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

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

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

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

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

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

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

�u�-�l�;�|�;�u�v�7�� �|�_�;�� �1�_�b�t�7�]�v�� �-�l�r�t�b�|�†�7�;�� �b�v�� �|�_�;�� �l�;�-�m�� �o�=�� �|�_�;�� �r�-�u�;�m�|�v�=��±0.04 

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

± �•�:�•�“�V�’�u�•�f��SD���P�
�b�]�†�u�; �•�7�Q�:�����-�|�b�m�]�v���o�1�1�†�u���-�|���-���=�u�;�t�†�;�m�1�‹���v�†�1�_���|�_�-�|��

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

�l�-�t�v���7�b�;�7�:�����m���o�†�u���|�‰�o�J�v�r�;�1�b�;�v���v�b�l�†�t�-�|�b�o�m���v�1�;�m�-�u�b�o�v�7���‰�_�;�m���m�o�|���|�;�v�|�b�m�]��
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 � � � � � & � ! � � � � � • � J �"�b�l�†�t�-�|�b�o�m���o�ˆ�;�u�ˆ�b�;�‰�:���P�-�Q���$�_�;���;�m�ˆ�b�u�o�m�l�;�m�|���1�o�m�v�b�v�|�v���o�=���u�•���v�r�-�1�;�v�7���‰�_�b�1�_���-�u�;���o�1�1�†�r�b�;�7���0�‹���u�;�v�o�†�u�1�;�v���-�m�7���l�o�ˆ�b�m�]���o�u�]�-�m�b�v�l�v��
�o�=���o�m�;���o�u���|�‰�o���v�r�;�1�b�;�v�:���P�0�Q�����1�|�b�ˆ�b�|�‹���r�u�o�=�b�t�;�v���-�u�;���l�o�7�;�t�;�7���-�v���1�o�v�b�m�;���‰�-�ˆ�;�v���‰�b�|�_���|�‰�o���r�u�o�r�;�u�|�b�;�v�7���-�l�r�t�b�|�†�7�;���-�m�7���r�_�-�v�;���-�m�]�t�;�:���$�‰�o���;�Š�-�l�r�t�;��
�r�u�o�=�b�t�;�v���-�u�;���v�_�o�‰�m�:���!�;�]�-�u�7�t�;�v�v���o�=���1�_�-�m�]�;�v���b�m���1�b�u�1�-�7�b�-�m���r�-�u�-�l�;�|�;�u�v�7���|�_�;���m�†�l�0�;�u���o�=���l�o�ˆ�;�v���r�;�u���7�-�‹���b�v���=�b�Š�;�7���-�|���‘�•���P�;�t�†�b�ˆ�-�t�;�m�|���|�o���|�_�;���-�u�;�-��
�†�m�7�;�u���;�-�1�_���1�†�u�ˆ�;�Q�:���P�1�Q�����m�7�b�ˆ�b�7�†�-�t�v���]�-�b�m���;�m�;�u�]�‹���‰�_�;�m���1�o�m�v�†�l�b�m�]���u�;�v�o�†�u�1�;�v���-�m�7���;�Š�r�;�m�7���;�m�;�u�]�‹���o�m���l�o�ˆ�;�l�;�m�|�7���l�;�|�-�0�o�t�b�v�l�7���-�m�7���u�;�r�u�o�7�†�1�|�b�o�m�:��
�!�;�r�u�o�7�†�1�|�b�ˆ�;���=�b�|�m�;�v�v���b�v���r�u�o�r�o�u�|�b�o�m�-�t���|�o���-�m���b�m�7�b�ˆ�b�7�†�-�t�]�v���v�|�o�u�;�7���;�m�;�u�]�‹�:���P�7�Q�����=�=�v�r�u�b�m�]�]�v���-�l�r�t�b�|�†�7�;���-�m�7���r�_�-�v�;�J�-�m�]�t�;���r�-�u�-�l�;�|�;�u�v���-�u�;���|�_�;���l�;�-�m���o�=��
�|�_�;���r�-�u�;�m�|�v���-�m�7���u�;�1�;�b�ˆ�;���•�F�’���o�=���|�_�;���v�|�o�u�;�7���;�m�;�u�]�‹���=�u�o�l���;�-�1�_���r�-�u�;�m�|�:�����=���|�;�v�|�b�m�]���|�u�-�b�|���;�ˆ�o�t�†�|�b�o�m�7���-���v�l�-�t�t���m�o�u�l�-�t�t�‹���7�b�v�|�u�b�0�†�|�;�7���ˆ�-�u�b�-�m�1�;������b�v���-�7�7�;�7��
�|�o���|�_�;���o�=�=�v�r�u�b�m�]�]�v���|�u�-�b�|�v�:���P�;�Q���
�o�u���v�o�l�;���v�b�l�†�t�-�|�b�o�m�v�7���‰�;���-�7�7�;�7���-���v�r�;�1�b�-�t�b�Œ�-�|�b�o�m���r�-�u�-�l�;�|�;�u�7���u�;�r�u�;�v�;�m�|�b�m�]���;�ˆ�o�t�†�|�b�o�m�-�u�‹���-�7�-�r�|�-�|�b�o�m�v���|�o���-���v�r�;�1�b�=�b�1��
�|�b�l�;���o�=���7�-�‹�:���!�;�v�o�†�u�1�;���-�1�t�†�b�v�b�|�b�o�m���b�v���l�o�u�;���;�=�=�b�1�b�;�m�|���-�|���1�b�u�1�-�7�b�-�m���r�;�-�h���_�o�†�u�v���-�m�7���t�;�v�v���;�=�=�b�1�b�;�m�|���-�|���|�_�;���1�b�u�1�-�7�b�-�m���|�u�o�†�]�_�:���P�=�Q���
�o�u���v�o�l�;���v�b�l�†�t�-�|�b�o�m�v�7��
�‰�;���-�7�7�;�7���-�v�v�o�u�|�-�|�b�ˆ�;���l�-�|�b�m�]���|�o���|�;�v�|���v�r�;�1�b�-�|�b�o�m�:�����m�7�b�ˆ�b�7�†�-�t�v���o�m�t�‹���1�-�m���l�-�|�;���‰�b�|�_���o�|�_�;�u�v���‰�_�o���_�-�ˆ�;���v�b�l�b�t�-�u���r�_�-�v�;���-�m�]�t�;�v�7���-�m�7���|�_�;���r�u�o�0�-�0�b�t�b�|�‹���o�=��
�|�‰�o���b�m�7�b�ˆ�b�7�†�-�t�v���l�-�|�b�m�]���b�v���r�u�o�r�o�u�|�b�o�m�-�t���|�o���_�o�‰���l�†�1�_���|�_�;�b�u���l�-�|�b�m�]���‰�b�m�7�o�‰�v���o�ˆ�;�u�t�-�r
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Circadian activity rhythm
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Assortative mating (optional)
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Specialization (optional)
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�1�o�l�r�;�|�b�|�b�ˆ�;�� �;�Š�1�t�†�v�b�o�m�7�� �‰�;�� �v�|�-�0�b�t�b�Œ�;�7�� �|�_�;�� �r�o�r�†�t�-�|�b�o�m�� �t�;�ˆ�;�t�v�� �v�o�� �|�_�-�|��

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

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

�-�t�t�‹���•�9�•�Q�7���-�m�7���|�_�;���v�r�;�1�b�;�v���‰�b�|�_���-���r�o�r�†�t�-�|�b�o�m���0�;�t�o�‰���|�-�u�]�;�|���u�;�r�u�o�7�†�1�;�v��

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

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

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

�r�o�r�†�t�-�|�b�o�m���u�-�|�b�o���‰�-�v���v�;�|���|�o���‘�9�•���-�m�7���–�9�•�:

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

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

�=�u�-�1�|�b�o�m���o�=���|�_�;���r�o�r�†�t�-�|�b�o�m���‰�_�b�1�_���b�v���1�o�l�r�o�v�;�7���o�=���|�_�b�v���v�r�;�1�b�;�v���Pk = 0.5 

�=�o�u���-���•�9�•���u�-�|�b�o�Q�7��p is���|�_�;���r�o�r�†�t�-�|�b�o�m���o�=���|�_�;���|�_�b�v���v�r�;�1�b�;�v�7���-�m�7��P�|�o�|�-�t���b�v���|�_�;��

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

t1���b�v���|�_�†�v�9

�$�_�;�v�;���‰�;�u�;���1�-�t�1�†�t�-�|�;�7���b�m���•�•���|�b�l�;���v�|�;�r�v���r�;�u���7�-�‹���Pt1–t 0 = �’�u�f�Q�:

�‘�:�’�J|�J�"�r�;�1�b�-�t�b�Œ�-�|�b�o�m

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

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

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

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

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

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

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

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

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