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. P?LNB? J;MN >?:>?M NB? .JC> ;>P ;H=?G?HN |@ GIF?=0F;L NIIFM B;M CGJ?> |IOL
OH>?IMNH>CHA 1@ MJ?=C?MAGRIN?=IFIAS ;H>? PIFONCIH ;H> NB?AE®2 CH

?=IMSMRGM #?MJIJCNNB?CL ARIN JI NPHNC;F GIF?=0F;lUIRM B;P? GIMNFS <??H OM?> CH
CH>CPC>0O;F MRC2HC= MNO>C?M2HOILPHNFS H\l J;LN |@ B;LGIHCT> JB SNJF;HENIH
GIHCNLCHA JIAL ;GM CH $0L1?

3B? AOC>?FCH?M CH NBCM >|=0G@NBP;2MOFN@ NB? JD?-N (GJF?G?HNCHA #-
<;M?>G? NBI>M CH -IINB?LH $AQU?;H G,LCH? JB SNJF;HENIH GIHCNILCHA(# -$/
@H>?> <S NB? -IL >C="IOH=CF® ,CHCMNPCH (#-$/ ;CG?> ;N B;LGIHCTCHA NB?
CGIF?G?HINCIHI @ #- <;M?>G? NBI>M CH G;LCH? CH=FO>CHECGMB (N?L
JBSNJF;HENIH GIHCNILCHA CH -IINB?LH $A0? ;H> NB? ,FNC=27?; ;L ?; NI ;P IC>
OHH?2MM;IS JFOEECMG @ H;NCIH;F G9BI>M ;H> N CGJLI P? NB? #GJ;,L ;<CFQ&N @
L?MOFNMBBJLID?-N ;FMI MRHANB?H?> FF;<IL ;NCIH ;H> EHI QF?>A? R=B;HA?
<?NQ??H J;L NC=CJ;NCHA CHMNCNONCIHM ;AF-AAAR...CNM MEBMM ;H> ;ONBILCNC?M
CRIFP?> CH JBNJF;HENIH GIHCNILCHA (#-$/;CG?>N |=IHNLC<OM NB?
?MNFCMBG?N |@ $A0?;H MN;H>;L >M @ #- <;M?>JB SNJF;HENIH GIHCNILCHA
QBC=B QCFF=? =IGJ;L ;<F? BCAB KO;FENCI>CARMGN>;N; NI <? OM?> CH G;LCH?
;H><L;=ECMB (N?L ?HPAHG?H NF ;MM?MMG 7

3B? AOC>?FCHAMI@ <;M?> C>?HNC.;NIGH 1@ JIE ;L S NC=;H> ?QE SI NC=
JBSNJF;HENIH ;L ? >?MCAH?>MOJJIL N RCMNCHANMEHCN.CHA ;H> ?HPAHG?H NF
JLI N°=NCIH [@? QILEM MO=B ;MB? ;FNC=,;,LCH? $HPAHG?H N /LI N°>=NCIH

" IGGCMMCIH '$+" ., ;H>3B?" IH P?HNCIHI@NB? /LI N°=NCIH i@ NB? ,;LCH?
$HPAHG?H N 1@ NB? -IINB $;MN NF;HNC=2/ 1

3L>CNCIH;F G;LCH? JBNJF;HENIH GIHCNILCHA @OM?M IH JF;HERIC= JLCG;IS
JLI>O=CHA JBIN;ON I NILJBC=;H> GCR NILJIBC= ?0OEL S NC= GG:fA;? ;H>

JLIE ;L S NC=SHI<;= NLC; <ON B¥U NLIBC= >CHI...F;A?FF\NN;H> | NB?L BRPL NILIJBC=
...F;A?FF;N?MW;CH=FO>7?> NI ?H;<F? MNO>C?M QCNB ; QR#NAC= M4J? (H ;>>CNCIH
GCRNLIBC= =CFC{M MO=B ;\WPMI>CHCOG D<IOG ;L ? CH=FO>?> MENBS §H NLC<OM
JLCG;LS JU>0O=NCIH <?;0M? | @ ?H>IMSG<Q®IC= 8INJB S\°M 2CHAF?EF?> XG

MC?F JC4JF;HENIH CM OMO;FFNHIH=FO>?> MMB? #H P?HNCIH;F GNBI> FCAB
GC=IM=J S| @ +OAIMIL2M?P?> M;GJF?M CM HN MOGN? @ >CMNCHAOCMBCHA MCHAF?
=?FF?>;ONNLIBC= JCHF;HENIH @IG MCHAF? 2FF?> B¥L NILIBC= <;=N°LC; (H ;>>CNCIH
N JB SNJF;HENIH ;M >7?...CH?>;<P? ?# G? N<;L =[>CHAsHJLI PC>? @iG;NCIH
IH? A JCRIF;HENIH GC=l TIIJF;HENIH B? N°Ll NLJBC= <;=N°LC; ;H> @HAC AM?H CH
NB? JBSNJF;HENIH M;GJF?M 2CH2NB? AOC>?FCH?M?B;P?H 13 NCGC¥F @L
JBSNJF;HENIH NB?S H??> NI <? sL ?@FFSPFO;N?> ;H> ? P?HNO;FFS ;>;IJ\N> @L
GIHCNLCHA INB?L AIOJM | @ IIA;HCMGM? A L?A;L>CHA NB? =BIC+ @ JLCG®RL;H>
>N;<M?M ?#- G? N<;L =I>CHA 5H =IGJF?G?H N Ni>CNCIH;F GIHONCHA ;H>

CGJlU P? IOL EHIQF?>A? ;<ION NR; HI N CH=FO>?> CH 2BMIGIHCN.CHA 2CH=#-
<;M?>G? NBI>M ;L? >?P?FIJCHA UC>FS NB? AOC>?FCH?MZ#P> B?L? MBIOF> <?
L?AOF;LFS OJ>Rb ;H> >? P?FIJ?> @INB?L CH NBOMID2 N ;= =IOHN @ ;>P ;H=?M CH

#  <;M?>G? NBI>M ;H> B;LGIHCT? QCNB NB?L Q¥ILH;NCIH;F AOC>?FCH?M ;H>
MMN>;L >M
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3BCM CM ; N?=BHBOC>?I@GIHCNILCHA NB?RIHIGC= >CPLMCN @ JBNJF;HENIH
OMCHA PAEIHG?H NF # G? N<;L =[>CHA NIANB?L QCNBHP?HNCIH;F JBNJF;HENIH
GIHCNLCHA N?=BHCKO?M CH G;LCH? ;i-EAMB (IN?LM B? AOC>?FCHPAO® IH NB?
>?NP=NCIH [@ ?QE SI NC=;H>JIE ;L Sl NC=J8NJF;HENIH QCNB 2 ;H> 2L1-

JLCG?M OMCHA BCABOUWBION M?KO?H=CHAGUIG;NCIH ;H> L ?=IGG?H>;NCIHM IH
M;GIFCHA M;GJF? JE ?MMCHA GIF?=0F;L <CIFJARCHLE KO;FCH=H NIF
<CICHLG;NC=M >;N MNL;A? ;H> G;H;A?G?H N ;H>=IMN ?MNCG™WI ;L? CH=FO>?> MI
NB;N NB? GANBI> =;H <? OM?> NI= IGJF?G?H N MN>;L >C?P> FCABGCAM=1J S
YOINB?LGIL? NB? AOC>?FCHMWEH CHLG;NCIH @IG M=C?HC...C2LH0DL? ;H>;
>CM=0OMMCIH GN@2J?LMI?-NCRV CH=FO>CPRI?H=? >;N;<;M?M ;H>

MNH>;L >CINCIH 3B? AOC>?FCH?MT>?P?FIJ?> QCNBCH NBADR-N (GJF?G?HNCHA
#- <;M?>G? NBI>M CH -IINB?LH $Ql?;H G,LCH? JB SNJF;HENIH GIHCNILCHA (#
-$/  MOJJILN?> <S NB? -IL >C="IOH=CF® ,CHCMNPCH 3B?M? AOC>?FCH?NMMNIL
; MIWOM KON ;= =IGGI>N ? @NOL;>P ;H=?M CH GIF?=0F;L GBI>M CORLH;NCIH;F
AOC>?FCH?M ;H3HMN >M 4MCHA ?#- G?N;<;L =I>CHA NI 4GJF?G?H N MjNi>;L >C?P>
FCABGCAM=1J S ;>P;H=?M #H P?HNCIH;F GIHONCHA ;H> [?M?;L=B IH JB SNJF;HENIH
=IGGOHCNC?N;NIM?MM <CI>CBMGNH> NB? MN? | @ NB? G;LCH? RAIHG?H N
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AMCHA #- <;M?>G? NBI>M @ GIHCNILCHA H @H>;G?HNFFS NHM@.G

?HPAHG?H NF GIHCNLCHA € JU PC>CHA Q2JJIL  NOHCNC?M ;HRI=IGCHA NB?
MBIINFIGCHAM I@ NeCNCIH;F GRNBI>M 'I Q?P?L G;H S ;MJ?=NM MNCRPLC21>CM=0OMMCIH
;H> AL ??2G?HN ;GIHAMN RJI?INM ;H> MN;BBIF>?LM <@ ? ?#- G? N<;L =I>CHAsH
<? CGIF?G?HN> =IGJF?G?H NL S NNL;>CNCIH;F GIHONCHA N?=BHCKO?BCBNBHCE
AOC>?1@?#- <;M?> GIHCNILCHA 1@ JBNJF;HENIH CH -IL NB?LH $Q0?;H = I;MN;F
Q;N?LM ;H> NB? ,FNC=2; JL ?M?HM NB??MOFNN®RINB? JD?=N(GIF?G?HNCHA #-
<;M?>G? NBI>M CH -IINB?LH $Ql?;H G;LCH? JB SNJF,HENIH GIHCNILCHA(# -$/
#-$/Q ;M @H>?><SNB? -IL>C="IOH=CF@® ,CHCMNPNB;LGIHCT ?#- <;M?>
G?NBI>M ;GIHA -IL NB?LH $A0?;H = IOHNLC?M ;H> ;FNC22MNN?M ;H> >?P?FIJ
AOC>;H2 IH Bl QN =1GJF?G?H N NE>CNCIH;F GCHI=1J S<;M?>JB SNJF;HENIH
;H;FSM?M QCNB #- <;M?>;JJL 1;=B?M

3BCM >I=0G?N JI?M?HM JR=CM? AOC>?FCH?IA4BHCE JLI= ?>01?M OM?>l(@v#-
<;M?>JLIE;L S NC=;H>?0OE S NC= J8NJF;HENIH GIHCNILCHA CH -I=C= QN?LM ;H>

NB? I;FNC=2; =1 P?LCHA ;FFMN @G M;GIJFCHA M;GJF? JU= ?MMCHA ;H> M?KO?H=CHA
JLI=?>01?M N>;N ; ;H;FS MCM NHIL?NNCIH ;H> CGJU P?G?HN 1@ >;N\&;M?M 3B?
AOC>?FCH?M MONJOIGJF?G?NCHA ;H #- <;M?>;JJL 1;=B CH J;L ;FF?F QCNB

GC=IM=lJ S<;M?>;H;FS M?M QBC=B ;kfV1 #GJL ?B?HMCRIGJ;,LCMIH| @ PMOFNM

I< NCH?> @G <I NB G™NBI>M ;H> MOJJILNM RCMNCHAMGHCMN.CHA ;H>

?HPAHG?H NF JLI NN=NCIH I@? QILEM

#-  <;M?>GIHCNILCHA ;H CGJLU P? <CI>CPLMGN;H> MNNOM ;MM?MMGRH@ G;LCH?
;H> <L ;=ECMB (qN?LM <ON CN GMELFIM;P ? ;H CHWLH;NCIH;FFS MiY;L >CP> G? NBI>

N CGJLI P? F;LA? M5F? <CI>CPLMGNMM?MMG NH'OLL?HNFSNB?R CM HI K5GIH
JBSNJF;HENIH <CI>CPLMGNCH>(HL @L $OLIJ?;H G;LCH? ;H> <L ;=ECMB QN?LM

?#- G? N<;L =I>CHA 3#OF> EC=E MNI NB? >P?FIJG?HN |@ MO=B ;H CHNIE QBC=B CM
OIA?HNFS H??>?>li@cGJiu P?> ;MM?MMGM I @ <CI>CBVG\;H> NB? MNOM I@ G;LCH?
JH><L;=ECMB (N?L <I>C?M

3B? NP=BHIFIAS ;H> G? NBI>IFIAS >?M=LC<?> CH NBCM JOKFE+@®L G;DIL

>P ;HNA?M =IGJ;L ?> N =F;MMC=;JJ,)=B?M MO=B ;M NB?1G;LE ;<FS CGJL P?>
<CFA\NN C>?HNG@H> GIHCNIL ; P?LS <lU;> L ;HA? | @ IIA;HCMGM B? AOC>?FCH?MACP
;>PC2 ;H>;HI| P?LPCQI| @ CGJINH N ;MI?NM INs IHMC>?LIEGNB? MO="MM@F
CGJIF?G?HINCIH 1@ ?#- G? N<;L =I>CHA @ JBNJF;,HENIH H? RJ;HMCIH I@ NB?
G?NBI>IFIAS NII NB?L AIOJM | @ IIA;HCMGM HN 4 P?L?> <S NI>CNCIH;F GIHANCHA
MBIOF> <? HHMC>72> HI NB?L ;>PHNA? | @ ?#- G? N<;L =I>CHA CM NB? FCSCN
?@ N PKOC2> @L OIJMsFCHA IH2 =IGGIH MN ;H>;L >CP>JLI N=IFM ;L? CH OM?
(>?;FFSNB? AOC>?FCH?RMHNP> B?L?CH QCFF <P2F|1J?> @INB?L ;H> CNPALN?> CIN
?A NB?'$+". @ LG? QILE ;H> MN;H>;L>CP> NBLOAB ?CNB?L "$-IL (2 . # ICHA MI
QCFFBHO=?=IGJ;L ;<F? MM>L >CP>>;N;;H>;FFl QGIL ? =IMN? @...C3C?#

<;M?> GIHCNLCHA

H?1 @ NB? <CAA?MN MRHALG =B;FF?HA?ML@#- G? N<;L =I>CHA CGJF?G?NNCIH
CHN LIONCH? GIHGNCHA CM NEPKDC2> CGJU P?G?HN |@ RCMNCH@&L?H=? >;N ;<;M?M
3BCM JO<HOEIH JU PC>?M ;H P?LPCQ ;H> L ?=IGG?H>;NCIHM IH QBC=B >;N<;M?M NI



OM? ;H>BIQ N G;H;A? M?KO?H=CHA >;N 3 B? CGJL P?G?HN |@ 2@L?H=? >;N ;<;M?M
L?KOCM ; =IIL >CH;®> ?@ N ;H> QCFF <RJI?>CR> C@ G;19 $01LI?;H MN;N?M
=IH NLC<GN

(H MOGG;LS NB? <?H?...CN®# OMCHA ?#-<;M?> G? NBI>M @ GIHCNILCHA;@IONQ ?CAB
NB? =B;FF?HA?M B;L ? =IH...C>TKNB;N @GNC2.G;LCH? JBSNJF;HENIH GIHCNILCHA QCFF
CH=FO>? PAIHG?H NF #- MOL P?S NP=BHCKO?M BBIJ? NB;N NB?M? AOC>?FCH?M QCFF
@CFQOW? <?N\PL OH>?MMNH>CHA ;H> B;LGIHCTNCIH | @ ?#- <;M?>G? NBI>M ;H>

MJ??> NB?CL CGIF?GINCIH CN L IONCH? GIHAGNCHA JIAL ;GM
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3B? AOC>?FCH?NMMRHP> B?L? JLI PC>? >RCF?> >?M=LEBCIHM® JIi= ?>01?M H?2MM;IS
@ NB? CGIJF?G?NINCIH 1@ ?#- G? N<;L =I>CHA <;M?>JBSNJF;HENIH GIHCNILCHA CH
$OUI?Z;HM?;M 2L 2 Q? JON @ Q;L>NB? OM?®@ ?#- G? N<;L =I>CHA CH
=IG<CH;NCIH QCNB s ;H> JIN°NHNC;FFE8MN? @...C3CRUF;=?G?HN |@ s FCRECAM=1J S
CH GIHCNILCHA ;H2M?;L=B | @ JBNJF;HENIH =IGGOHCNC?M S Ni-O=CHA

MNH>;L >CP>JLI N=IFM @ ?#- G? N<;L =[>CHA QBC=B QCFF <? O2=N?AOF;LFSN
= =IGGI>N  ?LJC> ;>P ;H=?M CH ?#- N?=BHIFIAC?M NBCM CHCNCGHM R<LCHA

@ Q;L>; B;LGIHCT ?>JBSNJF;HENIH GIHCNILCHA ;JJLI;=B NB;N QCFF ?H;<F? ; GIL?
JL?=CM? ;MM?MMGE?K®D JBNJF;HENIH <CI>CPLMGNH> NB? MNI? | @ NB? G;LCH? ;H>
<L,=ECMB (N?L ?HPAHG?H N 3B? OFNCGMAILF | @ NB?M? AOC>?FCHPEHINI®,NIB?
B,LGIHCT;NCIH 1 @ ?#- <;M?>;JJL |;=B?M ;H> L ?MJI?-NCP,MM?MMGMG?NBI>M ;H>
?P?HNO;FFSH NLC<OM NB? CGJL P?G?HN 1@ NB? MOM 1@ ;KO;NC= BROHG?H NM CH
$ouJ?

3B? L?’MOFNCHA >sNH <? OM?> Nl

MM?MM G;LCH? SBIJF;HENIH <CI>CRLMGNHB?L ?HNFS CH -INB?LH $a0?

y  2NO>S NB? >CMNLC<OMLMBNJIF;HENIH CH NCG? ;H> MJ;2 s ;H> JL 1>0="?
=IGJL ?B?HMCGRCIA?IALJB S :H> JB?HIFIAS >:N ; @L H;NCIH;F MOR?SM

y " IH>O=N ; M\NOM ;MM?MMGRHPKOCZ> <S NB? R.CIOM $4 >CP=NCIM ;=LIMM
H:NCIH;F <IL>?LM 2 2=NCIH

y  2NO>S FIHA N?LG =B;HA?M@ JBNJF;HENIH NI OH>?LMM> ;H NBLJIA?HC=
CGJ;=NM? A =FCG;R=B;HA? ?HPAHG?H NF JIFFONCIH

y  MM?MM NB? CGNM @ FIE ;H NBLIIA?HC= ;= NCPCNG?M JI Q2L JF;HNM ...CMB
@GM 7N

y  MM?MM NB? 2¥FCMBG?N ;H> MJI?;>CHA |@ HIH CH>CA?HIOMJHCMGM IL

B:LG @F ;FA;F <FIIGM ' M

<
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37LGM ;H> ;<<L ?PC;NCIHM OM?> CH NB?M? AOC>?FCHBGILCP> CH NB? AFIMNE;EN
NB? ?H> 1@ NBCM >I=0@¢HM?? JJ?H>CR
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3B? NRIHIGC=M4J? | @ NB? AOC>?FCHZNPHP> B?L? CH=FO>?M G;CHFS JFIHEN
JLCG;LS JU>O=CHA JBIN:ON | NLJBC= ;H> GCR NLJBC= ?0EL Sl NC= GO:fA?
‘H>JLIE:L SINC=SHI<;= NPLC; '? NeLl NLIBC= >CHI...F;A?FE\N:H> | NB?L
B2NPLI NLIBC= ...F;:A?FRM :L? ;FMI CH=FO>?3% AH:<F? MNO>C?M QCNB ; QC>?L
NRIHIGC= M4J? (H:>>CNCIH GCRLIBC= =CFGM MO=B ;\PMI>CHCOG D<IOG
:L? CH=FO>?> MENBS 39H NLC<OM JLCG.L S JU>O=NCIH <?:0M? | @
2H>IMSG<CNC= GINJB S\PM FNBIOAB NBA@M |@ NB?M? AOC>?FCH?M CM IH
JBSNJF;HENIH NB? I< NCH?> >;N; = ;H ;FMI <? OM?> NGIHCNIL | NB?L AIOJM | @
IL A;HCMGM MO=B ;MN&®I NLIBC= <;=NPLC; GCALTIIJF;HENIH IL @ OHAC MGH=
2%- G? N<L =I>CHA JIL PC>?M :>>CNCIH:REDE:NCIH IH NBIM? ALOJM

y ' 26<67)0 6 ' 23)
3B? NL A?N B;<CNNM |@ NB? AOC>?FCH?K;LCH? ;H> <L;=ECMB J?F;AC=RQ?LM
<ON GIMN JLCH=CJF?M ;FMI ;JJFBLRME) ;N ?L ;H> <?HNBC= B;<(WM %_ MB;FFQ
;H><?H NBC= B;<(WM NB? M;GJFCHA GIBI> H??>M N<? ;>;J N> ;H>;>>CNCIH;F
JLCG?M MBIOF> <?[HMC>72> ? A @ <?HNBC=>ABM M??M?ANCIH

y ) 7.2(212+' %l 623)
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/B SNJF;HENIH JF;S M ;H CGJILNH N IIF? CH <CIA?I=B?GGE =S=F?M ;H> I&@GM NB? <;MCM
| @ NB? G,LCHP®@Q 7?< /F;HENIH GIHCNLCHA CM OMP>@&H S >C@L?HN JOLJIM?M
MO=B ;M RGCHCHA 2EIACsF MINOM FIHA RLG =B;HA?M CH >CIMGE\;H> <CIG;MM NB?
?@-NM @ MRUMIM MO=B ;M ?AQBBC=NCIH IL ;=C>C..;SIH NB? JRM?H2 | @ HIH
CH>CA?HIOM MJ?=C?M -(2 IL B;l@F JBNJF;HENIH MJ?=C?M B? GIHCNLCHA I@
JBSNJF;HENIH B;M NL>CNCIH;FFS <??H J@-G?> OMCHA ; FCAESCAM=IJ S G?NBI>
QBC=B B;M?G;CH?> GIL ? IL F?MM OH;#¥> @L GIL ? NB;H MCR >2=2M 4N ?LG|BF
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MJ?=C?M &P ?MNCG;N> <;M?> |H = ?FFIPOG? .F?HCH; N ;F ;H>MO<M?KO?N
=IH P?LMCIH NI #<IH ,?H>?H# ?20?L +?MM;L> 3 B? G?NBI> CM NCG?

=IHMOGCHA ;H>?2KOCIM RRHMCGMNR IHIGC= ? RJ?INCM3B? G?NBI> B;M JLI>0=?>
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G;SHI NPR...FRNO? >CPLMGN @ JBNJIF;HENIH =IGGOHCNC?M (H ;>>CNCIH
GC=IM=1JC= ;H;FSM?M ;2 NCG? HMOGCHA ;H> P?H MNRHOIOM IH NB? ;H;FS&INM NB?L
FCGMCIHM ;2 ;L N°@ NM >O?IN..CRCIH "OFP’LBIOM? N ;F ;H>JL I<F?GM NI
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#- G? N<;L =[>CHA JU>0=?M ; F;LA? HOG<?L NSJC:#FS RHM IL BOH>2>M 1@
NBIOM;H>MI @ #- <L =I>? M?KO?H=2M @G ; MCHAF? QN?L M;GJF? <S'3 2 ?H;<FCHA
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ILAJHCMGM NB? 2L1- A?H? M?KO?H2M B;P? NI FI Q P;LC;<CFEN L ?MIFP MJ?=C?M
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<CIG;MM IL =?FF HOG<?L >;N; ;M >@?HN MJ?=C?M B2RC@L?HN HOG<?M 1@ G;LEL
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=l SHOG<?L G;S <? | P?LI2IL?M?HP> CH NB72A>M =IGJ;L ?>N CH NB? <CIG;MM IL
<CIPIFOG? %L CHMN;H>=>CHI...F;A?FRPM ;H> =CFC;N?MEHIQH N B;P ? P?LS BCABI3 S
HOG<?L |@ NB? LC<IMIG;F 1J?7IH ;H>;JJ?;,LP 7?LS ;<OH>;HN PF;NCPN | NB?L AIOJM
QCNB R?L 4J SHOG<?L $FC;HH? 8A? J?LMIH;F 4GGOHC=NCIH

<LC?@ P?LPCQ IH NB? ;>P ;H NA?M ;H> =B;FF?HA?MII@CGIF?G?HNCHA ?#-
G?N<;L =[>CHA CNIL IONCH? JBNJF;HENIH GIHCNILCHA CM RERCH %&/) ;H>GIL ?
?RIHMGR P?LPCRM IH#  <;M?>G? NBI>M @ <CI>CRLMG\MM?MMGNHCH ;KO;NC=
?HPAHG?H NM B;P <??H QLCNPH <S / ;QFI QMECK?;F H>IL O=2 72N ;F

6BCF? KO;HNCNCP ;MJ?=NM @ GIF?=0F;L JBNJF;HENIH GIHCNILCHA G'NBI>M ;L?
OH>?L >P?FIIG?HN MIG? @= ?NM @ JBNJF;HENIH <CI>CRLMGNMO=B ;M 2FF MCT
>CMNLC<ONCIH ;H> MIG? JBRBIIC= NCNM ;R CGJIMMC<FPNJ NOR <S #-

G?N<;L =I>CHA #- G? N<;L =I>CHA MBIOF> NBZ@L ? <? =IGJF?G?H N> <S
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JI NPHNC;FIN P?L=IG? =OLL?HN FCGORIHM @ NtCNCIH;F JBNJF;HENIH G? NBI>M
FNBIOAB G?N<;L =I>CHA |@ MCHARRINIGC= ALIOIJM ? A >C;NGM M??GM N<? ;H
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QB?H NBS ;L? JL?M?Hl CH RIHOG<?LM QBC=B CNfB;,H N @ NB? ,%2# >?M=LCINL
G,LCH? @>Q 7?<M;H>>?M=LCMNL ?ONWLBC=NCIH CH=FO>CHA B@®F ;FA;F <FIIGM
? A =SHI<;= NLC; CHNB? Q?L 4FOGH
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GIHCNLCHA JIAL;GM ;M ; = IGJF?G?H N NI NB?L G'NBI>M ;H>; JL ID?-N RMNCHA
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(HCNC;RuRH NB? % 1?7 (MF;H>M CH=FO>?2-NBHCE JCHN MNO>SH?MNCA;NCHA
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H> %OINB?LGIL? AOC>?FCHMMGEN?ALNCHA ?#- G? N<;L =[>CHA CHCGHHCMB G;LCH?
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G?N<;L =I>CHA JUL N=IFM @ <?HNBC=>A@BM JLIE;L S NC=;H>?QE S NC=
@?MRE);N?L JBSNJF;HENIH >? P?FIJ?> @L FICH? Q;N?LM $F?M?E HI P?LPCQ
IH MIG? JO<FCMB?> AOC>?FCH?M ;HN3ILFM #H NCHCHA CHOENICIHMI@
JBSNJF;HENIH ?#- G? N<;L =I>CHA CM AEPCH NB3J?H>CR 3;<F?
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3B? MN;H>;1> JLI=?>0l2 @ ?#- G? N<;L =I>CHA CAFP?M MR?L;F MRIJM CH=FO>CHA
M;GIJFCHA Je ?MMCHAA ?#- M;GJF?M ;H> #- ? RNj= NCIH N< NCH #-

M?KO?H2M 1@ R ; JL ?M?HN CH NBIM? M;GIF?NBAVI? MNIM ;L? >?JC#P> CH -+85 ;H>
=H <? MOGG,;LCT?> ;M @FFIQM

} 6 ;N?L M;GIF?M ;[? =IFF?3P> @G NB? ?HPAHG?H N @FFIQ?> <S ...CiN\CIH CH NB?
...C?F>IL IH ; ®M?;Ll=B PPMM?F ?FFM A;H?FF?M ;H>1@? #- GIF?=0OF?M ;L ?
=J NOR> |H ...CFIMW QBC=B 2NB?HMN?>;N W"IL W "

~ $RNI=NCIHH I@ #- @UG M;GIJF?M NE ?M JF;=2 CH ; >?>C:N?> F;<IL ;NIL S IH F;H>

MCHAF? INCGC® # ? RNj= NCIH JLN= IF CMEIGG?H>?> N | ;=BC?P? All>

?RNj= NCIH @...C=G?H=

e $RNI= N> #- CMJOLC...C?> ;H> MJ?=C2AGIHM @ NB? 2;H>IL 2L1- A?H?
;L?;GJIFC...C?SJIFSG?LM? =B;CH ;= NCIH /"1

€ 3B?/"1JL I>O=NM;PM?HN @ '3 2

* 27KO?H=2 >N;;L ?JLI=?MM?>CH ; NMi¥;L >CP> QILE...RD NBLOAB ; Ml = ;FF?>
<CICHLG;NC=M JCJI?FCIEH=FO>CHRNLF KO;FCH... CEGHA [}

, 3B? ?MOFN A?R= N M?KO?H=CHA®HNM IL 25M

f 3B?M?;L? ;HHI NN?><S G?;HM | @ G;N-BCHA ;A;CHMN ; MJ?=C2@E?H=?
>N;<;M?  3B? L?MOFNCHA >NH <? ;H;FST ?>;H>? A NB? 3IGGOHCN
=IGJIMCNCIH ;MM?MM?>;M; MBIOF> <? MNL ?> ;N ; H;NCIH;F >;N ; BIMN ;H> G;>?
;P CF;<F? NCHWLH;NCIH;F >;N L 2JIMCNILC?M

) f Wet lab
Environment

ribifg @ Sample DNA extraction PCR amplification HTS
- Y — il — ¢ ~ 8

Community
composition D ry lab
Data analysis Tax. assign Assign ASVs Quality filtering

b

-+85 #?M=LQICIH @ ?#- ;H;FS MCMILE...RD 2N?JM s H??> NI <?=;LLC?>I0ON CH
i >?MCAH;IR>#- Fi<IL  ;NILS Q?N F;<;H>MN?JM s ;L ?J;L NI@ NB? <CI@:G;NC=
JLI=?MMCHALS F;< " IFF?dCIH @ IIA;HCMGM ;H> ..CRAIH  # ? RNi=NCIH
JOLC.;\02IH ;H>/ "1 ;GJFC...CACIH ;H> M?KO?H=CHA KO;FCS8I...CINCIH
C>?MNC.;NEGHI@ 25M  N;RIHIGC= ;MMCAHG?N OMCH2@L?H=? FC<LC?M ;H>
>l QHMNL,G >N ;;H;FS MCM >0 N> @G/ ;QFI QMECN;F
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3B? @FIQCHA M'NCIH @ NB? AOC>?FCH?M B;M <?9E8GCT @. | @BIL? M;GIJFCHA CH
JLI>O=NCPM?; ;L ?;M IH L?M?;.=B PPMM?FM QBC=B AKOCJJ?> QCNB F;<JNIL S
Ci@MNIO-NO®R 3BOM >?J?H>CHA IH NB? H;NCIH;F GIHIGDHA JIAL ;GM NB? ;P;CF;<F?
CKEMNIO=-NOR NB? N. A?N?> ?=IMSMRG ;H> ? RJ?=\P> JB SNJF;HENIH <CIG;MM
P,LCIOM MNCHAM H??b<4® ;>DOMN?> IL ;FIRLH;NCPG? NBI>M OM?> MOGG;IS | @
L?=IGG?H>;NCIHM CM A@R CH 2; ;N NB? ?H>|@ NBCM NI ;H> @INB?L AOC>;H=
=H <? @OH> CH NBJJ?H>CR 3;<F? QBC=B FCMRRJF?M | @ AOC>?FCH?M ;H>

JLI N=IFM @ ;KO;NC= ?#- G? N<;L =I>CHA
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(H A?H?IF M;GJFCHA MBIOF> <? ;FCAH?> QCNB ; H;NCIH;F GU@EM JIAL;G N | ;FFI Q
=IGJ;L ;<CFGN @ NB? A?HC=2MOFNM QCNB NB?2Kg3LS<;M?> L?MOFNM QBC=B ;L
;NNCH?> @G NB? =IH P?HNCIH;F JBNJF;HENIH GIHCNILCHA ;=IL >CHAINMJ?=C...C=
AOC>?FCH?M @ NB? I;FNC=2; M??'$+ " | ;H> @ ILNB? -IL NB $MN

NF;HNC=M?? .2/1 2CH= JBSNJF;HENIH MBIQM ; MO<MN;NC;F M?;MIH;F
PLC:NCIH? A & "FF@LM N ;F &L IGCMT 6CN?E 6 iMGOH> 2C?A%F

);;HOM ? N ;F )OL A?HMIH? ‘N ;F M;GIJFCHA H??>M N =1 P?L NB? ?NICL

Al QCHA M?;MIH QBC=BA? CH J;INM @ NB? I;FNC=22? RRRH>M IP?L NB? ?HNIC1S?;L

%L KO;H NCNCP MNO>C?M CH NB? IJ?H M?;, NB? GCHCAH@EIG?HN CMN;E ? ;H
CNPALN?>M;GIJF? @G s G>?J NBOMCHA;BIM? +CH>BF IL< SJIIFCHA
?KO;F ;GIOH NM @ QN ?L 9FF?3P> @G ...CR>>?J NBM <RQ??H ;H> G OMCHA;
Q;N?L M;GJF?L M?? ;D;H? P,? N ;F @ IL?RGJIF?M 3B? L?=IGG?H>?>
M;GIJFCHA>?8BM ;2 s G G G GH> G 3 B?CNALN?>M;GIF?
MBIOF> <? NBIIOABFS<ON A?INIFS INP IC> <1?;ECHA 1@ I@\CF? 2FFNECR> CH ; <O=EN
IL MCGCF;UHNCH?L(H =;MN;F ;L ;M M;GJFCHA >?J?H>M IH NB? @?L >?JNB ;H> FISF
?HPAHG?H NF =IH>CNCIHM ;H> MBIOF> <? GI>C...C2H;>CHAF8 A ; M;GJF? @UG s
GIL ;HCHNPALN?>M;GIF? s G = I[OF><?4HFF?30> '$+ " |,
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,?2 NBI>M @ NB? >?N?=NCIH @ ?#- ;L ?1J NCGC* N >CM#P?L MG;FF NL?M |@ #-

;H> NB?L?2@- ? NB?M? N-BHCKO?M?L?RNRG?FS MOMENC<F? NIH NGCH;NCIH 3
GCHCGENB? LCME B NGCH;NCIH MNIM H??> N<? N;E ?H ;N NB? >CG@&?HN MR?M | @
NB? M;GJFCHAIQE FF G;N?LC;F ;H>?KOCJG?NNB;N CM CHN= N QCNB NB? ?#-
M;GJF? GOMN <? ?CNB?@IMCHAF? OM? IL =F?;HZ2 M- @?? 3B? M;GJFCHA
?KOCJIG?IM MBIOF> ;FQ;# <? B;H>F?> QCNB H?Q APM ;N ?;,=B M;GJFCHA MWCIH ;H>
C@ RPLF ...C?F> GIBI>M ;L? OM?> ;FQ;SM MNN QCNBEF?ANCHA NB? ?#- M;GJF?M
3BCM HN IHFS BCH>{L#H NGCH;NCIH <S BOG;H #- <ON QCFF ;FMI 2>0=? =LUIMM

=IH NGCH;NCIH <NQ??H M;GIJFCHA MG&N



FF ROM;<F? G;N?LC:F IL ?KOCJGRHH??> NI <? =F?;H?> <NQ??H M:GJFCHA MGN FF
L20M;<F? F;Q;L ? H??>M N<? =F?;H?> OMCHA ;=C>C= ;H> ;FEH? >RPLA?HNM IL LCHM?>
QCNB MI>COGEBI=BFILCN? s ;H>>CMNCFF?>QN?L / :QFI QMECN :F

" IGG?L =C;F JI>O=NM MO=B ;M u#- ;Q;SvILu# $RCNOM /FO? >?=IH NGCH;NCIH
MIFONCIHM NB;NM;@ N OM? CH NB? ...C?F> <OBIiL ? ?7RIJ?HMCP1LCHMCHA QCNB
?NB;HIF IL Q;N?L CM HN MO@...CER2PE IH NGCH;N? LCHMCHA G;330= =LIMM
=IHNGCH;NCIH <S >CFONCIH <ON >I?MIKI?;E >| QH #- 1 Q?P?LCNCM
L?=IGG?H>?> N | LCHM? NB? =F?;H?> ?KOCJGPRCNB >>'. ;@ N’L =F?;HCHA N?GI P?
;HS <F?;=B IL >?N?LA?HN <72dL ? NB? #FF?NCIH 1@ HQ ?#- M;GJF?M / ;QFI QMECK
iF
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" ;L ?@F HMC>?NCIH | @ GNBI>M CM CGIMH N <?0M? NB? =BICxl @ .. IFB;N ?LC;F
=H =L?;N? @M? H?A;NCP>?N’=NCIHM ;H> OH>?MNCG;RNR IHIGC= LC=BH?MM®&
?HPAHG?H NF M;GJF?M 6;N?L M;GJF?M MBIOF> <? .2BNCGG?>C;NPFS ; @&PL
=IFF?H™CIH IH<I;L > NB? M;GJFCHAMRIM?F C>?;FFS CH ; F;,GCHQ BIBEICH ;
>?MCAHMN F<IL ;NILS (@ ...QWGIH sHHI N <? >IH? CGG?>C;NFS IL ;N F?;MN QCNBCH
IH? BIOL NB? #F?3#P> M;GIJF?M GOMN <?HEN H?;L CH MONGJ?L ;NOL?M IL FIF?> NI
W OHNCF ..;BEML (@ M;GIF?M7LHI N ...CEN QCNBCH IH? BIOL NB? NCG? ;HHNAP
=IH>CNCIHM GOMN €ZIL >?> (N CM 48PL N ...CEN>CP=NFS CH NB? ...C?FL13¥\B?
...CHEN CGG?>C;RFS NL ?>0=2 NB? LCMEI MM 3H NGCH;NCIH ;H> E??J NB?
=IGGOHCNS 4GJIMCNCIH I@ NB? M;GJF? ;M OH>CMNOL<?> ;M JIMM{CHRRCIH CH NB?
F;<IL;NIL S IH F;H> G;S ;FFI Q F;LA? PFOG?M NI <? ...CFN?KON CM IHFSMC<F? QB?H
NB? F;<ILNIL S @CFCNCH<? L ?;=B?> QCNBCH ; MBNLNCG™N ;P IC>>?AL>NCIH| @
GC=I<C;F?#- ILI NB?L =B;HA?M CH NBGSOHCNs %CFINCHA CH NB? F;NIL S IH
F;H> ;FMI 2ZKOCIM AR;N?L JL?=,0ONCIH ;M ;FF M;GJF?M 4.B;H>F?> ;N NB? M;G? JF;=?
;H> ;>>CNCIH;F ;=NCIHM ;2 H??>?> N GCHCGCT=UMM #H NGCH;NCIH / ;QFI QMECN?
F
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2?P?LF ...CANLIH G?NBI>M B;P? <??H ONCRPET<ON HI MCHAF? <?MN G?NBI> B;M <??H

C>?HIC...C?3QFI QMECN ;F 3B?...CAMLIH 5H <? >IH? OMCHA ; B;H> 1J?L ;N?>

J?LCMRNC= IL POOG JOGJ <ON CGJIINHNFS NB? ..;NENMLNCG? GOMN <? <%F|

GCHOM ;H> ...CRNLIH JL?’MMQIMBIOF> HN ‘R=??> GG 'A G<;L E/;
H>?L MMIH N ;F

(@ NB? ...GRNH CM >IH? CH ; >?>08> F;<IL ;NIL S IH ; L ?M?;L=B PPMM?F?0OM;<F? [J?H
...CHWCIH OHCNM ;H> CH>CPC>O;FRS MEE.CF? XGJIL ? MCX...CENG?G<L;H?M

GG >C;G? NL ;L ? L?=IGG?H>?><?= ;O0M? NBS8 | @L MP?LF ;>P ;H NA?M =GJ;L ?>

N =FIM?> ...CEM @ MBMRGM CH QBC=B NB??2LG?&<L;H? CM ?H=FIM?> QCNBCH ;H’ION
BIOMCHA <L #- L ?=I P?LS ?;MC?L B;H>FCHA NB? .2CKN G?=B;HC=F =?FF
>CMRINCIH F?MM JF;,MNEBNR ;H> ; FI Q?L JLCZ #DOLBOONN?F = IGJL ?>

G ...CAW @ ?HPAHG?H NF #- <CI>CP ?LMGNMM?MMGNM @ M?;Q;NPL M;GIF?M
;=LIMM GOFNCJFRIRC= FP?FM ;H> #H=FO>?> NB;N .. AF&E?G<L ;H?M 4GJIM?>| @
-CNI= ?FFOFIM? -" [IFSSL<IH;N ? 3L=E$N=B / " 3% / IFS?NB?MORE? /$2 ;H>

| IFSPCBFC>?H? #C...FOILC>? /5#%1 =? OM?> NI< NCH MNICMNEES tGJ;L ;<F?
L?MOFNM jMM GOFNCJFRRC= FP?FM ,CR>" ?FFOFIM? $NIN,"$ ...CFN’LM GCAB SC?F>



; GIL ? =IHMCMNN 3GGOHCNs 4GJIMCNCIH NB;H /$2 ...CANI ;M MOAA?MN@L

G?NT I;H = IGGOHCNC?M ,;,D;H®P, ? N ;F %OINB?LGIL? <CH>CHA ;@...CHG@®RC?M |
P,LCIOM ...CFN?L G?6B&M Q?L? >C@L?HN @ JLIE;L S N ?# @ LAG?H NM QCNB NB?
JIFSsL<IH;N ? / " <CH>CHA NB? F?;MN ;H> GCR-?FFOFIM? 2NN ? ;H> = ?FFOFIM?
HCNN? <CH>CHA NB? GIMN +C;HA ?2F35 3BOM ,"$ /$2 / " 3% /5#% IL-"
...CENG?G<L;H?M ;L?; MOCNF? =BIC=

FNBIOAB =FIM?> .. WKNRPL? L?=IGG?H>?> @IL ?#- M;GIJFCHA @LUG ;KO;NC=

?HPAHG?H NM /,QFI QMECN;F 8 ;LCGCTOR;F Q7?;>PI=;N?1J?H
...CEN <?50M? NB3 ;FFQ ?;MC?L G?=B;HCF >CMLINCIH 1@ 2FFM QBC=B CM H??Kk?> @
CGILP?>#- ? RNE=NCIHI@ ? A >C;NGM IL O=2 ?NF " 1GJL ?>N=FIM?>

...CEM 1J?H ...CEN 5LLS ; AL?;N?L LCME® BH{ NGCH;NCIH NB?72@. ? ...CHNB;H>FCHA
GOMN <? #£LC?> ION QCNB ONGIMN?;H> NB? OM? I@ H?A;NCRIH NIFM CM HZ¥M;IS
M?72?=NCIH
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&?H?LFFSNB? GIL? Q;N?L CM M;GJF?> NB? GHLFCES CN CMN\P=N ; MJ?=C?M

I Q?P?L NB?;GIOH N @ JIMMC<F2/CHBC<CNWL;FMI CH2{M?M QCNB NBFRG? | @
Q;N?L ...CER> ;H> ...CFN?LCHAR;IRFOG?M CM FIACMRE=B;FF?HACHB?3M;GJF?
PIFOG? ...CFR2E?J?H>M |IH NB? 1$J? | @ ?AAHG?H N /;QFI QMECN;F ;H>NB?
NCG? @ M;GIJFCHA I <CIG;MM ;H>#- = ;H<?? RJ?a\P>? A CHEMN;F Q;N?LM IL
>0OLCHA ; JBNJF;HENIH <FIIG CH MJLCHA IL MOGG?EIGJ;L ?>N NB?13?H M?; IL ;N
NCG?M®@ FD JLI>O=NCPEHKOLCHA ; JBSNJF;HENIH <FIIG ...CFNCHA G+I| @
M?;Q;N?L 1 @; s G CHNALN?>Q;N?L M;GIF? CM2=IGG?H>?> N | I< NCH ?HIOAB
#- QCNBION NB? LCIERFO=2> ?RNj= NCIH @...C=G?H>? NCHBC<CNCHA MB=<PM
3BCM?EIGG?H>;NCIH CM <;M?> IH ?ZRCMNCHANE IFM ;H> AOC>?FCH?M2FJ?> @L NB?
LENC=2; H>?L MMIH N ;F )?LH? SN ;F 3 BOM NB? ...CKNH RFOG?
=H <? BCAB?L C@ FIQI®IF;HENIH <CIG;MM CMRJ?=\?>
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?#- = H>?AL;>? L ?F;NCHS KOC=EFS (NPODM;GIF?M IL IH ...GEM >O? NGC=L<C;F

;= NCPENB?R@. ? NB? ...CEMN M;GJF?M MBIOF> <al”H CGG?>C;N?FS IH NB? MBCJ ;N
W" C@ NB? #- CMRNJ= N> QCNBCH ; GINB ;@PL M;GJFCHA IL;N W'C@ NIN?>

@ M?P?LF GIH NBM <@ ? ?RNj= NCIH ¥@?TCHA M;GJF?M CM ;FRHGG?H>?>

<?=;0M? CN ;C>M G?=B;HE=>CMLINCIH I@ LCACFEM <ONWVIZF @??T? NB;QCHA S=F?M

MBIOF> <? ;RC>?><?@.?# ? RNi=NCIH? A >OLCHANBZNMJILN @G ;L ?M?;L.=B

P?MM?H NB? F;<IL ;NILS IH F;H> MCHX=NB® sH L?>0=2 NB? #- KO;FCNS @®PL NB?

M;GJFCHA #- ? RNj= NCIH MBIOF> <721t C?> ION ;M MIIH ;M JIMMC<F?

(@ CGG?>C;N2RRTCHA @ NB? .2CEW KN JIMMC<FRO@L MIFONCIHMI=<? OM?> <ON
NB3 ;L? GIL ? ?RI?HMCRH> G;S = IHNCH B;T;L >IOM MO<N#E?M H I P?LPCQ I @
JLIJ?L NC?M@ KSGIHFS OM?> JL?M?E;,NCP MIFONCIHM QCNB NGE =IHMC>?NCIHM CM
JLI PC>?> & ILO=2 ?N ;F

6 ;N?L M;GJIF?M I@LIONCH? JBNJF;HENIH GIHCNILCHA € FCABGCAM=IJ S ;L? OMO;FFS
CGG?>C;RFS JEM?P?> QCNB ;=C>C= +OMMIFONCIH ;H>IM®> CH ; >;LE L?@CA?NIL

#- ?  RNj= NCIH &5 +OAIFVM JL2?M?P?> M;GJF?M CM JIMMC<BEIN HN R=IGG?H>7?>
MCH-NB? 2@=N |@ +OAIM/MIFONCIH IH NB?S®BJF;HENIH =IGGOHCNs JU...CF?M CMIMI @
MNCFF ;G<CAOIOM ,'ER F )?LH? SN F LEC? N;F @IOH> NB;N



;=C>C= +OAIRMMIFONCIPMOPN CH ?KO;F #- SC?F>M ;H>/1J?L @G;H= ? <ON

;@@=N?> NB? 3GGOHCNs JU...CF?N@ll ; GI=E =IGGOHCNs C? NB? >IGCH;H=? | @ MIG?
NR; >?=L?;M?> IL CH=R;M?> 3BOM GIL? L?M?;L=B CM H??>?3 NMM?MM NB?2@=N | @
+OAIFM MIFONCIH IH ?#- G?N<;L =I>CHA >?LCP> JBSNJF;HENIH =IGGOHCNs JU...CF?M
<?@ ? CN;H <? OM?> CHIONCH? GIHCNCHA
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3B? M?HMCNEP@N\P#- G? NBI>M NI 3H NGCH;NCIH PKOCIM MJ?=C;F NRHNCIH IH
KO;FC3;MMQH="7? ;H> = IH NIlF G?;MOL?M NJL ?P?HN ;H>>?N?=N 3H NGCH;NCIH (N CM
BCABFSHGG?H>?> N | OM? M?KO?H-L?JFCHN?M N;FFI Q @L ?LLIL ...F;AACHA ;H>
L?Gl PF ;H>=IHNILFM ? A LH>IGCT ?> H?A;NCP =|H NIFM @ M;GJFCHA ;H>

F;<IL;NIL S MRIM NI GIHCNIL =IH NGCH;NCIH ;H>=UMM 3H NGCH;NCIH ? A

2;HN @LLL; ;H>L ?@L?H=M NB72CH [QFI QMECN;F (H A?H?LF NB?
FP?F 1@ RIFCNCIH MBIOF> <? ;FCAH?> QCNB NB? GLHEEM MNN?AS <ON ;N F?;MN ;N
IH? MNNCIH >OLCHA ?;=B M;GJFCH/&3;CAH NBL?? N ...CPCH>?J?H>?N QN?L
M;GJF?M MBIOF> <?2BE7?H @G ?;=B >?J NB INJL ?J;L ? L?2JFCN? CNPALN?> M;GIF?M
C? <CIFIACF L?JFCHN?M (H ;>>CNCIH R=BHGCE L?JFCHN?M MBIOF> <? CH=FO>?>
;HHO;FFS 8§ M?KO?H=CHA NB? M;GRRAEN ?> M;GJIF? IH? <CIFIAC:# L?JFCN? MP?LF
NCG?M RGJLI P? ?LUL ...F,AACHACINB?LGIL? CNPLF;<IL ;NIL S SFC<|NCIH ®MN
MBIOF> <? JF;HH?> ;H>sLLC?> ION P?LS NBCGLS?;L <? NQ??H F;<IL;NILC?MI@FIQCHA
NB?M? AOC>?FCH?NPRO;N? NB? QN F;< QILE...RD ;H> =B?=E @L =IH NGCH;NCIH

2?P?LF ...CANLIH <F;HEM MBIOF> <? CH=FO>7?> CH ?;=B M?KO?B=0i/BR=E C@ NB?
?HNCAQILE...FD @IG ...CFNICIH NM?KO?H=CHA QRP@@ B NGCH;NCIH #OLCHA ;
M;GJFCHASJ,CAH ?A <?@. 7 ...CRRICHA NB? MICM;GJIF? ;H> ;@PL ... CERHA NB? F;MN
M;GJF? NB? M;G? PIFOG? | @ ,CFFC@A G+ MBIOF> <? ...CFNL?> ;H> JL I= ?MM?>
;M FF INB?L M;GJF?M



2; ) 200)1(%7-216 * 25 6%03/-1+ %1( 6%03/) 35 2' ) 66-1+

! %03/-1+

y  2BIOF><?;FCAH?> QCNB ; H;NCIH;F GIHCBHA JIAL;G N | ;FFI Q =IGJ;L ;<CFGN @

NB? A?HRC=2MOFNM QCNB NB2KE3LS <;M?> L ?MOFNM

y (HNPALN?>M;GIJF? @G s  G>?J NB OMCHA ; BIM? ILSJIIFCHA ?KO;F ;GIOHNM

| @ QN?L HFF?3P> @G ...CR>>?J NBM <RQ??H ;H> G OMCHA;Q ;N?L
M;GJIF?L
y 3B?12=IGG?H>?> M;GJFCHA>?IJNBM ;R s G G G GH> G

22(: 25.-1+35%'7-)6 25)(8' )7,)5-6.2 *' 217%0-1%7-21

y  FF G;N?LC;F ;H> ?KOCJG?MNB;N CM GHN= N QCNB NB? ?#- M;GJF? GOMN <?
2CNB?L MCHAF? OM? 2KOGUIB2F?;H?> N<? # @27

y  FF ROM;<F? G;N?LC;F IL ?KOCIGRHGOMN <? =F?;H?> $0Q??H M;GIJFCHA MGN
OMCHA ;=C>C= ;H>;JREH? >RPLA?HNM IL LCHM?> QCNB MI>C&IB-BFILCN? s
:H>>CMNCFF?> @N

-[7%67-21

y (GG?>C;N?FS ;&L 4FF?ACIH IL ;N F?;MN QCNBCH IH? BIOt?;FFS CH ; >?MCA¥N
F;<IL;NIL S IH<I;L >NB? M;GIFCHAZRIM?F

y (@ NB? NCG?NGEF ..;BENL R=??>M IH? BIOL NB? #FF?#P> M;GJF?M MBIOF> <?HEN

H?;L CH MONGJ?L ;NOL?M IL HIF?> NI WOHNCEF ..;RENL RGJI?L ;NOL? ;H>
MMN.;A? NCG? GOMN <72=IL >?7>

y  YUCFMCIH NCG? GOMN <? <% GCHON?M ;H> ...CEWLIH J.L?MMQOLMBIOF> HN
?R=??> GG'A G<;L E/ ;

y 1?0M;<F?1J?H ...CENCIH OHCNM ;H>MAF? J;=&> ...CENI QCNB ; JI? MCTl @
XG;H>;>C;G? NLI@ GG

y Y%CFNCHA G+1 @ M?;Q;NL CMPEIGG?H>?> N |I< NCH ?HIOAB #- >OLCHA ;
JBSNJF;HENIH <FIIG

y 3B?...CHMMLIH RFOG? =H <? CH=R;M?> C@ ®IIB SNJF;HENIH <CIG;MM CMRJ?=\P>
;H> ...CENCIH NCG? ;H> JEMMQLL?G;CH QCNBCH NB? MOAR?MBIGCNM
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y  YCFMM MBIOF> <td@™?H CGG?>C;N?FS IH NB? MBCJ ;W/ " C@ NB? #- CM
?RNj= N> QCNBCH ; GINB ;@PL M;GJFCHA IL;N W'C@ NIN?> @. M7P?LF
GIH NBM <@ ? ?RNj= NCIH

y # ? RNj= NCIH MBIOF> <?I£.C?> ION ;M MIIH ;M JIMMC<F?
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3BL?? N ...CPCH>?J?H>?N CNPALN?> M;GIF?M @ <CIFIACF L?2JFCN?M MBIOF>
<? ...CHR> ;N I[H? MNNCIH >OLCHA ?;=B M;GJFCH/&3;CAH

3?=BHCE L?JFCHN?M MBIOF> <? CH=FO>7?> ;HHO; -8 *KO?H=CHA IH? <CIFI&C=
M;GJIF? MP?LF NCG?M

H CHWLF;<IL ;NIL S SFC<|NCIH R'MN MBIOF> <71:£C?> ION P?LS NBCLS?;L
<?NQ??H F;<IL;NILC?M NB;N ;A2?> N @FFIQ NB?M? AOC>?FCH?M

2?P?LF ...CEWLIH <F;HEM MBIOF> <? CH=FO#22;@ M;GJFCHA 5GJ;CAH
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FF F;<ILNIL S QILE GOMN <? >IH? @FIQCHA MNNGH N= IFM ;H> JL;= NC2M N;P IC>
2LUH?IOM L?MOFNM >Q2NH NGCH;NCIH ,IF?=OF;L QILE GOMN <? % LC?>ION CH ;
F:<IL:NIL S ?HPAHG?H N MJ?=C;FES >?>CN?>N 24 Q  ILE 3B? F;<IL;NIL S GOMN
<? 2KOCJJ?> QCNB@MNIO=NO® ;H> >? PC2M > No> N NB? MJ?=C...CLECHA NM
:H>H??>M ; JL ?>?...CH?> =F?;HCHAR>0I? A?H?L;F AOC>H2 @ NB? GIF?=OF;L
Fi<IL:NIL S QILE...RD @. @?ME);N?L ?#- M;GJF?M B;M <??H JO<FCMB?> 8

/ ;QFI QMECN;F 3 B? M;G? JLCH=CJF?M ;JJFS3LCH? ?#- M;:GJF?M ;H>

:L? MOGG;LCP> <?FIQ @FFIQ?><S;H| P?LPCQ | @ NB? A?HFL?#-

G?N<;L =I>CHA QILE...E) QBC=B KSJLCM?M NBR G;CH M;GJF? JLI= ?MMCHANIM
MOGG;LS | @ P=IGG?H>;NCIHM @L GIF?=0OF;L QILE CM JLPC>?> CH2; ;N NB? ?H>

| @ NBCM NCH
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y 4AM? 1@ >?>CN?> QILECHA ;2;M ?MJ?=C;FFS ; JIMN"1L IIG

y 4HC>CENCIH;F QLE...RD #- ? RNj= NCIHIG | /"L G| JIMN/ "1 L IIG

y 2CHAF? OM? GNLC;F ;H> JIL N°’=NCP=FINBCHA F;<I;:NM ;H> MBI?M >?>C:;N?> N
?,=BLIIG AFlI P?M B;CLHIM ;@? G;MEM N
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FF #- GIF?=OF?M =IH NCH?> CH ;H ?RAHG?H NF M;GJF? # | @ FCPCPRFM
:H> NB?CL I8;H?FF?M RNj= 2FFOF;L # ;L ? CMIF;N?>22=NCIH
~  2/<0)5 %8 %1 )% 721  %03/-?-  %7-21
" [JC?M 1@ ; NL A?NP> A?H? L2ACIH ;L? JLI>O=2?> CH ; M?LC?NBI ?HTSG;NC=
L?2;= NCIHMS OMCHA MJ?=C...C= ML@QG2NCIH ___ ;H>JIFSG?L ;M?M 22=NCIH

e -+, 7,5 28+387! )48)1-1+ " |
3B?/"1 ;GJFC...C?> }+O=NM MPR ;M N°GJF;N? @. G;MMCRFS J;L.FF?F #-
M?KO?H=CHAI3D=CHA GCFFCIHMM?KO?PM 2 ?=NCIH
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5;LCIOM JLN=IFM @#- ? RNj= NCIH RCMM> NB?S OMO:FFE@Q NB? M;G? <:MC=
MRIM (H ; ...GIN M8 =?FFM LF$?> C>?;FFS CH=FO>CHA G?=B#REE >CMINCIH FCE
<?2;><?;NCHA ,?=B;HC= ;F =?FF >CMINCIH CM BCABE®G?H>?> MCH= =?FF FFM @
MIG? ?0EL S N°M MO=B ;M >G(BM ;H> >CHI...F;A?FFM G;S <? L?MCFGPKB;L MB R$C=
CH=O<;NCIF8O;H ?N ;F (H ; M?=IH> MN?J # CM M?J;L;N?> @G NB? | NB?L 2FF
=IGJIH?H NMIL A;HC= ;H> CHIA;HC= CH=FO>CHANPHNC;F CHBQ<@NH> CH ; NBEIMNJ
NB? # CM JOLC...C?>QFI QMECN ;F

5;LCIOM G'NBI>M B;P? <??H OM?> I@NB? 2RNj= NCIH [@ ?#- @UG ;KO;NC=
?HPAHG?H NMI@G? N<;L =I>CHA |@ JBNJF,HENIH  -+85) M?>IH ; FCN?LNOL?
MOEB?S §FHMCMNCH®& | OHCKO? J??L?PCQ?> MNO>C?MJ?H>CR 3,<F? NB? GIMN




=IGGIH;JJL  1;=B CM NB? OM?2@ K5G?L =C;F ECNM MO=B ;M 0OM??;MS
/1Q?L6 ;N?L!FII> 3 CMMQR>/F;H N ECNMNB?L GNBI>M MO=B ;M "B?fR" 3!
JB?HIF =BFIl @G ;H>=OMNIG ? RNjz NCIH JLN= IFM ;L? ;FMI OM?> /;QFI QMECN;F
<ON F?MNPEO?HNFS -+85 3 B? MNO>C?Ms3LCHA >C@L?HN RNj= NCIH
G? NBI>M B;P? @H> MCAHGH.8=>Q@.?H="M CH NB? :GION ;H> KO;FCS!l @ #-
2RNENP> JEC? N;F 5 CMM?FIHNE  # ?2CH?LRF  12LL SN F
Ogl  T" IFG?H?U ? N;F :H> CH MIG? = ;M?M CH NBPGGOHCNS
=IGJIMCNCIH #DOLBOOM F  <ON M?? 5 ;MM?FIH N :F 3BOM ;M @IL NB?
M;GJFCHA CN CM CBHIN NMNH>:L >CP NB?# ? RNj= NCIH NFFI Q NB? OM? @ NB?
M;G?/ "1 J,L ;G? NPLM ;N NB? ;GJFC.;Ni&IH MN;A? ;H> NI ;FFQ =IGJ.LCMIH | @ >N
<?NQ??H >C@L?HN >;N; M?NM

3l L?>0=2 NB? OM?®@ B;TL >IOM =B?GC#M ? A IJB?HIF ;H>=BFIU @.G ;H>;FFI Q
=IGJ;LCMIH <? NQ??H >C@L?HN M;GJF?M RNJ= NCIH € 4GG?L =C;F ECNM B;M <??H

MOAA?NN #DOLBOOMN?F " IGG?L =C;F #- ? RNji= NCIH ECNM Q@M?> [@
N’MNCHA NBREAENCIH | @ ?#- G? N<;L =I>CHA CH JBNJF;HENIH GIHCNILCHA
* ;LFMIH N ;F )?LH? SN F JH>M??G N 1 <?; MCGJF? ;H> L?FC;<F? INCIH

-? P?LNB?F?MM @2? ?#- G? N<;L =I>CHA CM CGJF?Q®t CINl F;L A? MsF?
JBSNJF;HENIH GIHCNILCHA 1J?H MIOI=? #- ? RNj= NCIH JLN=IFM MBIOF> <?
>?P?FIJ?> 3 BCM [@F> ?HMQLCH>?J?H>?H2 @G = IGG?L =C;F JI>O=NM QCNB
OHEHRH =IGJIMCNCIH QBC=B 2MIG? NCG?M IHFS ;BF;<F? [@; FCGCR> NCG?;H>
;FFIQ FIHA N?LG >;N; = IHMCMN=S (>?;FFSNB? =BIM?H RNj= NCIH GNBI> CM NCG? ;H>
=IMN? @...C3CR3H MIOL=? L?MOFNM CH ; BCAB #- SCAE3R® PFP,HNNR; >I?M HI N
=IH NCH B;T;L >IOM MO<NH{=?M ;H> =1?;N?M ; GCHCGOG ;GIOHN |@ QUN?

Chelex

CTAB

DNA lysis buffer

DNeasy Blood and Tissue Kit (Qiagen)
DNeasy Plant Kit (Qiagen)

DNeasy Power Soil (Qiagen)

DNeasy PowerBiofilm Kit (Qiagen)

DNeasy PowerMax Soil Kit (Qiagen)

DNeasy PowerWater Kit (Qiagen)

E.Z.N.A. HP Plant Kit (Omega Bio-Tek)
E.Z.N.A. Water DNA Kit (Omega Bio-Tek)
GenElute LPA (Sigma-Aldrich)

Genomic DNA from Soil Kit (Macherey-Nagel)
Invisorb Spin Plant Mini Kit (Invitek)
Metagenomic DNA isolation Kit for water (EpicentreBio)
NuceloMag Plant Kit (Macherey-Nagel)
Nucelospin Plant Il Kit (Macherey-Nagel)
NuceloSpin RNA L kit (Macherey-Nagel)
Nucelospin Soil Kit (Macherey-Nagel)
Phenol-chlorphorm isoamyl alcohol

Presto mini gDNA Bacteria Kit (Geneaid)
PureLink Total RNA Purification Kit (ThermoFisher)

Salt precipitation

ZymoBiomics miniprep kit (ZymoResearch)
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-+85 . P?LPCQ 1 @ NB? #- ? RNj= NCIH GNBI>M CH ;FJB;<NCE IL>?L <;M?>1IH

J??L L?PCQ?> JO<FCMB?> J;JM @OMCHA IH ?PAHG?H NF #- @ UG ;KO;NC=
?HPAHG?H NM N A?NCHA JBNJF;HENIH ;H>1 NB?L IIA;HCMGM 2@L?H="M ACIH CH NB?
JJ?H>CR 3i<F? 7 ;RCM MBDM NB? HOG<?L ® MNO>C?M OMCHAIC:DF;L EENRCM
MBIQM PLCIOM #- ? RNj= NCIH G'NBI>M
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3B? ;GIOH NI@NA?N# JL ?M?H CH ;H ?AAHG?H NF M;GJF? CM OMO;FASNCFES
FIQ 3B?12@. 7 NB?#- <L =I>? L ?ACIH @ GRL?MN H??>M K? GOFNCJIFC?S¢"1
<?@.? M?KO?H=CHA #OLCHA NB? /NB? HOG<?L @ ;GJFC...C?> #- I@G?H NM ;FMI
=FF?> :GJFCHM CHZ:M?M RJIH?HNC;FFR.I>0=CHA ?HIOAB G;N°LC;FI@M?KO?H=CHA
/ ;QFI QMECN;F ' QQ?FFNB?'L;GJFC...C?MINA?N # >?J?H>MIHG;H S
@ NLM FCEB? =BIC2| @ JLCGRML2?=NCIH __ ;H>NB? JIFSG?L;M? 2?=NCIH

IL NB? JL?M?H2 | @ CHBC<®NI2=NCIH
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3B? >?N?=NCIH I@ MJ?=C?M CH ?#- M;GJF?M MKES >?J?H>M IH NB? =BIC4 @ /'l
JLCG?M % ;MM?MMCHA NBBGGOHCNs 4GJIMCNCIH I@ JBNJF;HENIH JLCG?LM MBIOF>
C>?;FFS <? A?H?LC= ?HIOABNFC@ ;FF R; | @ GPL?MN<ON ;N NB? M;G? NCG?
MJ?=C...C= ?HIOABOMNCHAOCMB MJ?=C?M "BIIMCHA ; MCHAF? JLCGFL..NE;RNEXI
L?KOCG?HNM CM =B;FF?HACHA MBSNESF;HENIH =IGJLCM?M NP?L.F >CMN N
NRIHIGC=;F AUOJM <?FIHACHA NQ| ECHA>IGM | @ FC?OEL Sl M @ GIMN
JBSNJF;HENIH ALIOJM ;H>JL IE;L 9 N°M =SHI<;= N’LC; .@ NB? NQG;CH NSJ?M 1@
<;L =I>CHA G;LE?M JIL N°CH $CHA A?H?M? A LC<OFIM? <CMJBIMJB;NL<I RSF;M?
L<= =;H ?HMOR P?LS All> C>?HNC. ;]i={H ;N NB? MJ?=C?NPFP ;H> M??G NI<?;
JLIGCMCHA IBICIH I@<?HNBCAL@ME);N?L >C;NGM / ;QFI QMECN;F Ji NBcFI
/ ?LI2N& ?HNCHN?F 3B? M?=1H>NSJ? | @ G;LPLM ;L? LC<IMIG;F A?H?M? A 2
2 23 2 2 2 QBC=B= [|HMCMN@ ;H ;MMING?HN |@ fRC;<F? ;H> =IHM?LP?>
L?ACIHM ;FRICHA NB? MSB?MCM0I <NB BCABFS MJ?=C...C= WLEGTEIL ? OHCRM;F
JLCG?M /LCG?M |@ NB? AL N8J? ;L ? =IGGIHFS OM?> @ ?0OEL Sl NC=;H>
JLIE;L SI NC=J8NJF;,HENIH ? A >?5,LA;M?N ;F '0? N;F *CG? NF
F,gIM?  N;F 2 ;FGMI? N;F “F;MB?HE | PN F

3B? >CPLMGEN>?NP=N?> <S NB? ?#- G? N<;L =I>CHA ;JJLI;=B = ;H<? CH...FO?A3=<S

MP?LF @ NLM tHACHA @5 M;GJFCHA N<CICH®LG;NC= ;H;FSMCM +CH>;BR F

.H? MO=B @ NL CM NB? A?H? ;H>1ACIH NL A?N?> ?RPGJFC...C?S XB? >@#?H="M CH

MJ?=C?M STRIGN>?N?=N?> <S NB? >@#?HN G;LE?LM !0O=EFCH\?;F 3 H<?? NF
&L ;H2 N>HC=PgE ? N ;F 2GCNB ? N;F &H NB?LWN;F % ILMRL

?N;F 2CF>? P?L "N ;F 3BOM NB? OM;A?@® GOFNCJF? G2LM ;H> JLCG?L
J;CLM N>? N?=N BCAB?L >TLRICGN2GCNB W ;F 2 NN?N;F F<?L >CNF

9B;HA? N;F "BIC / iLE ;H> @IL >?M=LC<CHA@IMJ?=C?M NN N
iF B;M <??H MOAA?MIR>

#C@L?HN RPACIHM @ NB? L1- 2 A?H? B;P ? <??H NLA?N?>CH ; HOG<?L I@ MNO>C?M
CH?MNCA;NCHA 2GHE NC= >CBMGNOMCHA NB? ?#- G'N<;L =[>CHA;H>'3 2;JJL |;=B

JH=B S™N;F »MM;H; ? N ;F '‘'0? NF AC?  NGF 3 Hi<?
?N;F »D;H? P,? N;F JIL ?HI/CHI? N;F IO=EFCH ?N ;F H>
NB?R ;L ? MP?LF OHCRM;F 2 JLCG?M @ ?OEL S N°\M MOCN;<AR'@ 2 ?A G;L ;F
9?NNF?LI ;F 2 N?=E?NF “>TCP >C=WF 'OA?L NB'N;F
3;H;<?? NF <ON NB?R.CM HI ;AR?G?HN IH NB? <?MN =BI€=

M?>IH ; FCN?LNOL? MOR?S | @ J??L L?PCQ?>J;J?L MIH G?N<;L =I>CHA CH
;KO;NC= ?HPAHG?H NM JLCGRLN. A?NCHA >@@HN PACIHM ;H> A?H?M@ LC<IMIG;F
1- B;P ?<??H=GGIHFS OM?> @ N;L A?NCHA JBNJF;HENIH ~ -+85) JJ?H>CR
3<E? GIHANBIM? NB? G;DILCSII @ NB? OHCKO? JLCG?LM;ZNP=N?> NL A?N NB?
5 L?ACIHI@ NB? 2L1- A?H? -+85) QBCF? NB? ORO®;F ?OF Sl NC= JLCGVLL




NB;NN.A?N NB? 2L1- A?H?5 L ?ACIH G;L ;F9?NNF?LI;F Q ?L? OM?>CH
NB? BCAB?MN HOG<?L |@ MNO>C?M@ NB? MNO>C?M ONCFCTCHANB? 2L1- AM?
NB? M;G? NCGMNB?R ;L ? IHFS ; @Q MNM @ JLCGRLN. A?PNCHA NB? 2L1- A?H?

2L1- A?H? CINPLH;F NHM=LC<?>MJ;2L (32 L<=+ A?H? ;H>=SN=BLIG? =
| RC>;M? MO<OHCN.( (HNB?=;M?1 @ NB? 2L1- A?H? GIMNI|@ NB? OHCKO?
JLCG?M NLAPNNB?5 5 IL5 L ?ACIHM (H; @ MNO>C?MI®@LMJ?=C...C=JLCBXL?
;FMI OM?> [@N;L A?NCHA >aBM >CHI...F;A?FPMN IL =SHI<;= NPLC; 2CHzHI JLCG?L
J;CL 5H N;L A?N ;FF JLNCMNM ?KO;FFS Q?FFR@MECHILCG?L =BIC2 CM H2MM;IS QBC=B
=H <? MOJJIL N°> <S OMCHA NBZM?> Q ?<;JJFCsNCIH JL JLCG?IM 5;0FIN N ;F

;H>; JLCG?L? P,FO;NCIH MNO>8.£C?> ION € +NT ?N ;F

(GJLI P?>>?NP=NCIH @ MJ?=C?M <? ;=BC?P?><S ONCFCTCHA GOFNCJPINGANN ?N

iF 2 5Q;S;?N;F "BIC / ;LE 2CF>?P?L N F ;H>= 10F>
=IGILCM? ; MN |@ FCH?;A? MJ?=C...C= MCHEMOAA?MN<S / ;QFI QMECN;F

8?N MCHF=M?KO?H=CHMNM CH*:M? @L ?;=B ;>>CNCIH;F MN |@ JLCGRL CN GCRBINCFF
<? NI = IMNFSINDM? ; FCH?;A? MJ?=C...C= GOFNC JLCGREBIJL

31>? N°=N JUE ;L Sl NC=;H> ?0OE Sl NC= IA;HCMGM CN GMAG?H>?> N | OM? ;N F?;MN

NQ JLCG?L J;CIM QBC=B B;P; BCAB # P?LLA? CH >;N;<;M?M 6 ? L?=IGG?H> OMCHA
25 JLCG?L M @ ?0OEL S N°M MCRINB®E B;P? <??H QC>?FS OM?PNINO>S ?OE S N°M

=IGJ;,L ;NCRP MNO>C?MN@??H FCABGCAM=1J S ZRCMN ;H> N87L? L?F,NCHS QFF

=l P?L?> CH >;Nk;M?M ;FNBIOAB ?OAF?HIIBN?M ;H> B;J NJB S\PM ;L? =OLRHNFS

OH>?LRIL?M?HP> CH >N<;M?M 6 ? L?=IGG?H> OMCHA ?CNB?L JLCR25 I;FT;HI? N

F QBC=B Q?R @OH> N <?; All>=  IGJL IGCM? < +NT ?N :F QBI
=LLC?> ION ;H P,FO;NCIH 1@ JLCGM IL NB? JLCG?L J;CLS2N?=E ?N :F QBC=B
CM GIMNIEGIHFS OM?> ;==IL>CHAIN ;OFIN N F 4H @ NOH;RFSH?CNB?L

L?=IGG?H>?> JLCG?L J;CL ;GJFC...C?M NBROWSR =P ;N; Q ?FF ;H>NBOM IHFSQH>
I @ NB?3$QES N M?KO?H=2M QBC=B 2J;,L N @ NB?@L?H=? >;N;<;M? /1
QIOF> <? ;GJFC...C?>?M~N> OMCHA NB?NCIH 8?MN ®L JLCG?L M2x 1@ NB? Q?<
;JJFCSNCIH JL JLCG?IM BNNIM ;JJ JL JLCG?IMILAJL JLCG?IM <S5,0FIN N ;F
% OINB?LGIL? @ JLIE;L S NPM Q? L?=IGG?H>OMCHA 25 L1- A?H?
JLCG?M QBC=BI#?L ; FIHA?L L?ACIH ;H> QCFRPH>?L BCAB?LRIHIGC= ;= =OL= S 3B?
MOAA?MN JLCG?IM B;P? <??H PRRHMCGIFS OM?> & N MNO>S JBNJF;HENIH ?HHE ?

?N;F ;H><;= NPLC; !IOHM? N ;F CHNB? ,ENC=2 Q ?L? DO>A?> NI <? NB?
GIMN JUGCMCHA CH ;HFO;NCIH & *FCH>Q. NB N ;F H> ;L ? 1?=IGG?H>?> CH
(FFOGCHY 2 FC<JL SJU N=IF (FFOGCH; H? RRH>?>>CM=0OMMCIH IH JLOGEM

CH=FO>?> CH NB?H>CR
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D2-D3

D1-D3

D1-D2
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diatom-specific
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V4-V5
cynaobacteria-specific V6
cyanobacteria-specific V3-V4
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-+85 . P?LPCQ | @ NB? HOG<?L@ OHCKO? JLCG?L MGLA?NCHA ; MJ?=C...C= A?H?
;H>L?ACIH <;M?> |H ; FCRLNOL? MOR?S | @ J??L L?PCQ7?> MNO>C2AM@L?H="M ACIH
CH NB73J?H>CR 3.<F?
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FNBIOAB /"1 ;GJFC...CANCIH CM ; PLS OM@F GNBI> N CH=;M? NB? MCAH;K@
G?N<;L =I>?M CN CM ;FMI NB? G;CH MROL@ N-BHCE ?LLUL M >OLCHA NB?
G?N<;L =I>CHAQILE...R) I?LH? S N ;F CL>?N;F 3 BOM 1
;GIFC...ICIH 5H B;P ?; HI N<F? CH...FO?Hi& NB? >CPLMGNH> NB? [?F;NCPM?KO?H2Z
;<OH>H=?M |@ ?#- M;GJF?M ;M? N;F IL ;H>LCT%IHNM N ;F *  ?FFS
?N;F (H;HCHWLF;<IL ;NILS ?RIJ?LCG?N NB? =BICH @ NB? JIFSG?M? B;>;
=IHMCMNNFS MCAHB NG@®=N |IH NB? FLC;<CFSICH GR<;L =I>CHA>;N; 9 ;CH? N ;F
;H>CN=;HCH...FO?H3 2>N;CHRLGMI@ /'L L?F;N>?LULM 0O;CF N ;F

&IBF ?N ;F =BCG?L@LG;NCIH +;BL * ;NT MJ?=C?M |=OLRH=? ;H>
L?F;NCPM?KO?HZ,;<OH>H=?M ;M ? NF IL ;H>LCT%IHNM N ;F .FCP ?L
?N;F -C=BIFM? N F * Q NI?NF = IGGOHCN 4GJIMCNCIH ;H>
KO;FCI @ '32>;N; 2T? 2 =BFIMM -AC? NF = IGJL 7>/ "1

JLI>O=N?LLL JLI...CF?N@ >C@L?HN /"1 ECNM OMCHA ; 208 NC=#- GI=E
=IGGOHCNS ;H> @OH> NB;N ECNNHNCHCHA MJ?=C...C=JIESBRL * # /FOM 5 ?L ;N

p" * #JFOM-?I ;H>'l NZ2NLN3K# JIFSG?L ;M?;NNB?;HH?;FCHA
NGJ?L;NOI? | @ p" JL [>0=?><?N\’L [?’MOFNM ;MMI=Z I QCNB M?KO?M=C;M ;H>
MJ?=C?M C3El ;NIGIH

(H A?H?IF NB? OM;A? [@ BCAB ...CS#CNFSG?L ;M? B;M <??H MOAA?NIN @L
L?>0=CHA ?IH?IOM M?KO?H2M IKNCH?><S5'3 2 2T? 2 =BFIMM ;FNBIOAB INB?L
@ NLM ? A >CRPLMGNH>/ "1 = IH>CNCIHM;H @INB?L CH...FONMB? EPMOFNM 76
L?=IGG?H> OMCHA ; JIFSG?LM? NB;N B;M <??H RMR> NA? NB?L QCNB NB? =BIM?H
JLCG?L J;CL ;H> OMCHA ERLI?RKRH>?> NCG? J?LCI>M RHMOR FIHA N°LG >;N;
=IHMCMN=S
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%FM? H?A;NCGR "1 L ?MOFNM?,L @PH ; = IHM?KO?H2 | @ CHBC<CNEHKBRGCFM ;H>
=IGJIOH>M JL ?M?HN CH NB? M;GJF? NB;N\&I+= N QCNB NB?1  3B?L?<S NB® sH
L?>0=2 NB?/"1? @...C=G2H=;0M? CN KB CF {GJF? N°FS?P?H QB?H NL A?N #- CM
JL?M?H ILO=2 ?N ;F 6 ?FFEHDH/ "1 CHBC<CNW.CH QI?L M;GJF?M ;I? =IGJF? R
BOGC= MO<MNM# 2N?=EF? N ;F (N CM CGJILNH N NN?MN NB?RNj= NP> #-

@- CHBC<CNAIHPNIC> @M? H?A;NGH.?MOFNM @=2 ?N ;F ?MJ?=C;FFS QB?H BCAB
;GIOH NM [@ BOGC= MO#MISM ;L? ?RJI?=N\?> ;M CH NB? ;FNC=22 (@ # M;GJF?M
SIHNCH N G;H S CGJOLCNC?M NB;N CHBCGIRC...CANCIH NB? M;GIF?M;H <?
JL?NE;N?> OMCHA =B?GEM MJ?=C...C= ECNM IL ?KOC3GZMMII ? N ;F <ON
C>?;FFS NB? ;>>CNCIH;FRRMMCHAMNIM ;L? L?>0=> N ; GCHCGOG N CGJLI P?

=IGJ;L ;<CFAK?NQ??H JL?NE;N?> ;H> OHNE;N?> M;GIF?M
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#OLCHA NB? J;MN N&P= ;>?M NB? PIFONCIH @ R=BHGCE ;>P ;H=?M |@ #-
M?KO?H=CHA B;M <??d@> 3B? FIQ NBLOABJON <;M? <S<;M? 2 ;HA?L M?KO?H=CHA
2;HA?L ?N ;F B;M ? PIFP?> N BCAB NBIOABJON |@ MPH> A?H?L;NCIH MBIIN
L?;>;H> NBCL> A?H?L,NCIH FIHA 12;> M?KO?H=CHANBHIFIAC?M '?;NB?L "B;CH
"OLL?HNFNB? M2H> A?H?L ;NCIH MBIINL?;> M?KO?H=CHA’NBHIFIAC?M T
(FFOGCH; ,CXK ;H>-1 P2 ?K ;L ? GIMN OM?> CH #- G? N<;L =I>CHA MNO>C?M .@ NB?
M?+H> A?H?L;NCIH R=BHIFIAC?M NB? GIMNMN? @=NCP;H> MOCN;<Fl@? N°=NCHA
>C@L?HN MJ?=C?M@&>= IGGOHCNC?M CM (FFOGG*R -PK QBC=B ;FF)M CH=FO>CHAIOJ N
s M;GIJF?MCH NIH? M?KO?H=CHA LOH ;H> MNZW¥BGENM CH GCFR@M®&M J?L
M;GJF? (FFOGCH; -P,2 ?K ;FMI IONJ?L@.GM (FFOGCH; ,C2K CH >RP=NCHA GIR #-
M?KO?H2Z>CRPLMGNQCNBCH M;GJFR21 ;N ?R= NFS NB? M;G? HOG<?L@ ?;>M J?L
M;GJF? 2CHA?LN F 3B?2CM BR?P?L ; NL;>? 1 @ CH NB? F?HAEBM?KO?RM
I< NCH?><S -l P2 ?K;H>,C2 ?K NB? @G?LB;PCHA R <J;H>NB?F,N NL R
<J M?KO?H=CHA F?HANBM?BNFSFFOGCH; ;FMPE?;M?> ; H?Q ECNIIGNB?CL -RN2K
CHMAG?HN ;FFIQCHA R <J M?KO?H=CHA QBC=B ABPMCAHCH.NE=S GI? >;N; J?L
=IMN #GJ;L ?>N ,CM?K H>?L M H>?LMMIH J?MIH;F 4GGOHC=NCIH 3BOM
-? RN2K =H <? = IHMC>72> ;M ;FN?LH;NCPN ,CM?K C@ NB? H?Q ECNQEHA M?KO?H=CHA
R <ICMOM?> = IGJ;LCMIH <? NQ@??H NB? GIMN {5GIHFS OM?> M?KO?H=CHA
JF;N@-GM CM ;FCF;<F? NBOAB NB? (FFOGCH;?QJ;A? (FFOGCH; H> 3B? MG;FF
>SCALPH= 1 @ <J<?= IG?M =LCNE=QB?H =BIIMCHA JLCG®Ls @ ? RGJF? NB?
L?=IGG?H>?> 25 L1- A?H? JLCG?L M@ JLIE;L S N°M "?LF?G;HH ? N ;F
;L?;GIFC@CHA ; @AG?H N DOMNMNHA @IL -I P2 ?K <ON MQOER? N <? M?KO?H=>
QCNB ,C2K +NT?N;F (HNB? @ONOL NBCM CMMO? G;S <26GE?HN>> MCH-NB?
KO;FCBIl @ NBECA?H?L,NCIH FIHA 12;> M?KO?H=CHA’NBHIFIAC?M B;M CR:1?>
MO<MNNC;FFS;FF;B;H ?N ;F QCFF A;CH GIG?HNOG ;H> G;S L ?2JF;=? M?4H>
A?H?LNCIH MBIINL?;> N ?=BHIFIAC?M B? >?...CRGRH?...CN FIHA2Z,>M CM NB?
CH=2:M?> JB SFIA?HNC= MCAH;ECF;<F? @MJ?=C?M C>RB.;Ns=IH %L NB? NCG? <?CHA
Q? L?=IGG?H> OMCHA (FFOGCH; P2 ?K ,C2 ?KIL -? RN2K <ON QA? @ L?M?;L=BCHA
NB? JIMMC<F? <?H?... @N\MBIHACHANBCE A?H?LNCIH FIHA [2;> M?KO?H=CHA
N?=BHIFIAC?MIGCH=2;M?> JB SFIA?HNC=AMIFONCIH
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H ;L NC...C=C3NIB;HENIH =IGGOHCN | @ EHDH =IGJIMCNCIH GI=E =IGGOHCN =;H
<? OM?> ;M JIMCNCRH NIF (H=FO>CHA ; GI=EIGGOHCNs N? P,FO;N? F;<IL ;NIL S
MRIM ;H> ;>DOMN <CI@H5;NC= JCJ?FCH?M CM BCABEGSH>?> 2;HN @LLL;

%L NBCM JOLJIMZ N ;R; QCNB EHQH M?KO?H2M ;= KOC1> ? A @G ;
=OFNQEIFF?HCIH MBIOF> <? =OFRON L ?;=B ? RJIIH?HNC;F AIQNB ;H> MO@...O¥ESH
BCAB 2FF HOG<M. B? GI=E =IGGOHCNs MBIOF> CH=FO>IEIL S N°M ;H> ?0EL S N°M
M Q7?FF ;M;R; L 2IL?M?HNCHA >@@HN JBSNJF;HENIH ALIOJM NB;N ;L? ?;MS NI
>CMNCHAOGVECABGCAM=IJ S 3B? =?FF >?HMEON® ?;=B =OFNDWUBIOF> <? ;MM?MM?$ <
FCABGCAM=1J S ;H>;H ;FCKOIN |@ ?;=B =OFNOGCR> N SC?F> ; 2FF >?HNIND
U = ?FFM+CH NB? GI=E KGGOHCNs 3B? GI=E =IGGOHCNs MBIOF> <? .. TWFN
;H>JL I= ?MM?> ;M ;FFNB?L M;GJF?M >>CNCIH;FREHAF? =OPNO@ GPL?MN? A
B;LG @F ;FA;? IL CRMCP MJ?=C?M;H <? ...CFN2LH> M?KO?H=2> ;M JIMCNCRIH NILFM
CH >@EPHN 2FFIH=?HNLNCIHM NI AR ;H ?MNCG;N?®@ NB? 3®=NCIH FCGCN

(H;>>CNCIH JIMCRGM NIFM #HMCMNCH®@& EHDH #- M;GJF?M IL? P?H MSNBNC=
M?KO?H2M B...FNCHA NB? NILC<OM 1@ NB? NA?N?> JLI>O=NM MBIOF> <? M?KO?H=
;FIHA NB? <CIFIACE M;GJF?M 2?JOFP>; ? N ;F
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CN CM ;>PCM;<F? NI CGIFNGTHAACHA M8RG QB?L? ?;,=B M;GJF? >CMJF;81 ; OHCKO?
=IG<CH;NCIH 1@ 1@Q;L > ;H> L ?P?LM? NMAM 3;<?LF?N N ;F IS CH=FO>CHA OHOM?>
NA = IG<CH;NCIHM CH NBR¥?LCG?NF >?MCAH CN CM JIMMGZHA®NN ;H> ...CENON
=BCG?IM 3;<?LF?N N ;F
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3B? <CIC@LG;NC= QILE...RD =IGILCM?MI@L G;CH MN?JM -+85  ;H>NB? GIMN
CGJILNH N 2=IGG?H>;NCIHM ;L ? MOGG;LCP> CH 2;

}  8%/-7<?-/7)5-1+ s GIFC=IH M?KO?H2M |@ FKD KO;FCS8I;H> IL QCNB ;G<CAOIOM
<;M?M ;L? L?GI P?> 3B? J;CL?> ?H> M?KO?H2M ;L? G?LA?>CHN ; = IH NCAOIONDEF
F?HANB M?KO7H=

~ )7 7-1+ ! $6s (H>CPC>O;HE;HNM @ M?KO?PM ;L? >?...CH?>S<;FAILCNBGM
OMCHAGIF? R ?LLL L?>0O=NCIH GI>?FM ;H> JIN’HNC;F =BCGRL;L ? L?Gl P?> NBCM
MRJ =;H <? J?L @.G?> NIA? NB?L QCNB'NIN

* "%;2120-' %6 6-+10)1 7s 25M;L?=IGJ;L ?>N ;L ?@L?H= >N;<;M? ;H>
;MMCAH?3 N;R; >?J?H>CHA IH NB?CL M?KO7ZHACGCF;B0NI NB?L =LCIC;

€ %P0 %l1l%66s 3B? FCMI®I 25M CM OM?2>R NPLGCH? NB?,RIHIGC= =IGJIMCNCIH
I @ ?,=B M;GJF? ;H> NB?CI?E;NCIH NI ?RAHG?H NF P,LC;<F?M

-+85 6 ILE...FD| @ '32>;N; ;H;FS MCM ;>;N> @G/ ;QFI QMECN;F

| )48)1' ) 48%/-7< ?-/5-1+ %1('/8 67)5-1+

3B? ...GIN MM @ M?KO?RIB;H>FCHA ;H>=QNCIH CM NI 3?PLGCH? NB? AFI<;F KO; I
NB? M?KO?H=CH}L (@ NBPPL,FF KO;FENCM Hl MO@... CEA?PM?KO?H=CHA&I M;GJIF?M
MBIOF> <? HMC>72> 3B? MI@IQL ? %6MNO" ;<L ;B;G ICICH @G;NC=MIL ,OFNCO"
$Q ?FMR ;F =;H <? OM?> NPCMO;FZTH> ? P,FO;N? NB? KO;FGN

M M?3H> MN?J NB? 1Q M?KO?H=2M 3H <? JL I= ?MM?> QCNB QC>?FS OM?> JCJ?FCH?M
QBC=B OMO;FFEPBEN? P,LCIOM MB®IQL ? =IGJIH?H NM ;H> ;FAILCNBGNIM?J;L ;N?

NB? M?KO?RM 1@ >@E?HN M;GIF?M>?GOFNCJRCHA >| KO;FGN..CERHA C>RIEZd
?CNB?L25M IL =FOMN?L MCGCF;L M7KODCHE 34M ;H> ;MMCAH;RIHIG S NNB?
M?KO?H2M 2?=NCIH | ?L@ -GCHA KO;FGNHH NIIF CM ;FMPI@LL?> N ;M w>?HICMCHAX
;H> OMO;FFS CH=FO>?MNB?RF | @ MBM ?;>M JLCG?IM =BCG?M ;H> J;CL?>?H>

L?;> DICHCHA (H NB? J;MRISM FLCIOM <CI@G;NC= NIFM B;P? <??H >?P?FIJ?> NI



B;H>F? G?N<;L =I>CHA >;N; ;H> C>?HNCG® 25M IL . 34M <ON >0? NI CGJIP?G?HNM CH
L?0M;<CFRENJLI>O=C<CBCN> = IGJL ?B?HMCP?MM' ;FF;B;H ?N ;F Q 2
L?=IGG?H> OMCHA 25M CHMN?;>@ NBAI@?LFS OM?> 34M

3B? JCI?FCH?# " FF;B;H?N ;F CM QC>?FS OMPE3»HNCI@ 25M ?CNB?L ;M
;H1 CH\PALNCIH QBC=B MCGJFC...QMWHNLG >;N ; JL |I= ?MMCHA ;H> ;H;FSMCM IL ;M

JLNI1@ NB? MQL?0((,$ 'IFS ?H?NF (H ;>>CNCIH N((,$ | NBOL
2=BFIMMN ;F CMI@KO?HNFS OM?H.@C=L<C;F <CICALG;NC=M WINB~?L
=IGGIHFS OM?> ;FAILCNBGM ;2 PM?;l=B 11AH?M N ;F ;H>I<CNIIFM 11 S?L 2N
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'F?.J? NF = ;N?AILCP> NRIHIGC= ;MMCAHG?N ;JJL I;=B?M CHN @OL
MNN?AC?M M?KO7HYCGCF;BAW?KO?HZ=IGIJIMCNCIH JEBSFIA?HNC= ;H> JI<;<CFCMNC=
N?=BHCKO?MB3 M?KO?H=MCGCF;BGBPNBI>M >C=NFSI&J;L ?I< NCH?> I?;>M N
L?@L?H=? M?KO?H2M OMCHA AFI<;F IL FH5sFCAHG?NM € 1+ 23 FNM=BOFN;F

3B? M?KO?H=2 =IGJIMCNCIH GNBI>M <OCF> ; GI>?F NB;N FCHEM HRER2
@?PKO?HS J;NNPLHM RNj= N2> @IG I<  NCH?> 12;>M N MJ?=C...GRNIGC= ALIOJM ;
QC>?FS OM?R@JF? <?CHA NB? 1/# =F;MMC...G?IHA ? N ;F NB;N OM?M ; H;fP?
I)S ?MC;H G'NBI> N > NBCM /BSFIA?HNC= GRBI>M R=[HMND=N ; JB SFIA?HNC= RR
@G NB? I< NCH?> 12;>M IL JF;= ? NB? I<KNCH?> [?;>M I[H N ;H ? RCMNCR®@&L?H=? NR2?
OMCHA ;HPPFONCIH;B JF;=?G?HN ;FAILCNBG ll@? RGJF? $/ HA L,L<?L ;? N;F

/L I<;<CFCMNQC=BHCKO?M ?GJ§&l; JL I<;<CFCMNC6HE@ QILE N ;MM?MM NB?
JLI<;<CFCS8Il @ EL?=NFS JF;=CHA NBNEH?> I?;>M N N;RIHIGC= FP?FM H RGJF? CM
/1. 37 2I1G?L POI?N;F QBC=B CM <;M?> IH ; GOFNCHIGC?RI?MMCIH GI>?F
OMCHA $ECH>®@ 2;> MCGCF;LES?;MOI?M IL IONJONM@® =F;MMCM.@8PUI?>CHNL M

3;RIHIGC= ;MMCAHG?N |@ I<NCH?> All> KO;FCNs 1?;>M N BCAB?LFP?F [HEM JBSFOG
=F;MM [&?L CM2F;NCHFS MNIABN@ Q;L>CH ;5 | @ NB? ;JJL,=B?M G?H NCIH?> ;<I P?
MCHNB? OM?> G;LEL A?H?M B?2 2 ;H> 2L1- A?H?M B;P ? ?HIOAB PLC;<CFEN
N ;MMCAH?Z;>M L?FC;<FSMMCAHCHAXM N FI Q?LFP?F tHEM @CFSA?HOM MJ?=C?M
B;M L?G;CH?>GIL ? >C@...C3HWM CM :OM? NB?L? CM FCGERLC;<CFSICH NB? MBIL
L?;>M  NB? L ?@L?H=? >;N;<;M?M ;L ? CHESJF? N2 QCNB GCMMCRA;N> FCGCR>
QCNBCERNH M;GJFCHA ;H> QC>7?FS ;JJFC?> GRBI>M @ N;RIHIGC= ;MMCAHG?N
F,=E; JLIJ?L ;MM?MMG?N |@ C>NC.;NIGIH [?FC;<CBCRIG?L POI ?N ;F 3 |

N=EF? NB? . MNL.BGIEE? CN CREIGG?H>?> N | MBC@INNBCE A?H?L;NCIH FIHA [2;>
M?KO?H=CHA2IBHIFIAC?M QBC=B43L I>0=7? L?;>M =| P’LCHA NB? QBIF? 2 ;H> 2

L1- A?H?M ?H;<FCHA GIL? ;= =OIN? FIQ?LFP?F IHE C>?HNC.;Ni=H | @ NB? NAZN
ILAJHCMGM' ;FF;B;H ?N ;F % IL NB? M?#4> CMMORB? 2G?>S CM NI JIJOF;?
L?@L?H= >;N;<;M?M QCNB NB? GCMMCHA MJ?=C?M>M&N.  ? MJ?=CG?HM J?L
MJ?=C?MB® NBCGLILI<F?G =;H <? CGJLI P?> <S CH=FO>CHANB!>M NB;N ;MM?MM
L?FC;<CBCI® R IHIGC= ;MMCAHG?N

(N CM@®PH ;MMOG?> NB;N OMCHA GIEIGIJF? R G?NBI>M NI ;MMCAKRNHIG S ;FQ;SM
SC?F>M N®L I?’MOFNM <ON 'F?;N?F >?GIHMNL ;N?> NB;N M?KO?H=-MCGCF;B5CN
;H> M?KO?H2 =IGJIMCNCIH GNBI>M IONJ?I@-G?> JB SFIA?HNC=;H> JI<;<CFCMNC=
G?NBI>M N?MN CH NB?CL MNGBSS BCABFQGRB NB;N =OINCIH | @ 2@L?H=? >;N ;<;M?M
;H> NOHCHA NB? ;MMCAHB3HL;G? NLM ;L? | @ J;LGIOH N CGJIINH=7? @ ;FF
NRIHIGC=;MMCAHG?N G?NBI>M %INB?LILI<;<CFCMNC= ;H>3BIA?HNC= GRBI>M QCFF



<? P?LS CHLG;NCP? C@I=?@FFS =QI?> >;N ;<;M?M ;L ? ;P ;CF;<F? MCHNBS | @L ?RNL
CiLG;NCIH C? CHNBAI@ | @ JI<;<CFCS8ll @ ...CH>CHA ?HCGRI?=C?M C@ CN@VNEHI

<? JL?M?HN CH NB? MNO>%, ;L RNH?LIR ;F ;H>? PIFONCIH;B BCMNs "T ?=B 72N
F
%L GIHCNILCHA JBNJF;HENIH CH NB? '$+" ., ;H> .2/ 1;L ?2;MQ? MOAA?MN OMCHA

M?KO?HZMCGCF;BCN> M?KO?H2 =IGJIMCNCIH GNBI>M MCRIHI Q?FF =OjiN 7>
L?@L?H=? >;N;<;M?M @L JL I<;<CFCMNC=NBI>M IL 2@L?H=2 N2?M @ JB SFIA?HNC=
G?NBI>M RCMRI$3B? G;CH JU<F?G CM GCMMCHA MJ?=C?M<M2¥N.H? [J NCIHN
A?N ; L?FC;<CBCNM?MMGMI@ NB? I§CH?> NRIHIGC= ;MMCAHG?NM CM@FFIQ ;

JLI N=IF JL?M?HP> CH ZMML? N ;F % CMNNBB MOAA?MING<CHCHATIMOFNM
@G >C@@L?HN ;MMCAHGRHJJL |;=B?M CH IL>?L N C>?HNGIMMC<F?
GCMC>RE.;NIGIHM BCMH <? >|H? < S 4GJ;LCHA L?MOFNM®I M?KO?RPI=IGJIMCNCIH

G? NBI>M QCNB M?KO?HACGCF;BARMOFNM C@ M?ROREGCF;BCN 23 ;A;,CHMN
M?KO?HZ=IGJIMCNCIH R@L?H=? >;N;<;M? 1#/ =F;MMC...C?L >;&M? CM R NB? ;>
GCAB\ <? GCMF;<?F?>72|H> NB?S MOAA?MNCHA NB? ;MMCAHGM S ACPCHA NB?G ;
=IH...C>?K¥;NCHA s BCAB GI>?IN? IL FIQ =IH...C>?HH @ KL?=N MJ?=C?M ;MMCAHG?H
MMCAHG?N ANM ; BCABIH...C>?H-C@ CN CM ;MMOANZ=R?M P?F C@ | @ NB?
MNO>S 2, M MJ?=C?M CH NB? A?H®DEHINB? >;N;M? ;H>C@ NB? G;L'H. >CMNCHAOCMB?M
;N MJ?=C?MPF QCNBCH NB? A?HOM MMCNHE?HC>?H-CM GI>?LN? C@ NB? G;RPE
>CMNCHAOCMB?M ;N MIPREQURBCH NB? A7HOM <ON GNMIWGAH?> ;N MJ?=CHaf-"?
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(GJILI P?>>?N?=NCIH @ MJ?=C?M <? ;=BC?P?> <S FIHA I?;> M?KO?H=CHA NBCL
A?H?LNCIH M?KO?H=CHA P?LCHA NBDE&EF F?HAN® NB? A?H? IL A?H?M@ CPL?MN? A
LC<IMIG;F 1- A?H?M 2=BF;?JJC'N;F 2CHA?L? N F P?A?L?  NF

3?72>?LMII? N F M;H? RGJF? NB?;GJFC..;REIHI@ ; @FF F?HANB 2 L1-
A?H? SC?F>?7> GIR OHCKO? M?KOMNHGJI,L 7> N M?KO?H=CHA IHFS NB? 5?ACIH
+;NT ?N ;F I Q?P?L OM;A? |@ FIHA?L M?KOZEMNCFF B;M MIG? HEGIENT A

NB? #MN J?L <;M? J;CL CM BCAB-BHCE CMMO?NLE@;<CFEICH NB? ;GJFE£F?HANBM
JI NPHNC;FFS F?;>CHA NI NBZUI?JL?M?HYNCIH | @ MBNPL ;GJFC#HM 3?>?LMII ? N ;F
CH=;M?> JI NPHNC;FIl@=BCG?L. @LG;NCIH < S ;GJFCECHA FIHA,@G?H NM HI
JO<FC=FS;{EF;<F? <CI@H1G;NC= JCJI?FCH? QCNB NB? >?HICMZAKA ;> M?KO?H=2M
;H>; F,=El @ FIHAZ>M CH NB? JO<FC= W?M +;NT ?N ;F 3 BIM? FCGMICIHM
H??> NI <? | P?L=IG? <? @ ? FIHA 1?;> M?KO?H=CHAK <? OM?> @ JB SNJF;HENIH
GIHCNLCHA BOM Q@ L?=IGG?H> I< NCHCHAQ®F F?HANB M?KORHED NB? A?H?N@I
CNPL?MN &5 NB? N;LA?N ILA;HCMGM OMCHAA&?L M?KO?H=CHAINJOF;N ? L?@L?H=2
>'N;<;M?M <ON HIN @ NB? ;=NO;F GIHCNCHA
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" IH>O=NCHA ¥ SMRG GIHCNILCHAK5?M QCNB BMNMI@? A M;GIFCHA M;GJF?
JLI= ?MMCHA ;H=20IL NCHA 3B? INCG;F GIHONCHA JIAL;G >?MCAH CM ; M? | @
<?NQ??H G;RCG;F M;GJF? 4 P?LA? ;H> GCHCG;F AMN#  <;M?>G? NBI>M CH
JBSNJF;HENIH GIHCNILCHA QCFF <LCHA <?H?MTN#& P? M?-NCIHMH> JL ?M?HICHA
L?;FCMNAMN ?MNCGIN @CFMW?’M CH=FOMG8INB? G¥BI>M CHQNCH? H;NCIH;F
GIHCNLCHA JIAL ;GM

(HNB?CLUMN? @...C=G243IL N %0 N ;F ; C>?H NC...C?>NBUN?IM CH ?#- <;M?>
MOB?SM s M;GJFCHA .?CENA ;H>#- ? RNj= NCIH s QBC=B 2OHCRM;F @ MO=B
MOB?SM CH>?J?H>MI@ N A?N ILA;HCMGM B?H NBS [?PCQ?> FCN;NOL? ;H>
=IGJCF?> ;H ?RB;OMNCFCM& MOJJFC?M NBNOM?> CH ?#- <;M?> MOIP?SM
sMM?MM?> NBIMN |@ ?;=B MOJJFFI>=1GJ;L ?>NB? +MNM @ BJI NBNGE ...CMB
MOB?SM <;M?> |H ?#- ;H>= IHP?HNCIH;F GNBI>M 'l Q?P?L NBS L?JIL N> [HFS
=IMNM?F;N?> N <O=E?NMM;GJFCHA ..M ..CRNOIH #- ? RNj= NCIH ECNM #-
?RNj= NCIH ;H> MIG? F;<IL = IMNM BCM @HG;NCIH CM HN MO@... CE@?MCHCHA ;
BIFCMNC=(C® WINM2KOC> @L ?MN;<FCMBCH®OHNCIH;F #- <;M?>
JBSNJF;HENIH GIHCNILCHA % N ;F ; ?MNCG;N ? NB;N NB?CISBI NBNCE ...CMB
?#-  MOP?S QIOF> I?’KOCL s | @ NB2AMN |@ B P?HNCIH;F MGRS OMCHARI?IN
J?LMIHH?F B? G;CH s0M? @ NB? >C@L?H=? CH NB?IMNM ;12 F;<IL H??>M NB? ?#-
MOR?S [?KOCLCH2Q@L BIOLM NB;H ; MOR?S <;M?> IH =1H P?HNCIH;F GNBI>IFIAS CH
...CMB GIHOBHA (H NBZM? 1 @ JBNJF;HENIH GIHCNILCHA BIRQ?P?L ; @.= NCIH i@ NB?
#-  <;M?> GIHCNILCHA #MNM? A M;GJF? JLI= ?MMCHA ;H> >;NH;FS MCI® IOF> <?
;>>?> N | = [H P?HNCIH;F GIHONCHA MCHNB?M? ;2 HIN #GJ?HM;N IL S <ON
=IGIJF?G?H NL S G?;HCHA NB;N CH ;H C>?;F GIHCNHA <INB #H P?HNCIH;F ;H> #-
<;M?> GIHCNLCHA QIOF> <? CH=FO>?8GM RJ?HMCRBCJ NCG@L ? RGJF? QIOF>
<?;MB;L ?>=IMN ;H> M;GJFCHA ;H> JL?J;L ;NCIH | @ ;H QRALN?> M;GJF? QIOF> <?
MB;L?> QILE NCG?

HI NB?L 2=?HN ¥#MN ?MNCGN.2JIL N ,,AHOMM?H -,PL O> = IHMC>72> HI N

IHFS #FF?ACHA GIHAMNCHA >;N; OMCHA #- <;M?> G? NBI>M <ON ;FMI <?H?...CN®1 JL
L?KOCMBGNH> CGJIL P?G?HNM @ MO=B QILBB?CL GRNBI> Q;M <;M?> IH ;MECHA
?RI?INM EH>O=NCHA >@@HN #- <;M?>JL ID?-NMI@=IMNM?2F;N°> N NB?CL QILE

=IL>CHAINNB?CL ?MNC@M NB? ;PLA? = IMNM ;MMI=C?% QCNB EF?HNCHA M?=0OLCHA

;H> G;ECHA ;P ;CF;<F? R@L?H=2 >;N; C? <OCF>CHA ;H> G;8I@HCHA #- L?@L?H=?
FC<LC?M ;2 ;JJL | RCG;NFS  {J?L MJ?=C?M 3B?S ?MNCGMN NB;N NB? ;Fg;>S
?RCMNCH®L?H=? FC<LS @ -IL Q?AC;H MJ?=C?M B;MN IP?L GCFFCIH 2O ;H> NI
CH=FO>? ;FFa;,CHCHA IA;HCMGMAJIL N°> N I= =OL CH -IlQ;S Q IOF> MNCH#N:

;JJL | RCG;NFS GCFFCIH 20L ,;,AHOMM?H ;H>-,PL O> BCABFCABNB;N NBCM CM
;H ;P ?LA? ;H>NB? =IMN 1@ ?;=B CH>CPC>0;F MJ?=C?M.@CHF® >?J?H>CHA IH BQ
>C@...C=OFN CNROHNIKGIF? | @ NB? MJ?=C?M NB? GIRINRAMCMJI?=C?M ANB?

IH?M CH ;KO;NC= RAHG?H NM J;INC=0OF;LFS G;LCH? >??JN?L MJ?=C?M NB;N=IMN
OJN {N | <? CH=FO>?> CH ?I@L?H=? FC<L S " IFF?#CHA ;H> G;ECHAA@L?H=?
>N; ;P ;CF;<F? CM; IH? @ MWIN CA?MNG?M <ON NBE2?MNCG;NNB;N MNILCHA
L?@L?H=? G;N ?LC;F <NB ;M JBSMCE ;H> >CACR I<D?=NM BNM ;JJU RCG;RFS {J?L
S?;L ;H>J?L MJ?=C?M CH ;>>CNCIMR? CR?MNG?M /ON CN ; JB  SNJF;HENIH
J?LMJI?NCP;H> N;ECHA NB? ,FNC=2;M ;H? RGJF? = ?0E LS NC=



JBSNJF;HENIH MJ?=C?M B;P<??H GC=IM=1JC=FFS I<M?E?> CH NB? .FNC=22 &

"FF@L M H><;M?>IH ;L ?=?HN M?;EB '?HH; 2 ;P ?F; J?LMIH;F

=IGGOHC=NCIH [ @ NB?M? MJ?=C?MPBYPF?;MN [H? R@L?H=? M?KO?H2CH
NB?/1 IL2(+5 >N ;<;M? 3BOM ;>>CHA ;FF NB? =PMNIFS EKQH |:FNC= 2;

JBSNJIF;HENIH MJ?=C?M N ?@L?H=? >:N ;<;M?M QIOF> =IMN IP?L GCFFCIH { ;=IL >CHA

N NB? =;F=OF;NCIHM@ ,;AHOMM?H :H> -;PLO> (H ;>>CNCIH N NB? =OLRHNFS

EHIQH MJ?=C?M CN CNSACEN NB?{E <CI>CPLMCN @ JBNJF;HENIH CH NBCM MJ?=C...C=
M?; ;L ?; CM BCAB?H> NB? HOG<?L | @ MJ?=C?M QCFEIBHEICNB CH:MCHA M=QPEL..C=
EHIQF?>A?

" IFF?ACIH @ #- L ?@L?H=? G;N ?LC;F ACM ; HOG<?L | @ <?H?...CNM CHINBP @
CH=2:M?> EHIQF?>A? ;<ION MJ?=C?M ;H> MMSMRGM 3BCM ;FMI ABPCH2IM?> HIH
OM? FFO?M ;H> CH2IM?> IJ NCIH FFO?M <?;0M? 4FF?ACHA ;H> M?=0OLCHA #-
L?@L?H="M AC®M NB? IJJILNOHGNN OM? NB? GLG;NCIH CH NB?@\O2 ,IL  ?I P?L
L?@L?H=? >;N;<;M?M JLI PC>? NB? IJJILNOHGNN ;H;FST ? ;H> OM? NB? HFF?3#P>
CKLG;NCIH CH ?IPAHG?H NF GIHCNLCHA ;H> G;H;A?G?H N ;H>NBCM CM QBAB?
AL?;N?MN <?H?...CIWVKIOCF>CHA ;H> G\NCHICHA #- L?@L?H=? FC<LC?M FOR @
G;H;A?G?H N =IL>CHAIN;AHOMM?H ;H>-PL O> GIHCN ILCHA ;H CH G;HS
=M?M HIN IHFS <? GIL? =IMN? @=NCP <ON ?#- M;GJF?M = ;H ;FMI JL| PC>? GIL?
Ci#LG;NCIH ;H> EHI QF?>A? ;<ION MJ?=C?M JIJOF;NCIHM ;H>IB4SMRGM 3BCM CH NOLH
JLI PC>?M ;H 1JJILNOHGNR. <? N\PL G;H;A?G?H N <;M?>[H GIL ? CH >?NB EHRQF?>A?
| @ NB? H;NON <? G;H;A?> % OINB?LGIL? NB?M? HQ G? NBI>M 5H =IH NLC<OMN
CHHP,NCIH ;H> MJCH @ QBC=B ;H <? CHPL?MNCHA.@HPAHG?H NF G;H;A?G?H N
<ON;FMI @; QC>?L LHA? | @ ;JJFCNCIHM ,;AHOMM?H ;H>-;PLO> = IH=FO>?
NB;N NB? AE;N?MN <?H?...GMN CGJ;=N |@ OMCHA #-<;M?> G? NBI>M @ GIHCNILCHA
CM QBZ=IFF?ANCIH BMINM H <? L ?>0=2> <S MCGJF?L M;GJFCHA ;H> QB?2F;NCH-S
G;H S MJ?=C?M NB;N?2INCG? #HHMOGCHAIN? N°LGCH? GILJIBIFIAC5FFS <ON ?;MS N
C>?MCEES #- M?KO?H=?M ;L? JL?M?HN 3B? F;N\PL JICHN ;JJFC?MINB SNJF;HENIH M
;H? RNRG? ? RGJIF? ,;AHOMM?H ;H>-,PL O> MBI Q NB;N NB? # <;M?>
GIHCNLCHA 1@ ...FSCHA CHWMZH -10;S =IMNM ;JJU RCG;RFS GCFFCIH P@U~?L S?;L
QBCF? NB? M;G? GIHGMCHA <;M?> IH 94H P?HNCIH;F GNBI>IFIAS Q IOF> 4MN

JIL | RCG;NFS GCFFCIH ?0J?L S?;L

?L ? Q?B;P?=IGJCF?>;N;<F? "%&/) | @ QLECHA BIOM RF;N> N = IH P?HNCIH;F
FCAB GCAM=lJ S ;H>#- <;M?>JB SNJF,HENIH GIHCNILCHA 6? B;P? OM?> IOL
?RJI?IN EHQF?>A? [H NCG? OM?> CH ?;=B?MN{> ?MNCG;N> NB? NNF QILECHA BIOM
J?L M;GIF? @ =IH>O=NCHA GIHGNCHA OMCHANSB GNBI>M ;H> ;MMOGCHA NB;N

S M;GJF?M ;L ? NE?H 3B? QILECHA BIOM @ M;GJFCHA ;1?2 NB? M;G? @ NB?
=IH P?HNCIH;F ;H> NB? # <;M?>G? NBI> MCH-NB? M;G? M;GJFCHA GRBI>IFIAS
MBIOF> <? OM?> CENNCIH 50M?M ;>>CNCIH;AMNMI@NB? #  <;M?>G? NBI>
L?KOCLCHA MJ?=C.. 2ZCEHACHROCIGRH) ILECHA NCGH> ; =F?;H QILEMJ;= ?
/B SNJF;HENIH M;GJFCHA I@ GC=LM=lJ S CM?ZS MCGJF? ;H> >I?M HN PKOCLGO=B
?KOCJG?H IL QILECHA NCG? IMNM @ OMCHA NB2?2;L=B PPMM?F 2HI N CH=FO>?> CH NB?
=F=OF;NCIHM MZH-NB GC4M=1J S ;H>?#- M;GJF?M @ IL JB SNJF;HENIH =;H <?
NE ?H >OLCHA NB? M;G? M;GIJFCHREM?M ;FIHA QCNB {RBIL <CIFIAG==B?GCsF ;H>
JBSMCE M;GJF?M @ LIONCH? GIHGNCHA

(>?HNG@HAR; QCNB ?#- G? N<;L =I>CHA PKOCIM GIL? QILECHA MMM 4GJ;L ?>
N NB? =IH P?HNCIH;F GNBI> QBC=B IHFSZKOCIM ...CBRIH MBNFCHA ;H> GAME=IJ S
I Q7?P?L CH=2;MCHA NB? HOG<?L@ M;GJF?M >?2|M?M NB? BN J?L M;GJF? |@ NB?
#  <;M?>MOIP?S QBCF? CN >I?MNH?=12;M? NB? #MN 1@ NB?H P?HNCIH;F MOGRS
3BCM CM IH®INB? >?...CHCN?...CN@ K- <;M?>G? NBI>M ;H> MBIOF> <? j& ?H CN



=IHMC>?INCIH CH G;H;A?G?HN QB?I? F;LA? ;GIOH NM @ M;GIJF?MI@ F;L A? ;L?;M ;L ?

H??>?> @ ;= IGJL ?B?HMCR P?LPCQ | @ NB? NIOM I@ NB? #OHG?HN M ;H

?RGJIF? ;FF JBSNJF;HENIH M;GJF?M ;=LIMM NB? '$+" ., ;H> .2/ 1;L ?;M=I0OF><?
JLI=?MM?>IR? NB?L OMCHRB 2L ?HN M;GJFCHA ;H> M;GJF? JE ?MMCHA=0=CHA NB?
| P?LFF #MN G;LE?>FS MCHNB? #MN 1@ F;<ILNILS M?KO?H=CHAMNMH> = IGJON ?L
QILE <CICHiLG;NC=...CERHA ;H> RIHIGC= ;MMCAHG?N J?L M;GJF? >?=[?;M?M ;M

NB? HOG<?L I@ M;GJF?M CHAL?M

(H;>>CNCIHIN;<IL= IMNM ...Q¥GIH #- ? RNj= NCIH ;H>/"1;GJFC...CACIH I?KOCL
MJ?=C...C=?KOCIG2B?GC+#+M ;H> JIHMOG;<F?M +<IL ;NIL S @CFCNC?M ;H> ?KOCIG?H
;L ?;H ? RI?ZHMCREIR?MNG?IN <ON OMO;FFSCP;<F? ;F2;>S QCNBCH CHMRENDN

NBLOAB =IFF;<IL;NCIH LIOAB ?MNCG;N@L =B?GCsFM ;H> 3HMOG;<F?M N? OM?>

@ MGJIF?MCM s {

"%&/) $MNCG;RM I@ QLECHA BIOM @ =IH P?HNCIH;F FCABCAM=1J S ;H> #- <;M?> GIHCNILCHA 1@ JBNJF;HENIH
;@\PL M;GIFCHA ;H> M;GJF? JRJ;L ;NCIH C? JL?J;LCHA ;H CNPALN?> M;GJF? QBC=B CM ?MNGS;N N;E? =;

M;GJF? =H <? =;LLC?> ION IH<I;L > NB? 2M?;L.=B PPMM?F ;H> >IH? MCGCHNOMFS [@FCAB GCAM=IJ S ;H> #-
GIHCNLCHA "IMNMI@M?KO?H=CHA@ NB? ?#- M;GJF?M ;L? ;FMI MBIQH " IMNMI@OMCHA NB?M?;L.=B PPMM?HL@

M;GJFCHA 0CM?M ;HH@ NB?L ?KOCIGM;L? HI N CH=FO>?> CH NB2GF;NCIHM
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# ? RNj=NCIH
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MMCAHCHRMIG S
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AMCHA #- <;M?> G? NBI>M 3H @OH>;G?HNFFS NHM@.G ?H PAHG?H NF GIHCNLCHA
ACPH NB? H® IJJIL  NOHCNC?M NB;N ;LB¥RB? JI N°NHNC;FIN P?L=IG? NB?
MBILNFIGCHAM @ NECNCIH;F GRBI>M ‘I Q?P?L NB?R ;L ? MNCFF GBkHMJ?=NM NB;N
L?KOCL=,L ?2@F FHHMC>?NCIH ;H> >CM=OMMCIH ;GIHAMRI?INM ;H> MN;EBIF>?LM
<?@.? ?# G? N<,L =I>CHAsH <? @OFFS CGJF?Q%+ ;M ; = IGIJF?G?H NL S

;JIL ;=B N I GC=UM=1J S (N CMBEC;FINAL ?? IH >? NCFM NB;N QCRB-®NB? <CA
JCANOR ;H>=;H B?FJ CGJL P? <CI>CPLMGNMM?MMGMN'OLL?HNFNB?2 CM HI K5GIH
JBSNJF;HENIH <CI>CRPLMCNCH>MHL @L $OLIJ?;H G;LCH? ;H><L ;=ECMB (N?LM

?#- G? N<;L =I>CHA 40OF> ;C> CH NB? P?FIJG?HN |@ MO=B ;H CHNIE QBC=B CM
OIA?HNFS H??>?>ll@cGJU P?> ;MM?MMG R 1@ NB? <CISERIGEN,H> MNNOM 1@ G;LCH?
;H> <L ;=ECMB (N?L <I>C?M

3B? NP=BHIFIAS ;H> G? NBI>IFIAS >?M=LC<?> B?2U @L G;DIL ;>P ;HNA?M | P?L
=F;MME=JJIL [;=B?M NB? GIMN I?G;LE ;<F? | @ QBC=B CM NB? ;SCRCKNHNC)H>
GIHCNL ; P ?LS<U;>L ;HA? | @ IIA;HCMGM B? AOC>?FCH?MRIC>? ;H IP?LPCQ ;H>
AOC>;H2 IH CGJIL NH N ;MJ?NM H??>?>I@NB? MO=MM@ CGIF?GNMNCIH | @ ?#-
G?N<;L =[>CHA @ JB SNJF;HENIH GIHCNILCHA H ?RJ;HMCIHN NB?L AIOIJM | @
ILA;HCMGM HN # P?L?> <S N|>CNCIH;F GIHONCHA MBIOF> <AHMC>?72> CH NBG@ O™
;M NBCM QIOF>UBC>? fFO;<F? CHMMABN = IGJF? R CKL= NCIHM 1%? RGJF? NB?
CH=FOMCI®& H;HI ;H>JC=JF;HENIH GC=LU TIIJF;HENIH ;M Q?FF ;M ;MMI=C;R> @HA;F
IL ;JC=IGJF? RH J;L ;MCRM QBC=BI@ ;MMI=C;NCIHM QCNBIBJF;HENIH Q IOF> <?
CGJILNHN

HI NB?L ;>PHNA? 1 @ ?# G? N<;L =I>CHA CM NBZFP @ N PKOCI> @. OJMsFCHA
IH=?;=IGGIHJL | N=IFB;M <??H NE ?H CN OM? 3BOM C>7?;FIRB? AOC>?FCH?M
JL?M?HP> B?L?CH QCFF <PPEIJ?> @INB?L ;H> CNPALN?> CIMl ? A NB?'$+ " .,

@G? QILE ;H> MN;H>;L>CP>OH>?L"$-IL(2 . 3B?l?<SHGJ,L ;<F? MMNH>,L >CP>
>N;=;H<?JLI>0=?> ;H>?#- <;M?> GIHCNILCHA QCFF <? GII=IMN? @...C*C?NI
NB? M;G? NCG?IBSNJF;HENIH GIHCNILCHA QCNB ?#- G? N<;L =I>CHA MBIOF> <?
;FCAH?> QCNREZMNCHA GIHCNA AOC>?FCH?M QBC=B ONMGEGBREBIJ S N ?H;<F?
=IGJ,LCMIH| @ EMOFNMNCH?> @G <I NB G™NBI>M

.H?1 @ NB? <CAA?MN =B;FF?HADE@H?G?HNCHA ?#- G? N<;,L =I>CHA CNIL IONCH?
JBSNJF;HENIH GIHCNILCHA CM NB? CIG3:G?HN | @ 2@L?H=? >;N ;<;M?M 3BCM
JO<FCNCIH JU PC>?M ;H P?LPCQ ;H> L ?=IGG?H>;NCIHM IH QBC=B >;N<;M?M NI OM?
;H> Bl Q N G;H;A? M?KO?H=CHA >N %OINB?L CGILP?G?HN 1@ P@L?H=? >;N ;<;M?M
L?KOCM #HL >CH;R> 2@ N ;H> =;H <? ;=BC?P?> GO=B @IN’L ;H> ?;MC?L C@FVIZ2F
$0OUJI?;H MN;N?M +H NLC<ON

. P?LFF NB? <?H?...CEMOMCHA #<;M?> G? NBI>M @ GIHCNILCHA ;? =IH PCH=CHA ;H>
NB? H® IJJIL  NOHCNC?M IQGI&B NB? =B;FF?HA?BO3/ @ ;L ? =IH...C>ZHNB;N @GNCL
JBSNJF;HENIH <CIGIHCNLCHA IL <CI;MM?MMGRHQCFF CH=FOPRARKE?H NF #-

MOEB?S NP=BHCKO?M BBIJ? NB;N NB?M? AOC>?FCH?M QCFEN® ; <? N\PL
OH>?IMMNH>CHA ;H> B;LGIHCT,NCIH | @ ?#- <;M?>G? NBI>M ;H> QCFRHNLC<OM
NB?CL CGJF?GYNCIH CN L IONCH? GIHGNCHA JIAL ;GM
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,LEOM +CH>B H>?LM %H>?L MMIH $FC;HH?AA? ;H>2CFE5;H >?H 6 SHA;?LN ;L?
;=EHI QF?>A?> @ NB?CL B?EF K5G?H NM ;H>;>PC2|H NB? ...NIN >I@N |@ NB?
G;HOM=LON 3B? J;L NC=CJ¥M @ NB? QILEMBIJ IA;HCT> N >CM=OMM NBMNGJ@N | @
NB? AOC>?FCH?MNB;HE?> @L NB?CL =LCRBO?MNCIHMGS?H NM ;H> @><;=E
YOINB?LGIL? NB? ;ONBIIM QCMB NI NB;HE NBRRIDCHA FF?;AO?MI@;>PC=? ACPH
>OLCHA JMIH;F AGGOHC=SNCIH "?HH; 2 ;P ?F; %FILC;H +??MYM; );E I<M?H #;HC?FF?
LHM...C?F> CM ;=EM?>A?> @ JL1I @?;>CHA J;LNM @ NB? G;HOM=INC3B? (# -$/

JLID?-N QM @H>?> <S NB? -IL >C="IOH=CF® ,CHCMNPLLID?=N
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Cl># 1IMM , & "B?H 6 2 # ;HC?FMMIH , ®HH?FF 3LOMM " );@® # !

-OM<;0G " &HCLE ? H;FSTCHA ;H> GCHCGCTCHAL/:GJFC...GNCIH <C;M CH
(FFOGCH; M?KO?H=CHA ECM& ?HIG? ICIF 1 #( A< L
F<?L>C  CTJOIO; . &CF<AM, 3/ !BG;HH * 2 =LONCHCTCPRRANRIM
@ L?FC;<F? GR<,L =I>CHA I@ ?RAHG?H NF M;GJF?M,? NBI>M $=IF $PIF s
#.( 7

FNM=BOF 2%>>?H 3 + 2=B'@3L 9B;HA ) 9B;HA 9 ,CFF?L6 +CJG;H
#) & JI?> 1+  23;H>/2(+ 23 ;H? Q A?H?LNCIH | @ JLN?CH >;NK;M?
M?;L=B JUAL;GM -O=F?C==C>MIM s #.( H;L

GL ;F9?NNF?+ ="FCG?HN$ #O=EFQ ' 6 'OM? 2, G? NBI>
@ MNO>SCHAINCKN>CPLMGNOMCHA G;MIED J;L;FF?F M?KO?H=CIgA3
BSJ?LP,LC;<F? RPACIHM @ MG;FF MO<OHCN LC<IMIG;F 128?M/+ [2 .-$ ?

#.( DIOLH;F JIH?

H>?L M?H / %CRNCHA s F=l...FOIL NBHCHA s KO;NGNCP 2JC...FOM2H=2?

GC=IM=1J S @ JB SNJF;HENIH ;H;FS MCM (Hl'FMIH ! "OM;=E " IL ?MHH $
?>M ,C=LIM=IJC=;H> GIF?=0OF,L G?NBI>M @ KO;H NCNCP JBSNJF,HENIH ;H;FS MCM

(" ;HO;FM ;H> &OC>?M  4-$2 ", /;LCMJ s 1 ?NLG?>

@G BNNJM OH?M>I=OH?MEILA LE J @

H>?LMMIH % ICMMWN  %CHNWN & %UMMIS % &LIMD?;H |, '1J? ,
)?JJ?M?H 32 * iFD;FA 4 +OH>CH #-CFMMIH 1 ? N;F /O<FCMBCHA #-
>?LCP> >;N; NBLUOAB <CI>CPLMCN>,N; JF;N @GM P " 13?HB;A?H &!(%
2?=12NLC;N  J #( >= P@;HL

H>?LMMIH  *;LFMIH ! H>?L MMIH % !L OA?F 2 iNT , + SSE?H ) '?><FIG
, 3 ILMRHMMIH  +CH>B , #- ?  RNI= NCIH JLN= IF @ #-

G?N<,L =I>CHA |@ G,LCH? JBNJF,HENIH OMCHASGI<CIGC=M #- GCHJL ?J ECN $GlI
1?M?,[=B # /L1 N=IFM CI1?NLG?> @G >R>ICILA

JLI N= [FM CkO=DHMOH

JI NBCFT/ ?LI?N& ?HNCF #l0=B? T "IL>C?L3 " IL>IHC?L &OcAO?H )
1CGN % 5;MM?FIH 5 / ;QFI QMEC ) ,IHCN ILCHA NB? 2EIACsF MINOM 1@

LCPLM QCNB >0N?#- G? N<;L =I>CHA =IGJ,LCMIH| @ RIHIGC= G;LE ?LM ;H>
;H;FSNGE ;JJL 1;=B?M @L NB? C@L?H=| @ ; GIF?=0OF;L >C;NIG CHR ,IF $ =IF

s #.( G?=
JILCFF  =-FFS 2 / ;LMIHM 1 6 ?<?L+ ,CHIL L ?PCMCIH NI 5 2ACIH
224 11- 1A?H?JLCG?L AL ?2;NFS CH2IM?M >N=NCIHI@ 21 <;= NPLCIJF;HENIH
KO;N ,C=LI< $=IF S #.( G?
ZMNIG ) ICLERGI? 3 #;BF? 2 #;P?S, $EL ?G 3 $H>L?MNKF UMMIS %
“"HMM?H . +;0AM;H> 2NP?LFKEE ?N;F (HM?BNP?LPaECHA Ja
] MNF,H>9 IA C BkH>?F,A 1,;JJIL N @ @?FNM?MIHA (-1 ;JJL N -IL ME

CHMNON@ENH;NOL@ MEHCHA  J1?NLCG?> @G BNNJM B>F B;H>F?H?N

RNH?L) "L;GJ NH/F;N N ILCA + ,1B;G?> 70" "8 80#6


https://unesdoc.unesco.org/ark:/48223/pf0000187824
http://dx.doi.org/10.17504/protocols.io.bucjnsun
http://dx.doi.org/10.17504/protocols.io.bucjnsun
https://hdl.handle.net/11250/2976316
https://hdl.handle.net/11250/2976316

6CFNCHA H? @...C3CHP LU<OMN F;<ILNIL S QILE...RD ;H> N?NLJI>
>N;<;M? @L F;,LA?L Mi#F? ?HPAHG?H NF #- MNO>C?M &CA;2=C?HZ ACT  #.(
ACA;M=C?H=7? ACT

LEE ?L) 6 ;HA?HMNR?H . 2 I,CFFC? !0>>I # "BJJGH # # &;FF,AB?L )

&OMNLC>AB+ '?L NF?L ,;LC;HC 2 ICI>CP?LMGNMM?MMGMI @ NIC=F
MB?F@ 208 NC=I6GOHCNC?M PC; J?F;AC=?#- G?MN;L =I>CHA $=IF $PF

S #.( 7=
LFT;HI 2 <M $ + ?2N°LG? 2" /L 1 NCMN 20@CGNFIHA ; M;FCHEML>C?HN
CH ; #;MN;F F;AllH KO;N ,C=LI< $-=IF S #.( G?

LL<?L 5/ *ITFIP , "T ?=B + |IL ?F ! #,LLC<; # 9%IOLC 32 NG;N ;ECM
$/  HA ,;MMCPFS J;L,FF?FRIFONCIH;B JF;=?G?HN |@ A?HIC= M?KO7Hi4
2SMNICIF S #.( MS M<CMSS

I?HHE? ", | IFF?BH?% |IFF?L "HM?H 1 *L?CEG?S?L! + ;<L?HT ,

3 B? >CMNLC<ON@HIBNJF;HENIH CH NB? ;FNC=22;MM?MM?> & ; JL IE;;L SI NC=
2L1- A?H? JLCG?LMS MRG ) /F,HENIH1 ?M S #.( JF,HEN
.8

I?HMIH # ";P;HOAB , "F;LE * *,LM=B,CTL=BC ( +CJG;H #) . MRFF )
2;S?M $6 -O=F?C==C>MIM # # s# #.( HL  AEM

I2LH?S " %;BLHC ) / ;QFI QMEC ) ' QG;H SHIP?F?0E S NC= ECHA>IGM
JCNGFFM ;H> FCGRGIHM 1@ ?AAHG?H NF # MOL P?SM /," ICIF #.(

I2LLS 3% 2;0H>?M ') "IABF;H ,+ 2NN, ),LG;H 2 1C=B;L >MIH )
#;PC?M "' I?LL S. L P?S$2 IOH= ?, »LCH? ?H PAHG?H NF #-
<CIGIHCNILCHA?E?;FM M?;MIH;F J;N\PLHM CH <CI2ORG\H> C>?HNC...C?NIBZVRG
L?MJIIHM?MINHIG;FIOM =FCG;NC= P?HNM/+ 12 & ?H?N ? #.(

DIOLH;F JA?H

IF,gIM + , * ;LJIMM + "BIC" ) 6 IL>?H 9 &L;@@) 1 'dH ND?HM -

"B:M? | #7?FF;/?HH;  &;0<? / ILCMIH % ?N;F 2G;FF
JBSNJF;HENIH >IGCH;N ? Q?MRLH -IL NB NF;HNC= <CIG;MN2,$ ) s

#.( M

IIFS?H $ 1C>?I0ON) 1 #CFFIH ,1 !IEOFC=B - <H? N" " F&B;FCNB &
FPRH>?L ' FG $ ) LOGOAG, MHC=;L % ?N;F 1 2JLI>O=C<F?

CMPL= NCP M5F;<F? ;H> ? RRHMC<F? GGIG? >;N; M=C?H=? OMCHA O((,$ -N
ICI N°=BHIF S #.( M

I S?L % ,?L =C?L" NHCH +?1L;M 8 3;<?LF?N/ " ICMM;= $ I<CNIIFM
OHCRCHMJCEMI@IQL ? J;=E ;A? @L # G? N<;L =I>CHA,IF $ =IF 1?MIOL
s #.(

IL;>F?S (, /ICHN ) &O?MN) 2 # ?MCAH ;H>R,FO;NCIH |@ (FFOGCH,;
,C2 ?K =IGJ;NC<F? 2L1- A?H? MJ?=C...C=JLCGM @ CGJU P?>=B;L;=N°LCNCIH | @
GCR> JBI N NLIBC=4GGOHCNC?MJF $H PAH ,C=L I<CIF S #.(

$,
IL;H>LCT%HNM " " ;G;=Bl2 ;H=B?T, 5CF;, " 5 ?A;/F;) + 1C# "
+?IH;L > ) $@3@=N |@ NB? ?HTSG? ;H>71 = IH>CNCIHM IH NB? KO;5C®
BCAB NBOABJON #- M?KO?H=CHAPMOFNREC PJ #.( ML ?2J



ILaN? ) +IAL ?M 1 12LH?S" 1 ?? # * *F;P?H?MM #);E I<M?H * 2 2B;F=BC;H
3;<LCTC * %L?ME;N?L / 2LECHM?; ;H> G;LCH?I@VE);N?L FFIHCTNCIHM
L?P?;F?> <S JSUM?KO?H=CHA ;H> JBFIA?tS | @ ?RAHG?H NF L#-  (2,$)

s #( CMG?D

ILO=2 * IF=EGH 1 I!IOLF;N 2) '?FFMNG , LEE 7?L) ICMN( UBG;HH
* N10=B? T ILSM 1 "FLE * ?N;F JL ;= NGE AOC>?IN- <SM?>
G?NBI>M @ <CI>CRPIMGNMM?MMGMH >P,H=?>llIEM ? #.(

< ?

IO=EFCH +CH>?KO?7 * 1I>LCAOT$TI?F?N - F<;CH; + ?BNCHC?GC ,
,? N<;L =I>CHA 1@ G;LCH?IBUF;HENIH JL IMJ?=NM JIAL?MM ;H> JG&FM)
/F,HENIH 1 ?M S #.( JF,HEN ..Q

IO=EFCH 8?7B '# O0O?MNF ), 1C=B;L >MIH #$ 1??M?! " IJF?S- ) 6C?<?
/! 3 CG? M?LC?M G%;L =I>CHA ;H;FSMCM@ MIF;HENIH >CP?LMCN @ NB? -6

NF;HNC=IH NCHNF MB?F@$2) ,L 2=C s #.( C= ?MDGM
@7

IOHM? " 1?L NM %ILNCM , 2MM?HB;A?H ( 2CFP?L 2 2DJKPCMN & I>B?
&LIMM 2 *L?GJ +CIM ( +OH>BIFG - N;F 2;NCIN?GJIL F
CNPL>?J?H>?H=? | @ <;3\PLC; ;H> JBSNJF;HENIH >OLCHA ; I;FNC=2; MJLCHA <FIIG
YIHN ,C=LI<CIF #.( @sC=<

"FFBH! ) =0L >C?/) 1IM?H, ) H 6 )IBHMIH ) 'IFG?M 2/
# # 'CABL ?MIFONCIH M;GJF?@EPH=? @G (FFOGCH; ;GJFQH >N ; -N

2 NBI>M s #( HG? NB
"FFBH ! ) ,=0L >C?/) 'IFG?M 2/ $R ;= N M?KO?H=P,LC;HNM MBIOF>
L2JF;=? 1J?L ;NCIH;F NRIHIGC= OHCNM CH GALEA?H? >N ; ;H;FS MCNE,$)

s # CMG?D
":FF;B;H | ) &LCHPC=B #3B;EOL2 IF;GI NCM , 8 ?B?TE’F 3 4FNL;
= =OEN? GC=I<C;F ;GJFC4H M?KO?H=CHA QCNBMEINC= FIHR|>M ,C=LI<CIG?

#.( M
"JIL Ml ) & +0<?L "+ 6 ;FNLM 6 I2LA+SHM # + TOJIH? "
30LH<;0AB /) %C?BL- *HCAB N1 &FISFIN NPLHM@ 2 L1- >CP 2LMGN
:N;>?J NB @ GCFFCIMM?KO?RM J?L M;GJF? /- 2 2 s #.(

JHM

"B.C 98 "7 9+ #7?HA 88 8HA 8% 3 ;HA 89 "OFNCRCIH | @ M?;Q??>
&L;=CF;LC; F?G;H?Q@CMPHB;H=?> <CI>CPLMGNCH ; 20F Sl NC= JF;HEM=IGGOHCNS
‘M L?P?;F?> PC; G?NA?HIGC= ;H;FSM?MIF $ =IF s #.(
G?=
"BIC) / LE )2 " IGJL ;NCR:H;FSM?M @ NB?5 ;H>5 L?ACIHM @ 2
L# @ IL NB? 2RNH N ?0E S NC=I6GOHCNs OMCHA NB? (FFOGCH@BN 2=C PJ

#.( M T
"BIC ") )CG?H?T 5 -22>B;G # , / ICLC?L ;=B S" F? RH>?L ' 6CFE?H
2 "BiP ?T%/ 20>?E 2 &CIPHHIHC 2 ) 6 IL>?H 9 2 Z;MIH;F H>
&?IAL;JBC=F 3;HMCNCIHM CH;$GENC= /BNJF;HENIH " IGGOHCNS 2NIO=NOR CH NB?

NF;HNC= ;H> /=C...C=2;HM 9%IH N ,C=LI<CI #.(

@C=<

"1G?;0 , ¥C6 *6 3?G<FS) [ " LG=E $" + IP?DS" L =NC=



. =?;H GC=U<C;F 4GGOHCNs MND-NOR <?@. ? ;H> ;@N°L NB? L?=lL>M?;C=2

GCHCGOGH 12 .-$ ? #.( DIOLH;F JIH?
"IL>C?3 YUIHNFCHC %?LGEIP, * JI NBCFT/ ?LI?N& ?HNCF 8L?AFC; ,
25HNG<OLFI $ !IH;GCH 5 / ;QFI QMEC ) ,OFNC G;LE?L ?#-
G?N<;L =I[>CHA MO®?S N;MM?MM NB? BOHG?H NF CGJ;=N |@ NBR | @BIL? A;M
JF;N@.GM CH NB? -IINB >LC;NC=2 (N;FS ,,L $HPAH 1 ?M s #(

D G;L ?HPI’M
"OFP?LBIOM?/ % 6CFFC;GM 11?A0?L. ! ?LL S5 & IHT;F?T&CF 2 # 1
?RJI?INM G;E? GCME?M =IGJ;,LCMIH| @ BOG;H ;H> G;=BCH? C>?NC.;NicH | @
>CHI...FA?FPM,;L  $=IF /LIA 2 7L s #( G?IM

"OFP’LBIOM?/ % ,;=F?I> - 6CFFC;,GM 1 I?H...C?F> " + J?M 1, /C=B?L ;F ,
H ?GJCLCsF ;MM?MMGMI@ NBAHMCMN=S | @ JRIHIGC= C>?HNC.;NIGIHM
L ICIF 1?M S #.(

"T?=B + 2NG;N ;ECM #OHNBILH , lL<?L ;/ ,?  NA?HIGC=;H;FS MCM
OMCHA 8 IA?HNC=JF2G?HN L ?PCQ | @ NB? MAL>?>? %JHN !CICHAL.G

#.( ...<C®
>?5,LAM " O>C=2 "HLS- # ?=?FF) ,Bc % +IAL?M 1 +,L; $ I?LH? S
"+ ?21?M=IN- /L IK?LN( ?N;F $OE;L S NC= JF;HEN>CPLMGNCH NB? MOHFCN
I=?H 2=C?HZ #.( M=C?H="?

#?2CH?* +13? T ) lIOLH? 2 'IFGH + $ 2?SGIOL, &L ?S$* +;,=I10LMC?L
1IOMM?F +C 8 1?HMB;Q , / @H>?L,$ ? N;F .J NCGCMCHA NB?

>?N?=NCIH I@ G;LCH? NJRIGC= LC=BH?MM OMCHMORIE?H NF #- G? N<;L =[>CHA
NB? T@®@=NM @ .. BFG;N?LC;F JII? MCT;H> ? RNj= NCIH GNBI> ,? N</L =I>CHA ;H>

,? NA?HIGC=M ? #.( G<GA
#D?GC?F " /[F,MM;k # 3?LLN 2 "L IOT?N. 2;0T?) ,(H>S 2 -l QE 5
6CHAN? + . Ac? ) ,L IH/ XAL??H >< ; L ?@L?H= >;N;<;M? @IL NB?
2L1- A?H? 1@ ?0OE ;L 9 NC=JF;MNC>M ;IB:Hi<;= NLC; 2=C PJ #.(

M
#DOLBOOM /ILN) "FIM?E" ) 8GBL ;* , 1 IG?LI,,L ;==CHC .6 ;FT * 1
&IF>MGCNB # ,C=BCM;EC 1L ?CN<;N, !?BG I "B;P 2T %W
$P,FO;NCIH I@ ...ONGIH ;H>#- ? RNj= NCIH GNBI>M @ ?HPAHG?H NF #-
<CI>CPLMG\NMM?MMGNM ;=IMM GOFNCJFRIBC= FP?FMWIHN ,;L. 2=C #.(

@:;L M

#DOLBOOM "FIM?E " ) *?FFR/ /CNT *) ,C=BCM;EC L 2NLEM ' 6 ;FT * 1
H>LOMTEQE=T $ .F?MCH $ 'O<<;L>* 2?N;F $H PAHG?H NF #-

L?P?;FM M?;MIH;F MBO\®;H> JI N°PHNC;F 6PL= NCIHM CH ; G;LCHTGGOHCNS -;N
" IGGOH #.( M

$EL?G 3 6CFF;MM?H $ NOLS$ = IGJL ?B?HMCR:- M?KO?H= ? FC<LS CM
?2MM?NC;FII@C>?HNC.;NEIH QCNB #- <L =I>?M ,IF /B SFIA?HN $PF
#.( D SGJ?P

$F?IM?E3 $ > 3?7=BHCF AOC>?FCHAM?@ GIHCN ILCHA CH FJCHZNPLM
@ MNE ?BIF>?IM ;H> ?H> OM?M-;NCIH;F (HMNCNDIN@ !CIFIAS1 ?NLE?> @G
BNNIJM QOO ;FICH? MJ;=2 ?0JL ID?=N?=1:;FIMQ ;N?L

$F@.CHR -?0B;OM 2 6 IBFL< 2 3I?<? * 5" # &I NNM=BFCHA , +OH>BIFG
-*L I=E ! * I=B !/ 9C?FCHMEC?N ;F ,IF?=0F;L >CP ?LMGN\J;NN’LHM ;GIHA


https://www.alpine-space.eu/project/eco-alpswater/

P.LCIOM JBBNJF;HENIH MCT @;= NCIHM CHM/IN &R?HF;H> CH FAMOGG?L # ?2Js 2 ?;
172M ( s #( D >ML

$FQI>"' ) FM?H &) 2 IACH ,+ 3 B? MG;FF MO<OHCN LC<IMIG;F 1- A?H?
M?KO?H2M @G NB? B SJI NLC=BIOM =CFC,RSWLC=B; HP, ;H> 2NSFIF5=BC; JOMNOFE;N
JF ICIF $ PIF S #.( | R@ >DIOLH;FM GIF<R;

$0OUJ?;H 4HCIH #CL?=NCP $"1 @NB?$QI?;H/ LFC,G?HN;H>1 @

NB? "IOH=CF® . =N<?L ?MN ;<FCMBCHAL;@? QILE @." IGGOHCNs ;=NCIH CH
NB? ...C?R@ICN?L JIFCS .@...C=C,F )IOLH;@INB? $@Q1?;H" IGGOHCNC?M + s

$0OUJ?;H 4HCIH #CL?=NCP $ "I @NB?3$@?;H/ LFC;G?HN;H>1 @
NB? "IOH=CF® )OH? ?MN ;<FCMBCHAL;@? QILE @L =IGGOHCNS ;=NCIH CH NB?
...C?F@ G;LCH? PMOHG?H NF JIFCS ,;,LCH? 2 NIN?AS %;G? QILE #CI?=NCP .@...C=C,F
)IOLH;F | @ NB? $@Q1?;H 4HCIH + S

$0OUJ?;H 4HCIH ; " IGGCMMCIH #CENCP $4 I @ .S

;G?H>CHA #CR=NCP $ "I @NB?$Q1?;H/ ;LFC;G?HN ;H>1 @ NB?IOH=CF ;M
L?A;L>M NB? CH>REP FCMN® PF?G?NM IN? N;E ?H CN ;= =IOHN @ NB? JL?J;L ;NCIH
| @ G;LCH? MNRAC?M@...C=C,F )IOLH,@INB? $Q1?;H 4HCIH + S

$0UJI?;H 4HCIH < " IGGCMMCIH #=CMCIH $4 Il @ ,;S F,;SCHA
>| QH =LCALC; ;H> G? NBI>IFIACSF MNH>;L >M [H All> ?H PAHG?H NF MI\NOM I@
G;LCH? GN?LM ;H> MJ?=C.;NIGIHM ;H> MN>;L >CM?> GRIBI>M @ GIHCNILCHA ;H>

MM?MMG M H> L 2J?;FCHA #=CMCIH $4 .@...C=C,F)IOLH;®INB? $QI?;H
4HCIH + S
$OUJ?;H 4HCIH " IGGCMMCIH (GJF?G?NCHAZ2AOF;NCIH $4 I @

sL =B  F,SCHA>I QHOHG@ JL ;= NGE ;LL;HA?G?H NMI@NB? J?L@.G;H= ?| @

| @...C=CG:ANHFM IH JU>0O=NM @ ;HCG;F ILCACHZH?> @ BOG;H = IHMOGJINCIH CH
;= =IL>;H=? QCNB 2A0F;NCIH $4 I  @NB?$QI?;H/ ;LFC;G?HN;H>1 @ NB?
" IOH=CF ;H> ;G?H>CHA IGGCMMCIH 2A0F;NCIH $ -I ML ?AL>M

| @...C=G:AIFM .@...C=C;F )IOLH;®INB? $Q1?,H 4HCIH + s

$Q?FM / ;;,AHOMMIH , +OH>CH 2 * °‘FF?L ,OFNCO0" 20GG;LCT ? ;H;FSMCM
L?MOFNNM @OFNCJIFARM ;H> M;GJF?M CH ; MCHARJIL N /CICH@.G,NC=M
s #.( <CICH @G;NC=M<NQ

YC2NF; & % " ICMM;= $ DH>?F 2 1C;T 32B?BT;> 6 I?MMCIL) 3;<?LF?N/
[ 1GI;HIH % H (HMCFGCHL 1;=B @IL NB? P,FO;NCIH 1@ #- <L =>?M "
& PHIGC=M #.(

YCMECHA H> (H\NPALN?>.JJL I;=B?M @L JB SNJF;HENIH >SH,GC=M1?NLG?>
#?= @UG BNNJM ...CMECHA@ ?H >?J;L NG?HNM <QiP=B =OLEPHNL?M?;L.=B
JLID?-NM Q¥ALN?> :JJL |;=B?M @L JB SNJF;HENIH >SH;GC=M

UCM=B?L &IFF?IN2 -?0FCHA?I2 " 2 NRCNs 1 2 =BGCNT 1
$PFO;NCIHI@ 2L1- A?H? JLCG?L J;,CL M @ GIHCNILCHA GCHC;F 5iGGOHCNs
MND-NORM MBQ ?> BCAB 2ILI>O=C<CB3RCNBCH ;H>@FIGJ;L ;<CFAK?NQ??H
>:N;M?NM A?H?N?> QCNB GOFNCJIFBI?;F ;H> <;= N’LC;F JLCG?L J;GL94/H N
,C=LI<CIF #.( @C=<

WLMRL # %CFE 2 * I=B?GM 1 IL?CH?L 6 " IL>C?L3 /;QFI QMEC )2 N?=E 3
= IGJ,LCMIH | @ >@@PHN =CFC;8? N<;L =I>? A?H?M ;M <CICH>BHL M @
?HPAHG?H NF CGJ;=N ;MM?MMGR# @ M;FGIH ;KO;=OFN®L) $OEL S N ,C=LI<CIF
s #( D?0


https://fiskaaling.fo/en/departments/biotech/current-research-projects/integrated-approaches-for-phytoplankton-dynamics/
https://fiskaaling.fo/en/departments/biotech/current-research-projects/integrated-approaches-for-phytoplankton-dynamics/

%, ?G?L S+ 2 ;NB?L- ; "IMN 2@...C=G?H2 ?RAHG?H NF #- ;M

=IGJ;.L  ?>N = |HP?HNCIH;F GNBI>M @ <CI>CPLMCNGIHCN.CHA JOLJIM?M ;N G,LCH?
?H?IAS MCNI/ ;=C...C=-INBQ?MN -;NCIH;F +<IL ;NIL S /--+ /L ?2J;L ?> @L NB?

4 2 # 2L NG?HN |@ $H?AS OH>?L THNL=N#$ " 1+ J 1?NLC?>
@G BNNJM NNESM JHHRAI PMCRM >?@OFN...CF?M JOSRCHHM %:?N:;F: J>@

%0 9 /COGMIG<IIH /OHH;L;E / 4NNS;LHGH?? / +7,Q "/ +CG /3

6 ;HA &0 <  #CP?LMG\NH>>CMNLC<ONG#HB;LG@F GCHEA;? CH NB?
&OF@@ B;CF;H> ;MM?MM?84- G? N<;L =I>CHA ;LG @F FA;? #.(

D B;F
&IBF #, 5 ;HAS | &;L<? ) ,=+ ?H ;OA? I?=E?L  &IOF> 3)
"F;SNH ) ! )IBHMIH 3 ) 'OHNL1 ?N;F 2 SMRG;NC= CGJILP?G?HN |@
;GJFCHH G;LE ?L A?H? G?NBI>M @ CH=;M?> ;= =Ol= S CH GCKICIG? MNO>C?MN
ICI N°=BHIF s #.( H< N
&L;H2 N>HC=TgEl 2 mOJLB; + $AA? $# $ >PL>M?H ! “J  NJB S\

>CRLMGNH> P?LNGE >CMNLC<ON®BFA?> <S 2 ;H> 2 LC<IMIG;F 1- A?H?
G?N<;,L =I>CHA ;H> MsHHCHA ?FNIH GC=UM=lJ S ) $OEL S/ N ,C=LI<CIF
s #( D?0

&LIGCMT 2 6CN7?E 9 »CHJB SNJF;HENIH ;MM?G<F;A?M CH NB? &OFR@ |
&>;HME ;H>NB?/IG?L ;HC;H ;S @UG NI !IOFFRICH® NB?2 % CMB?LC?M
(HMNCNON?s 1 ?NLG?> @G BNNJM GCIA>SHC; JE JECEC IMPE <COHRSH
<CORP__ J>@ J;A?

&LT?<SE# O>C= 2 MM?LR ! <>C? $ >?5 ,LAM " 12= | (HMCABIM
CM NB? B;LG @F ;FAF ...ELH HILNBQ?MRLH ,?>CN?LIH?;H = :MN;F F;AlIHM L?P?;F?>
<S JSUM?KO?H=CHA G¢<;L =I>?M | @ NB? 2L1- A?H? LG @F FA;? s

#.( DBF

&OCFFI® !,=B;L # 0O>C=2 I)MM # I?LH?S" ICNNH?L+ !IIONN " IOL A;O>

& >?5,LAM " # ?=?FF) ?NF 3B?/LI NCMN 1C<IMIG;P@L?H= >N;<;M?
/1 = N;FIAl @ OHERFOF;L ?QES N? 2G;FF 20< 4HCN L1- M?KO?H2M QCNB
=OIN?>NRIHIG S -O=F?C==C>MIM # #  s#  #( HL  AEM

&IH NB?L! *H?<?FM<?LA?L3 -?0G;HH ' + ;EGHH 2 L NeHP L<CTO/
,?2 N<;L =I>CHA @ G;LCH? #PAHG?H NF #- <;M?>IH GCN [=BIH>LC;F ;H>
HO=F?,L A?H?NM=C PJ #.( M R

ML) &?PP?PLIM # $ILF , % ?F>AL?H, 6 L> #5 &C;HHIOEM & "COFF;
# O3<<;; # 'CABF;H>?L2* 2I>?LAIPH $ ?N;F "BCG?LC= 2L1-
M?KO?HZ@LG;NCIH ;H>>? NP=NCIH CHEA?L ;H> J SUIM?KO?H=2>/ "1
;GIFCAHM & ?HIG? 1 ?M S #.( AL

">TC;P >C= * +?EHA * +;HT?H )JIH;MM?H ( 3BIGIJMIH $, 3  U?>MMIH "
"B;L ;=NPLCNCIH 1@ NB? 2L1- A?H? @IL >?MCAHCHA OHOEF- ?0FE S N?
MJ?=C...C=JLOGALI2 .-$ ? #.( DIOLH;F JIH?

"FF@ALM & -C?GC Z =P2@M ' +;MMCA ) + 2JJE IMEC $ ICIFIAC= ;F
. =2;HIAL ;JB S (H 5ICJCI ?> 3B?LFNC=2; $FMPC?L =?;HIAL ;JB S 2?2LC?M
s #.( 2

"FFALM & "B?=EFCMN@ !;FNC=2 JB SNJF;HENIH MJ?=C?M CH=FO>CHA MIG?
B?NPL NLIBC=JU NCMINALIOIJM '$+ " ., FNC=2 ?; $H PAHG?H N /LI= ??>CHAM
J 1?NLE?> @G BNNJIM QQQ B?FG ...C QJ =IH N°’HNOJFI;>M



https://tethys.pnnl.gov/sites/default/files/publications/Fu_et_al_2021.pdf
https://mir.gdynia.pl/pliki/osrodek/biuletyn/biulet2-01.pdf#page=30
https://mir.gdynia.pl/pliki/osrodek/biuletyn/biulet2-01.pdf#page=30
https://www.helcom.fi/wp-content/uploads/2019/10/BSEP95.pdf

128/ J>@

"FF@LM 2 ?> HH? R / | N°NHNC;FFS B;L@F JBNJF;HENIH MJ?=C?M® NB?
LENC=2; s(H ("$2 1 ?2JILNI@NB? ("$2(" 2" .16 ILECHA&IOJIH&S .'!
(GIF?G?HNNCIH CH NB? ;FNGE &&(! s .S "?FMCHECCWF;H> s  ("$2

" meor JJ

"GMB?L 2% $PHM *, HH # & /I0OFeB P_ 2 ;O0H>?LM &6
IiL =I>CHA >C;NIGM $RJFILCHA JANH;NCPM N" .(/ /LI NCMN S #.(
D JL I NCM

“"MMIOH; - ,CNBI N! LI=B?FF?LC? )/ 3 B? AGJF? N? HO=F?NC>? M?KO?M=
| @ GIOM? 2L1- A?H? (GJFCACIHMI®@NB? JU=?MM @ METH=;M? | @ NB? FAR?
MO<OHCN L1- CH BCAB?L;RGEN’M -O=F?C==C>MaM S #.(

H;L

"NB?L ), "B;CH ! 3 B? M?KO?Hz| @ M?KO?RiM NB? BAMS | @
M?KO?H=CHA #- & ?HIGC=M s #.( D SA?HI

"??A?L % !IOLH? $" I IM=BC?H " 8 OLEP IOHE ! 2JL j?L " . P?LG;HH )
4TT IHC ") |IH;AB;H , 3 +IHArL ?;> #- G? N<;L =I>CHA |@ LC<IMIG;F
1- CH NB? ;H;FSMCM@® @HACL® ;KO;NC=?HPAHG?H NM,IF $ =IF 1?MIOL

S #.(

$+ ", >> +CMN®@ 3 A?N 2J?=C?M =CIHNFS CH OM? CH NB? $+
;L ?2; ILFNC=,;LCH? $HPAHG?H N /LI N>=NCIH "GGCMMCIH ,;LCNCG? &DJ , 1(3(,$
*F;,CJ?>; +CNBO;HC; s -l P?G<?L 1 ?NLE?> @G

B\NNJM JIL NF B?FiG ...C G??NCHAM , 1(3(,$ ?2? NCHAKEOG?HNM
>> +CMN | @ 3 ;LA?N 2J?=C?M =OLL ?HNFS CH OM? CH

NB? '$+ VRN ?,J>@

$+ ", &OC>?FCHAM@HCNILCHA @ JBNJF,HENIH MJ?=C?MIE&JIMCNCIH

J<OH>H=? ;H> <CIG;MM 4J>N ?> -l P?G<?L J 1?NLE?> @G

BNNJM B?F4G ...C QJ =IH N°NHNOJFI;>M '$+ " ., &0OC>?FCH?M @

GIHCNLCHA 1@B SNJF;HENIH MJ?=C?M KJIMCNCIH ;<OH>:H=? :H> <CIG;MM J>@

'"?HLCKO?M " ?L?CD; 3,;=B;>I "?ls - (H MCF®¥CH PGNH;FSMCM

| @ JLCG?L MJ?=CS.@&GIB? >?N?=NCIH 1% ;L >H?L?FF; PACH,FCMNJI<COG P ;ACH,?

;H> +,=N<;=CFFOMJJ !,"1  ?M?;Ll=B -] N°M #.(

"P?LF?G;HH # +;<L?HT , )IL A?HM * I?L NCFMMIH 2 ;BC?E) ) H>?L MMIH %
3 LHMCNCIHM CHNEC;F KSGOHCNC?M ;FIHA NB? EG M;FCHERNL>C?HN |@

NB? ;FNC=2;, (2.$) s #.( CMG?D
'CFFCM,# #CR IH , 3 1C<IMIG;F # GIF?=OF;,L? PIFONCIH ;H>
JBSFIA?HNC= @H?H=> 0 1 ?P ICIF s #(

'F?;,J ) 2 +CNF@CL) $ 2NPCHE # '?2<?L N/ # - "LCMN?M=0, $
MM?MMG?N 1@ =ORHN NRIHIGC= ;MMCAHG?N MNN?AC?MI@5? N<;L =I>CHA
?0EL S NM,IF $ =IF 1?MIOL #.(

'O 8. . *LFMIH! "BL P?N2 H>?L MMIH % #CP?2LMGN @ JGN |
G?MIJF;HENH ;FIHANB?  EG M;FCHCN'S AL>C?HN |@ NB? ;FNC22 94/H N
=LI<CIF #( @C=<

'OA?LNB +%6 ,OFF?L$$+ 'O 8. . +?<lOH + , 1 10G? ' +OH>CH #
6CFG?M / H>?L MMIH % 2 SMRG;NC=>?MCAH® 2L1- A?H? JLCG?L M @


https://www.helcom.fi/wp-content/uploads/2019/10/BSEP95.pdf
https://portal.helcom.fi/meetings/MARITIME%2015-2015-245/MeetingDocuments/3-1-Add1%20List%20of%20Target%20Species%20currently%20in%20use%20in%20the%20HELCOM%20area.pdf
https://portal.helcom.fi/meetings/MARITIME%2015-2015-245/MeetingDocuments/3-1-Add1%20List%20of%20Target%20Species%20currently%20in%20use%20in%20the%20HELCOM%20area.pdf
https://portal.helcom.fi/meetings/MARITIME%2015-2015-245/MeetingDocuments/3-1-Add1%20List%20of%20Target%20Species%20currently%20in%20use%20in%20the%20HELCOM%20area.pdf
https://helcom.fi/wp-content/uploads/2020/01/HELCOM-Guidelines-for-monitoring-of-phytoplankton-species-composition-abundance-and-biomass.pdf
https://helcom.fi/wp-content/uploads/2020/01/HELCOM-Guidelines-for-monitoring-of-phytoplankton-species-composition-abundance-and-biomass.pdf

>?NPLGCHCHA ?0B NC= >@IMCGNCH GCHC;F 4HMILNC; /+ 12 .-$ ? #.(

DIOLH;F JIH?
'OMIH # ' 1?C?L 2 %F;>? ( &hLME $F'>C>C, CNL; 2 1 OM=BQR?SB ')
3JJO 1 $ & -" IGGOHCN $>CNCIH (L= NCP?RJIFILNCIH ;H>;H;FSMCM
| @ FA? MsF? GC=I<CIG? M?KO?H=CHA >N /+ I12" IGJON ICIF ? #.(
DIOLH;F J=<C
'OQM 2 $>Q;L>M )$ *CG $) 2 =IFFH -# 2J?=C...C=ENM> M?HMCNGPCN
| @ ?0<;3PLC;F JLCGRLONCECEL GIF?=0F;L JLI...CFCH®& k;\’LC; QCNBCI&3F? R
GC=I<C;F ?AMSMRGM ) ,C=LI<CIF ,? NBI>M S #.(
D GCGR
(FFOGCH,; 22 ?KO?H=CHA ,NBI> &OC>?3;RIHIGC=JLI...CFCH® K;?\°LC,F

=IGGOHCNC?M ;H> GA=CIG?M NBIOAB H?RNA?H?LNCIH M?KO?H=CHANLG?> @G
BNNJM DILH;>?MO;< =N Q ILEMBIJGL ;G; MCN?M DILH;>?MO;< =N QILEMBIJGL ;G;
...CF?M M:M?KO?H=CHA J>@

(FFOGCH; B (FFOGCH; M?KO?H=CHA@FIN 1?NLG?> # ?= @uG

B\NIM QQQ CFFOGCHG MS MRGM M?KO?H=CHA JKINGM BNGF

);;HOM H>?LMMIH  .F?HCH; ( 3GCHA * * ;FDQH> * "B;HA?M CH

JBSNJF;HENIH =IGGOHCNC?M ;FIHA ; HINBSMIONB A:C?HN CH NB? ;FNC2;%? NQ??H
H> L 2,F$HPAH 1 ?M  20JJF s 1 Z?NLC?2> @G

B\NJ QOO <IL?HPH?N!$1:L =BCPJ>@M <?L <?L J>@

ZE I<M?H '" " ;LMRHM?H ) SLLCMIH / ) 9CHAIH? $MNCG;NCHA NCG?

M?LC?M SBJIF;HENIH =;L<IH <CIG;MM (HNPLF;< =IGJ;,LCMIH | @ MJ?=C?M Q¥CHNEIH
:H>=IGJLCMIH | @ FFOG? NI = ;L<IH M=;FCHANCIM$MN" ;MN 2B?F@2C
s #.( D ?=MM

)?LH?S) "FF@LM ' .D; ) 1?0H;GI 20CEH?H 2 + 7?BNCH?H 2
&OC>?FCHIM@ICHA BOHG?H NF #- CH % CHHCMB G;LCHEIBF;HENIH GIHCNILCHA
(GJLI P?> <CI>CPLMGNMM?MMGNHINBIOAB G? NBI> =IGIJF?G?H NNCIH 1 2JIL NM @ NB?
WCHHCMBREEG?H N (HMNCNON? JJ 1?NL@?> @G

BNNJM B?F>; B?FMCHEC ...C B;H>F?

)?0H?H &) *HJJ , 23?H= ?L' & 3;SFIL'1 +G;L ?,# 2NN, IOH= ?,
& ?GG?FF -) 2J?=C?MrA?F <CI>CRMGE\MM?MMGNHOMCHA G;LCH?
?HPAHG?H NF #- G? N<;L =>CHA PKOCIM JIL N=IF IJ NCGCNCIH ;H>

MMH>;L >CINCIH $=IF $PF S #.( ?=?

)IBH 4  9%?HMIG? 1 ,?7>FCH + * 3B?;JJFC5NCIH 1 @ ; GIF?=0OF;L =FI=E
<;M?> IH GIF?=0F;L M?KO?H2M ;H> NB? @MCP1L> N ? RJF;CH <CIA?IAUBC=
>CMNLC<ONCIHM QCNBEFMB2COG N5;.L ?HMUMJI?=C?MGJF? Rvv #CHIJB=?;?

JF ICIF $ PF s #.( GIF<? PGMA

Y ', *CG* $ /LE)2 *CG') 8HAS$) +223* "Bl * ' )OHA)
+72 8 *;HA2' 2 NiF $ =IFIACSF L?MJIHM?M @ K ? JBSNJF;HENIH < S
F;NCNO>CH;F@CZ@=>M CH NB?=NC= =2;H CH F;N? MOGG?L?B?;F?> <S 2 L#-
G?N<L =>CHA WHN ;L 2=C #.( @;L M

)JOLAPHMIH? ( " ;LMRHM?H ) (EOHC?2  * ;FP?E ! +IHA N?LG =B;HA?M
:H> = IH NIFFCHA=@L M 1@ JBNJF;HENIH =IGGOHCNS CH NB? &OF@ 1CA; !;FNC="2
$MNO;L" [;MN s #.( M R

*;LFMIH! |IBFCH , 'O 8. . H>?L MMIH % ,CFDjj P?LP,EHCHA ;P


https://jornades.uab.cat/workshopmrama/sites/jornades.uab.cat.workshopmrama/files/16s_sequencing.pdf
https://jornades.uab.cat/workshopmrama/sites/jornades.uab.cat.workshopmrama/files/16s_sequencing.pdf
https://www.illumina.com/systems/sequencing-platforms.html
http://www.borenv.net/BER/archive/pdfs/ber16/ber16A-191.pdf
https://helda.helsinki.fi/handle/10138/351131

P RNJF;HEM C *;NN?A;NN I=B\ MRLMDjH G?> L#- <L =I>CHA |=B GCEIMBJC 'PM

1=B P,NNPHG SH>CAB®HM [JJIL N JJ  1?NLCZ> @G
BNNIM QOO B:PI=BPNNPHM?>N ;E ;L NL I=BL ;JJIL NPLL;JJIL NPLI=B ;H>L ;
JO<FCHECIH?LIO<FCHCIH?L GCEDII P?LP.EHCHA ;PP:RNJF;HEMN C

ENNPA;NNI=B IMN ?LMDIH G?> I>H; <;L =I>CHA |=B GCELUMHBJC BNGF

*;LFMIH ! H>?L M?H / LH?<IL A + " ?G<?FF; $CERG 6 )IBH 4 6 ?MN) )

*F?2GG * *I<IM ) +?BNCH?H 2 K;F “"LG  @F ;FA;F <FIIGM ;H> NB?CL
?@-NM CHLMN;F M?;M |@ -ILNB?LH $Q0? LG @F FA;? #.(
D B;F

*:Q ;NI , 8 IMBC> 3 ,CS;, 3 MO=BC>; 2 -;A;HI 8 -IGOL ;, 8 ;<OEC
%0DCR; 8 % ODCEOL .J NCGCNCIH @ ?ARAHG?H NF # ? RNj= NCIH ;H>
;GIFC...MCIH G?NBI>M @ G? N<;L =I>CHA |@ >??J M?; ...CMB NBI>M7

#.( DG? R

*=BIOE , &C<L;N ) % $FFIOGC , & ?H?LNCIHM I@ M?KO?H=CHRABHIFIAC?M
%G ...CMNINH? RN A?H?NCIH !CIF ,?> FCA,LB #.(

*?PFF3 / 2B?FNIH . & ;FF?AI1l 4H>?LMNH>CHA /"1 JL 1= ?MM?M KL ;Q
G?;HCHA@F H=FOMCIHM@&"?H PAHG?H NF #- MNO>C?M2=C PJ #.(
M R

*C)2 “H,2 (H@-G;NCP? =B;L;= N°\LCMNC=@ | >CPLA?HN >|G;CHM CH
=IGJIF? N? F;LA? MO<OHCN L#- M?KO?PM @G NB? B;LG @F >CHI...F;A?PFASHOM
F?RH>LCOG#CHIUBS=?;? ) $OEL S N,C=LI<CIF S #.(

D R

*CG# * [LE* ) ' * QE (2 " IGJ,LCMIH| @ GN?L M;GJFCHA

<?NQ??H ?HPAHG?H NF #- G?  N<;L =I>CHA ;H> =IH P?HNCIH;F GCHU=1JC=

C>?MC..NBIH =;M? MNO>S CH &@AS;HA ;S 2IONB*IL?; JJFC?> 2=C?H2M
#.( :3J

*FCH>Q@NB /L O?MMB 2=BQ??L 3 / 2JFC?M JOO;MN " 'ILH , &Fj=EH?L

%. $ PFO;NCIH I@ A?H?E 2 LC<IMIG;F 1- A?H?/ "1 JLCG?LM @ =F;MM=
:H> H? RNA?H?LNCIH M?KO?H=CHA <;M?> SORG\MNO>C20=F?C= =C>MIM  ?

#.( HiL  AEM

*IBFC & -?CF;H ! ILIQH , 5 "33?HL ;NB, ,OLL ;S 2 "I< A?H?
JSUM?KO?H=CHA ?H;<F?M =B;IN°LCNCIH | @ <?NBC= >CHI...F;A?FEOPLMCNH>
<CIA?IAL,JB S $HPQAH ,C=L I<CIF s #(

*IF>, +DO<?nC9 & ;PLCHPC JOA#OD;EI PC) /CE?FD **;J? NHI PC #

7 N<;L =I>CHA"SHI<;= NLC; CHIMN;F Q;N?LM ;H> M?>CG?N CH2HNLF ;H>
MIONB?LH>LC;NC=2 =N!I N'"LIN S #.( <I N=U
1?NLG?> @G BNNJM BL=E ME? BL

*L:@* 2?2J3F ) "FF@LM ' 20CEEH?H 2 8 FjMN\FI / HAFbM 2 *C?FIMN2
*OIM; ' + ;EMI + 'IHE :H?H, ? NF % CMN ;JJFCNCIH | @ (%BCAB
@PKO?H=S CG;ACHA CH .QRISNG? NIS NCH?MNCA;N? <FIIG @GCHA ...CF;GRIDM
=SHI<;= NPLC; CHNB? I;FNC2;2 W/HN L 2=C #.(

@;L M

+BL #) & * ;NT + 1 ?>0=CHANB? CGI-l@ 'L G?>C;N?>
L?=IG<CH;NCIH CH GIF?=0F;lPFONCIH ;H> ?RAQHG?H NF MNO>C?M OMCHA ; H?Q


https://www.havochvatten.se/data-kartor-och-rapporter/rapporter-och-andra-publikationer/publikationer/2018-07-16-miljoovervakning-av-vaxtplankton-i-kattegatt-och-ostersjon-med-rdna-barcoding-och-mikroskopi.html
https://www.havochvatten.se/data-kartor-och-rapporter/rapporter-och-andra-publikationer/publikationer/2018-07-16-miljoovervakning-av-vaxtplankton-i-kattegatt-och-ostersjon-med-rdna-barcoding-och-mikroskopi.html
https://www.havochvatten.se/data-kartor-och-rapporter/rapporter-och-andra-publikationer/publikationer/2018-07-16-miljoovervakning-av-vaxtplankton-i-kattegatt-och-ostersjon-med-rdna-barcoding-och-mikroskopi.html
https://hrcak.srce.hr/238381

A?H?LNCIH BCAB ...C>8BEENIFSG?L ;M? ICI3 ?=BHCKO?M #.(

+NT , " &L OD=C= B OA?F 2 &FH ) )IBH 4 *,LFMIH ! H>?L MMIH
H>?LMMIH % 2BIL N;H>FIHAL ?;>G? N<;L =I>CHA I@ NB? ?QESI NC=L1-
1J?L IH $ P,FO;NCIH 1@ JLCG®L;H> =GJ;LCMIH NI MBI NAOH G™NA?HIGC=M
M?KO?H=CHA- $ =IF 1?MIOL s #(

+?H;?LM & ;L INOR + ,C=BIN! 2L TIA #CHI...F;A?FF2NI CH
?PIFONCIH  GIF?=0OF;L JBFIA?HNC= ;H;FBICM@ FA? MO<OHCN LC<IMIG;F 1-) ,IF
$AF s #( 1%

+?LS , *HI QFMH -l 2+ -AOS?H !- ,=BC>; 1 ) & ?HIHE CM ;
L?FC;<F?2MIOI=? @ MN =?HNOB <CI>CAMGN?M?;l=B / --NF => 2 =C
s #.( JH;M

+C 7" 'Ol 2 9BHA) ;" 7Cil 9 9BHA ' 7C ! 7C; 7

,? N<;L =I>CHA PP?;FM ; GIL ? =IGJF? R SHI<;= NLC;FHESGOHCNs NB;H
GILIBIFIAC=;F C>?MIC.;N0=HH $=IF (H>C= #.(

D?=IFCH>

+C;HA 9 * ??FB %CFNCIH 2=l P?LS | @ RNj= ?FFOF;L #- @G

?HPAHG?H NF Q;N?L M;GIF?M$HPCL2=C 3=B s #(

M <

+CH>;BF . >CPC>;<F? BIM?I@JB SNJF;HENIH M;GJFCHA("$2 1 ?JIL N 1@ NB?

6 ILECHA &I0J IH $R =2JNCIH;F FA;F IFIIGM (HNPLH;NCIH;F "IOH=CHI@N\NB?
$RIFILNCIH |@ NB?2 'CL NMB;FM 2HG;LE J

+CH>BF '# -CFMMIH 1 3 ?>?LMIl + <L ?HHP* " ;LFM?H 3*DkFF?lL *iFD;FA
4 | ?HH;H?H 3 1IM?H>BF 2 2NPHFC> ) * ;,0M?IO> ' %OHA;F IGGOHCNs

;H;FSMCMs<BCAB NBRABJON M?KO?H=CHA 1@ ;GJFC...C?*DiLE; OM?LM AOC>?? Q

/B SNF S #.( HJB

;=?CF + #?MC# "IMN, + :11=B?) " IG<CHCHA GOFNC G2IE
G?N<:L =I>CHA :H> >CAGNBIFIAL;JB S N>?M=LC<? ?QE Sl NC= JF;HEN:=L IMM NB?
-2 Q@H>F;H> 2B?F@=C PJ #.( M Q
JAHOMM?H *  -PL 0> 2 -S N\ IA EIMNH;>?L P> <LOE ;P #  <M?LN
G?N>CEE IA GCFDk #- C GCFDRPLPAECHAL;JJIL N ,?HIH$ =IHIGC=M ,?HIH
JO<FCMDIH , JJ 12NLG?> @G BMJIM Q0O G?HIHHI_QJ
=IH NPHNOJFI:>M -S NWIAE IMNH;>?LP?><LOEP #-  <:M?LNG? N>CEE

IAGCEDI #- C GCEDR?LP,ECHA J>@

sD;H? B, ONCIL 'ONNOH?H , *OIM; " * OJ;,LCH?H )
/B SNJF;HENIH GIHCNILCHA NB?@2=-N |@ M;GJFCHA GBI>M OM?> >OLCHAGLCAEN
MNNC...Q€IH ;H> <FIIG = IH>CNCIHM CH NB? ;FN&=2L ?;F $HPAH 1 ?M
S 1?NLG?> @G BNNJM B?F>; B?ZEMCHEC ...C 20BIBINEF?
<?L J>@ M?KO?HZ

;D:H? P, IFIGMN?L ) IFF?L 2 ONCIL ,D;H? P, 2 'S SNC'CH?H *:AC 2
1CHNF; ) 2 ?;C=??0EL S \°M I@ NB? &0F@ BHF;H> L;FNC=22 ;H>
2PC>?H2@. B?L<CR. S IH Q 2.EFS MB;>? ;>:J NP> C2:FA:? $OL) /LINCMN s
#.( D ?DIJ

sD;H? P, #CM?LO> . ' $ ;AF? 2' " IIMNL jG $ 'DC<;<;?C, $EL ?G 3
$H PAHG?H NF #- ...CFNINCIH R=BHCKO?M@&N 2=| P?L?> <CI>CPLMCGN2=C


https://www.menon.no/wp-content/uploads/2021-90-Nytte-og-kostnader-ved-bruk-av-DNA-basert-metodikk-og-miljo-DNA-i-miljoovervaking.pdf
https://www.menon.no/wp-content/uploads/2021-90-Nytte-og-kostnader-ved-bruk-av-DNA-basert-metodikk-og-miljo-DNA-i-miljoovervaking.pdf
https://www.menon.no/wp-content/uploads/2021-90-Nytte-og-kostnader-ved-bruk-av-DNA-basert-metodikk-og-miljo-DNA-i-miljoovervaking.pdf
https://helda.helsinki.fi/bitstream/handle/10138/233444/ber14-2-313.pdf?sequence=1
https://helda.helsinki.fi/bitstream/handle/10138/233444/ber14-2-313.pdf?sequence=1

127 #.( M

,EC 2;FGC / ,CEEIH?H *L?GJ 3 CH , 2 ;GJF?JL ?M?B,NCIH
# IL1- 72 RNj= NCIH ;H> >;N; ;H;FS MCNL@CAB NBODABJON JBSNJF;HENIH
=IGGOHCNs M?KO?H=CHAI/H N ,C=LI<CIF #.( @sC=<

JFMB?HE IP#5 # ;MBEP, 5 9BEOQJI P, * S5ILIKD® ( LL NH?P, -2
" IGJL ;NCP ;H;FSMCM@ @ME;N?L JBSNJF;HENIH =IGGOHCNC?M CH R ?M
| @ I0t<;S -;NCIH;F/ ;LE OMCHA GILJBIFIACE ;H> GIF?=OF;L ;JJL I;=B?M 2=C PJ
#( M T

JMMH; 1 &I<? N O>C= 2 I:MM # ICNNH?L+ ION N> " "B:G<IOP 2N
"BLCMMH 1 "F;P?LC?) , # ?=?FF) 2N F LCH? JL | NCMN 20WCG\CH
$OUJ?;H = I;MN;F Q;N?LM ;H> M?>CG?NM ;MPP?;F?> <S BCAB NBRABJON M?KO?H=CHA
$HPQH ,C=L I<CIF s #.(

2H>?H# 207L2 + ?MMik $) " :L<IH NP IFOG? L?F;NCIHMBCJM @
>CHI...F;A?FRM >C;}\6M ;H>1 NB?L JLNCMN JF;HEN+CGHIF . =2;HIAL s
#.( Fi
JH=B S2 &L;NNPJH=B? ) # IL?NH $ 2FIHC # 2;H=CO& "Bi<c |,
#7FB;?M + 5CMAFCIMC $ 2CG?-AH>l 3 "BLCMN;EC 4 ,C=L IJF;HENIHC=
=IGGOHCNS MND-NOR CH ; 3;MN;F M$IRG L?F;NCPN ; /B;?I= SMNGWIIG CH@LI?>
@G GILIBIFIAC= ;F ;H>N;A J SUM?KO?H=CHA GI®BI>M /+ 12 .-$ ? #(
DIOLH;F JIH?
L F?M 2$ IF<?H 6 $ $GJCLC:#F NPMNCHA® 2L1- A?H?/ "1 JLCG?L
J;CLM RP?;FM FLC;H=? CH N A?N MJ?=C...S<4@N? @..,€S HIN MOAA?BIN<S CH MCFC=
:H;FSMCMIJF $H PQH ,C=L I<CIF s #( $,

JL ?HI/CHI , *L I=E ! # ?F; (AF?MC; 1$=B?HCKO? 20<C;2L( /CTLLI &
5_MKOT , 3 L?@FN- -? RN &H?LNCIH 2?KO?H=CHA ;H> G;MM
MJ?NLG? NIS 1?P?;F BCAB;RIHIGC=>CPLMG\H> =IGJF? R JBSNJF;HENIH
JBS=I N RCHM JLHM CHQ@QNB?;MRLH /;=C...C= .>MIBI ROH s #.(

DN RGH

,0gl T" IFG?H?U , 2 H=B7l  "ILL?; ! % CAO?BL %& & LLC>l) + 2 |NPFI
" & $ PFO;NCIH 1@ # ? RNj= NCIH GNBI>M ;H> <CIC@L.G;NC= JCJ?FCH?M @
G;LCH? H;HI ;H>JC=17?0E;L S NC= JF;HBM;H;FS MCMdIHN ,;L 2=C #.(

@L M

,OLL;S 2 %Fk)KLA?HM?H , 'I 286 /[ ;NNLMIH #) )?LGCCH +2
(GJLI PCHA NB? ;H;RCM@ >CHI...F;A?RPRIBISFIA?ES <;M?> IH L#- /L1 NCMN
s #( DJL I NCM

<AC 2 'C> *  ALOMCHC 2 3E;HI 8 'HAI 8 *:G?>3 <? *
MMCPFS J;;FF?F M?KO?H=CHA <;M?>AASL@ ?QE S NC=I6GOHCNs MND-NORM CH
'CLIMBCG; !;S ;H> (MBCA;EC (MF;H>& ?H? I N s #.(

DA?H?

-AC 2 2CF>?P?L2 -CMBC - 3T;Q; 2 ;,MNC + *I<;S ;MBC 3 (MBCHI 8
"IGJ,LCHA/ "1 A?H?LN?> ;L NG@NM @ >@&?HN JIFSG?LM?M @ CGJU P?>;==0L=S
| @# G? N<,L =I>CHA,? N</L =[>CHA ;H>,? NA?HIGC=M s #(

G<GA

-C=BIFM 15 S5IFFG?IM " -? QMIG + 6 ;HA 8 '"?CHNTG;H / # +?CABIH ,
&L??H 1$ 2B;JCL | ! ,CHCGCTCHA JIFSGM? <C;M?M CH @®/%;L =I>CHA



JF $ =IF 1?MIOL S #.(
-CFMMIH 1 H>?L MMIH % ICMMWN  %CHNWN & %MMIS % &LIMD?;H ,

3?2, )?2JJ?M?H 3 2 * iFD;FA 4 +OH>CH #?N ;F (H NL>O=CHA AOC>?FCH?M
@ JO<FCMBCHA #->?LCP> |= =OLRH=? >;N; NBLUIOAB <CI>CPLMG\>;N; JF;N @.GM

,? N<:L =I>CHA ;H>,? NA?HIGC=M S #.( G<GA

-CMBCN;HC &A;C 2 'S EQ; 2 * IME; 8 2;EOL>; * *GCSG; 3

&IDI<ILC 3 ,OFNCJF? JF;MNC>MFE?#P> <S NB? >CHI...F;A?FFACHIIJBSMCM GENL
NBLOAB EF?NJF;MNC>SJJF $H PAH ,C=L I<CIF s #(

$,

-I<k?F 4 & ;L=C;/C=B?F %,0ST ?L & / "1JLCG?LM N;GJFC@ 2L1-

A?H?M @G = SHI<;= NLC; JJF $H PAH ,C=L I<CIF S #.(

?G

F?HCH; ( 5D>0 2 $>F?L+ H>?LMMIH 6 ;MGOH> - IOM=B 2 & j<?F )

&LIGCMT 2 'OM?<S2 'ONNOH?H , ?N;F ICI PFOG?M ;H> MG@T=F,MM?M@®

JBSNJF;HENIH CH NB? ,FNC=2 '$+ " ., FNC=2 ?; $H PAQHG?H NF /L I= ??>CHAM
J  1?NLG?> @G BNNJM ?JC=0QC>? C>2JLCH <M?2J J>@

FCPL * ILIQH 2/ " FFB;G , YJOGJIJIIH?H | IFSG?LM?

G;N NLM HIH JUI @?;>CHA ?HTSG?M CH.2K®HA;F 1GGOHCNs LC=BH?MM ?MNCI@ #$

OJN YOHAF $IF S #.( D @H?+

2/ 1" IGGCMMCIH "lIL >CH; ;> $HPAHG?H NF ,IHCNILCHA /UAL ;GG?

"$,/ &OC>?FCH?M /B SNJF;HENIH GIHCNILCHA1?NLG?>
@G BNNIM G==Dk?=?0WJ; ?0>I=0G?H NM .2/ 1
"$./:&0C>?FCH?M/B SNJF;HENIHGIHCNILCHA J>@

.NN!, +CN;E ?L16 'IFFH>6 " # ?FQC=B?% 4MCHA 1#-

M?KO?H2M N>?...CH? >CHI...F,A?ERNN?=C?M+ 12 .-$ ? #.(

DIOLH;F JIH?

/L3> $ ?>BG# , % OBLGH) $ P?LS <;M? G;NNLM - MM?MMCHA
MG;FF MO<OHCN L1- JLCGPIR G;LCH? GC=I<CIG?M QCNB GI=E 3GGOHCNC?M NCG?
M?LC?M ;H> AFI<;F ...C?F> M;GX¥HROH ,C=L I<CIF S #.(

/ ;LEM #' "BOP [=BCH; , 1CHE? " ,OMMCA ) "B;OG?CF / 'OA?HBIENT /
& 3#! ;HIHAICHA = ?HMOM@ <;:\°LC;F ;H> ;L=B;?;F >CPLMG\NBIOAB ;
JBSFIA?HNGCEFS HHMCMNN LHE HILG;FCT?> ;H> = IGJF? N? A?HIG? <;M?> N ;RIHIG S

-O=F?C==C>M M # # S# #.( HL  AE<
[ ;QFI QMEC ) O>C=2 >F 2 ;MM # I?F<;BLC + I?LH?S" I QM?L22 " ?2JC=E
( #?=?FF?) #OHNBILH , ? N;F "L+ /L I NCMNIBECHA &IO0J L =I>CHA

?0EL Sl NC= LC=BH?M8IH2?NB? ;HCG;F JF;HN ;H> @OHA;F ECHA>IGM+ 12 ICIF
? #.( DIOLH;F J<CI

/ ;QFI QMEC )* ?FFBOCHH , FN?LG;NN % JI NBcFT/ ?LI?N& ?HNCF +?D; /

IAA?L | IILD; I0=B? T " IL>C?L3 #IG,CTIH ( ?N;F 3B? @NOL
| @ <MNC= CH2-CH NB?A2HIGC= ?L; (HNPALNCHA?#- G? N<L =I>CHACH
<CIFIAGE ;MM?MMG M| @ :KO;NC= MMSMRGM 2=C BNF $HPAH s s

#.( D M=CNPHP

/ ;QFI QMEC ) JI NBcFT/ ?LI?N& ?HNCF +=BF?L $ FN ?LG;NN %


https://epic.awi.de/id/eprint/30141/1/bsep106.pdf
https://mcc.jrc.ec.europa.eu/documents/OSPAR/CEMP_GuidelinesPhytoplanktonmonitoring.pdf
https://mcc.jrc.ec.europa.eu/documents/OSPAR/CEMP_GuidelinesPhytoplanktonmonitoring.pdf

$HPAHG?H NF #- ;JJFC= ;NCIHM CH <CIGIHCRHA ;H> <Cl;MM?MMGRH@ ;KO;NC=
?=IMSMRGM &OC>?FCHWA>?LF.@...Cxd@L NB? $HPAEHG?H N !?LH $H PAHG?H NF
2NO>C?M JJ #( oTB

ICl2>>; 1 3IGMCHI ,/ #$L=BC; , ,HT ;LC" / ?MIF?& ,IH NEMIL,
*IICMNL6 ' "% 2;LHI # 9CHAIH? #CP 2LMG\H> N?GJIL ;F J:N N\PLHM @
JF:HENHC= JIL NCMN :MM?G<F:A?M :N : ,2>@N:H?:H + IHA 32LG $=IFIAC=F 1?M?;L=B
MCN%$,2,C=L I<CIF $=IF  ..CQ #( @ ?GM?=...CQ
/1=BIH7 ! NN- ) 2GCNB *% 6 II> 2 $ PFO;NCHA >®=NCIH FCGCMM |
H2RNA?H?LNCIH M?KO?H=CHA IgB? MCR?CFF;2=H> GIHCNILCHA 1@ GRLH;NCIH;F
G:LCH? J?MNM# 12 .-$ 2 #( DIOLH;F JIH?
00;CF, . NN 3# &0 8 LLCM 21 2E?FFS% ,=00CFF;H ) 2Q?L>FIQ '/

SF; 2 . J  NCG;F ?HTSG?ML@GIFC@CHA M?KO?H=CHALRAM:;N
2 NBI>M s #( HG? NB
0O;MN " /L O?MM® 8CFGT / &?LEPH ) 2=BQ??L3 8,LT:/ /?2JFC?M )
&Fj=EH?L %. 3B?2(+5 LC<IMIGF 1- A?H? >N :<:M? JL ID?=N CGJILP?>
>:N; JL I= ?2MMCHA ;H>%Tx <;M?> NIIFM -O=F?C==C>MaM # #  s# #.(

HL AEM

1ICGN % &OMP $ * ;BF?IN, * ?FFS & *OFCBMECS,FNM? P8 ,HH # &

/| @HHEO=B?H , 3U<;DI 1 5;MM?FIH 5 ?N;F #CN <L=>? ;HIJ?H ;= =?MM
=OLN7?><;L =I>? FC<|LS @ >C;NGM 2=C PJ #.(

M

1IAH?M 3 %FIOLC 3-C=BIFM ! 0OCH2 " ,;Bc % 52$1" P ?LM;NCF?
IJ?H MIOL=? NIF @L G? NA?HIGC=M / ?2L) ? #.( J??LD

2;FG;MI - lIM= ;CHC /CH>I 4HL ;P ?FCHA NB? 209N @ ?QE SI NC=
GC=LF;HENIH CH ; F;LA? ;H>>??J J?LC;FJCH? F,EOMCHA ; BCAB NBABJON
M?KO?H=CHA ;JJ=B 9%IH N ,C=LI<CIF #.( @GC=<

2;FG;MI - 1C==CIHC &/CH>l , * OLG;S?L1 5;MM?FIH 5 # IG;CT IH ( ;
,?2 N<;L =I>CHA JUL N=IF s H;FS MCM@ JLNCMNM OMCHA NB? 2 L1- A?H? ;H>;#
JCI?FCHB?LMCIH  9?HI>I  #.( T ?HI>I

2;FG;MI - 1C==CIHC &/CH>l , 5 ;MM?FIH 5#IG;,CTIH ( * OLG;S?L1 <

,? N<;L =I>CHAJU N=IF s H;FS MCM@ !;=N°LC; CH=FO>CHaHI<;= N’LC; OMCHA NB?
2L1- A?H? ;H>; # # JCJI?FCH? 5?LMCIH  9?7HI>]  #.(

T?HI>I

2;FG;MI - 5 ;MM?FIH 5 1CG™N % 5;0NC?L, $F?L M?E3 !IM=;CHC #IH;NC "

JL ?NN , /CH>I , 1C==CIHC &?N;F #- M?KO?H=?;H>N;RIHIGC=A;J
;H;FSM?M NI KO;NGIaNB? £P?LA? | @ ;KO;NC=SHI<;= N’LC;;H>?0EL S NC=
GC=LFA;? CH L?@L?H=? >;N;<;M?M 1 ?MOFNN®I; MC¥?S CH NB? FIJCHZACIH 2=C BNF

$HPAH #.( D M=CN{PHP

2;HA?L % -C=EF?H 2 "IOFMIH 1 # M?KO?H=CHA QCNB =B;CHNLGCH;NCHA
CHBCHCM/ -NF =>2 =C 42 S #.( JH;M

2;HN @LLL; + % "OLL?HN JL,= NC=CH JF;HENIH GR<;L =[>CHA .J NCGCNCIH
;H> ?LLIL G;H;A?G?H N ) /FHENIH 1 ?M S #.( JF,HEN ..

2;Q:S; - #DOLBOOM "FIM?E " ) '?2JH?L , .F?MCH $ 5CMM?t * ?F<F?'

'O<<;L >* IL ?2CN<;N, MM?MMCHA 208 NC= <CI>ZRICINCH NB?Ft.C>;



* 2SM ~NCIH;F ;;LCH? 2 ;H=NO;LS NBIOAB ?HPAHG?H NF # G? N<;L =I>CHA $=IF
$AF s #( ?2=?

2=BF;?JJC * 1?H>?L 2% ,;M=B?L % 1OMMI& / ;NLCAH;HC " ;G?HTCH> 3

"?GJ?F 2 1CFFCA " P ;H>?L'?CD>?H , & '‘CAB L ?MIFONCIHGGOHCNS
JLI...CFCHA L<OM=0OF;LS5ILLBCF @HAG? Q/B SNF S #.(
HJB

2=BFIMM # 6 ?MNINN2+ 1S<CH 3 "FF ) 1 L NG;HH , 'lFFCMN?L $!
+?MHCMEC 1 . ;EFS!! / LEM #' 1 I<CHMIH ") ?N;F (HNI>O=CHA
Gl NBOL .J?H 2 I0L=? JF;N@.G CH>?J?H>?HN =IGGOHCNs MOJJILN?> MI@IQL ? @
>?M=LC<CHA ;H¥GJ;LCHA GC=L<C;F 4GGOHCNC?MIJF $H PAH ,C=L I<CIF

s #.( 3,

2=BIFCH" "L TA, 2 IACH, H>?L MIH #, (>?HNC.;NE2IH | @ ADJ

:H> MNLCH MJ?=C...C= A%E12 G;LELM @ AFI<;FFS >CMNLCXOR?RH>LCOG

#CHIJBS=?;? (( 2 ?KO?H2 ;H;FSMCM@ ; @AG?H N 1@ NB? +24 L1- A?H? ) /B SSIF
s #( D R

2?2JOFPR>; ) 'ON=BCHM 1 %LMNB?H , =E ??@S,- 2QCALCM ,
3B? ?F?JB;HN CH NB? F;sH> ...C?F> IHNGCH;NCIH CH ;KO;NC= PAIHG?H NF #-

MNO>C2d/HN $=IF $PIF #.( @P
2?LI2N/ FCAGHEC * #;PC>MIH * " ILC5NI / &;Al JEIKM?H "' 2 FM 1
2CFP ,HCNILCHA I@ NRCH J>0=CHA JBNJF,HENIH CH <GPP? GIFFOM=

B;L PPMNCHA?IM &OC>? NAII>JL ;= NCZ 3?=BHGF ;JJFC5NCIH $0UJ?;H 4HCIH
1?@L?H=2 +;<IL ;NILS @ ,,LCH?!CI N RCHM (MMO?JJ 1?NLG?> @G
BNNJM Q00 :?M;H Al< ?M ?2H "1+ >I=M >I=M JL [=?>CGC?NM

/B SN:,IHCN ILCHA:&OC>?:#$". J>@

2B?LQII> 1 /L ?MNCHA & 4HCP?LM;F JLCGM ;GIFC®D;, 2 L#-

JF;MNC> G;LEL CH ?QES NC=;FA;? ;H>=SHI<;= NLC;) /B S=IF S #.(
D R

2CP>?L2 *;,Q E;GC 8 *;HHI - * ;M;C " 2BCIGI N *>N;EOL 2 -A,C 2
3IRC="IMJ?=C?M @G NB? 2 ?;| @ .EBINME >®=NP><S; G? NA?H? NC=

;JIL ;=B M?;MIH;FCNS ;H> ?HPAHG?H NF >LCPLM LG @F FA;? #.(
D B;F
2CF>R?L2 +;M [ *IF?MIP, - +CIM ( +CIM 4 -A,C 2 /F;HEN IH

<CI>CPLMGN\NH> MJ?=C?M = =OLRH=? <;M?> |H ?H PAHG?H NF #- s; GOFNCJF?
G,LE?L MNO>&? N<,L =I>CHA ;H>,? NA?HIGC=M S #.(

G<GA

2CHA?L$ 'OMBH?FF ! "IF?G;H# ?LL# !l QGH ! Il Q?WM 1, +? PS &C?M

$ "B?HA ) % " 13?F;H> *E?HE '/ ?N;F 'CAB L ?MIFONCIH 3 IA?HNC=
GC=I<C;F 4GGOHCNs JU...CFCHAY% ) S #.( CMG?D

2CHA?LE& " % ;BH?L - LLH?M ) & =" LNBS "DC<;<;?C

" IGJL ?B?HMCRKCI>CPLMGNH;FSMCM PC; QBRRI J;N N’LH?> ...El =?FFNBHIFIAS ;
=M? MNO>S® ?#- G? N<;L =I>CHA M?;GN?L 2=C PJ #.(

M

2FNHE '$ & ;L>H?L % OMO<?F % . P?LPCQ | @ HRNA?H?L;NCIH
M?KO?H=CH2ABHIFIAC?M'OLL /L | N= ,IF ICIF s #( =JG<

2GCNB *% * IBFC & ,OLL ;S 2 1BI>?M + + MM?MMG?HN |@ NB?


https://www.aesan.gob.es/en/CRLMB/docs/docs/procedimientos/Phyto_Monitoring_Guide_DEC_2021.pdf
https://www.aesan.gob.es/en/CRLMB/docs/docs/procedimientos/Phyto_Monitoring_Guide_DEC_2021.pdf

G?N<;L =I>CHA ;JJL1;=B @IL =IGGOHCNS ;H;FSMCM@ <?NBC2JCJBSNC=
>CHI...F;A?FRM OMCHA GI=EGGOHCNC?M Q9?2:F ) ;L 94?MB s #.(

2I1G?L POl / *IME?F; 2 / ?HH;H?H ) -CFMMIH 1 . PMECH?H .
4H<C;M?> JII<;<CFCMNCR IMIGC= =F;MMC;NC#{ @ #- <L  =I>CHA ICICH@.G;NC=M
s #.( <CICH @.G;NC=M <NQ

2IG?LPOI/ 80" 6 70" " 8 )C 8 'OFNG;H ) 6CLN ' . PMECH?H .
OO;H NCG@HA OHENCH\S | @ RIHIGC= JF;=?G?HN CH #- <;L =I>CHA ;H>
G?N<;L =I>CHA,? NBI>M $IF $PF S #.( 7

2IHH?H<?LA 1 -IFN? 6 3 ;ONT # H? PFO;NCIHI@ +24 L#- # #
M?KO?H2M @ NB?CL OM? CH MJ?=C?MIC=RBHH %JH N 91IF #.(

2NN , 'OAA? NN, ) ?LH;M=IHC 1 #CILNNCMN # 1?LLS3$ -? QGH 2 )

L P?S$2 IOH= 2, $ =IMSVMIRG <CIGIHCNLCHA QCNB ?#-
G?N<;L =I>CHA ;=LIMM NB? QR | @ FO@ ; NLIC=F G;LCH? ?HPAHG?H N 2=C PJ
#.( M

2N?=E 3 ;MM # -?<?F , "BLCMN?H 1 )IH?M ,# , IL ?CH?L 6  1C=B;L>M
3 ,OFNCJF? G;LEL J;L ;FF?F;N ?H PAHG?H NF #- M?KO?H=CHA 2P?;FM ;
BCABFSGJF? R ?0H. S NC=IEGOHCNs CH G;LCH? ;HRC=QN?L ,IF $ =IF s

#.( D 7 R

2N?=EF?! " 1?AA?F 2 " ?LQ?HE %, NCPM $ *O?BH 1 & ?CMN\
M$IRG;NC=;JIL1;=B N | ? P,FO;N? NB? CH...FO”?H@ ?AAHG?H NF =IH>CNCIHM IH ?#-

>?N?=NCIH MG2MM CH ;KO;NCHMSMRGM /+ 12 .-$ ? #.(
DIOLH;F JIH?
2T? 2 =BFIMM # 3B?CGJ,=NI1@ #- JIFSG?L ;M?;H>HOG<?L| @

UOH>M 1@ ;GIFC.;NEEIH CHY1 IH 2 L1- A?H? M?KO?H= ?>N; G2JB?L?
? #.( G2iB?L  ?

27?7 8 ,CL;H> + - 2CH 3, 'OHA # "B;L ;= N°\LCMCHA JF;HED:
>CHI...F,A?FR,KNCPLMGNCH 2CHA;JIR OMCHA #- G?N<;L =I>CHA,? N</L =[>CHA ;H>
,? NA?HIGC=M ?  #( G<GA

3;<?LFN/ "ICMM;= $ /IGJHIH % ILI=BG;HH " 6CFF?L MFR $ 3 1Q,L>M
HPRNA?H?LNCIH <CI>CRMG\MM?MMGMOMCHA # G?N<;L =I>CHA IF $ =IF
s #( D 7 R

3;<?LF?N/ !IHCH 9CHA?L+ " ICMM;= $ $HPAHG?H NF#- % IL
ICI>CPPLMCNL ?M?;L=B ;H> ,IHCN ILCHA.R@IL > 4HCRLMCINL ?MM #.( IMI

3;H;<? 2 =AC 2 'C>; * 8;MOCE, % ODCD; -E ;GOL; 8 3E;HI 8
*:N;EOL 2 " IGJ,L ;NCR MNO>S@ NB?PC>@&N @ NBR L?ACIHM @ NB? 2
L1- A?H? @ IL G;MMCPFS J;L,FF?F M?KO?H=CHA <;M?> GIHCNA @ NB? JF;HE/C=
?0EL SI N? =IGGOHCMs ,IF $ =IF 1?MIOL S #.(

3?7>?LMIl + 3IIGCHA *FOH>?LO>  HMF;H 2 / ;=ICIG? N<L =I>CHAI@
YOHAC ;H> NB?L ?0E S NPM ?LIL M <C;M?M :H> JNJI?-NCV -? O /B SNF
s #( HJB

3?>?MII + LBL ;G , 9CHA?L + -CFMMIH 1 * ?HH?>S/ & 8HA 3 HMFH 2



,CELSOEP 5 I?MN JL ;= NC2M CH GN¥<;L =[>CHA 1@ @HAC U5 ? RI?LCG?NF

>?MCAH N?MOFNMF $ =IF S #.( G?=
3MC;GCM */ ;FC;FRCM 2N@HI P, * &F;>H o- 2E ?DC= 2 #MJ;F;N PC=
" PCNIPC= ( #L..C2PC=! #OF=C= BC>D;E. ?N;F -IH CH>CA?HIOM MJ?=C?M
L?...CH?> H;NCIH;F <;M?FCR?HBHC?M ; MSNB?MCM CH NBA2RN I@ NB? $@Q1?;H
4HCIHM ,;LCH? 2NLN?AS %;G? QILE #CI?=NCP ,;L / IFFONOFF s #(

D G;LJIF<OF
4N?LGjBF ' 9 OL ?LPIFFESGOHA >?L KO;H NCNCPH JBSNJF;HENIH
G?NBI>CE,CNN (HN 5?7L +CGHIF
5,0FIN# &?CM?H 2 ,,Bc % ;MM # JL JLCG?IM H 2L1- JLCG?L
>N;<;M? @L JLI NCMNMF $ =IF 1?MIOL s #.(
5MM?FIH 5#IG;CTIH ( 1CG?N% *;BF?IN, !lO=B? T JJFC= NCIHI@
BCAB NBRDABJON M?KO?H=CHA Z G? N<;L =I>CHA NI >C;N5 <CIGIHCNILCHA #
#- 2 RNj= NCIH GNBI>M G;NNPL d4?2MRE) 2=C S #.(
6 HAO & ;LLCR&, 3 C?»>»D%, " IF?)1 P ?21,S ?MC;H=F;MMC.IIC?L @

LJC> ;MMCAHG?N 1@ L1- M?KO?H2M A¥INB? H?Q <;= N’LC;F;RIHIG S JJF $H PAH
,C=LI<CIF S #.( $,

6 ;HA 9 +CO+ 3HA 8 +C +CO' 7C? " 7C;l + +0 2 /B SNJF;HENIH
=IGGOHCNS ;H> "1 MJ?=C?M CH NB? 20NB "BCH; 27?; >? N?>=N?> <S GILJBIFIAC=;F ;H>
G?N<;L =I>CHA;JJLI;=B?M LG @F FA;? #.(

D B;F

6 ;MGOH> - 2C?A?F " /B SNJF;HENIH (H %?CMI§¢ 1 -,OM=B &

6 ;MGOH> - ?>M 2NN?;H>$ PFONCIH®& NB? I,FNC=22 S # ?NCF?>
8?;L 20LP?S | @ ,?NPIL IFIAS ;H>"FCG,;N ? /B SMC=M "B?GCIBNCIFIAS ;H>,LCH?
$HPAHG?H N6CFS JJ s #.( =B

6 ;QLCE! / ;OF )' 3 <CN%1 1 ?;FNCG? /"1 KO;H NC.;N&&HH | @ <=+
LC<OFIM? <CMJBIMJB;N? =,L<I RSF;MP RA?H;M? G1- CH >C;N IGM ;H>
J?F;AldB S\PM JJF $H PAH ,C=L I<CIF S #.(

3,

6CFECHMIH , # #OGIH NC?.  ;F<?LM<?lA () JJF?NH & RNH , I;E

IFIGK?L A - ICN ?H ) 6 >;2CFP2 ;HNM +! IIOLH? / $ ?N;F 3B? %(1

&OC>CHA /LCH=CJR?M=@?NC...C=>@H;A?G?H N ;H> MRQ;L >MBCR=C?NC...CAl#
#.( M>N;

6 SFTC=B " -C?M & ,SFHCEP / 3;ONT # LH>N H? PFO;NCIHI@
NB? OM?@ NB? +24 L1- # # >IG;CH@ IL#- <M?>N;RIHIG S1@ ?QES NC=
JLI NCMNM/ NCMN S #.( DJLINCM

7C?8 &C?MS) / ,? N<;L =I>CHA I@ 'SHI<;= NPLC; MM?G<F2NH>;L >
J?L ;NCHA /= ?>01? 4] @2 $3+$#- 5?LMCIH $HPAHG?H NF 31 RGFIAS
+;<IL ;NIL S 3l RGFIAS " ?HNER 4HCRLMGN @ ZMEN=B?Q;H 1 ?NLE?> @G
B\NNJM AQ @M;ME; ?>H; >I=0G?H NM NF J>@

8H # -CMBCIE) 319N 3 20TOEC * 6CH NPL GC=LFA;F =IGGOHCNC?M@
NB? MIONB?LH21 @ .EBINME #GJ,LCMIHI @ M?; C==I;MN;F ;H> <;MCH;F M?;QN?L
/LIAL . =?;HIAL #.( DJI= ?H

8,LCGCTO %ODOEBC 2 *Q ;C, -IL ;G<O?H;20<Ci<L ? + " ;M=F?M $ *


https://gwf.usask.ca/edna/documents/etl10030.pdf

1CFFCHA()5CFOAIH ) ";G?LIH ' 5 ?LAL; * IL hH+hJ?T ) ?N;F
/L1 N=IFM @ GIHCNILCHA B;LG®F ;FA;F <FIIGM @ MOMN;CH;<F? ;KO;=OFRCH>

=I;MN;F ...CMB?LC?M CH {BRF?$HP 12M /O< '? #.(

CD?LJB

BIIH3 *HA' * ;HA" + 222" BH# [ LE' *CG' # ?2P?FIIG?HN
| @ ; 4MN? @=NCPG? N<;L =I>CHA MNU?AS @ ;H;FS MCM@ NB? G;LCH? SBIJF;HENIH
ZIGGOHCNS / ?2L) 2 #.( J?72LD

8OH) +C, +CH 2 HCGJLIP?># ? RNi= NCIHGNBI> @.? @...CICH$

KO;HNCNCP L?=I P?LS | @ JBNJF;HENIH >CPLMGNCH H;NCHE;MM?G<F,A?M/+ 12 .-$
? #.( DIOLH;F JIH?

9;CH &L?7H...C?F> k<I NN" PIH GGIH 4 ICFRCNB ) IOH=7?,
"LCMRM=0, $ "B;LCN IH #1QF?$ & ?FF?) ?N;F 3 1 Q;L>M RILI>O=C<F?
G?N<;L =I>CHA >;N; + ?MMIHMU& ;H CH N?LH;NCIH;F =IMM F;<IL;NIL S RJ?LCG?N
JF $ =IF 1?MIOL s #(

9BHA & * "B;CH %) ) <<I NN"+ "LCMNM=0, $ ,? N<;L =I>CHA OMCHA
GOFNCI}¥? G;LE ?LM CH2{M?M MJ?=C?MMN2=NCIH CHGIF? R TIJF;HENIH
=IGGOHCNC?MPF JJF S #.( ? B

9B;HA 8 /PFIPME, 2 NC= $ /L ?ELMH; ( 8;HA ) 2FI<I>HCE) 9B;HA 7

#SESC $ 'IFCMNC= J?F;AC= <CISBRGNGIHCNLCHA I@ NB? IF;=E 2; PC; ?#-

G?N<;L =I>CHA :JILI;=B % UG <;= NPLC; NG;LCH? G;GG;FM  $HP (H\PLH;N
#.( D ?HPCN

9CGG?LG;HH ) )BH 1 & ?G?CHBIF?L! L =I>CHA>C;NIGM P,FO;NCIH
| @ NB?5 MOZACIH IHNB? 2L1- A?H? CH=FO>CHA H?JLCG?IM ;H>JLI N=IFM.L A
#CPLM $AIF #.( M



33)1(-;

"%6&1) ; %03/) 62 +8-()/-1) 6 %1(35272' 2/6 *25 %48%7-') 0)  T%&WR(-1+
-7)5%B5) 7<3) 1 9-210)1 7 " %8) 7 25+961-60 )HB)L )
&OC>?FCH?M U?ME);N?L 5;LCIOM ! ;QFI QMECN ;F
&OC>?FCH?M U?MEY;N?L 5;LCIOM ILO=2?N;F
&0OC>?FCH?M U?MEY;N?L J?F;AC=;H><?HNBC= /B SNJF;HENIH ?OEL S NPM ;H> $F?IM?E N ;F

JLIE;L S N°eM
&OC>?FCH?M ,LCH? J?F;AC= /B SNJF;HENIH ?0OEL S N°M ;H> *;LFMIH N ;F
JLIE;L S NPM
&0OC>?FCH?M ,LCH? J?F;AC= /B SNJF;HENIH 7?OEL S NPM ;H> )?LH?S N ;F
JLIE;L S N°M
&OC>?FCH?M LCH? J?F,AC= "M 8;LCGCTONR ;F
/LI N=IF #- ,LCH? J?F;AC= /L1 ;H>?0E ;LS N°M H>?L MMIH N ;F
?RNj= NCIH
/LI N=IF JCJ?FCH? 9%?ME);N?L J?F,AC= /B SNJF;HENIH ?OEL Sl N°M 2;FG;MI? N;F ;
/LI N=IF JCJ?FCH? 9%?ME);N?L J?F,AC= /B SNJF;HENIH JL IE ;L S NeM 2:FGMI? N ;F <
2NO>S ,,LCH? J?F,AC= "M 2CF>R?L N ;F

J;,L N1@ NB? AOC>?FCH?M JO<FG\$B?MZE N ;F



"%&) 9 )59-):2 *5-8620%/5 +)1) 6 +)1)5)+-216 %1(180&)52 *81-48) 35-0)5

3%-% 86)( -1 0%5-1) 0)

)1) )+-21 7 %35) 7)(

2 55

2 55

2 5

2 5 5

2 5

2 5 5

2 =SHI<;= NLC; MJ?=C...C=
5 5

2 =SHI<;= NPLC; MJ?=C...C=5

2 -l NMJ?=C...C?>

2 >C;NG MJ?=C...C=5

2 >CHI...F,A?FP;NJ?=C...C=

2 55
2 5

2 5 5
2 5 5
2 5 5
2 5

2 22 2

2 HIN MJ?=C...C?>

2 # #
2 ##
# #

2 >CHI...F;A?FR;MJ?=C...C=
##

“(  HINMJ?=C...C?>
(32 (3232

L<=+ HINMJ?=C...C?>

7%8%R(-1+ 6 78(-) 6 43 7-1+ 3, <723/%1.721
5 2% Y#)5)1' )6

81-48)

35-0)5 3%-56

IF,gIM? N;F "BIC? N;F

*IF>? N;F

*FCH>Q NB N ;F 9B;HA? N ;F

?LF?G;HH? N ;F +C?N;F 2 ;FG;MI? N;F
"JIL MIE? NSF JILCFF N JF #DOLBOOMN?F
/;L>? NSF #DOLBOOMZF »=?CF? N;F
-I<?F? N;F

7C? &C?MS

JEC?N;F

9CGG?LG;HH ?N ;F

*IBFC R ;F

/1=BIH? N ;F 3;H;<?? NF

$FQI>? N;F IL aN? ?N ;F 2N?=E?N;F " 1G?;?0? N;F

">TC,P >C=W;F 'OA?L NB N ;F LFT ;HI? NSF IL ;>F?S N ;F

ICL?2>>;? N ;F 2 NN?N;F " IL>C?LR;F +;NT ?N ;F 2 ;FGMI? N;F
6 HA?N;F 8 ;H?N;F

2T? 2N ;F M2 NiF

+NT ?N ;F

-CMBCN;HGI 7+ 3 H<?? NF

G;L ;F9?NNF?LR;F 2N?=E?N;F ICL?>>;? N ;F +NT? N;F

+;NT ?N ;F

8IIH? N;F 2B?LQII> /L ?MNCHA

2=BIFCHI® ;F 2CF>P?L N F

"B;C?N;F

"GMB?L? N;F

2CF>R?L N ;F

)?0H?H N ;F 2:Q:S;?N;F LEE ?L N ;F

%0 N ;F <

6 ;QLC=E N ;F



7 )10((-6 '8 66-21 21 35-0)5 6

3B? 2L1- A?H?= IHNCHM PLC;<F? PACIHM5 5 QCNBNB?55 ;H>5

L?ACIHM >CMJF;SCHA NB? BCABZWCPEN;>TC;P >C=1W ;F N NB? M;G? NCG?

NB? 5 L?ACIH CM GIE=IHM?LP?> ;H> NBOM OMO;FFINHIL A?N?> '>TC;P >C=W ;F
EM?>IHNB? = IGJ,LCMIHI @ NB?55 5 5 ;H>5 5 L ?ACIHMI@

?0EL SI NC=JF,HBMGIHCNILCHA #H;<?? N;F MOAA?MNLNA?NCHA NB? %

L?ACIH >0? NNB? BCAB?MN M?KO?IR+EC;<CFSNH> MCAHC HGFS BCAB?L O%CHNEH

JI Q?LNB;HNB?5 5 L ?ACIH 'l Q7?P?L ;M NB? F?HANB@ NB? 55 L ?ACIH CH

?0EL S| N°M [HA?M <?2NQ??H  ;H> <J 3H<?? N;F CN CM =CHNFS HI

JIMMC<F? M?KO?H2 NBCMACIH ;M NB? FIHA?M®R® F?HANB CM FGEBNR <J < S

NB? (FFOGCH; ,CK JF;N@-G 2F;NH? N ;F

3B? 2L1- A?H? MBI QMGIL? PLC;<CFENGJ,L ?>NNB? 2L1- A?H? 'CFFCM
#CRH ;H>G;S NBOM ?HB;H=? NB? C>?NC.;NGIH |@ MIG? \R; )IBH? N;F

,OLL ;S?N;F 2  IHH?H<?LA ?N ;F 6 SFTC=BN:F <ON M??
%L MRL N ;F (H ?0EL S N°M NB? A?H?IH NCHM >CPLA?HN RPACIHM ';MMIOH;
?N;F + ?H;?LM N ;F NB;N B;P? P,LC;<F? PIFONCIH;E LN?M 'CFFCM #ER

QCNB NB? # # L ?ACIH <?CHA NB? GIMN@B;NCP? <;M?> IH >CHI...F;,A?FFW *C

“H 3BCM RACIH B;M <??H NLA?N?> @L ?#- G? N<;L =I>CHA;H>'3 2

<;M?>?0EL Sl NC=>EMCGNMNO>C?M OMCHB?1 M?KO?H=CHA JF@IGM $F@LCHEN
F &L T?<SE'NF QCNB L ?;> F?HANBM OJIN  <J MCHAF? ?H> =*BIOE N
F 'l Q?P?LNB? 2# # L ?ACIHQCNBNB? F?HAEB Is <J CH GIMN
JBSNJF;HENIH JB SF; NA? NB?L QCNB NB? JLCEM =0ORPHNFS HNl JIMMC<FP N
M?KO?HZQCNB NB? ,C2K JF;Nd@.G >0O7? NI NB? L?;> F?HANB FCGRGIH &LT?<SE N ;F

12 66%%

3?LGM ;H> ?RJF;H;NCIHM J;INFS ;>;JN?> @G/ ;QFI QMECK;F

")50 ;3/%1%7-21

2L1- 2 LC<IMIG;F 1- 3B? 2L1- A?H? CM OM?> @L JB SFIA?HNC= MNO>C@MIIE ;L Sl N°M ;M CN CM BCABR®REP?>
<?NQ??H >C@L?HN MJ?=C?N@l <;3\PLC; ;H> ;L =B;?;

21L1- 2 LC<IMIG;F 1- 2?7KO?H2Z >N; @UG 2L1- A?H?M ;L ? OM?> [@JB SFIA?HNC= MNO>C@WIE S N°M ;M NB?CL
MFQ ?PIFONCIH;B LN? G;E ?M NB?G MQER? N L ?=IHMND=N ;H=C?N >CRA?H=M

FCAHG?HI Q ;S| @ ;LIHACHA NB? # M?KO?H=2M NC>?HNC@?ACIHM @ MCGCFSLERAH?> M?KO?RM ;L? NSJCFFS RIL?M?HIP>
;M U QM QCNBCH ; G;NLCR MI NB;N GEEL MCGCF;L =B£ N°LM ;L? ;FCAH?> CH MOMMCRIFOGHM &FI<;F ;FCAHGMI
NLC?NI;RCAH P?LS HO=FNC>? CHPZLS M?KO?H= +1= ;F ;FCAHG?N ;FCAHM JNM @ M?KO?PM

GJFCaH MCHAF? MNE?> #- NB;N CM ;GJFC...C?>CH "L L ?;= NCIH (HNB2M?| @ # <L =I>CHA ;GJFCiH CM NB? #-
<L=1>?
25 GJFCHH 2 ?KO?H2 5;LC;HN ; KO;FCB=IH NIFF?> OHCKOLE;HN |@ NB? G;LEL A?H? JI2M?HN CH NB? M;GJF?
LL =>? <L =1>? M?KO?H2 CM ; MBIN HO=FNC>? M?KO?M@G ; MN ;H>;L > A?HNC= FI=OM @M? CH MJ?=C?M QE2HCIH
I+ 23 3B? ;MC= H=;F FCAHG?# 2?;L =B 3IF ...CH>MACIHM @ FI:F MCGCF;BGNNQ??H M?KO?H2M
IOFE M;GJF? M;GJF? = IHMCMNCH& QBIF? I1A;HCMGM ;H> NB?QLAG?H NM ILCACH;NCH& @B? ?HPAHG?H N ;H> =IFF?40>

G;HO;FFS



g
"BCG?L,

"

" IHNGCH;NCIH

"OL;NCIH

# <L =I>CHA

# ? RNj= NCIH
#- G? N<,L =I>CHA

# N ?GJF;N?

&1(%

&?H?NC= G;LEL

&?HIG?

&$2

(24"
@.
(32

*CN

»LE ?L A?H?

. &

'$ ...CFNL
,?2 N<L =1>?

,? N<;L =I>CHA

J=E= IGGOHCN

2%

-?A;NCP? =IH NIFM

$OUI?;H"  IGGCNNP? @ 2 NH>;L >CINCIH

&?HIGC=;LN?@= N =R;N?> >0OLCHA"1 ;GJFC...CNCIH <S 4G<CHCHA #- @LAG?H NM @ >@@?HN ILCACHM
" SN=BLIG? = .RC>;M? MO<OHCN (

/L?M?H2 | @ RNJH?IOM #- QBC=B >I?M HN ILCACH;NRI@NB? M;GJF?

(HNB? :M? | @ 2@L?H=2 FC<LC?M =ONCIH G?;HM NB;N ?;=B #- <;L =>? =1G?M QCNB K5G?H NM IH NB?2FC;<CBCN
| @ CNM ILCAZH N;RIHIGC= ? RJ?IN B;M C>7RIC...C?> NB? MJ?=CG?H QB?H #RNj= NCIH QM =IH>0=N?> IL ;H ? RJ?IN
B;M =B?=R> @. GCMF;<?FCHAMQN IHA MJ?=C?M

2J?=C?M C>N€.;\6=IH G?NBI> <;M?>|H ; MBIL N M?NCIH 1@ # #- <L =I>? 1 ?FC?MIH ; =QN?> L?@L?H=?
FC<L S NB;N CM JIJOF;N?> QCNB #- <;l=I>?M | @ 2FC;<FS C>48...C?> MJ?=CGRI&W-@a®L?HN MJ?=C?M

F;<IL ;NIL S JU=?MM @ =B?GCE;H>JB SMCE MRJM NL ?F?;M? ;H>JOLCI@#- @ UG = ?FFM ILNB?L G;N?LC;F
2CGOFEN?IOM C>?HIC.;NGIH | @ MP2LF MJ?=C?M QCNBCHN M@ M;GJF?M OMCHA #- <#I>?M
3LA?PN # @ UG ; MJ?=CG?H ?HPAHG?H N IL M;GJF? 2J?=C...C= )NI@ NBCM #- QCFF <? ;GJFC...C?>'GH.;?;,= NCIH

$HPAHG?H NF # @ L??ILJ;L NC=F? <IOH>#- @OH> CH ;H ?HPAHG?H N/ ;L NC=F? <IOH>#- =;H <? ;N N=B?> NI
MO@r ?M 1@ J;INC=F?M IL (HN<? # CHMC>? >?N=B?>=?FFM?;> IL ;FCP? 3 BOM #- CHMC>? MCHAFRE?> |IA;HCMGM
CM CH=FO>7?> CH ?#S%?...CHCNCIH

&FI<;F ICI>CP?LMGN(HA&.G;NCIH %;=CFGN

A?HIGC=#- L ?ACIH?A @AG?HNI@ "(A?H? IL5 L ?ACIHI@ 2L1- A?H? QBC=B ;FFQM NC>?HNCIgMJ?=C?M
QCNBCH ; J;NC=0F;IRNHIGC= ALIOJ

FF A?HRC= @HG;NCIH | @ ;H ILAJHCMG HO=FNC>? M?KO7MM 1@ #-

&11>$H PAHG?H NF 2NNOM

LG @F FAFIFIIG ? RF?2MMECEFA;F ALl QNB NB;N OM?M H?A;NCP@=NMIN NB?L IIA;HCMGM
"?FMCHEAQGGCMMCIH NB? I;FNC= ,;;LCH? $IHG?H N /LI N°=NCIH 1GGCMMCIH

'CAB 3BLIOABJON 2?KO?H=CHA GWNBI> JLI>O=CHA GCFFCIM#- M?KO?H=?M NBDAB G;MMCPFS J;LFF?F
M?KO?H=CHA-BHIFIAC?M ;FMI EK}H ;M H?RNA?H?L,NCIH M?KO?H=CHA -&2

(H\PLH;NCIH;F -O=F?NC>? 2KO?H=2 # ;N;<;M? " IFF;<IL;NCIH
(H\PLH;NCIH;F .LA;HCTNCIH @ 2 NH>;L >CINCIH
(H\PLH;F 3;HM=LC<?> 2J;=2L

M?N @ ;INC=F?M IL ?KOCJBPH??>?> @ ; MJ?=C...C=JOLJIM2 ? RNj= NCIH ECN CH=FO>?M =FRGE: JF;MNC=M
H??>?> @ #- ? RNj=NCIH

+1 Q?MN'IGGIH H= ?MMN. (H ;JB SFIA?HNC= R2 NB? FQ?MN>??J?MN HI>? NB;N B;M <INB MJ?=C?M ; ;H> MJ?=C?M <
M >?M2ZH>HNM (HNB?L QL>M NB? .MDLHI>? CH ; N2 NB;N #HH?=NM NB? NQI MJ?=C?M

A?H? NB;N =;H <? OM?> NI>?FCH?;)® <?NQ??H N;RHIGC= FCH?;A?M T C>?MCE@C@L?HN MJ?=C?M

2 NA?HIG? MM?G<F?> & ?HIG? CM ; MCHAFRNH ;MM?G<FS <;M?> IH IH? IL GIL ? <CHH?> GNA?HIG?M NB;N
B;M <??H ;MM?N\?> N <? ; =FIM? L 2JL?M?H{NCIH NI;H ;= NO;F CH>CPC>O;F A?HIG? NB®OF> G;N=B ;H ;FL?;>S
?RCMNCHA CMIE;N?JL?M?HN ; HI P?F CMIF;N?

,CR?>" ?FFOFIM? $NIN..CEN
3B? M?KO?H2M PMOFNCHIKS@? N<;L =I>CHA ;H>JLI>0=7?><S BCAB NBRABJON ;GJFCiH M?KO?H=CHA

H;JJL ;=B N | C>?HNCIAEOFNCJF? MJ?=C?M [GIF2 R M;GJIF? ? A ?#- IL <OFE M;GJF? <;M?>IH BCAB NBLOABJON
,GIJFCA4H M?KO?H=CHA

>?...CH?> GCRNOL@ GCHC;F =?FFM ZIN?> CH PGNU MCGOF;RINB? ¥GJIMCNCIH I@ ; GC=kCIG? M;GJF? IL NB?
HO=F?C= ;=C> CMIF;NB?P@G

$4 ;,LCH? 2 NIN?AS %;G? QILE #CI?=NCP

,2;MOL ?M NB;N ;FRED) NL=ECHA JIN’HNC;Fl& NGCH;NCIH >OLCHA ...C?F> M;GJFCHA RN NCIH ;H>/"1



12
20 1

. 34

/"1 CHBC<CNIL

| IFSG?LM?

/ IMCNEPRIH NIF

/LCG?L

/2 ...CRN

L<=+ A?H?

1?;>M

1?2@L?H=? >N ;<;M?
FC4LS

1?JFCN?

L1- A?H?

2;HA?L M?KO?H=CHA

2?7KO?H=CHA

2N’LCPR ...CEN

3;RIHIGC= ;MMCAHG?N

6%

-IH (H>CA?HIOM 2J?=C?M
. =?;H ICI>CP?LMG\(H@.G;NCIH 2 SMRG
3B?" IHP?HNCIH I@NB? /LI N°=NCIH 1@ NB? ,;LCH? $RAHG?H N 1@ NB? -IINB $;MN NF;HNC=

.J?L ;NCIH;F 3RIHIGC=4HCN =FOMN?L@® M?KO?PM ALOJ?> < S MCGCF;ECB;N CMHMC>72> ;M ; JL | RS @
GIF?=0F;L MJ?=C?M Q;>;S M GIL? =IGGIHFS OM?> CH JIE ;L S N> L?M?;l.=B QBCF? ?QES N? L?M?;L=B CM GPCHA

N Q;L>OMCHA25M . 34M sHHI N<? 4GJ;L 7> <?NQ??H >C@L?HN >;N, M?NM OHRPCER5M 2G? NCG?M@LL?> N ;M
GIF?=OF,L.34 ,. 34

/ IFSG?LM? "B;CH 1 ?;= NCIH GJFC..;HEIH @ MJ?=C...C= #?ACIH 1?KOCM #- N ?GJF;N? JIFSG?L;M? @ Q;L>
JH>L?P?LM? JLCGM HO=FRNC>?M #- <;M?M MOGCHXF? =B?GCsF ?HPAHG?H N <O@L ;H>= ;NCIHM? A /A ;H>

* CIHM " ;LLC?>I0N CH ; NB?LG;FS=F?L NB;N B?;NM ;H>IFEFM NB? R;= NCIH B?;NMIBCAB RGJ?L ;NOL? N >?H;NOL?
#- <L ?;EM>IO<F? MNH>?>#- N | MCHAF? MNE?> #- M =1IFM NI FIQ?L NGJ?L ;NOL? @ JLCG?M N;HH?;F N |
MCHAF? MIN2?> #- B?;NM NI GC>>F?2GJ?L ;NOL? QB?L? NB? JIFSG?LM? <OCF>M ¥ S | @ NB? MCHAF7HARE

#- < S ;>>CHA HO=FNC>?M <;M?> |[H NB? # N?GJF;N? 3BCMS=F? CM1?;N ?> MP?LF NCG?M

@;= NL JL ?P?HNCHA IL FCGCNCHA ;GJNCIHC®@ #- >OLCHA /"1 NBLIOAB CHPL;= NCIH QCNB NB? #- RGJF;N?
JIFSG?L;M? ?HTSG? IL | NB?L £@ NLM OM?> CH NB2/

H ?HTSG? NB;N <OCF>M ; I@?#- MNL ;H> @IG NB?#- N ?GJF;N? CH/1L ?;=NCIH

AL I0J CH ;H ?RJ?LCG?N NB;N 2=?CPM ; NI2;NG?HN QCNB ; EHDH L?MOFN{> NB?L?@. ? MBIOF> MBD ; J;L NC=OF;L
=B;HA? >OLCHA NBR3?LCG?N

MBIL N MCHAF? jINR> JC?=? | @ #- ONCFEY¥ @L #- L ?JFCGNCIH>OLCHA'L 4MO;FFS NQI JLCGRL;FMI =FF?>;
JLCG?L J;,CLNB;N ...F;HE NB?ACIH N<? L ?JFCN?> <S JIFSG?L,M? ;L ? OM?> /LCG?L ;HH?;FMINMICHAF? MNE?> #-
N?GJF;N? ;H> NB? JIFSG?L;M? MN;INM ;>>CHA HO=RRC>?MGJIF?G?H NL S NNB? N?GJF;N? @G NB? ?H>1 @ NB?
JLCG?L CHNB?YL ?;=NCIH

/ IFS?NB?L20R¢®@ ...CAN
1C<OFIM? ICMJBIMIBN'" ;L<I RSF;M? A?H?
= IGGIH N?LG OM?> @L #- M?KO?H= ?M A?H?IN?>>0OLCHA BCAB NBABJON M?KO?H=CHA

= IFF?NCIHI@ #- <;L =>?M @G >C@®L?HN MJ?=C?M;H <? Q ?FF =ON?> G?;HCHA NB;N ;H RJ?IN |@ ?;=B
ILA;HCMG AIOJ B;M C>?HNC...C?> NB? MJ?=C?M QB?H #-=R2 Q ;M =IFF?3> @G NB? MJ?=CG?H IL HIN Ml Q?FF
=0OLN?> G?;HCHA NB;N NB?1FC;<CBCI® ?,=B #- <;,L =>? CM HN =B?=E> <S "RJ?INM

1?2J7;N?>#- M;GIJFCHAIL/ "1;GJFC...GACIH N?MNCG;N? NB?;BC;<CFSNVMI=C;N?> QCNB NB? BBI> ;H> = |[H NIF
NB? 3HMCMN=S | @ INCH?> ?MOFNM

1C<IMIG;F 1- A?H? ; A?H? NB;N= [>?M LC<IMIG;F 1-  JL?M?HN <INB CH JE ;L Sl N°M ;H> ?0OEL S| N°M

2;HA?L M?KO?H=CHA CM ;NE> | @ #- M?KO?H=CHA NB;NRFP?M ?F2NLIBIL ?MCM ;H> CM <;M?> IH NBRHG
CHHEJIL ;NCIH | @ =B;CH N?LGCH;NCHA >RSPIO=FRC>?MS#- JIFSG?L ;M? >OLCHA CH P€NL ?JFCNCIH 3B?
G?NBI> Q;M >?P?FIJ?> <S NB? NQNCG? -I<?F + ;OL?;N? %.?>?LC=E HA?L ;H>BCM FF?;AO?M CH  B?H=? NB?
H;G? NB? 2 ;HA?L 2 ?KO?H=2

3B? JLI=?MM @ >RPLGCHCHA NB22L | @ HO=HIC>?M CH ; #- MNH>

NSJ? | @ ?H=FIM?> .2ICHIFPN CM ?H=FIM?> CHIMOF? >OLCHA .;]0EINL;H> #- ? RNj= NCIH 2PLCPR ...CEXCM
=IG<CH?> QCNB ; MSLCHAZIN?MM NB? M;GJF? NBIAB NB? ...CEN

3B? NRIHIGC= C>?HNC.;NsGIH | @ #- M?KO?H=?M <;M?> [H L?@L?H=? >N ;<;M?M

$46 ;N?L%;G? QILE #CI?=NCP



&287 7,-6 38&/-' %7-21

0)  T%&WR(-1+
&OC>?FCHANGENHCNIL JB SNJF;HENIH >CPLM@\H> >CMNLC<ONCIH CH G;LCH? ;H>
<L;=ECMB QN?LM

);= KO?FCH? )?L8??C>C "FF@ M ";HM );E I<M?H (P?N )OL A?HMIH? I?HAN * ;LFMIH
HE?*L?GJ 2CLJ; +?BNCH?H ,;LEOM ,;D;H?P, *LCMNC;H ,?CMMH3R?L; -ILL IM 2CLD?
2CF>?L 2;HH; 20CEEH?H * ;L IFCH 3?P?7L

2!- 1#%

(2! ~+(-$
B\NNJ >R>ICILA N?G;HIL >
3?G;-IL >

(22-

V-IL >C="IOH=CF® ,CHCMNPL

"1 P?LJBIN 42&2 4HMJIF;MB

/O<FCMB?>

-6 '/%-0)5

3BCM JO<HOEIH QM @H>?> <S NB? -IL >C="IOH=CF® ,CHCMNPL Q?P?L NB? #H N?HN
>|?M HI N H?2MM;LCF& LFN=NB? -IL>C= "IOH=CF® ,CHCMNPPCIM |JCHCIHM NCNO>?M
IL L?=IGG?H>;NCIHM

—+, 76 %1(3)50-6 6-216

3BCM RE CM G;>? ;P;CF;<F? OH>?L NB? 1L,NCR " IGGIHM  NNLC<ONCIH
(H\PLH;NCIH;F Fas#M?" "I 8 BNNIM =1?;NCP=IGGIHM ILA FCZHM?M &

" P16/%7-216(@ © NLHMF;N NBCM QILHF?;M? CH=FO>? NBPRE@CHA >CM=F;CG7BCM
NEHMF;NCIH @M HI N JU>0=?> <S NB? -IL >C="IOH=CF® ,CHCMNP{H> MBIOF> HN <?
=IHMND?> ;M1 @...C=C;F 3B?>0="IOH=CF® ,CHCMNPtHHI N <? B?F>®MJIIHMC<FL@
NB? NHMF;NCIH IL ;HS ?LIL M CH CN

(%37%7-216 (@ ® ;>;J N NBCMIE JF?;M? CH=FO>? NBPR@CHA >CM=F;CG?L ;FIHA
QCNB NB? MLC<ONCIH 3BCM CM ;HNKNCIH | @ ;H ILCACH;RKE <S NB? -IL >C="IOH=CF
| @ ,CHCMNRI?MIIHMC<CF@\NNB? POQM ;H> [JCHCIHMRJL2MM?> CH NB? ;>NNCIH
L?MNM MIF?FS QCNB CNM @8R PCQM ;H> IJCHCIHM CH NBCM ;=NGIH B;P? HI N
<??H;JJL | P?><S NB? -IL >C="IOH=CF® ,CHCMNPL

"-5 (3%57<'217)17 3B?-IL >C="IOH=CF® ,CHCMNPEI?M HIN H?2MM;LCF®H ?P?LS
MCHAF? I\LI@ NBCM QIBB? -IL >C="IOH=CF® ,CHCMNPtHHI N NB?R@.? AO;L;H N??
NB;N NB?2OM? @ NBCLL N5 4H N°HN >1?M HIN C®@CHA? NB?J=SLCABI@ NB? NBCL
J;L N5 (@ ® QCMB NI'2OM? ;K5 NBGLJ;L N5 =lH NPHN SIO <?;L NB? LCMEM ;MMI=Z>N



QCNB ;I3 MO=B LOA® PCIF;NCIHM 8. ? L?MJIIHMC<FL@? N’LGCHCHA QBRB?L NB2LCM
; H??> Nl I< NCH J?LGCMMCIH @B? OM? @ NBELL N5 =H NPHN ;H> C@ ML

I< NCHCHA NB?FEP,H N J?LGCMMCIHGANB? =1J SLCABBIF>?L$R;GJF?M | @ NBCLL N5
=IH N°HN G;S CH=FO>20N ;L? HIN FCGZA\N N<F?M ...CAOLIL CG;A?M

2 725-+ 76 *857,)5 3)50-6 6-21 548-5)(* 25 58 6)

H S KO?LC?IMA;L >CHA LCARB! ;H> FCH="M MBIOF> <? ;>>PMM?>IN
-IL >C="I0OH=CF® ,CHCMNPIO<FCHNCIH 4HCN

57> 2N[H>?H

#* " 1J?HB;A?H

# ?HG;LE

JO<HIL >?HILA

25 (' 223)5 %7-21

-IL >C=¥IJ?L ;NCIHCM IH? [@ NB? QILFAGIMN RIRHMCGRALGM | @ PACIH;F
=IFF;<IL;NCIH CPFPCHA 2HG;LE %CHF;H> @F;H> -IL Q;S 2Q ?>?H ;H>NB? %L I?
(MF;H>M &2HF;H> ;H> ZF;H>

-IL >C=¥£1J?L ;NCIHB;M ...CLG;NCNCIHM CH JIFCNCHENGZ=M ;H> =OFNOLH> JF;S M
;H CGJIL NH N IIF? CH $A1?;H ;H> CH N’LH;NCIH;F @OGM 3B? -IL >C= GGOHCNs
MNL@HR @ ; MNLUHA -IL >C= PACIH CH ; MMA $OLIJ?

-IL >C=¥#1J?L NCIHILIGI N°M RACIH;F QRL?MNM ;H>FO?M CH ; AFI<;F QF> 3B?
P,FO?M MB2> <S NB? -IL >C= ¥OHNLC?M B?FJ G?ENB? RACIH IH? | @ NB? GIMN
CHHP,NCPR ;H>=1GJ? NCNTEH NB? RF>

3B?-IL >C="IOH=CF® ,CHCMNPL
-IL >?HM 'OM

5?> 2 N[H>?H

#* " 1J?HB;A?H

JO<HIL >?HILA

1?;>GIL ?-IL >C=JO<FGKEIHM IHQQQ HIL>?HIL A JO<FCHMCIHM


http://www.norden.org/publications

	Authors and affiliations
	Contents
	Foreword
	Summary
	Executive summary
	1. Aims and scope
	1.1 General aims
	1.2 Scope and definitions

	2. Background
	2.1 General introduction
	2.2 Application to EU directives
	2.3 Pilot studies and guidelines for eDNA phytoplankton monitoring
	2.4 A typical eDNA analysis workflow

	3. Sampling and sample processing
	3.1 Sampling
	3.2 Good working practices for minimizing the risk of contamination
	3.3 Filtration
	3.3.1 Filtration systems and membranes
	3.3.2 Filtration volume

	3.4 Sample preservation
	3.5 Replicates and filtration blanks
	Box 1. Recommendations for sampling and sample processing  

	4. Molecular work – wet lab
	4.1 DNA extraction
	4.2 PCR amplification
	4.2.1 Primers
	4.2.2 Polymerases
	4.2.3 Inhibitor removal

	4.3 High-throughput amplicon sequencing (HTS)
	4.4 Quality control
	4.4.1 Negative controls
	4.4.2 Positive controls
	4.4.3 Tagging system controls

	Box 2. Recommendations for molecular work – wet lab

	5. Bioinformatics - dry lab
	5.1 Sequence quality filtering and clustering
	5.2 Assigning taxonomy
	5.3 Reference databases
	Box 3. Recommendations for bioinformatics

	6. Data storage and management
	Box 4. Recommendations for data management

	7. Future perspectives and recommendations
	7.1 Standardization
	7.2 Sequence reference databases
	7.3 Phytoplankton groups to target with eDNA-metabarcoding
	7.4 Long-read sequencing

	8. Cost estimates
	9. Conclusions and future perspectives
	Acknowledgements
	References
	Appendix
	Table A1. Examples of guidelines and protocols for aquatic eDNA metabarcoding  
	Table A2. Overview of ribosomal rRNA genes, gene regions, and number of unique primer pairs used in marine metabarcoding studies targeting phytoplankton
	A1 Extended discussion on primers
	A2 Glossary

	About this publication
	DNA metabarcoding
	Disclaimer
	Rights and permissions
	Nordic co-operation



