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Sq]mrfdmdq]shnm]k ok]rshbhsx &SFO(nbbtqr vgdm ogdmnsxodr ]qd rg]odc ax sgd
dmuhqnmldms hm ansg sgd btqqdms]mc oqdbdchmf fdmdq]shnmr- Sq]mrfdmdq]shnm]k
qdronmrdr sn q]hme]kk+ BN1 ]mc sdlodq]stqd rtffdrs sg]s SFO l]x ok]x ]m
hlonqs]ms qnkd hm gnv rodbhdr bnod vhsg bkhl]sd bg]mfd- Gnvdudq+ khsskd hr
jmnvm ]antsgnv SFO vhkk dunkud ]r bkhl]sd bg]mfd bnmshmtdr- Gdqd+ vd oqn,
uhcd ] pt]mshs]shud sdrs ne sgd gxonsgdrhr sg]s sgd oqdchbs]ahkhsx ne sgd
dmuhqnmldms hmektdmbdr sgd l]fmhstcd ne sgd sq]mrfdmdq]shnm]k qdronmrd- Sn
cn rn+ vd s]jd ]cu]ms]fd ne sgd k]shstchm]k cdbqd]rd hm sgd oqdchbs]ahkhsx ne
sdlodq]stqdr hm md]q rgnqd v]sdqr ]knmf sgd TR D]rsBn]rs- Trhmf rgddorgd]c
lhmmnvr &>vophlnbnl uTphdf Tstr(eqnl Rntsg B]qnkhm]+ L]qxk]mc+ ]mc Bnm,
mdbshbts+ vd entmc sgd ehqrs duhcdmbd enq ] k]shstchm]k fq]chdms hm sgdql]k
SFO- Lnqdnudq+ sgd cdfqdd ne SFO hm sgdrd onotk]shnmr cdodmcr khmd]qkx nm
sgd cdbnqqdk]shnm shld enq sdlodq]stqd+ oqnuhchmf rtoonqs enq sgd gxonsgdrhr
sg]s sgdql]k oqdchbs]ahkhsx cqhudr sgd dunktshnm ne sgdrd sq]hsr-

0- Hmsqnctbshnm
Jnmf,sdql sqdmcr hm fkna]k sdlodq]stqd onrd bkd]q ]mc vdkk,cnbtldmsdc
sgqd]sr sn ahnchudqrhsx Y0+1[- Oqdchbshmf gnv rodbhdr vhkk qdronmc hr bqhshb]k sn
cdrhfmhmf qnatrs bnmrdqu]shnm ]mc l]m]fdldms ok]mr- Sn c]sd+ lnrs qdrd]qbg
]ssdmshnm g]r enbtrdc nm rghesr hm rodbhdr chrsqhatshnmr+ vhsghm,fdmdq]shnm
ogdmnsxohb ok]rshbhsx ]mc bnmsdlonq]qx dunktshnm ]r sgd oqhl]qx ldbg]mhrlr
neqdronmrd &rdd d-f- Y2[(- Gnvdudq+ qdbdms qdrtksr rtffdrs sg]s dohfdmdshb hmgdqh,
s]mbd ]mc sq]mrfdmdq]shnm]k ok]rshbhsx &SFO(l]x ]krn ok]x hlonqs]ms qnkdr hm
gnv rodbhdr bnod vhsg bg]mfdr hm bkhl]sd Y3‘05[- SFO nbbtqr vgdm ogdmnsxohb
qdronmrdr sn dmuhqnmldms]k u]qh]akdr ]qd rg]odc+ hm o]qs+ ax sgd dmuhqnmldms hm
oqdbdchmf fdmdq]shnmr–hm sgd ]ardmbd ne CM= rdptdmbd bg]mfdr- =ksgntfg
cdehmhshnmr u]qx vhcdkx+ hm ntq tr]fd+ SFO hr l]mhedrs ]r ] rhfmhehb]ms hmsdq,
]bshnm adsvddm o]qdms ]mc neeroqhmf dmuhqnmldmsr ]eedbshmf neeroqhmf
ogdmnsxod ]mc+ ]r rtbg+ fdmdq]khydr vdkk,rstchdc l]sdqm]k deedbsr Y06+07[-
Sq]mrfdmdq]shnm]k qdronmrdr sn bkhl]sd,qdkdu]ms u]qh]akdr rtbg ]r q]hme]kk+

BN1 ]mc sdlodq]stqd g]ud addm nardqudc ]bqnrr sgd sqdd nekhed Y4+04[- Gnvdudq+
hs hr btqqdmskx tmbkd]q gnv sgd b]o]bhsx enq SFO vhkk dunkud ]r bkhl]sd bg]mfd
bnmshmtdr- Hmcddc+ sgdqd hr sgd bnmrhcdq]akd btqqdms cda]sd nudq vgdsgdq dohfd,
mdshb ogdmnldm] ]qd ]bst]kkx qdkdu]ms sn dunktshnm Y08‘10[- =ksgntfg sgdnqx

° 1/10 Sgd @tsgnq�r( Otakhrgdc ax sgd Pnx]k Rnbhdsx- @kk qhfgsr qdrdqudc-
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oqdchbsr ] q]mfd neonsdmsh]k qdronmrdr &d-f- Y11‘14[(+ sgdrd chr,
o]q]sd lncdkr ]kk bnmbtq sg]s sgd cdfqdd sn vghbg sgd o]qdms�r
dmuhqnmldmsoqdchbsr sg]snesgd neeroqhmf hr bqhshb]k hm rg]ohmf
sgd dunktshnm ne SFO- Sq]mrfdmdq]shnm]k qdronmrdr sn
oqdc]shnm hm CTog lhT oqnuhcd pt]khs]shud rtoonqs enq sghr oqd,
chbshnm Y15[]r cndr ] k]anq]snqx rstcx nm rshbjkda]bjr Y7[- Hm
sghr o]odq+ vd pt]mshs]shudkx sdrs ] jdx sgdnqdshb]k oqdchbshnm9
sg]s sgd oqdchbs]ahkhsx nesgd dmuhqnmldms hmektdmbdr sgd l]f,
mhstcd nesgd sq]mrfdmdq]shnm]k qdronmrd- Rhmbd dmuhqnmldms]k
oqdchbs]ahkhsx hr khjdkx sn rghesvhsg bkhl]sd bg]mfd Y16+17[+ sghr
bnlo]qhrnm hr bqhshb]k sn oqdchbshmf rodbhdr qdronmrdr-
Gdqd+ vd s]jd ]cu]ms]fd ne] m]stq]kkx nbbtqqhmf fq]chdms

hm oqdchbs]ahkhsx sn sdrssghr sgdnqx- Sgd =sk]mshb bn]rsnesgd TR
dwghahsr nmd nesgd rsddodrs k]shstchm]k fq]chdmsr hm rd]rnm]khsx
hm sgd vnqkc Y18[- Rnldvg]s kdrr vdkk,jmnvm+ sgdqd hr ]krn ]
k]shstchm]k fq]chdms hm sgdql]k oqdchbs]ahkhsx vhsghm ] fqnvhmf
rd]rnm &dkdbsqnmhb rtookdldms]qx l]sdqh]k+ ehftqd R0(9 sgd
]tsnbnqqdk]shnm hm sdlodq]stqd cqnor nee lnrs q]ohckx ]s
ghfg k]shstcdr- Hm sgd khfgsnesghr+ sgd ]u]hk]akd sgdnqx oqdchbsr
sg]s knb]k ]c]os]shnm hm SFO hm qdronmrd sn sdlodq]stqd
nm sgd TR D]rs Bn]rs+ he hs dwhrsr+ rgntkc cdbqd]rd vhsg
hmbqd]rhmf k]shstcd-
Sn sdrs sghr gxonsgdrhr+ vd trdc sgd rgddorgd]c lhmmnv

&>vophlnbnl uTphdf Tstr(]r ntq lncdk rxrsdl- Rgddorgd]c
lhmmnvr ]qd rl]kk drst]qhmd ehrg entmc hm rg]kknv v]sdqr
nm sgd TR d]rs bn]rs eqnl L= sn EJ- R]khm]r % Ltmbg Y3[
rgnvdc sg]s rgddorgd]c lhmmnvr eqnl Eknqhc] dwghahs sgdq,
l]k SFO rtbg sg]s sgd e]rsdrs fqnvhmf neeroqhmf ]s ] fhudm
sdlodq]stqd ]qd sgnrd vgnrd o]qdmsr vdqd gdkc ]s sgd r]ld
sdlodq]stqd- Sn sdrsvgdsgdq ] k]shstchm]k fq]chdms hm sgdql]k
SFO dwhrsr+ vd pt]mshehdc sgdql]k SFO hm fqnvsg ]mc l]st,
q]shnm hm rgddorgd]c lhmmnvr eqnl Rntsg B]qnkhm] &RB(+
L]qxk]mc &LC(+ ]mc Bnmmdbshbts &BS(-

1- Ldsgncr
Rdudq]k gtmcqdc vhkc rgddorgd]c lhmmnvr vdqd bnkkdbsdc eqnl
shc]k onmcr hm RB+ LC ]mc BS ]mc sq]mronqsdc sn sgd vds k]anq],
snqx ]s sgd Rntsgvdrs Ehrgdqhdr Rbhdmbd Bdmsdq hm R]ms] Bqty+ B=-
Jnb]shnm c]s] ]qd oqnuhcdc hm sgd dkdbsqnmhb rtookdldms]qx
l]sdqh]k+ s]akd R0- Ehrg vdqd gdkc hm sgd k]anq]snqx ]s 13|B enq
]s kd]rs svn lnmsgr oqhnq sn sgd rs]qs nesgd dwodqhldms- Sgqntfg,
nts sgd dwodqhldms+ ]kk ehrg vdqd l]hms]hmdc hm 01/ k rd] s]akdr
vhsg ehksdqdc qdbhqbtk]shmf v]sdq ]s 10 oos r]khmhsx+ 03 J 9 0/ C
ognsnodqhnc+ ]mc oqnuhcdc tmqdrsqhbsdc ennc-

=ssgd rs]qsnedwodqhldms2/ q]mcnlkx rdkdbsdc aqddchmf o]hqr
eqnl d]bg onotk]shnm vdqd ]bbkhl]sdc nudq nmd vddj sn dhsgdq
15|B nq 21|B ]mc sgdqd]esdq l]hms]hmdc ]s sgdrd sdlodq]stqdr
enq to sn 34 c]xr- Dffr vdqd bnkkdbsdc eqnl d]bg o]hq ]esdq 6+ 2/
]mc 34 c]xr nedwonrtqd sn sqd]sldmssdlodq]stqdr- Dff bnkkdbshnmr
vdqd bnlokdsdc vhsghm 3 g needqshkhy]shnm sn lhmhlhyd dwonrtqd sn
sgd o]qdmsr� dmuhqnmldms- D]bg bktsbgv]r hlldch]sdkx rtachuhcdc
hmsn svn fqntor ]mc sq]mredqqdc sn 15|B ]mc 21|B- Ugdm sgd ehrg
vdqd ]ooqnwhl]sdkx 3 ll nm ]udq]fd+ to sn ehud k]qu]d eqnl
d]bg g]ke,bktsbg vdqd sq]mredqqdc sn hmchuhct]k qd]qhmf bnms]hmdqr-
Sgqdd rd] s]akdr odq sdlodq]stqd d]bg gntrdc ]ooqnwhl]sdkx
2/ hmchuhct]kr eqnl d]bg onotk]shnm- Nudq]kk mtladqr enq
d]bg onotk]shnm ]mc sdlodq]stqd ]qd fhudm hm sgd dkdbsqnmhb
rtookdldms]qx l]sdqh]k+ s]akd R0- Sgd hmchuhct]k kdmfsg v]r
ld]rtqdc vddjkx trhmf chfhs]k ognsnfq]ogx &B]mnm DNR 3/C
vhsg 07‘44 ll kdmr(-L]kd rgddorgd]clhmmnvr fn sgqntfg ] oqd,
chbs]akd rdptdmbd neentq bnkntq rs]fdr ]r sgdx ]ooqn]bg l]stqhsx
sg]s hr bknrdkx shdc sn hmudrsldms hm fnm]c cdudknoldms Y2/[-
D]bg vddj+ bnkntq rs]fd v]r qdbnqcdc enq ]kk l]kd neeroqhmf-

Sn nas]hm ] bnmshmtntr drshl]sd ne l]stq]shnm ]fd+ vd khmd]qkx
hmsdqonk]sdc sgd bnkntq rs]fd shld rdqhdr enq d]bg hmchuhct]k-

Enq d]bg onotk]shnm ]mc dff bnkkdbshnm &h-d- sgd 6,+ 2/,+ ]mc
34,c]x o]qdms sdlodq]stqd sqd]sldms hmsdqu]kr(+ vd sdrsdc enq
sgd oqdrdmbd neSFO hm fqnvsg ]mc l]stq]shnm- Sn e]bhkhs]sd bnl,
o]qhrnm vhsg oqduhntr dwodqhldmsr Y3[+ sdlodq]stqdr vdqd rb]kdc
ax sgd cheedqdmbd adsvddm sgd dwodqhldms]k ld]m &L]uf(]mc
oqd,sqh]k ]bbkhl]shnm &L]bb(sdlodq]stqdr+ h-d- Lrb]kdc ; &L� L]uf(.
&L]uf� L]bb(+ rodbhehb]kkx L]uf ; 18|B ]mc L]bb ; 13|B gdqd ]mc
L]uf ; 18|B ]mc L]bb ; 10|B enq R]khm]r % Ltmbg Y3[- Enq bnmrhrs,
dmbx vhsg ntq d]qkhdq vnqj+ vd cdsdqlhmdc itudmhkd fqnvsg q]sd
&ll c�0(eqnl sgd bg]mfd hm rhyd nudq sgd ehqrs dhfgs vddjr enq
]kk ehrg- Shld sn l]stq]shnm &l]kdr nmkx(v]r ]m]kxrdc hm sgd
r]ld v]x+ ats vhsg hmchuhct]k fqnvsg q]sd hmbktcdc ]r ]m
]cchshnm]k bnu]qh]sd-

=kk ]m]kxrdr trdc khmd]q lhwdc,deedbs lncdkr vhsg e]lhkx HC
]r ] q]mcnl deedbs ]mc vdqd odqenqldc hm P trhmf kld3- Ehqrs+ vd
ehs ] lncdk hmbktchmf neeroqhmf sdlodq]stqd+ o]qdms sdlodq]stqd
]mc sgdhq hmsdq]bshnm ]knmf vhsg o]qdms kdmfsgr ]mc dff ch]ldsdq
]r bnu]qh]sdr &d-f- fqnvsg− Lo]q ) Lnee*Cdff * Drhqd * Dc]l *&0z
e]lhkx(+ vgdqd Lo]q hr sgd o]qdms sdlodq]stqd+ Lnee hr sgd neeroqhmf
sdlodq]stqd+ Cdff hr sgd dff ch]ldsdq+ Drhqd hr rhqd kdmfsg+ Dc]l hr
c]l kdmfsg ]mc &0ze]lhkx(hr sgd q]mcnl hmsdqbdos enq e]lhkx(-
Hmbktchmf ]m ]cchshnm]k q]mcnl deedbs enq neeroqhmf sdlodq]stqd
&h-d- ] e]lhkx,kdudk qd]bshnm mnql(chc mns bg]mfd ]mx ne sgd
qdrtksr enq sgd ehwdc deedbsr enq fqnvsg- Enq l]stq]shnm+ vgdqd
sgd r]lokd rhydr ]qd ltbg rl]kkdq+ lncdkr vhsg sghr ]cchshnm]k
q]mcnl deedbs chc mns bnmudqfd- Ud sgdqdenqd qdonqs qdrtksr enq
sgd q]mcnl hmsdqbdos lncdk nmkx-

Adb]trd ntq l]hm hmsdqdrs hr hm sgd hmsdq]bshnm adsvddm o]qdms
]mc neeroqhmf sdlodq]stqd+ deedbsr ne dff ch]ldsdq ]mc o]qdms
rhyd ]qd mthr]mbd bnu]qh]sdr- Jhjdkhgnnc q]shn sdrsr hmchb]sdc
sg]s sgdrd mthr]mbd bnu]qh]sdr chc mns bnmsqhatsd rhfmhehb]mskx-
Gdmbd+ rtardptdms du]kt]shnmr ne sgd sdlodq]stqd deedbsr enq
d]bg onotk]shnm ]mc sqd]sldms vdqd b]qqhdc nts nm sgd qdctbdc
lncdk+ fqnvsg− Lo]q ) Lnee* &0ze]lhkx(trhmf sxod HHH RR vhsg
R]ssdqsgv]hsd�r ldsgnc sn ]ooqnwhl]sd sgd cdfqddr ne eqddcnl+
hlokdldmsdc hm sgd P o]bj]fd kldqSdrs-

Sgd dwodqhldms]k qdrtksr vdqd bnlahmdc vhsg ehdkc sdlodq],
stqd qdbnqcr enq d]bg onotk]shnm sn pt]mshs]shudkx ]rrdrr gnv sgd
cdfqdd neSFO u]qhdr vhsg sgd oqdchbs]ahkhsx ne sgd dmuhqnmldms-
Ud trdc sgd ehqrs,nqcdq hmsdq]bshnm neo]qdms ]mc neeroqhmf sdlo,
dq]stqd nm fqnvsg q]sd ]mc l]stq]shnm shld sn pt]mshex sgd bdf pdd
neSFO- Sn bnlo]qd sgd cdfqdd neSFO vhsg sgd oqdchbs]ahkhsx ne
sgd dmuhqnmldms+ sdlodq]stqd c]s] enq d]bg qdfhnm vdqd nas]hmdc
eqnl md]qax rhsdr hm sgd M]shnm]k Drst]qhmd Pdrd]qbg Pdrdqud &rdd
dkdbsqnmhb rtookdldms]qx l]sdqh]k+ s]akd R1(- Trhmf c]s] eqnl
1//7 sn 1/04+ vd cdsdqlhmdc sgd fqnvhmf rd]rnm hm d]bg knb]shnm
]r sgd shld hmsdqu]k nudq vghbg sgd ld]m sdlodq]stqd dwbddcdc
10|B ]mc drshl]sdc ]tsnbnqqdk]shnm etmbshnmr enq d]bg rhsd- Ud
b]kbtk]sdc sgd cdbnqqdk]shnm shld+ s/+ ]r sgd ehqrs ydqn ne sgd
onnkdc =BE enq d]bg qdfhnm- Sgd cdbnqqdk]shnm shld ld]rtqdr
sgd odqhnc nudq vghbg sgd btqqdms sdlodq]stqd hr onrhshudkx bnq,
qdk]sdc vhsg etstqd sdlodq]stqdr- Hm sgd bnmsdws ne SFO+ sgd
cdbnqqdk]shnm shld oqnuhcdr ]m toodq antmc nm sgd kdmfsg ne
sgd shld hmsdqu]k sgqntfg vghbg sgd neeroqhmf dmuhqnmldms b]m
ad oqdchbsdc ax sgd o]qdms]k dmuhqnmldms- Ud trd sgd cdbnqqdk],
shnm shld ]r ntq hmcdw ne sgdql]k oqdchbs]ahkhsx+ sgntfg nsgdq
hmchbdr ]qd bdqs]hmkx onrrhakd Y20[-

Sn sdrs sgd gxonsgdrhr sg]s sgd cdfqdd neSFO cdodmcr nm sgd
oqdchbs]ahkhsx ne sdlodq]stqd+ vd qd,]m]kxrdc sgd dwodqhldms]k
c]s] enq RB+ LC ]mc BS bnlahmdc trhmf sgqdd lncdkr enq cheedq,
dmbdr ]lnmf onotk]shnmr- Lncdk 0 ]kknvdc tmbnmrsq]hmdc
cheedqdmbdr ]lnmf onotk]shnmr hm sgdhq qdronmrd sn sdlodq]stqd-
Rodbhehb]kkx+ vd ehs fqnvsg− Lo]q ) Lnee) Ono * &0ze]lhkx(vhsg sgd
e]bsnq ’Ono� hmchb]shmf onotk]shnm- Lncdk 1 bnmrsq]hmdc cheedq,
dmbdr ]lnmf onotk]shnmr sn ad oqnonqshnm]k sn sgd cdbnqqdk]shnm
shld &h-d- sgd bnmshmtntr u]qh]akd cdbnqqdk]shnm shld qdok]bdc sgd

qnx]krnbhdsxotakhrghmf-nqf.intqm]k.qroa
Opnb-P-Rnb-A
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e]bsnq onotk]shnm+ trhmf fqnvsg− Lo]q ) Lnee) s/ * &0ze]lhkx((-
Lncdk 2 sqd]sdc ]kk onotk]shnmr ]r hcdmshb]k &h-d- fqnvsg− Lo]q )
Lnee* &0ze]lhkx((- Bnlo]qhmf lncdkr 0 ]mc 2 sdrsr vgdsgdq
sgdqd vdqd ]mx rhfmhehb]ms cheedqdmbdr ]lnmf onotk]shnmr- Bnl,
o]qhmf lncdkr 0 ]mc 1 dwoknqdr vgdsgdq sgd onotk]shnm deedbs
b]m ad ]cdpt]sdkx dwok]hmdc ax sgd cdbnqqdk]shnm shld- =r ]m hmcd,
odmcdms sdrs ne sgd deedbs ne cdbnqqdk]shnm shld+ vd sgdm trdc
lncdk 1 sn dwsq]onk]sd sgd cdfqdd ne SFO hm fqnvsg enq ehrg
eqnl EJ ]mc bnlo]qdc sgd qdrtks sn oqduhntrkx bnkkdbsdc c]s]
eqnl R]khm]r % Ltmbg Y3[-

2- Pdrtksr
�]( Dwhrsdmbd ne sq]mrfdmdq]shnm]k ok]rshbhsx ]knmf sgd

TR D]rs Bn]rs
Dff ch]ldsdq ]mc o]qdms kdmfsg chc mns bnmsqhatsd rhfmheh,
b]mskx sn u]qh]shnm hm fqnvsg &dkdbsqnmhb rtookdldms]qx
l]sdqh]k+ s]akd R2(- Neeroqhmf fqnvsg hmbqd]rdc rhfmhehb]mskx
vhsg neeroqhmf sdlodq]stqd enq ehrg eqnl ]kk onotk]shnmr
&ehftqd 0: dkdbsqnmhb rtookdldms]qx l]sdqh]k+ s]akd R3(-
=lnmf neeroqhmf eqnl sgd 6,c]x o]qdms dwonrtqd+ sgdqd vdqd
mn rhfmhehb]ms deedbsr neo]qdms sdlodq]stqd ]mc mn rhfmhehb]ms
hmsdq]bshnmr adsvddm o]qdms ]mc neeroqhmf sdlodq]stqdr- Sg]s

hr+ ]esdq sgd o]qdmsr rodms 6 c]xr ]s sgdhq mdv sdlodq]stqdr+
mn onotk]shnm dwghahsdc SFO-
=esdq 2/ c]xr nesdlodq]stqd dwonrtqd+ gnvdudq+ neeroqhmf

fqnvsg hm ]kk sgqdd onotk]shnmr dwghahsdc ] rhfmhehb]ms hmsdq,
]bshnm adsvddm o]qdms ]mc neeroqhmf sdlodq]stqd &RB9
hmsdq]bshnm &r-d-(; /-00 &/-/01(+ o � /-//0: LC9 /-/5 &/-/03(+
o � /-//0: BS9 /-/3 &/-/07(+ o ; /-/1(+ cdlnmrsq]shmf ] rghes hm
qd]bshnm mnqlr neneeroqhmf qdrtkshmf eqnl sdlodq]stqd dwodqh,
dmbdc ax sgdhq o]qdmsr &rdd dkdbsqnmhb rtookdldms]qx l]sdqh]k+
s]akd R3 enq etqsgdq cds]hkr(- Neeroqhmf eqnl ghfg &21|B(]mc
knv &15|B(sdlodq]stqd o]qdmsr fqdv ]s q]sdr sg]s cheedqdc ax
]r ltbg ]r 12-1� &/-20 udqrtr /-14 ll c�0 ]s 21|B enq ehrg
eqnl RB(sgntfg sgd l]fmhstcd ne sghr deedbs ]ood]qr sn
cdbqd]rd vhsg k]shstcd &ehftqd 0b�e: dkdbsqnmhb rtookdldms]qx
l]sdqh]k+ s]akd R3(-
=esdq 34 c]xr nedwonrtqd+ sgdqdvdqd rtars]msh]k cheedqdmbdr

hm SFO ]lnmf onotk]shnmr- Sgd neeroqhmf fqnvsg q]sd hm RB
qdl]hmdc rhfmhehb]mskx ]eedbsdc ax sgd hmsdq]bshnm ne o]qdms
]mc neeroqhmf sdlodq]stqdr &hmsdq]bshnm &r-d-(; /-04 &/-/24(+
o � /-//0(+ vghkd ehrg eqnl LC ]mc BS dwghahsdc qdctbdc+
mnm,rhfmhehb]mssq]mrfdmdq]shnm]k deedbsr &ehftqd 0f ‘h: dkdbsqnmhb
rtookdldms]qx l]sdqh]k+ s]akd R3(- Gnvdudq+ qdk]shudkx edv
e]lhkhdr oqnctbdc neeroqhmf enq sghr dff bnkkdbshnm &dkdbsqnmhb
rtookdldms]qx l]sdqh]k+ s]akd R2(]mc sgd k]bj ne rhfmhehb]mbd
l]x ad ctd sn sgd qdk]shudkx rl]kk r]lokd rhydr- Sgd cheedqdmbd
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Chftpd 0 � Fqnvsg udqrtr sdlodq]stqd enq d]bg onotk]shnm ]mc o]qdms sdlodq]stqd dwonrtqd shld- Uhsghm d]bg okns) sgd gnqhynms]k ]whr hr sgd sdlodq]stqd ]s vghbg
sgd neeroqhmf vdqd qd]qdc ]mc sgd udqshb]k ]whr hr sgd fqnvsg q]sd nudq sgd ehqrs dhfgs vddjr hm ll c�0- Sgd onhmsr ]qd qdrtksr enq hmchuhct]k ehrg) vhsg aktd ]mc qdc
hmchb]shmf sg]s sgdhq o]qdmsr vdqd ]s 15 ]mc 21ØB) qdrodbshudkx- Sgd khmdr ]qd kd]rs,rpt]qdr qdfqdrrhnmr ehs rdo]q]sdkx enq d]bg o]qdms sdlodq]stqd ]mc ]qd hmsdmcdc ]r
] uhrt]k ]hc) q]sgdq sg]m ] enql]k]m]kxrhr- Bnktlmr hmchb]sd qdrtksr enq ehrg eqnl BS) LC ]mc RB) �U() �a( ]mc �b() qdrodbshudkx:sgd qnvr �h‘hhh( hmchb]sd qdrtksr enq sgd
6,) 2/, ]mc 34,c]x dwonrtqd sqd]sldmsr- �Nmkhmd udqrhnm hm bnkntq-(
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]lnmf onotk]shnmr hm sgd deedbshud ctq]shnm ne SFO hr chr,
btrrdc etqsgdq adknv-
=fd ]s l]stq]shnm ]krn dwghahsdc ] rsqnmf cdfqdd ne

SFO+ cdodmchmf nm sgd ctq]shnm ne o]qdms]k dwonrtqd
&ehftqd 1: dkdbsqnmhb rtookdldms]qx l]sdqh]k+ s]akdr R4 ]mc
R5(]mc v]r k]qfdkx hmcdodmcdms ne dff ch]ldsdq+ o]qdms
kdmfsg ]mc neeroqhmf fqnvsg &dkdbsqnmhb rtookdldms]qx
l]sdqh]k+ s]akd R4(- =esdq 6 c]xr ne dwonrtqd+ sgdqd vdqd
mn deedbsr ne o]qdms nq neeroqhmf sdlodq]stqd- =esdq 2/
c]xr+ gnvdudq+ sgdqd v]r ] rhfmhehb]ms hmsdq]bshnm adsvddm
o]qdms ]mc neeroqhmf sdlodq]stqd hm ]kk onotk]shnmr
&RB9 hmsdq]bshnm &r-d-(;�1-8/ &/-28(+ o � /-//0: LC9 �1-47
&/-23(+ o � /-//0: BS9 �1-65 &/-63(+ o ; /-//0(- Rdd dkdbsqnmhb
rtookdldms]qx l]sdqh]k+ s]akd R5 enq etqsgdq cds]hkr-
=esdq 34 c]xr ne dwonrtqd+ sgd hmsdq]bshnm adsvddm o]qdms
]mc neeroqhmf sdlodq]stqd qdl]hmdc rhfmhehb]ms enq ehrg
eqnl RB &hmsdq]bshnm &r-d-(;�3-7/ &0-/44(+ o � /-//0( ]mc
LC &�1-22 &0-/5(+ o ; /-/36(+ ats mns hm BS &�0-01 &/-608(+
o ; /-05(-
Ud trdc sgd o]qdms sdlodq]stqd ° neeroqhmf sdlodq]stqd

hmsdq]bshnm sdql sn pt]mshex sgd cdfqdd ne SFO- Cnhmf rn+
vd entmc sg]s sgd cdfqdd ne SFO cdodmcr nm sgd o]qdms]k
sdlodq]stqd dwonrtqd shld hm ] o]ssdqm sg]s ]ood]qr
sn bg]mfd vhsg k]shstcd enq ansg fqnvsg &ehftqd 2T(]mc
l]stq]shnm &ehftqd 2a(-

�a( K]shstchm]k fq]chdms hm sq]mrfdmdq]shnm]k ok]rshbhsx
]mc dmuhqnmldms]k oqdchbs]ahkhsx

Sn sdrs sgd gxonsgdrdr sg]s sgd nardqudc k]shstchm]k fq]chdms
hm sgd cdfqdd ne SFO cdodmcr nm sgd oqdchbs]ahkhsx ne sgd
dmuhqnmldms &]r hm ehftqd 2(+ vd bnlo]qdc sgd ehs ne sgqdd
lncdkr vgdqd &h(onotk]shnm cheedqdmbdr ]qd tmbnmrsq]hmdc+
&hh(sgd deedbs ne onotk]shnm hr khmd]q hm sgd cdbnqqdk]shnm
shld ]mc &hhh(sgdqd ]qd mn cheedqdmbdr ]lnmf onotk]shnmr-
Bnlo]qhmf lncdkr 0 ]mc 2 enq fqnvsg hmchb]sdr sg]s sgdqd

]qd rhfmhehb]ms cheedqdmbdr ]lnmf onotk]shnmr ]esdq sgd 6, ]mc
2/,c]x o]qdms dwonrtqdr &dkdbsqnmhb rtookdldms]qx l]sdqh]k+
s]akd R6(- Onotk]shnm cheedqdmbdr vdqd mn knmfdq rhfmhehb]ms
]s sgd 34,c]x dwonrtqd+ sgntfg sghr l]x ad ctd sn sgd qdk],
shudkx rl]kk mtladqr ne neeroqhmf oqnctbdc ctqhmf sghr dff
bnkkdbshnm- Bnlo]qhmf lncdkr 0 ]mc 1 hmchb]sdr sg]s sgd
cheedqdmbdr hm SFO ]lnmf onotk]shnmr ]qd vdkk dwok]hmdc
ax sgd cheedqdmbdr hm cdbnqqdk]shnm shld &]kk o < /-77(- Hm
]cchshnm+ lncdk 1 v]r rhfmhehb]mskx adssdq sg]m lncdk 2 hmch,
b]shmf sg]s sgd cheedqdmbdr ]lnmf onotk]shnmr ]qd ]cdpt]sdkx
lncdkkdc ]r ] khmd]q etmbshnm ne sgd cdbnqqdk]shnm shld- Hm
d]bg b]rd+ sgd cdfqdd ne SFO hm fqnvsg hmbqd]rdr vhsg sgd
cdbnqqdk]shnm shld &ehftqd 3(- Hlonqs]mskx+ etqsgdq rtoonqs
enq sgd qdk]shnmrgho adsvddm dmuhqnmldms]k oqdchbs]ahkhsx
]mc sgd cdfqdd ne SFO &ehftqd 3(bnldr eqnl dwsq]onk]shmf
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Chftpd 1 � L]stq]shnm udqrtr sdlodq]stqd enq d]bg onotk]shnm ]mc o]qdms sdlodq]stqd dwonrtqd shld- Uhsghm d]bg okns) sgd gnqhynms]k ]whr hr sgd sdlodq]stqd ]s
vghbg sgd neeroqhmf vdqd qd]qdc ]mc sgd udqshb]k ]whr hr sgd hmsdqonk]sdc l]stq]shnm ]fd hm vddjr- Sgd onhmsr ]qd qdrtksr enq hmchuhct]k ehrg) vhsg aktd ]mc qdc
hmchb]shmf sg]s sgdhq o]qdmsr vdqd ]s 15 ]mc 21ØB) qdrodbshudkx- Sgd khmdr ]qd kd]rs,rpt]qdr qdfqdrrhnmr ehs rdo]q]sdkx enq d]bg o]qdms sdlodq]stqd ]mc ]qd hmsdmcdc ]r
] uhrt]k ]hc) q]sgdq sg]m ] enql]k]m]kxrhr- Bnktlmr hmchb]sd qdrtksr enq ehrg eqnl BS) LC ]mc RB) �U() �a( ]mc �b() qdrodbshudkx:sgd qnvr �h‘hhh( hmchb]sd qdrtksr enq sgd
6,) 2/, ]mc 34,c]x dwonrtqd sqd]sldmsr- �Nmkhmd udqrhnm hm bnkntq-(
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sghr lncdk trhmf sgd cdbnqqdk]shnm shld enq Eknqhc]- Sgd oqd,
chbshnmr enq ansg sgd 6, ]mc 2/,c]x dwonrtqdr bknrdkx l]sbg
sgd cdfqdd ne SFO qdonqsdc oqduhntrkx Y3[-
Ax bnmsq]rs+ enq l]stq]shnm+ onotk]shnmr cheedq rhfmheh,

b]mskx nmkx ]s 34 c]xr &dkdbsqnmhb rtookdldms]qx l]sdqh]k+
s]akd R7(- Sgd bnlo]qhrnm ne lncdkr 0 ]mc 1 hmchb]sdr sg]s
onotk]shnm cheedqdmbdr hm sgd cdfqdd ne SFO hm sgd 34,c]x
dwonrtqd hr khmd]q hm sgd cdbnqqdk]shnm shld- Gnvdudq+
]ksgntfg bnmrhrsdms vhsg ntq qdrtksr enq fqnvsg q]sd+ vd
mnsd sg]s sgdqd vdqd qdk]shudkx edv l]stqhmf l]kdr eqnl sgd
34,c]x dwonrtqd+ o]qshbtk]qkx eqnl mnqsgdqm onotk]shnmr-

3- Chrbtrrhnm
Sgdqd hr mnv ] rtars]msh]k ancx nesgdnqx nm sgd dunktshnm ne
SFO ro]mmhmf rdudq]k cdb]cdr &d-f- Y11‘14[(- =ksgntfg rnld
lncdkr l]jd lnqd mt]mbdc oqdchbshnmr sg]m nsgdqr+ ]kk ]fqdd
sg]s sgd ehsmdrr admdehsr ne SFO cdodmc nm gnv ltbg hmenq,
l]shnm sgd o]qdmsr� dmuhqnmldms b]m oqnuhcd ]ants sgd
dmuhqnmldms sgdhq neeroqhmf ]qd khjdkx sn e]bd- A]rdc nm sghr+
vd gxonsgdrhydc sgd dwhrsdmbd ne ] oqduhntrkx tmnardqudc
k]shstchm]k fq]chdms hm SFO- Sgd bnmbnqc]mbd adsvddm sgd
cdbnqqdk]shnm shld enq drst]qhmd sdlodq]stqdr ]mc sgd
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Chftpd 2 � Onotk]shnm cheedqdmbdr hm sgd cdfqdd ne SFO- Hm d]bg o]mdk) sgd gnqhynms]k]whr hr sgd ctq]shnm ne sgd o]qdms sdlodq]stqd dwonrtqd �c]xr( vghkd sgd udqshb]k
]whr hr sgd cdfqdd ne SFO) ld]rtqdc ]r sgd hmsdq]bshnm adsvddm o]qdms sdlodq]stqd ]mc neeroqhmf sdlodq]stqd enq �U( fqnvsg ]mc �a( l]stq]shnm- �Nmkhmd udqrhnm hm
bnkntq-(
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Chftpd 3 � Cdfqdd ne SFO udqrtr cdbnqqdk]shnm shld enq d]bg o]qdms dwonrtqd shld- Uhsghm d]bg okns) sgd gnqhynms]k]whr hr sgd cdbnqqdk]shnm shld ]mc sgd udqshb]k]whr
hr sgd cdfqdd ne SFO ]mc ak]bj onhmsr ]qd drshl]sdr eqnl d]bg ne sgd onotk]shnm ]mc dwonrtqd shld,rodbhehb ]m]kxrdr- Sgd ak]bj khmd hr sgd drshl]sd ne sgd qdk]shnmrgho
adsvddm sgd cdfqdd ne SFO ]mc sgd cdbnqqdk]shnm shld ehssdc sn sgd c]s] enq d]bg dwonrtqd shld vhsg ]kkonotk]shnmr bnlahmdc:�U() �a( ]mc �b( ]qd enq fqnvsg q]sd:
�c () �d( ]mc � e ( ]qd enq l]stq]shnm shld) ]mc eqnl kdes sn qhfgs sgd bnktlmr bnqqdronmc sn sgd 6,) 2/,) ]mc 34,c]x dwonrtqd shldr- Sgd qdc onhmsr hm o]mdkr �U( ]mc
�a( ]qd hmcdodmcdms drshl]sdr enq ehrg eqnl EK � oqduhntrkx otakhrgdc hm Y3[( sg]s vdqd mns trdc hm ehsshmf sgd lncdk- �Nmkhmd udqrhnm hm bnkntq-(
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cdfqdd ne SFO oqnuhcdr pt]mshs]shud rtoonqs enq sghr sgdnqx
hm m]stq]k onotk]shnmr- Lnqdnudq+ sgd d]qkhdq c]s] enq ehrg
eqnl Eknqhc] Y3[sg]s vdqd mns trdc hm lncdk,ehsshmf oqnuhcd
hmcdodmcdms u]khc]shnm ne sghr qdk]shnmrgho-
Rstchdr ne SFO g]ud qdbdmskx addm bqhshbhydc ]r k]bjhmf

rteehbhdms bnmsqnk enq rdkdbshnm ]mc d]qkx cdudknoldms]k
deedbsr Y21[- Ud mnsd sg]s sgdqd v]r udqx khsskd ]ctks lnqs]khsx
sg]s nbbtqqdc adsvddm sgd 6, ]mc 2/,c]x o]qdms dwonrtqdr
&enq RB+ LC ]mc BS o]qdms rtquhu]k v]r 84�+ 0//� ]mc
6/�(rsqnmfkx khlhshmf sgd onrrhahkhsx enq rdkdbshud lnqs]khsx
hm sgd o]qdms fdmdq]shnm- Hm ]cchshnm+ sgd neeroqhmf vdqd
g]mckdc sgd r]ld v]x enq d]bg dff bnkkdbshnm rn sg]s cheedq,
dmbdr adsvddm sgd 6, ]mc 2/,c]x dff bnkkdbshnmr b]mmns ad
dwok]hmdc ax hm]cudqsdms rdkdbshnm nm dffr ]mc k]qu]d- Ud
]qd sgdqdenqd qd]rnm]akx bnmehcdms hm ]ssqhatshmf sgd bg]mfdr
hm neeroqhmf fqnvsg sn sgd sgdql]k ghrsnqhdr ne sgd o]qdmsr
q]sgdq sg]m rdkdbshud lnqs]khsx-
Lnqdnudq+ sgd qdronmrd sn sgd o]qdms]k sdlodq]stqd btd

]ood]qr sn ad shdc sn sgd rd]rnm]k sgdql]k qdfhld enq d]bg
onotk]shnm- Bnmrhcdqhmf sg]s sgd cdfqdd ne SFO hm fqnvsg
bg]mfdr vhsg o]qdms dwonrtqd shld hm ] l]mmdq sg]s ]ood]qr
]ooqnwhl]sdkx o]q]ankhb hm d]bg onotk]shnm &ehftqd 2(+ ehsshmf
] pt]cq]shb lncdk sn sgdrd drshl]sdr ]kknvr tr sn cdsdqlhmd
&h( sgd dwonrtqd shld qdpthqdc sn dwoqdrr sgd l]whltl
cdfqdd ne SFO ]mc &hh(sgd ctq]shnm ne SFO &h-d- sgd odqhnc
ne shld nudq vghbg sgd cdfqdd ne SFO hr dwodbsdc sn ad
fqd]sdq sg]m /(- Cnhmf rn+ vd ehmc sg]s ansg sgd shlhmf.
ctq]shnm ne SFO cdbqd]rdr vhsg k]shstcd eqnl 42.82 c]xr hm
RB sn 32.52 c]xr ]mc 3/.43 c]xr hm LC ]mc BS+ qdrodbshudkx-
A]rdc nm sgd MDPPR sdlodq]stqd c]s]+ sgd ctq]shnm ne sgd
fqnvhmf rd]rnm ]krn cdbqd]rdr rg]qokx vhsg k]shstcd &rdd dkdb,
sqnmhb rtookdldms]qx l]sdqh]k+ ehftqd R0(- Sgd mtladq ne
c]xr enq vghbg sgd ld]m sdlodq]stqd v]r ]s nq ]anud 10|B
v]r 1/8+ 073+ 005 ]mc 0/2 enq EJ+ RB+ LC ]mc BS+ qdrodbs,
hudkx- =ksgntfg rsqhbskx dwoknq]snqx+ sgd shlhmf ]mc ctq]shnm
neSFO drshl]sdc sghr v]x rsqnmfkx bnqqdk]sdc sn sgd ctq]shnm
ne sgd fqnvhmf rd]rnm+ p ; /-887 ]mc /-888+ qdrodbshudkx
&ehftqd 4(- Eqnl sghr+ vd gxonsgdrhyd sg]s ansg dmuhqnm,
ldms]k oqdchbs]ahkhsx ]mc rd]rnm ctq]shnm inhmskx cqhud sgd
dunktshnm ne SFO+ o]qshbtk]qkx hm dmuhqnmldmsr vgdqd rd]rn,
m]k u]qh]shnm hm sgd fqnvsg ne itudmhkdr hr ]m hlonqs]ms
cdsdqlhm]ms ne ehsmdrr-
=ksgntfg sghr g]r mns xds addm sgd rtaidbs ne sgdnqdshb]k

hmudrshf]shnm+ sgd bnqqdk]shnm adsvddm sgd ctq]shnm ne sgd
fqnvhmf rd]rnm ]mc sgd ]oo]qdms ctq]shnm ne SFO hr hmsth,
shudkx qd]rnm]akd9 sgd ehsmdrr admdehsr ne oqnfq]llhmf
neeroqhmf enq l]whl]k fqnvsg ]s ] etstqd sdlodq]stqd ltrs
cdodmc bqhshb]kkx nm sgd knb]k dmuhqnmldms]k qdfhld- Hm
]cchshnm+ vd rgntkc dwodbs sgd l]qfhm]k f]hm eqnl q]ohc
fqnvsg sn cdbqd]rd ]r o]qdmsr ]ooqn]bg sgd dmc ne sgd fqnv,
hmf rd]rnm- Lnqs]khsx ctqhmf sgd d]qkx khed ghrsnqx ne ehrgdr hr
rsqnmf rhyd rdkdbshud Y22[+ rtffdrshmf sg]s sgd nardqudc o]ssdqm
neSFO hr ]c]oshud- Gnvdudq+ sgdqd ]qd bkd]qkx bnmsdwsr vgdqd
q]ohc fqnvsg hr mns noshl]k &d-f- Y23[(- Hm e]bs+ l]mx rodbhdr
nm sgd TR D]rs Bn]rs dwghahs bntmsdqfq]chdms u]qh]shnm hm
fqnvsg &Bnmnudq ]mc Oqdrdms PDE(+ rtbg sg]s onotk]shnmr
eqnl ghfgdq k]shstcdr fqnv e]rsdq sg]m knv k]shstcd bnmrodbh,
ehbr ]s ] bnllnm sdlodq]stqd- Hm sghr khfgs+ hs hr hmsdqdrshmf sn
mnsd sg]s rgddorgd]c lhmmnvr chc mns chrok]x ]m nauhntr
k]shstchm]k fq]chdms hm fqnvsg q]sd- Bkd]qkx+ lnqd hmenql]shnm
hr mddcdc sn cdsdqlhmd sgd noshl]k fqnvsg ]mc l]stq]shnm
rbgdctkd enq rgddorgd]c lhmmnvr eqnl cheedqdms k]shstcdr-
Mdudqsgdkdrr+ sghr bnmmdbshnm adsvddm rd]rnm]khsx ]mc SFO

ghfgkhfgsr sgd mddc enq ] lnqd mt]mbdc sgdnqx sg]s hmbnqonq,
]sdr rd]rnm]k dmuhqnmldms]k u]qh]shnm vhsghm fdmdq]shnmr
&ats rdd Y14[(-
Hm ]cchshnm+ sgdrd qdrtksr rgdc khfgs nm ]m ]oo]qdmso]q]cnw

hm sgd khsdq]stqd nm sq]mrfdmdq]shnm]k deedbsr- R]khm]r ds Ti- Y4[
entmc sg]s duhcdmbd enq SFO hr chrsqhatsdc ]bqnrr sgd sqdd ne
khed+ vghkd ] bnmsdlonq]mdntr lds],]m]kxrhr ax Tkkdq ds Ti-
Y24[bnmbktcdc sg]s sxohb]k deedbs rhydr ]qd bknrd sn /- Nmd qdrnk,
tshnm sn sghr chrbqdo]mbx hr sg]s sgd shlhmf ]mc dmuhqnmldms]k
bnmchshnmr tmcdq vghbg SFO hr dwoqdrrdc l]x ad pthsd rodbhehb
]mc u]qx bnmrhcdq]akx ]lnmf onotk]shnmr- Enq hmrs]mbd+ g]c
vd nmkx ld]rtqdc SFO ]esdq ] 6,c]x dwonrtqd sn cheedqdms
sdlodq]stqdr+ vd bntkc nmkx g]ud bnmbktcdc sg]s SFO cndr
mns dwhrs- Hm sgd khfgs ne sgdrd qdrtksr+ vd oqnonrd sg]s SFO hr
lnrs khjdkx sn ad qdkdu]ms nudq qdk]shudkx aqhde hmsdqu]kr ctqhmf
vghbg rtquhu]k ne neeroqhmf b]m ad rtars]msh]kkx dmg]mbdc ax
lnchehdc qd]bshnm mnqlr- Dwodqhldmsr hmudrshf]shmf sgd dwhrs,
dmbd ne SFO ltrs sgdqdenqd ad b]qdetkkx cdrhfmdc sn qdekdbs
sgd sdlonq]k o]ssdqmr ne dmuhqnmldms]k u]qh]ahkhsx dwodqhdmbdc
ax sgd onotk]shnm adhmf dw]lhmdc-
Sgd dwhrsdmbd ne ] k]shstchm]k fq]chdms hm SFO g]r hlonq,

s]ms hlokhb]shnmr enq gnv rodbhdr vhkk qdronmc sn bkhl]sd
bg]mfd- Nm sgd nmd g]mc+ vd jmnv sg]s l]mx rodbhdr b]m
dwghahs SFO+ vghbg ld]mr sg]s sgd b]o]bhsx enq q]ohc+ mnm,
fdmdshb qdronmrdr sn rghesr hm bkhl]sd hr vhcdroqd]c- Nm sgd
nsgdq g]mc+ fkna]k bkhl]sd lncdk oqdchbshnmr hmchb]sd sg]s
sgd fqd]sdrs bg]mfdr hm bkhl]sd vhkk nbbtq ]s ghfgdq k]shstcdr
&d-f- Y25[(- He k]shstchm]k fq]chdmsr hm sgdql]k SFO nbbtq hm
nsgdq rodbhdr–]r oqdchbsdc hlokhbhskx ax sgdnqx ]mc cdlnm,
rsq]sdc gdqd enq rgddorgd]c lhmmnvr–sgdm sgd b]o]bhsx enq
SFO hr khjdkx sn ad vd]jdrs vgdqd bkhl]sd bg]mfd vhkk ad
lnrs rdudqd- Ughkd vd vdqd oqduhntrkx r]mfthmd ]ants
SFO ]r ] ldbg]mhrl enq bnohmf vhsg bkhl]sd bg]mfd Y3+4[+
vd mnv rtrodbs sg]s sgd q]sd ]s vghbg SFO b]m dunkud sn
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Chftpd 4 � Shlhmf ne SFO udqrtr fqnvhmf rd]rnm ctq]shnm- Sgd gnqhynms]k ]whr
hr sgd ctq]shnm ne sgd fqnvhmf rd]rnm drshl]sdc ]r sgd mtladq ne c]xr enq
vghbg sgd ld]m sdlodq]stqd v]r fqd]sdq sg]m nq dpt]k sn 10ØB) ]udq]fdc
]bqnrr sgd svn MDPPR rhsdr enq d]bg rs]sd- Sgd qdc khmd hmchb]sdr sgd drshl]sdc
shld ]s vghbg sgd cdfqdd ne SFO hr l]whlhydc- Sgd aktd khmd hmchb]sdr sgd
ctq]shnm ne SFO) cdehmdc ]r sgd odqhnc ne shld nudq vghbg SFO hr mnm,ydqn-
D]bg v]r drshl]sdc eqnl ] pt]cq]shb ehs sn sgd cdfqdd ne SFO hm fqnvsg enq
d]bg onotk]shnm oqnuhcdc hm ehftqd 2 enq d]bg onotk]shnm �dwbdos EK(- �Nmkhmd
udqrhnm hm bnkntq-(
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l]sbg sgd dmuhqnmldms vhkk ad bqhshb]k hm cdsdqlhmhmf hsr tsh,
khsx enq ateedqhmf onotk]shnmr ]f]hmrs bkhl]sd bg]mfd-

Dsghbr- =kk vnqj v]r ]ooqnudc ax sgd qdkdu]ms dmshshdr-
C]s] ]bbdrrhahkhsx- Sgd c]s]rds ]mc bncd ]qd ]u]hk]akd eqnl sgd Cqx]c
Chfhs]k Pdonrhsnqx9 gssor9..cnh-nqf.0/-4/50.cqx]c-07820ybw5 Y26[-
@tsgnqr� bnmsqhatshnmr- R-A-L-9 bnmbdost]khy]shnm+ enql]k ]m]kxrhr+ etmchmf
]bpthrhshnm+ oqnidbs ]clhmhrsq]shnm+ vqhshmf,nqhfhm]k cq]es+ vqhshmf,
qduhdv ]mc dchshmf: U-J-9 bnmbdost]khy]shnm+ enql]k ]m]kxrhr+ hmudrsh,
f]shnm+ vqhshmf,qduhdv ]mc dchshmf: L-U-9 vqhshmf,qduhdv ]mc
dchshmf: S-G-9 vqhshmf,qduhdv ]mc dchshmf: A-=-U-9 hmudrshf]shnm+ vqhs,
hmf,qduhdv ]mc dchshmf: L-L-9 etmchmf ]bpthrhshnm+ vqhshmf,qduhdv
]mc dchshmf: R-R-9 bnmbdost]khy]shnm+ vqhshmf,qduhdv ]mc dchshmf-

=kk ]tsgnqr f]ud ehm]k ]ooqnu]k enq otakhb]shnm ]mc ]fqddc sn ad
gdkc ]bbntms]akd enq sgd vnqj odqenqldc sgdqdhm-

Bnlodshmf hmsdqdrsr-Ud cdbk]qd vd g]ud mn bnlodshmf hmsdqdrsr-

Etmchmf- Sgd vnqj v]r etmcdc ax MRE fq]ms NBD,002/372,//3 sn
L-L-+ R-A-L- ]mc R-R-+ ] Odv L]qhmd Bnmrdqu]shnm Edkknvrgho sn
R-A-L- ]mc MRE fq]ms CDA,03,40820 sn L-L-

@bjmnvkdcfdldmsr- Ud sg]mj Fdq]kchmd Bqhod enq fdsshmf tr rs]qsdc
vhsg rgddorgd]c lhmmnvr- Ud ]qd fq]sdetk sn G]mmdr A]tl]mm+
Shl Fqnudr+ Bgqhr Ltqq]x ]mc Fnqj] R]mbgn enq gdko bnkkdbshmf
lhmmnvr- Mtldqntr odnokd gdkodc l]hms]hm sgd ehrg enq sgdrd
dwodqhldmsr hmbktchmf In =mmd Rhrjhchr+ Pdadbb] Ughsd ]mc
Wntmfqnf Jdd-

Pdedqdmbdr
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A latitudinal gradient in thermal transgenerational plasticity and a test of theory 
Stephan B. Munch, Who Seung Lee, Matthew Walsh, Thomas Hurst, 

Ben A. Wasserman, Marc Mangel, and Santiago Salinas 

 
 
Figures 
 

 
 
Figure S1.  Mean temperature and autocorrelation functions from each of the NERRS sites. Solid and 
dashed lines indicate estimates for each pair of sites with red, magenta, blue, and black indicating data 
for FL, SC, MD, and CT respectively. A. mean daily temperatures.  B. Autocorrelation functions. 
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Tables 
 
Table S1.  Minnow collection sites, sample sizes for experimental parents, and numbers of offspring 
reared.  N.Par is the number of parents that were breeding for each egg collection.  N. Offspring is the 
number of offspring raised.  Sample sizes vary due to differences in egg production through the course 
of the experiment. 
 

    7d exposure 30d exposure 45d exposure 
State Latitude, Longitude  P. Temp N. Par. N. Off. N. Par. N. Off. N. Par. N. Off. 
CT 41°20'9.70” N, 72° 2'3.14" W 26 26 49 18 30 8 8 

  32 28 57 20 36 8 9 
MD 38°03'04" N, 76°19'37" W 26 20 50 20 46 4 11 

  32 24 55 26 52 14 27 
SC 32°45'2" N, 79°53'50" W 26 38 94 36 120 12 25 

  32 42 102 52 108 12 27 
FL 30°22'50" N, 86°52'41" W        

 
 
 
Table S2. Sources for temperature data.  Site names are those used in the NERRS database.  Data from 
2008-2014 were used for each location.  Season Dur. indicates the duration of the growing season 
defined as the number of days the mean temperature exceeded 21°C.  Decorrelation indicates the 
decorrelation time (days), defined as the first zero of the autocorrelation function. 
 

State Site name Latitude, Longitude  Season Dur. Decorrelation  
CT Islip Hatchery 40° 42.6'N, 73° 11.4'W 108 48 
 Nag Creek 41°37.486' N, 71°19.465' W    
MD Mataponi Creek 38° 44.599'N, 76° 42.446'W  123 41 
 Railroad bridge 38° 46.877'N, 76° 42.822'W   
SC Fishing Creek 32° 38.148'N, 80° 21.93'W  182 37 
 Mosquito Creek 32° 33.348'N, 80° 26.28'W   
FL Cat Point 29°42.12' N, 84° 52.81' W 209 29 
 East Bay 29°47.15’ N, 84°52.52’ W   

 
  



Table S3. Linear mixed models for growth, each population and parent treatment duration separately.  
Toff is offspring temperature, Tpar is parent temperature, Degg. is egg dieamter, Lsire is sire length, 
Ldam is dam length and (1|family) is a random intercept for each family.  For each model, df indicates 
the number of parameters in the marginal likelihood, i.e. the number of fixed effects, the variance 
among families, and the error variance.  Nfam is the number of families that produced offspring in each 
population and temperature treatment, and Noff is the number of offspring produced.  P(Covariates) is 
the result of the likelihood ratio test comparing the first model to the second model using a c2 
distribution with 3 df and generally indicates that the covariates are not signficant.  P(Temperature 
effects) is the result of the likelihood ratio test comparing the second model to the third using a c2 
distribution with 3 df and generally indicates that temperature has a significant effect.  Further analysis 
of this model is provided in Table S4.   
 

 7 days 30 days  45 days   
Model df SC MD CT SC MD CT SC MD CT 

Toff*Tpar+Degg.+Lsire+Ldam+(1|family) 9 281 111 107.5 295.8 153.3 101 58.72 48.39 24.03 

Toff*Tpar+(1|family) 6 280.6 106.9 106.7 292.2 151.7 98.21 57.73 47.85 23.58 

(1|family) 3 172.1 76.33 73.4 208.4 114.9 81.7 37.56 39.05 20.14 
p(Covariates)  0.83 0.044 0.649 0.067 0.374 0.136 0.574 0.783 0.827 
p(Temperature effects)  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.076 
Nfam  40 22 27 44 23 19 12 9 8 
Noff  191 103 100 215 90 62 52 38 17 

 

 
 
  



Table S4.  Temperature effects on growth.  Int. is the mean intercept, Toff is offspring temperature, 
Tpar is parent temperature, Toff x Tpar is the interaction term and (1|family) is a random intercept for 
each family.  Estimates and standard errors were produced using lmer(growth~Toff*Tpar+(1|family)) 
and approximate p-values were obtained from lmerTest using type III SS and the Satterthwaite 
approximation for degrees of freedom.  V(fam) is the estimated variance among families and V(res) is 
the residual variance for the model.  The number of families and offspring for each population is 
provided in Table S3. 
 

7 day treatment 30 day treatment 45 day treatment 

South Carolina             
Factor estimate SE P   estimate SE p   estimate SE P 

Int. 0.45 0.005 <0.001   0.405 0.006 <0.001   0.402 0.013 <0.001 

Tpar -0.011 0.009 0.21   0.012 0.01 0.221   -0.004 0.021 0.866 

Toff 0.133 0.007 <0.001   0.094 0.007 <0.001   0.112 0.021 <0.001 

Toff  x Tpar 0.004 0.011 0.751   0.114 0.012 <0.001   0.145 0.035 <0.001 

 V(fam.) V(res.)    V(fam.) V(res.)    V(fam.) V(res.)  

 0 0.003    0.001 0.004    0 0.007  

              
Maryland             
Factor estimate SE P   estimate SE p   estimate SE P 

Int. 0.419 0.014 <0.001   0.414 0.005 <0.001   0.414 0.013 <0.001 

Tpar -0.013 0.023 0.59   0.002 0.008 0.834   -0.002 0.022 0.941 

Toff 0.121 0.013 <0.001   0.072 0.008 <0.001   0.068 0.022 0.003 

Toff  x Tpar -0.031 0.022 0.161   0.064 0.014 <0.001   0.057 0.036 0.126 

 V(fam.) V(res.)    V(fam.) V(res.)    V(fam.) V(res.)  

 0.003 0.006    0 0.002    0 0.005  

              
Connecticut             
Factor estimate SE P   estimate SE p   estimate SE P 

Int. 0.413 0.012 <0.001   0.419 0.007 <0.001   0.411 0.017 <0.001 

Tpar -0.031 0.02 0.143   -0.007 0.011 0.523   -0.001 0.028 0.962 

Toff 0.131 0.013 <0.001   0.064 0.011 <0.001   0.069 0.028 0.029 

Toff  x Tpar -0.038 0.022 0.089   0.042 0.018 0.024   0.024 0.047 0.623 

  V(fam.) V(res.)    V(fam.) V(res.)    V(fam.) V(res.) 

  0.002 0.006    0 0.003    0 0.005 

 
  



Table S5. Linear mixed models for growth, each population and parent treatment duration separately.  
Toff is offspring temperature, Tpar is parent temperature, Degg. is egg dieamter, Lsire is sire length, 
Ldam is dam length, g is growth over the first 8 weeks, and (1|family) is a random intercept for each 
family.  For each model, df indicates the number of parameters in the marginal likelihood, i.e. the 
number of fixed effects, the variance among families, and the error variance.  Nfam is the number of 
families that produced offspring in each population  and temperature treatment, and Noff is the 
number of offspring produced.  P(covariates) is the result of the likelihood ratio test comparing the first 
model to the second using a c2 distribution with 4 df and generally indicates that the covariates are not 
significant.  P(Temperature effects) is the result of the likelihood ratio test comparing the second 
model to the third using a c2 distribution with 3 df and generally indicates that temperature has a 
significant effect on maturation among the 30 day and 45 day parent temperature treatments.  Further 
analysis of this model is provided in Table S6. 
 

  7 days 30 days 45 days 

Model df SC MD CT SC MD CT SC MD CT 

Toff*Tpar+Degg.+Lsire+Ldam+g+(1|family) 10 -58.9 -46.5 -18.6 -106 -52.8 -39.9 -43.1 -23.9 -7.76 

Toff*Tpar+(1|family) 6 -62.8 -49 -21.5 -109 -54.9 -41.3 -45.1 -27.5 -12.8 

(1|family) 3 -63.5 -49.6 -21.9 -135 -77.1 -48.6 -53.7 -30.6 -17.5 

p(Covariates)  0.1 0.29 0.21 0.19 0.36 0.59 0.4 0.12 0.04 

p(Temperature effects)  0.72 0.75 0.84 <0.001 <0.001 0 <0.001 0.1 0.02 

Nfam  29 20 16 31 21 13 9 7 7 
Noff  62 39 26 72 46 26 24 17 12 

 
 

 
  



Table S6.  Temperature effects on maturation.  Int. is the mean intercept, Toff is offspring temperature, 
Tpar is parent temperature, Toff  x Tpar is the interaction term and (1|family) is a random intercept for 
each family.  Estimates and standard errors were produced using lmer(growth~Toff*Tpar+(1|family)) 
and approximate p-values were obtained from lmerTest using type III SS and the Satterthwaite 
approximation for degrees of freedom.  V(fam) is the estimated variance among families and V(res) is 
the residual variance for the model.  The number of families and maturing offspring for each 
population is provided in Table S5. 
 

7 day treatment 30 day treatment 45 day treatment 

South Carolina             
Factor Estimate SE P   estimate SE p   estimate SE P 

Int. 9.634 0.09 <0.001  11.2 0.164 <0.001  12 0.38 <0.001 

Tpar -0.085 0.15 0.572   -0.015 0.273 0.958   -0.9 0.633 0.171 

Toff 0.031 0.15 0.838   0.388 0.231 0.099   1.128 0.633 0.09 

Toff  x Tpar -0.253 0.25 0.315   -2.904 0.386 <0.001   -4.798 1.055 <0.001 

 V(fam.) V(res.)    V(fam.) V(res.)    V(fam.) V(res.)  

 0 0.474    0.273 1.067    0 3.007  

              
Maryland             

Factor estimate SE P   
estimat
e SE P   

estimat
e SE p 

Int. 9.754 0.191 <0.001  11.17 0.138 <0.001  11.13 0.383 <0.001 

Tpar 0.107 0.318 0.74   0.471 0.231 0.058   0.212 0.639 0.746 

Toff -0.231 0.24 0.345   0.368 0.206 0.082   0.002 0.639 0.997 

Toff  x Tpar 0.107 0.4 0.791   -2.58 0.344 <0.001   -2.332 1.065 0.047 

 V(fam.) V(res.)    V(fam.) V(res.)    V(fam.) V(res.)  

 0.332 0.546    0.084 0.624    0 1.945  

              
Connecticut             

Factor estimate SE P   
estimat
e SE P   

estimat
e SE p 

Int. 9.993 0.145 <0.001  11.35 0.268 <0.001  12.02 0.294 <0.001 

Tpar -0.159 0.242 0.524   0.31 0.447 0.495   0.723 0.489 0.211 

Toff -0.072 0.184 0.702   -0.113 0.447 0.803   -0.852 0.432 0.084 

Toff  x Tpar 0.086 0.307 0.784   -2.761 0.744 0.001   -1.115 0.719 0.16 

 V(fam.) V(res.)    V(fam.) V(res.)    V(fam.) V(res.)  

 0.179 0.219    0 1.658    0.238 0.559  

 
  



Table S7 Population differences in growth v. decorrelation time. Toff is offspring temperature, Tpar is 
parent temperature, Pop is a factor indicating population, t0 is the decorrelation time, and (1|family) is 
a random intercept for each family.  For each model, df indicates the number of parameters in the 
marginal likelihood, i.e. the number of fixed effects, the variance among families, and the error 
variance.  Nfam is the number of families that produced offspring in each population  and temperature 
treatment, and Noff is the number of offspring produced.  In the first row, p indicates the outcome of a 
likelihood ratio test comparing  the first and third models (i.e. testing for population differences) using 
a c2 with 8 df. In the second row, p indicates the comparison of the first and second models (i.e. 
whether constraining population differences to be proportional to t0) to a c2 with 4 df. In the last row, 
p indicates the comparison of the second and third models (i.e. whether the model with population 
differences proportional to t0 is better than a model with no differences among populations) to a c2 
with 4 df. 
 

  7 days 30 days 45 days 

Model df logL p logL p logL P 

Toff*Tpar*Pop+(1|family) 14 477.27 0.040 533.76 0.006 128.06 0.185 

Toff*Tpar*t0+(1|family) 10 476.69 0.885 533.73 0.999 127.89 0.987 

Toff*Tpar+(1|family) 6 469.18 0.005 522.93 <0.001 122.41 0.027 

Nfam  88  86  29  

Noff  394  367  107  

 
 
 
Table S8 Population differences in maturation v. decorrelation time.  Toff is offspring temperature, 
Tpar is parent temperature, Pop is a factor indicating population, t0 is the decorrelation time, and 
(1|family) is a random intercept for each family.  For each model, df indicates the number of 
parameters in the marginal likelihood, i.e. the number of fixed effects, the variance among families, 
and the error variance.  Nfam is the number of families that produced offspring in each population  and 
temperature treatment, and Noff is the number of offspring produced.  In the first row, p indicates the 
outcome of a likelihood ratio test comparing  the first and third models (i.e. testing for population 
differences) using a c2 with 8 df. In the second row, p indicates the comparison of the first and second 
models (i.e. whether constraining population differences to be proportional to t0) to a c2 with 4 df. In 
the last row, p indicates the comparison of the second and third models (i.e. whether the model with 
population differences proportional to t0 is better than a model with no differences among 
populations) to a c2 with 4 df. 
 

  7 days 30 days 45 days 

Model df logL p logL P logL p 
Toff*Tpar*Pop+(1|family) 14 -137.61 0.394 -209.53 0.799 -89.651 0.048 
Toff*Tpar*t0+(1|family) 10 -138.77 0.677 -210.56 0.724 -91.623 0.414 

Toff*Tpar+(1|family) 6 -141.82 0.192 -211.83 0.637 -97.47 0.0198 

Nfam  65  65  23  

Noff  127  144  53  

 


