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Daphnia magna, D. longispina, D. carinata, Symocephalus vetulus,
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#%$ &�')()*,+�$ -/. #,0%+
1�-�2/1�3�4!1�5!6 -7*,8%*,(:9�$ #%*!. -�3�*!. -�1<; 5!*!. 1�. -7$ (>= ?!@ A�B!A C�D E,C%'GF H!H%I7J 'K5!*,-7*,8%6 L
M�*,3�1�()6�$ -7. LN5!6 5PO . M�*!.�*!Q,3�*!. -�2N; 5!*!. 1�. -7$ (SRT5UM�*,4!4%$ 8%+�6 3�1�VW.�Q!6 #%6 3�. 1�8%*,X!6 3�3�*,Y *!'�M�8 1 -
. M�*!.�*!Q,#%$ 3�3�*,Y *Z5ZX,3�$ [\3�1�(/0�. #%*,X,1�L7(N.�*!*!Q,]^$�. -�X!6
*,8!Y 6 3�1�_ ()*,X!'%5!*,-7*,8%*!$�`%6 8%6 5,-7$ 8!1�_ 0�$ -7. L
X,1�4%*,X,RK(P.�*!. -76 X!*,()'�8%6 _ 3�*!*!Q,8%6 _ 1�$ (a1cb�0%3�5,9�1�*,3�6 #!273�*,&c*,8!Y 6 3�1�_ 6 9�1�$ &�'dQ,#!1�_ 5,1�(S1/5e-7$ ()'
5!*,-7*,8!R
$c. 5,#%6 4%RKX!6 VZ-7. LNXU$�. -7$�. -�X!$ 3�3�*,&�'K3�$ 3�6 8,0%[^$ 3�3�*,&�'�. 8%$ 4%$N*!Q,1�-76 3�1�L<4%6 3�3�*,Y *U8 $ -
Y 1�*,3�6,OK= Karr, Dudley ')F H%I�F J f!g)X,1�4%$ -7$ #!2,. - X!*,(a. 3�1�+�$ 3�1�L\9�$ #%*!. -�3�*!. -�1e; 5!*!. 1�. -7$ (SRPL7X,# L -
$ -7. L,'�3�6 M�8!1�()$ 8%'K0%X!$ #!1�h%$ 3�1�$c4%*,#!1i_ $ #%$ 3�RK`a3�1�-�h%6 -7*,5U1�#!1i9�1�6 3�*!Q!6 5,-7$ 8!1�&:= ?!@ A�B!A C�D E,C%'
1998). j

*,(S1�()*kM�$ 8%$ h!1�. #%$ 3�3�RK`e1�3�4%$�5!.�*,X!'�h!8%$ _ X,RKh%6 &�3�*k[\1�8%*,5!*kM�8!1/1�_ 0%h%$ 3�1�1/M�8!1�8%* 4 -
3�RK`U.�*!*!Q,]^$�. -�XNM�8!1�()$ 3�L,$ -7. Lc1�3�4%$ 5!.lX,1�4%*,X!*,Y *<8%6 _ 3�*!*!Q,8%6 _ 1�LNmn$ 3�3�*,3�6�'
_ 6 1�(). -�X!*,X!6 3 -
3�RK&^1�_)-7$�*,8!1�1^1�3�b)*,8!()6 9�1�1k= Shannon, Weaver, 1949):

oqprorst tu vxwKy z {Nv|w
= −∑ ,

Y 4%$ ni } h!1�. #%$ 3�3�*!. -�2^1�#!1cQ,1�*,()6�.�.�6 i ~ Y *eX,1�4%6GXl.�*!*!Q,]^$�. -�X!$ ' N } . 0%(S()6 8!3�6 Lkh!1�. #%$ 3 -

3�*!. -�2G1�#!1lQ,1�*,()6�.�.�6Z.�*!*!Q,]^$�. -�X!67f%gS0%]^$�. - X70�$ -7'e*,4!3�6 5!*!'%-7*,h!5!6�_ 8%$ 3�1�L,'�h!-7*\1�3�4%$ 5!.Zmn$ 3 -
3�*,3�6
1k4!8,0%Y 1�$�1�3�4%$ 5!. RU8%6 _ 3�*!*%Q,8%6 _ 1�LZ3�$ X!*,_ ()*,+
3�*:1�3�-7$ 8!M�8%$ -�1�8%*,X!6 - 2�XG-7$ 8!(S1�3�6 `\5!6 h $ -
. -�X!6\. 8%$ 4!R:= �
*,8%*!Q!$ &�h!1�5e1c4!8�f '�F H!H,�!J f���5!6 _ RKX!6�$ -7. L,'�h!-7*e� _ 4%*,8%*,X!*,&��^; 5!*!. 1�. -7$ ()$\()*,Y 0%-
.�*!*,-�X!$ -7. - X!*,X!6 - 2^8%6 _ #!1�h!3�R
$Z0%8%*,X,3�1/X,1�4%*,X!*,Y *k8%6 _ 3�*!*!Q,8%6 _ 1�L^1/X^-7*k+�$ZX,8%$ (SLk*,4!3�*k1/-7*
+�$k_ 3�6 h%$ 3�1�$k1�3�4%$ 5!.�6k()*,+�$ -e3�6 #!1�h%$�. -�X!*,X!6 - 2e0N3�$�*,4!1�3�6 5!*,X,RK`N= M�*,8%*,&<M�8!L7()*/M�8%*,-�1%X * -
M�*,#%*,+
3�RK`!J�.�*!. -7*,L73�1�&^; 5!*!. 1 . -7$ (SR�fj

8!1<X!.�$ (n8%6 _ #!1�h!1�1<M�$ 8%$ h!1�. #%$ 3�3�RK`c1�3�4%$ 5!.�*,X/1�`N*!Q,��$ 4!1�3�L,$ -l*!Q,]\1�&UM�8!1�3�9�1�M���X
*!. 3�*,X!$Z5!6 +
4%*,Y *^1�_�3�1�`e#%$ +
1�-^6 3�6 #!1�_�8%6�. M�8%$ 4%$ #%$ 3�1�Lk*,8!Y 6 3�1�_ ()*,XkM�*kY 8%6 4!1�$ 3�- 0l_ 6 Y 8!L _ -
3�$ 3�1�Le= XeM�$ 8,X70%VT*,h%$ 8%$ 4!2,'�M�*lY 8%6 4!1�$ 3�- 0N*,8!Y 6 3�1�h%$�. 5,1�`/X!$ ]^$�. - XeXeX!*,4%$ J f

j
8!1N; -7*,(i5 6 -

5,1�$ ~ #!1�Q!*l4%*,M%0�. -�1�()R
$^M�8%$ 4%$ #!R:4!#!Le1�_ ()$ 8!L,$ (SRK`/M�$ 8%$ ()$ 3�3�RK`/3�$\0�. -76 3�6 X,#!1�X!6 VZ-7. L7'S3�*
X,()$�. -7*/; -7*,Y */X7X!*,4!L7-7. Ll; 5!. M�$ 8!-�3�R
$e*,9�$ 3�5,1<XcQ!6 #!#%6 `%')_ 3�6 h%$ 3�1�L7`<.�6 M�8%*!Q,3�*!. -�1�')3�*,()$ 8%6
5,#%6�.�.�*,X^5!6 h%$�. -�X!6ZX!*,4�f!�S. -7$�. -�X!$ 3�3�*,'�h!-7*^M�8!1/M�8%6 5,-�1�h%$�. 5!*,(a1�. M�*,#!27_ *,X!6 3�1�1l-76 5!*,Y *kM�* 4 -
`%*,4%6^X!*,_ 3�1�5!6 VZ-k8%6 _ 3�*!*%Q,8%6 _ 3�R
$^3�$�4%*,8%6 _ 0�()$ 3�1�L,'S(S3�*,Y *,5,8%6 -�3�*c*!Q!. 0%+�4%6 X,[\1�$�. LlXl#!1�- $ -
8%6 - 0%8%$,fd�>h%6�. -�3�*!. -�1<3�$ 8%$ 4!5,1U. #,0%h%6 1�'S5!*,Y 4%6e*,9�$ 3�5,1UM�*,#,0%h%$ 3�3�R
$eM�*c8%6 _ 3�RK(>Q,1�*,-�1�h $ -
. 5,1�(N1�4%$ 3�-�1�bS1�5!6 -7*,8%6 ()'%3�$�.�*,X,M�6 4%6 VZ-Z1eM�8!1�`%*,4!1�-7. LGM�8!1�4,0%(SRKX!6 -�2G()$ -7*,4!Ra8%6�. h%$ -76�-,f 3df
1�3�-7$ Y 8%6 #!273�RK`\*,9�$ 3�*,5!'!h!-7*ZM�*,8%*,+
4%6�$ -�� 1�3�4%$ 5!.�R<_ 6 Y 8!L7_ 3�$ 3�1�L,��'!h!1�. #%*Z5!*,-7*,8!RK`G8%6�. -7$ -�*,-
Y *,4%6
5ZY *,4,0�f
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#
$!%'&�(!(!)+*-,�& .�/'01$2, 3!(+4�5�.76 89*:5�;<)+=>$<4�?2, @!$2(+A�, BC5�B�@2, 3!&D6 B�.�?2(+4�(+E , B�B�(+FG6 @26 4�. 5
-

?2(+/!6 B�B�(!& .�5H(+.�@2, $!I7B�=>;J/+5�@2(+/+KD(+.�?26 A�6 89*:5�FL5�;J3!6 M2,�& . /!, B�B�(!,N& /!(!,�(!)+?26 O 5�,NP QR6 S-, /!K
T2U!URV W X�Y
&�,-/+5�@!=N01$2, 3!(+4�5�.76 89*:5�;[ZR890\, B�& 3!(+F](!)+$26�& .�5])+=>$!5<?26 O B�,�&�, B�=N4�('E ?26 @26 ^�5�%70
4�%7.�5'S:3!6 $�_�5�B�@2, 3!&�6

K-r ` (+?!5�, B�.�5�?2(+/!6 B�B�(!& .�5'P (+. r ` & .�?26 .7, E (+/a3 K ` & .�?26 .7, E 6 0GbcV ` d )!6 $ -
$2(+/+W e\& .7, 4�, B�5G6 B2.�?2(+4�(!f\(!)+5�5GP (+.Dg /!& 5�B�6 B�.�?2(+4�(7/[M2, ?2, Oa& 5�B�6 B�.�?2(+4�(+/+K
6 B2.�?2(+4�(!f15�$2(+/<5
h B�, F�.�?26 $2(+/+i:3:6 B�.�?2(+4�(!f\(!)!6 0]bjV ` d )!6 $!$2(+/+W e�& .7, 4�, B�5a3!(+B�& k20\, B�^�5�5DP (+.94�(!, @26 .7, $2, FD& , -
01%7Ba5a4�$2(+@2(+/lM2, ?2, O>4�(!, @26 .7, $2, Fa/!, E , .76 .�52/+B�=>;:M26�& .7, Fa?26�& .7, B�5�F�K!/!&�, %7@!B�=>;-5m4�(!, @26 .7, $2, F
)!,�& 4�(+O /!(+B�(+M!B�=>;:3l4�$2(+.7(+%7@!B�=>0<bnV ` d )!6 $!$2(+/+W e24�?2, @!4�(+M!5�.76�, 0\(+Fm/+$26 A
B�(!& .�5m5mO 6 3+?!=>. ( -
& .�5a0\,�& .7(!(!)+5�.76 B�5�FDP (+.9& k2;2(+E (:M2, ?2, O
/+$26 A
B�(!,�3:0\(+3+?2(+0�ka5D(+.l(+.�3+?!=>.7(+E (:M2, ?2, O
4�(+$+k�( .

-
3+?!=>.7(!,�3:O 6 3+?!=>.7(+0�koV ` p )!6 $!$26�/:3!6 A
@2(+F�W X!q96l(!& B�(+/!6 B�5�5Dg .�5�;-5�B�@2, 3!&�(+/-5'(!)+5�$!5�%:3!( B -
3+?2, .�B�=>;:/+5�@2(+/l/l&�(!(!)+*-,�& .�/!,�?26�&�& M!5�.�=>/!6�, .7& %�5�B�.7, E ?26 $!I7B�=>Fm5�B�@2, 3!&�K�;26 ?26 3+.7, ?!5�O k289*:5�F
& .7, 4�, B�I96 B�.�?2(+4�(+E , B�B�(+Fa6 @26 4�.�5�?2(+/!6 B�B�(!& .�5a&�(!(!)+*-,�& .�/!67X

r�4�(+01%7B2k2.�=
,m/+=>S-,m4�(+3!6 O 6 .7, $!5G(!)+s�, @!5�B�%+, .'5G5�;C(!)+*:5�FGB�, @2(!& .76 .7(+3�_14�?!5G5�;<4 (
-

& .�?2(!, B�5�5G&�(+/!, ?!S-, B�B�([5�E B�(+?!5�?+k289.7& %[)+5�(+.�5�M2,�& 3+5�,D(+.�B�(+S-, B�52%'0\, A
@+kC4�(+42k2$!%7^�5�%7015G/
?2,�6 $!I7B�=>;[&�(!(!)+*-,�& .�/!6 ;2K�.76 3+5�,:3!6 3D3!(+B�37k2?2, B�^�5�%+K�0�k2. k�6 $!5�O 0t5<@!?�X�u9(+4�=>.�3!6-5�& 4�?26 /+52.�I
g .7(+.9B�, @2(!& .76 .7(+3-)+=>$26�4�?2, @!4�?!5�B�%7.76�Y�X vlX v9)!6 37k20\(+/+=
0CP v9)!6 37k�0\(+/!K\V w!wRV�e2x�k23!(+/!(+@2& .�/!(�X X X K
V w!w+T!W X
q96](!& B�(+/!,[?26 O /+5�/!6�, 01=>;y5�0L4�?2, @2& .76 /+$2, B�5�Fz(!)yg 3!(+$2(+E 5�M2,�& 3+5�;t0\(+@!5�f15�3!6 ^�5�%7;
4�?2, @!$26 E 6�, .7& %C/+/!,�& .�5{E ?26 @26 ^�5�5z&�(!& .7(+%7B�5�%Cg 3!(!& 5�& .7, 0�_�f\(+B�(+/!(!,C&�(!& .7(+%7B�5�, Kl&�(!& .7(+%7B�5�,
6 B�.�?2(+4�(+E , B�B�(+E (tg 3!(+$2(+E 5�M2,�&�3!(+E (tB�6 4�?!%7A�, B�5�%+K:&�(!& .7(+%7B�5�,G6 B�.�?2(+4�(+E , B�B�(+E (tg 3!(+$2(+E 5�M ,

-
& 3!(+E (m?2, E ?2,�&�&�6:5<&�(!& .7(+%7B�5�,-6 B�.�?2(+4�(+E , B�B�(+E (D0\, .76�)!(+$!5�M2,�& 3!(+E (D?2, E ?2,�&�&�6+X�u�?!5 |�}+~2}+��}��
� } � � } �2~2�!� /!(+O 0\(+A
B�=t4�, ?2,�& .�?2(+F�3+5[& .�?+k23+. k2?!={g 3!(!& 5�& .7, 0\=
KRB�,:/!, @+k2*:5�,:3D,�,9k�& $2(+A
B , -
B�5�8N5�$!5ak24�?2(+*-, B�5�8lK�.+X ,+X!B�,95�O 0\, B�%789*:5�,l(!)+*-, E (:k2?2(+/+B�%-(+?!E 6 B�5�O 6 ^�5�5')+5�(+^�, B�(+O 6lP B 6

-
4�?!5�0\, ?2K\& 0\, B�6a/+5�@2(+/ ` @2(+015�B�6 B�.7(+/!K�5�O 0\, B�, B�5�,a/+5�@2(+/!(+E (<&�(!& .76 /!6 W e1B�,a4�?2(+5�& ;2(+@!5�.DE $ k -
)!(+3+5�;-5�O 0\, B�, B�5�Fm5�B�.7, B�& 5�/+B�(!& .�5D0\, .76�)!(+$!5�O 0\6l)+5�(+^�, B�(+O 6+X �>} � � } �2~2�!�  � ~ ��� }+�2}+� � ~!~2}+� }
��� }��!}+� �2�7� � � }+� }m~ � � � �2�C� ~2� � /+=>?26 A�6�, .7& %a/ak2/!, $!5�M2, B�5�5[?26 O B�(!(!)+?26 O 5�%m)+5�(+^�, B�(+O 6�KR/ak & -
$2(+A
B�, B�5�5a0\, A
/+5�@2(+/+=>;-(+.�B�(+S-, B�5�F�K�/9k2/!, $!5�M2, B�5�,�4�?2(!& .�?26 B�& .�/!, B�B�( ` /+?2, 0\, B�B�(+FmE , .7, ? ( -
E , B�B�(!& .�5�K
/[k�& $2(+A
B�, B�5�5y4�5�*-, /!(+FG^�, 4�5RX �>} � � } �2~2�!� � ~ ��� }+�2}+� � ~!~2}+� } ��� }��!}+� �2�7� � � }+� }
� � � � � ��� � ;26 ?26 3+.7, ? 5 O k�, .7& %<k20\, B�I7S-, B�5�, 0J/+5�@2(+/!(+E (G?26 O B�(!(!)+?26 O 5�%C5{4�?2(!& .�?26 B�& .�/!, B�B�( `
/+?2, 0\, B�B�(+F]E , .7, ?2(+E , B�B�(!& .�5�K�k24�?2(+*-, B�5�, 0{0\, A
/+5�@2(+/+=>;<(+.�B�(+S-, B�5�F<5<.�?2(!f15�M2,�& 3+5�;[^ ,

-
4�, FRX�� � } � � } �2~2�!� � ~ ��� }+�2}+� � ~!~2}+� }m�
� � �2� }��!�2�7� � � }+� }'� � }+� � � ��� � & /+5�@2, .7, $!I+& .�/7k�, .ak2/ , -
$!5�M2, B�5�,93!6 3-4�, ?!/+5�M!B�(+FD4�?2(+@+k23+^�5�5�K�.76 3-5D4�?2(+@+k23+^�5�5'/!&�, ;m4�(!& $2, @+k289*:5�;m.�?2(!f15�M2,�& 3+5�;
k2?2(+/+B�, F�K�M!.7(D&�(+4�?2(+/!(+A
@26�, .7& %+K�3!6 3D4�?26 /+5�$2(!KR?2(!& .7(+0tM!5�& $2, B�B�(!& .�5<5C)+5�(+0\6�&�& =�(+.�@2, $ I

-
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#�$&%('!)+*-,�)+#�. #�/0)+132+4�)+5�. #�)+6 7+8 9&:!; <=: >@?@A!BDC!?!<�E-:+F@:+G B ?!?@:+G :IH
B <�C@J!:�K!A@L0B�; M+:+G :NE-B G E-B�;�; C
O )!)+/�1!. / O / 10P�. / O #�4�Q�. #�4�RS7 '+/�4�1+#�) O / 4D2+4�)+5�. #�)+6 7�,�) O P@*-*T.�1 O . %U,�V@)+5�. O�O )+1N)!2+V@7 6 )+1!7 #�4�W
4(V@7 6 V+P@XU. #�4�WD)+V!Y 7 #�4�Z@. O '!)+Y )D1!. [U. O /�1!708�\-/0)+/U,�)+]!%@)+]I#�. O )+*-#�. #�#�)^2!)+_@.�.U` a '@)+_@)+Y 4�Z@. #�b
4c,�)+a /0)+*�Pd,�V@. ] O /07 1+_!W+. / O We2!)+_@.�.3)!2!) O #�)+1!7 #�#�$&*Tf�Z@. *Tf O '!7 Q�. *Tf O 4 O /0. *T7 O 7 ,�V@)!2+#�) O /�4
4�_!4gV@7 6 #�)!)!2+V@7 6 #�$
.�2+4�)+/�4�Z@. O '+4�.�4�#�]@.�' O $
f�2!7 _!_!$h4g/!8 ,i8+j�]!#�7 '!)k4g1ka /0)+* O _+P@Z@7�.�*-$d, ) -
_+P@Z@7�. *d#�7�2!)+VDa ' O ,�. V!/�#�$&%I)+5�. #�)+' O ) O /0)+W0#�4�W O )!)!2+[U. O /�1!fi]!_!Wg'!)+/0)+V!$&%I/0)+Q�.N#�.�)!2+%@)+] 4 -
*T)=,�) O /�V@)!. #�4�.
XN'!7 _k/�4�,�7�l #�)+V!*T7�m ,�7 /0)+_@)+Y 4�W@l 8

j�]!4�#n4�6 O ,�) O )!2!)+1o1+$&W01+_@. #�4�Woa '!)+_@)+Y 4�Z@. O '+4�%p*T)+]!4�q-4�'!7 5�4�rs]@_!W O )!)!2+[U. O /�1!7
*T7 '+V@)+6 )!)@2!. #�/0) O 7=tua /0)UV@7 O Z@. /k4�#�]@. ' O 7=v�7 ]!]!a *T7kw v�7�]!]@a *h4I]!V�8 f&x y!yix z 8@{�V+P@,�,�$c4D1+4�]!$
*T7 '+V@)+6 )!)@2!. #�/0) O 7UV@7 O ,�V@. ]@. _!W+R=/g,�)IV@7 6 _!4�Z!#�$&*|'+_@7 O�O 7 *|1 O )!)+/�1!. / O / 1+4�4 O 4�%^P O /0)+r�Z 4 -
1!) O /�}0RS'N6 7 '+4 O _@. #�4�Rkf�,�V!4�Z@~ *eY V@7 #�4�5�$d*T. Q
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#%$'&)( *�*�$'+ $-, .0/ 1!2
*�3%4
5%/ #%(�/ .6.0$72�/8*�(6$'.�1%/ 9 :!/6,6; :!, <�$'*�/ *�=�>�( #!?0*�$-1%(�, <�1%/ 5%/ #%/ *�*�@A&B1 / -
, C%1%,�$'&
D�E�D F
/ 1!*�/ 1HG =�>�.'D�<�$7IJ/�,�/ *�:!$!KAL M!N%O0PA<�$':!( 9 ( #%K�Q!.0$7#%$'+ *�$'1!&)( #!?0*�@ARS9 ( :!$'*T, #%/ 5'C�/ .
>�9A, .0( .�>�, .�>�Q%/�, :!$'RU&)/ V%( *�>�:'>7, >�, .0/ &W@B4 V!>�X6*�>�:8YZ2�/ 1!.�[!('4 K�$'<�>�, @A[!(�/ &)$'RUC%1%( ['*�/ *�>%30&W>
\ $'#!?0.0/ 1!1%('D!]�>�<�/ 1%^!$'#!>�Q%/�, :0C%_`9 ( ['>�, >�&)$!, .�?6Q!>�, #%(J['>�5%$'[7,J5%( *�*�@A&a9 *�( Q%/ *�>�/ &a<�( 1%( &)/ . -
1%(B1%(�, <�1%/ 5%/ #%/ *�>�3`$'.b[!/ #!>�Q!>�*�@c; .0$'+ $`<�( 1%( &)/ .�1%(d['@A[!$'5!30.beWD f�D E�3'^':!$g,b,�$!( ['.0$'1%( &W>
G L M!N%O0P D%hU$'1!&)(�1%( *�+ $'['@AVU1%(�, <�1%/ 5%/ #%/ *�>�R-5!#!36Q!>�, #%/ *�*�$!, .0/ Ri^'>�$'#%$'+ >�Q%/�, :'>�V7.0( :!,�$'*�$'[U*�(
$!, *�$'[!/B&)$'5%/ #!>j,�( &)$'<�$'5%$%^'*�@AVg&W*�$'2�/�, .�[`<�1%/ 5%, .0( ['#%/ *�(b[g1%(�^!$'.0/BklD ]WD I�C%9 ( Q%/ *�:!$g>
m D klD I�C%9 ( Q%/ *�:!$8G L M!M!n'P D

E�( *�+ $'['@
/J1%(�, <�1%/ 5%/ #%/ *�>�36&)$'+ C%.81%(�,�, &)( .�1!>�[!( .�?', 36:!( :U>�*�, .�1'C%&)/ *�.J<�1!>i( *�( #!>�9 /8, $ -
, .0$'30*�>�3U,�$!$!^'XU/�, .�[UG o�/ ['>�Q%K)L M%O'p'P D%qJ/ <�$!, 1%/ 5%, .�[!/ *�*�@A&d$!^'r�/ :'.0$'&d( *�( #!>�9 (J<�1!>H; .0$'&d& $ -
2�/ .U^'@A.�?-s)$'1!&)(6:'1!>�[!$'RS1%( *�+ $'[!$'+ $-1%(�, <�1%/ 5%/ #%/ *�>�37>�#!>S<�1!>i*�/ >�9 &)/ *�*�$'RT$!^'XU/ RTs)$'1!&)/
Yt:!$'#!>�Q%/�, .�[!/ *�*�@
/-9 *�( Q%/ *�>�3S/ + $S<�( 1%( &)/ .�1%$'[�D \ ['>�5'Cu.0$'+ $!KWQ!.0$T$'5!>�*�( :!$'['@
/H9 *�( Q%/ *�>�3
=�/ #%$!, .�*�@AV-V%( 1%( :'.0/ 1!>�, .�>�:-,�$!$!^'XU/�, .�[HG $!^'XU( 37Q!>�, #%/ *�*�$!, .�?0KvQ!>�, #%$7['>�5%$'[!K�>�*�5%/ :!, @w1%( 9 -
*�$!$!^'1%( 9 >�30PA&)$'+ C%.7^'@A.�?7<�$'1%$'2�5%/ *�@w1%( 9 *�@
&W>S1%( *�+ $'['@A&W>S1%(�, <�1%/ 5%/ #%/ *�>�30&W>�Kv<�$!, #%/ 5!*�>�/
30['#!30_J.0, 3H^!$'#%/�/U.0$'*�:'>�&b>TQ'C%[!, .�['>%.0/ #!?0*�@A&b>�*�, .�1'C%&)/ *�.0$'&b>�9 C%Q%/ *�>�3i,�$!, .0$'30*�>�3-; :!$!, > -
, .0/ &
D

x / .0$'5S1%( *�+ $'['@AVS1%(�, <�1%/ 5%/ #%/ *�>�Ru<�1!>�&)/ *�30#!>u5!#!3H>�9 C%Q%/ *�>�3H['#!>�30*�>�3H.�302�/ #!@AVT& / -
.0( #!#%$'[J*�(A<�1%/�, *�$'[!$'5!*�@ARU<�#%( *�:'.0$'*-G y)>�1%$'.�:'>�*�(�K%o�/ ['>�Q%K�L M%O�L�z!F
( 1!.0( {U/ [!( K!o�/ ['>�Q%K�L M%O�L P D
y).0/ <�/ *�?-*�/ 1%( ['*�$'&)/ 1!*�$!, .�>T1%(�, <�1%/ 5%/ #%/ *�>�3-Q!>�, #%/ *�*�$!, .0/ RS['>�5%$'[!Kv:!$'.0$'1%( 3H,�$!^!, .�[!/ *�*�$H>
V%( 1%( :'.0/ 1!>�9 C�/ .0, 3i<�( 1%( &)/ .�1%( &W>a1%( *�+ $'['@AVT1%(�, <�1%/ 5%/ #%/ *�>�R�KA$':!( 9 ( #%(�, ?S, C%XU/�, .�[!/ *�*�$T<�$ 5 -
[!/ 1!2�/ *�*�$'Ru['#!>�30*�>�_jC%:!( 9 ( *�*�@AVS['*�/ {6*�>�VTs)( :'.0$'1%$'[H*�(-,�$!$!^'XU/�, .�[!$%D�|�( :!KW5!#!3SsW>�.0$!}�>
9 $!$'<�#%( *�:'.0$'*�(6E�@
^'>�*�,�:!$'+ $-[!$'5%$'V!1%( *�>�#!>�XU(8C%1%( ['*�/ *�>�371%/ + 1%/�,�, >�>�K�$'<�>�, @A[!( _JX6>�/8['#!> 3 -
*�>�/
&)/ .0( #!#%$'[J*�(A<�$':!( 9 ( .0/ #!>7^'>�$'.�@
K!5!#!3�9 *�( Q%/ *�>�R7$!^'XU/ RUQ!>�, #%/ *�*�$!, .�>U>6Q!>�, #%(�['>�5%$'[8*�/
['@A30['>�#!>-9 *�( Q!>�&W@AV7;�s)s)/ :'.0$'[U['#!>�30*�>�30K�[6.0$6['1%/ &W36:!( :7( *�( #%$'+ >�Q!*�@
/�C%1%( ['*�/ *�>�365!#!36< ( -
1%( &)/ .�1%$'[61%( *�+ $'['@AVU1%(�, <�1%/ 5%/ #%/ *�>�R-<�$'9 [!$'#!>�#!>H$!^'*�( 1'C%2
>�.�?8[!$'9 5%/ R�, .�['>�361%( 9 #!>�Q!*�@AV75 $ -
^!( [!$':J9 ( + 1!309 * > .0/ #%/ RvD

IJ$'5%$!^'*�@ARH( *�( #!>�9�^'@A#7<�1%$'[!/ 5%/ *H<�1!>H>�9 C%Q%/ *�>�>H['#!>�30*�>�36*�/�sW.0/ <�1%$'5'C%:'.0$'[!K�5!>�, <�/ 1 -
,�( *�.0$'[H>S>�Vi:!$'&)^'>�*�( =�>�RT*�(7sW>�.0$'<�#%( *�:'.0$'*Tev/ #%$'+ $H&)$'1!3HG hU/ 5%$'1%$'[H>u5!1�D K�L M!N!N'P Dve�@A#%$
<�$':!( 9 ( *�$!KvQ!.0$-1%( 9 #!>�Q!*�@
/7,�$!/ 5!>�*�/ *�>�3-<�1!>�[!$'5!30.7:H>�5%/ *�.�>�Q!*�$'&�CS>�9 &)/ *�/ *�>�_jQ!>�, #%/ *�* $ -
, .0/ R�KA*�$S1%( *�+ $'['@
/H1%(�, <�1%/ 5%/ #%/ *�>�3S[!, :'1!@A[!( _J.i1%( 9 #!>�Q!*�$!/H['#!>�30*�>�/H>�,�, #%/ 5%$'[!( *�*�@AVd, $ -
/ 5!>�*�/ *�>�R7*�(�, .�1'C%:'. C%1'C7,�$!$!^'XU/�, .�[!(�YZ$!^'*�( 1'C%2�/ *�@d,�$!/ 5!>�*�/ *�>�3'K�:!$'.0$'1!@
/J, >�#!?0*�/�/�<�1 $ -
Q!>�V8*�( 1'C%{U( _J.�+ >�<�/ 1%^ $ #!>�Q!*�$!, .�?�1%( *�+ $'[!$'+ $J1%(�, <�1%/ 5%/ #%/ *�>�3%D
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#%$!&('*)�$*+�,!-/.0-/1�) 2�3!+54�-!4 .(-/&(2�6�&07 3!-!4 6�4 .() 8:9;-!4 2�-/</9=<!+�) .(4 &52�)52�+56�2�'!6�</6�'/>�+ ?!@(2�9=A
A*+ $*+ 3/.() $!6�4 .�6�3!+ AB$*+ 2�C -/<!-/C -B$*+�4 D�$*) '*) ?*) 2�6�&B,/6�-/8E+�4�4�9F6�?!6HG!6�4 ?*) 2�2�-!4 .�6H</6�'*-/<!I0+J2�+
4 $*+ </2�) 2�6�6K7 .�6�A;$*+�4 D�$*) '*) ?*) 2�6�LNM
OE.(-/.P8E) .(-/'K,/9=?BD�$*) '!?*-/Q�) 2SR�M T�-/$!</6�3!-/8VU

Warwick,
W X*Y/Z/[�'!?!&\+ 2�+ ?!6�] +^4�-!-!,/_`)�4 .�<\8E-/$*4 3!-/C -a] -!-!,!) 2�.(-!4�+^6b2�+ ] <!+ 2b6�8

ABC c 8E) .(-/'*-/8SU abun-

dance-biomass comparison method
[ M!d�2e-!4 2�-/<!+ 2e2�+�.(-/8EI�G!.(-f,/6�-/8E+�4�4�+�8E) '!?*) 2�2�)�)�$*)�+ C 6

-
$/>�) .a2�+\6�] 8E) 2�) 2�6�&P4 $*) '!9
I
+\G!6�4 ?*) 2�2�-!4 .�@agh,!-/?*)�)\'!6�2�+ 8:6�G!2�9=L%D�-/3!+ ] + .() ?!@i$*)�+ 3/1�6�6
4�-!-!,/_`)�4 .�<!+/M�j5-/7 .(-/8�>P<a4 .(+�,/6�?!@(2�9=AP4�-!-!,/_`)�4 .�<!+ AaD�$*)�-!,/?*+ '*+ k5.e3/$/>*D�2�9
)^</6�'!9l4^8E) '

-
?*) 2�2�-/LP'!6�2�+ 8:6�3!-/L�IE+^<a2�+ $/>!m`) 2�2�9=Aign8E) ?!3/6�)^6J,!-/?*)�)^'!6�2�+ 8:6�G!2�9
)/MNo:4 ?!6bD�-i-!4 6

X
-/.�?*-/Q
6�.�@eU <^?*-/C + $!6�p:8:6�G*)�4 3!-/Limf3!+ ?*) [
$*+ 2�C 6P</6�'*-/<\<eD�-/$!&('!3!)f>*8E) 2�@(m`) 2�6�&eG!6�4 ?*) 2�2 -

-
4 .�6^U ,/6�-/8E+�4�4 9=[ I*+
D�-f-!4 6

Y
gq4�-!-/. <!) .(4 . <(>*k5_f6�)�2�+ 3!-/D�?*) 2�2�9
)�D�$*-/1�) 2�.�9%-/.5-!,/_`) L`G!6 4

-
?*) 2�2�-!4 .�6JU ,/6�-/8E+�4�4 9=[ I:.(-a<a4 .(+�,/6�?!@(2�9=A*I:2�) 2�+ $/>*m`) 2�2�9=A*I:4�-!-!,/_`)�4 .�<!+ Ai3/$!6�<!+ &\G!6�4 ?*) 2

-
2�-!4 .�6P,(>*'*) .`?*) Q�+ .�@^2�6�Q�)f3/$!6�<!-/LP,/6�-/8E+�4�4 9
I�+0<\4 6�?!@(2�-^2�+ $/>*m`) 2�2�9=Ai4�-!-!,/_`)�4 .�<!+ A\g
</9=m`)/M=r=-!4 .(-/&(2�6�&i2�) >�4 .(-/L�G!6�<!-/C -b$*+ </2�-/<!)�4 6�&P6�?!6B<!-!4�4 .(+ 2�-/</?*) 2�6�&J4�-!-!,/_`)�4 . <!+iD�-!4 ?*)
4 .�$*)�4�4�+
'*+ k5.�D�$!6�,/?!6�] 6�.() ?!@(2�-04�-/</D�+ '*+ k5_f6�)
6�?!6`D�) $*)�4�) 3!+ k5_f6 ) 4 &�3/$!6�</9
)/M

s
?!&^A*+ $*+ 3/.() $!6�4 .�6�3/6P4�-!-/.�2�-/m`) 2�6�&`$*+ 2�C -/</9=Aa$*+�4 D�$*) '*) ?*) 2�6�Lb,/6�-/8E+�4�4 9S6PG!6�4 ?*) 2
-

2�-!4 .�6b6�4 D�-/?!@(] -/<!+ ?!6b$*+ ] ?!6�G!2�9
)^G!6�4 ?*-/</9
)^6�2�'*) 3!4 9�MN#t-/'!2�-/8H4 ?/>*G*+�)\U
Beukema, 1988)

</9=G!6�4 ?!&(?!6e4 >*8:8�>`$*+ ] 2�-!4 .() L^8E) Q
'/>^2�+ 3!-/D�?*) 2�2�9=8:6eD�$*-/1�) 2�.(+ 8:6\,/6�-/8E+�4�4 9%6eG!6�4 ?*) 2�2 -
-

4 .�6%D�-i<!4�) 8H$*+ 2�C + 8
M:#t'!$/>*C -/8lU
Meire, Dereu

I0W X!X!u/[fgv>�4 $*) '!2�) 2�2*>*kF<!) ?!6�G!6�2*>%7 .(-/L
$*+ ] 2�-!4 .�6b<a$*+�4 G*) .()^2�+^-/'!6�2b</6�'�M�#l-!,!-/6�AP4 ?/>*G*+ &(APD�-/?*-/Q
6�.() ?!@(2�9
)e] 2�+ G*) 2�6�&a6�2�'*) 3!4�+
4�-!-/.�<!) .(4 . <(>*k5.�2�-/$!8E+ ?!@(2�9=8EI*-/.�$!6�1�+ .() ?/@(2�9
)
gw2�+ $/>*m`) 2�2�9=8P4�-!-!,/_`)�4 .�<!+ 8
M

ABC c 8E) .(-/'J4e>�4 D�) A*-/8HD�$!6�8E) 2�&(?!6%D�$!6;+ 2�+ ?!6�] )a7 3!-/?*-/C 6�G*)�4 3!-/C�-J4�-!4 .(-/&(2�6�&b4�-!- , -
_`)�4 .�<B8E-/$*4 3!-/C -B] -!-!,!) 2�.(-!4�+%U x�<!) $!6�2�1�) <!I0ya>*3!-/<!IaW X*Y/Z�z5x�<!) $!6�2�1�) <!IaW X!XNW�z

Warwick,

1987; Meire, Dereu
I:W X!X!u/[ M/d�'!2�+ 3!-08E) .(-/'^4 ?*) '/>�) .045-!4 .(-/$*-/Q
2�-!4 .�@(kSD�$!6�8E) 2�&(.�@5<`4 6*. > +

-
1�6�&(A*I
3!-/C '*+a<b2�-/$!8E)aD�$*)�-!,/?*+ '*+ k5.P-/$!C + 2�6�] 8:9{4i</9
4�-/3!-/L�I�2�-J6�] 8E) 2�G!6�<!-/LBG!6�4 ?*) 2�2 -

-
4 .�@(k0I*+=.(+ 3/Q�)
<5$*+ L�-/2�+ A04
D�-!4 .(-/&(2�2�9=8P4 .�$*)�4�4�-/</9=8a<!-/] '*) L�4 .�</6�) 8b4 $*) '!9�z*4 >*_`)�4 .�<!) 2�2�-!)
] 2�+ G*) 2�6�)e6�8E) k5.\D�$*) '*) ?!@(2�9
)e$*+ ] 8E) $*9|-/$!C + 2�6�] 8=-/<!I=</3/?!k5G*+�) 8:9=Ab<P$*+�4�4 8E-/.�$*) 2�6�)aU 2 +

-
D�$!6�8E) $*IE4�-/</8E)�4 .�2�-!)e$*+�4�4 8E-/.�$*) 2�6�)e8:6�3/$*- c 6J8E+ 3/$*-!-/$!C + 2�6�] 8E-/<i8E-/Q�) .\D�$!6�<!)�4 .�6b3i2 ) -
<!-/] 8E-/Q
2�-!4 .�6^+ '*) 3/<!+ .�2�-/L`6�2�.() $!D�$*) .(+ 1�6�6`$*) ] >*?!@(.(+ .(-(</[ M

}5M #�M R�+ ] >*8E-/<!4 3/6�LSU W X!X!X/[^D�$*) '!?*+ C +�) .J4 >*'!6�.�@%-!,%6�] 8E) 2�6�</m`) 8E4 &b>*$*-/</2�)P+ 2�.�$*-/D -
-

C ) 2�2�-/L`2�+ C $/>*] 3/6`2�)�D�-0] 2�+ G*) 2�6�&(8PG!6�4 ?*-/<!-/C -06�2�'*) 3!4�+�I�+�2�+�-!4 2�-/<!)
C $*+�p:6�G*)�4 3!-/C -f4�-/D�- 4
-

.(+ </?*) 2�6�&�'!6�+ .(-/8E-/</9=Af3!-/8:D�?*) 3!4�-/<0<5$*+ L�-/2�)�#
-/?!C - c x�A!. >�,/6�2�4 3*-/C -08E) Q�'/>*$*) G!@(&*M/j�$!6^D - -
4 .�$*-!) 2�6�6JC $*+�p:6�3!-/<P$*+ 2�C -/</9=Ab$*+�4 D�$*) '*) ?*) 2�6�L%G!6�4 ?*) 2�2�-!4 .() L%</6�'*-/<P'!6�+ .(-/8E-/</9=AP<!-/' -

-
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#%$!& '%( )+* ,.-/$.#%$.021.34'!576�$.'.8%9%( :�3<;!,!*=-�5�6�*=> #%*�?@5�A!$.,B(�& -/(�& -�,!( :�:�$.> $BC :�( :�* #.8%DE( :�:�$.> $.F
&�$!$!1.GE(�& -�,!*.H!IJ( #!,.34)K5�L4:�5�MEM%* #%* A.-/( #%( :K;!'!NO0P* '!34MQ1.5�$.-/$.6�$.,QC #.8%9!R.( ,.S�6�#.8%;%$.,.FP5K5�0P(�( -
> 5�6�( #%1!$.'!5�9%(�&�A/8%TU?P$.#!0�8V#%*�& 6�#%(�;%( '%( :�5�N%H@W4-/$.#%$.)B-�5�6B> #%*�?@5�A!*=6�#!5�1.'!5�X�*�( -/& NYAZ> * 8 & -
&�$.,!& A!$.0�8Y-�5�6%8Y#%*�& 6�#%( ;%( '%( :�5�N=5VM%* #%* A.-/( #%( :V;!'!N[1!$.'%(�(KA.#.8%6�:�34MZ1.5�$.-/$.6�$.,!SP-.H (.H\#%( A[5
$.L ( #�H
I�#!5+8%,!( '!5�9%( :�5�5]* :�-�#%$.6�$.> ( :�:�$.)^:�* > #.8%L A.5],B0P* '!34M^1.5�$.-/$.6�* M+> #.8%6�6�*Z;%$.0@5�: 5 -
#.8%TJG_5�MK,.5�;%$.,KC $!1.349!:�$K$.9%( :�RE:�( L :�* 9!5�-/( '!R/:�* N/F46�( #%( M%$.;!5�-E,Q#%* L #!N/;`,.5�;%$.,`&�$`& #%( ;!:�5�0
6�$.A!* L * -/( '%( 0Y9!5�& '%( :�:�$!& -�5�S%;!5�* -/$.0P( 5�S%5�L :�* 9%* '!R/:�$O6�#!5�:�* ;!'%( X�* ,.D_5�(�AE& #%( ;!:�( 0�8E8%#%$.,.:�T
9!5�& '%( :�:�$!& -�5�S�A!* AQ6�#%* ,.5�'%$!S�6�( #%( M%$.;!5�-_,E#%* L #!N/;K#%( ;!A!$Q,!& -�#%( 9%*�( 0@34M`?P$.#!0PS\*O6�$!& '%( ;!:�5�(
6�#%$!& -/$Q5�& 9%( L * TJ-_5�L�A!$.0@6�'%( A!&�*.H�a
'!NE#%( AK& b�( :�* #!5�)=5�L 0P( :�( :�5�NQ& -�#.8%A.- 8%#!3+6�#!5=6�$/,.34D ( -
:�5�5c* :�-�#%$.6�$.> ( :�:�$.)]:�* > #.8%L A.5c:�(�& A!$.'!R/A!$+5�:�$.)cde> #%*�?@5�A.5c6�#!5�$!1.#%( -/* TJ-7$.9%( #!-/* :�5�N.S
& M%$.;!:�3
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#%$ &'$ (�(�) *%+�,.-0/ 12-0&�35463%#%) 70(�$ (�4�*2894�: ;�-0<!=2> 3�$ &@?
$BA!<!*C) ;�;�#%-0D!: 4�&') E�4�4F/ &@;�4�#!4�G%$�: D!-0H
: 70*2> 4�8�4�&'$ I.1J724�A ni = f(iK +MLN$ O
A03P12$ &'8�$�: <!4Q;�-0A03%&') 1�=08�12-R;�-M:�) &'-0&�3S: ;�-!:�-!T23Q;�-0<03%G $ -
(�4�*�#%) (�O
4�#%-07!) (�(�-0U -J#!*2A%)�#%) (�U�-0;�#%$ A%$ <!*0$ 12: *.4�:�: <%$ A%-07!) 12$ <%$ &N7J> ) 724�: 4�&'-!: 1�4P-01�-!T04�<!4�*
4�8%D!) DJ/ 12-J(�4R;�) #%) A%-0D!:�) <!=2(�-J(�)�;�$ #!70?VHP70> U <!*2A%8�:�4�> #!*2A!(�-0HPA%-0<%$ HP;�#%-04�> 7!-0<%)0+!,�#%-04�> 7!-0<
/ 12-019> ) D0<!I.G%)�$ 12: *R(�$J12-0<!=2D!-M7P;�-0#!*2A!D!$9#%) (�O
4�#%-07!) (�4�*PW ;�-M7!-0> #%)�: 12) (�4�IX4�<!4Y;�-M3�T0?V7 ) -
(�4�I K 8'4Z7S4�: ;�-0<!=2> -07!) (�4�4ZA!#%-!T0(�?V[N#%) (�U -07Y4�<!4Z4�(�?V[\: ;�-!:�-!T!-07Y;�-!: 1�#%-!$ (�4�*ST!) <!<!=2(�?V[
] D!) <%8�(�-J79;�$ #!723%I6-0G%$ #%$ A!=.7R:�) &'-0HP;�#%-0E�$ A03%#%$�#%) (�O
4�#%-070D04^+�_'&@?
: <M;�-!: <%$ A!(�$ U -93%1�7!$ # -
O
A%$ (�4�*�;�#%-0`R$
7!:�$ U -.;�#%-0A $ &'-0(�: 1�#!4�#%-07!) 1�=�(�)V;�#%-!: 12-0&Y;�#!4�&'$ #%$0+

, -0<03%G!4�&5:M;�-0&'-0`9=2IaU $ (�$ #%) 12-0#%)P: <03%G%) H�(�?V[NG!4�:�$ <\bY12) D04�[NG!4�:�$ <%8@#%)�: ;�#%$ A%$ <%$ ( -
(�?V[J;�-.,�3�)�:�: - (%3�8%: D!) O�$ &'8!c%d!8!c%e08%b0c!8%d%f080c%d!8!#%) (�O
4�#03�$ &Y4�[.7.;�-0#!*2A!D!$V3�T0?V7!) (�4�*�g

#%) (�UVh 1 2 3 4 5
G!4�: <%-.i

i 54 49 44 43 38
4R;�-!: 1�#%-04�&YU #%)�j@4�D.7.;�-0<!(�-0&N:�-!-21�7!$ 12: 1�704�4R:
70? ] $�-0;�4�:�) (�(�-0H9&'$ 12-0A!4�D!-0HMW #!4�:0+2c�+ k K +

,.-!: D!-0<!=2D23S;�-0<03%G%$ (�(�?
$912-0G!D04N:�-07!$ # ] $ (�(�-P4�A%$�) <!=2(�-Yl <%-0O�) 12: *M(�)9;�#!*2&�3%IRl ln(ni)

= 4.0628 - 0.0833i :
D!-0/�j'j@4�E�4�$ (�12-0&NA%$ 12$ #!&@4�(�) E�4�4 R2  mQn + e!o0k%8%T0?V<!4PT0?Z7!:�$�-!: (�-07!) (�4�*
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#!$&%('*)&+�,�-/.�#&0&1(2(3 4�4�57698!'*:;2!+�<�3 0;= 3�#&>?3 ,�8!+�2(3�< @&+�>A8!'*:(#&>B<�#C)!<�3 >D+E<�#&.�8(#&)!#&F
:(G HJIK+�>D+
L M @!#&0(#&= +�2(3�<�@&+�>D+ L 8(G�<�< 1(F�:(3 4�+�'*>D+N#9.�#!< 0(3 :(#&O!G ,*3 0!-*4�#&>P+�< .�#&0!-*Q #&O!G 4�+�+R8(3�< 1(8(<�GS<;. # -
< ,*#&'*4�4�#&6T:(#&0(3 6T+�Q %('*,�+�'U+T,!V .�V W�3�< 0!+;$&5 M ,�+C2!+�< 0(GJ$&570!+;#&X�3 4�@!G >D+;#!$&+�0!+�'U@!G @&+�Y(Z ,*#KO + -
:(#&OEOE@!G @!#&6�Z ,*# M @!#!< +�< ,*3 >?3&VD[\,*]!W72!,*]E,*G @!]!3SO!]&Q >?]&F
4�]!W
4�3 ,�8&1(:!4�]E1(O&^�:(3 ,�-9O_:!8&1(= ]&>?W
< ,*]&0!-�F�3
.�8 ] < ,*]&>?W&.�8!^�>?3 8(3!`

8(G 4�= 1 2 3 4 5
2!^�< 0(3 4�4�]!< ,�-�.�,�^�X 115 103 92 67 65

a ,�^_:(G 4�4�5
3CO&Q b*,�5c^�Q/.�8!^�>?3 8(G�WD^�0!0!HU< ,�8!^�8&1(HJI/3 = ]98(G�< .�8(3 :(3 0(3 4�^�3;]!d&^�0!^�6R.�,�^�X�W
^�Q7,*G�d&0�V!eKf g M = G 8!8(G 4�WDh i!i&j!k V*lBQ :(3�< mJ= 8(G�nD^�@KOU,*3 Y/F�3�@!]!]&8!:!^�4�G ,*G Y  f 8!^�<&V&o�V p&k�O&57= q!b*:!^�,
4�3B>?3 4�3�3B^�:(3�G q!m*4�]cf @!] M n?nD^�X�^�3 4�,r:(3 ,*3 8!>D^�4�G X�^�^\:!q!bP1(8(G O&4�3 4�^�b ln(ni) = 4.9274 -
s V h t!uvh wUx�8(G @&,�^�2(3�< @&^r,*G @!]&6rF�3Ey s V i&o�h k V
zJ]A= :(3_= G 8(G 4�,�^�b&W�2!,*]A4�G 6�:(3 4�4�G b L Q G O&^�< ^ -
>?]!< ,�m L :(3 6�< ,�O&^�,*3 q!m*4�]/]&,�8(G F�G�3 ,U4�3 @&^�3J>?3 F
O&^�:(]&O&5
3U]&,�4�]&{/3 4�^�bKOT<�]!]!d&I/3�< ,�O!3�W�GU4�3Jb O -
q!b&3 ,*< b&W?@!G @SO9x�8(3 :!57:&1(I/3 >Px�8!^�>?3 8(3�W?x�8(]!< ,�57>|G 8!,*3�n?G @&,*]&>P8(G 4�F
^�8(]&O&@&^�}TgE3 F
:&1Rx�8 ] -
2!^�>?W(x�8(]&O!3 8!@!G�x�]U@&8!^�,*3 8!^�Hr~�^�8(<�]&4�G�f L Y!^�� @&O!G :!8(G , L kD4�3J]!d&4�G 8&1(F
^�O!G�3 ,JQ 4�G 2!^�>?]&= ]/]&,�q ^ -
2!^�bJ8(G�< x�8(3 :(3 q(3 4�^�bJ2!^�< q(3 4�4�]!< ,�^TO&5
d&8(G 4�4�57Y/tUO&^�:(]&OKx�,�^�XC]&,J8(G�< x�8(3 :(3 q(3 4�^�bU~�1�G�<�<�]&4�G&V
l�Q O!3�< ,�4�]!W�2!,*]C:!q!bCO!3 q!^�2!^�4�5 hi = 2 �� < ,*G ,�^�< ,�^�@!G �vf hi - h)2 ^�>?3�3 , � 2 � 8(G�< x�8(3 :(3 q(3 4�^�3
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#�$!%'&!%�( )+*,( -.* #�* /�* 01( 2!3!4!365!7 i 8 9 : *�( )!%'; i  
$+<�( #�$+* 5+* )+* /�7=#�3?>�@�<�(�(�36/+@�A�B=#�$!%�2!* 5+* /�/�36C

267ED,*F#�$!%�CG* $+*FH -.<?( -.< -�%�( -�%�I!<J$+< 26/�<?K�A L+M6L : <J5!)!N?@+$+3.26/�NPO /�< &!%�CG3!( -�% Q1RTS�A S!U #�$!%VL
( -.* #�* /�N.WX( 2!3!4!365!7Y2!* ) % &!%�/�< Z  2 = 9.488.

[ -.< I : C\7V( -.< )!I6%�2!<�* CG( N](
#�$+3!46)+* CG360�^6#�3!( I!36)!_.I.@,)!`]4!< N]36a�* /�I!<�3!46%�)!%�Nb26%�5+<�2]H I 3 -
( %�( -.* CG* : I!< I,2!( N.I!< N]267
4!36$+36&!/�< N,36a�* /�I!< : *�( -�_X2!* )!%�&!%�/�<X( )6@+&+< 0�/�< N : <]$+< /�c
%�$+3626I!<]H -�%�W
36a�* /�36IX2!(�* d 5+<�#�$!%�2!365!%�-bI,#�36)6@+&+* /�%�`e/�* I!36-.36$+360?CG36/�36-.36/�/�360?#�3!( )+* 5+362!< -.* )!_./�3!( -�%J& % -
(�* )?f /�*]2!< c
/�3 : )!%�/�* 0�/�360P%�)!%P/�* )!%�/�* 0�/�360�g : /+@+c
/�3FI!< I6%�C 8 -.3J3!46$+< O 36CT267E5+* )!%�-�_F2JH -.360
#�3!( )+* 5+362!< -.* )!_./�3!( -�%?( )6@+&+< 0�/+@+`e(�3!( -.< 26)!N.`bh]@+`ef < $!-.*�iG< I6-]$+< /�c
%�$+3626I6%?jk$+< /�c
%�$+3626I!<
36DX%�4!36Il36#�$+* 5+* )+* /�%�NV3!46%�)!%�N.g AEB
36O CG3!c
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5 * /�%�N+A
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3!4�5 67* 8�8�&!5 ,�( D &),.&)0!ET��8�$I4�5�5 67* <7&)=!$ 8�8�&)+�:737$�5 , D *I67*�5�$R5�&!5 ,.$ =)6!G)* ,9&.,��;<7&���<7*�5 G., D &)=�L
�1&I*�5 6!49=;,.$�')6�L!N�L O;B ,.&),�� 8�* <7&.:737* ,� 1+Q&)2
8�&I��5 /�4�5�$ ,�(. ;8�$1,.&!?�3!,.&�=I/�07* <!ET<):7�I* + D 67$�5�5�*
@ &),�N;<7&;�;&!5�&!'!* ��K�& D $ % $ 67&!5 ( D $ D 07$ %Q8�$���=)4�<7&)=;'!&)6!(.�I*�?)37* +-/�07* <75 D $ % $ 8�&!?7,.&;=1,.$�')6�L)N�L �
3!4�5 67&�=)4�<7&)=�=�&!'!&)4��C5�&!5�* <!8�4�� D 67$�5�5�$ �7?Q/7:�5 ,�(�8�$�� � �7?Q8�&-,.&)2�*�+Q* 8�(��I*�?T37* +A<7&)6!2
8�&
')ET,�(I/�&R+Q&)<7* 6!4uL�¡�&)/�G., (R/�&)6):737$�* ,.5 G)?�3!,.&907* % :76!(.,.$ ,R$ 8�$ 6!4�% $¢% $ =)4�5 47,R&.,R5 /�&!5�&!'!$�07$ %

-
')4�* 8�4�G�8�$ D 67$�5�5 E�&)<!8�4��;4I,.* �;2�*
<7$ 8 8�ET��L
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#�$!%�&!' ()' *�*�+
'-,�.!.!/0$)1�2�' *�%�34,�.0&!' $!56' *�*�.7.08)' &0%�(!*�+9(!:!36;�$).!<='�,�, %�.0*�1 :!>?*�+A@B, C?1 C %
-

, C�%�D!.0&E%6*�'A*)F)2
()1 GEC?, 3E&H, C?.0:!>�;�.0(!$).!/0*�+A@6.!/0I)30, *�' *�%�3?@�J0KE.-(!:!3EL D!.0:).0M .0&!N)&H.!,�.!/!' *�* .
-

, C�%6C?' @)N0D0C?.E%�, ;�.0:0>?O F�' C�, C?1 *�()1 $!C�*�+
'
D!.0PQ;�>?GEC?' $!*�+
'
;�$).0M $)1 PQPQ+
N�/0+A:).H/!+R;�.0:)' O *�.!N)D!1 D
*�1 P9D!1 2�' C?, 30NSF�/!' (!%�C�>0, 30N�8!C?.B*�1 M :!3?(!*�.!, C�>T, C?.0:!>7;�.0;)F):!3?$!*�+A@UM %�, C?.0M $)1 PQPV$)1�, ;�$)' ()' : '

-
*�%�WXP=.02�' C7.0D!1 O 1 C�>0, 37&!'�, >?P=16.!/0P=1 *�8!%�&!.0W�NQ14D0$!%�C?' $!%�WY#�%�$),�.0*�16Z[()1 :)' D!.T*�'4:0F)8!5H%�W
;�.0D!1 O 1 C?' :!>�(!:!3E.0\�' *�D0%4,�.!.0C�&!' C?, C &0%�3�C?'�.0$)' C�%�8)'�, D!.0M .E%6L PQ;�%�$!%�8 ' , D!.0M .E$)1�, ;�$)' ()' :)' *�%�3)J

#�$)' 2
()'68)' PV.0C�&!' C�%�C�>7*�1H&!.0;�$).!,�NS(!:!378)' M .B*)F)2
*�+]P=.0()' :!%X$)1 *�M .0&0+A@T$)1�, ;�$)' ()' : '
-

*�%�W�N)P=.02
*�.6' ^6'�$)1 OAF);�.0PQ3?*)F)C�>EC F6%�, @).0(!*)F)G]%�()' G-N�8!C?.H@)1 $)1 D0C?' $6$)1�, ;�$)' ()' :)' *�%�3-&0%�().0&
;�.Y.!/0%�:!%�G_.0C�$)1 2�1�' CT%�, C?.0$!%�G`()1 *�*�.0M .Y,�.!.!/0^6'�, C�&!1T%9.0;�$)' ()' :!30' C?, 3U&!,�' W9,�.0&!.0D?F);�* .

-
, C�>?Ga&0O 1 %�P=.!.0C�*�.056' *�%�WR,�.!, C?1 &0:!3?GE^H%�@X' M .T&?%�().0&�J�#E.!, D!.0:!>?D?FR.0;�3?C >0b C?1 D0%Y&X, %�:0FXC�$ 1

-
(!%�\�%�%c, $)' (!%RL C�%�@X&0O 1 %�P=.!.0C�*�.056' *�%�Wc,�1 PQ+APQ%R&!1 2
*�+APQ%c, 8!%�C?1 GEC?, 3TD!.0*�D?F)$)' *�C�*�+
'B. C

-
*�.056' *�%�30N�C?.68!%�, :)' *�*�.!'E;�$)'�.!/0:)1 ()1 *�%�'H.0(!*�.0M .4%�:!%T*�' PQ*�.0M %�@7&0%�().0&4().0:!2
*�.7, &0%�()' C?' : >

-
, C�&!.0&!1 C >T.TC?.0P=N=80C?.U%�P=' *�*�.X.0*�%Y3?&0:!3?GEC?, 3T;�.!/!' (!%�C?' :!3?PQ%R&U/!.0$!>0/!'7O 17%�, ;�.0:!>?O .0&!1 *�%�'
*�' D!.!' M .6$)'�, F)$),�1�N�:!%�PQ%�C�%�$0F)GE^6' M .4$).!, CH8!%�, :)' *�*�.!, C�%B&!,�' M .7,�.!.!/0^6'�, C�&!10J�d�C?, GE()1-%T&!. O

-
*�%�D!1 GEC�F);�.0PQ3?*)F)C�+
'�&0+A56'�C�$)1 D0C?.0&0D0%6L D!, ;�.0*�' *�\�%�1 :!>?*�.0W4P=.0()' :!%�N�D!.0C?.0$)1 3H, &0%�()' C?' :!>0, C

-
&?F�' C-.-;�.!, C?.03?*�, C�&!'�().0:!%B().!, C F);�*�.0M .6$)'�, F)$),�1�F7&!,�' @HF)8)1�, C�*�%�D!.0&6D!.0*�D?F)$)' *�\�%�%�N�1�C?1 D02�'
P . ()' :!%6eX1 D!b f�$!C F)$)10J

gA$!3?(B:!%X, C?.0%�C4;�.0(!$).!/0*�.T.!/!, F)2
()1 C�>7;�$).0C�%�&!.0$)' 8!%�&!.!, C�>7%UP=1 :0F)Ga.!/!.!, *�.0&!1 *�*�.!, C�>
;�$)' (), C?1 &0:)' *�%�3-.-C?.0P=N!8!C?.H.!/0%�:!%�'
&0%�()1�&-()1 *�*�+AW4P=.0P=' *�C�&0$)' P=' *�%7h D!.0M ()1�.0C?.!/0$)1 *�1�;�$ .

-
/!14%Y;�$).0%�O &!' ()' *YF)8)' CB8!%�, :)' *�*�.!, C�%�i-.0(!*�.0O *�1 8!*�.X,�.!.0C�&!' C?, C &?F�' CBD!.0:!%�8)'�, C�&?FX%�, ;�.0:!>?O .

-
&!1 *�*�.0M .6$)'�, F)$),�10J)eX.02�' CH/0+AC�>HL C?.H&HD!1 D!.0W�b C?.4, C?' ;�' *�%7&!' $!*�.6(!:!3H$)1 &0*�.?&!'�, *�.0M .6ZjD0: %

-
P=1 D!, *�.0M .TZk,�.!.!/0^6'�, C�&!14%Y()1 2�'4*�'4(!:!3T,�.!.!/0^6'�, C�&!16&T;�.0:!*�.0P], PQ+
, :)'7L C?.0M .X, :).0&!1 NA1
:!%�5H>4(!:!34M %�:!>?(!%�%U%�:!%U&BD0$)1 W�*�' PV, :0F)8)1�'6(!:!37C?1 D!,�.0\�' *�1H&T,�.!, C?1 &0'6D0:!%�P=1 D!, *�.0M .T,�.!. /

-
^6'�, C�&!10J!lQ, :!%B2�'EPQ+m%�P='�' PR()' :).4,EL D!.!, %�, C?' P=1 PQ%B*�1-C?.0WB%�:!%T%�*�.0WT,�' $!%�1 :!>?*�.0WU, C?1 (!%�%�N
C?.E*�%4.�D!1 D!.0PU;�.0().!/0*�.!PX,�.!.0C�&!' C?, C�&?%�%6*�'
P . 2�' C�/0+AC�>�%6$)' 8!%SJ

eX.02�' C4/0+AC�>4L C?.4F)C�&!' $!2
()' *�%�'H%T&0+AM :!3?(!%�C4, :!%�5HD!.0PmD!1 C?' M .0$!%�8)'�, D0%�Pm%XM .0:).!, :). &
-

*�+AP=N�*�.4'�, :!%T.0*�.6*�' &!' $!*�.!N�C?.6*�'�D!1 2�' C?, 3H:!%T, C�$)1 *�*�+AP=N�8!C?.6&!.0C-F)2�'-;�.08!C�%B;�.0:!&!' D!1-%�O
.0(!*�.0M .6F)8)'�/0*�%�D!1-L D!.0:).0M %�%T&4(!$0F)M .0WT;�' $)' @).0(!3?C6.0(!*�%U%UC?'H2�'H;�$!%�P=' $!+
NS;�$!%�&!.0(!%�PQ+
'H&
;�.0:!>?O FV%�P=' *�*�.mL C?.0M .9,�.!.0C�&!' C?, C�&0%�3!nUgA;�$).08)' Pa&m;�.0:!>?O F9C?1 D!.0M .cF)C�&!' $!2
()' *�%�3cP=.02
*�.
;�$!%�&!'�, C�%c%R*�' D!.0C?.0$).!'B;�.0().!/0%�'Bo�().0D!1�O 1 C?' :!>0, C�&!1T.0CB;�$).0C�%�&?*�.0M .0p!JQq�' W�, C &0%�C?' :!>?*�.0N
( .

-
;)F�, C�%�P=N�8!C?.6PQ+9.!/0*�1 $0F)2
%�:!%�N�8!C?.H&6*�' D!.0C?.0$).0Pc,�.!.!/0^6'�, C�&!'�8!%�, :)' *�*�.!, C�>-&0%�().0&4$)1�, ;�$ '

-
()' :)' *�1-;�.4M '�.0P=' C�$!%�8)'�, D!.0P�FB$!3?(0F�N�%UPQ+V()' :)1�' Pm&0+A&!.0()NS8!C?.7%�P='�' C?, 34*�' D0%�WU$)'�, F)$),�N�; .

-
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#�$&%�')(&% *�+�%-,!.)#/.)$&.)0 .21&34% *�5/687�% #/9 :;.)#8<)+�=&78,;</+�=)1><2#/.)?A@�%8B�$&.)B�.)$!C�+�+�DFE!#/.;+A.!')+�(!+�%)G
H .)$&.)68.I+�J <!%�9 #�*�.!DF.)=!*�7 ,!.!D�E!#/.8=&7 @�%-%�9 (!+>.!')+�(!+�%K<)+�=&.)<8<I*�% ,!.!% 3L9 B�+�9 ,!%8.)B�+�9 MN<!7�% #/9 :
<)B�.)(!*�%K1&=&.)<)(&% #�<!.)$!+�#/% ()5/*�.2*�% ,!.)#/.)$&.)?>34.)=&% (!5/OKDFP #/.I<!.)<!9�%K*�%I.)J *�7 E&7�% #/D�E)#/.;<)+�=!M
D�B . -
B�7 <)6-+�%Q<IP #/.)#-9 B�+�9�.),!D�<)J 7 +�34.)=&% ?�9 #�</1&OQ#-+�34% *�*�.2#/7 ,!DF,!7 ,2P #/.IB�$&% =!B�.)(&7 0 7 (&.!9 5IB�$!+>B . -
9 #�$&.!% *�+�+8=&7 *�*�.)?834.)=&% (!+FG/RQ7
P #/.-% S8%
<;T U!V&WQ0 .)=)1I.!')$&7 S87 (-<)*�+�347 *�+�%�P ,!.)(&.)0 .)<KX
@QG)Y . -
P *�D�.;E&% 3L*�% =&7 <)*�.;*�7 B�.)3Z*�+�(\[KG�]A.)$!+�*><\9 <!.!% 3^1&E&%�')*�+�,!%8_�`4,!.)(&.!0 +�:;9�.!.!')S8%�9 #�<)a/D�+ J -
=&7 *�*�.)3><;T U!U!UQ0/G)b cAd)e f g&D T U!U!U)h G

i #/7 ,!D&E!#/.!')Mj1�'!% =!+�#�5)9 :Q<K#/.)3ZD&E!#/.K<89�.!./#�<!% #/9 # <)+�+;9�34.)=&% (!5/Ok0 %�.)34% #�$!+�E&%�9 ,!.)0 .-$ : -
=&7�(!+�3Z+�#�+�$)1&OQS-+�?2$&%�9 1&$&9Q')MN(8=&% ?�9 #�<)+�#/% (!5/*�.-+�9 B�.)(!5/J .)<!7 *I<-B�.)$!:/=!,!%�1�')MN<!7 OQS8% ?;0 % . -
34% #�$!+�E&%�9 ,!.)?8B�$&.)0 $&%�9�9 +�+�D!*&1&@
*�.K<!.!l B�% $!<)MNmK1�9 #/7 *�.)<)+&#�5)D!E!#/.KP #/.QJ 7�$&%�9 1&$&9�no,!.)(!+�E&%�9 # -
<!.>B�+�S-+pb +p,!7 ,!.)?p+�34% *�*�.)h DN.!')q�% 3kJ 7 *�+�347�% 34.)0 .>B�$&.!9 #�$&7 *�9 #�<!7�D4E!+�9 (&.>1�'!% @
+�Sr+s#)G =�G G
X�7 (&%�%Q*�7 =&.-1�'!% =!+�#�5)9 :)D�E!#/.81;,!7 @
=&.)0 .I<)+�=&7KP ,!.)*�.)3Z+�E&%�9 ,)+�?\,!.)P�t4tZ+�C�+�% *�#/D�#!G %)G&B�$!+�$&.!9 #
E!+�9 (&% *�*�.!9 #�+2*�7Q% =!+�*�+�C&1IB�.)#�$&%�')(&% *�*�.)0 .-$&%�9 1&$&9�7�D�.)=!+�*2+I#/.)#Q@�%)G)uN=&.!'!7 <!.),-,-P #/.)3�12* 7 -
=&.2')Mv% S8%K<)MN:)9 *�+�#�5)D�*�7�9 ,!.)(!5/,!.;.)=!+�*�7 ,!.)<!.2<!9�%-+�9�9 (&% =&.)<!7 *�*�M
%-<)+�=!Mv<)M
% =&7 OQ#/9 :Im!+ S -
*�+�,!7 3Z+FG�wZ9 (!+A<!9�%8P #�+>1�9 (&.)<)+�:I<)MNB�.)(!*�% *�M
D�34.)@
*�.\')MN(&.\')Mk*�%I9�.)3Z*�% <!7 #�5)9 :2<\B�$!+�3 % -
*�+�34.!9 #�+A34.)=&% (!+A]A.)#/.)3�1&$!Mk,;$&%�7 (!5/*�.)?AP ,!.)(&.)0 +�E&%�9 ,!.)?j9 +�# 1�7 C�+�+FG�RQ.;*�7 3v*�%81&=&7 (&.!9 5
.!')*�7 $)1&@
+�#�5Q9�9 MN(&.),Q*�7
$&7�'!.)#�M
D!0 =&%
B�.)=&.&')*�7 :QB�$&.)<!% $!,!7�7 =&% ,)<!7 #�*�.!9 #�+I34.)=&% (!+I$&7 *�0 .)<!.)0 .
$&7�9 B�$&% =&% (&% *�+�:Q')MN(&7�'!MjB�$&.)<!% =&% *�7)G

X
$)1&0 7 :L+�=&% :)D8.)B�$&7 <)=!MN<!7 OQS87 :L+�*�#/% $&%�9^P ,!.)(&.)0 .)<k,k$&7 *�0 .)<)MN3x$&7�9 B�$&% =&% (&% *�+�:/34D
9 <!.)=!+�#/9 :�,Q#/.)3�1�D)E!#/.Q</+�=KP #�+�mK$&7�9 B�$&% =&% (&% *�+�?8*�% ,!.)#/.)$!MN3A.!')$&7 J .)3A34.!@�% #Q')MN#�5K9 <):/J 7 *29
#/7 ,!.)?;B�.)B&1&(!:/$!*�.)?;m&7 $&7 ,)#/% $!+�9 #�+�,!.)?>9�.!.!')S8%�9 #�<!7�D�,!7 ,I<)+�=&.)<!.!%K$&7 J *�.!.!')$&7 J +�%)G�`4#/7-9 <):/J 5
=&.!9 #/7 #/.)E!*�.KB�.)=!$&.!')*�.-'!MN(&7�+�9�9 (&% =&.)<!7 *�7�yKG [-G z�% <)+�E&% 3jb z�% <)+�E&DZT U&W){�|!}�~ �)f � �&D��&{!{!{)h G!� M -
(&.KB�.),!7 J 7 *�.!D&E!#/.-*�% ,!.)#/.)$!M
%�+�*�=&% ,!9 Ms$&7 J *�.!.!')$�7 J +�:KB�$!:/34.89 <):/J 7 *�M^9�B�7 $&7 34% #�$&7 3Z+2$&7 * -
0 .)<)MNm8$&7�9 B�$&% =&% (&% *�+�?FG![Q.!9 (&%�P #/.)0 .-*�+�E&% 0 .-B�$!+�*�C�+�B�+�7 (!5/*�.8*�.)<!.)0 .-<8=&7 *�*�.)3p*�7 B�$&7 <)( % -
*�+�+p9 =&% (&7 *�.\*�%2')MN(&.\+j34.)@
*�.\(!+�6-5\.)#�34% # +�#�5/DZE!#/.;<>'!.)(!5/6-+�*�9 #�<!%8$&7�'!.)#/DZ<;,!.)#/.)$!MNm
+�9 B�.)(!5/J .)<!7 (!+�9 5I+�*�=&% ,!9 Mv$&7 J *�.!.!')$&7�J +�:)DFB�$!+><)M
'!.)$&%-#/.)0 .2+�(!+>+�*�.)0 .;+&*�=&% ,!9�78<)+�=\$&7 * -
0 .)<!.)0 .2$&7�9 B�$&% =&% (&% *�+�:2<!.;<)*�+�347 *�+�%8*�%-B�$!+�*�+�347 (&9 :&G�w�=!+�*�9 #�<!% *�*�.;.;E&% 3v9 #/.)+&#81&B�.)3 : -
*&1&#�5Kn�P #/.KB�.)@�7 ()1&?2#/.!D&E!#/.K<!9�%�3Z*�.)@�%�9 #�<!.-+�*�=&% ,!9�.)<-$&7 J =&% (!:/OQ#Q#/% B�% $!5Q*�7Q9�.!'!9 #�<!% *�*�.
+�*�=&% ,!9 Ms$&7 J *�.!.&')$&7�J +�:)D�,!.)#/.)$!M
%�<8.!9 *�.)<)*�.)3p.)B�$&% =&% (!:/OQ#/9 :KE!+�9 (&.)3p<)+�=&.)<-+2<834% *�5/68% ?
9 #/% B�% *�+>J 7 <)+�9 :/#8.)#8m&7 $&7 ,)#/% $&7-$&7�9 B�$&% =&% (&% *�+�:2</+�=&.)<;B�.\.!')+�(!+�OKD�+A*�7-+�*�=&% ,!9 Mk<)MN$&. < -
*�% *�*�.!9 #�+�D�<!% (!+�E!+�*�7I,!.)#/.)$!MNmA,!7 ,>$&7 J8<>B�% $)</1&O�.)E&% $&% =!5\J 7 <)+�9 +�#;+�34% *�*�.A.)#2#/.)0 .!DZ* 7 -
9 ,!.)(!5/,!.Q$&7 <)*�.)34% $!*�.Q$&7�9 B�$&% =&% (&% *�MjE!+�9 (&% *�*�.!9 #�+8< + =&.)<Q<Q+�J 1&E&7�% 34.)3A9�.!.!')S8%�9 #�<!%)G
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#%$ &('*) +!$ , $ -�.0/!1!-2'%3�4�'!) 5(6 &!7�8�6
9 '0&!:;8�7�-26 <(6�)
+*8�7�&(6 +!)�$ =><($ , 7�'!'!?!<($ , 8�@*)�'A) -2'0<('07�:
B +!'05('09 '03!C -26�'0<(6 -�8�+!'03*, 7�$ 1!8�-26 5!.27�'A) 7�8�, 8�5() @0/(7�'%, $ -2'A'07D)�'0E!<($ 7�@06 -2) @%) <(6 &!8D4�<!8�+05($ &!7�:FE

B +!'05('09 '03!/('0, $�?!'01(6 7�7�:
E*4�'08�) +!'0=>-2$ +*7�$ , :F3!$�6 =G:FEA8�7�-26 9 <($ 5!.27�:FEA4�'0+!$ , $ -26 5(6 HD)�'!) -2'0@27�8�@
)�'!'!?0IJ6�) -�3!/�+!'0-2'0<!:
6%=K'09 5!8L?0:M) 50N(O
8�-�.J'0P�6 7�+!'0HL$ 7�-�<('04�'09 6 7�7�'09 'Q3!'0, &(6 H�) -�308�@JR 4�<(6 O
&(6
3!)�6 9 '!/�, $ 9 <!@2, 7�6 7�8�H�SG7�$ B +!'!) 8�) -26 =G:�T!UV3 B -2'0=W) 50N(1($�6*)�'0E!<($ 7�@06 -2) @*7�$ &(6 O
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100#%$!& ')(�* +�,!(.-�/)0�$21�3�420�& 5!670�428 4:9�42$!& ; & +7( 5!<>=�-?-?( $2+�3�,20�4!* +�3A@23�42+�3�')(�* $!428 4B$!42CD9 4

-0�( 0�+7&E= $!4!* 3�* +7( CDFG9�H)( I!5)& 8 &�( +7* <J+7& $2K�(E3�* 9�425!67; 42,!& +�6L(�(E= $!*�( H!8 3�M
(Xu et al., 1999). N $ -*�( H!8 3�<O429�H)( I)( 5!<2( +7* <P$!& $O$!425!3�')(�* +�,!4OH)&�@!42+�F
Q�$!42+742H2/)MRC?42K�( +O*�42,!( H!SJ3�+�6O* 3�* +7( C?&�QT$ 4

-8 I)&O420�&P9�H!3�,!( I)( 0�&P,:*�4!* +742<70�3�(L+7( H!C?42I!3�0�& CD3�')(�* $!428 4>H)& ,20�42,!(�* 3�<:*.42$2H2/)K�& MEUL( VA* H (
-I)42VTW�X�$2H2/)K�& MEUL& <L* H)( I)&E,P*�4!* +742<70�3�3>9�42$!42<P& 0�& 5)428 3�'!0�&Y+742V�Q�$!42+742H)& <P@2FZ5)&Y0�&Y[)( CD5)(Y\

CD3�5!5!3�420�&L5)( +O0�& ; & I)QD9�( H)( I:0�& ')& 5)42C]= ,!425!ME1�3�3_^ `
ørgensen, Mejer, 1977, 1979). a 4>4 + -0�42SL( 0�3�M]$J*�4!* +742<70�3�M]9�42$!42<E= $!*�( H!8 3�<E3�; C?( H!<2( +EH)&�*�* +742<70�3�(�C?( K
I2/P0�&�* +742<7UJ3�C_*�4!* +74 <

-0�3�( CbH)&�*�* C?& +�H!3�,!&�( C?42VO= $!4!* 3�* +7( CDFA3O+7( H!C?42I!3�0�& CD3�')(�* $23�CbH)& ,20�42,!(�* 3�( C
W!#
( H)42<7+�0�42Q�= $
-*�( H!8 3�<b/),!( 5!3�'!3�,!&�( +7* <_I!5!<_; H)( 5!FZcG= $!4!* 3�* +7( CR9�H!3d/)I)& 5)( 0�3�3e42+b+7( H!C?42I!3�0�& CD3�')(�* $!428 4

H)& ,20�42,!(�* 3�<)W�f�& $23�C]4!@2H)& ; 42C?QD420�&L,2FZH)& K�&�( +O42H!8 & 0�3�; 42,!& 0�0�4!* +�6O= $!4!* 3�* +7( CDFe')( H)( ;Y,2; & 3
-C?4!* ,2<7; 3:K
3�,2FZc.$!42CD9�420�( 0�+742,�W N $!*�( H!8 3�<P= $!4!* 3�* +7( CDFe0�(LC?42K�( +O@2FZ+�6O3�; C?( H)( 0�&�Q�0�4OC 4 -K�( +J@2FZ+�6J,2FZ'!3�* 5)( 0�&EI!5!<J$!& K
I)428 4L$!42CD9�420�( 0�+7&Y* 3�* +7( CDFG9)/)+7( Cb/)CD0�42K�( 0�3�<P( 8 4O* H)( I!0�( V

@23�42C?&�*�* F]0�&L-?& $2+742H>$!420�,!( H)* 3�3TWTf�& $23�C]4!@2H)& ; 42C?QD* /)CDC?& H!0�FZVB= $)*�( H!8 ( +�3�')(�* $23�VB3�0�I)(�$!*
= $!4!* 3�* +7( CDF
Q�,2FZ,!( I)( 0�0�FZV>3�;�$25)&�*�* 3�')(�* $!42V:+7( H!C?42I!3�0�&�CD3�$23�QT+7(�42H!3�3:,!( H)42<7+�0�4!* +�3>3:3 0

--?42H!C?& 1�3�420�0�42VP+7(�42H!3�3O^ `
ørgensen, 1992a,b, 1994, 1995a,b; Jørgensen et al., 1995) 

C?42K
0�4
; & 9�3�*�& +�6�$!& $�g

Ex = h
i jOjj kBl
=
∑ ,

8 I)(
Ci m @23�42C?&�*�*�&

i n 8 4.42H!8 & 0�3�; C?&J,O= $!4!* 3�* +7( C?(J,O8 o 5.3�5!3:8YI)( +�H!3�+7& o 5�p Wi m -?& $2+742H!F
$!420�,!( H)* 3�3

i n 8 4:42H!8 & 0�3�; C?&2WTq
5!<.H)& ; 5!3�'!0�FZcB42H!8 & 0�3�; C?42,>,!( 5!3�'!3�0�& Wi 
C?42K�( +>@2FZ+�6>H)& *

-* '!3�+7& 0�&
 
3�* c)42I!<A3�;:$!425!3�')(�* +�,!&b8 ( 0�42,A,G$25)( +�$!(

 (Jørgensen, 1995a,b; Jørgensen et al.,

1995). #r9�H!3�C?( 0�( 0�3�3s$e,!42I!0�FZCt= $!4!* 3�* +7( C?& CtuDW v�= 0�0�420R^ wEx y!y)z2y)QB{ |)}2~2�:9�H)( I!5)42K
3�5
9�H!3�C?( 0�3�+�6L,!( 5!3�'!3�0)/O,!& 5)42,!42V>= $!4!* 3�* +7( CD0�42V>9�H)42I2/)$21�3�3>$!& $P= $!425)428 3�')(�* $23�V>3�0�I!3�$)& +742H
; I)42H)42,267<�C?& H!SL( ,2FZcY9�H!3�5!3�,20�FZcY= $!4!* 3�* +7( C
W

��&�@!42+7&
9�4E3�; /)')( 0�3�Md,!& H!3�&�@!( 5!670�4!* +�3LI!3�0�& CD3�$23P@23�42C?&�*�*�F_-D3�+74 n Q!; 4!429�5)& 0�$2+7420�&�3; 4!4!@!( 0�+74!*�&�9�H)42,!( I)( 0�&�9�4JI)& 0�0�FZCb3�;P{ �2\P; & 8 H!<7; 0�( 0�0�FZcP,!42I)4!( C?42,L0�&EH)& ; 0�FZcP$!420�+�3�0�( 0
-+7& c:^ ��5!3�C?42,!Q�{ |!|!�2� W a 42$!& ; & 0�4!Q�'!+74.,!& H!3�&�@!( 5!670�4!* +�6O,!42; H)&�* +7&�( +O9�H)429�42H!1�3�420�& 5!670�4.,!4 ; -H)&�* +7& 0�3�M�3�; C?( 0�'!3�,!4!* +�3�+7( CD9�( H)& + /)H!F�,!42I!F�W a H)( I!5)42K�( 0�9�42$!& ; & +7( 5!6%,2FZ0�4!* 5!3�,!4!* +�3
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# $!%!& '�& (*) +-,�& .0/*1 2 3�3�4657&8'�9;:�<=%0>0?=$0(�'�.03�%!& (�@*AB,6$!%0(*%0<!4657%0$!2 1 46.!2�) (*& /C3�'�1 $0'�+D.E.!%0> % -
) +-2 9F&�%F& (*2�G0'�H!@*3�%05I(*) +J:�) <=2 ( ?=<=%05LK!M
%01 <=2�& (*2 3�'�)N# (*%0O %P:�%0$!2 1 2 (*) H!/Q.!%01 +-%0R
3�%PH!'�SQ@B:�<!'
?=.!) H!'�T=) 3�'�'P'�1 +-) 3�T!'�.!%!& (�'P(*) +J:�) <=2 ( ?=<!4E'P>!<0?=O '�9QU-2 $0( % <=%0.B& <=) >!4�K

M7<=2�G!%0(*)BV6K WNK M
%0<=%!G!) 5�T!'�$!2P&P&�%!2 .0(*%0<=2 +J'CX Y Z!Z0[!\6:�<!'�.!) >=) 3C%!G01 %0<I<=2�G!%0(P:�%]<=) O ' -
& (�<=2 ^�'�'_:�2 <=2 +-) (�<=%0.`# $!%!& '�& (*) +J3�%0O %a?=<=%0.03�/a.aH=)�& 3�469b# $!%!& '�& (*) +-2 9�KIcN%0$!2 1 2 (*) H!/*+J'
?=90?=>!SP) 3�'�/P# $!%0H=%0O '�T=)�&�$!%0O %]&�%!& (*%0/*3�'�/P>!<=) .!%!& (*%0/P+-%0O ?=(F& H0?=R
'�(�@P?=+-) 3�@�SP) 3�'�)P&�%0+J$03 ? -
(*%!& (�'F:�%0H=%0O 2�,!:�%0H!3�%0(�4
,=:�H=%0( 3�%!& (�'F'P1 2 :�2�&�2�>!<=) .!%!& (*%0/BX d�/0G0'�3�'�3�,-Y Z!e!f�g!h�H=) $!&�)�) .!,-Y Z=i*j=,
Y Z!Z!k�g
lCm n�o p=q0r=s t u=,FY Z=i0f�g�v-(*) :�2 3�%0.!,FY Z=i!i=g�wNxCy�z t x*{ ,FY Z=i!i=g�|6) <!3�) 3�@*$!%0.!2C'7>!<�K ,FY Z=i0Z!,
nLt }!x u�{ ,JY Z=i0Z�g�~!t x u!r!t x�q0��t x�q!,-Y Z=i0Z0\ ,�& 3�'�R�) 3�'�)N) O %Q:�<=%0>0?=$0(�'�.03�%!& (�'IX ��<=) SQ(*2�,JY Z!�!k�g�v-+J'�(*,
Y Z=i0f�g0lCm n�o p=q0r=s t u=,�Y Z=i0f�g0�7/*H!/*(*) 3�)�,�Y Z=i!i*\ K

� ?=3�$0^�'�%03�2 H!@*3�4
)I:�%0$!2 1 2 (*) H!'�:�<!'�+-) 3�/*AN(*& /�'�>!H!/C%0^�) 3�$0'�&�%!& (*%0/*3�'�/C:�%0T0.!) 3�3�469
# $!%!& '�& (*) +
K���1F%!G01 %0<=2]V6K WNK M
%0<=%!G!) 5�T!'�$!2I&I&�%!2 .0(*%0<=2 +J'�X Y Z!Z0[!\B& H=) >0?�) (*,-T!(*%�2 3�2 H!'�1]& % -
& (*%0/*3�'�/N:�%0T!.!) 3�3�%0O %B+J'�$0<=%!G0'�%0^�) 3�%01 2�+-%0R�) (NG046(�@B%!& ?=�P)�& (�.0H=) 3F>!.*?=+J/N:=?=(�/*+J'P��$!%0H ' -
T=)�& (�.!) 3�3�46+C?=T=) (*%0+E<=2 1 H!'�T!3�469PO <0?=:�:IX .0'�>=%0.0\J'�H!']'�1 +-) <=) 3�'�) +E'�3�(*) O <=2 H!@*3�469F:�2 <=2 +-) ( -
<=%0.7U�?=3�$0^�'�%03�'�<=%0.!2 3�'�/=K
�_T!'�& H0?�:�%!& H=) >!3�'�9�%0(�3�%!& /*(;:�%0T!.!) 3�3�%!);>!469=2 3�'�)�,Q& $!%0<=%!& (�@
<=2 1 H=%0R�) 3�'�/E^�) H!H!ANH=%!1 4b'7>!<0?=O '�9�& ?�G!& (�<=2 (*%0.!,�'�3�(*) 3�& '�.03�%!& (�@C.0$0H!ANT=) 3�'�/EO H!AN$!%01 4b'
3�2 $!%0:�H=) 3�'�/�2 +J'�3�%0$0'�& H=%0(*,F2 $0(�'�.03�%!& ( @�2 1 %0(*UJ'�$!&�2 ^�'�'�,P3�'=(�<!'�UJ'�$!2 ^�'�'`X �
%!G01 ) .!,CY Z=i0k�g
W�) .0'�38'I>!<�K ,
Y Z=i0Z0\ K�c�<!'�'�&�& H=) >=%0.!2 3�'�'�:�%0T0.!) 3�3�469]?=O %0>!'�5���<!/*3�& $!%05C%!G0H=2�& (�'8?�& (*2 3�% . -
H=) 3�%!,JT!(*%8'�3=(*) 3�& '�.03�2 /I2 O <=%0O ) 3�3�2 /I3�2 O <0?=1 $!2F.!) >=) (I$C& 3�'�R�) 3�'�A_& ?=+J+-2 <!3�%05�G0'�%0+-2�&�&�4
:�%0T!.!) 3�3�469F+J'�$0<=%!%0<!O 2 3�'�1 +-%0.!,�%!G!) >!3�/0) (B'�9F.0'�>=%0.!%058&�%!& (*2 .!,�.0461 46.!2�) (B:�<=) '�+�?=�P)�& ( .!) 3 -
3�%!)]<=2 1 .0'�(�'�)I%0H!'�O %0(�<=%!UJ3�469EUJ'�(*%0(*%0$!& '�T!3�469E%0<!O 2 3�'�1 +-%0.CX ��?=1 ) .�';>!<�K ,NY Z!Z!e0\ KJ��& 3�% . -
3�46+J'E:�%0$!2 1 2 (*) H!/*+J';&�%!& (*%0/*3�'�/I:�%0T!.8+-%0O ?=(I& H0?=R
'�(�@I(*2 $0'�)]:�%0$!2 1 2 (*) H!'�,-$!2 $�<=) :�<=%0>0? $ -
(�'�.03�2 /BU�?=3�$0^�'�/Q2 $0(�'�3�%0+J'�^�) (*%*.Q'F'�9P$!2 T=)�& (�.!) 3�3�465I&�%!& (*2 .Q��3�2 H!'�T!'�)�:�<=) >=& (*2 .0'�(*) H=) 5
O <0?=:�:�4 Niger ,�.!) H!'�T!'�3�2�+J'�$0<=%!G03�%05�G0'�%0+-2�&�& 4
,�.!%0.0H=) $!2�) +-%057.;$0<0?=O %0.!%0<=%0(EX �C%!& '�3�2�,

1996).

[�K j�K e�K*��^�) 3�$!2�&�%!& (*%0/*3�'�/NG0'�%0(�4
,!%!& 3�%0.!2 3�3�2 /�3�2
%0(�$0H=%03�) 3�'�/*9Q%0(
3�%0<!+-2 H!@*3�%0O %BU�?=3�$0^�' % -
3�'�<=%0.!2 3�'�/N%0(�>=) H!@*3�469Q%0<!O 2 3�'�1 +-%0.

��1 ?=T=2 /Q<=2 1 H!'�T!3�4
)N+-%0<�U-%0H=%0O '�T=)�&�$0'�)�,�G0'�%09!'�+J'�T=)�& $0'�)�,�^�'�(*%0O ) 3�) (�'�T=)�& $0'�)�,�'�+J+ ? -
3�%0H=%0O '�T=)�& $0'�)�9=2 <=2 $0(*) <!'�& (�'�$0'�,P1 2�G!%0H=) .!2�) +-%!& (�@�<=2�& (*) 3�'�5a'aR
'�.!%0(�3�469=,Q3�2�&�) H!/*AN�Q'�9
:�<!'�<=%0>!3�4
)NG0'�%0(*%0:�4
,�+-%0R
3�%P& ?�>!'�(�@Q%!GP%0:�<=) >=) H=) 3�3�469P3�2 <0?=SP) 3�'�/*9P.Q# $!%!& '�& (*) +-2 9=,�& . / -



��� � � ��� � �
	 � �  ��� � 	 � � ��� � � � � � � � 	 � � � � ��� � � � � � � � ��� ��� � � � � � 	 � � � ���  	 � � �  !� � � � � " � �
102

# $ %�%�&('*)�+-,/.1032!4�5 6*7 )8495:+16!4�;/%�4�7 0<.1=1>1?*@�$ ACBD7 E95 >*7 F!&�G�HC.1%�;/,�%�.!)82!,/.I.1J�7 %�=!$D5�.!5 ,/. ; -
%�4�;1)!+1&(%�7�5�7 %�%�$ ;�K�.CF*$ %�%�&(0L,/$ =!.1M .:N =!5 K�7 >!4�0O7 %�,/$�)*%�7�0O.1@�7 ,CP1&(,�QCN =!5 ,�>*$ K�.16!4�>*.1+!$ %�$�%�$
+!7�5 QRP14�.1J�7 %�.1#�G�S�7 0T%�7-0O7 %�7�7 )O+L.1,�6!4�2!4�7I./,I6*$�P!.1>*$ ,/.1>!%�&('9,/7�5 ,/U .!P1V�7 =1,/.1+9.1>!M $ %�4�# 0W&
)
4�# +16*7 2*7 %�%�&
7�4�#�7�5 ,/7�5 ,�+!7 %�%�&('D0O7�5 ,/.!.!P14�,/$ %�4�E�)�F*7 0O.1%�5 ,�>!4�>1?*AC,C>*7�$ =1J�4�4X%�$�+!7�5 QY5 K�7 =1,�>
'!4�0W4�2*7�5 =14�'*)
ZW4�# 4�2*7�5 =14�'*)(=16!4�0O$ ,�4�2*7�5 =14�'3ZO$ =1,/.1>*.1+!)
'*$ >*$ =1,/7 >!%�&('[F!6!;9F*$ %�%�.1E<N =!.!5 4 -
5 ,/7 0W&�G/\�$�5�5 0O.1,�>!4�0L% 7 5 =!.16!Q/=!.C0O7 ,/.1F*.1+!)*.1K�4�>*$ ACBY4�'*5 ;�%�$
.1K�4�5�$ %�%�&(EDK�.1F!'*.1F�G

H�>!49J�4�,/.1M 7 %�7 ,�4�2*7�5 =!.10T$ %�$ 6!4�# 7D>*$ # 6!4�2!%�&('L.1>!M $ %�4�# 0O.1+RP1&(6*$-F*.1=!$�# $ %�$-+!.1# 0O. @ -
%�.!5 ,�QD4�5 K�.16!Q/# .1+!$ %�4�;D5�.1F*7 >!@�$ %�4�;D0W4�=1>*.1;/F*7 >X=!$ =-4�%�F!4�=!$ ,/.1>*$Y5 ,/7 K�7 %�4L# $ M >!;/# %�7 %�4�;X. = -
>1?*@�$ ACBD7 E<5 >*7 F!&^] _
.!@
4�%<4<F!>�G )D` a!a!b1c GWHC.1=!$ # $ %�$R+1&
5�.1=!$ ;9F*.!5 ,/.1+!7 >!%�.!5 ,�Q9K�.1F*.!P1%�.1M .
P14�.1'!4�0W4�2*7�5�=!.1M .d5 =1>!4�%�4�%�M $eF!6!;d.1J�7 %�=14f4�%�,/7 M >!4�>1?*ACBD7 M .dN�ZOZO7 =1,/$g$ %�,�>*.1K�.1M 7 %�%�&('
ZO$ =1,/.1>*.1+X4LF!6!;->*$ %�@
4�>*.1+!$ %�4�;X./,�F*7 6!Q/%�&('I>*$ E�.1%�.1+XK�.I5 ,/7 K�7 %�4LN =!.16*.1M 4�2*7�5 =!.1M .X%�7�P16 $ -
M .1K�.161?*2!4�;*G

HC.I>*7 # ?*6!Q/,/$ ,/$ 0Th!U 6*7 ,�%�7 M .I4�# ?*2*7 %�4�;X6*7�5 %�&('95�.!.!P1BD7�5 ,�+I+!P16!4�# 4[5 ,/$ >!,/.1+!.1M .R=!. 5 -
0W4�2*7�5 =!.1M .9=!.10WK�6�7 =!5�$I4�F*7 %�,�4�ZW4�J�4�>*.1+!$ %�&gF!+!$I,�4�K�$R5�.!5 ,/.1;/%�4�;LF!>*7 +!.!5 ,/.1;Lij5R.1F!%�.1E
5 ,/.1>*.1%�&
)�Z�?*%�=1J�4�.1%�4�>*.1+!$ %�4�7C+Y%�.1>!0O$ 6!Q/%�.10[>*7 @
4�0O7�)�=!.1M F*$:4�%�F!4�=!$ ,/.1>!%�&
7Y.1,�>!4�J�$ ,/7 6 Q -
%�&
7C.1,�=16*.1%�7 %�4�;Y] 5�.1=1>*$ BD7 %�4�7C5 >*7 F!%�7 EXK�>*.1F*.16!@
4�,/7 6!Q/%�.!5 ,�4X@
4�# %�4X'!+!.14-?I5�.!5 %�&
)�F*7�Z . -
6!4�$ J�4�;D0O7 6!=14�'XK�.!P!7 M .1+X+-+!7 >!'!%�7 EL2*$�5 ,�4L=1>*.1%�&k?LP!7 >*7 # &(c
%�7Y+1&('*.1F!;/,D# $Y>*$ 0W=149ZW61? = -
, ?�$ J�4�E�)W5YF!>1?*M .1El5 ,/.1>*.1%�&
)�=!.1M F*$DN ,�4l.1,�=16*.1%�7 %�4�;R5�.1'!>*$ %�;/AC,/5 ;R5 ,/$�P14�6!Q/%�.R4�6!4L?�5 4�6 4 -
+!$ AC,/5 ;C] m�+!7 , =!.1+1)�` a!a!n1c G

H�>!4o$ %�$ 6!4�# 7pZO7 %�.1,�4�K�4�2*7�5 =!.1Eq4�# 0O7 %�2!4�+!.!5 ,�4o.1F1?*+!$ %�2!4�=!$r6*7 =!$ >*5 ,�+!7 %�%�.1M .

Taraxacum officinale ?�5 ,/$ %�.1+16*7 %�.!)(2!,/.l5-?*+!7 6!4�2*7 %�4�7 0s?*>*.1+1%�;R# $ M >!;/# %�7 %�4�;L,�;/@�7 6!&(0W4
0O7 ,/$ 6!6*$ 0W4X4I%�7�ZW,/7 K�>*.1F1?*=1,/$ 0W4X?I.!5�.!P!7 EX?*0O7 %�Q/tD$ 6*$�5 QYF!6!4�%�$C4I0O$�5�5�$:5�7 0W;/%�.1=!)�+!.1# >*$ 5 -
,/$ 6*$
F*.16!;�%�7 F*.1>*$ # +14�,�&('Y5�7 0 ; %�.1=:] u($ +14�%�.1+!)8` a!a*v/c G

_
$ =XK�.1=!$ # $ 6*.X4�5�5 6*7 F*.1+!$ %�4�7YK�>!4�2!4�%L6*7 ,/$ 6!Q/%�&('I0�?*,/$ J�4�ER?R>*$�5 ,/7 %�4�; Arabidopsis

thaliana +R>*$ E�.1%�7-0O.!5 =!.1+!5 =!.1M .R>*$ E�.1%�$XuO,�>*.1M 4�%�.!)�?!+!7 6!4�2*7 %�4�7X4�'92*$�5 ,/./,�&w'*$ >*$ =1,/7 >!%�.
F!6!;�0O7�5 ,/)!>*$�5 K�.16*.1@�7 %�%�&('C?D5 +!$ 6*.1=C4->!;/F*.10l5�$ +1,/.!5 ,�>*$ F*.1EX] x�P1>*$ 0O.1+!)*yT7 +12*7 %�=!.!)W` a!a!b1c G
x�+1,/.1>!&kF*7 6*$�AC,D+1&(+!.1FR.XK�>!4�M .1F!%�.!5 ,�4LF*$ %�%�.1M .X+14�F*$YF!6!;-4�%�F!4�=!$ J�4�4L0�?*,/$ M 7 %�%�.!5 ,�4L' 4 -
0W4�2 7 5 =14�'Y5�.!7 F!4�%�7 %�4�E8G

z # +!7�5 ,�%�&fK�>!4�0O7 >!&{4�5 K�.16!Q/# .1+!$ %�4�;kM 7 >*P!$ >!%�&('e.!P1>*$�# J�.1+T>*$�5 ,/7 %�4�EwF!6!;k>*7 ,�> . -
5 K�7 =1,�4�+1%�.1M .30O.1%�4�,/.1>!4�%�M $9# $ M >!;/# %�7 %�4�;3.1=1>1?*@�$ ACBD7 Ee5 >*7 F*&f] |L} ~ } � � ��)I` a!a!n1c G���$ %�%�&
7
$ %�$ 6!4�# $C,/7 ,�>*$ F-K�&(6!Q/J�7 +1&('-# 7 >*7 %I+!7 >*7�5 =!$:.!P1&(=1%�.1+!7 %�%�.1M . Calluna vulgaris # $I` �!�D6*7 ,Y+
>*$ # 6!4�2!%�&('9>*$ E�.1%�$ 'luO6*.1+!$ =14�4[K�.1=!$ # $ 6!435 ?*BD7�5 ,�+!7 %�%�.!7-?*+!7 6!4�2*7 %�4�7X+RK�.!5 6*7 F!%�4�7XM .1F!&
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#!$&%(' ) *�#&+-,/.�0 1(#&%(' ) +&2�34#&576�8:9!;4*�#&5=<:>�%!27? 34#&@A6�%(#!, 9(0 B
2�+!'�0 34, CD6�#&9(#&B
2�340 9!;4.�' C-, +&C4) ;
? 34#&E #FC4+&9(0 .�2�CF,:%(#!, 34#&@/) ' E %!C4) . 0 .�2�5=<

>G< H�< I=0 1(#&+!'FJ K L!L!M&NO6�%(#&+!#&1!2�9('F$&2�#&2�.�1!2�P!' *�2�QR%(0 S!.�8:TU? P!#(, 2�, 340 @V$!'�,�,�0 5�.�'FH
#&9!E 2
6�#D,�#&1(0 %!B�' .�2�QW+/3�P!' .�C4TD@X#&9!9!QY, P!#&+/P!' %(#&3�2�.�#&2�1(#&+�<OZ�P!' ) ' 9(#!, ;&[:S!34#D.�']\(@X0 %(0 .�.�#D) ' -
E %!C4) .�0 .�.�8:T^\(S('�, 3�P!' T-? 34#&3/6�#&P!' ) ' 340 9!;D2�@X0�0 3/@O2�.�2�@X' 9!;4.�#!0/) .�' S(0 .�2�0&_�,`\(+!0 9!2�S(0 .�2�0 @
) ' E %!C4) .�0 .�2�CY%('�, 340 3F2`,�#&1(0 %!B�' .�2�0FP!' %(#&3�2�.�#&2�1(#&+�<�Z�$&.�' %&\(B�0 .�'F6�%!C4@X' CG) ' +&2�, 2�@X#!, 3�;G@ 0 -
B
1&\`1(' .�.�8:@7$&2�#&3�2�S(0�, P&2�@a2�.�1!2�P!' 34#&%(#&@a2/P!#&.�*�0 .�3�%(' *�2�0 5D+b+!#&1(0U.�2(3�%(' 34#&+&[�.�2�3�%!2(34#&+&[
,�#&9(0 5]' @O@X#&.�2�C&[(, \(9!;&cX' 34#&+�2UB�0 9 0 ) '&<

d )R%(' P!#!#!$&%('�) .�8:TW\(.�2�+!0 %(,�' 9!;4.�8:@e$&2�#&2�.�1!2�P!' 34#&%(#&@f) ' E %!C&) .�0 .�.�#!, 3�2g@X#&%(, P!#&5
, %(0 1!8a@X#&B�0 3G, 9&\(B
2�3�;U' @XcO2�6�#&1(' Ampelisca araucana (Larrain et al < [
K L!L(h4N <�>�%(#!$&871(# . -
.�8:TG#&3�9(#&B�0 .�2�5�[!+&) C43�8
0:+F) #&.�0�, 2�9!;4.�#&E #Y) ' E %!C4) .�0 .�2�CF) ' 9!2�+!'�i:' .�j H:2�,�0 .�340�J *�0 .�3�%(' 9!;4.�' C
S('�, 3�;/kX2�9!2�N [:6�%(#&1(0 @X#&.�, 3�%!2�%(#&+!' 9!2V) .�' S!2�340 9!;4.�#D$!#&9!;4lU0�0bP!#&9!2�S(0�, 3�+!#D@X0 %!3 +&8:T-%(' P!#&+![
S(0 @/6�%(#!$&8-,
P!#&.�3�%(#&9!;4.�8:TF\(S('�, 3�P!#&+�<

H:8:C4+&9(0 .�#b\(+!0 9!2�S(0 .�2�0]6�9(#&1(#&+&2�34#!, 3�2DP!#&@O.�' 3�.�8:TD@�\(T Musca domestica 6�#/@X0 %(0
\(1(' 9(0 .�2�CY#&3�2�, 34#&S!.�2�P!#&+Y340 T!.�#&E 0 .�.�#&E #Y) ' E %!C4) .�0 .�2�CGJ >F#&9!C4P!#&+!'�[XK L!L(h4N <!m`\(T!2n2�)�#&3�.�#!, 2 -
340 9!;4.�#FS!2�, 3�8:TG6(\(.�P&34#&+F.�'�$&9!QF1(0 .�2�CY#!$&9('�1(' 9!2]34' P&B�0�6�#&+&8:lU0 .�.�#&5]B
2�) .�0�, 6�#!,�#!$&.�#!, 3�;4Q
C42�*=<

d ,�, 9(0 1(#&+!' .�2�0]2�T!3�2�#!cX' \(.�8o%(0 P&2�[O2�, 6�8:3�8:+!' QFpU0 5^+&9!2�C4.�2�0]cX'�$&%!2�P&2-6�#D#&34$!0 9 2 -
+!' .�2�QqP&%('�cO34'�[O6�#&P!' ) ' 9(#`2�) @X0 .�0 .�2�0].�0 P!#&34#&%!8:T/@X#&%(cX#&9(#&E 2�S(0�, P&2�T/2-cO2�) 2�#&9(#&E 2�S(0�, P&2�T
6�#&P!' ) ' 340 9(0 5D\D%!8
$![O+&8:9(#&+&9(0 .�.�8:T/.�2�B�0n,�$&%(#!,�#&+DcX'�$&%!2�P&2VJ Gibbons et al < [YK L!L(h&' [ $&N <�r
$&8:S!P('�j 6�#&1!P(' @X0 .�pG2�P!' Cottus gobio cO2�P!, 2�%(#&+!' 9!2V#&3�P&9(#&.�0 .�2�C/#&3b.�#&%!@O8A6�#/\(6�2�34' .�. # -
, 3�2�[�@X'�,�,�0FE #&.�' 1([�@X'�,�,�0�340 9('F2n6�0 S(0 .�2`J Gibbons et al < [:K L!L(h&' N <!rs9(#!,�#!,�0�#&P4\(.�C Percopsis

omiscomaycus #&3�@X0 S(' 9!2D, .�2�B�0 .�2�0G+!0�,�'G2/1!9!2�.�8R340 9('�[�'U34' P&B�0U2�) @X0 .�0 .�2�Cg.�0 P!#&34#&%!8:T
$&2�#&T!2�@O2�S 0 ,�P&2�TY6�' %(' @X0 3�%(#&+YJ Gibbons et al < [�K L!L(h&$&N <

HA.�'�, 34#&C4pU0�0b+&%(0 @OCD+!,�0`$!#&9!;4lU0�0`P!#&9!2�S(0�, 3�+!#-, 34#&%(#&.�.�2�P!#&+^6�#&C�+&9!C&0 34, C/\V#!$!# $ -
pU0 .�.�#&5^#&*�0 .�P&2^$&9(' E #&6�#&9&\(S!2�Cn? P!#!, 2�, 340 @O8R6(\(340 @72�.�340 E %!2�%(#&+!' .�2�Cb#&3�+!0 34'U.�'G+!#&6�%(#!,]#
t ) 1(#&%(#&+&;&0 t 0�0bP!#&@O6�#&.�0 .�34#&+![:6�%(0 1(, 34' +&9(0 .�.�8:T^%(' ) .�8:@O2V+&2�1(' @O2VB
2�+&8:T-, \(pU0�, 3�+(<XZ�, # -
$!0 .�.�#!, 3�;4Qu6�#&1(#!$&.�#&5V@X0 34#&1�#&9(#&E 2�2�[:.�' ) +!' .�.�#&5a' +&34#&%(' @O2VI d Z�v=wOi:vRJ x(' T(' %(#&+![Xy:9(' %!P![
K L!L!z�_(x(' T(' %(#&+![�{(|!|!|&N [(C4+&9!C&0 34, CF34#&[�S!34#G2�,�, 9(0 1&\(QF3G#&%!E ' .�2�) @O8a%(' ) .�8:T]34' P!,�#&.�#&@O2�S(0�, P&2�T
E %&\(6�6�[O'U2�.�340 E %(' 9!;4.�8:@76�#&P!' ) ' 340 9(0 @72�T/$&9(' E #&6�#&9&\(S!2�Cb6�%(0 1!9(' E ' QF3b, S!2�34' 3�;b?�cXcX0 P&3�2 + -
.�#!, 3�;GcO2�) 2�#&9(#&E 2�S(0�, P&2�TU6�%(#&*�0�,�,�#&+![�#!$!0�, 6�0 S!2�+!' QFpG2�T].�#&%!@X' 9!;4.�#!0F%(' ) +&2�3�2�0F#&%!E ' .�2�) @X'&<
Ho.�#&%!@X' 9!;4.�8:T/\�, 9(#&+&2�C4T^#&%!E ' .�2�) @R%(0�' E 2�%&\�0 3b.�'n+!#&) 1(0 5�, 3�+&2�0n, %(0 1!8}6�#!, %(0 1(, 3�+!#&@o$ \ -
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#%$ &!'�(*),+ -/.%$�-!0 132 1�4�56$�0 7/4�),.%$ )62 '�4�8 .%-/9�:6;<-/=,9!-/8 =6$ >�0 1�9/4�$ .?'�$�@/A62 + -/B�&!4�C31�'�(*)D9/'�$ EF'�4�)
9!-/8 =6$ >�0 1�9/4�>HG 1�4H.%$ )62 '�4�8 .I(J.%-/+ K61,@/(*1�L,'�2 &/K6EM$ '�(�:�N�2 7/4�$F'�2 &/K6EM$ '�4�CM+ -/.%$�-!0 132 8 2F. -

-
+ K61?'�2�@/A!O<=62 1�L/0 CP=6-QB�-/C39/A6$ '�4�CP4�8 .%$ '�$ '�4�>�RF#I4�7!0 4�&/K�$ .I(*)S0 132 '�=62 &!1�'�(*.I4T.%$ 13-/=62 .I4U:
;<-/G 13-/.�KQ=62 '�'�2 CV.%$ 13-/=6-/A6-/+ 4�CV'�-!0 4�1WK6B�&6$ X
=62�O<YF4�>�R�B�&6-!#I4�A62 7/1�4�56$�0 7/4�>S)62 &62 7/13$ &�:�Z
.%$ 13-/=6-/A6-/+ 4�4\[�]<^�NU_I`*N�2a-!@!(*5!'�-M4�0 B�-/A!L38 K6O<130 CMb,-!0 '�-/9/'�(*),B�-/=!)6-/=6-/9M7M4�8 K656$ '�4�Oc- &

-
+ 2 '�4�8 .%-/9Md e62 )62 &6-/9!R�f*A62 &!7!R*g h!h!i�j�e62 )62 &6-/9/R�k6l!l!l/m n6.%-/&6#%-/A6-/+ 4�56$�0 7/4�>�R�+ $ '�$ 1�4�56$�0 7/4�>�R�# 4

-
8 4�-/A6-/+ 4�56$�0 7/4�>�R*@/4�-/)!4�.I4�56$�0 7/4�>�R%4�.I.�K6'�-/A6-/+ 4�56$�0�7/4�>U:Io
A!CpB�-/A/K656$ '�4�Cp'�2 =6$ X
'�-/>?4�'�1 $

-
+ &62 A!L3'�-/>c-/q�$ '�7/4c0�-!0 13-/C3'�4�CQ0 &6$ =!(r9Qq�$ A6-/.s[�]<^�NU_I`*NtB�&6$ =!A62 + 2�$ 1?B�-/A!'�-!-!@/u�$ .I'6K�O
13$ )!'�-/A6-/+ 4�OQB�&!4�.%$ '�$ '�4�C/R!9/7/A!O<562 O<YaK6OQ56$ 1�(*&6$*K6&6-/9/'�C�4�'�13$ + &!4�&6-/9!2 '�4�C�&6$ 8 K6A L 132 13-/9�n

♦
B�-<9!0�$ .p.%$ 13-/=62 .p9<B�&6$ =6$ A62 )a7!2 X
=6-/+ -<4�8*b<B�-/=!)6-/=6-/9�j

♦
B�-<9!0�$ .pB�-/=!)6-/=62 .p=!A!C�7!2 X�=6-/+ -<9/4�=62/j

♦
B�-<7!2 X
=6-/>M+ &/K6B�B�$
9/4�=6-/9a-/B�(*1�'�(*)F-/&!+ 2 '�4�8 .%-/9�j

♦
B�-<G 7!-!0 4�0 13$ .%$
9<q�$ A6-/.
:

[�]<^�NU_I`*N?.%-/X�$ 1D@/(*1�LD4�0 B�-/A!L38 -/9!2 'W7!2 7\9H-/1�'�-3EM$ '�4�4WX
4�9/(*)p-/&!+ 2 '�4�8 .%-/9!R�132 7H4
B6K613$ .S2 '�2 A!4�8 2,.�K68 $ >�'�(*)p7!-/A!A6$ 7/q�4�>U:Uo
A!C\B�-!0 A6$ =!'�$ >Vq�$ A!4VB�&!4�+ -/=!'�(c.%-/&6#%-/+ $ '�$ 1�4�5 $

-
0 7/4�$
B�-/=!)6-/=6(
R!B�-/8 9!-/A!C O YF4�$
B�-/A/K6562 1�L�4�'�#%-/&!.%2 q�4�OJ-a0�-!0 13-/C3'�4�4M0 &6$ =!(v9<B�&6-/EFA6-/.
:

^�=!'�4�.w4�8S.%$ 13-/=6-/9s.%-/&6#%-/A6-/+ 4�56$�0�7!-/+ -sB�-/=!)6-!=62c[�]<^�NU_I`*N�2cC39/A!C/$ 130 Cs-/q�$ '�7!2
K6&6-/9/'�CH#IA/K67/1 K64�&/K6O<YM$ >V2�0 4�.I.%$ 1�&!4�4Vd xFy�m<@/4�A62 13$ &62 A!L3'�(*)W.%-/&6#%-/A6-/+ 4�56$�0 7/4�)WB�&!4�8 ' 2

-
7!-/9F&62�0 13$ '�4�>D4,X
4�9!-/1�'�(*),d e62 )62 &6-/9F4,=!&�: R6k6l!l!l�j6zU$ A62 EF9/4�A!4\4D=!&�: R�k6l!lUg m :�`%132�@/4�A!L3'�-!0 1 L
&62 8 9/4�1�4�C/R�1!: $3:�0 B�-!0�-!@/'�-!0 1�LP-/&!+ 2 '�4�8 .%2V#�K6'�7/q�4�-/'�4�&6-/9!2 1�LP@!$ 8W-/1�7/A6-/'�$ '�4�>c-/1V'�-/&!.I(
R
$�0 1�LQ0�2 .I(*>T5/K69!0 1 9/4�13$ A!L3'�(*>TB�-/7!2 8 2 13$ A!LJ0�-!0 1�-/C3'�4�CQB�&!4�&6-/=!'�(*)SB�-/B6K6A!C3q�4�>U:<Z{0 9!-/O
-/56$ &6$ =!LW-/q�$ '�7!2HxFysB�&6$ =60 132 9/A!C/$ 1p0�-!@!-/>PB�&6-!0 13$ >�EF4�>Q0 B�-!0�-!@V#%-/&!.%2 A!4�8 2 q�4�4Q0 13$ B�$ '�4
G 1�4�)J-/1�7/A6-/'�$ '�4�>U:�Z|7!2 56$�0 1�9!$V-!@/u�$ 7/13-/9P4�0�0 A6$ =6-/9!2 '�4�CPxFy}4�0 B�-/A!L38 K6O<130 CP=!&6$ 9!$�0 '�(
$
&62�0 13$ '�4�C/R�'�2�0�$ 7!-/.I(
$a4H.%$ A!7/4�$a.IA6$ 7!-/B�4�132 O<YF4�$Fd '�2 8 $ .I'�(
$aG 7!-!0 4�0 13$ .I(*m*4H&!(
@!(Q4p2 .

-
#I4�@/4�4\d 9!-/=!'�(
$<G 7!-!0 4�0 13$ .I(*m :6;�&!4\9/(
@!-/&6$<7!-/'�7/&6$ 1�'�-/+ -MB�-/7!2�8 2 13$ A!C/R�)62 &62 7/13$ &!4�8 K6O<YM$ + -
xFyJ'�$a0 K6YM$�0 1�93K�$ 1a'�4�7!2 7/4�)\-/+ &62 '�4�56$ '�4�>H~�.%-/+ K61M@/(*1�LM4�0 B�-/A!L38 -/9!2 '�(Q7!2 7,7!2 56$�0 1�9!$ '

-
'�(
$�R�132 7,4H7!-/A!4�56$�0 1�9!$ '�'�(
$<B�-/7!2 8 2 13$ A!4�RU9/7/A!O<562 C,.%$ &!4�0 1�4�56$�0 7/4�$Md 5!4�0 A6-D13$ )\4�A!4H4�'�(*)
B�&!4�8 '�2 7!-/9!R�'�2 B�&!4�.%$ &?B�C31�'�(*EM$ 7?0 A6$ 9!2H4J0 B�&62 9!2\KQ@!-/X
L/$ >Q7!-/&6-/9/7/4�mM4JB�A62�0 1�4�56$�0 7/4�$
d A!4�'�$ >�'�(
$a&62 8 .%$ &!(QB�&!4�8 '�2�7!-/9!R�'�2 B�&!4�.%$ &D=!A!4�'�2FB�&6-/X
4�A6-/7,KHA!4�0 1�L/$ 9D0 A6$ 9!2a4W0 B�&62 9!2 m :
;�&!4D2 '�2 A!4�8 $�7!-/.IB�A6$ 7!0�2�.%-/&6#%-/A6-/+ 4�56$�0 7/4�)MB�&!4�8 '�2 7!-/9FB�&6$ =!A62 + 2�$ 130 Ca4�0 B�-/A!L38 -/9!2 1�La4�'�1 $

-
+ &62 A!L3'�(*>V4�'�=6$ 7!0H0 132�@/4�A!L3'�-!0 1�4?&62 8 9/4�1�4�C6:�o
A!Cp'�$�0 7!-/A!L37/4�)v.%$ &!4�0 1�4�56$�0 7/4�)vB�&!4�8 '�2 7!-/9
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#%$'&)(�*�* +!,�-�.0/!(�1 -2* 354!( 46* &)1 7!$�1�15( &!,�8:9;1 -�,�+)1�* 4!#!1<4!#%=!,�+)1�* -�/6(�* ,�9:9;1 -�&!,�+!$�.0>6?�&!,�@ $�( 4!#%/
A 4!( B
7)#%CD#!*�#!E%,�FG7)1 =)1 $�$�.0>H$�(6#!E%IJ1�1J4!#%=!,�+)1�* -�/!#H,�*�* =)1 7)#%/!( $�$�.0>K?�&!,�@ $�( 4!#%/�L�M:* =!,D, @ -
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