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The actinozooid is a living thing which knows no time of 
youthful vigour, no waxing to a period of adult life, no 
waning to senility – it knows no age – it practically knows 
no natural death. Wood-Jones (1912)
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r-u-ѴѴ;Ѵ��b|_�1;ѴѴvĽ�Ő�buh�oo7ķ�ƑƏƏƔőĸ�ļ�];bm]�-m7�b|v�-vvo1b-|;7�7;1Ѵbm;�
bm�v�u�b�-Ѵ�-m7�u;ruo7�1|b�;�=b|m;vv�bv�-m�bm_;u;m|�=;-|�u;�o=�0boѴo]bŊ
1-Ѵ�v�v|;lvĽ� Ő�Ѵr;uķ��uombho�vhbķ�ş��-ur;uķ�ƑƏƐƔőĺ�"|�7b;v�om�-];bm]�
=o1�v�om�-�v;|�o=�1;ѴѴ�Ѵ-u�-m7�loѴ;1�Ѵ-u�ruo1;vv;v�|_-|�-u;�7bv|bm1|�=uol�
|_ov;�|_-|�-u;�|_;�=o1�v�o=�v;m;v1;m1;ĺ��];bm]�ruo1;vv;v�bm1Ѵ�7;�|;ѴoŊ
l;u;�v_ou|;mbm]�Ő+o�m]ķ�ƑƏƐѶőĸ�o�b7-|b�;�v|u;vv�Ő�om-]_-mķ��;|1-Ѵ=;ķ�
ş�$ouu;vķ�ƑƏƏƖőĸ�7o�0Ѵ;Ŋv|u-m7�0u;-h�Ő)_b|;�ş�(bf]ķ�ƑƏƐѵőĸ�-m7�u;Ѵ-|;7�
l;1_-mbvlv��m7;uѴ�bm]� |_;�7-l-];�ou�;uuou� |_;oub;v�o=� -];bm]� Ő�bmķ�
ƑƏƐƏĸ� u;�b;�;7� bm� 1omm;1|bom� �b|_� v;m;v1;m1;� 0�� �ol=ou|ķ� ƐƖƕƖĸ�
�;|u-Ѵb-ķ� �-||vomķ� ş�+-oķ� ƑƏƐƓőĺ� �mvo=-u� -v� �-ub-|bomv� bm� |_;� -];bm]�
ruo1;vv;v� -|� |_;� loѴ;1�Ѵ-u� Ѵ;�;Ѵ� bm=Ѵ�;m1;� |_;� |�r;v� -m7� u-|;v� o=�
-];Ŋ7;r;m7;m|�r_�vboѴo]b1-Ѵ�7;]u-7-|bomķ�|_;��l-��0;�-m� blrou|-m|�
7bl;mvbom�|o�|_;�7bv1o�uv;�om�v;m;v1;m1;ĺ

$_;�;�|;m|� |o��_b1_� -];bm]�ruo1;vv;v� v_o�Ѵ7�0;� |u;-|;7� bm7;Ŋ
r;m7;m|Ѵ��o=�v;m;v1;m1;ķ�;�oѴ�|bom-ubѴ��-m7�l;1_-mbv|b1-ѴѴ�ķ�bv�1omŊ
|;v|;7ĺ�$_;�7bv|bm1|bom�0;|�;;m�|_;�|�o�u;Ѵ-|;v�|o�-�7bv|bm1|bom� bm�
;�oѴ�|bom-u�� |_;ou�� u;Ѵ-|;7� |o� ;�oѴ�|bom-u�� 1omv|u-bm|v� Ő);mvbmhķ�
�-v�;ѴѴķ�ş��-�7bv1_ķ�ƑƏƐƕĸ�)u�1�-ķ��bvvo�ķ�ş��-�7bv1_ķ�ƑƏƐƔőĺ�$_;�
-rruo-1_��;��v;ķ�0-v;7�om��-�7bv1_�ŐƑƏƐƐőķ�m;]o|b-|;v�|_bv�1om=Ѵb1|�
0�� v;r-u-|bm]� |�o� 1;m|u-Ѵ� -�;v� o=� �-ub-|bom� ŋ� 0;|�;;m� r-1;� -m7�
v_-r;ĺ� $_bv� -rruo-1_� ;m-0Ѵ;v� -� 1Ѵ;-m� 7b==;u;m|b-|bom� 0;|�;;m� |_;�
r-||;umv�o=�Ѵb=;�;�r;1|-m1��-m7�lou|-Ѵb|��r-||;umvĺ
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);�-u]�;�|_-|�|_;�bm;�b|-0bѴb|��o=�ou]-mbvl-Ѵ�v;m;v1;m1;�v_o�Ѵ7�
_oѴ7�omѴ��vo�=-u�-v�loѴ;1�Ѵ-u�7;1Ѵbm;v��rv1-Ѵ;�|o�|_;�7;lo]u-r_��o=�
|_;�ou]-mbvlĺ�$_bv��rv1-Ѵbm]�ŋ� =uol�1;ѴѴ�Ѵ-u�7;]u-7-|bomv� |o�r_�vŊ
boѴo]b1-Ѵ� bmf�u�� ŋ� l�v|� ]o� |_uo�]_� |_;� -m-|ol�� Őbĺ;ĺ� |bvv�;vő� -m7�
r_�vboѴo]��Őbĺ;ĺ�ou]-mvő�o=�|_;�bm7b�b7�-Ѵĺ��omvb7;ubm]�|_bv��rv1-Ѵbm]�
o=�1;ѴѴ�Ѵ-u�7;1Ѵbm;v�|o�r_�vboѴo]b1-Ѵ�7;1Ѵbm;v�l-��bm=oul�|_;�l;1_-Ŋ
mbvlv�=ou�u;Ѵb;�bm]�v;m;v1;m|�=ou1;v�o=�m-|�u-Ѵ�v;Ѵ;1|bomĺ

!;1;m|�u;v;-u1_�_-v�_b]_Ѵb]_|;7�-m�blrou|-m|�-vr;1|�|_-|��-v�-0Ŋ
v;m|� =uol��_oѴ;Ŋou]-mbvl-Ѵ� v;m;v1;m1;��b|_� u;vr;1|� |o� rѴ-m|v� -m7�
momŊ�mb|-u�� -mbl-Ѵv� Ő�-u7m;u� ş� �-m];Ѵķ� ƐƖƖƕĸ� �om;v� ;|� -Ѵĺķ� ƑƏƐƓĸ�
(-�r;Ѵ�;|�-Ѵĺķ�ƑƏƏƓőĺ��-m��1-v;v�o=�m;]Ѵb]b0Ѵ;�v;m;v1;m1;�Őbĺ;ĺ�lou|-Ѵb|��
Œb]�u;�Ɛ0ķ;œ�-m7ņou�=;u|bѴb|��Œ|_;�Ѵ-||;u�mo|�-77u;vv;7�-m-Ѵ�|b1-ѴѴ��bm�|_bv�
u;�b;�œ� u;l-bmbm]� bm�-ub-0Ѵ;��b|_� -];ő� ou� ;�;m� m;]-|b�;� v;m;v1;m1;�
Őlou|-Ѵb|�� ubvh�7;1Ѵbm;� Œb]�u;�Ɛ;ķ=œ� -m7ņou� =;u|bѴb|�� bm1u;-v;��b|_� -];�
Œ-]-bmķ�|_;�Ѵ-||;u�mo|�-77u;vv;7�bm�|_bv�u;�b;�ķ�0�|�v;;��-�7bv1_�ş�"|o||ķ�

ƑƏƐƖœ�-u;�mo��hmo�m�0-v;7�om�u;Ѵb-0Ѵ;�7-|-� Őbm1_ķ�ƑƏƏƖĸ��Ѵ;|1_;uķ�
�o�Ѵ;ķ�ş���u|vbm];uķ�ƐƖƖѶőĺ��;u_-rv�mo|�0��1obm1b7;m1;ķ�|_;v;�r-||;umv�
o11�u� bm�ou]-mbvlv�mo|� v|�7b;7� Őou�;�;m�7bv1o�;u;7Ĵő��_;m� |_;�1Ѵ-vŊ
vb1-Ѵ� |_;oub;v�o=� |_;�;�oѴ�|bom�o=�v;m;v1;m1;��;u;�7;�;Ѵor;7ĺ�"ol;�
o=� |_;v;� bm1Ѵ�7;� �u-m7|ŝv� 0-|�Myotis brandtii� Ő�o7Ѵ�|vh�ķ� �_ub|-mho�ķ�
��o7o�ķ� ş� ��v|-7ķ� ƑƏƏƔőķ� 0-um� o�Ѵ� Tyto alba Ő�Ѵ|�;]]ķ� "1_-�0ķ� ş�
!o�Ѵbmķ� ƑƏƏƕőķ� ]u;;mѴ-m7� v_-uh� Somniosus microcephalus� Ő�b;Ѵvom�
;|� -Ѵĺķ� ƑƏƐѵőķ� uo1h=bv_;v� Ő�-bѴѴb;|� ;|� -Ѵĺķ� ƑƏƏƐĸ��-m];Ѵķ� �bm7v�-|;uķ� ş�
�omv-ѴѴķ� ƑƏƏƕĸ���mhķ�ƑƏƏƐőķ� -m|v� -m7� |;ulb|;v� Ő�-u;�ķ�ƑƏƏƐőķ� m-h;7�
loѴ;Ŋu-|�Heterocephalus glaber� Ő��==;mv|;bmķ� ƑƏƏѶőķ�Hydra� Ő�-u|झm;�ķ�
ƐƖƖѶĸ�"1_-b0Ѵ;�;|�-Ѵĺķ�ƑƏƐƔőķ�0ubv|Ѵ;1om;�rbm;�Pinus longaeva�Ő�-mm;u�ş�
�ommouķ�ƑƏƏƐőķ�Borderea pyrenaica�Ő�-u1झ-ķ��vr-7-Ѵ;uķ�ş��Ѵ;v;mķ�ƑƏƐƑő�
-m7��bѴ1o��0u�v_�Eremophila forrestii�Ő�_uѴ࣐m�ş��;_|bѴ࢜ķ�ƑƏƏƑőĺ

�-Ѵ;0� �ĺ� bm1_ķ� bm� _bv� v;lbm-Ѵ�lomo]u-r_� o=� v;m;v1;m1;� ŐƐƖƖƏőķ�
0uo�]_|�-||;m|bom�|o�|_;�=;��hmo�m�vr;1b;v�|_-|�-|�|_;�|bl;�v�]];v|;7�

 ��&!� �ƐՊ��]u-r_b1�u;ru;v;m|-|bom�o=�bm1_ŝv���ro|_;vbv�=ou�-1|�-ub-Ѵ�Őbĺ;ĺ�lou|-Ѵb|�ő�v;m;v1;m1;ĺ�$_;v;�=b]�u;v�u;ru;v;m|�|_;�
_�ro|_;vb�;7�|u-b|ŋv;m;v1;m1;�u;Ѵ-|bomv_br�bm��_b1_�lo7�Ѵ-ub|���bѴѴ�Ѵo�;u�|_;�v_-r;�Ő-ķ�0ķ�1ő�-m7�u;7�1;�|_;�r-1;�Ő7ķ�;ķ�=ő�o=�v;m;v1;m1;ķ�
;�|;m7bm]�Ѵb=;�vr-m�-m7�u;7�1bm]�Ѵ-|;ŊѴb=;�lou|-Ѵb|�ĺ�$_;�0Ѵ-1h�Ѵbm;v�Ѵ-0;ѴѴ;7��b|_�ov|ub1_�b1omv�u;ru;v;m|�-�_�ro|_;|b1-Ѵ��mb|-u��ou]-mbvl�
Ő�b|_�_b]_�r_�vboѴo]b1-Ѵ�bm|;]u-|bomőķ�-m7�u;7�Ѵbm;v�Ѵ-0;ѴѴ;7��b|_�1ou-Ѵ�b1omv�u;ru;v;m|�-�_�ro|_;|b1-Ѵ�lo7�Ѵ-ub�;7�ou]-mbvl�Ő�b|_�Ѵo��
r_�vboѴo]b1-Ѵ�bm|;]u-|bomőĺ�bm1_ŝv�_�ro|_;vbv�ru;7b1|v�|_-|�lou;�lo7�Ѵ-ub�;7�r_�vboѴo]b;v�Ő|_;�u;7�Ѵbm;vő�v_o�Ѵ7�u;v�Ѵ|�bm�u;7�1;7�v;m;v1;m1;�
Őbĺ;ĺ�Ѵom];u�Ѵb=;�vr-m�-m7�Ѵo�;u�Ѵ-|;Ŋ-];ņv|-];�lou|-Ѵb|�ő�u;Ѵ-|b�;�|o�|_;bu��mb|-u��1o�m|;ur-u|v�Ő0Ѵ-1h�Ѵbm;vőĺ�$_;�v�u�b�ouv_br�1�u�;v�-u;�
1_-u-1|;ub�;7�0��v�u�b�ouv_br�|�r;�Ő$�r;��Ĺ�-ķ�7ĸ�$�r;���Ĺ�0ķ�;ĸ�-m7�$�r;����Ĺ�1ķ�=őķ�u;=Ѵ;1|bm]�v|-m7-u7�]uo�rbm]v�o=�lou|-Ѵb|��r-||;umvķ��_b1_�bv�
7bv1�vv;7�=�u|_;u�bm�b]�u;�Ƒĺ��o|;�|_-|�1_-m];v�bm�|_;�v_-r;�o=�-�$�r;����1�u�;�o0Ѵb]-|;v�;b|_;u�-�$�r;���Ő-ķ�7ő�ou�����Ő1ķ�=ő�1�u�;ķ�0�|�r-1;�1-m�
7ub�;�-�Ѵ;vv�v;�;u;�vѴor;ķ��_b1_�|-h;v�b|v�rѴ-1;�bm�|_bv�]u-r_b1ĺ��Ѵvoķ�mo|;�|_-|�|_;�7b==;u;m1;�bm�v_-r;�-m7�r-1;�1�u�;v�-lom]�$�r;�ƒ�Ő1ķ�=ő�
1�u�;v�-u;�lou;�v�0|Ѵ;�|_-m�=ou�$�r;���Ő-ķ�7ő�1�u�;vĸ�|_;�7b==;u;m1;�0;|�;;m�r-m;Ѵv�-u;�lov|�mo|b1;-0Ѵ;�bm�_o��|_;��bm|;u1;r|�|_;�xŊ-�bvĺ��=�
|_;�;==;1|�o=�lo7�Ѵ-ub|��om�v;m;v1;m1;��-v�v|uom]�;mo�]_ķ�-�vr;1b;v�ou�Ѵbm;-];�1o�Ѵ7�0;�ru;7b1|;7�|o�r-vv�=uol�om;�v�u�b�ouv_br�|�r;�|o�
-mo|_;uŌ=uol�$�r;��ķ�|o���ķ�|o�����u;vr;1|b�;Ѵ�

(a)

(b)

(c) (f)

(e)

(d)
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m;]Ѵb]b0Ѵ;�ou�;�;m�m;]-|b�;�v;m;v1;m1;ĺ��m�|_bv�lomo]u-r_ķ�bm1_�rovŊ
b|;7�-�mo�;Ѵ�1omm;1|bom�0;|�;;m�v;m;v1;m1;�-m7�-m-|ol�ķ�0��ruo0Ŋ
bm]�|_;�t�;v|bom�o=�_o��lo7�Ѵ-u�=oulv�1o�Ѵ7�-Ѵ|;u�v;m;v1;m1;ĺ�bm1_�
v�]];v|;7� |_-|� b=� lo7�Ѵ;v� -];� bm7;r;m7;m|Ѵ�� ou� bm1�u� bmf�u�� bm7;Ŋ
r;m7;m|Ѵ�ķ�-v�r_�vboѴo]b1-Ѵ��mb|vķ�|_;m�|_;��l-��bmv�Ѵ-|;�|_;�1olrovb|;�
bm7b�b7�-Ѵ�=uol�|_ov;�;==;1|vĺ�$_�vķ�bm1_�bmt�bu;7��_;|_;u�lo7�Ѵ;v�
1o�Ѵ7�Ѵ;m]|_;m�|_;�Ѵb=;�o=�-m�bm7b�b7�-Ѵ�0��ru;�;m|bm]�Ѵo1-Ѵ�bmf�u��=uol�
|u-mvѴ-|bm]� |o� bmf�u��o=� |_;� bm7b�b7�-Ѵĺ�&m|bѴ� u;1;m|Ѵ�ķ� |;v|bm]� |_bv� _�Ŋ
ro|_;vbv�_-v�0;;m�_bm7;u;7�0��-�7;-u|_�o=�u;Ѵ;�-m|�7-|-�-m7�v�0v|-mŊ
|b-Ѵ�Ѵb|;u-|�u;�-1uovv�l-m��vr;1b;vĺ��;u;ķ��;�-�-bѴ�o=�u;1;m|�-7�-m1;v�bm�
_bv|oѴo]��-m7�r_�vboѴo]��|o�ruo���|_;�7;]u;;�o=�lo7�Ѵ-ub|�ķ�-m7�;�-Ѵ�Ŋ
-|;�Ѵbmhv�0;|�;;m�7;lo]u-r_b1�7-|-�-m7�-1|�-ub-Ѵ�v;m;v1;m1;ĺ

�;u;ķ�-m7�bm�Ѵbm;��b|_�1Ѵ-vvb1-Ѵ��v;ķ��;��v;�|_;�|;ul�ļlo7�Ѵ-uĽ�|o�
7;v1ub0;�bm7b�b7�-Ѵ�ou]-mbvlv�|_-|�-u;�1omv|u�1|;7�o=�l�Ѵ|brѴ;ķ�u;r;-|�
v�0�mb|v�|_-|�-u;� bm7b�b7�-ѴѴ��7bvr;mv-0Ѵ;��b|_o�|� bmf�u��|o�v�u�b�ouŊ
v_br�o=� |_;� bm7b�b7�-Ѵ� Ő(�oubv-Ѵo�ş���|bh-bm;mķ� ĸ�(�oubv-Ѵo�ş�$�olbķ�
ƐƖѶѵőĺ�)b|_bm� |_bv� =u-l;�ouhķ� |_;� bm7b�b7�-Ѵ� 1-m�0;� |_o�]_|�o=�-v�-�
]uo�rbm]�o=�];m;|b1-ѴѴ��b7;m|b1-Ѵ�1;ѴѴv��_b1_�v_-u;�r_�vboѴo]b1-Ѵ�bm|;uŊ
7;r;m7;m1;�Ő;�|;m7bm]�=uol�1ub|;ub-�7bv|bm1|bomv�7bv1�vv;7�0��	bubv1oķ�
ƑƏƐѶĸ��;rr;u�ş��;uuomķ�ƑƏƏѶĸ��u-7;�ķ�ƑƏƐѵőĺ�$_bv��v-];�-ѴѴo�v� =ou�
lbmou�];m;|b1��-ub-|bom�|_-|�o11�uv�=uol�u-m7olķ�vol-|b1�robm|�l�|-Ŋ
|bomvĺ��Ѵom;v�-u;�|_;u;=ou;�1omvb7;u;7�r-u|v�o=�-�vbm]Ѵ;�bm7b�b7�-Ѵ�ŋ�-v�
-u;�lo7�Ѵ;v�ŋ�7;vrb|;�|_;bu�_;b]_|;m;7�7;]u;;�o=�r_�vboѴo]b1-Ѵ�bm7;Ŋ
r;m7;m1;�-m7�1olr-u|l;m|-|bomĺ��Ѵ|;um-|b�;��-�v�|o�7;=bm;�bm7b�b7-Ѵv�
l-��0;��v;7�om�|_;�0-vbv�o=�=�m7-l;m|-Ѵ�;�oѴ�|bom-u���mb|vķ�vr;1b=b1�
r_�vboѴo]b1-Ѵ�ruor;u|b;v�ou�o|_;u�=-1|ouvĺ��o�;�;uķ�o�u�7;=bmb|bom�=-1bѴŊ
b|-|;v�1olr-ubvom�-1uovv�0uo-7�lour_oѴo]b1-Ѵ�|�r;v�-m7�|-�omolb;vķ�
�_bѴ;�u;|-bmbm]�-�7;lo]u-r_b1-ѴѴ��1o_;u;m|��mb|ĺ���u�-m-Ѵ�vbv�v_o�v�
|_-|�|u-b|v�|_-|�u;=Ѵ;1|�-�_b]_;u�7;]u;;�o=�r_�vboѴo]b1-Ѵ�lo7�Ѵ-ub|��1ouŊ
u;Ѵ-|;��b|_�m;]-|b�;�v;m;v1;m1;�bm�rѴ-m|vķ�-Ѵ|_o�]_�mo|�m;1;vv-ubѴ��bm�
-mbl-Ѵvĺ�$_;v;�=bm7bm]v�|_;u;=ou;�ruo�b7;�mo�;Ѵ�;lrbub1-Ѵ�v�rrou|�=ou�-�
rovvb0Ѵ;�;�rѴ-m-|bom�=ou�;v1-rbm]�v;m;v1;m1;ĺ

ƑՊ |Պ�������!�$�(���(�!(��)���
����ŝ"��+��$��"�"

);�;�|;m7�bm1_ŝv�_�ro|_;vbv�0��Ѵbmhbm]�b|v�ru;7b1|bomv�|o�|_;�pace and 
|_;�shape�o=�v;m;v1;m1;ĺ�$_;�7bv|bm1|bom�0;|�;;m�|_;�r-1;�-m7�v_-r;�o=�
v;m;v1;m1;�;l;u];7�Ѵom]�-]o�Ő�;�=b|�ķ�ƐƖƕƕő�-v�-��v;=�Ѵ�=u-l;�ouh�bm�
-];bm]�u;v;-u1_�|_-|�7;1o�rѴ;v�blrou|-m|�l;|ub1v�o=�-];bm]�Ő�-�7bv1_ķ�
ƑƏƐƐĸ��-�7bv1_�;|�-Ѵĺķ�ƑƏƐƒĸ��;�=b|�ķ�ƐƖƕƕĸ�)u�1�-�ş��-�7bv1_ķ�ƑƏƐƓőĺ�
$_;� r-1;� o=� v;m;v1;m1;� u;ru;v;m|v� |_;� 1_-u-1|;ubv|b1�l;-m� Ѵb=;� ;�Ŋ
r;1|-m1��Őηeő�o=�-m�ou]-mbvlĺ�ou�;�-lrѴ;ķ�|_;�Ѵb=;�vr-m�o=�lovv�1-lŊ
pion Silene acaulis�Őuo�|bm;Ѵ��ƻ�ƔƏ��;-uvķ�vol;�vr;1bl;mv�ƻ�ƒƏƏ��;-uvĸ�
�ouubv�ş�	o-hķ�ƐƖƖѶő� bv�]u;-|;u�|_-m�|_-|�o=�|_;�bm�-vb�;�1_;-|]u-vv�
Bromus tectorumĸ�ƺƐ��;-u�Ő�olr-]momb�ş��7Ѵ;uķ�ƑƏƐƓőĺ��m�|_;�o|_;u�
_-m7ķ�|_;�v_-r;�o=�|_;�v;m;v1;m1;�7;v1ub0;v�when�-m7�_o��bm|;mvb�;Ѵ��
lou|-Ѵb|��_-�-u7v�1_-m];�7�ubm]�|_;�normalized�Ѵb=;|bl;�Ő|�rb1-ѴѴ��o�;u�
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"ol;� o=� |_;� Ѵ-u];v|� -m7� oѴ7;v|� bm7b�b7�-Ѵ� ou]-mbvlv� om� ;-u|_� -u;�
1Ѵom-Ѵ� rѴ-m|vķ� v�1_� -v� |_;� �-m7o� -vr;m� 1Ѵom;� Populus tremuloides 
Ő	;)oo7�ķ� !o�;ķ� �brhbmvķ� ş� �o1hķ� ƑƏƏƖĸ� �o1hķ� !o�;ķ� �oo|;mķ�
	;�oo7�ķ�ş��brhbmvķ�ƑƏƏѶő�ou�-��;r|�m;�]u-vv�1Ѵom;�Posidonia oce-
anica� =o�m7� bm� |_;��;7b|;uu-m;-m� ";-� Ő��;uu;uoŊ�;v;]�;uķ� "-m�Ŋ
uoķ�ş��-uझmķ�ƑƏƐѶőĺ-�࢙�

	;lo]u-r_b1�;==;1|v�o=�r_�vboѴo]b1-Ѵ�bmf�ub;v�-Ѵvo�-rr;-u�|o�0;�
bm=oul;7ķ� -|� Ѵ;-v|� bm� r-u|ķ� 0�� |_;� v|u�1|�u-Ѵ� ou]-mb�-|bom� o=� -m� ouŊ
]-mbvlĺ�";�;u;ķ�Ѵom]Ŋ|;ul�blr-bul;m|v�o=�-�r_�vboѴo]b1-Ѵ�v�v|;l�1-m�
0;�=-|-Ѵ�=ou�vol;�vr;1b;v�-m7�l;u;Ѵ��Ѵo1-ѴѴ��bmf�ubo�vķ�-m7��b|_o�|�
bm7b�b7�-ѴŊv1-Ѵ;� r_�vboѴo]b1-Ѵ� bmf�u�ķ� =ou� o|_;uv� Ő�o�Ѵo�vhbķ� ƐƖƕƒĸ�
)bmv|omķ�ƑƏƐƏőĺ�)_;|_;u�om;�bv�bmf�u;7�1-m�0;�-�=�m1|bom�o=�|_;�7;Ŋ
]u;;�o=� bm|;]u-|bom��b|_bm�|_;�bm7b�b7�-Ѵĺ�$_;�|u-mvrou|�o=��-|;u� bm�
rѴ-m|v�bv�bmv|u�1|b�;�bm�|_bv�u;]-u7ĺ�"bm1;�|_;�ƐƖѶƏvķ�|_;�=oul-|bom�o=�
-bu�ro1h;|v� bm�_�7u-�Ѵb1�1om7�b|v��b|_bm�rѴ-m|��-v1�Ѵ-u�|bvv�;v�ŋ�air 
embolism/cavitation�ŋ�_-v�0;;m�=o�m7�|o�0;�-�ru;�-Ѵ;m|�1-�v;�o=�louŊ
|-Ѵb|��bm�|;uu;v|ub-Ѵ�rѴ-m|v�Ő$�u;;�ş�"r;uu�ķ�ƐƖѶƖĸ�,bll;ul-mķ�ƐƖѶƒőĺ�
(-ub-|bom�bm�|_;�lour_oѴo]��|_-|�bm=Ѵ�;m1;v�;l0oѴb1�ubvh�bv�;�r;1|;7�
|o�_-�;�-�_b]_�7;lo]u-r_b1�blr-1|ĺ

$_;� bm|;u-1|bom�o=�;l0oѴb��b|_�|_;�lour_oѴo]��o=�rѴ-m|��-v1�Ŋ
Ѵ-u�-m7��;vv;Ѵ�lour_ol;|u��_-v�0;;m� |_;� =o1�v�o=�l�1_� u;v;-u1_�
Ő�-bѴ;�ķ� ƐƖƐѵĸ� ��;uvķ� ƐƖѶƔĸ� �b||;ul-m� ;|� -Ѵĺķ� ƑƏƐƏĸ� "r;uu�ķ� "-moķ�
"bhh;l-ķ� ;bѴ7ķ� ş� �-1h;ķ� ƑƏƏƕĸ� $�u;;� ş� "r;uu�ķ� ƐƖѶƖĸ� (;m|�u-vķ�
"r;uu�ķ� ş��-1h;ķ� ƑƏƐƕőĺ� $_;��;ѴѴŊ;v|-0Ѵbv_;7� ļu-u;� rb|� _�ro|_;vbvĽ�
o=� |u-7;Ŋo==v�0;|�;;m�;==b1b;m1��-m7�v-=;|��o=��;vv;Ѵv�v|;lv�=uol�
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|_bv�Ѵbm;�o=�t�;v|bomv�Ő�_ubv|l-mķ�"r;uu�ķ�ş��7Ѵ;uķ�ƑƏƏƖĸ��_ubv|l-mķ�
"r;uu�ķ� ş� "lb|_ķ� ƑƏƐƑőĺ� �=� 7bu;1|� blrou|-m1;� |o� v;m;v1;m1;ķ� |_;�
v-=;|�Ŋ;==b1b;m1�� �;vv;Ѵ� |u-7;Ŋo==� o==;uv� -� 1-v;� ;�-lrѴ;� o=� 7bu;1|�
blrou|-m1;�|o�v;m;v1;m1;ĺ�)_;m�-m�;l0oѴbvl�=oulv�bm�-��;vv;Ѵķ�|_;�
�-v1�Ѵ-u�1om=b]�u-|bom�o=�|_;�rѴ-m|�7;|;ulbm;v��_;|_;u�-m7�|o��_-|�
;�|;m|�|_;�bmb|b-Ѵ�;l0oѴb1�7bvu�r|bom�vru;-7v�|o�|_;��_oѴ;�ou]-mbvl�
Őbĺ;ĺ�u�m-�-��;l0oѴbvl�v;mv��"r;uu��-m7��o1hl-m�ƐƖƖƒőĺ��ou;�v;1Ŋ
|oub-Ѵ� �-v1�Ѵ-|�u;v� 1-m� lb|b]-|;� |_;� ubvh� o=� u�m-�-�� ;l0oѴbvl� 0��
u;7�1bm]�|_;�Ѵ-|;u-Ѵ�1omm;1|bomv�0;|�;;m��;vv;Ѵ�0�m7Ѵ;vĺ��=�;l0oѴb�
u;v�Ѵ|�bm�u�m-�-��;l0oѴbvlvķ�|_;���o�Ѵ7�0;�1om|-bm;7�|o�-�=;��0�mŊ
7Ѵ;v�Ő�ub-mvķ��-0v|ķ�ş�,-mm;ķ�ƑƏƏƔĸ�,-mm;�;|�-Ѵĺķ�ƑƏƐƓőĺ

��v;ub;v�o=�v|�7b;v�_-�;�;�rѴou;7�|_;�;m�buoml;m|-Ѵ�1ouu;Ѵ-|;v�
o=� |_bv� |�r;� o=� v;1|oub-Ѵb|�ķ� -m7� _-�;� =o�m7� _b]_;u� v;1|oub-Ѵb|�� bm�
_-0b|-|v��b|_�_b]_;u�;l0oѴb1�ubvhķ�mo|-0Ѵ��7;v;u|v�Ő�-uѴt�bv|ķ�ƐƖƕƔĸ�
�_Ѵ;ubm];uķ�ƐƖѶƏĸ���;uv�;|�-Ѵĺķ�ƑƏƏƕĸ��-_;u-Ѵbķ��o1hl-mķ�ş��-1hvomķ�
ƑƏƏƓĸ� !o�;uķ�)bѴ=ķ� �-m;vhoķ� �o�-Ѵvhbķ� ş� 	bѴ1_;uķ� ƑƏƏƔĸ�)ub]_|� ;|�
-Ѵĺķ�ƑƏƏƓĸ�v;;ķ�|ooķ�u;Ѵ-|;7�t�;v|bomv�-77u;vv;7�0���Ѵ7;uķ�"r;uu�ķ�ş�
�o1hl-mķ�ƐƖƖѵőĺ��m7;;7ķ�"1_;mh�;|�-Ѵĺ�ŐƑƏƏѶő�v_o�;7�|_-|�v;1|oub-ѴŊ
b|��bm1u;-v;v�om�;b|_;u�_;lbvr_;u;�|o�-u7v�|_;�Ѵ-|b|�7bm-Ѵ�0;Ѵ|�o=�-ub7�
�om;v�-1uovv�ƐƑ��oo7��vr;1b;vĺ

$o�|;v|�|_;�;==;1|�o=�lo7�Ѵ-ub|��om�v;m;v1;m1;�bm�rѴ-m|vķ��;�t�-m|bŊ
=b;7�|_;�1ouu;Ѵ-|bomv�0;|�;;m�l;-v�u;v�o=�|_;�r-1;�-m7�v_-r;�o=�v;m;vŊ
1;m1;�-m7�ruo�b;v�|o�rѴ-m|�lo7�Ѵ-ub|�ĺ�);�t�-m|b=b;7�r-1;�-m7�v_-r;�
o=�v;m;v1;m1;��vbm]�|_;������	!���Ѵ-m|��-|ub��	-|-0-v;�Ő"-Ѵ]�;uoŊ
�ॕl;��;|�-Ѵĺķ�ƑƏƐƔő�-m7��v;7�l;|_o7v�7;v1ub0;7�bm�"-Ѵ]�;uoŊ�ॕl;��
ŐƑƏƐƓő�-m7��om;v�;|�-Ѵĺ�ŐƑƏƐƓőĺ�);�blrѴ;l;m|;7�-�l;|_o7�7;v1ub0;7�bm�
�-�7bv1_�;|�-Ѵĺ�ŐƑƏƐƒő�|o�1olr-u;�bm|;uŊvr;1b=b1-ѴѴ���-ubo�v�lol;m|v�o=�
v;m;v1;m1;�-1uovv�vr;1b;vĺ�$_bv�-rruo-1_�bvoѴ-|;v�|_;�l;-v�u;v�o=�Ѵb=;�
vr-m�=uol�Ѵb=;vr-mŊv|-m7-u7b�;7�l;|ub1v�o=�v�u�b�ouv_brķ�-m7�u;7�1;v�
_b]_Ѵ���-ub-0Ѵ;�lou|-Ѵb|��r-||;umv�|o�v;Ѵ;1|�v|-|bv|b1�=;-|�u;v��_ov;�7bvŊ
1u;|;�l-uh;uv�u;=Ѵ;1|�h;���-ub-|bomv�bm�ror�Ѵ-|bom�v|u�1|�u;ĺ

);�7;ub�;7ķ�=uol�|_;�u;v�Ѵ|bm]�ƐƒѶ�rѴ-m|�vr;1b;v�bm������	!�ķ�
|_u;;�l;|ub1v�o=�|_;�r-1;�o=�Ѵb=;ķ��_b1_�-u;��v;7�-v�ruo�b;v�=ou�l;-Ŋ
v�ubm]� |_;�r-1;�o=� v;m;v1;m1;ĺ�$_;v;�l;|ub1v� 1omvbv|�o=�l;-m� Ѵb=;�
;�r;1|-m1�� Őηeőķ�l-�bl�l� Ѵom];�b|�� Őηl-�ő� -m7�];m;u-|bom� |bl;� ŐTő�
�vbm]�|_;�l;|_o7v�7;�;Ѵor;7�0���-v�;ѴѴ� ŐƑƏƐƐőĺ�);��v;7�-�vbm]Ѵ;�
l;|ub1�|o�1_-u-1|;ub�;�|_;�v_-r;�o=�v;m;v1;m1;Ĺ��;�=b|�Ľ�;m|uor��ŐHő�
Ő�-�7bv1_ķ�ƑƏƐƐĸ��;�=b|�ķ�ƐƖƕƕĸ�)u�1�-�;|�-Ѵĺķ�ƑƏƐƔőķ��_b1_�7;v1ub0;v�
|_;�o�;u-ѴѴ�v_-r;�o=�|_;�v�u�b�ouv_br�1�u�;�Őb]�u;�Ƒőķ�v�1_�|_-|��_;m�
H� ƻ� Ɛķ� lou|-Ѵb|�Ō-m7� |_�v� |_;� u-|;� o=� -1|�-ub-Ѵ� v;m;v1;m1;Ō7;Ŋ
1u;-v;v��b|_�-];ĺ�$_�vķ��m7;u�|_bv�l;|ub1ķ�|_;�7;1-��bm�v�u�b�ouv_br�
bv�t�-m|b=b;7�buu;vr;1|b�;�o=�u;ruo7�1|bomĺ��m�;v|bl-|;�o=�|_;�r-1;�o=�
v;m;v1;m1;�=ou�-�vr;1b;v�1-m�0;�1-Ѵ1�Ѵ-|;7�=uol�-m�-7�Ѵ|�v�u�b�ouŊ
v_br� 1Ѵ-vvĺ�!;Ѵ�bm]��rom�-� vbm]Ѵ;� -7�Ѵ|� v|-];Ŋ1Ѵ-vv� =ou� v�u�b�ouv_br�
;v|bl-|bomķ�_o�;�;uķ� blrѴb;v� |_-|� |_;u;� bv�mo� v_-r;�o=� v;m;v1;m1;�
=ou� |_;� ]b�;m� vr;1b;vķ��_b1_� bm� v;Ѵ;1|� 1-v;v�l-�� mo|� 0;� |_;� 1-v;ĺ�
$_;�bm=Ѵ�;m1;�o=�|_bv�-vv�lr|bom�-v�u;v�Ѵ|v��bѴѴ�mo|�0;�hmo�m��m|bѴ�
-� Ѵ-|;u� |bl;ķ��_;m�lou;� -];ņv|-];Ŋvr;1b=b1� v�u�b�ouv_br� ;v|bl-|;v�
are available.

$_;� l;|ub1�Hķ� -v� �;ѴѴ� -v� |_ov;� |_-|� t�-m|b=�� |_;� r-1;� o=� Ѵb=;�
Ő;ĺ]ĺ� ηeķ� ηl-�ķ� Tőķ� u;Ѵ�� om� -];Ŋv|u�1|�u;7� 7;lo]u-r_b1� bm=oul-|bomĺ�
$_;� �m7;uѴ�bm]� 7;lo]u-r_b1� bm=oul-|bom� bv� o=|;m� 1-r|�u;7� bm� -�
v|-];Ŋv|u�1|�u;7�=oul-|�Ő-v�l-|ub��ror�Ѵ-|bom�lo7;Ѵvőĺ�$o�7;ub�;�|_;�

-];Ŋv|u�1|�u;�=uol�v|-];Ŋv|u�1|�u;7�lo7;Ѵvķ��;��v;7�l;|_o7v�=uol�
�om;v�;|�-Ѵĺķ�ƑƏƐƓ�Ő0-v;7�om�l-|_;l-|b1-Ѵ�ruoo=v�0���-v�;ѴѴķ�ƑƏƏƐőĺ�
$_;v;�-];Ŋ=uolŊv|-];�;�|u-1|bom�l;|_o7v��v;�m�l;ub1-Ѵ�vbl�Ѵ-|bomv�
o=�|_;�v|-];Ŋv|u�1|�u;7�l-|ub��|o�7;|;ulbm;�-�t�-vbŊv|-0Ѵ;Ŋv|-|;�o=�
-�ror�Ѵ-|bom�7bv|ub0�|bom� =ou� vr;1b;v� |_-|�_-�;�l�Ѵ|brѴ;�-7�Ѵ|� -];ņ
v|-];Ŋ1Ѵ-vv� v�u�b�ouv_br� ;v|bl-|;vĺ� $_bvķ� bm� |�umķ� �b;Ѵ7v� -� 7;1-�bm]�
v�u�b�ouv_br� lx�1�u�;�=uol��_b1_�o�u�7;vbu;7�v�ll-u��l;|ub1v�1-m�
0;� ;�|u-1|;7� bm� -m� -];Ŋv|u�1|�u;7� =oulĺ�)_;m� vbl�Ѵ-|bom�lo7;Ѵv�
1om�;u];7�|o�-�v|-0Ѵ;�v|-|bom-u��ror�Ѵ-|bom�7bv|ub0�|bomķ�|_;���;u;�
mo|�bm1Ѵ�7;7�bm�o�u�7-|-ĺ�$_bv�l;|_o7�-m7�1om�;u];m1;�v;Ѵ;1|bom�1ubŊ
|;ubom��;u;�-Ѵvo��v;7�om�|_;�7-|-�=ou�-mbl-Ѵv�Ő0;Ѵo�őĺ

$o�|;v|��_;|_;u�=�m1|bom-Ѵ�1ouu;Ѵ-|;v�o=�r_�vboѴo]b1-Ѵ�lo7�Ѵ-uŊ
b|�� bm=oul�|_;�r-1;�-m7�v_-r;�o=�v;m;v1;m1;ķ��;�7u;��om�v;�;u-Ѵ�
or;m�vo�u1;�7-|-0-v;vĺ�);�1oѴѴ;1|;7�=�m1|bom-Ѵ� |u-b|�7-|-�u;Ѵ-|;7�
|o� |_;�7;]u;;�o=�lo7�Ѵ-ub|�� =uol�|_;�!�	� Ő��;uv;m�;|�-Ѵĺķ�ƑƏƐƕőķ�
����� Ő�mt�bv|ķ� �om7b|ķ� �;;|ķ� "1_bѴ7_-�;uķ� ş� $_b;uvķ� ƑƏƏƖő� -m7�
$!+�7-|-0-v;v� Ő�-||];� ;|� -Ѵĺķ� ƑƏƐƐőķ� -v� v_o�m� bm� b]�u;� ƒĺ� $_;v;�
]Ѵo0-Ѵ� |u-b|� 7-|-0-v;v� -u;� 1�u-|;7� u;rovb|oub;v� o=� rѴ-m|� |u-b|v� 1oѴŊ
Ѵ;1|;7� =uol�-��b7;� u-m];�o=� =b;Ѵ7�v|�7b;vķ� Ѵ-0ou-|ou��;�r;ubl;m|v�
-m7�o0v;u�-|bomvĺ��;u;ķ��;� 1omvb7;u�omѴ�� |_ov;�t�-m|b=b;7��m7;u�
�ml-mbr�Ѵ-|;7� 1om7b|bomvĺ� )_;m� l�Ѵ|brѴ;� =�m1|bom-Ѵ� |u-b|� �-Ѵ�;v�
�;u;� -�-bѴ-0Ѵ;� r;u� vr;1b;vķ��;� 1olr�|;7� |_;�l;-m� o=� ;-1_� vr;Ŋ
1b;vŊvr;1b=b1�|u-b|��-Ѵ�;ĺ�$_bv��-v�-�v|u-b]_|=ou�-u7�l;-mķ��_b1_��;�
r;u=oul;7�-=|;u�l-hbm]�v�u;�|_-|�b7;m|b1-Ѵ��-Ѵ�;v�o=�-�|u-b|�Ő;ĺ]ĺ�uoo|�
7b-l;|;u�o=�ƏĺƓƖƖѵ�llő��;u;�mo|�7o�0Ѵ;vĺ�$o�7o�voķ��;�;�-lbm;7�
v;�;u-Ѵ� bmv|-m1;v�o=�7o�0Ѵ;��-Ѵ�;v� bm�;-1_�om;�o=� |_;� |_u;;�7-|-Ŋ
0-v;vķ�-m7�1om|-1|;7�7-|-0-v;�1�u-|ouv�=ou�=;;70-1h�om�|_;�lov|�
v�vrb1bo�v� 1-v;vĺ�);� ru;v;m|� omѴ�� u;v�Ѵ|v� o=� o�u� -m-Ѵ�v;v��_;u;�
ƻƑƏ�vr;1b;v��;u;�ru;v;m|�bm������	!��-m7�bm�|_;�=�m1|bom-Ѵ�|u-b|�
7-|-0-v;v�Ő$-0Ѵ;�"Ƒőĺ

bm-ѴѴ�ķ� �;� |;v|;7� =ou� 1ouu;Ѵ-|bomv� 0;|�;;m� vr;1b;vŊvr;1b=b1�
7;lo]u-r_b1� |u-b|v� -m7� |_;bu� lo7�Ѵ-ub|�� |u-b|v� �vbm]� -� 0-||;u�� o=�
r_�Ѵo];m;|b1� ];m;u-Ѵb�;7� Ѵ;-v|� vt�-u;v� Őr]Ѵvő� �vbm]� |_;� r-1h-];v�
ape� Ő�-u-7bvķ��Ѵ-�7;ķ�ş�"|ubll;uķ�ƑƏƏƓő�-m7�caper� Ő�ul;ķ�ƑƏƐƒő� bm�
r� Ő!��ou;�$;-lķ�ƑƏƐƑőĺ�);��v;7� |_;�r_�Ѵo];m��o=� �-v1�Ѵ-u�rѴ-m|v�
0�� ,-mm;� ;|� -Ѵĺ� ŐƑƏƐƓőĺ� -lbѴ�Ŋ�bv;� ;uuouv��;u;� 1ouu;1|;7� �vbm]� -�
�om=;uuomb� 1ouu;1|bomĺ�);��v;7��h-bh;� bm=oul-|bom�1ub|;ubom� Ő���ő�
v1ou;v�=ou�lo7;Ѵ�v;Ѵ;1|bom�-lom]�-�v;|�o=�1olr;|bm]�lo7;Ѵv��b|_�
Ѵbm;-u�-m7�t�-7u-|b1�ru;7b1|ouvĺ��bm;-u�lo7;Ѵv�1omvbv|;m|Ѵ��_-7�|_;�
Ѵo�;v|�����-m7��;u;�|_;u;=ou;�u;|-bm;7ĺ

ƑĺƑՊ|Պ�o7�Ѵ-ub|��-m7�v;m;v1;m1;�bm�-mbl-Ѵv

$_;� Ѵb|;u-|�u;� om� v;m;v1;m1;� _-v� _bv|oub1-ѴѴ�� 0;;m� lou;� bm1Ѵ�vb�;�
o=� �mb|-u�� -mbl-Ѵv� |_-m� b|� _-v� 0;;m� =ou� o|_;u� ]uo�rvĺ� �lrou|-m|�
;�-lrѴ;v� |_-|� _-�;� -7�-m1;7� o�u� �m7;uv|-m7bm]� o=� -mbl-Ѵ� v;m;vŊ
1;m1;�bm1Ѵ�7;�v|�7b;v�om�uo;�7;;u�Capreolus capreolus�Ő�-bѴѴ-u7�;|�-Ѵĺķ�
ƐƖƖƒķ��obvomķ�;v|-Ŋ�b-m1_;|ķ��-bѴѴ-u7ķ��ou];mvomķ�ş���ѴѴb;mķ�ƐƖƖƖőĸ�
"o-�� v_;;r�Ovis aries� Ő�-|1_roѴ;ķ��ou]-mķ�ş��o�Ѵvomķ� ƑƏƏƏőĸ�	-ѴѴ�
v_;;r�Ovis dalli� Ő	;;�;�ķ� ƐƖƓƕĸ���u|࣐mķ� ƐƖƔƒĸ���ub;ķ� ƐƖƓƓőĸ� -Ѵrbm;�
l-ulo|�Marmota marmota�Ő�;u];u�;|�-Ѵĺķ�ƑƏƐѵőĸ�-m7�|_;�v_ou|Ŋ|-bѴ;7�
vole Microtus agrestis�Ő�;vѴb;�ş�!-mvomķ�ƐƖƓƏĸ��;vѴb;ķ�$;m;uķ�(b�ovoķ�ş�



ƖƓՊ�|Պ�ՊՍFunctional Ecology BERNARD Et Al.

�_b||�ķ�ƐƖƔƔőĺ��o�;�;uķ�|o�7-|;ķ�o|_;u�Ѵbm;-];v�-1uovv�|_;�|u;;�o=�Ѵb=;�
_-�;�mo|�u;1;b�;7�l�1_�-||;m|bomĺ

!;v;-u1_�bm�v;m;v1;m1;�_-v�omѴ��]-bm;7�lol;m|�l�bm�|_;��Ѵ-m|-;�
�bm]7ol� bm� |_;� Ѵ-v|� |�o� 7;1-7;v� Ő��mm࣐Ŋ�ov1_ķ� ƑƏƏѶĸ� "-Ѵ]�;uoŊ
�ॕl;�ķ�"_;==;uvomķ�ş���|1_bm]vķ�ƑƏƐƒĸ�$_ol-vķ�ƑƏƏƑķ�ƑƏƐƒĸ�(-�r;Ѵ�
ƑƏƏƓő�-m7�b|�u;l-bmv�;�;m�Ѵ;vv�u;ru;v;m|;7�-lom]�lo7�Ѵ-u�-mbl-Ѵv�Ő0�|�
v;;���|_;ѴѴķ��uo�mķ�ş��buh�oo7ķ�ƑƏƐѶ�-m7�$-mm;uķ�ƑƏƏƐőĺ�)b|_bm�rѴ-m|vķ�
u;v;-u1_;uv�_-�;�;�rѴou;7�|_;�t�;v|bom�-v�|o��_;|_;u�u-l;|v�v;m;v1;�
=-v|;u�|_-m�];m;|v�Ő�ub�;ķ�ƐƖƖƔĸ�"-Ѵ]�;uoŊ�ॕl;�ķ�ƑƏƐƕőĺ���vblbѴ-u�-m]Ѵ;�
om�|_;�-mbl-Ѵ�hbm]7ol�u;l-bmv��m|-rr;7ĺ�$_bv�l-��0;�-||ub0�|-0Ѵ;�|o�
|_;�1Ѵov;� u;Ѵ-|bomv_br�o=�lo7�Ѵ-ub|�� |o�l;ubv|;lŊ0-v;7�]uo�|_ķ�rѴ-m|�
�-v1�Ѵ-|�u;�-m7�o|_;u�=�m1|bom-Ѵ�1_-u-1|;ubv|b1v�u;v|ub1|;7�|o�|_;��Ѵ-m|-;�
�bm]7ol�Ő�Ѵ-uh;ķ�ƑƏƐƐĸ�(�oubv-Ѵo�ş���|bh-bm;mķ�őĺ��uo-7;u�-rrѴb1-|bom�
o=�|_;v;�v1-Ѵbm]�u;Ѵ-|bomv_brv�l-��-Ѵvo�0;�_bm7;u;7�0��|_;�1om=Ѵ-|bom�o=�
lo7�Ѵ-ub|���b|_�o|_;u� 1o;�bv|;m|� =�m1|bom-Ѵ��mb|vĺ��o7�Ѵ;v�o=|;m� 1oŊ
bm1b7;��b|_�1-u0om�v;1|ouvķ�v|u�1|�u-Ѵ�-�;vķ� bm7;r;m7;m|�r_�vboѴo]b1-Ѵ�
�mb|v�-m7�bm=Ѵou;v1;m1;vķ�-lom]�o|_;u�v�1_�v|u�1|�u;vĺ

�;u;ķ��;�ruo�b7;�-�u;�b;��o=�-mbl-Ѵ�lo7�Ѵ-ub|��-m7�b|v�u;Ѵ-|bomŊ
v_br� 0;|�;;m� Ѵom];�b|�� -m7� v;m;v1;m1;ĺ� ��u� ]o-Ѵ� �-v� |o� o==;u� -�
|u-mvѴ-|bom�o=�|_;�rubl-ubѴ��rѴ-m|Ŋ0-v;7�|;ul�lo7�Ѵ-ub|��|o�bm7b�b7Ŋ
�-Ѵ�-mbl-Ѵv�=ou��_b1_�|_;�bm|;]u-|bom�o=�u;vo�u1;v�bv�_b]_�-m7�-7�Ѵ|�
vb�;�|;m7v�|o�0;�7;|;ulbm;7ĺ��m�7obm]�voķ��;�|-h;�-�7bv1u;|;�v|;r�0;Ŋ
�om7�ru;�bo�v�|u;-|l;m|v�om�|_;�v�0f;1|�Őmo|-0Ѵ����;uv�;|�-Ѵĺķ�ƑƏƏƕĸ�
�-ur;uķ�ƐƖѶƏĸ�(�oubv-Ѵo�ş���|bh-bm;mķ�őķ�bm�|_-|��;�;�-Ѵ�-|;�vr;1b=b1�
_b;u-u1_b;v�o=�ou]-m�v�v|;lv�-1uovv�7;lo]u-r_b1�l;|ub1vĺ

�|� =buv|� vb]_|ķ� |_;� |;ul�lo7�Ѵ-ub|���o�Ѵ7� mo|� 0;� -rrѴb1-0Ѵ;� |o�
lov|� -mbl-Ѵv� b=� 7;=bm;7� -v� u;r;-|� v�0�mb|v� o=�l�Ѵ|bŊ1;ѴѴ�Ѵ-u� |bvv�;�
Ő�_-rl-mķ�ƐƖѶƐĸ�bm1_ķ�ƐƖƖƏĸ�(�oubv-Ѵo�ş�$�olbķ�ƐƖѶѵőĺ��o|-0Ѵ;�;�Ŋ
1;r|bomv�bm1Ѵ�7;�1ou-Ѵv�-m7�vrom];vķ�ouķ��vbm]�-�1oѴom��r;uvr;1|b�;ķ�
vo1b-Ѵ�-mbl-Ѵv�v�1_�-v�-m|v�Ő�u-l;uķ�"1_u;lr=ķ�"1_;�;uѴ;bmķ�ş��;bm�;ķ�
ƑƏƐƔőĺ���;u-ѴѴķ�_o�;�;uķ�|_;�1omvb7;u-|bom�o=�|_;��bm]7ol��mbl-Ѵb-�
|_uo�]_� |_;� Ѵ;mv�o=� 1Ѵ-vvb1-Ѵ�lo7�Ѵ-ub|��_-v� |o�7-|;� u;1;b�;7� Ѵb||Ѵ;�
-||;m|bomĺ�$_;u;�bv�-�1ouu;vrom7bm]�Ѵ-1h�o=�ru;1bvbom�bm�7;v1ub0bm]�|_;�
bm|;u|-�omolb1�1om1;r|v�r;u|-bmbm]�|o�lo7�Ѵ-ub|��-1uovv�hbm]7olvĺ�

$_;�7;�;Ѵorl;m|�o=�-�=u-l;�ouh�|_-|�1�|v�-1uovv�hbm]7olv�-ѴѴo�v�
�v�|o�|;v|��u];m|Ѵ��m;;7;7�l;1_-mbv|b1�|_;oub;v�-1uovv�|_;�|u;;�o=�
Ѵb=;�Ő�-�7bv1_�ş�(-�r;Ѵķ�ƑƏƐƑőĺ

��mo|-0Ѵ;�;�1;r|bom�bm�|_bv�7bu;1|bom�bv�|_;��ouh�0���v|;�;Ŋ�Ѵ|-�-�
ŐƑƏƐƕőķ��_o�u;1;m|Ѵ��bm|;uuo]-|;7�-�m�l0;u�o=�vblbѴ-ub|b;v� bm�lo7�Ѵ-u�
1om1;r|vĺ� $_bv� u;v;-u1_� =o1�v;7� om� v|u�1|�u-Ѵķ� 7;�;Ѵorl;m|-Ѵķ� =�m1Ŋ
|bom-Ѵ�-m7�|oroѴo]b1-Ѵ�bm|;]u-|bom�o=�lo7�Ѵ;v�bm�rѴ-m|v�-m7�-mbl-Ѵvķ�|_�v�
|o�1_bm]��rom�_o���;�1_-u-1|;ub�;�lo7�Ѵ-ub|��bm�|_bv�r-r;uĺ��o�;�;uķ�
bm� v|u;vvbm]� |_;� 1om1;r|�-Ѵ� 1uovv� o�;u� 0;|�;;m� rѴ-m|v� -m7� -mbl-Ѵvķ�
�v|;�;Ŋ�Ѵ|-�-�_b]_Ѵb]_|v�7;�;Ѵorl;m|-Ѵ�oub]bmvķ�u-|_;u�|_-m�|_;�m;��v�
o=�lo7�Ѵ-ub|���b|_�7;lo]u-r_�ĺ�$_;�u;Ѵ-|bomv_br�0;|�;;m�lo7�Ѵ-ub|��
-m7�Ѵom];�b|��=o�m7�bm�rѴ-m|v�Őb]�u;�Ɠ-ķ0ő�u-bv;v�|_;�mo�;Ѵ�t�;v|bom�o=�
�_;|_;u�|_;�7;]u;;�o=�v|u�1|�u-Ѵ�u;7�m7-m1��bm�-mbl-Ѵv�bv�u;Ѵ;�-m|�|o�
|_;bu�v�u�b�-Ѵĺ�"r;1b=b1-ѴѴ�ķ�b|�u-bv;v�|_;�t�;v|bom�o=��_;|_;u�b|v�;==;1|�om�
v;m;v1;m1;�bv�1olr-u-0Ѵ;�|o�|_-|�o=�lo7�Ѵ;v�bm�rѴ-m|vĺ�);�|-1hѴ;�|_bv�
t�;v|bom��b|_�-�u;�b;��o=�-mbl-Ѵ�|bvv�;v�-m7�-�1ub|;ub-Ŋ0-v;7�-rruo-1_�
|o�t�-Ѵb=�bm]�lo7�Ѵ-ub|��=uol�-�_bv|oѴo]b1-Ѵ�-m7�=�m1|bom-Ѵ�-m]Ѵ;ĺ

$_;�1Ѵ-vvb1-Ѵ�lo7;Ѵ�o=�lo7�Ѵ-ub|��Ő)_b|;ķ�ƐƖƕƖő�7;v1ub0;v�lo7Ŋ
�Ѵ;v� -Ѵom]� Ѵbm;v� o=� 7bv1u;|;� �mb|v� o=� ]uo�|_ķ� �mb|v� o=� u;ruo7�1|b�;�
bm7;r;m7;m1;� Ő�-ur;u�ş��;ѴѴķ� ƐƖƕƖőķ� bm7;r;m7;m|� =�m1|bom-Ѵ� �mb|v�
Ő"ru�];Ѵķ� �bm1hѴ;�ķ� ş� "1_--rķ� ƐƖƖƐő� ou� bm7;r;m7;m|� r_�vboѴo]b1-Ѵ�
�mb|v�Ő)-|vomķ�ƐƖѶѵĸ�)-|vom�ş��-vr;uķ�ƐƖѶƓőĺ�$_bv�rubm1brѴ;��ouhv�
�;ѴѴ�|o�7;v1ub0;�|_;�rѴ-m|v�-m7�1oѴomb-Ѵ�bm�;u|;0u-|;vķ�vbm1;�|_;v;�-u;�
1olrubv;7�o=��;ѴѴŊ7;=bm;7ķ�u;r;-|�v|u�1|�u-Ѵ�v�0�mb|vĺ��m�o|_;u��-�vķ�
b|�bv�7;=b1b;m|�-m7��m7�Ѵ��u;v|ub1|b�;ĺ

�o7�Ѵ-ub|��bv�-�r_�vboѴo]b1-ѴѴ��7;=bm;7�|;ul��_ov;�|o�1_v|om;�bv�
r-u|b-Ѵ�bm7;r;m7;m1;�o=�7b==;u;m|�1olrom;m|v�o=�-m�bm7b�b7�-Ѵĺ��m�lov|�
�mb|-u��-mbl-Ѵvķ�lo7�Ѵ-ub|��7o;v�mo|�-rr;-u�|o�_-�;�u;-7��-rrѴb1-|bomķ�
-v�r_�vboѴo]b1-Ѵ� =�m1|bomv�-u;�7;;rѴ�� bm|;]u-|;7ĺ� �m�|_;v;�ou]-mbvlvķ�
|_;�=�u|_;v|�;�|u;lb|b;v�-u;�r_�vboѴo]b1-ѴѴ�� Ѵbmh;7�|o�|_;�1;m|u-Ѵ�1ouŊ
r�v�o=�|_;�bm7b�b7�-Ѵĺ��m�|_bv��-�ķ�|_;��-u;�m;-uѴ��orrovb|;�|_;�1om1;r|�
o=�1olrubvbm]�v;lbŊbm7;r;m7;m|��mb|vĺ�$_;u;� bv�-�1ub|b1-Ѵ�7bv1omm;1|ķ�
_o�;�;uķ�u;]-u7bm]�|_bv�r;u1;r|bomĺ��o7�Ѵ;v�-u;�|u-7b|bom-ѴѴ��|_o�]_|�
o=� -v� ļbm7b�b7�ob7vĽ� ou� ļ1olrѴ;|;� r_�vboѴo]b1-Ѵ� �mb|vĽķ� 1olr-u|l;m|v�

 ��&!� �ƒՊ��ro|_;vb�;7�u;Ѵ-|bomv_brv�0;|�;;m�lo7�Ѵ-ub|��-m7�lol;m|v�o=�-1|�-ub-Ѵ�v;m;v1;m1;ĺ��-Ѵ;0�bm1_�_�ro|_;vbv;7�|_-|�
lo7�Ѵ-ub|��1om|uoѴv�|_;�vru;-7�o=�bmf�u��=uol�|_;�vb|;�o=�bmf�u��|o�bm7b�b7�-ѴŊѴ;�;Ѵ�bmf�u��-m7�lou|-Ѵb|�ĺ�);�-11ou7bm]Ѵ��;�r;1|�|_-|�-m-|olb1�
ruo�b;v�o=�lo7�Ѵ-ub|��v_o�Ѵ7�ru;7b1|�_b]_;u��-Ѵ�;v�-1uovv�bm7b1-|ouv�o=�Ѵom];�b|�ĺ�$_;�m;��v�o=�lo7�Ѵ-ub|��-m7�-];Ŋvr;1b=b1�lou|-Ѵb|��bv�-Ѵvo�
bm|;uuo]-|;7�bm�|_bv�v|�7��|_uo�]_�ruo���o=��;�=b|�ŝ�;m|uor�



ՊՍ�Պ |�ՊƖƔFunctional EcologyBERNARD Et Al.

�_b1_�r-1h-];�|_;�=�ѴѴ�v�b|;�o=�r_�vboѴo]b1-Ѵ�=�m1|bomv�o=�-m�bm7b�b7�-Ѵĺ�
��|�|_bv�7o;v�mo|�m;;7�|o�0;�|_;�1-v;ĺ

);�1-m�1om1;b�;�o=�u;7�m7-m|�ou]-mv�bm�-�v�0v�v|;lķ��_b1_�lb]_|�
o==;u� bm7;r;m7;m1;� bm� =�m1|bomĺ� "o� Ѵom]� -v� bmf�u�� 1-m� 0;� Ѵo1-Ѵb�;7�
|o� -� r_�vboѴo]b1-Ѵ� v�v|;lķ� om;� 1-m� ;m�bvbom� -� 0;m;=b|� 1om=;uu;7� 0��

u;7�m7-m1b;vĺ�&mb|b�-|bom� 1-m� 0;��b|_bm� -� vbm]Ѵ;� v�0v�v|;l� |_-|� �ѴŊ
|bl-|;Ѵ��-==;1|v�|_;�bm7b�b7�-Ѵŝv�=b|m;vvĺ��Ѵ0;b|�1o�m|;ubm|�b|b�;ķ�|_;u;�
;�bv|v� -� ru-1|b1-Ѵ� |u-mvѴ-|bom� o=� |_;� 1om1;r|�-Ѵ�lo7;Ѵ� o=�lo7�Ѵ-ub|��
|o�_b]_Ѵ��r_�vboѴo]b1-ѴѴ�� bm|;]u-|;7�ou]-mbvlv� Őbĺ;ĺ� |u-7b|bom-Ѵ��mb|-u��
ou]-mbvlvķ�v�1_�-v�_b]_;u��;u|;0u-|;vőĺ

 ��&!� �ƓՊbm1_ŝv�_�ro|_;vbv�-11�u-|;Ѵ��ru;7b1|v�|_;�u;Ѵ-|bomv_brv�0;|�;;m�rѴ-m|�lo7�Ѵ-ub|��-v�l;-v�u;7�0��=�m1|bom-Ѵ�|u-b|v�-m7�
v;m;v1;m1;ķ�0�|�=-bѴv�|o�;�rѴ-bm�r-||;umv�bm��mb|-u��-mbl-Ѵv�0;|�;;m�ou]-m�7b�b7;7m;vv�-m7�v;m;v1;m1;ĺ��Ѵ�;�Ѵbm;v�v_o��v|-|bv|b1-ѴѴ��
vb]mb=b1-m|�u;Ѵ-|bomv_brv�0;|�;;m�|_;�v_-r;�o=�v;m;v1;m1;�Ő�;�=b|�Ľ�;m|uor��ŐHőĸ�v;;�b]�u;�Ƒ�=ou�lou;�bm=oul-|bom�om�|_bv�l;|ub1ő�-m7�Ő-ő�
v|;l�7;mvb|�ķ�-m7�Ő0ő�-m�bm7;��o=�u;m-Ѵ�lo7�Ѵ-ub�-|bomĺ�H�Ʒ�Ɛķ�vb]mb=b;7�0��|_;�7-v_;7�0Ѵ-1h�Ѵbm;ķ�u;ru;v;m|v�m;]Ѵb]b0Ѵ;�ou�m;�|u-Ѵ�v;m;v1;m1;ķ�
-m7�bv�|_;�7b�b7bm]�Ѵbm;�0;|�;;m�rovb|b�;�-m7�m;]-|b�;�v;m;v1;m1;ĺ��-u];u�HŊ�-Ѵ�;vķ�_b]_;u�om�|_;��Ŋ-�bv�Ő-m7�1oѴo�uŊ�;b]_|;7�0��]u;;mőķ�
u;ru;v;m|�Ѵo�;u�v;m;v1;m1;ĸ�"l-ѴѴ;u�HŊ�-Ѵ�;vķ�Ѵo�;u�om�|_;��Ŋ-�bv�Ő-m7�1oѴo�uŊ�;b]_|;7�0��u;7őķ�u;ru;v;m|�_b]_;u�v;m;v1;m1;ĺ�)_bѴ;�|_;�
v|;l�7;mvb|��;==;1|�om�|_;�v_-r;�o=�v;m;v1;m1;�v�rrou|v�bm1_ŝv�_�ro|_;vbvķ�|_;�u;m-Ѵ�bm7;��u�mv�1o�m|;u�|o�;�r;1|-|bomĺ�Ő1ő���l�Ѵ-|b�;�
�;vv;Ѵ�u;7�m7-m1��ŐѴ�l;m�-u;-�1ouu;1|;7�0���;vv;Ѵ�m�l0;uő�ruo�b7;v�-�l;-v�u;�o=�lo7�Ѵ-u��;vv;Ѵ��mb|vķ�t�-m|b=b;7�0��m�l0;uķ�1ouu;1|;7�
=ou���Ѵm;u-0bѴb|��|o�;l0oѴbvl�u;Ѵ-|;7�|o�Ѵ�l;m�-u;-ķ�-m7�|_;u;0��bv�;�r;1|;7�|o�0;�-�lou;�;==;1|b�;�rovb|b�;�1ouu;Ѵ-|;�o=�lo7�Ѵ-ub|��|_-m�
�;vv;Ѵ�m�l0;u�-Ѵom;ĺ���l�Ѵ-|b�;��;vv;Ѵ�u;7�m7-m1��rovb|b�;Ѵ��1ouu;Ѵ-|;v��b|_�u;ruo7�1|b�;��bm7o��ŐLαωőķ�1omvbv|;m|��b|_�|_;�b7;-�|_-|�
lo7�Ѵ-ub�;7��;vv;Ѵ�-m-|ol��vѴo�v�|_;�r-1;�o=�v;m;v1;m1;ĺ�Ő7ő��;-m�Ѵb=;�;�r;1|-m1��Őηeő�1ouu;Ѵ-|;v�m;]-|b�;Ѵ���b|_�-m�bm7;��o=�bll�m;�
-m-|ol��v�07b�b7;7m;vvķ�1o�m|;u�|o�|_;�_�ro|_;vbv�|_-|�lou;�v�0Ŋ7b�b7;7ķ�-m7�|_;u;0��lou;�lo7�Ѵ-ub�;7ķ�-m-|ol���o�Ѵ7�ruolo|;�
Ѵom];�b|�ĺ�$_;u;�bv��b7;��-ub-|bom�bm�|_;�7bv|ub0�|bom�1_-u-1|;ubv|b1v��_b1_�l-r�o�|�7b==;u;m|Ѵ��-lom]�]uo�rvķ�|_o�]_�|_bv�bv�mo|�v|-|bv|b1-ѴѴ��
vb]mb=b1-m|ĺ�"ol;�o=�|_;v;�1_-u-1|;ubv|b1v�bm1Ѵ�7;�|_;�Ѵ-1h�o=�v_ou|ŊѴb�;7�vr;1b;v��b|_�Ѵ�lr_�mo7;vķ�-m7�-�|;m7;m1��=ou�_b]_;u�u;ru;v;m|-|bom�
o=�vr;1b;v��b|_�Ѵo��Ѵb=;�vr-mv�bm�-ѴѴ�]uo�rv�;�1;r|�|_ov;��b|_�Ѵ�lr_�mo7;v�-m7�mo�1;m|u-Ѵb�;7�bll�m;�-m-|ol�ĺ����u;oub;m|bm]�|_;�u-mh�ou7;u�
o=�ļmo�1;m|u-Ѵb�;7�bll�m;�v�v|;lĽķ�-�v|uom];u�u;Ѵ-|bomv_br��o�Ѵ7�;l;u];

10,000

(a)

(c)
(d)

(b)



ƖѵՊ�|Պ�ՊՍFunctional Ecology BERNARD Et Al.

�mf�u�� |o� |_;� r_�vboѴo]�� o=� bm|;]u-|;7� ou]-mbvlv� bvķ� -Ѵlov|� 0��
7;=bmb|bomķ� o=� �_oѴ;Ŋou]-mbvl-Ѵ� 1omv;t�;m1;ĺ� �lrou|-m|Ѵ�ķ� bm|;Ŋ
]u-|;7� ou]-mbvlv� |�rb1-ѴѴ�� u;Ѵ;]-|;� u;ruo7�1|b�;� 1-r-1b|�� |o� 7bvŊ
1u;|;�v;��-Ѵ�ou]-mvķ�-m7�-u;�|_;u;0��Ѵ-u];Ѵ���m-l;m-0Ѵ;�|o�u;]bom-Ѵ�
u;ruo7�1|b�;� bvoѴ-|bomĺ� $_bv� 0-�rѴ-m� 1om|u-v|v��b|_� |_-|� o=� rѴ-m|vķ�
1ou-Ѵv�-m7�vrom];vķ��_;u;�0o|_�vol-|b1�-m7�u;ruo7�1|b�;�=�m1|bomv�
-u;�1-uub;7�o�|�bm��mbvomĺ��m�|_ov;�ou]-mbvlvķ�|_;�7;-|_�o=�-�0u-m1_�
ou�v�01oѴom��l-��mo|�_-�;�blrou|-m|�1omv;t�;m1;vĺ�)b|_�-��mb|-u��
-mbl-Ѵķ�|_;�Ѵovv�o=�-�v�0r-u|ķ�v�1_�-v�-m�-rr;m7-];�ou�v;]l;m|ķ�l-��
-==;1|�lo|bѴb|��bm�-�l-mm;u�Ѵ-u];Ѵ��-0v;m|�ou�buu;Ѵ;�-m|�|o�rѴ-m|v�-m7�
1oѴomb-Ѵ�bm�;u|;0u-|;v�Ő�o�Ѵo�vhbķ�ƐƖƕƒőĺ

�|� bv� |_�v� 1_-ѴѴ;m]bm]� |o� =bm7� -� u;-7�� -m7� 1olr;|;m|� ]uovv� -m-Ŋ
Ѵo]�;�bm�lov|�-mbl-Ѵ�vr;1b;vĺ���|�-v��-v�u;1o]mb�;7�7;1-7;v�-]oķ�-m7�
bm7b1-|;7� -0o�;ķ� |_;� =�ѴѴ� ou� m;-uŊ=�ѴѴ� u-m];�o=� bm7b�b7�-Ѵbv|b1� ruor;uŊ
|b;v�;�_b0b|;7�0��rѴ-m|�lo7�Ѵ;v�bv�mo|�|_;�t�-Ѵb=b1-|bom�=ou�lo7�Ѵ-ub|�ĺ�
$_;�0-�rѴ-m�o=�|_;�bm7b�b7�-Ѵ�l-��mo|�0;�|_;�-rruorub-|;�Ѵ;�;Ѵ�o=�-vŊ
v;vvl;m|�Ő�-ur;uķ�ƐƖѶƏĸ�(�oubv-Ѵo�ş���|bh-bm;mķ�ƐƖƖƖőĺ� �m7;;7ķ�|_;�
-�bolv�o=�lo7�Ѵ-ub|��-u;�l�Ѵ|b1;ѴѴ�Ѵ-ub|��-m7�l�Ѵ|brѴ;�redundant��mb|v�
Ő$�olb�ş�(�oubv-Ѵoķ�ƐƖѶƖőĺ�$_�vķ�lo7�Ѵ-ub|��bv�mo|�m;1;vv-ubѴ��bm1olŊ
r-|b0Ѵ;��b|_�_b]_�0o7bѴ��bm|;]u-|bomĺ

�u1_b�;7�bm=oul-|bom�om�|_;�m�l0;u�o=�u;rѴb1-|;7�ou]-mv�-1uovv�
|_;�|u;;�o=�-mbl-Ѵv� bv�v�urubvbm]Ѵ�� Ѵ-1hbm]ĺ�$bvv�;v�-u;�o=|;m�vblbѴ-u�
bm� ou]-mv� -1uovv� 7b==;u;m|� vr;1b;v� o=� -mbl-Ѵv� -m7� rѴ-�� -� 1ollom�
=�m1|bom-Ѵ� uoѴ;ĺ�);�0;Ѵb;�;� |_bv� |o�0;�-� Ѵo]b1-Ѵ� v|-u|bm]�robm|� =ou�-�
v�v|;l-|b1� bmt�bu�� bm|o� |_;� ro|;m|b-Ѵ� uoѴ;� o=� lo7�Ѵ-ub|�� bm� -mbl-Ѵ�
v;m;v1;m1;ķ�-v�rov;7�0��bm1_�ŐƐƖƖƏőĺ��u;�-m��ou]-mv�7b�b7;7�bm|o�
l-fou� =�m1|bom-Ѵ� 1olr-u|l;m|v� |_-|� _-�;� =�m1|bom-ѴѴ�� vblbѴ-u� ŋ� b=�
mo|�;t�b�-Ѵ;m|�ŋ�uoѴ;vĵ��u;�|_;��=�m1|bom-ѴѴ��u;Ѵ-|;7�v�1_�|_-|�|_;�
blr-bul;m|� o=� om;� �o�Ѵ7� mo|� 0;� bm7bvr;mvb0Ѵ;� |o� |_;� bm7b�b7�-Ѵŝv�
v�u�b�-Ѵĵ

);�1-uub;7�o�|�-m�;�_-�v|b�;�v�u�;��1Ѵ-vvb=�bm]�u;7�m7-m|�1olŊ
rom;m|v�bm�ƐƔƐ�-mbl-Ѵ�vr;1b;vĺ�ou�|_;�|�o�v�v|;lv�ŋ�Ѵ�lr_-|b1�-m7�
u;m-Ѵ�ŋ��_;u;� |_;u;�-rr;-u� |o�0;�1om7b|bomv� |_-|� Ѵ;m7� |_;lv;Ѵ�;v�
|o�=�m1|bom-Ѵ�u;7�m7-m1�ķ��;�bm�;v|b]-|;�|_;�|�r;v�-m7�v1-Ѵ;�o=�u;Ŋ
r;-|;7�;Ѵ;l;m|v�bm�|_;�v�v|;l�-m7�_o��|_ov;�-u;�7bv|ub0�|;7�-lom]�
l-fou�]uo�rv�o=�ou]-mbvlvĺ�$-0Ѵ;�"ƒ�o=�|_;�omѴbm;�v�rrѴ;l;m|-Ѵ�l-Ŋ
|;ub-Ѵ� 1om|-bmv� -� v�ll-u�� u;�b;��o=� o|_;u� ou]-m� v�v|;lvĺ� $o� |;v|�
|_;� ;==;1|� o=� ou]-m�l�Ѵ|brѴb1b|�� om� v;m;v1;m1;ķ��;� �v;7�l;|_o7v�
vblbѴ-u�|o�|_ov;�;lrѴo�;7�bm�rѴ-m|v�Ő-0o�;őĺ�$_bv�bm�oѴ�;v�u�mmbm]�-�
v;ub;v�o=�r_�Ѵo];m;|b1�];m;u-Ѵb�;7� Ѵ;-v|�vt�-u;�lo7;Ѵv� |o�t�-m|b=��
|_;� u;Ѵ-|bomv_br�0;|�;;m� bm7b1;v�o=�ou]-m�l�Ѵ|brѴ;v� -m7�l;-m� Ѵb=;�
;�r;1|-m1�� Őηeĸ�b]�u;�ƒőķ�l-�bl�l� Ѵb=;�;�r;1|-m1�� Őηl-�őķ� ];m;u-Ŋ
|bom�|bl;�ŐTő�-m7��;�=b|�Ľ�;m|uor��ŐHőĺ�H��-v�-m-Ѵ�v;7�=ou�omѴ��|_ov;�
vr;1b;v�=ou��_b1_�v�u�b�ouv_br��-v�;v|bl-|;7�=ou�-|�Ѵ;-v|�|�o�-7�Ѵ|�
v|-];Ŋ1Ѵ-vv;vĺ

ƑĺƑĺƐՊ|Պ�ll�m;�v�v|;l�_b;u-u1_b;v

$_;�Ѵ�lr_-|b1�v�v|;l�bv�-�v|uom]�1-m7b7-|;�=ou�-�lo7�Ѵ-u�v|u�1|�u;�
|_-|�lb]_|�bm=Ѵ�;m1;�v;m;v1;m1;�r-u|Ѵ��0;1-�v;�o=�|_;�blrou|-m1;�o=�
bll�m;�bm|;]ub|��|o�v�u�b�ouv_br�Ő��vv;��;|�-Ѵĺķ�ƑƏƐƒőĺ��ou;�vr;1b=bŊ
1-ѴѴ�ķ�bm�1;u|-bm�vr;1b;vķ�|_;�Ѵ�lr_-|b1�v�v|;l�1olrubv;v�m�l;uo�v�

bm7;r;m7;m|�v�0�mb|v�|_-|�-u;�vr-|b-ѴѴ��7bv1u;|;ĺ�)b|_bm�vr;1b;v�|_-|�
_-�;�Ѵ�lr_�mo7;vķ��;�vr;1�Ѵ-|;�|_-|�lo7�Ѵ-ub|��1ouu;vrom7v��b|_�
|_;�m�l0;u�o=�Ѵ�lr_�mo7;v�bm�|_;�0o7�ĺ�$_�vķ�vr;1b;v��b|_�-�]u;-|;u�
Ѵ�lr_-|b1�lo7�Ѵ-ub|��v_o�Ѵ7�_-�;�Ѵo�;u�u-|;v�o=�v;m;v1;m1;ķ�-v�-m�
;�|;mvbom�o=�bm1_ŝv�|_;vbv�ŐƐƖƖƏőĺ

��lr_-|b1� v�v|;lv� o=� l-ll-Ѵv� vr-m� vol;� ƑƏŊ=oѴ7� �-ub-|bom�
bm� Ѵ�lr_�mo7;�m�l0;uķ� =uol�ƑƑ� bm�lb1;� |o�ƓƔƏ� bm�_�l-mv� Ő�-Ѵ;�ķ�
ƑƏƐѵő� -m7� v;�;u-Ѵ� |_o�v-m7v� bm� Ѵ-u];� �m]�Ѵ-|;v� Ő�bhѴ;v� ş� �;-|_ķ�
ƐƖƖƑőĺ��o�;�;uķ�7;vrb|;�v�1_�-��-v|�u-m];�o=�bm|;uvr;1b=b1��-ub-|bomķ�
u;Ѵb-0Ѵ;� ;v|bl-|;v�o=� Ѵ�lr_�mo7;�m�l0;uv� -1uovv� -� Ѵ-u];� u-m];�o=�
-mbl-Ѵ�vr;1b;v�7o�mo|�;�bv|ĺ��m7;;7ķ�=ou�vr;1b;v�Ѵ-1hbm]�Ѵ�lr_�mo7;vķ�
o|_;u�ruo�b;v�=ou�|_;�7;]u;;�o=�lo7�Ѵ-ub|��u;t�bu;�lou;�=bm;vvbm]ĺ�
�u]-mv� hmo�m� -v� Ѵ�lr_� _;-u|v� ruolo|;� |_;�lo�;l;m|� o=� Ѵ�lr_�
|_uo�]_� |_;� Ѵ�lr_� �-v1�Ѵ-u� m;|�ouh� o=� 1;u|-bm� vr;1b;vĺ� $_;�� -u;�
=o�m7�bm�Ѵb;��o=�Ѵ�lr_�mo7;v�bm�u;r|bѴ;v�Ő�;7ub1hķ��bѴѴl-mķ�	u;�;vķ�
ş�)b|_;uvķ�ƑƏƐƒőķ�-lr_b0b-mv� Ő�;7ub1h�;|�-Ѵĺķ�ƑƏƐƒő�-m7�vol;�0bu7�
vr;1b;v�Ő��7u-vķ���ѴѴbm];uķ�ş�!-�|;m=;Ѵ7ķ�ƐƖѶƕĸ��;7ub1h�;|�-Ѵĺķ�ƑƏƐƒőĺ�
$_;v;�v|u�1|�u;v�1-m�u-m];�=uol�v;�;u-Ѵ�|o�ƻƑƏƏ�bm�-m�bm7b�b7�-Ѵ�Ő;ĺ]ĺ�
�-;1bѴb-mv�Caeciliaĸ��-lrl;b;uķ�ƐƖѵƖőĺ

��lr_� _;-u|� =�m1|bom� bv� mo|� ;t�b�-Ѵ;m|� |o� |_-|� o=� Ѵ�lr_� mo7;vĺ�
$_;v;�ou]-mv�7oķ�_o�;�;uķ�v_-u;�t�-Ѵb|b;v�bm�|_-|�|_;��0o|_�bm=Ѵ�;m1;�
bll�m;� v�v|;l� bm|;]ub|�� -m7� 1olrubv;� 7bv1u;|;ķ� _b]_Ѵ�� m�l;u-|;7�
v|u�1|�u;v�|_-|�l;7b-|;�Ѵ�lr_ĺ��m7;r;m7;m|�o=�|_;�-0o�;�v|u�1|�u;vķ�
|;lrou-u��ou� u;-1|b�;� Ѵ�lr_-|b1� v|u�1|�u;v� 7;�;Ѵor� bm� 1;u|-bm� o|_;u�
vr;1b;vĺ�$_;v;�-u;��-ubo�vѴ�� |;ul;7�-]]u;]-|;vķ�mo7�Ѵ;v�ou�r-|1_;vķ�
-m7�r-u|b1br-|;�bm�bll�m;�=�m1|bomĺ��v�v�1_ķ�|_;��rѴ-��-�uoѴ;�bm�ru;Ŋ
�;m|bm]� |bvv�;� 7-l-];ķ� 7bv;-v;� ou� 7�v=�m1|bomķ� -m7� |_;bu� 1om|bm�;7�
=�m1|bom-Ѵb|��|_;u;0��u;7�1;v�lou|-Ѵb|�ĺ��m;�o=�|_;�1olrѴb1-|bomv��b|_�
|_;�Ѵ�lr_-|b1�v�v|;l�bm�u;]-u7�|o�bvoѴ-|bm]�bmf�u��-m7�1olr-u|l;m|-ѴŊ
b�bm]�7-l-];�bv�|_;�=�m1|bom-Ѵ�bm|;]u-|bom�o=�Ѵ�lr_�mo7;vĺ�	;r;m7bm]�
om�|_;�1om=b]�u-|bomķ�|oroѴo]��-m7�7�m-lb1v�o=�Ѵ�lr_�=Ѵo�ķ�u;]bom-ѴŊ
b�;7�bvoѴ-|bom�o=�bmf�u��l-��0;�bm=;-vb0Ѵ;ĺ

ƑĺƑĺƑՊ|Պ!;m-Ѵ�_b;u-u1_b;v

$_;�hb7m;��ru;v;m|v�-�]oo7�;�-lrѴ;�o=�-�momŊ1om�;m|bom-Ѵ�lour_oŊ
Ѵo]b1-Ѵ��mb|�|_-|��o�Ѵ7�l;;|�|_;�7bv1u;|;ķ�=�m1|bom-Ѵ��mb|�1ub|;ub-�o=�
lo7�Ѵ-ub|�ĺ��b7m;�v�-u;�r_�vb1-ѴѴ��v;r-u-|;�-m7�bm7b�b7�-ѴѴ��7bvr;mŊ
vb0Ѵ;ĺ��v�u;=Ѵ;1|;7�bm�_�l-mvķ�Ѵovv�o=�-�hb7m;��7o;v�mo|�-||;m7�v;ubŊ
o�v�-1�|;�ou�Ѵom]Ŋ|;ul�7;1Ѵbm;v�bm�|_;�bm|;]ub|��o=�|_;�u;m-Ѵ�v�v|;l�
ŐoѴ;��ş��0u-blķ�ƑƏƐƏĸ��-vbvh;�;|�-Ѵĺķ�ƑƏƐƒĸ�);;ķ�$;]�;vķ�ş�	omh;uķ�
ƐƖƖƏőĺ

�ov|� �;u|;0u-|;v� rovv;vv� |�o� 0bѴ-|;u-ѴѴ�� rovb|bom;7� hb7m;�v�
Ő+oho|-ķ� �-�-v_bl-ķ� �_h�0oķ� ş� "-v-hbķ� ƑƏƏѶőĺ� �lom]� vr;1b;vķ�
|_;u;� bv� -��b7;��-ub-|bom� bm�0o|_� =�m1|bom� -m7�lour_oѴo]��o=� hb7Ŋ
m;�v�Ő�;m|Ѵ;�ķ�ƐƖƕƐĸ��;�1_-|ķ�ƐƖƖѵĸ��u|b�ķ�ƑƏƏƐĸ�)bѴѴb-lv�ş�)ou|_�ķ�
ƑƏƏƑőĺ� �m� 0;-uv� -m7� 1;|-1;-mvķ� =ou� ;�-lrѴ;ķ� |_;� hb7m;�� 1om|-bmv�
m�l;uo�v� Ѵo0;v� Őreniculationő��_b1_�;�;u1bv;�r-u|b-Ѵ� bm7;r;m7;m1;�
=uol�om;�-mo|_;u� Ő�-Ѵ�=�ş��-vvl-mķ�ƐƖƖѶőĺ�$_;� Ѵo0;v�1olrubv;�-�
r_�vb1-ѴѴ��bm|;]u-|;7�ou]-mķ�0�|�v�0Ŋu;]bom-Ѵb�-|bom��b|_bm�|_bv�ou]-m�
bv�_b]_ĺ�$_bv�u;ru;v;m|v�|_;�_b]_;v|�7;]u;;�o=�v�07b�bvbom��b|_bm�o�u�
]u-7bm]� v�v|;l� 0;1-�v;� |_;� hb7m;�� v|u�1|�u;� 1-m� 0;� =�m1|bom-ѴѴ��



ՊՍ�Պ |�ՊƖƕFunctional EcologyBERNARD Et Al.

7b�b7;7� bm|o�lou;� |_-m�ƐƏƏ�1olr-u|l;m|v� bm� vol;�vr;1b;v� Ő�u|b�ķ�
ƑƏƏƐőĺ�!;mb1�Ѵ-|;7�hb7m;�v��b|_�_b]_�v|u�1|�u-Ѵ�-m7�=�m1|bom-Ѵ�7b�bŊ
vbom�l-��o==;u�lou;�ro|;m|b-Ѵ�=ou�Ѵo1-Ѵb�;7�7-l-];�-m7�|bvv�;�7;-|_�
�b|_o�|�=�m1|bom-Ѵ�bmf�u��|o�|_;�u;m-Ѵ�v�v|;lĺ

�b7m;��r-|_oѴo]b;v�-u;�7b�;uv;ķ�0�|�lov|Ѵ�� bm|;um-ѴѴ��l;7b-|;7�
Ő�-vbѴ;ķ� �m7;uvomķ� ş� "�||omķ� ƑƏƐƑőĺ� �ollom� 7ub�;uv� o=� hb7m;��
v|u;vvķ� bmf�u�� -m7�7;-|_�-u;�_b]_�-lbmo�-1b7�ou�mb|uo];mo�v��-v|;�
Ѵo-7vķ� _�r;u|;mvbom� -m7� bv1_-;lb-ņ_�ro�b-� Ő�-Ѵl� ş� �ou7t�bv|ķ�
ƑƏƐƐőĺ� ��|;um-Ѵ� =-1|ouv� v�1_� -v� 0Ѵ�m|� =ou1;� |u-�l-�ou� hb7m;�� u�rŊ
|�u;�lou;�|b]_|Ѵ��-hbm�|o�-bu�;l0oѴbvl�=uol�|_;�v|-m7robm|�o=�-1�|;ķ�
-m-|olb1-ѴѴ��=o1�v;7�bmf�u�ķ�-u;�Ѵ;vv�1ollomĺ��|�bv��m1Ѵ;-u�_o��v�0Ŋ
7b�bvbom�-==;1|v�|_;�u;vbѴb;m1��o=�u;m-Ѵ�r_�vboѴo]��bm�u;vromv;�|o�7b=Ŋ
=;u;m|�|�r;v�o=�bmf�u��-m7�v|u;vvĺ

)_bѴ;�o|_;u�vr;1b;v�Ѵ-1h�l�Ѵ|bŊ1olr-u|l;m|-Ѵ�u;m-Ѵ�ou]-mvķ�l-m��
vr;1b;v�_-�;�l�Ѵ|brѴ;�ou]-mv�|_-|�r-u|b1br-|;�bm�|_;�l-m-];l;m|�o=�
�-v|;v�-m7�bom�0-Ѵ-m1;ĺ��m�l-ubm;�=bv_;v�Ő��-mvķ�ƑƏƏѶķ�ƑƏƐƏőķ�v_-uhv�
Ő"_-7�b1hķ�-uu;ѴѴķ�ş��u-�m;uķ�ƑƏƐѵő�-m7�1u-0v�Ő$o�Ѵ;�ş�);b_u-�1_ķ�
ƑƏƏƐĸ�);b_u-�1_�ş��ŝ	omm;Ѵķ�ƑƏƐƔőķ�]bѴѴv�rѴ-��-m�blrou|-m|�uoѴ;�-v�
-m�;�1_-m];�vb|;�=ou�bomv�0;|�;;m�|_;�ou]-mbvlv�-m7�|_;bu�;m�buomŊ
l;m|vĺ��m�=-1|ķ�|_;v;�1-m�0;�1ub|b1-Ѵ�|o�mb|uo];mo�v��-v|;�;�1u;|bom�
Őv;;�)bѴhb;ķ� ƑƏƏƑ� -m7�)ub]_|� ş�)oo7ķ� ƑƏƐƑ� =ou� u;�b;�vőĺ� �-m��
vr;1b;v� o=� 0om�� =bv_;v� -u;� Ѵom]ŊѴb�;7ķ� bm1Ѵ�7bm]� 7o]=bv_;vķ� r-77Ѵ;Ŋ
=bv_;vķ� v|�u];omķ� uo1h� =bv_;v� -m7�;;Ѵv� Ő�-|m-bhķ��-_-r-|uoķ�ş� �;m-�
ƐƖƖƓőĺ�"blbѴ-uѴ�ķ�-�m�l0;u�o=�v_-uh�vr;1b;v�-u;�-|�rb1-ѴѴ��Ѵom]ŊѴb�;7�
Ő�-l-7�ķ� �-|-mvomķ� "hol-Ѵķ� ş� $_ouuoѴ7ķ� ƑƏƐƓő� -m7� 1u�v|-1;-mvķ�
|_o�]_� r-u|b1�Ѵ-uѴ�� Ѵ-1hbm]� bm� 7;lo]u-r_b1� v|�7b;vķ� -u;� ror�Ѵ-uѴ��
1b|;7�=ou�|_;bu� Ѵom]�Ѵb=;�vr-m�Ő(o]|ķ�ƑƏƐƑőĺ�	;vrb|;�|_bvķ�|_;u;� bv� Ѵb|Ŋ
|Ѵ;�1Ѵ-7;ŊѴ;�;Ѵ�v�m|_;vbv�o=�v;m;v1;m1;�ou�m;]Ѵb]b0Ѵ;�v;m;v1;m1;�=ou�
|_;v;�]uo�rv�Ő�-|m-bh�;|�-Ѵĺķ�ƐƖƖƓĸ�(o]|ķ�ƑƏƐƑőĺ��||;m7bm]�|_;�Ѵ-1h�o=�
u;v;-u1_�om�v;m;v1;m1;ķ�Ѵbmhv�0;|�;;m�vr;1b=b1�-m-|olb1-Ѵ�vblbѴ-ubŊ
|b;v�-m7�Ѵom];�b|��_-�;�mo|�0;;m�7bu;1|Ѵ��;�rѴou;7ķ�Ѵ;|�-Ѵom;�bm|;uuoŊ
]-|;7�bm�u;]-u7�|o�u;m-Ѵ�-m-|ol�ĺ

	;ru;vv;7� ovlou;]�Ѵ-|ou�� 1-r-1b|�� u;v�Ѵ|bm]� =uol� bmf�u�� |o�
;b|_;u� |_;�hb7m;�v�ou� |_;�]bѴѴv�l-��0;�r-u|b-ѴѴ�� 1olr;mv-|;7� =ou�
0��_-�bm]�l�Ѵ|brѴ;�ovlou;]�Ѵ-|ou��ou]-mvĺ�";1om7-u��ovlou;]�Ŋ
Ѵ-|ou��ou]-mv�lb]_|�-Ѵvo�;m-0Ѵ;�-�_b]_;u�ovlou;]�Ѵ-|ou��1-r-1b|��
-m7�|_;u;0��|oѴ;u-m1;�=ou�u;m-Ѵ�v|u;vv�Ő�ুѴ|�ķ�ƑƏƐƔőķ��_b1_�1o�Ѵ7�
0o|_�ru;�;m|�bmf�u��-m7�=-1bѴb|-|;�u;1o�;u��Ő!;blv1_�;vv;Ѵķ�ƑƏƏƐő�
=uol� v�0Ѵ;|_-Ѵ� u;m-Ѵ� bmf�u�ĺ� �m� l-ubm;� 0bu7v� Ő"1_lb7|Ŋ�b;Ѵv;mķ�
ƐƖѵƏő� -m7� vol;� u;r|bѴ;v� Ő"1_lb7|Ŋ�b;Ѵv;m� ş� -m];ķ� ƐƖƔѶőķ� v-Ѵ|�
]Ѵ-m7v� ruo�b7;� -� l;1_-mbvl� |o� v_;7� _b]_� v-Ѵ|� 1om1;m|u-|bomvĺ�
$_;v;� ]Ѵ-m7v� 1o�Ѵ7� vblbѴ-uѴ�� ;m_-m1;� |_;� u;7�m7-m1�� o=� =�m1Ŋ
|bom� Ő��|b࣐uu;�ķ� ƑƏƐƓĸ� 0�|� v;;� �-0ombvķ� �bѴѴ;uķ� ş� ��-mvķ� ƑƏƐƐő�
�b|_o�|�mb|uo];mo�v�;�1u;|bomĺ��|�bv�0uo-7Ѵ��u;1o]mb�;7�|_-|�0bu7v�
-u;� �m�v�-ѴѴ�� Ѵom]ŊѴb�;7� Ő�b1h;�� ;|� -Ѵĺķ� ƑƏƐƑĸ� �om-]_-m� ;|� -Ѵĺķ�
ƑƏƏѶĸ���vv;�ķ��o�Ѵvomķ�;v|-Ŋ�b-m1_;|ķ�ş��-bѴѴ-u7ķ�ƑƏƏѶĸ���uomķ࣐
�bl;m;�ķ��_-ul-m|b;uķ��-bѴѴ-u7ķ�ş��uo1_;|ķ�ƑƏƐƏĸ�!b1hѴ;=vķ�ƑƏƏѶőķ�
0�|� u;v;-u1_� _-v� 1omvrb1�o�vѴ�� o�;uѴooh;7� |_;� uoѴ;� o=� -m-|ol��
bm� |_;bu� Ѵom];�b|�ķ�-m7� bmv|;-7� =o1�v;7�om�1;ѴѴ�Ѵ-u� Ő�om-]_-m�;|�
-Ѵĺķ� ƑƏƏѶő� -m7� ;1oѴo]b1-Ѵ� ;�rѴ-m-|bomv� Ő!b1hѴ;=vķ� ƑƏƏѶőĺ� !;r|bѴ;v�
bm1Ѵ�7;� -� m�l0;u� o=� |_;� Ѵom];v|ŊѴb�;7� vr;1b;vķ� v�1_� -v� |�-|-u-�
�_b1_�1-m�Ѵb�;�vol;�ƖƏ��;-uv�Ő�-]-Ѵ_-;v�ş��ov|-ķ�ƑƏƏƖőĺ�"blbѴ-u�
|o� 0bu7vķ� _o�;�;uķ��;� v;;� -m� bm1Ѵbm-|bom� |o�-u7v�l;|-0oѴb1� -m7�

1;ѴѴŊ0-v;7�;�rѴ-m-|bomv�-m7�-m�-0v;m1;�o=�-||;m|bom�]b�;m�|o�ouŊ
]-mbvl-Ѵ�r_�vboѴo]��-m7�-m-|ol�ĺ

�Ѵom]��b|_�]bѴѴvķ�v-Ѵ|�]Ѵ-m7v�bm�-11;vvou��|o�hb7m;�v�1omv|b|�|;�|_;�
v;1om7�]u-7;�o=�1;m|u-Ѵb�-|bom�bm�u;m-Ѵ�=�m1|bom�bm�-mbl-Ѵv�Őb]�u;�Ɠ1�
-m7�7őĺ�$_;��-u;�u-mh;7�0;Ѵo��u;mb1�Ѵ-|;7�hb7m;�v�0;1-�v;�Ѵo0;v�o=�
u;mb1�Ѵ-|bom�_-�;�|_;�=�ѴѴ�v�b|;�o=�=�m1|bom-Ѵ�|ooѴv�=ou�u;m-Ѵ�1om|uoѴķ�
�_;u;-v�]bѴѴv�-m7�v-Ѵ|�]Ѵ-m7v�-u;�lou;�Ѵblb|;7ĺ��bѴѴv�bm�1;u|-bm�vr;1b;v�
o=� ;Ѵ-vlo0u-m1_v� Ő;ĺ]ĺ� "lb|_ķ� ƐƖƑƖĸ�)oo7ķ� ��u|ķ࢜ ş�)ub]_|ķ� ƐƖƖƔő�
-m7�v-Ѵ|�]Ѵ-m7v�1-uu��=�m1|bom-Ѵ��;b]_|�omѴ��-v�b|�u;Ѵ-|;v�|o�bomb1�_oŊ
l;ov|-vbvķ�mo|�mb|uo];mo�v��-v|;v�1om|uoѴĺ�!;1ou7;7��-ub-|bom�|u-1hv�
�b|_� ;m�buoml;m|-Ѵ� v|u;vv;vķ� v�1_� -v� v;-�-|;u� bm];v|bom� Ő)bѴѴb-lv�
ş�)ou|_�ķ�ƑƏƏƑő�-m7�_b0;um-|bom�Ő�u|b�ķ�ƑƏƏƐőķ�-m7�1ouu;vrom7v�bm�
r-u|��b|_�-1�|;�-m7�1_uomb1�hb7m;�� bmf�u��v�v1;r|b0bѴb|�� Ő"|;m�bmh;Ѵ�
;|�-Ѵĺķ�ƑƏƐѶőĺ

);� mo|;� |_-|� |�oŊ1olrom;m|� v�v|;lvķ� v�1_� -v� 0bѴ-|;u-Ѵ� hb7Ŋ
m;�vķ�u-bv;�vr;1b-Ѵ�t�;v|bomv��m7;u�|_;�=u-l;�ouh��;�7;v1ub0;�_;u;ĺ�
$_;v;�1-v;v�;Ѵ;�-|;�t�;v|bomv�-0o�|�-Ѵ|;um-|b�;�;�rѴ-m-|bomv�=ou�|_;�
v;1om7�ou]-m�|_-|�l-��mo|�u;=Ѵ;1|�-m�-7-r|-|bom�=ou�=�m1|bom-Ѵ�u;Ŋ
7�m7-m1�ĺ�$_;u;�-u;�|�o�r-u|b1�Ѵ-uѴ�� blrou|-m|�v1;m-ubovĹ�-Ѵ|;um-Ŋ
|b�;�v;Ѵ;1|b�;�ru;vv�u;v�-m7�momŊ-7-r|b�;�|;m7;m1b;vĺ

�v�_b]_Ѵb]_|;7�0����;uv�;|�-Ѵĺ�ŐƑƏƏƕőķ�|_;�=�m1|bom�o=�|�o�;�;v�bv�
-m�-7;r|�;�-lrѴ;�o=�_o��momŊu;7�m7-m|� |u-b|v�1-m�7ub�;� u;7�m7-m|�
=;-|�u;vĺ� �v� v�1_ķ� =�m1|bom-Ѵ� 0;m;=b|v� �mu;Ѵ-|;7� |o� u;7�m7-m1�� 1-m�
1om=o�m7�|_;�;�oѴ�|bom�o=�l�Ѵ|brѴ;�ou]-mv�-m7�|_;bu�ro|;m|b-Ѵ�uoѴ;�bm�
lo7�Ѵ-ub|��-v�b|�u;Ѵ-|;v�|o�v;m;v1;m1;ĺ�";r-u-|;�;-uv�ru;v;m|�-mo|_;u�
;�-lrѴ;� o=� -� _b]_Ѵ�� vr;1b-Ѵb�;7� -Ѵ|;um-|b�;� 0;m;=b|ĺ��ou;� ];m;u-ѴѴ�ķ�
v�ll;|ub1-Ѵ� 0-�rѴ-mv� l-�� =-�o�u� 0bѴ-|;u-Ѵķ� r-bu;7� v|u�1|�u;vĺ� $_bv�
l-��0;�r-u|b1�Ѵ-uѴ��Ѵbh;Ѵ���_;u;�v�ll;|ub1-Ѵ�7b�bvbom�o=�]uovv�-m-|ol��
v_-r;v�-�7;�;Ѵorl;m|-Ѵ�ou�=�m1|bom-Ѵ�r-||;um�bm�|_;�ou]-mbvlĺ���1-mŊ
7b7-|;�=ou�|_bv�lb]_|�0;�|_;�0bѴ-|;ub-Ѵ� Ѵ�m]v�=o�m7�bm�l-m��|;uu;v|ub-Ѵ�
�;u|;0u-|;vĺ�$_bv�bvv�;�_-v�mo|�0;;m�|_;�v�0f;1|�o=�=o1�v;7�u;v;-u1_ĺ

��oѴ�|bom-ubѴ�ķ�|_;�1om=b]�u-|bom�o=�7;�;Ѵorl;m|-Ѵ�1om|uoѴ�];m;v�
l-��bm=Ѵ�;m1;�|_;�7;�;Ѵorl;m|�o=�-11;vvou��ou]-mv�Ő�-hѴ;�ķ�ƑƏƐƕőĺ�
$_;u;�bv�1�uu;m|Ѵ��-�7;-u|_�o=�u;v;-u1_�om�|_;�u;Ѵ-|b�;�|;m7;m1��=ou�
vbm]�Ѵ-u� �;uv�v� l�Ѵ|brѴ;� ou]-m� 7�rѴb1-|bom� u;v�Ѵ|bm]� =uol� ];m;|b1�
l�|-|bomvĺ� !;]-u7Ѵ;vvķ� |_;� 1ov|� o=� _-�bm]�l�Ѵ|brѴ;� ou]-mv� bv� Ѵbh;Ѵ��
|o�=-1|ou� bm|o��_;|_;u�ou]-mv�-u;� Ѵbh;Ѵ��|o�=b�� bm|o�-�ror�Ѵ-|bom�0��
];m;|b1�7ub=|ĺ��=��;�-vv�l;�|_-|�1ov|v�-u;�1oll;mv�u-|;��b|_�ou]-m�
m�l0;uķ� Ѵo�;u� m�l0;uv� o=� ou]-mv��o�Ѵ7� _-�;� -� _b]_;u� Ѵbh;Ѵb_oo7�
o=�r;uvbv|bm]�bm�-�ror�Ѵ-|bom�0;=ou;�0;bm]�u;lo�;7ĺ�$_;u;=ou;ķ�om;�
v_o�Ѵ7�-||ub0�|;�=�m1|bom-Ѵ�r�urov;�|o�vbm]Ѵ;Ŋ7�rѴb1-|;�ou]-mv��b|_�
-�7;]u;;�o=�v1;r|b1bvlĺ

ƒՊ |Պ����+"�"�����	&��!�$+����
����$"���	�������"

��u�-m-Ѵ�vbv�v�rrou|v�bm1_ŝv�_�ro|_;vbv�|_-|�lo7�Ѵ-ub|��bm=Ѵ�;m1;v�
|_;�v;m;v1;m1;�bm�rѴ-m|vķ�0�|�v�rrou|�-rr;-uv�lb�;7�-1uovv�-mbl-Ѵv�
Őb]�u;�Ɠőĺ�);�=o�m7�v;�;m�u;Ѵ-|bomv_brv�0;|�;;m�lo7�Ѵ-u�|u-b|v�-m7�
l;-v�u;v�o=�v;m;v1;m1;�Ő$-0Ѵ;�Ɛőĺ�$_;�v|uom];v|�u;Ѵ-|bomv_brv��;u;�
=o�m7�0;|�;;m�0;|�;;mŊ1�l�Ѵ-|b�;��;vv;Ѵ�u;7�m7-m1��-m7�|_;�r-1;�
o=� v;m;v1;m1;� Ő;ĺ]ĺ� 1�l�Ѵ-|b�;� �;vv;Ѵ� u;7�m7-m1�� Ƶ� u;ruo7�1|b�;�
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�bm7o�� ŐF = 3.9; R2� Ʒ� ĺƓƐĸ� b]�u;� Ɠ0őĺ� �|_;u� u;Ѵ-|bomv_brv� �;u;�
�;-h;uķ� 0�|� 7bv1;um-0Ѵ;ķ� v�1_� -v� |_-|� 0;|�;;m� �;vv;Ѵ� 7;mvb|�� -m7�
|_;�v_-r;�o=�v;m;v1;m1;�ŐF = 4.2; R2�Ʒ�ĺƏѶĸ�b]�u;�Ɠ-őĺ��o�;�;uķ�lov|�
o=�|_;�u;Ѵ-|bomv_brv��;�|;v|;7��b|_bm�rѴ-m|v��;u;�mo|�v|-|bv|b1-ѴѴ��vb]Ŋ
mb=b1-m|�Ő$-0Ѵ;�"Ɠőĺ

�m�-mbl-Ѵvķ�|_;u;�bv�;�b7;m1;�0o|_�v�rrou|bm]�-m7�u;=�|bm]�bm1_ŝv�
_�ro|_;vbv� Ő$-0Ѵ;�Ƒőĺ���u� |;v|v� v�rrou|� |_;�_�ro|_;vbv� |_-|�lo7�Ŋ
Ѵ-ub|�� Ѵ;m]|_;mv� |_;�r-1;�o=� v;m;v1;m1;� bm�-mbl-Ѵv� Őb]�u;�Ɠĸ�$-0Ѵ;�
"Ɣőĺ�"r;1b;v��b|_�Ѵ�lr_-|b1�ou]-mv��b|_�]u;-|;u�v�07b�bvbom�bm|o�u;Ŋ
r;-|� 1olrom;m|v�_-�;�_b]_;u�l-�bl�l� Ѵb=;� vr-mv� ŐƖƔѷ��ĺ�ĺ� ŒƒѵĺƓķ�
ƕƒĺƓ��;-uvœő� |_-m� |_ov;��b|_�lou;�1;m|u-Ѵb�;7� Ѵ�lr_-|b1�-m-|olb;v�

ŐƖƔѷ��ĺ�ĺ� ŒƐƖĺƏķ� ƔƖĺƑ��;-uvœőĺ� �m� 1om|u-v|ķ� ;�b7;m1;� u;=�|bm]� bm1_ŝv�
_�ro|_;vbv� �-v� vol;�_-|� v|uom];uĺ� ��lr_-|b1� -m-|olb;v� �b|_�
]u;-|;u� v�07b�bvbom� bm|o� u;r;-|� 1olrom;m|v�ru;v;m|;7� Ѵo�;u�l;-m�
Ѵb=;� ;�r;1|-m1b;v� |_-m� |_ov;��b|_� Ѵo�;u� v�07b�bvbom� ŐƖƔѷ��ĺ�ĺ� ŒƓĺƐķ�
ƐƑĺƐ� �;-uvœ� �vĺ� ƖƔѷ� �ĺ�ĺ� ŒƕĺƖķ� ƐƔĺƕ� �;-uvœőĺ� )_;m� -m-Ѵ�vbm]� u;m-Ѵ�
-m-|olb;vķ� _b]_;u�lo7�Ѵ-u� bm7b1;v� 1ouu;Ѵ-|;7��b|_� Ѵo�;u�l-�bl�l�
Ѵb=;� vr-mv� ŐƖƔѷ��ĺ�ĺ� ŒƏĺƒķ� Ɛƒĺѵ��;-uvœő� -m7��;� =o�m7�mo� 1ouu;Ѵ-|bom�
0;|�;;m�lo7�Ѵ-ub|��bm7;��-m7�l;-m�Ѵb=;�;�r;1|-m1�ĺ�$_;�u;m-Ѵ�lo7Ŋ
�Ѵ-ub|��bm7;���-v�m;]-|b�;Ѵ��1ouu;Ѵ-|;7��b|_�|_;�v_-r;�o=�v;m;v1;m1;�
ŐƖƔѷ��ĺ�� ŒƏĺƏƏѶķ� ƏĺƏѶƓœőĺ� �|_;u� u;Ѵ-|bomv_brv��;u;� mo|� v|-|bv|b1-ѴѴ��
vb]mb=b1-m|�Ő$-0Ѵ;�"Ɣőĺ

Demographic measure
�Ѵ-m|�=�m1|bom-Ѵ� 
trait Slope p-value F Statistic

�;�=b|�Ľ�;m|uor��ŐHő (;vv;Ѵ�m�l0;u ƴƏĺƏƓѶ .299 1.122

"|;l�7;mvb|� ƴƏĺƔƖƓ ĺƏƓƒ ƓĺƑƑƔ

!oo|�Ѵb]mbm ƴƏĺƏƏƔ ĺƔƐƔ 0.438

!oo|�7b-l;|;u ƴƏĺƒƏƕ .616 ƏĺƑƔѵ

(;vv;Ѵ�Ѵ�l;m�-u;- ƔĺƐƑƒ .249 1.393

�;m;u-|bom�|bl;�ŐTő (;vv;Ѵ�m�l0;u ƴƏĺƐƑƐ ĺƓƐƔ 0.0269

"|;l�7;mvb|� ƴƐĺƑƓƕ ĺƑƏƕ ƏĺƔƕƏ

!oo|�Ѵb]mbm 0.011 ĺƕƕƏ 0.243

!oo|�7b-l;|;u 0.620 ĺƕƖƔ 0.404

(;vv;Ѵ�Ѵ�l;m�-u;- ƖĺƏѵƕ ĺƔƑƑ 0.189

�;-m�Ѵb=;�;�r;1|-m1��Őηeeő (;vv;Ѵ�m�l0;u ƴƏĺƐѵƓ .086 3.186

"|;l�7;mvb|� ƏĺѵƐƔ ĺƔƔƏ 0.360

!oo|�Ѵb]mbm ƴƏĺƏƐƒ .649 0.213

!oo|�7b-l;|;u ƴƏĺѶƒƒ ĺƕƐѵ ƏĺƐƒƔ

(;vv;Ѵ�Ѵ�l;m�-u;- 19.341 ĺƏƒƓ ƔĺƏƑѶ

�-�bl�l�Ѵb=;�;�r;1|-m1��Őηl-�ő (;vv;Ѵ�m�l0;u ƴƏĺƒƏƔ ĺƏƓƐ 4.642

"|;l�7;mvb|� ƴƏĺѵƕƓ ĺƓƔѵ ƏĺƔƔƖ

!oo|�Ѵb]mbm ƴƏĺƏƓƔ ĺƐƕƏ 2.016

!oo|�7b-l;|;u ƴƏĺѶƏƑ .691 0.161

(;vv;Ѵ�Ѵ�l;m�-u;- ƒƑĺƐѵƔ ĺƏƑƔ ƔĺѵѵƖ

�uo0-0bѴb|��o=�u;-1_bm]�l-|�ub|��
ŐpRepő

(;vv;Ѵ�m�l0;u ƴƏĺƏƑƏ ĺƔƏѶ ƏĺƓƔƐ

"|;l�7;mvb|� 0.232 .163 ƐĺƖƕѵ

!oo|�Ѵb]mbm 0.000 ĺƖƕƐ 0.001

!oo|�7b-l;|;u ƴƏĺƑƒѶ .490 0.488

(;vv;Ѵ�Ѵ�l;m�-u;- ƏĺƔƕƖ ĺѶƓƕ 0.038

�;-m�-];�-|�l-|�ub|��ŐLαő (;vv;Ѵ�m�l0;u ƴƏĺƐƔѵ ĺƒƕƔ 0.813

"|;l�7;mvb|� ƴƏĺƑƐƐ ĺѶƓƔ 0.039

!oo|�Ѵb]mbm ƴƏĺƏƏƓ .909 0.013

!oo|�7b-l;|;u ƐĺƕƐƕ .423 ƏĺѵƔѶ

(;vv;Ѵ�Ѵ�l;m�-u;- 21.611 .201 ƐĺƕƑƑ

!;ruo7�1|b�;��bm7o��ŐLαωő (;vv;Ѵ�m�l0;u ƴƏĺƒƕƔ ĺƏƔƖ 4.021

"|;l�7;mvb|� ƑĺƔƑѵ ĺƐƔƖ 2.039

!oo|�Ѵb]mbm 0.014 ĺƕƖƐ ƏĺƏƕƒ

!oo|�7b-l;|;u 0.894 ĺѶѵƔ 0.029

(;vv;Ѵ�Ѵ�l;m�-u;- ƓƔĺѵƔƑ ĺƏƑƑ 6.221

$���� �ƐՊ�ѴѴ�u;v�Ѵ|v�o=�Ѵbm;-u�lo7;Ѵv�
o=�=�m1|bom-Ѵ�|u-b|v�u;Ѵ-|bm]�|o�l;|ub1v�
o=�v;m;v1;m1;�-m7�Ѵom];�b|��bm�rѴ-m|vĺ�
"|-|bv|b1-ѴѴ��vb]mb=b1-m|�u;Ѵ-|bomv_brv�o11�u�
in bold
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DIREC TIONS

�m�|_bv�v|�7�ķ��;�|;v|;7�bm1_ŝv�_�ro|_;vbv�ŐƐƖƖƏő�|_-|�lou;�lo7�Ѵ-u�
ou]-mbvlv� v_o�Ѵ7� 0;�lou;� Ѵbh;Ѵ�� |o� Ѵb�;Ѵom];u� 0;1-�v;� o=� -� 7;1o�Ŋ
rѴbm]�o=�Ѵo1-Ѵ�bmf�u��=uol�bm7b�b7�-Ѵ�lou|-Ѵb|�ĺ�);�vb|�-|;7�bm1_ŝv�_�Ŋ
ro|_;vbv� bm� -� 0uo-7ķ� 1olr-u-|b�;� =u-l;�ouh� |o� Ѵooh� -|� -� 1olrѴ;|;�
vr;1|u�l�o=�7;]u;;v�o=�r_�vboѴo]b1-Ѵ� bm|;]u-|bom��b|_bm� |_;�1om|;�|�
o=�|_;�lov|�u;1;m|�u;v;-u1_�om�v;m;v1;m1;�Ő�o_;mķ�ƑƏƐѶĸ��om;v�;|�-Ѵĺķ�
ƑƏƐƓĸ�(-�r;Ѵ�;|�-Ѵĺķ�ƑƏƏƓőĺ�$o�|;v|�o�u�_�ro|_;v;v�bm�-�=�ѴѴ��1olr-u-Ŋ
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Demographic 
measure

Animal functional 
trait Slope p-Value

�;�=b|�Ľ�;m|uor��
ŐHő

!;m-Ѵ�lo7�Ѵ-ub|��
bm7;�

0.046 ĺƏƐƖ

�;�=b|�Ľ�;m|uor��
ŐHő

��lr_-|b1�
lo7�Ѵ-ub|��bm7;�

0. 001 ĺƖѵƕ

Mean life 
;�r;1|-m1��Őηeő

!;m-Ѵ�lo7�Ѵ-ub|��
bm7;�

1.636 ĺƑƕƓ

Mean life 
;�r;1|-m1��Őηeő

��lr_-|b1�
lo7�Ѵ-ub|��bm7;�

ƐĺƓƕƓ ƺĺƏƏƐ

�-�bl�l�Ѵb=;�
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ѵĺƕƏѵ .061

�-�bl�l�Ѵb=;�
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lo7�Ѵ-ub|��bm7;�

ƴѵĺƔƖƔ ĺƏƏƑ

�;m;u-|bom�|bl; !;m-Ѵ�lo7�Ѵ-ub|��
bm7;�

2.343 .304

�;m;u-|bom�|bl; ��lr_-|b1�
lo7�Ѵ-ub|��bm7;�

0.113 .910
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