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0-v;7� �rom� o�u� u;v�Ѵ|vķ� 1olr-u;7� |_;� l;-mv� 0;|�;;m� u;vb7;m|v�
-m7�lb]u-m|v��vbm]�-�)bѴ1o�om�vb]m�|;v|� bm�|_;�!�r-1h-];� ļ]]r�0uĺĽ�
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1o�;u-];�7-|-�0;bm]�-m-Ѵ��;7ĸ�0�|�|_;�o�;u-ѴѴ�|u;m7v� bm�ror�Ѵ-|bom�
v|u�1|�u;�-u;�1Ѵ;-u�-m7�v�rrou|;7�0��-77b|bom-Ѵ�-m-Ѵ�v;vĺ


 ��&!� �ƑՊ�olr-ubvomv�o=�F�v|-|bv|b1v�0;|�;;m��&�)�lb]u-|ou��-m7�u;vb7;m|�0u;;7bm]�vb|;vĺ���1;r|bom�u;vb7;m|�vb|;v�|_-|�-u;�mo|�
v|u�1|�u;7�=uol�|_;�lb]u-m|�vb|;v�-u;�]uo�r;7��b|_�u;vb7;m|�0u;;7bm]�vb|;vĺ�Ő-ő�!;vb7;m|v�-u;�vb]mb=b1-m|Ѵ��lou;�7b==;u;m|b-|;7�=uol�om;�
-mo|_;u�|_-m�lb]u-m|v�ŐWՓ=ՓƑѵķ�pՓ<ՓƏĺƏƏƐőĺ�Ő0ő�!;vb7;m|v�;�_b0b|�vb]mb=b1-m|�bvoѴ-|bomŊ0�Ŋ7bv|-m1;�ŐrՓ=ՓƏĺѵƕķ�pՓ=ՓƏĺƏƏƓő��_bѴ;�lb]u-m|v�7o�mo|�
(rՓ=ՓƴƏĺƏƓķ�pՓ=ՓƏĺƔѶőĺ�Ő1ő��m0u;;7bm]�bv�vb]mb=b1-m|Ѵ��_b]_;u�bm�u;vb7;m|v�|_-m�lb]u-m|v�ŐWՓ=ՓƐƑѶƔķ�pՓ<ՓƏĺƏƏƐőĺ

(a) (b) (c)


 ��&!� �ƒՊ����Ő-ő�-m7�l-r�Ő0ő�rou|u-�bm]�];m;ŋ;m�buoml;m|�1ouu;Ѵ-|bomv�-vvo1b-|;7��b|_�lb]u-|ou��0;_-�bou�-1uovv�|_;��&�)�u-m];ĺ�
�oѴouv�-u;�0-v;7��rom�ƐƏķƏƏƏ�u-m7ol�robm|v�-1uovv�|_;�0u;;7bm]�u-m];ķ�0�|�bv�u;v|ub1|;7�|o�|_;�&ĺ"ĺ�7�;�|o�|_;�-�-bѴ-0bѴb|��o=�|_;�Ѵ-m71o�;u�
7-|-ĺ�Ő-ő�����o=�1Ѵbl-|;��-ub-0Ѵ;v��b|_����v1ou;v�-vvo1b-|;7��b|_�v-lrѴ;�vb|;v�bm7b1-|;7��b|_�v�l0oѴv�|_-|�l-|1_�
b]�u; 1ĺ��uuo�v�bm7b1-|;�
|_;�Ѵo-7bm]v�o=�|orŊu-mh;7��-ub-0Ѵ;v�b7;m|b=b;7�0��]u-7b;m|�=ou;v|�-m-Ѵ�vbvĺ�Ő0ő��-r�o=�ruof;1|;7�����1ouu;Ѵ-|bomv�-1uovv�|_;��&�)�u-m];�
-m7�v-lrѴ;�vb|;v�bm7b1-|;7�-v�bm�
b]�u; 1.
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$_;v;�v-l;�r-||;umv�-u;�=�u|_;u�v�rrou|;7�0��-m-Ѵ�v;v�o=� ��	�
-m7�bm0u;;7bm]ĺ�)_bѴ;�lb]u-|ou��vb|;v�7o�mo|�=oѴѴo��-�r-||;um�o=���	ķ�
|_;�1ouu;Ѵ-|bom�0;|�;;m�];m;|b1�7b==;u;m|b-|bom�-m7�];o]u-r_b1�7bvŊ
|-m1;� bv�vb]mb=b1-m|�-m7�rovb|b�;�-lom]�|_;�u;vb7;m|�0u;;7bm]�vb|;v�
(
b]�u; 2bĸ��-m|;Ѵŝv�rՓ=ՓƏĺѵƕƔķ�pՓ<ՓƏĺƏƐőĺ�$_bv�v�]];v|v�_b]_�];m;�=Ѵo��
bm� |_;� =oul;u� -m7�7bv|-m1;Ŋu;v|ub1|;7ņv|;rrbm]Ŋv|om;�];m;� =Ѵo�� bm�
|_;�Ѵ-||;uĺ��;-m�_bѴ;ķ�u;v|ub1|bomv�om�];m;�=Ѵo��bm�u;vb7;m|v�-u;�-Ѵvo�
;�b7;m1;7�0��_b]_;u�l;-v�u;v�o=�bm7b�b7�-Ѵ�bm0u;;7bm]�1o;==b1b;m|vķ�
F�"ķ�bm�u;vb7;m|��;uv�v�|_;�lb]u-m|�ror�Ѵ-|bomv�Ő
b]�u; 2c; WՓ=ՓƐƑѶƔķ�
pՓ<ՓƏĺƏƏƐőĺ

$�o� vb|;vķ� om;� 1olrov;7� o=� v-lrѴ;v� 1oѴѴ;1|;7� =uol� 0�uuo�Ŋ
bm]� o�Ѵv� -uo�m7� �_o;mb�ķ� �,� Ő�,Ŋ�ő� -m7� -mo|_;u� bm� |_;� �lr;ub-Ѵ�
(-ѴѴ;�ķ� ��� Ő��Ŋ�lrőķ� -u;� ;�1;r|bomv� -lom]� |_;� u;vb7;m|� 0u;;7bm]�
vb|;vĺ�$_;v;�-u;-v�1-mmo|�0;�7bv|bm]�bv_;7�=uol�|_;�lb]u-m|v��vbm]�
���� Ő
b]�u; 1cő� -m7� 7o� mo|� =oul� bm7b�b7�-Ѵ� 1Ѵ�v|;uv� bm���"-7lb��
(
b]�u; 1a and 
b]�u; "Ɛőĸ� _o�;�;uķ� |_;v;� vb|;v� ;�_b0b|� _b]_;u� Ѵ;�Ŋ
;Ѵv� o=� bm0u;;7bm]� |_-m� o0v;u�;7� bm� lb]u-|ou�� vb|;vķ� ;vr;1b-ѴѴ�� -|�
�,Ŋ���_;u;�bm0u;;7bm]�-rr;-uv�|o�0;�|_;�_b]_;v|�o=�-ѴѴ�v|�7��vb|;v�
(
b]�u; "Ƒőĺ��;m;|b1�7b==;u;m|b-|bom�ŐF"$ő�bv�-Ѵvo�_b]_�0;|�;;m�|_;v;�
|�o�-u;-v�-m7�|_;�lb]u-|ou��vb|;v�Ő$-0Ѵ; "Ƒ).

ƒĺƒՊ |Պ �_;mo|�r;ŋ];mo|�r;ŋ;m�buoml;m|�-m-Ѵ�v;v

�=|;u� v�0v;||bm]� ror�Ѵ-|bomŊvr;1b=b1�lbmou� -ѴѴ;Ѵ;� =u;t�;m1�� =bѴ;v�
];m;u-|;7� bm� ���"	� =ou� |_;� |or� Ɛѷ� _b]_;v|� F"$� Ѵo1b� 0;|�;;m�
u;vb7;m|v�-m7�lb]u-m|v�-m7�7uorrbm]�Ѵo1b�u;Ѵ-|;7�|o�lbvvbm]�7-|-ķ�
�;��v;7�ѵƖƔƓ�"��v�=ou�]u-7b;m|�=ou;v|�-m-Ѵ�v;vĺ�$_;v;��;u;�|_;�
_b]_;v|�o=�ѶƐƔķƓƒѶ�|o|-Ѵ�Ѵo1b��b|_�rovb|b�;�F"$v�Ől;-m�F"$Փ=ՓƏĺƏƑƓő�
1omvb7;u;7�=ou�|_bv�-m-Ѵ�vbvĺ�$or� Ѵo1b��;u;�7bv|ub0�|;7�-1uovv�|_;�
];mol;�-m7�_-7�-m�-�;u-];�F"$�o=�ƏĺƑƏƔ� Ő"	Փ=ՓƏĺƏƒƖőĺ��=� |_;v;ķ�
ƒƓƔѶ� �;u;� rovb|b�;Ѵ�� 1ouu;Ѵ-|;7� �b|_� ;m�buoml;m|-Ѵ� �-ub-0Ѵ;vĺ�
!;r;-|;7� ]u-7b;m|� =ou;v|� u�mv� ŐNՓ=ՓƐƏő� 1omvbv|;m|Ѵ�� b7;m|b=b;7�
|_;�v-l;�|or�ƐƏ�;m�buoml;m|-Ѵ��-ub-0Ѵ;v�bm�|;ulv�o=�R2��;b]_|;7�
blrou|-m1;�bm�|_;�v-l;�ou7;u�0;|�;;m�u�mv�Ő
b]�u; "ƒőĺ�$_;�|or�
=o�u��m1ouu;Ѵ-|;7��-ub-0Ѵ;v��;u;ķ� bm�ou7;u�o=�u-mh;7�blrou|-m1;ķ�
lbmbl�l� |;lr;u-|�u;� o=� |_;� 1oѴ7;v|� lom|_� Ő�bo1Ѵbl� ѵőķ� r1mlƐ�
Őbm7;r;m7;m|� vr-|b-Ѵ� �-ub-0Ѵ;� r1Ɛőķ� 0-uu;mņor;m� Ѵ-m7� ŐѴ-m71o�;u�
1Ѵ-vv�ƒƐőķ� -m7�l;-m� |;lr;u-|�u;�o=� |_;� 1oѴ7;v|� t�-u|;u� Ő�bo1Ѵbl�
ƐƐőĺ�$_;�u;Ѵ-|b�;�v|u;m]|_�o=�|_;v;��-ub-0Ѵ;v�=ou�;�rѴ-bmbm]�];m;|b1�
7b==;u;m1;v�0;|�;;m�|_;�lb]u-|ou��-m7�u;vb7;m|�0u;;7bm]�vb|;v�bv�
�bv�-Ѵb�;7��b|_�|_;�����bm�
b]ĺ 3aķ�-m7�|_;v;�-u;�ruof;1|;7�-1uovv�
|_;�0�uuo�bm]�o�Ѵŝv�0u;;7bm]�u-m];�|o� =�u|_;u�;�-lbm;�|_;�u;Ѵ-Ŋ
|bomv_brv��b|_�lb]u-|ou��r_;mo|�r;v�Ő
b]ĺ 3bőĺ�$_;v;��;u;�|_;�|or�
=o�u��-ub-0Ѵ;v�bm�ou7;u�-1uovv�-ѴѴ�ƐƏ�;lrbub1-Ѵ�]u-7b;m|�=ou;v|�u�mvķ�
-m7�1olr-ubvomv�o=� |_;v;��-ub-0Ѵ;v�0;|�;;m�lb]u-|ou��-m7�u;vbŊ
7;m|�0u;;7bm]�vb|;v�bѴѴ�v|u-|;�-rr-u;m|�7b==;u;m1;v�-|�;-1_�om;�o=�
|_;v;�Ő
b]�u; "ѵ-ŋ7őĺ��o|;�|_-|���Ɛķ��_b1_�-11o�m|v�=ou�ror�Ѵ-Ŋ
|bom� v|u�1|�u;ķ� bv� |_;� ƐƐ|_�lov|� blrou|-m|� ;�rѴ-m-|ou�� �-ub-0Ѵ;ķ�
-m7�Ɩ�o=�ƐƏ��-ub-0Ѵ;v�|_-|�-u;�_b]_;u�-u;�;m�buoml;m|-Ѵ�Ő
b]�u; "ƒ). 
�lrbub1-Ѵ�o0v;u�-|bomv�o=�"��v��b|_�rovb|b�;�R2�-m7�|_;�-�;u-];�
R2� -1uovv� Ѵo1b� �;u;� vb]mb=b1-m|Ѵ�� _b]_;u� |_-m� bm� u-m7olb�-|bomv�
(
b]�u; "Ɠőĺ� �|� bv� mo|� v�urubvbm]� |_-|� r1mlƐķ� �_b1_� -11o�m|v� =ou�

vr-|b-Ѵ� -�|o1ouu;Ѵ-|bom� -lom]� |_;� v-lrѴ;� vb|;vķ� �o�Ѵ7� 0;� -� |or�
�-ub-0Ѵ;�-v��;�;�-lbm;7�0u;;7bm]�-]]u;]-|bomv��b|_�-�1Ѵ;-u�vr-Ŋ
|b-Ѵ�u;Ѵ-|bomv_br�Őbĺ;ĺķ�lb]u-|ou��ror�Ѵ-|bomv�bm�_b]_;u�Ѵ-|b|�7;v�-m7�
u;vb7;m|�ror�Ѵ-|bomv�bm�Ѵo�;uőĺ��m1Ѵ�7bm]�r1mlƐ�bm�o�u�-m-Ѵ�v;v�bv�
-�1omv;u�-|b�;�-rruo-1_ķ�-v�];m;|b1��-ub-m|v�|_-|�lb]_|�o|_;u�bv;�
0;�-vvo1b-|;7��b|_�o|_;u�;m�buoml;m|-Ѵ�ru;7b1|ouv�-u;�Ѵbmh;7�|o�b|�
bmv|;-7ĺ�
�u|_;ulou;ķ�|_;�|or�=o�u�lov|�blrou|-m|�Ѵo1b�=ou�;-1_�o=�
|_;�|or�=o�u�;m�buoml;m|-Ѵ��-ub-0Ѵ;v�b7;m|b=b;7�0��]u-7b;m|�=ou;v|�
-m-Ѵ�v;v� ;�_b0b|� -ѴѴ;Ѵ;� =u;t�;m1�� 7b==;u;m1;v� 0;|�;;m� u;vb7;m|v�
-m7�lb]u-m|v�|_-|�|u;m7��b|_�;m�buoml;m|-Ѵ��-ub-|bom�Ő
b]�u; "Ɣ).

ƒĺƓՊ |Պ �-m7b7-|;�Ѵo1b

$_;�A. c. cunicularia�];mol;ķ��b|_�-m��ƔƏ�o=�ƓƑ�Փ0r�o�;u�ƓƓƔ�v1-=Ŋ
=oѴ7vķ�bv�vb]mb=b1-m|Ѵ��Ѵ;vv�=u-]l;m|;7�|_-m�|_;�om;��;�ruo7�1;7�=ou�
A. c. hypugaea� Őv;;�";1|bom�3őĺ��;m1;ķ��vbm]� |_;�_b]_;u�t�-Ѵb|��];Ŋ
mol;�o=�|_bv�v�0vr;1b;v�bv��;ѴѴŊf�v|b=b;7ĺ��=�|_;�ƏĺƐѷ�lov|�7b==;u;mŊ
|b-|;7�Ѵo1b�0;|�;;m�lb]u-m|v�-m7�u;vb7;m|v�ŐNՓ=ՓƐƏƏƖőķ�ƖѵƏ�l-rr;7�
v�11;vv=�ѴѴ�� |o� |_;�A. c. cunicularia� ];mol;ĺ�)b|_bm� ƑƔķƏƏƏՓ0r� u;Ŋ
]bomv�-uo�m7�|_;v;�v�11;vv=�ѴѴ��l-rr;7�vb|;vķ�ƓƔƕ��mbt�;�];mb1�u;Ŋ
]bomv��;u;� b7;m|b=b;7� �vbm]� |_;� cunicularia� -mmo|-|bomķ� -m7�ƐƐѵ�o=�
|_;v;�_-7��mbt�;������b7;m|b=b;uvĺ�);�o0|-bm;7�-�Ѵbv|�o=�ƑƓ�u;1o]Ŋ
mb�;7� ];m;v��b|_bm� |_;v;� ];mb1� u;]bomv� Ő$-0Ѵ; "ƒőĺ��;m;� om|oѴo]��
-m-Ѵ�v;v��vbm]�|_;�1_b1h;m�-m7��;0u-�=bm1_�];mol;v�0o|_�u;�;-Ѵ;7�
;mub1_l;m|�bm�v;�;u-Ѵ�r-|_�-�v�-vvo1b-|;7��b|_�ruo1;vvbm]�=-|�Őbĺ;ĺķ�
Ѵbror_-]�ĸ�$-0Ѵ; "Ɠőĺ�$_bv��-v�|_;�omѴ��r-|_�-���b|_�vb]mb=b1-m|�;mŊ
ub1_l;m|ĺ�$_;u;��;u;�mo�];m;v�bm�1ollom��b|_�-�Ѵbv|�o=�ru;�bo�vѴ��
b7;m|b=b;7� ];m;v� u;Ѵ;�-m|� |o�lb]u-|ou�� 0;_-�bou� bm� 0bu7v� =oѴѴo�bm]�
�ovv��;|�-Ѵĺ�Ő2022).

ƓՊ |Պ	�"�&""���

)_bѴ;�b|�bv�];m;u-ѴѴ��-11;r|;7�|_-|�lb]u-|ou��0;_-�bou�bv�-m�-7-r|-Ŋ
|bom�|o�Ѵb=;�bm�v;-vom-Ѵ�;m�buoml;m|vķ�=;��v|�7b;v�_-�;�v�11;vv=�ѴѴ��
b7;m|b=b;7� ];m;|b1� -m7� ;m�buoml;m|-Ѵ� -vvo1b-|bomv� �m7;uѴ�bm]� |_bv�
h;��=b|m;vvŊѴbmh;7�|u-b|ĺ��;u;��;�1ol0bm;7�ror�Ѵ-|bom�-m7�Ѵ-m7v1-r;�
];molb1�-rruo-1_;v�|o�b7;m|b=��r�|-|b�;�;m�buoml;m|-Ѵ�-vvo1b-|bomv�
�b|_�];m;|b1�7b==;u;m|b-|bom�0;|�;;m�lb]u-m|�-m7�u;vb7;m|�0�uuo�bm]�
o�Ѵv�-1uovv��ou|_��l;ub1-ĺ�);�=o�m7�v|uom]�-vvo1b-|bomv�0;|�;;m�
|_;� |or�7b==;u;m|b-|;7� Ѵo1b�0;|�;;m�lb]u-m|�-m7�u;vb7;m|�0u;;7bm]�
0�uuo�bm]� o�Ѵv� -m7� ;m�buoml;m|-Ѵ� �-ub-0Ѵ;v� u;Ѵ-|;7� |o� 1oѴ7ķ� �bmŊ
|;u� |;lr;u-|�u;v� Őbĺ;ĺķ� |_;� 1oѴ7;v|�lom|_� -m7� |_;� 1oѴ7;v|� t�-u|;uĸ�

b]�u; "ѵ-ķ7ő� -m7� 0-uu;mķ� or;m� _-0b|-|� Ő
b]�u; "ѵ1őĺ� 
�u|_;ulou;ķ�
];m;� =Ѵo�ķ� ror�Ѵ-|bom� v|u�1|�u;ķ� -m7� bm0u;;7bm]� r-||;umv� Ѵ-u];Ѵ��
1o�Ѵ7�0;�;�rѴ-bm;7�0��0u;;7bm]�v|u-|;]�ĺ��b]u-|ou��0u;;7;uv�;�_b0Ŋ
b|;7�_b]_�];m;�=Ѵo��-m7� Ѵo�� bm0u;;7bm]ķ�-m7�u;vb7;m|�0u;;7;uv�;�Ŋ
_b0b|;7�Ѵblb|;7�];m;�=Ѵo��-m7�_b]_�bm0u;;7bm]ĺ�
�u|_;u�bm�;v|b]-|bom�
bm|o� |_;�r�|-|b�;� =�m1|bom�o=�];m;v��m7;uѴ�bm]�lb]u-|ou��0;_-�bou�
ruo�b7;v� =�u|_;u� bmvb]_|� bm|o� 7b==;u;m1;v� bm� |_;� =oulvķ� vr;1b=b1-ѴѴ��
bm7b1-|bm]� 7b==;u;m1;v� bm� ];m;v� Ѵbmh;7� |o�l;|-0oѴb1� ruo1;vv;v� Őbĺ;ĺķ�
Ѵbr_or_-]�őĺ� ��;u-ѴѴķ� o�u� u;v�Ѵ|v� _-�;� blrou|-m|� blrѴb1-|bomv� =ou�
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�m7;uv|-m7bm]� Ѵbmhv� 0;|�;;m� ];m;|b1� -m7� ;m�buoml;m|-Ѵ� �-ub-|bom�
�m7;uѴ�bm]�lb]u-|ou�� 0;_-�bou� -1uovv� vr;1b;v� -m7� =ou� |_;� ];m;|b1�
_;-Ѵ|_� Őbĺ;ĺķ� bm0u;;7bm]� -m7� ];m;� =Ѵo�ő� o=� �;v|;um� 0�uuo�bm]� o�Ѵ�
ror�Ѵ-|bomvĺ

ƓĺƐՊ |Պ �or�Ѵ-|bom�v|u�1|�u;ķ�];m;�
flow, and inbreeding

)_bѴ;� ru;�bo�v� ];m;|b1� v|�7b;v� =-bѴ;7� |o� b7;m|b=�� -m�� vb]mb=b1-m|�
Ѵblb|-|bomv� |o� ];m;� =Ѵo�� -lom]� u;vb7;m|� ou� lb]u-|ou�� 0u;;7bm]�
]uo�rv�bm��;v|;um�0�uuo�bm]�o�Ѵv�Ő	;vlom7�;|�-Ѵĺķ�2001ĸ��ou=-m|-�
;|�-Ѵĺķ�2005ĸ��-1झ-vŊ	�-u|;�;|�-Ѵĺķ�2020őķ��;�7;|;1|;7�1Ѵ;-u�ror�Ŋ
Ѵ-|bom� v|u�1|�u;� r-||;umv� -vvo1b-|;7� �b|_� lb]u-|ou�� r_;mo|�r;vĺ�
�-l;Ѵ�ķ��;�=o�m7�7bv|bm1|�];m;|b1�1Ѵ�v|;ubm]�o=�u;vb7;m|v�0��ror�Ѵ-Ŋ
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(Lampetra fluviatilisĸ��u-1h;m�;|�-Ѵĺķ�2015őķ���uor;-m�0Ѵ-1h1-rv�ŐSylvia 
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