
� � �� � �� � � � �� � � � � � � � �� ��� � � � ��
� �� � �� � � � � � � �� � �� �� � �� � � � �� � �
� � � � �� � � � ��� � ��� � ��� �
�� � � �� � ��� � � � � �
� � �� � � � � � � �� ��� � � � �� � � �� � � � �� � �� � � � ��� � � � � � � � � � � � � �� � � � � � ���� � � �� � � � � �� � � �
� � �� �� � � � � �� � � � � � � � � � � � � � � � � � � �� � � � � ��� �� � � � �� � �� � � ���� � � � � � � � � � ��� � �� � � � � � � �

� � �� � � � �� ��� �� ������ � � � � �

� � � � �� �� ��� �� � �� � �� � � � �� � � �� �� � �� ���� ��� � � � � �� � � �� � � � � � � � �� � �� ��� �� �� ���� ��� � � � � �� � ��� � ���� �� � � � �� � � �� �� � � � ��� � � � �� �� �� � � ��

� ��� � � � �� �� � �� � � �� � �� � � � ��� � � � � �� � � � � � � � �� ��� � �� � � � � � �� �� � � � �� � �� ��� �� � � � � � ���� � � �� � � ��� � � � �� �� � �� � � � �� ���� ��

� � � ���� ��� � �� � � �� ��� � � � �� � � � �� � �� � � � � � �� �� � � � �� � �� ��� �� � � �� � ���� �� � � �� � � ��� � � � �� �� � �

� �� � � �� � � �� �� ��� � � � � �� ��� � � � � � � � �� � � �� �� � � �� � � � � � � � ��� ��� � � �� �� �� � �� � ��� � �� � � �� � � � ��

�� � � �� � �� �� �� � � �� � � �� �� � � � � �� ��� � �� � �� � �� � � �� � � � � � ��� � � ���� �� � � �� � � � � � � � �� �� � �� � � �

� � � �� � � � � ��� �� � �� ��� � � � � �� � �� � � ��� � � � �� �� � � �� � �� �� � �� � �� �� � � ��� � � ��� ��� � � � �� ��

� � � �� ��� � ��� � � �� �� � �� � � ��� � �� �� � � ���� � � � ��� � ��� � � � �� �� � ��� � ��� � � � �� � � � ����� � �� ���� � � � � ���� � �

� � �� � � �� ���� �� �� � � �� � �� �� �� �� � � ��� � �� � � � �� � ��� � �� � �� ���� � � �� � �� ����� � �� �� � � � � � ��� � � ���� � � � �

��� � � � �� � � � �� � � �� � ��� � � �� � � � � ��� � ���� ��� ��� � � � �� � ��� � ��� �� � � �� � � �� ��� � �� � � � ��� �� � � �� �� � � ��

� � ��� � � �� �� � � � � � �� � ���� � �� ��� ��� �� � �� � �� � � �� ��� � �� � ��� � �� � � � � � � � � �� �� � � � � �� �� ��� � � �� � �� � ��

� �� �� � ��� � ���� � �� ����� �� � � � � �� � � ���� � � � � ��� ��� � � � ��� ���� � � �� � �� ���� � � �� � � ��� ��� ��� ��� � ��� �� �

�� � � � � �� � �� �� � ��� � ��� ���� � ��� � � � � �� ��� � ���� � � �� � � �� � � � � �� � ��� �� � ��� � � � � �� ��� � � � � �� � � � ��

� ���� � �� ��� ��� ��� � � ��� ���� �� � �� ���� � � � �� � �� �� � � �� � ��� � �� � � � �� ��� � � ��� � � �� � �� ���� � �� � �� � �� ������� �

�� � ���� � � ���� �� � � � �� �� � �� � � ����� �� � � � � �� � � � ��������� �� � �� � ��� � �� � �� ��� � � � � ��� � � � � �� � ��� ���� � �� �

� ��� � � ���� � �� � � ��� � � � ���� � � �������� �� � � �� � ��� � � �� �� � �� � ��� � �� � �� ���� � � � � �� � �� � � � � � � �� ��� � � ��

� � �� �� � � �� � �� ��� � � ���� � � � � � � � �� � � � � � � �� �� � � � � � � � �� � �� �� � � � � ��� ���� ��� �� � �� �� � ��� � �� � ��� �

� � � � � � ��� ��� � � � � � � � � ����� � � � � �� � �� �� �� � � � ���� �� �� � �� � � ��� ��� �� �� � � � � � � � � ��� �� � ��� � � �� � �

�� � � �� � � �� � �� � ��� � �� � ��� � � �� � �� � �� � �� � � � �� �� � � � � �� � � �� � � �� �� � �� � �� � �� ��� � � � � �� � ��

�� � � � � � �� � � � �� � � �� � � � � � �� ��� � �� � �� �� � � �� � � � � �� �� � � �� �� �� �� � ��� �� � � �� � �� ��� ��� � � � ���� �

� �� � ��� �� � �� �� � �� ���� � ��� � � � � �� �� � ��� �� � � � �� �� � � � ��� ��� � � � � � �� � � � ����� � � � � �� �� �� � � �� � �� �

�� � � �� � � �� �� � � ���� �� � �� � ��� � ��� � � �� � � � � ��� ��� � � � � � �� �� � � �� � � � � �� � ��� �� �� � �� � �� �� � �

� � �� � � � � �� � �� � �� � ���� � � � � � � � �� � �� � �� ��� �� � � � � � �� � � ��� �� � � �� � � � ��� � � � � � �� �� � � � �

� �� � � � �� �� � �� � �� � �� �� � � � �� �� � ��� � �� � � � � � � �� �� �� � � �� � � �� �� � � ��� � �� � �� � ���� � �� � � � �

� � � �� � �� � �� ��� � �� ��� � � � � � � � �� � �� � ��� �� � � � �� �� � �� �� � � � � � �� � � � �� � � �� � �� � �� ���� � �� � � �� � �� �

���� ��� �� � � �� � � � � ���� � � � � � �� �� � � � � � � � �� � � � � � �� ��� � � � � �� � � � �� �� � �� � � � ��� ��� � �� � � ��� ��� �

� �� �� � � � ��� � �� � � �� � � � �� � � �� � � � � � � � � ��� � � � � � � �� �� �� � � �� � � ��� � �� ��� � � � � � �� � �� � �� � �� ��

�� � ��� �� ��� � � � ��� � � � � �� � � � �� � � � � ���� � ��� �� �� �� �� � � � � �� � � � �� �� � �� � � �� �� � � ���� �� �� � � � � � ��

� ��� � � � � ��

� �� � � �� � � � � � �� ��

� � �� �� � � � � �� �� � � � �� � �� ��� ��

� ��� � � � �� �� � �

� � �� � � � � � � ��

� � �� � � � � � � � �� �� � � � � � �� � ��

� ���� � � �� � � � �� � �� � � � �

�� � � � � � � � � � � � ����

� �� � �� � � � �� ���� � ���� �� �� �� � � � � ��� �

� �� � � � �� � � �� � � � � � �� � � �� � � ��� � ��� � � �

� � ��� � � � � � � � � � ��

� � �� � � � � � � �� ��� �

� � �� � �� � � � �� ��� � �� � � �� � �����

� � � �� ��� �� � � ��� � ��

� �� �� ���� �� � � � � �� � � � ���� � ��� �

� � � � � � � � � �� � ��� � ��

�� � � ��� � �� ���� � ��� � �� � ��

�� � ��� �� ��� � � � ��� � � � � �� � � � �

� � � �� � � �� � �� � � �� � �� �� � � � �

� � � � �� � �� � � � � � �� � � � �

� � ��� � � � �� � �� � � � �� � � � �

��� ��� � ��

� � � �� ��� �� �� � �� � � � � � � ���� ��

� � � � � �� � � �� � � � �� � � � ��

� � �� � � � � �� � � �� � � �� � ���� � � � � � ��

� � � � � � � �� � � � ��� � � � �� �� ��� � � � ��

� � �� � ��� � � �� � � � � � � � �� ��� � �� ��

� �� � �� � � � � � � �� � �� �� � �� � � � �� � � � � � � � ��

� � ��� � ��� � ��� � � �� � � �� � ��� � � � � ��

�� � ��� � � ��� � � ���� �� � � � � � ��

� ���� � �� � � � ��� � �� �� � � � �� � � � � � �

� �� �� � � � � � � � � � � � �
� � ��� � � � ��� � �� � � � �� � � � �

� ���� � �� � � � ��� � �� �� � � � �� � � � � � �

https://www.frontiersin.org/articles/10.3389/fmars.2022.870005/full
https://www.frontiersin.org/articles/10.3389/fmars.2022.870005/full
https://www.frontiersin.org/articles/10.3389/fmars.2022.870005/full
https://www.frontiersin.org/articles/10.3389/fmars.2022.870005/full
https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fmars.2022.870005
https://www.frontiersin.org/marine-science#editorial-board
https://www.frontiersin.org/marine-science#editorial-board
https://doi.org/10.3389/fmars.2022.870005
https://www.frontiersin.org/journals/marine-science
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2022.870005&domain=pdf&date_stamp=2022-06-06


� � �� � � ��� � �� � �� � �� ��� � � � ���� � �� �� ��� � ��� � ���� � �� ��� �� � ��� � � � � � � �� � �� � ��� � �� � �� ���� � � � � �

� � �� � � � � � �� �� �� � � �� �� � � � �� �� � �� � � � � �� ��� �� �� � �� � � �� � � �� �� � �� � � ��� � � �� �� � �� �� � ��

�� � � �� � ��� � � �� � �� � � �� � � ���� � � � � �� ���� �� �� � � �� � �� � � � �� �� � �� � � � � � � � � � � ��� �� � �� � ��

� � � � �� � �� � �� � � �� � ��� � � � � ���� ��� ���� � � � � � �� � � � � �� � ���� � � � �� � � � � � �� ��� � �� � � �� � �� � � �� � ��� � ��� � � � � �� ��� � � ��� � � �� ��

� �� � �� ��� � � � � �� ��� �� �� � �

��� � � � � � � � �� � �

�� �� � �� � � �� � ��� � � �� � � � � � � �� � �
�� � � � � � �� � � �� � �� � �
�� � � �� � �� �� � � � � �� � � �� �� � �� � � � �� ��� � �� � �� � �� � � �� � � � � ��
� � �� �� � �� � ��� �� � � �� � �� � � �� � �� ��� � �� � � ��� �� �� � ��� � � � ��� � ���� ��
� � ����� � �� ���� � � � ��� � ������ � ���� �� � � �� ����� �� ����������� � � � ��� � ����
� � �� � ����� ��� � � � � �� �� � � � � � � � ��� �� �� � � �� ���� � � � � ��� � � � �� � � �� � �
� ����������� � � �� ���� � �� � �� � � � �� � � �� � �� � � �� � ��� � �� �� � � ����� � � �� �
� � � ������ �� ��� � � � � � � �� � ���� � � � � �� � � ��� �� � ����������� � � � ��� � ����
�� � � �� � � � � � � � ��� ��� � � �� �� �� � �� � ��� � �� � � �� � � � ��� � � � � ��� ��� � �
�� � � �� �� � �� � � �� ��� � � �� �� � � � � � � ����� � � � � �� � � � � ����� � ��� � � � � ��
�� � � �� � �� � � � ���� ��� �� � � ��� ��� �� � �� � �� �� �� � ��� �� � � � � � � �� �
�� � � ��� � � � � � �� � ��� ��� ����� � � � � �� � � ��� � � � �� �� � � � �� �� � � �� ��
� � �� �� �� � � �� � � �� � �� � � � � �� ���� � � � � � �� � ��� � ��� � � � � � �� �� ��� ����
� � � � �� � �� � � �� � ���� � �� � � �� � �� �� � �� � � � � ��� �� � � �� � �� � � � ��� � �
� ���� � � � ���� � � � � ��� � � � �� �� ���� �� � � ��� ��� ��� � � � �� � � �� � � �� � ��� �
� �� � ��� ��� � � � � � ���� � ��� � � � ��� ��� � � ���� � � � �� �� ��� ����� � � � � ��

� � �� � � � ���� � �� � � � ��� �� � �� �� � � �� � �� �� � � ��� � ��� � � �� � ���� �� �
�� � ��� � � ��� � � � � � ���� � ���� � � � � ��� ��� � �� �� ���� � ��� ��� � �� � �� �� � � � � �
�� � �� � � �� � �� ����� � ��� �� ��� � �� �� ������� � � ���� ��� � ��� � ��� �� ��� � � �� � � �
� � �� � ��� � ���� � � � � � � � �� � � �� ��� ����� � � � � � �� � � � � � �� � � �� � ����
� � � � � � � � � �� �� ��� ����� � � � � �� � � � ��� �� � ��� �� � � ��� ��� � � �� � �� � � � �
� � ���� � �� �� �� � �� � � � ��� �� � �� �� � � ����� �� �� � �� �� � ��� � �� �� � �� � �� � ���
� ���� ��� ��� ����� � ��� � �� ��� �� � � � ��� � �� � � �� � � ��� ��� � �� � ����� � �� � � �� �
���� � �� ��� ��� ���� � ��� � ����� � ��� � ���� � ��� � � � �� ���� � ��� ���� � � � ����� � ��
� �� � ��� ��� �� ��� � �� �� � ��� � � � � ���� � � � �� � ��� � �� � ����� ��� � ��� � � �� �
�� � � � �� �� ��� ����� � � � � �� � � �� � � � ���� �� � � ��� � �� � � � �� � ���� �� ��
� � � � ��� �� � �� � ���� �� � � �� � � ��� � �� ���� � � � � �� �� ��� ��� � � �� � � ��� � �
���� �� � � � �� � � �� ��� � ���� � � � � � ��� �� � � � �� ��� ����� � � � � ���� � �� � ��� �� ��
� � ��� �� � �� � �� �� � � �� � �� �� � �� � � � � � � � � � � ��� �� � � � � � � �� � �� �� � ��
� � � � �� � � �� � � ��� �� � � � � ��� � �� � � ���� �� � � �� � �� �� � � � � �� � � �� � �
� ���� � �� ��� ��� � � � �� � ��� �� � � �� ��� � � ��� �� ��� � � � �� ��� � �� � � � �� �� � �
� � ��� �� � �� �� � � �� � � ��� � ���� �� �� � ��� �� ��� � ��� � � ���� � ��� � � � ��

� ��� ��� �� � ��� � �� �� �� � � �� � �� ������ � ��� � �� � ��� �� ��� �� ��� �� �� � � �
� ����� ��� �� ��� �� � ����� �� � ��� �� ����������� � � � � � � � � � ������������� � � � �
���� � �� ������ ����� � � � � � � � �� � �� �� ��� ����� � � � �� �� � � � � �� ��� ����� � � � � ��
� � � ��� � � �� ���� �� � �� ��� � � � �� � ��� � � �� �� � � � � ��� � �� �� ������ � ��� � ��
� �� � ���� � �� ���� ��� � � � �� � � �� � ��� � ��� � � �� � �� � � �� � ���� � � � �� �� � �� �
� � � � �� � �� � � �� � � � � �� � �� � � � � � � � �� � � �� �� �� �� �� � ��� � �� � � �
� � � � � ��� ��� � ��� � ���� � ��� � ��� � ��� � � � �� ��� � ��� � ���� � ��� � � �� � ���
������ � ��� � �� � �� ��� � ��� ��� � �� � � � � ��� �� � � � ���� � ��� ��� � ��� � �� �� � �� �
� �� ��� � ��� � � �� ��� � ��� � ���� � � �� ����� � �� � � ��� � �� � � � � � � ���� � � � �� �
� � � � � ��� �� �� � � � � �� � �� � �� �� � � � � �� �� � �� �� � � ��� �� � � �� �� � � � ���
� � � � �� � � �� � �� � � ��� �� ���� �� � �� �� ��� ����� � � � � ��� � � � � � ��� � � �� �� � � �� �
� � �� � � �� � � � ��� � ��� �� �� � ��� � ��� ��� � � � �� � � �� � �� � � � ��� ���� � �� � � �� �
��� �� � � ��� ��� � � �� � �� � ��� � � � �� �� �� ��� �� � � � ��� � � � � � ��� ��� � �� ��

� � �� � �� � � �� � ���� ����� �� ��� � � ���� ���� � � � �� ��� � �� � � �� ��� � � � �� �� �
� � �� � � � � � � ��� � ��� � ��� �� �� � ���� � �� � � � �� � � � � ��� ���� � � �� � � �� � �� �
�� � � ���� � � � �� � � �� � � �� � � �� � �� �� � � � ��� � � � � � � ��� ��� � �� � �� � � �
� � �� � �� � � � ���� �� � � �� � �� � � � �� � � �� � �� ������ � ��� � �� �� � � �� � � �� ���
� �� � �� ��� � � � ��� �� � � � � �� �� � �� �� � � � � �� ���� � � � � � ��� � �� � � � ��� � �
� � � � � �� � � �� � � � � � � � � � � � � � � � �� �� � �� �� � � �� �� �� � ��� � �� ��
� � �� � � ���� � �� ��

� �� � � � �� ���� � � �� � � � ��� � � �� �� � ��� � � � � ��� � �� �� ������ � ��� � �� ��
�� � � �� � �� � ���� ���� � ����� � ��� � �� ��� � � ��� ��� ��� � � � � �� �� ��� � � �� ����
��� � � � �� �� � � ���� � � �� �� � �� � ���� � � ��� �� � � �� � �� � ��� � ��� � � � � �� � � ��
� � � �� ��� � � � ���� � ����� � � �� � ���� ��� � � �� � ��� �� � �� � �� �� �� �� � � ��� ��
� � ��� � � � �� � ���� � ��� � � �� ��� � ��� � � �� ��� ���� � � � �� � � � � � � � �� ��
��� � � ���� � �� � � � � �� �� �� � � � � �� � �� � � � � � �� � ��� � � � � ��� �� � � �� �
� � � � �� �� �� � � �� � � � � � �� ��� � � �� � ��� �� � � � � �� ��� ���� � � � � �
� � � � �� �� ��� ����� � � � � � � � � � �� �� ��� ����� � � � � �� � � �� � � � ��� � � ���
� � � � � �� �� � ��� �� �� � � ��� ��� � � �� � ���� � �� � � � �� �� � � � �� ��� � � � �
�� � � ��� ��� � � �� � �� ��� ����� � � � � ��

���� ����� �� � ��� � �� � ����� � � �� � �� ��� � � �� � ��� ���� � � � ����� � � ����
� � ��� � � �� � ���� � � � �� � � ����� � � ������� � ��� � ��� ��� ���� � � � ���� � � � �
��� � � � �� � � � �� � � �� � �� � � � �� � �� � ��� � �� �� ��� ��� � � � � � �� � � �
� �� � � � ��� � � � � ��� � � � � � � � � � � �� � � � �� �� � � � � � � � � � �� � � � ��
��� � � �� ��� ��� ����� � � � � ��� � � ��� � �� � ��� � ��� �� � � �� � � � � � � �� �� � � � ��
��� � ��� �� ����� ����� � � � � ���� � � � � � � �� �� ��� ����� � � � �� � ��� �� � �� ��� � �
������ ��� � �� �� � � �� � �� �� � � �� � �� ������ � ��� � �� ��� ���� � � �� ������ � ��� � �
� � �� � � ��� � � � �� � �� �� � �� � �� � � � �� � � � �� �� � �� � � � �� �� � �� � � �� ��� � � �
�� � � ��� � � ��� ��� � � � �� � � �� � �� � � � �� � � �� � � � � � �� ��� � �� ���� � �� �� � � ��
� � � �� ��� ��� � � � � � �� ��� ����� � � � � � � �� ���� ��� ����� � � � � � � � �� �� � �
��� ����� � � � � � ����� � �� ��� ����� � � � ��� � ��� �� � � �� � ���� � ��� � �� � � � ��� � �
� � � � � � � ��� � � � � �� � � �� � � � � �� �� ��� � �� � � � � ��� � ��� � �� � � � ��� �
�� � � �� � �� �� � �� � ������ � � �� �� � � �� � ��� ��� � � � � ���� ��� ����� � � � � � �� �� �
��� ����� � � � � � �� �� �� � � � � � � � � ��� � � � � �� � � �� � ��� �� � � � � �� � � � � � �� �
�� � ���������� � � � � ��� �� � � ��� � ��� � � ��� � �� � � �� ����� �� ����������� � � � � �
� �� ����������� � � � � ��� ������ � ����� � � � � �� � ��� ��� � ���� � �� � ��� ��� � � �� �
� � ��� ��� � �� � � ��� � � � �� �� � � �� � �� � ���� � � � � � �� �� ��� ����� � � � � ��
�� ���� � �� � � ���� � � � ���� ��� � �� � � ��� � ��� � �� � �� � � � � � � ��� � � � �� � � �
� � � ���� �� � �� ��� �� � � �� � �� �� �� � � ���� � � � ��� � �� ��� ���� � ��� � �� � �
� � �� � �� � �� � �� � � �� � � �� � � �� � � � � � ��� ��� � �� � ��� � ��� � ��� � � � � �� ��
� � �� � ��� � � � ��� � ���� ��� �� � � � �� � � � � � ��� �� �� � �� �� �� � �� � � � ��� � �
� �� � � �� � �� �� � � �� � � �� � �� �� � � ��� �� �� ������ � �� � � � � �� � �� � � ��
� � � � �� �� ��� � ����� ��� � �� ��� � � � � �� � �� � ���� � � � ���� � ��� � ��� � ���
� � � � ���� ��� � �� ��� ��� � � � � �� � � �� � � � ������ � �� � �� �� � ��� ����� � �� � � �
� ���� � � � ��� � �� � � �� � � ���� � ��� ��� � ��� � ��� � � � ��� � ��� � ���� � �� � �� � �
����� � �� � �� � ���� � ��� � � ��� ���� � � ��� � �� � � ��� ��� � � ��� ��� � ����� � � � ��
��� �� � �� �� ��� � � �� � � �� � ��� � � ���� � ��� �� � � � � ��� � ��� � � � � �� � � � ��� ���
� � �� �� � ��� � ��� � � � �� ��� �� � ��� � � �� � �� � � �� � �� � �� �� �� � � ���� � �
� � �� � � � � ���� �� � ��� � ��� �� ���� �� � ������� � � � � � ��

� �� � � ���� � ��� �� � �� � �� �� ��� � �� � � � ��� � �� ��� � � � ��� � �� � �� � � � �� �
� � ���� � ���� � ����� � ��� ��� ��� ������� � � � ���� � � ���� � � ��� � �� � �� � � �� � �

� � � �� ��� �� ��� ��� � � �� � ��� � � �� � � � � � � � �� ��� � �� �� � �� � � �� � ��� � � � � �

�� � ��� �� ��� � � � ��� � � � � �� � � � �� � � � � ���� � ��� �� �� �� �� � � � � �� � � � �� �� � �� � � �� �� � � ���� �� �� � � � � � ��

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


�� �� �� � ��� � �� � �� � �� ��� � � � ��� �� � � �� � � � � � �� ��� � � � ���� � � �
�� � �� �� � �� �� ��� ����� � � � � � �� � ��� ��� ����� � � � � � ���� � � �� � � � � �
��� ����� � � � � ��� �� � � �� � �� � �� � �� ��� � �� �� �� �� � �� �� � �� ��� ����� � � � � ��
� �� �� � ��� � ��� � �� � � � ��� � � �� � � �� � ��� � �� � � �� � �� � � �� � � � � ��� � � ���
��� � ������������ � � � � �� � ������������ � � � � � � � � �� ��� � ��� ���� ������ � � � �
��� � �� � � � ��� � � � ��� � � � � ��� � �� �� �� � �� � ��� � �� �� � ��� � ��� � � � �� ��
�� � � ��� � �� � �� � ��� ��� ����� � � � � � � � � �� �� ��� ����� � � � � � � �� � � �� ��� ����
� � � � � �� � ��� ��� ����� � � � � ��

�� �� � � �� � �� � � � � � ��� � � � � � � ��� � �� � �
� �� � � ��� � ��� � � �� � � � � �� � �� ��� � � � � �
� � � � ���� � �� �� �� � � ���� � �� �� � �� ��� � � � �� ��� � �� � �� � � � ��� �� � � ��� ��
� � �� � ���� �� ��� �� � �� � � �� � � � � �� � � � �� � �� � � �� � � � � ���� �� ��� � � � � �
� � � � � �� ��� � �� � � ��� � ���� � � � � �� ��� � � � � �� � � ��� � � � �� � � � ��� � ��� � �
� ���� � � � ��� � ��� � �� � �� � �� � � � � � �� �� �� � � � ����� � � � � �� � �� � � �� � ���
� � � � � � �� � ��� ��� � �� � � � � �� �� � �� � � � ��� � �� �� � �� �� � �� � � �� ��� ��� ����
� � � � ��� � � �� � � � �� �� ��� � �� �� � ���� � �� � �� � �� � �� � � � �� � �� � ��� � �
���� � �� � � �� � ��� ��� � � � � ��� � � �� � � �� ��� � ��� �� �� ��� ����� � � � � �� � � ��
�� � � � � �� � � � �� � �� � �� ���� ��� ���� ��� � ��� � ��� � � � � �� ��� � �� ������� � �� ��
� �� � � �� �� �� � � � �� � � � � ��� � � �� � � � � � ��� � � � � ��� � � � �� �� � �� � �� � � �
� � � ��� � ���� �� ��� � ��� � � �� � � � � � ��� �� ��� � � � � � �� � � �� � � � � �� ��� ���
� � � � �� ��� �� � � ��� � �� �� � � � � �� � � � �� � �� � �� ���� �� � ��� ��� � �� � � � � � ��
� � � � � � �� � ����� � ��� � ��� ��� �� �� � � � � � � � ������������ � � � �� � � � � � ���
� � � � �� �� � ���� ������ � �� � � � � ��� � �� ���� � �� � � � � �� � � � �� ���� � ��� � � � �
� � �� � � � ��� � � �� � � � � ��� ��� � � ��� � ���� � � � � �� � � � �� ��� � �� � ���
���� �� �� ����

� � ��� ��� ����� � � �� � � � ��� �� � �� � � � �� ��� � � � � � � � ���� � �� � � � ��� � �
� ��� � � ��� � ������ � � �� � � �� ���� � � � ��� � � � � �� � � � ���� � � � ������� �� � ���
�� � � ��� ���� ��� � ��� � � � �� � � �� � ����� ��� �� � � � � �� � �� � ��� ���� � �� � �� �
� � � � � ��� ��� � � ��� � � ��� �� � � � � � � �� � � �� � � � � � �� ��� � � �� � �� � �
�� � � � �� �� �� ��� � ��� ��� �� � � � � � � � � � � ��� ��� � �� � � �� � � � � � �� � � �
��� � �� � � � ��� � � � �� �� �� ��� � � � � � � �� � � � �� � � � �� � � � � ��� �� �� � � � ��� �
� � ���� � ���� � ��� � ��� ��� � ���� � �� � ����� �� � ��� � �� ���� � �� ��� � ����� � ���
�� � �� � � � ��� � �� � �� �� � � �� � � �� �� � �� � � � �� � � � �� ��� � � � �� �� �� ��� � � �
� ��� �� ��� � � � � �� �� ��� � � � ��� � �� � �� � � ��� �� � � �� ���� � �� � ��� � � � �� ���
�� � �� � �� ��� � � � � �� � ��� ���� � � � ���� � �� � � �� �� �� �� � � � � �� �� ��� ���
� � � � ���� � � ���� � ��� � ��� � ��� � ����� ��� �� �� ���� � ���� � �� �� � � ��� � ����� � �
� �� � ��� ��� � �� � �� � �� ���� � � ���� � � � ��� �� �� � � �� � � �� �� �� � �� ��
� � � � � � �� � � ��� �� �� ��� �� � �� �� � �� � �� � ��� � �� �� � � � � ���� ��� � �� � � �
� � �� � �� � � ��� ��� �� � � ��� � �� � �� � � �� �� � ��� � � �� � � � � � � ��� � � � �
� � � ��� � ��� � �� � � � � �� �� � �� � �� � ��� �� � � ��� ��� � � � �� ��� �� � � �� � ��
� �� ��� � � ��� �� � � ��� ��� � �� � ���� � �� ���� � ��� ��� ��� � � � � � ��� � � � �
� � ����� � �� � �� �� � ��� � � �� � ��� ��� � �� �� � � � � ��� ��� � � � �� ��� � �� � � � � � �
� ���� �� ��� �� � � �� ��� � � ���� ��� � � � � ����� ��� � � � � ��� � ���� � � �� �� �� � ��� �
� � � � �� � � � � �� � � �� � � � ��� ��� �� �� � � � �� ������ � �� ��� ����� � � � � � �� � ��
��� ����� � � � � �� ��� � �� ���� ��� � � �� � � ���� �� �� � �� � ���� ��� � � � ��� � � � � �
�� ���� ��� � �� ��� ����� � � � � ��� � ��� � �� � �� ��� � � �� �� �� ��� �� �� � �� � � � �
� � � �� � � � � � ���� � �� � � �� ��� ��� � ���� � ��� � ��� � ��� � � �� �� � � ��� � � � ��
��� � � ���� ��� � �� � � � �� �� � ��� � � � ����� � ���� � �� � � ��� � � � ��� ��� � � ���� � �
� � � ��� � � � �� �� �� � � � ���� �� � � �� � � � �� ��� � ��� ��� ���� ��� ��� � � � � � ��� �
� � �� �� � �� � � ��� � �� �� � �� �� � � � � �� �� � � � �� � � �� � � �� � � �� � � �� �� � �
� �� � �� � � � � �� � �� � ��� � � �� � � ��� �� � � �� � � � �� � � �� � � � � � � �� �� � ��� ��
� � ��� � �� � �� �� � �� � � �� � � � � �� � �� � � �� � �� � ��� � �� � � � ��� � �� � � �
�� ���� ��� � �� ��� ����� � � � � � � � �� ��� ����� � � � � � �� � ��� ��� ����� � � � � ��

� � �� � �� �� � � �� � �� ������ ��� � � ��� �� � �� � � �� � ��� �� ���� � � ����� ��� ��� �
�� � � �� � ��� � � � ��� �� �� � �� � � � ��� � �� � �� � � ��� �� � �� � � � � ��� � ����� �� � �

� �� � ��� �� � �� � �� � ��� � �� � ����� ��� � � � � � �� � � ��� ��� �� � �� ��� �� � � � �
� � � � ��� ��� � � � � ���� � � �� � � � � �� � � � �� �� � � �� � �� ��� ��� � �� � � ��
� ��� �� �� � � ��� � � � � ��� � � � � � �� ��� � �� ��� �� � � �� � �� �� � �� � ���� �� � �
� � ��� � � � ��� � ��� �� � �� ��� �� ��� � � �� � ��� �� �� � ���� � � � � � �� ��� � ��� � � �
�� � � ���� � �� �� � ��� � � � � ��� � ���� ��� �� � �� � �� � �� � � � � ��� ��� �� � �� �
� � ���� � � � �� �� �� � � � � � ��� ��� � � �� � � � � �� � � � �� �� � ��� � � ��� � ��� � � ��
� ��� � �� �� � ��� �� � � � � � � � ������� ����� � � � � �� � � ��� �� ��� � �� �� � �� � � �� �
� � � ��� �� ��� ��� � �� � � � ��� � �� � � ��� � � � ��� � � � ���� � � � ��� � � ����� ��� ��
� �� � � � � � ��� �� � ��� ��� � � �� ����� � �� ���� � � ���������� � � � � � �� � ����������
� � � � � � � � �� ����������� � � � ��� � ��� � ��� ���� �� � ��� � � � � ���� � � ��� � �� � � �
� �� �� � ��� � � � � � � �� �� � � �� � �� � � � �� � � � � �� �� � � � ���� �� �� � � ��� � � ��
� ��� �� � ���� ����� � � � �� �� ��� ����� � � � � �� � �� � ����� � �� ���� ��� � �� � � � ���
� �� �� � �� � ��� � � � �� � �� � � � � � �� ��� � �� � � � � �� � � � � �� �� � �� � � � ��
�� ���� ��� � �� ��� ����� � � � � � �� � ��� ��� ����� � � � � � � �� � ��� ��� ����� � � � � � ��
� � � � � ��� � � ���� ���� � �� ���� � �� ���� � � �� � �� � ��� � ��� �� � ���� � �� ����� � �
� � � � ��� �� � �� � �� � ��� � ��� ��� ��� � �� � � ��� � ��� � �� � �� �� � �� � ���� � � � � �� �
�� � � ���� � ��� �� �� � �� ��� � � �� ��� ������ � ��� � � � �� ��� � �� � � � �� ��� ���� � �� �
� �� � ����� � ���� ��� ����� ��� ��� ���� ���� � ����� � � � ��� � � ��� �� � �� ���� � ��� � �
� � � � � � ��� � ��� � � � � ��� � � � � �� ��� ���� � � � � �� � � ��� � �� � �� � �� � ���
� �� � ���� � � ��� � �� �� � ����� � � �� � �� � ���� � � ��� � �� � �� � � �� ���� ��� � � ����
�� � � � � ��� � � � � � � ���� � � �� �� � ���� � �� � ��� � � � � � � �� � � � � � � � �
� ���� �� �� � � �� �� �� �� � ��� � � �� � � �� � �� � ���� � � � �� � �� �� � ���� � � ����� � �
��� ��� �� � � ���� �� � �� � �� �� � �� �� � ��� � � � � �� � � � � ��� � �� �� �� � � �� � �� �
�� � � ��� ��� � � �� � ���� �� ��� �� � � � � � � � � �� �� � � � � � � ��� � � � �� ��� � � �
� � ��� ���� � �� ���� � ��� � � ��� � �� � � � � �� � ��� � ���� � � � � � �� � � ��� � � ��� �
� � � �� ���� � � �� � � ��� �� �� �� � ��������� � � �� � �� ���� � � ��� ���� � � � � ��� � �
� � � ��� �� �� � ���� �� ��� � �� ��� � �� � � � � �� � � � �� � ��� ��

�� �� � � ��� � � � � � � �� � � ��� � � �� � � � ����� � �� �
� � �� � �� � � � � ��� � � � � � � �� � � � � � � � ��� � �� �
�� � � �� � � � � �� � ��� � �
� ��� � ��� � � �� � ���� �� ����� � � � � � � � � �� ��� � � � � � ���� � � �� �� � � �� � ��� �
� � �� � � � � �� �� � � � �� �� ��� ����� � � � � �� � � �� � � � � � � ��� � � ��� � � �� � ���
� �� ���� �� � ��� � �� �� � � ��� ��� � � � � ��� � � �� �� � �� � � � �� ��� � �� � � �� � �
� � � �� � �� � ���� � � � ���� �� �� � �� � ��� �� ��� � ��� � �� � � ��� � �� � � � �� �� � ��
�� � � ��� � ��� ����� � �� � �� � � �� � � �� ���� � � ���� �� � � ��� �� �� � � ���� �� ���
��� � � � � � �� ��� ����� � � � � � �� � � �� ��� ��� ����� � � � � � �� � � � � � �� � � �
� ����� � � � � ��� � � � �� �� �� ��� � ��� �� � � �� � �� � � �� � � �� �� � �� ���� � � �
� ���� � � � � �� � ��� ��� � �� � � � � � �� � � �� �� � � ���� � �� � � � � �� ��� � �� ��
� ��� � �� � ��� � � � ��� � ����� � �� ��� ����� � � � ��� � � �� � � � � � �� � � �� �� � � ���� � �
��� � ����� ��� � ���� �� ��� � � �� � � � ��� � �� � � �� �� � �� � ��� �� �� � � �� � ��� � � �
� � � �� � � �� � � �� �� � � � � �� � � �� �� � � � �� �� � � � � �� � � � � �� ��� � � ��� � ��
� � � � ��� � � �� � �� � �� ���� � ���� � ���� � �� �� ��� �� �� � � � ����� �� �� � � ����������
� � � � � � ��� �� � � � � ��� � ��� � � � � �� � � ������� � ��� � ���� �� �� � � ���� � ��� �� � �
� �� � � ��� � � ��� ���� � �� � � �� � � �� �� � �� � ��� �� �� � � ��� ���� � ���� ��� �� ��
�� � ���� � � �� � � �� � ��� � � � ����� �� � ����� ��� � �� � �� ���� � ���� ��� � � � ��� ��
� � � ��� ��� � �� � � �� � �� ������ � ��� �� � ��� ��� � � � � � �� � ��� �� �� � �� � �� � � � � �
��� � � � ��� � � � � ����� � � � � �� � �� � � � �� � ��� ����� � �� � �� �� ���� �� �� � �� �
� �� � �� � ��� ��� � ���� � ���� � � � ���� � � ���� � ���� � ��� � ��� � � � �� ������� � ������
� ��� ��� � � � �� � �� � ��� � � � ��� � �� � � � ��� � � �� � � ����� �� �� � � �� ��� � � �
� �� � ���� � �� � �� � ��� � � � �� � �� � ��� � � �� �� ���� � � � �� � � � � � � � � ��� � � �
� �� � � ��� �� �� � ��� � � ��� � �� ��� � � �� �� � �� � ���� � �� � � � � � � � � �� � �
� � �� �� � �� �� � �� �� �� � � � ���� �� ���� � ����� ����� � � � � ��

� � � �� � ��� �� �� �� � � �� � � � � �� � � �� �� ���� � � �� ���� �� � ��� ��� � �� ��
� � � �� �� � � �� � �� �� �� ��� ��� �� � �� � � �� �� �� ��� �� � � � ��� � �� � � � �
� � �� � � �� ��� � � �� � ��� ��� �� � � ���� ��� ����� � ��� � �� � �� � � � � � � ��� � �

� � � �� ��� �� ��� ��� � � �� � ��� � � �� � � � � � � � �� ��� � �� �� � �� � � �� � ��� � � � � �

�� � ��� �� ��� � � � ��� � � � � �� � � � �� � � � � ���� � ��� �� �� �� �� � � � � �� � � � �� �� � �� � � �� �� � � ���� �� �� � � � � � ��

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


� �

� � � �

�

�� � � � �� � �� � ��� ���� � � � ��� �� �� � � � � � �� �� � � �� �� � � �� � �� � � �� �� � � � ��� �� � � � � � � � �� �� �� � � �� �� � � �� �� �� ���� �� �� � � � ��� �� � � � � � ��� �� �� ��� ���� � � � � ��� �� � � � � � � �� � � � � � � �� ��� � � � ��� �� ����� � � � � �� �� � �� �� � �� � � � �� ��� � � �� � � � �� �

�� �� � �� � �� � � �� � �� � ��� � �� � �� ��� �� � ��� � �� �� � �� � ��� �� ��� ��� � � ��� � ��� � ��� � � �� � � � �� �� � � � � �� � ���� � ��� �� � � ��� � ��� � � � ��� �� � � � ��� � ���� � ��� � ���� � ��� � � � ��� � ��� ��� � � � � � � ��� �� � � � ��� � � � � �� ����� �� � � � �� � ����� � �� � � �� �� � ��

� � �� � � � �� �� �� � �� � � ��� �� � � ��� � � �� ��� �� �� � ��� � � � �� ��

�
�
�
��

�����������
�
�
��

�
���

�
�
��

��
�
�
�

�
�
��

���
�
�����

��
�
���

�
���

�
�
�
��

��
�
���

�����
�
�

�
���

�
��

�
��

�
�
�
��

��
�

�
����

�
���

����
��

��
�

�
�
�
���

�
�
��

��
�
��

�
�
����

��
����

��
���

�
�
�
�
�

�

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


� � � ��� � ��� ��� ��� � � �� �� � ����� � ��� ��� �� ��� � ��� � � �� � �� � � � � �� ���� � �
� � ��� ���� � �� ���� � ���� � ��� � � ��� � ����� � � � � � ������� � ��� ��� � � ���� �� ��
� � � � � ���� � � ��� � �� ��� � ����� �� � ������ ��� � � � � �� � ��� ����� � ��� � �� �� � ��
� � � ��� � � � �� � � � � ��� �� � � �� � � � �� ��� � �� �� � ��� � �� � � � �� �� � �� � � ���
� � �� � ���� ��� � ��� � � � � � � � � ���� � ����� � � ��� � � ��� � �� � �� �� ��� � � ������ ��
� � � � ��� � � �� � � � � �� ���� ��� � �� � � ��� � �� ��� ����� � � � � �� � � � � � ��� � � �
� �� ��� � �� � � �� �� � ��� ��� � � ��� � �� �� �� � �� �� � � �� � �� �� �� � � ��� ����� � �
� � ��� � � � � �� ��� � ���� � ����� � � � �� � � ���� ��� ��� � �� ��� � � � � ��� � �� � � ��
�� � � �� � �� �� � �� � ������ � � � ���� ��� � ���� �� � � � ���� � �� � ���� ��� � ��� � � � ��
������ � � � ���� �� �� ��� � ���� �� � �� � � ���� � � � �� �� � �� ���� � �� � � � � � � � � �� �
� � � � � � � �� �� � � � � ��� ��� � �� �� � �� �� � ���� �� � � �� �� � ��� ��� �� ���
� � � �� � � � �� � � ���� � � �� � � � �� � � � ��� ��� � � �� � � � �� � � � � ��� ��� � � � ��� �
� � � � � �� ���� � � ��� � � � � � �� ��� � � � � �� � � ��� � � ��� � �� � ��� � � � �� � �
� �� � ���� � �� �� � � � �� � �� � �� �� ��� � ��� � � �� � � � ��� ���� � �� � � � �� � �� � � � �
� � �� ���� � � ��� � � � � � �� ��� � �� � � �� � � � � ��� � � �������� ��� � � � �� ��� � � �
��� �� �� ���� � � � �� � � ���� ��� ��� � � � �� � ���� � � �� �� � �� � � � ��� ��� � �� � � �
� � ��� �� ���� � � ���� � ���� � ��� � �� � ��� ��� ����� � � �� � �� � � ��� � � � � � �� � � �
� �� � �� � � � � � �� ��� � � � � �� � � ��� � � �� ���� �� �� � � � ���� �� �� � � � � �
� � � � � �� ��� � �� ��� � �� �� � �� �� ��� � ��� � �� � �� � �� � � �� � ��� �� � �� � � �
� ��� �� � ��� �� � � � � ��� ��� � � � � �� � � ��

� � � � � � �� � � � � � � � � � � � � � � �

�� ���� � � � � � � � � � � �� ��� � � � � �� � � � �
�� �� ��� � �� � � � �� �� � � � � � � � � � � � �� ��� � �
� � �� �� � �� ���� � � � � � �� ��� � � � � �� � � ����� � �� � �� �� � �� �� �� � ���� � �� � �� �
�� � � �� �� � �� � � � ���� � �� �� �� � �� �� � ���� � �� � ��� � � � �� � � �� � �� �� � �� �� �� �
� � ��� � �� � ������ � � � � ���� � � �� ��� �� �� � �� ��� � ��� ����� �� � � � � � � � ��� ���
��� � � � � �� � ��� �� � � � � �� � ���� � �� � � �� �� � � ���� ��� ��� � � � ��� � � � ��� � ��
� � � � �� ��� � � �� �� ���� � � � �� � � �� �� ��� �� � � � � �� ��� � �� � � � �� � �� � � �
���� � �� � �� ��� � �� � ���� �� � � � ���� � � �� � � � � �� � � �� � �� �� � �� �� � �� � � ��� ��
� � � �� �� ��� �� � ����� �� ��� � �� � �� ��� � �� �� � � � � � � � � � ���� �� � ���� �� �� ��� ���
� �� �� ��� � ��� � � � � ��� �� �� � �� � � � ���� ��� ���� � ��� �� �� � �� � � � ��� �� � � � �
� �� � �� � �� �� � � � ���� �� ���� � �� ���� � �� � �� ��� �� � ��� � � ���� � � ���� � � � ���� ��
� �� � �� � � �� � �� �� � �� ��� � �� � �� �� � �� � ��� � � � � � �� ��� � �� � �� �� � �� �� � �
� ��� �� � � � � ���� � � � �� ��� � � �� �� � � �� �� � �� �� � � � �� � � �� ��� � � �� � � ���� �
�� � �� � ���� � � �� � �� � ��� � ��� � �� � � ��� � �� � �� � �� ��� � � � � �� � � �� � � � � �� �
�� � � ��� � �� � �� �� �� � ����� �� � � �� � � ���� � � � �� � �� � �� �� ���� � � �� � � � � ��� ��
����� � ��� � � � � � ���� � � � �� �� � ���� � ��� � �� ��� � � � ��� � � �� � � � ����� � � � ���
� � ����� �� ��� � �� �� �� ��� � �� � �� � �� � � �� �� �� � � � �� ��� � �� ��� � �� �� � �� � �� � �� �
� �� � ���� � � � �� ��� � ��� � � � �� � � �� � �� ��� � � � �� � �� � � �� � � � � � �� ��� � �
� �� �� � �� �� � � � ���� � �� � � �� �� � �� �� ��� � � � ��� � � � ��� � ��� ��� � �� �� � �� �� � ��
� � � � � ������� � � ��� ��� � � � � �� � ��� � � � � � � ��� � � �� ����� �� � ��� ������ � ���

� � �� �� � � � �� � �� �� �� � ���� � � � ��� � �� � ��� ��� � �� ��� � �� �� � �� � �� � ��
�� � � ��� ��� � � �� � � � � � � � ��� � �� �� � � � � � � � � ��� � �� � � �� �� � � ��� ��
� � �� ���� �� � ��� ��� � �� �� � � � � � ���� � �� � ��� � � � �� � �� �� � ���� � � � �� � �� � �
� � �� � � �� �� � �� �� � � ��� � � � � �� �� �� � � ��� � � � � �� �� � � �� �� � �� �� � � �� � �
� � � � � � ������ � � �� ��� � � � � ��� �� �� � � ��� ���

�� �� �� � � �� � � � �� �� � � � ��� �� � � � �� � � � � � � �� ��� � �
� �� �� � � � � � � � �� � � � �� �� �� � � ���� �� � �� � �� � ��� �� � � � ��� � �� ����
� �� � �� �� � �� � �� � � � � ��� ��� �� � ��� � �� �� � ��� � �� � �� �� �� � � � � � �� � ��
� � �� �� � � �� � � � �� �� � �� � � � � � �� � �� ��� � �� � � � � �� � ��� �� �� � �� �
� ��� � � �� � � � �� � �� � � �� � � � �� � � � � �� � �� ��� ��� ���� � � � � �� ��� ��� ��
�� � ��� ��� �� � �� � ��� �� � � � �� � � ���� � � � �� �� � �� � ��� ��� � �� �� � �� � �
� �� �� � �� �� � �� � � �� � � � �� � �� �� �� � � �� �� � � � � � � �� � � � � � � � � �
� � � � ���� ��� �� � � ��� � �� � �� � � �� � � � � � �� ��� � �� �� � � � � �� �� � � � � �� �
������������� � � � � � � � � ����������� � � � ���� � ��� � ��� ���� � ��� ��� �� �� �� � �
� � ��� �� ��� � �� � ��� ��� � � ���� �� � ��� � � � �� � � � � � ��� � � � � �� � �� ��

� � �� �� � � � � ��
�

�
� ��

� � �� �������� � ���� � � ����� � � � � ������ � � � � � � ������ � ��� � � ���� �� ���� � � � ����
� � �� � ��� ��� � � � � �� � �� ���� � �� �� � � � �� �� � � �� ��� � �� �� � � � ��� � �� � � � � ��
� �� �� � ��� � �� � � �� �� � � �� � ��� �� � � �� � � �� ������ �� � �� � ��� �� � � �� �
�� � � �� � � �� � �� � �� � � � � �� � � � � � � �� �� � �� � �� � � � � �� � �� � �� � � ��
� � ��� � � � ��� � � �� � ��� ��� � �� �� ��� � ��� �� � �� � ��� �� � ��� � �� � ��� � � � �
� � �� � ��� � � � ���� � �� � �� � ��� � � � � � � �� �� � � � �� � ��� � �� � �� ��� � �� � � � �� �
� � �� � � �� � � � � ��� �� � ��� � � � � �� � �� ��� � ��� � � � � � � �� � � �� � � � �� � � � � �
� �� � ������ � �� ��� � � � � �� � ��� � �� � ���� ��� � � � ��� � � �� � ���� ���� � ���� � ����� � �
� � ��� �� � � � � � � � � �� � � ���� � �� � ��� � � � �� ����� � �� � �� ��� �� �� � �� ��� � � � � �
� � �� � ��� � � � ��� �� ��� � ��� ��� � �� �� � �� � � �� � ��� ����� � �� ��� � �� � �� �� � �� � � �
� � �� � � � � �� ��� �� � ��� �� � �� � �� ����� ��� � ��� ��� � �� � � � � �� ��� �� �� � �� �� � ��
�� � ��� � ���� � � ����� ����� � ��� ��� � � � � �� � ����� � ��� � � � � � � ��� � �� � � � �
��� � �� �� � � �� ���� � �� �� � �� ��� �� �� � � � ��� � � �� � ���� � �� �� � �� � � � � � �
� � �� � � � �� � �� � � �� � �� �� � �� � � � � � �� � �� � � � ��� � ��� � �� � � �� � �� � ��
�� � � ���� � �� � �� � ��� � ��� � � ���� � ��� � ��� ���� � �� ���� � ��� � ��� ��� � �� � � ��� �
��� ��� � ��� � ��� ��� ��� � �� � ��� � ���� � ���� � �� � � ����� � ��� � � � � � � � � � �� � � �
�� � ����� � ��� � � � � � � �� � � � � � � � � � � �� � � � � � � � � � �� � �� � � �� � � � � � � ��
� �� �� �� � ��� ��� � � � �� ��� � � � � �� ��� ���� � �� � � �� � �� ��� ��� �� � � ���� � ��� ��
�� � �� �� � � ���� � �� �� � �� � � � ���� �� � � ��� � �� ��

�� �� �� � � �� � � � �� �� � � ��� �� � � �� � � � � � � �� ��� � �
� � �� � ���� �� ��� � ������ ���� � � � � � � �� ��� � � �� � � � �� �� � � �� � �� ���� ����� � ��
� �� � ������ ��� � � � � �� � � � � �� � �� � � � ����� � � � ��� ���� � � � � ������ ��� � � � � ���
�� � �� � � �� �� ���� � �� � ���� ��� � �� �� ����� � � � �� � � �� � � � � ��� � � � �� � � �
� ���� ����� �� � �� � � � ��� � � �� � �� � ��� � �� � �� � � � �� � � � ��� ��� � �� � ���� � � �� ��
�� � � �� � ���� � ��� � � �� �� �� � ����� � �� �� � � ��� � ��� � � ��� � ������� � ������� ���
��� ��� �� � ��� � �� � � �� � ��� � � �� �� � �� � ��� � �� � ��� � �� ��� � � � � � �� ��� � ��
� � � � � ��� � � � ���� � � ��� �� � � � �� � ��� �� �� ��� � �� � ��� � �� � �� � ���� � �� ���
��� �� � �� �� � �� � � � � ��� �� � � �� ��� ��� ��� � �� � ���� �� ���� � ���� � �� ��� � �� � � � � �
�� � ����� � ����������� � � � � �� � � � � � � � �� �� � ��� � � � � ��� � ��� �� � ��� � �� � ������ �
�� � � � � � � � �� � � �� � � � � � � � ��� � � � �� �� ��� � � � � � � � ��� � � � � ���� ��� ����
� � � � �� � � � ����� � �� � � � �� � � � � ��� ��� ��� � �� ����� � �� � � � ��� � ��� � � � ��� � �
� �� ��� ��� � ��� � ��� �� � ��� � � ����� �� � �� � � � �� ��� � � �� � � � � � ���� ��� � � � �
��� � � � ��� �� � ��� � ��� �� � ������� ������� �� � ����� � ��� � � � ��� � ������������ � � � ��
� �� � ���� � �� ��� � � �� � � �� �� � � � � � �� � ��� � � �� �� �� �� �� �� �� ��� ����� � � � � �
� � � �� � � � ��� ��� � � � � � � � � �� � � �� � �� � �� � �� � ���� � �� � ����� �� �� ���� � �� ���
� �� � ���� �� � ��� � ��� � ��� � � � � �� ��� � ���� � ���� � ������ � � ��������� ���� �� � � �
� � � ���� � ��� � � � �� � �� ��� � � ��� ��� � � �� � � �� � � ��� �� � � �� �� �� � �� � �� �

� � � � �� �� � � �� � � � �� ��� �� � �� � ��� �� � ��� � � � � ��� ��� �� � �� �� � � � �� � �� � �� � �� � ���� ���� � �

� �� � ����� �� �� � �� � �� � � �� ���� � ��� ��� �� � �� ��

� �� �� � � � � �� � ��� �� � � � �� ��� � �� � � ��� � ��

� � � �� �� ��� ����� � � � �� � �� �

� � �� ��� ����� � � � �� � � �� � �

� ���� ��� � �� ��� ����� � � � �� � � � �� � �

�� � ��� ��� ����� � � � � �� � � � �� � �

�� � ��� ��� ����� � � � � �� � � � �� �

�� � ��� ��� ����� � � � �� � � � � �� �

�� � ��� ��� ����� � � � �� � � � � �� �

� � � �� � � � � �� �� � �� � � �� ��� �� � �� �� � �� � � ��� � �� � � �� � �� � �� � � � � ��� � �� � �� � � �� ��� � � � �� � � ��

� � � � � � �� � ��� � ��� ��� �� � � � � � �� ��� � ��

� � � �� ��� �� ��� ��� � � �� � ��� � � �� � � � � � � � �� ��� � �� �� � �� � � �� � ��� � � � � �

�� � ��� �� ��� � � � ��� � � � � �� � � � �� � � � � ���� � ��� �� �� �� �� � � � � �� � � � �� �� � �� � � �� �� � � ���� �� �� � � � � � ��

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


� �� � �� ��� �� ����������� � � � ��� � � � � � � ��� � ���� ��� � ����� � �� �� � � � � ������ ���
� ���� �� �� � � �� ��� � �� � � � �� �� � � �� � �� � ��� � �� ��� � �� � ���� ��� � ��� � ��� �� � ���
� �� � � � � ��� ����� � ���� �� � ��� � � ��� � ��� � ��� �� �� � � �� � ��� � � � ��� � � ����� ���
� ��� � ��� � � � � � �� � �� � � � ��� � � �� � �� �� � �� � �� �� � �� � � � � �� ��� �� � � ��� ��
� � � � � �� � �� � � �� � ��� �� ��� � �� � ��� �� � � � �� � ��� ���� � � �� � � ��� ��� �� � ���
� �� �� � ���

��� � � �� �� � � �� � � � � �� � � ��� � �� � � � �� � ���� �� ��� � � �� � � ���� ��
� � � � � � �� � � � �� � �� ����� � ���� �� �� �� � � �� ��� �� � � �� � � ��� � � � � �� � �� � �
�� � � �� � ��� ��� � ��� � ��� ����� � ���� ��� ��� � � � �� �� �� ��� � �� � � � �� �� � ��� � �
� ���� ���� ��� ��� � � � � ���� � ��� � ��� ���� �� � ������� � ��� ��� ��� � ���� � ����� �
�� � �� � � � �� ��� � ��� ����� ��� ��� � � �� � � ��� ��� � � � � ��� �� � � �� � � � � � � ���� � �
� ���� ���� �� � � � �� � � � � � �� � � �� �� � ����� � � �� � � � ���� �� � �� � �� � �� �� � �� �
� � �� � � � �� � ��� �� ��� ��� � �� � � �� �� ��� � �� � � ��� �� � �� � � � � �� �� �� � � ��
�� � �� �� � � �� �� �� � ��� � � � �� �� ��� � � � � � � �� � � �� �� � � �� � ��� � � � � ����

� � � � �� � ��� � � �� � � �� �� � � � � �� � � �� � � ���� ����������� � � � �� � � �� � �
��� � ��� �� � ��� � � � � ��� � � � � �� � �� � � �� � �� � ��� � �� � � �� � ��� � � � �
� � � � � �� ��� � �� � � � � � � � � �� � � ��� � ���� ��� � � � � ��� � � � �� � ���� �� �� � � �
� ��� � � � � � � ��� �� �� � � � �� � �� �� �� � � ����� ������� �� � �� � ��� �� � � �� � �� �

�� � � ��� ���� ��� ��� ��� � � � ������� � ���� ��� � � � ��� � � � ��� ����� �� �� �����
�� � � � ���� �� ��� � � � �� � ��� � � ���� � � � � �� ������� � � ���� � � ��� ��� � � ���
� �� �� �� � � ��� � � � �� �� � �� � � � � � � � ��� �� � ��� � � ��� � �� ���� � � � � � �� � � �� �
�� � � �� � �� �� �� � � ��� ���� ����� ��� ���� ��� ��� � � � ���� ��� � ���� �� ��� ��� � � �
� ����� � �� ���� � � � �� ��� � � ���� �� � � � � � ��� �� � � ���� � � � ���� �� � � � �� ���
�� � � � � �� � �� � � � � �� � �� � � � �� � � �� �� � � � � �� � �� � � � � � �� � � �� ��
� �� � � �� � �� � �� � � �� �� � �� � � �� � �� � � �� �� � ���� �� � �� � � � � �� � � �� �� � �� ��
��� � � � � � �� �� � ������ � � � � ���� � � �� �� � ���� � � � ��� � �� ���� � � � ���� �� �
� �� � ���� � �� �� � ��� � �� �� � �� � � � ��� ��� � ��� � ��� � � � � � � � � ����� �� ��� � �
� � ��� � � ���� � � � ��� � �� � ������ ���� � ���� � �� ����� � ��������� � � � ����� �� � � � �
� � � � � � �� � � ���� � �� ��� �� � � �� � �� �� �� � � ��� ���� � ���� � �� � �� � �� � �� � �
� � ��� � � � � � � �� ��� � ��� � �� ��� ��� � ���� � � �� ���� �� �� � � �� � � � ����������� �
� � ���� � � � ��� �� � � � � � ��� � � ��� �� � ���� ���� � � � � �� ��� � � � � � � ���� � � �
� ��� � � � � � �� � ��� � �� � � � �� �� �� �� ���� � �� � �� � ��� �� � � � � ���� � � � �� ��
� �� � ����� � �� �� � �� �� �� � ���� ������ � �� � � � ���� � �� � � �� ��� � � ��� ������ �� �
� � ��� ��� �� �� �� � ��� � � ��� ��� � ��� � ��� � ��� � � �� � � ��� ���� ���� � �� � � ���
� ���� � � ������ ���� � �� � ��� � ��� � �� � � ���� � ��� � � ��� ���� � ���� � ��� ��� �� �� �
� � ��� � �� �� � ��� ��� � �� � ���� � � ���� � � ����� � �� ����� � � � �� � � �� �� �� �� � ��
� �� � � � �� � ������ � ��� � ���� � � � � � � �� � � ��� �� �� � �� � � � ��� �� ���� �� � ��� ��
� � � � ��� � ��� � ���� �� �� � ���� � � � � ���� � � � � ����� �� � � �� � ���� � � ��� � � � ��
� �� � � � � �� �� � � � �� � ��� �� � � �� � � ��� �� � �� � ��� �� � � ���

� ��� � ���� ��� � � �� � � ��� � � � � � � � � � � � � � � �� � �� � �� � � � �� �� � �� � �� �� � � � � ��� � � � ��

� ��� � � � � � � � � � �� ��� � �� � �� � �� � � � � � � � � � � � � � � �� � � ���

� �

��

�� � � � �� � �� � � � � �� � � � � � �� � � � � � �� ��� � �� ��� �� � �� � ��� � ���� � � ��� ��� ��� � � � � � ��� � �� � � �� � �� � ��� � �� ��� �� � ��� � �� �� � ���� �� � � �� � � �� ���� �� �� � ��� �� � �� � ��� �� � � � �� � �� � �

� �� � � � �� �� � �� � �� � � �� � � �� ���� �� �� � ��� � � ��� � ���� � � � � �� � �� � � � � �� �� � �� � �� � �� � � �� �� � � � � � � ��� � � ����� �� ��� � � � � � ���� � � �� � � � �� � ��� � �� � � �� � � � � ��� � �� �� � � � � �� � �� �� � � �

�� � � �� �� � � � ��� ��� �� �� �� � � � � � ���� � � ��� � �� �� � � � � �� � �� �� � � �� �� � � �� � �� � ����� �� � � � �� � ����� � �� � � �� �� � ���� � �� � � � �� �� �� � �� � � ��� �� � � ��� � � �� ��� �� �� � ��� � � � �� ��

� � � �� ��� �� ��� ��� � � �� � ��� � � �� � � � � � � � �� ��� � �� �� � �� � � �� � ��� � � � � �

�� � ��� �� ��� � � � ��� � � � � �� � � � �� � � � � ���� � ��� �� �� �� �� � � � � �� � � � �� �� � �� � � �� �� � � ���� �� �� � � � � � ��

https://github.com/facebookresearch/detectron2/blob/main/configs/COCO-InstanceSegmentation/mask_rcnn_R_50_FPN_3x.yaml/
https://github.com/facebookresearch/detectron2/blob/main/configs/COCO-InstanceSegmentation/mask_rcnn_R_50_FPN_3x.yaml/
https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


� �� � ��� � � �� � � �� � ��� �� � � � ���� �� ���� � �� � ��� � �� � ��� � �� ��
� � � � � �� ��� � �� � � � � �� � �� � � ��� � �� � ���� �� �� � �� �� � �� � ��� ��� � � � � �� � �
� � �� �� ���� � � �� � �� �� �� � �� �� �� � �� � � � � � � ���� ��� � � � ��� ��� � �� � �� � ��
� � � � �� ���� �� � � � �� �� ���� � ��� �� �� �� � �� � � ���� � � � ���� � �� � � �� �� � ��� � �
� ����� � �� � �� ��� �� � � �� � � �� �� � �� � � �� � �� � ���� � � ��� � �� � �� �� �� �� � ���
� � ��� � � �� ��� � ��� � ��� �� � ��� ��� � � �� � �� � �� �� �� � � �� � �� � � � �� ��� �� �
�� � ��� �� � � �� � �� � �� � �� ��� � �� � � � � � � ���� � � � � � ��� � � � ���� �� � ���� �� �
� �� ��� �� ��� � ��� �� � � � ������������ � � � ����� �� ��� ���� �� ��� ���� ������ � � ����
� ��� � � �� �� ��� � �� � � ��� � �� � � ��� ��� ��� �� ��� � �� �� ����� �� � ���� �� � ��� � ��
� � � � � �� ��� � ��� � � ��� �� �� �� � �� � �� � � � � ��� � �� � � � � � ��� �� �� � � �� � �� �
�� � � ��� ������� � ��� � � � �� � � ����� � ��� ���� � ����� ���� � � ��� � �� � � � ���� ��� �
� � � ����� ���� � � �� �� ��� � �� � � �� ��� ��� ��� ������� �� � �� � ���� ����� � � � � ��� ���
� �� ����� � � �� � � �� ��� � ���� � � �� � �� �� � � ��� � ��� ��� � ���� � ��� �� ���� ���� � �
�� ���� � � ��� � ��� �� � � �� � � �� � � � �� � �� �� � ��� � �� ��� � � ��� � �� �� � �� � � �
� � �� � � � � ��� �� ����� ��� ��� � �� � � �� � � � � ��� � ��� � � ��� � ��� � �� � �� ��
� � � ��� � �� � �� � � � � � �� ��� � �� � �� ����� ��� � � � ���� � � � � �� � �� � � ��� ��� � �
� � �� �� � �� � � �� � � ��� � �� ��� �� �� � � � � ��

� � � � � � � �� � � ����� �� � � ��� ��� � �� � � ���� �� ��� � ���� � � �� � � �� � ��� � �
� ���� � ��� ��� � ��� ��� � ��� � ��� ���� � �� ���� � � ���� �� ��� � ���� ��� �� �� ��� � ��
� � ��� ��� � ��� � ��� ����� � � � � � ���� �� �� � � �� � � � ��� � �� �� � ��� �� � � � ���� ���� �
�� � � � �� � ���� ��� �� � � �� � � �� � �� � �� � �� � �� �� ��� ��� � �� � � �� � � �� � �� � � �
�� �� ��� � ��� � � �� � � �� � �� �� � � �� � � � �� ���� �� ��� � � �� � �� � �� ���� � �� �
� � � � � �� ��� � � � � ��� �� � �� � �� � � �� � �� �� ��� � � � � � �� � ��� �� � �� ��� � � �
� � �� �� � ���� �� � ��� �� �� � � ��� � � ��� � � ��� � � ��� � � �� ��� � � �� �� � ����� � � �
� � � � � �� � ��� � � �� �� � � � �� � �� � � � �� � ���� � �� � � ��� �� � �� � �� ��� ���
� � � �� ��� � ��� � ��� �� � � � � �� ��� ��� �� �� �� � �� � � �� � �� � �� � � �� � � �� � �� ��
� � � ��� � ���� � ���� � � �� � �� � ��� � ��� �� � � � � � � � ��� ��� ��� � �� � �� �
� � � �� �� ���� � ��� � ��� �� � �� �� ���� �� �� � �� � �� � �� � ���

� ��� � �� ��� � ���� �� � � � � � � � ���� ��� � ��� � � � ���������� � ������ � � � � � �
�� � ������ � ����� � ���� � �� �� � �� � ��� � � � � � � ����� �� �� � �� � � ���� � � �� �� � �
� � ��� � � � �� � � � ��� � � � � ��� � �� ���� � �� � �� � �� � � ��� � �� ��� � � �� �� � ���
� ���� � ��� �� � � �� � � �� �� � ���� � ��� � � �� ��� �� � � � �� � � ��� � �� � �� �� � ��� � ��
� �� � �� � �� �� � �� � ����� �� � � �� � � ���� � ���� � �� � � �� �� � �� � ���� � �� � �� � ��
� �� �� � �� � �� � �� � �� � � � � � � �� �� � ���� � ��� � �� � � �� � �� � ��� � �� ��� � � ���
� �� � ����� � � � ���� ��� ����� � � � � ��� � ��� � � � �� �� � ���� � � � � � � ��� �� � �� �� � �
� � �� � � � � �� � �� � � � ��� ��� � �� � ���� � � �� � � ��� � � �� ��� � � �� � �� �
� � ��� � �� � ��� � �� � � � ���� � �� �� � � �� � � ��� � ���� �� � �� � ��� � ��� � � �� � �� � �
� � ��� � � �� � �� �� � ���� � � �� � � � ���� � �� � � � �� � � ��� �� � � � ��� ��� � �� � � � �
� � � ���� �� � �� � ��� �� �� � �� �� � �� �� � � � �� � � ��� �� � �� � � � � �� � � �� �� � ����
� ��� � � ��� �� �� ��� � �� � � ��� ��� � � � � �� � ��� � � �� � �� � �� � � �� ���
� � � � �� �� � � ���� � ���� � � � � ��� � ��� ��� � �� ��� � �� ��� � � ��� � � �� �� ��� � � �
� � � � � � �� � � � � � � �� � � � ��� � � �� � � � � � � ��� ��� �� � �� � � � � � � �� � � ��
� �� � � � � ���� � � � � �� �� � � � ���� � ��� �� � � �� � ��� � � � � �� ��� � �� � ��� �
� ���� � �� ��� � � �� �� � � � ��� �� � � � � �� � �� �� � �� � � � �� � � �� � �� � ���� � � ��
� � ��� � �� � � � �� � � � � � � �� � � �� � � �� �� � � � � �� � � �� �� � ���� � � �� � � �� �
� � � � � ��� ���� � �� ��� �� �� � �� �� � ���� ���� � � ��� � � � �� � ��� � ���� � � �� ���
� � � � � � � ��� � � � � �� ��� �� � � �� � � � � �� � � �� �� � � �� � �� �� � � �� ���� � � � ��
��� �� ��� � �� �� � � ��� �� �� � � �� � ����� �� � ��� ��� � �� � � � � � � � � ��� �� �� � �� �
� ��� � � � ��� ��� � �� � �� ��� � ��� � � � � ������ �� � ��� � ������� �� � �������� �� �� ���
��� ���� � � ���� � � ��������� � ��� ���� ���� � � ��� ��� �� � ����� � �� � �� � ��� � ������ ��
� � � ��� �� � ���� � ��� � � � �� �� � ��� �� � ����� � ��� ��� ��� � � � � � �� � �� � �� � ���
� � ����� �� � ��� �� � � �� � �� � ����� � � � ��� � ��� � � ��� � ��� ��� ��� ����� �� � �� � �
� �� ��� � � � � ��� � � � � ���� �� �� �� ����� � ��� � � � � � �� � ��� ��

� � � � � � � � � ��� � � � � �� � �� � �� � � � � ��� �� � � � �� � ��� � � �� ��� �� � ��
� � �� � � � �� ��� � ���� �� �� ��� �� � � �� � ��� � � �� � �� �� �� � � � � ��� � � � � � �� � �
� ��� � � � �� �� � � � � � �� � � � � ��� � � � � � � ��� � ��� � ��� � � ������ � ��� � �� ����

��� ����� ��� � � �� � � �� � � �� � � � � � �� � �� � ��� � � � � �� � � �� � � ��� �� �� � ��
� � �� � � � �� � � � � � � �� � � �� � �� �� � �� �� � � � � � �� ��� � �� �� � ��� � �� ��
� � �� � � � �� � ��� �� ��� ����� ��� � � �� � � ���� � �� � � � � �� � � ��� ��� � � ���� � �
� �� � � � � � �� � �� � � � � � � � � �� � � �� � � � � � �� �� � � �� � �� � � �� � � �
� �� �� � � � � ���

�� �� � � � ��� � ��� � ��� ��� ��� � � � �� ���� � �
�� � � � � � � � � � � � � �� � �
� �� � � �� � �� � �� � � �� �� � � � � � �� ��� � � � � �� � � ��� � �� � ��� �� � �� �� �� � �
� � � � �� � � � � � � ��� � � � �� � �� � � �� � ��� � � �� � ��� � ���� � ��� � ��� ��� � ��
�� � ���� � ��� � � � ��� �� � � � � ��� ��� � � � � �� � � ����� ��� � �� �� � � � � �� � � �� �
� � � � ��� � ��� � ��� � � � ��� � � � �� � � � � � �� ��� ��� � � � �� ��� � � ��� � � � � ����
� � ��� ���� ��� �� � �� � � ��� � � � �� � ��� �� ���� � ��� ��� ��� � � �� � �� � � �� �� � ��
� � � � � �� � � � �� � � � �� �� � ���� �� � �� � � ��� � � � ���� � � � ������ �� �� � �� � �� � �
� � ���� � ��� � � ��� � � �� � � � � �� � ��� ��� � � � � �� �� � � ���� ���� �� � � � � � � � � �
�� � ���� �� � � ��� � ��� �� �� � � �� � � � �� � ��� �� � � �� �� � � � � �� � � �� � �� �� ��
� � �� � �� � � � � �� ��� � � ���� �� � ��� ��� � ��� � �� � � � ��� � � � � �� � � ���� �
� �� � � �� � �� � � � � � � �� � � �� � � � � � � �� � � � � � �� � � �� � � � � � � ��� � ��
�� � �� � ��� �� � �� ��� � � �� � � � ���� ��� � �� ��� ����� � � � �� �

� � ��� � ��� � � � ���� � � � ������ � � � ���� � ��� � � �� � ���� � ��� � ���� �� � �
� � � � � � � � �� �� � ������ � � ���� � � � ���� � �� ��� �� � ��� � � �� � ��� � �� � � �� � �
� � ��� � ��� � �� � � �� � � �� ��� �� � � �� � � �� � � ��� �� � � � �� �� � ��� � � � �� � �
�� � � � ��� � � � � �� � � � � �� � �� ��� � � ��� � �� � � � ��� � �� � �� � ��� � �� � � � �
�� � � � � ��� � � � � � � ���� ���� �� �� � �� � � �� �� � ����� � � ��� � � � ���� ���� � � ���
� ��� � � �� ��� ���� �� � � � � � ��� � �� �� � � � ����� �� ��� � ���� � �� � �� � ���� � �� ���
� � � � �� � � ��� �� � � � �� � �� � � � � � � � �� �� � � �� ��� ��� ��� � � � �� � � � � �
� � � � � � � �� ��� �� � ��� ��� � � �� � � � � � � � ��� � � ��� ��� � �� � �� ��� �� � �� � �
� � �� � �� � ���� �� � � � � �� � �� � � � �� � �� � � ���� ��� �� � � �� � �� ��� � � � ��� � ��
�� � ��� � �� � � � �� �� � �� � �� � � �� �� � � �� � �� � �� �� �� ��� � ��� � �� � � � �
�� � � � ��� � � � � ��� �� � � �� � � � � � � �� ��� � �� � � � � � �� ��� � ��� � � ��� � �
�� � � �� � �� �� �� � � ��� ��� �� � �� � � �� � � � � ���� ��� � �� � � �� � � �� � � �
�� � � ���� ����� � � ��� � � ����� ��� ���� � �� ��

�� � � � � � �� � � �� �� � �� � � �� � � � �� � � � � � �� � �� � � � � � � � ��� �
� ��� � � ��� � �� ���� �� � � �� � �� �� �� � � ��� ��� � ��� � �� �� �� ��� ��� � � �� � � �
� � �� ����� ��� � ��� �� � � � � � � � �� �� � ����� � � � ����� � � �� ��� ��� �� � � ��� �� ���
�� � ���� �� � �� � ���� � � � � �� � � �� �� � �� ��� � �� ��� ���� �� � ��� � � ��� � � � � ����
� ���� � �� ��� � �� � �� �� � � �� � �� � ���� � � �� � � �� �� � �� ��� � � � � � � �� � ��� �
� ��� � �� � �� �� � �� � � � �� ��� � � � �� � ��� � �� � � �� � � �� � � � � � � �� � � ��� � ��� � �
��� � � �� ��� ��� ����� � � � � �� � � ���� � �� �� �� � � ��� � � � �� �� �� ��� � � � � � � � � ��
�� � �� � � �� � � �� � � �� � � ��� �� � �� � �� �� �� ��� � ��� � �� �� � � �� � ���� � � �
� �� � �� � � � � � � � � ���� � � � �� � � � � � � � � � � �� � � � � � � �� � �� � � �
� � � � � � � � � ��� � � �� �� ���� � �� � � � � �� � � ���� � � ����� � � � �� � � � � �� � ���
� ��� � � � ��� � �� ���� �� � � � �� � � �� ��� � � � ��

� � � � � ���� �� � �� � � � �� ��� � � �� � �� � �� � �� � � �� � � � � �� � � �� � � �� �
� �� � � � � � ��� �� �� � � � �� �� �� �� � � � � � ���� ��� � � �� � � � �� � � � � �� � �
� � � � �� � �� � � ��� �� ��� � ��� � �� � � ��� � �� � �� �� � ��� � � �� �� �� � � ��� � � � �
� � � � � � �� � � ��� � �� � �� � �� � � � �� � �� � �� � � � �� � � � � � �� �� � � �� �
� �� �� � �� � � � ��� � ��� ��� �� � � � � � ��� �� � �� � � ��� � �� �� � ��� ��� � �� � ��� ��
� �� � � �� � ��� �� � ��� � ��� � � �� � �� � ��� � � � � � ��� � � � � �� � �� � �� � � �� � ���
� �� � ��� �� ��� ��� �� � �� �� � �� � � � ���� � �� � � ��� ��� � � � �� � � ���� � �� � �� �� �
�� � � � �� �� �� �� � � � � � �� � � �� � � � � � � ���� �� �� � �� � � ��� �� � � � � � ����
� �� �� � � � � � �� � � � � ��� � �� �� � � ��� � �� � � �� �� � � � ��� � �� ���� � �� ��� �� � � �
� � � � ��� �� � � �� � � ��� �� � �� � � �� � �� � � �� � �� �� � ��� � ���� � �� � �� �� � �
� �� � � ��� ��� � � � � �� � � �� � � � � � � ���� �� ���� � � � ���� �� ��� � � � � ������ � �
� �� � � � � ��� � ���� � � �� � ����� � ��� � � � � �� ������ ��� �� � � � � � ��� ����� �� � �
� � � � � ���� � ���� � � � � � ��� � ��� � � �� ��� �� � � ��� ����� � �� �� � �� � � �� � ��� �

� � � �� ��� �� ��� ��� � � �� � ��� � � �� � � � � � � � �� ��� � �� �� � �� � � �� � ��� � � � � �

�� � ��� �� ��� � � � ��� � � � � �� � � � �� � � � � ���� � ��� �� �� �� �� � � � � �� � � � �� �� � �� � � �� �� � � ���� �� �� � � � � � ��

https://github.com/ThelmaPana/Detectron2_plankton_training
https://github.com/jiho/apeep
https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


���� �� � ��� � � � �� � � �� � � � � � �� � � � � � �� ��� � � � � �� ��� � �� �� � � �� � �� � ��� ��
� �� �� � � �� � �� � � � � ��� � � � � �� � � � � ���� ��� � � �� �� � ��� � ��

� � � �� � � � � � � � �� � � � ��� �� � � ��� � � � �� �� � �� � � �� � � � ��� � � � � �
� � � � �� � ��� �� � � � � ��� � �� � ��� �� � � � � ��� �� � ���� � � � � ��� � � � � �� � �
��� � � �� �� � � ���� � �� ��� � �� � � ��� �� � � � � � ���� � � �� � � �� � � � �� �� � � � �
�� �� ��� � � � � ���� � ��� � � �� �� � ���� � � � � � � ���� � ���� � ���� � ���� � �� � �� �
� ��� � �� � �� �� � � � �� �� �� �� � � � � � ���� � � � � ��� � � ��� � � � � �� � �� ��� � � �
�� � � ���� � �� ��� �� � � � ���� �� ��� � � � � ���� � �� � �� � �� � ��� � ��� �� � � �� � �
� � � � � �� ��� � ���� � ���� � �� � �� � � � ��� � � ��� � � � � ���� � ���� � ���� � �� �� �
� � � � � ��� � � �� � � � � � � ��� �� � ��� � � �� � �� �� � � ��� ��� �� � ���� � �� � � �
� � � ���� � � �� �� � � �� �� ��� �� � � � � �� � �� � ��� �� � �� �� ���� � � � �� �� �� � � � � ��

� � � � � �� ���� � ��� � � �� �� ���� � �� �� � � � � ��� ���� � �� � � � � �� � �� � � ��� �� � �
�� ��� �� � � �� �� � � � � � �� ��� � �� �� � ���� ��� � �� �� � ����� �� � �� � �� � �� � � �
�� � ����� �� ��� �� �� ���� �� � � �� �� � ���� � � � �� ���� � �� �� ��� ��� � �� � ��� �� �� ��
� �� � ��� � �� � � �� � � �� � �� � ��� �� � � ��� � �� � � �� �� � ��� � � � �� � �� � ����
� � � � � �� �� � �� �� � � � � �� �� � �� � � � � �� �� � � � � �� � � � � ��� � � � �� �� � �
� � � � �� � �� � ��� � � � �� � � � � � � �� �� �� � � �� � � � � � �� � �� � � �� �� � � � �
�� �� �� � � � � � ����� �� � ���� � �� � � ��� � �� � � � � �� � � �� �� � ��� � � � � � � �� �
�� � � ��� �� � � �� �� � � � �� �� � �� �� � � � � ��� � � �� � ��� �� � � � � �� ��� � � �
�� ���� � � ��� � ��� � ��� ��� � � �� � � � � � �� ��� � �� � � � �� � ���� �� � � � �� � �� � �
� � � � � ���� �� � � � � �� ��� � �� � � � ����� � � ��� � �� �� ��� ��� ����� ��� � � �� � � ��
� � �� � � � � � ��� � � � � �� ��� � � � � � � � � � �� ��

� � � �

� �

�

�

�

�
�

�

�

�

�

�

�

�

�

� � � �

�

�� � � � �� � �� � � � � �� � �� ��� �� � � �� � �� �� �� � � �� � � ��� � � � � �� � ��� � ��� ��� �� � �� � � � �� � �� � �� � �� � ��� � � �� �� � ���� � �� � � � ��� � �� � �� � � � � � �� � �� ��� �� � �� � � � � � �� � �� ��� ��� � � � � �� � �� ���

� �� � � � � � �� � �� ��� ��� � � � �� � �� ��� � �� � �� � � � �� �� � � �� � �� � � ���� ��� � � � � � � � �� ��� � � � �� � � � �� � �� � �� � ���� �� � � � ��� � � ��� �� � �� � � �� � � � �� � �� � �� � ��� ��� �� � ���� � � � � � � �� � � � ��� � ��

�� � �� � � � ��� �� � ���� � � � � � �� � � ��� � �� � �� � � � � � � � � �� � � �� � � � �� � � � ��� � � ��� � �� � �� � � ��� � �� � �� � �� � � � � � � � ��� �� � ���� � � � � � �� � � ��� � �� � ��� � �� � � � �� � � � ��� � � �� � �� � � �� � � � �� � �� �

� �� �� � � ��� �� � ��� � �� � �� � �� �� � � ��� � � ��� �� � �� �� � � � � � �� �� � �� � ��� ��� � �� � �� � ��� � � � �� � �� � �� � � � ��� �� � �� � �� � ��� ��� �� � ���� � � � � � � � �� � �� � �� � � �� � � � �� �� � � �� � � � � � ��� � � ��� ��� � ��

�� � � � � � � � �� � ��

� � � �� ��� �� ��� ��� � � �� � ��� � � �� � � � � � � � �� ��� � �� �� � �� � � �� � ��� � � � � �

�� � ��� �� ��� � � � ��� � � � � �� � � � �� � � � � ���� � ��� �� �� �� �� � � � � �� � � � �� �� � �� � � �� �� � � ���� �� �� � � � � � ��

https://github.com/ThelmaPana/segmentation_benchmark
https://github.com/ThelmaPana/segmentation_benchmark
https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


� � � � � � � � �

�� �� � � � � � ��� � � � � �� � � � �� ���� � ��� � �
�� � � � � � � �� �
� ��� � ��� � ��� � � � ������� � ��� � � � � �� ��� � ��� � � � � � �� ��� �� �� ������ � � �
�� � � ��� �� � � �� � � � � � � ��� �� � � � � � �� � �� � � � �� � ��� � � �� � �� � � �� � �
�� � ��� � � �� � � � � � �� � � � � � � � � � � � �� � � � � � �� ��� � � � � �� ��� �� � � �
� �� �� � �� �� � �� � �� � � ���� � �� �� � ��

� � �� � �� � ��� � � �� � � � � � � � � �� �� � �� � � � ��� �� � � � � ��� � �� � � � �� � �
��� �� � �� � � �� � � � � �� � �� �� � � ��� � � �� � �� �� ��� � � � � � � � � � � ��� �� �� � �� � �
� � ��� � �� � � �� ��� � ��� � � �� �� � � � �� �� �� �� � � � � � ����� � � �� � �� � �� �� ��
� �� � ��� ������ � � ���� �� ��� � �� �� ��� ��� � �� � ���� ��� � �� �� � ����� �� �� � � � � ��
� � ��� � ��� ���� � ��� � �� � ���� � ����� � �� � � �� � � � �� � ��� �� � � ��� ���� � �� �� ��
� � � ��� � ��� ��� �� � �� � �� � � � � � ��� � �� �� �� � � �� � �� �� �� � � ��� ����� ���� �� �
�� � ��� � ����� � ���� ��������� � � ��� ���� �� � ��� ������ � ��� � �� ��� ��� �� � �� � �
� ����� � � � ��� � � � � � ������ � � ��� �� ��� � ��� � � �� � ��� � ������ � ��� � � � ��
�� � � � �� �� ��� ����� � � � � �� � � � �� ��� � � ��� � ��� �� ��� � � � �� ��� � � ��� ��
�� � � � � ��� �� � ��� � �� � � �� � �� � � �� � �� �� � ��� � ���� � ��� �� � �� �� � � � � �� �
� � � �� ���� � ��� � ����� � � � � ���� �� �� ��� � � �� �� � � �� � �� � �� � ����

���� � �� � � �� � �� �� � ��� � ��� � � � � � � � � ��� �� � ���� � � � ��� � �� �� � � � �
�� �� �� � � �� � �� �� � ��� � ���� � � �� � � ��� � � ��� � � � �� � � � � � �� � �� � � ��

�� � � �� � �� � �� � ���� � � ��� � � ��� �� � �� � � ��� � � �� � ���� �� �� � �� � � � � �� � ��
� ��� � ���� � �� ��� �� �� � � � � � � � ��� ���� � �� � � ��� ��� �� � �� �� ��� ��� � � � � � �
� � � � �� � � �� �� � ����� �� �� � � � � ����� � � � �� � � � �� �� � ��� � �� �� � � � � � �� �
� � � � ��� ��� � � � � � ���� � � � � �� � �� �� � �� � � �� �� � � � �� �� �� �� � � �� � ����
� ����� �� � ��� ��� � � � � �� ��� � � ��� � ��� � � �� � �� � �� � � ��� � � �� �� �� �� ��� � � �
� � � �� � �� � �� �� ��� � �� � ��� � � � � � �� � � � �� � � � �� �� � � �� � �� � � �
� � � � � �� � � � � ��� � �� � � � �� ����� � ���� � �� � � �� � � � �� �� � �� � � � � ��� � � �
�� � ���� � �� � � �� � � � ���� � ��� �� � � � � ��� � ��� � � �� � �� � ���� �� � �� �� ���� � �
�� � � � �� � � �� � ���� �� � ��� � � � � � �� � ��� �� � �� � � � ��� �� � � �� �� � ����� �
�� � � � � ���� � � � � �� � � � � �� � � �� �� � ��� � ��� �� � � � � � �� � � �� � � � �
� � � � � ���� � � ���� � �� � �� � �� � ��� �� � � �� ����� � ��� �� � �� ��� � � �� �� � ���� � �
� � � �� �� � � �� � �� � � �� � � � � � �� ��� � � � � �� � � �� � ��� � � � �� � � � �
� �� �� � �� �� � �� � ��� �� � � �� � ��� � � �� ��� � � � � � ���� � �� � � � � ���� � ���� � �
�� � ��� ��� � � � �� � ��� � ���� � � � � ������� ����� � � ���� � � � �� ������ � � � � ���� �
� � ��� � � � �� ���� � �� � �� � ����� � ��� � �� � �� � ��� ��� � � �� �� � ����� �� �� � ���� � �
� � � � �� � �� � � �� �� � � � � ������ � �� � � � �� � �� � � �� � �� �� � ���� � � ����� � � ��
� � ���� � � � �� � � �� �� � ��� � � � � ������ � ��� � ��� ��� � � � �� � ��� � �� � � � � �����
� � � � � ���� � � � � �� � �� � �� � �� � �� � �� �� � �� �� � ��� � � � � �� �� � � � � � � � �
�� � �� � ��� � �� � ��� � ����� � ��

���� � � ���� � �� ���� � ��� ��� �� � � ��� ��� � ���� � � ���� ���� � ������ � � � � � � �
� �� � � � � ���� �� � ���� �� � � � ��� ��� � ��� � ���� � ������ ��� � � � ��� ��� ��� � �� ����

�� � � � �� � � � � �� � ��� � � �� � � � � � � � � �� �� � �� � � � ��� ��� � � � ��� ��� ���� � � � � � �� �� � � � �� �� � �� � ��� � � � � � � � � �� � � �� �� � ��� � � �� � � �� �� � � � ���� �� �� � � � � � �� ��� � ��� � �� � � � � �� ��� � � � � � � � �

� � � � � �� � � � �� �� �� � � � � ��� �� �� �� � �� �� � � � � �� � �� ��� � � �� � � �� ��� � � � �� �� � � �� �� � �� � �� � ��� � ���� � � � � �� � ���� � � ��� � �� �� � �� � � �� � � �� � � �� � ��� � � �� � � � � � � � � � � � � �� � � � � �� � � � �� �� �� �� � ��� � �

� � � � ��� ��� � � � � � �� ��� �� � � � �� �� � � �� � ��� � �� �� � �� �� � � � � �� �� ���� � � ���� � ��� �� � �� � �� � � � �� � � ��� � � � ���� ��� � � � � ��� ��� � � � � � �� ��� �� �� � � �� � �� ��� � � �� ��� � �� � �� ���� � � �� � � � �� � �� � �� � � � � � �

� � � �� �� ���� � �� �� � � � � ��� � �� � �� � �� � � �� �� � �� � � � �� � �� ��� �� �� � �� �� � � �� ��� � �� � � � � �� �� � ��� � � � ��� � � �� � ��� � �� � ���� � ����� � �� �� � ��� � �� ��� � �� �� � � �� �� � � � ��� � ��� ���� � � � �� � � � � � ��� � � ��

�� � � � ���� �� �� � � � � � �� �� � � �� ��� � �� � �� �� � � � �� � � ��� � � � �� � � ��� � ��� ���� �� � � � �� �� � � � � ��� �� � � � ���� �� � � � �� �� � � � ��� �� � � ���� �� � � � �� �� � � ��

� � � � �� �� � � � � � ��� ��� � � � � � �� �� � � � �� �� � �� � �� � � � �� �� � ��� � �� � ��� � �� � � �� � � � � � � �� ��� � � � � �� � � �� � ��� � ��� � �� ���� � �� � � � � ��� ��� � � � � � �� ��� � � � � � � �� �� �� � � � � �� � �� � � �

�� � �� �� ���� ��� �� � �� ��

� � � � � �� ��� � � � �� � ��� � � � � � � �� � ��� � � � � � �� � � � � � � � � � � � �� ��� � � � � � � � �� � � �� � � � � �� � ��� � � � � � �� � � � �� � �� � �� � � ���� ��� � � � � �� � � � � ��

�� � � � ���� �� � �� � � � � �� � � �

� �� � � � �� � � � �� � � � � � � �� � � �

� �� � � � �� �� � � � � � �� � � � � � � �� � � �

� �� � � � �� �� � � � � �� � � � � � �� � � �

� � � �� ��� �� ��� ��� � � �� � ��� � � �� � � � � � � � �� ��� � �� �� � �� � � �� � ��� � � � � �

�� � ��� �� ��� � � � ��� � � � � �� � � � �� � � � � ���� � ��� �� �� �� �� � � � � �� � � � �� �� � �� � � �� �� � � ���� �� �� � � � � � ��

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


���� � � ��� � � � �� �� � � ���� �� � ���� � �� � � � ��� ���� �� � � � ��� ���� � � ��� � �� � � � �
� � ��� � � � � �� ��� � � � � �� � � ������ �� � � ��� ��� � �� � ����� ���� � � ���� � �� ��� � ��
� ���� � �� � � �� ����� � � � � � �� �� �� � �� � � � ��� ���� �� � � � �� � �� � � � �� ���
� � � � � �� ��� � � � � �� � � ���� �� �� �� � � ��� ��� ���� � ������� � � �� �� � � ��

�� �� � �� � � �� � � ��� �� � � � � � � �� ��� ��� � �
� � �� ����� � � �� � �� � �� �� � ��� � ��� � � � � ���� �� �� � � � �� � � � ���� � � � � �
� � � �� � �� ��� � � �� � �� ��� � � � � ��� ��� � � � � � ����� � � � �� ���� � � �� �� � �
� � ��� � � �� ���� � �� �� � � � ���� �� �� �� � � ��� ��� � � � � � �� � � �� �� � ��� � �
� �� � �� �� � �� � ��� �� � � �� � �� �� � � � � �� �� � �� �� � �� � �� � � � � �� � � � �
�� � ��� � ��� � �� � �� ��� ��� �� � ���� � �� � � � �� �� � ��� � �� �� � �� � � �� ���
��� � � � � �� ��� � � � � � �� � �� �� � � ��� ���� �� � � �� � �� �� � �� � �� ��� � � �
� � � � � � �� � � � � � � �� �� � ��� � �� � � � � � �� � � � � � ��� �� � � � � �� � � �� � �
� � � � � �� �� � � � � ���� � � � � � � � �� ��� � �� � � � � �� � �� � � � �� � � �
� � ���� �� � �� �� ��� ����� � ���� � � � � � �� � � �� �� � ��� � �� ��� �� �� � � � � � �
� � �� �� � � �� � �� �� � � � � � ���� � ��� � � � � � � �� � � � � �� �� � �� � �� � � �� ��
� � � � � �� �� � � ��� �� ������ � � � � � ��� � �� �� � � � �� � � � � � ��� � �� ��
�� � � �� � �� �� � �� � ���� � � � � � �� � � � �� � ��� �� � � �� � � � � � � �� �� � �
� �� � � � ��� � �� ��� � �� � ��� � � ���

�� �� � � ��� �� � � � � � � � � �� � �� � � � �� � � �
� � � � �� �� � � �� � � � � �� ��� ��� � � �� �� � ��� � ��� � � � ��� � �� � �� � � ��� �� �� � �
��� � � � �� � ��� ��� � � � ��� � �� � � � ��� � �� �� � � �� � � � �� � � � � � �� � �� � �
�� ������ ��� � ��� �� � �� �� ���� � ��� �� � � �� � �� �� � �� �� � �� � �� �� � ��� � ��
�� � ���� � �� � � �� � �� � � � ��� �� �� � ��� � � ��� ��� � � � � � ���� � � �� � � � �� �
� � � ��� �� � � ���� � �� ��� �� � � �� � �� �� �� � � ��� ��� � � � �� � �� � ��� � � ��
��� � � � �� � � �� � � � � � �� � � �� �� � ��� � �� � � �� � ��� ��� �� � ���� � �� � � � �
� � �� �� � ���� � ��� � � ���� � � � � � ��� � � ��� � � �� � � � �� � � �� �� � ��� ��

�� � ���� � ��� ���� �� � ��� � � � � � ����� � ��� �� ��� ��� � � � ������ � ��� �� �� � �� ��
� � � � �� �� � ��� � �� �� � � � �� � � �� � � � � �� � ��� � �� � � � �� � � �� �� � � � ��
� � � �� �� ���� ��� �� � �� �� ���� � �� � � � �� � � �� � � � � � �� � � � �� �� � ��� � �
� ��� �� � � �� �� � � ���� ��� � � � � �� � � �� �� � ��� � �� � � � �� � �� �� �� � �
�� ��� ���� � ��� � � �� � � � �� �� � � � ��� � � � ���� � ��� � �� �� � �� �� � � ���� � � �
� �� ��� �� � ��� � � � � ����

�� �� � � ��� �� � � � � � � � � �� � � � � � � � �� � � �� � � �
� �� � � �� �� � � � �� �� �� �� � �� �� ���� � ���� ��� � � �� � �� � �� � �� � �� � � � � � � �� �
� � �� �� � �� � �� � ��� � � ���� � � ��� ��� � �� �� � � ����� � � �� � ����� � �� ���� � � � � �
� � � � �� � ������� ��� �� �� ��� � �� � � ��� �� � �� � ��� � � � ��� ��� � �� � ��� �� � � � � �
�� ������ ��� ���� � � � � �� ��� � �� �� � ��� � ��� � � � � � ��� � �� �� � ��� � ���� ���� � �
� � � ���� � ��� � � ���� ���� � � � �� � � �� �� � ��� � � � � ���� � � ���� � � ��� � ��� ���� � �
� � � � � � �� �� �� � ��� � �� � � � � � � �� � � � �� � � �� � � �� � �� �� � � �� � � � �
� � � ���� �� � � � � � � � �� � � � � � ��� ��� � ��� � � �� � ��� � �� �� � � ��� � �� � � �� � �� �
��� � � � � �� � � � �� �� � ��� � �� � � � ���� � �� � � � � � � � �� � �� � � � � � � � ��
� � � �� � �� � ��� � � �� �� � �� � � �� � ��� �� �� � � � �� � �� � � � �� � � � ���� � � � ���
� �� � �� � � �� �� � � � � � � �� � ��� � � ���� ��� � � � � � � � �� � � � � �� � � � � � �� ��� � ��
���� �� � ��� � � ��� � �� � � � � � � � � � � � � ��� �� � � �� � � � �� �� � ��� � � � ���
� ��� �� � � � � �� � �� ������ � �� �� ��� ����� � � �� ��� ��� � � ���� � ��� �� � � � � �� ��

� � � � �� �� � �� � �� �� � �� � � ��� � � ���� � �� � � �� ���� � �� � �� � � �� � �� �� � ��� � � �� � � �� � �� � �

� � �� � ���� � �� �� � � �� �� � � � ���� �� �� �� � � �� � � ��

�� � ��� � � �� � �� �� � � � � � ���

� �� � � � �� � �� � � � �� � �

� �� � � � �� �� � � � � �� � � � �� � �

� �� � � � �� �� � � � � �� � � � �� � �

� �

�� � � � �� � � � �� � �� �� � � � �� � � ��� � � ��� � �� � � �� � �� � ��� �� � �� �� � � ���� � � ���� ��� � �� � �� � ��� � �� � � � � ��� ��� � � � � � �� �� � ��� �� � �� �� � � ��� ���� � �� �� � � � ���� �� �� � �� � � ���� ���� �� � � � �� ��

� � � � ��� �� � � � ���� �� � � � �� �� � � � ��� �� � � ���� �� � � � �� �� � � ��

� � � �� ��� �� ��� ��� � � �� � ��� � � �� � � � � � � � �� ��� � �� �� � �� � � �� � ��� � � � � �

�� � ��� �� ��� � � � ��� � � � � �� � � � �� � � � � ���� � ��� �� �� �� �� � � � � �� � � � �� �� � �� � � �� �� � � ���� �� �� � � � � � �� �

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


� � � � �� � � �� �� � ��� � �� � �� � ���� � � ���� � � � ��� �� �� � � ��� ���� � ���� � ���
�� � � ��� ���� �� �� � � � � �� � �� � ��� � �� � � ������ � � �� ��� � � �� �� �� ��� �� � �� � ��

� � �� � � � � �� � �

�� �� � � � � � �� � � �� � � � � ��� �
� � �� � � � � � � �� � � � � � � �� �� � ��� � �� � � �� � � � � �� � �� � � � � � ��� � �
� � � � � �� ��� � ��� �� � � �� � �� �� �� � � ��� �� � � �� �� �� � ���� ���� �� � � ��� �
� �� � �� � ���� ���� � � � � � �� ���� � � � � ��� ��� � ��� � �� � � �� �� � � � � �� ���� ����

� � �� �� � � �� � �� �� � �� � ����� � � �� �� � �� � � � � � �� � � �� �� � ��� � ��� � � � � � �
� ���� �� � �� � ��� �� � ��� � � ��� �� � � �� � ��� � �� �� � ���� � �� � � � �� �� � � � �
�� � � � �� � � � � � ��� �� ������ � � �� � �� � �� �� � �� �� � � � �� � �� � ��� � �� ��
�� � � �� � �� � �� ���� � � �� � ���� �� �� � �� � � � � �� � �� � �� � �� � �� � ��� �� � � � � � ��
� � � �� �� � ��� � ����� ��� � � � � � ��� � ��� � � � � �� ��� � ����� � � �� �� � � �� � �� �
� �� � ����� �� � � �� ��� �� ���� � ��� � �� � � �� ���� � �� �� � �� � � � � ��� � ��� � �� � �� � �
� � � ����� � � �� � �� ���� � � ��� ���� � � ��� � ���� � ����� � ��� � ������ � � � ��� � ��
� �� ��� ��� � ��� �� � �� � � �� � �� ��� �� � � � � ��� ��� � � � � � �� � �� � �� � ������ ��
� ���� � � � ��� � � � � � � � �� �� � � � �� �� � ��� � ��� � � � � � � �� � � � ���� � �� � ���
� � � ��� � ����� � � � ��� �� � � � ��� � �� � � ��� � ��� ���� � �� ������ �� � � � ������� � ��
� �� � �� � �� �� � �� �� � �� � � �� �� � �� ��� ��� ��� � ��� �� ��� ��� � � ���� �� � �� �� ���
� � ���� � ���� � � ��� ��� �� � � ������ �� � � � � � ��� � ����� � � � � ���� � � � �� �� �� ��
��� � �� � � � � �� ��� � � � � �� ��� � � � ��� � � ��� � �� � � �� �� � ��� �� � � � � � ���
� � �� ��� � ��� �� � � �� � �� � � � �� � � ����� � � � � �� �� � � � �� � � � � � � �� � � � ��
� � �� �� � � �� � �� ��� � � � � ���� � � � �� � � �� � �� ��� �� � � � � � � � � �� � �� � ��� � �
� � � � �� � ���� � � ������ � ��� � ��� ���� � �� ���� � ���� � ��� � � ��� � �� ����� � � � �
� � �� �� � � � � � ���� ��� � � � �� � � � � � � � �� � � � �� � � � ��� � � ��� � �� ��
�� � � �� � �� �� �� � � ��� ��� � � � � � ��� � � �� � � � � ���� � �� � �� � �� � �� �� � ���
� ��� � � � �� � ��� � ���� � � � � ���� � �� � ��� ������ � �� � � �� � ��� � � � ����� ��� � �
� ��� �� � � ��� ��� � �� � � ���� � � ���� � � ��� ���� � ��������� ��� �� � �� � �� � � ���
� � � ���� � ��� � �� ��� � �� � � � � � ��� ��� � ��� � �� � � � ��� � � ��� � ����� � ��� � � �
�� � �� �� � �� � � �� ��� � � � ��� �� �� ��� � � � �� � ���� � ���� ��� � �� � �� ��� � �� � � �
� ��� � ��� � ��� �� �� � � � � � ��� ��� � � � �� � �� �� �� �� � � � � � ��� ��� � ���

� � �� �� ������ � ��� ���� �� � � � �� � �� � � � � � � � � �� �� � � ��� � �� � � � �� � �
� � �� � �� ���� � ���� � � ��� � � � � ��� ���� �� � ��� �� � ���� � ��� � � � ���� ��� � � ��
�� � � �� � �� �� � �� � ����� � � � � �� � �� � ��� � �� ���� �� � � �� � �� �� � � � �� �� �� ��
� �� �� � � ��� � �� � � ��� � � �� � �� � ��� ��� ���� � � � ��� � � � � � �� ��� � �
� � �� � � � � ��� � � � �� �� � ��� � �� ��� � ��� �� � � � � �� � �� � �� � �� ��� ��� �� � �
������ � ��� � ��� � � � � � �� ��� � � � � �� � � �� � � �� ����� � � � ��� � � � ��� �� � � � �
� �� � � � � ��� � �� � � �� � � � ���� � �� ��� � ���� �� �� �� � �� � � �� � � � � �� � � �� � �
�� � � � � �� ���� ��� � �� � � � � ���� � �� �� ���� � � ����� � ���� �� � � � ������ � �� ��
��� ��� � ����������� � � � �� � � ������ � � �� ��� �� � � � � � ���� � � �������� � ��� ���� �
� �� � ���� �� �� � � ������� � � � � � � ������ �� � � �� � ���� � ��� � ���� � � � �� � ��� �
� � �� �� � � � ���� �� � � � � � ���� � ���� � �� � � � � �� ��� � �� ��� � �� � � �� � ��� �� �
�� � � �� � �� �� � �� � � � ��� � �� � � � ��� ��� �� �� ���� � � ��� � �� �� � ��� � �� � � � �� �
� � �� � � �� � � �� �� � � �� � �� �� � �� � ����

�� �� � � �� � �� � � � �� � � �� � � �
� � � �� � � � � � � �� �� � ��� � � ��� � ��� �� � ���� ��� � �� � �� � �� � �� � � � �� �� � ����
� � � �� ��� � � �� � ��� � �� � �� � �� � � ���� ��� � � � � � � � � � � �� �� � �� � ��� �� ��� ��
� � ��� � ���� � ��� � � � ���� �� � � � �� � � ��� �� � �� � � � � ��� � ��� � ��� �� �� � �� ��
� �� � �� �� � � � �� ���� � � � �� � � �� �� � ��� � �� ���� ��� � � � �� � � � � � � �� � � ��
� � �� �� � ����� � ��� ���� � � ���� � �� � � �� � � ���� � �� � ��� � �� � � �� � ��� � � �� �
�� � � � �� �� � �� � � � � � �� �� � ��� � �� � �� � �� � � � � �� �� � � � � � � �� �� � ��� �
���� � � � ��� � � � �� � � �� � � � �� � � � �� � � �� � �� � � �� �� � �� � �� � � �� � ���
� �� � �� ��� � � � � �� �� � � �� �� � �� ��� � �� � � � � �� ��� ��� � � ���� ��� � � � � � � � �
� �� � � � �� �� �� �� � �� � � �� �� � � � �� � � �� � � � �� � ��� �� � � � � �� � �� � ���
� � � � ��� �� ��� ��� ��� � ��� ��� ��� ��� � � � �� � �� �� � � �� � � �� �� ��� � �� � �� � ��
� � � �� ��� � � ��� � � ��� � � � � �� � ��� ��� � ��� �� �� � �� �� � �� � ���� � � � ���� � ��
� � ���� � � �������� � � �� � � � �� � � � ��� � �� � ���� � �� � � ���� ��� � � �� � � ��
� � � �� �� � �� �� � � � �� � � �� � � �� � � � � �� � � � ��� � � �� � �� � � ��� �� � � � � �
� �� �� � �� �� � � � ��� �� �� �� � �� ��� �� �� � �� �� � �� � � � � � �� ��� ��� � �� �� ���� � �
� ��� � ���� � � �� � � ��� �� �� � � � �� � � �� ��� �� � � � �� � �� ��� �� � ��� � � � ��
� � �� � �� ��� � � �� � � �� �� ��� � � � ���� � �� � �� � �� �� � �� �� � �� � � � � �� � � ���
� � �� �� �� ��� � �� �� � � �� � � � � � � ��� � � � � � �� � �� � � �� � �� � �� ��� � �� � �� �
� � � � �� � �� � � ��� � ��� �� � �� �� �� ���� � ��� � ��� �� � ��� � ��� � �� � ��� � � �� � �
��� ��� � ���� � � � ���� �� ��� � � � � ���� � ���� � �� � � � ��� � ��� � �� � �� ������������

�� � � � �� � � � � � � ���� � � �� � �� � ���� � � � ��� ��� ��� � �� � � � � ��� ���� � �� �� � � �� ���� � �

� � � ��� � � � ��� ��� � �� � � �� � � � � � � �� ��� � � � � �� � � ��� � � �� �� �� � ��� � ��� �� � � �� � � �� � �

�� � ��� ��� � � � � � � � � ��� ���� �� � � � �� �� � � � � ��� �� � � � ���� �� � � � �� �� � � � ��� �� � � ��

� �� � � � �� �� � � ��

� � � �� ��� �� ��� ��� � � �� � ��� � � �� � � � � � � � �� ��� � �� �� � �� � � �� � ��� � � � � �

�� � ��� �� ��� � � � ��� � � � � �� � � � �� � � � � ���� � ��� �� �� �� �� � � � � �� � � � �� �� � �� � � �� �� � � ���� �� �� � � � � � �� �

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


� �� �� � � � ���� ����� ���� � � �� ��� ��� �� ��� ��� ��� � ��� ��� � � ���� ��� � � ��� � � �
� ���� � ��� ��� �� � � ��� ���� �� � � � �� � � �� �� � � � � �� � � � � ���� �� � �� �� � �
� � � ��� � � � � �� � � �� � � �� �� �� � � �� �� ��� � ��� � � �� ��� � �� � � �� �� � � ��� � � � � �
�� � � ��� ��� ����� � � � � � � � � ��� ��� ����� � � � � ��� �� � ��� ��� � � � � �� � � � �
�� � ��� � �� � �� ��� � �� � �� �� � � � ��� � � � ���� � �� � � � � �� � �� � �� � � �� �� � ��
� �� � ��� �� � �� � � � ��� � �� � � �� � � ���� � � � ��� � �� �� � �� �� � �� �� � � �
� � �� ���� � ��� �� �� � �� �� � �� �� � ��� ��� � �� � � �� �� � �� � ��� ���� � � ����� � �
�� �� �� � � ���� � ���� � �� � �� �� � � � � � ������ � ��� � ��� � ��� � �� � � ��� � �� � �
� � �� ���� � �� �� ��� � ������ ��� �� �� � � � �� �� ��� ��� � � � � �� � �� � �� � � �� �� � ��
� �� � ��� ��� � � � ���

� ��� � �� �� �� � ��� �� � � �� � � �� �� � � �� ��� � ��� �� �� � �� � �� � � � � ���� � �
� �� � ��� � �� ��� � � �� �� �� � � �� � �� �� �� � � ��� �� � �� ���� � � �� �� � �� � � � � �
� �� � �� � �� � �� � � �� � ��� �� � � � � � � ���� � �� � � � �� ���� � � �� � � � � � �� ��� � �
�� � ���� � �� � � � �� �� � �� � � �� � �� � � � �� �� � �� � �� � � �� � �� � ��� �� � � ��� ���
� ���� � � � �� ���� ��� � � ���� ���� � � ��� ���� � � �� ���� � ��� �� � ���� � ������ � �
� ��� ���� � ��� � � � ��� �� ��� ��� � � � ��� � � � �� ��� ���� �� �� � � ���� � � � ��� � �
� � � �� � � �� � � �� �� � �� � � � � � ��� ���� � � � � � � ���� ���� � �� �� �� � ��� � � ��
� �� �� � �� ��� � � ���� ��� �� � ���

�� �� � �� � � � � �� � � � �� � �� � � � � � � ��
� � �� � � � ���� �� � �� � ��� �� �� � �� �� � �� �� � ��� � ��� � �� � ������ � �� � � � � ��� �� �
��� �� � �� �� ��� � � � �� � �� ��� ��� �� � � ���� � �� � ��� � � �� � �� �� ��� � ��� �� � �� �
� �� � � ���� � �� � �� � �� �� � � � � �� � �� � � � �� � �� � �� � � � � � ���� ��� � � � � �� �
� � � ��� � � � ��� � � �� �� �� ��� � �� � �� �� � � ��� � �� �� � �� � � �� �� � ��� � � � � ��
�� � � ���� � �� �� � � ���� �� �� � �� � ���� ��� � �� �� � �� � � � ����� � �� �� � �����
�� � � ��� �� � � � � �� � ��� � ��� � � �� �� � �� � � ��� ��� � ��� �� � �� �� ��� �
� � ��� � � � � �� �� � � � �� � � � � �� � � �� �� � �� � � � � � �� � �� � �� � � ��� �
� ����� �� � � �� � �� � � � � � �� � � �� �� � ��� � �� � � � ��� � �� � � � � � � ��� �
� ��� �� � �� � � � � �� �� � � � � � ��� � �� � � �� �� � � � � � �� � � � � �� � � � ��� �� � ��
� �� ���� ����� �� � ��� ���� �� ��� � � � � � �� � ���� � ��� � ��� � � ��� ��� ��� � � � ���� �
��� � � �� � ��� � �� �� � ��� ��� �� � ���� � �� � �� �� ��� � � �� � � � �� � �� �� ��� � � �
� �� �� � �� �� � �� � �� �� � ��� � ��� � � � �� �� �� � � ���� � ��� ��� � � �� �� ��� � �� ��� ��
�� � � ��� � � � � � �� � � � �� �� � ��� � � � � ��� � ��� �� � � ��� ���� � � � ��� � �� ����� � � �
� � ����� �� ��� ���� � � � � � � � � � � ��� � � ��� �� � � ���� � �� � � � � �� � �� �� ���� ��� �
� �� ��� �� � ��� � � � � ���� �� � ���� ��� � � �� �� � ���� ��� �� � � ���� � ��� ��� � � �� �� ��
� ��� �� � �� ��� �� � � �� � � � � �� � � ��� � ��� � ��� � � �� � �� � �� � � �� � �� ��

� � � � � � � �� � � �� � � � �� ��� � �� � ��� � � � � � �� ��� ��� ���� � � � � ��
�� �� �� �� � � � �� � ��� �� � ��� � �� ���� � � � �� � � � �� � � �� � � � �� �� � ����� � �
� � �� � �� � � �� � � �� � ��� � �� � � �� � �� � � � ��� � �� � � �� �� �� �� � � ���� � �� ��
�� � �� � ��� ��� � � � �� � ��� �� � �� � ��� �� �� � �� �� � �� � � ��� �� � �� � �� ��� �� � ��
� ��� � � � � � � �� � �� � �� � �� � ��� � ��� ��� � �� � ��� ��� � � � ��� � � � �� � ��� � �� �
� � � � � ���� � �� � �� � ��� � � � � �� ��� � ��� � � ������ � ��� � ��� ��� � ��� � ��� � ��
� ��� �� � ��� � �� � � �� � � � � � � � �� � �� � � �� � � � � � � ������ �� � � �� � � � � �� � ��
� � �� � � � � ��� � � � �� � �� � ��� �� � � � � � � � � � � ��� � �� � ��� ���� � �� �� ���
��� � ��� � ��� � � �� ��� � � � � � � ��� ���� � �� ��� ��� ���� � �� �� ����� � � �� ���� � �
� � �� � � � �� � � � �� � � �� � �� ���� � � �� � �� � � ���� � ��� �� � � � � �� � � �� �
� � �� � � � � � ���� � � � � �� �� � �� � ��� � ��� � ��� � �� �� � ��� � ��� � �� � �� ��� ��� � ��
� � �������� ��� ��� �� ��� ���� �� � ��� � ���� ��� ������ � ����� � ������ ��� ���� � � ��� � ��
�� � ��� � � � � �� ��� � �� � � �� � � � �� � � ����� �� ��� ��� � ��� � ��� ��� � � � �� ��

�� � ������ � � � ���� � � � �� � � �� �� � ��� � ��� � � ���� � � � ��� � ��� ��� �� ��
��� � ��� � �� � � �� �� � ��� � �� �� ��� ��� � � � ��� ��� � � � � � � ��� �� � �� � �� � ��
� � � �� �� � �� � � �� �� ��� � � ��� ��� � � �� �� �� ��� � �� ��� � �� �� � � �� � � � �
� � �� �� � �� � � �� � �� �� � � � � �� ��� � � �� � � �� �� � � �� ��� � �� ��� �� �� �� �� � �
� �� � ��� � � � � � � ��� � ��� � � ��� � �� ��� � � � � � � � � �� ��� �� � � �� � �� �
�� � � ��� ���� � ��� � � �� �� � ����� �� �� ���� ��� � �� � � �� �� � �� � �� � � �� � ��
�� � � ���� � �� � � � ����� � � �� ��� � ���� �� ���� �� � � � ��� � � � ��� � �� ���� � ��� �� �

�� � � ���� � �� � �� �� � � � � �� � �� ��� ��� � ��� ���� � �� � �� ��� �� �� � �� �� � �� � �
�� � ��� � ��� ��� �� �� � �� � � � � ��� � ��� � �� � �� ��� � � �� � � ��� � � �� � �� � � �
�� � � � � � �� � ���� � ���� � � ���� � � � � ��� � ����� ��� ��� � ��� � �� � �� ��� � � � � �
� � ���� ����� � ��� � ���� � ��� ��� � � � � � ��� �� � ��� � ������ � ��� ����� � � ��� � � ���
� �� �� �� � � �� � �� � ���� � �� � �� � ����� � � �� � � � � �� � � � ���� ��� � �� � � �� � � ��
� � �� �� � � �� � �� � �� � ����� ��� � ��� � ��� � ��� � ��� � ����� �� �� ��� �� � � �
� � � �� � � � �� � � � � �� �� ��� ��� � � ��� �� ����� ���� �� �� � � ����� � �� � � ��
� ��� � ��� � � �� � �� � �� � � �� �� ����� � ��� � �� �� � �� � � �� � � � ���� � �� �� � � �
� �� � ��� � � ���� �� �� ��� � ��� � �� � �� ��� � � � � � � ��� � � � � �� � ��� � � � �� � � �
�� � ��� � �� � ��� ��� �� �� � ���� �� � � � �� � � � � �� �� � � � � � ���� � � � � � � �� � � � �
��� � � � � �� � �� � � � � ��� � � � � �� � �� � � � � � � �� � �� �� � � ��� � �� �� � � �
� �� � ���� �� � �� � �� � �� � � �� � � �� ��� � �� �� � �� �� � � � � �� ��� � � � � �� � �
� ��� ��� � �� �� ��� � � � �� � � ���� �� �� � ��� � �� � �� � � � � � � � � �� �� � � � ��� ��
� � �� � � � ���� �� ��

�� �� � � �� � ��� � � � �� � � � ��� � � �� � �� � � � �
� � � � � � � �� �
� � �� � �� � ��� � �� ��� � �� � ��� � � � �� ��� � �� � ���� �� � � �� �� � ���� ��� ������ �
� �� � �� � �� �� � �� � ��� ������ � � �� �� � ���� �� � � � � �� ��� � �� � � � ��� � � � � ���
��� ����� � � � � ��� � �� � � �� � �� �� � � �� � �� �� ��� � �� � � � � � ���� � �� �� � �� � ��
�� � � �� ��� ����� � � � � �� � � � � �� �� �� � � �� � �� ��� � � �� � �� � �� � ���� � � ��� ��
� � � �� � � � � �� �� � ���� � � �� � �� � � �� � �� � � ��� � � �� � �� � � � �� � ��� � � �
� �� � � �� � ��� � ������ ��� ��� � � � � �� � � � ����� � � � � �� � �� � ��� � � ��� � ��� � ��
� ��� � � � � � � �� � � � �� � �� � ��� � �� �� � � ���� ��� ����� � � � � � � � � ���� ��� ����
� � � � ��� � � � �� � � � � � ���� � �� � � � �� �� � � �� � � � � ���� � � � ��� � �� � � ��
� � � � � ���� � �� � � � � �� ��� ����� � � � � �� � � � �� � � � � ��� � � � �� � �� ��
� � � � � �� � �� � ��� � �� � ��� � �� �� � ��� � �� �� �� � � �� � �� � � �� � �� � ��� � �� � ��
�� � �� � � �� � � � � �� �� � �� � � � � �� � �� � � � � � � �� �� � ��� � � �� � �� �� � � � � �
� �� � ��� � � � �� � � �� � � ���� � �� � ���� � �� � �� � �� � ��� � �� � �� �� ��� � �� �� � �� ��
�� � � ������������� � � � �� � � �� ���� � ��� � ��� ������ � � ��� ���� �� � �� � ��� � ��� �
�� � �� ��� � �� �� � ���� � � �� � �� � � �� �� � � � � � �� � �� �� � � � � �� � �� � � �
�� � � � � ��� ��� � �� �� � ����� ��� � �� � � �� �� � ���� � � � �� �� � � � ��� � � �
� � � � ���� � �� � �� � ��� � �� ��� �� � � �� � �� �� � � ��� ��� � �� � ��� �� � � � � ���
� � �� � �� � �� � � �� � � ��� ��� � � ���� �� � ��� �� � ����� � �� � � �� � � � �� �� ��� � �� �
� � �� � � � �� ��� � �� � � � � � ���� � �� � �� � � � � � �� � �� ��� � �� ��� � � � � �
� �� � ��� � ��� ��� �� � ��� � �� � �� � � � � � ���� ��� ���� � � � � �� � � �� � � � �
� � �� � � � �� � �� � �� � � �� �� �� � �� � � �� �� � � � �� � � � � � � �� �� � ���� �� � ��
� �� �� � �� � �� � �� � �� � � � � � � �� �� � ��� � �� �� �� � � �� � ��� � �� � �� � � �
� �� � �� � � � � � � � � ��� � � � �� � � �� �� � �� �� �� � �� � �� �� � � � � � � �� � �
� �� � � � �� � �� � ��� � �� � � � �� � � ��� �� � � �� ��� � � � � � � � � � � � �� ��� � � �
� � � � � � �� � �� �� � �� � �� � � �� � � � � � � � � � �� � � � � � ����� � � �� �� � �� � ��
� �� � ��� � �� �� �� � �� ��� � � �� � �� � � ��� ��� ����� � � � � �� � � �� � � �� � � �
� � � �� � � ��� � �� ��� � � �� � ��� � �� � � ��� �� �� � �� � � �� �� �� � � ���� � �� � ���
�� � � ������������ � � � � �� ���� � ��� �� � �� ��� � �� ���� � �� � �� � ���� �� �� � ��� � �
� ���� � �� ���� � �� � ��� ���� �� �� ����� � ���� ��� ����� � � � � ��

� �� � �� � � �� � �� � � � � � �� ��� � � � � �� � � �� ��� � ��� � ���� � � � � � �� � �
� �� � � ���� � ���� � ���� � � � �� ��� � ��� � � �� �� � �� � ���� �� � ��� � � � �� � � ���
� �� � ���� � �� � ����� � � � �� � �� � ���� ��� � �� �� ���� � �� � �� �� � ���� � ��� � � �
� � � ����� ��� � �� � �� � � ���� � �� � ���� ���� �� �� ���� � ��� ��� � � � � � �� �� � ���
� �� � �� � � � ����� � � �� �� � ���� � ���� ��� � � �� � � � � � �� ��� � �� ��� � �� � ��
� �� � ��� � �� � �� �� ��� � ��� � � � �� � �� �� �� ���� � � ��� � �� �� � �� � � �� � �� ��
�� � � ���� � �� � �� ��� ��� �� � � �� � ��� � � �� � �� � � �� � � � � � �� ��� ��� � � ��� ��
� � � ���� � � ��� �� � ���� � �� � ��� � �� � � � � � �� ��� � ��� �� � �� � � �� � � ��� � � �
� � � � ��� ��� � �� �� � � � �� �� � � � � � � � � �� �� � � � � � ��� � � � � �� � � �
� � � � ��� ��� �� � � �� � �� �� � �� � ���� � � � �� � � �� � � � ��� � ��� �� � �� � �
�� ���� � � �� � � � �� �� � ���� � �� � � �� � �� � � �� � � � �� ��� ��� �� ���� � � ��� � ��
� � � �� ��� � �� � ���� � ��� � �� � � � � ��� �� � ��� ����� ��� � � � � ��� �� � �� ��� � ��

� � � �� ��� �� ��� ��� � � �� � ��� � � �� � � � � � � � �� ��� � �� �� � �� � � �� � ��� � � � � �

�� � ��� �� ��� � � � ��� � � � � �� � � � �� � � � � ���� � ��� �� �� �� �� � � � � �� � � � �� �� � �� � � �� �� � � ���� �� �� � � � � � �� �

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


� �� � �� � ��� � ��� � �� ���� � � �� � ��� � ���� ���� � ���� � ���� ��� � ���������� � � � � �
� � �� ��� ����� � � � � ��

� �� � ��� � ��� �� � � �� � �� �� �� � � ��� ��� ��� � ��� � ���� � � ���� � ��� ��� �
� � � � ���� � ����� ��� � � � �� � � � � � �� ��� � � � � � �� �� � � � �� � � � �� � � � � � ���
�� � � � ��� � � �� � � � ��� � �� � ���� � �� �� ���� � � � � � �� �� � ��� � � � ��� � �� �
�� � �� �� �� � �� �� ��� ��� ����� � � � � ��� � � � �� ��� � ��� � �� ��� ������ � � �� � � � � �
� ��� � ���� � � �� � � � �� � �� � �� � � ��� � � �� ��� ������� �� �� �� � �� � �� � ��� � � � �
� � � � � �� ��� � � � � � � ���� ��� � � � � �� � ��� � � ��� � � � � � �� �� �� � � � � � � �� �
� � � ��� �� � � � �� � ��� � �� � � � �� � � ��� ��� �� � � � �� �� �� �� ��� ��� � � � � ��
�� � � � � � �� � � �� ��� ��� ����� � � �� � �� � � ��� � ��� � � ��� ��� � �� ������ � ��� � �
���� � � ��� � � � � ��� ��� � ���� ��� � �� �� � � �� � �� � � � ��� �� � ��� � � � � � ��� �� �
� � � ��� � �� � � ��� � �� � �� � � �� � � � � � ��� � � ���� � �� � � � � �� �� � � � ��� �� �
� � ��� � �� � �� �� � � � � ��� ��� � � �� � �� � �� � � ��� � � ��� � �� ��� ����� � � � � � ��
��� � � ��� � �� � � � � � �� � � � � �� ��� � �� �� �� �� �� ���� � � ��� � �� � � � � ������
�� � � � � �� � � ��� � � �� � �� � � �� � � � �� ��� ����� � � � � � � � � � � � � ��
� ��� � � ��� � �� ��� � � � �� �� � � ��� �� �� � � � � � � � �� �� �� � �� � � �� � �� � �
� � � � � � � � � ��� �� ����� � ��� � �� � �� � � � � � �� � ��� � �� ������ � �� �� � �� � � � � �
��� �� � � ��� ��� � � � � � �� � �� � ��� �� � ��� � � � � � � � �� � ��� � � �� � � ��
�� � � � � � � � ������ � �� �� � � �� �� � � � � ��� � �� � � � �� �� � � �� �� �� � �� � �� �
� �� � �� ��� �� �� � ���� �� � � �� ��� � � � ��� � � � �� ��� �� � � ���� �� ���� � ���� � �
� ��� �� � �� � � � ��� � ��� �� � ���� � � ��� � � � � ��� ����� � �� �� � � � � ������ � �� �
� �� � � �� ���� � �� � ��� �� � �� � � � �� � � �� � � ��� ���� � � ��� �� � ���� � � � � �� � �
� � �� �� � � � � ���� �� � � � � � ��� ��� � � � � �� � �� �� � � ��� ������ � �� � � �� � � �
� � � � �� �� � � �� � � � � �� �� � � � � ���� � �� � ��� �� � �� �� ���� � � �� � � � �� �� � ���
� � � ��� � � �� � � �� ��� � � �� ��� � ��� �� � ��� � �� � �� � �� � � �� �� ��� � �� � �� ����
� � � � ��� ���� � ��� ��� ���� �� � ����� � ���� � � � �� � � ��� �� � ��� � �� ��� ����� �� � �
�� � �� � � � � �� � � ���� � ��� � � � �� �� � �� �� � � ��� � �� ��� �� � � � � �� ��� � � ��� �
� � � � � �� � ��� � ��� � � �� � ��� ��� � ���� ������ �� ��� ���� ��� �� � �� �� �� � � �
�� � � ���� ���� �� � ��� �� � ����� � �� �� � � ���� � �� ��� � � �� �� � � �� � �� � �� � ����
� � �� � � �� �� �� �� � � �� � � � � �� � � � ��� � � � � �� � �� � �� � � � � � �� ��� � ��
�� �� ��� � ���� �� � ��� �� � � �� ��� � � � �� �� � �� � ��� ��� � � � ��� � � � � �� ��� � �
� � � ����� ��� � ��� ��� � � ��� �� ���� � ���� � ���� � ����� ���� � ������ � � �� � � ��
� �� � � �� � �� � �� � � � � � �� � � � � � � � � � �� �� � �� � � �� � � �� � � �
� � �� � � � �� ����� �� � � � � � �� �� ��� �� �� � � � � � � � ���� � � �� � � � �� � ��� � �
�� �� �� � �� � �� � � �� �� � � ��� ��� � ��� � � � � � � � ���� �� �� � � �� � �� � � �� � � � �
� �� � � ����� � �� � ��� ���� � � � �� � � � � � ��� � � � � � �� � � � � � � � � �� � � �
� ���� � �� ��� �� ����� � ���� ��� �� � � �� � �� � � ��� � ��� � �� � � � �� ��� � �� �� � �� ��
� � �� �� � � ��� ����� � � � �� � ���� � ��� � ��� � � �� ������� ��� � �� ���� �� �� ����

� � � � � � � � �� � � � � � � � � � � � � � � �� � � �

� �� � � � �� � � � �� � � � �� � � �� � � � � � �� ��� � �� �� � ��� � ��� � �� �� � �� � �� � ��
�� � � �� � �� �� �� � � ��� ���� � � � �� � ���� �� � � ���� � ��� � � � �� � � � ��� � ���� � ��
��� � � �� � � � �� � � � � �� � � �� �� � �� � � �� �� ��� ��� � � � � � � �� � � � � � � �
� � � � � �� ��� � �� � �� �� � �� � � ��� � ���� �� �� � � � � ��� � � � � � � �� �� � � � ��
� � � �� � � � �� �� � ��� � � � �� � � � � � � �� �� �� � �� � � � � ��� ������� � � �
� � � � � �� ��� � � � � �� � � �� ��� � �� � �� � � �� � � � � �� ��� � � �� �� � �� � � � ��� � �
� � �� � � ���� � � ��� �� � � ���� � �� �� � ��� �� � �� � �� � �� �� ���� � � ��� � ��� �� �
� � � � � ��� �� � ��� � ���� � �� � ��� � ��� �� � �� ��� � �� �� �� ����� �� � �� �� � � ��� ���
� � � � � � � � � � �� � � �� �� ��� � �� � � ���� � � � � �� ��� � �� ��� � � � � �� � � � �
� ��� �� � �� � ���� � � �� � ��� � �� � � � � �� �� � � ����� � ��� � � � � � ����� ��� �� � �� �
�� � �� �� � � ���� � �� � �� �� � � ���� � � � � �� � � � ���� � �� � ���� ����� ��� ��� � � ���
� � ����� � �� �� � � ���� � �� � � �� � ����� � ���� � �� ��� �� � �� � � � ���� ��� � � � ��� � �
� � � ��� � �� � ��� � �� �� �� ��� �� ��� � �� � ��� � � � �� �� � �� � ��� � ��� �� �� �� � �
� ��� ��� � � �� � ��� � ��� � � � � �� ��� � � �� � � � ��� �� ���� ��� � � �� � �� � ��� � �
� � � � ������ ��� �� � � � ���� � ��� � � �� � ��� � � �� �� � � �� � � � � � � ��� � �� �� � �

� �� � ����� � � �� � �� ���� � � ��� ���� � � � ��� ��� � �� � � �� �� � �� � � � � �����
� ��� � �� � � � �� � � �� � ��� ��� � � � ���� � � �� ���� � ��� � �� � ���� � � � ���� ���� � �
� �� � � � � �� � � ��� � � � �� �� �� ��� � � � � � � ��� � � � � � �� ��� � �� � � �� � � � �
� � � � � ��� � ��� � ���� � � �� � �� � ��� � ��� � � �� � � �� ��� � � ��� � � ���� �� ����

� � �� �� � � �� � � � � ��� � � � �� � �� � � � ���� ���� � � �� � �� �� � �� ���� � � �� � �
� ���� �� � �� �� � � �� � �� �� �� � � ��� ������ � � ��� � � ��� � � � � ��� � �� � � � � ��� ��
� �� � ������ � ��� � �� �� � � �� � ���� ��� ���� � ����� ��� ��� � �� � ���� ��� �� ���� ���
� � � � � � �� � � �� � � � �� � � � �� � � � � � � �� � � � � �� �� � � � � ��� � � �� � �� � � �
� � � � � ��� � ��� � ��� � ��� ���� � ��� ���� � � � � � �� �� � � � �� �� �� � � �� � � � � ��
� �� � ��� �� ���� � � ��� � �� � ������� � � � �� � ��� � �� � � � � ��� �� � � �� �� � � � � � �
� ��� � � �� �� ������ �� �� � ��� �� � ��� ���� ��� ����� ���� ������ � ��� � �� � � �� � ����
��� � ��� ��� � �� � � �� �� � � �� � � � � ��� ��� � �� �� ��� � ����� � � �� � � �� � ��� ��
��� ����� � � � � �������� � � �� � ��� � ��� � �� � � � � �� ��� � ���� � �� � � � � �� ��� � �� �
�� ��� � � ��� � �� � ������ � ���������� ���� � ��� � ��� � �� � �� � ��� � �� ���� � ��� �� �
�� � � �� � �� �� �� ��� ��� � ��� � �� � � �� � � ���� � � �� �� � � �� � ��� � � ���

��� � � � � � � � � � � � � � � � � � �� � �� � � �� � ��� � � � � � �� � � � �
� � �� � � �� �� � �� �� � ����� � �� �� � �� � �� ��� ��� � ��� � �� � � �� �� � � ���� � �
�� � ��� ��� � �� � ��� �� ��� � ���� � � � � � �� � � � � ��� �� �� � � �� � � � � �� �� � � ��� � �
� � �� � ������� � ���� � �� ��� �� � � ��� � ��� ���� � �� ���� �� ���� � � � � ���� � � � � �� ��
� � � � � � �� � � � � ��� � �� �� �� � �� � � � � � � � � � �� �� � � � ���� �� �� � � ��� � � �� �
� � ����� �� �� � �� � � � � � �� �� � � � � � �� ���� � � ��� � � � � � �� ��� � �� ��
� � �� � �� � ���� � � � ���� � � � �� ���� � �� � �� �� ��� � �� � � �� � �� � � �� � � � �� � � � �
�� � ��� � � ��� � ��� � ��� � � � �� ��� � � �� � �� � � �� � �� � � � �� ��� � �� ��� � �� � ���
� � ��� � � �� � ��� �� ��� � � ���� � ���� ��� ��� � � � ��� �� � � �� ��� � � �� �� ��� � � �� ��
� � � ������ � �� � �� � ��� � �� � � �� �� ���� � � ��� � ��� �� �� �� � �� �� �� � ��� �� � � �� �
� �� � � �� � �� � �� � � ���� ��� � � �� � ��� � ��� � �� ���� � �� �� � � ���� � � ��� �� ����� � �
� � � � �� �� ���� � � � � � � � ��� � �� � � � � � �� � � � �� � � � � ���� � � �� �� �� � � � �
� � �� ��� ��� � �� ��� � � �� � �� � ��� � � � � ��� � �� � ��� �� �� ��� ����� � � � � ��� � � � �
� �� ����� ��� ��� � � � � ���� ��� � ��� ���� � � �� � ��� � � � ���� � ���� ��� � � � � ��� �
� �� ��� ��� � �� � ��� ���� � ���� � � �� ����� � �� �� ��� �� �� � ��� � ������� �� � � �� � �
� � � �� ���� � ��� �� � � � ��� ��� � �� � � � �� ���� �� ��

� ��� ���� �� �� ��� � �� �� ��� � � �� � � � � � � �� � � � ���� � �� � �� � � �� ��� � �� �
� ��� � �� � ������ � �� � ��� � ��� � �� �� ���� � � � ���� ��� � � � � �� � �� � ��� � � � � � � ��
� � � �� ��� �� � �� �� � � � � � � ��� � � � �� ��� � �� � � � � � ���� ���� � � � ���� � �� ��
� � ����� ��� � ������� �� ����� �� � �� � � � � �� � � ��� �� � � ���� ��� � � ��� � � � � �� ��
� � �� ���� � �� � � � � ��� � �� ���� � ��� �� �� � ��� �� � � � � � ���� � � � � � �� � ���� �
� ���� � � �� � ��� ��� � � � � � � ��� � �� ��� � � �� � � � �� � � � � ��� ��� � �� � � �� � �
� � �� ��� �� � ��� � �� �� �� � � ���� � ��� � � � �� � � ��� � � � � � ��� �� � � �� �� � � � ��
� �� �� � �� � �� �� � ������ �� � � � ���� � � �� � �� ��� � � � � �� �� � � �� ��� � ���������
� � � � � �� � �� �� � �� � �� � �� � �� � ��� � �� � �� ��� ��� � �� ��� �� � �� � ����� ��
� � �� � �� � �� � � � �� ��� ������ � ��� � ��� �� � � ���� ��� ���� � �� ��� ��� �� � � ���
� � �� � � � � � � � � ��

� � � � � � � �� � � �� �� � � � � � � � � � � � �

� � �� � � �� � �� �� � � � � ���� � �� � � �� � � � �� ��� � ��� ��� � ���� ���� �� � � ����� � �
� � � �� � � ��� � �� �� � ��� � �� � �� � ���� � ��� � � ��� � � � � ��� �� �� � ��� � ��

� � � � � � � � � � � �� � � �� � � �

�� ��� � � � � � �� � � � � � �� � ��� � � ��� � �� �� � � ��� � �� �� � � � � � �� � � � �� �� � �
� � ��� � � � � � �� � ��� ��� ��� � �� �� � � � ���� �� �� �� � � �� � ��� � � � � ���� � � �
� � � � � �� � � � �� � � � ��� � � � � � ��� � � � � �� ��� � � � � �� � � ����� ��� � � � � � �
� � � �� � � � �� � � �� � �� �� � �� �� � �� � �� � � �� � � � � �� � � �� �� � � ���� � �

� � � �� ��� �� ��� ��� � � �� � ��� � � �� � � � � � � � �� ��� � �� �� � �� � � �� � ��� � � � � �

�� � ��� �� ��� � � � ��� � � � � �� � � � �� � � � � ���� � ��� �� �� �� �� � � � � �� � � � �� �� � �� � � �� �� � � ���� �� �� � � � � � �� �

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


�� � ��� � ��� � � �� � � ��� � �� � � ��� � � � � � ��� ��� � �� � � ��� � ��� � � � �� � � � �
� �� � � �� � � �� �� � � �� � �� � � �� ��� �� � ��� �� ���� � ���� � �� � �� � ���� �� � ���
� � � �� � � � � � � � �� ��� ��� ��� ��� � �� � � � ����� � �� � ���� � �� � ���� � � � �� � � �
� � �� � � � ��� � � � � �� � � � � �� ��� ���

� � � �� � �

� ������ � � ������ ��������� �� � �� �� ��� � � �� � � � � � ������� � � �� � ��� � � � �
� �� ��� � � ��� � � � � � �� � �� � � �� � �� � � ��� � �� � �� � �� � � � �� � � � � � � � � � �
� ��� � � �� �� � �� � � � � � � � �� � � � � � � �� � �� � � � �� � � � �� � �� � � �� � � �
� ��� � � ��� � �� � � � �� � � � � � ��� � �� � � � ��� �� � � � � � � � � � ��� � � � �� � �
��� �� � � � �� �� � � � � � �� � � � � � � � � � � �� � � � �� � ��� � � �� � �� � � � �� � � �
� � �� � � � �� � � � �� � � � � � � � � � � �� � � � � � ��� � � � � � � �� � � � �� � � �
� � � � ��� � �� � �� � �� � ��� � �� � � � � � �� � � � �� � �� � � � �� �� � ��� � � ��
� � � � � � � � �� � � �� �� � � � ������ � �� � ��� � �� � � � � �� � � � � � � �� �� ��� �
� ��� � � � � � �� � �� � � �� � ��� � �� � � �� � ����� �� � � � �� � � �� � � � � ��� � �� � �
� � �� �� � � � � � � � � � � � �� � � �� �� �� � ���� �� � � � ��� �� ���� � �� � � ���� � � �� �� ��

� ��� � �� �� � � � ��� �� � �� � �� � �� � � �� �� � � � � � �� ����� �� �� � �� � � ��
� � � � ��� � �� � � �� � �� � �� � � ��� � � � � ��� � ��� � � � � �� � � � ���

� � � � � � � � � � � � � � �

� � ��� �� � ��� � � � �� ���� � ��� ��� � � � ��� � �� �� � � ����� � ���� � �� ���� � � � �� �
� �� � ���� � � � � � � � � ��� � � � �� � � � � � � ��� � � � �� � ����� � � � ������� � � ���
��� � � �� � � ���� � � ��� � �� � ������ � � � �� � � � �� � ���� � �� � � �� �� ��� �� � �
� ���� ��� � �� � � � � � � �� � � � ��� �� � � � � �� �� � �� ���� � ��� � � ���� � � ��

� � � � � � � � � � � � � � � � � � �� � �

� � �� � � � �� � � � �� �� � � � �� ��� ���� ���� ���� ���� �� ��� � �� � ��� � � � �� � ��� � �
���� ��� � ���� � � ��� � � ��� � � �� �� � � �� � ��� �� � �� � �� � � � ��� � � � �� � � � ��
� � � � � ��� ��� �� � � �� � � � �� �� �� � �� ��� ��

� � � � � � � � � �

��� �� � � ��� �� ��� �� � � �� �� �� ��� � ��� � � �� �� �� ��� � � � ��� � � �� �� �� � � � � ��� � ��

� � ��� � ��� ���� � �� �� �� � � ��� � �� � � � ��� � ������� � ��� � ��� � ���� ��� � ������ � � ��� � � ��� � ��� � �

� ��� �� � ��� � �� �� � � ��� � ��� � � � �� � ��� � � � � � � � � ��� � ���� � �� � � � ��� �� � � � �� � �� �� � � � �

��� �� � � � �� � ��� ���� � � �� ��� � ��� � �� � �� � � � � ��� � � � �� � �� ������ ��� � � � � � �� ��� � � �

�� � �� � � � � � �� �� � � ��� � �� � � � �� �� � �� � �� � � � � �� � ��� � � � � ��� � ���� � �� � � � �� � � � ��

� � � �� � �� � � � � �� �

� � � ��� � ���� � �� � ���� ���� � � � � �� � ���� � � � � � ��� � � ��� ������� � � � ��� � � � � � � � � � � �� ��� � � ��

� �� � �� ��� � � � � �� � �� ����� �� � �� � �� � � � �� � � �� � � �� � ��� � � � � �� �� � � � � � � � ���� �� ���

� ��� � � � � � � � ��� � ���� � �� � � � ��� � �� � ��� � � ��� � � � � � � �

� � � ��� � ���� � �� � ���� ���� � � � � �� � ���� � � � � � ��� � � ��� ��� ��� � � � � ���� � � � ��� � � �� �� ��� � � �

�� � � ��� � � � � �� � �� �� � ��� � �� � � � � �� � �� � �� ���� � � ��� � �� � � � � � � � � � � � � �� ��� � � ��

� � �� �� � � �� � �� ��� ���� � � � � ��� � � ��� � � � � ��� � ���� � �� � � � ���� ���� ��� � � � �� � �� � � �

� ����� ��� � ��� �� � �� � ��� ���� � �� �� � ���� � � � � ���� �� � �� � ��� � � � � ��� � � ��� � �� � ���� � � � � ���

� �� � ��� � � � � �� � ���� � � � � � �� � �� � ��� �� � �� �� � � ��� � �� � � � � � � � ��� � �� � � � �� ��

� �� � �� ��� � � � �� �� � � �� � ��� ��� � � �� � � � � � � � �� �� � �� �� � � � � � � � �� �� � ���� � �� � � �

� ��� �� � � � �� � � ���� � ��� � � � �� �� � � � �� � � � ��

� � � � �� �� � ��� � �� ��� � � ��� ��� � � �� � �� � � �� ��� ���� ��� � �� � �� � ���� �� �� � � ��� � ���� � � � � ��

� � � ��� �� � ���� ��� ���� � � � � ��� � � � �� � � � � � � � � � � �� � � � � �� � � �� � � � �� � � �� � �

� � � ���� � ��� � �� �� � � � � �� � � � � � ��� � � � � � � ��� � ���� � �� � � � �� � � � � � � �� � � � �� � �

�� �� �� � ���� � � � � � � � � �� � �� � ��� � � � � ��� � � ���� � �� � �� � � � � � � � ���� � �� �� � � ���� � � ��� � �

�� �������� � �� � ��� ���� �� ��� � � � � ���� � �� � � � � � � � � � � �� � ��� � � ����� � � � � �� � �� �� � � ���

�� � � � � �� � ��� � � � � � � � � ��� � ���� � �� � � � ��� � �� � � � � �

�� �� �� � ������ � � � � � ��� ���� �� � � �� ��� � ��� � � � � ��� � ��� � � � � �� � � � ��� ��� � � � ���� � ����������

� � � � ��� � �� ��� � � � � �� � � � � � � � ���� � � �� �� � � ���� �� � �� � ��� �� �������� �� � � � � �� � � ��

� � � � �� � �� �� � � � ��� � � � � � � ��� � ���� � �� � � � �� � �� �� � � � � � �

��� � ��� � � � �� � ���� � � � � �� �� � �� � ����� � �� � ����� �� �� � ����� � � �� ��� � ���������������� � � � ������ � �

� � ��� � �� � � �� � �� � � � � � � � � �� ����� �� � � � � �� �� � �� � �� ��� � �� � � �� � �� � � � �� � �

� ��� � ��� �� � � � � � � � ��� � � � � � � � ��� � ���� � �� � � � ��� � �� � ��� � � � �� � � � � � � �

�� � � � � �� � �� � ���� � � �� ������� ��� � � ���� ��������� � � � � � � �� � �� � ��������� � ������ ��� � � � � � � � � ������

������������ � � � ��� � � � �� �� � ����� ��� �� ����� � � �� � ����� � � �� � � �� � � � � � � � ����� � ��� � ������

��� ��� ���� ����� �� �� � ��� � � � � ��� � ���� � �� � � � ��� � � � � �� � � �� � � � � �� �

���� � � �� � �� � �� � ����� � � �� �� � �������� �� � � �� � ����� � � � � � ����������� � �� ��� � �� � ����� � � � � � � � ��

�� � ��� � � � � ��� � � ����� �� �� ��� � � �� � �� ���� � ����� � � � �� � � �� � � � ������ � ��� � �� � ���� � ��

� � ��� �� � �� � � � � � � � ��� � � ��� � � � � � � � �� � �� � � �� � � � �� � � �� � � � � � ���� � ��� �� � ��

��� � � ��� � � ��� � � � � � ��� � ���� � �� � � � ���� � �� � � �� � � � �� � � � � � �

� ��� � ���� � � �� � ���� � ����� � ��� ���� � � � � � �� � � � � �� ��� � ���� � � � ��� � � � � �� � � � � � ����� � � �� �

� � � � � � � � � �� ��� � � �� � � � �� �� � � �� � �� ��� ��� � ��� � � �� � �� � � �� � ��� � � �� � � � � �� � � � � �

� � �� �� � �� � � � � � � � � �� �� � ���� � ��� � � � �� �� � � � �� � � � � ��

� � � � �� � ��� � � � � � �� � ��� � � � � �� � ���� ��� � ���� � � �� � � � � �� �� � �� � ��� � � � � ���� � � � � � � � �

� � � � �� ��� � � �� � � � �� �� � � �� � �� ��� ��� �� � � �� � ��� � � ��� � � ��� � �� � � �� � � � � �� ��� � ��

�� � � � � � � � ��� � � � � � � � ��� � ���� � �� � � � ��� � �� � ��� � � � �� � � � � � � �

� � � � �� � �� � ���� � � � � � �� � � � �� � �� � ��� � � � � ��� � �� ��� � � � �� � � � �� � � �� � �� � � � �� � �

� ��� � �� �� ��� ���� � ��� � � � � ��� � �� � � �� �� ��� �� � �� � � � �� ����� �� � � ��� � �� � � � � ���

� �� � � �� ��� � � � � � � ��� � ���� � �� � � � ��� � �� � � � �� �� � � �

� ���� ��� � � �� � ���� � � �� � � ��� ��� � � � � ��� � � ��� � � � �� � � �� �� � � � � ��� �� � � � � � �� ��� � � �� �

� ����� � �� � � � �� � �� � � � �� � � � ��� � � � �� �� � � �� � ��� ��� � � �� � � � � � � � �� �� � �� �� � �

� � � � �� �� � ���� � �� � � �� � ��� �� � � � �� � � ���� � ��� � � � �� �� � � � �� � � � ��

� � � � ���� � �� � ��� � � �� � �� � �� � ��� � �� � � � ���� � ��� ��� � � ��� � � ���� �� � ���� � � � � � � ���� � ��� ��

� � � � ��� � �� � � �� �� � � �� � � � � � � �� � �� � � � � � ��� � �� � � � � � � � � � � � ��� �� � � �� � �� ��

� � �� �� ��� �� � �� � ��� � � � � � �� ���� ��� � � � � � � ��� �� � � ��� �� � � �� � �� ��� �� � � �� � � ��� � ��

� � � � � � ��� � ���� � �� � � � �� �� � � ��� � �� �� � � �

� � � � �� � ��� � ��� � � � �� ��� ��� � � � �� �� � ��� � � � � ��� ������ � � � � � ��� ���� � � � �� ��� � ������������ � � � ���

� � � �� � ��� �� �� � � �� � � � �� � ����� �� � �� � � �� � � ���� � � � � � �� ��� � �� � � � ��� � � � � � � ��

� ���� � �� � � � �� � �� � � � �� � � � � � � �

� � � ���� � ���� �� � � ��� ��� � �� �� � � ��� � ��� � � � � � �� � ����� � �� �� � � � ���� � ���� � � � ��� � � � �� �� ��

� � � ��� � � ��� � � �� � �� � � �� � ��� � �� � �� � ��� �� � �� � � �� � � � �� �� � � �� � ��� ��� � � �� � � � �

� �� � � � ��� � � �� � � � �� � � � � � �� � � � � ���� � � �� �� � � � � � � � �� �� � � �� � � � �� � � ��

� ���� � �� � � � ��� � � �� � � � �� � � � � � � �

� � � ���� � ��� � �� �� � � ��� � ��� � � � � � �� � ���� � � �� �� � � � ���� � ��� � � � � ��� � � ��� � � � �� � �� � � �

� �� � ��� � � � � � � �� � � ��� � �� � �� � � � � � � � �� � � � � � � �� � ��� � �� � � � � �� �� � �� �� � ��� � � ��

� � �� � � � � � �� � � � � ��� � � � � � � � � � ���� � �� �� � � �� �� � � �� � � ��� � ���� � �� � � � ��

� � � �� � � � �� � � � � � � �

� ���� ��� � �� � ���� �� � � �� ��� � ���� � � ����� � ��� � � �� � � � �� � ��� � � � � � �� � �� � ����� � ������� � ������ ��

� � � � ���� � � � ��� � �� � � �� �� ��� �� � � � � � � �� ���� � � ��� � �� � � � � ���� ��� � � � �� ��� � ��

�� � � �� � � � �� �� �� � ��� � � � � ��� � � � �� � �� � � � � � � � � � � � �� � � � � ��� � � � � ��

� ���� � �� � � � ���� �� �� � � � �� � �� � � �

� �� � � �� �������� � � � ��� � � � � � ��� �� � � � �� � � � ��� � � �������� � � �� � �� � �� �� � � � ���� � � � � � ��

� ���� � �� � � � �� � � � � � � �

�� �� �� � ��� ���� � � �� � �� �� �� � ������ � � � � � ��� � ����� � ����� � �� � �� � � �� ���� ���� � � � ���� ��� � �� �

�� � � � ��� � ������ � �� �� �� � � �� ���� �� � �� ��� � � � � ��� ����� ���� � � � � � � � �� � � � � � � � � � ����

��� � �� � � � ��� � � � � � � ��� � ���� � �� � � � ��� �� � � � �� � � �� � � � �� � � �

� �� ���� ���� �� � � � � � ��� ���� �� � � �� ��� � ���� � �� � ����� ��� � � � � ���� � ���� � ���� ���� ���� ��� ���

� � � � ���� �� � � � ������ � ��� � �� ��� � ���� �� ��� � � � � � � � �� � � �� � � � � �� ����� � �� � � ���� � ��� �

� ��� � �� � �� � � �� � � ���� � � � �� ���� � � �� � � � � �� � � � � � �� ����� �� � �� � � � � � � �� � �� ��

�� �� � � � � � � � � � �� � � � � � � ��� � �� � � �� � � � � �� �� � � � �� �� � � � �� ��� � � � � � � � � ��

� ���� � �� � � � �� � �� �� � � � �� � � � �

�� � � ��� �� � �� � ���� � � � �� ��� � ��� � �� � � �� �� � �� � ������ � � ���� � � �� � �� � ���� � � � � � � �� ����� ��

� � � � ���� �� � �� �� � � �� � �� � � � � � �� �� � � �� ����� � ��� � �� � � � � � ��� ��� ��� � � � ��� � �

� � � � � � � � � � �� ���� � � �� � �� � � �� �� � � � ���� �� � � �� ��� �� ��� � ��� � � � � � � � � ��

� ���� � �� � � � ���� � � � �� � � � �� � � � �� � � � � �� �

�� ��� � ��� ��� �� � ��� � � �� �� � ��� ���� ��� � ��� � ���� � � �� � � ��� � �� � �� � ��� � � � � ��� � � � �

� �� �� �� �� ��� � �� ��� � ���� �� �� �� � ��� � � � � ��� � � � � � �� � � �� �� � �� �� � � ��� � �� � ���� �� �

� � � � ��� ��� ��� � � �� � � ��� � �� � �� � �� � � � � � � �� � �� ��� � ���� �� � � � �� � ��� � � � �� � ���� � ��

�� � ��� � � ���� ���� ��� � ���� � �� � � � ��� � ���� � � � �� � � � � �

� � � �� ��� �� ��� ��� � � �� � ��� � � �� � � � � � � � �� ��� � �� �� � �� � � �� � ��� � � � � �

�� � ��� �� ��� � � � ��� � � � � �� � � � �� � � � � ���� � ��� �� �� �� �� � � � � �� � � � �� �� � �� � � �� �� � � ���� �� �� � � � � � �� �

https://www.frontiersin.org/articles/10.3389/fmars.2022.870005/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmars.2022.870005/full#supplementary-material
https://doi.org/10.4319/lo.1990.35.7.1415
https://doi.org/10.1016/0079-6611(88)90053-5
https://doi.org/10.1016/0079-6611(88)90053-5
https://doi.org/10.1371/journal.pcbi.1006613
https://doi.org/10.1016/j.visres.2020.04.003
https://doi.org/10.5670/oceanog.2007.63
https://doi.org/10.1002/lno.11472
https://doi.org/10.1038/nature17652
https://doi.org/10.1371/journal.pone.0127121
https://doi.org/10.1038/s41598-021-94615-5
https://doi.org/10.1016/j.pocean.2020.102436
https://doi.org/10.1371/journal.pone.0219570
https://doi.org/10.4319/lom.2008.6.126
https://doi.org/10.1093/plankt/24.8.797
https://doi.org/10.1126/SCIENCE.1261605
https://doi.org/10.1109/ICME.2017.8019550
https://doi.org/10.1109/ICPR.2016.7899708
https://doi.org/10.1109/ICPR.2016.7899708
https://doi.org/10.1016/J.MIO.2016.04.003
https://doi.org/10.1038/483S17a
https://doi.org/10.1126/science.281.5374.237
https://doi.org/10.5194/bg-9-1301-2012
https://doi.org/10.1111/j.1365-2656.2006.01148.x
https://doi.org/10.3389/fmars.2020.00564
https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


�� � ��� � �� � ��� � � � � ��� �� � �� � ��� � �� � �� � ��� ��� � � � � � � � � �� �� � �� � ��� � � � � � � � � �� ���� ���

� �� � � �� � � ��� �� � ���� ��� ���� � � � � � ��� � � � ��� ���� � �� �� � �� � � �� � � ������ � ��� � � ��

� ��� �� ��� �� � � � � �� � � �� � � � ��� � � �� � �� � � �� � �� � ��� � �� ��� � � �� �� � �� � � �� � �� � �

� �� �� � � � ��� �� � � ��� � �� � � � � �� � ��� � � � � � � � � ��� � ���� � �� � � � ��� � �� � � � � �

�� � ��� � �� � ��� � � �� � � �� � � ��� �� � ���� � � ��� �� � ��� � � � � � �� � �� � ���� � � � � �� � � � �� � �� � ��

� � � � ���� � � �� � � �� � � � � � � � � �� � ��� �� � � �� � �� � � �� � �� �� � � � � � � � � � �� � �� � � � � � � ���

� �� �� � ��� � �� � ��� �� � �� � ��� � � ��� � � � ��� �� ��� � ���� ��� � � � � ��� � �� � � � ���� �� � � � �� � ��

� � � ����� � � ���� ���� � ��� � � � � � � ��� � ���� � �� � � � ��� � ��� ����� � � � �

�� ���� �� ��� � �� � ��� � � �� �� ��� �� �� �� �� �� ��� ���� � � �� � �� � �� ��� � � � ��� � � � �� �� �� ��

� � � � ���� �� � �� � � ��� ��� � ����� ��� �� �� �� � ������ �� ����� � � �� � � � ��� � � �� � �� � � � �� � � �� � �

� �� �� ���� � ��� � � � �� �� � ��� ��� � �� ��� � � � � � � ��� � ���� � �� � � � ��� � ��� ����� � � � � �

������ � �� � ��� � � � �� �� � �� � ��� � � �� � � � �� � �� � ����� � � � � ������� � ���� � � � ������ ��� �� ������ � � �� � ���

� � ��� ��� � ������ � �� � �� ��� �� � ����� �� � ��� �� � ��� �� �� ��� �� � �� � � �� � �� ��� �� ��� � ��� � � �� � �

� ���� �� �� � � ���� � ���� � � ��� � � � � � � ��� � ���� � �� � � � ����� � ��� ��� � � � �� � �� � � �

�� � ��� � �� � ��� � � � � � �� � �� � ��� � � �� � � � �� � �� � ��� � � �� ����� � ����� � � � � � � �� � ���� � � � ��� � � � �

� �� �� ��� � �� �� � �� � � � � ���� �� � �� � ��� ��� �� � �� �� � ��� � �� � ��� �� � �� � ��� ��� �� � � �� ���

� � �� �� � �� �� � �� � �� � � � � �� � � ��� � � � � ��� � ���� � �� � � � ���� � � � � � �� � � � �� � �� � � �

�� � ��� � �� � ��� � � � � � �� � �� � ��� � � �� � � � �� � �� � ��� � � � � � � ��� � �� � ����� � � � ��� � ����� � ����� � �

�� � � �� � � �� � �� � �� � ��� � � � � ��� � � �� ��� � �� �� �� � � �� � � � �� � � �� � �� � � �� � � � � �� �

� � � ���� � � �� � � �� �� � �� � � �� � � � ���� � �� � ������ � ��� � ��� �� � � � � � �� � � �� �� � � � ���� ��

� � � �� � � �� � �� ��� �� � � �� � � ��� � ��� � � � � � � ��� � ���� � �� � � � �� �� � � ���� �� � � �

�� � ��� � �� � ���� � � ��� ������ � ��� � �� � � ���� �� � ��� � � � � � �� � �� � ���� � �� � �� � ��� � �� � �� � ��� ����������

� � � � � ��� � �� � �� � �� �� ��� � �� � � � ��� � �� ��� �� �� � � � � � ��� � �� ��� �� �� � �� � � � ��� � �

� � � � ��� � ���� ��� � �� �� � ��� � � � � � � � � ����� � �� � �� � � � ��� � �� ��� � �� � ��� �� � � ��� � ��

� � � � � � �� � � �� �� ��� � �� �� �� �� � ��� � � ���� ���� �� � ���� � � � � � � � � ��� � ���� � �� � � � ��

� � ���� � � � �� � � � � � �

� �� ���� ����� � � �� � �� � �� � ������ � � � � � ��� ��� � �� � � ������ � ���� �� � � �� ��� � ����� � � � � ��� � �� � ��

� � � � ��� � � �� ��� � �� �� � � � �� � � � �� � ���� �� �� �� � � � ������ � ��� � �� � � �� �� � �� � �� � � �

� �� � � �� � �� � � � � � �� � � � ��� � � �� � � ���� � ������� � �� � � � � �� � � ���� � � �� � ��� � � � � � � � � ��

� ���� � �� � � � ���� � � �� � � � �� � �� � � �

� �� ���� ���� � � � � � �� ��� ��� � � � � � � � � � � �� � ��� � ��� ��������� � � � � � ��� ����� � � � � � �� � ��� �� � ��

� � � � ��� � � � � � �� � � � �� �� � � � � � � � � �� � � � � � � �� � �� ��� � ��� � �� � ��� ���� � ��� � �

� � � � � �� � �� � � � � � �� � ��� � �� �� � � �� � �� � � � � � � � �� � � � �� �� � ��� � � � � � � � � ��

� ���� � �� � � � �� � � � � � � � � � � � �

� �� � ��� � � �� � � ���� � ��� � � ��� ���� ��� � ���� �� � �� � �� � �� � � �� � � ��� � � � ��� �� �� � � �� � ��� ��

� � ��� � � ��� �� �� � ��� � � �� � � � �� �� � �� �� � � � � � � � �� �� � ���� � ���� � � ���� � � � �� � � � ��

� � �� � �� ����� � ��� � � � �� �� � ���� �� � � � � �� � �� � ��� � � ���� �������� � ��� � ��� � ���� � �� � �� � ����������

� � � � ��� � �� � � �� � �� � � ���� � � � ��� � �� �� � � �� � � � �� � ����� � � � �� ��� � �� � � � � ��� ��� ��� ��

� ��� � � ��� � � � � � � � � �� � � ��� � ���� � �� � � � ���� � ���� � � � �� � �� � � �

����� � ������ ��� � � � �� ������ ���� �� � �� � �� � ������ � � �� �� � ����� ����� � ���� � � � � � ��� ���� � � � ���

� � � �� � �� � � �� �� � ��� ���� � �� �� � � �� ��� �� � � �� � �� � � � � � ��� � �� � � � �� �� � ��� � � � ���

� � �� � � � �� � � �������� � ���� � � � � � ��� � ����� �� � � � �� � � � �� � �� � ��� � �� � � � � � �� � � � � � �

� � ��� � ���� � � � ��� � �� �� � � � ���� � � � ������ � � � �� ��� � �� �� � � � �� � � �� � ��� � � �� � �� � ��� � �

� � �� � � � � � �� � ����� ���

� � �� � ���� � �� �� � ���� � � � � �� ��� ��� � � � � ��� � �� � � �� � � � �� ���� � � ��� � �� � �� � � � �� � � � � �

� �� � �� � � �� � � � �� � � �� � �� � � � � � �� ��� � � �� � � � �� �� � � �� � �� �� � ��� � � �� � ��� ��

� � �� �� � �� � � � � � � �� � �� �� � ��� � � �� � � � �� �� � �� �� � �� � � � � �� �� �� ���� � �� �� �� �� �

� � � � � � � � �� � ���� � �� � � � ��� �� �� � � � �� � � � � � � �

� � �� �� � ���� �� � � ���� ��� ��� ���� � � �� � ��� �� � ��� ��� � � � � ��� � � � � � � �� �� ��� � � � � �� �� � �� �

� � � � � �� �� � �� �� � � �� � �� � � � � � �� � � � � � � � � �� � � �� � ��� � � � � � � �� ��� � � � ��

� ���� � �� � � � ��� � � � � �� � � �� � � � � �� �

�� �� � ��� ��� � � ��� � ���� ��� � ���� ��� �� � ��� � ��� � ��� � � ��� � �� � ��� ���� � � �� � �� � � ����� ��� � � � � ���

�� � �� �� �� � �� � �� � � � �� � �� ��� � �� � � ��� �� � � �� ���� � �� � � � �� ���� �� ���� ��� � ��� � � � �

� � ����� ���� � � � � � � � ���� � ���� � �� � � �� � ����� �� ��� �� ���� � ��� � � � �� �� � � � �� � � � � ��

� � � � �� ��� ���� � ����� ��� � � ��� �� � �� � ��� � � � ��� � ��� � ��� ��������� � � � � � ��� ������������ � � � ���

�� � � ��� � � � � ����� � �� � � � � ���� ��� � � � � �� �� � ��� � ��� ��� �� � � �� � �� �� � � �� ��� � ���

�� � ��� � � ���� ���� ��� � � ��� � ���� � �� � � � ��� � ���� � � � �� � � � � �

� � � � � ����� � �� � ����� � � � �� � � � � ����� � �� � ���� � � � ��� � � � �� �� �� � �� � ��� � � � ��� �� � � � ��� ��

�� � � �� � �� �� � � � ��� � �� � � � � � � �� � � ��� � ��� ��� � � � � � � �� � � � � � �� �� � �� � �� � � � � ��

� ��� � � � � � ��� � ���� � �� � � � �� � � � �� � � � �� � �� � � � � �� �

� � ����� � ��� � �� ���� � �� � ��� � � � � �� � ��������� � ������ ��� � �� � ��� � �� � ��� � � �� � � � �� � �� � ����������

� � � � ���� � � ��� � � � � �� �� � ��� � ���� ���� � �� �� � �� � � �� � � ������ � ��� � �� ��� � � � �� ��� � � ��

� � � �� � � �� � � � � � � � � ��� � � � �� ����� � � �� �� � �� �� �� � ��� � ���� �� ���� �� � ���� ��� � � ��

� � � � � � ��� � ���� � �� � � � �� � � �� � � � � �

� � ��� �� � ���� ����� � ��� ��� ��� � �� � � � ��� ��� � � �� � � � �� � ���� � �� ��� � �� � ��� � � � � ��� � ���� ��� ���

� � � � ��� � � �� � � �� � �� �� � � �� � �� � � � � � � � � �� ���� � ��� � � � � � � � �� ��� � � �� � � � �� ��

� �� � �� ��� �� � � ��� � �� � � � � ��� � � �� � � �� � ��� � � � � � � ��� � ���� � �� � � � ��� � � �� � � � � �

� �� ���� ��� � � � � �� � ��� � �� � � �� � ���� � � �� � �� �� �� � ��� � � � � ��� � � � � ��� � �� � �� � �� ��� � �

�� �� � �� �� � � � � � �� � ��� �� �� � �� �� � ��� � � �� � � � �� � ��� � � � �� � ���� � � � � � � � ��� � ��

� � � � � � ��� � ���� � �� � � � ����� � � ���� � � � �� � �� � � �

� � �� �� � �� ������ � � � � � �� � ��� � �� �� �� � ��� � �� � ��� � ����� � ����� � ��� � � �� � � � �� � ������������ � � � ���

� �� �� ��� � �� ��� �� � �� �� �� � �� � ��� ��� � �� �� ��� � �� � �� � �� � � ��� � � �� � � � � � �� � � � � �� ���

�� �� � ���� ��� � ��� � �� � �� � � � ���� �� �� �� �� � ��� �� � � � � � � ��� � � ���� � �� � � �� � � �� � � � � � � ��

� ���� � �� � � � �� � � � �� � � � � � � �

� �� � � �� � ��� ������ � ��� � � � � � ��� � ��� � �� �� �� � � �� ��� � � �� � ��� � � � � �� �� � �� � ����� � � � � ��� �� ��

���� � � � ��� � � � � ��� �� � � � �� � ��� � � � �� �� ���� ������ � � �� ���� � � ��� � �� � ��� �� � � � �� � � ����

� ��� � � � � � � ��� � ���� � �� � � � ���� � �� � � �� � � � �� � �� � � �

� � � � �� � �� � ��� � � � ���� � ��� ���� � � �� � � ��� �� � ��� � ��� � �� � �� � �� � ��� � � ��� � �� ��� �� � ���

�� � � ���� � ��������������� � � � ��� � � � � ��� � ��� � � � � � �� � � � � � �� � � � �� �� ��� �� � � ��� � ���� � �

� � � ���� �� � � ��� � �� �� � � � � �� � � �� � �� �� � � ��� � �� � � � � ��� � � �� � � �� � ��� � � � � ��

� ���� � �� � � � ��� � � �� � � � � �

��� � �� � �������� � ��� ��� �� � �� � ���� � � � ��� � ��� � � � ���� �� ��� � � �� � ��� �� �� � ��� ���� � � � ��

� � � � � �� � � � � � � � �� � � � � �� � � � �� � � �� � ��� � � � �� � �� �� � � � �� � � ��� �� � � ���

�� � � � � ��� � � �� � � �� ��� � � � � � � ��� � ���� � �� � � � ��� � �� � � � �� �� � � �

�� � ��� �� ��� �� � ��� � � � �� ������ ��� � � � ���� ���� �� �� �� � ���� � � � � ���� � �� ���� � � � � � ������ ����������

� � � � ��� � � � � �� � �� � � �� �� � � � � � � � �� � � ��� � � � � � �� � �� ��� � �� � � � ��� � � �� � �� ����� ��

�� � � �� � �� �� � ��� � � � � � � �� ��� � �� � � � � � � � � �

�� � ��� �� ��� �� � ��� � � �� ��� �� � ���� ���� � � �� � � � � �� � ��� � � ��� ��� � ��� ���� �� � � ���� ����������� ��� ��

��� ���� ��� ���� � � � � ��� � � � �� � ��� � ��� �� � � �� � � � � � � �� �� � ��� � �� � �� �� � � � � �� �� � � �

�� ��� �� �� � �� � �� ��� � �� �� �� � � � �� �� � � ��� � �� � � � � ��� � � �� � � �� � ��� � � � � � � ��

� ��� � �� � � � ��� � � �� � � � � �

��� �� � ��� � � � � ��� � � � � �� �� � �� �� � �� � ��� � � � � �� � � �� �� � � � �� � �� � � � �� � ���� � �� � ���

� � � � � �� � ���� � ��� � � � �� � � � � �� � ��� ��� � � � � ��

� ��� � �� � ��� � ��� �� � �� � ��� ����� � � � � � � �� � ���� � � � ���� � � �� ��� � � � �� � ��� � � � ��� � � � � � � �� ��

�� � � � � � �� � � � �� � � � � � � �� � �� � ��� � �� �� � ��� � ��� �� � � � � �� � �� � � � � � � � � � � � �� � ��

� � � � � ���� � �� � � � � � �� � ��� � � ��� � � � � � � ��� � � � � ��� � �� ���� � ��� � � � � � � � � ��

� ���� � �� � � � �� � � � ��� � � � �� � � �

�� � � �� ��� � ��� � � ��� ��� ���� � � �� ����� � ��� ��� ��� � � � � ���� � � � � � � ��� � � � � ��� � ��� � � �

� � � � � � �� � � �� ���� � � ��� � �� ���� � � � ���

�� � � �� ��� � ��� � � �� ���� ���� �� � � � � � ��� ��� � � ���� � �� � ���� � � � � � � �� � ���� � � � � � ��� � �� � ��

� � � � ��� � � � � � � � � �� � �� �� � ���� � �� �� �� � ��� �� � � � � � � � � � � � ��� ���� � � � ���� �� � �� � �

� � ��� �� � � �� �� ��� � �� �� � �� ��� ��� � ���� �� �� �� � �� � � � ��� �� � � � � � � � �� � � �� � �� �� � � ���

�� � � � � ��� � � �� � � �� ��� � � � � � � ��� � ���� � �� � � � ��� � �� � � � �� �� � � �

� � �� � �� � ��� � � � � �� ��� � ��� ���� � � �� � � �� � ��� ��� � � � � ��� � � � �� � � � �� � � ���� � � �� � � � ��

� � � � � �� � �� � � � � � � � ���� � �� �� � � � � � ��� � ��� � � � ��� � �� � � � � ��� � � ��� � ��� �� � � �� � �

� � � �� ���� � � �� � � � � � � � �� � � � � �� � ���� �� �� �� � � �� � �� � � �� � ��� � � � � � � �� � �� � � �� �

�� � ��� � � � � ��� � � ��� � � ���� �� � � � �� � �� � � � ���� � �� � � ���� � ������� � �� � � � � �� � � ���� � � ��

� ��� � � � � � � ��� � ���� � �� � � � ���� � � �� � � � �� � �� � � �

� � �� �� � �� �� ��� � � � � � � �� �� ��� � � �� �� ��� �� �� � ��� �� ��� � � � � � �� �� �� �� � � � � ��� �� � ��

� � ����� � ��� � � � ���� � ��� �� ��� � �� �� � � ��� �� �� � � �� � �� � �� � �� ��� � �� �� �� �� � �� �� ��� � �

� � � ��� ��� ������ ��� � � � � � � �� ���� � � � �� ��� � � � � � � � ��� � ���� � �� � � � ����� � � �� � � � � � � �

� � � � � �������� � � � � � �� � � �� � ����� � � � �� ��� ��� � � �� � ��� ���� ��� � � �� � ��� ���� � � �� � � � � � �� ��� ��

� � � � ��� � �� � � ��� � ���� � �� � �� � � ��� ��� � ��� � � � � ��� � � � � � � � � � � � �� � ����� �� � � �

� � �� � � � � � �� ��� � � �� � � �� � � � �� �� � � �� ��� �� ��� � ��� � � ��� � � � � � � � � ��

� ���� � �� � � � ���� � �� � � � �� � � � �

� �� � ��� �� ��� ��� � � �� � � ���� ����� � �� �� ���� � ���� � � � ���� � � ��� � � � � �� �� � � � ��� ���� � ��� � �

� � � �� � � �� � � ������ � ��� � �� �� � � � � �� � � �� � � � �� � ����� �� � �� �� � � � ��� � � � � � � ��

� ���� � �� � � � �� � � � � �

�� � �� �� �� ��� � � �� �� �� ��� � � �� �� � �� ��� � � �� �� ��� ����� � �� � �� � �� ��� � � � � � � � � � ���� ��

� � � � ������� ��� � ����� � �� �� � � ���� � ������ ����� ������� � ��� ��� ����� � � ����� ��� �� ���� � �� ��� �

������ � ��� � ���� ��� �� �� � � � �� � � � ����� � � �� � ���� � ��� � � � �� � � ���� �� �������� ����� �� �� � ��

� � � ��� � ���� � �� � � � ��� � � � � �� � � �� � � � � �� ���� � �� � � � � � ��� �

� � � �� �� � ������ � � � �� � � �� � ����� � � � �� � �� � �� � ����� ���� � � �� � ���� ���� � � �� � � � � �� � ���� � � ��

�� � ���� ��� ����� � � � ��� � � � � � � � �� ��� � � �� � � � �� �� � � �� � �� �� � �� � � � �� � �� � �� � � � � � ��

� � � � � � �� ����� � ��� � �� �� � ��� � ��� � � � � �� � � � � � � � � � � �� ��� � ��� �� �� � � ���� �� � � �� � �

� � � �� � �� ��� � � � � �� � � ��� � �� � � � �� � � � �� � ��� ���� � �� �� �� � � � � � � � �� � � � � � ��

� � � � � � �� � ���� � �� � � � �� � � � � � �� � � � � � � �

� � � �� �� � ��� ���� � � �� � ���� ���� ��� � � � � ��� � � � �� � ���� � �� � � � � �� ������ � ��� � �� ��� � � �

� � � � � � �� � � �� � � �� � � � � �� � �� � ��� � � � � � �� � � �� � �� � �� ����� � �� � � �� � � �� ��� � � �

� �� �� � � � ��� � � � �� � � �� �� � �� ��� �� � � ��� �� � � � ����� ���� � � �� �� � � �� � � �� ��� � ��

� ���� � �� � � � �� �� � � � �� �� � � �

���� �� �� � ���� ���� �� � ����� ��� � � �� �� � ��� ��� � �� � � �� � ��� � ��� � � ���� ����� ���� � � ����� � ���� ��� ���

� � � � ��� � � �� � ��� � �� � � � � � � � ��� � ������ � ��� � ������ � �� � � �� � � ����� � � �� � � � ��� ����� ��

�� � � �� � ��� � �� � ���� �� ���� � � ��� ��� � � � � � � � � ��� � ���� � �� � � � ��� � � � � �� � � �� � � � �� �

� � � �� ��� �� ��� ��� � � �� � ��� � � �� � � � � � � � �� ��� � �� �� � �� � � �� � ��� � � � � �

�� � ��� �� ��� � � � ��� � � � � �� � � � �� � � � � ���� � ��� �� �� �� �� � � � � �� � � � �� �� � �� � � �� �� � � ���� �� �� � � � � � �� �

https://doi.org/10.1002/lno.11450
https://doi.org/10.1093/icesjms/fsx168
https://doi.org/10.1093/icesjms/fsab149
https://doi.org/10.1016/j.jmarsys.2014.10.008
https://doi.org/10.1016/j.pocean.2014.05.010
https://doi.org/10.1093/plankt/fbt056
https://doi.org/10.3389/fmars.2020.542701
https://doi.org/10.3389/fmars.2020.542701
https://doi.org/10.1016/J.DSR.2008.05.014
https://doi.org/10.1002/2014GB005063
https://doi.org/10.1016/j.cell.2019.10.008
https://doi.org/10.1146/annurev-marine-041921-013023
https://doi.org/10.1109/ICIP.2016.7533053
https://doi.org/10.1038/s41467-018-07059-3
https://doi.org/10.3389/fmars.2019.00196
https://doi.org/10.1016/0079-6611(89)90010-4
https://doi.org/10.3354/meps10908
https://doi.org/10.1002/lom3.10285
https://doi.org/10.1016/j.imavis.2004.02.006
https://doi.org/10.1029/2011JC007565
https://doi.org/10.1016/j.patcog.2011.06.019
https://doi.org/10.1002/lom3.10301
https://doi.org/10.4319/lom.2007.5.195
https://doi.org/10.1002/lom3.10394
https://doi.org/10.1109/TPAMI.2011.276
https://doi.org/10.4319/lom.2010.8.462
https://doi.org/10.1016/J.DSR.2003.09.008
https://doi.org/10.1126/sciadv.abk2904
https://doi.org/10.1098/rspb.2009.0742
https://doi.org/10.1038/23449
https://doi.org/10.1038/s41598-020-57879-x%20schmid2020Prey
https://doi.org/10.5281/zenodo.4641158
https://doi.org/10.1525/elementa.388
https://doi.org/10.1038/s41559-018-0587-2
https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


� ��� � � �� � �� � ����� � �� � ��� � ��� � �� � ���� � � � ��� � � � � � ��� � � � ����� ���� � � ��� � ��� ��� � ���� � �� ���

� ������� ��� ��� � � �� �� ��� �� ���� � � �� �� � � � � � �� � ��� � � � � � � ��� � ���� � �� � � � ��� � �� � � �

� ��� � � ��� �� � ���� �� � � �� �� � ���� � � �� � ��������� � �� � ��� � � � � ���� � ��� ���� � ������ � ��� � �� ��

� ���������� ��� �� � ��� � �� �� � � ��� � ��� � � ��� � ���� � � � � � ���� ����� �� � � � ��� �� � � � �� � �� �� � � � �

�� �� � � ��� � �� � ���� �� �� � � ��� � ��� ���� � � � � � � ��� � �� � ��� ��� � � � � ��� � � �� � � � �� � ��� �� �� � �

� ��� � ��� �� � � �� � � �� � � � � � �� ������� � � ��� � � � �� �� � �� � � �� � �� � ������ ������ � ���� ���

� � ��� � � � � � � ��� � ���� � �� � � � �� � � �� � � � � � �

� ��� �� � �� � ���� � � � � ��� � �� � ��� ��� � � � � ��� � � �� � � �� � � � � � � � � � �� � � �� ���� � � ��� � �� ��

� � �� � �� � � �� � �� � � � �� � � � ��� ��� � � �� � ��� �� �� � � � � �� � � ��� �� �� � � ��� � �� � � � � ���

� �� � � �� ��� � � � � � � ��� � ���� � �� � � � ��� � �� � � � �� �� � � �

�� � � � � � ��� ���� � � �� � ����� ��� � � � � ���� �� � � �� � �� � � �� � ���� �� �� �� � �� � � �� � � � � � �� � ��

�� � � � � �� �� �� �� � � � � ��� � ��� �� � � ���� ���� � � ��� �� � ��� � �� �� �� � �� � ��� � � � �� � � � ��

� � �� � � ���� ���� ��� � � � � � � ��

�� � � � � � ��� ��� � � ��� �� � ��� � � � � � � �� �� �� � �������� ��� � � �� � ���� �� � � �� ��� � ����� � � � � ��� � ��

���� � � � ��� � � ���� � �� � ������ � ��� � ��� � � � � � � � ��� �� � � � �� � � � � �� � � �� � ��� ���� � �� � �

��� � �� � � � � � � � �� � �� �� � �� � � �� �� � � � ���� � � � ���� �� � �� � � � �� � �� � � �� � � � � �� � ��

�� � � ��� � � � � ��� � �� �� � ���� � ������ � � � �� �� ��� � ��� � � �� � � �� � � � ���� � �� � � ���� � ��������

� � ��� �� � �� � �� � � � � �� � ��� � � � � � ��� � ���� � �� � � � ���� � � � �� � � � �� � �� � � �

�� � � � � � ��� ���� �� � � �� ��� � ���� � � � � � ��� � �� � ���� � � � ��� � �� �� � � ��� ��� � ��� ��� � � � � ���� � ��

������ � ��� � �� ��� � ���� � �� �� � � � ��� ��� � � �� � � � ���� ��� � � � � � � � � ��� ��� � � � � �� � � �

� � � ���� � �� � � � ��� �� � � � � � � � �� � �� �� � �� � � �� �� �� � ��� � � � ��� � � �� � � ���� � ���� ���

�� � � � � �� � � ���� � � �� � ��� � � � � � � ��� � ���� � �� � � � �� � � � � �� � � � �� � �� � � � � �� �

� �� � � �� � ���� � � � � � � �� ��� ���� ���� � � �� � � � � �� � ���� � � � �� �� � ��� ���� �� � � � ��� � �� � ���� � � �

� � � � �� � �� � ��� � � � � ��� � � � � � �� � � � ��� �� � � � � �� � ���� �� � �� � � �� �� � �� � ��� ��� �� �� � �

� � ��� � ����� �� � � �� �� � � ��� � �� �� ��� �� � � � � ��� � � �� � ��� � � � � � �� �� � � � �� � ��� �� � � ��

� ���� �� ���� �� � ��� � ��� � � ��� � � � � � � ��� � ���� � �� � � � �� � � �� � � � � �

���� � �� ��� � ��� ��� � � �� �� � ����� �� �� � ���� � �� � �� � �� � ��� � �� � �� �� � ��� � � �� � � ��� �� � ���� ��� ���

� � � � ��� � �� � � ��� � ��� �� ��� � � �� �� � �� �� ���� �� � � ��� � �� �� � �� � ����� � � � �� ��� � � � � ��

� �� �� � � � ��� � � � � � � � � ��� � ���� � �� � � � �� � �� �� � � � � � �

�� � � � � � � � ���� ��� � �� � � � �� ��� � � � � � � � �� �� �� � � � � ��� � � � � � � � �� ����

� � � � �� � � ��� � � � � � � � � � � � �� � � � � � � �� ��� � � � �� � � � �� � � �� � �� � � � �� � �� � ��� � ��

� � � � � �� � � � ���� � �� � � � � �� ��� � ���� � �� � � � �� � � � � � � �� � � � �� � � � � � � �

� � � �� ��� � � � � �� ��� � � � �� ��� �� �� ��� � � � � � � � �� �� �� � � � � ��� ��� � � �� � � � � �� �� � � �

� �� �� ��� � � � � �� � � ���� � � � ��� � � � � �� � � � �� � �� ��� � � � �� ���� �� � ��� ��� � ��� � � � �

� � ����� ���� � � � � � � � ���� � ���� � �� � � �� � ����� �� ��� �� ���� � ��� � � � �� � � � � �� � � � ��

� �� �� � �� � ���� � � � � � � � �� � �� � ��� ��� � � � � ��� � � ��� � �� � �� � � �� ��� � � � �� � � �� �

� � � � �� �� � � �� �� �� � �� ��� �� �� � � � ��� � �� � �� � � � � � ��� � � ���� � � �� � �� ��� � �� � � � ��

� � � � � � � � ��� � ���� � �� � � � �� � �� � � � �� � � � � � � �

� �� � ��� � ������ � �� � ��� � � ��� ��� ���� � �� � ��� ���� � � � � ���� �� � �� � ���� � � � ��� � � �� � ��� � � ��

� � � � � ��� ���� �� � � ���� � �� � ��� �� � � � � � � � �� � � � ���� � �� � �� ��� ��� � � � � � � � � ���� � � � ���

� � ��� � � �� �� � �� � �� � ���� � � �� �� ��� � ���� � ��� �� � �� � � � � ���� � � � � �� � ��� ��� � �� � �� � � � �� ��

� � �� � � � � �� �� ��� �� � � � � �� ��� � �� ��� � �� �� ���� � ��� � � �� �� � �� � � ���� � � �� ��� �� � �� � ��� ��

� � � � � ��� ���� �� �� ����

� � ���� � � � �� � � �� �� ������ �� ���� � �� ��� � ��� ��� �������� �� ���� ��� �� �� ��� � �� ������ � ��� �� � ���

� � �� � �� � ��� � � � ��� ���� ��� � �� �� � ���� � �� �� ���� � ������ � �� �� � �� �� � � �� � ��� � ���� ���� � �� �� ��

� � �� � � ���� � ����� � ��� ��� ����� � ��� � ��� � �� � � ���� � � � �� �� � � � ���� � �� � � � ��� ��� � �� � �� � ��� �

� ���� ���� �� ��� ��� �� �� ��� � �� � � � �� � � � � � � �� � ����� � � � � �� � �� �� ������� � ��� � � �� � �� � � �� ��

� � � ��� � �� � ��� � �� � � ���� � ���

� � � ��� � �� � �� � � � �� � � � �� ����� � � �� � � � � � � ���� � � � � � � �� ��� �� � �� �� � � � �� � � �� � �� ���

� ���� � � �� � � � �� ��� � ������� � �� �� �������� ��� � � �� ��� ������������������ � ��� ��� � � ���� ���� �� ��

��� � �� � ��� ��� � � � � � � � � �� � ����� � ��� � �� ��� � ���� � � �� � ��� � � ��� ����� ������ � ��� � �� ��

� � �� � � ���� � ��� �� �� ����� �� � ������ � �� ����� ��� �� � �� � � ��� ��� ��� �� � ��� � �� � ������ � � �� � ��

� � � ��� � ��� � � ������� ���� ��� ���� �� � � �� � � ���� ��� ��� �� � ��� � � ���� ��� � ��� ��� ����� � �� � �����

��� � ��� � �� ��� �� � � �� � � ��� �� ��� � �� � �� �� � � � ���� �� ����� �� � � �� �� ��� ������ � ��� � �� ��

� � �� � � ���� � ����� � �� ���� � � � � ��� �� � � ��� � ���� � � �� � � ��� ��� ��� ��� �� ���

� � � �� ��� �� ��� ��� � � �� � ��� � � �� � � � � � � � �� ��� � �� �� � �� � � �� � ��� � � � � �

�� � ��� �� ��� � � � ��� � � � � �� � � � �� � � � � ���� � ��� �� �� �� �� � � � � �� � � � �� �� � �� � � �� �� � � ���� �� �� � � � � � �� �

https://doi.org/10.1139/f67-081
https://doi.org/10.4319/lo.1972.17.3.0327
https://doi.org/10.3354/meps168285
https://doi.org/10.4319/lom.2007.5.204
https://doi.org/10.1016/J.DSR2.2007.09.019
https://doi.org/10.1016/S0967-0637(99)00100-4
https://doi.org/10.3354/meps13367
https://doi.org/10.1038/nature09329
https://doi.org/10.1109/OCEANSE.2007.4302271
https://doi.org/10.1126/SCIENCE.1109049
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles

	Content-Aware Segmentation of Objects Spanning a Large Size Range: Application to Plankton Images
	1 Introduction
	1.1. Plankton Imaging Enables Fine Scale Studies
	1.2. Objects Need to be Extracted Automatically From Pelagic Images
	1.3. Marine Snow and Imaging Artifacts Dominate In Situ Images and Complicate Plankton Detection

	2 Materials and Methods
	2.1. Image Segmentation Methods
	2.1.1. Threshold-Based Segmentation
	2.1.2. Threshold-MSER (T-MSER) Segmentation
	2.1.3. Threshold-CNN (T-CNN) Segmentation

	2.2. Application to ISIIS Data from VISUFRONT Campaign

	3 Results
	3.1. Number and Size Distribution of Segments
	3.2. Global Performance Statistics
	3.3. Performances Per Size Class
	3.4. Performances Per Taxonomic Group

	4 Discussion
	4.1. Summary of Results
	4.2. Targeted Organisms
	4.3. Processing Time and Cost
	4.4. Detection of Small Objects by CNN Models

	5 Conclusion and Perspectives
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


