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DI 1i'e C4,11i. l 11c'ii~ilC.111Scl-iCiiii d \IC~iCi I fP 'lii A .dIl i I '1; Ill . ' w i ieil z cic 1 

'n InUcici.S. Dmlc l i t )IIjiic,1t. d eLiI 111,1\Vii'-CjlIL.ilidI (WZl i 11c1112 r~n 

Illi erv,ttorti ilic ' ii iiii o'l~ lila li P. 1111 ItoUh.1t Qi /4110 kp ii t hill~t 

tini l re e t cas he( c te Iir ( Ii ll "CrrIIl t I Mliill IjL!;u Il,- LItiria)(11C N-t 

111(h1111i.I 'o e lN/k 1:101 .II i oth icai 111 l ise
iti tliesI1rd \ir 'Lcv01 . 11,111- il 

liNh s\%.IcN h\cr KseruIVIrC.L IL 11,1) iltlri tvcli ma ll Ilnois141.1 I u It h t ile ktitlic. IddI h. 

I IC I I 1111 It I 'INhtra0i I ),' . D :'i~ ell IpI Ut IdC IrCLtr0\itih IC \i 0 1 1 c II it; I!tisn 

Nluito olicilntie kicl' trpsicprcct tic\trujpiicist iht.ri ci. 

htI recent~ ters tii Cetr fodeliseic WCiil ( DCetri ) itticr iiit-ic 1.1,tnL1 

SOIncfSih IIMC IsLlate11,tvpc ant lii. thCd iltl~ir htitfltr I la ues 'takmot 

tdlivel1. rotarv failt ilitiove altraietctl insLcts dil\l into a iloldhilu Ctllatilcr sits­
peiltICtI IMIc Itt tile l1,t11, Wilt this lI~lr!lt l lo\\e\ct.. Ibeetics mid othecr 
IICelVV-b0diCd iIISCCts are CiikI (11,1\%i into Ilie corrtiulcr. Mitrc they Canl NeccIyl 

ihnactie frail e i. qutiocs, inmtkiii aIccutell c01111irid.a ideirtiticAtiOnl (lilticutlt. 
H~ardware Cloth is cilslomilyh tscd it) \'t le;C''.-liicd illisCis l iLeht 
traps buit it is not al.'a tIiskI0I'Vr~. i ellrrien hcld tials If an uiltraviolet 
trap in 1:1 Salvador, or- examnple. latrgc mijiibers ol, aphiodrir scitrabs passed 
th.-OIghei tnclI0.6 Cl11 uMesh 2uards onl tile tp..Cactl ilicd tire COieCctiill 1011­
tainlers, aIrdL ILLStIV ~e yive fligtis.o cIII0Skhliro caitch oil tw\o ,r 

Anotlic. approach to the iitsctts ill ligh ll s.,(tlitorctiltcron Of tiitwtdiited ,L11 
collections isto rCcicrc tire dirctrion of air Ih'.~ 'I his chiatn-e bris attlactcd itisects, 
into a contaier-1 alme [lie ill), titUs dlisc nirlilill't-' ill Ifauut Of 11llstlitoes andt 
Sinuilar Iiht'.citOlit sp)Cciiiictls. Ilic jI)Clcsilt Stutdy \\its mlade to dctcrinfc how 
cffec ti veIY suchi a trap woulhd c;ijt tI iatNIIrcI i n s(J Ili itoe;s.. upih' uJhillanits 



WiedemLann and 41olwl/.V .'I si I istot aulLlts were CxposCd in laboratory 

tests to two experimental 4-waut ultra\Met traps one with a cotm ional duwn­

draft air movement and the other with a reversed, updraft air How. 

MA IIRIAIS ANI)A IN[I'II(bS 

The nlostlilito.s li"i these tests \\ere obtained as pupac froill insectary s:,alnl 

and placed in netting-covrcd Lalln cartons for emeencrice. The adults were 
supplied continllow~v with t01''o sucrose ut werC n0t olerd lood. 'I'o btar 

specimlens with niligt-tinle IC,,Cls o' ,activity and r'sponsive'uess fr use il lluht trap 

tests trinl, regular ,,orkihg hours, the pup:,e and adults werfheld for I week in 

tiler-operated pholoperid coniol boxes' .,t to provide 12 hr of contintUoUs light 

and 12 hr of darkness, wilh 'sIIIct'" siulated at a coV'enliCnt hoLir. The sacep­

iibilitv of the il :sbehavioral cycles of bth isp to such p1IotopCriod manipulation 

has been established, and the proC.L'dCL used Ior enltrannIent has been detailed b\ 

Wilton & Fa\ l1070). 
Each experimental trap ,,as quipped \,ith a -I-watt1 i.13Hblacklight fhuotescent 

iamp with a peak emissioi near 365(0A. 'he lanp \;,s mounted horiZOnltlly at 
the center of the It)- x I2-cnm retttluri trap lntrance \ith a w\ire mesh guard 

immllitely behind it. A (.-\olt I)(" Motor with aI 2-bladC Ilullintl fan was 

nlltCl by a bracket iln the Cvlindrical throat of each trap. The traps ,Crc I-till 
slluLltaleoiuly fromt one 12-volt atito battery. "ran-A. niodel 12RS4P C' inserter 

ballasts.,) \rc used to operate the fluorescent lamps lroiml the IDC lpmer supply. 
Six-volt cr t w\';rasSupplied It) the Illotols front the sttle 12- xolt solIre through 

lippropriat resistors. 
Air lio-,cd through tie downdraIt trap in aIvertical path. .\ seCe-nC' cylihd'(tr 

suspended below the trap by a cloth sdeeve scived as a holding cai.e. ILocation of 

this trap with its liyht sou l near the ciliin, of the test cl.hambCr presented no 

diffic"'y. For conparablC light soul cc placect. an t:idraft trap \\itlh a 90o bend 

was dcsigned. A Cage o f wire screen rein fored with sheet netal was attached by 

a sliding gate mecltanisnl to its disharteu end. This rigid asurbly conMIdb hung 

in the test challber with the iampnonly 210 cm beluw the ceiling. The shape and 

oricniation of the tMso traps are ihlstrated in Fig I. 

The traps rCes.'plaatelv evaluated with 5- to h-day-old mos,,qtitoe, in pai'ed 

,whitC-wallCd test Chlanlb,'rs. 1.8 nmtCrs )ll Cach side. After fhe mos,,quitoes Were 
released in the darkei;ed chambers, the traps were started sinltnellcously and 
operated for I hr. Tests \\ ith ,1. alhilIUMs and /I.AWIpl.IAi began 1 2 hr and 4 

hr, iespecti\ cl., aftcr onset of the dark phase ("r.tnset"). l.o' thes', anoplhclines 

the clfccti\clc,s ol short trapping periods beginning at these fiies relative to 
"sunset" has previously been deMonstrated (Wilton & Fay, I970)). At the conclt­

i)+11w lidine ( ,., Inc., ('oll t'':ille, 'Icl e,sce 380)17. IsRe of trade nanies is for id ntifica­

tiOl pt11t.'11 oilly att dote. n1ot ctomtslilule endhl+2el1¢nl 1b) the Public I :ililh Serrvice or 
tile U.S D'elmiUtmnt of Health. F::-i'l ii,h tl Welfare. 
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Fig. I. Experimenltal traps used to compare the c'fcts of upmard and downward air flow 
on lloSqluito captures. 
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sion of each test. untrapped 1tioStliitOes Wee Co0lHced with a hiaitd-,,ld %:ctiunl 

cleaner provided with a trap ill the intake hose. Tetplllattire during th1C tests 
ranged froli 26' to 28 

The infllences oi trap clfeclielless of ail. flos directioll. vertical location ill 
the test and studied ill aclhamlber, halrier mesh si/c ss'Cere Itctli,lI c\perilitent. 
Tihe trap, wer. su1SllIpenlIded 'lo hlook, in the cenle s of the clianiber ceilings. 
Vertical placement waits determiniCd tle distaMce fro0n the ,.ilill it tih lamp.1h%. 
Iliigl plactment \as 20 cm tirol the .'iIine. iiti'rnlediate IlaeCniClliit. ntidwv 
Ibtcwel Ceilin.l' ai1d +10rat Q cim. and low placement,. 52 cutll ironi the clhia.r 
floor. The hiard\Vwlre-ClotIl ICsl siZes ,:,iiptr1c1 Were 0.6 Cill and 1.3 cm. 

uring the CXperiMinlt it beCillll C\ dit that ,,uri\ illao trlpd ,peC6itn.'s 

was substantialiI higlher in the sll'aikht..passaue ihissidr;:li tr1ap illin ili the riht­

angled updraft nodcl. lo deternillie the cI'eet of ic(ltlcc(l air liloss ml beth silival 

and total CilCh. eah ti)l \was filled s ill ait- to IItt-ohll arialll,:resistor \sir,:d 
in series wkith the itiotor to perinit regulation of tan speed. hi.e lamp CiIits , re 
iot altered. Air fls t)l\t% th the traps at (-. wlts \\as liliI.rd itlhl i vael 
an1enoiettCr and e..'quated at 171 in mini h\ adjusting +an blade pitch as 1iLeL%.ssar\'. 

Ill tests wih I. albimionuw, coliductcd as d,.scriu aboe. tiC p.r.eiI catch MI 

survivul rate %%eredetermitined fmr ealh trap at 6. 5. and 4 %olls. wltiei produ.,.'d 
air fl(o\ rates of 171. 137. and Ih Ill i ' ii. e,siecti\elI\. Il addl itiOn. tile rCli­
forll;illI f the Updixift trap .sas chlcked at 3 wits and N7 in, iiiin. 

'o scpalrate spciakils.., ,r ismug eaptut. the eltii C;iteli \,as cliltoth lMMdfir 

id ito I utiMtt ILittil'l­60t to 90) s.cOmids ttm,rcti phtt ciiltauiir Urstlitlltt l b a 


Cos ered ialhn Caron. ,.I. dbiMl,1M% \\i,st1t1l 1t r'CC 5C5 lrtit thisk 'eC'
A i .lI d 
if' lnaestlICsia aid seciti able Iiloeos eriiein0t tlltlehil the ill\elted fitititef 

sepiratill the two colltilitnel's were claSed ;s silsiots. 

RI.StjlIS ANt) )ISCUSSION 

Silce the tiunllber of ni1osilttittoes \atied substantially floll ote replicate to 
anothle', pt-lilNtage \alues. atler thani actual nnibelli'rstrapped. \\ere taken as 
th1e ba.,lsic datl froml the filtorial expciitlclll. becausc the replicate Illelils raied 
so widely the basic data \*re tiI 'ansforliedto tile arcsihi :icale. 

Rupp & hobbiils (II9Y9) 'a\ piesiotiCisls deVsc'ibed i U)dlraft li-21zltt trap, bit 
the'y gac little iftination about its effLctisches". lil thie ll'e s titdv the sllpe­
riority of the uldiLraft primeiple is evideit. For .-. a'1himwuis (Table If. i,1Cin cap­
tures of fenales bs th1 k.)draft trap ranged fromit 421,:; to 721,; depetinlg o tilli 

elevatiot,. swhereas ,lc:111 doswndraft catches did not exceed 281,. Male uiitllrcs 
were appieciably hliglhcr: to 91 1 with thle updraft triap but ito lii'hler Ihail6505,'1 s 
5 6 i/o with the doss'iidraft model. For A. ,Stc/c,,i (Table II), mlelan 'felilleuaptillres 
raniged fio, 34", u to 85',' for tile ulldrillt trap coipllaieL ssith 290/, to 7111,1 for 

tlie downd taft trap. Male capltures, updraft aid do\ndia:th , sser 54', it) It'', ,,aii9P 

44",' to 76"/, reslecti\ly. 

http:liliI.rd


TABLE I 

Onchiour c!urc. ,f 5- to 6-,l.v-ol adl: Anopheles .lbimanus 
tY uplraft and downdlaftt ultravioler licht traps 

Updraft Irap Downdraft trap 

Guard I otaT Mean 1 otaI MI an 
Trap mesh Percent trapped number percent Percent trapped number percent 

elevation (cm) Sex (Replicates I-IVi teted trapped Sex tReplicat-s I-IV tested trapped 

High* 1.3 	 93.6 94.9 88.3 82.0 515 90.3 67.0 54.4 48.3 58.8 414 53 .9 
o 71.7 69.3 84.0 57.3 401 72.1 3. 27.7 17.4 31.3 364 "F.0 

0.6 	 91. 6 84.3 93.8 S9.7 422 89.8 48.1 62I 56.9 51.8 440 55 
t2 67.8 56.8 53.4 47.6 364 55.8 , 18.2 36.0 24.7 23.7 378 27.5 

Intermediate** 1.3 	 84.3 82. S6.4 Vz.'.3 54S 85.2 32.S 47.2 39.8 30.8 501 38.9 
52., 60.5 74.0 (-9.6 412 61.4 ? 24.5 24.7 28.4 15.6 476 23.7 ­

0.6 	 85.7 75.8% 85.1 83.3 731 N2.8 " .1-1.9 46.8 47.1 29.9 683 39.8 
Y 43.1 47.6 47.4 42.7 519 44.7 16.0 28.1 23.2 15.2 514 19i -

Low*** 1.3 	 41.6 75.6 69.0 72.2 500 65.0 20.4 40.3 22. 33.! 501 28.5 
28.8 68.8 30.1 44.4 500 41.6 q 12.4 18.8 12.5 17.7 441 15.4 

0.6 68.4 66.7 65.0 67.6 501 67.3 . 23.9 45.1 41.7 42.1 391 37.9 
9 48.0 46.6 43.2 47.4 525 46,5 9 15.7 14.9 17.7 17.5 461 16.7 

* Lamp 20 cm below test chamber ceiling. 

** Lamp midway between test chamber floor and ceiling. 

*** Lamp 52 cm above test chamber floor. 



TABLE It 

Onev-hour captures of 5- to 6.day-old adult Anopheles stephensi 
by updraft and downdraft ultraviolet light traps 

Undraft 	 trap Downdraft trap 

Guard Total Mean Total Mean 
Trap n --sh Percent trapped number percelt Percent trapped number percent 

elevation tcm) Sex (Replicates l-IV) tested trapped SC( (Replicates I-IV) c, ted trapped 

High* 1.3 93.9 89.8 95.4 85.1 399 91.0 3 61.3 73.1 79.8 77.9 405 74.6 
86.8 88.5 83.0 83.0 334 85.0 9 55.9 66.1 E3.4 58.1 434 71.4 

0.6 	 3 88.7 96.7 86.7 88.8 356 90.4 1 79.3 74.0 76.9 72.5 331 75.5 
9 41.7 89.5 75.0 78.7 334 81.4 9 62.5 73.0 75.0 64.0 329 67.8 

Intermediate** 1.3 j 77.9 74.0 82.3 85.4 302 79.8 - 64.2 76.0 56.8 56.7 340 64.4 
9 65.7 49.3 64.4 48.3 313 55.3 9 42.7 47.1 46.7 39.3 341 44.0 

(16 	 3 70.9 63.8 62.0 75.7 521 67.8 3 72.7 73.1 65.0 53.2 529 66.2 
9 53.2 51.8 66.0 55.2 431 55.0 9 48.1 42.7 44.1 27.9 408 39.0 " 

Low*** 1.3 , 46.3 68.9 42.5 58.1 504 54.2 3 39.7 46.8 54.3 39.4 469 44.1 
9 36.0 51.5 44.3 42.3 549 43.2 9 26.5 30.9 26.1 36.0 505 30.3 

0.6 	 46.2 68.5 56.7 42.3 500 58.6 1 43.3 66.1 58.1 27.9 450 54.2 
T 29.0 43.1 33.0 35.8 382 33.5 T 21.2 41.9 34.6 25.2 406 29.3 

Lamp 20 cm below test chamber ceiling. 

Lamp midsayv between test c:hmber floor and ceiling. 

*** Lamp 52 cm above test chamber floor. 
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Although the better performance of the updraft trap was more evident with A. 
albirnanius, analyses of variance revealed that differences attribUtalble both to air 

flow direction and to trap elevation were statistically significant for both sexes of 
both s;pecies. Moreover, the rcsults at all thice elevations in the tci chambers 
were significantly different, the order of effectivcness being high '. intermediate 
> low. The factor of trap elevation apparently is one which should be carefully 
considered in anly use of II.StJuitc light traps ilside dwellings or other structures. 

Bartnett & Stephenson (1968) reported that, except for the very large Psoro­
phora ciliata, the numb'rs of nlosquitG.cs caught by outdoor New Jersey light 
traps were unaffxted by a change frot a ).8 cm to a 0.6 cm mesh hardware­
cloth barrier but that tr,,ps with the smaller mesh contained fewer beetles and 
moths. Mesh size in the present experinxnt affected only A. albimanus females: 
they were caught in significantlv grcater numbers with the 1.3 cm mesh. This 
diffeTence seems to result almost entihely from the better catches obtained with 
the larger mesh at the high and intermediate elevations with the updraft trap. 

Only one of tile interactions anlng th primary treatnent effects attained 
statistical signilicance. For male A. sWYph1nsi th1e effect of trap elCvation h.d a 
more pronounced influcnce on the perforiamine of the upldraft trap than ,inthat 
of its counterpart. The calculalted "F \'alutie for this interaction was 3.18. This is 
so close to the 511 level of significance (P., = 3.29) that it doubtless represents 
a real effect. 

The effects of redtcel air flow rates on total catch and survival of A. albimanus 
are summarized in Table Ill. With the updraft trap, capture levels of males 
remained constant, and female captures actually increased with decreasing air 
flow until the air speed was reduced to half its original value. By contrast, decreas­
ed air flow through the do\wndraft trap tended 1o reduce the catch of both males 
and females. L.owered air speed resulted in itmiprved survival of both miales and 
females in the updraft trap,. At an air flow rate of 11 (i mini, the downdraft trap 
had a capture rate for female .A.albimanus of approximately NO'9,in 1 hr. Al­
though the survival rate of these trapped mosquitoes was high (820,o), only 15 live 
individuals would be expected front each 100 exposed to the trap. At the same 
air flow, a lower survival rate (061/) in the updraft trap should still yield 5(0 live 
females from each 10t) at risk because of the 761/o capture rate, Predicted live 
recoveries from the updraft tap operated at 87 n/rmi would not be higher, 
despite an increase in the mOSluito survival iatc to nearly 82,,, because of a 
compensating decrease in total captures. Sustained capture levels combined with 
improved survival at ieduced air velocities indicate that the updraft mode of 
operation would be especially useful wherevcr recovery of live mosquitoes is an 
objective of trapping. 

When A. albimanus adults were dusted \1i a fluorescent zinc sulfide powder 
which made them brightly visible in ultraviolet light, a reason for the lower effi­
ciency of the downdraft trap becamre evident. Several groups of dusted mosquitoes 
were observed through a window in the test chamber during operation of this 

http:nlosquitG.cs


1 AI3.E III 

Capture's and . (irfivahof A. :lbima ,, adults c po.ed for I homr it updrafi and dowilIraft 
uthra'iohle trap.%at vari.les tir flow rai'e% (c'aclu ciny ba.sed onl three replicates). 

Updraft trap Dimvndrafz trap 

Air flow Percent trapped Percent trapped 
(mmin) No. te.sted Male Fer:ile No. tested Male Female 

Male Female Total Alite Iotal Alive Male Female i oral Alive Total Alive 

171 490 273 88.4 18.4 67.-J 19.0 594 316 50.8 25.1 3.3°2." !6 5 

137 527 548 89.6 20.9 71.2 26.5 36S 445 54.1 21.5 2F.1 18.0 

110 519 407 88.8 42.4 75.9 49.9 443 361 36.8 27.5 18.6 15.2 

87 579 515 85.7 62.7 60.6 4-9.5 
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tralp, which had been fitted with a flat, white plastic cover tnounite.1 15 cm above 
the lamp. Individuals which approached the lalnip but mm.naged U; avoid being 
drawn into the trap characteristically escaped by flying upwatd. They collected 
under the trap cover where they made continual attempts to fly higher. Upward 

flight did not appear to be simply a reaction against the downward flow of air at 
the mouth of the trap, however, because tile mosquitoes were not observed to fly 
downward in response to the comparable air flow created by the updraft trap. 

'hese observations suggest the totlowing hIypothesis: upon ncountering the air 
stream near tile mouth of i trap, a mosqttito attempts to evade it by vigorcds 

flight activity. Its \\ing movements produce, in addition to forward th rust, . 
strorg lift component. iI the trap is I cotventional downdraft type. its air stream 

must Uvercome the lift factor in the mosqutito's flight. If tile trap creates an up­

ward-movin air stream, however, the mosquito's; flight reactio:n contributes not to 
escape, but to cilpture. The sustained captures by the updraft trap and the lowered 

catches of the downdraft trap obtained hen air flow was reduced are consistent 
with this hypothesis. Mean catches of A. .sheplcnsi with tile dowIndraft trap were, 

without CxceIption, higher than those of A. albiunumts. Although this seems to in­

dicate that se'lhivsi is more responsive to ultraviolet light, it may just its well be 

evidence that this mosquito is the weaker flyer of the two. 

In view ot the encouraging results obtained with the updraft mosquito trap 

built for this study, more ptactical designs for evaluating tile updraft principle 

undec field conditions are being considered. 

'hese studies were accomplished as part ot a contractual agreement between 

the Center for Disea.e Control and the Agency for International Development. 

I(Esulsli. 

II'LUI..\'C )1 L.t I)DIE LA- DE L'.tIR DA.IN. 

COCI'IOI\ 1)('VPI(;1-. LUMI.\I-E . .ISPIRATION
 

1I)IRII(CI.\' VITI.ESSE LA 

Deux pikgcs it hmi rc uiltrm.tiolcitt soil conipards lansleter cfficacitt pour Itacapture des 
Idiles ,.lllolichIe a./,t111o11 el .- AI..htlot.si ell L55sti atll litt'iloire. C ihaqt e traippe Se CItll­

p0sC tiune -1-%,tt ti\eC diln coiditlit tie 'tal, extlnlit6lilpC 111.11 l aLe exll'clllle ni rautre 
s'outSi OU'tlt Iu"f .';gc c g.i lItgc. tcpciide iLI tll'll u" 6.volts pIhcCine l ii pil, (llol0MIr )C) 

let d'tir ptuIr tidiiis Im do liLduit limit le ctllill tilpe" les itsc.tes. I).tlit pilciiel t.pe dic 

pige I'aspiratiom tc lair Ciitrltine Ics inscctcs %eis le bas dans Il cagC Ce t-.illigC (doM\ndral't 

trilp),. dials tiii sectnd type Ics iunectes sot ill o to irtire tires tie Ims, ',l e Willt ;lVC IC 
COitil doir (LIpd r!'t trap). 

Les Ists olt t. ffClt.ILu , d nil Cs c ialll's a p: i IIii,bl inches de .8 i tie 6ttic. Le, 
Iiiipcs 1IIB ,oil disposces aLtsil ill i.;lIX : (Mi Clflil, hiIt i 20 C11 ,lii, ICpl.lfolld Ib) le 

plus cutlal :i 91 ci tdessu't, dti flalncher; eI (C) I plus has, 52 c 1 itll-LCSStS ktill plineher. 
"oils IVSCssais utl iillioilrctitle le pieC Itlilit;n tl\ dU t)'pIC "ipr1t.hift" liil le meiltleur p011r li 

plisc t c ad lltls iagL, LI 5 a 6i utr. I:s gCS disptts e 1 t11t Lt410lIL lesdes it L . us l lilfl:' d 

ineille siirtsultats.Itt 
ita sur.ie ties inecets ¢captiir:4 0al~it nieillcume daw., le pi~ge tie typIe "d,. ,ndraift", pour 
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une 	aspiration de l'air i tine vitesse de 171 m/nin. En rtduisant le voltage ,"5 ou 4 volts, !a 
vitesse dIi courant d'air d'aspiration se rdduit A 137 c I10 /ini/et on observe Line forte 

amilioration de ]a survie des insects captures dans lepi~ge "updraft", sans qu'ii y cut r~duc­
(ion du noinbre des insectcs capturs. Mais cc n'cst pas le cas avec lepikge de type "dosso­
draft" pour ombre dcs captures avec duilesquel sIe ile se trotl ve reduit diminution voltage. 

Les observations du vol tiesmoustiques autour tiestrappes permettent d'expliquer la 

supriorite dIi pi~ge de type "updrafi". 
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