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I. BACKGIUOIJNI) 

The "word or the: project' e.ntit led, "Hiol~vgirnI Co.ntrol 01. 

.(' I " S;outheas:t was;Sv'hinl. ln:1 milnll is! tran s:mittin Snl ll in Asia" 

pri';nt.d y . . (MJIIt lI [Vai , A ba :, s ol r ofl t he Un i t ecd 

aet Ot,f rH A ePFIi t ii Thati lanild, to ttof -mnor Dr. Nilth 

Iii gn iv II v)I" tW Mnhido li v'r'.III y 

Ro :kp'tI l r Foun dat ion Ctonfertence'. iog m, Faciulty of Octoi er 

Mnhi do IAf niv, ktt , on 5 ,nrvh 19114. The first pa5ymetnt 

th graInt '"C Ityav ilnhlv In thJ, of Science ill 

r nr t i, tf it y, at Lhe 

was: mad" 

I.VlyApril t HI . T]hree t rcc po hvd bIeeie l miltt d, i.e. JLe 

ixLh m tnt re of e'i" cy ln tnlo repoit'[ r yearo rt y o a he al Of 

one,, and the sixt,'h mth ] report or y+,nr two. Tlhis; is the 

annu1 ialt] inli i t.f yearig two covro ill, Igt 10 period fr om Ocober 

I9H~t5 to April I AHI;, 

I t 1 IOJECTOI JII iAtTIVE 

Trhe: nvvrnIl object ive or" this. re.search pr'oject, is ns 

10 1 1 ,w.H: 

. r Lo st udy the e'ficacyt o biologic ctontrol of 

In iis trnn mittiig .sc:histonimintt .i SouIhpn A'in usingin t 

biologic"! agensl.t, n td 

2. Lo s;tudy g .nvtliu variabil1ity or s~nuil:; trnn:smitting 

mchin tos omin.si.s in Sqoutheast As;ia in relation t~o degrees of 

pntrnstv( c'ompat ibilIity and susctr.ltibilIity. 

Ill1. IEXPE"./HIENTIA , ";OAI,. ; 

I. Laborat tory expe,(rimenlts. Tlhus", studlies will include 

lt," biological aspe~tcts' or inivc,:t' andt,s-nail algen~ts ntnd their 

eff'icacty ngnin:st M~ ta rget s nnil s'pec:ies.. The life 



IllI bhw' udietd nindhi I or(, (1ri ose tr ""t l aI 

i t., y
beI tesIteId. 'hi pin-, ,I F I,qt .I I I tik appI oxeimjil 16; 

mon t h.. 

imv Il iol', giL andents;
2. Simui1t1I d i i I 1111uit;. 

field hnlitats.
Lnirgelt .rip,'cien'will be, tes ted in s imulate~d 


Thinz phnP or W ludy will Inkv "lppi~im ll" y H' m""~ithn,.
 

l.Genti dt l teI.3,.,eI i I ll ibi 1 ity st ud i I.e 11,;j II tic
 

il y s I nmi l I ing ist. m ia is illvairi , i I i or" i tr 

d r i I 1 m lit y lnd' Ie or I I Il ltill ibiI Il oll tlol 

i i studied " l1boratory Iuos.Iu Ic1ptib y w ilitb I i noII ii n. 

4. smai ; scalp f'ie'ld ,v×l,,rimvntnl;. Pe.nding. the r.oqull
 

° le
l 'I1 SIIIfr " ll(III IoneI1" unt twoIII a SI[l~ll P0 atbssc 

field i l i will h. ieitin ,. . Th e.xper,'iments will
 

mpi ps."! TIhis lnnL ,ntege of A nldy
inc:lude" only local Lnrgvt 


IIISEAICII FIN INI
 

1. Blio)logical conoll'o of" s..rnil.,
 

1 1 Moll ilkitl 

I. I. I Hiology 01r hinIolog i cal igenItsI (miollusks) 

oI t sp5lI iIs of snails employedIh culti vn. 'tf thtilfour 

Is Iil og 'Ical t Will; toII Oli 5 Ilinued 1i1h5;e2v(e the growth
 

Waten and11 longevity' of the snili Is. The growth tnh]ev for 

tIia frll] nip ti fi name11IS; , Me I 11(1noi II! il l i," Islo t 'C'lI lIl 

Ttrt nl,g It''r , IBiot Cros'tui I os. tiv11and Pil' ampulilcenlJ 

11v0 bcu'n comp lt. Pd tIr tIlte 2 yeir period . 



fourl.e '. I) 	 N.Among the hi i , r iol ogirc l iger, ts, 

tuberculitnt h i oh.. ert.I l ahle to) smallynv tlhe h irv due their 

sizes. Maturi ty in Al. tuhertuls t u in te chvd within ( 7 

months whil, t vi, in T'. gtna i f rn an I1 . . rustuln arv. 12 

re IMvY
months, a d IH mnt hI;, p' It e All thre clies: of' 

, hIr in li," i tory thi 

l) V.v io"un:Ily mv.nt ne i,)dn.( ,(' f I imv,. ,M t' rc'uInIa, 

snai l h i la id 	 'oung I tlht afL'tvr 

o). Fi.') , Lt!e 

yottng wetve laid "ft(. t 	 7 months when th .nai Isa enched th e 

n i Z' of I.2H Cm. in hi I I I -n t h . "o. 7'. g rn i 'rt'n, t Ihe 

youltti 1WeI"laid aft ,' It mouthsf ,t. I; ii (h, :ia i1i r,.nvh ed the 

tizt I im. in Ih'l I gl F',r o tulI,or m tnh. B. C I'; Ihe 

youn g wit e," li iff ,t IH n li h:;n wh,. h"r ai Is vn'hed the 

asize of I.12 :m. in ah.l l length. IItowe.vet , the ,-;an l rIt r'Ored 

in the labo,)rat otry Nt,' Cota id trab ] y :sma 11n; thin those 

ctll tv'd from Ilh fiv.I i. Vot P. nmpnu /l. ,, thp sntiNI htv( 

t10.-1,) 1 e I e in th,. ]nbi) )aL,,ry f)r A.l mn thsli!from)l In,. ( gg 

eeid hy fite lI tt prI.t Io nailt , and lh,,y h i ,ai ihtd egli 

•, 	 z", of 4.,5H c:m. "ft.er) IH' mu)nthn and hod( :ntoipippd inrvn', viing 

tin .hell I nglh, No tg ga lih vt b.v"I, laid in lie lithiritoiry 

1bru. sa)ilIs. 

The deIni I r,ulIs or" the growl h tIltle of the four 

• u'Hei en of asnails a re showti its f , li I 4 and Figur es 1-4. 

I.1.2 E'xpe,rienrtal work on Iiiologic'al control of 

moi luska ina the la oatoiitiiry 

The uxper'imestsl work o" bi) l gi cont. rol oF mollusks 

in the Inhoratory hast teein rOmtl.te t. Since the firnt annual 



-4-

report submilt.i i n May IUHJS, we have ccf.mpleted tihe; r i's of 

the study L.o tes;t the Prffi anry or the bi(iogi calI c)ntrol1 

i .'t'It ng in.t the tnrIgvit ,nn il m ej)e.vie! I l,or iory.iII the 


They we.re. ;t' , ],i
an ws:: 

Con tr I age.nt 'Targe' sl' : ; 

,''" i ',r
";ir ' i iomphalltin giiUnti)
 

Melttnuides tu/ecut'iuntit I. gil/tthtil
 

M?. t'vuhIg itCJm;)
 

ni is
 

pN(t~lPihi.' IaJ::
 

IA thytnia a t:; 


) ll 


Itndopl"""ltrhiN~t v tu-;l. ;
 

ht. tA 


I/u/t ', it' ktll)o'tnsi;
 

itrof ill O5111thI ot/it/il rth iginov'a
 

/ I l 


i'il n amptiullm n . ginh n i a 

or exle aifre wrn J ' 

F i gii ,i , 5 3. 

Tht r-e'm.iul.. of' thl iltent sti 'iTa(bl 5-1i 3 anid 

The, hio)log~riunl co(ntrol n;tudiv.n betwee(n T'. grnnifern,) 

be,in l h liet tiii it,.ui ta R.iaiit f , it F rt. r)11 , tnnItA?.
(ll tinI 


IU~io f c ntrol hl. pInhD ','n (Tlable' A anrd( Fig. 5i-)lbut dlid have 

.
 
Somerll erfeIrIt.s on1 lt popl tilion1 or1 anll th"r liulmn utei( Rl
 

i-u/i 1ginusn.' ('l e 6 afd Fig. "), I. gInbratfn have been 

re' (ntedill the Iaft ornlt a yF r nuberli 'F of ypar nnd they ie( 



5 

certain ly well adaipted in te.rms of 1e inlily andittrlumhb.r"s of 

oft' prinug. It un t l y take s I. ti 3 molt t Itt; o bec:ometjli ntii , 


fully mnatuire,+ whl o]< it tntkv"s 1/' grxenltft." 12. mon)lths; ito reach_'
 

mt utl it y. I ortl U . Y i i inoi"tt hp I pit into ,'tn ino , thely
, 


I ay i of I h thus no I is;tr 'Ird I l natg Humbers It" ".iI it ih nI 

ad ult Si, i V d,li,.,l. ld ''ii 'Th, d tstW h in t yount i nails 

reai "I' ,ttt ii t io d ie"" I i I they e'l i' -it ai ttt.z the y stat 

,I&'. lr u.t , rub ii, livin g w 7'.c H . g i n,.- tg,.th , i t h 

7 ) / iid wvelilt+ L a ny in It ht 7 .. not oft r . could thait 

iat' t..tvd t,.r it IV ig, lttnI I;in v c I o I '1A overI' 11h ' i.10), 

,'JIp,vinlly ol the ln t iit i,-l Ili oiaitythe ttarget s ails. 

TIihi ioloi ntirol udit s' hplw M,.lilttu rulai. ,
e ;coi tsi v . bt 

beting t et c:o nti ol t gvno , . nI B. iptl' t (' l e 7 alt d T lei 
.
7), 11. t'ubig/inoqn (Tale+~l: H and Fig M<), II.s'.g+,nioma tlo.
 

('' bl ixutu bl
9it t I g. tT Qt, . il':I i.l' tt0), 

t 'Iii t coull t ot tlte itlanitrht snai.lllIt+t, B.It control s 


ilnbri tnlii . t u.'.it i.They lap' en ly some oil
aid I . i had cnt l 

OvI M?. r. igin, . Fo l I..a.12 atmi p'i g/.;, v toi gh the 

Liirgat AnI[ili ;it I,oil < :,d in lrbh iutsee dlIt ir' , thv !
 

c:OI~rl) contallilnerl of| U PJ¢ tlarge,!+ .nnls+ A s++to be~have~d in
 

s;imilarI fashlion+. Hence<, M. tuht.vcul,.ta and~ !R.s. goniumphailus
 

Tlhe biolog~ical c:ontr ol nilud iv betwee-'- I.C'. C:OM.Mt ,
hB ] 


being: th,' control a genlt, alnd A' rl+/ig+in+oa;n (Tale0 11 alnd Fig, 

I11) andt U. Anporen'sis; ('lTable 12 and< Fig. 12), be+inlg the 

tLnrgp,+t spec+r:ies' hald rve av.le d tha,+t A? ruhigfinas*n I li ing 

http:tuht.vcul,.ta


ug Ih vr w ith tLh , uoltro)l "g l , Hl.V. C'OSI;U/M o)r' nlIon(! 

hehived in .'i i iLr tsahioun i.,. Ihi iidlJt sLa ils woulO d s+tart. 

to Iny Ia IgE' ni mh.ir or ai t hi di i Tlhe<i'' v g id ii d ". 

ofsljt'ing at 1o. vuiigi no;, woulI grow tt n ii t nIna i i z ,, 

th n I" dit I iit G We,.ks. th, Id m.fLtairteId orrf I; At .ii or 


wv,vkn I h,'lr i-'" l'l "ilbv fv llRlll! )I .
 " ( i, wv or't, l'u/+iginlosa;l
 

I IIlIl',!. I. . C. iC.I y an M . ]liLl timL. . did ""Il i.,m I o 

it er',ii t with 0oni' Ino)thlr. 

The biolog icrl coint r l stludy hvelwecpn '. nmf ul/ l eL, 

bieinig he I , 1B. Vii to livi Ii i, Lirgi;t.anr l Iag'l aind ,jiil t. 

spci ei n ,,'t Ld ,,.ry ('lutE l Ia . M )II Eiveniirmising I[€). 

th itughI. l.i//iio i (ivld ion! ,',mpl ,i ,ly, bi Mh+y, I,.I 


of~~lli' l !. > 
rit l" ,i tg/'.at cou~ l h an'+.an arh, 'i'det
(i ll+ o n) B.l 


cit" I/ i, limll ,iI l / i ~l iii +i cllt ii I
]l 'I c/i f1 i(/it'it Li I<illI t l .1c' 

i,1'l ittfii I l 4*li mnnsvn IIIv B. iiilht hilit IL +it tidyIi" egg i or . Fl/c 

i ,, teililIy usU ig I.usih nimui tv I'd jiv I idi t idiln, tlLin beeLn+i 

Inlviv s ilQ llid. 

I I.:1 IxJX l lli l ii(l L iii I i'ii (l"lI OPlU i I li i i iiI itrial 

mol lllsks uiid ,r ,imuiltild I'i,ld . idit iioins 

Frl.i imullutic t~ld ornldil lhe ei'trifrmed

+ fi ilion t, Ipul'tii g was r 


tli dv lie lilat i E i st itioln. taiiIii I .dy, it AE smlSl IIIEld Il . als 

+niiL" it ii g i t lEt ILLg Wiltl i Wi t i ciii; Liu:lt in s alit wHY 

hal; thP expi'Ii t&ii Ligell; alnd target :pe'iv.so We"r: not able 

ti (I LL(C f 'M 

http:pe'iv.so


'T'he I I ii gn.swere done in e(tmenlttnsth.s; with the dinetl (rI 

-M. th, Th,+ L aer atedof HO , id height of : rm. si were t 

f' t s;I IIh wuIu p II t ; n rocks; order 

nlil. lI~tv' the l ' 'lbv,ili be liol 

IIi-d a; w I r nd i u t o 

nn;r q h~tb)il"tt:. " lftweenl tgici: 

agen a I tiE ligtt species:t was l lititwwi:'lit t as 

C(nlrtin tagien t large,t ' eri tI I 

(3 100 

50 50
 

100 0 

Contrat!.I (ig.nts wir T. granilft aindhi. tiuherculttii. 

Fotr B.c. rostuln nind A'. ampuli/mcmi be ing (utintrol agent.H, 

w i rnit bea~ "mvthle [a I I g a en oi 

CntIra agent TaruIgetI puW: Oi 

0 50 

25 25
 

50 0 

Tilte tllrge it in,. i s; were,: 

ntH. gin' Utit 

.Is; 


I?. rul, i g ino.u
 

"'. "t r'I
 

I. I' I 

O.1. qutdrts i
 

t.s., gotti ump/hntl ns
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'l'hO ' durt., 33h<,'V3 InVV t. y r"13 I fgeneral p i 3)o1 33 i"" 

bi3llI (I II ,,I, I and Il j . it! .3I4.,1woI d weIf It I Y wit , Ihe,lon, , I I e 

cou3 int ,orf3 thei' " +ill oIf s r:ing wni; do ne, hiw,.,, ly. This 

,original 1""~il' w,-i,, m~ilkd with fing.,. ""il po<lislh n" that 

3h3 , | c11. 33l I-3nhud Fl3m h3o uld1 be'3 3 Im. 

'heI1f × , imn"n! hh v1. hW e. t1' 'h,,l. d f r Itotal l3'vi,3d 

t

I'll,' I a " r' h3. xp 'vlmiti'lt "le shown 


l331tl(3' 1 37 and Fig,ri.Is 14 17.
 

o I Ft II iit I h ;. s'13alI 3 the I i i 

llro+ti"+ 'coslulnl cos:tuli)
 

Er: [33 c (1 i gillbltaon mphtf 111 1( 3. 

TI'm resit .of' th b iotlog ica co31nor study betwe B(03i.o3 C. 

ico:;to.. k:It,trol It,! / . g lab'n tn "rg: I ) s'o.wn i3 '"Tn I e(L. is ' 


14I ""d M g.'. II. TOhl ,. p, i im nlnl W.n',t <' nt"In,+d P'qt"il
 

33i F3Ir'l"of . tI t and I. M( 25 ut'r gB,1-1., ro3'3.'; g/l.'ab3 '33/ . f3 ). i I he' 

fi rst: 2 4 mni~th s, the I nv l-'l .,ni i Fr;.;ta t 3'., In '33 iplIy t(o a3 

lareI: 3333 ,,.i, wthill, "r' Idid'r i lriIuI 331t ,3 v, ""Y33,1 '333I' 

,3ft':;jr' ing. Aftv'r 5 w',vtk ; , Fh ' iu3n33,3'r I1 :ti g'It 31F'''n' 3i:t , H1. 

I t Ft ' I.I 3 Id F (I33l,i ' I 3 ,l I 33,33 I a g , i" ,1 I F n~W33 

i.? con'-3(l tI' "! 33 1i3 li ly V tn3 l 3 lil l , " nd F H3' I h3 333 i 1333. wai 

fil hr "hs:;+lV I l, lvV V , III&~l thi, ilntrlol age,,nt, B/.C<.tr h~ 

('(!l; I/u 1 ' i II nlt' i lol i3 h3. , producin g 3)t ta f d pFty v o 33 

II t1 i' o!;r .I( I3:n . se lasona thI 33' FC' dl l31 f' i 33 h: "n:31 t. 

+
3'1 ' 3l(3313l3 3 3333i tI" 1!.+'. 33:+;t/313 <,~lt Iii+ h,31133' 330(3331 1 3333313' 13( 

i, I, 3 333it No 333i3l1'' l i 333.u 

Si3di331 'llIlit b lwep'n XF rt:c l/33 /a gl/33/,31 Both 'roI 

13i331 lI i"Wt.1 .:33ti 3. 3 3 Fl 3l3li ,'n 3 l .i Weri'3 

. ; '33331. 33' 3. co l 

and31 I 03' snat , 1. tepar w+i mno:s tly a,live,3,t 3') 3 l-i3ils3313 333331nv tiply v 

http:Fig,ri.Is


with+ anz izzvrvlnv* inz the.ir nutmbers+'. it u'nnx be con(uztclded thazt. 

W. C'. .. . tii /F wasiZ noIt n" l , . . t 1inl al Cgi agent+,co)UtroI 

For H. e l lt/t'lii. 

T'Iii I,''; ii I I , V I I' 1) 1,. o I I ( I cont Ir u I s I ii he tIwe n B. c. 

'.; tt u in ('u ont iu I ) i d I. exiu;stus (l gL. ) is '-hown in Tab I e 

casL'tul n 25l 1 . exU.'+lus. T[wo wv','kn ar't ,r tLh, inii atJLion1 of'"d f 


I N' it 'I I air geVIA I I iri CF. i f l" sl/hI "iiI I d 10 mu11 1 I 1I " y 

(I I~v it A F1 1 mon I Lifliib 'l I iii 11 1 hri i i i il if lv V ' or 

11,1I ,iI ' ,I ii I , hi i, ihiIi r i .l, ,, A h 
t 
i ,*.b l Io i t , Ai Jii I .:. j llt to h. I 

I v ' ! it o' tp! , I . I i/ i;t tt i o,w i oip I' I,s lrk 

matul ity itt i ' h ti I i hi,,ndi, Ibgun ]'ltl , t ils of'"A mIont. t rIad 


t iii ji'" iii! + 
) il

p ' '' . ; i' ( ; i Vi, I ! i .,' I tui I I t I' h;'i
t ili,+ i ' I it W' 
noi adult ;;ilgW
s )inci t t l .Ili ii ti ut I lh r i ) 

]++ft in thp, ,. -:lrimWil] lnk.. TIhorp'+ was, s+i, of 

biuth ,ii t ilv . 

no +ign, 


thp " gni +t l hvI~ tnrge..(ti,,mpvl it i"" ",hsr,.vv d bv'tw,',r nl'<l ;and I 

h;I,r - o'I . l iw'v,'t , i ],. iotid 'i, I riitm,'h u .i t i b , em;l I , hall 

t+ 
azlways bv; ig~,.+ ll r lh+ n thazt orl 1hv' t1"rg:,1 appu+i,'.. B y Ilh 

+ h t nu h vr~l or B. ct . c'+s t u 1, " f':l~Fn r w,.,/ .aso)lF li()l~1* 11 d H+ 11 

* Im o Bl I f vv+ tim,., thp n~umhr o)r/. ,...+::t s: off:;prin,,. B o(1th 

mrit irva I vl d , i t t I pIT 1 il r IcIon i t ', I. 1 I ' o.' I 1 i ii" 1( It 

ih()m rt tatli i yereproduc(iiii:t i VI' ji)i I 'I i i liii i IIl ,'i' ly Iowii r' i 

,F It han I li, I I "prt ivs, . tv lLs I ;. 



,rrcv 	 ! "u i x.j rub.,igin iic 

The-" re,.;uil nf the hi (l gicil Ceontrol ;tudy b lw'w nI t.c. 

cot;lit/ A (u ntrol) and h'. ruhiginos ( t trgvt ) is sthown i n 

iT'bl 16 ai i Fig. [;. [h' e xl,.r imcr"i l ,i uc!"iiintI d 25 

"S ittand 2- /Aq iji'ig tlc.';c" t I cc icicur 

Ihv initiat Iccii -cuiI t ,iv, . ic I :to iply. 

ii. C ('c.*;t . ni 'r "'' wiav,. a ilte,r 

1. C'M(il/tit " < mu clt 

ilt' Io (V 'Ilr'WcdI " tiI young ,, C. t. ; ,uwas ctdu( ,d in 

IIIIIl,.of un l I 1 1,v, ow il1 1I /' + s.fnb l,. lh,' o .,1 , " 	iv,.ly, by ,ndl r 

montihs,, It .ookct U'. ru i i tost in Ih,. , p::,,r ,imint t .ank 2 

mnths to jil ili y, biu tho' num , , r orc'".swi"gp i lcpiI)u.tcc 'ti wus 

Lth 

IJ "t - I ge an t ,f . . C , /f" W At t I ' 'i d of I h,. ' 

t ti' liltI cr ,, .i , a ii I o, d iv M I yolnlg "F X n Ii:,i ; " I i "cr 

whinI, th.o, or Bt.C.. ,'ositul" :Pllm t ll.I vld lI vvly ,; nhIP, Bly 

lhv" vnd orf H mnt h l,,rind+, lhtv nulmh .i 1" BS .C, " '..st iv ,n +nniIn 

So IIIIi Ira-ii.t Is,' II t h.o In lm I I a 1,'. I i ,t. I' mo tIhy 

II h ill( i Ihi ,li i ,t A nIwil o' ri. Ihi, 
I ccii ccInpv ipsit :, AI c. i c s 111 iv cc I I a t 
"1 it It aln I n i (Ih , tI I I 

in c mos i tl d t fi numberI 
ci I i ci | j t Iiii t '' i Ii'l l;;: i;i i d I ul l' ft iI I c I nbc'+(4 itc ]r c I i ci l . 

Al youngli snil s~ hv;l hilid. Till 'xpl i mv"!lllihas+' inii r"Iietd tLh(! 

t vt t o ",c i u ti l/ "h IIl i h cosi I "I I y C ' u In tv t . 

iii g' I"lill rt, cIn a dic i I Ic1 , ic.'. ',c';t l younigcll sI nail .s v Loctd 


i vc c I cc . ! itinv to 

t tv'i tl I nrd c mi c I ci i tuI li-c clii ind/ tl. r i b 1ii to 

w it' t id icvi vtni' Ii iiv i iio'nl r <c n tif t.linI , t I hI 1y. 

h Iv' ll I s'i rc ii I ' 1 ' or u/ c ccIdue 

Ib1 


. t ir e" Iln tn t. 

piit, le _nit s K . t1BI.c.( l'fntil"I , lili iy sitnilyc'I Illidr' wtLUt'Lr iii 

t." Inarld whiet RI. rui gin.;i wer n lhhc;t. I y ut. L ie water 

tub icAl' t n"'i, Ow i , Ilt,' ci t" , ' "c tic' titiI 

http:IIIIIl,.of


- II 

.. j1( P~lil(l Ii (Iil I ~t|W.(717i1 t hl| (. t W( 
5'l' IdLIII'I II II lb it 

LItli I I117P I III t 

l . i'e It 7on111 . tiiL 

of t tr o' control A.wernd D.C. 
TheFi.ul.
I nii 

) l i w T17i stho i.

I(he 7 L ILI (InP t'l (t71 t 

r 'ot lit I IL Li I . 

A
II . co. uln wainl-ai n I ogether with11. npetit 

and F.i . 17.. 

ie raw1toI duo
Thi i n l t hI 
ly youn111g "nai s 

III i 111did no j co 

WH K init iald, 1.C.
 
Ih t L 17h IliPt 1 XII' ' 111111 11II I (Imp ] Ic1" 

tptl "i ii Ithen. . 
'LI).S I .1I IIr , 1o1 11 1l pI I' ,'I d i 1l III !i It 

II Ii 

e It okLLaIn in th,'lcontrolI tank il.ved in lar 

,x rl,,,t1111 


h I ity and 1I)
very h i gli IL)rt a 
lan hI1inI, i . . they had 

71. nlI" IrLuInd in 
Cos'L I U A aindtI I " t r'v, I 1. C. 

lI.c. ('1.71,tul/n/ I L l ounld in i stly :flow 
tir'l', ,'p~l habt at , B 

,,In r(ound1(1
l/ ,r' wer-e
P s.

% I fL! n'dLI U11(,,1 I hL 7 I li . 
I l1111 i g WIlt or 


1 I'L lI ttiI I h,'l thwma ,lv ' tI th , 
ItheI r ivPtI w ith - ,in 


nLIdthv wnt,.l in quite7 L oLI mos t, of 
r th,' rocks;
ind L'.;i 


i udell ,.1w 
Ly I'. /fL I.4 ,-co.; I: I i t II 'I 71L I I he 

t Ih"' 

"Im

* r t ll,.wvv , the Iwo:
 
itndil i,n Ih"" A/' u,


sitmulator! K'vld 


l "t(rIct111 ilwth 

or' s- didI not nILI ll I" iniLL III I. on" 

H a l ' i ()d "
L i, s 1 €1 Lll 

tp r
PxXl"~ i if
as; obsu;rlvad durving. the' whoi,r 


nin'Ij.7L L/I, if.L 
EffecIIt onI OnL'omunu'1 ,i/I hIp 

I".c.c.o Ltrol tludy ILwve.nILC

of Ih I iolog i'al 

I.dt' ( target ) in 

Th rtesult 


shown in 
:ostuili (control. .nda 0. .. l :;i 

much :sim ilarl to
'F LhI
ll, 'IndlLI.datl prsri td is 


'Tabl7 IRi 1 I" g 

. I .o. u. t?l anLd O.h. 
C. t l/ n1 .L I '' . 1. 

that of I .
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,iitutdr i I i i d" I 1.f lii I i t, . iui!,itilrj lab jI jitB;. C. ure 

uqua t i In and 0. h. quast, dru mphibious in t in r,1. Whi It! 

0i h;. a oi 1 dieIId .,lt"" '1t(i i, .i . 'ed ai Could noI,t and th w e 

I1(' I itt l III, : fi)I Ie a!" l t Ii ,.I1 i - I lit 1 I i uvl v t I r l P!;) 

well(taI c icementIg i thB.Cintvrrl'Ii.' |(US~IiMwi;hlt iicn1pI) anot)iv herlIiHod. durl ing|ollu~em~hathv, 'xpvrimllW l pe(r'iod(. 

e il -lotMi l study bbre tween l.The[ te'ult of" the ,v unit n . 

'iiii 1t. 19 4tl c ti . ;il mili tc th:; peilimcentiitl ,-,,iu k n l1. u.ce 

n t* I. ti c ; Ituc/ I "v ri 0. h. quI i I ,cl l I ~ i d nu spvm~'i t 4)i 


iiauiilce r ut c; i u!ol cls cIa':' on lit I)'/. is i I l ie L gic . a 
cos I un/a Id t; s. gat iomlf As wns in ti a t w.enr ' IB.c. o.s I?.uI 

Hf rI t B n s goi i ne OI ty IfIon i nI cilc I o:h dis O nltju
were'! nurt inl Lhv' br"",;ding;, nv tson, Nv.ithv.r B.C. C'(OSIt/!M "Of' 

1;.s:. tgnit /ON ip:"o(i t1 m , toI It iomph/ hu,1 the' Fi' m,'t l',l d t 

v :lr'vli" 
,'  Ilh, in;wothl~ t,,ht l sul I Val thltl . 11l*.I nl I.~ 

B.C'.li t Iwni ii sfho.we!bI,tnt,-irngo fIt anc ceBIs go iip a" illW ing./rg tthll isti n icu;tIf" hh cotCos.t; l/ i lt" Wil!,t l ,t 

• vI7s1:oI1 thel numberll~l ort B.C . r'os;tulnt woutld be f"ar1 g'r;at ,r t~hunr 

fl. 1,. vtor1 ij1y an gofnio¢mphnltoN;npprt vyp a.'hiyLh,.irccii I Cultue y tth"Il i,., B.s:., Aw ",i t due.hI in rit nvnvivipart/i rc; Bnnd]( 

bett er su'v i vnl r'ut t.. 

HOMO~ ,Osnibility as: an, Pf.t l', ivvr v(,mpetitor in c",O ntin tLylpe 

or hinhitnl. The1 mnj.or ra l.C., n .fwl'; I;voting co-;tul s 

rtelntive~ly low morta lity W-ltv., Thery se, lm to ber abl.a Lo 

c:ontr1ol lhv lpopulat io= or ipulmo aL,, .nnnil1', 1. ex.us:ttu. ;tnd, A 
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rutbigi )(.sl. II(nw~v(tr, thiu is nout the c ;e For BI. g l/Abr"In. 

w ?o; tul Iain, t er reie (iese Vod hoLw"b n M'eo.. n.idThe re wt ni 

T. "pe'l, aind O.h. ,qundrulsi due toithe di'rFezent pr er ,',ees 

in hi t In.II t 

Err'v-! on lBionphnl ,ria In ialttt l 

The rs.ull tr the biol(ogicalc ontrol study bet ween AM. 

Icii rculni/ I) an(~ B. y inhunt aIurge I) i " how" i IntV iid 

20. I i Ih i C'~ n "C nn vili litCIini g 0 )Ta C ',l nnil VAg. vCCin i 

nnf.t u f 'n On"Ml. tuh,,'''.lu tIa liin" i 1:-Ih iiI 551) Itn / ' ,'N(C "i . ,r 

Iqn'iln pily .,o t hi iCt ;I'; ;pVi. i "it (C it' I bi t u lti T o 

" i Ci " uI ilt 

(CIC]|lICCi C I :; v lit1" C, i It C) it tr I I V tit C.; 

,';onit ty " young . orC h.th v1,' Ci,' U 'Ci, hut Mie y 

';.i I C i')lu ! I ;iCl{ it i I 

C toII Ivle iitilt *,*j ''C) nts (tiiip.pv t (1 CC lllih; i h . , I( t i C 

t 0 lliC !; t W ;HiC '. I, lh ( ( li Cl CC iii n InCi g' Ctioi'gi t .n iiv I , i 

I y 0
0n iiC molit t i Ilf el separ;i it CU it ie I wv It . (tely nlivet i. h a ii 

I "CIiii i s i nfi It iC i i i Is. C'('i" he C C' CII lthat Am. 

I l /ti (,'l /'l/ C itm l it itI lii t ;Ii ii (Cli t l ii) I'(2 iiI i t I np it fit ii1" I?. 

rag
-cu/lab,. n 


1 '' e' o In/i Itt/ iii/ 1i, -' i:; I -v1:;I I]:; 

The 'esu l. ,of"the biolog ical i:,,ut.rul s tudiy bit ween /NA. 

. a:; igt is iiwni 

) II ' In tv k ctontta in ing 

tiit''a/i v I if n t C, it t I tlhu)) . C'X )';I a ) s i n 

T 1( 2 i ,I Vig 2 ]. th ,'×lCC'I i ,llt;iI 

I AI/it, l' ii ;I 1 t it -(tICCC1 5tt C -t'IC ()t i i IVii :, CC I t'* . t I i t l 

the
mul . iply muichi Inter thlri [. e t s. ix WCIks afte r Lh 

ft iial ion of c Iture, 1. (,il'us.f;u., iA retudy laid egg mi;n,,its and 

http:tuh,,'''.lu
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p'oitd i tu i 'I'pr t ing, whI Ile it tri k Af. Iut,.r ' ut It jimo.-t 4 

I 

in thni to 'stnrl- ptr~d~i ngl ,offspi ngill. In n"ldil,on, the: numberll?
 

pr'.v y 

I t IUN.• h 

ii!"t-rap in I btlito~f. I ittit' t lti ti I van tian I I biy 

t ll I tt tI I " i In III iIII i oil-;U; Rut 


P wvi an i l -Nil in:;t',tI t il y WNFi' II til; y M i t;I il t V; t hei 

luded Itlubvrtt iiilttit might 

1, iI I I l I l l ,! t li tl I PMtI s i I 

Illtutui t . I1.I c:alli Ia e Iv tii t of. l not. 

ait l ((iii tin " ti , uieii to 

thir Ii w [ opolrit t nt igh ality M en.l, thanrtt,i it mort the
 

li', t "tll 'itil IA it/ itSi 

Thel rIu, t. t i l ie lii.nigi l enyl I studly ut.weet Al. 

t iberrt'tiulit t ( niltrn I ) and '. rzthiitgos" (t argpt ) in ,ihown it) 

lihl 22 tld Fi g. 2 A22.loe , K tlheria,'litt heweeI;, ivi I. 

p ri I l| I"n at, i yInI111 ex menlt "r ii R ,, i ail i",t I 1111 p y 

n li e itittitfi of y Vuiitig s i l s ottiiim i rullI v v- Iy i-nntf tint 

die f Att the I'iff of H tperi d, U Pt um oli /t.
At lii 0 monIb 


i-u/iginoo was ayl f $ d' i- tihe cintol i si l 1s
r4vi ir't i ttitttl{' 


illniti ned A Iliivwvi mit wt I ly i iv, h i c ilii
it an ni e n Ltheir
li-tlill'. t l i t; u-dat l l liii nilr I i aj w ll I r cI ~t' t;li tout t tdi,. 

ii tm!r ThtIn adl It lat iui a aai Is a inta inedu a lne at I di Vd~i 

bt l a a g b -I, II iieoft ti tilt- Y) Miu S;llasIl:a Ii hinI. apparet 

Ihalt Y. r'h i/,tiou ;n 'aod I twitv g iwI h "lt e"gg I ity i ig r;iI s when 

1 enitipIi t iot w i th M.4f itteiuit i t an ai when mintit tai d 

aIo.itt. vn-n t i nleo tt- f ' vew Is lti4 it-to t i llr nlw.-rtiii e! ete 

i-inl l andit t to pee i i n L i ivn ri',ferenc ht t fe ioI [ 
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c,1 icicb i I"ItMl, ,'. cetc', l"Ii s till eshcwc.cI gred ier "dnl l n 

hility, hardin ess an ciidr multiplir-ntion. 

t, "feet on Ti-i rcu In "cp, ('a nnd Oncomp-l uinin hupensic;s 

q ciacit'as u 

The recsultsc i lhe Ihil0 ngicicci controln :tudy ibe twecen l. 

luli e't'culot'c (c cntol ) cnd 7'. npcl , tnc (taccr' get) i c:cciwc i i 

i ,1c 2: V . noi If, t wc-c' M. / iii ' ', I /l,'t l ( cnt Ic Ic ) 1 1 ' an I-g :!3 


icnd O.h. ,ult lras;i, ( t l) i ici'n c 2 a Fig.
t'cgc .cc cchcWcc c, +1 d 24. 

After Hi mcnccth.ic;, thi- result s w r . is fc,l I cw; I',I Th,. lac get 

cci A ,i c ic.c tIl, i, p 

By Pod c thich w , o 71. 

,lc T. ucjc, ccl a cni (I.h. l stci cc d ,,fc Io tie 

011 e cnccuIc. I I c tccl" HI Mcl th, 

c--cc (0. h . " pl -iti voc I I, n I ifl wh I ' t 11c - w ccI I I N, I r ic c/iict: /FIts1 

cccc i i"c p i- ; c-it . (2) Tlh, ic-'1ci"s nctccc 1.c did notc_ I repcrodceJ .ccc 

(3) The conro l !:n ill:., M. lt, v ol I Ibot++1:1'h mani n~~t v d n~lone. 

or ) 'oic t hcr c ,ci ccccc I i t-c t. I c,,'c/c c,+ i c c I ic cc cc-cin I crgc 

wi ' V i i t |cci 

ci t ic itvrn i c ' chc 'cnll l cccccc LwIic 

I w o t'c.'cd 1 ici tcI wco vMxlcc 'im-rcll tc no 

c Ibpfw the 

tatrget .spI,.cips wu,.n indilv;, +d drip to+ th lil'f inl their" 

, itol i c n and 

" t-vitup:, 

hc iL l'h ;cc c "loop itn,-hi in. Log,- 1ccicmmitit",cc c vcd 

scimilarc' fccchion a.; mc inc in i h c-o l nnil .the c c .icc-iv I nc cntrc 

i iomphc'icc.;I.Vf[cccl cn liticn c icmcc , 

Ti e I.-cc I I orl IMPc bi loicac l c-ctc rol .s cludy Icelwcen M. 

t ircv IccIa ( cco I.cr"I ) cci It ..s. g n i oic la I 0l ( I accrc I ) icsc s h own 

in 'Tcbl ' 25 cnd Fig. 25. Inc thp ,xpcre imcidtct l tcnk which 

ccctn inid 50 A. tuc crrcula( cniil,; and 50 !.I ;. goniomphlvIos 

http:mcnccth.ic
http:eshcwc.cI


Snubict, i x II,31 tip I13.ithe1 nitia tiolnweek 
 I tu"r cu 3e i M. 

whil e II.S W..on imphlup u! wiw; tei r im ; 1 aqt tI A t t he 

endi ofI 4 333131.hsi ,'f
, noi B. S . go l"Wl(hl 2onu' i I jri-S,-n!i na he 

3,'03 I izt'h~iu..o , targ 
I, by Ai. v"Ni I i , mf t uh,- .311/if 1 

Th con lt oI I 3I n m"!.n I 31 t 3I ["nv 3W 'l moon3 I 1 tl a 3vr13 with "n3 

ill 1 s I ,;, II h i r uumpi, I . h' lvi rgv333 n I an 3/3 a (33i e
 

INi/l4) co ii Iii'. 33ti o-e Itno on 3 Iiiuu 3II dr fro I " iwn (33 I vxpi ii I i t 

3331 1)1:1' 1)14 fl33 S.'V ''3 goniumph i 
 i,m-li 31,1in al onpl an wuith/ i . 

vrFy
gv ey hard3iy 33nd3 aI
til'.' m33ch1 higher3 r~ei-pinittiv, 

I .oniiiiI than III Ii' t3irgP 'I ies34 , B 5. Jj'i9/'(m/)h/i / i 

Iu I rat . l (I I ; 33313,31-d!I i I Al Vt Il 3~ 33 /I/111 up eo tI' oj'i ( h ii 

I Il el'3 e 0133 f wIi3I 1 1I l lioII l I'll I 111 133 I c /1'. 1 111 i'j 1 o.;i, 1 33 t li! 

Thel !iii -'(loi3 o Ill-'tii, t 3 (1 1,c 3cat l y i liI M.3 t Iy ltl,3311 a !. 

A. nperfb
Ii r 0. /3 '/lJ/ii i du( t3o t hi- di f 33i(;r n o I3n 

13311 i I in I3s Vol'i2 . II j.N Irhi1,;(ali-l I i oni cu ldh'* no 
 be333
3 

drawn butI "If. (W3:3 iiit Ii I I. y 1;!?3 313(1 ha1 n orupIImr. il rephii /vs 
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.I'i l tnmpull" vil 

.f t+In ont puIm nitf Inui l:s (Bi lj 'i/lrtl gii.u Olr t , Indopl I

Thei+It r.. +r the" u studies-; nItl Ivu' biological uti lbe,twe P. 

/:Oi; iH; ¢.' ;i.. It v.1 v.~l Ii .ou/~l ;,t . n lt t i 1. it.JUJiJII I}
ul ari (, I ,ri tt g'.ah.l.,]I It d/in,/tImp(lt"c ]i t P. i' emls u ittl, i 

t'ieIt ru N ii g a ltte: ) n s i T' AiGi .tt i.d tigue sipi+..i ii 2Hi 

,+6i 2.Hl, i,++ipvtl iv,'ly. Tlh,+ co(mpet. ition hvtwvvn P. vetapullaren + 

an dI hi thr,.,v tIir I- t U I sn V It*h a;st Iboom ,mo t, i;t odt,d 

Aft ,.r im I ,j , eu I ,tlid vn..Io tti unti, wri ;;I ii, i voiriIldH<,ti The! 

t tt p I}gv y - iivi nllitit ri.4lf amhr I 'lnabl 25;, I. gi,.. .'I ; ), t . 

lii I it lt'' , ' 27, Fig.. 1"7.i andi i , r.. i in I T abl 2H , lig. 

fit ) iI/hnv in lai fas a h i n ti aiii iI /.fd Si i io whomI with 

or all W i it oi t iri yt .l i ,'t faiI, 'i ,e to j hn ,:n Sh, m, 

,li:snlp,,ented and th,. youngll) "fl throe; :innil+ began In di":., 

After two mI t t, it t. n " l ii.d tha t rill the younger s.nails 

had co)mplete+ly din'alpleur~t-+d frt~m lhp. "xplprimp+ntal lnnks, ullnd 

only a |',w of' the' "+igi- nni ;snails; wr ,v W; ill "livw. In lilt+ 

of" 1H. t,t mif Iof y lditls'a " teil wi .It" a nai 1s di,,di. By I he 

Pad of| l hp H< monlth pp+- Io , I h+ r:umb,.t o+f W i I hr,,v tnrgvtl 

spec'+ips: w ~r, ,drati +alc ly to Ih1, innlinni ficagnt :'+'rv'ducod numbers 

for romlpi!if in . On lhb. ,,n: rnry, Ith" Inr'g"+ s;pe.ci es. 

m~intn invel nl ,rnv w+rv, mos't ly alivv with an incr,.n:s in Uhnit 

noumbera
 

Bds on remiull ti ned fti0(omf these( i
Itthe obIt r expri ments, 
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44 Tip" I" $44 'V liiI Ui,~p i'ii " MP I-I Ip i p in good " 44 P. (4 i )1 
lhci l, 101)1 I,+i 4 $h41 411 + ' 4 eggl,' 

+ 
j.fll, Ui44444,r I,, I P1,. v,,1 Ia I#.'l i hg 

fo<r w ind ondrt~ £us,. int,.t ,-,.vv with thel+ hWv+hing+ or" egg 

m414 .,; I j I andt lii t; I e nlty7+es, .iT pl l i adult na .i The' c rti 

' I t . 

leVtur " i4;If "1 
 44 4$ s i ia" a11 i1 

1 $ e I' . "Ilditt i , It , e 1to 

masses t1h1" a$4e V t he 

4ii11 4 J4$ -ill .1 .,.' t hh ,. ,.' lina ;' r s,,,' In 

l i l. lirgo, " Is , th IiY 44 y I I| $ 4I i WaaIP4 r4(14i t a 

whiuh m ight I,," l I} t Q v,'aduil t lIa i nt sna,44ils . 

4 1(1hBithyi ( z R)A a, ,leif p: ti O i'lea eli.;s a ]$.i I',idtl /n hl"JO 

] l' I;.''; +/441/4 .4. 4I 44l44$ JI tu].i u 44 :1" (r/ll'ia ,' g1 1(9l'+)i!l/'/l44 Ii4.' 

$14' 44, 0d 44' $' q a1). wld 
,,1i4l l /:44 ',44 -4t 4l $~4 tie1 I. /i,' I/I, i'+ Ii. +tqu l .na 444$l 11i..;iJ111 .ii 1 lI 4 out Ii44'? I I $ I44 11 . tit 44 /I i 1 nIt . 

4 

o l'l I :i $! FrI g 'a 

,,.,4- y''. 44 lI l Tl<+ 4 i<,+:i t,ii i 4 h1441 I 

I olph 1 '; it 1 in 471 . I ,i 4 31 , 

r I+; I 'v.' $i I i,*. 4 <,.4,11$ It4 ,. 

,I$4 I I I I rg i ,t 1 Ir m I 1vh4, i II I hi4V" I I 1 t4 . q" IIu itl 

'n|,vrip"s had ve.ry hig.'h mortatlity/, and dfidl nt, tep'[, l .-Ptli 7'.
 

y ti. 'r14T t t it iop/4'Irt/a Wpi e Vl r aeiorrnnil $4o wal'etI44$ $Iipli 414' 4 

4". i . e$ I ",' d w ' M i ,i /wp4,$,W,I 4bo$ ,th4,4 ti , I n1 I i /. " h hI 

high Im4ality ru"1I- and I d i, I "$t,r 2 1114441$rIts:h '1'4hl e ! , 

F'i g. 293) . . "mlp linr)tJ 4 I not P5 !I" ve1 anily li't :t1Iold,''' see4m.7-i h 

/4111 c144wit$ 4 .h1. (jluI(Il'i / 111, 30, Vi g. No1 ) . I'. / / Mcw 414$d 

$44.11 tlll h4 $ ttl ' ,lt l I ; l I4 I a4$ .S . . 1 I4mp/ lo. ,I $ 

till I hv '!; I ,holi, a t I ,$ t o I ac t4$ 
4
Jt; c I 1I . ;.I It, thI 4$. 144$i ,. ['1 

very high 41144 $141l PeeI I, F~ig,.m$tlil A$t'1$ 31).
 

'rbten , ]$ 1 4 - I'r trn 11 ×l,,.r i lne'hl .1 ) l t lb +:4irihlu1 i I ieoh 

$be .t !t4e P. /4)p1 /44/J/ '/,4r+irr+I.h+le tunrnn4144 $47 1.41rge I. 53441 I :alper eu.+; 
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tinhrtl , R 1 t5ha hi' 

,'oMpoli Iiq"n rv"l] " in ,P'd alndl reproI ductio <f, 

or I. h ' t I. . ' ; rin.dIh'. rbigink' i are. t t e 

"l r~ grolwt h ofl 


th,, Inrgvt 'npv, ,' , anid i h,.nv, ,.r'rp.ctn HIPr bnmH+d lit
 

co~mpetlitionI f()r foo(d, p~hys~iral] tnl l '" b,. ,tva snal s~..oiirt~ncvi 


p I edo. t I. 4 itl lh (*43 (-3,1111 I,0 t Ii' I I I.' jI.Oil
1t 44141 4 C' I)(!., t I 

r4a4I3rarVy, /'. lacpt (I n haVI a y interactionnm/tl' /d3 4Id t W itit.4 

I' t her4 T. aI)e.1 of . I. ']U414 I I', 34' p (i .o;)4"4434 ;ill i I;.44 /l '1-( 

A;i for other pi4 4'Lrn4' na , onl) (ilo(', nothe 4 34 s. l i.S. t()m!)h 


wo"Vn(lu:;i ) to)uld! !b drarw"., l.urlh(.) workl )No VI Ml~ lrin
 

exper:i mentl+l~under+! na)turl/ hiflitll s.h<ould yield mo)r, conc)lus*ive
 

r v s u+ I t s;. 

'l t44 in I'3 

irrmct on /iomphInrfl (C 'in/I n t 

Thin lresultt biological lIdy betwe(u4n
of 44 control)rl T.
 

4l'1/41'4 / ( 'l)nt 4 /: ]nl, ( 3 t)
'l)it I+I (44,1 11. IB,, (tfi4 et 3 in s hown irj 

lil,l :1. an i g3. AVnlf44,i24months, the 4n 444l gtn44d I 3'l 

Snaiils' maintal~ined+ togetherl!.l s;ltarted to) multil' y producl ing it 

io i numb44444 ,.i or4 o)'443'f' 4liri Hlow , 14 ( youngg. .'vvr th t4411,)+ 4 4if" 7'. 

Rr'anilv'ii' Wa;': 44144414 lower 14441 31414 1. i((, 1than f g:]/,/l' l l 

throiug h 3h, xp..rim.nt l'I v rid. The r,'u11 ,,lbtinedl here44 

WIAS i ll a3 t., 1h, 33io'- II444.3 ' e r n ' thl,' i"+ h3 p m do under1'' I 

Q b"I !i"try(o)lltill",N. K"(, it iq; Nplp,:tvn1i lhnl undelr W- het 

lubl)orail ry or simla te~l.idfield( u'(inlit I il+n , 7', gT a'/i/'ra c:ouldi 

notl con)trol th l of1 Bt. .l hndpio.put tiol n gl],*u/)'n tB. ,g]hrai/,, 


been('l |long, estbl~lished,( andl we'll ald~ilv't I t the labortor~iy andll
 

siimnlulted fie.ld on ill(h I)+11tPr thanl 7'. grtirr' pl ra+ll.
 condti muc!; 




- so 

tIi ('nod1I ,2 l I 2) ,4 I irgvl . . I mi inl i 24', 3 . jtiIIt 4ly we '' 

23vtle i 2 22l3112,2223.9t I y z i V w ith i 2 2 l',2 t2222, i I 23 

I' f',ect Of2 / I )lol ll r iSt e 1 Iust5 
" 

The ,,.s;ult , " th" b iolo ica;,l €on Lrol study betwe,.'n T. 

gi2 t oli ii ( ,ril t r (3 I ) W)231 1. ,,.\3!.;to'; (I "t gotI) is showni in3 Tnble 

A u it Fig. :1 . Six wp* i; nl ' i Ih , initi otion "F ulluV UI , 

I t 1 1h ) I 3'I I a 1I tnr3 ,'l son I I jt' I i mi3 j 3 t n" i ,I' d )t t2' r2' 

atln,. sI,+tt d I") m~ultipl y. On) th,. m+i.th wvvk,+, U Pe number++'l of' 

,i-l 5 1111 e IIIr1! 'Af' i /322. Dol' i 22g I h" A 2u33 , th ri Wr2v 71. 

44(t11 1 f121 .2;l 2nI a I 1h4n2 /. vXlid: II;:M; 330UMIls. Afltor Ith , h e 

n l ,l~liE':i of th,lp*' w :h1... "3:1 ,.-a m,n l ight ly diffo ",iii , with 

131r3 ' . +grntl U r'ent I anr 1. ,V. 11 "NIt!i;. At Invl i .'i"i lit I he It 

2mon2t h1, I li W il' 7 *,',iiui I" '/ thi 1. tA'35 Is ;. Bot.hl2t 2l3)l'211'. ' l 

co2 t'oI linll :12331i n 31.22I 'll] 0;,.pap2333 t2.'ly wet'r2 mo 0'lyIsna"i's. 1 

+ 2' 

indic t2d t .1h3t hI ' 111 i I] :;333i Is, I'. grnnife,'in ;,e med to 

I vet (V1,' r'41 33d:li I ".' "ll and i I y I hI'W/2 

nli vt (' t +an inuvo ;' In th,'i numb,.r:n. Th". rt ll h 22 


' V i32I rv In vv 

2313 t'a0liI tyit I 113221 I he t rg, :-;pv i," , 1. '',\'Su ls.'; 

Iu[rt (2n ltjidix t.lhubignlno!;, 

T h v I v,:;1 ItI (if 1.-h bio log)ical :onlr l +,aludy bit (.w+el F". 

g 'it /I ': (I oitlII 11dl e. tl ,l' in110; 1 (I;+t'get.) is s.hown in 

Thhl, Ad1 nud, Fig+. 34l. lDuring. the. rirs.t two mon{ths+, the 

tar2'ge t 2n20]I', R . . ii /11) ,". ;,' mainliitd to3th;. 2 1'.with 

gr'l f 32 :2 ti ,1/. ,11t 1 ipl y3. A 2'w wvvk nt'er, All th. 

"dll s ils13;lo 01 /om. (u g 1o Iiidied, only young 3.22ki [ w e';re. 1 l'2/ 
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p,f::Iijit but the ,nume,,r wa. ,t.r ,.ainIIt' g Iidui ,l ly A Ut . " 4- 5 

mon th , there wai no H. Iut ig i ntn" pues ent is .hi

ex perimnlt I t nmili o I my T sro "lt i.ht lhqe ImI 1', , 1,0 mI in lilned 

t sgel iii 'th ig u ,i in sI ;irt "d I I I ift 2,. hi Is. ru mult p Iy evr 

mn t hs, imil t h,.y st illI i l I I r,.ltt iv, lyII nti:mI Ih, Cols/utat 

olumhlltF oft' v<,ung dotl i "gI, he who I, , .PNl,v. m,' t . Th," t on! rt , 

t , *. .; lt ili t s , I l I v, w ith il i II ' llili I i l v , M , I;tly i i sl(:1 U 

i Iwe u;sit Th,' iull tei'd 

' r,pd s l i I iisertalit y 

died, ,iIv young naii t . men in dica 

th sutperi '* l iv, lHtpa i la Iawe m rate
 

.
 
/T O vvv to i I I.I' T. grantof i, ,." he arg,.!st-a U ruhi,iginos. 

IEU +PtssI + p ii hi :ta isa ,'s,''Ia',in P ' i :,hists + ( liii iii, (}i')Isilis lflJl 

Kltf cLsinsI sjiJ'llIlI:: I ml ii ',, I aI.Is ,e/i Ih/on i.nI
nni.'ln':(+l n/lpius
 

I 'l't* (emi tI " I ; alld he a lP etI ; l I+ iI; iii% ui 1Ih I i+ t', ( .h. 

,lil:) t':a.;i mid g ,i . s IWni ]-+' :Min:17 antdj a 11.;. ti/ II ai ow' ini Il'il 

Figurest 3 7, tos; H : ivs Iy. All Iih, pr sobit ii sih targe t3 5 

inm I air U~n u . I ar mmserien I, sa vei 1 11 !; ~ i "si Theli tv I s 

t I i nr wi- i'sl hili hiighi
maiti d Iis pd t v..I vo mit I iadi I Very 

morta.lity rat a n 1 io I'm'r . S;ine:e t.elie, d o reprodutl ccalis:d.
 

i r t Ul i spUi :eies e nlo ehitelih v insd lhi uimi
i tais .m 

it ht :< ut. ewa y, mig b, icnu.tld .d IhMlist i.ntet ict.isonl e isL t.bw n
 

.s. si isrnhialos Foi '. apartitpei't a, (.h. qludr ia eill goin• . r a
 

aidi r-sh.I. h ip I , II i I d ho I " i o ni Il Iehuii u o:f 

t

difUfe.renl MuhLet prme ferencs.
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I I b'el 'f lldv d I hiii I. h,i"nlt i Ivi n" l ,' " W e somen,"Iii JIII 

I) t bilt i i t nts lU t1 '' , v fit I'l I I I ') I g.itJ' III: Ulii /I I' Ut 
, 

In v ell I I. weI I it, ' ilEJ r ,I'I /-I -a dl Pl iq)" I f , I.th 

tgn t ] tindst ; ; 1 fi l it npy pi. illvi'h ni i t h p a tio-.; 

! e it iV Iit II ' tit Vn~tl ' WI'!/J' ii.. ] IItj ll, I i, I (tt i I I .''lli I.,.. t r 

t1 m t' l t''I 1. ''I' l Of11)1z i ''''1I ,jtitti WI;'I ItI fT [ ' tll it il I ).h. 

3 I 'l- . I I 3I. ) h l (I1fl)l11ifrUIi ry tlrt S;d ,; /lii ] 1131er I 

. : 0 : ' . I I o 

N blt oIf f itly t ni , to tie 15 I Vi I, k; 

40:0) I0:100200:200 10(: 00 0:100 

and ttljl i sni-ils the orNuihin; ,Iittmon ['c(,ln , in ratio c o, 

3:1 , 2:2, I:3{, nrld 0:,4, unde(r" Inl)ornt. ry condl~ it ions,, HS..
 

fol lows:

lint io's of Inmlpyr'ir r y Inrvnv to sna ils'
 

4 : 1) 1: I : 2 1 : 3 0: 4 

Numbers; or' ]nmpyrirl rly Int-vnu Ito ,onuil, 

'0:0 10:10 20: 20 10: 30 0:40 

TheIl I I s I I s oi Fi h 1 it 1 "g I U" I VonIt rft I I "A; i g beIttween11 

tf ni 

"prcl(ulal " snal il's (far.r, .spvczil ,) nxi' shown in' Tables' :3H 41. 

.c iomyz'id fly laIrv;1I',. ufin iI(r l, I ) Iid l monnt]iunit. 



Tl I on 

jiIp I I ii II)I"' 


I11131P (I Ii Ii 


sn ils TO~i' 


Q rva was1 iIn
WLIL 

from 70%I toI HH%1 

Tnluth 


I hvi no-II'I111$ n I I 


p1111iho' 1 on qpl 


hilt have. LIUI vfmuc 

(I to- I illIII I lil I 


4111 Thi I so t'Lce 


nsU ' i I ' aI i 


wrir c i e Ih ki 
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] 39 Iv~vli*y I Il:t 111 :vti -1ow. hp vi' r, ein "I 

an T he- Ls iom~yz.id
LLIL SulllWils rI I y I I~I('rn 


m I y * jiVvnE tn I Ia "d1( IilII
Ill')ri I i r.1a vnI in 


iL t tr-I or1 LL 1(1roI II by ri 


i l d at t.he ralt io orU In ( L 111 i : s i Ily/.ii
 

II' I n 2nLII 1 ((IVI;:ziii fIy 

tflr aduilt it I
I (il 

40[1 n;nd 41 s;h ow, r HeLr15'Iiv'elIy , Ithe "ir't('2ts oL(I 

Ih Ii d t nij ite-g orII nrIIziL (II .j rII I Y' st' i'/,1
 

na U n; e ly? i d 

vt II l is nai( l s, Puns1 I h I Y (ow I "MI t oi 

cu I "~ I' I; I liT mc:i riy I n rvae d id 

on peieI 

(21111I& tos i tLIL I r " Ih(It III op ( II p" "LIII LIIu eL 

pt v1(11 L any ' I~~u Qum(1th fl ItWer vIaIeviO
d 

If ly 11 Irv Illnl t" d whI d snLL Iatv~lkil Ih y U y 

LIILl ni Is, sn il thanC( "oilSzt 

http:iom~yz.id


.net. izo 'j id O;1" pt it, i t y l ,dii 

2. I Su' :epI i l it y 11 pu.cl 

Su nuOetpt iA i I it y or ( mm,1, nin .JtuJ),n;is. quadrasi from 

,if ',,vr n gotiig iAtpta W, ,it i n; to infe ct, ion with geographic 

li *' 'iH4111I ,./ l)I ,'*lIII,1 I'1 It-O It 1 , ('/1 i, ; I II l 

tin r 

locutol i ,'t i lh ; lhil ll lui , e ius l. 'tm ,L'yte 

Fou r" gr iouq; " o . q .'ti/ i; t 9 "," i I n ru I i tdi 'lit 

t. i', , Palo,I 

from)ll m inll intlno i!;1:kl,,I. ThV S;nIIII1N WPI'P L"I,lcr tvd, 'r *', tLh 

1ItlllI'i t l shi.StI o. mp In , ti * l lIp tli ,i I "a, hy th d ilIg, Till ,i " 

dll Iexa
l lltiVht v" t I ' . (l=ll t iealli rt IS l inel tt ii riItl It 

]labornt ory. 

nu i! i n fec t we re done I y e xp is i Ig i ivi ut i.ionst bt 0 i 

l blirt U>' 'l i lid Ito1 - ( m.idi t r s. )ll umil oryti 4- lnin';l vi tor 

dif fertenl . oghraphic: ; ,/ i . Nifur l .N1 1 hunts w e 

it olsI.infe.cte.d nt thell fiti ll I I mI|isnm ( .e;ll 'V an;i c IntL 

Three gporg'nphir .s|ivninls.orJ the Ipurn:s tv:s were* avnilublW 

for use; tli indoro, leyte andI Mindan o t rni,. The 

pnrlI ; ist ;1,.rwi I. ist tie"d in th', 1 tl li- y Ill,' pn.-yng.l 

througIth tt hil,, mi,' and h nI lui l .nt'n i l hunts. Tlhen mic e 

,rvt usI';I ly expo'sed to inlf ,c!in" with 401 ccr'u' r'i ,n nod were. 

killled 6; 7 week:s pos:t inl,,ntionl. 

or eXosl 

inruert inn wtl vvriabl b cau e of the supply 

The I /11tI tull 1 , i , i I 5 or ncih groulp ed to 

Ws I imitotion. 
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Sn~ nit lfrom M i i l I liid -ii , I tillI d IIe Io ltlt 

i f f i VR I I y or uii "nll illln sn i ;. Sll, j ipil i .cul)R i t i i frro)ll 

w n I lip lh,. ( ily 

Itlhp RIrle AIIA ll Y iv I ig x liii i ln lorix l] n ('1 I , H 

Ironl 	 n ,l nukin;g II, 11:1 I" iif.*iI .t it Ii i R in 

. Ia V i We i m IIL liii',i 

wp'I'I( RI It t ,ri x[) )R t- i to mir icidin by N;h,.ilding. 

Puri orl lhv re.";u i:n sho;wn inl Trihl, 11'. II ru"n Ib, 

,, UIdt .d I r ; c Min w" io beI , Nl: vrin s. i ri,,,2Ir",1l 

I ,,,vf. I o ) in &I g"ri,1 t r hi C l sli;iR In/Ior i, hI ot o . h . 

l itl',w; . 1 d.II 1!op I "' I; I .hRIh.I ii I' 13. rr1hoi I . ;i.I 


Q H11.17 .), th,, MindI";" 1:0.1, 'I.ilno (3 ., .75%) a d pnoor ":t 

iN S.yt, s;Iaiill i I! .5%). lb,' st.rain, (Io icumL From 

L Wylw ll tII,I" dvll in lhi, snails from h ost" ii .49%), 

Lv'yt. I : . Ii. i Mi td"l I" (7 . 14%). IheP , II n oi s . 

j0. l 	i u/ i Ii Ill n iiIIo) (I,v'v,# I 3t-)d 1,1-!;ll I ,n pi rIII I s , 

O.h. 	,lundrnsi f'romH Mindmpn ", .I 41 ) :l ,tv,.lot), poor);ly ill
 

O.h. 	qtuJdr .si fr m t i 13n (:1.0)I. ) 0siiw rom, ,oyt, (( .10%) 

2.2 	 Go11 it. i" II;pect 

Within t or i Cot(lrol ort :otilxt 	 l
e!tii)oigulhe 

S :hi:jI 1)1 mi Inim I tt iing Slini ls ini Souiithri t. A lin" 

P~ro jec(t, the" prfillnry c:€nn 'rn or' th , II.C.s.I). gro{up) IN; !o 

I' .1 1 Ih 1'i r ' tI p,lpult.ions;y 0 	 ' ri abhility n,I, snail I nid0 

i re ,"n 1112 r p |hi 

s;uscep'itibility. To'(ac(hie~ve this; "hjvrLl ivv', we{ arel' slud~iying 

R;l(r 1.1 n r i Ii o ,' : I nrnn;i 14:0li1 1 m tiy IJng 

the 	gRtll c'hu11tiou1t1,riz t ll, vII (oR:; (0of
i. n orp.v:airior 	 0lil1is
 

dilllhir Iparn( it ..
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ni i pe'0144I1;
2,, 	 . li 4llo (in 4)144'I ill h ill 

ih I' ilip pI nes. ii i (hilna
 

o 	 " pi lot of'
Our l i |1 4l ,t l ws tlt~lundertake u sdIlIy 

g'n.t ic Vir ia tion ini tI call y 4 Illmportant s nai l
We 

On w(' ln'1IfIt,'"l:, I'rom liid o4 lp'yt Phil ipp ines..u, 114ill . th,. is t" , 

0()i fi t'ht- i .(-hu iit a,:ip ', tq; orI mi w zyn,, iden'ii, iu('m ioni wvri 

I1.s; Iv,,I, w, blgalll at 4.ro g ir h ir I;1 o Vl I.'I t i t in I h i!; f/. i 

VuPrv in 

ex ten lo.1 t'I41 r Inrl ; or 14; t As i i n .L Ie 

spee:si,, in oLh.i rI' hilippine :1isands. ' 4 y Lo44 4 

14lpurits IN I Vi 

lit,. ,. . o)ne or [hp go~nl. ol lh,. stludy i;a t I vy to" rvs" Ive. 

Ith, i.n or 0. is Nt l o~( widi-nlpris o r whv~lh,.r hupl,,n..i.x " :i 	 ~d 

40l44i w ih nix 4 P4 ,rli44 /.'41l uli';f4','i, ,4 r" I4. lly :nl,, -ii-,4 

cnmpl,.x into( which :niv,.rnl ;ibl ling splp.(i,n H rv prese;int ly 

Illmlpud.
 

OnirC n hluppnll: I;; undrnslll(;i was, uc(
In 111i" 	 ?hi 


t ,rizedI the bas"h~'is or 7 field collec,'ted Sampll)les; 

1l1 1 4x 11,n r l li11 4li 4i' i4ljn 4do)it, 4 l h4 I 'ry :stock'Ip il4 


ofI minxrd orig)in (TI h,I, 45'-). ().h. hupl,,n. in w~tn (uhatrlirtvriz,,
 

i fr snn444I0 rhree, 4441~nv 44 f'ront
In.141 otryTh f' bael (-(,I4 Nut4"1111 Pd wer44 i Is Jlargein our1 n pl"4 

the. Yinltz,(.uichi Jn 400 kmil or .S 14hanghai.
Uivpr about l .f,1.;t 

at 	 the. (Cnt,.r fo)r aplplied ,.Nl"W l o!{gy aind Entomn(logy, Fac:ult.y
 

4 441 Mn Hlniv fr44
or ,4 i4 , ulidol r.' ity untl they4z1nw,4r, o(n dry
 

ice, cuc:1 d tLo San D)i,'g o, and he ld at 70 w'C t.il aI n ly isi.
ri 


{)ulle+]ltvI(phl)l+'i- tec(hnliques" urv, desc,+(ribedI
 

inl general teo'ms elsewhere: (Wqoodr~u ff, 1975; Mulvey and
 



Yr'i j -*nlhou.tk, 1 l11). Inidividu t ,l nnil' we re thiwvd nti i,ctkly 

v mI 1,"v11ini !io mli i Mhomollgenized whole, inl i onr ngi (n.011 

T'ris, 0.001 A.'l'l 0.05 miM NAIIt', 1H1 7.0) w4i it nt g laiss rod.M t , 

gI'i, h"Iit tt iii ilct *8t.w, onitt A I1 , 0 rot 2 I ' ,i li t 

I l It ( I 1 

i llll ~ I~ : e11 i'+li ii l~lI t,, S|l itl i'}i i i i l ot 1 5 hi S ll.l I) 

I t iiI I IiIi' Ii I I I I lI i.tI V II, I I I i , i I I ( I 00I ,2(I 

i(t ;t h i* ul a Iiio ., i l uitsgt s- i idivt Si g I i-it lli C t 

S . ti' i .p alt I i l- i lt wi co'11 it d ""I forII 15 O n by 

w i c at ' l hft I"i... ., ihatit 10tditii hi (I it v i ii i ' ii 

g " I ln t i 'h n I 'lu -I t iH i ii tl It I npill ,For i l 'reni i.zyme 

. 977). conditions FtrHle p ut'Sit i : ii rh ,t 

rPt ion etie, rt rvtti I (r i e cn;itmit o iiI is 1 ilin 

pul !. ' iT l i i hn pintt w' s i or ti pwit l c ot . l ed 

anl ith'p i ' oi t roi lts w I II "i " e I i, ij, ii I li 

nitin i rid s,U ip,t i p I-t i i Ib ........( r. i n order ft'
 

used nlylll )lin t71,e-nv-! inl 

let erllsl' to) illdlin llt 1hv. pi"tc-ini aridl ini U A W~( to ind~ic'al, -

Commollnl y ii.~I ;bbrvlvini , nlr" I':ipL] il 

the! prl''stilred Al l ,1 .. 

pirrporl-Lion or loc i poilylno)rphil- , P'("1 locusl wns. conside re d 

polymtorphic' if" than W flll e( wil;ts d limore: (111- LJectu'd), andl~ lthe 

MPH"il inldividuall |We+.rt;nzygov.ii{), /[ (ly dir ;ct. c]oulll ) iwlro(

http:We+.rt;nzygov.ii
http:nlhou.tk
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',ii I r 

P"Iymorp, lt- loci w r, t roi r gr with litdy 

, r Iii I id fir .I 'h . rml lr A 1.I I i ylll, r iii I I th,

th,. l'vsi , rt,.tl 

W inhv .; v,×l -ItiiiuII(u r I- , Piii il i' X testuhri' I i gli 

nvh" pusi hIv and b y h, II W i, V" "I I iiir e I 1 "A i I 

turi* wa w M i ght's hy,"I.'i Fe
l ,iinr 1sil:i, ,iith il ) r' 

1 '. i s ., IIi 1; (I it!,ai1111, i ai( I n*in it I ,.11imI N , I F I Iu 1 ( 

m-ut "tr Ist Ira II r F nand F t Id 'ttAI"" F a"u. 'Iii" t hu""d 
+ itY:u#lI n<'. , I i ii I U 1') iiI P (t, -;' I ( U < 

, 
IjI" , t r iP FL-


ihen, I e si ila forl i0 l 'i: " w;ewel hiIn ieily 2 i (A Ii'l 1 7 ) 

.u~,'r Irn +;I rrilT I T 
catlcla;l ited andl~ ,'ustv vlld bly the' UM M(P.A"Itgotlithm. The' i"buye
 

"irnly ('s e re u nr'owrn with the r7i Unub I e i'7HIrOKuYSiI l 

+,r tu[ d irllu Iii tl eI r , I ! I ) . i I pp 

(Conrsiste ti'll and' genti cap y IIni ii ' -; t iii
 

remn'-il m were't obltan edlPfor" 20 Al1 I~lci lper samlrpile. A] 1,.I,
 

Freqen cie h i fr n iin il Il h 1h i 0.2,)i i] nar rh il7. 

we re l~lira ' in UI ;h Ie i Ao -- 2.(Il 2lcwI<. l' ln 'lhn- p: ,ill i uu'a ,''" i'i.
 

w r' i ris pe. Oi u (7') 1.2I Chinese s.7 

v r#e ih vatimle - I Thua "L 

anb I o rr ni l l 'ts' 1 ; 2- ;riilsi 

more h 20' 2.4. p-oport ioi Iloi
 
urn~~~~( ci nIi r~ hihniny n i sa 0 I o rIheI i pp I si , f ricman 

l nnl ir<" P]) wasl o).14 oi. n! ini ,' ~ i ' 1!' nni l!'-i'~ Ps 


rrioml the+ Pthililppi n' anld s+lightl y highe+r (P (0.1mtl) ini th,;
 

ixed(t oigtinl Inbort~iil +7 s. nckl+l. In conJltrasi~t, tihe Chinese!i+
 

i-pthl i 1,d 


Ihlniippi .v;. MIi I I v i i I hn Ira fri y (/ I I y I Iini I rfranti 

Cmnign -i nli ly betw'en l ,I,'Phil ilmp irn'es anld Chinn (II (.0 

0.1) v 0.2(" 0 .01 . 
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in l on e " , ,i n'it witIh HIV i i Ft pt l oittit nit ori iNn 


L i it I| |"vhi ,i: ". A ,c t'N t ) I i Af '. i ni itlvi n t' II tilt I ] tit ttv 

iFiituI itt 

Ii t tli Ii; l ) "th ". i i ] t I11 tt' I[ 'lt j iltt 

cases invoI vilti I ight -teriy l. .' nuipn (it 4) 


] Ii -ii I t li' 1110 ' {tttIt
Q1 i lln Ill ynp I.1i "; I 

r,,mnining vnrioble, loci (:1.7) itn each or th,,.p ,oaml, an wo,, 

LuontL eA t, till t1I ,.; I Iandi iLb ) a" i he 

liep rt inlto ': d 'tniedin 2 1v o 2,5 t , til (T[ -e . it ing 

(in t.i .vtit i h o a i vtt Ili, d ,f ic i, Ai, t i ' i A, , t I ,, p n y 

htiIer . I,t FiiihIv Ito liMtO Nilt i I . lixitiindex.i; 


0.41,). With only M a,:eF',ni minut v!xr',pp i,)nl';nmo g 53' lo:ts;,
 

g Izy est i)t tn 


we, €(.oD,: Iua e t h"! i n l a l"l 'rv thvq:,' :;1 il ]:;s (lthrrvou, ding} a I 

in 1ocilo inii . , 'Iin 1h casI e r rm in; t iiOn i MSimthti'u t w" t 0 

ra~ndom. 'Thlin: ,ronclun;ion in' qtUll,,rt,'d hy thv, finding thait 

Wright 's m ltiI.cu, F. sta t i.tlic was: 0).0J2, at Yalu"l V'ot 

n;ignifirrint.ly dit''r vi-.ni 'rrom z;,r .. 

study or Table 47 'shown that te rive snmplie.s
 

from Leyte and L~uzon lr,. l nct ir'al ly indis;tinguis;hable at Lh,.!
 

20 loci e:xaminva . ,"mindloro snalsl1! di fur from M oo,;on Le(yte

L~uzon in ha;ving.' dtiff,it,iil A A,: "( ,f loci;
N Nl, lI,',",nI,ip or I{ 

I he. gritlpvt ,di rc'f uvnv inv~l v in,g 1"p and 1/WM -2. i1 F , S n a , 

t'rom Mindnoo( w,,re ,hnr. 'L.' izp., by ,slower ,Arl and Idh--I
 

w,',r,. othprwi'sc 1; ol,
A1lprlo. but :imil~ I " thv ther" Phil ippiine
 

"naI~ils.. In1 con,trat' t, Lh," C}invn:; snrali ls ha~d uniqtue. allele~s
 

Al 131 of the, 21 loc<i V'×tllntd. l'hililpliu nd1( Chinese:; snil]s
 

http:n;ignifirrint.ly


iigu i td 	 on i ofcai hitie i stin (I Jfomn on i" uniICt Ii t I Wie n 

v riat ion at Antt, IEs-I, I'!S 3, ('pi and P.m -l. 'he major 

vv i i. SNa a Ih i. 

ulideri'sc iored by t li ca.,: l ulate.d va uei of Wrighl ':n F (0.64), it 

iti rvrarwr, bet Cherines e IS rre li' i -Hs 

S",T 

viaue g isiicantIy lit r nt from a, .iii, 

W '. c .;t i lIfI ' , II- I II III i i.'II!'n I , i 

dif ferentit ioa bitlist w. n t li ,p : a 1 e, |l ring N r;s' l i (]l7H)0 

".nii lui ,d : ,ffic i,'wt olf s di tanuc ('Iabl R(uoger's St n'ti 4IH; 

al s a ' r I) i . vv . /ithi i thllehown;h fo " n i IUrtoiv W,) 

i I I,. ii I I :,.t;lIl, , /Ii li]i ,.? .....I ,. Ir I~ t :samplesI lie), Citw.am)(}] a 

lPhilippiea ailva i aId.10 

0.i.'h 1i' ] 1IH ii , and 1) 0.0M{ . /0 h,, w,.,n th,. tw , Chin,.:, 

" " n W~ 5'"g ~ I' 0 in thei 
0;l" Inl cont ras't, Ch]innve.ry W O Wm (.035.. mnua:kd 	 the, 

,-,ompI llb iipp,y l.lpav.d O.ty.inea 	 iii r t 

TOh, f'irstl g oal or' 1h' tprese;(nt s't.udy was Lo 

enl I iti l wile 1.litr (O)nailui an" i a w '" v ai atlIe "niiniuigi toi paunrmit. 

tiie prvpnlii t ion oI : n ol v.*iln r~r ynli I c l1hyl g,vny. Tl'he 

a nmplen s.tudi,.d t'-ini to well uit,1d I. l i i ype of'wo.rn If b I 

irt I y ; i 11.d;i"( vii , lI""zyiiie vnii it loa . 0. )lJJtCU.; C anrd 0. 

quad 'ras idif i iinli t I " Ia oIfVii' viri it i I i t y ( P 0.52 0. G7 

in th,, t'<im , I' I C.29 in I I-c lilt t. , 11 0. 20 0.21 v,+ 

0.02 	 -0. 0) bu it }ii+r taxn in Uu sa.u l, approxi matea mean 

Iev'l ofi Va.riat ioyn in hiiih iiiii.1 i- m i tlu a ' • ()."17n.' sarn 

0 int1 I 'ie and(riant g 1.00) - J.1 4 a 0 0.30 ) (S,.landur 

Onhlnnn, IqHIA; No vo el "I. IH. 1). Our pl al ininary st udy has 

r'av0 .al d up t 14 polynor phii loci per sam pl e - well in excess 

of' tUP eltl rnvv.dv I in I atI) rob moc t phy ] agen!.Inumb,,r l e ui ; t I laIli" 
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414 P , I I InI Ii ..- l:3i lo '1 'i l I we l iiii | li tI ei ized the iv',rii Ju.
 

H 1le I c iCVm! nts' quiit itI t ivyvle y No Hs to faci 1 i tait

c nomiPiri ! i '.' Aud i :; ther I "born .t i 0 l or-i,-

Our er1'' llt go; I wn s4 I " × ! "re t.h e .xt ent Of" 

gon e in d i r r' morn,I it o i, I h i Ot o, ' I "ni n q/uadrtl;i in t he 

Philip, p inpme . ,ot sul rising.i ly . o f, ii i a sItrong ,; I.t i uship
 

hbvtwvv n th,+ d 'grr,+ "I lphy';i< Il mvi<l" m ,d gv' elt
anL th,. 

I i r. Wori, ,l' , , I It h1,'II I, l I PhY" i ra - l 1 h e 

4 1 a )iI i1111i o Ii , . 1tht 4 , t1li I. al:41 , I1 I; I I1 

wIlhand noI i4444 I I i 4 bo ci tornIliH f4 orf 1 , onut 44a oV h I -, , ai UIagyI oridew k.m n,. I h i p Ly' o sup tI v I,.l I "Ir',lI ly 

I 1Fl i ,.. L 14 i n0n, ) u lihi ClThe uzon "i mpl ,i , l t . 1 Idkm anId 

thr ., I ni Innd I tinor , t alir vtv y I, 4ly d4i4F I ;'lI ,' Imt d 

tirv m "" l ; h!hone i ytv map dlis t 4ne,. Ib,. I h. fct/l tht It 

n I IIIs i )f M Ii ,)1' iid I tI I mon I e 20I iuoi Iiy i; i I I h 4 rPd
 

P"olul+liot ic l i)" l.,yl.p S+n+mai 
 "I"+ ,,UIy sp;,. l r d b~y the "hlh low()++ 

W 5ti ),141 "41 'm44w 1 ( 4I' ,4-4n inr:, Str . 

44441 '1n 4,44 4 m a Idi ',4tI nt lit- F, ,,. thos or LuonI y, 
h " v in g high,.v fr ,.l,qu tn ,t n. or olti a 1. l [ t, and+ /',nm 

ir - it Mindoro 

t1.+ n s .; L.mIp 

L2. TIhie Mindorot'I .+ mllel~ wasl' cl:{ l vr' d 250 kmIl fromJ~ ,Leytle alil 

ILtj t. ' ' 4n I.li, 4 Iktm (Wia11t , l tltough Mindo,ro i only, 20 

km44 t ILm vn.i3(1 l i/ Ii1t n ds V IIwo islat air , I, I by a de.pIl 

-1t(t ll Sal twivIi d e r' t t :1(1 I .iiI M i td "inl i.s Ih,. m l t 

dintinctiv,(4f 
 t41 ,( sam ples (with ai oi iqcli trp); thei S4:I llol, 

'.HN W on~'l300( |hm no l h of Lo+y!,". T"ldmy, l.,ytv anrd Mindul nnIII 

HIP+ +sepnrU nt,'t by " 30 km w,'ide' strat wit h water HO mi dep. 

A d d~ i t i o n al ts um p i u s o-r1:n f m t him i s ro~ t h io u g h +Ju t v' arnhl inl go 
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ii ar 
Li'f tEI 	 tiL I I j El )('LiflEILit t ia' iElEl'ii E'iil~ i~i lI ' i (if i ; iI I 

t w ill
 
i', I lit i il i E ii ,El L i llIFutuliI Ill s d i t li 

l l t
 

ii I +' I l i E I I[+i i 'l. Iiil iLt Ilii iii jE<LLYll I'll i I i ' I 
Iit"LE" 	 E i t tl 

Phili 	pp
iliiIEli c lii t )i 	 iei tia Ii v!lit):+,' i F lid InI, v a ri o " ni i ne 

t L IEn 	VEli 
i lti 	 ii Ii, l i LI1 ol ii cu 1 11il Liii! . ii yaInL 


t Ihen li I LW.Iv IIth (he11/. /"*,l lai ill 
ai thl 


Ii' r i v, l 1'1t i itt L; ii t I 


p 111 	 tlot l t ii ii iih I 

Il iili iL <(L. 

in liniL iiidy ofui i itt ia n(it r i il I Wi 

ti1ie
 
hI t i I[ 	 i l ' li i i il tiE, WE'v i t i','e li ii I , I 

L i ' 

J t P 


()LjEL /' ! 	 flllhtLL'nl i.': + tI p EL 1;11Evi I ' tlll ilE, I+'lll((i';LI t I e olitl l 
Llt' 	 ; I 

i rmil.l . AmS () / jh d'ILS.,'.'. i Li I hih I e E ELI 
t I i is iL E juplosom"tI 


iifI .h'. jiot), ( 1u11 t hie n; lii I L;onime
l i , t Iill E'l'LI il t 'i Ll I 

EnI rea t i I ai f'I t. hli 
" Liiii ,tI L it 	 t lLavie rL. t i i i E' i HI ll' i 

, WEE1 - i 	 E.I f IIL !Ii ;ii; ILdL ILL I L it Iv I III 
!;lill I I ! I 	 t ' E 1 iI '( 

+ 	 ii i t hiil Ih,' L Ei )li LL L liti Lil Ci" 
i rl	 ('I I w u ldLi 

Chil i ) alnid leiv ( hliliil I I o nli) i tiii I 

n it i l Lwoii L'q i l jut 

Ih l wvIl' ii' liL 	 nl 

: L it' ILL' I',S I i ,L l . = L CIhII nn, 
IlLut lL Ir 'I"L EvEI liiheI II I 0 . 

" 

f 


( . :1tEEI ( 	 . ILIupEt'!L.'; I . (. qlEal I/id'l
'? n!I ,, i n I E'LvL ) adIII PI 	 i. 

(hiLi E'LL E' iiid i hili piinie
lh, [ lIitiV'ly iii E' I) ViI liEP' li t'pwEE'I 

h," Ii . t 	 .; ll'! WE 1 EL lE :Ii 	 LLL 
LI t Iii ll it t ELIf ILh ' 11,;il I I i" Liil,)EE,%L ;i tLL~l 

I ilL I tinii 	l b i I'rl i ti'i tA i LLn I nI 
I t lU i,I Li*,''i .. di t if' ;ILL j i E 

iLL iv .d. 	 This w'ouldiI it iexplawhy '. jln/'iI L UmI 
li. 	 ILL'I ri LILL 

uII li w d , [IIgi , or lllIllil i i ll oststl (Man nid h )Shoo,

li-i al ii l 1yV 

c	 , 
 t. he
I 9,111 ) LtlLi;il rvd with I ni!)ti t h iesLI ilit ELsL N etli yE 

iV (El Iii Ir ir > i"Ii EI' i: I ( i o"Lf Onrunm' I'lLi/ anld1 |
gpil,,t 	i aILlin 
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.'hisftosomm merit. closer ll *t,3lit ,,thI nt tho level ir tle 

g n 3ticrp.gillnti .n ir ,o13itb ilii y (Yu"i"l, 195H; 1 vi)i 1nd 

NurrI , (hin /., i"P il" 1303n1t i(:19/3; t I .I:1 d a3t th . pipull t ion 

le'V"I (110J]I ll.tn ""d, K;"O hlg"I , IWJH5; Wood),rurr, 1985tf). Tlhe: 

res tll- r1l3] iin 3 F y ; fit'yu i dlli("t 0 thnt s ome l( r. tlxonomic 

13i '331n3 rp3n3 3 3 may be 13 '3313i g. 

.y ''I 	 il
' 	2tli[ILi (e," t 33,' VIIl i i .t 33 tle Iri( 

1€.2.2 W n,. t vnl i~lt ini inl the* Tricul inill,i, 


We n", now tIpplyi ig lhe inlights gnin d i n ,o)ur successful 

piilot s tudy of Onco .13 i to, !Qv ' nl IOr ;ll1i Is of the gen3us 

Wv nv "llroNl")ad I,.,.,inoz ymo, p~iltf for th"Ml
][l~ r ,.; ,"nn mulilp W 

. t 3 y '3;33 ' 7't 'till n a n (Igune l ]'l'eu Itll ' V I t i 33 333 10 I tiha 
W11 co 1 i ii imo t- ti ineIii 3I it , -- ;;, i o i;.yi iriI I '!"u "to i c trio 

3)3(3)33 nu333 1 i llt 3 "F3; , i v vrgvi 3 I 3 or Ih 31s i 33tw g131 i tunti Ziwou ,d l i 33", t i p' "P ut33 i o3 , i ' i'll 3333I[ lbv w 3b h3 poit 'I 3. tii 

gamma rur)lil:, TI. hoI ing'i , M I v ln ""3 obe,'r'Is ioII an kaporensis, 

t 330 ' 3333 	 U i333331 31l3k 33113,33 I (tL 133131 f''(l ; Ii Ok 3311(1 .ki.t]Chl 3l llil _ 

'11h 1 IInd. 

2,.2.3{ (;ellftLic vnrinltiOn inl As inn Sch'/i:;sl oown
 

st r of jnlpu l m I"Fu)r13 :1 t. 11n '. ic3l '13 the 

l'hi I l'1, in3 of o,, ii nt oi o3 wier xalmii;lanrdl: LpI.y . on Mindr (3 3 (1d. 

All wel' cyr'ld tilugh )ncomvlrn huel,'n0'i' qundrnsii 3innil 

n31d Sw iss i 1,o 1('o id ,. LAlB wln1; frounded 1980t]n3,i ut 1 33 3In LEY'TE 	 in 
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and
Pialo , Le,yte,, 4311(, i 1,l , w134,,,'ith 4,-hi st ,43m,,E,. F 3, i ht34 20 

19113. I, FIELD W, ,4nd,. wi.3 t 41 4 ' t,1
IE YTE ,,, "n1'H314 th "how!' ill i34 ( 

c ].1 ,,)o t' ' . -1,! ,o l i) I I 4; ,e4,e!' t3on,. 14 ,.4.4 4 IN1)()44(O 

.4I4I4 f11 1(1,I' I I ' l qI thII ; h,,1t 11 II- I I II II1 4 44 1 e, 

in a3 4hu chymrd in 4 UI , ;. n1(4, ,44~ lnhro)gh4,41:4 [4,, la343;4,,3, ' 4 

4444('4' 444444'. ,LZ.)ON 4-,.i3 floan,4 I nii IP11Hl wi h 344144341 (43,444344,.4 rro)4 

S , inro vtvd nural Il ,sC") ,+vcl)+, At lne t) tar ,S+,l lo .,n, ill
 

14 i 43441,nI Iuzon i miresu(the lrn4 444t 444441 ,i.sl 14444444', 4lh 4h o v)4. 

()fit 34? ("'444 4)I iu/i ia 'it' 3f4+I4 444. 44 .*'. , uii W443-4/ 43.3 1: 

MIKONGI. Or'ig,irall ly .ol l ie:1d in4 ri 'u /4" n/4p rt .4;f4344I; 4t,. 

Kh3n4g Island444, Laos3;, in I971 llld maini;t344 lU i .4 illy a3t.1.hL 


11 -,11 |II 1' T l ir 1 "4V , I I y 44" 4
J
4r 4f i 44o>I) 'oi , II par"4 I 4 i (':441 

M,',I ( rw,, Ma h idV.Uive s ity. I is i Weh n l in44 , 1h4 n t" has iyclv, 

Dr . W 'pth3,'-lbI orato4 4i?4y 4 44 130 .,979. 

,
On". 3 rr i(sn )af .he Mlays1 ian ;1his4(to.rim. was
 

exa433mine,,d: M F'4)t4,441,'4 l1)82 wi.h 441,(314.
IA,\YSIn4. in I0 inrecl'Ited
 

io:b 'ertsieI/, k/4. s4nai 1344. nvu+r KUriln Koyan,
por.,4n.is 1 14,1:4.4d 

Pn+hnrng ;-tu l , norvthe.rn P++ni ns;ulIar ,Mhala;ysia a+ndl passage+,'+d
 

lhr,""gh Sw+iss' a lhin" mil ,.
 

i(:h4;4l(344 3 cultur'e(d Cente+ 

for Applied Mularol4:,41 y an44d 1l) .44m<)l4gy (Il)epar L.mefnt of Biology, 

l'aculty or 4.vi,('444 ., M 1hid l Unive+'4rs;ity, 1144) 14ok),and4 t, e 

older4 Z 4 we.'4 d a4 'at" )r'2-y pa's.1,[(,:: 

AII ; 4me443 W4. (wer atI th.he r( 

str'ains * r',y(],, 1 3 N3 year. 

http:norvthe.rn
http:14,1:4.4d
http:por.,4n.is
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AduIlt Woa nrt were rcov re d by per [tu'iol aid (iis; puL(.i ar of' 

nnr t iet .. ed in fte t 0, rod tmireO were hrie.fly wsthed in 

dintili ,d wit r t tr h iing'ro'z.,.n at -3O C. The:y were the n 

flown to ) ivg" a rind t to redi 70 G fr up L 3 ioin t hs:Stinu 


bh' it; orVI"tt rplipt - i:; .
 

H )' Z lil i :;at it reit I,(' (t*Io t rap,[a)re r a;i. wita. 

a'mdi toi 


an d hi'to . mi'nl Istrini ng) cIaa 


f ort ,-p vta t, eacht anim ln, n tru ctIor i ,in,' prod uctts. 

. I,,thni, l ti,M resolved ; .e jii 

ii I I ii 2.y rllle i t i i I 0" i I (tt I O i' Vet y s im Iia r t I. itI 

v:ina. 12.5%. g"l n ile oit Si gm a I. ran (Sigm CIhemii:tl Co., St. 

10"i":, M i"|i u(lri). Pr ol,) to) ' ,'Ivtro horv.is:, the, " lzll wll'rmli 

were thnwvd, i ':I It it 0 ,d Sot tI 'it b y a.lid ho moge nize d 

individually i t 7 ul (r'11lii U ) " IIo tul tmni')r chilled 

dit i l -d w1t,'i'.i Trhe homon wan/ iimmediately a bh orbe d 

onto H s'ingle 1 0 x 3 mm Inh tr hr(matrr wa r phy lper tnl 

i in o l ataininser ted ghgeI. Thu; ,,I' Ir ljuire' i bufr't. and 

re i giii ,a r trt l.(iWe:; ,i V elsewhwit reIt ," I Wi IIltraIx ti 

ult~iyiirttgerii~i (SOD1) wan ieaoivp onIigel atlires) sained for 

mullt t l hytlratg.in .v (MDU!ll), din h or a::, (])IA) wa:s resolveI 

urairig th, iiIq1 i I i ail d H n 7I'/7) and thel hn ,t if i a lHar inis ( 

p plti I (P P,:I i p fr I with t Itory Ig l yc: 'l g l y(c i ItO 

a ubt ai t. We tmpilo yed ai d i i u t~trii rou Poltu1i k buffer (p11 

81.2/1H.7) toa r Iy; iiiv I i edln. (Ait, .C. 4.1 .2. 13),I DlIA 

( .6.2.2) glucoe; -lhoisiha t lhydrgtrii.t,,h ( UPI)O,, ( 

I. I.1.49), hW×ol inn.e IK, 2.7. I ) a.nd ph .; phtg!" crom ntSC 

(I1; , 2.7.9.I ) t di'U onit nunum Ui ii 0Lewith nminuoprolylmo r
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lphuline, hurrfer pH1 6i.,4/7.,4) r-ivsu~l vl n kin""m: ,to "K rylntv, (W 

2,7.4.:), mijt ttoo' pihnl hil t v. ciii ' i . ItMI'I, :. .I . ) U nl PI' 

(.:., .]. 'In, a rroln inno, r W.ll with i:;441i14tiylmor) , h(ow nmn4 


line, ~uf., (pHl 7.0) F,,r j.l on p.Ihusp:|hat", (U;PI,
,: i:n,mvr"9-; 

(1.1.1.37) tnt SOIl I. IS.1.1). 

thht of the n t o il tdividunItot "tu tlle iilii) e it:, Per 

LEYTE. b,/.l 90f (W: LEI,.YT I'LI f!, 


< IH 64!), M.INI)()IO AGO, "S; (1 155I!), IUIZON 41, 1.5; H 2) ,
 

Ml:KON(I 9: I 1, 1 21) MAIAYSIA Z11, IH (7 12 1 . S c h i sLo
 

loc:us we r',: 39]t7, 151 ), ' IGH1':,) 312
 

' 11iiit ti compni-in 44 1 o v 4t1r.l(o Itt4 . A3411I t .o. we.re 

it I t',I1 I I' 4* (i, t I t Il t I' t i l I4'j ' I''',i 1 l 14,i tt U I it(lh Nlt. i
 

197H) tt II Itil OS YS tIII1 I oril'ptl1 g iit " (Sw ri Itf fo il an Se1 irti ,. 

1l l kpr l oi . Pu1t1i.i) fori D ilti n! , ,N, (ninn 

sci n)r.von mI ~ i~ p p f r th i s i e 

,'l ing animigraL ally , PEP.'tr'p"nlvvI as~ s!ri!s orf 2-3: Wn en.s-e 

I 

http:1.1.1.37


j'
4'VeVl I up re hand"~ mi40141 gral ting (1 44,141IIy . Thei pj4 ~ 14~ I l~ 41 is1 

in 4 1141 I I "n ow-it i hnd vai I. IU)$n
d nu v itn4i " eg i of 4111 14 


[ I in 0 u iut.uii',4 I t4 (44't (W t I Wh; MOB1 I , l C41J 

A)41hIdv fU' 1141UI741 114ib: t~k dow [4(4vv I n1)) y" a 411vIiV'i, II1 Or!a I 41;
 

l~ IS:1I4I((4.
I 11(1yg r 4 are l 11 W1ipnI d 14U~ P- zy "~ 


ty 41 II i h1o i n
iniveidi~In(II'I t on n 11** 41Incur (H)' I e h 4 z en eil 
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a ItiI.Ie with 1 Phi I 7pp iu Si*.' dapi/'77i cui , hut ot 7 117 :7 t tip I wo 
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Growth 1I, 1)1 for ft.l m ,ide..-I tub 1e''u lt 11. 

114',k Avf . iihi.' I I Io.n t h Ave. aiI 11 growt h 
pImr Week 1111. ) per wt . (k m.) 

()0 tl0.4 

122 31 0 

3 I !) ( 3

,11 t 0 4 
5i 2 .2 0.3
 
h 2.'.5 0.5
 
7 .1.1) (J 6
 
7 3.0.1; 0 4it A 

9 4.0 0 5
 
101 5 0 .;

II 5.1 0.0
 
12 5.9J 0.0
 

13 5 0. 5 
14 7.0 0. 5 

5 7.5 0,5 
17 It 0 0.6 

I it 9 0.5 
19 9.5 0 4
 
20 1.0.) 0 4
 
21 10.3 0 7
 

, I . 0 0 1;
 
2 3: 11.5 0 5
 
124 12 0 0.•I
 
25 12. 0 

Munin 8hel growth pe r week 0.5 mm. 



- 414 -

TABIE 2 

Growth it. lh .I t' ()1 T.bi l, l gritni 'e '.. 

Month Avf. 
per 

it hio I I rig. Ih 
we-ok ( cal . ) 

Avo . 
or 

ahi I I 
week ( 

growLh 
cin 

3 

5 

G 

7 

H 

9 

10 

I 1 

12 

0O. 

SO.G 1 

0.7f 

00.82 

0. 96 

1.08 

1.]3 

1.41 

1 . 56 

1. 6 1 

1.70 

1. 89 

0O. 3 I 

0. 14 

0.07 

0. 14 

0.02 

0.05 

0.28 

0. 15 

0.05 

0.09 

0. 19 

MRanihalo II gr owth per month 0O. 14 cm. 



TAI IE:i.3
 

Growth tble for f itt ill c, stI [I Costuit. 

Month Av.e. !1ifl I I,.: gth Ave. nhiel 1 growth 
Ipt-r w,-,k (c . 1pr wo, k (cm. 

SO.1i; 

0.45, 0. 18 

3 0.63 0. 2 8 

1 0.91 0,21 

I . 20 0.313 

S1 .58 0. 03 

7I .;I 0 .30 

H 1 9 1 0. 19 

9 2. 10 0. 16 

1(} 2.26 0.07 

1: 2 33 0.25 

12 2.F8 u 19 

13 2.77 0.25 

14 3 .02 0. 18 

15 3 .20 0.22 

16 3.42 0. 18 

17 3.60 0.22 

1H :. 82 

Mean sall growth per month = 0.20 cm. 
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TAB 1. V 4 

Growth tFib]" for Pill, nm;,ullnjcnn. 

Month 	 vev,. ht' I I 1engt h Ave . shell growth 
pt r month (p:m.) t" wec (c(m. 

1 0.42 	 (1. 3 

2 0.76 	 0. :M; 

3 1.11 	 0.31 

4 1.42 	 0.44 

5 1 .86 	 0.45 

6 2.31 	 0.73 

7 3.04 	 0.30 

1 3.34 	 0.14 

9 3. Il 	 0. 34 

10 3 . H2 	 0.34 

1 1 	 4. 16 0.23 

12 4. 3.9 0.02 

13 4 ,41 0.08 

14 	 4.49 0.05 

15 1.54 	 0.04 

16 	 4. 5 

Mean shell growth per month 0.28 cm.
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Biological control ntudy between Tarebin grnnifern (control) 

nnd Biomphnlnrint glabrtt (tnrget) und.r Inborntory condition. 

W"e"k Numbp orI u ii 

'rg Bg Tg Hig Tg Bg Tg Jig Tg Bg
 

0 40 (0 30 In 20 20 I0 3n H 40
 

2 40 0 30 10 20 20 10 30 0 40
 

4 90 0 29 40 20 25 2 3H 0 52
 

ii 643 0 0 94 0 106 0 H2 0 76
 

Hi 324 0 0 151 0 306 0 255 0 134
 

10 77 0 0 70 0 114 0 77 0 108
 

12 89 0 0 65 0 102 0 86 0 96
 

14 95 0 0 63 0 96 0 93 0 87
 

16 102 0 0 5H 0 94 0 101 0 75
 

Tg = Farehin grlii frit 

Bg = Iiomph lar'ia glahratn 

Nut io of 7'. grnai fern Rt. glablraft 

1 40 0 

2 30 10 

3 20 20
 

4 10 30
 

5 0 40
 



TAI! Li: ;
 

I I o logi--iI co nt 1o I ft udy 1Ii w .t I'I"re!/, ill rin tl'r'ra uti I I)((n: .


a od Ilidix r-u/ ig I (1llti,rg,.)I 1wdh I itou utot ory cuodi t i oil. 

WE! ck 

I 

Ntt ,. ,',ti it 

:€ 

iti 

, 5 

Tg flr Pg Att'Pg Hr T g fIt. TA Hr 

0 

4 

G3 

I, 

10 

12 

14 

16 

'10 

40 

90 

450 

:24 

77 

7( 

84 

H81 

0 

0 

0 

0 

0 

0 

0 

0 

.10 

j") 

55 

3 8 

I1 

137 

168 

97 

53 

10 

0 

0 

0 

0 

0 

0 

0 

.0 

17 

13 

20 

112 

84 

95 

88 

84 

20 

14 

4 

1 

0 

0 

0 

0 

1 

9 

6 

63 

24 

31 

16 

11 

15 

3 0 

12 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

40 

6 

1130 

182 

112 

L0 

94 

72 

70 

Tg 

Rr 

T'arc 

I/ON,v 

i/i 

rii) 

j111)i ferit 

inao.;n 

fluL io of 

1 

'. gr'ni fcrn 

40 

It. rubhiginosa 

0 

2 

3 

4 

5 

= 

= 

30 

20 

10 

0 

10 

20 

30 

40 



- 49 -

TA I I,; 7 

Biological 'oitrt'ol ltudy IEtWt;tt ,1 Aftl ijedp, 'ercuti(no t tt itfta 

(control) trd 1iomphiliriin glitbrtitti (ttr'get) 
u 1td e r I nl ) o r a.t or y contdi t ioi 

Wetk Numbor of snai I n 

S2 4 5 

Mt Hg Mt dg Mt g Mt Bg Mt Hg 

0 40 0 30 10 20 20 10 30 0 40 

2 50 0 30 10 20 20 10 30 0 '10 

4 53 0 30 90 19 50 10 32 0 52 

G 79 0 24 108 15 64 8 45 0 76 

8 102 0 1F 112 15 7G 5 Ho 0 134 

10 65 0 H I .5 1() 87 3 112 1()o1 

12 37 0 2 139 5 95 2 135 0 96 

14 46 0 2 135 5 144 2 107 0 87 

16 44 0 1 I1 1 115 2 78 0 75 

Mt = /lvlnnoide.ai tu!hrculnta 

fg zlliomphiit toti gloh tuti 

Ratio of M. tuhetrculattti B1. glabrata 

1 40 0 

2 30 10
 

3 2(1 20 

4 10 30
 

5 0 40 

http:lvlnnoide.ai
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TAL I E H 

Bi1logic" Ic Introl"1t. uiitj be.weu, *f,. oide. fuh r u.r,iu

(co*ntrol) nrid Un~di. tu6 .inoNz (tnigl~t) 

f 

ud erll lh lrltot)ly rondllitiloll. 

Week Numpr of mnniit 

2 :1 4 5 

M t Ifr mt Ir Mt II Mt. 11r ML fr 

0 ,10 0 30 1(0 20 20 I0 30 0 40 

2 41 0 :0 6 20 12 10 19 0 I; 
,1 53 0 4 1 0 20 0 10 0 0 140 

G 79 0 57 U 52 0 24 3 0 142 

H 102 0 69 0 51 0 50 3 0 112 

i0 65 0 56 0 56 0 43 " 0 100 

12 37 0 40 0 55 0 40 2 0 9A, 

14 46 0 50 0 47 0 16 7 0 72 

16 44 0 47 0 47 0 18 2 0 70 

Mt N elantoid(s.t th.err'ulata 

UZr hIndi ru/higinumi(i 

Hui to of N. tuieru/ata : I. rub/iginosn 

1 -40 0 

2 = 30 10 

3 20 20 

4 10 30 

5 0 40 



l1. .!) 

Biological co t Io I Ht' v I)tt,*t t q l lJt1) doS tliu rcu lt)
I #r ";con t roi ) i t ithi it r itit . gon iymchi I.; ( target) 

Wt! k N idwlll t' !;fr-it i .j 

1 2 ; 4 
 5 

Mt. 1 a g !Iv)gt Mt ih g Mt tIg Mt bS g 

0 40 0 30 10 20 20 10 30 0 40 

2 42 0 30 10 20 20 10 30 0 40
 

,1 53 
 0 39 6 23: 16 17 22 0 29 

G 79 0 63 6 39 11 65 17 0 25 

HI 102 0 55 5 :32 10 60 15 0 22
 

10 6 5 0 54 
 5 36 10 65 15 0 20 

12 :17 0 53 5 38 10 72 13 0 20 

14 46 0 30 I 42 8 37 13 
 0 11
 

16 44 0 36 4 52 
 8 54 13 0 20
 

Mt - Afe'lnoi,!os tute-rclntt 

Bag - flithyni S gionamea.;gniomphalos 

Uatio of' M. tiuherculhtit l.s. goniomphalos 

1 40 0 

2 30 1o 

3 20 20 

4 10 30
 

5 0 40 
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TA'BLIE i N! 

B i o lI c a t u o l " "ft b , .l , M hv la n o id e s : t u h o~r c u l at eto g i l,Qon -A " ,O 

:o " I ) lI1ndPlilnul ;wu;o u. (+ rge ) 

Wo ok Num v or)1an1) i41)4I 


I :. 1 4 5 

Mt 1,. Mt It- mt I, Mt o Mt I[c 

0 40 1 30 It0 20 20 10 10 0 40 

2 42 0 "20 10 12 50 10 30 0 40 

'1 53 0 41 77 13 50 10 64 0 13L 

G 79t 0 30 26 4 46 2 15( 0 43
 

I 102 0 3'? 92 3 84 2 
 81 0 60 

10 65 
 0 35 45 3 55 2 56 0 60
 

12 37 0 :12 5H 2 50 2 tO 0 27 

14 46 0 31 2t6 2 1:0 2 103 0 WJt
 

1i 44 0 35 253 2 363 2 ?30 0 123 

Mt -' AfuI,,noinde. tlul'OIn('1J(Jtag
 

To1 lIndoplhn)rbis emusft us
 

nt io of M. MJ'prculinl TF. exustus 

1 4(1 0 

2 N0 :0 

3 20 20
 

4 10 30
 

5 = 
 0 40 
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T''A Ll I11.1 

iiv ca4.fuile, 
(,:)irtOl ) "nI hudiv vuhigm41 o;e (tnrgt) 

und r Inlir I ar y t, rt t i r. 

HioC)Iom iu uou lI. alud I twel hrlitvt costillC 

Wonrk tNusl),r ",r ""n)il" 
i I 1 tiit I 4 4 t 4 5 

It c It,:4, It::: 7 IrI1r I (: l "cv t I,r 

0 20 0 Is 5 10 10 5 15 0 20 

18 0 10 3 7 5 2 r; 0 3 

, 18 0 6 150 6 HO I iI0 0 90 

6 17 0 6 76 5 90 1 57 0 96 

H 15 0 1 11 5 31n Is 0 5sc 

10 15 0 6 18 5 1, 1 7 0 42 

12 14 0 5 2 5 0 1 4 0 39 

14 14 0 5 2 4 0 1 3 0 32 

16 24 0 5 2 4 0 1 2 0 30 

Bcc Wlrotit costM esfo:tula
 

Ur = dix ruhiginosti
 

IRn t 1 of R.c. co.tul. I. ruhiginos a 

.1 20 0
 

2 15 5
 

3 0 10
 

4 5 15
 

5 0 
 20 
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TABI.: I! 

Ii0logicni c ontrol hp.w,,, o:;tul" CO. 
(cot I ro I) i , Phh rt;;i kI orhp ; hr 

.i I dy Br sia U1tilti 
I to n ,n. (tLtrget) 

"nd r luoj t ory c:ondition. 

Wek Numbr " :uf ' iu i I. 

Bcc Uk 1Bcr: Uk Herc IRk 1ch Ik Bccc Uk 

0 20 0 15 5 10 10 5 15 0 20 

2 20 (0 15 5 ]0 10 5 15 0 20 

4 20 0 15 5 10 5
10 15 0 20 

G 20 0 16 5 10 9 5 14 0 19 

U 20 0 24 4 10 9 5 14 0 17
 

10 20 0 14 4 10 0 5 12 0 17 

12 20 0 14 4 10 9 5 12 0 17 

14 20 14 1n 50 4 9 11 0 15 

16 20 0 14 4 10 59 II 0 15 

Bce i I iii coi:Iful/n C')o ttl /
 

Rk Iohrt.';ielln knprensis
 

Ratio of B.c. costuln I. ktporensis 

1 20 0
 

2 15 5
 

3 10 10
 

4 5 15 

5 0 20 
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TABL E I : 

B 1iologicnl 
(contrl) 

contr'ol ntudy hi ,we, Piln mmpulltcc'n 
unld Iliumt'hn lti"i gl abrnt" ( t rget 

nd " I abaurmtl ol'y ,onilit i i . 

Week Numbr u f suaniln 

Pu Hg i" Bg P'n Bg P" Bg PA Hg 

0 

2 

,1 

0 

10 

12 

14 

;6 

-----

20 

20 

20 

S1R 

18 

17 

17 

16 

15 

----------

0 

0 

0 

0 

0 

0 

0 

0 

0 

15 

15 

15 

14 

14 

13 

10 

10 

10 

5 

5 

5 

5 

5 

5 

4 

3 

3 

10 

10 

10 

10 

6 

6 

5 

4 

4 

10 

10 

10 

10 

24 

19 

19 

20 

15 

5 

5 

5 

5 

5 

5 

4 

4 

4 

15 

14 

14 

14 

32 

14 

15 

12 

12 

0 

0 

0 

0 

0 

0 

0 

(1 

0 

20 

20 

99 

108 

151 

74 

67 

fi; 

56 

Pu 

Bg 

M-'in napiuln . 

liomphlllrtii, glahtnin 

Intio 

2 

of I'. ampulinreo 

20 

I:5 

B1. glabrata 

0 

5 

3 

4 

5 

10 

5 

0 

10 

15 

20 



TABIiE 1,
 

uuo cr1 di1n14 ]d t 1 I Oti .m ti 

c NuuulIII i t I l 1 1aI 

I 2 

i cc Ig Itc i Itg Itc-: I1g 

0 50 0 25 25 0 50 

2 1278 0 25 25 0 50 

4 1680 0 24 23 0 47 

1483 0 23 76 0 495 

H 985 0 23 242 0 176 

10 975 0 23 276 0 95 

12 743 0 22 302 0 180 

14 723 0 22 :13 G 0 137
 

16 748 
 0 20 394 0 173 

1H 741 0 2(0 4; 1 0 65 

20 736 0 20 223 0 125 

22 70 6 0 20 256 0 367 

24 732 
 0 19 206 0 507
 

26 543 0 19 277 0 468
 

28 529 0 19 275 0 392
 

30 638 0 18 1:'0 0 36;8 

32 321 0 17 155 0 342 

Bcc = Brotin Co.9:ulfl co tula 
Bg = BiompholIarin glnhriit 

Ratio of P. c. c,stui B. gJl hrata
 
1 50 0 
2 25 25 
3 0 50 
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TIAI| II: It 

Biologica I cont ro I n tudy Iot.woon rot ill cafl e ulull coat (t1
(contLroI) itnd(I n doplI t norhi.; ex.im;t us ( target. 

under Ii imull lite- f'iq#l d condi t ion. 

Wii'Ik Nuiln, - of, , i I 

2 3 

Bcc Ie Be"re o Bcc 

0 50 0 25 25 0 50 

2 127H 0 8715 21 0 50 

4 1680 0 645 20 0 4 

G 1483 0 804 2G 0 152 

8 985 0 642 22 0 115 

10 975 0 429 116 0 1211 

12 743 0 522 215 0 166 

14 723 0 387 142 0 190
 

16 748 0 '178 1G9 0 149 

18 748 0 383 142 0 114 

20 736 0 372 124 0 166
 

22 706 0 364 118 0 128 

24 732 0 360 105 0 142 

26 543 0 349 98 0 160 

28 529 0 :138 79 0 112 

30 638 0 337 51 0 142 

32 321 0 297 69 0 151 

lice itotint costulU ro.90tli 
I (! IB'Iopltlorhi.'4 to (',VII.'; 

lbntio of P.c. rostuln? I. exustus 
1 7 5(0 0 
2 25 25 
3 0 50 



TAItI' IE 1; 

III litIIJ0 C'ft I 0I 
(o*f t 1oIff ))

ll ) !,. 

fit ftdybvet w.i-, /trIt !a cos t Itulucos tuit 
d VIII I v ru/fu1 t1t ;I (I.if - gv 

1l m i Iift.,ed t'i .Id ( or)(Ii t-io il 

We It kl~ ff Nit [Ilf . I i o if I fit (if . II 

I 2 3 

114cc Iot'c11"cice r 

0 50 0 25 25 0 50 

2 1278 0 25 25 0 45 

4 1680 0 707 23 0 37 

6 1483 0 980 21 0 37 

8 985 0 648 21 0 3? 

10 975 0 411 178 0 123 

12 743 0 476 230 0 199 

14 723 0 285 69 0 147 

16 748 0 371 1211 0 188 

Ii 74l 0 34 1 22(; 0 262 

20 736 0 341 22; 0 197 

22 706 0 212 155 0 130 

24 732 0 238 153 0 95 

26 543 0 219 101 0 6H 

28 529 0 138 63 0 14E: 

30 638 0 133 32 0 81 

32 :121 0 122 It 0 90 

11cc Il'ot ill co."; tIu (0!) tula 
11r" Jl;dix uth.igino!;Il 

Nntit t Io. .c,co.tt ltIn . R. ruhiginosa 
1 50 : 0 
2 25 25 
3 0 50 



- -- - - - - - - - - - -

,IJ,; 17
 

Biologicr l control atudy lvt.wt-.v:, flroti cot ijtl, ro.stula
 
(conltrol) 111d0 l'ril( 1 lip ~ttto ( t rgf.l
 

uWs o u ku iind i I t i t ion.
 

Wouk Iionl,.i ..'f' :iso 1n 

lic cIt Brr T I Bec Ta 

0 50 0 25 25 0 50 

2 1278 0 25 25 0 50 

4 1680 0 2.f 18 0 40 

; 1483 0 24 17 0 36 

9 5 0 24 14 0 28 

10 975 0 2:3 10 0 24 

12 743 0 22 9 0 19 

14 723 0 22 6 0 16 

16 7481 0 20 3 0 9 

1l 748 0 20 0 0 5 

20 736 0 20 0 0 0 

22 706 0 20 0 0 0 

24 732 0 19 0 0 0 

26 543 0 19 0 0 0 

28 529 0 19 0 0 0 

30 638 0 18 0 0 0 

32 321 0 18 0 0 0 

Bcc hIrotia co.;tult co.tulu 

'rt Triv i 1 t i p ftit 

Hit i, of /I.(7. costil : T. uperto 
1 )50 0 
2 25 ; 25 
3 0 50 



1 Altl 1.1 ItI 

l i Olog it.llI c(olt I()II fit Illy 
((orltI a'I) it 111 1 pollwn It 

kill 1 t I in ii t 

Wt-f-k Ni 

I,.tW .,li /1 III ru:I U Hg (ost, ull , 

i lI u tIn I/l drilg (tl lget./III', I.; i, i 
I I d cmn i i o 1 

ml , I ilit I s 

1 2 3 

11c II I t' 0 Itc"c Of( 

0 50 0 25 25 0 50 

2 12713 0 25 25 0 40 

11 ItWO 0 25 1i 0 32 

13 1483 0 113 10 0 30 

H;15 0 106 6 0 29 

10 9 75 0 1 3W 0 19 

1:! 7,13 0 18H1 2 0 16 

I,1 723 0 1.17 2 0 15 

16 748 0 141 2 0 12 

1it 74H 0 121 1 0 11 

2!0 736 0 112 0 0 1I 

2: 7016 0 I 19 0 0 I1 

21 732 0 127 0 0 11 

23 543 0 141 0 0 11 

218 529 9 ;.8 0 0 11 

30 6138 0 145 0 0 10 

32 321 0 137 0 0 10 

It:(c c ,tiro f h)t I"'.ohut l c'ostiIltI 

Oq = Ontcomelinig hup.ni.s quitd(rnsi 

RtI. i o of B.c. ('ostul :iO.h. qudlrngsi 
1 5 0 0 

2-2 : 25 
3 0 50 



- - - - - - -- - - - - - - - - - - -- ---
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'AH IE III 

Itlc i ugln roi t.,ol "Lud.uy blw, .n b olltI ie IUu rsi uhl it 
(:on trol "nd lihy/l n .ia nn i s.:guiui iumphi)il]..,: ( I ! g t ) 

urd.r innimulnI! I fi, d condi t ion. 

./e.k Numh,.r or wn , I 

F)ng It gttiAb 1ccIt g 

0 50 0 25 25 0 50 

1278 0 25 25 0 50 

'1 1680 0 25 25 0 48 

14 : 0 25 25 0 4 H 

8 985 0 22 20 0 44 

10 975 0 20 20 0 31It 

12 743 0 20 17 0 26 

111 723 0 20 14 0 24 

it; 748 0 
 20 12 0 24
 

I1 748 0 20 8 0 21 

20 736 0 19 
 4 0 17 

22 706 0 19 2 0 13 

24 732 0 
 19 2 0 1.2
 

26 543 0 i 
 2 0 12
 

28 529 0 18 01 11
 

30 638 0 18 1 
 0 10
 

32 321 0 It 
 0 0 10
 

[Hcc -: BIro in costIuln co.ntula 
-

Bsng H ith'nii jliie"is goniompnuos 

Ratio of I.r. rustuln. B.s. goniomphnns 
1 50 0 

2 25 25 
3 0 50
 



- 62 

lBiologicn l (.,Iltrol u y 5,I , 4n1hmlde1€: tutercullift? 
(co ontr1gl) ft Ir li , l 1hlt ii lrlIiit I (tllrg!t) . 

unld -rr" ,i In l li ,1d fi ld , i d itio . 

W ti eik N, I nllli f, ¢o f, f 11 11 I, 

Mi Mt Ig Mt Bg 

0 I00 0 50 50 0 100 

1 100 0 50 50 0 100 

4 100 0 50 50 0 95
 

6 236 0 76 125 0 990
 

H 286 0 131 48 0 353
 

l( 22 % 0 68 140 0 189 

12 312 0 165 :324 0 361 

14 384 0 162 288 0 273 

1H; 514 0 590 568 0 345 

I8 656 0 775 433 0 131 

20 504 0 675F 186 0 251 

22 264 0 60(; 497 0 734 

24 246 0 511 321 0 1014 

26 267 0 199 227 0 936
 

28 300 0 154 22f; 0 784 

30 662 0 210 193 0 736 

32 643 0 104 1H2 0 684 

Mt M 'llnoidt." tithbo'ulh ti 

IIg Biompmln 1iii gltt brit a 

?at io of Al. tI .r/uil' l :i fl. glibrata 

1 I0(1 
2 f050 
3 0 0 



-('3 , 

TA It1.E:! I 

4i) o og iv(1 c] tit I I st Itd y 1)1tw .. 
(,'oit 1 1) 1 ) kl.ind lh l l l/. , 

k ll fI td' -I I1 I IId 

,MvI ti o i/(t, 
< ,; l ( fi 

L i t. I )l 

t Jlo'iU(I
got! 

Ilt it 

WItI e~ el ot !I, I t 

l Mtt v MtI 

0 

2 

100 

10 0 

F050 

50 

50 

50 

0 

0 

100 

100 

1 

I; 

H 

1 0 

1 2 

11 

1; 

W0 

190 

2I: i 

286 

223 

312 

384 

5 14 

656 

0 

0 

0 

0 

0 

0 

0 

0 

4 3 

40 

40 

:M 

2f 

23 

167 

93 

49 

333 

460 

2 (;2 

2 97 

f8 

97 

127 

0 

0 

0 

0 

0 

0 

0 

0 

95 

303 

229 

2 F; 

332 

30 

297 

227 

20 

22 

504 

264 

0 

0 

154 

96 

202 

IiG1 

0 

0 

:312 

259 

2/, 

2f; 

28 

30 

32 

246 

267 

300 

662 

643 

Mt 
I f! 

Rn tio 
I 
2 
3 

0 73 188 

0 711 162 

0 85 146 

0 92 215 

0 105 1?2 ; 

Afl/noidrs t O l,, iulnit 
1J1doplI IoI i I (Vi.'stills 

of M. Iu/)p't'1,t.'t I. 
100 

50 
- 0 

extIt5l. 
0 

50 
100 

0 

0 

0 

0 

0 

286 

230 

224 

284 

3G1 



- 64 

lfAl: "",. 

Iliolog I,cIl ,con tr1-) tit 11ly !, I l,l,.n ,iil iloidev.. t al¢l'(.lillst11 
Ii 3 o t r o I i I yioI vcAv,j o lain'tit rfg, t tuiagic(c:oni ru I ) nmd h/tx. tutb gi noaH; ( t crll I )o 

uiiz;,i I m it iiitm i o nit 

N1 I lI I I Mt Ur 

0 100 0 50 50 0 100 

2 100 0 '1It 43 0 100 

4 I100 0 411 43 0 100 

G 23t; 0 13 ; 3,5 0 73 

H 286 0 190 23 0 73 

10 23 0 223 12 0 1 H0 

12 3 12 0 298 8t 0 194 

14 l14 0 216 II 0 196 

16 514 0 202 12 0 523 

111 656 0 195 12 0 394 

20 504 0 184 19 0 :134 

22 264 0 192 14 0 261 

24 24 0 18 12 0 191 

26 267 0 176 12 0 136 

28 300 0 183 10 0 296 

(62 0 17 5 10 0 162 

32 643 0 187 10 0 181 

Mt Mellnnoillt.-.s tutibrlculall 
fir ladix i-ti!, inosi 

Rnt io C f . tubo1u)lin fl I. rubiginosa 
I - t00 0 
2 50 50 

S -0 100 



- (;5 -

Htia01ogicnIi con trol nit tdy bet.wec ilaie b~cu~ntaMo1110r/

(con trol) urnd T'i'ut l njrtr/a t1ti rgvt 

"11|d 1 w al" JI~o r'ip d andition.
 

Week Nwml,.i of" m I
 

? 3. 

Mt 'I'll Mt In Mt I'l 

0 100 0 50 50 0 100 

2 100 0 50 50 0 190 

'1 IO0 0 49 42 0 80 

236 0 49 30 0 72 

H 286 0 131 18 0 56 

I0 223 0 145 10 0 48 

12 312 0 194 5 0 38 

14 384 0 258 0 0 32 

I6 514 0 334 0 0 18 

18 656 0 30H 0 0 10 

20 504 0 288 0 0 0 

22 264 0 205 0 0 0 

24 246 0 200 0 0 0 

26 267 0 174 0 0 0 

2B 300 0 185 0 0 0
 

:0 662 0 II1 0 0 0
 

32 643 0 193 0 0 0 
- - - - - - - - - - -- -- - -- - -~.. --- -- - - -  - - -  -- -  - - -- - - -

Mt =- innoidI', turlculatet 
Tu - Tri'ul" mivlrt ii 

RntL o tnfrm. tu,';crulatt T. atperfn
1 [0I 0}0 


2 50 50 
3 IO0 



- 66 

'IAI11 2,1 

(cont 'o]I)itnfd On 'tmv I rmui i hlalpcn.;i.,; ,,,imdriisi (fnrg,.t)S[I u n Ifll t,!I e 1 Al I I i t . 

.4eglt)lV f : i I l!n , 5 
I 2 3
 

Mt 0M1 mt (,1 Mt Oq 

0 100 0 50 50 0 100 

2 10 0 0 5 50 0 100 

4 100 0 50 38 0 63 

G; 236 0 277 26 0 60 

I 286 0 378 26 0 41 

10 223 0 627 23 0 38 

12 312 0 801 19 0 32 

14 384 0 1421 15 0 30 

16 514 0 1325 15 0 24 

18 656 0 748 15 0 20 

20 504 0 636 15 0 20 

22 264 0 4918 15 0 14 

24 246 0 580 14 0 14 

26 267 0 677 14 0 14 

28 300 0 722 13 0 14 

30 662 0 5311 10 0 14 

32 643 0 52 G 10 0 14 

2Mt Melanoidt's tithvrculati 
Oq Oncom,/an ia hupon.; is qundrasi 

Hatio of At. tuherculttij: O.h. quadras i 
100 0 

2 50 50 
3 -0 100 



- 67 -

I'A II i,l' f 

Biolugical control "tudly beItw0- li']. 'de t/l, lercuintoin o 
(cont rol )ii td ilh~ 'n u .P; mie .Ni; goniomplu lN H(turgot

ut:lrtm ]. ,., I ,- d ,,,nd ilivin .: 

Wt:,.k Numtbcr or1 unamiL1:
 
M t I [ I m 11(l g t . On
 

Nit IMni, I Ihg. Mt B hg 

0 100 0 510 50 0 100 

2 100 0 50 50 0 100 

4 10 0 50 50 0 95 

6 236 0 165 40 0 95 

Ii 286 0 221 16 0 07 

10 223 0 20H H 0 5; 

12 312 0 225 2 0 51 

!q 384 0 238 2 0 48 

16 514 0 238 0 0 48 

18 656 0 215 0 0 42 

20 504 0 204 0 0 34 

22 264 0 1H6 0 0 26 

21 246 0 178 0 0 24 

26 267 0 189 0 0 24 

28 300 0 192 0 0 22 

30 662 0 174 0 0 22
 

32 643 0 179 0 0 20 

Mt Mr hft.,nn/fid.s uh/rcuilt to 
RSg BIithyn i .;iamn.;is goniomphI los 

Rntio of N, tuboretr'uita : u.s. goniompha los 
1 - 100 0 
2 50 : 50 
3 0 100 



-----------------------------------------------
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TAHl E 21; 

Biologicai controI 1tudyt b,.twpve.n I'lln ampullucelt 
(cont rol) nnd Biom;'hinri glnhnt (it urget). 

Indr Limul It.d uld t. "n.fi nd 

Week N u mhr of Until 

1 :! :3 

Pft Jig I'll fig I'll g 

0 50 0 25 25 0 100
 

2 50 0 2b 
 20 0 100
 

4 48 0 25 20 
 0 95
 

G 4H 0 25 
 20 0 990 

11 418 0 25 Ili 0 353 

10 44 
 0 25 9 0 189 

12 40 0 25 9 0 361
 

14 40 
 0 23 9 0 273
 

l 38 0 23 9 0 345 

18 38 0 22 9 0 IIl
 

20 38 
 0 22 9 0 251
 

22 38 0 22 
 9 0 734
 

24 38 0 22 9 
 0 1014
 

2A 36 0 
 22 8 0 936
 

2 36 0 22 8 
 0 784
 

30 36 
 0 21 7 0 736
 

32 36 0 21 
 7 0 684
 

Pu I'ilt utmpullatcetl 
Bg liomphaluarin glhrait 

RaLio of I'. iimpullacen B. glabrata 
1 50 0
2 25 25 
3 0 50 



Bi log tiI 1. r 0 I t.1iuy 1, t WI! ,1 pi/ 1, tIMpl l t' liiI 1i, 

(c('ort ro I ) 1111(l I#n lop etr is tvl) a,; (I lst tt . 

t'III ' i 111111 t ti I d A:ouu1nd i t ion 

Weekkl, N *z t llt iii 

1 2 e 
Ptn I e Unl I u* Po Lu; 

0 50 0 25 25 0 50 

2 50 0 25 25 0 50 

4 48 0 25 12 0 48 

6 41 0 25 7 0 152 

8 48 0 25 7 0 115 

10 44 ( 25 7 0 12 8 

12 40 3 25 6 0 166 

14 40 0 25 6 0 190 

16 38 0 23 6 0 149 

1F1 38 0 23 2 0 114 

20 38 0 23 2 0 166 

22 38 0 23 2 0 128 

24 38 0 20 2 0 142 

26 36 0 20 2 0 160 

28 36 0 20 2 0 112 

30 36 0 20 2 0 1,12 

:12 36 0 20 2 0 151 

Un : I'i Ia a ',/1111)11r ceel 
1
It -r [inc/l,) ]ltltart# I ,'xur.tl;I ui~ 

lit io of 1'. ilm ullp(.Io l 1. (!KUStus 
1 5(1 0 
2 25 : 25 
3 : 0 50 



- 70 -

B iol og i ca I cont ro I
(cont roI) lid 

t. tIyI le two
ildi.%, rub iino, 

) I' i 
(l 

n mp uI
l-ge! ) 

itCt011 

n(Ier HI mul i t d f i I.d :onald i ioni. 

Week Numh, vJ ofrt ni I s 

0 50 0 25 25 0 50 

2 50 0 25 25 0 45 

4 48 0 24 17 0 37 

6 48 C 24 11 0 37 

8 48 0 24 6 0 37 

10 44 240 0 0 123 

12 40 0 24 0 0 199 

14 40 0 23 0 0 147 

16 :18 0 23 0 0 188 

Ili 38 230 0 0 262 

20 38 0 22 0 0 197 

22 38 0 22 0 0 130 

24 38 0 22 0 0 95 

26 36 0 21 0 0 68 

28 36 0 20 0 0 148 

0 36 1I 0 0 81 

32 36 180 0 0 90 

I'll Piln ampullacen
IRr /?nd(iA- ruh iginosin 

Ratio of P. ampI,IRnctt :IR. rubiginosa 
1 50 0 
2 25 25
3 0 50 



- 71 -

Bo loglenI contMa tudy hptewvri I'iln tip,uJnCe
(control) rnd F'riouln apertn (trgel). 

under aimu l vt.d fM id condit i on. 

Week Numiiiv "Ft ,,ih1 ,I 

To Plni't Ti~t it T 't 

0 50 0 25 25 0 50 

2 50 0 25 25 0 50 

4 48 0 22 16 0 40 

G 48 0 22 10 0 36 

It 413 0 22 3 0 211 

10 '14 0 20 0 0 24 

12 40 0 20 0 0 19 

14 40 0 19 0 0 16 

16 38 0 19 0 0 9 

18 38 0 19 0 0 5 

20 38 0 19 0 0 0 

22 38 0 18 0 0 0 

24 38 0 18 0 0 0 

26 36 0 18 0 0 0 

28 36 0 18 0 0 0 

30 36 0 18 0 0 0 

32 36 0 18 0 0 0 

Pi
Tat : 

I'ili 
"'i i't 

nmpul a iit 
llt It!Vl' 11 

RnL io of '. amPul Ioc:en .T'I. aperta 
I 50 0 
2 25 25 
"1 (0 50 



- 72 -

TAILI: 30 

8 iologicnl c~ontr olI tudy bv.t wevI.Wf Pilii Impul 1'fe 
( contro l) miid On'omelunin hu,,-n.;:i quidrani (Mtrgc t 

ul"o r loted I Iild condition. 

Wug,k Niumb.,r of " uin1i 

1 2 3 

Pa Oq IllP Oq 

0 50 0 25 25 0 50 

2 50 0 25 25 0 40 

4 4'8 0 25 18 0 32 

f; 48 0 24 10 0 30 

8 48 0 22 4 0 29 

10 44 0 20 0 0 
 19
 

12 40 0 20 0 0 16
 

14 40 0 19 0 0 15 

16 38 0 19 0 0 12
 

l8 381 0 19 0 0 11 

20 38 0 19 0 0 11
 

22 38 0 19 0 
 0 1] 

24 38 0 19 0 0 11 

26 36 0 18 0 0 11 

28 36 0 18 0 0 11 

30 3 G 0 18 0 G 10 

32 3 IS 0 18 0 0 1o 

A 'ila ampullcea 
Oq - Oncome Innzin hupensis quadrus-i 

Rutio of P. nmpullacen O.h. quadrnsi 
1 50 0 
2 25 25 
3 v 0 50 
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T(ABo(LE. 31
 

Biological control Otudy h,:tw, e Piln am.qpullacou
 

(contr.rol) und Dhithti, si n: i,mpniomjh'inos (I rgpt 
un,1pr n.ilzltImtt ., Fiv. d ro,)ldit ionl.
 

Wenk Numbv: or' 1|oi
 

II ]I.9 Pi g I'll 1|Bl'gg B!n|,' 

0 50 0 25 25 0 50 

2 50 0 25 25 0 50 

4 48 0 25 25 0 48 

G 4 H 0 25 18 0 48 

I 411 0 20 12 0 44 

10 ,14 0 20 7 0 3 

12 40 0 20 0 0 26
 

14 40 0 20 0 0 24
 

if-) 38 0 19 0 0 24
 

I1 3H 0 19 0 0 2.1 

20 38 0 19 0 0 17 

22 38 0 19 0 0 13 

21 38 0 18 0 0 12 

2f 36 0 18 0 0 12 

213 36 0 i 0 0 ]1 

30 36 0 18 0 0 10 

32 36 0 18 0 0 10 

Pa 'i In nmlullnrccii
 
Bu-;g lithyninI siJ g.';
eumos oniompho los 

Ratio of P. nmpulincn :.s. goniomphalos 
1 50 0 
2 25 25 
3 v 50 
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TAi1II , 1 2 

Fiological contoll Ht. ad y bg t we Tre/,i' u r,imi era 
(control) nrid Piomphlti rit ghltir ttt (Itt-get). 

under i[ul iL ld ciondi ti on1.a fi,1l 

Week 

Tg 

0 100 

2 10) 

,1 100 

I; 92 

S:190 

1O 650 

12 667 

14 327 

1 G 444 

1 i :190 

20 39 ( 

22 219 

24 216 

2(; 24(; 

28 1R9 

30 190 

3'2 259 

TV = 
jg = 

Rati o 
I 
2 
3 

NIuIl,,.*r (0 

lg Tg 

' 50 

50 

0 50 

0 48 

0 43 

0 279 

0 128 

0 614 

0 471 

0 :117 

C 205 

0 186; 

0 1G3 

0 122 

0 91; 

0 75 

0 52 

Ttrobihju grnnirt'ni 
l1iomphltIll il K/I tibrlfti 

of T. grioi feln. 
100 
50 

0 

li III 

:3
 

fig Tg 

50 0 100 

50 0 100 

50 0 95 

50 0 990 

48 0 353 

567 0 189 

769 0 361 

15 10 0 273 

987 0 345 

8.12 0 131 

4'18 0 251 

430 0 734 

344 0 1014 

350 0 936 

322 784 

342 0 736 

350 0 684 

l 

It. glabrnt t: 
0 

50
 
100
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TABL E 3A 

Biological contro,)l 
study be tw.±1) Tac ill gflinifetrn 
(cont rol ) 11nu1 hIndop/ltin rh .s '':u; tii; ( tillt-get 

ull(|,.r aimuillat di fil.]lj c oncditiOn. 

Tg Ic T 'g [e 

0 100 0 50 50 0 00 

100 0 50 50 0 100 

1O0 0 50 50 0 95 

G 92 0 196 386 0 303 

o 390) 0 502 257 0 229 

10 650 0 150 361 0 256 

12 667 0 4f15 374 0 332 

14 327 0 315 221 0 380 

16 '44 0 5O 202 0 297 

18 390 0 66 191 0 227 

20 396 0 664 127 0 312 

22 219 0 223 201 0 259 

21 216 0 277 149 0 21C 

26 246 0 230 191 0 230 

28 189 0 238 168 0 224 

3 0 190 0 278 159 0 284 

32 259 0 229 159 0 301 
. . . .-.-.-.-....-.-.-.-.. . . . . . -- - -. --.-.-..- - - - -

Tg - T'Ire/billtnni 
I (!. 11)(lopi llnorbt , 

tr 
v'xl€'\11(sti ; 

Inti o off T. T' r yi f .i [ . exus tus 
1 100 0 
2 - 5 0 50 
3 0 100 



- 76 -

TA1,I.1,'
Al, 

Biological coitr JI :itid y b,,t wi..vi "lir llito grtm i(' r fr 
(coa lrol ) md itldi" r ui.rget(tg 

U1141f~f s ntlIit#.I I'. I d : olld I .i f 

Tg t!r e kIrI 1 . tr 

0 100 0 50 50 0 100
 

2 1( 0 5, 0 10
r0 50 


4 100 0 12 14 0 100
 

6 92 0 42 36 0 73
 

H 390 0 t61 151 0 73
 

10 650 0 142 93 0 180
 

12 667 0 152 52 0 194
 

14 327 0 155 28 0 196
 

16 444 0 177 12 0 523
 

18 390 ( 184 0 0 394
 

20 396 0 210 0 0 334
 

22 219 0 191 0 0 261
 

24 216 0 185 0 0 191
 

26 246 0 169 0 0 136
 

281 189 0 162 0 0 296
 

3o 190 0 166 0 0 162
 

32 259 0 174 0 0 181
 

Tg Tarel; i grnm ifet'rii
 
Ur - h'fl(i" ruhi'itl4L'U 

Ratio of T. grinif'ert, R1. rubiginosn 
I - (10 0
 

2 50 50 
3 0 100
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TAB I.E 35 

Biological cont rol studty ht:tw # ij Tljrebii grt il'ra 
u2:ot d0 
u cd u 

) 
k 

41n 

i 
ti 
Nu 

'iI/,if i 
rill)I 

j 'rt i (tiog.t 
[111 1 1 Iii1 

Tg Tt ifg 'TPU Tg Ta 

0 100 0 50 50 0 100 

2 100 0 50 50 0 100 

4 100 0 48 41 0 80 

G 92 0 4f 32 0 72 

8 390 0 77 18 0 66 

10 650 0 102 6 0 48 

12 667 0 102 0 0 38 

14 327 0 94 0 0 32 

16 444 0 112 0 0 18 

18 390 0 105 0 0 10 

20 396 0 99 0 0 0 

22 219 0 95 0 0 0 

24 216 0 81 0 0 0 

26 24(; 0 84 0 0 0 

28 189 0 95 0 0 0 

30 190 0 10 0 0 0 0 

32 259 5 109 0 0 ' 

Tg T're-hin gffnai fern 
T 'i'tTicuJij apvrt.i 

Ilt i o of T. grn il'era TT. npertu 
1 100 0 
2 50 50 
3 0 100 



'l'Alli1: ; 

ciiI jlo og I ontrl situidy I,,tw,!,l Tatell? i grin it'1ri 
(cotltroi Il ) 111( Oncome I illy ill hitlrnll. i; (Itllclra2 i ( t.nrg t). 

uldr fimula,tod field concdi ioll. 

Weeck Numb, r- of s. )nit i I s 

1 2 31 

Tg 0( rg 0q ',g 0q 

0 100 0 50 50 0 100 

2 100 0 50 50 0 100 

4 100 0 49 48 0 63 

( 92 0 47 42 0 60 

O3 390 0 45 34 0 41 

10 650 0 116 21 0 38 

12 667 0 187 21 0 32 

14 327 0 168 12 0 30 

16 444 0 205 11 0 24 

18 390 0 149 11 0 20 

20 396 0 172 I1 0 20 

22 219 0 128 10 0 14 

24 216 0 10l 9 0 14 

26 246 0 170 9 0 14 

28 189 0 181J 6 0 14 

30 190 0 il] 6 0 14 

32 259 0 179 6 0 

Tg Ta rebiia granife'ra 
Oq = Oncomeanin hupiln!;is qundratsi 

fPit io of 7'. ginni t'it'n O.h. ,jundr'ncsi 
1 100 0 
2 50 50 

0 10 



- 79 -

T['ABLEA' 37 

Biological con.trl. -.tudy hetw l 'Tlirfhil grnni ferl 
(control) and Ilithynii s itmtn.; is goniomphitlos; ( ,rget). 

WI[~l vi ll t,, II kn iI 

23
 

Tg Ihi g 'Pg .,i g Tg 103tg 

0) 100 5 0 100 

2 100 0 50 50 0 100 

4 1O0 0 50 50 0 95 

6 92 0 62 50 0 117 

H 390 0 351 43 0 56 

10 ;50 0 ,147 45 0 51 

12 667 0 :3 !33 0 401 

14 327 ( 146 28 0 4 H 

16 444 0 19:1 16 0 42 

In 390 0 154 10 0 :14 

20 396 0 136 5 0 26 

22 219 0 171 5 0 24 

24 21 G 0 179 5 0 24 

26 246 478 3 0 22 

28 1H9 0 363 3 0 22 

30 190 0 468 2 0 20 

32 259 0 629 0 0 20 

Tg Tnrteh in grimti (etn 
l g Ilithyn';il S.l i mn;i.; goliomphiIlo!; 

Un ti o of I'. qmrnntifertft : .s. g'oniomphllo.q 

2 50 50 
3 0 lo0 



TABLF 2E 

(L2) 
Results of biological control estings between second instar larvae 
of sciomyzid fly 1control n. -t ard pcimooote ";::a !s (target species), 

uO(,- sitmulated ~if,_-conditions - r ,als. 

Species of snails RtoCns of snauis to sc:-:-.': i fSnvfly larve ,-

Death 
days 

Sn: L2 
4: 0 

Death 
days 

Sn .L2 
31 

Dcath 
das 

Sn: L2 
2"" 

D,.ath 
dav-

Sn: ., 
1:"" 

Death 
t y 

Sn:L2 
0:4 

B. glabrata 

juvenile 28 7.5:0.0 28 47.5:2.0 2F 70.0:10.0 28 90.0:5.,q 28 0.0:5.0 

adult 28 6.0:0.0 28 42.2:2.0 28 51.: 1:1.0 25 70.0: 17.3 28 0.0:8.5 

B. (P.. abyssinicus 

juvenile 12 6.5:0.0 9 43.6:14.0 4 83.0:14.0 4 94.0:16.5 14 0.0:3.5 

adult 14 5.0:0.0 10 80.9:18.0 8 72.0:16.0 5 88.0:17.8 16 0.0:4.5 

i. exustus 

juvenile 21 7.5:0.0 21 4q.9:14.0 21 73.5:15.0 21 90.0:9.6 21 0.0:7.25 

adult 28 7.0:0.0 28 39.6:16.0 28 59:5:17.5 2S 72.0:8.6 28 0.0:9.5 

R. z'ubigrinrsa 

juvenile 14 9.5:0.0 14 57.1:5.0 14 81.5:0.0 14 93.,;:6.9 14 0.0:5.5 

adult 21 7.0:0.0 21 50.5:6.0 21 72.0:0.0 21 81.0:5.9 21 0.0:7.0 

------ -------------------------------------------------------



--------------------- 

------------------------------- ----------- ---------

- ------------------------------------------- ----------

TAI!LE7 ,W 

Results of ;iologwia1 cont rl test ngs between tnrd instar larvae 
(L3) of sc-iomyzid fly contrcl agent :nd yu!=nrate snaIl- target species), 

under simul ted field -:r'ijms-' 

MOIA't:;:ty rutes % 

Species of snails ,atlo of snw: is S7 to scr::'z id fly larvae 

....-- - - - - - -.-----....-.------ --. 

Death Sn: L3 Deat h Sr.: L3 Death Sn: :e th Sn: D'eath Sn: L3 
'days! 4:0 days, 3:1 days 2:2 day' 1:3 days) 0:4 

Bq.glabrata 

juvenile 28 8.0:0.0 2I 69.5:1F. 0 2S 75.0:8.0 28 90.0:15.0 2S 0.0:10.5 

adult 28 6.0:0.0 28 55.0:12.0 28 70.:10.0 28 8,.0:12.0 28 0.0:10.0 

1. ! A) abvss incus 

juvenile 12 4.5:0.0 9 69.3:12.0 7 87.5:10.2 4 100:5.4 14 0.0:10.0 

adult 14 6.3:0.0 10 72.5:9.0 8 89.3:12.2 5 98.5:5.6 16 0.0:9.5 

i. exustus 

juvenile 21 6.3:0.0 
 21 65.5:0.0 21 68.0:12.0 21 88.0:15.0 21 0.0:10.3 

adult 28 6.3:0.0 28 60.5:2.0 28 65.0:14.0 28 92.0:18.0 28 0.0:10.8 

R. rubigirjosP 

juvenile 14 9.8:0.0 14 68.2:15.0 14 90.5:14.2 10 97.0:10.2 14 0.0:8.7 

adult 21 9.3:0.0 21 62.8"11.0 21 87.0:34.0 14 96.0:15.1 21 0.0:10.3 



------------------------------------------------------------------

TA i:.' 4j 

Results o f bioiogi,-al i-ontrol test ings between second instar larvae 
(L2; of sciomyzid fly :control a and ,perculte snaiis target species), 

under simulated cto~iclticns ,4 trials. 

-
Species of snails iati'a s .: s':S SzS :" sc I CMzi f>&, larvae (L2) 

Death Sn: L2 Death .1;n ,. . Sn: L2 Deatb Sn: L2 Death Sn: L2 
days) 4:0 :da's" 3:1 - ,ls 2:2 d:s 1:3 'davs' 0:4 

B. s. goniozph,]os 

juvenile 28 10.0:0.0 28 2'3.5:15.0 21 2.0:12.0 2S ?0.0:6.7 28 0.0:10.F 

adult 30 11.0:0.0 30 18.0:17.0 21 15.0:15.0 :0 20.0:18.6 30 0.0:1').5 

O.h. quadrasi
 

juvenile 18 9.0:0.0 15 5.0:25.0 8 S.0:3.5 i0 ,.0:20.0 IB 0.0:12.0
 

adult 
 21 10.0:0.0 17 4.0:30.0 9 3.0:7.5 12 10.0:12.5 21 0.0:11.0
 

t?. kaporen~sjs 

juvenile 18 10.0:0.0 18 E.7:2.5 18 10.0:5.0 18 30.0:16.7 18 0.0:11.0 

adult 21 10.0:0.0 21 i.s.3:2.5 21 15.0:10.0 21 20.0:16.7 21 0.0:9.0 

T. apertv 

juvenile 27 5.0:0.0 30 6.7:10.0 27 '4.0:5.0 27 21.0:6.7 27 L.0:10.0
 

adult 35 5.0:0.0 37 6.7:20.0 35 10.0:5.0 25 15.0:13.3 35 0.0:11.0
 



- - -------

Results of biological o: t'  istar larvae
 
(L3: of sciomyzid fly 'cvntrc: n o.:ut. snails 'target species),
 

Species of snails 

B.s. goriiompha los 

juvenile 


adult 


O.h. quadr.si 

juvenile 


adult 


R. A-aporensis 

juvenile 


adult 


T. aperta
 

juvenile 


adult 


under* :'inu] , . f, d (',{.., :]9 tria
te:j .ls).
 

-"d t Cl"a 

RaLios cf snals fly larvae (1/3) 

Death Sn: 1.3 Deal, Sn:L3 P ,h ,-,, L3 De.i!h Sn: L3 Death Sn:L3 
dys; 4:0 (da' 3:1 .'. ys ' d: ( s 0:4 

28 12.0:0.0 P 26.7:8.0 21 27.0:10.0 14 30.0:6.7 28 0.0:10.5
 

30 14.0:0.0 30 23.3:12.0 21 24.0:12.0 14 26.0:8.(; 30 0.0:8.5
 

18 15.0:0.0 15 16.7:30.0 8 20.0:8.5 10 20.0:23.3 
 18 0.0:10.5
 

21 12.5:0.0 17 16.7:27.0 9 18.0:15.5 12 19.0:18.6 21 0.0:10.0
 

18 15.0:0.0 18 16.7:5.0 18 18.0:10.0 1H 30.0:13.3 18 0.0:12.5
 

21 12.5:0.0 21 13.3:5.0 21 14.0:5.0 21 20.0:6.7 21 0.0:12.5
 

27 7.4:0.0 30 10.0:36.0 27 12.0:10.0 27 18.0:15.6 27 0.0:12.0
 

35 5.0:0.0 37 
 6.7:40.0 35 10.0:10.0 35 10.0:17.5 35 0.0:10.0
 

------------------------------------------------------------.. 


http:quadr.si


------- ----------------------------------- -----------------------------------------

TABLE 42 

Results of biological control testings tetween lampyrid larvae icontrol agent)

and pulmonatue snaiils target Species), under la'oratory conditions (4 trials). 

Spec-es of snails -atlos of s:pyr S: , ampvr f * :rvae La 

Deat Sn: Lza ie: h Sn: La DeatLh : i n: La lieath Sn:La 
days 4:0 iavs 3: vdys dvs 1:3 days; C:4
 

B. glabrata 

juvenile 
 14 5.0:0.0 17 86.6:0.0 I14 90.0:5.0 C4 !00:0.0 14 0.0:10.0
 

adult 18 
 5.0:0.0 20 83.3:0.0 1S 00.0:5".0 12 90.0:3.3 18 0.0:10.0 

B. P. abyssinicus 

1uvenile14 7.5:0.0 14 83.3:0.0 12 
 85.0:0.0 9 90.0:3.3 14 0.0:5.0
 

adult 18 5.0:0.0 '21 76.6:0.0 16 80.0:0.0 12 90.0:3.3 18 0.0:5.0
 

J. e.\xus t Us 

juvenile 
 14 2.5:0.0 14 96.6:0.0 10 85.0:0.0 9 90.0:3.3 
 14 0:0.7.5
 

adult 18 2.5:0.0 18 93.2:0.0 15 80.0:0.0 12 80.0:6.6 
 18 0.0:5.0
 

R. rubiginosa 

juvenile 7 14
-0.5:0.0 96.6:0.0 7 100:0.0 7 0.0:0.0
 

adult 9 21
10.0:0.0 86.6:0.0 9 95.0:0.0 9 100:6.7 9 
 0.0:0.0
 



Resu!;s of biolog{ical control testings between l pvrid larvae -control agent)
rad operculate snails (targe.t s.'--ies, ur.der lab!oratory conditions (4 trials). 

Species of snails 
 Ratios of snal's te0ri>,c.:-r fly iarVac (! 

[),-at h Sn: La Deat Sn: La lDeat, S2: :J Sn: La Death Sn: La")eat h
davs 4:0 3:1 idasdays 2:2 days, : days 0:4 

--------- ----------------------

-. s. goniomph los - - - -

juvenile "28 10.0:0.0 2:,. 3: 0. 0 ".S "6.7:0.0 28 50.::0.0 28 0.0:0.0 

adult 35 7.5:0.0 34 19. 9: 10.0 35 22.3:0.0 35 40.0: l',.3 35 0.0:0.0 

O. h. qua(rasi 

juvenile 28 9.5:0 0 28 214.9:0. 0 .0: 0 .9 28 40.0:0.0 28 0.0:0.0 

adult 35 10.0:0.0 35 16.3:0.O 35 30.C:0.0 35 30.0:0.0 35 0.0:2.5 

R. AkFlporensis 

juvenile 28 '0.5:0.0 23 23.3:9.0 2 30.0:0.0 2q 40.0:3.3 28 0.0:0.0 

adult 35 7.5:0.0 31 1.7:l0.0 35 30.0:0.0 35 20.0:'3.3 35 0.0:5.0 

. .pertn 

juvenile 2 7.5:0.0 2 C'6.: 10.0 28 30.0:0.0 28 40.0:6.6 28 0.0:0.0 

adult 35 10.0:0.0 35 !2.3:10.0 35 25.0:0.0 35 30.0:0.0 35 0.0:0.0 
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TABLE1: 44
 

Deve lopnen t of geograph ic .:.tra i or S ch ist osulmn japonicum 

ill VII! I (11151 l l i I151 (fo Onco o ii hiupv ;i!; q , h'n . 

In+ iaP grunph i 

ml11liL0ron i M y I , t Minlnnuo 

()n (.O'O / ( +.Ge ' vn i Ofr sc'h ist o;orn jnponwicum 

Mitndwo 

N,. ,xond 235 50 - In progrenisi 

No. nu vi v e d I1 5 42 + 

No,. pot it iv ( ) 37 (20) 3 (7.1.1) -

Leyte 

Nlo. exp(ted 96 100 - 204 

No. survived 57 90 - 1O10 

No. positive (V) 2 (3.5) II (12.10) - 1 (0.90) 

I r t":i n 

No. eX pose'd I 63 I 0(}" 200 

No. :urv ived 107 Hil. - 98 

No. punitive Q ) 31 (28.97) 49 (60.49) - 3 (3.06) 

220 

No. survivnd 80 

No. ,x p iiwrrI 100 In progres; 

140 

No. ponit ive- (A ) II (13.75) 72 (51.43) 
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Samples of OnromweIaniJ hupeIJsis studied. 

S;HimpI.V an Ino'a ity 'Cl ] t.ion N Voucher* 

0. hu-pv:is; ,/udras:i
 

hytv A Vicob l >1000 102
k. , 1.83 

Leyte HI MnndI raq eCk., I',,I,, 101 

,.yI f C; Soll I Ni i C111111 , t1o ' 103I I 

Al wIi A S.; lmidro, Sol 0 gOn G.A 200 05 

W on .11 Aug" i nn o i H; g j 50 t01;Kti 

M indouro*) V i' I" I a fi !D3. 10 

Nindoro MIu abO, [),v o H8.14 500 107 

L'ii Stnck 1'rIo and Viol or iii '79 & '02 >1000 -

09. hurJens is Iiopnsi 

l,*Iiii t A (:ui cli,, Anhu i 4.H2 ) 5(O0 110 

Ch ,iB G irhi, Anhui 2. 84 ) 400 -

VoICCh(I s;pl,.iml-na were plar.d in the museumn at the Ce.ter for 

Al lplid MniI iiol ogy and Entomology, nIhidol UInive ity nnd were 

,NI "I 1r,.ampltv. with th l, ,. i× mIFs 'l H v for" thi ippin and 



III I!! ivof! 

(Px.') BuffrEn 5,~ bbreviation 


Aci p'joCephai'1ns(3.1. 2) ~ AC TIC 2 
~~~*3*~AT '*'~ *' f*Wit~ 

Gi3iQuo o-6- hoesphna dehydroge.n is 41 11 .49)~ GGD1 THE Ti 01 
S Glyceroldehyde- lipos h 'ee~*.A~3 

* -(;IQ~derophosohute dehydeogenise,(1. 1.1.8) GPD> -2 J ,'
Gl3~v~.Jucose phosphiti uomeriq (5.3.1. 9)."copv~ I .ff, I AP11,RT , 

''Xocitrzntels"~ dchiydro~.niiacK( 1.1 42i ID1- TC

epieaiinopaptidasae(3. 4.11 ' 'LAP (PEP-2) TC1 il 

rnyi. o*' o( 1.~*1.1.40) K $ i&TC*h-,. ' 4 23,T 
Mannose phosdlc,itofomarIso ( 2it.8) I' TC-2 

6-1 u1ospho.g1ucona~te dehydrogenaso (4 -11) P(D ~ K AP 
>33'>;1hospoglucomu tase (2.7.5.1) UK LiJ' "" T 11 

S,,orb1ltoP dehydrlogellase (11 1 1114) So-3'f THE,,'"3 

AP. 0.04~ Mctaedjusted~wt N-(3amnprpy morpholine to pit. "0 
d10 ted .1di""'3'' 1L 3for'gols tind und{ibited for el o de 1rh. 8 )' L 1.'" 

' '3"Solution A: boaept 0081 tae0.03 M LiOfl, i:0'.9,M~ 3 " ' .;Souio": 

0~~~' 05Wrlpi.4;,10% A p]s90% ito gcl A fo tlcrde,(5' r 180 V 

s M8"MTs4 't'te,0.2M33  0-TBS M43h~(0.6 bora DAlllSM RDTAut0;01 ied fo4'orrit- del;(1 

lc' '6 

Tria00,06 cirae08 pirt~ 1: 8e 1:d for.e 


40 , o e 'adu d l te o e 1 hr.~,1u 3"""-' 0;!1 
6.8,diute forJ n ~ceds 5 

hr, 150V) -. , 7 4Ti .6~ ~~o'~ 0j~m lu 

http:t'te,0.2M
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'rAHIE 47 

Allele frequrtj:ip. for 16 polymorlhic Ioci i1 10 tiolli Ij of Oncoum.ltiih 

tl, 'ntens: with wllminy !Jit tli !;of' it"Vai b i 1it y. * 

lJA'y I lM.i III lt (i N ailllalja, ( 11 11 

A It C A it Ilah A II 

Alit 0.92 1.00 

b 1.00 1.00 1,00 1.00 1.00 1.00 1.00 0.08 

,I,', 1.00 1.00 1.00 1.00 L.0U 1.00 0.0 1.00 

1 0.0H 0.75 

0.92 0.92 0.10 

d (.1 I 

- 0.00 0.55 

0.70 0.15 

c 0.T2 0.90 0.3 0.M 0.M 1.00 L.0U 0.9; 

1/ 0. Ii 0. 10 (1. 17 0. 08 ). 10 0.04 

h:;. ,/I0.02 

S0. 96 .0O 

to IO1. L0[.( 1.00 1.00 1.00 1.00 1.(0n 0.02 

1.00 1.00 1,.,. 1.00 1.00 1.00 1.00 1.00 

b 1.00 1.00 

6;(i J.O1 0.20 0.05 0.30 0. I6 

h 0.0H O.10 

C 1.00 0.99 1.00 0.80 0.95 0.70 1.00 0.84 

d 0.32 0.45 

, 0.59 (.40 

£ 0.01 0.05 



90

I,(!ytfuzn MIildoro Mi ndi iriio China 

l.(Icu!/11 I It' e .. 
A It C A It lldi A II 

h/h h 1.00 1.00 1.00 1.00 1.00 1.00 0.67 0.!N 0.02 0.10 

h 0.33 0.01 0.9H 0.90 

hlh -'0if 0.62 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0..M 1.00 

IC1 ii 0.05 0.10 

0. !5) 0.40 

C 0.02 0.41 0.14 0.3) 0.35 

,4 0. 99 0.97 0.96 0.99 0. 98 0.40 1.00 0.73 0.09 0.15 

0.02 

f 0.01 0.03 0.04 0.01 0.19 0.13 

,- I, 1.00 1.00 1.00 1.0 1.00 1.00 1.00 1.00 

) 1.000 1.00 

Hi it 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 O. fi; 0.70 

1) 0.414 0.30 

Pep 4a 0.57 0.76 0.4) 0.03 0,25 0.02 0.98 0.11 0.36 0.40 

h 0.31 0.2. 0.45 0.93 0.75 0.27 0.02 0.55 (.(2 0.60 

c 0.12 0.01 0.14 0.04 0.71 0.31 0.C2 

, 0. 17 (.20 

1, 0.99 1.00 1.00 1.00 1.00 0. 98 1.00 0. 9C' 0.77 0.80 

, 0.01 0.02 0.01 

d 0.04 0.02 

(? O.03 



Leytv I'izon N1i dloo Mi 11da I ao Chjiia 

1.ocilI/fil 1 e It 
A Is c A H Lab A B 

l'mIiI 1.00 1.00 1.00 1.00 1.00 0.9'9 1.00 1.00 

0.0fi0 0.COb 

0.30 0.35C 

1 0.01 (.02 (0.05 

I'gm-2n 0.31 0,O 0.2) 0.01 0.10 

0o 1.00 1.00 I.(00 0.56 0.9.1 0.W) 0. I;1 0.550.90 1.00 

0. 03 0.05 

, 

C 

d 0.02 0.1. 1 0 .O; 0. 11 0.20 

0.08 0.10 

f (0.0 

S',rldh -,, 1.00 1. 00 1.00 1.00 1.00 1.00 1.00 I)97 0. H 0. 85 

h 0.03 0. 12 0. 15 

, 75.9 G. 1 62.2 56.2 17.4 52.. ) 77.5 l 2.2 :i1. 4 9 .1; 

:. I.t 5. 6 0i.1I G.' I .:1 2.2 5. 1.2 .1 0.4 

A j . 1.2 1.2 1.2 1.2 1.4 1.2 1.5F 2. .0 

/P 2, 19. 0 14.3 19.() 1).0 2H.0G 19.0 38. ] 0.' 52.4 

I 0.04 0.03 0.01 0.( 0.02 0. 0 0.03 0.08 0.20 0.21 

I sit"ttm lltt It'I t,(liqvIlil),l itt 'It l ; ,;V ilmit 'itmpli', i., (iizlt l T;ttttb til e-r-r'or) per 

c: (l v!; I h,wtI lt I ' ip- 1n to If" i t()c, Iymtorlh i c 

l-h if It, I I'e-p ,vxi Iutivi Lthi 

tt)lh.If;, , InJ fllt. ;(dItIhu 

(al,) I ,An 1,:44-1 h '.- ) A M;~IdI, I , I h oin tILbI e 

fil fll I ill iv ithIII, I w t,. (Izyfo' ity . 
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TABLEF '18
 

Mit rix of getreti: Ujimi trity mnui'Ii.sut im,> cotf!i (iet.s# 

I ! 1,I t 7 9 10 

I Leyt,t A t4 * 01.,!),. 0.1O0). 167 0. W3 0.905 0. 911 0..1.,9!j 0.5140 .r 0 0  

2 . .yt, II (.82 *)* 1). () 1.'),!! ) 0.971 0.90.2. 0. 21 (1 0.:(; 0.,1!): 0. 506 

3 ,vyl., C 0.(01 0. 005 titt* 0. 96-1 0.'O 0. 90'] 0.'10A 0.')17 0.(505 0.5 18 

,I luzoii A 0.10 1.1 0.0(2)0i0.1012 t*** ().) ). '1 1)., 0.879 1. 0. 9'19 (1.510 

5 It 0.0)11 0.0:i 00(1 0. 1 t ,*4* 0.1)Y) 0.WO 0.1!).50 0. ,-0; 0.518 

r MSi l ,),, 0.0,I1 0l 0':i 2 1 I.0.1 0.( 015, 1..0l-I5 *ir*o 4 O. IM. 0.) 1 0. -O0(; (1.,523 

7i ; , 11111a); 0;.01'7 0.."1) 0.(1,1 (0. w'I/ U. 0 i'/ . 11)H *)f *) (.{ H70 0O.;):0 ()0.5]15 

H1 I.ll, 1'i-k 0.1011 ( 10.0'1 (0.() (1. "!',)1 0.011 0.0 1 011HI. *44 0. ) 0.,529 

9 (hitmh A 0. WW (1.i;;30. 0.11. 0I.:;.150. i;1;o 01,1)0 (..;Z' I 4*(or)0.910 

10 (Lhi' II (). U'0 0(.0. 0..'1 0.(;10 (.59O1 .(1:, 5 *.-17 (.1;1I1 0. (;:11l 0O. ( 1 * 

Is(. I ow (Iitwm)ft I: N iif 1 11H) unbmsu d geneI i( di.';; ii:l; uuhuvi (IiultOllr I logers 

( I gi' ti . n i ini I ir I y. 
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I10 li14.11 1,1'yt i- 1,t1; )l| NI i 11d()lro (h I 111j ol o ;a| Jllj)llll* 1.l|(1.n M 11I] 11y.1 i 1 

.cp 7it7!, ,10 5! 

b' - - 26 

Ak t2 2 58 -

h " - - :14 

c - - 34 -

Aid 128 13 - -- 59 

- 22 . 40 -

U ~- - 26 

Pil 104 1 79 23 

,I 79 22 40 59 

h - - 26 

c;, 4 79 22 40 59 26 

;I~l,,/ . - 45 .. 

S159 1 ....... 

C . 22 40 59 45 23 

Upi - . .- 22 "

b 249J 4 155 - 40 59 -

C - - - - - 7 21 

Ilk it 200 1 91 22 40 59 . 

b ... -- - 65 

C ..... 8f5 
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J¢: til /ci q:is . (JS(JZU ,]ipult •ur S. nwk/ong,[ .S. '.qJ 

.l I, 1' I,,yt. LuiuzOi M'i Inlu)I, (C Illtll "fnrsn it ,1 ,ipitlu JL tjH Mli Iiyu i U 

l,#l ait '19 22.... 40 59 I) 

A dh / t .. f,, 4 16:io ,2" ( 59 

h - - - -. - - 41 56 

Ad/h 2_i 62 96 22 40 59 

b -" -24 

1' - 4 

2 -

,flii 93 116 -

- - 16 -

C - 76 

'ip t .. 74 

141 2 -

I'gd at 7 

b -12 12 

PA/ ....... 70 78 

S - - 22 -

C 229 1 105 - 40 59 -

Sod is 34 30 - -

b 1 2 



TABLE 5(
 

(;rito (1), ,stmiiidi d evr.1 1 1)mid the number of* loci examinedtic dit.hiiirte. 


hi.w .n.'i vilii u.an I,il!; , ro iw;
i,f' of' A. inn -whitoimis.
 

ti-oion [.IY IlNl)O'() CH I NA POIMMO;A JAPAN M,,ON(; I MAIYS IA 

LEYTE 	 0.20H0 0.452 (.201 .82 2.70H 1.946 

0.02 0.11 U.07 0.07 0.48 0.33 

12 II II II 15 14 

II.( O,05 0. 1112 r-'I 1.705MINI)(IO 

0.2I 0.13 0.08 N.A. 0.32 

7 '1 7 9 1I 

(:H [NA 0.201 0.405 1.705 1.099 

0.07 0.11 0.34 0.27 

II II 10 7
 

IOPOS-A 0.182 1.705 1.099
 

0.07 	 O."4 I.27 

11 10 7 

- . 792 1.099,1
APAN 

0.35 0.27 

10 	 7 

- 0. 06S. mtkongi 

0.14 

11 

in i;to.nonine
Mld I syc.'ich 
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Fig. 2. Growth table for Tarelid granifera
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Fig. 4. Growth table fr Piljt mpullacica 
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Fig. 5. Iological control study between '. ,z amIf-, ( -ontrol) and 
iT. g1. rtb 1. (1 ,rjet) under laboratory coidition. 
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Fig. 6. Biological control study between 'r. ,jnini'uZra (cuntrol) and 

R. rtubiqinosa (target) under laboratory condition. 
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Fig. 7. Biological control study 
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Fig . 9 . i o l o g i c a l c o l.t vi f' s tudy hu twee n . ub ,rcul t ( cu n ol) ariu 
:; . goni .inph l, ;: (targe ) under l boratury condition. 
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J,itL;(cortrol) andFig. 10. Biological control study bwtween .ti. tubjrcu 

T. exustu (target) under laboratory condiLion. 
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FigJ. 12. bilulCIic,1 cot rU stud",y teul 1J.(; .- (;L 1, (control) and 

R. k,iuri ;tc4;i (Ut je l ) u ider I tttrot try uLuiiLi on. 
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Fig. 13. Biological control study between i,..n:;.uiLt,, (control) and 

P. 1.lbrata (target) under laboratory condition. 
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Fig. 14. iolojicul control study bctwneri I.. -. ::t il, (control) and 
o. ,l. ,,,4 (target) under sijulated fie-ld coldition. 

(.VL'MUkA'n'IN01TrA M C')TLA 

A' e 2,- k XU%! 

c..sClUi (control) andFig. 15. ojological control study between 
1. t'xu.; Lw. (target) under simul1 dted field cohdiLion. 
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Fig, IG. iiolugicfl LolILru S I , .ml'ciK.. '"MUt (LontulI) and 
.zbiqtItloz;, taill) Ndr ut'd fiuld ccidi LiOh.u ieu 

¢trA
i~~~~ CQ~V, rsTA. 

J.A APURTA FI AU7 1 MfjTIf +r I
 

R!WitO,+iK'
 
Fig. 17. Biological control study between i. c. ,otiul (contrul) and 

. ,2per,,(tdrUeL) under siRulted field cundiLion. 
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Fig. 19. 	 Biological cuntrol study botteeu Bi.,. ,o;tio (control) and 
,.s. qoi,,h 11.,;i(tair(Ldt) u d(r 10lo lut d field co nditio n. 

I'T. , 

A 4 A. T ;TI :, 4 r 'T . 

Fig. 19. Biological c.ontrol study between B;.,,c.,:tu1,, (co)ntrol) and 
fJ.u. q,u oAL:dlt)I2; (target) urnder sir;.ula ted fieold condi ti on. 
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Fig. 20. iol og ical cOIILc'o] Study be .uten ,'t. eui, ..::ir-; (c ontrol) and 
u;. t (tdrI:t) turde r siilaId ted fi Uld colditiot. 
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.. 14 

-m. tFig. 21. Biological control ,tudy betwLeen tuborcul't (control) and 
1. c.'wt:u:; (targUt) Ullder simulatu field condition. 
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Fig. 22. f~iological cont.rul ;tudy h ,.,,er ,.. t , .i/t.. t (.(ccsLl ) and 
R. Itiqi;1i<:;' (1 r+jl[) i .r !1 U 1:(d fitld c(Mi tion 

I U.[I fili!t fA H/" I 

f 14 

S i, X, ', 41 

Fig. 23. Biological con trol study betveen v. ttu-rc,tf.a (colltrol) and 
r. aperta (target) under simul] ated field condi Lion. 
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Fig. 24. BiolngiCdl contrhlI study between uLr 1 ;jJt,, (control) and 
,.. qu,:n (target) under simulated field condition. 
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Fig. 25. Biol ogijcal con+trol study between ,:0. tuzUrcIlld , (control) and 
UJ.!. -flonifl.hJ.; ( Lrget) under simnula ted fi eld condi tion. 
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Fig. 27. Biioogical control study botv,,;een i. (control) and 
(turj't) under1. e;WI.',,,;:, Jimluated field condition. 
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Fig. 28. Pliological control study between i. aspullac', (control) and 
. ,-!Uig (target) simulated fio d condition.(o', under 
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7 tMF t , Al 'it! I2 i. 

Flg. 29. Biological corLrol study between i. awpullaceaj (control) and 
2'. a)tJ(target) under simulated field condition. 
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Y.,,ni.or, (control) andFig. 33. Biological control study betweef! 'T'. 

. .., :i I.,; ( tarjct) under siti::ated field condi tion. 
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Fig. 34. Biological control ,.-udy betec,eeni ". ; r, (control) and 
R. i jiio;,j ( La)je t) under s iuwlited f i ld cdition. 

IALO, ~A 0. 2

4-

P v 


' *I , ",i ,' I
 

111,li:11111 ii !:iiJ ii ...L: I.I.ILI. 
2 1 20 2 4 2r 28 3d 32
 

Fig. 35. Biological control tuy t (ten'I'. r. . (control) and 
7'. aperta (target) ider. s imulaLcd field condi ti ci. 
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Fig. 3 iological study butwuen v'. g'r,,nir,,a (fcontrol )dIICi.0 control 
3. h. quf-:;i (ta U t) tunuer i s muI utefi l ccndi ti on. 

l * 1 

+ 
+., .+, In +TAHCtJA 'jPAP84 ! A 

.+ i I li.ii l ,.I + si L z+: .:. iu ,, u .+_
 

Fig. 37 . Biological control study butucen :. 9jruzn fv r,- (control ) and 
£.5;. (ff orzophI:,!, ( tdrset) under si mulu tcd field conditLior. 
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