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|;lr;u-|�u; -m7 m�|ub;m|v om -t�-|b1 ;1ov�v|;lv bv |o bm1ourou-|;
bm|;u-1|bomv 0;|�;;m vr;1b;v �b|_bm |_; v�v|;l v|�7b;7ķ 0;1-�v;
|_;v; bm|;u-1|bomv 1-m v|uom]Ѵ� bm=Ѵ�;m1; |_; u;vromv; o= 0o|_
vr;1b;v -m7 ;1oѴo]b1-Ѵ ruo1;vv;v |o ;m�buoml;m| 1_-m]; Ő�bѴl-mķ
&u0-mķ $;�hv0�u�ķ �bѴ1_ubv|ķ ş �oѴ|ķ ƑƏƐƏőĺ �mo|_;u r-u| o= |_bv
1_-ѴѴ;m]; u;Ѵb;v om |_; 7b==b1�Ѵ|� |o 1om|uoѴ 0o|_ |;lr;u-|�u;
-m7 m�|ub;m| 1om1;m|u-|bom �_bѴ; v|�7�bm] 1olrѴ;� ;1ov�v|;lvĺ
	b==;u;m1;v 0;|�;;m v|�7� v1-Ѵ; -m7 ;1ov�v|;l 1olrѴ;�b|� 1;uŊ
|-bmѴ� ;�rѴ-bm |_; Ѵ-u]; �-ub-0bѴb|� o0v;u�;7 0;|�;;m ;�r;ubl;m|vĺ
ou ;�-lrѴ;ķ ;uu;bu- -m7 �_-��;| ŐƑƏƐƐ0ő o0v;u�;7 |_-| vbl�ѴŊ
|-m;o�v bm1u;-v;v bm �-|;u |;lr;u-|�u; -m7 7bvvoѴ�;7 m�|ub;m|v
�m7;u vblrѴb=b;7 Ѵ-0ou-|ou� 1om7b|bomv ;m_-m1;7 -Ѵ7;u Ѵ;-=ŊѴb||;u
7;1olrovb|bomķ -v �;ѴѴ -v =�m]-Ѵ ]uo�|_ -m7 u;ruo7�1|bomķ �_bѴ;
bm7�1bm] 1_-m];v bm =�m]-Ѵ 1oll�mb|� v|u�1|�u;ĺ �u|_;ulou;ķ
�o]_-7-l -m7 ,bll;u ŐƑƏƐѵő =o�m7 |_-| |_; ru;v;m1; o= v_u;7Ŋ
7;uv ;�-1;u0-|;v |_; v�m;u]bv|b1 ;==;1|v o= |;lr;u-|�u; -m7 m�Ŋ
|ub;m|v om Ѵb||;u 7;1olrovb|bomĺ �o�;�;uķ bm - |u-mvrѴ-m|-|bom
;�r;ubl;m|ķ �u;�ķ࣐ �-u|झm;�ķ 	;v1-Ѵvķ -m7 �o�o ŐƑƏƐѶő u;rou|;7
-m bm1u;-v; bm lb1uo0b-Ѵ 7;1olrovb|bom u-|; �_;m Ѵb||;u 0-]v �;u;
|u-mv=;uu;7 =uol 1oѴ7;u -m7 �Ŋroou;u |o �-ul;u -m7 �Ŋub1_;u
v|u;-lvķ -Ѵ|_o�]_ |_;bu u;v�Ѵ|v robm|;7 |o - _b]_;u ;==b1b;m1� o=
lb1uo0b-Ѵ 7;1olrov;uv �m7;u 1oѴ7;u 1om7b|bomvĺ $_; =b;Ѵ7 v|�7b;v
=uol �oo7 ;| -Ѵĺ ŐƑƏƐѶő -m7 ��uv|;m;u ;| -Ѵĺ ŐƑƏƐѶő -blbm] |o ru;Ŋ
7b1| |_; ;==;1|v o= 1Ѵbl-|; 1_-m]; om -t�-|b1 rubl-u� ruo7�1|bom
1-l; |o vblbѴ-u 1om1Ѵ�vbomv -0o�| |_; o�;uub7bm] blrou|-m1; o=
m�|ub;m| Ѵblb|-|bomv bm 1olr-ubvom �b|_ 1Ѵbl-|;Ŋu;Ѵ-|;7 =-1|ouvķ bmŊ
1Ѵ�7bm] bm1u;-v;7 |;lr;u-|�u;ĺ �b�;m |_; 1olrѴ;�b|� -m7 �-ub-0bѴŊ
b|� o= |_; 0boѴo]b1-Ѵ u;vromv;v |o |_; ruof;1|;7 ]Ѵo0-Ѵ 1_-m];v bm
|;lr;u-|�u; -m7 m�|ub;m| 1om1;m|u-|bomvķ ;�r;ubl;m|v bm u;-Ѵbv|b1
-m7 v;lbŊu;-Ѵbv|b1 v�v|;lv Ő;ĺ]ĺ l;vo1ovlvķ l-mbr�Ѵ-|b�; ;�r;ubŊ
l;m|-|bomvķ =b;Ѵ7 v|�7b;vő �b|_ m-|�u-Ѵ 1oll�mb|b;v -u; m;1;vv-u�
bm ou7;u |o v�11;vv=�ѴѴ� ru;7b1| u;vromv;v o= vr;1b;v -m7 ;1ov�vŊ
|;l =�m1|bombm] |o ]Ѵo0-Ѵ 1_-m]; Ő��;u࣐ ;| -Ѵĺķ ƑƏƐѶőĺ

$_; l-bm o0f;1|b�; o= |_bv v|�7� �-v |o 7bv;m|-m]Ѵ; |_; bm7bŊ
�b7�-Ѵ -m7 1ol0bm;7 ;==;1|v o= |;lr;u-|�u; bm1u;-v; -m7 m�|ub;m|
-�-bѴ-0bѴb|� om |_; u;Ѵ-|b�; blrou|-m1; o= 0uo�m -m7 ]u;;m ruo1;vv;v
bm�oѴ�;7 bm v|u;-l =�m1|bombm]ĺ �uo�m -m7 ]u;;m ruo1;vv;v �;u;
;�-Ѵ�-|;7 |_uo�]_ |_; l;-v�u;l;m| o= |_; Ѵ;-=ŊѴb||;u 7;1olrovbŊ
|bom ruo1;vv -m7 r_o|o|uor_b1 0bo=bѴl ruo7�1|bomķ u;vr;1|b�;Ѵ�ķ -m7
1omv;t�;m1;v -| _b]_;u |uor_b1 Ѵ;�;Ѵv �;u; ;�-Ѵ�-|;7 |_uo�]_ |_;
bm�;v|b]-|bom o= bm�;u|;0u-|;vĽ Ѵb=; _bv|ou� |u-b|v -m7 -1|b�b|�ĺ ); 1omŊ
7�1|;7 - ƑŊlom|_ ;�r;ubl;m| bm -u|b=b1b-Ѵ 1_-mm;Ѵvķ -m7 lomb|ou;7
|_; ;==;1|v o= -m bm1u;-v; bm �-|;u |;lr;u-|�u; Ő-l0b;m| -m7 ƳƑŦ�ő
1ol0bm;7 �b|_ |�o Ѵ;�;Ѵv o= m�|ub;m| bmr�|v ŐloѴ-u �Ĺ� u-|bov o= ƒƒ

-m7 ƐƏƏő omĹ ŐƐő u;vo�u1;v ŐѴ;-= Ѵb||;u -m7 0bo=bѴlő t�-Ѵb|� Ő�Ĺ�Ĺ� u-Ŋ
|bovķ roѴ� �mv-|�u-|;7 =-||� -1b7v Œ�&�œ 1om|;m|vő -m7 t�-m|b|�ĸ -m7
ŐƑő om |_; ]uo�|_ķ -1|b�b|� Ő=�m]-Ѵ 1omb7b- ruo7�1|bomķ bm�;u|;0u-|;
u;vo�u1;v 1omv�lr|bomőķ -m7 v�u�b�-Ѵ o= 1omv�l;uv Őlb1uoou]-mbvlv
-m7 l-1uoŊbm�;u|;0u-|;vőĺ ); _�ro|_;vbv;7 |_-| bm1u;-v;7 �-|;u
|;lr;u-|�u; -m7 _b]_;u �Ĺ� Ѵ;�;Ѵ �o�Ѵ7 Ѵ;-7 |o - v|bl�Ѵ-|bom o=
lb1uo0b-Ѵ ]uo�|_ -m7 -1|b�b|� Ő_b]_;u =�m]-Ѵ 0bol-vv -m7 Ѵ;-=ŊѴb||;u
7;1olrovb|bomķ ;uu;bu- ş �_-��;|ķ ƑƏƐƐ0ĸ _b]_;u 0bo=bѴl 0bol-vv
-m7 rubl-u� ruo7�1|bomķ 	झ-�Ŋ(bѴѴ-m�;�-ķ om|ķ "1_�-u|�ķ ş !ol-mझķ
ƑƏƐƐőĺ ); -Ѵvo ;�r;1|;7 |;lr;u-|�u; Ƶ �-|;u �Ĺ� bm|;u-1|bomvĹ |;lŊ
r;u-|�u;Ŋv|bl�Ѵ-|;7 lb1uo0b-Ѵ ]uo�|_ v_o�Ѵ7 v_-ur;m 1olr;|b|bom
0;|�;;m lb1uo0b-Ѵ 7;1olrov;uv -m7 0bo=bѴl rubl-u� ruo7�1;uv bm
|_; Ѵo�;v| �Ĺ� 1om7b|bomv Ő	-m];uķ �oum�|ķ ;| -Ѵĺķ ƑƏƐƒĸ 	-�=u;vm;
ş �ou;-�ķ ƑƏƏƐőķ _;m1; -Ѵ|;ubm] lb1uo0b-Ѵ Ѵ;-=ŊѴb||;u 7;1olrovb|bom
-m7 rubl-u� ruo7�1|bomĺ )_;m 1omvb7;ubm] bm�;u|;0u-|; 1omv�l;uvķ
|;lr;u-|�u;Ŋv|bl�Ѵ-|;7 l;|-0oѴbvl -m7 -1|b�b|� Ő�o]] ş )bѴѴb-lvķ
ƐƖƖѵő v_o�Ѵ7 bm1u;-v; u;vo�u1; 1omv�lr|bom 0� bm�;u|;0u-|;v
Ő_b]_;u |orŊ7o�m blr-1|őķ Ѵ;-7bm] |o bm1u;-v;7 Ѵ;-=ŊѴb||;u l-vv Ѵovv
Ő;uu;bu-ķ �_-��;|ķ ş �-m_o|oķ ƑƏƐƓő -m7 v|uom];u |orŊ7o�m 1omŊ
|uoѴ o= 0bo=bѴl 0bol-vvĺ �m -77b|bomķ Ѵo�;u |;lr;u-|�u; -m7 _b]_;u
m�|ub;m| -�-bѴ-0bѴb|� v_o�Ѵ7 bm7b�b7�-ѴѴ� Ѵ;-7 |o 0bo=bѴlv ub1_;u bm ;vŊ
v;m|b-Ѵ �&�vķ =�umbv_bm] - ro|;m|b-ѴѴ� _b]_;u t�-Ѵb|� u;vo�u1; =ou
bm�;u|;0u-|;v |_-| 1o�Ѵ7 =�u|_;u bm1u;-v; l-1uoŊbm�;u|;0u-|; ]uo�|_
Ő�u;mb;u ;| -Ѵĺķ ƑƏƐƕĸ ��o ;| -Ѵĺķ ƑƏƐѵőĺ

Ƒ | ��$��	"

ƑĺƐ | ��r;ubl;m|-Ѵ v;||bm]

��r;ubl;m|v �;u; 1om7�1|;7 o�|7oou 7�ubm] Ɣѵ 7-�v 0;|�;;m
�1|o0;u -m7 	;1;l0;u ƑƏƐѵ bm ƐƑ -u|b=b1b-Ѵ 1_-mm;Ѵv vb|�-|;7 om
- rѴ-|=oul 1o�;u;7 0� - r-u|b-ѴѴ� |u-mvr-u;m| uoo=ĺ $_;u;=ou;ķ |_;
1_-mm;Ѵv �;u; ;�rov;7 |o m-|�u-Ѵ �-ub-|bomv bm 0o|_ Ѵb]_| -m7 |;lŊ
r;u-|�u;ĺ �o�;�;uķ omѴ� ƐƏŋƓƔѷ o= |_; -l0b;m| v�mѴb]_|ķ 7;r;m7bm]
om |_; |bl; o= |_; 7-�ķ 1o�Ѵ7 u;-1_ |_; �-|;u v�u=-1;ķ �_b1_ bv vblbѴ-u
|o - =ou;v|;7 v|u;-l ;m�buoml;m| Ő�bѴѴ ş �mb]_|ķ ƐƖѶѶőĺ �;=ou; =bѴѴŊ
bm] ;-1_ 1_-mm;Ѵ �b|_ ƐƏƏ � o= �-|;uķ ;-1_ 1_-mm;Ѵ 0;7 �-v 1o�Ŋ
;u;7 �b|_ ƒ 1l o= v-m7 -m7 ]u-�;Ѵķ �_b1_ �;u; -0�m7-m|Ѵ� ubmv;7
�b|_ 7;bombv;7 �-|;u 0;=ou;_-m7ĺ �-1_ 1_-mm;Ѵ =�m1|bom;7 bm 1Ѵov;7
1bu1�b|ķ -m7 �-v 1olrov;7 o= |_u;; l-bm v;1|bomv Őv;; b]�u; Ɛ-ķ0őĹ
an upstream v;1|bom ŐƐƐƏ 1l Ѵom]őķ �_b1_ �-v v;r-u-|;7 =uol -
downstream v;1|bom ŐƕƔ 1l Ѵom]ő 0� - =bm;Ŋl;v_ r-m;Ѵ ŐƏĺƑƔŊll
l;v_őĺ $_; �rv|u;-l v;1|bom u;1;b�;7 l-1uoŊbm�;u|;0u-|;vķ �_bѴ;
|_; 7o�mv|u;-l v;1|bom �-v ;�;lr|;7 o= v�1_ ou]-mbvlvķ -ѴѴo�Ŋ
bm] �v |o 7;|;ulbm; |_; |orŊ7o�m blr-1| o= 1omv�l;uv om r_o|oŊ
|uor_b1 0bo=bѴlĺ bm-ѴѴ�ķ |_; o�;u=Ѵo� o= �-|;u �-v 1oѴѴ;1|;7 bm ƑƏ
� 7ubr |u-�v Őb]�u; Ɛ-ő �_;u; - v�0l;u];7 r�lr Ő&mb�;uv-Ѵ ƑķƓƏƏķ
�_;bl �l0� ş �oĺ ��ķ �;ul-m�ő �-v u;Ŋbmf;1|bm] |_; �-|;u bm |_;
upstream v;1|bomĺ

$o l-mbr�Ѵ-|; �-|;u |;lr;u-|�u;ķ |_; ƐƑ 7ubr |u-�v Őb]�u; Ɛ-ő
�;u; rѴ-1;7 bm �-|;u 0-|_v �b|_ Ő_;-|;7 1_-mm;Ѵvő ou �b|_o�| Ő-l0b;m|
1_-mm;Ѵvő �-|;u _;-|;uv Ő�uo=b �;-|;u Ɛ h)ķ *1Ѵ;-u (�� �m|;um-|bom-Ѵķ



�;|_;uѴ-m7vőĺ $_bv r;ulb||;7 �v |o -1_b;�; - l;-m 7b==;u;m1; o= c. ƑŦ�
0;|�;;m _;-|;7 -m7 -l0b;m| 1_-mm;Ѵvķ �_bѴ; =oѴѴo�bm] m-|�u-Ѵ 7b�um-Ѵ
-m7 v;-vom-Ѵ |;lr;u-|�u; �-ub-|bomv Őv;; b]�u; "Ɛőĺ "�rrѴ;l;m|-u�
�-|;u _;-|;uv -m7 ;�|;um-Ѵ bmv�Ѵ-|bom o= |_; 1_-mm;Ѵv �b|_ ;�r-m7;7
roѴ�v|�u;m; r-m;Ѵv ru;�;m|;7 |_; �-|;u o= -ѴѴ 1_-mm;Ѵv =uol =u;;�bm]
�_;m -bu |;lr;u-|�u; 7uorr;7 0;Ѵo� ƏŦ�ĺ �l0b;m| -m7 _;-|;7 1_-mŊ
m;Ѵv u;1;b�;7 �;;hѴ� m�|ub;m| v�rrѴb;vķ bm ou7;u |o -||-bm |�o 7b==;u;m|
�Ĺ� u-|bovĹ ƒƒ -m7 ƐƏƏ Ő_;u;-=|;u Ѵo� -m7 _b]_ �Ĺ� u-|bo |u;-|l;m|vőĺ
��u ;�r;ubl;m| =oѴѴo�;7 - =�ѴѴ =-1|oub-Ѵ 7;vb]mķ Ѵ;-7bm] |o =o�u 7b==;uŊ
;m| |u;-|l;m|vķ ;-1_ |u;-|l;m| 0;bm] u;rѴb1-|;7 |_u;; |bl;vĹ -l0b;m|
|;lr;u-|�u; -m7 _b]_ �Ĺ�ĸ -l0b;m| |;lr;u-|�u; -m7 Ѵo��Ĺ�ĸ ;Ѵ;�-|;7
|;lr;u-|�u; -m7 _b]_ �Ĺ�ĸ ;Ѵ;�-|;7 |;lr;u-|�u; -m7 Ѵo� �Ĺ�ĺ

ƑĺƑ | �_�vb1-Ѵ -m7 1_;lb1-Ѵ �-|;u 1_-u-1|;ubv-|bom

$o =bѴѴ |_; 1_-mm;Ѵvķ �; �v;7 - lb� o= �-|;u v-lrѴ;7 bm - u;=;u;m1;
v|u;-l Ő�- �-b�ķ (ov];vķ u-m1;Ĺ ƓƏѷő -m7 - 1oll;u1b-Ѵ vrubm] �-|;u
Ő�-t�;�bѴѴ; 0o||Ѵ;7 vrubm] �-|;uķ �t�-l-uhĹ ѵƏѷő |o 1om|uoѴ �-|;u
t�-Ѵb|�ĺ $_bv 1oll;u1b-Ѵ �-|;u �-v v;Ѵ;1|;7 |o l;;| v;�;u-Ѵ |;1_mbŊ
1-Ѵ -m7 1_;lb1-Ѵ 1ub|;ub-ķ v�1_ -v b|v u;Ѵ-|b�;Ѵ� Ѵo� 1om7�1|b�b|� -m7
m;�|u-Ѵ r�ķ -m7 |_; v|-0bѴb|� o= b|v 1_;lb1-Ѵ 1olrovb|bomĺ "rubm] �-|;u
-m-Ѵ�v;v u;�;-Ѵ;7 - mb|u-|; Ő��3

–ő 1om1;m|u-|bom o= ƏĺƔ l]ņ�ķ - r� o=
ƕĺƕ -m7 - ��Ɠ

3– 1om1;m|u-|bom o= ƏĺƑƑƖ l]ņ�ĺ )-|;u v-lrѴ;v ŐƔƏ lѴő
=uol ;-1_ 1_-mm;Ѵ �;u; 1oѴѴ;1|;7 ;-1_ �;;h -m7 |_; 1om1;m|u-|bomv
o= ��Ɠ

Ƴķ ��3
–ķ -m7 ��Ɠ

3– �;u; bll;7b-|;Ѵ� 7;|;ulbm;7 0� bom 1_uoŊ
l-|o]u-r_� Ő	bom;� ƐƔƏƏbőĺ �-1_ �;;h =ou ƕ �;;hvķ � -m7 � -77b|bomv
�;u; -7-r|;7 |o 1�uu;m| bom 1om1;m|u-|bomv o= ;-1_ 1_-mm;Ѵ f�v| -=|;u
l;-v�ubm] bom 1om1;m|u-|bomv |o -||-bm - �Ĺ� loѴ-u u-|bo o= ƒƒ ou ƐƏƏ

Őv;; $-0Ѵ; "Ɛőķ 7;r;m7bm] om |_; v�0v;| o= 1_-mm;Ѵv Őm-l;7 Ѵo� -m7
_b]_ �Ĺ� |u;-|l;m|v _;u;-=|;uőĺ �b|uo];m �-v -77;7 -v ro|-vvb�l mbŊ
|u-|; Ő���3őķ -m7 � -v ro|-vvb�l r_ovr_-|; Ő��2��Ɠőĺ 	�; |o |_; _b]_
bmb|b-Ѵ ��Ɠ

3– 1om1;m|u-|bomv bm 1oll;u1b-Ѵ �-|;uķ u;-1_bm] |_; |-u];|;7
�Ĺ� loѴ-u u-|bov o= ƐƏƏ -m7 ƒƒ u;t�bu;7 |o -77 omѴ� ���3 -| |_; 0;Ŋ
]bmmbm] o= |_; ;�r;ubl;m|ķ �b|_o�| -m� � -77b|bomĺ �om1;m|u-|bomv o=
��Ɠ

3– 7uorr;7 7u-l-|b1-ѴѴ� -=|;u om;�;;h Őv;; b]�u; "Ƒőķ �_bѴ; ��3
–

Ѵ;�;Ѵv 7;1u;-v;7 vѴo�Ѵ� 7�ubm] |_; ƔѵŊ7-� ;�r;ubl;m|ĺ $o -�ob7 ;�1;vv
o= m�|ub;m|v bm o�u 1Ѵov;7l;vo1ovlvķ �; 1_ov; |o Ѵ;| |_; |o|-Ѵ -lo�m|
o= � -m7 � m-|�u-ѴѴ� 7;1Ѵbm; bmv|;-7 o= l-bm|-bmbm] |_; v-l; -lo�m| o=
7bvvoѴ�;7 � -m7 � |_uo�]_o�| |_; ;�r;ubl;m|ĺ $_�vķ 7�ubm] |_; �_oѴ;
;�r;ubl;m|ķ ��2��Ɠ -m7 ���3�;u; -77;7 |o |_;l;vo1ovlv�;;hѴ�
|o l-bm|-bm |_; |-u];|;7 ƐƏƏ -m7 ƒƒ �Ĺ� u-|bov �_bѴ; Ѵ;||bm] � -m7
� -lo�m|v 7;1Ѵbm; bm |_; v|u;-l �-|;u Ő-ѴѴ 7-|- -�-bѴ-0Ѵ; bm $-0Ѵ; "Ɛőĺ
�=|;u ƕ �;;hv o= ;�r;ubl;m|ķ �-|;u v-lrѴ;v ŐƔƏƏ lѴő �;u; 1oѴѴ;1|;7
bm ;-1_ 1_-mm;Ѵ =ou v|u;-l r� Őr� ƒƏƏƏķ )$)őķ -1b7Ŋm;�|u-Ѵbvbm]
1-r-1b|�ķ -m7 �-|;u 1om7�1|b�b|� l;-v�u;l;m|v Ő�;|uo_l �;ubv-�
�om7�1|ol;|;u �ƔƐѶĸ �;ubv-�ķ "�b|�;uѴ-m7ő -| ƑƔŦ�ĺ �om1;m|u-|bomv
o= �-ƑƳķ �]ƑƳķ �-Ƴķ -m7 �Ƴ �;u; -Ѵvo 7;|;ulbm;7 om |_bv 7-|; 0� -|olb1
-0vour|bom vr;1|uor_o|ol;|u� Ő�-m-Ѵ�v| ƐƏƏĸ �;uhbm �Ѵl;u -m7 (-ub-m
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bm] u;|;m|bom |bl;v �b|_ |_ov; o0|-bm;7 =uol "�r;Ѵ1o -m7 Ѵ-0ou-|ou�
v|-m7-u7vķ -m7 �;u; t�-m|b=b;7 -]-bmv| bm|;um-Ѵ v|-m7-u7v ŐƐƒĹƏőĺ

ƑĺѶ | �-1uoŊbm�;u|;0u-|; bm|uo7�1|bom bm |_;
1_-mm;Ѵvķ v�u�b�-Ѵķ -m7 ]uo�|_

$o o0|-bm - =�m1|bom-ѴѴ� 7b�;uv; l-1uoŊbm�;u|;0u-|; -vv;l0Ѵ-];ķ
=o�u 1ollom vr;1b;v o= l-1uoŊbm�;u|;0u-|;v =uol (ov];v lo�mŊ
|-bm v|u;-lv �;u; bm|uo7�1;7 bm |_; 1_-mm;ѴvĹ |�o vr;1b;v =;;7bm]
l-bmѴ� om 7;|ub|�v ŐSericostoma personatum and Odontocerum albi-
corneő, om; ];m;u-Ѵbv| vr;1b;v ŐGammarus fossarumőķ -m7 om; ]u-�;u
vr;1b;v =;;7bm] l-bmѴ� om 0bo=bѴlv ŐEpeorus sylvicolaőĺ �ѴѴ l-1uoŊ
bm�;u|;0u-|;v �;u; 1oѴѴ;1|;7 bm =o�u u;=;u;m1; _;-7�-|;u v|u;-lv
Ѵo1-|;7 bm |_; (ov];v �o�m|-bmv Ő�- �-b�ķ �; �-u|;-�ķ �- �Ѵ-bm;ķ
-m7 �; $b_;|őĺ �-1uoŊbm�;u|;0u-|;v �;u; t�b1hѴ� |u-mvrou|;7 |o
|_; Ѵ-0ou-|ou� bm - 1ooѴ;u �b|_ -;u-|;7 v|u;-l �-|;u -m7 l-bmŊ
|-bm;7 -| ƓŦ� �m|bѴ vou|bm]ĺ 	;r;m7bm] om |_; vr;1b;vķ vou|bm] �-v
l-7; 7bu;1|Ѵ� bm |_; =b;Ѵ7 Ő=ou $ub1_or|;u- -m7 �r_;l;uor|;u-őķ ou

bm |_; Ѵ-0ou-|ou� Ő�-ll-ub7vőĺ �m7;;7ķ ]-ll-ub7v �;u; vou|;7 0�
vb�; Ő|_u;; vb�; 1Ѵ-vv;vĹ �ķ ƓĺƓ Ƽ Əĺƕ llĸ �ķ ƔĺѶ Ƽ ƏĺѶ llĸ -m7 �ķ
ѶĺƓ Ƽ Əĺѵ llőķ bm ou7;u |o o0|-bm - vb�;Ŋ7bv|ub0�|bom u;ru;v;m|-|b�;
o= m-|�u-Ѵ ror�Ѵ-|bomv Ő;Ѵ|;mķ ƑƏƏƒő -m7 =ou -11�u-|; ;v|bl-|bomv
o= ]-ll-ub7v ]uo�|_ĺ $o Ѵblb| l-mbr�Ѵ-|bom o= �r_;l;uor|;u-m -m7
$ub1_or|;u-m bm�;u|;0u-|;vķ -m7 vbm1; b| �-v mo| rovvb0Ѵ; |o ru;Ŋ
1bv;Ѵ� ;�-Ѵ�-|; bm7b�b7�-Ѵ ou ror�Ѵ-|bom ]uo�|_ o= |_;v; |-�- 7�ubm]
|_; |�oŊlom|_ ;�r;ubl;m|ķ �; 1_ov; mo| |o l;-v�u; bmb|b-Ѵ vb�; o=
|_;v; |-�-ĺ �o�;�;uķ =ou $ub1_or|;u-mv -m7 �r_;l;uor|;u-mvķ �;
bmb|b-ѴѴ� ruo7�1;7 ƐƑ 0-|1_;v o= bm�;u|;0u-|;v Őom; r;u 1_-mm;Ѵő �b|_
uo�]_Ѵ� vblbѴ-u vb�; 7bv|ub0�|bomv =ou ;-1_ vr;1b;vķ ;-1_ 0-|1_ 0;bm]
|_;m u-m7olѴ� bm|uo7�1;7 bm om; 1_-mm;Ѵĺ �;=ou; bm|uo7�1|bom bm|o
|_; 1_-mm;Ѵvķ l-1uoŊbm�;u|;0u-|;v �;u; vѴo�Ѵ� ŐƓŋѵ _uő -11Ѵbl-|;7
|o |_; lb�;7 �-|;u 0� ];m|Ѵ� lb�bm] -u|b=b1b-Ѵ v|u;-l �-|;u |o v|u;-l
�-|;u 1om|-bmbm] |_; bm�;u|;0u-|;vĺ $o u;l-bm 1Ѵov; |o �_-| bv ];mŊ
;u-ѴѴ� o0v;u�;7 bm �- �-b� v|u;-l Ő;Ѵ|;mķ ƑƏƏƒőķ - |o|-Ѵ m�l0;u o=
ƑƔ �r_;l;uor|;u-ķ ƐƏ $ub1_or|;u- Ő=b�; o= ;-1_ vr;1b;vőķ -m7 ƑƔƖ
]-ll-ub7v ŐѵƏѷ o= �ķ ƒƏѷ o= �ķ -m7 ƐƏѷ o= �ő �;u; bm|uo7�1;7 bm
;-1_ 1_-mm;Ѵĺ

ƑĺƖ | 	-|- -m-Ѵ�vbv

$;lr;u-|�u; 7b==;u;m1;v 0;|�;;m 1_-mm;Ѵv �;u; ;�-Ѵ�-|;7 �vbm]
- ];m;u-Ѵ Ѵbm;-u lo7;Ѵ Ő���őĺ ); -Ѵvo �v;7 ���v |o -vv;vv |_; ;=Ŋ
=;1|v o= |;lr;u-|�u;ķ �-|;u �Ĺ� u-|boķ -m7 |_; |;lr;u-|�u; Ƶ �-|;u
�Ĺ� u-|bo bm|;u-1|bomv om v;�;u-Ѵ u;vromv; �-ub-0Ѵ;vĹ Ő-ő ;�rom;m|b-Ѵ
7;1olrovb|bom u-|;vĸ Ő0ő Ѵo]Ŋ|u-mv=oul;7 |o|-Ѵ vrou�Ѵ-|bom u-|;vĸ Ő1ő
=�m]-Ѵ 0bol-vvķ Ő7ő �Ĺ�ķ �Ĺ� -m7 �Ĺ� u-|bov o= � 0-]v Ѵ;-= Ѵb||;uĸ
Ő;ő 0bo=bѴl 0bol-vvĸ Ő=ő Ѵo]Ŋ|u-mv=oul;7 0bo=bѴl rb]l;m|v 1om1;mŊ
|u-|bomvĸ Ő]ő 0bo=bѴl �Ĺ�ķ �Ĺ�ķ -m7 �Ĺ� u-|bovĸ Ő_ő 0bo=bѴl =-||� -1b7v
1om|;m|vĸ Őbő rubl-u� ruo7�1|bomĸ Őfő u-|bo o= � 7;1olrovb|bom u-|;
|o rubl-u� ruo7�1|bomĸ -m7 Őhő ]-ll-ub7 0o7� Ѵ;m]|_ĺ �ubou |o |_ov;
-m-Ѵ�v;v -m7 |o -�ob7 1olrѴb1-|;7 |_u;;Ŋ -m7 =o�uŊ�-�v bm|;u-1Ŋ
|bomvķ �; bm�;v|b]-|;7 |_; |;lrou-Ѵ ;==;1| om Ő0őķ Ő1őķ Ő;őķ -m7 Ő=őķ
-m7 �; =�u|_;u ;�-Ѵ�-|;7 |_; ;==;1| o= |_; rovb|bom bm |_; 1_-mm;Ѵ
Ő�rv|u;-l -m7 7o�mv|u;-lĸ ru;v;m1; -m7 -0v;m1; o= l-1uoŊbm�;uŊ
|;0u-|;vķ u;vr;1|b�;Ѵ�ő om 0bo=bѴl u;Ѵ-|;7 u;vromv; �-ub-0Ѵ;vŌbĺ;ĺ
Ő=őķ Ő]őķ -m7 Ő_őĺ �= |_; ;==;1| o= |bl; -m7ņou rovb|bom bm |_; 1_-mm;Ѵ
�-v vb]mb=b1-m|ķ |_; ;==;1|v o= |;lr;u-|�u;ķ �-|;u �Ĺ� u-|boķ -m7 |_;
|;lr;u-|�u; Ƶ �-|;u �Ĺ� u-|bo bm|;u-1|bomv �;u; ;�-Ѵ�-|;7 om u;Ŋ
vromv; �-ub-0Ѵ;vŌbĺ;ĺ Ő0őķ Ő1őķ Ő;őķ -m7 Ő=őŌvrѴb| 0� |bl;ķ rovb|bomķ ou
0o|_ĺ ou -ѴѴ ���vķ |_; vb]mb=b1-m1; o= ru;7b1|ou �-ub-0Ѵ;v �-v ;�-ѴŊ
�-|;7 �vbm] - $�r; �� ou $�r; ��� ���(� Ő1-uŊr-1h-];ő 7;r;m7bm] om
|_; ru;v;m1; o= vb]mb=b1-m| bm|;u-1|bomv bm |_; lo7;Ѵĺ ); ]u-r_bŊ
1-ѴѴ� -vv;vv;7 lo7;Ѵ �-Ѵb7-|bom -m7 =�u|_;u ;�-Ѵ�-|;7 |_; moul-Ѵb|�
o= lo7;Ѵ u;vb7�-Ѵv �vbm] "_-rbuo |;v|vĺ $orŊ7o�m blr-1|v o= l-1uoŊ
bm�;u|;0u-|;v om Ѵ;-=ŊѴb||;u 7;1olrovb|bom -m7 -Ѵ]-Ѵ 0bol-vv bm 0boŊ
=bѴl �;u; bm�;v|b]-|;7 |_uo�]_ |_; 1-Ѵ1�Ѵ-|bom o= �mŊ|u-mv=oul;7
u-|bov o= 7;1olrovb|bom bm �� Ő-11;vvb0Ѵ; |o 7;|ub|b�ou;vő |o 7;1olŊ
rovb|bom bm � Őbm-11;vvb0Ѵ; |o 7;|ub|b�ou;vő Ѵb||;u 0-]v -m7 o= �mŊ
|u-mv=oul;7 u-|bov o= -Ѵ]-Ѵ 0bol-vv Őrb]l;m|vő l;-v�u;7 �rv|u;-l
Őv;1|bom �b|_ ]u-�;uvő |o |_ov; l;-v�u;7 7o�mv|u;-l Őv;1|bom



�b|_o�| ]u-�;uvőĺ �==;1|v o= |;lr;u-|�u; -m7 �-|;u �Ĺ� u-|bo �;u;
1omvb7;u;7 -v vb]mb=b1-m| �_;m 1om=b7;m1; bm|;u�-Ѵv -| ƖƔѷ 7b7 mo|
o�;uѴ-r �b|_ �;uoĺ bm-ѴѴ�ķ |o -vv;vv |_; l�Ѵ|b�-ub-|; u;vromv; o=
�;;hѴ� bomv 1om1;m|u-|bomv |o |_; =o�u 7b==;u;m| |u;-|l;m|v Őbĺ;ĺ
|�o |;lr;u-|�u; -m7 |�o m�|ub;m|v u;Ѵ-|;7 |u;-|l;m|vőķ �; �v;7
- ��!����(� 0-v;7 om |_; �u-�ŋ��u|bv 7bvvblbѴ-ub|� bm7;�ķ -m7
ƖƖƖ r;ul�|-|bomvĺ "blbѴ-u |;v|v �;u; r;u=oul;7 |o -m-Ѵ�v; |_; ;=Ŋ
=;1|v o= |;lr;u-|�u;ķ �-|;u �Ĺ� u-|boķ -m7 |_; |;lr;u-|�u; Ƶ �-|;u
�Ĺ� u-|bo bm|;u-1|bomv om vr;1b;vŊvr;1b=b1 vrou�Ѵ-|bom u-|;vĺ �ѴѴ v|-Ŋ
|bv|b1-Ѵ -m-Ѵ�v;v �;u; r;u=oul;7 �b|_ |_; ! vo=|�-u; Ő! �ou; $;-l
ƑƏƐƕķ �;uvbom ƒĺƓĺƑĺőĺ

ƒ | !�"&�$"

ƒĺƐ | �_�vb1oŊ1_;lb1-Ѵ 1om7b|bomv bm |_; l;vo1ovlv

$_; l;-m |;lr;u-|�u; 7b==;u;m1; 0;|�;;m -l0b;m| -m7 _;-|;7
1_-mm;Ѵv �-v ƐĺƖŦ� -m7 u;l-bm;7 t�b|; 1omv|-m| o�;u |_; Ɣѵ 7-�v
o= |_; ;�r;ubl;m| Ő$-0Ѵ; Ɛķ b]�u; "Ɛőĺ �m -�;u-];ķ |_; |;lr;u-|�u;
o= -l0b;m| 1_-mm;Ѵv ŐƼ SDő �-v ƖĺƑ Ƽ ƓĺƏŦ� -m7 |_; |;lr;u-|�u; o=
_;-|;7 1_-mm;Ѵv �-v ƐƐĺƐ Ƽ ƒĺƔŦ�ĺ $;lr;u-|�u;v vb]mb=b1-m|Ѵ� 7b==;u;7
0;|�;;m -l0b;m| -m7 _;-|;7 1_-mm;Ѵv Ő���(�ķ p ƺ ƏĺƏƏƏƐķ $�h;�
�"	őĺ

)b|_ u;vr;1| |o �-|;u m�|ub;m| 1om1;m|u-|bomvķ ��Ɠ
Ƴ -m7 ��Ɠ

3–

1om1;m|u-|bomvl;-v�u;7 ;-1_�;;h 0;=ou; -7f�v|l;m|v�;u; vblbѴ-u
0;|�;;m 1_-mm;Ѵv ŐƏĺƏƏƕ Ƽ ƏĺƏƏƕ l]��Ɠ

Ƴņ� -m7 ƏĺƏƑƖ Ƽ ƏĺƏƔƕ l]Ŋ
��Ɠ

3–ņ� bm -�;u-];ķ u;vr;1|b�;Ѵ�őĺ �o�;�;uķ ��3
– 1om1;m|u-|bomv

vb]mb=b1-m|Ѵ� 7b==;u;7 0;|�;;m _b]_ �Ĺ� u-|bo 1_-mm;Ѵv ŐƓĺѵƖ Ƽ ƑĺƑƏ
l]��3

–ņ�ő -m7 Ѵo� �Ĺ� u-|bo 1_-mm;Ѵv ŐƏĺѶƕ Ƽ ƏĺѵƐ l]��3
–ņ�ĸ

��!����(�ķ 7bvvoѴ�;7 �Ĺ� u-|boĹ p Ʒ ƏĺƏƏƐĸ |;lr;u-|�u;Ĺ p > 0.05; 
$-0Ѵ; Ɛķ b]�u; "Ƒőĺ �-ƑƳķ �]ƑƳķ �-Ƴķ -m7 �Ƴ 1om1;m|u-|bomv u;l-bm;7
_b]_ |_uo�]_o�| |_; ;�r;ubl;m| Ő=bm-Ѵ 1om1;m|u-|bomv o= ƑƖĺƖ Ƽ ƐĺƔķ
ƒĺƓ Ƽ ƏĺƓķ ƒĺѶ Ƽ ƏĺƓķ -m7 ѵĺƓ Ƽ ƐĺƏ l]ņ� =ou �-ƑƳķ �]ƑƳķ �-Ƴķ -m7
�Ƴķ u;vr;1|b�;Ѵ�ő v�]];v|bm] |_-| |_;v; ;Ѵ;l;m|v �;u; mo| Ѵblb|bm]
7�ubm] |_; ;�r;ubl;m|ĺ �ѴѴ o|_;u r-u-l;|;uv �;u; �m-==;1|;7 0�
|_; |;lr;u-|�u; -m7 7bvvoѴ�;7 �Ĺ� u-|bo |u;-|l;m|v |_uo�]_o�| |_;
;�r;ubl;m|Ĺ �-|;u �-v vѴb]_|Ѵ� -Ѵh-Ѵbm; Őr� Ʒ ѶĺƐƏ Ƽ ƏĺƏƒőķ 1om7�1Ŋ
|b�b|� u;-1_;7 ƑƐѶ Ƽ ƕĺƖ "ņ1lķ -m7 -1b7Ŋm;�|u-Ѵbvbm] 1-r-1b|�ő �-v
ƐĺƖ Ƽ ƏĺƐ l;tņ�ĺ

ƒĺƑ | �==;1|v o= |;lr;u-|�u; -m7 �-|;u �Ĺ� u-|bo om
-t�-|b1 =�m]b

�m]-Ѵ 0bol-vvķ -v ;�-Ѵ�-|;7 0� ;u]ov|;uoѴ t�-m|b=b1-|bom bm Ѵ;-= Ѵb|Ŋ
|;u Őb]�u; Ƒ-őķ �-v vb]mb=b1-m|Ѵ� -==;1|;7 0� |_; bm|;u-1|bom o= |bl;ķ
7bvvoѴ�;7 �Ĺ� u-|boķ -m7 |;lr;u-|�u; Ő���(�ķ p Ʒ ƏĺƏƑőĺ $o 0;||;u
�m7;uv|-m7 |_bv 1olrѴ;� bm|;u-1|bomķ =�m]-Ѵ 0bol-vv �-v |_;m -mŊ
-Ѵ�v;7 7-|; 0� 7-|;ķ v_o�bm] - |;lr;u-|�u; Ƶ 7bvvoѴ�;7 �Ĺ� u-|bo
bm|;u-1|bom Őp Ʒ ƏĺƏƒő -=|;u ƑƐ7 ŐѴo�;u =�m]-Ѵ 0bol-vv bm |_; _b]_
�Ĺ�ķ _;-|;7 v|u;-lvőķ -m7 omѴ� - |;lr;u-|�u; ;==;1| Őp Ʒ ƏĺƏƐő -=|;u
ƔƑ 7-�vķ =�m]-Ѵ 0bol-vv 0;bm] vb]mb=b1-m|Ѵ� _b]_;u bm |_; -l0b;m|
|;lr;u-|�u; |u;-|l;m|ĺ

�;-m |o|-Ѵ vrou�Ѵ-|bom u-|;v o= -t�-|b1 _�r_ol�1;|;v -vvo1b-|;7
�b|_ _-�;Ѵ Ѵ;-�;v �;u; |_; _b]_;v| -=|;u ƑƐ 7-�v ŐƐƑѶŋƒƏƖ 1omb7b- l]
�	�–1 day–1őķ |_;m 7;1u;-v;7 =uol ƒƔ ŐƔѶŋƖƕ 1omb7b- l] �	�–1 
day–1ő |o ƔƑ 7-�v ŐƑƖŋѵѶ 1omb7b- l] �	�–1 day–1ő bm -ѴѴ |u;-|l;m|v
Őb]�u; Ƒ0őĺ "bm1; v|-|bv|b1-Ѵ -m-Ѵ�v;v u;�;-Ѵ;7 - vb]mb=b1-m| bm=Ѵ�;m1;
o= |bl; Ő���(�ĸ p = 0.ƏƓķ o|_;u p ƻ ƏĺƏƔőķ =�u|_;u -m-Ѵ�v;v �;u; r;uŊ
=oul;7 bm7;r;m7;m|Ѵ� om vrou�Ѵ-|bom u-|;v l;-v�u;7 -| ;-1_ v-lrѴbm]
|bl; -m7 u;�;-Ѵ;7 - rovb|b�; bm=Ѵ�;m1; o= |;lr;u-|�u; om vrou�Ѵ-|bom
u-|;v l;-v�u;7 -=|;u ƔƑ 7-�v Ő���(�ķ $;lr;u-|�u;ķ p Ʒ ƏĺƏƓőĺ

"r;1b;v ub1_m;vv o= -t�-|b1 _�r_ol�1;|; 1oll�mb|b;v �-v
vblbѴ-u 0;|�;;m |u;-|l;m|vķ -m7 u;-1_;7 - |o|-Ѵ o= Ɛѵ vr;1b;vĺ
�omvou|b- o= -t�-|b1 _�r_ol�1;|;v o0v;u�;7 bm -ѴѴ 1_-mm;Ѵv
�;u; l-bmѴ� u;ru;v;m|;7 0� =o�u vr;1b;v ŐFlagellospora curvulaķ
Tetrachaetum elegansķ Clavariopsis aquaticaķ -m7 Lunulospora cur-
vulaőķ �_bѴ; |_; o|_;u vr;1b;v ŐAnguillospora crassaķ Articulospora 
tetracladiaķ Alatospora acuminataķ Alatospora pulchellaķ Tricladium 
chaetocladiumķ Tetracladium marchalianumķ Tripospermum myrtiķ
Anguillospora longissimaķ Heliscella stellataķ Triscelophorus mono-
sporumķ Heliscus lugdunensisķ o|_;u vb]lob7vő 7b7 mo| ;�1;;7 Ɣѷ
o= |_; u;Ѵ-|b�; -0�m7-m1; Őb]�u; ƒ-őĺ Flagellospora curvula �-v
7olbm-m| bm -Ѵlov| -ѴѴ 1_-mm;Ѵv Őu;Ѵ-|b�; -0�m7-m1;Ĺ Ɣƒ Ƽ ƐƔѷ
-m7 ѵƓѷ Ƽ Ɛƕѷ -=|;u ƑƐ -m7 ƒƔ 7-�v u;vr;1|b�;Ѵ�őķ -m7 mo vb]Ŋ
mb=b1-m| 7b==;u;m1;v 0;|�;;m |u;-|l;m|v �;u; o0v;u�;7 -| |_;v;
|�o v-lrѴbm] |bl;v Ő��!����(�őĺ �o�;�;uķ -=|;u ƔƑ 7-�vķ
-t�-|b1 _�r_ol�1;|; 1omvou|b- �;u; vb]mb=b1-m|Ѵ� 7b==;u;m| 0;Ŋ
|�;;m -l0b;m| -m7 _;-|;7 1_-mm;Ѵv Ő��!����(�ķ |;lr;u-|�u;Ĺ
p Ʒ ƏĺƏƏƓőĺ �| |_bv 7-|;ķ -Ѵ|_o�]_ Flagellospora curvula remained 
7olbm-m| bm _;-|;7 1_-mm;Ѵvķ |_; 7olbm-m| vr;1b;v bm -l0b;m|

$���� Ɛ �-bm r_�vb1-Ѵ -m7 1_;lb1-Ѵ �-|;u r-u-l;|;uv l;-v�u;7 bm |_; =o�u |u;-|l;m| 1_-mm;Ѵv 7�ubm] |_; ƔѵŊ7-� ;�r;ubl;m|
Őn Ʒ ƑķѵѶѶ =ou |;lr;u-|�u;ĸ n Ʒ Ѷ =ou o|_;u r-u-l;|;uvő

$;lr;u-|�u; ŐŦ�ő r� �om7�1|b�b|� Ő"ņ1lő ��4
+ Ől]ņ�ő ��ƒ

– Ől]ņ�ő ��4
ƒŋ Ől]ņ�ő

�;-m Ƽ SD �bm �-� �;-m Ƽ SD �;-m Ƽ SD �;-m Ƽ SD �;-m Ƽ SD �;-m Ƽ SD

�l0b;m| _b]_ ƖĺƑƏ Ƽ ƓĺƏƐa 1.33 19.09 ѶĺƏѶ Ƽ ƏĺƏƐ ƑƑƒ Ƽ Ɩ ƏĺƏƏѵ Ƽ ƏĺƏƏƕ ƓĺѶƏ Ƽ ƑĺƑƐa ƏĺƏƑѶ Ƽ ƏĺƏƔƕ

�l0b;m| Ѵo� ƖĺƐѶ Ƽ ƓĺƏƔa 1.22 ƐƖĺƑѶ ѶĺƐƏ Ƽ ƏĺƏƑ ƑƐƕ Ƽ Ɣ ƏĺƏƏѵ Ƽ ƏĺƏƏѶ ƏĺƖƒ Ƽ ƏĺѵƐb ƏĺƏƑѶ Ƽ ƏĺƏƔѶ

�;-|;7 _b]_ ƐƐĺƏѶ Ƽ ƒĺƓƕb ƓĺƓƑ ƐƖĺƒѶ ѶĺƐƑ Ƽ ƏĺƏƐ ƑƐƕ Ƽ ƐƑ ƏĺƏƏѶ Ƽ ƏĺƏƏѶ ƓĺƔѶ Ƽ ƑĺƑƒa ƏĺƏƑƖ Ƽ ƏĺƏƔƖ

�;-|;7 Ѵo� ƐƐĺƐƑ Ƽ ƒĺƓƖb ƓĺƓƑ ƐƖĺƓƕ ѶĺƏƖ Ƽ ƏĺƏѵ ƑƐƕ Ƽ Ɩ ƏĺƏƏƕ Ƽ ƏĺƏƏƕ ƏĺѶƏ Ƽ ƏĺѵƐb ƏĺƏƑƕ Ƽ ƏĺƏƔѵ

Note: $u;-|l;m|v �b|_ |_; v-l; Ѵ;||;u -u; mo| vb]mb=b1-m|Ѵ� 7b==;u;m| Ő$�h;� �"	 |;v|ķ p ƻ ƏĺƏƔőĺ



1_-mm;Ѵv �-v Lunulospora curvula Őu;Ѵ-|b�; -0�m7-m1;Ĺ Ƒƕѷ Ƽ ƐƑѷ
-m7 Ɣƕѷ Ƽ Ɛƒѷ bm _;-|;7 -m7 -l0b;m| 1_-mm;Ѵvķ u;vr;1|b�;Ѵ�ĸ
b]�u; ƒ-őĺ $_bv o0v;u�-|bom �-v v�rrou|;7 0� momŊl;|ub1 l�Ѵ|b7bŊ
l;mvbom-Ѵ v1-Ѵbm] ou7bm-|bom 7b-]u-l o= =�m]-Ѵ 1oll�mb|b;v 0-v;7
om 1omb7b-Ѵ ruo7�1|bom -=|;u ƔƑ 7-�v o= bm1�0-|bom Őb]�u; ƒ0őĺ

ƒĺƒ | �==;1|v o= |;lr;u-|�u; -m7 �-|;u �Ĺ� u-|bo om
0bo=bѴl -0�m7-m1;

�bo=bѴl 0bol-vv Ől;-v�u;7 bm l] o= �	� r;u v�u=-1; �mb|ő �-v vb]Ŋ
mb=b1-m|Ѵ� -==;1|;7 0� |_; v-lrѴbm] |bl; ŐƑƐ -m7 Ɣѵ 7-�vĸ ���(�ķ
|bl;ķ p ƺ ƏĺƏƏƐő -m7 |_; rovb|bom bm |_; v|u;-l 1_-mm;Ѵ Ő�rv|u;-l
�;uv�v 7o�mv|u;-lĸ ���(�ķ rovb|bomķ p Ʒ ƏĺƏƏƑĸ b]�u; Ƒ1ķ;őĺ $_�vķ
|_; ;==;1|v o= |;lr;u-|�u; -m7 7bvvoѴ�;7 �Ĺ� u-|bo �;u; -m-Ѵ�v;7
v;r-u-|;Ѵ� om v�0Ŋ]uo�rv o= 0bol-vv 7-|- Ő;ĺ]ĺ ƑƐ7Ŋ�rv|u;-lķ ƑƐ7Ŋ
7o�mv|u;-lőĺ ou -ѴѴ v�0Ŋ]uo�rvķ u;v�Ѵ|v v_o�;7 mo vb]mb=b1-m| ;=Ŋ
=;1| o= |_; bm|;u-1|bom 0;|�;;m |;lr;u-|�u; -m7 7bvvoѴ�;7 �Ĺ� u-|bo

om 0bo=bѴl 0bol-vv Ő���(�ķ |;lr;u-|�u; Ƶ 7bvvoѴ�;7 �Ĺ� u-|boķ -ѴѴ
p ƻ ƏĺƏƔőĺ �u|_;ulou;ķ mo bm7b�b7�-Ѵ ;==;1|v o= |;lr;u-|�u; -m7 7bvŊ
voѴ�;7 �Ĺ� u-|bo �;u; =o�m7 om 0bo=bѴl 0bol-vv ]uo�m �rv|u;-l Őbm
ru;v;m1; o= bm�;u|;0u-|;vķ b]�u; Ƒ1őĺ �o�;�;uķ 1om1;umbm] 0bo=bѴl
]uo�bm] 7o�mv|u;-l Őbm -0v;m1; o= bm�;u|;0u-|;vőķ 0bol-vv �-v
rovb|b�;Ѵ� u;Ѵ-|;7 |o |;lr;u-|�u; bm |_; _b]_ �Ĺ� |u;-|l;m| -=|;u
ƑƐ 7-�v ŐƏĺƑƒ Ƽ ƏĺƓƒ bm _;-|;7ķ Ѵo� �Ĺ� 1_-mm;Ѵv -m7 ƏĺƐƏ Ƽ ƏĺƏƒ l]
�	�ņ1l2 om -�;u-]; bm |_; |_u;; o|_;u |u;-|l;m|vķ bm|;u-1|bom
$;lr;u-|�u; Ƶ 7bvvoѴ�;7 �Ĺ� u-|boķ p Ʒ ƏĺƏƓĸ b]�u; Ƒ;őĺ

$o|-Ѵ rb]l;m| 1om1;m|u-|bom Ő1_Ѵouor_�ѴѴ a -m7 r_;or_�|bmő
1om1;m|u-|bomv bm 0bo=bѴl Őb]�u; Ƒ7ķ=ő �;u; vb]mb=b1-m|Ѵ� Ѵo�;u bm
|_; �rv|u;-l v;1|bom ŐƏĺƐƕ Ƽ ƏĺƐƓ ]ņ1l2ő |_-m bm |_; 7o�mv|u;-l
v;1|bom o= |_; 1_-mm;Ѵv ŐƏĺѵƑ Ƽ ƏĺƔѶ ]ņ1l2ĸ ���(�ķ rovb|bom ;=Ŋ
=;1|ķ p ƺ ƏĺƏƏƏƐőĺ �o vb]mb=b1-m| 7b==;u;m1;v �;u; =o�m7 0;|�;;m
|_; |�o v-lrѴbm] |bl;v ŐƑƐ -m7 Ɣѵ 7-�vĸ ���(�ķ |bl;ķ p ƻ ƏĺƏƔőĺ
$_�vķ |_; ;==;1| o= |;lr;u-|�u; -m7 m�|ub;m| v�rrѴ� �-v -m-Ѵ�v;7
v;r-u-|;Ѵ� om |�o v�0Ŋ]uo�rv o= rb]l;m|v 7-|- Őbĺ;ĺ �rv|u;-l
-m7 7o�mv|u;-lőķ �b|_o�| 1omvb7;ubm] |bl; ;==;1|ĺ ou 0o|_

 ��&!� Ƒ �==;1|v o= |;lr;u-|�u;
-m7 �-|;u �Ĺ� u-|bov om |_; |;lrou-Ѵ
7�m-lb1v o= lb1uo0b-Ѵ 7;�;Ѵorl;m| -m7
-1|b�b|�Ĺ �m]-Ѵ 0bol-vvķ l;-v�u;7 -v
;u]ov|;uoѴ 1om|;m| r;u �mb| o= Ѵ;-=ŊѴb||;u
0bol-vv Ő-ő -m7 vrou�Ѵ-|bom u-|;v Ő0ő
1_-m];v |_uo�]_ |bl; l;-v�u;7 om Ѵ;-=
Ѵb||;u ;m1Ѵov;7 bm =bm;Ŋl;v_ 0-]vĸ �_-m];v
bm �rv|u;-l Ő�b|_ ]u-�;uvķ r-m;Ѵv 1ŋ7ő -m7
7o�mv|u;-l Őbĺ;ĺ ]u-�;uv ;�1Ѵ�7;7ķ r-m;Ѵv
;ŋ=ő 0bo=bѴl 0bol-vv Őbm l] -v_Ŋ=u;; 7u�
l-vv Œ�	�œņ1l2ķ r-m;Ѵv 1 -m7 ;ő -m7
-Ѵ]-Ѵ -0�m7-m1; Őbm ] 1_Ѵouor_�ѴѴŊa/cm2ķ
r-m;Ѵv 7 -m7 =ő |_uo�]_ |bl;ĺ �uuou 0-uv
Őn Ʒ ƒő 1ouu;vrom7 |o SD ;�1;r| om r-m;Ѵ
0 ŐSEő



v�0Ŋ]uo�rvķ |_; |;lr;u-|�u; Ƶ 7bvvoѴ�;7 �Ĺ� u-|bo bm|;u-1|bom
�-v mo| vb]mb=b1-m| Ő���(�ķ p ƻ ƏĺƏƔőĺ 	�; |o |_; _b]_ �-ub-0bѴb|�ķ
mo vb]mb=b1-m| ;==;1| o= |;lr;u-|�u; -m7 7bvvoѴ�;7 �Ĺ� u-|bo �-v
;�b7;m1;7 bm |_; 7o�mv|u;-l v;1|bom Őb]�u; Ƒ=őĺ �m 1om|u-v|ķ �rŊ
v|u;-l |o|-Ѵ rb]l;m| 1om1;m|u-|bom �-v bm7;r;m7;m|Ѵ� bm=Ѵ�;m1;7
0� |;lr;u-|�u; -m7 7bvvoѴ�;7 �Ĺ� u-|bov Őb]�u; Ƒ7őĺ )-ul;u |;lŊ
r;u-|�u; �-v -vvo1b-|;7 �b|_ Ѵo�;u |o|-Ѵ rb]l;m|v 1om1;m|u-|bomv
ŐƏĺƐƑ Ƽ ƏĺƏƔ -m7 ƏĺƑƑ Ƽ ƏĺƐƑ ]ņ1l2 bm _;-|;7 -m7 -l0b;m| 1_-mŊ
m;Ѵvķ u;vr;1|b�;Ѵ�ĸ ���(�ķ |;lr;u-|�u;ķ p ƺ ƏĺƏƏƐĸ b]�u; Ƒ7őĺ
�� 1om|u-v|ķ _b]_;u �Ĺ� u-|bov bm �-|;u �-v rovb|b�;Ѵ� u;Ѵ-|;7 |o

rb]l;m| 1om1;m|u-|bomv ŐƏĺƑƏ Ƽ ƏĺƏƔ -m7 ƏĺƐƒ Ƽ ƏĺƏƕ ]ņ1l2 in 
_b]_ �Ĺ� -m7 Ѵo� �Ĺ� u-|bo 1_-mm;Ѵvķ u;vr;1|b�;Ѵ�ĸ ���(�ķ 7bvŊ
voѴ�;7 �Ĺ� u-|boķ p Ʒ ƏĺƏƒĸ b]�u; Ƒ7őĺ

ƒĺƓ | �==;1|v o= |;lr;u-|�u; -m7 �-|;u �Ĺ� u-|bo om
Ѵ;-=ŊѴb||;u 7;1olrovb|bom -m7 rubl-u� ruo7�1|bom

�b1uo0b-Ѵ 7;1olrovb|bom u-|;vķ ;�-Ѵ�-|;7 =uol |_; l-vv Ѵovv o= Ѵ;-=
Ѵb||;u ;m1Ѵov;7 bm � 0-]vķ u-m];7 =uol ƏĺƏƏѵ Ƽ ƏĺƏƏƐ 7-�–1 in low 

 ��&!� ƒ �;u1;m|-]; 1om|ub0�|bom o= |_; l-bm -t�-|b1 _�r_ol�1;|; vr;1b;v |o |o|-Ѵ 1omb7b-Ѵ ruo7�1|bom Ő-ő bm |_; =o�u |u;-|l;m|v
1_-mm;Ѵv =ou ;-1_ v-lrѴbm] 7-|; ŐƑƐķ ƒƔķ -m7 ƔƑ 7-�vő -m7 momŊl;|ub1 l�Ѵ|b7bl;mvbom-Ѵ v1-Ѵbm] Ő��	"ő ou7bm-|bom 7b-]u-l 0-v;7 om =�m]-Ѵ
1oll�mb|b;v -vv;vv;7 =uol 1omb7b- u;Ѵ;-v;7 =uol _-�;Ѵ Ѵ;-= 7bvhv -=|;u ƔƑ 7-�v o= bm1�0-|bom Ő0ő

 ��&!� Ɠ �==;1|v o= |;lr;u-|�u; -m7
�-|;u �Ĺ� u-|bov om Ѵ;-=ŊѴb||;u ;�rom;m|b-Ѵ
7;1olrovb|bom u-|;v bm =bm; Ő-ő -m7 1o-uv;
Ő0ő l;v_ 0-]vķ rubl-u� ruo7�1|bom Ő1őķ
-m7 lb1uo0b-Ѵ 7;1olrovb|bom |o rubl-u�
ruo7�1|bom u-|bov Ő7ő l;-v�u;7 7�ubm] |_;
ƔѵŊ7-� ;�r;ubl;m| bm |_; =o�u |u;-|l;m|v



�Ĺ�ķ _;-|;7 1_-mm;Ѵv |o ƏĺƏƏƕ Ƽ ƏĺƏƏƐ 7-�–1 bm _b]_ �Ĺ�ķ _;-|;7 1_-mŊ
m;Ѵv Őb]�u; Ɠ-őĺ 	;1olrovb|bom u-|;v l;-v�u;7 bm � 0-]v �;u; mo|
vb]mb=b1-m|Ѵ� -==;1|;7 0� |;lr;u-|�u; ou 0� m�|ub;m|vķ -m7 7b7 mo|
7b==;u vb]mb=b1-m|Ѵ� 0;|�;;m |u;-|l;m|v Ő���(�ķ -ѴѴ p ƻ ƏĺƏƔőĺ bm;
l;v_ 7;1olrovb|bom u-|;v �;u; vb]mb=b1-m|Ѵ� Ѵo�;u |_-m l;-m o�;uŊ
-ѴѴ 7;1olrovb|bom u-|;v Őbm1Ѵ�7bm] 0o|_ lb1uo0b-Ѵ -m7 l-1uoŊbm�;uŊ
|;0u-|;v -1|b�b|b;vő l;-v�u;7 bm �� 0-]v Ő���(�ķ l;v_ vb�; ;==;1|ķ
p ƺ ƏĺƏƏƏƐőķ �b|_ l;-m o�;u-ѴѴ 7;1olrovb|bom u-|;v u-m]bm] =uol
ƏĺƏƐƓ Ƽ ƏĺƏƏƑ 7-�–1 bm Ѵo��Ĺ�ķ -l0b;m| 1_-mm;Ѵv |o ƏĺƏƑƏ Ƽ ƏĺƏƏƑ 7-�–

1 bm Ѵo� �Ĺ�ķ _;-|;7 1_-mm;Ѵv -=|;u Ɣѵ 7-�v o= bm1�0-|bom Őb]�u; Ɠ0őĺ
	;1olrovb|bom u-|;v l;-v�u;7 bm �� 0-]v �;u; mo| vb]mb=b1-m|Ѵ� bmŊ
=Ѵ�;m1;7 0� |_; bm|;u-1|bom 0;|�;;m |;lr;u-|�u; -m7 7bvvoѴ�;7 �Ĺ�
u-|bov ou 0� |_; 7b==;u;m| �Ĺ� u-|bov -Ѵom; Ő���(�ķ $;lr;u-|�u; Ƶ �Ĺ�
u-|bo -m7 �Ĺ� u-|bo -Ѵom;ķ p ƻ ƏĺƏƔőĺ �o�;�;uķ o�;u-ѴѴ 7;1olrovb|bom
u-|;v �;u; vb]mb=b1-m|Ѵ� _b]_;u bm _;-|;7 |_-m bm -l0b;m| 1_-mm;Ѵv
ŐƏĺƏƑƏ Ƽ ƏĺƏƏƒ -m7 ƏĺƏƐѵ Ƽ ƏĺƏƏƑ 7-�–1 bm _;-|;7 -m7 -l0b;m| 1_-mŊ
m;Ѵvķ u;vr;1|b�;Ѵ�ĸ ���(�ķ $;lr;u-|�u;ķ p Ʒ ƏĺƏƑĸ b]�u; Ɠ0őĺ �ubl-u�
ruo7�1|bom Őbm 7-�–1őķ -v ;�-Ѵ�-|;7 0� |_; Ѵbm;-u u-|; o= 0bo=bѴl rb]l;m|
Őbm ]ņ1l2ő bm1u;-v;7 |_uo�]_o�| |_; ƔѵŊ7-� ;�r;ubl;m| Őb]�u; Ɠ1őķ
-m7 �-v vb]mb=b1-m|Ѵ� -m7 m;]-|b�;Ѵ� blr-1|;7 0� |;lr;u-|�u;ķ v_b=|bm]
=uol ƐĺƏƓ Ƽ ƏĺƑƑ bm _;-|;7 1om7b|bomv |o ƐĺƓƕ Ƽ Əĺƒѵ bm -l0b;m| 1om7bŊ
|bomv Ő���(�ķ $;lr;u-|�u;ķ p Ʒ ƏĺƏƒőĺ �m 1om|u-v|ķ |_; u-|bo o= lb1uoŊ
0b-Ѵ 7;1olrovb|bom |o rubl-u� ruo7�1|bom Őh�ņrubl-u� ruo7�1|bomķ
b]�u; Ɠ7ő �-v �m-==;1|;7 0� |_; |�o |u;-|l;m|v -m7 |_;bu bm|;u-1|bomv
Ő���(�ķ -ѴѴ p ƻ ƏĺƏƔőĺ

ƒĺƔ | �==;1|v o= |;lr;u-|�u; -m7 �-|;u �Ĺ� u-|bo om
|orŊ7o�m blr-1|v o= bm�;u|;0u-|;v

��-Ѵ�-|bom o= |_; blrou|-m1; o= l-1uoŊbm�;u|;0u-|;v om Ѵ;-=ŊѴb||;u
7;1olrovb|bom u-|;v Ől;-v�u;7 |_uo�]_ |_; u-|bo o= h l;-v�u;7 bm
�� 0-]v |o h l;-v�u;7 bm � 0-]vķ b]�u; Ɣ-ő u;�;-Ѵ;7 |_-| |_; 7;Ŋ
|ub|b�ouo�v bm�;u|;0u-|;v vb]mb=b1-m|Ѵ� bm1u;-v;7 u-|;v o= Ѵ;-=ŊѴb||;u
7;1olrovb|bom omѴ� bm |_; Ѵo� �Ĺ� |u;-|l;m|vķ bm7;r;m7;m|Ѵ� o=
�-|;u |;lr;u-|�u;ĺ �m 1om|u-v|ķ m;]-|b�; blr-1|v o= l-1uoŊbm�;u|;Ŋ
0u-|;v om 0bo=bѴl 0bol-vv -=|;u Ɣѵ 7-�v Ő;�-Ѵ�-|;7 |_uo�]_ |_; u-|bo
o= 0bo=bѴl rb]l;m|v l;-v�u;7 �rv|u;-lķ bĺ;ĺ �b|_ ]u-�;uķ |o 0bo=bѴl
rb]l;m|v l;-v�u;7 7o�mv|u;-lķ bĺ;ĺ �b|_o�| ]u-�;uvķ b]�u; Ɣ0ő �-v
omѴ� vb]mb=b1-m| bm |_; _;-|;7ķ _b]_ �Ĺ� u-|bo |u;-|l;m|ĺ �ѴѴ o|_;u u-Ŋ
|bov 7b7 mo| 7b==;u vb]mb=b1-m|Ѵ� =uol Əĺ

ƒĺѵ | "|ob1_bol;|u� -m7 �&� 1om|;m| o= Ѵ;-=
Ѵb||;uv -m7 0bo=bѴlv

�mb|b-ѴѴ�ķ _-�;Ѵ Ѵ;-= Ѵb||;u bm|uo7�1;7 bm � 0-]v 1om|-bm;7 ƓƑĺѶѷ o= �ķ
ƐĺƑѷ o= �ķ -m7 ƏĺƏƑѷ o= �ķ u;v�Ѵ|bm] bm �Ĺ�ķ �Ĺ�ķ -m7 �Ĺ� loѴ-u u-|bov
o= ƓƑĺƐķ ƐƓƖĺƏķ -m7 ѵķƑƑƓĺƔķ u;vr;1|b�;Ѵ�ĺ �=|;u ƔƑ 7-�v o= 1om7b|bombm]ķ
Ѵ;-= Ѵb||;uv 1om|-bm;7 ƓƐĺƑѷ o= �ķ ƐĺƔѷ o= � -m7 ƏĺƏƔѷ o= �ķ u;v�Ѵ|bm] bm
�Ĺ�ķ �Ĺ�ķ -m7 �Ĺ� u-|bov o= ƒƐĺƔ Ƽ ƑĺƏķ ѵѶĺƒ Ƽ ƕĺƏķ -m7 ƑķƐƔƒĺƏ Ƽ ƑƑƕĺѵķ
u;vr;1|b�;Ѵ� Ő$-0Ѵ; Ƒőĺ "|-|bv|b1-Ѵ -m-Ѵ�v;v u;�;-Ѵ;7 mo vb]mb=b1-m| ;==;1|
o= |;lr;u-|�u; -m7 7bvvoѴ�;7 �Ĺ� u-|bo Ő bm bm|;u-1|bom ou -v vblrѴ; -7Ŋ
7b|b�; =-1|ouvő om Ѵ;-= Ѵb||;u �Ĺ�Ĺ� u-|bov Ő���(�ķ -ѴѴ p ƻ ƏĺƏƔĸ $-0Ѵ; Ƒőĺ

�=|;u Ɣѵ 7-�vķ 0bo=bѴl v|ob1_bol;|u� 7b7 mo| 7b==;u vb]mb=b1-m|Ѵ�
0;|�;;m |u;-|l;m|v Ő$-0Ѵ; Ƒőĺ �m 1om|u-v|ķ =-||� -1b7 ruo=bѴ;v �;u;
-==;1|;7 0� 7bvvoѴ�;7 �Ĺ� u-|bovĺ �omvb7;ubm] 0bo=bѴlv =uol |_; =o�u
|u;-|l;m|vķ -0o�| ƖƏѷ o= |o|-Ѵ =-||� -1b7v �;u; b7;m|b=b;7 -m7 |_;v;
=-||� -1b7 �;u; u;ru;v;m|;7 bm -�;u-]; 0� ƒƓѷ o= v-|�u-|;7 =-||�
-1b7vķ ƒƒѷ o= lomo�mv-|�u-|;7 =-||� -1b7vķ -m7 ƑƓѷ o= roѴ��mv-|Ŋ
�u-|;7 =-||� -1b7vĺ �bo=bѴlv 1om|-bm;7 ru;7olbm-m|Ѵ� r-Ѵlb|oѴ;b1
-1b7 ŐƐѵĹƐωƕőķ r-Ѵlb|b1 -1b7 ŐƐѵĹƏőķ ;b1ov-r;m|-;mob1 -1b7 ŐƑƏĹƔωƒő
-m7 l�ubv|b1 -1b7 ŐƐƓĹƏőķ |_;v; =-||� -1b7v u;ru;v;m|bm] u;vr;1|b�;Ѵ�
ƑѶĺƖ Ƽ ƒĺƔѷķ ƐƖĺƖ Ƽ ƑĺƔѷķ ƕĺƕ Ƽ Ɛĺƒѷķ -m7 ƕĺƑ Ƽ ƏĺƖѷ o= |o|-Ѵ =-||�
-1b7vĺ �o|_ 1om1;m|u-|bomv o= ƐѶĹƒω3 and 20:5ωƒ �;u; vb]mb=b1-m|Ѵ�
bm1u;-v;7 bm |_; _b]_ �Ĺ� 1_-mm;Ѵv �_;m 1olr-u;7 |o Ѵo� �Ĺ� 1_-mŊ
m;Ѵv Őp ƺ ƏĺƏƏƐőĺ �m 1om|u-v|ķ ƑƏĹƔωƒ �;u; vѴb]_|Ѵ� u;7�1;7 bm _;-|;7
1_-mm;Ѵv �_;m 1olr-u;7 |o -l0b;m| 1_-mm;Ѵv Őp ƺ ƏĺƏƔőķ �_bѴ; mo
bm|;u-1|bomv 0;|�;;m |;lr;u-|�u; -m7 �Ĺ� u-|bov �;u; ;�b7;m1;7
m;b|_;u om ƐѶĹƒω3 nor on 20:5ωƒ 0bo=bѴl 1om|;m|ĺ

ƒĺƕ | �-1uoŊbm�;u|;0u-|; u;vromv;v |o
|;lr;u-|�u; -m7 m�|ub;m|v

�mb|b-ѴѴ�ķ ƑƔƖ Gammarus fossarum o= hmo�m Ѵ;m]|_ Ől;-m Ƽ SD: 
ƔĺƏƕ Ƽ ƐĺƒƑ llķ vou|;7 bm |_u;; vb�; 1Ѵ-vv;vő �;u; bm|uo7�1;7 bm
;-1_ 1_-mm;Ѵĺ �=|;u Ɣѵ 7-�vķ l;-m ]uo�|_ u-|;v ŐƼ SDő o= ]-lŊ
l-ub7 ror�Ѵ-|bom u;-1_;7 ƏĺƏƏƔƐ Ƽ ƏĺƏƏƏƑ 7-�–1 bm _;-|;7 1_-mŊ
m;Ѵvķ -m7 ƏĺƏƏƒѵ Ƽ ƏĺƏƏƏƐ 7-�–1 bm -l0b;m| 1_-mm;Ѵvķ =ou - l;-m
Ѵ;m]|_ ŐƼ SDő o= ѵĺƕƏ Ƽ ƐĺƓƒ ll -m7 ѵĺƑƒ Ƽ Ɛĺƒƕ ll bm _;-|;7 -m7
-l0b;m| 1_-mm;Ѵv u;vr;1|b�;Ѵ� Ő$-0Ѵ; ƒőĺ $_; =-v|;u ]uo�|_ o= ]-lŊ
l-ub7v ror�Ѵ-|bom �-v o0v;u�;7 =ou |_ov; rѴ-1;7 bm _;-|;7 1_-mŊ
m;Ѵv Őb]�u; ѵőķ �b|_ - Ѵ-u];u v_b=| o= |_; -vvo1b-|;7 7;mvb|� 1�u�;v

 ��&!� Ɣ ��-Ѵ�-|bom o= |_;
bm�;u|;0u-|; 1omv�l;u blr-1|v om
u-|;v o= Ѵ;-=ŊѴb||;u 7;1olrovb|bom Ő-ĸ
1-Ѵ1�Ѵ-|;7 -v |_; ѴmŊ|u-mv=oul;7 u-|bo o=
k�� on k�ő -m7 0bo=bѴl ruo7�1|bom Ő0ĸ
1-Ѵ1�Ѵ-|;7 -v |_; ѴmŊ|u-mv=oul;7 u-|bo
o= 0bo=bѴl rb]l;m|v 1om1;m|u-|bom �b|_
bm�;u|;0u-|;v Œ�rv|u;-lœ om 1om1;m|u-|bom
�b|_o�| bm�;u|;0u-|;v Œ7o�mv|u;-lœő bm
|_; =o�u 7b==;u;m| |u;-|l;m|vĺ �uuou 0-uv
1ouu;vrom7 |o ƖƔѷ 1om=b7;m1; bm|;u�-Ѵv



|o Ѵ-u];u vb�;v bm 1olr-ubvom �b|_ ]-ll-ub7v ]uo�m bm -l0b;m|
1_-mm;Ѵvĺ �;1-�v; o= |_; momŊmoul-Ѵb|� o= |_; u;vb7�-Ѵv o= |_;
��� lo7;Ѵķ |_; ;==;1| o= |;lr;u-|�u; -m7 m�|ub;m|v om ]-ll-ub7
Ѵ;m]|_ �-v -vv;vv;7 �vbm] �u�vh-ѴŊ)-ѴѴbv l�Ѵ|bŊ1olr-ubvom |;v|ĺ �|
u;�;-Ѵ;7 - vb]mb=b1-m| 7b==;u;m1; 0;|�;;m |_; Ѵ;m]|_ o= ]-ll-ub7v
=o�m7 bm _;-|;7 -m7 -l0b;m| 1_-mm;Ѵvķ 0�| mo| 0;|�;;m _b]_ -m7
Ѵo� �Ĺ� 1_-mm;Ѵv Őp Ʒ ƏĺƏƔķ �om=;uuomb -7f�v|;7őĺ �;-m lou|-Ѵb|�
u-|; ŐƼ SDő o= l-1uoŊbm�;u|;0u-|;v bm -ѴѴ 1_-mm;Ѵv -=|;u Ɣѵ 7-�v �-v
ƓѵĺƒƏ Ƽ ƐƒĺƏƑѷ =ou Gammarus fossarumķ Ɠѵĺƒƒ Ƽ ƖĺƔƕѷ =ou Epeorus 
vrrĺķ Ɛƒĺƒƒ Ƽ ƐƔĺƔƕѷ =ou Odontocerum vrrĺ -m7 Ɛѵĺѵƕ Ƽ ƑƒĺѶƕѷ =ou
Sericostoma vrrĺ Ő$-0Ѵ; ƒőķ |_;v; lou|-Ѵb|b;v 0;bm] bm7;r;m7;m| o=
|_; |u;-|l;m|vĺ

Ɠ | 	�"�&""���

$_; l-bm o0f;1|b�; o= |_bv v|�7� �-v |o bm�;v|b]-|; |_; ro|;m|b-Ѵ
bm|;u-1|b�; ;==;1|v o= |;lr;u-|�u; -m7 7bvvoѴ�;7 �Ĺ� u-|bo bm �-|;u
om |_; u;Ѵ-|b�; blrou|-m1; o= 0uo�m -m7 ]u;;m ruo1;vv;v o11�uubm]
bm v|u;-l ;1ov�v|;lv -m7ķ bm |�umķ om |_;bu bm�;u|;0u-|; 1omv�l;uvĺ
$o 7-|;ķ lov| v|�7b;v 7;-Ѵbm] �b|_ |_bv t�;v|bom �;u; 1om7�1|;7 bm
_b]_Ѵ� vblrѴb=b;7 1om7b|bomvĺ �o�;�;uķ |_;v; ;==;1|v lb]_| Ѵ-u];Ѵ�
7b==;u �_;m bm�;v|b]-|;7 bm lou; 1olrѴ;� v�v|;lvķ u;ru;v;m|bm]
7b�;uv; _-0b|-|vķ u;vo�u1;vķ -m7 vr;1b;v bm|;u-1|bomvķ -v �;ѴѴ -v 7b=Ŋ
=;u;m| |uor_b1 Ѵ;�;Ѵv Ő)oo7�-u7 ;| -Ѵĺķ ƑƏƐƏőĺ ��u u;v�Ѵ|v u;�;-Ѵ;7
1olrѴ;� vbm]Ѵ; -m7 1ol0bm;7 ;==;1|v o= |_; |�o r-u-l;|;uv |;v|;7
om 7b==;u;m| =�m1|bom-Ѵ ruo1;vv;vķ �m7;uѴbmbm] |_; blrou|-m1; o= bmŊ
1Ѵ�7bm] ;1oѴo]b1-Ѵ 1olrѴ;�b|�ĺ

ƓĺƐ | �==;1|v o= |;lr;u-|�u; -m7 �-|;u �Ĺ� u-|bo om
lb1uo0b-Ѵ 7;1olrov;uŋrubl-u� ruo7�1;u bm|;u-1|bomv

�b1uo0b-Ѵ 7;1olrovb|bom bv - h;� ;1ov�v|;l ruo1;vvķ ;vr;1b-ѴѴ� bm
=ou;v|;7 _;-7�-|;u v|u;-lv �_;u; -ѴѴo1_|_omo�v 7;|ub|�v 1omv|bŊ
|�|;v |_; l-bm bmr�| o= m�|ub;m|v -m7 ;m;u]� =ou v|u;-l =oo7 �;0v
Ő)-ѴѴ-1; ;| -Ѵĺķ ƐƖƖƕőĺ �mou]-mb1 m�|ub;m|vķ -m7 � bm r-u|b1�Ѵ-uķ -u; 7bŊ
u;1|Ѵ� bm1ourou-|;7 bm =�m]-Ѵ 0bol-vv -m7 v|bl�Ѵ-|; l�1;Ѵb-Ѵ ]uo�|_
-m7 -1|b�b|� Ő��Ѵbv ;| -Ѵĺķ ƑƏƐƕőĺ �b1uo0b-Ѵ 7;1olrovb|bom bv -Ѵvo -
|;lr;u-|�u;Ŋ7;r;m7;m| ruo1;vv |_-| bv ;�r;1|;7 |o 0;m;=b| =uol bmŊ
1u;-v;7 |;lr;u-|�u;v ŐoѴѴv|-7 "_-_ ;| -Ѵĺķ ƑƏƐƕőĺ �o|_ r-u-l;|;uv
�;u; |_�v ;�r;1|;7 |o vr;;7 �r lb1uo0b-Ѵ 7;1olrovb|bom ruo1;vv;vķ
;b|_;u bm7;r;m7;m|Ѵ� ou bm|;u-1|b�;Ѵ�ĺ �o�;�;uķ 1om|u-u� |o ;�r;1Ŋ
|-|bomvķ o�u v|�7� 7b7 mo| u;�;-Ѵ -m� vb]mb=b1-m| ;==;1| o= �-|;u �Ĺ�
u-|bo -m7 |;lr;u-|�u; om |_; lb1uo0b-Ѵ 7;1olrovb|bom o= _-�;Ѵ Ѵ;-=
Ѵb||;uĺ "blbѴ-uѴ�ķ =�m]-Ѵ 0bol-vv -m7 vrou; ruo7�1|bomķ -m bm7b1-|ou o=
=�m]-Ѵ -1|b�b|�ķ �;u; omѴ� lo7;u-|;Ѵ� -==;1|;7 0� |_; 7b==;u;m| |u;-|Ŋ
l;m|vĺ �m]-Ѵ ]uo�|_ �-v vѴb]_|Ѵ� 7;Ѵ-�;7 bm |_; _b]_ �Ĺ�ķ _;-|;7
|u;-|l;m|ķ �_bѴ; vrou; ruo7�1|bom �-v omѴ� v|bl�Ѵ-|;7 0� |;lr;u-Ŋ
|�u; om |_; Ѵ-v| 7-|; o= |_; ;�r;ubl;m|ĺ $_;v; u;v�Ѵ|v 1om|u-v| �b|_
|_ov; =uol ru;�bo�v v|�7b;v |_-| u;rou|;7 -m bm1u;-v; bm lb1uo0b-ѴѴ�
7ub�;m 7;1olrovb|bom -m7 =�m]-Ѵ -1|b�b|b;v �m7;u bm1u;-v;7 m�|ubŊ
;m| -�-bѴ-0bѴb|� Ő��Ѵbv ş "�0;uhuorrķ ƑƏƏƒőķ |;lr;u-|�u; Ő;uu;bu- ş
�_-��;|ķ ƑƏƐƐ-őķ ou 0o|_ vbl�Ѵ|-m;o�vѴ� Ő;um-m7;vķ ";;m-ķ �-v1o-Ѵķ
ş vvboķ࢙� ƑƏƐƓĸ ;uu;bu- ş �_-��;|ķ ƑƏƐƐ0őĺ �;�;u|_;Ѵ;vvķ o�u u;Ŋ
v�Ѵ|v -u; 1omvbv|;m| �b|_ |_ov; o= |�o u;1;m| =b;Ѵ7 v|�7b;v Ő�ovvb-��ķ
�-0boѴķ �o�rbmķ �_-��;|ķ ş uoѴ7ķ࣐�� ƑƏƐƖĸ ��;u࣐ ;| -Ѵĺķ ƑƏƐѶő |_-|
v�]];v| |_-| lb1uo0b-Ѵ -1|b�b|� 1-m 0; _b]_Ѵ� v;mvb|b�; |o o|_;u

$���� Ƒ �;-= Ѵb||;u -m7 0bo=bѴl �Ĺ�ķ �Ĺ�ķ -m7 �Ĺ� loѴ-u u-|bov -m7 0bo=bѴl 1om|;m| bm |_; l-bm roѴ��mv-|�u-|;7 =-||� -1b7v l;-v�u;7 om
|_; Ѵ-v| 7-|; o= |_; ;�r;ubl;m| Ő7-� Ɣѵő

�l0b;m|ķ NĹ� _b]_ �l0b;m|ķ NĹ� Ѵo� �;-|;7ķ NĹ� _b]_ �;-|;7ķ NĹ� Ѵo�

�;-= Ѵb||;u Ő=bm;Ŋl;v_ 0-]vő

�Ѵ;l;m|-Ѵ 1olrovb|bom

ѷ� ƓƏĺƏƖ Ƽ ƒĺƒƖ ƒƖĺƏƓ Ƽ ƒĺƏƐ ƒѵĺƒƖ Ƽ ѶĺƏѵ ƒѶĺƐƓ Ƽ ƒĺƔƏ

�Ĺ� ƒƒĺƑƐ Ƽ ƑĺƓƓ ƒƐĺƔƑ Ƽ ƑĺƒƏ ƒƐĺƑƖ Ƽ ƑĺƐƓ ƒƐĺƐƕ Ƽ ƑĺƖƕ

�Ĺ� ƑķƒƔѵĺѶƖ Ƽ ƑƕѶĺƔƐ ƐƖƔѶĺѶƓ Ƽ ƑƐƏĺѶƖ ƑķƏƓƑĺƑƓ Ƽ ƓƐѵĺƑƓ ƑķƑƐƖĺƏƓ Ƽ ƒƓƒĺƏѵ

�Ĺ� ƕƐĺƐƔ Ƽ ѶĺѶƑ ѵƑĺƐѵ Ƽ ƔĺƑѵ ѵƔĺƏƏ Ƽ ƐƐĺƓƕ ƕƏĺƖѶ Ƽ ѵĺƓѵ

�bo=bѴl Ő7o�mv|u;-lő

�Ѵ;l;m|-Ѵ 1olrovb|bom

ѷ� ƐƔĺƕѵ Ƽ Ƒĺѵƒ ƐƑĺƔѵ Ƽ ƑĺƓƏ ƐƓĺѶѶ Ƽ ƑĺѵƐ ƐƓĺƑƓ Ƽ ƒĺƐƔ

�Ĺ� ƐƓĺƔѵ Ƽ ƐĺƔƓ ƐƔĺƕƐ Ƽ ƑĺƏƏ ƐƓĺƖƑ Ƽ ƑĺƐƖ ƐѶĺƐƓ Ƽ ƓĺƓƑ

�Ĺ� ƑƔƔĺƐƖ Ƽ ƐƐƔĺƏƓ ƐƖƕĺƏѵ Ƽ ƕƔĺѶƑ ƑƑƒĺƓƑ Ƽ ƔƑĺѶƏ ƑƐƐĺƐƑ Ƽ ѵƐĺƖƏ

�Ĺ� ƐƕĺƒƐ Ƽ ѵĺƔƐ� ƐƑĺƑƖ Ƽ ƒĺƒƓ� ƐƔĺƏƔ Ƽ ƒĺƐƑ� ƐƐĺƕƏ Ƽ ƑĺƐƐ�

�-bm �&� 1om|;m| Ő]ņl] 	)ő

ƐѶĹƒω3 ƏĺƐƔ Ƽ ƏĺƏƒ� ƏĺƏѶ Ƽ ƏĺƏƒ� ƏĺƐƒ Ƽ ƏĺƏѵ� ƏĺƏѵ Ƽ ƏĺƏƑ�

20:5ω3 ƐĺƖƕ Ƽ ƏĺƏƕ�Ŗ ƐĺƑѵ Ƽ ƏĺƒѶ�Ŗ ƐĺƖƏ Ƽ Əĺƒƕ� ƐĺƑƏ Ƽ ƏĺƑƒ�

22:6ω3 ƏĺƐƓ Ƽ ƏĺƏƐ ƏĺƏƖ Ƽ ƏĺƏƒ ƏĺƐƒ Ƽ ƏĺƏƓ ƏĺƏѶ Ƽ ƏĺƏƐ

"�l o= �&�v ѵĺƓƔ Ƽ ƏĺƓƏ ƓĺƐƒ Ƽ ƐĺƐƔ ƔĺѵƓ Ƽ ƐĺƐѵ ƒĺƕƖ Ƽ Əĺѵƒ

Note: (-Ѵ�;v -u; l;-m ŐƼ SDķ n Ʒ ƒőĺ �;||;uv bm7b1-|; - vb]mb=b1-m| ;==;1| o= �-|;u �Ĺ� Ѵ;�;Ѵĸ Ŗ bm7b1-|;v - vb]mb=b1-m| ;==;1| o= |;lr;u-|�u;ĸ mo
bm|;u-1|bom �-v ;�b7;m1;7ĺ



;1oѴo]b1-Ѵ �-ub-0Ѵ;v Ő;ĺ]ĺ v;-vom-Ѵ �-ub-|bomvķ bm|;u-1|bomv �b|_ o|_;u
0boѴo]b1-Ѵ 1olr-u|l;m|vőĺ $_;v; 1om|u-v|;7 o0v;u�-|bomv ;lr_-Ŋ
vbv; |_; m;;7 |o 1omvb7;u lou; 7b�;uvb=b;7 v�v|;lv �_;m -vv;vvbm]
|_; ;==;1|v o= 1olrѴ;� ;m�buoml;m|-Ѵ 1_-m];vĺ

�;-=ŊѴb||;u t�-Ѵb|� l-� _-�; 0;;m -lom] |_; =-1|ouv |_-| u;7�1;7
|_; ;==;1| o= |;lr;u-|�u; -m7 m�|ub;m|v om lb1uo0b-Ѵ 7;1olrovb|bomĺ
�m - l;|-Ŋ-m-Ѵ�vbv om m�|ub;m| ;mub1_l;m| ;==;1|v om Ѵ;-=ŊѴb||;u 7;Ŋ
1olrovb|bomķ ;uu;bu- ;| -Ѵĺ ŐƑƏƐƔő v_o�;7 |_-| blr-1|v o= m�|ub;m|
;mub1_l;m| �;u; l-�blbv;7 om Ѵo�Ŋt�-Ѵb|� v�0v|u-|;vĺ $_; �v; o= -
Ѵo�Ŋu;=u-1|ou� u;vo�u1; bm o�u ;�r;ubl;m| lb]_| |_�v _-�; u;7�1;7
|_; l-]mb|�7; o= |_; u;vromv; |o |_; m�|ub;m| |u;-|l;m|ĺ �m -77bŊ
|bom |o |_bv _�ro|_;vbvķ |_; r�|-|b�; uoѴ; o= 1olr;|b|bom 0;|�;;m
lb1uo0b-Ѵ 7;1olrov;uv -m7 r_o|o|uor_b1 0bo=bѴlv om Ѵ;-=ŊѴb||;u
7;1olrovb|bom �-v vr;1b=b1-ѴѴ� |;v|;7 bm |_bv ;�r;ubl;m|ĺ �m7;;7ķ
0o|_ rubl-u� ruo7�1;uv -m7 7;1olrov;uv 1olr;|; =ou |_; v-l; bmŊ
ou]-mb1 m�|ub;m|v Ő	-�=u;vm; ş �ou;-�ķ ƑƏƏƐőķ -m7 -m� =-1|ou |_-|
1o�Ѵ7 =-�o�u |_; 7;�;Ѵorl;m| o= om; 0boѴo]b1-Ѵ 1olr-u|l;m| 1o�Ѵ7ķ
bm |�umķ m;]-|b�;Ѵ� -==;1| |_; o|_;u om;ĺ $o 7-|;ķ �;u� =;� 7-|- -u;
-�-bѴ-0Ѵ; 1om1;umbm] |_; bm|;u-1|bomv o= rubl-u� ruo7�1;uv -m7 7;Ŋ
1olrov;uv bm =ou;v|;7 _;-7�-|;u v|u;-lvĺ "ol; u;v�Ѵ|v v�]];v|;7
|_-| -t�-|b1 =�m]b 1o�Ѵ7 1om|uoѴ -Ѵ]-Ѵ ]uo�|_ ;b|_;u |_uo�]_ _b]_;u

1olr;|b|b�; 1-r-0bѴb|b;v =ou m�|ub;m|v Ő	-m];uķ �oum�|ķ ;| -Ѵĺķ ƑƏƐƒő
ou |_uo�]_ |_; ruo7�1|bom o= -ѴѴ;Ѵor-|_b1 1olro�m7v Ő�ѴѴ;m ;| -Ѵĺķ
ƑƏƐƕőĺ �m -77b|bomķ -Ѵ]-Ѵ ;��7-|bomķ ;�-1;u0-|;7 0� m�|ub;m| 7;rѴ;Ŋ
|bomķ 1o�Ѵ7 m;]-|b�;Ѵ� ou rovb|b�;Ѵ� blr-1| Ѵ;-=ŊѴb||;u 7;1olrovb|bom
|_uo�]_ rublbm] ;==;1| l;1_-mbvlv Ő	-m];uķ �oum�|ķ ;| -Ѵĺķ ƑƏƐƒĸ
�-Ѵ�ouvom ;| -Ѵĺķ ƑƏƐѶĸ ��;_m ;| -Ѵĺķ ƑƏƐƓőĺ �m _;-7�-|;u v|u;-lvķ bm
-77b|bom |o Ѵo� Ѵb]_| Ѵ;�;Ѵv Ő�bѴѴķ !�omķ ş "1_bѴѴbm]ķ ƐƖƖƔőķ r_o|o|uoŊ
r_b1 0bo=bѴl 7;�;Ѵorl;m| 1-m 0; 1omv|u-bm;7 0� Ѵo� |;lr;u-|�u;
Ő	;Ѵ]-7oķ �Ѵl;b7-ķ �Ѵb-vķ ;uu;bu-ķ ş �-m_o|oķ ƑƏƐƕő -m7 7bvvoѴ�;7
m�|ub;m| 1om1;m|u-|bomv Ő�-o ;| -Ѵĺķ ƑƏƐƖĸ ��uv|;m;u ;| -Ѵĺķ ƑƏƐѶőĺ
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|b1�Ѵ-uѴ� -| |_; ;m7 o= |_; ;�r;ubl;m| �_;m -bu |;lr;u-|�u;v 7uorr;7
0;Ѵo� �;uo ŐŦ�őĺ

ƓĺƑ | �==;1|v o= |;lr;u-|�u; -m7 �-|;u �Ĺ� u-|bo
om |_; |orŊ7o�m 1om|uoѴ o= _b]_;u |uor_b1 Ѵ;�;Ѵv

�Ѵ|_o�]_ lb1uo0b-ѴѴ� 7ub�;m 7;1olrovb|bom u;l-bm;7 vblbѴ-u bm -ѴѴ
|u;-|l;m|vķ �; o0v;u�;7 |_-| ;�;m - vѴb]_| ;Ѵ;�-|bom bm �-|;u |;lr;u-Ŋ
|�u; ŐƳƑŦ�ő �-v -0Ѵ; |o vb]mb=b1-m|Ѵ� ;m_-m1; |_; o�;u-ѴѴ 7;1olrovbŊ
|bom u-|;v Ő;mv�u;7 0� 0o|_ lb1uoou]-mbvlv -m7 l-1uoŊbm�;u|;0u-|;vő
bm 1olr-ubvom �b|_ -l0b;m| 1_-mm;Ѵvĺ $_�vķ |;lr;u-|�u; lb]_| _-�;

v|bl�Ѵ-|;7 7;|ub|b�ouo�v bm�;u|;0u-|;vĽ -1|b�b|� -m7 Ѵ;-=ŊѴb||;u 1omv�lrŊ
|bom u-|;ĺ �;-=ŊѴb||;u 1omv�lr|bom bv ];m;u-ѴѴ� u;Ѵ-|;7 |o |_; 7;]u;; o=
lb1uo0b-Ѵ 7;�;Ѵorl;m| Ő�u-2-ķ �-Ѵ|0�ķ ş �-Ѵo�ķ ƐƖƖƒĸ 	-m];u ;| -Ѵĺķ
ƑƏƐƑőĺ �m o�u ;�r;ubl;m|ķ |_; bm1u;-v; bm Ѵ;-=ŊѴb||;u 1omv�lr|bom �-v
1;u|-bmѴ� bm7;r;m7;m| o= Ѵ;-=ŊѴb||;u lb1uo0b-Ѵ 1om7b|bombm]ķ vbm1; lbŊ
1uo0b-Ѵ 0bol-vv �-v mo| v|bl�Ѵ-|;7 0� |;lr;u-|�u;ĺ � v|bl�Ѵ-|bom o=
bm�;u|;0u-|; l;|-0oѴbvl bv |_�v - lou; rѴ-�vb0Ѵ; ;�rѴ-m-|bom =ou |_bv
rovb|b�; u;vromv; o= Ѵ;-=ŊѴb||;u l-vv Ѵovv bm _;-|;7 1_-mm;Ѵvĺ �m 1om|u-v|
|o |;lr;u-|�u;ķ m�|ub;m|v v�rrѴ� 7b7 mo| vb]mb=b1-m|Ѵ� bm=Ѵ�;m1; o�;u-ѴѴ
7;1olrovb|bom u-|;vĺ �o�;�;uķ �_;m bm�;v|b]-|bm] |_; u-|bo o= �� |o
� 7;1olrovb|bom u-|;vķ |_; ru;v;m1; o= bm�;u|;0u-|;v �-v v_o�m |o
vb]mb=b1-m|Ѵ� 1_-m]; Ѵ;-=ŊѴb||;u 7;1olrovb|bom omѴ� bm |_; Ѵo�;u�Ĺ� 1omŊ
7b|bomvĺ $_;v; o0v;u�-|bomv 1om|u-v| �b|_ |_; u;v�Ѵ|v =uol �o]_-7-l
-m7 ,bll;u ŐƑƏƐѵő �_o o0v;u�;7 |_-| vbl�Ѵ|-m;o�v bm1u;-v; bm m�|ubŊ
;m| 1om1;m|u-|bom -m7 |;lr;u-|�u; -11;Ѵ;u-|;7 Ѵb||;u 7;1olrovb|bom -v
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