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MATERIAL AND METHODS
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Fig 1. Location of sampling sites in the southern 

Caspian Sea basin (Gisum, Se!droud, Tonekabon, 

Siahroud and Talar rivers) in northern Iran
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3754Z;' J$#$%-$%B#*' #&#*N-/-' +"!' M"!A."*"Q%B#*' @#$#'
S/!/'A/!+"!M/@')-%&Q'$./'JXJJ'L/!-%"&'39'-"+$S#!/'
A#B_#Q/0' E)M/!%B#*' #̂T"&"MN' #&@' `)*$%L#!%#$/'
:&#*N-%-' JN-$/M' WE^JpJ8ABZ' WF".*+0' 3772Z' #&@'
`%B!"-"+$'DTB/*'1232;

RESULTS

?/-B!%A$%L/' @#$#' +"!' $./' -/T' !#$%"0' !#&Q/0' M/#&'
#&@' -$#&@#!@' /!!"!' WJDZ' "+' ="@N' */&Q$.' #&@'
S/%Q.$'%&'B#-/'"+'-#MA*/@'-A/B%M/&-'#!/'A!/-/&$8
/@'%&'^#=*/'3;

Table 1. Descriptive data of Cobitis populations in the southern Caspian Sea basin (SE: standard error; N: number 

of specimens)

&0123456 (78 $ (529:2;:'&79<5='>??@ .0:6'A74<=5'><@

`%&'q'`#T `/#&'r'JD `%&'8'`#T `/#&'r'JD

`#*/- O 62;79'q'69;77 64;42'r'3;47 3;2['q'3;5O 3;4O'r'2;34

I%-)M ,/M#*/- 15 4[;71'q'63;7[ O6;14'r'2;76 2;65'q'3;31 2;[13'r'2;21

^"$#* 43 4[;71'q'69;77 O9;15'r'2;75 2;65'q'3;5O 2;[[7'r'2;2O

`#*/- 6 6[;O3'q'99;12 91;O2'r'3;15 3;[6'q'4;35 1;O['r'2;11

J/R@!")@ ,/M#*/- 35 19;46'q'[2;2[ 47;11'r'4;55 2;16'q'O;7O 2;765'r'2;43

^"$#* 11 19;46'q'[2;2[ OO;O7'r'4;67 2;16'q'O;7O 3;42'r'2;15

`#*/- 8 8 8 8 8

^"&/_#="& ,/M#*/- [ 97;11'q'[[;[1 [1;O6'r'1;O5 4;36'q'6;92 O;53'r'2;43

^"$#* [ 97;11'q'[[;[1 [1;O6'r'1;O5 4;36'q'6;92 O;53'r'2;43

`#*/- 9 6O;23'q'99;79 93;44'r'1;22 3;55'q'1;52 1;43'r'2;39

J%#.!")@ ,/M#*/- 5 O6;96'q'56;[[ 91;54r'O;O[ 2;74'q'O;O6 1;93'r'2;64

^"$#* 34 O6;96'q'56;[[ 91;2['r'1;O7 2;74'q'O;6O 1;O5'r'2;1[

`#*/- 32 61;54'q'95;34 93;9['r'3;[2 3;35'q'1;17 3;73'r'2;31

#̂*#! ,/M#*/- 34 63;93'q'[5;59 51;57'r'4;15 3;29'q'6;67 4;12'r'2;O3

^"$#* 14 63;93'q'[5;59 95;79'r'1;17 3;29'q'6;67 1;9O'r'2;15



 !"#$%#&'(")!&#*'"+',%-./!%/-0'12340'530'3678397
:;'<#=%=%'/$'#*;>'?%-$!%=)$%"&'#&@'-$#$)-'"+'-A%&/@'*"#B.'A"A)*#$%"&-

 #%

^./'#Q/'"+'$./'-#MA*/-'!#&Q/@'+!"M'3s'$"'6s'N/#!-;'
^./'#Q/'B"MA"-%$%"&'"+' !"#$#%'A"A)*#$%"&-'%&'!/*#8

$%"&'$"'-/T'%-'A!/-/&$/@'%&' #̂=*/'1;'
^./'M"!A."M/$!%B' #&@'M/!%-$%B' B.#!#B$/!-' #!/'

A!/-/&$/@'%&' #̂=*/'4'#&@' #̂=*/'O0'!/-A/B$%L/*N;
^/-$%&Q' $./' %&$/!#B$%"&' =/$S//&' L#!%#=*/-' #&@'

-/T/-' +!"M' 75' -/T8!/B"!@/@' R-.' !/L/#*/@' $.#$'
M"!A."M/$!%B' M/#-)!/M/&$-' @%@' &"$' @%V/!' -%Q8
&%RB#&$*N0'@/M"&-$!#$%&Q'#'&/Q*%Q%=*/'/V/B$'"+' -/T'
"&' "=-/!L/@' L#!%#$%"&;'C&*N' .S0' A?0' Xb0' A:' #&@'
?:' M/#-)!/M/&$-' -."S/@' -%Q&%RB#&$' @%V/!/&B8

/-' =/$S//&' M#*/' #&@' +/M#*/' -A/B%M/&-' WXY2;26Z;'
^./!/+"!/'$./'@#$#'S/!/'-$#&@#!@%\/@'#&@'#&#*N-/@'
S%$.")$'@%-$%&Q)%-.%&Q'$./'-/T/-;',"**"S%&Q'#**"M8
/$!%B'$!#&-+"!M#$%"&0'$./!/'S#-'&"'-%Q&%RB#&$'B"!!/8
*#$%"&'=/$S//&'-$#&@#!@'*/&Q$.'#&@'M"!A."M/$!%B'
M/#-)!/M/&$-0'%&@%B#$%&Q'$.#$'$./'-%\/'/V/B$'S#-'/+8
+/B$%L/*N'!/M"L/@'+!"M'$./'@#$#'S%$.'$./'#**"M/$!%B'
$!#&-+"!M#$%"&'W #̂=*/'6Z;
U&%L#!%#$/' #&#*N-%-' "+' L#!%#&B/' W:ECd:Z' !/8

L/#*/@'-%Q&%RB#&$'@%V/!/&B/-'WXY2;26Z'S%$.'L#!N%&Q'
@/Q!//-'#M"&Q'$./'M/#&-'"+'$./'-#MA*/-'+!"M'$./'

Table 2. Age composition of Cobitis populations in relation to sex in the southern Caspian Sea basin (M: male; F: 

female)

%<7 #4BC? (7D:;0C: +097E2/09 (42=;0C: +232;

` , ` , ` , ` , ` ,

3s 8 8 8 7 8 8 8 8 8 8

1s 8 1 8 6 8 8 8 3 O 1

4s 8 3[ 6 1 8 3 O O 4 4

Os 4 5 8 3 8 1 1 3 4 6

6s 3 8 8 8 8 6 8 3 8 4

^"$#* O 15 6 35 8 [ 9 5 32 34

Table 3. Comparison of the relative value (Mean ± SE) of morphometric characters of Cobitis populations in the 

southern Caspian Sea basin

)=2;2157; #4BC? (7D:;0C:  !"#$%!"  $&$' ()$*'!+,

^b'WMMZ O9;15'r'2;79 OO;O7'r'4;63 [1;O6'r'1;43 [O;16'r'3;62 91;2['r'1;47

&'()**+ ,"-$.(/($-#0 ,0-, (/(,- # . -.,(/(,-$, . -!0(/( -,$ !%-."(/(%-%.

(529:2;:'&79<5='F

^"$#*'*/&Q$. 33[;66'r'2;53 339;[1'r'2;O4 33O;76'r'2;6[ 336;97'r'2;47 335;75'r'2;[4

1234(526789 14;45'r'2;37 11;67'r'2;4[ 37;61'r'2;15 37;[2'r'2;22 13;9['r'2;4O

1234(42:89 31;66'r'2;11 34;36'r'2;27 33;91'r'2;19 31;[4'r'2;23 34;65'r'2;1O

;<24=<>35(4?>836@2 64;36'r'2;49 61;[1'r'2;O3 61;66'r'2;67 61;27'r'2;24 62;7['r'2;99

;=>84=<>35(4?>836@2 4[;93'r'2;42 47;22'r'2;47 O2;O['r'2;67 47;19'r'2;46 47;62'r'2;4O

A=4B(42:89 3O;74'r'2;39 36;19'r'2;49 36;65'r'2;1O 39;OO'r'2;64 35;O5'r'2;15

;<23635(4?>836@2 57;7O'r'2;2[ [2;95'r'2;47 [2;[4'r'2;99 [2;14'r'2;47 [3;55'r'2;99

C3D435(:24D6@52(92?798 [;75'r'2;3O [;73'r'2;14 [;[5'r'2;O6 7;9['r'2;33 32;27'r'2;13

C3D435(:24D6@52(526789 34;69'r'2;12 3O;2O'r'2;1[ 3O;63'r'2;O1 34;37'r'2;1O 31;79'r'2;16

E=<>35(F6(526789 3[;3['r'2;1[ 3[;76'r'2;45 3O;[4'r'3;62 3[;33'r'2;1[ 37;17'r'2;16

E=<>35(F6(92?798 7;OO'r'2;17 [;16'r'2;14 7;19'r'2;17 7;56'r'2;19 33;95'r'2;OO

G635(F6(526789 3O;22'r'2;1O 34;67'r'2;16 31;57'r'2;47 34;O6'r'2;3[ 3O;6O'r'2;21

G635(F6(92?798 9;5['r'2;37 9;O2'r'2;36 9;67'r'2;12 9;9['r'2;35 5;[6'r'2;13

;2@8=<35(F6(526789 34;73'r'2;43 3O;63'r'2;43 34;2['r'2;6[ 3O;5['r'2;O5 39;6O'r'2;92

H268<35(F6(526789 31;49'r'2;37 33;77'r'2;15 33;95'r'2;43 31;39'r'2;17 34;53'r'2;4O

;2@8=I268<35(4?>836@2 41;94'r'2;41 43;[3'r'2;62 44;O4'r'3;94 44;91'r'2;O1 41;O9'r'2;99

H268<35J3635(4?>836@2 %#-K%(/($-% %#-#$(/($-,, %.-,K(/($-!K %#-K.(/($-%, %0-$"(/($-K.

G72:'&79<5='F

J&")$'*/&Q$. 4[;O4'r'2;94 49;O9'r'2;72 O3;36'r'2;53 O2;OO'r'2;9[ 47;31'r'3;3O

LB2(4?3*282< 35;62'r'2;O2 3[;42'r'2;97 3[;9O'r'2;67 37;91'r'2;17 37;39r'2;61

;=>8=<M?835(526789 64;OO'r'3;34 64;4['r'3;13 O6;[['r'3;26 O1;24'r'2;26 O9;5O'r'2;7O

1234(42:89 64;53r'2;[1 6[;6['r'2;7O 67;63'r'3;25 9O;7O'r'2;32 91;91'r'2;73

N682<=<M?835(526789 32;23'r'2;56 35;55'r'2;O7 13;3['r'2;O5 35;69'r'2;17 12;O6'r'2;16

O?<>8(M3<M25(526789 3O;33'r'2;45 33;7O'r'2;62 34;[['r'2;5[ 36;OO'r'2;94  !-!$(/($-!$
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Table 4. Comparison of meristic character values (Mean ± SE) of Cobitis populations in the southern Caspian Sea basin

)=2;2157; #4BC? (7D:;0C: +09E2/09 +232; (42=;0C:

U&HF?, 3;[5'r'2;29 3;22'r'2;22 3;22'r'2;22 1;25'r'2;29 3;36'r'2;32

HF?, 5;17'r'2;2[ 9;76'r'2;2O 9;[5'r'2;33 9;29'r'2;26 9;93'r'2;39
U&HF:, 3;[2'r'2;25 3;2O'r'2;2O 3;16'r'2;36 1;33'r'2;26 3;64'r'234
HF:, 6;5O'r'2;25 6;15'r'2;27 9;45'r'2;39 O;79'r'2;2[ 6;25'r'2;25
U&HFX, 3;22'r'2;22 3;22'r'2;22 3;31'r'2;33 3;22'r'2;22 3;22'r'2;22
HFX, 5;27'r'2;2[ 9;[9'r'2;25 9;45'r'2;39 6;32'r'2;29 9;97'r'2;39
U&HFd, 3;22'r'2;22 3;27'r'2;29 3;22'r'2;22 3;22'r'2;22 3;22'r'2;22
HFd, 9;6['r'2;2[ 6;51'r'2;27 9;31'r'2;33 9;74'r'2;26 6;[O'r'2;3[

HF , 3O;74'r'2;34 3O;3['r'2;32 3O;45'r'2;39 3O;99'r'2;3[ 3O;4['r'2;34

Table 5. The results of ANOVA for morphometric measurements between sexes of Cobitis populations in the 

southern Caspian Sea basin

H0;I=0?75;41
?72BC;7?795B

,'J23C7 -'J23C7 H0;I=0?75;41
?72BC;7?795B

,'J23C7 -'J23C7

< 1;9O6 2;32[ A": 1;5[7 2;277

Hj 2;1O[ 2;912 Ad 1;969 2;325
 A* 2;OO1 2;62[ A"d 2;969 2;O12
. 2;323 2;561 ?* 2;2[9 2;552
.* 4;O32 2;29[ .? 2;[3[ 2;49[
K=L MNOPO QNQRQ *? 3;363 2;1[9
.@ 3;615 2;112 .: 3;152 2;194
A!C 2;222 2;776 :* 2;223 2;75O
D@ 2;223 2;755 :. 2;775 2;413
X"* 2;624 2;O[2 d* 2;214 2;[[2
%"* 2;413 2;651 -3 PNMRS QNQTT
Hb3 2;322 2;561 Xdb 1;37O 2;3O1
Hb1 2;329 2;5O9 U% MNVMT QNQRM
Hb4 2;179 2;6[[ X: 2;747 2;446
IU VNVTW QNQST :? 2;222 2;7[7
A"? 2;347 2;532 ^X 2;2O7 2;[19

I% PNXSR QNQSW

t<%Q.*%Q.$/@'@#$#'-."S-'-%Q&%RB#&$'@%V/!/&B/-'=/$S//&'$./'-/T/-'WXY2;26Z

Table 6. The results of ANOVA for morphometric measurements among Cobitis populations in the southern 

Caspian Sea basin

H0;I=0?75;41
1=2;2157;

,'J23C7 -'J23C7 H0;I=0?75;41
1=2;2157;

,'J23C7 -'J23C7

< 36;711 2;222 A": 4;764 2;229

Hj O;[39 2;221 Ad 32;77O 2;222
 A* 4;661 2;232 A"d 3;47[ 2;1O1
. 5;43[ 2;222 ?* 9;1O1 2;222
.* 6;93O 2;222 .? 32;35O 2;222
.S 6;411 2;223 *? 4;714 2;229
.@ 32;413 2;222 .: O;O49 2;224
A!C 6;295 2;223 :* O;9[O 2;221
tD@ 3;776 2;324 :. 33;144 2;222
X"* 1;233 2;323 d* 5;[[5 2;222
%"* 2;69O 2;972 X* 35;632 2;222
Hb3 6;595 2;222 XL* 9;977 2;222
Hb1 O;721 2;223 ?: 4;913 2;227
Hb4 6;O7O 2;223 X: O;136 2;22O
A? 1O;792 2;222 :? 6;7[4 2;222
A"? 2;649 2;532 ^X 5;O39 2;222

X: 36;43[ 2;222

t'<%Q.*%Q.$/@'@#$#'-."S'$./!/'%-'&"'-%Q&%RB#&$'@%V/!/&B/'#M"&Q'$./'-$#$%"&-'WXu2;26Z
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RL/' *"B#*%$%/-' +"!' 1[' "+' 44' -$#&@#!@%\/@' M"!A."8
M/$!%B'M/#-)!/M/&$-'W #̂=*/'9Z;'^./'$!#%$-'$.#$'S/!/'
.%Q.*N'-%Q&%RB#&$'WXo2;23Z'S/!/')-/@'+"!'?,:0'X :'
#&@' :'#&#*N-%-;
^"' @/$/!M%&/'S./$./!' $./' &)M=/!' "+' -#MA*/-'

%-'-)vB%/&$'+"!'X :'#&@'?,:'#&#*N-%-0'!/-/#!B./!-'
"+'$./"!/$%B#*'S"!_-'"&'X :'#&@'?,:'.#L/'!/B"M8
M/&@/@'$.#$'$./'!#$%"'"+'$./'&)M=/!'"+'"!Q#&%-M-'
M/#-)!/@' WEZ' !/*#$%L/' $"' $./'A#!#M/$/!-' %&B*)@/@'
WXZ' %&' $./'#&#*N-%-' %-'#$' */#-$'4q4;6' W(".&-"&0'37[3a'
c"B"L-_N'/$'#*;0'1227Z;'JM#**'E'L#*)/-'M#N' +#%*' $"'
#@/g)#$/*N' B#A$)!/' B"L#!%#&B/' "!' M"!A."*"Q%B#*'
L#!%#$%"&0'S.%B.'M#N' */#@' $"' +#*-/' B"&B*)-%"&-' !/8
Q#!@%&Q' @%V/!/&B/-' #M"&Q' Q!")A-' W`BQ#!%Q#*' /$'
#*;0' 1222Z;' G&' $.%-' -$)@N0' M"!A."M/$!%B' B.#!#B$/!-'
$.#$' S/!/' .%Q.*N' -%Q&%RB#&$' #$' $./' */L/*' WXo2;23Z'
S/!/')-/@'+"!'$./'M)*$%L#!%#$/'#&#*N-%-0'#&@')&@/!'
$./-/'B"&@%$%"&-'$./'E>X'!#$%"'S#-'O;O2'W75m11Z;'^./'
c#%-/!8`/N/!8C*_%&' Wc`CZ' M/#-)!/' "+' -#MA*%&Q'
#@/g)#BN' %-' #&"$./!' )-/+)*' M/$."@' $"' -."S' $./'
#AA!"A!%#$/&/--' "+' @#$#' +"!' +#B$"!' #&#*N-%-;' c`C'
B"/vB%/&$-'Q!/#$/!' $.#&'2;9' %&@%B#$/' $.#$' $./'X :'
M/$."@'%-'-)%$#=*/'+"!'$./'@#$#'Wc#-%/!0'375OZ;'G&'$.%-'
-$)@N0' $./'c`C'L#*)/' "=$#%&/@'S#-' 2;59[' +"!' $./'
M"!A."M/$!%B'@#$#;'^.%-'-)QQ/-$-'$.#$'$./'-#MA*/@'
@#$#'#!/'#AA!"A!%#$/'$"'A!"B//@'S%$.'#'+#B$"!'#&#*N8
-%-'A!"B/@)!/;
G&' "!@/!' $"' @/$/!M%&/' S.%B.' M"!A."M/$!%B'

M/#-)!/M/&$-'M"-$'/V/B$%L/*N'@%-B!%M%&#$/'#M"&Q'
$./-/'A"A)*#$%"&-0'$./'B"&$!%=)$%"&-'"+'L#!%#=*/-'$"'
$./' A!%&B%A#*' B"MA"&/&$-' WX :Z' S/!/' /T#M%&/@;'
X!%&B%A#*' B"MA"&/&$'#&#*N-%-'"+' 11'M"!A."M/$!%B'
M/#-)!/M/&$-'/T$!#B$/@' -%T' +#B$"!-'S%$.'/%Q/&L#*8
)/-'u30'/TA*#%&%&Q'9O;O65]'"+'$./'L#!%#&B/'W #̂=*/'5ZN

Table 7. Eigenvalues, percentage of variance and 

percentage of cumulative variance for the 6 PC for 

morphometric measurements for Cobitis populations 

in the southern Caspian Sea basin

,2150; *4<79J23C7B -7;17952<7'
0Y

J2;42917

-7;17952<7'0Y
1C?C3254J7'
J2;42917

X 3 6;713 19;736 19;736

X 1 1;1[O 32;4[2 45;176

X 4 3;792 [;727 O9;12O

X O 3;925 5;424 64;625

X 6 3;1[9 6;[OO 67;463

X 9 3;314 6;326 9O;O65

^./' A!%&B%A#*' B"MA"&/&$' #&#*N-%-' "+' 11' M"!8
A."M/$!%B' B.#!#B$/!-' +"!' X 3' #&@'X 1' /TA*#%&/@'
19;736]'#&@'32;4[2]'"+'$./'L#!%#$%"&0'!/-A/B$%L/*N'
W^#=*/' 5Z;' ^./' M"-$' -%Q&%RB#&$' *"#@%&Q-' "&' X 3'
S/!/'+!"M'Hb30'Hb10'Hb40'.?0':.0'db'#&@'Xb0'#&@'

"&'X 1'S/!/'+!"M'<0'.0'.@0'D@0'?b0'.:0'db'#&@'Xb'
W^#=*/'[Z;'

Table 8. Results of factor extractions in PCA after 

Varimax normalized rotation

H0;I=0?75;41'
?72BC;7?795B

)0?I09795

X 3 X 1 X 4 X O X 6 X 9

< 2;967

 Xb 2;51[

. 2;571

.* 2;997

.@ 2;9[9

A!C 2;[53

D@ 2;615 82;622

X"* 2;932

Hb3 2;963

Hb1 2;5O[

Hb4 2;566

A? 82;O[1 2;O23

?* 2;657

.? 2;942

*? 2;O[6 2;O91

.: 2;O92 2;656

:b 2;5O5

:. 2;5[4 2;596

d* 2;O69 2;OO1 2;OO9 2;561

Xb 2;O69 2;911

^./' !"$#$/@' Wd#!%M#TZ' B"MA"&/&$' *"#@%&Q-' +"!'
$./'-%T'B"MA"&/&$-'W+#B$"!-Z'#!/'A!/-/&$/@'%&' #̂=*/'
[;' d%-)#*' /T#M%&#$%"&' "+' A*"$-' "+' X 3' #&@' X 1'
-B"!/-' !/L/#*/@' $.#$' $./'-A/B%M/&-'S/!/'@/L%#$/@0'
S%$.'-"M/'@/Q!//'"+'"L/!*#A'#M"&Q'A"A)*#$%"&-'"+'
$./'-#M/'-A/B%/-'W,%Q)!/'1Z;

Fig 2. Plot of the factor scores for PC1 and PC2 of 

morphometric measurements for Cobitis populations 

in the southern Caspian Sea basin (Gisum: Cobitis sp.; 

Se!droud, Tonekabon and Talar: C. keyvani; Siahroud: 

C. faridpaki)

G&' $.%-' #&#*N-%-0' "&*N' B.#!#B$/!%-$%B-' S%$.' /%8
Q/&L#*)/-' /TB//@%&Q' 3' S/!/' %&B*)@/@' W #̂=*/' [Z;'
D%Q/&L#*)/-' S/!/' A*"P/@' #Q#%&-$' $./' +#B$"!-' #!8
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Fig 3. Screen plot of the principal components for 

morphometric measurements for Cobitis populations 

in the southern Caspian Sea basin
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Fig 4. Dendrogram derived from cluster analyses of 

22 morphometric variables on the basis of Euclidean 

distance for Cobitis populations in the southern 

Caspian Sea basin (Gisum: Cobitis sp.; Se!droud, 

Tonekabon and Talar: C. keyvani; Siahroud: C. faridpaki)
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Fig 5. Representation of the canonical discriminant 

functions 1 and 2 (Gisum: Cobitis sp.; Se!droud, 

Tonekabon and Talar: C. keyvani; Siahroud: C. faridpaki)
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DISCUSSION
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Table 9. Percentage of specimens classi!ed in each group and after cross validation for morphometric data

&0123456 H0;I=0?75;41

I%-)M'W]Z J/R@!")@'W]Z' ^"&/_#="&'W]Z' J%#.!")@'W]Z #̂*#!'W]Z

*%+,+-./

I%-)M 55;O 31;7 7;5 2;2 2;2

J/R@!")@ 7;3 55;4 2;2 O;6 7;3

^"&/_#="& 2;2 2;2 322;2 2;2 2;2

J%#.!")@ 2;2 2;2 2;2 322;2 2;2

#̂*#! 2;2 32;6 2;2 2;2 [7;6

0%$'')1./+&.2!&

I%-)M 95;5 39;3 7;5 4;1 4;1

J/R@!")@ 7;3 9[;1 O;6 O;6 34;9

^"&/_#="& 31;6 16;2 62;2 2;2 31;6

J%#.!")@ 2;2 5;5 2;2 71;4 2;2

#̂*#! 6;4 13;3 2;2 2;2 54;5
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Sažetak

RASPODJELA I STATUS VIJUNA 
(Actinopetrigii: Cobitidae) U JUŽNOM 
SLIVU KASPIJSKOG JEZERA

c#_"' =%' -/' !#\k#-&%*#' !#-A"@k/*#' A"A)*#B%k/' L!-$/'
 !"#$#%')'k)x&"M'@%k/*)'c#-A%k-_"Q'k/\/!#0'M"!+"*"y8
_%'k/'%-A%$#&"'75'k/@%&_%'$/'L!-$/0'A!%_)A*k/&%.'-'A/$'
!#\*%z%$%.'*"_#*%$/$#;'(/@&"-Mk/!&#'#&#*%\#'"@-$)A#8
&k#' A"_#\#*#' k/' \&#z#k&/' !#\*%_/' WXY2026Z' %\M/{)'
-!/@&k%.'L!%k/@&"-$%'A/$'-_)A%&#')'1['"@'44'-$#&@#!8
@%\%!#&%.'M"!+"M/$!%k-_%.'Mk/!/&k#0'$/'5'"@'32'M/!%8
-$%z_%.' %\!#z)&#;'X!%*%_"M'*%&/#!&/'@%-_!%M%&#&$&/'
+)&_B%k-_/' #&#*%\/' W?,:Z' A!/M#' M"!+"M/$!%k-_%M'
_#!#_$/!%-$%_#M#0')_)A&#'A"@k/*#'k/@%&_%')'&k%."L/'
%\L"!&/' -_)A%&/'=%*#' k/'L%-"_#' W[O07]Z0' y$"')_#\)8
k/'&#'$"'@#'-/'$/'A"A)*#B%k/'\&#$&"'!#\*%_)k);'U@%"'
A"k/@%&#z&%.'L!-$#'_"k/'-)'%-A!#L&"'_*#-%RB%!#&/')'
-L"k/'%\L"!&/'-_)A%&/'=%"'k/'550O]'_"@'L!-$/' !"#$#%&
-A-' W!%k/_#'I%-)MZ0' 5504]'_"@'L!-$/' !"#$#%& '()*+,#'
W!%k/_#'J/R@!")@Z0'322]'_"@'L!-$/' -&'()*+,#'W!%k/_#'
^"&/_#="&Z0'322]'_"@'L!-$/' !"#$#%&.+/#02+'#'W!%k/_#'
J%#.!")@Z'%'[706]'_"@'L!-$/' -&'()*+,#'W!%k/_#' #̂*#!Z;'
I!)A%!#&k/M'&#' $/M/*k)' /)_*%@-_%.')@#*k/&"-$%' %\8
M/{)' "L%.'A/$' -_)A%&#' B/&$!"%@#0' _"!%-$/|%' !/\)*8
$#$/' UXI`:' %' #&#*%\/' Q*#L&%.' -#-$#L&%B#' WX :Z0'
)$L!{/&"' k/' @#&  -& .+/#02+'#' -A#@#k)' )' k)Q"%-$"z&/'
_#-A%k-_/' A"A)*#B%k/' L%k)&#0' @#'  -& '()*+,#& %2+0+9<&
)'B/&$!#*&%' k)x&%'@%"'k/\/!#&$/'@#'-/'&/A"\&#$#'A"8
A)*#B%k#0' !"#$#%&-A;0'!#\*%_)k/'"@'k)Q"\#A#@&%.'A"8
A)*#B%k#'-*%L#'c#-A%k-_"Q' k/\/!#;'F%k/_/'^"&/_#="&'
%'J/R@!")@'-)'@L#'&"L#'-$#&%y$#'\#'L!-$)' -&'()*+,#&
)'!/Q%k%;

Z3[C\97';4[7\4]' !"#$#%0'M"!+"M/$!%k-_/'!#\*%_/0'M/8
!%-$%_#0'"=!#\#B'!#-A"@k/*/0'c#-A%k-_"'k/\/!"

REFERENCES

:=@"*%0':;' W1222Z>'^./' %&*#&@'S#$/!'R-./-'"+' G!#&;'
G!#&%#&'`)-/)M'"+'E#$)!/'#&@'j%*@*%+/0'^/.!#&;'
}G&'X/!-%#&'S%$.'D&Q*%-.'#=-$!#B$~

:*L/-0'J;'`;0'H/*"0'`;'W1221Z>'`"!A."M/$!%B'L#!%#8
$%"&-' %&' $./'.")-/fN3&=<%;+&0!4(%$#;+' Wb;Z'S%$.'
*#$%$)@/;'I/&/$%B#0'3360'1O4q163-

:)-$%&0' <;' `;0' JB"*/-0' ?;0' :=/**0' :;' (;' W3777Z>'
`"!A."M/$!%B' -/A#!#$%"&' "+' #&&)#*' B"."!$-'
S%$.%&' M%@8:$*#&$%B' =*)/R-.0' A!4+$!4<%& %+61
$+$/#B0' )-%&Q' @%-B!%M%&#&$' +)&B$%"&' #&#*N-%-;'
,%-./!N'H)**/$%&0'750'O33qO12;



 !"#$%#&'(")!&#*'"+',%-./!%/-0'12340'530'3678397
:;'<#=%=%'/$'#*;>'?%-$!%=)$%"&'#&@'-$#$)-'"+'-A%&/@'*"#B.'A"A)*#$%"&-

 #0

H%#&B"0' X;'I;0'E#*=#&$0' ^;' W37[2Z>'F/@/-B!%A$%"&' "+'
 !"#$#%& 6#,(+0'S%$.' -"M/' !/M#!_-' "&' $./' -)=Q/8
&)-' H%B#&/-$!%&%#' W NA!%&%+"!M/->'  "=%$%@#/Z;'
 "A/%#0'O0'724q729;

H"!-#0'X;0'H*#&g)/!0':;0'H/!!!/=%0'X;'W3775Z>'I/&/$%B'
-$!)B$)!/'"+' $./'f")&@/!-&A6+$#;5$5)%&C(%<%' #&@'
A-&%$(66+$<%'#$'@%V/!/&$'Q/"Q!#A.%B'-B#*/-;'`#!%&/'
H%"*"QN0'3170'144q1O9;

H!%&-M/#@0'(;0',"T0'`;'I;'W1221Z>'`"!A."*"Q%B#*'L#!8
%#$%"&' =/$S//&' *#_/8' #&@' -$!/#M8@S/**%&Q' !"B_'
=#--'#&@'A)MA_%&-//@'A"A)*#$%"&-;' (")!&#*'"+'
,%-.'H%"*"QN0'930'3937q394[;

H)$*/!0'`;':;0'b"-"-0'(;'H;'W1221Z>'`)*$%L#!%#$/'-/T)#*'
@%M"!A.%-M0' -/T)#*' -/*/B$%"&0' #&@' #@#A$#$%"&'
%&' Q!/#$/!' :&$%**/#&' D,!6#%& 6#E+/0%;' DB"*"Q%B#*'
`"&"Q!#A.-0'510'6O3q667;

 #@!%&0' J;' K;' W1222Z>' :@L#&B/-' %&' M"!A."M/$!%B'
#&#*N-%-'"+'R-.'-$"B_'-$!)B$)!/;'F/L%/S-'%&',%-.'
H%"*"QN'#&@',%-./!%/-0'320'73q331;

 "#@0' H;' j;' W1234Z>' ,!/-.S#$/!' ,%-./-' "+' G!#&;'
W:BB/--/@'"&'31'`#N'1234Z;':L#%*#=*/'#$>'

' .PA>mmSSS;=!%#&B"#@;B"M'

DB"&"M%@%-0'X;'J;0'E#*=#&$0'^;'^;'W3779Z>':'J$)@N'"+'
$./'b"#B./-'"+'$./'Q/&/!#' !"#$#%&#&@'8+"+,(9(:#+'
WX%-B/-0'  "=%$%@#/Z' "+' I!//B/0' S%$.' @/-B!%A$%"&'
"+' J%T' E/S' #̂T#0' ^!#L-&`)-;' E#$;' <%-$;' E#$;'
I!%Q"!/#&$%A#0'490'176q4O5-

D**%"P0' E;' I;0' <#-_#!@' c;0' c"-*"S' (;' :;' W3776Z>'
`"!A."M/$!%B' #&#*N-%-' "+' "!#&Q/' !")Q.*N'
WF!26!%$($5<%&+$#+,$#;<%Z'"V'$./'B"&$%&/&$#*'-*"A/'
"+' J")$./!&':)-$!#*%#;' (")!&#*' "+' ,%-.' H%"*"QN0'
O90'121q112;

D!_e#_#&0' ,;0' C\/!/&0' J; ;0' E#*=#&$0' ^;^;' W122[Z>'
 !"#$#%&(*/(,#'-A;'E"L#8#'&/S'-A%&/@'*"#B.'-A/8
B%/-' W "=%$%@#/Z' +!"M' $./' -")$./!&' ^)!_/N;'
(")!&#*'"+',%-./!%/-'G&$/!&#$%"&#*0'40'O0'331833O;

D-M#/%*%0'<;'F;0' "#@0'H;'j;0'I."*#M%+#!@0':;0'E#\#!%0'
E;0' ^/%M"!N0':;' W1232Z>':&&"$#$/@' B./B_*%-$' "+'
$./' +!/-.S#$/!' R-./-' "+' G!#&;' n""-N-$/M#$%B#'
F"--%B#0'370'493q4[9;

D-M#/%*%0'<;'F;0' /̂%M"!N0':;0'c."-!#L%0':;' W1225Z>':'
&"$/'"&'$./'=%"@%L/!-%$N'"+'I.#@#MQ.#.'-A!%&Qq
-$!/#M'-N-$/M' %&',#!-'A!"L%&B/0' -")$.S/-$' G!#&;'
G!#&%#&'(")!&#*'"+':&%M#*'H%"-N-$/M#$%B-0'40'36814;

,#.N0'j;' D;' W37[2Z>' ^./' %&f)/&B/' "+' $/MA/!#$)!/'
B.#&Q/' "&' &)M=/!' "+' @"!-#*' R&' !#N-' @/L/*"A8
%&Q'%&'@<,0<6<%&4+9+6#%'Wj#*=#)MZ;'(;' "&-;'G&$;'
DTA*"!;'`/!;0'470'32Oq327;

,!/N."+0'(;0'J/!"L0'?;'d;'W1222Z>' !"#$#%&6+!(,%#%'+!"M'
d%/$&#M' S%$.' &"$/-' "&' $./' -")$./!&' @%-$!%=)8
$%"&' *%M%$-' "+' G&@"B.%&/-/'  !"#$#%' W^/*/"-$/%>'
 "=%$%@#/Z;',"*%#'n""*"Q%B#0'O70'30'126813O;

I%*B.!%-$0'I;'j;0'<)/N0' F;' H;0' H#*#&N#0' (;0' X#-B)#*0'
`;0'J/!!#0'b;'W122OZ>':'$%M/'-/!%/-'"+'/L"*)$%"&'%&'
#B$%"&>'#' *#$%$)@%&#*'B*%&/' %&'S%&Q'-%\/' %&'J")$.'
:M/!%B#&'G/!%!25#6+& %<"!"%;</+;' DL"*)$%"&0' 6[0'
59[q5[2;

(#&_"0' c;0' d#-%*e/L0' d;' X;0' F�=0' X;0' F�="L�0' `;0'
b/B.$"L�0' d;0' d#-%*e/L#0' D;' ?;' W1226Z>' I/&/$%B'
#&@'M"!A."*"Q%B#*'#&#*N-/-'"+'62'B.!"M"-"M/'
-A%&/@' *"#B./-' W !"#$#%0' "=%$%@#/0'X%-B/-Z' +!"M'
$./' H*#B_' J/#' H#-%&' $.#$' #!/' M"!A."*"Q%B#**N'
-%M%*#!'$"' -&$+(,#+0'S%$.'$./'@/-B!%A$%"&'"+'#'&/S'
-A/B%/-;',"*%#'n""*"Q%B#0'6O0'O0'O26qO12-

(".&-"&0' ?;' <;' W37[3Z>' <"S' $"' M/#-)!/' .#=%$#$>'
#' -$#$%-$%B#*' A/!-A/B$%L/;' U;J;' ,"!/-$' J/!L%B/'
I/&/!#*'^/B.&%B#*'F/A"!$'F`0'[50'64q65;

c#-%/!0'<;',;'W375OZ>':&'G&@/T'"+',#B$"!%#*'J%MA*%B%$N;'
X-NB."M/$!%_#0'470'43q49;

c/#-$0':;0'j/==0'?;' W3799Z>'`")$.'#&@'="@N' +"!M'
!/*#$%L/' $"' +//@%&Q' /B"*"QN' %&' $./'R-.' +#)&#'"+'
#' -M#**' *#_/0' b#_/' CA%&%B"&0' C&$#!%";' (")!&#*'
"+' $./',%-./!%/-'F/-/#!B.'H"#!@'"+' #&#@#0&140'
3[O683[5O-

c"B"L-_N0'X;'`;0':@#M-0'(;'d;0'H!"&$/0' ;'F;'W1227Z>'
^./'/V/B$'"+'-#MA*/'-%\/'"&'$./'-$#=%*%$N'"+'A!%&8
B%A#*' B"MA"&/&$' #&#*N-%-' "+' $!)--8=#-/@' R-.'
M"!A."M/$!%B-;' ^!#&-#B$%"&-' "+' $./' :M/!%B#&'
,%-./!%/-'J"B%/$N0'34[0'O[5qO79;

c"P/*#$0'`;' W1231Z>' "&-A/B$)-' B"=%$%@)M>':&' %&8
L/&$"!N' "+' $./' *"#B./-' "+' $./'S"!*@' W^/*/"-$/%>'
 NA!%&%+"!M/->' "=%$"%@/%Z;'^./'F#�/-'H)**/$%&'
"+'n""*"QN0'190'3q377;

c"P/*#$0' `;0' ,!/N."+0' (;' W1225Z>' <#&@=""_' "+'
D)!"A/#&' +!/-.S#$/!' R-./-;' X)=*%B#$%"&-'
c"P/*#$;

b#&Q/!.#&-0'F;' H;0' b#NM#&0' ;':;0' J."_!"**#.%0':;'
`;0'?/S%P0'^;'(;'W122OZ>'X!/@#$"!8@!%L/&'A./&"8
$NA%B'@%L/!-%RB#$%"&'%&'H+4"#+&+.I,#%;'DL"*)$%"&0'
6[0'1426q143[;

`#P./S-0'j;'(;'W377[Z>'X#P/!&-'%&',!/-.S#$/!',%-.'
DB"*"QN;' .#AM#&'�'<#**0'E/S'p"!_0'Ep0'UJ:;

`BI#!%Q#*0' c;0'  )-.M#&0' J;' J$#V"!@0' J;' W1222Z>'
`)*$%L#!%#$/'J$#$%-$%B-' +"!'j%*@*%+/'#&@'DB"*"QN'
F/-/#!B.;'JA!%&Q/!'d/!*#Q0'E/S'p"!_;

`/&Q0'<;'(;0'J$"B_/!0'̀ ;'W37[OZ>':&'/L#*)#$%"&'"+'M"!8
A."M/$!%B-'#&@'M/!%-$%B-'+"!'-$"B_'-/A#!#$%"&'"+'
X#B%RB'./!!%&Q'W 6<2(+5+/(,7<%&2+66+%#Z;' #&#@%#&'
(")!&#*& "+& ,%-./!%/-' #&@' :g)#$%B& JB%/&B/-3' O30'
O3OqO11;

`")-#L%8J#=/$0' <;' W1231#Z>' H%"*"QN' "+' $./' -")$.8
/!&'  #-A%#&' JA%&/@' b"#B.' #&@' %$-' _//A%&Q' %&'
#g)#!%)M;':g)#!%)MS/!/*@0'960'70'14O81O3;'}G&'
?)$B.~



 !"#$%#&'(")!&#*'"+',%-./!%/-0'12340'530'3678397
:;'<#=%=%'/$'#*;>'?%-$!%=)$%"&'#&@'-$#$)-'"+'-A%&/@'*"#B.'A"A)*#$%"&-

 #"

`")-#L%8J#=/$0' <;0' c#M#*%0' :;0' J"*$#&%0' `;0' H#&%0'
:;0' D-M#/%*%0' <;' F;0' F"-$#M%0' <;0' d#$#&@")-$0'
J;0'`"!#@_.#&%0' n;' W1233#Z>':Q/0' !/A!"@)B$%"&0'
#&@' +/B)&@%$N' "+' #' A"A)*#$%"&' "+'  !"#$#%' -A;'
W:B$%&"A$/!NQ%%>' NA!%&%+"!M/->' "=%$%@#/Z'+!"M'
$./'H#="*!)@'F%L/!'%&'$./'-")$./!&' #-A%#&'J/#'
=#-%&;' :B$#' GB.$.N"*"Q%B#' /$' X%-B#$"!%#0' O30' 10'
335q311;

`")-#L%8J#=/$0' <;0' c#M#*%0' :;0' J"*$#&%0' `;0' H#&%0'
:;0' D-M#/%*%0' <;' F;0' c."-.=#L#!' F"-$#M%0'
<;0' d#$#&@")-$0' J;0' `"!#@_.#&%0' n;' W1231BZ>'
F/A!"@)B$%L/' =%"*"QN' "+'  !"#$#%& '()*+,#'
W "=%$%@#/Z'+!"M'$./' #̂*#!'F%L/!'%&'J")$.'"+'$./'
 #-A%#&' J/#' H#-%&;' G!#&%#&' (")!&#*' "+' R-./!%/-'
JB%/&B/-0'330'10'4[4q474;

`")-#L%8J#=/$0'<;0'c#M#*%0':;0'J"*$#&%0'`;0'H#&%0':;0'
F"-$#M%0' <;' W1231=Z>' :Q/0' -/T' !#$%"0' -A#S&%&Q'
-/#-"&0'Q"&#@"-"M#$%B' %&@/T0'#&@'+/B)&@%$N'"+'
 !"#$#%&.+/#02+'#'W:B$%&"A$/!NQ%%0' "=%$%@#/Z'+!"M'
$./'J%#.!")@'F%L/!'%&'$./'-")$./#-$/!&' #-A%#&'
J/#' =#-%&;'  #-A%#&' (")!&#*' "+' D&L%!"&M/&$#*'
JB%/&B/0'320'30'36q14;

`")-#L%8J#=/$0'<;0'd#-%*e/L#0'D;'?;0'd#$#&@")-$0'J;0'
d#-%*e/L0'd;'X;'W1233=Z>' !"#$#%&.+/#02+'#'-A;'E"L#8'
#'&/S'-A%&/@'*"#B.'-A/B%/-'W "=%$%@#/Z'+!"M'$./'
J")$./!&'  #-A%#&' J/#' H#-%&' WG!#&Z;' (")!&#*' "+'
GB.$.N"*"QN0'630'320'716q743;

`")-#L%8J#=/$0' <;0' p/!*%0' J;' d;0' d#$#&@")-$0' J;0'
C\/!/&0' J;'  ;0' `"!#@_.#&%0' n;' W1231@Z>'  !"#$#%&
'()*+,#'-A;'&"L#�#'&/S'-A/B%/-'"+'-A%&/@8*"#B.'
+!"M'-")$.'"+'$./' #-A%#&'J/#'H#-%&'W^/*/"-$/%>'
 "=%$%@#/Z;' ^)!_%-.' (")!&#*' "+' ,%-./!%/-' #&@'
:g)#$%B'JB%/&B/-0'310'5q34;

E#*=#&$0'^;'^;0'H%#&B"0'X;'I;'W377[Z>'^./'*"#B./-'"+'
G!#&' #&@' #@k#B/&$' !/Q%"&-' S%$.' @/-B!%A$%"&' "+'
-%T'&/S'-A/B%/-' W "=%$"%@/#Z;' G$#*%#&' (")!&#*'"+'
n""*"QN0'960'327q314;

X#$%M#!0' F;0' CS&#Q.0' D;0' (#+#!%0' E;0' <"--/%&%0' `;'
W1227Z>' G&$!#=#-%&' L#!%#$%"&' %&' #**"M/$!N' B"8
/vB%/&$-' "+' b/&_"!&'  +2!($+& ;+2!($+& 7/+;#6#%'
Wc/N-/!*%&Q0' 3[93Z' %&' $./' I"!Q#&!")@' =#-%&0'
-")$./#-$' #-A%#&'J/#0'G!#&-&(")!&#*'"+':AA*%/@'
GB.$.N"*"QN0'160'559q555;

X%&./%!"0':;0'^/%T/%!#0' ;'`;0'F/Q"0':;'b;0'`#!g)/-0'
(;',;0' #=!#*0'<;'E;'W1226Z>'I/&/$%B'#&@'M"!A."8
*"Q%B#*' L#!%#$%"&' "+' 8!6(+& 6+%;+/#%' WF%--"0' 3[32Z'
#*"&Q'$./'X"!$)Q)/-/'B"#-$;',%-./!%/-'F/-/#!B.0'
540'95q5[;

w)%&&0' ;̂' X;0'j/�/*0' b;0' H%-."A0' J;0' CL/!=/!Q0' c;0'
F"Q/!-0'?;'D;'W1223Z>'G&f)/&B/'"+'=!//@%&Q'.#=%$#$'
"&'=/#!'A!/@#$%"&'#&@'#Q/'#$'M#$)!%$N'#&@'-/T)8
#*' @%M"!A.%-M'"+' -"B_/N/' -#*M"&'A"A)*#$%"&-;'
 #&#@%#&'(")!&#*'"+'n""*"QN0&570'35[1q3574;

F".*+0' ,;' (;' W3772Z>' E)M/!%B#*' #̂T"&"MN>' :'
`)*$%L#!%#$/':&#*N-%-' JN-$/M;'DT/$/!' J"+$S#!/0'
E/S'p"!_;

J#M#//0'J;'`;0'`"k#\%8#M%!%0'H;0'<"--/%&%8M#\%&#&%0'
J;' `;' W1229Z>'  "MA#!%-"&' "+'  +2!($+& ;+2!($+&
7/+;#6#%' W NA!%&%@#/0' ^/*/"-$/%Z' A"A)*#$%"&-' %&'
$./' -")$.' #-A%#&'J/#'F%L/!'=#-%&0')-%&Q'M"!8
A."M/$!%B' !#$%"-' #&@' Q/&/$%B' M#!_/!-;' ,"*%#'
n""*"Q%B#0'660'414q446;

J&/#$.0' X;' <;' :;0' J"_#*0' F;' F;' W3754Z>' E)M/!%B#*'
#̂T"&"MN;'j;'<;',!//M#&0'J#&',!#&B%-B";

J)\#S#0'p;' W1229Z>':'&/S' *"#B.0' !"#$#%& %5#'!'<(,1
%#%' W^/*/"-$/%>'  "=%$%@#/Z' +!"M' J.%_"_)' G-*#&@;'
(#A#&;'GB.$.N"*"Q%B#*'F/-/#!B.0'640'436q411;

JS#%&0'?;'X;0',""$/0' ;'(;'W3777Z>'J$"B_-'#&@'B.#M/8
*/"&->' $./' )-/' "+' A./&"$NA%B' L#!%#$%"&' %&' -$"B_'
%@/&$%RB#$%"&;',%-./!%/-'F/-/#!B.0'O40'334q31[;

^)!#&0'  ;0' C!#*\$)!_0' H;C;0' ?)\Q)&/-0' D;' W1229Z>'
`"!A."M/$!%B'#&@'M/!%-$%B'L#!%#$%"&'=/$S//&'
-$"B_-' "+' H*)/R-.' WA!4+$!4<%& %+6$+$/#BZ' %&' $./'
H*#B_0' `#!M#!#0' :/Q/#&' #&@' &"!$./#-$/!&'
`/@%$/!!#&/#&' J/#-;' ,%-./!%/-' F/-/#!B.0' 570'
347q3O5;

^\/&Q0'̂ ;'?;'W122OZ>'̀ "!A."*"Q%B#*'L#!%#$%"&'=/$S//&'
A"A)*#$%"&-'"+'-A"P/@'M#B_/!/*'W8;!4"(/+<%&$/+61
+%#;<%Z'"+' #̂%S#&;',%-./!%/-'F/-/#!B.0'9[0'O6q66;

d#-%*e/L#0' D;' ?;0' d#-%*e/L0' d;' X;' W1229Z>' !"#$#%& 2!,1
$#;+' -A;' &"L#' q' #' &/S' -A%&/@' *"#B.' -A/B%/-'
W "=%$%@#/Z' +!"M' $./' H)*Q#!%#&'S#$/!-;' (")!&#*'
"+'GB.$.N"*"QN0'O90'30'36q12-

d#-%*e/L#0' D;' ?;0' d#-%*e/L;0' d;' X;' W1231Z>' !"#$#%& +41
25#6('$+'-A;'&"L#0'#'&/S'-A/B%/-'"+'-A%&/@'*"#B./-'
W "=%$%@#/0'  NA!%&%+"!M/-Z' +!"M' $./'  #-A%#&'
J/#'H#-%&;'(")!&#*'"+'GB.$.N"*"QN0'610'122q129;

d/#-/N0' D;' :;0' JB.#MM#--0' D;' :;0' d/&B"L-_N0' F;0'
`#!$%&-0' X;' J;0' H#&@/*0' I;' W1223Z>' I/!MA*#-M'
B.#!#B$/!%\#$%"&' "+' J/-=#&%#' #BB/--%"&-' =#-/@'
"&'M)*$%L#!%#$/'#&#*N-/-;'I/&/$%B'F/-")!B/-'#&@'
 !"A'DL"*)$%"&0'O[0'57q72-

j#*_/!0'(;':;'W3775Z>'DB"*"Q%B#*'M"!A."*"QN'"+'6+;<%1
$/#,(' $.!//8-A%&/'-$%B_*/=#B_'H+%$(/!%$(<%&+;<6(+1
$<%& >;' WI#-$/!"-$/%@#/Z' ="@N' -.#A/;' H%"*"Q%B#*'
(")!&#*'"+'$./'b%&&#/#&'J"B%/$N;'930'4q62-

n#!0'(;'<;'W37[OZ>'H%"-$#$%-$%B#*'#&#*N-%-;'D&Q*/S""@'
 *%V-0'E;'(;0'X!/&$%B/'<#**;'


