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vb�;� �-u�� -1uovv� |;lr;u-|�u;� u;]bl;vĵ�$o� -77u;vv� |_;v;� t�;v|bomvķ�
�;�u;1ou7;7�|bl;�v;ub;v�o=�ror�Ѵ-|bom�7�m-lb1v� bm�-�lb1uo0b-Ѵ�vr;Ŋ
1b;v�-m7�|u-1h;7�1_-m];v� bm�|o|-Ѵ�0bol-vvķ�7;mvb|�ķ�-m7�0o7��vb�;� bm�
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|bl;Ŋ�v;ub;v�-m-Ѵ�v;v�|o�-vv;vv��_;|_;u�-m7�_o��u;1bruo1-Ѵ�;==;1|v�o=�
7;mvb|��-m7�0o7��vb�;�om�0bol-vv��-u��-1uovv�|;lr;u-|�u;�u;]bl;vĺ
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o=� -|lovr_;ub1� 1-u0om� ;lbvvbomv� om� |_;� rѴ-m;|� Őub;7Ѵbm]v|;bm�
;|� -Ѵĺķ�2019őĺ� $_;� rubm1br-Ѵ� 1omv�l;uv� o=�lb1uo0b-Ѵ� 7;1olrov;uv�
�ouѴ7�b7;� -u;� -� ]uo�r� o=� vbm]Ѵ;Ŋ�1;ѴѴ;7� ��h-u�o|;v� 1oѴѴ;1|b�;Ѵ��
hmo�m�-v�ruo|bv|v� Ő�-o�;|�-Ѵĺķ�2019ĸ��Ѵb�;ubo�;|�-Ѵĺķ�2020őĺ�ou� bѴŊ
Ѵ�v|u-|bomķ�ruo|bv|v�-Ѵom;�-11o�m|�=ou�|�b1;�-v�l�1_�0bol-vv�-v�|_;�
;m|bu;�-mbl-Ѵ�hbm]7ol�]Ѵo0-ѴѴ��Ő�-uŊ��m�;|�-Ѵĺķ�2018őĺ�!;1;m|Ѵ�ķ�ru;Ŋ
7-|bom�_-v�0;;m�v_o�m�|o�bm=Ѵ�;m1;�lb1uo0b-Ѵ�7;1olrov;u�0bol-vv�
-m7�7;|;ulbm;� |_;bu� u;vrbu-|bom� u-|;v� Ő�;bv;m�;|� -Ѵĺķ�2021; Rocca 
;|�-Ѵĺķ�2022őĺ��o�;�;uķ�_o��|_bv�blrou|-m|�]uo�r�o=�ou]-mbvlv�|_-|�
u;]�Ѵ-|;v�|_;�]Ѵo0-Ѵ�1-u0om�1�1Ѵ;�|_uo�]_�ru;7-|bom�l-��u;vrom7�
|o�ubvbm]�|;lr;u-|�u;v�bv�;�|u;l;Ѵ��roouѴ���m7;uv|oo7ĺ��m�-77b|bom�
|o� |_;bu� ]Ѵo0-Ѵ� blrou|-m1;ķ� ruo|bv|v� -u;� ;-vbѴ�� ]uo�m� bm� Ѵ-0ou-Ŋ
|ou��1om7b|bomv� Ő�Ѵ|;ul-||�;|�-Ѵĺķ�2015ő� -m7�_-�;� Ѵom]�0;;m��v;7�
|o� -mv�;u� blrou|-m|� ;1oѴo]b1-Ѵ� t�;v|bomv� Ő�|hbmvom�;|� -Ѵĺķ�2003; 
	;�om]�ş��-mvomķ�2009ĸ�o��;|�-Ѵĺķ�2011ĸ�uom_o=;u�;|�-Ѵĺķ�2017; 
�;bv;m�;|�-Ѵĺķ�2018ĸ� �-vv;��;|�-Ѵĺķ�2015ĸ�)b;1��mvhb�;|�-Ѵĺķ�2021őĺ�
�;u;ķ� �;� v|�7�� |_;� 0bol-vv� 7�m-lb1v� o=� |_;� 1ovloroѴb|-m� -m7�
l-vvb�;Ѵ��-0�m7-m|�ŐbmѴ-�ķ�1998ő�0-1|;ub�ou;�ruo|bv|�Tetrahymena 
pyriformis.

ƑĺƑՊ |Պ�b1uo1ovl�]uo�|_�-vv-�v

);� ]u;�� ror�Ѵ-|bomv� o=� |_;� ruo|bv|� T. pyriformis� =ou� ƐƔՓ7-�v� Őbĺ;ĺķ�
~ѵƏ�];m;u-|bomv�-|�uo�]_Ѵ��Ɠ�];m;u-|bomv�r;u�7-�ő�-|��-ubo�v�|;lŊ
r;u-|�u;�|u;-|l;m|vĺ�$_;�Ѵ;m]|_�o=�|_bv�;�r;ubl;m|�bv�-�]oo7�1olŊ
ruolbv;�0;|�;;m�;mv�ubm]�|_;�ror�Ѵ-|bom�vr;m7v�|bl;�-|�1-uu�bm]�
1-r-1b|�� Ő~ƐƏՓ7-�vőķ� -m7� -�ob7bm]� 1olrѴ;|;� ror�Ѵ-|bom� 1oѴѴ-rv;� -v�
u;vo�u1;v�-u;�1omv�l;7ĺ�$o�7o�voķ��;�v;|��r�ƑƓ�;�r;ubl;m|-Ѵ�lbŊ
1uo1ovlv�bm�ƑƔƏՓlѴ�-�|o1Ѵ-�;7�0ouovbѴb1-|;�f-uv�1om|-bmbm]�ƑƏƏՓlѴ�o=�
�-uoѴbm-�ruo|bv|�r;ѴѴ;|�l;7b-�ŐƐՓ��o=�-�|o1Ѵ-�;7�	���-|;u�r;u�r;ѴѴ;|ő�
ru;�bo�vѴ�� bmo1�Ѵ-|;7��b|_�rom7�0-1|;ub-� =uol�	�h;�ou;v|� Ő�-|;�
Ɩņ)bѴ0�u�rom7ķ� �-|�=� ƒѵĺƏƑŦķ� �om]�=� ƴƕѶĺƖƖŦķ�	�u_-lķ���ő� 1omŊ
|-bmbm]�~ƐƏƏƏ�0-1|;ub-Ѵ��"(v�Ő!o11-�;|�-Ѵĺķ�2022ő�-m7�-��_;-|�v;;7�
-v�-�1-u0om�vo�u1;�=ou�|_;�0-1|;ub-�Ő�Ѵ|;ul-||�;|�-Ѵĺķ�2015őĺ��ѴѴ�lbŊ
1uo1ovlv��;u;�v|-u|;7�-|�ƐƏ�bm7ņlѴ�ruo|bv|�7;mvb|b;v�-m7�bm1�0-|;7�
bm� _�lb7b|�Ŋ�1om|uoѴѴ;7� ŐѵƔѷ� _�lb7b|�ő� ]uo�|_� 1_-l0;uv� Ő�;u1b�-Ѵ�
��Ŋ�ƑƑ�Ƒķ��;u1b�-Ѵ�"1b;m|b=b1ķ��;uu�ķ��o�-ő�om�-�ƐƑՓ_�mb]_|ņ7-�Փ1�1Ѵ;ĺ�
$_;�;m|bu;�u;rѴb1-|;7�|bl;�v;ub;v�bv�|_;u;=ou;�1olrov;7�o=�ƒѵƏ�7-|-�
robm|vĺ

$_;� ƑƓ� lb1uo1ovlv� �;u;� v�07b�b7;7� bm|o� =o�u� ;�r;ubl;m|-Ѵ�
|u;-|l;m|vĹ�1omv|-m|�ƑƑŦ�ķ�1omv|-m|�ƑƔŦ�ķ��-ub-0Ѵ;�ƑƑŦ�ķ�ou��-ubŊ
-0Ѵ;�ƑƔŦ�ĺ�$_;�1�Ѵ|�u;v�_-�;�0;;m�]uo�bm]� bm�|_;� Ѵ-0ou-|ou��=ou�
ƒՓ�;-uv�-|�1omv|-m|�ƑƑŦ��rubou�|o�;�r;ubl;m|-Ѵ��ouh�Ő>ƓƏƏƏ�];mŊ
;u-|bomőķ�vo�ƑƔŦ��u;ru;v;m|v�-�u-rb7�+ƒŦ��|;lr;u-|�u;�1_-m];�u;ѴŊ
-|b�;�|o�moul-Ѵ�1om7b|bomv�Ő-�1omv;u�-|b�;�|;lr;u-|�u;�;v|bl-|;�bm�
|_;�m;�|�ƐƏƏՓ�;-uv�Œ����ķ�2022œőĺ�$;lr;u-|�u;��-ub-0bѴb|���-v�ruoŊ
]u-ll;7�bm|o�o�u�]uo�|_�1_-l0;uv�|o�h;;r�-m�-�;u-];�|;lr;u-Ŋ
|�u;ķ�T ķ�o=�;b|_;u�ƑƑŦ��ou�ƑƔŦ�ķ�-m7�=Ѵ�1|�-|;�0;|�;;m�T + 1.5 ◦C 
-m7� T − 1.5 ◦C� ;�;u�� ƐƑՓ_ĺ� $_;� blrov;7� |_;ul-Ѵ� �-ub-0bѴb|�� u;rŊ
u;v;m|v� -� vb]mb=b1-m|� 7;r-u|�u;� =uol� 1�Ѵ|�ubm]� 1om7b|bomv� �_b1_�
v;;�mo�|;lr;u-|�u;��-ub-0bѴb|��-|�-ѴѴ�Ő|;lr;u-|�u;��-ub-0bѴb|��bv�-Ѵvo�
ru;7b1|;7�|o�7u-l-|b1-ѴѴ��bm1u;-v;�bm�m;��1Ѵbl-|;v�Œ����ķ�2022œőĺ�
�ѴѴ� bm�-ѴѴķ�-�lb1uo1ovl�bm�|_;��-ub-0Ѵ;�ƑƑŦ��|u;-|l;m|�|_�v�vr;m|�
_-Ѵ=�o=�|_;�7-��-|�ƐƖĺƔŦ��-m7�_-Ѵ=�o=�|_;�7-��-|�ƑƒĺƔŦ���_bѴ;�om;�
bm�|_;��-ub-0Ѵ;�ƑƔŦ��|u;-|l;m|�vr;m|�_-Ѵ=�o=�|_;�7-��-|�ƑƒĺƔŦ��-m7�
_-Ѵ=�o=�|_;�7-��-|�ƑѵĺƔŦ�ĺ��|�;-1_�|;lr;u-|�u;�1_-m];ķ�|;lr;u-Ŋ
|�u;� u-lr;7� �rņ7o�m� =ou� uo�]_Ѵ�� ƐƔՓlbmĺ� uol� mo�� om��;� 1-ѴѴ�
|_;v;� |;lr;u-|�u;� |u;-|l;m|v� ľ1omv|-m|Ŀ� Ő�ő� -m7� ľ�-ub-0Ѵ;Ŀ� Ő(őĺ�
�;b|_;u��-|;u�mou�m�|ub;m|v��;u;�u;rѴ-1;7�|_uo�]_o�|�|_;�1o�uv;�
o=�|_bv�;�r;ubl;m|ĺ
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|_uo�]_� =Ѵ�b7� bl-]bm]�o=�Ɛ�lѴ� v�0v-lrѴ;v�o=�;-1_�lb1uo1ovl� |_-|�
_-7� 0;;m� v_-h;m� rubou� |o� v-lrѴbm]� Őb]�u; 1aķ� Ѵo��-lķ� Ѵ�b7�
�l-]bm]�$;1_moѴo]b;vőĺ� $_;�Ѵo��-l�1-r|�u;v� bl-];v�o=� r-u|b1Ѵ;v�
u-m]bm]� =uol�Ɣŋ�ƐƏՓμl�|o�ƑՓll� bm� Ѵ;m]|_ĺ�$_;�ruo1;7�u;�ruo7�1;7�
~ƓƔƏՓh�1;ѴѴ�bl-];vķ�|_�v�ruo�b7bm]��v��b|_�-��mbt�;��bm7o��bm|o�_o��
0bol-vvķ�7;mvb|�ķ�-m7�0o7��vb�;ķ�1_-m];7�|o];|_;u�o�;u�|_;�1o�uv;�
o=�|_bv�;�r;ubl;m|ĺ�	;mvb|���-v�t�-m|b=b;7�-v�1;ѴѴ�1o�m|v�r;u��oѴ�l;�
v-lrѴ;7ĺ��;ѴѴ�l-vv��-v�t�-m|b=b;7�-v�|_;�ruo7�1|�o=�1;ѴѴ��oѴ�l;�Ő-v�
|_;��oѴ�l;�o=�-�vr_;uob7ķ�bm�μl3ő�-m7��-|;u�7;mvb|��ŐƐՓ]ņ1l3ķ�ou�ƐƏŋ�
ƐƑՓ]ņμl3őĺ�"-lrѴ;�0bol-vv��-v�l;-v�u;7�-v�|_;�v�l�o=�|_;�l-vv;v�
o=� -ѴѴ� bm7b�b7�-Ѵv� r;u� v-lrѴ;� Őbm� ]u-lvķ� ]őĺ��o�;�;uķ� |_;�Ѵo��-l�
1-m�omѴ�� 1;mv�v� -� =u-1|bom�o=� ;-1_��-|;u� v-lrѴ;ĺ�$_bv�7;|;ulbm;v�
|_;�;==b1b;m1��o=�|_;�l-1_bm;�Őbm�o�u�1-v;�~Əĺƒƒőĺ��;1-�v;�o=�|_-|ķ�
|o|-Ѵ�0bol-vv�m;;7v�|o�0;�1ouu;1|;7�0��;==b1b;m1�ķ�-v�|_;�o0v;u�;7�

 ��&!� �ƐՊ�b1uo1ovlv��;u;�bmb|b-Ѵb�;7�
-|�7-��Ə�-m7�h;r|�bm�=o�u�rovvb0Ѵ;�
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m�l0;u�o=�bm7b�b7�-Ѵv�bv�-�=u-1|bom�o=�|_;�|o|-Ѵ�|_-|�-1|�-ѴѴ��o11�uv�
bm�o�u��-|;u� v-lrѴ;vĺ�$o�7o�voķ��;� Ѵbm;-uѴ�� |u-mv=oul�v-lrѴ;�0boŊ
l-vv�-11ou7bm]�|o�|_;�o0v;u�;7�u;Ѵ-|bomv_br�0;|�;;m�|_;�m�l0;u�o=�
1;ѴѴ�bl-];v�-m7�|_;�-1|�-Ѵ�7;mvb|b;v�-v�7;|-bѴ;7�bm��rr;m7b��"Ɛĺ�$u�;�
0bol-vv�bv�|_;u;=ou;�|_;�o0v;u�;7�0bol-vv�7b�b7;7�0��|_;�v-lrѴbm]�
;==b1b;m1�ĺ

ƑĺƓՊ |Պ "|-|bv|b1-Ѵ�-m-Ѵ�v;v

$o� -vv;vv� _o�� |;lr;u-|�u;� u;]bl;v� bm=Ѵ�;m1;7� 0bol-vvķ� 7;mvb|�ķ�
-m7� l-vv� 7�m-lb1vķ� �;� �v;7� ];m;u-Ѵb�;7� -77b|b�;� lb�;7� lo7;Ѵv�
Ő����vő��b|_�0bol-vvķ�7;mvb|�ķ�ou�l-vv�-v�|_;�u;vromv;��-ub-0Ѵ;vķ�
7-��-v�-�vloo|_�|;ulķ�0o|_�|;lr;u-|�u;�-m7�|_;�ru;v;m1;�-m7�-0Ŋ
v;m1;�o=��-ub-|bom�-v�7bv1u;|;�ru;7b1|ouvķ�-m7�f-u�u;rѴb1-|;�-v�-�u-mŊ
7ol� bm|;u1;r|ĺ� �77b|bom-ѴѴ�ķ� 0;1-�v;� |bl;� v;ub;v� -u;� m;1;vv-ubѴ��
v-lrѴ;7�bm�-�u;r;-|;7�=-v_bom��b|_bm�;-1_�u;rѴb1-|;ķ�|;lrou-Ѵ�-�|oŊ
1ouu;Ѵ-|bom�l-��;�bv|ĺ�$o�-11o�m|�=ou�|_bv�|;lrou-Ѵ�-�|o1ouu;Ѵ-|bomķ�
�;�bm1Ѵ�7;7�-m�-�|ou;]u;vvb�;�lo�bm]�-�;u-];�Ő�!��ő�1ouu;Ѵ-|bom�
v|u�1|�u;� o=� ou7;u� om;� bm� o�u�����v� �vbm]� |_;� !� r-1h-];�l]1��
�ĺƐĺѶ�Ő)oo7ķ�2011ĸ�)oo7�;|�-Ѵĺķ�2016őĺ

)_bѴ;� ����� �b;Ѵ7v� -� ]oo7� �m7;uv|-m7bm]� o=� _o�� |bl;� -m7�
|u;-|l;m|v� bm=Ѵ�;m1;� 7�m-lb1vķ� -� =bm;u� �m7;uv|-m7bm]� bv� rovvb0Ѵ;�
0��-vv;vvbm]��_-|�vr;1b=b1�-vr;1|v�o=�|_;�7�m-lb1v�l-��_-�;�0;;m�
bm=Ѵ�;m1;7� 0�� |_;� |u;-|l;m|vĺ� buv|ķ��;� -vv;vv;7��_;|_;u� |_;� blŊ
rov;7�|u;-|l;m|v�bm�-m���-��bm=Ѵ�;m1;7�|_;�r;-h�o0v;u�;7�0bol-vv�
0�� u�mmbm]�-�l�Ѵ|brѴ;� Ѵbm;-u� u;]u;vvbom� ŐľѴlĿ� =�m1|bom� bm�0-v;�!� Œ!�
�ou;�$;-lķ�2013œő��b|_�r;-h�0bol-vv�Őbĺ;ĺķ�=uol�7-�v�ƒ�|o�Ɣő�-v�|_;�
u;vromv;��-ub-0Ѵ;�-m7�0o|_�-77b|b�;�-m7�bm|;u-1|b�;�;==;1|v�o=�|;lŊ
r;u-|�u;�-m7�|_;�ru;v;m1;ņ-0v;m1;�o=�=Ѵ�1|�-|bomv�-v�ru;7b1|ouvĺ�$o�
t�-m|b=�� �_b1_� 7b==;u;m1;v� 0;|�;;m� |u;-|l;m|v� �;u;� vb]mb=b1-m|ķ�
�;� -Ѵvo� u-m� -� v;r-u-|;����(���b|_� -� rov|� _o1�$�h;�� |;v|� Őľ-o�Ŀ�
-m7�ľ$�h;��"	Ŀ�=�m1|bomv�bm�0-v;�!�Œ!��ou;�$;-lķ�2013œő��b|_�r;-h�
0bol-vv�Őbĺ;ĺķ�=uol�7-�v�ƒ�|o�Ɣő�-v�|_;�u;vromv;��-ub-0Ѵ;�-m7�-ѴѴ�=o�u�
|;lr;u-|�u;�|u;-|l;m|v�-v�v;r-u-|;�ru;7b1|ouvĺ�);��v;7�|_;�v-l;�
v|-|bv|b1-Ѵ�l;|_o7v�|o�-vv;vv��_;|_;u�7;lo]u-r_b1�r-u-l;|;uv�1omŊ
|uoѴѴbm]�7;mvb|�Ō�bĺ;ĺķ�bm|ubmvb1�]uo�|_�u-|;vķ�rķ�-m7�1-uu�bm]�1-r-1b|b;vķ�
KŌ�1_-m];7��b|_�|u;-|l;m|ĺ��m|ubmvb1�]uo�|_�u-|;v�r were calculated 
-v�|_;�m-|�u-Ѵ�Ѵo]�o=�|_;�u-|bo�o=�|_;�7;mvb|��-|�7-��Ɛ�-m7�|_;�7;mvb|��
-|� 7-�� Ə� Ő�b0;u|� ;|� -Ѵĺķ�2022ĸ�)b;1��mvhb� ;|� -Ѵĺķ�2021őķ� -m7�K was 
;v|bl-|;7�-v�|_;�7;mvb|b;v�l;-v�u;7�o�;u�|_;�Ѵ-v|�ƑՓ7-�v�o=�|_;�7�Ŋ
m-lb1v�bm�;-1_�f-uĺ�!;rou|;7�lo7;Ѵ�u;v�Ѵ|v�bm1Ѵ�7;�1o;==b1b;m|�;v|bŊ
l-|;vՓ±Փv|-m7-u7�;uuouv�Ő"�ő�-v��;ѴѴ�-v�-vvo1b-|;7�|;v|�v|-|bv|b1v�-m7�
7;]u;;v�o=�=u;;7olĺ

ƑĺƔՊ |Պ	;1olrovbm]�1_-m];�bm�0bol-vv�bm|o�1_-m];�
in density and mass

$o� 7;1olrov;� |_;� 1om|ub0�|bom� o=� 1_-m];v� bm� 7;mvb|�� -m7�l-vv�
|o�|_;�o0v;u�;7�1_-m];v�bm�0bol-vvķ��;�-vv�l;�|_-|�|_;�0bol-vvķ�
Bķ�1o�Ѵ7�0;��ub||;m�-v�-�=�m1|bom�o=�7;mvb|�ķ�Nķ�-m7�-�;u-];�l-vvķ�
Mķ�-v

$_;�u-|;�o=�1_-m];� bm�B�o�;u�|bl;ķ�dB
dt
ķ�1-m�0;�=o�m7�0��|-hbm]�|bl;�

7;ub�-|b�;v�om�0o|_�vb7;v�o=��t�-|bom (1őķ��_b1_��b;Ѵ7vĹ

);�|_;m�mo|b1;7�|_-|��t�-|bom (1ő�1o�Ѵ7�0;��v;7�|o�voѴ�;�=ou�;b|_;u�N 
or Mķ�-v�N =

B

M
�-m7�M =

B

N
ķ�-m7�u;rѴ-1;7�0o|_�bm|o��t�-|bom (2ő�|o�];|Ĺ

�t�-|bom 3�1o�Ѵ7�0;�=�u|_;u�vblrѴb=b;7�0��=-1|oubm]�Bķ�7b�b7bm]�0o|_�
vb7;v�o=�|_;�;�ru;vvbom�0��Bķ�|_;m��vbm]�|_;�u;Ѵ-|bom�1

x

dx

dt
=

d Ln(x)

dt
 to 

get:

�t�-|bom 4�Ѵbmhv�|_;�u-|;�o=�1_-m];�bm�Ln(B)�|o�|_-|�o=�Ln(N)�-m7�Ln(M). 
$_bv�;t�-|bom�1-m�|_�v�0;��v;7�|o�7;1olrov;�|_;�1om|ub0�|bomv�o=�N�Őbĺ;ĺķ�
d Ln(N)

dt
ő�-m7�M�Őbĺ;ĺķ�d Ln(M)

dt
ő�|o�|_;�u-|;�o=�1_-m];�bm�B�o�;u�|bl;�-m7�-1uovv�

|;lr;u-|�u;�|u;-|l;m|vĺ�);��v;7�o�u�;�r;ubl;m|-Ѵ�|bl;�v;ub;v�|o�1-Ѵ1�Ŋ
Ѵ-|;�|_;v;�1om|ub0�|bomv�o=�N�-m7�M�|o�1_-m];v�bm�B�=ou�;-1_�bm7b�b7�-Ѵ�f-u�
om�;-1_�7-��o=�|_;�;�r;ubl;m|ĺ

ƑĺѵՊ |Պ $bl;Ŋ�v;ub;v�-m-Ѵ�vbv

�u;�bo�v�v|�7b;v�_-�;�v_o�m�|_-|�1om�;u];m|�1uovv�l-rrbm]�Ő���ő�
1-m� 0;� �v;7� |o� bm=;u� 1-�v-|bom� 0;|�;;m� �-ub-0Ѵ;v� �b|_� -�-bѴ-0Ѵ;�
|bl;�v;ub;v�-1uovv�;1oѴo]b1-Ѵ�v�v|;lv�-m7�;m�buoml;m|-Ѵ�1om7b|bomv�
Ő�Ѵ-uh�;|�-Ѵĺķ�2015ĸ��-u-ho2�;|�-Ѵĺķ�2020ĸ��om7o_�;|�-Ѵĺķ�2020; Rogers 
;|�-Ѵĺķ�2020ĸ�"�]b_-u-�;|�-Ѵĺķ�2012őĺ���u;1;m|�v|�7���v;7�����|o�v_o��
|_-|�u-rb7�rѴ-v|b1�1_-m];� bm�0o7��vb�;�_-v�-� Ѵ-u];u�;==;1|�om�ror�Ŋ
Ѵ-|bom� 7�m-lb1vķ� ;�;m� |_o�]_� ror�Ѵ-|bom� 7�m-lb1v� -Ѵvo� bm=Ѵ�;m1;�
0o7��vb�;�7�m-lb1vĺ�$_bv�|bl;Ŋ�v;ub;v�-m-Ѵ�vbv��-v�1om=bul;7�|_uo�]_�
-�l-mbr�Ѵ-|b�;�;�r;ubl;m|�Ő�b0;u|�;|�-Ѵĺķ�2022őķ�|_;u;=ou;�;v|-0Ѵbv_Ŋ
bm]� |_;�;�bv|;m1;�o=�-m�-v�ll;|ub1�;==;1|�o=�0o7��vb�;�om�7;mvb|��
-m7�o=�7;mvb|��om�vb�;ĺ��o�;�;uķ��_;|_;u� |_;v;�u;1bruo1-Ѵ�;==;1|v�
1_-m];�bm�l-]mb|�7;�-1uovv�;m�buoml;m|-Ѵ�1om7b|bomv�bv�mo|�hmo�mĺ�
);ķ� |_;u;=ou;ķ� �v;7� ���� |o� -vv;vv��_;|_;u� 1_-m];� bm� 0o7�� vb�;�
lou;� v|uom]Ѵ�� bm=Ѵ�;m1;7� 1_-m];v� bm�7;mvb|�ķ� ou� �b1;� �;uv-ķ� -1uovv�
|;lr;u-|�u;�|u;-|l;m|vĺ

�om�;u];m|�1uovv�l-rrbm]�t�-m|b=b;v��_;|_;u�om;�|bl;�v;ub;v�
Ő�ő�1-�v-ѴѴ��bm=Ѵ�;m1;v�-mo|_;u�Ő�ő�|_uo�]_�|_;�;v|bl-|bom�o=�_o��
l�1_� bm=oul-|bom� o=� �� bv� 1om|-bm;7� bm� �� Ő"�]b_-u-� ;|� -Ѵĺķ� 2012; 
$-h;mvķ� 1981őĺ� �om1;r|�-ѴѴ�ķ� b=� �-ub-0Ѵ;� �� 1-�v-ѴѴ�� bm=Ѵ�;m1;v�
�-ub-0Ѵ;��ķ�0�|���7o;v�mo|�bm=Ѵ�;m1;��ķ�|_;m���v_o�Ѵ7�1om|-bm�bmŊ
=oul-|bom�-0o�|��ķ�0�|�mo|�|_;�o|_;u��-��-uo�m7ĺ�����-vv;vv;v�
_o�� l�1_� bm=oul-|bom� o=� |_;� om;� �-ub-0Ѵ;� bv� 1om|-bm;7� bm� |_;�
o|_;u� 0�� t�-m|b=�bm]��_;|_;u� �-ub-0Ѵ;� �� 1-m� 0;� ru;7b1|;7� =uol�

ŐƐőB = NM.

ŐƑődB

dt
= M

dN

dt
+ N

dM

dt
.

ŐƒődB

dt
=

B

N

dN

dt
+

B

M

dM

dt
.

ŐƓőd Ln(B)

dt
=

d Ln(N)

dt
+

d Ln(M)

dt
.
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ՊՍՊ |ՊƔ�o=�ƐƐGIBERT et al.

|_;�|bl;�v;ub;v�o=���Ő-m7��b1;��;uv-ő�=ou�v�0v;|v�o=�|_;�|bl;�v;ub;v�
o=�bm1u;-vbm]�Ѵ;m]|_�Ő|_;�Ѵ;m]|_�o=�|_;v;�u;v-lrѴ;7�|bl;�v;ub;v�bv�
1-ѴѴ;7�|_;�Ѵb0u-u��vb�;őĺ��=���lou;�v|uom]Ѵ��bm=Ѵ�;m1;v�1_-m];v�bm���
|_-m�|_;�o|_;u��-��-uo�m7ķ� |_;m���u;vrom7v� |o���lou;�v|uom]Ѵ��
|_-m���u;vrom7v� |o��ĺ� �=� |_;�;==;1|�o=���om��� bv�1-�v-Ѵķ� |_;m� |_;�
-0bѴb|�� |o� ru;7b1|��� =uol��� bm1u;-v;v��b|_� Ѵb0u-u�� vb�;ķ��_bѴ;� |_;�
;uuou� -vvo1b-|;7� �b|_� |_;� ru;7b1|bom� 7;1u;-v;vĺ� �=� |_bv� ľru;7b1|Ŋ
-0bѴb|�Ŀ� Őou�1uovvŊ�l-rrbm]�vhbѴѴķ�!ő� bv�1omv|-m|�-1uovv� Ѵb0u-u��vb�;vķ�
|_;u;�bv�1ouu;Ѵ-|bomķ�0�|�mo|�1-�v-|bom�Ő"�]b_-u-�;|�-Ѵĺķ�2012őĺ��ou;�
7;|-bѴv� 1-m� 0;� =o�m7� bm� |_;� mo�� ;�|;mvb�;� Ѵb|;u-|�u;� om� |_bv� -ѴŊ
]oub|_l� Ő�-uu-t�-m7� ;|� -Ѵĺķ� 2020ĸ� �uoohv_bu;� ş� );-�;uķ� 2015; 
�-mmbv7-Ѵ�;|�-Ѵĺķ�2017ĸ��-lbmvhb�;|�-Ѵĺķ�2016ĸ��b��;|�-Ѵĺķ�2019ĸ���o�
;|�-Ѵĺķ�2017ĸ��pmv|;u�;|�-Ѵĺķ�2017ĸ�$vombv�;|�-Ѵĺķ�2018ĸ�(-mmb|v;l�ş�
�h;Ѵl-mvķ�2018ĸ�+;ķ��;-lbv_ķ�;|�-Ѵĺķ�2015ĸ�+;ķ�	;�Ѵ;ķ�;|�-Ѵĺķ�2015őĺ�
);��v;7�-�lo7b=b;7��;uvbom�o=�|_;�����-Ѵ]oub|_l�Ő!�r-1h-];�l�ѴŊ
|bvr-|b-Ѵ�����ƐĺƏ� Œ�Ѵ-uh�;|�-Ѵĺķ�2015œő� |o�-m-Ѵ��;� |_;� |bl;�v;ub;v�
=ou�;-1_�o=�|_;�=o�u�|;lr;u-|�u;�|u;-|l;m|v�0;1-�v;�b|�-ѴѴo�v�=ou�
v_ou|;u�u;rѴb1-|;7�|bl;v�v;ub;vĺ

ƒՊ |Պ !�"&�$"

ƒĺƐՊ |Պ�;m;u-Ѵ�7�m-lb1v

�bol-vv� bm1u;-v;7�v|;;rѴ�� bm� |_;�;-uѴ��7-�v�o=� |_;�7�m-lb1vķ� |_;m�
7;1Ѵbm;7�o�;u�|bl;�Őb]�u; 2ő�-1uovv�|;lr;u-|�u;vĺ�	;mvb|��v_o�;7�
-�|�rb1-Ѵ�Ѵo]bv|b1�]uo�|_�r-||;um�o=�=-v|�]uo�|_�bm�|_;�;-uѴ��7-�v�=oѴŊ
Ѵo�;7�0��-�rѴ-|;-��-|�-uo�m7�ѵƏƏƏ�bm7ņlѴ�Őb]�u; Ƒ0őĺ���;u-];�l-vv�
bm1u;-v;7�=uol�	-��Ə�|o�	-��Ɛķ�|_;m�7;1u;-v;7�uo�]_Ѵ��lomo|ombŊ
1-ѴѴ��o�;u�|bl;�Őb]�u; 2cőĺ

ƒĺƑՊ |Պ �==;1|v�o=�|;lr;u-|�u;�-m7��-ub-0bѴb|��om�
0bol-vvķ�7;mvb|�ķ�-m7�-�;u-];�l-vv

�bol-vv� 7b7� mo|� u;vrom7� |o� ;b|_;u� |;lr;u-|�u;� Ő|;lrĺ� ;=Ŋ
=;1|�=�ƏĺƏƑՓ±ՓƏĺƏƑՓ"�ķ�t =�ƏĺƔѵѶķ�df =�Ѷķ�p =�ĺƓѶķ�b]�u; 2dő�ou�|;lr;uŊ
-|�u;��-ub-0bѴb|��Ő�-uĺ�;==;1|�=�ƴƏĺƏƏƖՓ±ՓƏĺƏƑՓ"�ķ�t =�ƴƏĺƑƕƐķ�df =�Ѷķ�
p =�ĺƕƒķ�b]�u; 2dőĺ�$;lr;u-|�u;�_-7�-�rovb|b�;�-77b|b�;�;==;1|�om�
7;mvb|�� -|� ƑƔŦ�� u;Ѵ-|b�;� |o� ƑƑŦ�� Ő|;lrĺ� ;==;1|�=� ƏĺƏƔՓ±ՓƏĺƏƑ� "�ķ�
t =� Ƒĺƒƕķ� df =� Ѷķ� p =� ĺƏƐѶő��_bѴ;� |;lr;u-|�u;� �-ub-0bѴb|�� _-7� mo�
;==;1|� Ő�-uĺ� ;==;1|�=� ƏĺƏƏƒՓ±ՓƏĺƏƑ� "�ķ� t =� ƏĺƐƓƑķ� df =� Ѷķ� p =� ĺѶƖķ�
b]�u; 2eőĺ�$;lr;u-|�u;�-Ѵvo�_-7�-�m;]-|b�;�;==;1|�om�l-vv�Ő|;lrĺ�
;==;1|� =� ƴƏĺƏƏѵՓ±ՓƏĺƏƏƒ� "�ķ� t =� ƴƔĺѶƐƑķ� df =� Ѷķ� p =� ĺƏƏƑőķ� 0�|�
|_;u;��-v� mo� ;==;1|� o=� �-ub-0bѴb|�� Ő�-uĺ� ;==;1|�=� ƴƏĺƏƒՓ±ՓƏĺƏƐ� "�ķ�
t =�ƴƏĺƒƖƒķ�df =�Ѷķ�p =� ĺƏѵķ�b]�u; Ƒ=őĺ�$_;v;�u;v�Ѵ|v�v�]];v|�|_-|�
|_;�;==;1|v�o=�|;lr;u-|�u;�om�7;mvb|��-m7�l-vv�Ѵbh;Ѵ��1-m1;Ѵ�;-1_�
o|_;u�o�|ķ�|_�v�Ѵ;-7bm]�|o�-m�-rr-u;m|�Ѵ-1h�o=�0bol-vv�|;lr;u-|�u;�
u;vromv;ĺ

�m1;�|_;�|bl;�v;ub;v��;u;�7;|u;m7;7�Ő0��v�0|u-1|bm]�-������
lo7;Ѵ�omѴ��1om|-bmbm]�|bl;�-v�-�vloo|_�|;ulőķ�-77b|bom-Ѵ�;==;1|v�o=�
|_;�|u;-|l;m|v�1o�Ѵ7�0;�o0v;u�;7�Őb]�u; Ƒ]ŋ�bőĺ��m�r-u|b1�Ѵ-uķ�0bol-vv�

-m7�7;mvb|��v_o�;7�vblbѴ-u�v|uom]�;==;1|v�o=�|;lr;u-|�u;�Ő0�|�mo|�
=Ѵ�1|�-|bomvő� bm� |_;� =buv|� =;�� 7-�v� o=� |_;� 7�m-lb1v� Őb]�u; Ƒ]ķ_őĺ�
�-vv�|;lr;u-|�u;�u;vromv;vķ�_o�;�;uķ��;u;�lov|�ru;�-Ѵ;m|�bm�|_;�
Ѵ-|;u� 7�m-lb1vķ� �_;m� |_;� |;lr;u-|�u;� vb�;� u�Ѵ;� -rr;-uv� |o� v;|� bm�
(b]�u; 2iőĺ

	;vrb|;� v_o�bm]�omѴ�� |u-mvb;m|�;==;1|v�o=� |;lr;u-|�u;� -m7�mo�
;==;1|v� o=� �-ub-0bѴb|�� om� o�;u-ѴѴ� 0bol-vv� 7�m-lb1v� Őb]�u; Ƒ7ŋ�=őķ�
r;-h� 0bol-vv� bm� |_;� �-ub-0Ѵ;� ;m�buoml;m|��-v� _b]_;u� |_-m� bm� |_;�
momŊ��-ub-0Ѵ;� ;m�buoml;m|� -1uovv� |;lr;u-|�u;vķ� -m7� |_bv� 7b==;uŊ
;m1;��-v� omѴ�� vѴb]_|Ѵ�� vl-ѴѴ;u� bm� |_;� _b]_Ŋ�|;lr;u-|�u;� |u;-|l;m|ķ�
|_�v�v_o�bm]�-m�;==;1|�o=�|;lr;u-|�u;��-ub-0bѴb|��0�|�mo|�|;lr;u-Ŋ
|�u;� -Ѵom;� om� r;-h� 0bol-vv� Ő|;lrĺ� ;==;1|�=� ƓՓ×ՓƐƏƴƕՓ±ՓƒՓ×ՓƐƏƴѵ� "�ķ�
t =� ƏĺƐƐѶķ� p =� ĺƖƏѵķ� �-uĺ� ;==;1|� =� ƖĺƓƖƑՓ×ՓƐƏƴѵՓ±ՓƒĺƓƐƏՓ×ՓƐƏƴѵ� "�ķ�
t =�ƑĺƕѶƓķ�p =�ĺƏƏƕķ�bm|;u-1|bom�=�ƴƔՓ×ՓƐƏƴѵՓ±ՓƔՓ×ՓƐƏƴѵ�"�ķ�t =�ƴƐĺƏƐƓķ�
p =� ĺƒƐƓķ�df =� ѵѶĸ� ���(�ķ�F =� ƒĺƓƒķ�df =� ƒķ�p =� ĺƏƑķ� b]�u; 3aőĺ�
$;lr;u-|�u;� -m7� |;lr;u-|�u;� �-ub-0bѴb|�� -Ѵvo� bm=Ѵ�;m1;7� vblŊ
rѴ;� 7;v1ubr|ouv� o=� �_-|� -u;� o|_;u�bv;� 1olrѴ;�� 7;mvb|�� 7�m-lb1v�
(b]�u; ƒ0ķ1őĺ� �m7;;7ķ� |;lr;u-|�u;� bm1u;-v;7� bm|ubmvb1� ]uo�|_� u-|;�
7;vrb|;�=Ѵ�1|�-|bomv�_-�bm]�mo�;==;1|�Ő|;lrĺ�;==;1|�=�ƐĺƏƒՓ±ՓƏĺƏƑ�"�ķ�
t =�ƔĺƐƓķ�pՓ<ՓƐƏƴƓķ��-uĺ�;==;1|�=�ƴƏĺƏѶՓ±ՓƏĺƏƑ�"�ķ�t =�ƴƏĺƒƕѵķ�p =� ĺƕķ�
bm|;u-1|bom�=�ƴƏĺƐƕՓ±ՓƏĺƑѶ�"�ķ�t =�ƴƏĺƔѶƒķ�p =�ĺѵķ�df =�ƑƏĸ����(�ķ�
F =� ƐƔĺƓƒķ� pՓ<ՓƐƏƴƓķ� df =� ƒķ� b]�u; ƒ0ĸ� 1-Ѵ1�Ѵ-|;7� �vbm]� |_;� =buv|�
ƑՓ7-�vőĺ��-uu�bm]�1-r-1b|�ķ�om�|_;�o|_;u�_-m7ķ�7;1u;-v;7��b|_��-ubŊ
-0bѴb|��0�|�omѴ��-|� |_;� Ѵo��|;lr;u-|�u;�-m7�v_o�;7�mo�vb]mb=b1-m|�
7b==;u;m1;v�bm�|_;�_b]_�|;lr;u-|�u;�Ő|;lrĺ�;==;1|�=�ƴƒƏƓՓ±ՓƐѵѵ�"�ķ�
t =�ƴƐĺѶƒķ�p =�ĺƏƕƓķ��-uĺ�;==;1|�=�ƴѵƖѵՓ±ՓƐѵѵ�"�ķ�t =�ƴƓĺƐƖķ�pՓ<ՓƐƏƴƒķ�
bm|;u-1|bom�=�ѵѵƕĺƑՓ±ՓƑƒƔ�"�ķ�t =�ƑĺѶƓķ�p =� ĺƏƏƕķ�df =�ƓƓĸ����(�ķ�
F =�ƔĺѶƖķ�p =�ĺƏƏƑķ�df =�ƒķ�b]�u; 3cőĺ

ƒĺƒՊ |Պ	;1olrovbm]�|_;�;==;1|v�o=�7;mvb|��-m7�l-vv�
on biomass across treatments

	;mvb|��-m7�l-vv�7�m-lb1v�1om|ub0�|;7�7bv|bm1|Ѵ��|o�0bol-vv�7�Ŋ
m-lb1vķ�;vr;1b-ѴѴ�� bm� |_;� =buv|�ƒՓ7-�v� Ő~ƐƑ�];m;u-|bomvķ�b]�u; 4őĺ�
ou�7-��ƽƑ�ŐƽѶ�];m;u-|bomvőķ�u-rb7�7;mvb|��bm1u;-v;v�v|uom]Ѵ��-m7�
rovb|b�;Ѵ�� bm=Ѵ�;m1;7� 0bol-vvķ� �_bѴ;� l-vv� omѴ�� rovb|b�;Ѵ�� bm=Ѵ�Ŋ
;m1;7� 0bol-vv� 7�m-lb1v� om� 7-�� Ɛķ� |_;m� l-7;� lov|Ѵ�� m;]-|b�;�
1om|ub0�|bomv� Ő����� vloo|_� |;ulķ� ;7=� =� ƕĺѶƕķ� !;=ĺdf =� ƕĺѶƕķ�
F =�ƕƑĺƒƑķ�pՓ<ՓƐƏƴƐѵķ�b]�u; 4aĸ����(�ķ�F =�ѵƐƔķ�pՓ<ՓƐƏƴƐѵķ�df =�ƕķ�
b]�u; 4gőķ�Ѵbh;Ѵ��7�;�|o�|_;�lomo|omo�v�7;1Ѵbm;�bm�l-vv�=uol�7-��
Ɛ�om�Őb]�u; Ƒ1ķ=őĺ

	;vrb|;�|;lr;u-|�u;�-m7�|;lr;u-|�u;��-ub-0bѴb|��bm=Ѵ�;m1bm]�0o|_�
7;mvb|��-m7�l-vv�7�m-lb1vķ�|_;bu�;==;1|v�om�|_;�1om|ub0�|bomv�o=�;bŊ
|_;u�om;�|o�0bol-vv�7�m-lb1vŌ�bĺ;ĺķ�d Ln(N)

dt
�-m7�d Ln(M)

dt
Ō��-v�v�urubvbm]Ѵ��

Ѵo�ķ�;vr;1b-ѴѴ��bm�|_;�Ѵom]�|;ulĺ��mb|b-ѴѴ��Ő7-��ƽƑőķ�7;mvb|��_-7�-�Ѵ-u];ķ�
rovb|b�;� -==;1|� om� 0bol-vv� |_-|� u;l-bm;7� _b]_� �m|bѴ� 7-�� Ƒ� -|� ƑƑŦ��
(b]�u; 4aő�0�|�7;1Ѵbm;7�v_-urѴ��-=|;u�7-��Ɛ�-|�ƑƔŦ��Őb]�u; Ɠ0ķ�|_bm�
Ѵbm;vőĺ��;�om7�7-��Ƒ�Őbĺ;ĺķ�>Ѷ�];m;u-|bomvőķ�|_;�1om|ub0�|bomv�o=�;b|_;u�
7;mvb|��ou�l-vv�|o�0bol-vv�7�m-lb1v��;u;�vl-ѴѴ�0�|�7b==;u;m|�bm�vb]m�
Őrovb|b�;�=ou�7;mvb|��-m7�m;]-|b�;�=ou�l-vvķ�b]�u; Ɠ;ŋ�]őĺ�$_;v;�u;Ŋ
v�Ѵ|v�v�]];v|�|_-|ķ��_bѴ;�|;lr;u-|�u;�|u;-|l;m|�;==;1|v�om�0bol-vv�
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ՊՍՊ |Պƕ�o=�ƐƐGIBERT et al.

ƒĺƓՊ |Պ $_;�|;lr;u-|�u;�u;vromv;�o=�|_;�1o�rѴbm]�
0;|�;;m�7;mvb|��-m7�l-vv

);� o0v;u�;7� |_-|� 1_-m];v� bm� l-vv� lou;� v|uom]Ѵ�� bm=Ѵ�;m1;7�
1_-m];� bm�7;mvb|�� |_-m�|_;�o|_;u��-��-uo�m7� Ő1omvbv|;m|��b|_�-�u;Ŋ
1;m|� v|�7�� Œ�b0;u|� ;|� -Ѵĺķ�2022œő� -1uovv� -ѴѴ� |;lr;u-|�u;� |u;-|l;m|v�
(b]�u; 5� -m7�b]�u; "Ƒ� bm��rr;m7b��"Ƒőĺ��o�;�;uķ� |_;� v|u;m]|_�o=�
|_;v;� u;1bruo1-Ѵ� ;==;1|v� �-ub;7� -lom]� |u;-|l;m|v� bm� vr;1b=b1��-�vĺ�
$;lr;u-|�u;� �-ub-0bѴb|�� �;-h;m;7� |_;� ;==;1|� o=� l-vv� om� 7;mŊ
vb|�� -1uovv� |;lr;u-|�u;vķ� -m7� |_bv� ;==;1|� �-v� vѴb]_|Ѵ�� v|uom];u� -|�
ƑƔŦ��1olr-u;7�|o�ƑƑŦ��Őb]�u; 5ķ� |;lrĺ�;==;1|�=�ƏĺƏƐƒՓ±ՓƏĺƏƏƐ�"�ķ�
t =�ƐĺƔѶƐķ�p =�ĺƐƔķ��-uĺ�;==;1|�=�ƴƏĺƏƔՓ±ՓƏĺƏƏƖ�"�ķ�t =�ƴƔĺƒƑƕķ�pՓ<ՓƐƏƴѵķ�
bm|;u-1|bom�=�ƴƏĺƏƔՓ±ՓƏĺƏƐ�"�ķ�t =�ƴƓĺƏƓķ�pՓ<ՓƐƏƴƓķ�df =�ƑƔƕőĺ��m�1omŊ
|u-v|ķ� |_;� ;==;1|� o=� 7;mvb|�� om�l-vv��;-h;m;7� =uol�ƑƑŦ�� |o� ƑƔŦ��
0�|�]o|� v|uom];u��b|_� |;lr;u-|�u;� =Ѵ�1|�-|bomv� Őb]�u; 5ķ� |;lrĺ�;=Ŋ
=;1|�=�ƴƏĺƏƔՓ±ՓƏĺƏƐ�"�ķ�t =�ƴƔĺƑƐķ�pՓ<ՓƐƏƴѵķ��-uĺ�;==;1|�=�ƏĺƑƏՓ±ՓƏĺƏƏƕ�"�ķ�
t =�ƑƖĺƕƕķ�pՓ<ՓƐƏƴƐѵķ�bm|;u-1|bom�=�ƴƏĺƏƑՓ±ՓƏĺƏƐ�"�ķ�t =�ƴƔĺƐƒķ�p =�ƏĺƑƖķ�
df =�ƐƔƑőĺ�$_;v;�u;v�Ѵ|v�v�]];v|�|_-|�u-rb7�=;;70-1h�0;|�;;m�7;mvb|��
-m7�l-vv�Őou�ľ;1oŊ�r_;mo|�rb1�=;;70-1hĿő�l-��|_;lv;Ѵ�;v�7;r;m7�om�
;m�buoml;m|-Ѵ�1om7b|bomvŌ�;vr;1b-ѴѴ�� |_;�;==;1|�o=�7;mvb|��om�l-vvķ�
�_b1_�v;;lv�|o� u;vrom7�lou;�v|uom]Ѵ�� |o�;m�buoml;m|-Ѵ��-ub-0bѴb|��
|_-m�|_;�;==;1|�o=�l-vv�om�7;mvb|��Őb]�u; 5őĺ

ƓՊ |Պ	�"�&""���

&m7;uv|-m7bm]� _o�� 1_-m];v� bm� ;m�buoml;m|-Ѵ� 1om7b|bomv� bm=Ѵ�Ŋ
;m1;�0bol-vv�7�m-lb1v� bv�r-u-lo�m|� bm��1oѴo]�ĺ��;u;ķ��;�-u]�;�

 ��&!� �ƓՊ);�7;rb1|�|_;�1om|ub0�|bomv�o=�7;mvb|��Ő7�ѴmŐ�őņ7|ķ�]u;;mő�-m7�l-vv�Ő7�ѴmŐ�őņ7|ķ�r�urѴ;ő�|o�0bol-vv�7�m-lb1v�-|�Ő-ķ�1ķ�;ő�ƑƑŦ��
-m7�Ő0ķ�7ķ�=ő�ƑƔŦ�ķ�bm�1omv|-m|�ŐvoѴb7ő�-m7��-ub-0Ѵ;�Ő7-v_;7ő�;m�buoml;m|vĺ�Ő-ő�-m7�Ő0ő�v_o��|_;v;�1om|ub0�|bomv�o=�7;mvb|��-m7�l-vv�1_-m];�
o�;u�|bl;�-|�ƑƑŦ��-m7�ƑƔŦ�ķ�u;vr;1|b�;Ѵ�ĺ�$_bm�|u-mvѴ�1;m|�Ѵbm;v�u;ru;v;m|�u;rѴb1-|;�ror�Ѵ-|bomv�Őf-uvő�-m7�|_b1h�Ѵbm;v�-u;�];m;u-Ѵb�;7�
-77b|b�;�lb�;7�lo7;Ѵ�Ő����ő�=b|v�|o�|_;v;�7-|-ĺ�Ő1ķ�7ő�-m7�Ő;ķ�=ő�v_o��7bv|ub0�|bomv�o=�7;mvb|��-m7�l-vv�1om|ub0�|bomv�o�;u�|bl;�=ou�7-�v�
Əŋ�Ƒ�ŐƽѶ�];m;u-|bomvő�-m7�7-�v�>2 (>Ѷ�];m;u-|bomvőķ�u;vr;1|b�;Ѵ�ĺ�Ő]ő�"_o�v�7b==;u;m1;v�bm�|_;�1om|ub0�|bomv�o=�7;mvb|��-m7�l-vv�-1uovv�0o|_�
|;lr;u-|�u;v�=ou�7-��ƽƑ�-m7�7-��>Ƒķ�;�-Ѵ�-|;7��vbm]�-m����(��-m7�$�h;�ŝv��"	�rov|�_o1�|;v|�ŐpՓ<ՓƐƏƴƔőĺ

(a) (c) (e) (g)

(f)(d)(b)

 ��&!� �ƔՊ);�v_o��|_;�1uovvŊ�l-rrbm]�vhbѴѴ�Ő!ő�=ou�-ѴѴ�rovvb0Ѵ;�
Ѵb0u-u��vb�;v�-1uovv�|;lr;u-|�u;�|u;-|l;m|v�Ő_;u;�u;ru;v;m|;7�
-v�bm7b�b7�-Ѵ�7o|vőĺ��-1h-];�l�Ѵ|bvr-|b-Ѵ����r;u=oulv�����om�
ѶƏƏ�|o|-Ѵ�0oo|v|u-r�u;rѴb1-|;v�o=�|_;�|bl;�v;ub;v�=ou�;-1_�Ѵb0u-u��
vb�;�-m7��b;Ѵ7v�-m�-�;u-];��-Ѵ�;�=ou�|_;�1uovvŊ�l-rrbm]�vhbѴѴĺ�
�==;1|v�o=�l-vv�om�7;mvb|��-u;�bm7b1-|;7�-v�ľ�-vv→	;mvb|�Ŀ�-m7�
;==;1|v�o=�7;mvb|��om�l-vv�-u;�bm7b1-|;7�-v�ľ	;mvb|�→�-vvĿĺ�$_;�
;==;1|�o=�l-vv�om�7;mvb|��bv�Ѵ-u];u�|_-m�|_-|�o=�7;mvb|��om�l-vvķ�
0�|�|_;�u;1bruo1-Ѵ�;==;1|v�o=�l-vv�-m7�7;mvb|��u;vrom7�|o�0o|_�
-�;u-];�|;lr;u-|�u;�-m7�|;lr;u-|�u;�=Ѵ�1|�-|bomvĺ��Ѵ�;�=�ƑƑŦ�ķ�
red =�ƑƔŦ�ķ�voѴb7�u;ru;v;m|���|u;-|l;m|vķ�-m7�7-v_;7�u;ru;v;m|�(�
|u;-|l;m|vĺ
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Ѷ�o=�ƐƐՊ |Պ�ՊՍ GIBERT et al.

|_-|�7obm]�vo�u;t�bu;v��m7;uv|-m7bm]�_o��|;lr;u-|�u;�-m7�|;lŊ
r;u-|�u;� �-ub-0bѴb|�� bm=Ѵ�;m1;� 7;mvb|�� -m7� l-vv� 7�m-lb1vķ� |_;m�
7;|;ulbmbm]�_o��|_ov;ķ�bm�|�umķ�bm=Ѵ�;m1;�0bol-vv�7�m-lb1vĺ���u�
u;v�Ѵ|v�v_o��|_-|ķ��_bѴ;�7;mvb|��-m7�l-vv�7�m-lb1v�-u;�bm7;r;mŊ
7;m|Ѵ�� v�v1;r|b0Ѵ;� |o�1_-m];v� bm� |;lr;u-|�u;� u;]bl;v� Őb]�u;v 2 
-m7�3őķ� |_;v;� ;==;1|v�l-�� 1-m1;Ѵ� ;-1_�o|_;u�o�|� -m7�mo|� -Ѵ�-�v�
|u-mvѴ-|;�|o�1_-m];v�bm�0bol-vv�bm�u;vromv;�|o�|;lr;u-|�u;�v_b=|v�
(b]�u; 2őĺ�);�-Ѵvo�v_o��|_-|�7b==;u;m|�-vr;1|v�o=�7;mvb|�ŋ�l-vvŋ�
0bol-vv� 7�m-lb1v� u;vrom7�7b==;u;m|b-ѴѴ�� |o� �-ub-|bom� bm� ;m�buomŊ
l;m|-Ѵ�1om7b|bomv�Őb]�u; 3őķ�;�;m��_;m�;m�buoml;m|-Ѵ�;==;1|v�om�
o�;u-ѴѴ�7�m-lb1v�-u;� Ѵ;vv�o0�bo�v� Őb]�u; 2őĺ�);�v_o��|_-|�7;mŊ
vb|��-m7�l-vv�_-�;�lov|Ѵ��orrovb|;�;==;1|v�om�0bol-vv�-m7�|_;bu�
1om|ub0�|bomv�-u;�m�-m1;7�-m7�Ѵbh;Ѵ��v|uom];u�bm�;-uѴb;u�7�m-lb1v�
(b]�u; 4őĺ��-v|ķ��;�v_o��|_-|�|;lr;u-|�u;�-m7�|;lr;u-|�u;��-ubŊ
-0bѴb|��1-m�-Ѵ|;u�|_;�v|u;m]|_�o=�=;;70-1h�0;|�;;m�l-vv�-m7�7;mŊ
vb|��Őb]�u; 5őķ�v�]];v|bm]�|_-|�u-rb7�;1oŊ�r_;mo|�rb1�=;;70-1h�l-��
rѴ-��-m�blrou|-m|�0�|�roouѴ���m7;uv|oo7�uoѴ;�bm�0bol-vv�1_-m];�bm�
mo�;Ѵ�;m�buoml;m|vĺ

$;lr;u-|�u;� o=|;m� u;7�1;v� 0o7�� vb�;ķ� -� r_;mol;mom� �b7;Ѵ��
hmo�m�-v�|_;�|;lr;u-|�u;ŋ�vb�;�u�Ѵ;� Őou�$"!ķ�;ĺ]ĺķ� Œ�|hbmvomķ�1994ķ�
�|hbmvom� ;|� -Ѵĺķ� 2003œőĺ� $_bv� r_;mol;mom� bv� �b7;vru;-7ķ� bm1Ѵ�7Ŋ
bm]�-lom]�l-ll-Ѵv�Ő��]�Ѵ�;|�-Ѵĺķ�2009őķ�0bu7v�Ő�bubm;1�;|�-Ѵĺķ�2021; 
);;hv�;|�-Ѵĺķ�2020őķ�bm�;u|;0u-|;v�Ő�_ov_�;|�-Ѵĺķ�2013őķ�-m7��mb1;ѴѴ�Ŋ
Ѵ-u�ou]-mbvlv�Ő�|hbmvom�;|�-Ѵĺķ�2003ĸ�	;�om]ķ�2012ĸ�$-0b�;|�-Ѵĺķ�2020őĺ�
$_;�$"!�_-v� Ѵom]�0;;m�v�]];v|;7�|o�rѴ-��-m� blrou|-m|�uoѴ;� bm�|_;�
u;vromv;v�o=� ror�Ѵ-|bomv� Ő��]�Ѵ� ;|� -Ѵĺķ�2009őķ� 1oll�mb|b;v� Ő�uov;�
;|�-Ѵĺķ�2012ĸ�ouv|;u�;|�-Ѵĺķ�2012ĸ��b0;u|�ş�	;�om]ķ�2017őķ�-m7�;1oŊ
v�v|;lv�Ő�uov;�;|�-Ѵĺķ�2012ő�|o��-ulbm]ķ�-v�1_-m];v�bm�0o7��vb�;�1-m�
7bu;1|Ѵ��blr-1|�u;ruo7�1|b�;�-m7�lou|-Ѵb|��u-|;v�-m7�vr;1b;v�bm|;u-1Ŋ
|bom�r-u-l;|;uv�|_uo�]_�l;|-0oѴb1�-ѴѴol;|ub;v�Ő�uo�m�;|�-Ѵĺķ�2004; 
�bѴѴooѴ��;|�-Ѵĺķ�2002ĸ�"-�-];�;|�-Ѵĺķ�2004őĺ���u�u;v�Ѵ|v�v_o��|_-|�|_;�
omv;|�o=�|_;�$"!�o11�uv��;u��;-uѴ�� bm�ror�Ѵ-|bom�7�m-lb1v�-v�vr;Ŋ
1b;v�]uo��|o�-u7�1-uu�bm]�1-r-1b|��Őb]�u; 1ő�-m7�-Ѵvo�v�]];v|�|_-|ķ�
7;vrb|;�|_;�m�l;uo�v�_�ro|_;vb�;7�;==;1|v�o=�|_;�$"!�om�;1oѴo]bŊ
1-Ѵ�ruo1;vv;v�-m7�7�m-lb1vķ�|_;�$"!�u;ru;v;m|v�-|�lov|�Ɣѷ�o=�|_;�
o0v;u�;7��-ub-|bom� bm�l-vv�o�;u�|bl;ĺ� �m7;;7ķ�|u-mvb;m|�1_-m];v� bm�
l-vv� -u;� l�1_� Ѵ-u];u� bm� l-]mb|�7;� |_-m� |_;� o0v;u�;7� Ѵom]Ŋ�|;ul�
$"!� Őb]�u; 1őķ� v�]];v|bm]� |_-|� u-rb7� 0�|� |u-mvb;m|� v_b=|v� bm� 0o7��
vb�;ķ�bm1Ѵ�7bm]�bm�u;vromv;�|o�|;lr;u-|�u;ķ�l-��0;�lou;�blrou|-m|�
|o��m7;uv|-m7�;1oѴo]b1-Ѵ�u;vromv;v�|o�-�v_b=|bm]�;m�buoml;m|�|_-m�
|_;�$"!ĺ

�o�;�;uķ�u;1;m|��ouh�_-v�-Ѵvo�v_o�m�|_-|ķ��b|_o�|�-11o�m|bm]�
=ou� |_;� $"!ķ� ru;7b1|bomv� -0o�|� _o�� |;lr;u-|�u;� bm=Ѵ�;m1;v� Ѵom]Ŋ�
|;ul�vr;1b;v�7;mvb|b;v�Őbĺ;ĺķ�-|�1-uu�bm]�1-r-1b|�ő�l-��0;�bm-11�u-|;�
Ő�;um_-u7|�;|�-Ѵĺķ�2018őĺ���u�u;v�Ѵ|v�=�u|_;u�blrѴ��|_-|ķ��b|_o�|�-1Ŋ
1o�m|bm]�=ou�|_;�$"!ķ�bm=;uubm]�1_-m];v�bm�0bol-vv�=uol�1_-m];v�bm�
7;mvb|��-Ѵom;�l-��Ѵ;-7�|o�;t�b�o1-Ѵ�;v|bl-|;vķ�-v�|_;�;==;1|v�o=�|;lŊ
r;u-|�u;�om�7;mvb|��-m7�l-vv�1-m�1-m1;Ѵ�;-1_�o|_;u�o�|�Őb]�u; 2őĺ�
$_;v;� u;v�Ѵ|v� -u;� blrou|-m|�0;1-�v;� |_;�� blrѴ�� |_-|�;m�buoml;mŊ
|-Ѵ�r;u|�u0-|bomv�l-�Ō�vol;|bl;v�u-rb7Ѵ�Ō�1_-m];�ror�Ѵ-|bomv�mo|�
f�v|�m�l;ub1-ѴѴ��Ő;ĺ]ĺķ�1_-m];v�bm�7;mvb|b;vő�0�|�-Ѵvo�r_;mo|�rb1-ѴѴ�ĺ�
�Ѵ|_o�]_�|_;�;1oѴo]b1-Ѵ�1omv;t�;m1;v�o=�|_;v;�u-rb7ķ�rѴ-v|b1ķ�r_;Ŋ
mo|�rb1�u;vromv;v�-u;�v|bѴѴ��;u��roouѴ���m7;uv|oo7ķ�o�u�u;v�Ѵ|v�;lŊ
r_-vb�;�|_;�m;;7�|o�blruo�;�|_bv��m7;uv|-m7bm]ĺ

!-rb7ķ�rѴ-v|b1�1_-m];v�bm�0o7��vb�;�_-�;�u;1;m|Ѵ��0;;m�v_o�m�|o�
lou;�v|uom]Ѵ��bm=Ѵ�;m1;�1_-m];v�bm�7;mvb|��Ő�b0;u|�;|�-Ѵĺķ�2022őķ�|_�v�
;v|-0Ѵbv_bm]� |_;� ;�bv|;m1;� o=� u-rb7� 0�|� -v�ll;|ub1� =;;70-1h� 0;Ŋ
|�;;m�0o7��vb�;�-m7�7;mvb|��7ub�bm]�;1oѴo]b1-Ѵ�7�m-lb1vĺ�$_bv�;1oŊ�
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