineipal piosty sl Ceremneas
eenter, but ondy colieine wosoguitoes wore fond,

MALARIA BURVEY
Two blood survess of the population of the valley were completed doring
the periml of the stody, While 133 thick smears were examined on the firs
srvey and U1 on the seeond, the actual number of persons from whom blood
wits oldained on the oo sueveys was 185, Their age disteibntion was as follms;
felassification after Rosscll, West aod Manwell, 190G

01 wear, infania ... &

2-4 veurs, pre-achon] childven e R e e ., 4
A9 venrs, sehonl shildren, | COEENETR B s gy ]
=1 vears, adoleseents 0 R T e iy AL
I o moke mdalte i e P 4

T Y R e R R S e 4 155

Chre positive shide with oo very o parasioes of Plosseodiae oo was abitained
an e frst sevey from o Sh-veae-old male withonr elinieal svptoms,. The man
coneerned, woshepherd, Hved o the npper calley of the Rio Stellas, an area
where no fabeanchitne were fownd, T was conehuded that this was an old inlection.

DISCUEAION

It s wpparent Trom the study of this one sunumer @) Cleremens 1hat in the
absenes of any avdimosquito measures, vestidual populations of Infieenckioe o
net necessarily butld ap eapadly, nov do they necessarily diffuse widely.

This ohaervation might be gualified by noting that Gevemeas is a0 confined
villey oo the segnenee o events micht have heen dilTerent inoan apen-plain
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situntion, The failuee of the dabrakebioe population o geow or datfuse sionificanely
during the three summer months after s discovery inoan area Lo which 1L was
well snited by the evidenee of its prior endemicity remaing, however, o mos
surprising resull, 1 we assume thel this residusl population ol labieauchios
has the same genctic composition and thereby the same behavior pattern and
biotie potential as the population endemic here before Lhe eradication effort,
theve are three Tactors which mighi bave mitigated apninst a normeal baild-up
of the population.

1. The fabeanchioe adult Temales would have soneht Chelr blood meals prei-
miarily in Buman and domestic animal shelters, and the still-persisting residoe of
DT en the sarfaces of these stractures would have produced o mortality
creal cnotzh so that barely enough fermales survived to maintain the popalagion,
While this possibility cannol be entively discounied we have oo oreal evidenee
that thiz happened, Toe if falvanehdoe visited the main group of Taem boililings
1 even modest numbers, more than one specimeen shoold baece been taken
Lhe repeated daytime and nighitlime searches.

2. The defranefioe positive was nod Townd an Ceromeas ol Jooe 21, ol 1f
we assiime it was the vesult of a recent introduetion, the species may not have
become well established until the onsel of the hot, dey summer weather, which
wonlil have limited the adalt Bife span, ihos redueing the momber of egp deposi-
tioms,

Ao third possibility b= that there is aoeritieal population densite below which
there are so few adults in an area that swarming of males and consequent fertilizn
tion of Temales 15 only pactially suecessful, While the ueval popualation ol fis-
poitedo was at least as low as that of Jebranchiioe ot the beginning of the siommer,
the overwintering adult population of fispesiede, which wias not detected sinee
the species = pol domestic, was probably substantial, The Dreeding stock of
adult febearchize, on the other hand, most have been very small sinee e species
had not been found o the area in the preceding two years,

There remaing yer another kind of explanation of what may have hoppesosd
nt Gieremens and in Bardings, oamely thar theee bas been some fondanenial
alteration in Lhe novmal Tiology and behavior of labrenehiine, or some chango in
the balanee between il and the other anophelines. The sequence of events al
Cierenens E)(J]]I[:ﬁ VT .‘al'l'n'llf_'J:.' Lo the vonelusion that if one :‘]'}lf"l"'-llf’:‘ of :||1lr;1|'|l2'|'-|t|!'
i eradicated, or nearly erdicated, the vacuum ereated by s absence may nol
B permauent, and the laewna may be dilled by anothor species

Ab Greremeas there ean be no doubd that fdsponeoli has sneeesstnlly ivaded
aned oecupred whatl was Tormerly a lelvanelioe habitod, Whether or not this
change 1 the balanee hetween the fwo species 12 0 permanent o @ temporiry
phencmencn could only be established by leaving this valler untreaied for a
wrind of vears, until any DIYT residues on structures were reduced 1o cerlain
naignificance, and fabrarcehrae bad had several full seasons Lo express, 0 conldd,
Lhe vitality and ageressivencss which Tormerly characterized it in this acea.
Thiz will net be possible sinee che public healch wuchorives considered  the
talinein hasard too great, and the valley was again pud ander treatmoent following
the compledion of the 1952 observations.

"
i
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That changes in the hydrology, through drainage and diking which affect
salinity and other elements in the larval environment, may modify the balance
hetween members of the Anopheles maculipennds group, and in consequence the
malaria picture, has long heen appreciated and eloquently expressed by Hackett
(1937 and others. With the rapid development of a differently oriented attack
on anophelines and malaria through the use of residusl insecticides, the time
has now come o eonsider whether this chemical attack may not also be 2o selee-
tive that it too would result in an altered balance. In the present case, the
residual population of what we call labranchine at Geremess and in Sardinia may
now have as its normal biology wnd mean behavior pattermn a way of life formerly
followed by only an insignificant, and thereby overlooked, fraction of the entire
population. Specifically, the present labranchice population may not regularly
invade hurman habitations, and the adult habit of selection of oviposition site
and source of blood meals, the larval requirements for development and the
ability to evade predators may all be altered. If the control of these key functions
in the life of the mosquite have a heritable basis, as is likely, then the present
residual population of labranchice may lack the genetic materials necessary to
express the diversity of habits which resulted in its formerly being the dominant
anopheline,

The selective action of residual spraying of human and domestic animal
shelters in killing that part of the adult anopheline population which habitually
reste in these structures is quite apparent. This phase of the eradication program
would have affected the great bulk of the labrenchice population, only a small
fraction of the claviger population, and Rispaniole not at all. There is a less
general appreciation of the fact that even wumiform larviciding of all water
surfaces would have produced a selective effect on the different anophelines,
because both of extrinsic differences in the optimum environment of each species,
and intrinsic differences in the habits of the various larvae in the same breeding
place. The larvae of claviger and hispandola are in situations where there is
water movement, or at least some Ireshening of the water, while those of labran-
chize are more likely to be in still water. Larvicides would have been more
elfective, as o result of 2 longer contact period, in the latter situation than in
the former. ven within the confines of a particular breeding place, the differ-
ences in reaction of the larvae to disturbance of the water demonstrated by
Trapido (1951) would result in a differential exposure, with labranchice more
afferted than elaviper or héspandola. Thus it was shown by Trapide (1951) that
one minute after disturbance of the water surface, only two per cent of labron-
chire larvae remained submerged, while 36 per cent of the hispaniola were
still down. In a test conducted during the present study one hispenicla larva
survived after being submerged [or 75 minutes. Thus even in the situztion where
larvae of both species were in the same breeding place, labranchige might well
ke more drastically affected by larvieide treatment.

We must recognize that the hehavior of a particular mesquito species or
race is not rigid, but capable of a “spectrum” of variation, and that this varia-
tion is genetically controlled. The selective action of toxicants on both adults
and larvae would result in a residual population which differed in its mean
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behavior pattern not necessarily through the addition of new elements by muta-
tion, but with the original genetic material present in different proportions.
If the selection were sufficiently rigorous and long enough sustained there would
result the total elimination of the portion of the behavior pattern most susceptible
to chemical attack. In this situation the lifting of the attack would result in
the mosquito no longer being able to re-establish itself in its former way of life,
sinre it would lack the genetic potential to do so. Were the chemieal attack
only incompletely selective and not sustained for long enough, there would be a
gradual reversion to the original situation. In this second ease, the factor of the
increase and competition from other species would retard the rate at which the
reversion would take place. The one-season study at Geremeas was carried on
long encugh to appreciate the possibility that one or another of these situations
may exist, but not long enough to obtain certain proof.

The important implication to be derived from this interpretation of the results
18 that labranchiae at Geremeas, and perhaps elsewhere in Sardinia, has become
so modified in its behavior that it may no longer be an effective malaria veetor.

BUMMARY

In the absence of any treatment in the Geremeas valley of Sardinia there
was no build-up of the population of Anopheles . labranchiae either as larvae
in the vicinity of the original focus, or as adults in human or domestic animal
shelters. There was no significant diffusion of labranchize from the immediate
area of the original positive to other suitable breeding places in the valley.
The invasion of former labranchine breeding places by Anopheles hispaniola
and the replacement of the former by the latter was demonstrated.

The factors which may have contributed to the replacement of labranchiae
by hispaniola are discussed, and it is suggested that the present residual popula-
tion of labranchiage may differ in essential behavior characteristics which would
limit its effectiveness as a malaria vector, but the study was not conducted over
a long enough period to establish this with certainty.
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