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�J�M�J |�J �’���o�=���‘�•GUERRA ET AL.

�u�;�;�= �=�b�v�_ �;�Š�_�b�0�b�| �0�o�|�_ �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ �0�;�_�-�ˆ�b�o�u �o�m �0�o�|�_ �b�v�t�-�m�7�v 

�P���†�;�u�u�- �;�| �-�t�:�7 2022�Q�7 �r�u�o�ˆ�b�7�b�m�] �-�m �;�Š�1�;�t�t�;�m�| �o�r�r�o�u�|�†�m�b�|�‹ �|�o �;�Š�r�t�o�u�; 

�|�_�; �;�1�o�t�o�]�‹ �o�= �v�_�o�-�t�b�m�] �0�;�_�-�ˆ�b�o�u�: �"�†�u�ˆ�;�‹�v �o�= �0�;�m�|�_�b�1 �_�-�0�b�|�-�|�v �o�= 

�0�-�1�h�u�;�;�= �_�-�0�b�|�-�|�v �o�= ���-�t�l�‹�u�- ���|�o�t�t �-�m�7 ���o�]�o�u�;�- ���v�t�-�m�7 �-�u�; �v�†�l�l�-�J

�u�b�Œ�;�7 �b�m ���r�r�;�m�7�b�Š B and Figure ���‘.
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�b�v�_ �0�;�_�-�ˆ�b�o�u�-�t �=�o�t�t�o�‰�v �‰�;�u�; �1�o�m�7�†�1�|�;�7 �-�| �=�o�†�u �v�b�|�;�v �o�m �|�_�; 

�0�-�1�h�u�;�;�= �o�= ���-�t�l�‹�u�- ���|�o�t�t �-�m�7 �=�o�†�u �v�b�|�;�v �o�m �|�_�; �0�-�1�h�u�;�;�=�v �o�= ���o�]�o�u�;�- 

�7�†�u�b�m�] ���†�t�‹ �-�m�7 ���†�]�†�v�| �o�= �‘�•�•�• �o�m ���-�t�l�‹�u�- ���|�o�t�t �-�m�7 �‘�•�•�v �o�m 

���o�]�o�u�;�-�7 �-�m�7 �=�b�v�_ �1�o�t�t�;�1�|�b�o�m�v �‰�;�u�; �1�o�m�7�†�1�|�;�7 �-�| �|�‰�o �0�-�1�h�u�;�;�=�v �v�b�|�;�v 

�b�m ���o�ˆ�;�l�0�;�u �o�= �‘�•�•�v �o�m ���o�]�o�u�;�- �P�
�b�]�†�u�; ���•).

���t�|�_�o�†�]�_ �b�| �b�v �m�o�| �1�t�;�-�u �_�o�‰ �=�b�Š�;�7 �|�_�; �-�v�v�o�1�b�-�|�b�o�m�v �-�u�; �0�;�|�‰�;�;�m 

�v�o�t�b�|�-�u�‹ �-�m�7 �v�_�o�-�t�b�m�] �t�b�=�; �l�o�7�;�v �‰�b�|�_�b�m �b�m�7�b�ˆ�b�7�†�-�t�v�7 �o�†�u �r�u�;�t�b�l�b�m�-�u�‹ 

�7�-�|�- �v�†�]�]�;�v�|�v �|�_�-�| �|�_�;�v�; �0�;�_�-�ˆ�b�o�u �l�o�7�;�v �l�-�‹  �u�;�l�-�b�m �=�b�Š�;�7 �=�o�u �-�| 

�t�;�-�v�| �l�o�7�;�u�-�|�; �7�†�u�-�|�b�o�m�v�: �
�o�u �- �v�l�-�t�t �m�†�l�0�;�u �o�= �=�o�1�-�t �b�m�7�b�ˆ�b�7�†�-�t�v�7 �‰�; 

�1�o�l�0�b�m�;�7 �r�_�o�|�o �u�;�1�o�u�7�v �†�v�b�m�] �7�b�-�]�m�o�v�|�b�1 �m�-�|�†�u�-�t �ˆ�-�u�b�-�|�b�o�m �b�m A. tri-

ostegus �1�o�t�o�u�-�|�b�o�m �P�
�b�]�†�u�; ���“  and ���”�Q �|�o �v�_�o�‰ �=�b�7�;�t�b�|�‹ �|�o �;�b�|�_�;�u �v�l�-�t�t 

�P�b�:�;�:�7 �½�’ �b�m�7�b�ˆ�b�7�†�-�t�v�Q �]�u�o�†�r�v �Pn = �” �b�m�7�b�ˆ�b�7�†�-�t �|�u�-�1�h�;�7 �=�b�v�_�Q �o�u �|�o�o �t�-�u�]�; 

�P�b�:�;�:�7 >�”�• �b�m�7�b�ˆ�b�7�†�-�t�v�Q �]�u�o�†�r�v �Pn = �• �b�m�7�b�ˆ�b�7�†�-�t �|�u�-�1�h�;�7 �=�b�v�_�Q �o�ˆ�;�u �|�_�; 

�;�m�|�b�u�;�|�‹ �o�= �- �‘�•�J�7�-�‹ �o�0�v�;�u�ˆ�-�|�b�o�m �r�;�u�b�o�7 �P���r�r�;�m�7�b�Š C). These pat�J

�|�;�u�m�v �_�o�t�7 �=�o�u �t�o�m�]�;�u �|�b�l�; �r�;�u�b�o�7�v �-�m�7 �o�ˆ�;�u �- �‹�;�-�u �t�-�|�;�u �‰�; �u�;�v�b�]�_�|�;�7 

�=�b�v�_ �;�Š�_�b�0�b�|�b�m�] �1�o�m�v�b�v�|�;�m�| �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �-�v �0�;�=�o�u�;�9 �|�‰�o �v�o�t�b�|�-�u�‹ 
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�P�‘�•�S�l�o�m�|�_�v �t�-�|�;�u�8 ���r�r�;�m�7�b�Š C).
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�)�;  �1�o�m�7�†�1�|�;�7 �’�•�K�u�•�S�l�b�m �=�o�1�-�t�t�‹ �=�o�t�t�o�‰�v �o�m �0�o�|�_ �b�v�t�-�m�7�v �|�o �l�;�-�v�J
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�l�;�|�_�o�7�o�t�o�]�b�1�-�t �1�o�m�v�b�v�|�;�m�1�‹ �-�m�7 �o�0�v�;�u�ˆ�;�u �|�u�-�b�m�b�m�]�Q �=�o�t�t�o�‰�;�7 �v�o�t�b�|�-�u�‹ 

or shoaling A.  triostegus �‰�_�b�t�; �|�o�‰�b�m�] �- �����"  �7�;�ˆ�b�1�; �|�_�-�| �u�;�1�o�u�7�;�7 
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�v�r�;�1�b�=�b�;�7 �=�†�t�t �l�o�7�;�t�v �|�_�; �v�-�l�; �-�v �-�0�o�ˆ�; �†�v�b�m�] �|�_�; nlme package and 

�-�7�7�;�7 �v�_�o�-�t �v�b�Œ�; �-�v �- �=�b�Š�;�7 �;�=�=�;�1�| �b�m�v�|�;�-�7 �o�= �v�o�1�b�-�t �v�|�-�|�†�v �P�v�_�o�-�t�b�m�] �o�u 

�v�o�t�b�|�-�u�‹�Q�: ���;�v�|�J�=�b�| �l�o�7�;�t�v �‰�;�u�; �v�;�t�;�1�|�;�7 �-�1�1�o�u�7�b�m�] �|�o �v�l�-�t�t�J�v�-�l�r�t�;�v 

�1�o�u�u�;�1�|�;�7 ������ �P�������1�Q �†�v�b�m�] �|�_�; �r�-�1�h�-�]�; MuMIn �P���-�u�|�o�m�7 2020). For 

�–�”�w ���&�	�7 �|�_�; �7�-�|�- �7�b�v�|�u�b�0�†�|�b�o�m �‰�-�v �m�o�m�J�m�o�u�l�-�t�8 �|�_�†�v�7 �‰�; �|�u�-�m�v�J

�=�o�u�l�;�7 �|�_�; �7�-�|�- �‰�b�|�_ �- �t�o�] �m�o�u�l�-�t �|�u�-�m�v�=�o�u�l�-�|�b�o�m �-�v �v�†�]�]�;�v�|�;�7 �0�‹ 

�,�†�†�u �;�| �-�t�: �P2009�Q�: ���v �|�b�l�; �v�r�;�m�| �b�m �]�u�-�Œ�b�m�] �r�o�v�b�|�b�o�m �7�-�|�- �‰�-�v �1�o�t�J

�t�;�1�|�;�7 �7�b�=�=�;�u�;�m�|�t�‹ �0�;�|�‰�;�;�m �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ �=�b�v�_ �P�v�_�o�-�t�J�v�1�-�t�; �ˆ�v�: 

�b�m�7�b�ˆ�b�7�†�-�t�Q�7 �‰�; �=�b�| �l�o�7�;�t�v �|�o �1�o�l�r�-�u�; �|�_�b�v �l�;�|�u�b�1 �0�;�|�‰�;�;�m �v�_�o�-�t�b�m�] 

�-�m�7 �v�o�t�b�|�-�u�‹ �=�b�v�_�:

�‘�:�“�J|�J �
�b�v�_���v�-�l�r�t�b�m�]

�$�o �7�b�u�;�1�|�t�‹ �|�;�v�| �‰�_�;�|�_�;�u �-�m�‹ �7�b�=�=�;�u�;�m�1�;�v �b�m �=�o�u�-�]�b�m�] �-�m�7 �l�o�ˆ�;�l�;�m�| 

�0�;�_�-�ˆ�b�o�u �|�_�-�| �‰�;�u�; �7�;�|�;�1�|�;�7 �0�;�|�‰�;�;�m �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ A.  tri-

ostegus �-�=�=�;�1�|�;�7 �|�_�;�b�u �7�b�;�| �-�m�7 �|�u�o�r�_�b�1 �;�1�o�t�o�]�‹�7 �‰�; �1�o�t�t�;�1�|�;�7 �•�•�• 

�b�m�7�b�ˆ�b�7�†�-�t�v �P�‘�” �v�_�o�-�t�b�m�] �-�m�7 �‘�” �v�o�t�b�|�-�u�‹ �=�u�o�l �|�‰�o �7�b�=�=�;�u�;�m�| �v�b�|�;�v �b�m 

Mo'orea only; Figure ���• �7 �v�b�|�;�v �� �-�m�7 ���7 �‰�_�b�1�_ �-�u�; ~�’ �h�l �-�r�-�u�| �-�m�7 

�v�;�r�-�u�-�|�;�7 �0�‹ �- �1�_�-�m�m�;�t�Q �|�o �1�o�l�r�-�u�; �l�†�v�1�t�; �|�b�v�v�†�; �v�|�-�0�t�; �b�v�o�|�o�r�; �ˆ�-�t�J

�†�;�v �-�m�7 �-�v�v�;�v�v �|�_�; �m�†�|�u�b�|�b�o�m�-�t �t�†�-�t�b�|�‹ �o�= �v�|�o�l�-�1�_ �1�o�m�|�;�m�|�v �-�m�7 �=�;�1�-�t 

�l�-�|�|�;�u�: �
�b�v�_ �‰�;�u�; �1�o�t�t�;�1�|�;�7 �†�v�b�m�] �_�-�m�7 �v�r�;�-�u�v�:

�"�_�o�-�t�v �o�= �”�• �b�m�7�b�ˆ�b�7�†�-�t�v �o�u �t�-�u�]�;�u �‰�;�u�; �7�;�=�b�m�;�7 �-�v �<�v�_�o�-�t�b�m�] �=�b�v�_�= 

�=�o�u �|�_�b�v �v�|�†�7�‹�: ���t�t �=�b�v�_ �‰�;�u�; �1�o�t�t�;�1�|�;�7 �0�;�|�‰�;�;�m �•�•�•�•�K�•�u�•�•�S�_�7 �|�o �;�m�J

�v�†�u�; �|�_�; �=�b�v�_ �_�-�7 �0�;�;�m �=�;�;�7�b�m�] �=�o�u �v�†�=�=�b�1�b�;�m�| �|�b�l�; �|�o �_�-�ˆ�; �1�o�m�|�;�m�|�v 

�b�m �|�_�;�b�u �v�|�o�l�-�1�_ �P�b�:�;�:�7 �0�-�v�;�7 �o�m �]�†�| �|�_�u�o�†�]�_�r�†�| �|�b�l�; �7�-�|�- �=�u�o�l �1�o�m�J

�]�;�m�;�u�v �b�m ���o�t�†�m�b�m �;�| �-�t�:�7 �•�–�–�”�Q�: �
�o�t�t�o�‰�b�m�] �1�o�t�t�;�1�|�b�o�m�7 �=�b�v�_ �‰�;�u�; �h�;�r�| 

�o�m �b�1�; �=�o�u �- �l�-�Š�b�l�†�l �o�= �|�_�u�;�; �_�o�†�u�v �0�;�=�o�u�; �r�u�o�1�;�v�v�b�m�]�: �	�†�u�b�m�] �r�u�o�J

�1�;�v�v�b�m�]�7 �‰�; �u�;�1�o�u�7�;�7 �0�o�7�‹ �l�o�u�r�_�o�l�;�|�u�b�1�v �P�v�|�-�m�7�-�u�7 �t�;�m�]�|�_�7 �‰�;�| 

�‰�;�b�]�_�|�Q�7 �v�-�l�r�t�;�7 �l�†�v�1�t�; �|�b�v�v�†�; �=�o�u �v�|�-�0�t�; �b�v�o�|�o�r�; �-�m�-�t�‹�v�b�v�7 �u�;�l�o�ˆ�;�7 

�-�m�7 �‰�;�b�]�_�;�7 �|�_�; �]�†�|�7 �-�m�7 �v�|�o�l�-�1�_ �1�o�m�|�;�m�|�v �-�m�7 �=�;�1�;�v �P�7�;�|�;�u�l�b�m�;�7 

�-�v �1�o�m�|�;�m�|�v �b�m �|�;�u�l�b�m�-�t �• �1�l �o�= �b�m�|�;�v�|�b�m�;�Q �‰�;�u�; �7�b�v�v�;�1�|�;�7 �-�m�7 �v�|�o�u�;�7 

�v�;�r�-�u�-�|�;�t�‹ �b�m �- � �́‘�•�f�� �=�u�;�;�Œ�;�u �=�o�u �;�-�1�_ �=�b�v�_�:

�‘�:�”�J|�J �"�|�-�0�t�;���b�v�o�|�o�r�;���-�m�-�t�‹�v�b�v

�)�;  �1�o�m�7�†�1�|�;�7 �v�|�-�0�t�; �b�v�o�|�o�r�; �-�m�-�t�‹�v�b�v �o�= � 13C and � �•�”��  �b�v�o�|�o�r�; �u�-�J

�|�b�o�v �|�o �;�Š�r�t�o�u�; �r�o�|�;�m�|�b�-�t �=�o�u�-�]�b�m�] �7�b�=�=�;�u�;�m�1�;�v �0�;�|�‰�;�;�m �v�_�o�-�t�b�m�] �-�m�7 

solitary A.  triostegus�: �"�|�-�0�t�; �b�v�o�|�o�r�;�v �=�u�o�l �1�;�u�|�-�b�m �|�b�v�v�†�;�v �1�-�m �0�; 

�†�v�;�=�†�t �b�m�7�b�1�-�|�o�u�v �o�= �7�b�;�| �o�ˆ�;�u �t�o�m�]�;�u �|�b�l�; �r�;�u�b�o�7�v �|�_�-�m �|�_�o�v�; �-�ˆ�-�b�t�J

�-�0�t�; �=�u�o�l �v�|�o�l�-�1�_ �1�o�m�|�;�m�| �-�m�-�t�‹�v�b�v �P���-�|�t�;�‹ �;�| �-�t�:�7 2016�Q�: ���m�-�t�‹�v�b�v �o�= 

�b�v�o�|�o�r�b�1 �v�b�]�m�-�|�†�u�;�v �1�-�m �7�;�|�;�u�l�b�m�; �7�b�=�=�;�u�;�m�1�;�v �b�m �7�b�;�|�-�u�‹ �-�m�7 �|�u�o�r�_�b�1 

�m�b�1�_�; �0�;�|�‰�;�;�m �1�o�u�-�t �u�;�;�= �=�b�v�_ �v�r�;�1�b�;�v �-�m�7 �b�m�7�b�ˆ�b�7�†�-�t�v �‰�b�|�_�b�m �- �v�r�;�1�b�;�v 

�P���†�u�b�1�_ �;�| �-�t�:�7 2019�Q�: �)�;  �†�v�;�7 �b�v�o�|�o�r�b�1 �v�b�]�m�-�|�†�u�;�v �=�u�o�l �l�†�v�1�t�; �|�b�v�v�†�; 

�|�o �b�m�=�;�u A. triostegus �7�b�;�|�7 �-�v �|�_�; �b�m�|�;�]�u�-�|�b�o�m �u�-�|�; �=�o�u �=�b�v�_ �l�†�v�1�t�; �|�b�v�v�†�; 

�b�v �=�o�†�m�7 �|�o �0�; �u�;�t�b�-�0�t�; �o�ˆ�;�u �t�o�m�] �r�;�u�b�o�7�v �o�= �|�b�l�; �P���-�|�t�;�‹ �;�| �-�t�:�7 2016). 

���u�b�o�u �|�o �b�v�o�|�o�r�b�1 �-�m�-�t�‹�v�b�v�7 �l�†�v�1�t�; �|�b�v�v�†�; �‰�-�v �t�‹�o�r�_�b�t�b�Œ�;�7 �=�o�u �“�v�S�_�7 �_�o�J

�l�o�]�;�m�b�Œ�;�7�7 �-�m�7 ~�•�:�’ �l�]  �‰�;�u�; �t�o�-�7�;�7 �b�m�|�o �|�b�m �1�-�r�v�†�t�;�v�7 �‰�_�b�1�_ �‰�;�u�; 

�v�;�m�| �|�o �|�_�; �&�m�b�ˆ�;�u�v�b�|�‹ �o�= ���-�t�b�=�o�u�m�b�-�7 �	�-�ˆ�b�v �"�|�-�0�t�; ���v�o�|�o�r�; �
�-�1�b�t�b�|�‹ �=�o�u 

�-�m�-�t�‹�v�b�v�: �"�-�l�r�t�;�v �‰�;�u�; �-�m�-�t�‹�Œ�;�7 �=�o�u � 13C and � �•�”�� �b�v�o�|�o�r�;�v �†�v�b�m�] �- 

���	�,  ���†�u�o�r�- ���������J ���"�� �;�t�;�l�;�m�|�-�t �-�m�-�t�‹�Œ�;�u �b�m�|�;�u�=�-�1�;�7 �‰�b�|�_ �- ���	�, 

���†�u�o�r�- �‘�•�K�‘�• �b�v�o�|�o�r�; �u�-�|�b�o �l�-�v�v �v�r�;�1�|�u�o�l�;�|�;�u �P�"�;�u�1�o�m ���|�7�:�Q�:

�)�;  �†�v�;�7 �t�b�m�;�-�u �l�o�7�;�t�v �|�o �;�Š�r�t�-�b�m �ˆ�-�u�b�-�|�b�o�m�v �b�m �m�b�|�u�o�]�;�m �-�m�7 �1�-�u�J

�0�o�m �v�|�-�0�t�; �b�v�o�|�o�r�; �ˆ�-�t�†�;�v �=�o�u �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ A. triostegus on 

���o�]�o�u�;�-�: �)�;  �v�r�;�1�b�=�b�;�7 �=�†�t�t �l�o�7�;�t�v �†�v�b�m�] �|�_�; nlme �r�-�1�h�-�]�; �P���b�m�_�;�b�u�o 

et al., 2022), with � �•�”��  �-�m�7 � 13�� �-�v �u�;�v�r�o�m�v�; �ˆ�-�u�b�-�0�t�;�v�8 �-�m�7 �v�o�1�b�-�t 

�v�|�-�|�†�v �P�v�_�o�-�t�b�m�] �o�u �v�o�t�b�|�-�u�‹�Q�7 �v�b�|�;�7 �-�m�7 �=�b�v�_ �v�b�Œ�; �P�v�|�-�m�7�-�u�7 �t�;�m�]�|�_�Q �-�v 

�r�u�;�7�b�1�|�o�u�v  �P�$�-�0�t�;  ���‘ �Q�: ���;�v�|�J�=�b�| �l�o�7�;�t�v �‰�;�u�; �v�;�t�;�1�|�;�7 �-�1�1�o�u�7�b�m�] 

�|�o �v�l�-�t�t�J�v�-�l�r�t�;�v �1�o�u�u�;�1�|�;�7 ������  �P�������1�Q �†�v�b�m�] �|�_�; �r�-�1�h�-�]�; MuMIn 

�P���-�u�|�o�m�7 2020�Q�7 �‰�_�b�1�_ �1�o�l�r�-�u�;�v �-�t�t �r�o�v�v�b�0�t�; �b�|�;�u�-�|�b�o�m�v �o�= �1�o�l�0�b�m�;�7 

�-�m�7 �b�m�7�b�̂ �b�7�†�-�t �r�u�;�7�b�1�|�o�u�v �=�u�o�l �|�_�; �=�†�t�t �l�o�7�;�t�: ���7�7�b�|�b�o�m�-�t�t�‹�7 �‰�; �]�;�m�;�u�J

�-�|�;�7 ���-�‹�;�v�b�-�m �v�|�-�m�7�-�u�7 �;�t�t�b�r�v�;�v �P�“�•�w �1�o�m�=�b�7�;�m�1�; �t�;�ˆ�;�t�Q �=�o�u �;�-�1�_ �v�o�J

�1�b�-�t �0�;�_�-�ˆ�b�o�u �P�v�_�o�-�t�b�m�] �o�u �v�o�t�b�|�-�u�‹�Q �-�m�7 �0�-�1�h�u�;�;�= �v�b�|�; �†�v�b�m�] �|�_�; �"�������! 

�r�-�1�h�-�]�; �|�o �;�v�|�b�l�-�|�; �b�v�o�|�o�r�b�1 �m�b�1�_�; �v�r�-�1�; �P���-�1�h�v�o�m �;�| �-�t�:�7 2011�Q�: �)�; 

�1�o�l�r�-�u�;�7 �|�_�; �v�b�Œ�; �o�= �|�_�; �;�t�t�b�r�v�;�v �0�‹ �=�b�|�|�b�m�] ���-�‹�;�v�b�-�m �l�o�7�;�t�v �-�7�f�†�v�|�;�7 

�=�o�u �v�l�-�t�t �v�-�l�r�t�; �v�b�Œ�;�v �P�"�����1�Q �-�m�7 �1�-�t�1�†�t�-�|�;�7 �o�ˆ�;�u�t�-�r �b�m �;�t�t�b�r�v�; �-�u�;�- 

�0�;�|�‰�;�;�m �|�_�; �|�‰�o �v�b�|�;�v �-�m�7 �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u�v�7 �‰�_�b�1�_ �1�-�m �0�; �†�v�;�7 �|�o 

�7�;�|�;�u�l�b�m�; �o�ˆ�;�u�t�-�r �b�m �7�b�;�|�v �-�m�7 �m�b�1�_�; �v�r�-�1�; �P���†�u�b�1�_ �;�| �-�t�:�7 2019). 

�"�_�-�u�;�7 �o�ˆ�;�u�t�-�r �o�= > �u�•�w �‰�-�v �1�o�m�v�b�7�;�u�;�7 �- �v�b�]�m�b�=�b�1�-�m�| �v�_�-�u�;�7 �m�b�1�_�; 

�v�r�-�1�; �P���†�u�b�1�_ �;�| �-�t�:�7 2019�8 �"�1�_�o�;�m�;�u�7 1968).

�‘�:�u�J|�J ���-�1�u�o�m�†�|�u�b�;�m�|���-�m�-�t�‹�v�b�v

�)�;  �v�;�t�;�1�|�;�7 �- �v�†�0�v�;�| �o�= �’�– �=�b�v�_ �0�-�v�;�7 �o�m �|�_�; �u�;�v�†�t�|�v �o�= �|�_�; �v�|�-�0�t�; 

�b�v�o�|�o�r�; �-�m�-�t�‹�v�b�v �=�o�u �-�m�-�t�‹�Œ�b�m�] �v�|�o�l�-�1�_ �1�o�m�|�;�m�|�v �-�m�7 �=�;�1�-�t �l�-�|�|�;�u 

�l�-�1�u�o�m�†�|�u�b�;�m�|�v�: ���v � �•�”��  �ˆ�-�t�†�;�v �=�o�u �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ �=�b�v�_ �‰�;�u�; 
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�b�m�] �ˆ�v�: �v�o�t�b�|�-�u�‹�Q �-�v �- �=�b�Š�;�7 �;�=�=�;�1�| �-�m�7 �r�u�;�7�b�1�|�v �|�_�-�| �v�o�t�b�|�-�u�‹ A. triostegus 

�|�u�-�ˆ�;�t �“�:�” �l  �t�;�v�v �r�;�u �l�b�m�†�|�; �|�_�-�m �v�_�o�-�t�b�m�] �=�b�v�_ �PFigure 1a, �$�-�0�t�; 2). 

�$�_�; �0�;�v�|�J�=�b�| �l�o�7�;�t �=�o�u �r�u�;�7�b�1�|�b�m�] �7�b�v�|�-�m�1�; �|�u�-�ˆ�;�t�;�7 �0�‹ �v�_�o�-�t�v �7�b�7 �m�o�| 

�b�m�1�t�†�7�; �v�_�o�-�t �v�b�Œ�; �P�$�-�0�t�; ���’ �Q�: �"�b�l�b�t�-�u �|�o �u�;�v�†�t�|�v �=�o�u �7�b�v�|�-�m�1�; �|�u�-�ˆ�;�t�;�7�7 

�|�_�; �–�”�w ���&�	 �=�o�u �‘�”�J�l�b�m �=�o�t�t�o�‰�v �b�v �0�;�v�| �r�u�;�7�b�1�|�;�7 �0�‹ �- �l�o�7�;�t �|�_�-�| 

�b�m�1�t�†�7�;�v �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �P�v�_�o�-�t�b�m�] �o�u �v�o�t�b�|�-�u�‹�Q �-�v �- �=�b�Š�;�7 �;�=�=�;�1�| �-�m�7 

�v�†�]�]�;�v�|�v �v�o�t�b�|�-�u�‹ �=�b�v�_ �1�o�ˆ�;�u �t�;�v�v �-�u�;�- �|�_�-�m �v�_�o�-�t�b�m�] �=�b�v�_ �PFigure �•�0, 

�$�-�0�t�; 2�Q�: �$�_�; �0�;�v�|�J�=�b�| �l�o�7�;�t �=�o�u �r�u�;�7�b�1�|�b�m�] �–�”�w ���&�	  �0�‹ �v�_�o�-�t�v �7�b�7 

�m�o�| �b�m�1�t�†�7�; �-�m�‹ �=�b�Š�;�7 �;�=�=�;�1�|�v�7 �0�†�| �|�_�; �m�;�Š�| �0�;�v�|�J�=�b�| �l�o�7�;�t �b�m�1�t�†�7�;�7 

�v�_�o�-�t �v�b�Œ�; �-�v �- �=�b�Š�;�7 �;�=�=�;�1�| �P�$�-�0�t�; ���’).

���;�-�m �r�u�o�r�o�u�|�b�o�m �o�= �|�b�l�; A.  triostegus  � v� r� ;� m� |  � b� m  � -  � ]� u� -� Œ� b� m� ]  � r� o�J

�v�b�|�b�o�m �7�†�u�b�m�] �-�m �o�0�v�;�u�ˆ�-�|�b�o�m�-�t �=�o�t�t�o�‰ �‰�-�v �•�:�”�v �P�����Q�J�•�:�u�‘ �P���Q �b�m 

�- �v�_�o�-�t �-�m�7 �•�:�”�•�P�����Q�J�•�:�u�• �P���Q �‰�_�b�t�; �v�o�t�b�|�-�u�‹ �P�$�-�0�t�; ���“ ). The pro�J

�r�o�u�|�b�o�m �o�= �]�u�-�Œ�b�m�] �;�ˆ�;�m�|�v �|�_�-�| �‰�;�u�; �b�m�ˆ�-�v�b�o�m�v �o�= �|�;�u�u�b�|�o�u�‹ �‰�-�v 

�•�:�–�•�S±�S�•�:�•�‘ �P�"�	�Q �=�o�u �v�_�o�-�t�v �o�m ���-�t�l�‹�u�- ���|�o�t�t �-�m�7 �•�:�v�’�S±�S�•�:�•�u �=�o�u 

�v�_�o�-�t�v �o�m ���o�]�o�u�;�- �PFigure 1c�7 �$�-�0�t�; ���“ �Q�: �
�o�u �v�o�t�b�|�-�u�‹ �=�b�v�_�7 �|�;�u�u�b�|�o�J

�u�b�-�t �b�m�ˆ�-�v�b�o�m�v �1�o�l�r�u�b�v�;�7 �o�m�t�‹ �•�:�•�‘�S±�S�•�:�•�“ �-�m�7 �•�:�•�’�S±�S�•�:�•�“ �o�= �]�u�-�Œ�J

�b�m�] �;�ˆ�;�m�|�v �o�m ���-�t�l�‹�u�- ���|�o�t�t �-�m�7 ���o�]�o�u�;�-�7 �u�;�v�r�;�1�|�b�ˆ�;�t�‹ �P�$�-�0�t�; ���“ ). 

�$�_�; �v�r�;�1�b�;�v �‰�_�o�v�; �|�;�u�u�b�|�o�u�b�;�v �‰�;�u�; �l�o�v�| �1�o�l�l�o�m�t�‹ �b�m�ˆ�-�7�;�7 �‰�;�u�; 

Stegastes nigricans, Acanthurus lineatus, Acanthurus nigricans, and 

Ctenochaetus striatus �o�m ���-�t�l�‹�u�- ���|�o�t�t�7 �-�m�7 Stegastes nigricans, 

Zebrasoma scopas, Acanthurus nigrofuscus, and Ctenochaetus stri-

atus �o�m ���o�]�o�u�;�-�: ���m�ˆ�-�v�b�o�m�v �|�o S. nigricans algal gardens accounted 

� 
 � � � � � & � ! � � � � � • �J�P�-�Q �	�b�v�|�-�m�1�; �|�u�-�ˆ�;�t�;�7 �P�l�;�-�v�†�u�;�7 �b�m �l�;�|�;�u�v �-�m�7 
�v�|�-�m�7�-�u�7�b�Œ�;�7 �0�‹ �l�b�m�†�|�;�v �o�= �o�0�v�;�u�ˆ�-�|�b�o�m�Q�7 �P�0�Q �‘�”�J�l�b�m �–�”�w �h�;�u�m�;�t 
�†�|�b�t�b�Œ�-�|�b�o�m �7�b�v�|�u�b�0�†�|�b�o�m �P���&�	�Q�7 �-�m�7 �P�1�Q �r�u�o�r�o�u�|�b�o�m �o�= �]�u�-�Œ�b�m�] �;�ˆ�;�m�|�v 
�|�_�-�| �‰�;�u�; �|�;�u�u�b�|�o�u�‹ �b�m�ˆ�-�v�b�o�m�v �=�o�u �v�o�t�b�|�-�u�‹ �-�m�7 �v�_�o�-�t�b�m�] Acanthurus 
triostegus �o�m ���-�t�l�‹�u�- ���|�o�t�t �P�����Q �-�m�7 ���o�]�o�u�;�- �P���Q
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�u���o�=���‘�•�J|�J���J�M GUERRA ET AL.

�=�o�u �•�:�“�–�S±�S�•�:�’�• �-�m�7 �•�:�’�•�S±�S�•�:�‘�– �o�= �|�;�u�u�b�|�o�u�b�-�t �b�m�ˆ�-�v�b�o�m�v �o�m ���-�t�l�‹�u�- 

���|�o�t�t �-�m�7 ���o�]�o�u�;�-�7 �u�;�v�r�;�1�|�b�ˆ�;�t�‹�: ���u�o�r�o�u�|�b�o�m �o�= �]�u�-�Œ�b�m�] �;�ˆ�;�m�|�v �|�_�-�| 

�‰�;�u�; �|�;�u�u�b�|�o�u�b�-�t �b�m�ˆ�-�v�b�o�m�v �b�v �0�;�v�| �r�u�;�7�b�1�|�;�7 �0�‹ �- �l�o�7�;�t �|�_�-�| �b�m�J

�1�t�†�7�;�v �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �-�v �- �=�b�Š�;�7 �;�=�=�;�1�|�7 �‰�b�|�_ �b�m�ˆ�-�v�b�o�m�v �0�;�b�m�] �l�o�u�; 

�r�u�;�ˆ�-�t�;�m�| �‰�b�|�_ �=�b�v�_ �b�m �v�_�o�-�t�v �P�$�-�0�t�; 3, Figure 1c).

���o�m�r�u�;�7�-�|�o�u�‹ �_�;�|�;�u�o�v�r�;�1�b�=�b�1 �=�b�v�_ �‰�;�u�; �-�v�v�o�1�b�-�|�;�7 �‰�b�|�_ �–�”�w 

�P�•�v�F�•�–�Q �o�= �-�t�t �=�o�t�t�o�‰�v �o�= A.  triostegus �v�_�o�-�t�v �o�m ���-�t�l�‹�u�- ���|�o�t�t �-�m�7 

�•�•�w �P�•�”�F�‘�•�Q �o�m ���o�]�o�u�;�- �P�$�-�0�t�; ���“ ; Figure  2�Q�: �"�r�;�1�b�;�v �-�v�v�o�1�b�-�|�;�7 

were Acanthurus blochii, Acanthurus xanthopterus, Chlorurus spilurus, 

Kyphosus sp., Mellycthis niger, and Scarus psittacus �o�m ���-�t�l�‹�u�- ���|�o�t�t�7 

and Acanthurus guttatus, Cantherhinis dumerilii, Chlorurus spilurus, 

Ctenochaetus striatus, and Scarus psittacus �o�m ���o�]�o�u�;�-�: ���o�m�r�u�;�7�-�|�o�u�‹ 

�=�b�v�_ �v�r�;�m�| �-�m �-�ˆ�;�u�-�]�; �o�= �•�:�”�“�S±�S�•�:�’�” �r�u�o�r�o�u�|�b�o�m �o�= �|�_�; �=�o�t�t�o�‰ �‰�b�|�_ 

�v�_�o�-�t�v �o�m ���-�t�l�‹�u�- ���|�o�t�t �-�m�7 �•�:�’�•�S±�S�•�:�’�‘ �o�m ���o�]�o�u�;�-�: ���o �v�o�t�b�|�-�u�‹ �=�b�v�_ 

�_�-�7 �m�o�m�r�u�;�7�-�|�o�u�‹ �=�b�v�_ �-�v�v�o�1�b�-�|�b�o�m�v �o�m �;�b�|�_�;�u �b�v�t�-�m�7�: ���m�|�;�u�v�r�;�1�b�=�b�1 

�-�v�v�o�1�b�-�|�b�o�m�v �0�‹ �m�o�m�r�u�;�7�-�|�o�u�‹ �=�b�v�_ �‰�;�u�; �0�;�v�| �r�u�;�7�b�1�|�;�7 �0�‹ �- �l�o�7�;�t 

�|�_�-�| �b�m�1�t�†�7�;�v �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �-�v �- �=�b�Š�;�7 �;�=�=�;�1�|�7 �‰�b�|�_ �v�_�o�-�t�b�m�] �0�;�_�-�ˆ�b�o�u 

�b�m�1�u�;�-�v�b�m�] �|�_�; �t�b�h�;�t�b�_�o�o�7 �o�= �|�_�; �-�v�v�o�1�b�-�|�b�o�m �P�$�-�0�t�; 3).

���u�;�7�-�|�o�u�‹ �=�b�v�_ �‰�;�u�; �-�v�v�o�1�b�-�|�;�7 �‰�b�|�_ �-�t�t �v�_�o�-�t�v �P�•�–�F�•�–�Q �o�m ���-�t�l�‹�u�- 

���|�o�t�t�7 �-�m�7 �‘�“�w �P�”�F�‘�•�Q �o�m ���o�]�o�u�;�- �_�-�7 �- �r�u�;�7�-�|�o�u�‹ �=�b�v�_ �-�v�v�o�1�b�-�|�;�7 

�‰�b�|�_ �|�_�; �v�_�o�-�t �-�| �v�o�l�; �r�o�b�m�| �7�†�u�b�m�] �|�_�; �=�o�t�t�o�‰ �PFigure 2�Q�: ���u�b�l�-�u�‹ 

species associated were Aulostomus chinensis, Carcharhinus melampy-

gus, Cephalopholis argus, Caranx melampygus, and Lutjanus bohar on 

���-�t�l�‹�u�- ���|�o�t�t�7 �-�m�7 Aulostomus chinensis, Caranx melampygus, and 

Fistularia commersoni �o�m ���o�]�o�u�;�-�: ���u�;�7�-�|�o�u�‹ �=�b�v�_ �v�r�;�m�| �-�m �-�ˆ�;�u�-�]�; �o�= 

�•�:�“�•�S±�S�•�:�‘�v �r�u�o�r�o�u�|�b�o�m �o�= �|�_�; �=�o�t�t�o�‰ �‰�b�|�_ �v�_�o�-�t�v �o�m ���-�t�l�‹�u�- ���|�o�t�t �-�m�7 

�•�:�•�‘�S±�S�•�:�‘�• �o�m ���o�]�o�u�;�- �P�$�-�0�t�; ���“ �Q�: ���o �v�o�t�b�|�-�u�‹ �=�b�v�_ �_�-�7 �m�o�m�r�u�;�7�-�|�o�u�‹ 

�=�b�v�_ �-�v�v�o�1�b�-�|�b�o�m�v �o�m �;�b�|�_�;�u �b�v�t�-�m�7�: ���m�|�;�u�v�r�;�1�b�=�b�1 �-�v�v�o�1�b�-�|�b�o�m�v �0�‹ �r�u�;�7�J

�-�|�o�u�‹ �=�b�v�_ �‰�;�u�; �0�;�v�| �r�u�;�7�b�1�|�;�7 �0�‹ �- �l�o�7�;�t �|�_�-�| �b�m�1�t�†�7�;�v �v�o�1�b�-�t �0�;�_�-�ˆ�J

�b�o�u �-�v �- �=�b�Š�;�7 �;�=�=�;�1�|�7 �‰�b�|�_ �v�_�o�-�t�b�m�] �0�;�_�-�ˆ�b�o�u �b�m�1�u�;�-�v�b�m�] �|�_�; �t�b�h�;�t�b�_�o�o�7 

�o�= �|�_�; �-�v�v�o�1�b�-�|�b�o�m �P�$�-�0�t�; 3).

�’�:�‘�J |�J �"�|�-�0�t�;���b�v�o�|�o�r�;���-�m�-�t�‹�v�b�v

�)�;  �1�o�t�t�;�1�|�;�7 �•�•�• A. triostegus �=�o�u �v�|�-�0�t�; �b�v�o�|�o�r�; �-�m�-�t�‹�v�b�v �=�u�o�l �|�‰�o 

�v�b�|�;�v �o�m ���o�]�o�u�;�- �P�� �-�m�7 ��  �o�m �|�_�; �l�-�r  �b�m �
�b�]�†�u�; ���• �8 �‘�” �v�_�o�-�t�b�m�] 

�-�m�7 �‘�” �v�o�t�b�|�-�u�‹ �=�b�v�_ �=�u�o�l �;�-�1�_ �v�b�|�;�Q�: �"�_�o�-�t �v�b�Œ�;�v �u�-�m�]�;�7 �†�r �|�o �”�•�• 

�b�m�7�b�ˆ�b�7�†�-�t�v�: ���ˆ�;�u�-�]�; �=�b�v�_ �v�b�Œ�; �P�v�|�-�m�7�-�u�7 �t�;�m�]�|�_�Q �‰�-�v �m�o�| �v�b�]�m�b�=�b�1�-�m�|�t�‹ 

�7�b�=�=�;�u�;�m�| �-�1�u�o�v�v �v�b�|�;�v �-�m�7 �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �P�$�-�0�t�; ���”, Figure ���’ ).

�$�_�; �l�;�-�m �ˆ�-�t�†�; �=�o�u �v�-�l�r�t�;�v �=�u�o�l �v�_�o�-�t�b�m�] �=�b�v�_ �‰�-�v � 13C: 

� �́•�‘�:�“�‘�S±�S�•�:�•�– �P�"�	�Q�7 � �•�”���9 �u�:�u�’�S±�S�•�:�u�• �P�"�	�Q �-�| �v�b�|�; ���7 �-�m�7 � 13C: 

� �́•�‘�:�’�u�S±�S�•�:�–�v �P�"�	�Q�7 � �•�”���9 �u�:�u�’�S±�S�•�:�u�– �P�"�	�Q �-�| �v�b�|�; �� �PFigure 3a). For 

�v�o�t�b�|�-�u�‹ �=�b�v�_�7 �|�_�; �l�;�-�m �ˆ�-�t�†�; �=�o�u �v�-�l�r�t�;�v �=�u�o�l �v�b�|�; ��  �‰�;�u�; � 13C: 

�́ �•�•�:�v�v�S±�S�•�:�–�•�7 � �•�”���9 �u�:�–�“�S±�S�•�:�’�v�7 �-�m�7 � 13���9 � �́•�‘�:�“�v�S±�S�•�:�”�u�7�d �•�”�S���9 

�•�:�•�•�S±�S�•�:�“�’ �=�u�o�l �v�b�|�; �� �PFigure 3a). � �•�”�� �b�v �0�;�v�| �r�u�;�7�b�1�|�;�7 �0�‹ �- �l�o�7�;�t 

�|�_�-�| �b�m�1�t�†�7�;�v �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �-�m�7 �=�b�v�_ �v�b�Œ�; �P�"���8 �$�-�0�t�; ���u); how�J

�;�ˆ�;�u�7 �|�_�b�v �l�o�7�;�t �u�;�v�†�t�| �‰�-�v �r�u�b�l�-�u�b�t�‹ �7�u�b�ˆ�;�m �0�‹ �o�m�; �ˆ�;�u�‹ �v�l�-�t�t �=�b�v�_ 

�P�"���S<�S�– �1�l�Q �-�m�7 �o�m�; �ˆ�;�u�‹ �t�-�u�]�; �=�b�v�_ �P�"���S>�S�•�’�:�” �1�l�Q �|�_�-�| �‰�;�u�; �o�†�|�t�b�J

�;�u�v �b�m �o�†�u �v�b�Œ�; �7�b�v�|�u�b�0�†�|�b�o�m �P�
�b�]�†�u�; ���’ �Q�: ���Š�1�t�†�7�b�m�] �|�_�;�v�; �|�‰�o �o�†�|�t�b�;�u�v�7 

� �•�”�� �b�v �0�;�v�| �r�u�;�7�b�1�|�;�7 �0�‹ �- �l�o�7�;�t �|�_�-�| �b�m�1�t�†�7�;�v �o�m�t�‹ �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u 

�P�$�-�0�t�; 4), with higher � �•�”�� �ˆ�-�t�†�;�v �b�m �v�o�t�b�|�-�u�‹ A. triostegus. � 13�� �b�v �0�;�v�| 

�r�u�;�7�b�1�|�;�7 �0�‹ �- �l�o�7�;�t �|�_�-�| �b�m�1�t�†�7�;�v �v�b�|�; �-�m�7 �=�b�v�_ �v�b�Œ�;�7 �-�m�7 �|�_�b�v �0�;�v�|�J�=�b�| 

�l�o�7�;�t �b�v �l�-�b�m�|�-�b�m�;�7 �;�ˆ�;�m �‰�b�|�_ �|�_�; �;�Š�1�t�†�v�b�o�m �o�= �|�_�; �|�‰�o �=�b�v�_ �o�†�|�t�b�;�u�v 

�P�$�-�0�t�; 4�8 �$�-�0�t�; ���u�Q�: ���m �|�_�b�v �0�;�v�|�J�=�b�| �l�o�7�;�t�7 � 13C values are lower at 

�v�b�|�; �� �-�m�7 �7�;�1�u�;�-�v�; �‰�b�|�_ �7�;�1�u�;�-�v�b�m�] �=�b�v�_ �v�b�Œ�; �P�$�-�0�t�; 4).

�"�-�l�r�t�;�v �=�u�o�l �v�_�o�-�t�b�m�] �=�b�v�_ �-�| �0�o�|�_ �v�b�|�;�v �_�-�7 �- �_�b�]�_�;�u �v�|�-�m�7�-�u�7 

�;�t�t�b�r�v�; �-�u�;�- �P���9 �•�:�v�”�7 ���9 �‘�:�•�“�Q �|�_�-�m �v�o�t�b�|�-�u�‹ �=�b�v�_ �P���9 �•�:�”�•�7 ���9 �•�:�v�–�Q�: 

�"�_�o�-�t�b�m�] �=�b�v�_ �_�-�7 �- �v�b�]�m�b�=�b�1�-�m�| �o�ˆ�;�u�t�-�r �P�•�•�w�Q �b�m �v�_�-�u�;�7 �b�v�o�|�o�r�b�1 �m�b�1�_�; 

�v�r�-�1�; �-�1�u�o�v�v �|�_�; �|�‰�o �v�b�|�;�v �PFigure  �’�0�Q�: �"�o�t�b�|�-�u�‹ �=�b�v�_ �_�-�7 �- �m�o�m�v�b�]�J

�m�b�=�b�1�-�m�| �o�ˆ�;�u�t�-�r �o�= �‘�•�w �b�m �b�v�o�|�o�r�b�1 �m�b�1�_�; �v�r�-�1�; �-�1�u�o�v�v �|�_�; �|�‰�o �v�b�|�;�v 

�PFigure  �’�0�Q�: ���ˆ�;�u�t�-�r �b�m �b�v�o�|�o�r�b�1 �m�b�1�_�; �v�r�-�1�; �0�;�|�‰�;�;�m �v�_�o�-�t�b�m�] �-�m�7 

�v�o�t�b�|�-�u�‹ �=�b�v�_ �‰�-�v �m�o�m�v�b�]�m�b�=�b�1�-�m�| �-�1�u�o�v�v �|�_�; �|�‰�o �v�b�|�;�v�9 �-�| �v�b�|�; ���7 �v�_�o�-�t�J

�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ �=�b�v�_ �_�-�7 �-�m �o�ˆ�;�u�t�-�r �b�m �b�v�o�|�o�r�b�1 �m�b�1�_�; �v�r�-�1�; �o�= �‘�u�w 

�-�m�7 �o�= �•�u�w �-�| �v�b�|�; �� �PFigure �’�0).

�’�:�’�J |�J ���-�1�u�o�m�†�|�u�b�;�m�|�v

���u�o�|�;�b�m �P�r�;�u�1�;�m�|�-�]�; �o�= �7�u�‹ �l�-�|�|�;�u�Q �=�o�u �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ �=�b�v�_ 

�v�|�o�l�-�1�_ �1�o�m�|�;�m�|�v �b�v �0�;�v�| �r�u�;�7�b�1�|�;�7 �0�‹ �|�_�; �=�†�t�t �l�o�7�;�t�7 �‰�_�b�1�_ �b�m�1�t�†�7�;�v 

�v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �P�v�_�o�-�t�b�m�] �o�u �v�o�t�b�|�-�u�‹�Q�7 �=�b�v�_ �v�b�Œ�; �P�"���Q�7 �v�b�|�;�7 �-�m�7 �|�_�; �b�m�J

�|�;�u�-�1�|�b�o�m �0�;�|�‰�;�;�m �v�b�|�; �-�m�7 �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �-�v �r�u�;�7�b�1�|�o�u�v �PFigure 4a, 

�$�-�0�t�;  �”�Q�: �
�o�u �|�_�; �b�m�|�;�u�-�1�|�b�o�m �o�= �|�_�; �v�b�|�; �‰�b�|�_ �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u�7 �|�_�b�v 

�l�o�7�;�t �r�u�;�7�b�1�|�v �- �_�b�]�_�;�u �r�u�o�|�;�b�m �r�;�u�1�;�m�|�-�]�; �=�o�u �v�o�t�b�|�-�u�‹ �=�b�v�_ �-�| �v�b�|�; 

�� �P+�•�:�‘�u�Q�7 �-�v �‰�;�t�t �-�v �_�b�]�_�;�u �r�u�o�|�;�b�m �=�o�u �-�t�t �=�b�v�_ �-�| �v�b�|�; �� �P+2.28) and 

� $� � � � � � � � � � � ‘ �J���;�v�|�J�=�b�| �t�b�m�;�-�u �l�b�Š�;�7 �l�o�7�;�t�v �=�o�u �;�Š�r�t�-�b�m�b�m�] �ˆ�-�u�b�-�|�b�o�m�v �b�m �7�b�v�|�-�m�1�; �|�u�-�ˆ�;�t�;�7 �-�m�7 �–�”�w ���&�	 �=�o�u �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ Acanthurus 
triostegus

Fixed effect

Distance traveleda �–�”�w�����&�	a

Estimate SE t-value p-value* Estimate SE t-value p-value*

���m�|�;�u�1�;�r�| 9.46 1.66 �”�:�u�– <�:�•�•�” 3.96 0.30 13.37 <�:�•�•�”

�"�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �P�v�o�t�b�|�-�u�‹�Q�´�“�:�“�” 0.72 �´�u�:�•�v < �:�•�•�” �́ �•�:�‘�” 0.14 �´�v�:�v�v <�:�•�•�”

Random effect Variance SD Variance SD

�$�b�l�; �o�= �7�-�‹ 0.00 0.00 0.00 0.00

���v�t�-�m�7 4.97 2.23 0.14 0.38

�"�b�|�; �P�‰�b�|�_�b�m �b�v�t�-�m�7�Q 0.00 0.00 0.06 �•�:�‘�”

a�	�b�v�|�-�m�1�; �|�u�-�ˆ�;�t�;�7 R2 = �•�:�“�u�7 �–�”�w ���&�	 R2 = 0.60.

*p�J�ˆ�-�t�†�; �b�v �1�-�t�1�†�t�-�|�;�7 �†�v�b�m�] �|�_�; �)�-�t�7 �1�_�b�J�v�t�†�-�u�; �|�;�v�|�:
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�‰�_�b�1�_ �b�v �7�u�b�ˆ�;�m �0�‹ �|�_�; �t�o�‰ �r�u�o�|�;�b�m �r�;�u�1�;�m�|�-�]�; �o�= �v�o�t�b�|�-�u�‹ �=�b�v�_ �-�| �v�b�|�; 

��  �P� �́‘�:�•�–�Q�: �$�_�; �m�;�Š�| �0�;�v�|�J�=�b�| �l�o�7�;�t �P� �������1�S<�S�‘�Q �b�m�1�t�†�7�;�v �v�b�|�;�7 �v�o�1�b�-�t 

�0�;�_�-�ˆ�b�o�u�7 �-�m�7 �|�_�;�b�u �b�m�|�;�u�-�1�|�b�o�m �-�v �r�u�;�7�b�1�|�o�u�v �P�$�-�0�t�; ���• �Q�: ���u�o�|�;�b�m �r�;�u�J

centage in shoaling and solitary A. triostegus �=�;�1�;�v �b�v �0�;�v�| �r�u�;�7�b�1�|�;�7 

�0�‹ �- �l�o�7�;�t �|�_�-�| �b�m�1�t�†�7�;�v �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u�7 �v�b�|�;�7 �-�m�7 �|�_�; �b�m�|�;�u�-�1�|�b�o�m 

�0�;�|�‰�;�;�m �v�b�|�; �-�m�7 �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �-�v �r�u�;�7�b�1�|�o�u�v �PFigure 4a, �$�-�0�t�; �”). 

�$�_�; �m�;�Š�| �0�;�v�|�J�=�b�| �l�o�7�;�t �P� �������1�S<�S�‘�Q �b�m�1�t�†�7�;�v �v�b�|�;�7 �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u�7 �=�b�v�_ 

�v�b�Œ�;�7 �-�m�7 �|�_�; �b�m�|�;�u�-�1�|�b�o�m �0�;�|�‰�;�;�m �v�b�|�; �-�m�7 �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �-�v �r�u�;�7�b�1�J

�|�o�u�v �P�$�-�0�t�; ���•).

���-�u�0�o�_�‹�7�u�-�|�; �r�;�u�1�;�m�|�-�]�; �b�m �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ A.  triostegus 

�v�|�o�l�-�1�_ �b�v �0�;�v�| �r�u�;�7�b�1�|�;�7 �0�‹ �- �l�o�7�;�t �|�_�-�| �b�m�1�t�†�7�;�v �v�o�1�b�-�t �0�;�_�-�ˆ�J

�b�o�u �P�v�_�o�-�t�b�m�] �o�u �v�o�t�b�|�-�u�‹�Q�7 �=�b�v�_ �v�b�Œ�; �P�"���Q�7 �v�b�|�;�7 �-�m�7 �|�_�; �b�m�|�;�u�-�1�|�b�o�m �0�;�J

�|�‰�;�;�m �v�b�|�; �-�m�7 �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �-�v �r�u�;�7�b�1�|�o�u�v �PFigure �“�0, �$�-�0�t�; �”). This 

�l�o�7�;�t �r�u�;�7�b�1�|�v �- �t�o�‰�;�u �P� �́•�–�:�•�•�Q �1�-�u�0�o�_�‹�7�u�-�|�; �r�;�u�1�;�m�|�-�]�; �=�o�u �v�o�t�b�|�-�u�‹ 

�=�b�v�_ �-�| �v�b�|�; ���7 �-�v �‰�;�t�t �-�v �t�o�‰�;�u �1�-�u�0�o�_�‹�7�u�-�|�; �r�;�u�1�;�m�|�-�]�; �=�o�u �t�-�u�]�;�u 

�=�b�v�_ �P�´�“�:�“�”�Q�7 �-�m�7 �- �_�b�]�_�;�u �1�-�u�0�o�_�‹�7�u�-�|�; �r�;�u�1�;�m�|�-�]�; �=�o�u �v�o�t�b�|�-�u�‹ �=�b�v�_ 

�P+�•�:�“�u�Q �-�m�7 �v�b�|�; �� �P+�•�:�–�”�Q�: ���-�u�0�o�_�‹�7�u�-�|�; �r�;�u�1�;�m�|�-�]�; �b�m �v�_�o�-�t�b�m�] �-�m�7 

solitary A. triostegus �=�;�1�;�v �b�v �0�;�v�| �r�u�;�7�b�1�|�;�7 �0�‹ �- �l�o�7�;�t �|�_�-�| �b�m�1�t�†�7�;�v 

�v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u�7 �v�b�|�;�7 �|�_�; �b�m�|�;�u�-�1�|�b�o�m �0�;�|�‰�;�;�m �v�b�|�; �-�m�7 �v�o�1�b�-�t �0�;�_�-�ˆ�J

�b�o�u�7 �-�m�7 �=�b�v�_ �v�b�Œ�; �-�v �r�u�;�7�b�1�|�o�u�v �PFigure �“�0, �$�-�0�t�; �”).

���;�u�1�;�m�|�-�]�; �o�= �t�b�r�b�7�v �b�m �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ A.  triostegus �v�|�o�l�J

�-�1�_ �b�v �0�;�v�| �r�u�;�7�b�1�|�;�7 �0�‹ �- �l�o�7�;�t �|�_�-�| �b�m�1�t�†�7�;�v �|�_�; �v�b�|�; �-�v �- �r�u�;�7�b�1�|�o�u 

�PFigure 4c, �$�-�0�t�;  �”�Q�: �$�_�b�v �l�o�7�;�t �r�u�;�7�b�1�|�v �- �t�o�‰�;�u �P� �́•�:�‘�‘�Q �t�b�r�b�7 �r�;�u�J

�1�;�m�|�-�]�; �-�| �v�b�|�; ���: �$�_�; �m�;�Š�| �=�b�ˆ�; �0�;�v�|�J�=�b�| �l�o�7�;�t�v �P� �������1�S<�S�‘�Q �b�m�1�t�†�7�;�9 

�P�•�Q �v�b�|�; �-�m�7 �=�b�v�_ �v�b�Œ�;�7 �P�‘�Q �v�b�|�;�7 �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u�7 �-�m�7 �|�_�;�b�u �b�m�|�;�u�-�1�|�b�o�m�7 �P�’�Q 

�v�b�|�; �-�m�7 �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u�7 �P�“�Q �|�_�; �=�†�t�t �l�o�7�;�t �P�-�t�t �r�u�;�7�b�1�|�o�u�v�Q�7 �-�m�7 �P�”�Q �v�b�|�;�7 

�v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u�7 �-�m�7 �=�b�v�_ �v�b�Œ�; �-�m�7 �r�u�;�7�b�1�|�o�u�v �P�$�-�0�t�; ���• ). Lipid per�J

centage in shoaling and solitary A. triostegus �=�;�1�;�v �b�v �0�;�v�| �r�u�;�7�b�1�|�;�7 

�0�‹ �- �l�o�7�;�t �|�_�-�| �b�m�1�t�†�7�;�v �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u�7 �v�b�|�;�7 �|�_�; �b�m�|�;�u�-�1�|�b�o�m �0�;�J

�|�‰�;�;�m �v�b�|�; �-�m�7 �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u�7 �-�m�7 �=�b�v�_ �v�b�Œ�; �-�v �r�u�;�7�b�1�|�o�u�v �PFigure 4c, 

�$�-�0�t�; �”�Q�: �$�_�; �m�;�Š�| �0�;�v�|�J�=�b�| �l�o�7�;�t�v �P� �������1�S<�S�‘�Q �b�m�1�t�†�7�;�9 �P�•�Q �v�o�1�b�-�t �0�;�J

�_�-�ˆ�b�o�u�7 �v�b�|�;�7 �|�_�; �b�m�|�;�u�-�1�|�b�o�m �o�= �v�b�|�; �-�m�7 �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u�7 �-�m�7 �=�b�v�_ �v�b�Œ�;�7 

�P�‘�Q �v�b�|�; �-�m�7 �=�b�v�_ �v�b�Œ�;�7 �-�m�7 �P�’�Q �v�b�|�;�7 �=�b�v�_ �v�b�Œ�;�7 �-�m�7 �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �-�v 

�r�u�;�7�b�1�|�o�u�v �P�$�-�0�t�; ���•).

� “ �J| �J � 	 � � � " � � �&� " � " � � � � � �

�$�_�b�v �v�|�†�7�‹ �r�u�o�ˆ�b�7�;�v �;�ˆ�b�7�;�m�1�; �|�_�-�| �7�b�=�=�;�u�;�m�1�;�v �b�m �|�_�; �v�o�1�b�-�t�b�|�‹ �o�= 

A.  triostegus �P�b�:�;�:�7 �v�_�o�-�t�b�m�] �ˆ�;�u�v�†�v �v�o�t�b�|�-�u�‹ �0�;�_�-�ˆ�b�o�u �l�o�7�;�v�Q �-�=�=�;�1�| 

�b�l�r�o�u�|�-�m�| �-�|�|�u�b�0�†�|�;�v �o�= �|�_�;�b�u �0�;�_�-�ˆ�b�o�u�-�t �-�m�7 �=�†�m�1�|�b�o�m�-�t �;�1�o�t�o�]�‹�: �)�; 

�=�o�†�m�7 �|�_�-�| �v�_�o�-�t�b�m�] �=�b�v�_ �|�u�-�ˆ�;�t �l�o�u�; �t�b�m�;�-�u �7�b�v�|�-�m�1�; �-�m�7 �1�o�ˆ�;�u �l�o�u�; 

�|�o�|�-�t �-�u�;�- �|�_�-�m �v�o�t�b�|�-�u�‹ �1�o�m�v�r�;�1�b�=�b�1�v �o�m �|�_�; �v�-�l�; �u�;�;�=�: ���7�7�b�|�b�o�m�-�t�t�‹�7 

�v�_�o�-�t�b�m�] �=�b�v�_ �-�m�7 �v�o�t�b�|�-�u�‹ �=�b�v�_ �]�u�-�Œ�; �b�m �7�b�=�=�;�u�;�m�| �-�u�;�-�v �-�v �v�_�o�-�t�b�m�] �=�b�v�_ 

�r�u�b�l�-�u�b�t�‹ �]�u�-�Œ�; �‰�b�|�_�b�m �|�;�u�u�b�|�o�u�b�;�v �o�= �_�;�u�0�b�ˆ�o�u�;�v�7 �‰�_�b�t�; �v�o�t�b�|�-�u�‹ �=�b�v�_ �7�o 

�m�o�|�: �
�†�u�|�_�;�u�7 �u�;�v�†�t�|�v �=�u�o�l �|�_�; �v�|�-�0�t�; �b�v�o�|�o�r�; �-�m�-�t�‹�v�;�v �v�†�]�]�;�v�| �|�_�-�| 

�|�_�;�v�; �7�b�=�=�;�u�;�m�1�;�v �l�-�‹ �0�; �|�;�l�r�o�u�-�t�t�‹ �7�†�u�-�0�t�;�7 �-�m�7 �u�;�v�†�t�|�v �=�u�o�l �|�_�; 

�v�|�-�0�t�; �b�v�o�|�o�r�; �-�m�7 �l�-�1�u�o�m�†�|�u�b�;�m�| �-�m�-�t�‹�v�;�v �b�m�7�b�1�-�|�; �|�_�-�| �|�_�; �7�b�;�|�-�u�‹ 

�m�b�1�_�; �o�= �v�_�o�-�t�b�m�] �=�b�v�_ �l�-�‹ �0�; �l�o�u�; �=�b�Š�;�7 �|�_�-�m �|�_�-�| �o�= �v�o�t�b�|�-�u�‹ �=�b�v�_�:

�)�;  �o�0�v�;�u�ˆ�;�7 �]�u�;�-�|�;�u �7�b�v�|�-�m�1�; �|�u�-�ˆ�;�t�;�7 �-�m�7 �-�u�;�- �1�o�ˆ�;�u�;�7 �P�‘�”�J�l�b�m 

�–�”�w ���&�	�Q �0�‹ �v�_�o�-�t�b�m�] A. triostegus relative to their solitary coun �J
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�v���o�=���‘�•�J|�J���J�M GUERRA ET AL.

�b�m�ˆ�-�v�b�o�m�v �0�‹ �v�_�o�-�t�b�m�] �=�b�v�_�: �"�b�Œ�; �o�= �_�o�l�; �-�m�7 �=�o�u�-�]�b�m�] �u�-�m�]�;�v �|�_�-�| 

�ˆ�-�u�‹ �‰�b�|�_ �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �_�-�ˆ�; �0�;�;�m �v�_�o�‰�m �=�o�u �o�|�_�;�u �1�o�u�-�t �u�;�;�= �=�b�v�_ 

�P���=�o�m�v�o �;�| �-�t�:�7 2008�Q �v�†�1�_ �-�v �v�r�;�1�b�;�v �o�= �r�-�u�u�o�|�=�b�v�_ �‰�_�;�u�; �v�o�1�b�-�t �0�;�J

�_�-�ˆ�b�o�u �b�v �v�;�r�-�u�-�|�;�7 �b�m�|�o �u�o�ˆ�b�m�] �v�_�o�-�t�v�7 �_�-�u�;�l�v�7 �o�u �v�o�t�b�|�-�u�‹ �|�;�u�u�b�|�o�u�b�-�t 

�l�o�7�;�v �P���†�l�0�‹ �_ �)�-�0�m�b�|�Œ�7 2002�8 �)�;�t�v�_ �_ ���;�t�t�‰�o�o�7�7 2012a�Q�: �)�_�b�t�; 

�1�o�m�v�b�v�|�;�m�| �‰�b�|�_ �o�†�u �u�;�v�†�t�|�v�7 �v�o�l�; �o�= �|�_�;�v�; �o�|�_�;�u �=�b�v�_ �v�r�;�1�b�;�v �r�o�v�; 

�l�o�u�; �1�_�-�t�t�;�m�]�b�m�] �l�o�7�;�t�v �|�o �r�†�u�;�t�‹ �;�Š�-�l�b�m�; �|�_�; �u�o�t�; �o�= �v�o�1�b�-�t�b�|�‹ �-�v 

�|�_�;�b�u �l�o�ˆ�;�l�;�m�| �l�-�‹  �0�; �1�o�m�=�o�†�m�7�;�7 �0�‹ �o�|�_�;�u �1�o�l�r�t�;�Š �0�;�_�-�ˆ�b�o�u�-�t 

�b�m�|�;�u�-�1�|�b�o�m�v �v�†�1�_ �-�v �l�-�|�b�m�] �-�m�7 �u�;�r�u�o�7�†�1�|�b�ˆ�; �0�;�_�-�ˆ�b�o�u �7�u�b�ˆ�;�u�v�: 

A. triostegus  �u� ;� r�u�o�7�†�1� |�b�o�m  �o�1�1�†�u�v  �o�m  � |�_� ;  �u� ;� ;�=  �1�u� ;�v� |  �b�m  � t� -�u� ]� ;  �v� r� -�‰�m�J

�b�m�] �-�]�]�u�;�]�-�|�b�o�m�v �-�m�7 �|�_�;�u�;�=�o�u�; �‰�-�v �r�o�v�v�b�0�t�; �|�o �;�Š�1�t�†�7�; �-�v �-�m �b�m�|�;�u�J

�-�1�|�b�o�m �P�!�-�m�7�-�t�t�7 1961�Q�: ���o�m�|�u�-�v�|�b�m�] �u�;�v�†�t�|�v �_�-�ˆ�; �0�;�;�m �o�0�v�;�u�ˆ�;�7 �=�o�u 

�|�_�; �u�;�t�-�|�b�o�m�v�_�b�r �0�;�|�‰�;�;�m �]�u�;�]�-�u�b�o�†�v �0�;�_�-�ˆ�b�o�u �-�m�7 �l�o�ˆ�;�l�;�m�|�: �
�o�u 

�;�Š�-�l�r�t�;�7 �b�m �v�o�l�; �r�-�u�u�o�|�=�b�v�_ �v�r�;�1�b�;�v�7 �t�-�u�]�;�u �_�-�u�;�l�v �o�=�|�;�m �_�-�ˆ�; �t�-�u�]�;�u 

�=�o�u�-�]�b�m�] �u�-�m�]�;�v �-�m�7 �|�;�u�u�b�|�o�u�b�;�v �|�_�-�m �v�o�t�b�|�-�u�‹ �=�b�v�_ �|�_�-�| �_�o�t�7 �|�;�u�u�b�|�o�J

�u�b�;�v �P���†�l�0�‹ �_ �)�-�0�m�b�|�Œ�7 2002�Q�: ���o�‰�;�ˆ�;�u�7 Acanthurus coeruleus, a 

� 
 � � � � � & � ! � � � � � ‘ �J���;�|�;�u�o�v�r�;�1�b�=�b�1 �=�b�v�_ 
associated with Acanthurus triostegus 
�v�_�o�-�t�v�9 �P�-�Q Fistularia commersonii 
�P�1�-�u�m�b�ˆ�o�u�;�7 �m�o�| �r�u�;�7�-�|�o�u �o�= �-�7�†�t�| 
A. triostegus�Q �o�m ���o�]�o�u�;�-�7 �P�0�Q Acanthurus 
guttatus �P�_�;�u�0�b�ˆ�o�u�;�Q �o�m ���o�]�o�u�;�-�7 �-�m�7 
�P�1�Q Caranx melampygus �P�1�-�u�m�b�ˆ�o�u�;�7 �1�-�m 
predate A. triostegus�Q �o�m ���-�t�l�‹�u�- ���|�o�t�t�: 
���_�o�|�o�]�u�-�r�_�v �0�‹ ���"���:

(a)

(b)

(c)

� 
 � � � � �& � ! � � � � � ’ �J� �•�”�� �-�m�7 �13�� �P�€�Q �v�b�]�m�-�|�†�u�;�v �o�= �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ Acanthurus triostegus �|�b�v�v�†�; �v�-�l�r�t�;�v �1�o�t�t�;�1�|�;�7 �-�| �|�‰�o �v�b�|�;�v �o�m ���o�]�o�u�;�-�: �P�-�Q 
���b�r�t�o�| �o�= �b�v�o�|�o�r�b�1 �v�b�]�m�-�|�†�u�;�v �‰�_�;�u�; �r�o�b�m�|�v �-�u�; �]�u�o�†�r �l�;�-�m�v�7 �-�m�7 �;�u�u�o�u �0�-�u�v �u�;�r�u�;�v�;�m�| �v�|�-�m�7�-�u�7 �7�;�ˆ�b�-�|�b�o�m�: �P�0�Q ���v�o�|�o�r�b�1 �-�u�;�- �o�ˆ�;�u�t�-�r �o�= �v�_�o�-�t�b�m�] �-�m�7 
�v�o�t�b�|�-�u�‹ �=�b�v�_ �v�-�l�r�t�;�v�: �"�|�-�m�7�-�u�7�b�Œ�;�7 ���-�‹�;�v�b�-�m �;�t�t�b�r�v�; �-�u�;�-�v �P�"�����1�Q �-�u�; �7�;�r�b�1�|�;�7 �0�‹ �v�o�t�b�7 �t�b�m�;�v�7 �-�m�7 �ˆ�-�t�†�;�v �=�o�u ��•�”�� �-�m�7 �13�� �-�u�; �;�Š�r�u�;�v�v�;�7 �b�m �€�:

� $� � � � � � � � � � � “ �J���;�v�|�J�=�b�| �t�b�m�;�-�u �l�o�7�;�t�v �=�o�u �;�Š�r�t�-�b�m�b�m�] �ˆ�-�u�b�-�|�b�o�m�v �b�m ��•�”�� �-�m�7 �13�� �v�|�-�0�t�; �b�v�o�|�o�r�; �ˆ�-�t�†�;�v �o�= �l�†�v�1�t�; �|�b�v�v�†�; �o�= �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ 
Acanthurus triostegusa

� 15�� � 13C

Coefficient Estimate SE t-value p-value Estimate SE t-value p-value

���m�|�;�u�1�;�r�| 6.64 0.07 90.29 .00 �´�u�:�v�v 1.18 �´�”�:�v�‘ .00

�"�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �P�v�o�t�b�|�-�u�‹�Q0.33 0.1 3.23 .002

�"�� �P�1�l�Q �´�•�:�“�” 0.10 �´�“�:�“�‘ .00

�"�b�|�; �P���Q �´�•�:�“�• 0.16 �́ �‘�:�u .01

� �•�”�� �r�v�;�†�7�o�JR2 =�S�•�:�•�’�7 �13�� �r�v�;�†�7�o�JR2 =�S�•�:�•�’�:
a�$�_�;�v�; �l�o�7�;�t�v �7�o �m�o�| �b�m�1�t�†�7�; �|�‰�o�J�v�b�Œ�; �o�†�|�t�b�;�u �=�b�v�_�:



�J�M�J |�J �–���o�=���‘�•GUERRA ET AL.

�v�†�u�]�;�o�m�=�b�v�_ �=�o�†�m�7 �o�m ���-�u�b�0�0�;�-�m �u�;�;�=�v�7 �;�Š�_�b�0�b�|�v �v�b�l�b�t�-�u �ˆ�-�u�b�-�|�b�o�m �b�m 

�v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �-�v A. triostegus �b�m �|�_�-�| �b�| �b�v �=�o�†�m�7 �b�m �v�o�t�b�|�-�u�‹ �=�o�u�-�]�b�m�] 

�l�o�7�;�v �-�m�7 �b�m �t�-�u�]�; �v�_�o�-�t�v�8 �‹�;�|�7 �v�o�t�b�|�-�u�‹ �‰�-�m�7�;�u�b�m�] A. coeruleus were 

�=�o�†�m�7 �|�o �|�u�-�ˆ�;�u�v�; �l�o�u�; �7�b�v�|�-�m�1�; �-�m�7 �_�-�7 �t�-�u�]�;�u �=�o�u�-�]�b�m�] �u�-�m�]�;�v �|�_�-�m 

�|�_�;�b�u �v�_�o�-�t�b�m�] �1�o�m�v�r�;�1�b�=�b�1�v �P�!�;�b�m�|�_�-�t �_ ���;�‰�b�v�7 1986). Further, on the 

���u�;�-�| ���-�u�u�b�;�u �!�;�;�=�7 �v�_�o�-�t�b�m�] Scarus rivulatus�7 �-�m �-�0�†�m�7�-�m�| �r�-�u�u�o�|�=�b�v�_ 

�v�r�;�1�b�;�v�7 �_�-�v �v�b�l�b�t�-�u �_�o�l�; �u�-�m�]�;�v �‰�_�;�m �v�o�t�b�|�-�u�‹ �-�m�7 �b�m �v�_�o�-�t�v �P�)�;�t�v�_ 

�_ ���;�t�t�‰�o�o�7�7 2012a�Q�: ���†�u �o�0�v�;�u�ˆ�-�|�b�o�m �o�= �b�m�1�u�;�-�v�;�7 �l�o�ˆ�;�l�;�m�| �-�m�7 

�t�-�u�]�;�u �-�u�;�-�v �1�o�ˆ�;�u�;�7 �0�‹ �v�_�o�-�t�b�m�] �=�b�v�_ �1�o�†�t�7 �0�; �7�†�; �|�o �r�u�;�7�-�|�b�o�m �u�b�v�h 

�-�m�7 �u�;�v�o�†�u�1�; �-�ˆ�-�b�t�-�0�b�t�b�|�‹�: ���u�;�7�-�|�o�u �-�ˆ�o�b�7�-�m�1�; �1�-�m �-�=�=�;�1�| �l�o�ˆ�;�l�;�m�| �b�m 

�=�b�v�_�7 �‰�b�|�_ �=�b�v�_ �-�| �b�m�1�u�;�-�v�;�7 �u�b�v�h �o�= �r�u�;�7�-�|�b�o�m �o�r�|�b�m�] �|�o �o�1�1�†�r�‹ �v�l�-�t�t�;�u 

�-�u�;�-�v �|�_�-�| �r�u�o�ˆ�b�7�; �v�|�u�†�1�|�†�u�; �=�o�u �1�o�ˆ�;�u �P���-�7�b�m �;�| �-�t�:�7 2010; Rooker 

et al., 2018�Q�: ���v �v�_�o�-�t�b�m�] �1�-�m �u�;�7�†�1�; �r�u�;�7�-�|�b�o�m �u�b�v�h�7 �v�o�t�b�|�-�u�‹ A. trios-

tegus �l�-�‹ �1�o�†�m�|�;�u�J�0�-�t�-�m�1�; �|�_�b�v �u�b�v�h �0�‹ �u�;�7�†�1�b�m�] �l�o�ˆ�;�l�;�m�|�: �
�†�u�|�_�;�u�7 

�u�;�v�†�t�|�v �=�u�o�l �- �r�u�;�ˆ�b�o�†�v �v�|�†�7�‹ �o�m A. triostegus �o�m ���-�t�l�‹�u�- ���|�o�t�t �-�m�7 

���o�]�o�u�;�- �=�o�†�m�7 �|�_�-�| �v�o�t�b�|�-�u�‹ �=�b�v�_ �|�u�-�ˆ�;�t �]�u�;�-�|�;�u �7�b�v�|�-�m�1�; �o�m ���o�]�o�u�;�-�7 

�‰�_�;�u�; �m�-�|�†�u�-�t �r�u�;�7�-�|�o�u �-�0�†�m�7�-�m�1�; �b�v �t�o�‰�;�u�7 �v�†�]�]�;�v�|�b�m�] �|�_�-�| �l�o�ˆ�;�J

�l�;�m�| �l�-�‹ �b�m �r�-�u�| �0�; �b�m�=�t�†�;�m�1�;�7 �0�‹ �r�u�;�7�-�|�b�o�m �P���†�;�u�u�- �;�| �-�t�:�7 2022). 

���t�|�;�u�m�-�|�b�ˆ�;�t�‹�7 �b�= A. triostegus �r�u�b�l�-�u�b�t�‹ �†�v�; �v�_�o�-�t�b�m�] �0�;�_�-�ˆ�b�o�u �|�o �]�-�b�m 

�-�1�1�;�v�v �|�o �u�;�v�o�†�u�1�;�v �]�†�-�u�7�;�7 �0�‹ �|�;�u�u�b�|�o�u�b�-�t �_�;�u�0�b�ˆ�o�u�;�v�7 �-�v �b�v �|�_�; �1�-�v�; 

with the congener A. coeruleus �P�!�;�b�m�|�_�-�t �_ ���;�‰�b�v�7 1986�Q�7 �l�o�ˆ�;�l�;�m�| 

�l�-�‹ �0�; �7�b�1�|�-�|�;�7 �0�‹ �|�_�; �7�b�v�|�u�b�0�†�|�b�o�m �o�= �7�-�l�v�;�t�=�b�v�_ �|�;�u�u�b�|�o�u�b�;�v�:

�$�;�u�u�b�|�o�u�b�-�t �b�m�ˆ�-�v�b�o�m�v �0�‹ �v�_�o�-�t�b�m�] �=�b�v�_ �_�-�ˆ�; �0�;�;�m �7�o�1�†�l�;�m�|�;�7 

�b�m �o�|�_�;�u �v�_�o�-�t�b�m�] �1�o�u�-�t �u�;�;�= �v�r�;�1�b�;�v �P���-�|�-�m�o �;�| �-�t�:�7 2014�8 �	�o�‰�7�;�t�t 

et al.,  2013; Foster,  �•�–�v�”�Q�7 �-�m�7 �=�o�u A.  triostegus on other islands 

�P���-�u�t�o�‰�7 1974�Q�: ���t�]�-�t �=�-�u�l�v �l�-�b�m�|�-�b�m�;�7 �0�‹ �|�_�; �7�-�l�v�;�t�=�b�v�_ S.  nigri-

cans�7 �b�m �r�-�u�|�b�1�†�t�-�u�7 �u�;�1�;�b�ˆ�;�7 �- �_�b�]�_ �m�†�l�0�;�u �o�= �b�m�ˆ�-�v�b�o�m�v �0�‹ A.  trios-

tegus �v�_�o�-�t�v�: �$�_�;�v�; �7�-�l�v�;�t�=�b�v�_ �|�;�u�u�b�|�o�u�b�;�v �-�u�; �†�r �|�o �’�:�“ �|�b�l�;�v �l�o�u�; 

�r�u�o�7�†�1�|�b�ˆ�; �|�_�-�m �m�;�b�]�_�0�o�u�b�m�] �-�t�]�-�t �Œ�o�m�;�v �P���t�-�m�1�_�;�|�|�; �;�| �-�t�:�7 2019; 

���t�†�l�r�r �;�| �-�t�:�7 1987 �Q �-�m�7 �1�o�m�|�-�b�m �_�b�]�_�t�‹ �7�b�]�;�v�|�b�0�t�; �u�;�7 �-�t�]�-�; �P���t�†�l�r�r 

et al., 1987�8 ���t�†�l�r�r �_ ���o�t�†�m�b�m�7 1989�Q �|�_�-�| �b�v �- �7�;�v�b�u�-�0�t�; �=�o�o�7 �v�o�†�u�1�; 

�=�o�u �v�†�u�]�;�o�m�=�b�v�_ �b�m�1�t�†�7�b�m�] �v�_�o�-�t�b�m�] A. triostegus �P���†�u�b�1�_ �;�| �-�t�:�7 2018).

�$�_�; �u�;�v�†�t�|�v �=�u�o�l �b�v�o�|�o�r�; �-�m�7 �l�-�1�u�o�m�†�|�u�b�;�m�| �-�m�-�t�‹�v�;�v �u�;�=�t�;�1�| �o�†�u 

�o�0�v�;�u�ˆ�;�7 �7�b�=�=�;�u�;�m�1�;�v �b�m �|�_�; �]�u�-�Œ�b�m�] �0�‹ �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ A.  tri-

ostegus�: �)�_�b�t�; �|�_�; �v�|�-�m�7�-�u�7 �7�;�ˆ�b�-�|�b�o�m �0�;�|�‰�;�;�m �v�b�|�;�v �-�m�7 �0�;�_�-�ˆ�b�o�u 

�|�‹�r�;�v �‰�-�v �1�o�m�v�b�7�;�u�-�0�t�; �PFigure 3�Q�7 �|�_�; �0�;�v�|�J�=�b�| �l�o�7�;�t �=�o�u � �•�”�� �b�v�o�|�o�r�; 

�ˆ�-�t�†�;�v �v�†�]�]�;�v�|�v �|�_�;�v�; �0�;�_�-�ˆ�b�o�u�v �l�-�‹ �0�; �l�o�u�; �=�b�Š�;�7 �0�;�‹�o�m�7 �|�_�; �v�_�o�u�| 

�7�†�u�-�|�b�o�m �o�= �o�†�u �o�0�v�;�u�ˆ�-�|�b�o�m�-�t �=�o�t�t�o�‰�v �P�$�-�0�t�; 4�Q�: �	�b�=�=�;�u�;�m�1�;�v �b�m � �•�”�� 

�-�u�; �†�v�†�-�t�t�‹ �-�|�|�u�b�0�†�|�;�7 �|�o �7�b�=�=�;�u�;�m�1�;�v �b�m �|�u�o�r�_�b�1 �t�;�ˆ�;�t�8 �_�o�‰�;�ˆ�;�u�7 �|�_�; 

�7�b�=�=�;�u�;�m�1�; �‰�; �o�0�v�;�u�ˆ�;�7 �P~�•�:�’�Q �b�v �m�o�| �t�-�u�]�; �;�m�o�†�]�_ �|�o �b�m�7�b�1�-�|�; �- �v�_�b�=�| 

�b�m �-�m �;�m�|�b�u�; �|�u�o�r�_�b�1 �t�;�ˆ�;�t �P���o�v�|�7 2002�Q�: �
�†�u�|�_�;�u�l�o�u�;�7 A. triostegus is 

�1�o�m�v�b�7�;�u�;�7 �|�o �0�; �t�-�u�]�;�t�‹ �- �_�;�u�0�b�ˆ�o�u�; �P���0�b�|�b�-�7 2011�8 ���;�t�t�‹ �;�| �-�t�:�7 2016; 

���-�t�t�;�‹ �;�| �-�t�:�7 2021�Q�: �$�_�†�v�7 �|�_�b�v �7�b�=�=�;�u�;�m�1�; �0�;�|�‰�;�;�m �v�o�t�b�|�-�u�‹ �-�m�7 �v�_�o�-�t�J

�b�m�] �=�b�v�_ �b�v �t�b�h�;�t�‹ �b�m�7�b�1�-�|�b�ˆ�; �o�= �- �7�b�=�=�;�u�;�m�| �_�;�u�0�b�ˆ�o�u�o�†�v �7�b�;�|�-�u�‹ �m�b�1�_�;�: 

�� �r�t�-�†�v�b�0�t�; �;�Š�r�t�-�m�-�|�b�o�m �=�o�u �|�_�; �7�b�=�=�;�u�;�m�1�; �b�m � �•�”��  �b�v�o�|�o�r�; �ˆ�-�t�†�;�v �b�v 

�|�_�; �|�;�m�7�;�m�1�‹ �=�o�u �v�_�o�-�t�v �o�= A. triostegus �|�o �=�o�u�-�]�; �b�m S. nigricans ter�J

�u�b�|�o�u�b�;�v�: �	�-�l�v�;�t�=�b�v�_ �|�;�u�u�b�|�o�u�b�;�v �r�u�o�l�o�|�; �_�b�]�_�;�u �;�r�b�r�_�‹�|�-�t �t�o�-�7�v �|�_�-�m 

�|�_�o�v�; �=�o�†�m�7 �o�†�|�v�b�7�; �o�= �|�_�;�b�u �|�;�u�u�b�|�o�u�b�;�v �P���;�1�1�-�u�;�t�t�b�7 2007; Ceccarelli 

et al., 2001; Jones et al., 2006) and � �•�”�� �b�v�o�|�o�r�; �ˆ�-�t�†�;�v �v�b�]�m�-�|�†�u�;�v �o�= 

�l�-�1�u�o�-�t�]�-�;�7 �-�m�7 �|�_�;�b�u �;�r�b�r�_�‹�|�;�v �1�-�m �7�b�=�=�;�u �P���-�|�- �_ �&�l�;�Œ�-�‰�-�7 2011; 

�+�-�l�-�l�†�u�o�7 1999�Q�: ���t�|�;�u�m�-�|�b�ˆ�;�t�‹�7 � 13�� �b�v�o�|�o�r�; �ˆ�-�t�†�;�v �‰�;�u�; �=�o�†�m�7 �|�o 

�ˆ�-�u�‹ �-�1�u�o�v�v �v�b�|�;�v �-�m�7 �=�b�v�_ �v�b�Œ�; �0�†�| �m�o�| �0�;�|�‰�;�;�m �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ 

A. triostegus�: ���-�u�0�o�m �b�v�o�|�o�r�;�v �-�u�; �h�m�o�‰�m �|�o �ˆ�-�u�‹ �-�l�o�m�] �v�r�;�1�b�;�v �o�= 

�l�-�u�b�m�; �r�t�-�m�|�v �-�m�7 �-�1�u�o�v�v �v�r�-�1�;�7 �v�†�r�r�o�u�|�b�m�] �o�†�u �=�b�m�7�b�m�]�v �o�= �7�b�=�=�;�u�b�m�] 

�ˆ�-�t�†�;�v �=�o�u A. triostegus �-�| �|�_�; �|�‰�o �v�b�|�;�v �P���-�u�-�v�v�o�† �;�| �-�t�:�7 2008; Fry 

et al., 1982�Q�: ���7�7�b�|�b�o�m�-�t�t�‹�7 �o�m�|�o�]�;�m�‹ �_�-�v �0�;�;�m �v�_�o�‰�m �|�o �-�=�=�;�1�| �|�b�v�v�†�; 

� 13C values in A. triostegus�7 �‰�_�b�1�_ �l�-�‹  �;�Š�r�t�-�b�m �|�_�; �u�;�t�-�|�b�o�m�v�_�b�r �0�;�J

�|�‰�;�;�m �=�b�v�_ �v�b�Œ�; �-�m�7 � 13�� �P�
�u�Ð�7�Ð�u�b�1�_ �;�| �-�t�:�7 2012�Q�: ���m�|�;�u�;�v�|�b�m�]�t�‹�7 �=�b�v�_ 

�v�b�Œ�; �‰�-�v �m�o�| �- �v�b�]�m�b�=�b�1�-�m�| �=�-�1�|�o�u �b�m �o�†�u �0�;�v�|�J�=�b�| � �•�”��  �l�o�7�;�t�7 �7�;�v�r�b�|�; 

�|�_�; �=�-�1�| �|�_�-�| � �•�”��  �b�v �o�=�|�;�m �;�ˆ�;�m �l�o�u�; �v�|�u�o�m�]�t�‹ �b�m�=�t�†�;�m�1�;�7 �0�‹ �0�o�7�‹ 

�v�b�Œ�;�: �
�†�u�|�_�;�u�7 �|�_�; ���-�‹�;�v�b�-�m �;�t�t�b�r�v�;�v �v�_�o�‰ �- �_�b�]�_ �o�ˆ�;�u�t�-�r �0�;�|�‰�;�;�m 

�v�_�o�-�t�b�m�] �=�b�v�_�7 �0�†�| �m�o�| �0�;�|�‰�;�;�m �v�o�t�b�|�-�u�‹ �=�b�v�_ �-�1�u�o�v�v �|�_�; �|�‰�o �v�b�|�;�v�7 �o�u 

�0�;�|�‰�;�;�m �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ �=�b�v�_ �-�| �;�b�|�_�;�u �v�b�|�; �PFigure  �’�0). This 

�_�b�]�_ �o�ˆ�;�u�t�-�r �0�;�|�‰�;�;�m �v�_�o�-�t�b�m�] �=�b�v�_ �v�†�r�r�o�u�|�v �o�†�u �o�0�v�;�u�ˆ�-�|�b�o�m �o�= �- 

�_�b�]�_ �r�u�o�r�o�u�|�b�o�m �o�= �=�o�u�-�]�b�m�] �o�m �7�-�l�v�;�t�=�b�v�_ �|�;�u�u�b�|�o�u�b�;�v �0�‹ �v�_�o�-�t�b�m�] �=�b�v�_ 

�PFigure 1c), as S. nigricans �|�;�u�u�b�|�o�u�b�;�v �-�u�; �l�;�|�b�1�†�t�o�†�v�t�‹ �l�-�b�m�|�-�b�m�;�7 �-�m�7 

�|�_�†�v �t�b�h�;�t�‹ �_�o�l�o�]�;�m�o�†�v �-�1�u�o�v�v �v�b�|�;�v �P���t�-�m�1�_�;�|�|�; �;�| �-�t�:�7 2019�8 ���-�|�- 

�_ ���-�|�o�7 2002�Q�: �"�o�t�b�|�-�u�‹ �=�b�v�_�7 �_�o�‰�;�ˆ�;�u�7 �-�u�; �†�m�-�0�t�; �|�o �-�1�1�;�v�v �|�;�u�u�b�|�o�J

�u�b�;�v �-�m�7 �|�_�;�b�u �=�o�u�-�]�b�m�] �l�-�‹ �0�; �l�o�u�; �v�;�m�v�b�|�b�ˆ�; �|�o �u�;�v�o�†�u�1�; �-�ˆ�-�b�t�-�0�b�t�b�|�‹ 

across sites.

�!�;�v�†�t�|�v �=�u�o�l �|�_�; �l�-�1�u�o�m�†�|�u�b�;�m�| �-�m�-�t�‹�v�b�v �v�†�]�]�;�v�| �|�_�-�| �|�_�; �o�0�J

�v�;�u�ˆ�;�7 �7�b�=�=�;�u�;�m�1�;�v �b�m �=�o�u�-�]�b�m�] �0�;�|�‰�;�;�m �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ 

A.  triostegus  �-�u�;  �m�†�|�u�b�|�b�o�m�-�t�t�‹  �-�m�7  �;�1�o�t�o�]�b�1�-�t�t�‹  �1�o�m�v�;�t�†�;�m�|�b�-�t 

�PFigure 4, �$�-�0�t�;  �”�Q�: �"�|�o�l�-�1�_ �1�o�m�|�;�m�| �u�;�=�t�;�1�|�v �7�b�;�| �-�m�7 �1�-�m �u�;�ˆ�;�-�t 

�m�†�|�u�b�|�b�o�m�-�t �b�m�|�-�h�; �P���;�m�7�;�v �;�| �-�t�:�7 2018�Q�: �"�|�o�l�-�1�_ �1�o�m�|�;�m�| �1�-�u�0�o�_�‹�J

�7�u�-�|�; �r�;�u�1�;�m�|�-�]�; �ˆ�-�u�b�;�7 �‰�b�|�_ �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �-�m�7 �v�b�|�;�7 �v�†�]�]�;�v�|�b�m�] 

�b�m�b�|�b�-�t �m�†�|�u�b�|�b�o�m�-�t �b�m�|�-�h�; �b�v �7�b�=�=�;�u�;�m�| �-�1�u�o�v�v �v�o�1�b�-�t �]�u�o�†�r�v�: ���m �|�_�; 

�o�|�_�;�u �_�-�m�7�7 �v�|�o�l�-�1�_ �1�o�m�|�;�m�| �t�b�r�b�7 �r�;�u�1�;�m�|�-�]�; �ˆ�-�u�b�;�7 �‰�b�|�_ �|�_�; �v�b�|�; 

� 
 � � � � � & � ! � � � � � “ �J���;�u�1�;�m�| �7�u�‹ �l�-�|�|�;�u �o�= �r�u�o�|�;�b�m�v �P�-�Q�7 �1�-�u�0�o�_�‹�7�u�-�|�;�v 
�P�0�Q�7 �-�m�7 �t�b�r�b�7�v �P�1�Q �b�m �|�_�; �=�;�1�;�v �-�m�7 �v�|�o�l�-�1�_ �1�o�m�|�;�m�|�v �o�= �v�_�o�-�t�b�m�] �-�m�7 
solitary Acanthurus triostegus �=�u�o�l �|�‰�o �0�-�1�h�u�;�;�= �v�b�|�;�v �o�m ���o�]�o�u�;�-
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�PFigure 4, �$�-�0�t�;  �”�Q�: �$�_�;�u�; �l�-�‹ �0�; �l�†�t�|�b�r�t�; �;�Š�r�t�-�m�-�|�b�o�m�v �=�o�u �|�_�b�v�7 

�b�m�1�t�†�7�b�m�] �7�b�=�=�;�u�;�m�1�;�v �b�m �u�;�v�o�†�u�1�; �-�ˆ�-�b�t�-�0�b�t�b�|�‹ �-�1�u�o�v�v �v�b�|�;�v�7 �-�m�7�F�o�u 

�|�_�; �m�†�|�u�b�|�b�o�m�-�t �1�o�l�r�o�v�b�|�b�o�m �o�= �|�_�;�v�; �u�;�v�o�†�u�1�;�v�: ���m �t�b�m�; �‰�b�|�_ �|�_�; �u�;�J

�v�†�t�|�v �=�u�o�l �|�_�; ���-�‹�;�v�b�-�m �;�t�t�b�r�v�;�v�7 �|�_�; �v�|�o�l�-�1�_ �1�o�m�|�;�m�| �u�;�ˆ�;�-�t�v �|�_�-�| 

�v�o�t�b�|�-�u�‹ �=�b�v�_ �v�;�;�l �|�o �_�-�ˆ�; �- �l�o�u�; �ˆ�-�u�b�-�0�t�; �7�b�;�| �‰�b�|�_�b�m �|�_�;�b�u �v�o�1�b�-�t 

�]�u�o�†�r �-�m�7 �-�1�u�o�v�v �v�b�|�;�v �PFigure 4, �$�-�0�t�; �”�Q�: �$�_�; �=�;�1�-�t �m�†�|�u�b�;�m�|�v �b�m�7�b�J

�1�-�|�; �m�o�| �o�m�t�‹ �7�b�=�=�;�u�;�m�1�;�v �b�m �7�b�;�| �0�†�| �l�-�‹ �-�t�v�o �v�†�]�]�;�v�| �7�b�=�=�;�u�;�m�1�;�v 

�b�m �r�_�‹�v�b�o�t�o�]�‹ �0�;�|�‰�;�;�m �|�_�; �|�‰�o �0�;�_�-�ˆ�b�o�u�-�t �]�u�o�†�r�v�: ���;�|�-�0�o�t�b�1 

�r�_�‹�v�b�o�t�o�]�‹ �-�m�7 �0�;�_�-�ˆ�b�o�u �-�u�; �|�_�o�†�]�_�| �|�o �0�; �t�b�m�h�;�7�7 �‰�_�;�u�; �=�b�v�_ �‰�b�|�_ 

�_�b�]�_�;�u �l�;�|�-�0�o�t�b�1 �u�-�|�;�v �|�;�m�7 �|�o �0�; �l�o�u�; �-�1�|�b�ˆ�; �-�m�7 �1�o�m�v�†�l�; �l�o�u�; 

�=�o�o�7 �P���-�b�t�;�‹ �;�| �-�t�:�7 2022�8 ���b�t�t�;�m �;�| �-�t�:�7 2012�8 ���;�|�1�-�t�=�; �;�| �-�t�:�7 2016). 

�"�_�o�-�t�v �-�m�7 �v�o�t�b�|�-�u�‹ �=�b�v�_ �l�-�‹ �ˆ�-�u�‹ �b�m �|�_�;�b�u �l�;�|�-�0�o�t�b�1 �u�-�|�;�v �-�m�7 �m�†�J

�|�u�b�;�m�| �-�v�v�b�l�b�t�-�|�b�o�m�7 �0�o�|�_ �o�= �‰�_�b�1�_ �1�o�†�t�7 �b�l�r�-�1�| �=�;�1�-�t �m�†�|�u�b�;�m�| �1�o�l�J

�r�o�v�b�|�b�o�m�: ���l�r�o�u�|�-�m�|�t�‹�7 �|�_�; �b�m�|�;�u�-�1�|�b�o�m �0�;�|�‰�;�;�m �v�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �-�m�7 

�v�b�|�; �_�-�7 �|�_�; �v�|�u�o�m�]�;�v�| �;�=�=�;�1�| �o�m �|�_�; �1�o�m�1�;�m�|�u�-�|�b�o�m �o�= �r�u�o�|�;�b�m �b�m 

�=�;�1�;�v �PFigure 4, �$�-�0�t�; �”).

�$�_�; �ˆ�-�u�b�-�|�b�o�m �b�m �|�_�; �m�†�|�u�b�|�b�o�m�-�t �t�†�-�t�b�|�‹ �o�= �=�;�1�;�v �-�1�u�o�v�v �v�o�1�b�-�t 

�]�u�o�†�r�v �l�-�‹  �_�-�ˆ�; �;�1�o�t�o�]�b�1�-�t �1�o�m�v�;�t�†�;�m�1�;�v�: �)�_�b�t�; �b�| �b�v �h�m�o�‰�m �|�_�-�| 

�_�;�u�0�b�ˆ�o�u�o�†�v �=�b�v�_ �v�†�r�r�t�‹ �m�†�|�u�b�;�m�|�v �|�o �|�_�;�b�u �;�1�o�v�‹�v�|�;�l �|�_�u�o�†�]�_ �;�Š�1�u�;�J

�|�b�o�m �-�m�7 �;�]�;�v�|�b�o�m �P���t�t�]�;�b�;�u �;�| �-�t�:�7 2017), corals are sensitive to the 

�u�-�|�b�o�v �o�= �m�†�|�u�b�;�m�|�v �v�†�r�r�t�b�;�7 �0�‹ �=�b�v�_ �P���t�t�]�;�b�;�u �;�| �-�t�:�7 2014), as well as 

�|�_�; �v�r�-�|�b�-�t �v�1�-�t�;�v �o�= �m�†�|�u�b�;�m�| �v�†�r�r�t�‹ �P���;�‹�;�u �;�| �-�t�:�7 1983). Both the 

�7�b�=�=�;�u�;�m�1�; �b�m �v�‰�b�l�l�b�m�] �0�;�_�-�ˆ�b�o�u�v �-�m�7 �=�;�1�-�t �m�†�|�u�b�;�m�| �1�o�m�1�;�m�|�u�-�|�b�o�m�v 

�v�†�]�]�;�v�| �|�_�-�| �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ �=�b�v�_ �l�-�‹ �r�t�-�‹ �7�b�=�=�;�u�;�m�| �u�o�t�;�v �b�m �m�†�J

�|�u�b�;�m�| �u�;�1�‹�1�t�b�m�] �‰�b�|�_�b�m �1�o�u�-�t �u�;�;�=�v�: ���l�r�o�u�|�-�m�|�t�‹�7 �0�;�1�-�†�v�; �‰�; �b�m�|�;�m�J

�|�b�o�m�-�t�t�‹ �v�-�l�r�t�;�7 �l�-�1�u�o�m�†�|�u�b�;�m�|�v �=�u�o�l �b�m�7�b�ˆ�b�7�†�-�t �=�b�v�_ �|�_�-�| �‰�;�u�; �l�o�v�| 

�7�b�ˆ�;�u�]�;�m�| �b�m �|�_�;�b�u �v�|�-�0�t�; �b�v�o�|�o�r�; �ˆ�-�t�†�;�v�7 �o�†�u �l�-�1�u�o�m�†�|�u�b�;�m�| �u�;�v�†�t�|�v 

�l�-�‹  �0�; �0�;�v�| �1�o�m�v�b�7�;�u�;�7 �|�o �r�u�o�ˆ�b�7�; �b�m�v�b�]�_�| �b�m�|�o �|�_�; �†�r�r�;�u �0�o�†�m�7 �7�b�=�J

�=�;�u�;�m�1�;�v �0�;�|�‰�;�;�m �v�o�t�b�|�-�u�‹ �-�m�7 �v�_�o�-�t�b�m�] �=�b�v�_�:

���;�|�;�u�o�v�r�;�1�b�=�b�1 �=�b�v�_ �-�u�; �-�v�v�o�1�b�-�|�;�7 �‰�b�|�_ �-�t�l�o�v�| �-�t�t A.  triostegus 

�v�_�o�-�t�v �o�m �0�o�|�_ ���-�t�l�‹�u�- ���|�o�t�t �-�m�7 ���o�]�o�u�;�- �P�$�-�0�t�; ���’ �Q�: ���v�v�o�1�b�-�|�b�o�m�v 

�o�= �r�u�;�7�-�|�o�u�‹ �-�m�7 �m�o�m�r�u�;�7�-�|�o�u�‹ �=�b�v�_ �‰�b�|�_ �v�_�o�-�t�v �o�= A. triostegus have 

�0�;�;�m �r�u�;�ˆ�b�o�†�v�t�‹ �7�o�1�†�l�;�m�|�;�7 �P���-�u�t�o�‰�7 1974�8 ���-�7�b�m �_ ���-�7�b�m�7 2011). 
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 � � � � � & � ! � � � � � � � ‘ �J���;�m�|�_�b�1 �1�o�ˆ�;�u �v�†�u�ˆ�;�‹�v 
�P�7�;�v�1�u�b�0�;�7 �b�m ���r�r�;�m�7�b�Š C) categories 
�u�;�ˆ�;�-�t�;�7 �P���Q �m�o �v�b�]�m�b�=�b�1�-�m�| �7�b�=�=�;�u�;�m�1�;�v 
�‰�b�|�_�b�m �-�m�‹ �1�o�ˆ�;�u �|�‹�r�; �;�b�|�_�;�u �0�;�|�‰�;�;�m 
���o�]�o�u�;�- ���v�t�-�m�7 �-�m�7 ���-�t�l�‹�u�- ���|�o�t�t �0�†�| �P���Q 
�- �t�o�‰�;�u �-�l�o�†�m�| �o�= �0�-�u�; �u�o�1�h�F�7�;�-�7 �1�o�u�-�t 
�-�m�7 �_�b�]�_�;�u �-�l�o�†�m�| �o�= �v�-�m�7 �b�m ���-�r�;�|�o�-�b 
�0�;�|�‰�;�;�m �=�o�1�-�t �v�b�|�;�v �‰�b�|�_�b�m ���o�]�o�u�;�- ���v�t�-�m�7 
�P�v�b�]�m�b�=�b�1�-�m�| �7�b�=�=�;�u�;�m�1�;�v �l�-�u�h�;�7 �‰�b�|�_ �-�m 
asterisk).
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 � � � � � & � ! � � � � � � � • �J�
�b�;�t�7 �v�b�|�;�v �o�m �P���Q ���-�t�l�‹�u�- ���|�o�t�t�7 �&�"�� �-�m�7 �P���Q ���o�]�o�u�;�-�7 �
�u�;�m�1�_ ���o�t�‹�m�;�v�b�-�: ���b�u�1�t�;�v �u�;�r�u�;�v�;�m�| �0�;�_�-�ˆ�b�o�u�-�t �o�0�v�;�u�ˆ�-�|�b�o�m �v�b�|�;�v�7 �-�m�7 
�v�t�†�-�u�;�v �P�v�b�|�;�v �� �-�m�7 ���7 �o�m�t�‹ �o�m ���o�]�o�u�;�- �P���Q�7 �u�;�r�u�;�v�;�m�| �v�-�l�r�t�b�m�] �v�b�|�;�v�Q�: �����" ���o�o�u�7�b�m�-�|�;�v �=�o�u �v�b�|�;�v �1�-�m �0�; �=�o�†�m�7 �b�m �7�-�|�- �u�;�r�o�v�b�|�o�u�‹ �-�| �_�|�|�r�v�9�F�F
�7�o�b�:�o�u�]�F�•�•�:�‘�”�’�“�–�F�	�–�“�u�•�•�:
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 � � � � � & � ! � � � � � � � ’ �J���b�v�|�o�]�u�-�l�v �o�= �v�-�l�r�t�;�7 �=�b�v�_ �v�b�Œ�;�v �P�v�|�-�m�7�-�u�7 �t�;�m�]�|�_ �b�m �1�;�m�|�b�l�;�|�;�u�v�Q �-�1�u�o�v�v �|�_�; �|�‰�o �v�b�|�;�v �o�m ���o�]�o�u�;�-�7 �
�u�;�m�1�_ ���o�t�‹�m�;�v�b�- �P���Q�7 �-�m�7 
�7�b�v�|�u�b�0�†�|�b�o�m �-�1�u�o�v�v �|�_�; �|�‰�o �v�o�1�b�-�t �l�o�7�;�v�9 �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ �P���Q�:
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 � � � � � & � ! � � � � � � � “ �J���Š�-�l�r�t�;�v �o�= �|�_�; �7�b�v�|�b�m�]�†�b�v�_�b�m�] �l�-�u�h�b�m�]�v �o�= Acanthurus triostegus �=�o�†�m�7 �o�m �|�_�; �u�;�;�=�v �o�= ���o�]�o�u�;�-�: �$�o�r �b�l�-�]�; �v�_�o�‰�v �- �=�b�v�_ �‰�b�|�_ 
�7�b�v�|�b�m�1�| �l�;�t�-�m�b�v�|�b�1 �=�-�1�b�-�t �l�-�u�h�b�m�]�v �-�m�7 �0�o�|�|�o�l �b�l�-�]�; �v�_�o�‰�v �- �=�b�v�_ �‰�b�|�_ �7�b�v�|�b�m�]�†�b�v�_�b�m�] �v�r�o�|�v �o�m �|�_�; �u�b�]�_�| �=�t�-�m�h�7 �7�b�v�|�b�m�1�| �v�r�o�|�|�b�m�] �-�t�o�m�] �|�_�; 
�|�_�b�u�7 �0�-�u�7 �-�m�7 �-�m �b�m�1�o�l�r�t�;�|�; �0�-�u �b�m �|�_�; �1�-�†�7�-�t �r�;�7�†�m�1�t�;�:



�•�v���o�=���‘�•�J|�J���J�M GUERRA ET AL.

� $� � � � � � � � � � � � � • �J�"�r�;�1�b�;�v �t�b�v�| �=�o�u �_�;�|�;�u�o�v�r�;�1�b�=�b�1 �=�b�v�_ �-�v�v�o�1�b�-�|�;�7 �‰�b�|�_ Acanthurus triostegus �o�m ���-�t�l�‹�u�- ���|�o�t�t �-�m�7 ���o�]�o�u�;�-

Palmyra Atoll Mo'orea

���u�;�7�-�|�o�u�‹ Aulostomus chinensis Aulostomus chinensis

Caranx melampygus Fistularia commersoni

Carcharhinus melanopterus Caranx melampygus

Cephalopholis argus

Lutjanus bohar

���o�m�J�r�u�;�7�-�|�o�u�‹ Acanthurus blochii Acanthurus guttatus

Acanthurus xanthoptherus Cantherhines dumerilii

Chlorurus frontalis Chlorurus spilurus

Chlorurus spilurus Scarus psittacus

Kyphosis sp. Siganus argenteus

Mellycthis niger

Scarus altipinnis

Scarus frenatus

Scarus oviceps

Scarus rubroviolaceus
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 � � � � � & � ! � � � � � � � ” �J�P�� �-�m�7 ���Q �$�‰�o �v�_�o�-�t�b�m�] Acanthurus triostegus �v�b�]�_�|�;�7 �b�m �‘�•�•�– �P�=�b�u�v�| �1�o�t�†�l�m�Q �-�m�7 �|�_�;�b�u �r�o�|�;�m�|�b�-�t �u�;�v�b�]�_�|�v �b�m �‘�•�‘�• �‰�b�|�_ �]�u�o�‰�|�_ 
�|�o �l�;�t�-�m�b�v�|�b�1 �r�-�|�|�;�u�m�v�: �
�b�v�_ �� �v�_�o�‰�v �- �=�b�v�_ �‰�b�|�_ �- �7�-�u�h �l�o�|�|�t�b�m�] �|�_�-�| �1�o�m�|�-�b�m�v �- �t�b�]�_�| �ˆ�-�1�†�o�†�t�; �-�=�|�;�u �|�_�; �v�;�1�o�m�7 �0�-�u�7 �- �|�_�b�1�h �|�_�b�u�7 �0�-�u�7 �-�m�7 
�- �m�o�|�1�_ �o�m �|�_�; �ˆ�;�m�|�u�-�t �v�b�7�; �o�= �|�_�; �1�-�†�7�-�t �=�b�m �b�m �‘�•�•�–�: ���m �‘�•�‘�• �|�_�; �1�-�†�7�-�t �=�b�m �m�o�|�1�_ �b�v �v�|�b�t�t �r�u�;�v�;�m�|�7 �|�_�; �|�_�b�u�7 �0�-�u �-�r�r�;�-�u�v �- �0�b�| �|�_�b�1�h�;�u�7 �-�m�7 
�|�_�; �l�o�|�|�t�b�m�] �0�;�_�b�m�7 �|�_�; �v�;�1�o�m�7 �0�-�u �_�-�v �]�u�o�‰�m�7 �0�†�| �|�_�; �ˆ�-�1�†�o�t�; �b�v �v�|�b�t�t �r�u�;�v�;�m�|�: �
�b�v�_ �� �b�m �‘�•�•�– �_�-�v �7�-�u�h �r�-�|�|�;�u�m�v �-�t�o�m�] �|�_�; �m�o�v�; �-�m�7 �b�m �|�_�; 
�=�o�u�;�_�;�-�7 �-�u�;�- �0�;�|�‰�;�;�m �|�_�; �=�b�u�v�| �-�m�7 �v�;�1�o�m�7 �0�-�u�7 �|�_�b�m �0�-�u�v �-�t�o�m�] �|�_�; �0�o�7�‹�7 �-�m�7 �|�_�;�m �- �|�_�b�1�h �v�|�u�b�r�; �o�= �l�o�|�|�t�b�m�] �0�;�|�‰�;�;�m �|�_�; �”�|�_ �-�m�7 �u�|�_ �0�-�u�v�7 
�;�Š�|�;�m�7�b�m�] �o�†�| �b�m�|�o �|�_�; �1�-�†�7�-�t �r�;�7�†�m�1�t�;�: �$�_�; �7�o�u�v�-�t �v�b�7�; �o�= �|�_�; �1�-�†�7�-�t �=�b�m �-�t�v�o �_�-�v �7�-�u�h �l�o�|�|�t�b�m�]�: ���m �‘�•�‘�• �|�_�; �=�-�1�b�-�t �l�-�u�h�b�m�]�v �-�r�r�;�-�u �|�o �_�-�ˆ�; 
�]�u�o�‰�m �|�o �-�t�l�o�v�| �=�†�t�t�‹ �o�1�1�†�r�‹ �|�_�; �-�m�|�;�u�b�o�u �v�b�7�; �o�= �|�_�; �v�;�1�o�m�7 �0�-�u�: �$�_�; �v�|�u�b�r�; �-�t�o�m�] �|�_�; �r�o�v�|�;�u�b�o�u �;�m�7 �-�r�r�;�-�u�v �v�b�l�b�t�-�u�7 �-�t�|�_�o�†�]�_ �|�_�; �1�-�†�7�-�t �=�b�m 
�_�-�v �0�;�;�m �7�-�l�-�]�;�7 �-�m�7 �b�| �b�v �m�o�| �r�o�v�v�b�0�t�; �|�o �-�v�v�;�v�v �|�_�; �l�-�u�h�b�m�]�v �-�t�o�m�] �b�|�v �7�o�u�v�-�t �v�b�7�;�: �P���Q �� �v�o�t�b�|�-�u�‹ A. triostegus sighted in 2019 and potential 
�u�;�v�b�]�_�| �b�m �‘�•�‘�‘ �‰�b�|�_ �v�-�l�; �l�;�t�-�m�b�v�|�b�1 �r�-�|�|�;�u�m�v�: �$�_�; �=�b�v�_ �v�_�o�‰�v �-�m �b�m�|�;�u�u�†�r�|�b�o�m �-�t�o�m�] �|�_�; �7�o�u�v�-�t �r�o�u�|�b�o�m �o�= �|�_�; �”th�7 �-�m �b�m�1�o�l�r�t�;�|�; �0�-�u �b�m �-�| �|�_�; 
�1�-�†�7�-�t �r�;�7�†�m�1�t�;�7 �-�m�7 �o�|�_�;�u�‰�b�v�; �1�o�l�r�t�;�|�; �0�-�u�v �‰�b�|�_ �m�o �l�o�|�|�t�b�m�]�:

(a)

(c)

(b)
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� $� � � � � � � � � � � � � ’ �J���;�v�| �=�b�| �t�b�m�;�-�u �l�b�Š�;�7 �l�o�7�;�t�v �=�o�u �;�Š�r�t�-�b�m�b�m�] �ˆ�-�u�b�-�|�b�o�m �b�m �7�b�v�|�-�m�1�; �|�u�-�ˆ�;�t�;�7 �-�m�7 �–�”�w ���&�	 �=�o�u �v�_�o�-�t�b�m�] Acanthurus triostegus

Distance traveled �–�”�w�����&�	

Fixed effect Estimate SE t-value Estimate SE t-value

���m�|�;�u�1�;�r�| �–�:�’�” �‘�:�•�” �“�:�”�” �’�:�–�” 0.23 17.36

�"�_�o�-�t �v�b�Œ�; �J �J �J �J �J �J

Random effect Variance SD Variance SD

�$�b�l�; �o�= �7�-�‹ 1.78 1.33 0.00 0.06

���v�t�-�m�7 6.42 �‘�:�”�’ 0.04 0.21

�"�b�|�; �P�‰�b�|�_�b�m �b�v�t�-�m�7�Q 0.33 �•�:�”�• 0.23 0.48

� $� � � � � � � � � � � � � “ �J�"�†�l�l�-�u�‹ �o�= �l�;�-�m �-�m�7 �v�|�-�m�7�-�u�7 �7�;�ˆ�b�-�|�b�o�m �P�"�	�Q �o�= �r�u�o�r�o�u�|�b�o�m �o�= �|�b�l�; �v�r�;�m�| �]�u�-�Œ�b�m�] �-�m�7 �]�u�-�Œ�b�m�] �‰�b�|�_�b�m �_�;�|�;�u�o�v�r�;�1�b�=�b�1 �|�;�u�u�b�|�o�u�b�;�v 
�=�o�u �v�_�o�-�t�v �-�m�7 �v�o�t�b�|�-�u�‹ Acanthurus triostegus�7 �-�m�7 �r�u�o�r�o�u�|�b�o�m �o�= �-�t�t �=�o�t�t�o�‰�v �7�†�u�b�m�] �‰�_�b�1�_ �r�u�;�7�-�|�o�u�‹ �-�m�7 �m�o�m�J�r�u�;�7�-�|�o�u�‹ �=�b�v�_ �‰�;�u�; �-�v�v�o�1�b�-�|�;�7�:

Observation

Shoals Solitary

Mean SD Mean SD

���u�-�Œ�b�m�] �P�r�u�o�r�o�u�|�b�o�m �o�= �=�o�t�t�o�‰�Q ���-�t�l�‹�u�- ���|�o�t�t �•�:�”�v 0.17 �•�:�”�• 0.24

Mo'orea 0.62 0.14 0.6 0.17

�$�;�u�u�b�|�o�u�b�-�t �b�m�ˆ�-�v�b�o�m�v �P�r�u�o�r�o�u�|�b�o�m �o�= �]�u�-�Œ�b�m�] �;�ˆ�;�m�|�v�Q���-�t�l�‹�u�- ���|�o�t�t 0.9 0.12 0.02 0.04

Mo'orea 0.83 0.16 0.13 0.14

���o�m�J�r�u�;�7�-�|�o�u�‹ �=�b�v�_ �-�v�v�o�1�b�-�|�b�o�m�v �P�r�u�o�r�o�u�|�b�o�m �o�= �-�t�t �=�o�t�t�o�‰�v�Q���-�t�l�‹�u�- ���|�o�t�t �•�:�–�” 0.23 0 0

Mo'orea 0.71 0.46 0 0

���u�;�7�-�|�o�u�‹ �=�b�v�_ �-�v�v�o�1�b�-�|�b�o�m�v �P�r�u�o�r�o�u�|�b�o�m �o�= �-�t�t �=�o�t�t�o�‰�v�Q���-�t�l�‹�u�- ���|�o�t�t 1 0 0 0

Mo'orea 0.24 0.44 0 0

� $� � � � � � � � � � � � � ” �J�)�b�t�1�o�Š�o�m�J�u�-�m�h �v�†�l �|�;�v�| �u�;�v�†�t�|�v �=�o�u �1�o�l�r�-�u�b�m�] Acanthurus triostegus �v�b�Œ�; �0�;�|�‰�;�;�m �|�_�; �|�‰�o �1�o�t�t�;�1�|�b�o�m �v�b�|�;�v �-�m�7 �|�‰�o �v�o�1�b�-�t 
�l�o�7�;�v �P�v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹�Q

W p-value

�"�b�|�;�v 1280 .21

�"�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �•�“�•�’�:�” �:�–�”

� $� � � � � � � � � � � � � ‘ �J���u�;�7�b�1�|�o�u�v �-�m�7 �b�m�|�;�u�-�1�|�b�o�m�v �|�;�v�|�;�7 �=�o�u �=�b�m�7�b�m�] �0�;�v�|�J�=�b�| �l�o�7�;�t�v �b�m �-�m�-�t�‹�v�;�v

Analysis Fixed effects Random effects

���b�m�;�-�u �l�b�Š�;�7 �l�o�7�;�t �P�7�b�v�|�-�m�1�; �|�u�-�ˆ�;�t�;�7�7 �–�”�w ���&�	�7 �|�;�u�u�b�|�o�u�b�-�t �b�m�ˆ�-�v�b�o�m�v�7 �m�o�m�J�r�u�;�7�-�|�o�u�‹ �-�m�7 
�r�u�;�7�-�|�o�u�‹ �=�b�v�_ �-�v�v�o�1�b�-�|�b�o�m�v�Q

�"�o�1�b�-�t �0�;�_�-�ˆ�b�o�u ���v�t�-�m�7

�"�b�|�; �P�‰�b�|�_�b�m �b�v�t�-�m�7�Q

�$�b�l�; �o�= �7�-�‹

���b�m�;�-�u �l�o�7�;�t�v �P�v�|�-�0�t�; �b�v�o�|�o�r�;�v�7 �l�-�1�u�o�m�†�|�u�b�;�m�|�v�Q �"�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �J

�"�b�Œ�; �P�"���Q

�"�b�|�;

�"�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �V �v�b�|�;

� $� � � � � � � � � � � � � u �J���;�v�| �=�b�| �t�b�m�;�-�u �l�o�7�;�t�v �=�o�u �;�Š�r�t�-�b�m�b�m�] �ˆ�-�u�b�-�|�b�o�m �b�m ��•�”�� �-�m�7 ��•�’�� �v�|�-�0�t�; �b�v�o�|�o�r�; �ˆ�-�t�†�;�v �o�= �l�†�v�1�t�; �|�b�v�v�†�; �o�= �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ 
Acanthurus triostegus

� �•�”�� � 13Ca

Coefficient Estimate SE t-value p-value Estimate SE t-value p-value

���m�|�;�u�1�;�r�| 4.87 0.67 7.26 .00 �´�”�:�–�• 1.08 �´�”�:�”�v .00

�"�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �P�v�o�t�b�|�-�u�‹�Q�•�:�’�” 0.1 3.43 .001

�"�� �P�1�l�Q �•�:�•�” 0.06 2.64 .01 �´�•�:�“�” 0.10 �´�”�:�”�v .00

�"�b�|�; �P���Q �´�•�:�”�“ 0.16 �́ �‘�:�‘�“ .03

a�$�_�;�v�; �l�o�7�;�t�v �b�m�1�t�†�7�; �-�t�t �v�b�Œ�; �=�b�v�_�:



�‘�•���o�=���‘�•�J|�J���J�M GUERRA ET AL.

� $� � � � � � � � � � � � � • �J���;�Š�| �0�;�v�|�J�=�b�| �P� �������1�S<�S�‘�Q �t�b�m�;�-�u �l�o�7�;�t�v �=�o�u �;�Š�r�t�-�b�m�b�m�] �ˆ�-�u�b�-�|�b�o�m�v �b�m �v�|�o�l�-�1�_ �1�o�m�|�;�m�| �-�m�7 �=�;�1�-�t �l�-�1�u�o�m�†�|�u�b�;�m�|�v �P�r�u�o�|�;�b�m�v �-�m�7 
�t�b�r�b�7�v�Q �=�o�u �v�_�o�-�t�b�m�] �-�m�7 �v�o�t�b�|�-�u�‹ A. triostegus�: ���;�v�| �=�b�| �l�o�7�;�t �r�u�;�v�;�m�|�;�7 �b�m �l�-�b�m �|�;�Š�|

Coefficient

protein lipids

Estimate SE t-value p-value Estimate SE t-value p-value

�"�|�o�l�-�1�_ �• ���m�|�;�u�1�;�r�| 20.10 2.48 8.11 .00 �́ �•�:�u�u 4.26 �´�•�:�’�– .70

�"�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �P�v�o�t�b�|�-�u�‹�Q�́ �‘�:�“�’ 3.61 �´�•�:�u�v �:�” �J �J �J �J

�"�� �P�1�l�Q �J �J �J �J �•�:�”�– 0.36 �•�:�u�” .11

�"�o�1�b�-�t�9�v�b�|�; �P�v�o�t�o�9���Q 6.26 �”�:�• 1.23 .23 �J �J �J �J

�"�b�|�; �P���Q 2.68 3.6 0.74 .46 �́ �•�:�•�• �•�:�”�” �́ �‘�:�•�“ �:�•�”

�"�|�o�l�-�1�_ �‘ ���m�|�;�u�1�;�r�| �”�:�•�” �•�:�”�“ 9.46 .00

�"�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �P�v�o�t�b�|�-�u�‹�Q �•�:�’�” 0.77 �•�:�“�” �:�u�”

�"�� �P�1�l�Q �J �J �J �J

�"�o�1�b�-�t�9�v�b�|�; �P�v�o�t�o�9���Q �́ �•�:�”�‘ 1.10 �́ �•�:�’�v .18

�"�b�|�; �P���Q �´�•�:�“�’ 0.79 �´�•�:�”�“ �:�”�–

�"�|�o�l�-�1�_ �’ ���m�|�;�u�1�;�r�| �”�:�”�‘ 0.48 �•�•�:�”�• .00

�"�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �P�v�o�t�b�|�-�u�‹�Q �´�•�:�’�– �•�:�”�u �´�•�:�•�• .49

�"�� �P�1�l�Q �´ �´ �´ �´

�"�o�1�b�-�t�9�v�b�|�; �P�v�o�t�o�9���Q �´ �´ �´ �´

�"�b�|�; �P���Q �́ �•�:�‘�• �•�:�”�u �́ �‘�:�•�• .04

�"�|�o�l�-�1�_ �“ ���m�|�;�u�1�;�r�| �´�•�:�’�” 1.47 �´�•�:�•�v .94

�"�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �P�v�o�t�b�|�-�u�‹�Q 0.13 0.78 0.17 .87

�"�� �P�1�l�Q 0.47 0.38 1.24 .22

�"�o�1�b�-�t�9�v�b�|�; �P�v�o�t�o�9���Q �́ �•�:�•�u 1.16 �´�•�:�–�• .37

�"�b�|�; �P���Q �´�•�:�”�v 0.80 �´�•�:�•�’ .47

�"�|�o�l�-�1�_ �” ���m�|�;�u�1�;�r�| 1.43 4.30 �´�•�:�’�’ .74

�"�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �P�v�o�t�b�|�-�u�‹�Q �´�•�:�’�v �•�:�”�” �́ �u�–�:�•�• .49

�"�� �P�1�l�Q �•�:�”�– 0.36 1.63 .11

�"�o�1�b�-�t�9�v�b�|�; �P�v�o�t�o�9���Q �´ �´ �´ �´

�"�b�|�; �P���Q �́ �•�:�•�• �•�:�”�” �́ �‘�:�•�• �:�•�”

Feces 1 ���m�|�;�u�1�;�r�| 8.23 �•�:�’�” 11.12 .27 13.34 �”�:�u�v �‘�:�’�” .03

�"�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �P�v�o�t�b�|�-�u�‹�Q2.36 1.3 1.81 .08 �́ �•�:�•�• �•�:�•�” �́ �•�:�u�‘ .12

�"�� �P�1�l�Q �•�:�•�” 0.63 0.24 .81 �´�•�:�u�” 0.49 �́ �•�:�’�“ .19

�"�o�1�b�-�t�9�v�b�|�; �P�v�o�t�o�9���Q �´�u�:�•�– 1.9 �´�’�:�‘�• .01 �•�:�”�’ 1.48 1.03 .31

�"�b�|�; �P���Q 3.17 1.26 �‘�:�”�• .02 �́ �‘�:�‘�” 1.01 �́ �‘�:�‘�“ .03

Feces 2 ���m�|�;�u�1�;�r�| �•�“�:�“�” �”�:�“�v 2.64 .01

�"�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �P�v�o�t�b�|�-�u�‹�Q �J �J �J �J

�"�� �P�1�l�Q �´�•�:�v�• 0.46 �́ �•�:�•�• .09

�"�o�1�b�-�t�9�v�b�|�; �P�v�o�t�o�9���Q �J �J �J �J

�"�b�|�; �P���Q �́ �•�:�”�‘ 0.70 �́ �‘�:�•�u .04

Feces 3 ���m�|�;�u�1�;�r�| �•�”�:�•�“ �”�:�“�” 2.76 .01

�"�o�1�b�-�t �0�;�_�-�ˆ�b�o�u �P�v�o�t�b�|�-�u�‹�Q �´�•�:�v�v 0.69 �́ �•�:�‘�v .21

�"�� �P�1�l�Q �´�•�:�v�’ 0.46 �́ �•�:�v�‘ .08

�"�o�1�b�-�t�9�v�b�|�; �P�v�o�t�o�9���Q �J �J �J �J

�"�b�|�; �P���Q �́ �•�:�”�• 0.70 �́ �‘�:�•�” .04



�J�M�J |�J �‘�•���o�=���‘�•GUERRA ET AL.

� � � � � � � � � � � 	 � � � * � � � �

� � � : � • �J �G�J�" �† �u �ˆ � ; � ‹ �v � � �o �=� � �0 � ; �m� | �_ �b �1� � �1 �o�ˆ � ; �u � � � - � | � � � ˆ � - �u �b �o �† �v� � �v �1 �- � t � ; �v

�$�o �†�m�7�;�u�v�|�-�m�7 �_�o�‰ �ˆ�-�u�b�-�|�b�o�m �b�m �=�o�u�-�]�b�m�] �0�;�_�-�ˆ�b�o�u �l�-�‹  �_�-�ˆ�; 

�0�;�;�m �b�m�=�t�†�;�m�1�;�7 �0�‹ �ˆ�-�u�b�-�|�b�o�m �b�m �0�;�m�|�_�b�1 �_�-�0�b�|�-�|�v �-�1�u�o�v�v �-�m�7 

�‰�b�|�_�b�m �b�v�t�;�|�v �‰�; �†�|�b�t�b�Œ�;�7 �;�Š�b�v�|�b�m�] �0�;�m�|�_�b�1 �7�-�|�- �P���-�t�l�‹�u�- ���|�o�t�t �1�o�t�J

�t�;�1�|�;�7 �b�m �‘�•�•�u�Q �v�†�r�r�t�;�l�;�m�|�;�7 �‰�b�|�_ �m�;�‰ �0�;�m�|�_�b�1 �7�-�|�- �1�o�t�t�;�1�|�;�7 

�‰�b�|�_ �b�7�;�m�|�b�1�-�t �l�;�|�_�o�7�v �0�‹ �|�_�; �v�-�l�; �o�0�v�;�u�ˆ�;�u�v �-�| ���o�]�o�u�;�- ���v�t�-�m�7 

�P�‘�•�‘�‘�Q�: ���m �0�u�b�;�= �1�o�ˆ�;�u �‰�-�v �v�†�u�ˆ�;�‹�;�7 �-�1�u�o�v�v �- �v�;�u�b�;�v �o�= �•�u �v�t�†�-�u�; 

�t�†�-�7�u�-�|�v �P�;�-�1�_ �•�S�l2�Q �v�r�-�1�;�7 �;�ˆ�;�u�‹ �”�S�l �-�t�o�m�] �- �•�•�•�S�l �0�;�t�| �|�u�-�m�J

�v�;�1�|�7 �‰�b�|�_ �|�_�; �|�u�-�m�v�;�1�| �|�‹�r�b�1�-�t�t�‹ �o�u�b�;�m�|�;�7 �r�-�u�-�t�t�;�t �|�o �|�_�; �u�;�;�= 

�1�u�;�v�|�: �
�o�u �|�_�; �b�m�|�;�u�J�b�v�t�-�m�7 �1�o�l�r�-�u�b�v�o�m�v�7 �- �|�o�|�-�t �o�=�S�•�’ �0�-�1�h�u�;�;�= 

�v�b�|�;�v �‰�;�u�; �†�v�;�7 �P���-�t�l�‹�u�- ���|�o�t�t =   7, Mo'orea  =  �u�Q �‰�b�|�_�S�|�_�; �ˆ�-�t�J

�†�;�v �o�= �-�t�t �•�u �t�†�-�7�u�-�|�v �r�o�o�t�;�7 �-�| �|�_�; �v�b�|�; �t�;�ˆ�;�t �r�u�b�o�u �|�o �-�m�-�t�‹�v�b�v�: 

���b�ˆ�;�m �|�_�; �ˆ�;�u�‹ �v�l�-�t�t �v�r�-�|�b�-�t �v�1�-�t�; �o�= �v�|�†�7�‹ �v�b�|�;�v �‰�b�|�_�b�m ���o�]�o�u�;�-�7 

�=�o�u �|�_�; �b�m�|�u�- �b�v�t�-�m�7 �1�o�l�r�-�u�b�v�o�m �-�| ���o�]�o�u�;�- �|�_�; �t�†�-�7�u�-�|�v �-�u�; �b�m�J

�v�|�;�-�7 �|�u�;�-�|�;�7 �-�v �b�m�7�;�r�;�m�7�;�m�| �u�;�r�t�b�1�-�|�;�v �P�m =   16 per site). This 

�0�;�m�|�_�b�1 �7�-�|�- �‰�-�v �1�o�t�t�;�1�|�;�7 �-�v�‹�m�1�_�u�o�m�o�†�v�t�‹ �‰�b�|�_ �=�b�v�_ �v�†�u�ˆ�;�‹ �7�-�|�- 

�-�m�7 �m�o�| �-�| �|�_�; �v�-�l�; �|�b�l�; �-�| �|�‰�o �v�b�|�;�v �t�b�l�b�|�b�m�] �v�|�u�;�m�]�|�_ �o�= �1�o�l�J
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