
Molecular Ecology. 2020;00:1–14.    �J|�J���•wileyonlinelibrary.com/journal/mec

 

�!�;�1�;�b�ˆ�;�7�9���‘�•����;�0�u�†�-�u�‹���‘�•�‘�•�J|�J �!�;�ˆ�b�v�;�7�9���‘�u�����1�|�o�0�;�u���‘�•�‘�•�J|�J ���1�1�;�r�|�;�7�9���‘�����o�ˆ�;�l�0�;�u���‘�•�‘�•

�	�����9���•�•�:�•�•�•�•�F�l�;�1�:�•�”�•�‘�“����

� " � � � � � � � � � � � � � � � � � " � " � & � � � � � � � ! � $ � � � � � � � �

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

�!�o�v�b�;���	�u�b�m�h�‰�-�|�;�u�• �J|�������$�o�l�l�-�v�o�����†�1�h�;�u2 �J|���������o�v�_�†�-�����:���$�:�����o�|�|�;�u�• �J|��������

�$�o�l���"�‰�b�m�=�b�;�t�73 �J|�������	�-�ˆ�b�7�����:�����o�o�l�;�v3 �J|���������t�;�-�m�o�u�����:���"�t�-�7�;4,5 �J|��������

���:���$�_�o�l�-�v�����:�����b�t�0�;�u�|6,7 �J|���������‰�;�m���$�:�����;�‰�b�v4 �J|���������;�m�u�‹�����;�u�m�-�u�78�J|��������

���-�|�|�_�;�‰�����:���"�|�u�†�;�0�b�]9 �J|���������t�b�Œ�-�0�;�|�_�����:�����t�-�u�;�• �J|�������"�|�;�r�_�;�m�����:���!�o�v�v�b�|�;�u�•

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

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

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

���o�u�u�;�v�r�o�m�7�;�m�1�;
�!�o�v�b�;���	�u�b�m�h�‰�-�|�;�u�7���"�|�;�r�_�;�m���!�o�v�v�b�|�;�u�7���"�1�_�o�o�t��
�o�=�����b�o�t�o�]�b�1�-�t���-�m�7�����_�;�l�b�1�-�t���"�1�b�;�m�1�;�v�7��� �†�;�;�m��
���-�u�‹���&�m�b�ˆ�;�u�v�b�|�‹���o�=�����o�m�7�o�m�7�����o�m�7�o�m�7���&���:
���l�-�b�t�v�9���u�:�7�u�b�m�h�‰�-�|�;�u�`�t�l�†�t�:�-�1�:�†�h���P�!�:�	�:�Q�8��
�v�:�f�:�u�o�v�v�b�|�;�u�`�t�l�†�t�:�-�1�:�†�h���P�"�:�!�:�Q

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

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

�=�o�u�� �l�-�l�l�-�t�� �	������ �0�‹�� �|�-�u�]�;�|�b�m�]�� �=�u�-�]�l�;�m�|�v�� �o�=�� �|�_�;�� �•�u�"�� �u�!������ �]�;�m�;�� �-�m�7�� �7�;�|�;�1�|�;�7�� �•�“��

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

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

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

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

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

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

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

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

�-�v�v�;�v�v�l�;�m�|�v�:

� � � � � + � ) � � � ! � 	 � "

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

�0�b�o�l�o�m�b�|�o�u�b�m�]



�‘�J��|�J    DRINKWATER ET Al.

� • �J |�J � � � � �$ � ! � � � 	 �& � � �$� � � � � �

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

�;�|���-�t�:�7���‘�•�•�’�Q���-�m�7���o�|�_�;�u���-�m�|�_�u�o�r�o�]�;�m�b�1���-�1�|�b�ˆ�b�|�b�;�v���7�u�b�ˆ�b�m�]���=�o�u�;�v�|���7�;�]�u�-�J

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

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

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

�7�b�ˆ�;�u�v�b�|�‹���P���t�o�m�7�;�u���;�|���-�t�:�7���‘�•�•�v�Q�:����o�u���;�Š�-�l�r�t�;�7���l�b�1�u�o�1�t�b�l�-�|�b�1���;�Š�|�u�;�l�;�v��

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

�P���t�o�m�7�;�u�� �;�|���-�t�:�7���‘�•�•�v�8�� ���-�u�7�‰�b�1�h�� �;�|���-�t�:�7���‘�•�•�”�8�� ���†�1�h�;�u�� �;�|���-�t�:�7���‘�•�•�v�Q�:��

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

�P���-�†�u�-�m�1�;�� �;�|���-�t�:�7���‘�•�•�v�8�� �)�b�t�h�b�m�v�o�m�� �;�|���-�t�:�7���‘�•�•�v�Q�7�� �t�o�]�]�;�7�� �=�o�u�;�v�|�v�� �1�-�m��

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

�1�o�l�r�o�v�b�|�b�o�m�7���r�u�;�7�-�|�b�o�m���-�m�7���v�;�;�7���7�b�v�r�;�u�v�-�t���P���o�ˆ�o���;�|���-�t�:�7���‘�•�•�v�8���!�o�0�;�u�|��

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

�|�o���m�†�l�;�u�o�†�v���t�o�1�-�t���-�m�7���1�t�b�l�-�|�b�1���v�|�u�;�v�v�o�u�v���P�"�|�u�†�;�0�b�]���;�|���-�t�:�7���‘�•�•�”�Q���-�m�7��

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

�;�|���-�t�:�7���‘�•�•�•�Q�:

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

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

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

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

�;�|���-�t�:�7���‘�•�•�•�8�� ���b�0�v�o�m�� �;�|���-�t�:�7���‘�•�•�•�Q�:�� ���ˆ�;�m�� �‰�b�|�_�b�m�� �_�b�]�_�t�‹�� �7�;�]�u�-�7�;�7��

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

�t�-�u�� �|�o�� �=�o�u�;�v�|�� �|�_�-�m�� �b�|�� �b�v�� �|�o�� �-�]�u�b�1�†�t�|�†�u�-�t�� �r�t�-�m�|�-�|�b�o�m�v�� �P���u�-�‹�� �;�|���-�t�:�7���‘�•�•�“�8��

�)�;�-�u�m���;�|���-�t�:�7���‘�•�•�•�Q�:���)�b�|�_�b�m���_�;�-�ˆ�b�t�‹���t�o�]�]�;�7���=�o�u�;�v�|�7���=�o�u���;�Š�-�l�r�t�;�7���=�o�u�J

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

�;�|���-�t�:�7���‘�•�•�v�Q�� �-�m�7�� �b�m�ˆ�;�u�|�;�0�u�-�|�;�v�� �P���u�-�‹�� �;�|���-�t�:�7���‘�•�•�“�Q�:�� �$�_�;�v�;�� �-�m�7�� �o�|�_�;�u��

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

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

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

�1�t�b�l�-�|�b�1�� �ˆ�-�u�b�-�0�t�;�v�� �-�1�u�o�v�v�� �v�r�-�|�b�-�t�� �v�1�-�t�;�v�� �P���v�m�;�u�� �;�|���-�t�:�7���‘�•�•�v�8�� �	�;�;�u�;��

�;�|���-�t�:�7���‘�•�‘�•�8���"�;�-�l�-�m���;�|���-�t�:�7���‘�•�•�–�Q�:

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

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

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

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

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

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

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

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

�l�o�v�|�� �r�o�r�†�t�-�u�� �_�-�ˆ�;�� �0�;�;�m�� �t�;�;�1�_�;�v�� �P���0�u�-�l�v�� �;�|���-�t�:�7���‘�•�•�–�8�� �	�u�b�m�h�‰�-�|�;�u��

�;�|���-�t�:�7���‘�•�•�v�8�� ��-�_�l�‹�� �;�|���-�t�:�7���‘�•�•�–�8�� �"�1�_�m�;�t�t�� �;�|���-�t�:�7���‘�•�•�v�8�� �$�;�v�v�t�;�u��

�;�|���-�t�:�7���‘�•�•�v�8�� �)�;�b�v�h�o�r�=�� �;�|���-�t�:�7���‘�•�•�•�Q�� �-�m�7�� �7�b�r�|�;�u�-�m�� �=�t�b�;�v�� �P���-�t�ˆ�b�]�m�-�1�J

�"�r�;�m�1�;�u�� �;�|���-�t�:�7���‘�•�•�’�8�� ���o�]�-�u�|�;�m���;�|���-�t�:�7���‘�•�•�–�8�� ���o�=�=�l�-�m�m���;�|���-�t�:�7���‘�•�•�v�8��

���o�1�_�;�u�7���7�;���$�_�o�b�v�‹�7�����-�|�Œ�;�=�t�b�v�7���(�-�t�b�;�u�;�7���;�|���-�t�:�7���‘�•�•�•�Q�:

�$�o���7�-�|�;�7���b�m�ˆ�;�u�|�;�0�u�-�|�;�J�7�;�u�b�ˆ�;�7���	�������P�b�	�����Q���_�-�v���0�;�;�m���‰�b�7�;�t�‹���†�|�b�J

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

�=�u�o�l���|�u�o�r�b�1�-�t���u�;�]�b�o�m�v���P�;�:�]�:����-�_�l�‹���;�|���-�t�:�7���‘�•�•�–�8�����o�]�-�u�|�;�m���;�|���-�t�:�7���‘�•�•�–�8��

���o�1�_�;�u�7�� �7�;�� �$�_�o�b�v�‹�7�� ���-�|�Œ�;�=�t�b�v�7�� �(�-�t�b�Ï�u�;�7�� �;�|�� �-�t�:�7�� �‘�•�•�•�Q�7�� �0�†�|�� �|�_�;�v�;�� �_�-�ˆ�;��

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

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

�;�|���-�t�:�7���‘�•�•�v�8���$�;�v�v�t�;�u���;�|���-�t�:�7���‘�•�•�v�Q�:���+�;�|���0�;�1�-�†�v�;���b�	�������P�-�m�7���;�	�����Q���1�-�m��

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

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

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

�-�|�;�7���v�-�ˆ�b�m�]�v���b�m���=�b�;�t�7�‰�o�u�h���1�o�v�|�v���P�;�:�]�:�����;�;�l�r�o�;�t���;�|���-�t�:�7���‘�•�‘�•�8���)�;�b�v�h�o�r�=��

�;�|���-�t�:�7���‘�•�•�•�Q�:�����0�u�-�l�v���;�|���-�t�:���P�‘�•�•�–�Q���_�-�ˆ�;���;�Š�|�;�m�7�;�7���|�_�b�v���=�†�u�|�_�;�u���0�‹���-�m�J

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

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

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

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

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

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

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

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

ica�Q���P���0�u�-�l�v���;�|���-�t�:�7���‘�•�•�–�Q�:

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

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

�1�-�t�t�;�7���>�b�m�ˆ�;�u�|�;�0�u�-�|�;���v�-�l�r�t�;�u�?�Q�:���$�_�b�v���l�-�‹���0�;���r�-�u�|�b�1�†�t�-�u�t�‹���r�;�u�|�b�m�;�m�|���b�m��

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

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

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

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

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

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

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

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

�1�o�m�7�b�|�b�o�m�v�� �-�u�b�v�b�m�]�� �=�u�o�l�� �=�o�u�;�v�|�� �7�;�]�u�-�7�-�|�b�o�m�� �P���-�u�7�‰�b�1�h�� �;�|���-�t�:�7���‘�•�•�”�8��

���†�1�h�;�u���;�|���-�t�:�7���‘�•�•�v�Q�:�����u�;�ˆ�b�o�†�v�t�‹���‰�;���v�_�o�‰�;�7���|�_�-�|���=�o�u�;�v�|���v�|�u�†�1�|�†�u�;���-�=�J

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

�b�m���t�o�]�]�;�7���=�o�u�;�v�|���P�	�u�b�m�h�‰�-�|�;�u���;�|���-�t�:�7���‘�•�•�–�Q�7���‹�;�|���b�|���b�v���m�o�|���h�m�o�‰�m���‰�_�;�|�_�;�u��

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

�|�b�o�m���o�=���l�-�l�l�-�t�v�:

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

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

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

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

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

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

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

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

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

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

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

�;�|���-�t�:�7���‘�•�•�“�Q�:

� ‘ �J |�J � � � ��$ � � � ! � � � � � � � " � � � � � � � 	 � � � � � � �$ � � � � � 	 � "

�‘�:�•�J|�J�"�|�†�7�‹���7�;�v�b�]�m���-�m�7���v�-�l�r�t�;���1�o�t�t�;�1�|�b�o�m

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

���1�o�v�‹�v�|�;�l�v�� �P�"������Q�� ���u�o�f�;�1�|�7�� �"�-�0�-�_�7�� ���o�u�m�;�o�:�� �$�_�b�v�� �t�-�m�7�v�1�-�r�;�� �_�-�v�� �;�Š�J

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

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



   �J |���J�’DRINKWATER ET Al.

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

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

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

�b�m�]���|�b�]�;�u���t�;�;�1�_�7��Haemadipsa picta�7���1�o�t�t�;�1�|�;�7���-�|���=�b�Š�;�7���t�o�1�-�|�b�o�m�v���-�1�u�o�v�v��

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

�	�;�1�;�l�0�;�u�� �‘�•�•�u�� �P�$�-�0�t�;���•�8�� ��b�]�†�u�;���•�Q�:�� �$�_�;�� �=�b�Š�;�7�� �t�o�1�-�|�b�o�m�v�� �‰�;�u�;�� �t�o�m�]�J

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

�]�u�o�†�r�;�7���b�m���t�-�u�]�;�u���v�b�|�;�v�7���0�-�v�;�7���o�m���r�u�o�Š�b�l�b�|�‹���P���‰�;�u�v���;�|���-�t�:�7���‘�•�•�•�Q�:���)�;��

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

�b�m�]�� �|�_�;�� �v�b�|�;�v�� �;�v�|�-�0�t�b�v�_�;�7�� �‰�b�|�_�� �o�b�t�� �r�-�t�l�� �r�t�-�m�|�-�|�b�o�m�v�� �P�����•�K�’�7�� ���‰�;�u�v��

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

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

�!�;�r�;�-�|�;�7�� �v�†�u�ˆ�;�‹�v�� �‰�;�u�;�� �1�o�m�7�†�1�|�;�7�� �‰�b�|�_�b�m�� �;�v�|�-�0�t�b�v�_�;�7�� �‘�”�J�l2�� �r�t�o�|�v��

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

H. picta���b�m�7�b�ˆ�b�7�†�-�t�v���-�m�7���v�|�o�u�b�m�]���|�_�;�l���b�m���!���������-�|�;�u���P� �b�-�]�;�m�Q���=�o�u���v�†�0�J

�v�;�t�†�;�m�|���l�o�t�;�1�†�t�-�u���-�m�-�t�‹�v�;�v���P�v�;�;���	�u�b�m�h�‰�-�|�;�u���;�|���-�t�:�7���‘�•�•�v�Q�:�����m���-�7�7�b�|�b�o�m�7��

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

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

���u�;�-�� �P�	�(�����Q�7��~�“�•���h�l�� �-�‰�-�‹�:�� �)�b�|�_�b�m�� �;�-�1�_�� �v�b�|�;�7�� �†�r�� �|�o�� �=�o�†�u�� �u�;�r�;�-�|��

�v�†�u�ˆ�;�‹�v�� �‰�;�u�;�� �1�o�m�7�†�1�|�;�7�� �-�|�� �v�K�•�‘�� �r�t�o�|�v�� �o�ˆ�;�u�� �|�_�;�� �v�;�-�v�o�m�:�� �"�b�|�;�v�� �‰�;�u�;��

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

�P���‰�;�u�v�� �;�|���-�t�:�7���‘�•�•�•�Q�9�� �P�-�Q�� �o�t�7�� �]�u�o�‰�|�_�7�� �P�0�Q�� �|�‰�b�1�;�� �t�o�]�]�;�7�� �-�m�7�� �P�1�Q�� �_�;�-�ˆ�b�t�‹��

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

�|�b�o�m�v���o�=���_�-�0�b�|�-�|���|�‹�r�;���v�;�;���$�-�0�t�;���"�•�Q�:

�‘�:�‘�J|�J�	�������;�Š�|�u�-�1�|�b�o�m�7�������!���-�l�r�t�b�=�b�1�-�|�b�o�m���-�m�7��
�t�b�0�u�-�u�‹���r�o�o�t�b�m�]

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

�-�m�7���r�u�o�|�;�b�m�-�v�;�������o�ˆ�;�u�m�b�]�_�|�7���=�o�t�t�o�‰�b�m�]���	�u�b�m�h�‰�-�|�;�u���;�|���-�t�:���P�‘�•�•�v�Q�:�����=�|�;�u��

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

�l�b�Š�b�m�]�� �•�•�•��µ�t�� �o�=�� �v�b�|�;�J�l�-�|�1�_�;�7�� �v�-�l�r�t�;�v�7�� �v�r�;�1�b�=�b�1�-�t�t�‹�� �t�;�;�1�_�;�v�� �1�o�t�J

�t�;�1�|�;�7�� �=�u�o�l�� �r�t�o�|�v�� �‰�b�|�_�b�m�� �|�_�;�� �v�-�l�;�� �v�b�|�;�� �P�$�-�0�t�;���"�‘�� �_�-�v�� �=�†�t�t�� �7�;�|�-�b�t�v�� �o�=��

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

�r�u�o�|�o�1�o�t�� �o�=�� �	�u�b�m�h�‰�-�|�;�u�� �;�|���-�t�:���P�‘�•�•�v�Q�� �‰�b�|�_�� �|�_�;�� �-�7�7�b�|�b�o�m�� �o�=�� �-�m�� �;�Š�|�u�-��

�t�‹�v�b�v�� �v�|�;�r�9�� �‘�•�•��µ�t�� �o�=�� �0�†�=�=�;�u�� ������ �=�u�o�l�� �	���;�-�v�‹�� ���t�o�o�7�� �-�m�7�� �$�b�v�v�†�;�� �h�b�|��

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

�|�_�;�m���b�m�1�†�0�-�|�;�7���=�o�u���•�”���l�b�m���-�|���”�u�f���:���)�;���|�_�;�m���l�b�Š�;�7���b�m���-�m���-�7�7�b�|�b�o�m�-�t��

200 µ�t�� �o�=�� �•�•�•�w�� �;�|�_�-�m�o�t�� �=�o�t�t�o�‰�b�m�]�� �|�_�;�� � �b�-� �†�b�1�h�� �����!�� �r�†�u�b�=�b�1�-�|�b�o�m��

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

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

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

�-�|���t�;�-�v�|���o�m�;���;�Š�|�u�-�1�|�b�o�m���1�o�m�|�u�o�t���P�b�:�;�:�7���-���0�t�-�m�h���v�-�l�r�t�;���|�_�-�|���1�o�m�|�-�b�m�;�7���-�t�t��

�o�=���|�_�;���u�;�-�]�;�m�|�v���l�b�m�†�v���|�_�;���|�b�v�v�†�;�Q�:

�$�o���l�b�m�b�l�b�Œ�;���|�_�;���u�b�v�h���o�=���o�ˆ�;�u�J�b�m�=�t�-�|�b�o�m�7���t�;�-�7�b�m�]���|�o���;�u�u�o�m�;�o�†�v�t�‹���_�b�]�_��

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

�;�-�1�_���t�;�;�1�_���v�-�l�r�t�;���P���b�m�t�-�7�;�m���;�|���-�t�:�7���‘�•�•�•�Q���-�m�7���r�o�t�‹�l�;�u�-�v�;���1�_�-�b�m���u�;�J

�-�1�|�b�o�m�v�� �P�����!�v�Q�� �‰�;�u�;�� �1�o�m�7�†�1�|�;�7�� �b�m�� �|�u�b�r�t�b�1�-�|�;�:�� �$�_�;�� �r�u�b�l�;�u�v�� �‰�;�� �†�v�;�7��

�‰�;�u�;�� �l�-�l�l�-�t�J�v�r�;�1�b�=�b�1�� �‰�b�|�_�� �-�� �|�-�u�]�;�|�� �o�=�� �-�� �v�_�o�u�|�� �P~�–�”�J�0�r�Q�� �=�u�-�]�l�;�m�|��

�o�=�� �|�_�;�� �•�u�"�� �u�!������ �]�;�m�;�� �P�$�-�‹�t�o�u�7���•�–�–�u�Q�:�� �$�o�� �•��µ�t�� �o�=�� �	������ �|�;�l�r�t�-�|�;�� �‰�;��

�-�7�7�;�7�� �•�:�‘���l���� �o�=�� �•�•��×� �� 0� †� =� =� ;� u� 7� � � ‘� :� ”� �� l� �� � � �� ]� �� t2�7�� �•�� �†�m�b�|�� �	������ �r�o�t�‹�J

�l�;�u�-�v�;�� �P���l�r�t�b�$�-�t�� ���o�t�7�7�� ���r�r�t�b�;�7�� ���b�o�v�‹�v�|�;�l�v�Q�7�� �•�:�‘���l���� �7���$���� �l�b�Š��

�P���m�ˆ�b�|�u�o�]�;�m�Q�7���•�:�”���l�]�F�l�t���0�o�ˆ�b�m�;���v�;�u�†�l���-�t�0�†�l�b�m�7���-�m�7���•�:�u��µ�l���o�=���|�_�;���=�o�u�J

�‰�-�u�7���-�m�7���u�;�ˆ�;�u�v�;���|�-�]�]�;�7���r�u�b�l�;�u�7���u�;�v�†�t�|�b�m�]���b�m���-���=�b�m�-�t���ˆ�o�t�†�l�;���o�=���‘�”��µl. 

�$�_�;���1�‹�1�t�b�m�]���r�u�o�=�b�t�;���‰�-�v���-�v���=�o�t�t�o�‰�v���P�-�Q���–�”�f�����=�o�u���”���l�b�m�7���P�0�Q���“�•���1�‹�1�t�;�v���o�=��

�–�”�f�����=�o�u���•�‘���v�7���”�–�f�����=�o�u���’�•���v���-�m�7���•�•�f�����=�o�u���‘�•���v���-�m�7���P�1�Q���-���=�b�m�-�t���;�Š�|�;�m�J

�v�b�o�m�� �|�b�l�;�� �o�=�� �•���l�b�m�� �-�|�� �•�•�f���:�� ���;�]�-�|�b�ˆ�;�� �����!�� �-�m�7�� �;�Š�|�u�-�1�|�b�o�m�� �1�o�m�|�u�o�t�v��

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

�‰�-�‹�:�����u�o�7�†�1�|�v���‰�;�u�;���1�_�;�1�h�;�7���†�v�b�m�]���‘�w���-�]�-�u�o�v�;���]�;�t�v���-�m�7���|�_�o�v�;���u�;�-�1�J

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

�P�o�m�t�‹�� �1�o�m�|�-�b�m�b�m�]�� �†�m�b�t�†�;�� �|�-�]�v�Q�� �=�o�u�� �-�� �v�b�m�]�t�;�J�|�†�0�;�� �t�b�0�u�-�u�‹�� �0�†�b�t�7�� �P���-�u�p�;��

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

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

�o�|�_�;�u�� �-�|�� �|�_�;�� �	�-�m�b�v�_�� ���-�|�b�o�m�-�t�� ���b�]�_�J�$�_�u�o�†�]�_�r�†�|�� �"�;�t�†�;�m�1�b�m�]�� ���;�m�|�u�;��

�P�&�m�b�ˆ�;�u�v�b�|�‹���o�=�����o�r�;�m�_�-�]�;�m�Q�7���0�o�|�_���‰�b�|�_���•�”�•�J�0�r���r�-�b�u�;�7�J�;�m�7���1�_�;�l�b�v�|�u�‹��

�‰�b�|�_���-�m�����t�t�†�l�b�m�-�����b�"�;�t�:���$�_�;���v�-�l�r�t�;�v���†�v�;�7���b�m���|�_�b�v���v�|�†�7�‹���‰�;�u�;���l�†�t�|�b�J

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

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

�‘�:�’�J|�J� �†�-�t�b�|�‹���1�o�m�|�u�o�t�7���=�b�t�|�;�u�b�m�]���-�m�7��
�-�v�v�b�]�m�b�m�]���v�;�t�†�;�m�1�;�v

���m�1�;���v�;�t�†�;�m�1�;�7�7���u�;�-�7���r�-�b�u�v���‰�;�u�;���l�;�u�]�;�7���†�v�b�m�]��adapterremoval ver�J

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

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

�v�b�o�m���o�=��dame���-�m�7���1�o�t�t�-�r�v�;�7���|�o���†�m�b�t�†�;���v�;�t�†�;�m�1�;�v���P�_�|�|�r�v�9�F�F�]�b�|�_�†�0�:�1�o�l�F

�v�_�‹�-�l���v�]�F�	�����;�7�� �,�;�r�;�7�-�� ���;�m�7�o�Œ�-�� �;�|���-�t�:�7���‘�•�•�u�Q�:�� �$�o�� �b�m�1�u�;�-�v�;�� �1�;�u�J

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

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

�|�‰�o���o�†�|���o�=���|�_�;���|�_�u�;�;�������!���u�;�r�t�b�1�-�|�;�v�:���)�_�b�t�;���|�_�b�v���>�u�;�t�-�Š�;�7���u�;�v�|�u�b�1�|�b�ˆ�;�?��

�-�r�r�u�o�-�1�_���P���t�0�;�u�7�b���;�|���-�t�:�7���‘�•�•�•�Q���t�o�‰�;�u�v���|�_�;���o�ˆ�;�u�-�t�t���7�;�|�;�1�|�;�7���7�b�ˆ�;�u�v�b�|�‹�7��

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

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

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

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

�P��b�1�;�|�o�t�-���;�|���-�t�:�7���‘�•�•�•�Q�:���$�o���7�o���|�_�b�v�7���‰�;���1�o�l�r�-�u�;�7���|�_�;���•�u�"���r�u�b�l�;�u���-�]�-�b�m�v�|��

�-�t�t���l�-�l�l�-�t���v�;�t�†�;�m�1�;�v���o�m�����;�m���-�m�h���P���������Q�7���-�t�t�o�‰�b�m�]���=�o�u���-���l�-�Š�b�l�†�l��

� $� � � � � � � � � � � • � J �"�b�|�;���1�t�-�v�v�b�=�b�1�-�|�b�o�m���-�m�7���v�-�l�r�t�;���v�b�Œ�;�v

�"�b�|�; ���-�0�b�|�-�|���|�‹�r�; ���m�7�b�ˆ�b�7�†�-�t�v���o�o�t�v �	�;�|�;�1�|�b�o�m�v

���� ���t�7���]�u�o�‰�|�_ 114 12 �•�u

�(���! �$�‰�b�1�;���t�o�]�]�;�7 27 3 �”

����’ �$�‰�b�1�;���t�o�]�]�;�7 99 10 23

����� �$�‰�b�1�;���t�o�]�]�;�7 130 13 22

�!����� �$�‰�b�1�;���t�o�]�]�;�7 19 2 2

�� ���;�-�ˆ�b�t�‹���t�o�]�]�;�7 70 7 12

D ���;�-�ˆ�b�t�‹���t�o�]�]�;�7 �u�• �u 13

E ���;�-�ˆ�b�t�‹���t�o�]�]�;�7 28 3 �”

F ���;�-�ˆ�b�t�‹���t�o�]�]�;�7 10 1 �”

Note: ���|���;�-�1�_���v�b�|�;�7���‰�;���]�u�o�†�r�;�7���b�m�7�b�ˆ�b�7�†�-�t���t�;�;�1�_�;�v���P�’�K�•�•�7���l�;�-�m��=���–�7��
median =���•�•�Q���b�m�|�o���r�o�o�t�v���r�u�b�o�u���|�o���v�;�t�†�;�m�1�b�m�]�:�����-�1�_���v�b�|�;���‰�-�v���|�_�;�m��
�-�v�v�b�]�m�;�7���-���0�u�o�-�7���=�o�u�;�v�|���|�‹�r�;���1�t�-�v�v�b�=�b�1�-�|�b�o�m���-�m�7���|�_�;���m�†�l�0�;�u���o�=���l�-�l�l�-�t��
�7�;�|�;�1�|�b�o�m�v���=�u�o�l���;�-�1�_���b�v���]�b�ˆ�;�m�:

https://github.com/shyamsg/DAMe
https://github.com/shyamsg/DAMe


�“�J��|�J    DRINKWATER ET Al.

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

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

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

�7�-�|�-�0�-�v�;���‰�;���l�-�r�r�;�7���|�_�;���†�m�h�m�o�‰�m���b�	�������v�;�t�†�;�m�1�;�v���†�v�b�m�]���|�_�;��ecotag 

�1�o�l�l�-�m�7�� �b�m�� �|�_�;��obitools� � � r� -�1�h� -� ]� ;� � �P� ��o� ‹� ;�u� � � ;� |� � � -� t� :�7� � � ‘� •� •�u�Q� � �‰�b� |�_� � � -� � � l�b�m�b�J

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

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

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

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

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

�b�m���"�-�0�-�_�:���)�b�|�_�b�m���;�-�1�_���t�;�;�1�_���r�o�o�t�7���l�†�t�|�b�r�t�;���-�v�v�b�]�m�l�;�m�|�v���|�o���|�_�;���v�-�l�;��

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

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

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

�b�m�]���v�|�†�7�b�;�v���P�	�;�-�]�t�;���;�|���-�t�:�7���‘�•�•�v�8�����t�0�u�;�1�_�|���_�����;�;�v�;�7���‘�•�•�”�Q�:

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

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

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

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

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

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

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

�v�-�l�r�t�b�m�]�� �P���o�|�;�t�t�b�� �_�� ���o�t�‰�;�t�t�7���‘�•�•�•�Q�:�� �	�b�ˆ�;�u�v�b�|�‹�� �-�1�1�†�l�†�t�-�|�b�o�m�� �1�†�u�ˆ�;�v��

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

�P���b�t�t�7���•�–�•�’�Q�7���†�v�b�m�]���|�_�;���>�b�����*�$�?���r�-�1�h�-�]�;���b�m��r���P���v�b�;�_���;�|���-�t�:�7���‘�•�•�u�Q���‰�_�b�1�_��

�†�v�;�v���|�_�;���u�-�m�7�o�l���-�1�t�†�b�v�b�|�b�o�m���o�=���v�-�l�r�t�;�v���P���_�-�o���;�|���-�t�:�7���‘�•�•�“�Q�:�����b�t�t���m�†�l�J

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

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

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

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

�|�o���r�u�o�7�†�1�;���|�_�;�� �v�-�l�;�� �7�b�ˆ�;�u�v�b�|�‹�� �ˆ�-�t�†�;�� �P���_�-�o���;�|���-�t�:�7���‘�•�•�“�Q���o�u�7���=�o�u���b�	�����7��

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

���b�t�0�;�u�|�7���‘�•�•�–�Q�:�� �	�b�=�=�;�u�;�m�|�� �ˆ�-�t�†�;�v�� �o�=�� �|�_�;�� �v�1�-�t�b�m�]�� �r�-�u�-�l�;�|�;�u�7��q�7�� �1�_�-�m�]�;��

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

�b�m���|�_�;���1�o�l�l�†�m�b�|�‹�:���$�_�†�v�7���|�_�;���l�o�v�|���1�o�l�l�o�m�t�‹���†�v�;�7���ˆ�-�t�†�;�v�7��q =���•�7���•�7���‘�7��

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

�|�_�;�� �"�_�-�m�m�o�m�� �b�m�7�;�Š�� �-�m�7�� �|�_�;�� �b�m�ˆ�;�u�v�;�� �o�=�� �|�_�;�� �"�b�l�r�v�o�m�� �b�m�7�;�Š�� �P�v�;�;�� ���_�-�o��

�;�|���-�t�:�7���‘�•�•�“�Q�:�� �$�_�;�� �†�v�;�� �o�=�� ���b�t�t�� �m�†�l�0�;�u�v�� �b�v�� �u�;�1�o�l�l�;�m�7�;�7�� �‰�_�;�m�� �b�m�1�o�l�J

�r�t�;�|�;�� �v�-�l�r�t�b�m�]�� �b�v�� �;�Š�r�;�1�|�;�7�� �P���_�-�o�� �;�|���-�t�:�7���‘�•�•�“�Q�:�� ���m�� �b�	�����J�7�;�u�b�ˆ�;�7�� �;�v�|�b�J

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

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

�0�t�o�o�7���l�;�-�t���0�‹���|�_�;���t�;�;�1�_���P�"�1�_�m�;�t�t���;�|���-�t�:�7���‘�•�•�‘�Q�7���-�m�7���|�_�;���v�|�o�1�_�-�v�|�b�1�b�|�‹���o�=��

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

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

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

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

�|�b�o�m���b�m�����_�-�o���;�|���-�t�:���P�‘�•�•�“�Q�:�����†�u�ˆ�;�v���‰�;�u�;���r�t�o�|�|�;�7���†�v�b�m�]���v�“�w���1�o�m�=�b�7�;�m�1�;��

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

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

�|�‰�;�;�m���1�†�u�ˆ�;�v���P���-�1���u�;�]�o�u�J��o�u�v���_�����-�‹�|�o�m�7���‘�•�•�’�8�����-�‹�|�o�m���;�|���-�t�:�7���‘�•�•�’�Q�:��

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

�o�m�;���o�=���|�_�;���†�r�r�;�u���o�u���t�o�‰�;�u���b�m�|�;�u�ˆ�-�t�v���-�m�7���v�|�b�t�t���0�;���;�t�†�b�ˆ�-�t�;�m�|���|�o��p =���•�:�•�”��

�P���†�l�l�b�m�]�7���‘�•�•�–�Q�:�����1�1�†�l�†�t�-�|�b�o�m���1�†�u�ˆ�;�v���‰�b�|�_���|�_�;���l�o�u�;���|�u�-�7�b�|�b�o�m�-�t���–�”�w��

�b�m�|�;�u�ˆ�-�t���-�u�;���v�_�o�‰�m���b�m����b�]�†�u�;���"�•���=�o�u���1�o�l�r�-�u�b�v�o�m�:���&�v�b�m�]���|�_�;���l�o�u�;���1�o�l�J

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

�;�u�-�]�;�� �-�|�� �;�-�1�_�� �o�u�7�;�u�� �o�=��q� � �P�•�7� � �•�7� � � ‘�Q�� �0�-�v� ;�7� � �o�m�� � |�_� ;� � �v� l� -� t� t� ;�v� |� � �v�-� l� r� t� ;�v� � �v�b�Œ�;� �

�‰�b�|�_���|�_�;��estimateD���=�†�m�1�|�b�o�m���b�m���b�����*�$�:���$�_�;�v�;���-�m�-�t�‹�v�;�v���‰�;�u�;���r�u�o�7�†�1�;�7��

�  � � � � � & � ! � � � � � • � J �P�-�Q�����-�r���o�=�����o�u�m�;�o���v�_�o�‰�b�m�]���7�b�=�=�;�u�;�m�|���u�;�]�b�o�m�v�7���‰�b�|�_���|�_�;���	�-�m�†�l���(�-�t�t�;�‹�����o�m�v�;�u�ˆ�-�|�b�o�m���-�u�;�-���-�m�7���|�_�;���"��������r�u�o�f�;�1�|���t�o�1�-�t�b�|�‹���b�m���"�-�0�-�_��
�l�-�u�h�;�7���0�‹���0�t�-�1�h���1�b�u�1�t�;�v�:���P�0�Q���"��������v�|�†�7�‹���t�-�m�7�v�1�-�r�;���v�_�o�‰�b�m�]���|�_�;���‘�”�J�l2���r�t�o�|�v���P�v�l�-�t�t���‰�_�b�|�;���r�o�b�m�|�v�Q���‰�_�;�u�;���t�;�;�1�_���v�-�l�r�t�;�v���‰�;�u�;���1�o�t�t�;�1�|�;�7���‰�b�|�_�b�m��
�|�_�;���|�‰�o���_�-�0�b�|�-�|���|�‹�r�;�v�9���|�‰�b�1�;���t�o�]�]�;�7���v�b�|�;�v��=��������7������’�7���!��������-�m�7���(���!���P�t�-�u�]�;���]�u�;�;�m���v�_�-�7�b�m�]�Q���-�m�7���_�;�-�ˆ�b�t�‹���t�o�]�]�;�7���v�b�|�;�v��=�����7���	�7�������-�m�7������P�t�-�u�]�;��
�r�†�u�r�t�;���v�_�-�7�b�m�]�Q

Kalimantan

Sarawak

Sabah

Brunei

600 km

The SAFE 
Project

Danum Valley
Conservation 

Area

6°S

4°S

2°S

0°

2°N

4°N

6°N

8°N

108°E 110°E 112°E 114°E 116°E 118°E 120°E
Longitude

La
tit

ud
e

Island of Borneo

4.66°N

4.68°N

4.7°N

4.72°N

4.74°N

4.76°N

Longitude
117.55°E 117.6°E 117.65°E 117.7°E

0 2.5 5.0 km

LFE

F

B

D

E

LF3

VJR

RLFE

La
tit

ud
e

The SAFE Project sites (a) (b)



   �J |���J�”DRINKWATER ET Al.

�†�v�b�m�]���>�ˆ�;�]�-�m�?���P���h�v�-�m�;�m���;�|���-�t�:�7���‘�•�•�•�Q���-�m�7���|�_�;���>�b�����*�$�?���r�-�1�h�-�]�;�v���P���v�b�;�_��

�;�|���-�t�:�7���‘�•�•�u�Q���b�m��r���P�!�����o�u�;���$�;�-�l�7���‘�•�•�–�Q���-�m�7���=�b�]�†�u�;�v���‰�;�u�;���r�u�o�7�†�1�;�7���†�v�b�m�]��

�>�]�]�r�t�o�|�‘�?���P�)�b�1�h�_�-�l�7���‘�•�•�u�Q���-�m�7���>�]�]�r�†�0�u�?���P���-�v�v�-�l�0�-�u�-�7���‘�•�‘�•�Q�:

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

�)�;���†�v�;�7���m�o�m�l�;�|�u�b�1���l�†�t�|�b�7�b�l�;�m�v�b�o�m�-�t���v�1�-�t�b�m�]���P�����	�"�Q���|�o���ˆ�b�v�†�-�t�b�Œ�;���|�_�;��

�1�o�l�l�†�m�b�|�‹�� �v�|�u�†�1�|�†�u�;�� �-�l�o�m�]�� �v�b�|�;�v�� �o�=�� �b�	�����J�7�;�|�;�1�|�;�7�� �|�-�Š�-�:�� �)�;�� �†�v�;�7��

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

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

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

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

�;�|���-�t�:�7���‘�•�•�”�Q�:���)�;���u�-�m���|�_�;�������	�"���†�v�b�m�]���|�_�;���o�1�1�†�u�u�;�m�1�;���o�=���|�-�Š�-���-�|���;�-�1�_��

�v�b�|�;���=�o�u���7�b�=�=�;�u�;�m�|���m�†�l�0�;�u�v���o�=���-�Š�;�v���Pk =���‘�7���’�7���_���“�Q���-�m�7���-�v�v�;�v�v�;�7���|�_�;���u�;�J

�v�†�t�|�b�m�]�� �v�|�u�;�v�v�� �†�v�b�m�]�� �v�1�u�;�;�r�t�o�|�v�:�� �)�;�� �r�u�;�v�;�m�|�� �|�_�;�� �����	�"�� �‰�b�|�_�� �–�”�w�� �����v��

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

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

�l�†�|�-�|�b�o�m�-�t���l�†�t�|�b�ˆ�-�u�b�-�|�;���-�m�-�t�‹�v�b�v���o�=���ˆ�-�u�b�-�m�1�;���P�����!���������(���Q�����t�t���l�o�7�;�t�v��

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

�u�;�=�t�;�1�|���|�_�;���v�|�†�7�‹���7�;�v�b�]�m�:�����t�t�������	�"���-�m�7�������!���������(�����-�m�-�t�‹�v�;�v���‰�;�u�;��

�1�o�m�7�†�1�|�;�7�� �†�v�b�m�]�� �|�_�;�� �ˆ�;�]�-�m���r�-�1�h�-�]�;�� �P���h�v�-�m�;�m���;�|���-�t�:�7���‘�•�•�•�Q���-�m�7���r�t�o�|�v��

�‰�;�u�;���]�;�m�;�u�-�|�;�7���†�v�b�m�]���>�]�]�o�u�7�b�r�t�o�|�?���P� �†�;�m�v�;�m�7���‘�•�•�v�Q�7���b�m��r.

�‘�:�u�J|�J���b�1�u�o�1�t�b�l�-�|�;���ˆ�-�u�b�-�0�t�;�v

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

�|�_�u�o�†�]�_���t�;�;�1�_���b�	�����7���‰�;���1�o�m�v�b�7�;�u�;�7���=�o�†�u���ˆ�-�u�b�-�0�t�;�v�9���l�-�Š�b�l�†�l���|�;�l�r�;�u�-�J

�|�†�u�;�7���l�;�-�m���|�;�l�r�;�u�-�|�†�u�;�7���l�-�Š�b�l�†�l���ˆ�-�r�o�†�u���r�u�;�v�v�†�u�;���7�;�=�b�1�b�|���P�(���	�Q���-�m�7��

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

�-�|���-���”�•��×���”�•�J�l���u�;�v�o�t�†�|�b�o�m�:���$�_�;�v�;���ˆ�-�u�b�-�0�t�;�v���‰�;�u�;���]�;�m�;�u�-�|�;�7���=�o�u���o�†�u���h�;�‹��

�v�b�|�;�v���-�|���"��������0�‹���1�o�l�0�b�m�b�m�]���|�;�l�r�;�u�-�|�†�u�;���-�m�7���(���	���l�;�-�v�†�u�;�l�;�m�|�v���o�0�J

�|�-�b�m�;�7�� �=�u�o�l�� �-�� �t�-�m�7�v�1�-�r�;�J�v�1�-�t�;�� �m�;�|�‰�o�u�h�� �o�=�� �•�‘�•�� �l�b�1�u�o�1�t�b�l�-�|�;�� �7�-�|�-�t�o�]�J

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

�7�;�u�b�ˆ�;�7���=�u�o�l���-�b�u�0�o�u�m�;�����b�	���!���P�v�;�;�����†�1�h�;�u���;�|���-�t�:�7���‘�•�•�v�7���=�o�u���=�†�t�t���7�;�|�-�b�t�v�Q�:��

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

�;�u�-�|�;�7���b�m�����†�1�h�;�u���;�|���-�t�:���P�‘�•�•�v�Q�7���†�v�b�m�]���|�_�;���1�o�o�u�7�b�m�-�|�;�v���=�u�o�l���|�_�;���1�;�m�|�u�;���o�=��

�;�-�1�_���o�=���|�_�;���‘�”�J�l2���r�t�o�|�v�:���(�-�t�†�;�v���=�o�u���	�-�m�†�l���(�-�t�t�;�‹�����o�m�v�;�u�ˆ�-�|�b�o�m�����u�;�-��

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

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

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

�r�t�o�|�|�;�7���†�v�b�m�]���|�_�;���=�†�m�1�|�b�o�m��geom_jitter���b�m���|�_�;��r���r�-�1�h�-�]�;���>�]�]�r�t�o�|�‘�?���|�o���-�b�7��

�ˆ�b�v�†�-�t�b�Œ�-�|�b�o�m���o�m���|�_�;���_�o�u�b�Œ�o�m�|�-�t���-�Š�b�v�:

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

���;�1�-�†�v�;�� �-�t�t�� �=�o�†�u�� �l�b�1�u�o�1�t�b�l�-�|�;�� �ˆ�-�u�b�-�0�t�;�v�� �7�;�v�1�u�b�0�;�7�� �P�v�;�;�� �-�0�o�ˆ�;�Q�� �1�o�J

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

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

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

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

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

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

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

�†�v�b�m�]�� �-�� ���o�b�v�v�o�m�� �]�;�m�;�u�-�t�b�Œ�;�7�� �t�b�m�;�-�u�� �l�o�7�;�t�� �P�������Q�7�� �-�m�7�� �|�_�;�� �;�Š�r�o�m�;�m�|��

�o�=���"�_�-�m�m�o�m�]�v���7�b�ˆ�;�u�v�b�|�‹���b�m�7�;�Š���P���b�t�t���m�†�l�0�;�u���‰�_�;�u�;��q =���•�Q���‰�b�|�_���-���m�o�u�l�-�t��

�7�b�v�|�u�b�0�†�|�b�o�m�:���)�;���b�m�1�t�†�7�;�7���l�;�-�m���|�;�l�r�;�u�-�|�†�u�;���-�m�7���l�;�-�m���(���	���-�v���1�o�m�J

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

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

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

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

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

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

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

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

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

�&�v�b�m�]���-�m�����h�-�b�h�;���b�m�=�o�u�l�-�|�b�o�m���1�u�b�|�;�u�b�o�m���P�������Q���-�r�r�u�o�-�1�_�7���‰�;���]�;�m�;�u�J

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

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

�‰�_�b�1�_���l�-�7�;���†�r���t�;�v�v���|�_�-�m���”�w���o�=���|�_�;���1�†�l�†�t�-�|�b�ˆ�;���‰�;�b�]�_�|�:���$�o���v�†�l�l�-�u�b�Œ�;��

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

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

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

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

�0�-�v�;��r�� �-�m�7�� �‰�b�|�_�� �>�0�0�l�t�;�?�� �P���o�t�h�;�u�7�� �‘�•�•�“�Q�� �-�m�7�� �>�0�u�o�o�l�?�� �P�!�o�0�b�m�v�o�m�� �_��

���-�‹�;�v�7���‘�•�‘�•�Q�7�� �-�m�7�� �|�_�;�� �������� �-�m�7�� �=�b�]�†�u�;�� �P��b�]�†�u�;���"�’�Q�� �‰�;�u�;�� �]�;�m�;�u�-�|�;�7��

�†�v�b�m�]�� �0�-�v�;��r�� �P�!�� ���o�u�;�� �$�;�-�l�7�� �‘�•�•�–�Q�� �-�m�7�� �>�=�-�1�|�o�;�Š�|�u�-�?�� �P���-�v�v�-�l�0�-�u�-�� �_��

���†�m�7�|�7���‘�•�‘�•�Q�:

� ’ �J |�J � ! � � � " �& � ��$ � "

�’�:�•�J|�J�"�;�t�†�;�m�1�;���=�b�t�|�;�u�b�m�]���-�m�7���|�-�Š�o�m�o�l�b�1��
�b�7�;�m�|�b�=�b�1�-�|�b�o�m

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

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

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

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

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

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

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

�;�	������ �v�|�†�7�b�;�v�7�� �o�m�t�‹�� �–�’�� �o�=�� �|�_�;�v�;�� �‘�–�u�� �‰�;�u�;�� �-�v�v�b�]�m�;�7�� �7�b�u�;�1�|�t�‹�� �|�o��S. 

scrofa by obitools���-�m�7���u�;�l�o�ˆ�;�7�:�����b�ˆ�;�m���|�_�-�|��S. scrofa���7�o�;�v���m�o�|���o�1�1�†�u��

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

�b�m���|�_�;�������!�J�m�;�]�-�|�b�ˆ�;���1�o�m�|�u�o�t�v�7���‰�;���-�v�v�b�]�m�;�7���|�_�;���u�;�l�-�b�m�b�m�]���‘�•�’���†�m�b�t�†�;��

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

barbatus�Q�:���$�_�b�v���|�-�Š�o�m���b�v���|�_�;���l�o�v�|���-�0�†�m�7�-�m�|���t�-�u�]�;�J�0�o�7�b�;�7���l�-�l�l�-�t���-�|��

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

�1�-�l�;�u�-���|�u�-�r�v���P�	�;�;�u�;���;�|���-�t�:�7���‘�•�•�•�Q�:



�u�J��|�J    DRINKWATER ET Al.

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

�b�7�;�m�|�b�=�b�;�7�� �•�7�’�u�‘�� �†�m�b�t�†�;�� �v�;�t�†�;�m�1�;�v�:�� �)�;�� �1�o�t�t�-�r�v�;�7�� �|�_�;�v�;�� �0�‹�� �|�-�Š�o�m��

�-�m�7�� �t�;�;�1�_�� �r�o�o�t�7�� �u�;�v�†�t�|�b�m�]�� �b�m�� �–�‘�� �7�;�|�;�1�|�b�o�m�v�� �-�1�u�o�v�v�� �”�•�� �t�;�;�1�_�� �r�o�o�t�v��

�‰�b�|�_���-�m���-�ˆ�;�u�-�]�;���o�=���•�:�u���7�;�|�;�1�|�b�o�m�v���r�;�u���r�o�o�t���P�u�-�m�]�;��=���•�K�”�7���l�;�7�b�-�m��=���•�7��

�$�-�0�t�;���•�Q�:�� �$�_�;�� �l�;�-�m�� �m�†�l�0�;�u�� �o�=�� �b�m�7�b�ˆ�b�7�†�-�t�� �t�;�;�1�_�;�v�� �r�;�u�� �r�o�o�t�� �‰�-�v�� �–�:�v��

�P�u�-�m�]�;��=���”�K�•�•�7�� �l�;�7�b�-�m��=���•�•�Q�:�� �$�_�;�� �7�;�|�;�1�|�b�o�m�v�� �‰�;�u�;�� �-�v�v�b�]�m�;�7�� �|�o�� �•�•��

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

�t�o�m�]�b�m�]���|�o���•�“���]�;�m�;�u�-���P�‰�b�|�_���|�_�;���;�Š�1�;�r�|�b�o�m���o�=���|�_�;����;�t�b�7�-�;���_�b�|�Q�:�����=���|�_�;�v�;��

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

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

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

���o�u�m�;�o�7���-�m�7���‰�;�u�;���|�_�†�v���o�m�t�‹���-�v�v�b�]�m�;�7���|�o���]�;�m�†�v�:���$�_�;�v�;���|�-�Š�-�7���-�t�o�m�]���‰�b�|�_��

�|�_�;�b�u���1�o�l�l�o�m���m�-�l�;�v�7���-�u�;�9��Macaca fascicularis���P�t�o�m�]�J�|�-�b�t�;�7���l�-�1�-�t�†�;�Q��

and Macaca nemestrina�� �P�v�o�†�|�_�;�u�m�� �r�b�]�� �|�-�b�t�;�7�� �l�-�1�-�t�†�;�Q�7��Muntiacus 

muntjac�� �P�1�o�l�l�o�m�� �v�o�†�|�_�;�u�m�� �u�;�7�� �l�†�m�|�f�-�1�Q�� �-�m�7��Muntiacus atherodes 

�P���o�u�m�;�-�m���‹�;�t�t�o�‰���l�†�m�|�f�-�1�Q�7��Tragulus napu���P�]�u�;�-�|�;�u���l�o�†�v�;�7�;�;�u�Q���-�m�7��T. 

kanchil���P�t�;�v�v�;�u���l�o�†�v�;�7�;�;�u�Q�7���-�m�7��Hystrix brachyura���P���-�t�-�‹���r�o�u�1�†�r�b�m�;�Q��

and Hystrix crassispinis���P�|�_�b�1�h�J�v�r�b�m�;�7���r�o�u�1�†�r�b�m�;�Q�:

�’�:�‘�J|�J���1�1�†�l�†�t�-�|�b�o�m���o�=���7�b�ˆ�;�u�v�b�|�‹���-�1�u�o�v�v���_�-�0�b�|�-�|���|�‹�r�;�v

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

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

�|�_�b�v�� �o�ˆ�;�u�t�-�r�r�;�7�� �‰�b�|�_�� �|�_�;�� �o�t�7�� �]�u�o�‰�|�_�� �_�-�0�b�|�-�|�:�� �)�_�;�u�;��q =���‘�7�� �0�o�|�_��

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

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

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

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

�o�ˆ�;�u�t�-�r�r�;�7���P��b�]�†�u�;���‘�Q�:

�)�_�;�m��q =���•�7���|�‰�b�1�;���t�o�]�]�;�7���=�o�u�;�v�|���v�_�o�‰�;�7���l�o�u�;���u�-�r�b�7���-�1�1�†�l�†�t�-�|�b�o�m��

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

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

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

�t�o�‰�;�u���|�_�-�m���|�_�;���o�|�_�;�u���_�-�0�b�|�-�|�v���P��b�]�†�u�;���’�;�Q�7���‰�_�;�u�;�-�v���-�|��q =���‘���|�_�;���=�o�u�J

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

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

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

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

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

���;�|�-�u�|�b�o�7�-�1�|�‹�t�-

���;�u�ˆ�b�7�-�; Muntiacus ���†�m�|�f�-�1 8 �u

Rusa Rusa unicolor �"�-�l�0�-�u���7�;�;�u 21 9

�"�†�b�7�-�; Sus Sus barbatus ���;�-�u�7�;�7���r�b�] 24 8

�$�u�-�]�†�t�b�7�-�; Tragulus ���o�†�v�;���7�;�;�u �u 2

���-�u�m�b�ˆ�o�u�-

Felidae* ���v�b�-�m���‰�b�t�7���1�-�|��
�v�r�;�1�b�;�v

1 1

�&�u�v�b�7�-�; Helarctos Helarctos 
malayanus

�"�†�m���0�;�-�u 2 1

�(�b�ˆ�;�u�u�b�7�-�; Arctogalidia Arctogalidia 
trivirgata

�"�l�-�t�t���|�o�o�|�_�;�7���r�-�t�l��
�1�b�ˆ�;�|

1 1

Hemigalus Hemigalus 
derbyanus

���-�m�7�;�7���1�b�ˆ�;�| 1 1

Paguma Paguma larvata ���-�v�h�;�7���r�-�t�l���1�b�ˆ�;�| 1 1

Viverra Viverra tangalunga ���-�t�-�‹���1�b�ˆ�;�| �” 4

���_�o�t�b�7�o�|�-

Manidae Manis Manis javanica �"�†�m�7�-���r�-�m�]�o�t�b�m 1 1

���u�b�l�-�|�;

���;�u�1�o�r�b�|�_�;�1�b�7�-�; Macaca ���-�1�-�t�†�; 2 2

���u�o�0�o�v�1�b�7�;�-

���t�;�r�_�-�m�|�b�7�-�; Elephas Elephas maximus ���t�;�r�_�-�m�| 1 1

�!�o�7�;�m�|�b�-

���‹�v�|�u�b�1�b�7�-�; Hystrix ���o�u�1�†�r�b�m�; �•�u �u

Trichys Trichys fasciculata ���o�m�]�J�|�-�b�t�;�7��
�r�o�u�1�†�r�b�m�;

2 2

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



   �J |���J�•DRINKWATER ET Al.

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

�-�r�r�u�o�-�1�_�;�7���-�m���-�v�‹�l�r�|�o�|�;���‰�_�;�u�;��q =���•���-�m�7���‘���P��b�]�†�u�;���’�7�7���;�7���]�7���_�Q�:

�’�:�’�J|�J���_�-�m�]�;�v���b�m���1�o�l�l�†�m�b�|�‹���1�o�l�r�o�v�b�|�b�o�m��
�-�1�u�o�v�v���|�_�;���t�-�m�7�v�1�-�r�;

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

�v�l�-�t�t�� �|�o�o�|�_�;�7�� �r�-�t�l�� �1�b�ˆ�;�|�� �PArctogalidia trivirgata�Q�7�� �0�-�m�7�;�7�� �1�b�ˆ�;�|��

�PHemigalus derbyanus�Q���-�m�7���|�_�;���†�m�b�7�;�m�|�b�=�b�;�7���=�;�t�b�7���v�r�;�1�b�;�v���P��b�]�†�u�;���“�Q�:��

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

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

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

�7�-�m�|�� �7�;�|�;�1�|�b�o�m�v�� �‰�;�u�;�� �o�=�� �0�;�-�u�7�;�7�� �r�b�]�� �PS. barbatus�Q�7�� �=�o�t�t�o�‰�;�7�� �0�‹��

�v�-�l�0�-�u���7�;�;�u���PRusa unicolor�Q�:���"�b�Š���o�=���|�_�;���|�-�Š�-���‰�;�u�;���u�-�u�;�t�‹���7�;�|�;�1�|�;�7�7��

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

�1�;�u�m�� �-�v�� �7�;�v�b�]�m�-�|�;�7�� �0�‹�� �|�_�;�� ���&������ �!�;�7�� ���b�v�|�8�� ���&�����7�� �‘�•�‘�•�Q�9�� ���v�b�-�m��

�;�t�;�r�_�-�m�|���PElephas maximus�7�����m�7�-�m�]�;�u�;�7�Q�7���"�†�m�7�-���r�-�m�]�o�t�b�m���PManis ja-

vanica�7�����u�b�|�b�1�-�t�t�‹�����m�7�-�m�]�;�u�;�7�Q���-�m�7���l�-�v�h�;�7���r�-�t�l���1�b�ˆ�;�|���PPaguma lar-

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

�t�o�]�]�;�7���=�o�u�;�v�|�7���-�m�7���|�_�;���v�l�-�t�t�J�|�o�o�|�_�;�7���r�-�t�l���1�b�ˆ�;�|���PA. trivirgata,�����;�-�v�|��

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

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

�PH. derbyanus�Q���‰�_�b�1�_���b�v���t�b�v�|�;�7���-�v�����;�-�u���$�_�u�;�-�|�;�m�;�7���P���$�Q���0�‹���|�_�;�����&������

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

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

�1�b�;�m�|�v���1�o�m�ˆ�;�u�]�;�7���‰�b�|�_���-���v�|�u�;�v�v���ˆ�-�t�†�;���o�=���•�:�•���o�m���|�‰�o���-�Š�;�v���Pk =���‘�Q���-�m�7��

�•�:�•�“���o�m���|�_�u�;�;���-�Š�;�v���Pk =���’�Q�:���(�b�v�†�-�t�b�Œ�b�m�]���-�Š�b�v���‘���ˆ�;�u�v�†�v���-�Š�b�v���’���u�;�ˆ�;�-�t�;�7���-��
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