
Glob Change Biol. 2021;00:1–10. wileyonlinelibrary.com/journal/gcb Պ|Պ1© 2021 John Wiley & Sons Ltd.

!;1;b�;7Ĺ�ƐƏ�	;1;l0;u�ƑƏƑƏՊ |Պ!;�bv;7Ĺ�Ɛƕ��-u1_�ƑƏƑƐՊ |Պ�11;r|;7Ĺ�Ɛƕ��-u1_�ƑƏƑƐ
DOI: 10.1111/gcb.15610  

P R I M A R Y  R E S E A R C H  A R T I C L E

Juvenile corals underpin coral reef carbonate production after 
disturbance

Jérémy Carlot1,2 Պ|   Mohsen Kayal3 Պ|   Hunter S. Lenihan4 Պ|   Simon J. Brandl1,2,5,6 Պ|   
Jordan M. Casey1,2,6 Պ|   Mehdi Adjeroud1,2,7 Պ|   Ulisse Cardini8,9 Պ|   
Alexandre Merciere10Պ|   Benoit Espiau10Պ|   Diego R. Barneche11 Պ|   Alessio Rovere12 Պ|   
Laetitia Hédouin2,10Պ|   Valeriano Parravicini1,2

1�"��&mb�;uvb|࣐��-ubvķ�&"!�ƒƑƕѶ��!�����Ŋ������Ŋ�&�(	Ŋ���!"ķ��;urb]m-mķ�u-m1;
2�-0ou-|obu;�7ŝ��1;ѴѴ;m1;�ľ��!���Ŀķ��-ubvķ�u-m1;
ƒ��$!����ķ��!	ķ�&mb�;uvb|�7࣐;�Ѵ-�!࣐�mbomķ���!"ķ��!���!ķ�&mb�;uvb|�7࣐;�Ѵ-��o��;ѴѴ;Ŋ��-Ѵ7࣐omb;ķ��o�l࣐-ķ��;���-Ѵ;7omb-
4�u;m�"1_ooѴ�o=��m�buoml;m|-Ѵ�"1b;m1;�-m7��-m-];l;m|ķ�&mb�;uvb|��o=��-Ѵb=oumb-ķ�"-m|-��-u0-u-ķ���ķ�&"�
5��"���Ŋ��!�ķ��om|r;ѴѴb;uķ�u-m1;
6	;r-u|l;m|�o=��-ubm;�"1b;m1;ķ�&mb�;uvb|��o=�$;�-v�-|���v|bmķ��-ubm;�"1b;m1;��mv|b|�|;ķ��ou|��u-mv-vķ�$*ķ�&"�
ƕ��$!����ķ��!	ķ�&mb�;uvb|�7࣐;�Ѵ-�!࣐�mbomķ���!"ķ��;urb]m-mķ�u-m1;
Ѷ�m|;]u-|b�;��-ubm;��1oѴo]��	;r-u|l;m|ķ�"|-�bom;�,ooѴo]b1-��m|om�	o_umķ��-|bom-Ѵ��mv|b|�|;�o=��-ubm;��boѴo]�ķ��1oѴo]��-m7��bo|;1_moѴo]�ķ��-roѴbķ��|-Ѵ�
9�-ubm;�!;v;-u1_��mv|b|�|;ķ�&mb�;uvb|��o=��Ѵ-br;7-ķ��Ѵ-br;7-ķ��b|_�-mb-
10�"��&mb�;uvb|࣐�Ŋ������Ŋ�&�(	Ŋ���!"ķ�&"!�ƒƑƕѶ��!����ķ��-r;|o-bķ�u;m1_��oѴ�m;vb-
11��v|u-Ѵb-m��mv|b|�|;�o=��-ubm;�"1b;m1;ķ��u-�Ѵ;�ķ�)�ķ���v|u-Ѵb-
12�;m|u;�=ou��-ubm;��m�buoml;m|-Ѵ�"1b;m1;v�Ő��!&�ķ��u;l;mķ��;ul-m�

Correspondence
��l���-uѴo|ķ࣐u࣐�"��&mb�;uvb|࣐��-ubvķ�&"!�
ƒƑƕѶ��!�����Ŋ������Ŋ�&�(	Ŋ���!"ķ�
�;urb]m-mķ�u-m1;ĺ
�l-bѴĹ�f-�ĺ1uѴ|ƏƑŠ]l-bѴĺ1ol

Funding Information
$_bv�u;v;-u1_��-v�v�rrou|;7�0��|_;�
����o�m7-|bom�Ő!;;=�";u�b1;v��uof;1|őķ�
|_;�u;m1_��oѴ�m;vb-m�]o�;uml;m|�
Ő!bvt�;!;1b=��uof;1|őķ�|_;�om7-|bom�7;�
u-m1;�Ő�1b7�!;;=v�ruof;1|őķ�|_;�om7-|bom�
ro�u�Ѵ-�!;1_;u1_;�;|��bo7b�;uvb|࣐�-m7�
�bmbv|࣏u;�7;�Ѵ-�$u-mvb|bom��1oѴo]bt�;�
;|�"oѴb7-bu;�Ő�1b7�!;;=v�Ƒ�ruof;1|őĺ�$_bv�
u;v;-u1_�bv�-Ѵvo�ruo7�1|�o=�|_;�"��!�Ŋ�
!���]uo�r�=�m7;7�0��|_;��;m|u;�7;�
"�m|_࣏v;�;|�7ŝ�m-Ѵ�v;�v�u�Ѵ-��bo7b�;uvb|࣐�
Ő��"��ő�o=�|_;�o�m7-|bom�ro�u�Ѵ-�
!;1_;u1_;�v�u�Ѵ-��bo7b�;uvb|࣐�Ő!�ő�-m7�
|_;��];m1;��-|bom-Ѵ;�7;�Ѵ-��bo7b�;uvb|࣐�
Ő��őĺ�(���-v�v�rrou|;7�0��|_;��mv|b|�|�
&mb�;uvb|-bu;�7;�u-m1;�Ő�&őķ������-v�
v�rrou|;7�0��-��-h;���u��Ѵ-m;|��u;-|�
�]-bm��ov|7o1|ou-Ѵ��u-m|�Őlor]-Ŋ�
r7=Ŋ�ƏƏƏƏƏƏƏƐƓƓőĺ

Abstract
";-Ŋ�Ѵ;�;Ѵ�ubv;�bv�ru;7b1|;7�|o�1-�v;�l-fou�7-l-];�|o�|uorb1-Ѵ�1o-v|Ѵbm;vĺ�)_bѴ;�1ou-Ѵ�
u;;=v�1-m�-1|�-v�m-|�u-Ѵ�0-uub;uv�=ou�o1;-m��-�;vķ�|_;bu�ruo|;1|bom�_bm];v�om�|_;�-0bѴŊ
b|��o=�v1Ѵ;u-1|bmb-m�1ou-Ѵv�|o�ruo7�1;�;mo�]_�1-Ѵ1b�l�1-u0om-|;�Ő�-��ƒő�|o�h;;r��r�
�b|_�ubvbm]�v;-�Ѵ;�;Ѵvĺ��v�-�1omv;t�;m1;�o=�bm|;mvb=�bm]�7bv|�u0-m1;vķ�1ou-Ѵ�1oll�mbŊ
|b;v� -u;� 1_-m]bm]� u-rb7Ѵ�ķ� ro|;m|b-ѴѴ�� u;7�1bm]� 1oll�mb|�Ŋ�Ѵ;�;Ѵ� �-��ƒ� ruo7�1|bomĺ�
���1ol0bmbm]�1oѴom�Ŋ�Ѵ;�;Ѵ�r_�vboѴo]��-m7�Ѵom]Ŋ�|;ul�lomb|oubm]�7-|-ķ��;�v_o��|_-|�
u;;=v� u;1o�;ubm]� =uol�l-fou�7bv|�u0-m1;v�1-m�ruo7�1;�ƓƏѷ�lou;��-��ƒ�|_-m�1�uŊ
u;m|Ѵ��;v|bl-|;7�7�;�|o�|_;�7bvruorou|bom-|;�1om|ub0�|bom�o=�f��;mbѴ;�1ou-Ѵvĺ��o�;�;uķ�
|_;�0�==;ubm]�;==;1|�o=�_b]_Ѵ��ruo7�1|b�;� f��;mbѴ;�1ou-Ѵv� bv�1olruolbv;7�0��u;1u�b|Ŋ
l;m|�=-bѴ�u;vķ��_b1_�_-�;�0;;m�lou;�=u;t�;m|Ѵ��o0v;u�;7�-=|;u�Ѵ-u];Ŋ�v1-Ѵ;ķ�u;r;-|;7�
0Ѵ;-1_bm]�;�;m|vĺ�)_bѴ;�|_;�vb�;�v|u�1|�u;�o=�1ou-Ѵv�1-m�0oѴv|;u�-�1ub|b1-Ѵ�;1oѴo]b1-Ѵ�
=�m1|bom�om�u;;=vķ�1Ѵbl-|;�1_-m];�blr-1|v�om�u;1u�b|l;m|�l-���m7;ulbm;�|_bv�0�==;uŊ
bm]�;==;1|ķ�|_�v�=�u|_;u�1olruolbvbm]�|_;�r;uvbv|;m1;�o=�u;;=v�-m7�|_;bu�ruo�bvbom�o=�
blrou|-m|�;1ov�v|;l�v;u�b1;vĺ

K E Y W O R D S
�-��ƒ�ruo7�1|bomķ�1-Ѵ1b=b1-|bom�u-|;vķ�1ou-Ѵ�-vv;l0Ѵ-];vķ�1ou-Ѵ�f��;mbѴ;vķ�Ѵbm;-u�;�|;mvbomķ�u;;=�
ruo7�1|b�b|�ķ�|bl;�v;ub;v



ƑՊ |ՊՊՍ CARLOT eT AL.

ƐՊ |Պ ��$!�	&�$���

$_;� �m|;u]o�;uml;m|-Ѵ� �-m;Ѵ� om� �Ѵbl-|;� �_-m];� Ő����ő� ru;Ŋ
7b1|v� -� 1Ѵbl-|;Ŋ�7ub�;m� v;-Ŋ�Ѵ;�;Ѵ� ubv;� o=� ƏĺƓƒ� lŋ�ƏĺѶƓ� l� 0�� ƑƐƏƏ�
Ő�rr;m_;bl;u�;|�-Ѵĺķ�ƑƏƐƖőķ�|_�v�bm1u;-vbm]�|_;�ubvh�o=�1o-v|-Ѵ�=Ѵoo7Ŋ
bm]ķ�;vr;1b-ѴѴ��7�ubm]�|uorb1-Ѵ�v|oulv�Ő�ѴѴbvom�;|�-Ѵĺķ�ƑƏƐƖĸ���mm�;|�-Ѵĺķ�
ƑƏƐƕĸ�$;0-Ѵ7b�;|�-Ѵĺķ�ƑƏƐƑőĺ�";-Ŋ�Ѵ;�;Ѵ�ubv;��bѴѴ�0;�-lrѴb=b;7�bm�|_;�|uorŊ
b1vķ��_;u;���Ѵm;u-0Ѵ;�;1ov�v|;lv�v�1_�-v�l-m]uo�;v�-m7�1ou-Ѵ�u;;=v�
-1|�-v�m-|�u-Ѵ�0-uub;uv�|o�ruo|;1|�lou;�|_-m�ƔƏƏ�lbѴѴbom�r;orѴ;�=uol�
o1;-mb1��-�;v�Ő�o;]_Ŋ���Ѵ70;u]�;|�-Ѵĺķ�ƑƏƏƕőĺ�ou�1o-v|v�ruo|;1|;7�
0�� 1ou-Ѵ� u;;=vķ� |_;bu� =�|�u;�;�rov�u;� |o�o1;-mb1��-�;v��bѴѴ� Ѵ-u];Ѵ��
7;r;m7�om�|_;�-0bѴb|��o=�v1Ѵ;u-1|bmb-m�1ou-Ѵv�|o�ruo7�1;�;mo�]_�1-ѴŊ
1b�l�1-u0om-|;�Ő�-��ƒő�=ou�u;;=v�|o�]uo���;u|b1-ѴѴ��-|�-�u-|;�;t�b�-Ŋ
Ѵ;m|�|o�v;-Ŋ�Ѵ;�;Ѵ�ubv;ĺ��o�;�;uķ�u;;=v�-u;�bm1u;-vbm]Ѵ��|_u;-|;m;7�0��
0o|_�1Ѵbl-|;�1_-m];�-m7�Ѵo1-Ѵ�-m|_uoro];mb1�7bv|�u0-m1;v�Ő	-uѴbm]�
;|�-Ѵĺķ�ƑƏƐƖĸ���]_;v�;|�-Ѵĺķ�ƑƏƐƕőĺ��Ѵbl-|;Ŋ�bm7�1;7�1ou-Ѵ�0Ѵ;-1_bm]�
bv�;�r;1|;7�|o�0;1ol;�-m�-mm�-Ѵ�r_;mol;mom�=ou�lov|�1ou-Ѵ�u;;=v�
�b|_bm�|_;�m;�|�ƑƏ��;-uv�Ő�-m��oob7omh�;|�-Ѵĺķ�ƑƏƐѵőķ�bm7�1bm]�-�v|-|;�
o=� 1omv|-m|�7bv|�u0-m1;� |_-|�7;1u;-v;v� |_;� Ѵbh;Ѵb_oo7�o=� u;1o�;u�ĺ�
)_;|_;u�u;;=v�-m7�|_;bu�v;u�b1;v��bѴѴ�r;uvbv|�bv�ru;v;m|Ѵ���mhmo�m�
-m7� u;t�bu;v� |_;� -vv;vvl;m|� o=� u;;=� �-��ƒ� ruo7�1|bom� -1uovv�
7bv|�u0-m1;Ŋ�u;1o�;u��1�1Ѵ;v�Ő�-uubv�;|�-Ѵĺķ�ƑƏƐѶĸ��;uu�ķ��Ѵ�-u;�Ŋ�bѴbrķ�
;|�-Ѵĺķ�ƑƏƐѶőĺ

$_;�t�-m|b=b1-|bom�o=��-��ƒ�ruo7�1|bom�Őh]�l
ƴƑ yearƴƐő�=ou�u;;=vŊ

1-r;v�bv�|u-7b|bom-ѴѴ��0-v;7�om�vr;1b;vŊ�vr;1b=b1�Ѵbm;-u�;�|;mvbom�u-|;v�
o=�1ou-Ѵv�1ol0bm;7��b|_� |_;�ruorou|bom-Ѵ� v�0v|u-|�l�1o�;u�o=� |_;�
vr;1b;vĺ� �m�lov|�1-v;vķ� |_bv� bv�-rrѴb;7�|o�;-1_�1oѴom��u;]-u7Ѵ;vv�o=�
|_;bu�vb�;�Ő�;uu��;|�-Ѵĺķ�ƑƏƐѶőĺ�	;r;m7bm]�om�|_;�1ou-Ѵ�]uo�|_�=oulķ�
|_bv� v1-Ѵbm]� ruo1;vv� u;Ѵb;v� om� |_;� -vv�lr|bom� |_-|� vr;1b;vŊ�vr;1b=b1�
�-��ƒ� ruo7�1|bom� u-|;v� -u;� 1omv|-m|� |_uo�]_o�|� 1ou-Ѵ� om|o];m�ĺ�
�o�;�;uķ� |_bv� l-�� mo|� -Ѵ�-�v� 0;� |_;� 1-v;� -v� �-��ƒ� ruo7�1|bom�
u-|;v�l-�� 0;� ;b|_;u� -ѴѴol;|ub1� ou� bvol;|ub1� Őb]�u;� Ɛőĺ� �m� |_;� 1-v;�
o=�bvol;|u�ķ��-��ƒ�ruo7�1|bom�u-|;�v1-Ѵ;v�Ѵbm;-uѴ���b|_�1oѴom��vb�;ĸ�

1om�;uv;Ѵ�ķ� bm�|_;�1-v;�o=�-ѴѴol;|u�ķ��-��ƒ�ruo7�1|bom�u-|;�;b|_;u�
-11;Ѵ;u-|;v� ou� 7;1;Ѵ;u-|;v� -v� 1oѴomb;v� ]uo�ĺ�)_bѴ;� b|� bv� o=|;m� -vŊ
v�l;7�|_-|�|_;�1ou-Ѵ�1oѴom�Ŋ�Ѵ;�;Ѵ�ruo7�1|bom�o=��-��ƒ�bv�bvol;|ub1ķ�
u;1;m|��ouh�v�]];v|v�|_-|�1ou-Ѵ�]uo�|_�Ő;�ru;vv;7�-v�-m�bm1u;-v;�bm�
rѴ-m-u�-u;-ő� bv�-ѴѴol;|ub1ķ�;b|_;u�0;1-�v;� Ѵ-u];�1oѴomb;v�;�r;ub;m1;�
_b]_;u�u-|;v�o=�r-u|b-Ѵ�lou|-Ѵb|��Ő�-7bm�;|�-Ѵĺķ�ƑƏƑƏő�-m7ņou�0;1-�v;�
1ou-Ѵ� 1oѴomb;v� -ѴѴo1-|;� Ѵ;vv� ;m;u]�� |o� �-��ƒ� ruo7�1|bom� bm� =-�ou�
o=�u;ruo7�1|bom�om1;�|_;��u;-1_�-�1;u|-bm�vb�;� Ő�-�-Ѵ�;|�-Ѵĺķ�ƑƏƐƔőĺ�
)_;|_;u� 1ou-Ѵ� ]uo�|_� bv� bm7;;7� bvol;|ub1� ou� -ѴѴol;|ub1� u;l-bmv�
roouѴ�� u;voѴ�;7ķ� 0�|� l-�� vb]mb=b1-m|Ѵ�� bm=Ѵ�;m1;� o�u� 1oll�mb|�Ŋ�
�b7;�;v|bl-|;v�o=��-��ƒ�ruo7�1|bom�Őb]�u;�Ɛőĺ��=�1ou-Ѵv�]uo��-ѴѴoŊ
l;|ub1-ѴѴ�ķ�-vv�lbm]�bvol;|u��l-��Ѵ;-7�|o�-m��m7;u;v|bl-|bom�o=�|_;�
ruo7�1|bom�0��vl-ѴѴ�1oѴomb;v�-m7�vb]mb=b1-m|Ѵ��o0v1�u;�o�;u-u1_bm]�
;v|bl-|;v�o=��-��ƒ�ruo7�1|bom�r-||;umv�-1uovv�u;;=v1-r;vĺ

!;1;m|� 1Ѵbl-|;Ŋ�7ub�;m� 7bv|�u0-m1;vķ� ;vr;1b-ѴѴ�� 1-|-v|uor_b1�
1ou-ѴŊ�0Ѵ;-1_bm]�;�;m|v�-m7�l-fou�v|oulvķ�1-m�v�0v|-m|b-ѴѴ��-Ѵ|;u�|_;�
vb�;� 7bv|ub0�|bom� o=� 1ou-Ѵ� -vv;l0Ѵ-];v� Ő	b;|�;Ѵ� ;|� -Ѵĺķ� ƑƏƑƏőĺ� �-u];�
r;u|�u0-|bomv�o=|;m�u;lo�;�-�v�0v|-m|b-Ѵ�ruorou|bom�o=� Ѵ-u];�1ou-Ѵ�
1oѴomb;v� -m7� Ѵ;-�;� |_;� u;l-bmbm]� -vv;l0Ѵ-];� 7olbm-|;7� 0�� vl-ѴѴ�
1ou-Ѵv�Ő�Ѵ�-u-7o�;|�-Ѵĺķ�ƑƏƐѵĸ��oѴ0uooh�;|�-Ѵĺķ�ƑƏƐѶőĺ��m�|_;v;�vb|�-Ŋ
|bomvķ�bvol;|ub1�-rruo-1_;v�l-��Ѵ;-7�|o�-�v;�;u;��m7;u;v|bl-|bom�o=�
o�;u-ѴѴ��-��ƒ�ruo7�1|bomķ�|_�v�bm_b0b|bm]�o�u�-0bѴb|��|o�bm=;u�-�u;;=ŝv�
-0bѴb|��|o�u;]-bm�1ou-Ѵ�1o�;uĺ�+;|ķ�|_;�Ѵovv�o=�Ѵ-u];�1ou-Ѵv�l-��-Ѵvo�vb]Ŋ
mb=b1-m|Ѵ��u;7�1;�o�;u-ѴѴ�=;1�m7b|�ķ�Ѵ;-7bm]�|o�u;7�1;7�1ou-Ѵ�u;1u�b|Ŋ
l;m|�-m7� |_�v� bm_b0b|bm]� 1ou-Ѵ� u;1o�;u�� Ő��]_;v�ş�$-mm;uķ�ƑƏƏƏőĺ�
$_bv�m;]-|b�;�=;;70-1h�Ѵoor�1-m�7blbmbv_�|_;�o�;u-ѴѴ�ruo7�1|b�b|��o=�
u;;=v�o�;u�|bl;�Ő��]_;v�;|�-Ѵĺķ�ƑƏƐƖőĺ��11ou7bm]�|o�u;1;m|�;v|bl-|;vķ�
lov|�1ou-Ѵ�u;;=v�_-�;�-�m;|�ruo7�1|bom�o=��-��ƒ�1Ѵov;�|o��;uo�Ő�;uu�ķ�
�Ѵ�-u;�Ŋ�bѴbrķ�;|�-Ѵĺķ�ƑƏƐѶĸ�)oo7uo==;�ş�);0v|;uķ�ƑƏƐƓőĺ�$_;u;=ou;ķ�
;�;m�vѴb]_|�7b==;u;m1;v�bm��-��ƒ�ruo7�1|bom�l-��_-�;�l-fou�blrѴbŊ
1-|bomv�=ou�|_;�1-r-1b|��o=�u;;=v�|o�v�u�b�;�7;vrb|;�v;-Ŋ�Ѵ;�;Ѵ�ubv;ĺ

�;u;ķ��;�;v|bl-|;��-��ƒ�ruo7�1|bom�u-|;v�o=�|_u;;�ruolbm;m|�
1ou-Ѵ�];m;u-�o�;u�-�u-m];�o=�1oѴom��vb�;v�-m7�|;v|��_;|_;u��-��ƒ 

F I G U R E  1Պ�om1;r|�-Ѵ�7b-]u-l�
7;v1ub0bm]�bvol;|ub1��;uv�v�-ѴѴol;|ub1�
�-��ƒ�ruo7�1|bom�1�u�;vĺ�"b�;Ŋ�7;r;m7;m|�
l;|-0oѴb1�ruo7�1|bom�1_-u-1|;ub�;7�
0��Ő-ő�-�Ѵbm;-uѴ��bm1u;-vbm]�lo7;Ѵ��b|_�
1ou-Ѵ�v�u=-1;�-u;-�Őbvol;|ub1�l;|-0oѴb1�
1�u�;�bm�ou-m];ĸ�;t�-|bom���Ʒ����Ƴ�Əőķ�-m7�
Ő0ő�-�Ѵo]-ub|_lb1�-v�lr|o|;�Ő-ѴѴol;|ub1�
l;|-0oѴb1�1�u�;�bm�0Ѵ�;ĸ�;t�-|bom�
��Ʒ���β�Ƴ�Əőĺ�$_;�7-v_;7�Ѵbm;�bm7b1-|;v�|_;�
vb�;�-|��_b1_�|_;�|�o�1�u�;v�1uovv�Őbĺ;ĺķ�
|_bv�|_u;v_oѴ7�robm|�7;r;m7v�om�0o|_�
|_;�bm|;u1;r|v�-m7�|_;�-ѴѴol;|ub1�v1-Ѵbm]�
vѴor;vőĺ��olr-u;7�|o�|_;�-ѴѴol;|ub1�
lo7;Ѵķ�|_;�bvol;|ub1�lo7;Ѵ�l-��
�m7;u;v|bl-|;��-��ƒ�ruo7�1|bom�0;Ѵo��
|_bv�|_u;v_oѴ7�-m7�o�;u;v|bl-|;��-��ƒ 
ruo7�1|bom�-|�Ѵ-];u�1ou-Ѵ�vb�;v
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ruo7�1|bom� =oѴѴo�v� -m� -ѴѴol;|ub1� ou� bvol;|ub1� ]uo�|_�r-||;umĺ�);�
|_;m� �v;� -m� ;lrbub1-Ѵ� |bl;Ŋ�v;ub;v� 7-|-v;|� =uol� u;m1_� �oѴ�m;vb-�
|_-|�u;rou|v�|_;�vb�;�o=�bm7b�b7�-Ѵ�1ou-Ѵ�1oѴomb;v�-1uovv�ƐƏ��;-uv�o=�
7bv|�u0-m1;ŋ�u;1o�;u�� 1�1Ѵ;� |o� ;�-lbm;��_;|_;u� |_;� 1om�;m|bom-Ѵ�
bvol;|ub1�-rruo-1_�Ѵ;-7v�|o�-m�bm1ouu;1|�;v|bl-|bom�o=�1oll�mb|�Ŋ�
Ѵ;�;Ѵ��-��ƒ�ruo7�1|bomĺ�bm-ѴѴ�ķ��;�;�-Ѵ�-|;�|_;�o�|1ol;�o=�Ѵ-u];Ŋ�
v1-Ѵ;�7bv|�u0-m1;vķ�v�1_�-v�-�l-fou�0Ѵ;-1_bm]�;�;m|ķ�vbl�Ѵ-|bm]�|_;�
;==;1|�o=�u;1u�b|l;m|�Ѵovv�om��-��ƒ�ruo7�1|bom�o�;u�Ɣ��;-uvĺ

ƑՊ |Պ��$��	"

ƑĺƐՊ |Պ �-��3 production using in situ alizarin red- S 
staining

�m���m;�ƑƏƐѶķ��;��v;7�|_;�-rruo-1_�7;v1ub0;7�0��	�v|-m�ŐƐƖƕƔő�|o�
v|-bm�ƐƕƔ�1ou-Ѵ�1oѴomb;v�o=�Acropora hyacinthus�Őm�Ʒ�ƔƏőķ�Pocillopora 
verrucosa�Őm�Ʒ�ƕƔőķ�-m7�Porites lutea�Őm�Ʒ�ƔƏő�bm�vb|��-|�-�7;r|_�o=�ƐƏŋ�
ƐƔ�l�om�|_;�o�|;u�u;;=�vѴor;v�-uo�m7�|_;�bvѴ-m7�o=��oŝou;-�Őu;m1_�
�oѴ�m;vb-ķ� b]�u;� "Ɛőĺ� �;=ou;� v|-bmbm]ķ� �;� l;-v�u;7� |_;� Ѵ;m]|_ķ�
�b7|_ķ�-m7�_;b]_|�o=�;-1_�1ou-Ѵ�1oѴom�ĺ�);�v|-bm;7�1oѴomb;v��b|_�-�
v�u=-1;�-u;-�u-m]bm]�=uol�ƐƓƏ�1l2�Őbĺ;ĺķ��Ɣ�1l�7b-l;|;uő�|o�ƒѶƔƏ�1l2 
Őbĺ;ĺķ�ŜѶƏ�1l�7b-l;|;uőķ��_b1_�0uo-7Ѵ��l-|1_;v�|_;�u-m];�o=�1ou-Ѵ�1oѴŊ
om��vb�;v�o0v;u�;7�bm��oŝou;-�Ő�-�-Ѵ�;|�-Ѵĺķ�ƑƏƐѶĸ�1ou-Ѵ�1oѴomb;v�o0Ŋ
v;u�;7�in situ�u-m];7�=uol�ƺƐ�1l2�|o�ŜƔƏƏƏ�1l2őĺ�);�;m1Ѵov;7�;-1_�
1ou-Ѵ�bm�-�Ɣķ�ƐƏķ�ou�ƑƏ���|u-mvr-u;m|�rѴ-v|b1�0-]ķ�=bѴѴ;7��b|_�ƐƏ�l]ņ��
o=�-Ѵb�-ubm�u;7Ŋ�"ķ�=ou�ƕƑ�_o�uvĺ��ѴѴ�1oѴomb;v��;u;�|-]];7�-m7�l-rr;7�
=ou�=�|�u;�u;|ub;�-Ѵĺ�$o�lbmblb�;�|_;�1om=o�m7bm]�;==;1|v�o=�1olr;|bŊ
|bom�om�]uo�|_ķ��;�1_ov;�1oѴomb;v�|_-|��;u;�mo|� bm�7bu;1|�1om|-1|�
�b|_�o|_;u�1ou-Ѵvĺ��m�	;1;l0;u�ƑƏƐѶķ�ƕƓѷ�o=�1oѴomb;v�Őm�Ʒ�ƐƒƏő��;u;�
u;1o�;u;7�-m7�|_u;;�=u-]l;m|v��;u;�1oѴѴ;1|;7�=uol�;-1_�1ou-Ѵ�=ou�
]uo�|_�l;-v�u;l;m|vĺ�);�u;-vom;7�|_-|�-�r;ubo7�o=�ѵ�lom|_v��-v�
u;ru;v;m|-|b�;� o=� |_;� l;-m� -mm�-Ѵ� ]uo�|_� u-|;ķ� vbm1;� b|� 1o�;u;7�
|_;�-�;u-];�|;lr;u-|�u;v�|�rb1-Ѵ�=ou�|_;�1ooѴ;u�ŐƑѵŦ�ő�-m7��-ul;u�
ŐƑƖŦ�ő� v;-vomv� bm� �oŝou;-� Őcfĺ� "lb|_� ;|� -Ѵĺķ� ƑƏƏƕőĺ� "-lrѴ;v� �;u;�
7ub;7�=ou�ƓѶ�_o�uv�-m7�rѴ-1;7�bm|o�|u-mvr-u;m|�;ro���=ou�ƑƓ�_o�uv�
0;=ou;� vѴb1bm]� |_u;;� Əĺƕ�ll� |_b1h� vѴb1;v� =uol� ;-1_� 1oѴom�� �vbm]� -�
7b-lom7Ŋ�|brr;7�v-�ķ�r;ur;m7b1�Ѵ-u�|o�|_;�l-fou�-�bv�o=�]uo�|_ĺ�);�
|ooh�_b]_Ŋ�u;voѴ�|bom�r_o|ov�o=�;-1_�1oѴom��vѴb1;��vbm]�=Ѵ�ou;v1;m1;ķ�
-m7� 1-Ѵ1�Ѵ-|;7� Ѵbm;-u� ;�|;mvbom� -v� |_;� -�;u-];� o=� |_u;;�l;-v�u;Ŋ
l;m|v�Őbĺ;ĺķ�Ѵ;m]|_ķ��b7|_ķ�-m7�_;b]_|ő�r;u�1oѴom��Őb]�u;�"Ƒőĺ�);�-Ѵvo�
l;-v�u;7�|_;�Ѵom];v|�Ѵbm;-u�;�|;mvbom�=uol�|_;�;7];�o=�|_;�v|-bm�|o�
|_;�r;ubr_;u��o=�|_;�vh;Ѵ;|om�|o�|_;�m;-u;v|�ƏĺƐ�ll��vbm]��l-];���
vo=|�-u;�Ő"1_m;b7;u�;|�-Ѵĺķ�ƑƏƐƑőĺ�bm-ѴѴ�ķ��;�1-Ѵ1�Ѵ-|;7�|_;��-��ƒ 
ruo7�1|bom�u-|;��vbm]�|_;�;t�-|bom���Ʒ�Ő���Ƶ�	ő�Ƶ���ķ��_;u;���u;rŊ
u;v;m|v�|_;��-��ƒ�ruo7�1|bom�u-|;�Ő]�1l

ƴƑ yearƴƐőķ����u;ru;v;m|v�|_;�
Ѵbm;-u�;�|;mvbom�Ő1lņ�;-uőķ�	�u;ru;v;m|v�|_;�vh;Ѵ;|-Ѵ�7;mvb|�ķ�l;-vŊ
�u;7�0��|_;�0�o�;7��;b]_|�7bvrѴ-1;l;m|�l;|_o7�Őu;vr;1|b�;Ѵ�ķ�ƐĺƓķ�
ƐĺƔķ�-m7�Ɛĺƒ�]ņ1lƒ�=ou�A. hyacinthusķ�P. verrucosaķ�-m7�P. luteaőķ�-m7����
u;ru;v;m|v�|_;�-7f�v|l;m|�1o;==b1b;m|�Ő0;|�;;m�Ə�-m7�Ɛőķ�7;r;m7bm]�
om�|_;�]uo�|_�=oul�o=�|_;�1oѴom��Ő�ou]-m�ş��;m1_ķ�ƑƏƐƑőĺ�);��v;7�
-m����o=�ƏĺƓķ�ƏĺƔķ�-m7�Ɛ�=ou�A. hyacinthusķ�P. verrucosaķ�-m7�P. luteaķ�
u;vr;1|b�;Ѵ�ĺ

ƑĺƑՊ |Պ �-��3 production using alkalinity anomaly ex 
situ incubations

$o�1_-u-1|;ub�;��-��ƒ�ruo7�1|bom�bm�vl-ѴѴ;u�1oѴomb;vķ�=ou��_b1_�|_;�
�Ѵb�-ubm�u;7Ŋ�"�-rruo-1_��-v�mo|�=;-vb0Ѵ;ķ��;�u;lo�;7�Ɩѵ�1ou-Ѵ�1oѴoŊ
mb;v�ŒA. hyacinthus�Őm�Ʒ�ƑƔőķ�P. verrucosa�Őm�Ʒ�ƑƔőķ�-m7�P. lutea�Őm�Ʒ�Ɠѵőœ�
�b|_�v�u=-1;�-u;-v�o=�ƒƔŋ�ƐƏƏƏ�1l2�Őbĺ;ĺķ�Ŝƒŋ�ƐƔ�1l�7b-l;|;uő�=uol�|_;�
mou|_�v_ou;�o=��oŝou;-�Ő7;r|_�Ʒ�ƐƑ�lő��vbm]�-�_-ll;u�-m7�1_bv;Ѵĺ�
�;=ou;�;-1_�1oѴѴ;1|bomķ��;�u;1ou7;7�u;Ѵ;�-m|�;m�buoml;m|-Ѵ�r-u-lŊ
;|;uv�Ől;-m�-l0b;m|�v;-�-|;u�|;lr;u-|�u;ķ�v-Ѵbmb|�ķ�-m7�r_o|ov�mŊ
|_;|b1-ѴѴ�� -1|b�;� u-7b-|bomőĺ�&rom� u;|�um� |o� |_;� v�u=-1;ķ��;�rѴ-1;7�
1oѴomb;v� bm� v;-�-|;u� |-mhv� �m7;u� |_;� v-l;� ;m�buoml;m|-Ѵ� 1om7bŊ
|bomv�=ou�u;1o�;u��-m7�-11Ѵbl-|bomĺ�"rom];vķ�1u�v|ov;�1ou-ѴѴbm;�-Ѵ]-;�
Ő���őķ�l-1uoŊ�-Ѵ]-;ķ�;rbr_�|;vķ�-m7�vl-ѴѴ�1u�v|-1;-mv��;u;�1-u;=�ѴѴ��
u;lo�;7�=uol�|_;�1ou-Ѵvĺ�);�l;-v�u;7�|_;�Ѵ;m]|_ķ��b7|_ķ�-m7�_;b]_|�
o=�;-1_�1oѴom�ķ�|_;m�|-]];7�-m7�h;r|�|_;�1ou-Ѵv� bm�|_;�-11Ѵbl-|bom�
|-mh�=ou�ƕ�7-�vĺ�ƕƒѷ�o=�|_;�1oѴomb;v�Őm�Ʒ�ƕƏő�7b7�mo|�v_o��-m��o0�bŊ
o�v�-7�;uv;�u;-1|bomv�|o�1oѴѴ;1|;7�-m7�_-m7Ѵ;7ķ�vo��;�u;|-bm;7�|_;l�
=ou��-��ƒ�ruo7�1|bom�l;-v�u;l;m|vĺ��ou-Ѵ�1oѴomb;v��;u;�]uo�r;7�
bm|o�|_u;;�7b==;u;m|�vb�;�1Ѵ-vv;v�ŐƺƐƏƏ�1l2ķ�ƐƏƏŋ�ƓƏƏ�1l2ķ�-m7�ƓƏƏŋ�
1000 cm2Ō�v;;�";1|bom�Ƒĺƒőĺ�"b�;�v;Ѵ;1|bom�=ou�|_;�bm1�0-|bom�1_-lŊ
0;uv��-v�0-v;7�om�ruo�b7bm]�v�==b1b;m|��-|;u��oѴ�l;�=ou�;-1_�1ou-Ѵ�
1oѴom�ķ� �_bѴ;� ;mv�ubm]� |u-1;-0bѴb|�� o=� 1_-m];v� bm� �-|;u� 1_;lbv|u��
Ő�oѴ0ķ�ƑƏƐѶőĺ��omv;t�;m|Ѵ�ķ�1oѴomb;v��;u;�bm1�0-|;7�bm�1_-l0;uv�o=�
|_u;;�7b==;u;m|��oѴ�l;v�ŐƏĺƔķ�Ɛķ�-m7�Ɠ��ķ�u;vr;1|b�;Ѵ�ő�|o�l-bm|-bm�-�
u;Ѵ-|b�;Ѵ��1omv|-m|�bm1�0-|bom��oѴ�l;�|o�1oѴom��vb�;�u-|boĺ�o�u�-77bŊ
|bom-Ѵ�bm1�0-|bom�1_-l0;uv��;u;��v;7�-v�0Ѵ-mh�1om|uoѴvĺ��-1_��;;hķ�
�;�-vv;vv;7�=o�u�1om|uoѴv�-m7�=o�u�1ou-Ѵv�o=�;-1_�vb�;�1Ѵ-vvĺ�)-|;u�
v-lrѴ;v�o=�ƔƏ�l���;u;�1oѴѴ;1|;7�=uol�|_;�bm1�0-|bom�1om|uoѴv�-m7�
;-1_�1_-l0;u�-=|;u�ƒ�_o�uv�o=�bm1�0-|bom�=ou�|o|-Ѵ�-Ѵh-Ѵbmb|��-m-Ѵ�vbvĺ�
);�l-7;�v�u;�|_-|�1ou-Ѵ�1oѴomb;v�7b7�mo|�;�r;ub;m1;��2�u;7�1|bomv�
o=�lou;� |_-m� ѶƏѷ� Ő�oѴ0ķ� ƑƏƐѶőķ� bm��_b1_� 1-v;� o0v;u�-|bomv��;u;�
u;lo�;7� =uol� |_;� 7-|-v;|ĺ�);�7;=bm;7� m;|��-��ƒ� ruo7�1|bom� 0��
-vv�lbm]�-�loѴ;�o=��-��ƒ�bv�ruo7�1;7��_;m�|_;�-Ѵh-Ѵbmb|��l;-v�u;�
ŐÈ�$ő�7uorv�0�� |�o�loѴ;v� =ou�-� =b�;7� |bl;� ŐÈ|ő� Ő"ĺ�(�"lb|_�ş��;�ķ�
ƐƖƕƔőĺ� ��� l�Ѵ|brѴ�bm]� |_;v;� r-u-l;|;uv� ŐƴÈ�$ņƑĺÈ|ő� 0�� v;-�-|;u�
7;mvb|�� Őρv�őķ��;�7;=bm;7�|_;�]Ѵo0-Ѵ��-��ƒ�ruo7�1|bom�u-|;ķ��_b1_�
�-v�|_;m�moul-Ѵb�;7��b|_� Ѵb�;�1ou-Ѵ�v�u=-1;�-u;-�-m7�1om�;u|;7�|o�
g cmƴƑ yearƴƐ�0-v;7�om�|_;�loѴ-u��-��ƒ�l-vv�Ő	b1hvom�;|�-Ѵĺķ�ƑƏƏƕőĺ

ƑĺƒՊ |Պ �_o|o]u-ll;|u�Ŋ�0-v;7�vb�;ŋ�-u;-�
relationships

$o� ;�-lbm;� |_;� u;Ѵ-|bomv_br� 0;|�;;m� �-��ƒ� ruo7�1|bom� -m7� 1oѴŊ
om��vb�;ķ��;��v;7�-�ƒ	�v�u=-1;�-u;-�|o�-�ob7��m7;u;v|bl-|bm]�1ou-Ѵ�
�-��ƒ� ruo7�1|bomķ� -v� v�u=-1;� =oѴ7bm]� -m7� 0u-m1_bm]� bm1u;-v;� |_;�
1ou-Ѵ� v�u=-1;� -u;-ĺ� oѴѴo�bm]� |_;� 1ou-Ѵ� bm1�0-|bom� ruo|o1oѴķ� ƐƏƏŋ�
ƑƏƏ�o�;uѴ-rrbm]�_b]_Ŋ�u;voѴ�|bom�r_o|ov��;u;�|-h;m�=ou�;-1_�1oѴom��
Őb]�u;� "ƒőĺ� $_;� r_o|ov��;u;� �v;7� |o� 1omv|u�1|� ƒ	�lo7;Ѵv� �vbm]�
�]bvo=|��_o|o"1-m�Ő�]bvo=|����ķ�ƑƏƐѵőĺ�);�7;=bm;7��oѴ�l;�-m7�Ѵb�;�
v�u=-1;�-u;-�=uol�|_;�=bm-Ѵ�ƒ	�lo7;Ѵ�Őbĺ;ĺķ�o�|vb7;�-u;-�o=�|_;�1ou-Ѵ�
lbm�v� |_;� 0-v;őĺ�);� =b||;7� -� ro�;uŊ�Ѵ-�� u;]u;vvbom� 0;|�;;m� 1ou-Ѵ�
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1oѴom��l;-m�7b-l;|;u� Őbĺ;ĺķ�l;-m�o=� |_;� |_u;;�7bl;mvbomv�7;=bm;7�
=ou�;-1_�1oѴom�ő�-m7�1ou-Ѵ�Ѵb�;�v�u=-1;�-u;-�ŐR2�Ʒ�ƏĺƖƕő�Ő�-�-Ѵ�;|�-Ѵĺķ�
ƑƏƐƔőĺ�$_bv�u;Ѵ-|bomv_br��-v��v;7�|o�;v|bl-|;�|_;�v�u=-1;�-u;-�o=�|_;�
1ou-Ѵ�1oѴomb;v�l;-v�u;7�7�ubm]�|_;�-Ѵb�-ubm�u;7Ŋ�"�v|-bmbm]ķ�bm1�0-|bom�
;�r;ubl;m|vķ�-m7�vb�;�7bv|ub0�|bom�v�u�;�vĺ

ƑĺƓՊ |Պ �-�;vb-m��-��3 production models

$o� |;v|��_;|_;u��-��ƒ� ruo7�1|bom� o=� |_;� |_u;;� 1ou-Ѵ� ];m;u-� =oѴŊ
Ѵo�;7�-m�-ѴѴol;|ub1�ou� bvol;|ub1�r-||;umķ��;�=buv|��;ub=b;7�|_-|�|_;�
�-��ƒ�ruo7�1|bom�=uol�bm�vb|��-Ѵb�-ubm�u;7Ŋ�"�v|-bmbm]�-m7�;��vb|��bmŊ
1�0-|bomv��-v�-m-Ѵo]o�vĺ��Ѵb�-ubm�u;7Ŋ�"�v|-bmbm]�_-v�|_;�-7�-m|-];�
o=�ruo�b7bm]�7-|-�=uol�1ou-Ѵv�bm�vb|��Őbĺ;ĺķ�]uo�bm]��m7;u�moul-Ѵ�;mŊ
�buoml;m|-Ѵ� 1om7b|bomvőĺ� �o�;�;uķ� ]b�;m� |_;� ro|;m|b-Ѵ� =ou� |o�b1b|��
bm� f��;mbѴ;�1ou-Ѵv� Ő	�v|-mķ�ƐƖƕƔőķ��-��ƒ�ruo7�1|bom�o=� f��;mbѴ;v� bv�
0;||;u�;v|bl-|;7��b|_�;��vb|��bm1�0-|bomvĺ��m�o�u�v|�7�ķ�-Ѵb�-ubm�u;7Ŋ�"�
v|-bmbm]�-m7�-Ѵh-Ѵbmb|��-mol-Ѵ��bm1�0-|bom��b;Ѵ7;7�vblbѴ-u�u;v�Ѵ|v�=ou�
�-��ƒ�ruo7�1|bom�Őb]�u;�"Ɠőĸ�|_;u;=ou;ķ��;�l;u];7�|_;�7-|-v;|v�|o�
;v|bl-|;�bvol;|ub1�-m7�-ѴѴol;|ub1�u;Ѵ-|bomv_brv��b|_��-�;vb-m�bm=;uŊ
;m1;�-v�=oѴѴo�vĹ

�_;u;��i� bv� |_;��-��ƒ�ruo7�1|bom� u-|;� Ő]ņ�;-uő�-m7��i� |_;� Ѵb�;�1ou-Ѵ�
v�u=-1;�-u;-�Ő1l2őĺ�);�vr;1b=b;7�|_;�v-l;�rubouv�=ou�0o|_�lo7;Ѵv�Ő�Ŝ�
�oul-Ѵ� ŐƐƏķƐƏő� -m7�β� Ŝ��oul-Ѵ� ŐƏĺƔķƏĺƔőő��b|_� -��;-hѴ�� bm=oul-|b�;�
�-ub-m1;� Őσ2� Ŝ� "|�7;m|� ŐƒķƏķƓƔƏőőĺ�);� =b||;7� o�u� lo7;Ѵv� �b|_� ƒƏƏƏ�
b|;u-|bomv�-1uovv� =o�u� 1_-bmvķ� -m7�7bv1-u7;7� |_;� =buv|�ƐƔƏƏ��-ulŊ��r�

b|;u-|bomv�o=�;-1_�1_-bmĺ�);��;ub=b;7�1_-bm�1om�;u];m1;��b|_��bv�-Ѵ�bmŊ
vr;1|bom�-m7�1om=bul;7�|_-|�!_-|�Ő|_;�ro|;m|b-Ѵ�v1-Ѵ;Ŋ�u;7�1|bom�=-1|ouő�
�-v� Ѵ;vv� |_-m�ƐĺƏƔĺ�&vbm]� |_;�lo7;Ѵ� v�ll-u��r-u-l;|;uvķ��;� |_;m�
ru;7b1|;7� 0o|_��-��ƒ�ruo7�1|bom� -m7� -u;-Ŋ�moul-Ѵb�;7��-��ƒ�ruoŊ
7�1|bom�u-|;v�ŐƼƖƔѷ��-�;vb-m�1u;7b0Ѵ;�bm|;u�-Ѵőĺ

ƑĺƔՊ |Պ �ou-Ѵ�1oll�mb|���-��3 production

);� �v;7� 0o|_� bvol;|ub1� -m7� -ѴѴol;|ub1� =�m1|bomv� =ou� t�-m|b=�bm]�
1oll�mb|���b7;��-��ƒ� ruo7�1|bom� |o� |;v|��_;|_;u� |_;� |�o� -rŊ
ruo-1_;v� �b;Ѵ7;7� 7b==;u;m|� u;v�Ѵ|v� �_;m� 1ou-Ѵ� vb�;� 7bv|ub0�|bom�
1_-m];v�o�;u�|bl;ĺ��;|�;;m�ƑƏƏƔ�-m7�ƑƏƐѵķ��oŝou;-�;�r;ub;m1;7�
-m�o�|0u;-h�o=�|_;�ru;7-|ou��v;-�v|-u�Acanthaster�1=ĺ�solaris�ŐƑƏƏѵŋ�
ƑƏƏƖőķ�=oѴѴo�;7�0��-�1�1Ѵom;�ŐƑƏƐƏőĺ�$_;�|�o�7bv|�u0-m1;v�u;7�1;7�
Ѵb�;� 1ou-Ѵ� 1o�;u� =uol� -rruo�bl-|;Ѵ�� ƔƏѷ� bm� ƑƏƏƔ� |o� ƒѷ� bm� ƑƏƐƏ�
Ő�-uѴo|�;|�-Ѵĺķ�ƑƏƑƏĸ��-�-Ѵ�;|�-Ѵĺķ�ƑƏƐƑőĺ�oѴѴo�bm]�|_;�7bv|�u0-m1;vķ�
1ou-Ѵ�1o�;u�u;1o�;u;7�|o�ru;7bv|�u0-m1;�Ѵ;�;Ѵv�0��ƑƏƐѵ�Ő�-�-Ѵ�;|�-Ѵĺķ�
ƑƏƐѶĸ� b]�u;� Ƒőĺ� $_;� 1_-m];� bm� 1ou-Ѵ� 1o�;u� �-v� -11olr-mb;7� 0��
1omvb7;u-0Ѵ;� �-ub-|bomv� bm� 1ou-Ѵ� vb�;� 7bv|ub0�|bomvĺ� �-u];� 1oѴomb;v�
�;u;�7olbm-m|� bm�ƑƏƏƔ�Ő$-0Ѵ;�"Ɛő�0�|��;u;�7u-l-|b1-ѴѴ��o�|m�lŊ
0;u;7�0��vl-ѴѴ�u;1u�b|v�bm�ƑƏƐƐ�Ő�7f;uo�7�;|�-Ѵĺķ�ƑƏƐѶőĺ�);�-rrѴb;7�
0o|_� �-��ƒ� ruo7�1|bom� lo7;Ѵv� Őbĺ;ĺķ� bvol;|ub1� �;uv�v� -ѴѴol;|ub1ő�
-|�|_;�1oll�mb|��Ѵ;�;Ѵ�0��1ol0bmbm]�7-|-�=uol�|_u;;�v|�7b;v�|_-|�
u;1ou7;7�|;lrou-Ѵ�1_-m];v�bm�vb�;�7bv|ub0�|bomv�o=�|_;�|_u;;�l-fou�
u;;=Ŋ�0�bѴ7bm]�1ou-Ѵv�-uo�m7��oŝou;-ĺ�$_;�=buv|�v|�7��;�-Ѵ�-|;7�1ou-Ѵ�
vb�;�7bv|ub0�|bomv�bm�ƑƏƏƔ�Ő�7f;uo�7�;|�-Ѵĺķ�ƑƏƐƔőķ�|_;�v;1om7�v|�7��
|ooh� rѴ-1;� =uol�ƑƏƏѶ� |o� ƑƏƐƏ� Ő�-�-Ѵ� ;|� -Ѵĺķ� ƑƏƐƔőķ� -m7� |_;� |_bu7�
v|�7���-v�1om7�1|;7�=uol�ƑƏƐƐ�|o�ƑƏƐѵ�Ő�-�-Ѵ�;|�-Ѵĺķ�ƑƏƐѶő�-v�r-u|�
o=�|_;��oŝou;-��ou-Ѵ�!;;=��om]�$;ul��1oѴo]b1-Ѵ�!;v;-u1_�ruo]u-l�
Ő�$�!ĸ� _||rĹņņl1uĺѴ|;um�;|ĺ;7�őĺ� �ѴѴ� v�u�;�v� �;u;� 1om7�1|;7� -|� -�

Ci ∼ N
(

μi , σ
2
)

, Allometricmodel: μi = αx
β

i

Isometricmodel: μi = αxi + β

F I G U R E  2Պ��;u-];�Ѵb�;�1ou-Ѵ�1o�;u�bm�
�oŝou;-ķ�u;m1_��oѴ�m;vb-ķ�=uol�ƑƏƏƔ�|o�
ƑƏƐѵĺ��;u|�u0-|bomv�bm1Ѵ�7;7�-�ru;7-|ou��
v;-�v|-u�ŐAcanthaster�1=ĺ�solariső�o�|0u;-h�
=uol�ƑƏƏѵ�|o�ƑƏƏƖ�-m7�-�1�1Ѵom;�bm�ƑƏƐƏĺ�
�_o|o]u-r_v�bѴѴ�v|u-|;�|_;�u;;=v1-r;�bm�Ő-ő�
ƑƏƏѵķ�Ő0ő�ƑƏƐƏķ�-m7�Ő1ő�ƑƏƐƔ
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lbmbl�l�o=�|_u;;�7b==;u;m|�vb|;v�-uo�m7��oŝou;-�-|�-�7;r|_�o=�-rŊ
ruo�bl-|;Ѵ��ƐƑ�lĺ

	�;�|o�_;|;uo];m;b|��-lom]�7-|-v;|v�Őbĺ;ĺķ�7b==;u;m1;v�bm�v�u�;��
ruo|o1oѴvķ�;==ou|vķ�vb|;vķ�-m7�o0v;u�;uvőķ��;�v|-m7-u7b�;7�|_;�7-|-�0��
rooѴbm]�-ѴѴ�|u-mv;1|v�=ou�-�]b�;m��;-u�|o�o0|-bm�-m�bvѴ-m7Ŋ�v1-Ѵ;�1ou-Ѵ�
vb�;�7bv|ub0�|bom�=ou�;-1_�|-�omķ�=uol��_b1_��;�;v|bl-|;7�ror�Ѵ-|bom�
-0�m7-m1;v�l-|1_bm]�|_;�r;u1;m|�1o�;u�o=�|_;�vr;1b;v�-|�;-1_�vb|;ĺ�
$o�7o�voķ��;�-vv�l;7�|_-|�|_;�rѴ-m-u�v_-r;�o=�o�u�|_u;;�vr;1b;v�bv�
-rruo�bl-|;7�0��-�1bu1Ѵ;��_;m�o0v;u�;7�=uol�-0o�;ĺ�);�|_;m�1-Ѵ1�Ŋ
Ѵ-|;7�bm7b�b7�-Ѵ�1oѴom��rѴ-m-u�-u;-v�=uol��bv�-ѴѴ��7;|;ulbm;7�Ѵ;m]|_�
-m7��b7|_� Őbĺ;ĺķ� ŐŐѴ;m]|_�Ƴ��b7|_őņƓő2πőĺ� �m�vol;�o=�|_;�v|�7b;vķ�1ou-Ѵ�
vb�;� 7bv|ub0�|bom��-v� ;�-Ѵ�-|;7��b|_o�|� u;1ou7bm]� |_;� v-lrѴbm]� ;=Ŋ
=ou|� Ő;ĺ]ĺķ�0�� u;1ou7bm]� |_;� vb�;�o=� |_;�ƔƏ� =buv|� 1oѴomb;v� bm|;u1;r|;7�
-Ѵom]�-� |u-mv;1|őĺ�$_;u;=ou;ķ��;�;�-Ѵ�-|;7�1ou-Ѵ�7;mvb|��r;u�ƐƏ�l2 
v�0v|u-|;�0��u-m7olѴ��v-lrѴbm]�bm7b�b7�-Ѵv�=uol�o�u�bvѴ-m7Ŋ�v1-Ѵ;�vb�;�
7bv|ub0�|bom�7-|-v;|��m|bѴ�l-|1_bm]�|_;�r;u1;m|�1o�;u�o=�|_;�vr;1b;v�bm�
;-1_��;-uĺ�);�u;r;-|;7�|_bv�ruo1;vv�ƐƏƏ�|bl;v�|o�o0|-bm�-m�-�;u-];�
bvѴ-m7Ŋ�v1-Ѵ;�1ou-Ѵ�vb�;�7bv|ub0�|bom�r;u�|-�om�r;u��;-uĺ�);�1olr-u;7�
o�u�1ou-Ѵ�vb�;�7bv|ub0�|bom�;v|bl-|;v��b|_�;lrbub1-Ѵ�7-|-�1oѴѴ;1|;7�bm�
ƑƏƏƖ�0���-�-Ѵ�;|�-Ѵĺ�ŐƑƏƐƔő�=ou�|_;�|_u;;�1ou-Ѵ�vr;1b;v�-m7�=o�m7�mo�
vb]mb=b1-m|�7b==;u;m1;�Őb]�u;�"Ɠőĺ��mm�-Ѵ�1_-m];v�bm�1ou-Ѵ�1o�;u�=ou�
|_;�|_u;;�1ou-Ѵ�];m;u-��;u;�;v|bl-|;7�-v�r-u|�o=�|_;�ľService d'Ob-
servatoire CORAILĿ�lomb|oubm]�Ő"����!����lomb|oubm]ĸ�_||rĹņņo0v;u�
�-|ob�u;ĺ1ubo0;ĺr=őĺ�);�|_;m�-vvb]m;7��-��ƒ�ruo7�1|bom�|o�;-1_�1oѴŊ
om��-m7�v�ll;7�|_;l�|o��b;Ѵ7�|o|-Ѵ�ruo7�1|bom�r;u�ƐƏ�l2�o=�u;;=ĺ

ƑĺѵՊ |Պ !;1u�b|l;m|�Ѵovv�lo7;Ѵ

$o� ;v|bl-|;� _o�� Ѵ-u];Ŋ�v1-Ѵ;� 7bv|�u0-m1;� ;�;m|v� l-�� blr-1|� u;;=�
�-��ƒ�ruo7�1|bomķ��;��v;7�-�l�Ѵ|bŊ�vr;1b;vķ�or;mŊ�ror�Ѵ-|bomķ�bm|;Ŋ
]u-Ѵ�ruof;1|bom�lo7;Ѵ�Ő���ő�7;�;Ѵor;7�|o�1_-u-1|;ub�;�1ou-Ѵ�1oll�Ŋ
mb|��7�m-lb1v�-uo�m7��oŝou;-�Ő�-�-Ѵ�;|�-Ѵĺķ�ƑƏƐѶőĺ�$_;�����ru;7b1|;7�
u;1o�;u��7�m-lb1v�bm�|_;�-0�m7-m1;ķ�1olrovb|bomķ�-m7�vb�;�7bv|ub0�Ŋ
|bom�o=�1ou-Ѵ�-vv;l0Ѵ-];v�Őbĺ;ĺķ�Acroporaķ�Pocilloporaķ�-m7�Poriteső�-=|;u�
|_;�ƑƏƏѵŋ�ƑƏƐƏ�7bv|�u0-m1;v� Őb]�u;�"ѵőĺ�ou�;-1_�ror�Ѵ-|bomķ� |_;�
lo7;Ѵ�bv�]o�;um;7�0��|_;�=oѴѴo�bm]Ĺ

�_;u;�|_;�7bv|ub0�|bom�o=�bm7b�b7�-Ѵv�m�Őzனķ�t�Ƴ�Ɛő�o=�=bm-Ѵ�vb�;�zன�-|�|bl;�
t�Ƴ�Ɛ�bv�ru;7b1|;7�-v�-�=�m1|bom�o=�|_;�7bv|ub0�|bom�o=�|_;�bm7b�b7�-Ѵv�m�
Őzķ� tő�o=�vb�;v�zķ�0o�m7;7�|o� |_;�vb�;Ŋ�u-m];� bm|;u�-Ѵ� ŒLowķ�Upœķ�-|� |bl;�
tĺ� $_;� =�m1|bomv� sķ�Gķ� -m7�R� 7;v1ub0;� ;lrbub1-ѴѴ�� ;v|bl-|;7� vb�;� ŐzőŊ�
7;r;m7;m|� v�u�b�-Ѵ� -m7� ]uo�|_ķ� -m7� 7;mvb|�� ŐγőŊ�7;r;m7;m|� u;1u�b|Ŋ
l;m|ķ�u;vr;1|b�;Ѵ�ĺ

);��v;7�|_;�����|o�vbl�Ѵ-|;�|_;�u;1o�;u��o=�1ou-Ѵ�-vv;l0Ѵ-];v�
=uol� ƑƏƐƏ� |o� ƑƏƐƔ� -11ou7bm]� |o� 7b==;u;m|� u;1u�b|l;m|� v1;m-ubovĺ�
"r;1b=b1-ѴѴ�ķ��;�1olr-u;7�u;;=�u;1o�;u���m7;u�|_;�o0v;u�;7�u;1u�b|Ŋ
l;m|�u-|;v�Őru;v;m|Ŋ�7-��v1;m-ubo�!�Ƶ�Ɛő��;uv�v�7b==;u;m|�v1;m-ubov�o=�
7;1Ѵbm;��_;u;�u;1u�b|l;m|��-v�u;v|ub1|;7�|o�ƕƔѷķ�ƔƏѷķ�-m7�ƑƔѷ�o=�

|_;�o0v;u�;7��-Ѵ�;v�Őv1;m-ubov�!�Ƶ�ƏĺƕƔķ�!�Ƶ�ƏĺƔķ�-m7�!�Ƶ�ƏĺƑƔķ�u;Ŋ
vr;1|b�;Ѵ�őĺ�$_;�lo7;Ѵ��-v�blrѴ;l;m|;7��b|_�;v|bl-|;v�o=�1ou-Ѵ�7;Ŋ
lo]u-r_b1�r-u-l;|;uv�0-v;7�om�;lrbub1-ѴѴ��l;-v�u;7�1ou-Ѵ�v�u�b�-Ѵķ�
]uo�|_ķ�-m7�u;1u�b|l;m|�u-|;v�om�|_;�mou|_�v_ou;�o=��oŝou;-ķ��_;u;�
1ou-Ѵ�u;1u�b|l;m|�-m7�u;1o�;u��-1_b;�;7�l-�bl�l�Ѵ;�;Ѵv�bm�ƑƏƐƏŋ�
ƑƏƐƔ� Ő�-�-Ѵ� ;|� -Ѵĺķ� ƑƏƐѶőĺ� bm-ѴѴ�ķ� |_;� -ѴѴol;|ub1� �-�;vb-m� lo7;Ѵ�
�-v� -rrѴb;7� |o� |_;� 7bv|ub0�|bom� o=� |_;� 1ou-Ѵ� 1oѴomb;vŝ� v�u=-1;� -u;-�
ru;7b1|;7��m7;u�|_;�=o�u�u;1u�b|l;m|�v1;m-ubov�Őb]�u;�"ѵő�|o�;v|bŊ
l-|;��-��ƒ�ruo7�1|bom�u-|;v�Őb]�u;�Ɠőĺ��ѴѴ�v|-|bv|b1v�-m7�ru;7b1|b�;�
lo7;Ѵv��;u;�u�m��vbm]�|_;�brms and nlme�r-1h-];v�Ő�ুuhm;uķ�ƑƏƐƕ-ķ�
ƑƏƐƕ0ĸ��bm_;buo�;|�-Ѵĺķ�ƑƏƐƒő�bm�!��;uvbom�ƒĺƔĺƒ�Ő!��ou;�$;-lķ�ƑƏƐƖőĺ

ƒՊ |Պ !�"&�$"

�ѴѴ� |_u;;� 1ou-Ѵ� vr;1b;v� ;�_b0b|;7� -m� -ѴѴol;|ub1� Ѵbm;-u� ;�|;mvbom�
r-||;umķ� �b|_� vl-ѴѴ� 1ou-Ѵ� 1oѴomb;v� ruo7�1bm]� 7bvruorou|bom-|;Ѵ��
Ѵ-u];u�-lo�m|v�o=��-��ƒ�r;u��mb|�v�u=-1;�-u;-�|_-m�Ѵ-u];u�1oѴomb;v�
Őb]�u;�ƒőĺ� ou� ;�-lrѴ;ķ� -� =b�;=oѴ7� bm1u;-v;� bm� 1oѴom�� v�u=-1;� -u;-�
=uol�ƐƏƏ� |o�ƔƏƏ� 1l2� Ѵ;7� |o� -�Ƒѵѷ�7;1Ѵbm;� bm� Ѵbm;-u� ;�|;mvbom� =ou�
Acropora and Pocillopora�-m7�-�ƐƏѷ�7;1u;-v;�=ou�Porites.

�11ou7bm]�|o�|_;�bvol;|ub1�lo7;Ѵķ�u;;=Ŋ�v1-Ѵ;��-��ƒ�ruo7�1|bom�
r;u��mb|�-u;-�u;l-bm;7�u;Ѵ-|b�;Ѵ��1omv|-m|�ŐŜƕ�h]��-��ƒ m

ƴƑ yearƴƐ; 
b]�u;� Ɠ� -m7� $-0Ѵ;� "Ɛő� -1uovv� ƐƏ� �;-uv� o=� v|�7�� r;ubo7ķ� 7;vrb|;�
=Ѵ�1|�-|bomv� bm� 1ou-Ѵ� 1o�;u� Őb]�u;� Ƒőĺ� �m� 1om|u-v|ķ� |_;� -ѴѴol;|ub1�
lo7;Ѵ�u;�;-Ѵ;7�l-uh;7��-ub-|bom�bm�u;;=Ŋ�v1-Ѵ;��-��ƒ�ruo7�1|bom�
o�;u�|_;�v-l;�r;ubo7ĺ��-��ƒ�ruo7�1|bom�r;u��mb|�-u;-�bm1u;-v;7�
=uol� Ɩ� h]� �-��ƒ mƴƑ yearƴƐ� 7�ubm]� ru;Ŋ�7bv|�u0-m1;� bm� ƑƏƏƔ� |o�
Ɛƕ�h]��-��ƒ m

ƴƑ yearƴƐ� bm�ƑƏƐƏ�-m7�ƑƑ�h]��-��ƒ m
ƴƑ yearƴƐ in 

ƑƏƐƒ�7�ubm]�u;;=�u;1o�;u��Őb]�u;�Ɠ-�-m7�$-0Ѵ;�"Ɛőĺ�$_;v;�r;-hv�
1oŊ�o11�uu;7��b|_� |_;� u;1oѴomb�-|bom�o=� f��;mbѴ;� 1ou-Ѵv� Ő�7f;uo�7�
;|�-Ѵĺķ�ƑƏƐѶőķ�bmb|b-|;7�bm�ƑƏƏѵ�bm�u;vromv;�|o�|_;�Acanthaster�o�|Ŋ
0u;-hķ�0�|�b|��-v�bm|;uu�r|;7�0��|_;�1�1Ѵom;�bm�ƑƏƐƏ�Ő�-�-Ѵ�;|�-Ѵĺķ�
ƑƏƐƑőĺ��=|;u�ƑƏƐƒķ�1ou-Ѵ�1oѴomb;v�]u;��v|;-7bѴ�ķ�Ѵ;-7bm]�|o�-�]u-7Ŋ
�-Ѵ� 7;1Ѵbm;� bm� |_;� ruo7�1|bom� o=� �-��ƒ� r;u� �mb|� -u;-ĺ� ��;u-ѴѴķ�
|_;� bvol;|ub1� lo7;Ѵ� Ѵ;7� |o� -� ƓƏѷ� �m7;u;v|bl-|bom� o=� |_;� |o|-Ѵ�
�-��ƒ�ruo7�1;7�o�;u�ƐƏ��;-uv�1olr-u;7�|o�o�u�-ѴѴol;|ub1�lo7;Ѵ�
Őb]�u;�Ɠ0őĺ

$o�|;v|�_o��u;7�1;7�1ou-Ѵ�u;1u�b|l;m|�blr-1|v�u;;=Ŋ�v1-Ѵ;��-��ƒ 
ruo7�1|bomķ� �;� vbl�Ѵ-|;7� 1ou-Ѵ� 1oll�mb|�� 1olrovb|bom� -m7� vb�;�
v|u�1|�u;� -1uovv� Ɣ� �;-uv� o=� u;1o�;u�� r;ubo7� �m7;u� =o�u� 7b==;u;m|�
v1;m-ubov�o=�7;1Ѵbm;� bm�1ou-Ѵ� u;1u�b|l;m|� ŐƏѷķ�ƑƔѷķ�ƔƏѷķ�-m7�ƕƔѷ�
7;1Ѵbm;vőĺ� !;1u�b|l;m|� 7;1Ѵbm;v� 7u-l-|b1-ѴѴ�� u;7�1;7� �-��ƒ� ruoŊ
7�1|bomķ��b|_�-�ѵѶѷ�u;7�1|bom� bm��-��ƒ�ruo7�1|bom��_;m�u;1u�b|Ŋ
l;m|�bv�u;7�1;7�0��ƕƔѷ�Őb]�u;�Ɣőĺ���;m�-�lo7;u-|;�7;1Ѵbm;�o=�ƑƔѷ�
bm� u;1u�b|l;m|� u;7�1;7� rov|Ŋ�7bv|�u0-m1;� �-��ƒ� ruo7�1|bom� 0��
ŜƒƏѷ�o�;u�Ɣ��;-uvĺ

ƓՊ |Պ	�"�&""���

��u� v|�7�� 7;lomv|u-|;v� |_-|� |_u;;� l-fou� u;;=Ŋ�0�bѴ7bm]� 1ou-Ѵv� bm�
�oŝou;-�ŐAcropora hyacinthusķ�Pocillopora verrucosaķ�-m7�Porites luteaő�

n ⋅ (z′, t + 1) =

Up

∫
Low

s(z)G (z, z′) n(z, t)dz + R (! , z′)
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v_o�� -ѴѴol;|ub1� Ѵbm;-u� ;�|;mvbom� -m7� �-��ƒ� ruo7�1|bom� r-||;umvĺ�
&vbm]�|_;�-ѴѴol;|ub1�r-||;umv�|o�t�-m|b=��u;;=Ŋ�v1-Ѵ;��-��ƒ�ruo7�1Ŋ
|bom�=uol�1ou-Ѵ�vb�;�v|u�1|�u;�|bl;�v;ub;v� bm��oŝou;-� bm7b1-|;v�|_-|�
|_;�1om�;m|bom-Ѵ�bvol;|ub1�-rruo-1_�Ѵ;-7v�|o�-�ƓƏѷ��m7;u;v|bl-|bom�
o=��-��ƒ�ruo7�1|bom�o�;u�ƐƏ��;-uvĺ���u�u;v�Ѵ|v�blrѴ��|_-|�u;1o�;uŊ
bm]�u;;=v�_-�;�;�1;r|bom-ѴѴ��_b]_�1-Ѵ1b=b1-|bom�u-|;v�7�;�|o�|_;�=-v|�
]uo�|_�o=� f��;mbѴ;� 1ou-Ѵvĺ�$_�vķ� v|-|b1�l;|ub1v�o=� 1ou-Ѵ� 1oll�mb|��
-vv;l0Ѵ-];v�Ő;ĺ]ĺķ�r;u1;m|-];�o=�Ѵb�;�1ou-Ѵ�1o�;uķ�l-��l-vh�7�m-lb1�
ruo1;vv;v�|_-|��m7;urbm�|_;�=�m1|bombm]�o=�u;;=v�Ő�u-m7Ѵķ�$oum-0;m;ķ�
;|�-Ѵĺķ�ƑƏƐƖĸ��ou-bv�ş��;ѴѴ�oo7ķ�ƑƏƐƖőĺ

��;u� -� ƐƏŊ��;-uŊ�r;ubo7� bm� �oĽou;-ķ� -vv�lr|bom� o=� bvol;|u��
u;v�Ѵ|;7�bm�-m�-�;u-];��m7;u;v|bl-|bom�o=�ƒ�h]�lƴƑ yearƴƐķ��_b1_�
;t�-Ѵv�-rruo�bl-|;Ѵ��_-Ѵ=�o=�|_;�0bo;uovbom�1-�v;7�0��v;-��u1_bmv�
-m7�r-uuo|�=bv_;v�-uo�m7��oŝou;-�r;u��;-u�Őbĺ;ĺķ�Ŝѵ�h]�lƴƑ yearƴƐ; 
�Ѵ�-u-7o�;|�-Ѵĺķ�ƑƏƐѵĸ��;�uo|Ŋ��Ѵ-�v-7;�;|�-Ѵĺķ�ƑƏƏƏőĺ��Ѵ|_o�]_�-ѴŊ
Ѵol;|ub1�]uo�|_ķ��_;m�;�ru;vv;7�-v�-m� bm1u;-v;� bm�rѴ-m-u�-u;-ķ�
_-v�0;;m�7o1�l;m|;7�=ou�1ou-Ѵv�Ő	oum;Ѵ-v�;|�-Ѵĺķ�ƑƏƐƕőķ�|_bv�r-|Ŋ
|;um�lov|�Ѵbh;Ѵ��-uov;�=uol�|_;�_b]_;u�ruo0-0bѴb|��o=�r-u|b-Ѵ�louŊ
|-Ѵb|�� bm� Ѵ-u];u�1oѴomb;vķ�-m7�|_�v� Ѵo�;u� bm1u;-v;v� bm�rѴ-m-u�-u;-�
Ő�-�-Ѵ� ;|� -Ѵĺķ� ƑƏƐƔĸ��-7bm� ;|� -Ѵĺķ� ƑƏƑƏĸ� �u-|1_;||� ;|� -Ѵĺķ� ƑƏƐƔőķ�
u-|_;u�|_-m�bm_;u;m|�7b==;u;m1;v�bm�]uo�|_�u-|;�-1uovv�om|o];m�ĺ�
��u�;��vb|��;v|bl-|;v�o=��-��ƒ�ruo7�1|bom��;u;�mo|�v;mvb|b�;�|o�
|_;�ro|;m|b-Ѵ�;==;1|v�o=�r-u|b-Ѵ�lou|-Ѵb|�� =ou� |�o� u;-vomvĺ�buv|ķ�
|_;��-u;�m;-uѴ��bmv|-m|-m;o�v�l;-v�u;v�Ő�-||�vo�;|�-Ѵĺķ�ƐƖƖѶő�om�
vl-ѴѴ�1oѴomb;v�bm��_b1_�r-u|b-Ѵ�lou|-Ѵb|��bv�Ѵ;vv�ru;�-Ѵ;m|ĺ�";1om7ķ�
r-u|b-Ѵ�lou|-Ѵb|��bv�o=|;m�7�;�|o�ru;7-|bom�ou�o�;u]uo�|_ķ��_b1_�
bv� ;-vbѴ�� ;�1Ѵ�7;7� bm� 1om|uoѴѴ;7� ;�� vb|�� ;�r;ubl;m|vĺ� �Ѵ|_o�]_�
-Ѵb�-ubm� u;7Ŋ�"� v|-bmbm]� �-v� 1om7�1|;7� bm� |_;� =b;Ѵ7ķ� �_;u;� r-uŊ
|b-Ѵ� lou|-Ѵb|�� 1-m� 0;� o0v;u�;7ķ� �;� 1-u;=�ѴѴ�� v;Ѵ;1|;7� _;-Ѵ|_��
0u-m1_;v� |_-|� 7b7� mo|� v_o�� vb]mv� o=� ru;7-|bom� ou� o�;u]uo�|_ĺ�

$_�vķ� -ѴѴol;|ub1� ]uo�|_� Ѵbh;Ѵ�� u;v�Ѵ|v� =uol� v_b=|v� bm� |_;� ;m;u]��
-ѴѴo1-|;7� |o��-��ƒ�ruo7�1|bom�-1uovv� |_;� 1oѴom�� vb�;�]u-7b;m|ĺ�
�m7;;7ķ� Ѵ-u];u� 1oѴomb;v�l-�� bm�;v|� v�0v|-m|b-Ѵ� ;m;u]�� bm� u;ruoŊ
7�1|bomķ��_b1_�lb]_|�u;7�1;�|_;�;m;u]��-�-bѴ-0Ѵ;�=ou�1-Ѵ1b=b1-|bom�
Ő�-�-Ѵ�;|�-Ѵĺķ�ƑƏƐƔőĺ

��u� =bm7bm]v� -Ѵvo� _-�;� blrou|-m|� blrѴb1-|bomv� =ou� o�u� �m7;uŊ
v|-m7bm]�o=�v�v|;lŊ��b7;�u;;=�-11u;|bom�u-|;v��m7;u�1Ѵbl-|;�1_-m];ĺ�
�m7;;7ķ�u;;=�-11u;|bom�7;r;m7v�om�|_;�m;|�1oll�mb|��ruo7�1|bom�
o=��-��ƒ�Ő�;uu��;|�-Ѵĺķ�ƑƏƐƑő�-m7�o�u�u;v�Ѵ|v�v�]];v|�|_-|ķ�-=|;u�-�
r;u|�u0-|bomķ�vl-ѴѴ�1oѴomb;v�l-��]u;-|Ѵ��0oѴv|;u�1oll�mb|�Ŋ�Ѵ;�;Ѵ�
�-��ƒ� ruo7�1|bom� Őv;;� -Ѵvo��bѴlo�u� ;|� -Ѵĺķ� ƑƏƐƒőĺ� �o�;�;uķ� |_;�
ru;v;m1;� o=� f��;mbѴ;� 1ou-Ѵv� v|uom]Ѵ�� 7;r;m7v� om� |_;� u;ruo7�1Ŋ
|b�;�1-r-1b|��o=�l-|�u;�1ou-Ѵ�1oѴomb;v� Ő�7l�m7vķ�ƑƏƐƕĸ��oѴ0uooh�
;|� -Ѵĺķ� ƑƏƐѶĸ� (;u1;ѴѴomb� ;|� -Ѵĺķ� ƑƏƐƖőĺ� ";�;u;ķ� Ѵ-u];Ŋ�v1-Ѵ;ķ� -m7� u;Ŋ
r;-|;7� 7bv|�u0-m1;v� 1-m� 7u-l-|b1-ѴѴ�� ;uo7;� |_;� v�rrѴ�� o=� 1ou-Ѵ�
u;1u�b|v� |o� Ѵ-u];� v�-|_v�o=� u;;=vĺ� ou� ;�-lrѴ;ķ� 1ou-Ѵ� u;1u�b|l;m|�
om�|_;���v|u-Ѵb-m��u;-|��-uub;u�!;;=�bm�ƑƏƐѶ�7;1Ѵbm;7�0��ѶƖѷ�bm�u;Ŋ
vromv;�|o�|_;�Ѵovv�o=�1ou-Ѵv�7�ubm]�ƑƏƐѵ�-m7�ƑƏƐƕ�0Ѵ;-1_bm]�;�;m|v�
Ő��]_;v�;|�-Ѵĺķ�ƑƏƐƖőĺ���u�u;v�Ѵ|v�bm7b1-|;�|_-|�7bvu�r|bom�-m7�7;Ŋ
1Ѵbm;�o=�1ou-Ѵ�u;1u�b|l;m|�l-��Ѵ;-7�|o�-�7;1u;-v;�bm�|_;�ruo7�1|bom�
o=� �-��ƒ��b|_� -� ro|;m|b-ѴѴ�� ruo=o�m7� blr-1|� om� u;;=� -11u;|bomĺ�
�m� =-1|ķ� 0;1-�v;� f��;mbѴ;� 1ou-Ѵv� rѴ-�� -� 7bvruorou|bom-|;� uoѴ;� bm�
�-��ƒ�ruo7�1|bomķ� u;7�1|bomv� bm�1ou-Ѵ� u;1u�b|l;m|�=oѴѴo�bm]�7bvŊ
|�u0-m1;vķ�v�1_�-v�;�|;mvb�;�1ou-Ѵ�0Ѵ;-1_bm]ķ�l-���m7;ulbm;�|_;�
1-r-1b|��o=� u;;=�;1ov�v|;lv�|o�u;1o�;u�-m7ķ��Ѵ|bl-|;Ѵ�ķ�;m7-m];u�
|_;�r;uvbv|;m1;�o=�u;;=v�|_-|�ruo|;1|�|uorb1-Ѵ�1o-v|v�Ő�rr;m_;bl;u�
;|�-Ѵĺķ�ƑƏƐƖőĺ

�u;-Ŋ�moul-Ѵb�;7� �-��ƒ� ruo7�1|bom� v_o�;7� -� m;-uѴ�� bm�;u|;7�
ruo=bѴ;� Őb]�u;�Ɠ-ő� 1olr-u;7� |o� 1ou-Ѵ� 1o�;uķ� ;lr_-vb�bm]� |_;�7;;r�
7b�b7;�0;|�;;m�l;|ub1v�o=�;1ov�v|;l�=�m1|bom�Ő;ĺ]ĺķ�]uo�|_ķ��-��ƒ 

F I G U R E  3Պ�-��ƒ�ruo7�1|bom�u-|;v�
o=�|_;�|_u;;�u;;=Ŋ�0�bѴ7bm]�1ou-Ѵ�vr;1b;vĺ�
�m�|_;�Ѵ;=|ķ�1_-m];v�bm�Ѵbm;-u�;�|;mvbom�
=ou�|_;�1ou-Ѵ�vr;1b;v�A. hyacinthusķ�P. 
verrucosaķ�-m7�P. lutea�-v�-�=�m1|bom�o=�
1oѴom��vb�;ĺ��m�|_;�ub]_|ķ�1_-m];v�bm�
�-��ƒ�ruo7�1|bom�u-|;v�-v�-�=�m1|bom�
o=�1oѴom��vb�;ĺ��-��ƒ�ruo7�1|bom��-v�
;v|bl-|;7��vbm]�|�o�]uo�|_�l;-v�u;l;m|�
l;|_o7v�Őbm�vb|��-Ѵb�-ubm�u;7Ŋ�"�v|-bmbm]�
-m7�;��vb|��l;|-0oѴb1�bm1�0-|bomvő



ՊՍՊ |ՊƕCARLOT eT AL.

ruo7�1|bomő� -m7� |_;bu� o�|1ol;v� Ő;ĺ]ĺķ� 1ou-Ѵ� 1o�;uķ� v|u�1|�u-Ѵ� 1olŊ
rѴ;�b|�őĺ��v�-�1omv;t�;m1;ķ�l�1_�o=�1ou-Ѵ� u;;=�lomb|oubm]� bv� Ѵbh;Ѵ��
|o�;�-Ѵ�-|;�o�|1ol;v�o=�r-v|�u;;=�1om=b]�u-|bomv�u-|_;u�|_-m�1�uu;m|�
Ѵ;�;Ѵv�o=�=�m1|bombm]ĺ�$o�;==b1b;m|Ѵ��lomb|ou�-m7�ruo|;1|�1ou-Ѵ�u;;=v�
bm�|bl;v�o=��mru;1;7;m|;7�-m|_uoro];mb1�-m7�1Ѵbl-|b1�blr-1|vķ�o�u�
u;v�Ѵ|v�;lr_-vb�;�|_;�m;;7�|o�lo�;�0;�om7�;1ov�v|;l�-vv;vvl;m|v�
0-v;7�voѴ;Ѵ��om�v|-|b1�v�u�;�v�Ő;ĺ]ĺķ�1ou-Ѵ�1o�;u�ou�=bv_�0bol-vvő�-m7�
1omvb7;u�l;|ub1v�|_-|�t�-m|b=��u;;=�=�m1|bombm]�-v�-�7�m-lb1�ruo1;vv�

Ő�u-m7Ѵķ�!-v_;uķ�;|�-Ѵĺķ�ƑƏƐƖĸ�	-uѴbm]�;|�-Ѵĺķ�ƑƏƐƑĸ��7l�m7v�ş�!b;]Ѵķ�
ƑƏƑƏĸ��-7bm�;|�-Ѵĺķ�ƑƏƐѵőĺ

��;u-ѴѴķ� �;� ruo�b7;� -� mo�;Ѵ� r;uvr;1|b�;� om� 1ou-Ѵ� u;;=� �-��ƒ 
ruo7�1|bom� |_-|� _-v� 7bu;1|� blrѴb1-|bomv� =ou� |_;� v;1�ub|�� o=� 1o-v|-Ѵ�
ror�Ѵ-|bomv� |_uo�]_o�|� |_;� |uorb1v� Ő�uh;l-� ;|� -Ѵĺķ� ƑƏƐƒĸ� �;uu�ķ�
�Ѵ�-u;�Ŋ�bѴbrķ�;|�-Ѵĺķ�ƑƏƐѶőĺ�)b|_�1�uu;m|�ruof;1|bomv�o=�]Ѵo0-Ѵ�1_-m];ķ�
u;;=v��bѴѴ�=-1;�7bv|�u0-m1;v�v�1_�-v�1ou-Ѵ�0Ѵ;-1_bm]�-|�bm1u;-vbm]�=u;Ŋ
t�;m1b;vĺ� �=|;u� |_;v;� 7bv|�u0-m1;vķ� f��;mbѴ;� 1ou-Ѵv� 1-m� 0�==;u� |_;�
7;1u;-v;�bm�1oll�mb|���-��ƒ�ruo7�1|bom�1-�v;7�0��Ѵb�;�1ou-Ѵ�Ѵovv�
|_uo�]_� |_;bu� u-rb7� ]uo�|_ĺ� �o�;�;uķ� u;7�1|bomv� bm� 1ou-Ѵ� u;1u�b|Ŋ
l;m|ķ�-v�u;1ou7;7�-=|;u�Ѵ-u];Ŋ�v1-Ѵ;�7bv|�u0-m1;vķ��bѴѴ��m7;ulbm;�|_bv�
0�==;ubm]�1-r-1b|�ķ��Ѵ|bl-|;Ѵ��_-lr;ubm]��;u|b1-Ѵ�u;;=�-11u;|bom�-m7�
1omv;t�;m|Ѵ��|_;�ruo|;1|bom�o=�|uorb1-Ѵ�1o-v|v�=uol�o1;-mb1��-�;vĺ�
$_;�0�==;ubm]�1-r-1b|��o=�vl-ѴѴ�1oѴomb;v�ruo�b7;v�omѴ��-�v_ou|Ŋ�|;ul�
0oov|�Ő�m|bѴ�1oѴomb;v�]uo��0b]];uő�|_-|�l-��v�rrou|�-�=-v|;u�u;|�um�|o�
ru;Ŋ�7bv|�u0-m1;�Ѵ;�;Ѵv�o=�1ou-Ѵ�1o�;u�-m7�u;;=�v|u�1|�u-Ѵ�1olrѴ;�b|�ĺ�
+;|ķ��;u|b1-Ѵ�u;;=�-11u;|bom�_-rr;mv�o�;u�-�l�1_�Ѵom];u�|bl;�=u-l;�
-m7�u;Ѵb;v�om�v;�;u-Ѵ�o|_;u�=-1|ouv�v�1_�-v�v�0v|u-|;�1;l;m|-|bom�0��
1ou-ѴѴbm;�-Ѵ]-;�-m7�v;7bl;m|�bmr�|�Ő�;uu��;|�-Ѵĺķ�ƑƏƐƑĸ��;uu�ķ��-m];ķ�
;|� -Ѵĺķ� ƑƏƐѶőĺ� $_�vķ� 7;vrb|;� |_;� 1-r-1b|�� o=� f��;mbѴ;� 1ou-Ѵv� |o� |;lŊ
rou-ubѴ�� -11;Ѵ;u-|;� u;;=� u;1o�;u�� |_uo�]_� u-rb7� ]uo�|_ķ� Ѵom]Ŋ�|;ul�
r;uvbv|;m1;�o=�1ou-Ѵ�u;;=v�-m7�|_;bu�v;u�b1;v�bm;�b|-0Ѵ��_bm];�om�|_;�
ru;v;u�-|bom�o=�1ou-Ѵ�ror�Ѵ-|bomv�-1uovv�vb�;�1Ѵ-vv;vĺ

F I G U R E  4Պ�ou-Ѵ�1oll�mb|���-��ƒ�ruo7�1|bom�;v|bl-|;v�
o=�-�ƐƏ�l2�rou|bom�o=�u;;=�v�0v|u-|;�bm��oŝou;-�=uol�ƑƏƏƔ�|o�
ƑƏƐѵ�-11ou7bm]�|o�|_;�bvol;|ub1��;uv�v�-ѴѴol;|ub1�1ou-Ѵ��-��ƒ 
ruo7�1|bom�lo7;Ѵvĺ�Ő-ő��-��ƒ�ruo7�1|bom�u-|;�Őh]�l

ƴƑ yearƴƐőķ�Ő0ő�
1�l�Ѵ-|b�;��-��ƒ�ruo7�1|bom�Őh]ņ�;-uőĺ��v|bl-|;v�-u;�0o�m7;7�0��
-�ƖƔѷ�1om=b7;m1;�bm|;u�-Ѵĺ��ou-Ѵ�v�l0oѴv�om�|or�bm7b1-|;�1_-m];v�
bm�-�;u-];�1ou-Ѵ�1oѴom��vb�;ķ�-m7�m�l0;uv�bm7b1-|;�1ou-Ѵ�1oѴom��
7;mvb|��r;u�ƐƏ�l2�o=�u;;=�v�u=-1;�-u;-

F I G U R E  5Պ�oul-Ѵb�;7��-��ƒ�ruo7�1|bom�|u-f;1|oub;v�-11ou7bm]�
|o�=o�u�v1;m-ubov�o=�1ou-Ѵ�u;1u�b|l;m|�o�;u�Ɣ��;-uv�7�ubm]�u;;=�
u;1o�;u�ĺ���l�Ѵ|bvr;1b;vķ�or;mŊ�ror�Ѵ-|bom�bm|;]u-Ѵ�ruof;1|bom�
lo7;Ѵ��-v��v;7�|o�ru;7b1|�|_;�u;1o�;u��7�m-lb1v�o=�-m�-vv;l0Ѵ-];�
o=�|_u;;�1ou-Ѵ�];m;u-�ŐAcroporaķ�Pocilloporaķ�-m7�Poriteső�0-v;7�
om�1ou-Ѵ�7;lo]u-r_b1�r;u=oul-m1;�Őbm�u;1u�b|l;m|ķ�]uo�|_ķ�-m7�
v�u�b�-Ѵő�l;-v�u;7�bm��oŝou;-ĺ�$_;�=o�u�v1;m-ubov�ru;7b1|;7�
7b==;u;m|�u-|;v�o=�1ou-Ѵ�u;1u�b|l;m|�u;7�1|bom�-v�1olr-u;7�|o�
1�uu;m|�Ѵ;�;Ѵv�ŐƏѷķ�ƑƔѷķ�ƔƏѷķ�-m7�ƕƔѷ�u;7�1|bomvőĺ��-��ƒ 
ruo7�1|bom�u-|;v��;u;�;v|bl-|;7�=uol�lo7;Ѵ�ru;7b1|bomv�o=�1ou-Ѵ�
-0�m7-m1;ķ�1olrovb|bomķ�-m7�vb�;�7bv|ub0�|bom�Őb]�u;�"Ɣķ�1ol0bm;7�
�b|_�|_;�-ѴѴol;|ub1��-��ƒ�ruo7�1|bom�=�m1|bomv�;v|bl-|;7�bm�
�oŝou;-ĸ�b]�u;�Ɛőĺ��-��ƒ�ruo7�1|bom�u-|;v��;u;�moul-Ѵb�;7�
u;Ѵ-|b�;�|o�|_;�_b]_;v|��-Ѵ�;�Őv1;m-ubo�Əѷ�u;7�1|bom�-|��;-u�Ɣĸ�]u;;m�
curve

reduction
0%

25%
50%
75%



ѶՊ |ՊՊՍ CARLOT eT AL.

�����)��	�����$"
);�|_-mh�|_;�ľService d'Observatoire CORAILĿ� Ő"����!���ő�-m7�|_;�
�oŝou;-��ou-Ѵ�!;;=��om]�$;ul��1oѴo]b1-Ѵ�!;v;-u1_�Ő�$�!ő�ruo]u-lvĺ�
);�-Ѵvo�|_-mh�+-mm��-1�0;�-m7��7;Ѵbm;��o�-�7�=ou�_;Ѵr��b|_�-Ѵb�-Ŋ
ubm�u;7Ŋ�"�v|-bmbm]ķ��-u|bm��Ѵ;vv-m7ubmb�-m7��l;mbho�$o�u-m1_;-��=ou�
_;Ѵr�7;=bmbm]�Ѵbm;-u�1ou-Ѵ�;�|;mvbom�u-|;vķ�|;1_mb1-Ѵ�v�rrou|�=uol�|_;�
&mb�;uvb|�7࣐;��;urb]m-m�-m7�|_;��-m��Ѵv�v�u��;u��0v;u�-|ou��Ő-0b;m�
�ou-|ķ���bѴѴ-�l;� ��-mho�ķ� $b|o�-m��ou-];ķ� -m7�	-�b7� �;1t�;�uőķ�
-m7��ov_�-��-7bm�=ou�u;�b;�bm]�o�u�l-m�v1ubr|�0;=ou;�v�0lbvvbomĺ

������$"�����$�!�"$
�om;�7;1Ѵ-u;7ĺ

�&$��!����$!��&$���"
�ĺ�� -m7� (ĺ�� 1om1;b�;7� |_;� b7;-� -m7� l;|_o7vĺ� �ĺ�� r;u=oul;7� |_;�
-Ѵb�-ubm�u;7Ŋ�"�v|-bmbm]ķ�-m7��ĺ�ķ��ĺ�ķ��ĺ�ķ�-m7�&ĺ��r;u=oul;7�|_;�bmŊ
1�0-|bom�;�r;ubl;m|vĺ��ĺ�ķ��ĺ"ĺ�ĺķ�-m7��ĺ��r;u=oul;7�|_;�vb�;�7bvŊ
|ub0�|bom�v�u�;�vĺ��ĺ�ĺ�r;u=oul;7�|_;�r_o|o]u-ll;|u�ĺ��ĺ�ĺ�1u;-|;7�
|_;�]uo�|_�lo7;Ѵ�-m7��ĺ�ĺ�0�bѴ|�|_;�u;1u�b|l;m|�v1;m-ubov�lo7;Ѵĺ�
�ĺ���uo|;�|_;�=buv|�7u-=|�o=�|_;�r-r;uķ�-m7�-ѴѴ�1oŊ�-�|_ouv�1om|ub0�|;7�
|o�u;�bvbomv�-m7�-rruo�;7�|_;�=bm-Ѵ�7u-=|ĺ

	�$���(��������$+�"$�$����$
�o7;� -m7� 7-|-� -u;� -�-bѴ-0Ѵ;� om� _||rvĹņņ]b|_�0ĺ1olņ�-��u�Ѵ|ņ�ѴѴol�
;|ub1ō1ou-Ѵō]uo�|_ĺ]b|

ORCID
Jérémy Carlot  _||rvĹņņou1b7ĺou]ņƏƏƏƏŊƏƏƏƒŊƏѶѶƕŊѶƏƏƔ 
Mohsen Kayal  _||rvĹņņou1b7ĺou]ņƏƏƏƏŊƏƏƏƒŊƒѵƕƔŊƖѶƔƔ 
Hunter S. Lenihan  _||rvĹņņou1b7ĺou]ņƏƏƏƏŊƏƏƏƐŊѶƐƓѵŊƕѵƕƏ 
Simon J. Brandl  _||rvĹņņou1b7ĺou]ņƏƏƏƏŊƏƏƏƑŊѵѵƓƖŊƑƓƖѵ 
Jordan M. Casey  _||rvĹņņou1b7ĺou]ņƏƏƏƏŊƏƏƏƑŊƑƓƒƓŊƕƑƏƕ 
Mehdi Adjeroud  _||rvĹņņou1b7ĺou]ņƏƏƏƏŊƏƏƏƑŊѵѶƑƔŊѶƕƔƖ 
Ulisse Cardini  _||rvĹņņou1b7ĺou]ņƏƏƏƏŊƏƏƏƑŊƏѶƐѵŊѵƐƔѶ 
Diego R. Barneche  _||rvĹņņou1b7ĺou]ņƏƏƏƏŊƏƏƏƑŊƓƔѵѶŊƑƒѵƑ 
Alessio Rovere  _||rvĹņņou1b7ĺou]ņƏƏƏƏŊƏƏƏƐŊƔƔƕƔŊƐƐѵѶ 
Valeriano Parravicini  _||rvĹņņou1b7ĺou]ņƏƏƏƏŊƏƏƏƑŊƒƓƏѶŊƐѵƑƔ 

!��!����"
�7f;uo�7ķ��ĺķ��-�-Ѵķ��ĺķ��0ouu-Ŋ��-m|omm;|ķ��ĺķ�(;u1;ѴѴombķ��ĺķ��ovv;u;ѴѴ;ķ�

�ĺķ��b-oķ�(ĺķ��_-m1;u;ѴѴ;ķ�+ĺķ��Ѵ-�7;|ķ��ĺķ�ş��;mbmķ��ĺ�ŐƑƏƐѶőĺ�!;1o�;u��
o=�1ou-Ѵ�-vv;l0Ѵ-];v�7;vrb|;�-1�|;�-m7�u;1�uu;m|�7bv|�u0-m1;v�om�-�
"o�|_��;m|u-Ѵ��-1b=b1�u;;=ĺ�Scientific Reportsķ�8ŐƐőķ�ƖѵѶƏĺ�_||rvĹņņ7obĺ
ou]ņƐƏĺƐƏƒѶņvƓƐƔƖ�ѶŊ�ƏƐѶŊ�ƑƕѶƖƐ�Ŋ�ƒ

�7f;uo�7ķ��ĺķ��-�]�b|ķ� ĺķ�ş��;mbmķ��ĺ�ŐƑƏƐƔőĺ�$_;�vb�;Ŋ�v|u�1|�u;�o=�1ou-Ѵv�
�b|_� 1om|u-v|bm]� Ѵb=;Ŋ�_bv|oub;vĹ���l�Ѵ|bŊ�v1-Ѵ;� -m-Ѵ�vbv� -1uovv� ;m�bŊ
uoml;m|-Ѵ� 1om7b|bomvĺ�Marine Environmental Researchķ� 112ķ� ƐƒƐŋ�
ƐƒƖĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƐѵņfĺl-u;m��u;vĺƑƏƐƔĺƐƏĺƏƏƓ

�]bvo=|� ���ĺ� ŐƑƏƐѵőĺ��]bvo=|� �_o|o"1-m��v;u�l-m�-ѴĹ� �uo=;vvbom-Ѵ� ;7bŊ
|bomķ��;uvbom�ƐĺƑĺ�&v;u��-m�-Ѵv�Őrĺ�Ɩƕőĺ�!;|ub;�;7�=uol�_||rĹņņ���ĺ
-]bvo�=|ĺ1olņ7o�mѴ�o-7vņ�v;uŊ�l-m�-�Ѵvņ

�Ѵ�-u-7oķ� �ĺ� �ĺķ� �ou|࣐vķ� �ĺķ� ���l-mķ� �ĺķ� ş� !;�;vŊ��ombѴѴ-ķ� �ĺ� ŐƑƏƐѵőĺ�
�bo;uovbom� 0�� |_;� v;-� �u1_bm�	b-7;l-�l;�b1-m�l�-Ѵom]��-v|;um�
$uorb1-Ѵ� �-1b=b1� 1ou-Ѵ� u;;=vĺ� Marine Ecologyķ� 37ŐƔőķ� ƐƏѶѶŋ�ƐƐƏƑĺ�
_||rvĹņņ7obĺou]ņƐƏĺƐƐƐƐņl-;1ĺƐƑƒƕƑ

�uh;l-ķ� �ĺ� �ĺķ� ��-mm;Ѵķ� �ĺķ� (;u�|;vķ� �ĺķ� )oo7ķ� "ĺ� �ĺķ� ��;uu�ķ� �ĺķ�
!�1h;Ѵv_-�vķ� �ĺķ� �-u;b�-ķ� �ĺķ� �-1-�oķ� �ĺķ� ş� "bѴ�;uķ� �ĺ� �ĺ� ŐƑƏƐƒőĺ�
�o-v|-Ѵ� _-0b|-|v� v_b;Ѵ7� r;orѴ;� -m7� ruor;u|�� =uol� v;-Ŋ�Ѵ;�;Ѵ� ubv;�
-m7� v|oulvĺ� Nature Climate Changeķ� 3ŐƐƏőķ� ƖƐƒŋ�ƖƐѶĺ� _||rvĹņņ7obĺ
ou]ņƐƏĺƐƏƒѶņm1Ѵbl�-|;ƐƖƓƓ

�u-m7Ѵķ�"ĺķ�!-v_;uķ�	ĺ��ĺķ��ॖ|࣐ķ��ĺ��ĺķ��-v;�ķ��ĺ��ĺķ�	-uѴbm]ķ��ĺ�"ĺķ��;=1_;1hķ�
�ĺ�"ĺķ�ş�	�==�ķ��ĺ��ĺ�ŐƑƏƐƖőĺ��ou-Ѵ�u;;=�;1ov�v|;l�=�m1|bombm]Ĺ��b]_|�
1ou;� ruo1;vv;v� -m7� |_;� uoѴ;� o=� 0bo7b�;uvb|�ĺ� Frontiers in Ecology 
and the Environmentķ� 17ŐѶőķ� ƓƓƔŋ�ƓƔƓĺ� _||rvĹņņ7obĺou]ņƐƏĺƐƏƏƑņ
=;;ĺƑƏѶѶ

�u-m7Ѵķ�"ĺ��ĺķ�$oum-0;m;ķ��ĺķ��o-|Ѵ;�ķ��ĺ��ĺ�!ĺķ��-v;�ķ��ĺ��ĺķ��ou-bvķ�!ĺ�
�ĺķ� �ķ࣐|ॖ� �ĺ��ĺķ� �-Ѵ7�bmķ� �ĺ� �ĺķ� �-uu-�b1bmbķ� (ĺķ� "1_b;||;h-||;ķ��ĺ�
�ĺ�	ĺķ�ş��;ѴѴ�oo7ķ�	ĺ�!ĺ� ŐƑƏƐƖőĺ�	;lo]u-r_b1�7�m-lb1v�o=� |_;�
vl-ѴѴ;v|�l-ubm;��;u|;0u-|;v�=�;Ѵ�1ou-Ѵ�u;;=�;1ov�v|;l�=�m1|bomŊ
ing. Scienceķ� 364ŐѵƓƓѵőķ� ƐƐѶƖŋ�ƐƐƖƑĺ� _||rvĹņņ7obĺou]ņƐƏĺƐƐƑѵņ
v1b;m�1;ĺ--�ƒƒѶƓ

�ুuhm;uķ��ĺŊ��ĺ�ŐƑƏƐƕ-őĺ��7�-m1;7��-�;vb-m�l�Ѵ|bѴ;�;Ѵ�lo7;Ѵbm]��b|_�|_;�!�
r-1h-];�0ulvĺ�The R Journalķ�10ŐƐőķ�ƒƖƔĺ�_||rvĹņņ7obĺou]ņƐƏĺƒƑѵƐƓņ�
!�Ŋ�ƑƏƐѶŊ�ƏƐƕ

�ুuhm;uķ� �ĺŊ��ĺ� ŐƑƏƐƕ0őĺ� 0ulvĹ� �m� !� r-1h-];� =ou� �-�;vb-m� l�Ѵ|bѴ;�;Ѵ�
lo7;Ѵv��vbm]�v|-mĺ�Journal of Statistical Softwareķ�1ŐƐőĺ�_||rvĹņņ7obĺ
ou]ņƐƏĺƐѶѵƒƕņ�fvvĺ�ƏѶƏĺbƏƐ

�-uѴo|ķ� �ĺķ� !o࣏�u;ķ� �ĺķ� �-v;ѴѴ-ķ� �ĺķ� �-uubvķ� 	ĺķ� �u;ѴѴ;|Ŋ���ोo�ķ� �ĺķ�
�_-m1;u;ѴѴ;ķ� +ĺķ� 	oul�ķ� �ĺķ� �;7o�bmķ� �ĺķ� ş� �-uu-�b1bmbķ� (ĺ� ŐƑƏƑƏőĺ�
�oll�mb|�� 1olrovb|bom� ru;7b1|v� r_o|o]u-ll;|u�Ŋ�0-v;7� v|u�1Ŋ
|�u-Ѵ�1olrѴ;�b|��om�1ou-Ѵ�u;;=vĺ�Coral Reefsķ�39ŐƓőķ�Ɩѵƕŋ�ƖƕƔĺ�_||rvĹņņ
7obĺou]ņƐƏĺƐƏƏƕņvƏƏƒƒ�ѶŊ�ƏƑƏŊ�ƏƐƖƐѵ�Ŋ�Ѷ

	-uѴbm]ķ��ĺ�"ĺķ��Ѵ�-u;�Ŋ�bѴbrķ��ĺķ��Ѵb�;uķ�$ĺ��ĺķ��1�Ѵ-m-_-mķ�$ĺ�!ĺķ�ş��ॖ|࣐ķ�
�ĺ��ĺ� ŐƑƏƐƑőĺ� ��-Ѵ�-|bm]� Ѵb=;Ŋ�_bv|ou�� v|u-|;]b;v�o=� u;;=� 1ou-Ѵv� =uol�
vr;1b;v� |u-b|vĺ� Ecology Lettersķ� 15ŐƐƑőķ� ƐƒƕѶŋ�ƐƒѶѵĺ� _||rvĹņņ7obĺ
ou]ņƐƏĺƐƐƐƐņfĺƐƓѵƐŊ�ƏƑƓѶĺƑƏƐƑĺƏƐѶѵƐĺ�

	-uѴbm]ķ��ĺ�"ĺķ��1�Ѵ-m-_-mķ�$ĺ�!ĺķ��-bm-ķ��ĺķ���um;�ķ��ĺ��ĺķ��u-_-lķ��ĺ��ĺ��ĺķ�
�-m�1_o�vhbŊ��-u|Ѵ;�ķ�ĺķ��bmm;uķ��ĺ��ĺķ��ou-ķ��ĺķ��b1hvķ��ĺ��ĺķ��-bu;ķ�
�ĺķ���o|bm;mķ��ĺķ�"hbu�bm]ķ�)ĺ��ĺķ��7f;uo�7ķ��ĺķ��_l-7b-ķ��ĺķ��u|_�uķ�
!ĺķ��-�l-mķ��ĺ��ĺķ��;];uķ��ĺķ��;u�l;mķ��ĺ��ĺķ��b]o|ķ��ĺķ�Ļ��o�bѴѴo|ķ�
	ĺ� ŐƑƏƐƖőĺ�"o1b-Ѵŋ�;m�buoml;m|-Ѵ�7ub�;uv� bm=oul�v|u-|;]b1�l-m-];Ŋ
l;m|�o=�1ou-Ѵ�u;;=v�bm�|_;��m|_uoro1;m;ĺ�Nature Ecology & Evolutionķ�
3ŐƖőķ�ƐƒƓƐŋ�ƐƒƔƏĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƒѶņvƓƐƔƔ�ƖŊ�ƏƐƖŊ�ƏƖƔƒŊ�Ѷ

	b1hvomķ��ĺ��ĺķ�"-0bm;ķ��ĺ��ĺķ�ş��_ubv|b-mķ��ĺ�!ĺ�ŐƑƏƏƕőĺ�Guide to best prac-
tices for ocean CO2 measurementsĺ� �ou|_� �-1b=b1� �-ubm;� "1b;m1;�
�u]-mb�-|bomĺ

	b;|�;Ѵķ� �ĺķ� �o7;ķ� �ĺķ� �ommoѴѴ�ķ� "ĺ� !ĺķ� ş� ��]_;vķ� $ĺ� �ĺ� ŐƑƏƑƏőĺ� �om]Ŋ�
|;ul� v_b=|v� bm� |_;� 1oѴom�� vb�;� v|u�1|�u;� o=� 1ou-Ѵ� ror�Ѵ-|bomv�
-Ѵom]� |_;� �u;-|� �-uub;u� !;;=ĺ� Proceedings of the Royal Society B: 
Biological Sciencesķ�287ŐƐƖƒѵőķ�ƑƏƑƏƐƓƒƑĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƖѶņ
uvr0ĺƑƏƑƏĺƐƓƒƑ

	oum;Ѵ-vķ��ĺķ��-7bmķ��ĺ�"ĺķ��-bu7ķ��ĺ��ĺķ�ş��ommoѴѴ�ķ�"ĺ�!ĺ�ŐƑƏƐƕőĺ��ѴѴol;|ub1�
]uo�|_� bm� u;;=Ŋ�0�bѴ7bm]� 1ou-Ѵvĺ�Proceedings of the Royal Society B: 
Biological Sciencesķ�284ŐƐѶƔƐőķ�ƑƏƐƕƏƏƔƒĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƖѶņ
uvr0ĺƑƏƐƕĺƏƏƔƒ

	�v|-mķ��ĺ�ŐƐƖƕƔőĺ��uo�|_�-m7�=oul�bm�|_;�u;;=Ŋ�0�bѴ7bm]�1ou-Ѵ�Montastrea 
annularis. Marine Biologyķ�33ŐƑőķ�ƐƏƐŋ�ƐƏƕĺ

�7l�m7vķ��ĺ��ĺ�ŐƑƏƐƕőĺ�&m�v�-ѴѴ��_b]_�1ou-Ѵ�u;1u�b|l;m|�7�ubm]�|_;�ƑƏƐѵ�
�Ѵ��bोo�bm��oŝou;-ķ�u;m1_��oѴ�m;vb-ĺ�PLoS Oneķ�12ŐƐƏőķ�;ƏƐѶƔƐѵƕĺ�
_||rvĹņņ7obĺou]ņƐƏĺƐƒƕƐņfo�um�-Ѵĺrom;ĺƏƐѶƔƐѵƕ

�7l�m7vķ��ĺ��ĺķ�ş�!b;]Ѵķ��ĺ�ŐƑƏƑƏőĺ�&u];m|�m;;7�=ou�1ou-Ѵ�7;lo]u-r_��bm�-�
�ouѴ7��_;u;�1ou-Ѵv�-u;�7bv-rr;-ubm]ĺ�Marine Ecology Progress Seriesķ�
635ķ�Ƒƒƒŋ�ƑƓƑĺ

�ѴѴbvomķ� �ĺ��ĺķ��-mķ� �ĺķ�ş� �;�bvķ� $ĺ�)ĺ� ŐƑƏƐƖőĺ��-u0om-|;� 0;-1_� v-m7�o=�
�0-b-m]��|oѴѴķ��bub0-|bĹ��;o1_;lbv|u�ķ�0bo];mb1�vo�u1;vķ�-m7�ruorŊ
;u|b;vĺ�Atoll Research Bulletinķ�621ķ�Ɛŋ�ƑƐĺ

�-||�voķ��ĺŊ��ĺķ�u-mhb]mo�ѴѴ;ķ��ĺķ��o�u];ķ��ĺķ�!ol-bm;ķ�"ĺķ�ş���77;l;b;uķ�
!ĺ�)ĺ� ŐƐƖƖѶőĺ� �==;1|� o=� 1-Ѵ1b�l�1-u0om-|;� v-|�u-|bom�o=� v;-�-|;u�
om� 1ou-Ѵ� 1-Ѵ1b=b1-|bomĺ�Global and Planetary Changeķ�18ŐƐőķ� ƒƕŋ�Ɠѵĺ�
_||rvĹņņ7obĺou]ņƐƏĺƐƏƐѵņ"ƏƖƑƐ�Ŋ�ѶƐѶƐŐƖѶőƏƏƏƒƔ�Ŋ�ѵ



ՊՍՊ |ՊƖCARLOT eT AL.

�bѴlo�uķ��ĺ��ĺķ�"lb|_ķ��ĺ�	ĺķ��;��-u7ķ��ĺ��ĺķ��-bu7ķ��ĺ��ĺķ�ş��u-|1_;||ķ��ĺ�"ĺ�
ŐƑƏƐƒőĺ�!;1o�;u��o=�-m�bvoѴ-|;7�1ou-Ѵ�u;;=�v�v|;l�=oѴѴo�bm]�v;�;u;�
7bv|�u0-m1;ĺ� Scienceķ� 340ŐѵƐƑѶőķ� ѵƖŋ�ƕƐĺ� _||rvĹņņ7obĺou]ņƐƏĺƐƐƑѵņ
v1b;m�1;ĺƐƑƒƑƒƐƏ

�-uubvķ�	ĺ��ĺķ�!o�;u;ķ��ĺķ��-v;ѴѴ-ķ��ĺķ��o�;uķ��ĺķ��-m-�;vboķ�!ĺķ��oѴѴbmķ��ĺķ�
�ol;uo�ķ� �ĺķ�);0v|;uķ� �ĺ� �ĺķ� ş� �-uu-�b1bmbķ� (ĺ� ŐƑƏƐѶőĺ� �ou-Ѵ� u;;=�
v|u�1|�u-Ѵ�1olrѴ;�b|��ruo�b7;v� blrou|-m|�1o-v|-Ѵ�ruo|;1|bom�=uol�
�-�;v� �m7;u� ubvbm]� v;-� Ѵ;�;Ѵvĺ� Science Advancesķ� 4ŐƑőķ� ;--oƓƒƔƏĺ�
_||rvĹņņ7obĺou]ņƐƏĺƐƐƑѵņv1b-7�ĺ--oƓƒƔƏ

�o;]_Ŋ���Ѵ70;u]ķ� �ĺķ� ��l0�ķ� �ĺ� �ĺķ� �oo|;mķ� �ĺ� �ĺķ� "|;m;1hķ� !ĺ� "ĺķ�
�u;;m=b;Ѵ7ķ��ĺķ��ol;�ķ��ĺķ��-u�;ѴѴķ��ĺ�	ĺķ�"-Ѵ;ķ��ĺ�ĺķ��7�-u7vķ��ĺ�
�ĺķ� �-Ѵ7;bu-ķ� �ĺķ� �mo�Ѵ|omķ� �ĺķ� �-hbmķ� �ĺ� �ĺķ� �]Ѵ;vb-vŊ��ub;|oķ� !ĺķ�
��|_b]-ķ��ĺķ��u-70�u�ķ�!ĺ��ĺķ�	�0bķ��ĺķ�ş��-|�boѴovķ��ĺ��ĺ�ŐƑƏƏƕőĺ�
�ou-Ѵ� u;;=v��m7;u� u-rb7�1Ѵbl-|;�1_-m];�-m7�o1;-m�-1b7b=b1-|bomĺ�
Scienceķ� 318ŐƔѶƔƕőķ� Ɛƕƒƕŋ�ƐƕƓƑĺ� _||rvĹņņ7obĺou]ņƐƏĺƐƐƑѵņv1b;m�
ce.1152509

�oѴ0uoohķ�"ĺ��ĺķ��7-lķ�$ĺ��ĺķ��7l�m7vķ��ĺ��ĺķ�"1_lb||ķ�!ĺ��ĺķ��-ur;m|;uķ�!ĺ�
�ĺķ��uoohvķ��ĺ��ĺķ��;mb_-mķ��ĺ�"ĺķ�ş��ub]]vķ��ĺ��ĺ�ŐƑƏƐѶőĺ�!;1u�b|l;m|�
7ub�;v� vr-|b-Ѵ� �-ub-|bom� bm� u;1o�;u�� u-|;v� o=� u;vbѴb;m|� 1ou-Ѵ� u;;=vĺ�
Scientific Reportsķ�8ŐƐőķ�ƕƒƒѶĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƒѶņvƓƐƔƖ�ѶŊ�ƏƐѶŊ�
ƑƔƓƐƓ�Ŋ�Ѷ

��]_;vķ� $ĺ� �ĺķ� �;uu�ķ� �ĺ� $ĺķ� �Ѵ�-u;�Ŋ��oub;]-ķ��ĺķܬ �Ѵ�-u;�Ŋ�!ol;uoķܬ �ĺ��ĺķ�
�m7;uvomķ��ĺ�	ĺķ��-bu7ķ��ĺ��ĺķ��-01o1hķ�!ĺ��ĺķ��;];uķ��ĺķ��;ѴѴ�oo7ķ�
	ĺ�!ĺķ��;uh;Ѵl-mvķ�!ĺķ��ub7];ķ�$ĺ��ĺķ���|Ѵ;uķ��ĺ�!ĺķ���um;ķ��ĺķ��-m|bmķ�
�ĺ��ĺķ��ol;-�ķ�"ĺķ��ommoѴѴ�ķ�"ĺ�!ĺķ���llbm]ķ��ĺ�"ĺķ�	-Ѵ|omķ�"ĺ��ĺķ�	b-�Ŋ�
��Ѵb7oķ��ĺķ�Ļ�)bѴvomķ� "ĺ��ĺ� ŐƑƏƐƕőĺ��Ѵo0-Ѵ��-ulbm]� -m7� u;1�uu;m|�
l-vv�0Ѵ;-1_bm]�o=�1ou-Ѵvĺ�Natureķ�543ŐƕѵƓƔőķ�ƒƕƒŋ�ƒƕƕĺ�_||rvĹņņ7obĺ
ou]ņƐƏĺƐƏƒѶņm-|�u�;ƑƐƕƏƕ

��]_;vķ�$ĺ��ĺķ��;uu�ķ��ĺ�$ĺķ��-bu7ķ��ĺ��ĺķ��ommoѴѴ�ķ�"ĺ�!ĺķ��_-v;ķ�$ĺ��ĺķ�	b;|�;Ѵķ�
�ĺķ��bѴѴķ�$ĺķ��o;�ķ��ĺ�"ĺķ��oo];m0oolķ��ĺ��ĺķ��-1o0vomķ��ĺķ��;uv�;ѴѴķ�
�ĺķ��-7bmķ��ĺ�"ĺķ��b;o]ķ��ĺķ��-Ѵ;�ķ��ĺ�"ĺķ��u-|1_;||ķ��ĺ�"ĺķ�$ou7-ķ��ĺķ�
ş�)oo7vķ�!ĺ��ĺ�ŐƑƏƐƖőĺ��Ѵo0-Ѵ��-ulbm]�blr-buv�v|o1hŋ�u;1u�b|l;m|�
7�m-lb1v� o=� 1ou-Ѵvĺ� Natureķ� 568ŐƕƕƔƑőķ� ƒѶƕŋ�ƒƖƏĺ� _||rvĹņņ7obĺ
ou]ņƐƏĺƐƏƒѶņvƓƐƔѶ�ѵŊ�ƏƐƖŊ�ƐƏѶƐŊ��

��]_;vķ�$ĺ��ĺķ�ş�$-mm;uķ��ĺ��ĺ� ŐƑƏƏƏőĺ�!;1u�b|l;m|�=-bѴ�u;ķ� Ѵb=;�_bv|oub;vķ�
-m7� Ѵom]Ŋ�|;ul� 7;1Ѵbm;� o=� 1-ub00;-m� 1ou-Ѵvĺ� Ecologyķ� 81ŐѶőķ� ƑƑƔƏŋ�
ƑƑѵƒĺ�_||rvĹņņ7obĺou]ņƐƏĺƐѶƖƏņƏƏƐƑŊ�ƖѵƔѶŐƑƏƏƏőƏѶƐŒƑƑƔƏĹ!����
�œƑĺƏĺ��ĸƑ

�-�-Ѵķ��ĺķ��;mb_-mķ��ĺ�"ĺķ��uoohvķ��ĺ��ĺķ��oѴ0uoohķ�"ĺ��ĺķ�"1_lb||ķ�!ĺ��ĺķ�ş�
�;m7-ѴѴķ� �ĺ� �ĺ� ŐƑƏƐѶőĺ� �u;7b1|bm]� 1ou-Ѵ� 1oll�mb|�� u;1o�;u�� �vbm]�
l�Ѵ|bŊ�vr;1b;v�ror�Ѵ-|bom�7�m-lb1v�lo7;Ѵvĺ�Ecology Lettersķ�21ŐƐƑőķ�
ƐƕƖƏŋ�ƐƕƖƖĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƐƐƐņ;Ѵ;ĺƐƒƐƔƒ

�-�-Ѵķ��ĺķ�(;u1;ѴѴombķ� �ĺķ� �bvom�7;��ol-ķ�$ĺķ��ovv;u;ѴѴ;ķ��ĺķ��_-m1;u;ѴѴ;ķ�
+ĺķ��;o==uo�ķ� "ĺķ� "|b;�;m-u|ķ� �ĺķ��b1_omm;-�ķ� ĺķ� �;mbmķ� �ĺķ� �Ѵ-m;vķ�
"ĺķ� ş� �7f;uo�7ķ� �ĺ� ŐƑƏƐƑőĺ� �u;7-|ou� 1uo�mŊ�o=Ŋ�|_oumv� v|-u=bv_�
Ő�1-m|_-v|;u� rѴ-m1bő� o�|0u;-hķ�l-vv�lou|-Ѵb|�� o=� 1ou-Ѵvķ� -m7� 1-vŊ
1-7bm]� ;==;1|v� om� u;;=� =bv_� -m7� 0;m|_b1� 1oll�mb|b;vĺ� PLoS Oneķ�
7ŐƐƏőķ�;Ɠƕƒѵƒĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƒƕƐņfo�um�-Ѵĺrom;ĺƏƏƓƕƒѵƒ

�-�-Ѵķ��ĺķ�(;u1;ѴѴombķ��ĺķ�)-m7ķ��ĺ��ĺķ�ş��7f;uo�7ķ��ĺ�ŐƑƏƐƔőĺ�";-u1_bm]�
=ou� |_;�0;v|�0;|� bm� Ѵb=;Ŋ�v|u-|;]�Ĺ���t�-m|b|-|b�;� -rruo-1_� |o� bm7bŊ
�b7�-Ѵ�r;u=oul-m1;�-m7�ror�Ѵ-|bom�7�m-lb1v� bm�u;;=Ŋ�0�bѴ7bm]�1ouŊ
-Ѵvĺ� Ecological Complexityķ� 23ķ� ƕƒŋ�ѶƓĺ� _||rvĹņņ7obĺou]ņƐƏĺƐƏƐѵņfĺ
;1o1olĺƑƏƐƔĺƏƕĺƏƏƒ

�oѴ0ķ� !ĺ� )ĺ� ŐƑƏƐѶőĺ� �-|bom-Ѵ� -l0b;m|� -bu� t�-Ѵb|�� v|-m7-u7v� Ő��� "őĺ�
In The SAGE encyclopedia of business ethics and societyĺ� "����
��0Ѵb1-|bomvķ��m1ĺ�_||rvĹņņ7obĺou]ņƐƏĺƓƐƒƔņƖƕѶƐƓ�ѶƒƒѶƐ�ƔƏƒĺmѶƐƕ

�-7bmķ��ĺ�"ĺķ��m7;uvomķ��ĺ�	ĺķ��m7u;-v;mķ��ĺ��ĺķ��ub7];ķ�$ĺ��ĺ��ĺķ��-bumvķ�"ĺ�
	ĺķ��ommoѴѴ�ķ�"ĺ�!ĺķ�	-uѴbm]ķ��ĺ�"ĺķ�	b-�ķ��ĺķ�-Ѵv|;uķ�	ĺ�"ĺķ�u-mhѴbmķ��ĺ�
�ĺķ��-|;vķ�!ĺ�	ĺķ��-ul;uķ��ĺ��ĺ�$ĺķ��oo];m0oolķ��ĺ��ĺķ���-m]ķ�	ĺķ�
�;b|_ķ�"ĺ��ĺķ��ovmbhķ��ĺ��ĺķ���oķ��ĺŊ�+ĺķ��o�]_ķ��ĺ��ĺķ��o�;Ѵo1hķ��ĺ��ĺķ�Ļ�
�-bu7ķ��ĺ��ĺ�ŐƑƏƐѵőĺ�$_;��ou-Ѵ�$u-b|�	-|-0-v;ķ�-�1�u-|;7�7-|-0-v;�o=�
|u-b|�bm=oul-|bom�=ou�1ou-Ѵ�vr;1b;v�=uol�|_;�]Ѵo0-Ѵ�o1;-mvĺ�Scientific 
Dataķ�3ŐƐőķ�ƐѵƏƏƐƕĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƒѶņv7-|-ĺƑƏƐѵĺƐƕ

�-7bmķ��ĺ�"ĺķ��-bu7ķ��ĺ��ĺķ��-vh;||ķ��ĺ��ĺķ��ommoѴѴ�ķ�"ĺ�!ĺķ�ş�	oum;Ѵ-vķ��ĺ�
�ĺ�ŐƑƏƑƏőĺ��-u|b|bombm]�1oѴom��vb�;��-ub-|bom�bm|o�]uo�|_�-m7�r-u|b-Ѵ�

lou|-Ѵb|�ĺ�Biology Lettersķ�16ŐƐőķ�ƑƏƐƖƏƕƑƕĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƖѶņ
uv0ѴĺƑƏƐƖĺƏƕƑƕ

�ou-bvķ�!ĺ��ĺķ�ş��;ѴѴ�oo7ķ�	ĺ�!ĺ�ŐƑƏƐƖőĺ��;Ѵ-]b1�v�0vb7b;v��m7;urbm�=bv_�
ruo7�1|b�b|��om�-�7;]u-7;7�1ou-Ѵ�u;;=ĺ�Current Biologyķ�29ŐƖőķ�ƐƔƑƐŋ�
ƐƔƑƕĺ;ѵĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƐѵņfĺ1�0ĺƑƏƐƖĺƏƒĺƏƓƓ

�ou]-mķ��ĺ��ĺķ�ş��;m1_ķ��ĺ�"ĺ�ŐƑƏƐƑőĺ�"h;Ѵ;|-Ѵ�;�|;mvbom�-m7�1-Ѵ1b=b1-|bom�o=�
u;;=Ŋ�0�bѴ7bm]�1ou-Ѵv�bm�|_;�1;m|u-Ѵ��m7b-m��1;-mĺ�Marine Environmental 
Researchķ�81ķ�ƕѶŋ�ѶƑĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƐѵņfĺl-u;m��u;vĺ�ƑƏƐƑĺ�
ƏѶĺƏƏƐ

��mmķ��ĺķ��o_Ѵ;uķ��ĺķ�ş���l-uķ�!ĺ� ŐƑƏƐƕőĺ� �7;m|b=�bm]�-m7�-vv;vvbm]�;�Ŋ
b7;m1;� =ou� u;1;m|� v_ou;Ѵbm;� 1_-m];� -||ub0�|-0Ѵ;� |o� �m1ollomѴ��
u-rb7� v;-Ŋ�Ѵ;�;Ѵ� ubv;� bm� �o_mr;bķ� ;7;u-|;7� "|-|;v� o=� �b1uom;vb-ķ�
�ou|_�;v|� �-1b=b1� �1;-mĺ� Journal of Coastal Conservationķ� 21Őѵőķ�
ƕƐƖŋ�ƕƒƏĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƏƕņvƐƐѶƔ�ƑŊ�ƏƐƕŊ�ƏƔƒƐŊ�ƕ

�rr;m_;bl;uķ��ĺķ��Ѵ-�o�b1ķ� �ĺķ��bmh;Ѵķ� �ĺķ� �-m� 7;�)-Ѵķ� !ĺķ��-]m-mķ� �ĺ�
�ĺķ� �07Ŋ��Ѵ]-�-7ķ��ĺķ� �-bķ� !ĺķ� �b=�;m|;vŊ��-u-ķ��ĺķ�	;�om|oķ� !ĺ��ĺķ�
�_ov_ķ�$ĺķ��-�ķ��ĺķ��vѴ-ķ�ĺķ��-u�;bomķ��ĺķ��;�vvb]m-1ķ��ĺķ�ş�";0;v�-ubķ�
,ĺ� ŐƑƏƐƖőĺ� ";-� �;�;Ѵ� !bv;� -m7� �lrѴb1-|bomv� =ou� �o�� ��bm]� �vѴ-m7vķ�
�o-v|v� -m7� �oll�mb|b;vĺ� IPCC Special Report on the Ocean and 
Cryosphere in a Changing Climateķ�355ŐѵƒƑƐőķ�ƐƑѵŋ�ƐƑƖĺ

�;uu�ķ��ĺ�$ĺķ��Ѵ�-u;�Ŋ�bѴbrķ��ĺķ��u-_-lķ��ĺ��ĺ��ĺķ���l0�ķ��ĺ��ĺķ�)bѴvomķ�"ĺ�
�ĺķ��;m1_ķ��ĺ�"ĺķ��-m�;ѴѴoķ�	ĺ��ĺķ��ou]-mķ��ĺ��ĺķ�"Ѵ-m];mķ��ĺ��ĺ��ĺķ�
$_olvomķ�	ĺ��ĺķ��-m�1_o�vhbŊ��-u|Ѵ;�ķ�ĺķ�"lb|_;uvķ�"ĺ��ĺķ�"|;m;1hķ�
!ĺ�"ĺķ��-uѴ|omķ�!ĺķ��7bm];uķ��ĺ��ĺķ��mo1_vķ��ĺ��ĺķ��v|u-7-Ŋ�"-Ѵ7झ�-uķ��ĺķ�
�-��oo7ķ��ĺ�	ĺ��ĺķ��oѴo7�b;fķ��ĺķ�Ļ��-17om-Ѵ7ķ��ĺ�ŐƑƏƐѶőĺ��ovv�o=�
1ou-Ѵ� u;;=� ]uo�|_� 1-r-1b|�� |o� |u-1h� =�|�u;� bm1u;-v;v� bm� v;-� Ѵ;�;Ѵĺ�
Natureķ� 558ŐƕƕƐƏőķ� ƒƖѵŋ�ƓƏƏĺ� _||rvĹņņ7obĺou]ņƐƏĺƐƏƒѶņvƓƐƔѶ�
ѵŊ�ƏƐѶŊ�ƏƐƖƓŊ��

�;uu�ķ��ĺ�$ĺķ��7bm];uķ��ĺ��ĺķ��;m1_ķ��ĺ�"ĺķ���ur_�ķ��ĺ��ĺķ�"lb|_;uvķ�"ĺ��ĺķ�
"|;m;1hķ�!ĺ�"ĺķ�ş���l0�ķ��ĺ��ĺ�ŐƑƏƐƑőĺ��v|bl-|bm]�u-|;v�o=�0boѴo]b1-ѴѴ��
7ub�;m�1ou-Ѵ�u;;=�=u-l;�ouh�ruo7�1|bom�-m7�;uovbomĹ���m;��1;mv�vŊ�
0-v;7�1-u0om-|;�0�7];|�l;|_o7oѴo]��-m7�-rrѴb1-|bomv�|o�|_;�u;;=v�
o=� �om-bu;ĺ�Coral Reefsķ�31Őƒőķ� ѶƔƒŋ�ѶѵѶĺ� _||rvĹņņ7obĺou]ņƐƏĺƐƏƏƕņ
vƏƏƒƒ�ѶŊ�ƏƐƑŊ�ƏƖƏƐŊ�Ɠ

�;uu�ķ��ĺ�$ĺķ��-m];ķ��ĺķ�ş��-m�1_o�vhbŊ��-u|Ѵ;�ķ�ĺ��ĺ� ŐƑƏƐѶőĺ�!;;=��7];|�
�m7oŊ��-1b=b1Ĺ� �mѴbm;� u;vo�u1;� -m7� l;|_o7oѴo]�ĺ� !;|ub;�;7� =uol�
_||rĹņņ];o]u�-r_�ĺ;�;|;uĺ-1ĺ�hņu;;=0��7];|ņ

�;�uo|Ŋ��Ѵ-�v-7;ķ� �ĺķ� �_-0-m;|ķ� �ĺķ� �om-m7ķ� �ĺķ� om|-bm;ķ� �ĺ� ĺķ�
�;|o�um;�uķ�+ĺķ�ş��-ul;ѴbmŊ�(b�b;mķ��ĺ� ŐƑƏƏƏőĺ�";-��u1_bm�-m7�=bv_�
0bo;uovbom� om� �-� ��mbom࣐! -m7� �oou;-� u;;=vĺ� Bulletin of Marine 
Scienceķ�66ŐƑőķ�Ɠƕƕŋ�ƓѶƔĺ

�bm_;buoķ��ĺķ��-|;vķ�	ĺķ�	;0!o�ķ�"ĺķ�ş�"-uh-uķ�	ĺĸ�!��ou;�$;-lĺ�ŐƑƏƐƒőĺ�mѴl;Ĺ�
�bm;-u�-m7�momѴbm;-u�lb�;7�;==;1|v�lo7;Ѵvĺ�!��-1h-];�(;uvbomķ�ƒŐƐőķ�
111.

�u-|1_;||ķ��ĺ�"ĺķ��m7;uvomķ��ĺ�	ĺķ��oo];m0oolķ��ĺ��ĺķ�)b7l-mķ��ĺķ��-bu7ķ�
�ĺ��ĺķ��-m7oѴ=bķ��ĺ��ĺķ��7l�m7vķ��ĺ��ĺķ�ş��o�]_ķ��ĺ��ĺ�ŐƑƏƐƔőĺ�"r-|b-Ѵķ�
|;lrou-Ѵ�-m7�|-�omolb1��-ub-|bom�bm�1ou-Ѵ�]uo�|_Ŋ�blrѴb1-|bomv�=ou�
|_;�v|u�1|�u;�-m7�=�m1|bom�o=�1ou-Ѵ�u;;=�;1ov�v|;lvĺ�Oceanography 
and marine biology: An annual review� Ő(oѴĺ� Ɣƒķ� rrĺ� ƑƐƔŋ�ƑƖƔőĺ��!��
�u;vvĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƑƏƐņ0ƐѶƕƒƒ

!��ou;�$;-lĺ�ŐƑƏƐƖőĺ�R: A language and environment for statistical comput-
ingĺ�!�o�m7-|bom�=ou�"|-|bv|b1-Ѵ��olr�|bm]ĺ

"1_m;b7;uķ��ĺ��ĺķ�!-v0-m7ķ�)ĺ�"ĺķ�ş��Ѵb1;bubķ��ĺ�)ĺ�ŐƑƏƐƑőĺ������l-];�|o�
�l-];�Ĺ�ƑƔ��;-uv�o=�bl-];�-m-Ѵ�vbvĺ�Nature Methodsķ�9Őƕőķ�ѵƕƐŋ�ѵƕƔĺ�
_||rvĹņņ7obĺou]ņƐƏĺƐƏƒѶņml;|_ĺƑƏѶƖ

"lb|_ķ� �ĺ�)ĺķ��-uv_bvķ�	ĺķ�ş��buh;Ѵ-m7ķ��ĺ� ŐƑƏƏƕőĺ� �_;mo|�rb1�rѴ-v|b1b|��
=ou� vh;Ѵ;|-Ѵ� ]uo�|_ķ� 7;mvb|�� -m7� 1-Ѵ1b=b1-|bom� o=� �oub|;v� Ѵo0-|-� bm�
u;vromv;� |o�_-0b|-|� |�r;ĺ�Coral Reefsķ�26Őƒőķ�ƔƔƖŋ�Ɣѵƕĺ�_||rvĹņņ7obĺ
ou]ņƐƏĺƐƏƏƕņvƏƏƒƒ�ѶŊ�ƏƏƕŊ�ƏƑƐѵŊ��

"lb|_ķ�"ĺ�(ĺķ�ş��;�ķ��ĺ�"ĺ�ŐƐƖƕƔőĺ��-u0om�7bo�b7;�-m7�l;|-0oѴbvl�bm�l-ubm;�
;m�buoml;m|vĺ�Limnology and Oceanographyķ�20Őƒőķ�ƓƖƒŋ�ƓƖƔĺ

$;0-Ѵ7bķ� �ĺķ� "|u-�vvķ� �ĺ��ĺķ� ş� ,;u�-vķ� �ĺ� �ĺ� ŐƑƏƐƑőĺ��o7;ѴѴbm]� v;-� Ѵ;�;Ѵ�
ubv;� blr-1|v� om� v|oul� v�u];v� -Ѵom]� &"� 1o-v|vĺ� Environmental 
Research Lettersķ� 7ŐƐőķ� ƐƓƏƒƑĺ� _||rvĹņņ7obĺou]ņƐƏĺƐƏѶѶņƐƕƓ
ѶŊ�ƖƒƑѵņƕņƐņƏƐƓƏƒƑ



ƐƏՊ |ՊՊՍ CARLOT eT AL.

�-m� �oob7omhķ� !ĺķ� �-�m-u7ķ� �ĺķ� $-l;Ѵ-m7;uķ� �ĺķ� �o�;ķ� �ĺķ� �_l-7b-ķ� �ĺķ�
!-�l�m7oķ��ĺķ�)bѴѴb-lvķ��ĺķ��;uomķ�"ĺ�ĺķ�ş��Ѵ-m;vķ�"ĺ�ŐƑƏƐѵőĺ��o1-ѴŊ�
v1-Ѵ;�ruof;1|bomv�o=�1ou-Ѵ�u;;=�=�|�u;v�-m7�blrѴb1-|bomv�o=�|_;��-ubv�
�]u;;l;m|ĺ�Scientific Reportsķ�6ŐƐőķ�ƒƖѵѵѵĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƒѶņ
vu;rƒ�Ɩѵѵѵ

(;u1;ѴѴombķ� �ĺķ��-�-Ѵķ��ĺķ��_-m1;u;ѴѴ;ķ�+ĺķ�ş��Ѵ-m;vķ�"ĺ� ŐƑƏƐƖőĺ���rov�u;ķ�
��Ѵm;u-0bѴb|�ķ�-m7�u;vbѴb;m1��o=�u;m1_��oѴ�m;vb-m�1ou-Ѵ�u;;=v�|o�;mŊ
�buoml;m|-Ѵ�7bv|�u0-m1;vĺ�Scientific Reportsķ�9ŐƐőķ�ƐƏƑƕĺ�_||rvĹņņ7obĺ
ou]ņƐƏĺƐƏƒѶņvƓƐƔƖ�ѶŊ�ƏƐѶŊ�ƒѶƑƑѶ�Ŋ�Ɣ

)oo7uo==;ķ� �ĺ� 	ĺķ� ş�);0v|;uķ� �ĺ� �ĺ� ŐƑƏƐƓőĺ� �ou-Ѵ� u;;=v� -m7� v;-Ŋ�Ѵ;�;Ѵ�
1_-m];ĺ�Marine Geologyķ� 352ķ� ƑƓѶŋ�Ƒѵƕĺ� _||rvĹņņ7obĺou]ņƐƏĺƐƏƐѵņfĺ
l-u];oĺƑƏƐƒĺƐƑĺƏƏѵ

"&���!$�������!��$���
�77b|bom-Ѵ� v�rrou|bm]� bm=oul-|bom� l-�� 0;� =o�m7� omѴbm;� bm� |_;�
"�rrou|bm]��m=oul-|bom�v;1|bomĺ

How to cite this article: �-uѴo|��ķ��-�-Ѵ��ķ��;mb_-m��"ķ�;|�-Ѵĺ�
���;mbѴ;�1ou-Ѵv��m7;urbm�1ou-Ѵ�u;;=�1-u0om-|;�ruo7�1|bom�
-=|;u�7bv|�u0-m1;ĺ�Glob Change Biol. 2021;00:1–10. _||rvĹņņ
doi.org/10.1111/gcb.15610


