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Abstract

�•�:�� �"�b�Œ�; �b�v �- �0�b�o�t�o�]�b�1�-�t �1�_�-�u�-�1�|�;�u�b�v�|�b�1 �|�_�-�| �7�u�b�ˆ�;�v �;�1�o�t�o�]�b�1�-�t �r�u�o�1�;�v�v�;�v �=�u�o�l �l�b�1�u�o�J

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

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

�=�u�o�l �b�l�-�]�;�v �P�;�:�]�:�7 �r�u�o�Š�b�;�v �o�= �0�o�7�‹ �v�b�Œ�;�7 �t�;�-�= �-�u�;�-�7 �-�m�7 �1�;�t�t �-�u�;�-�Q �o�1�1�†�u �-�t�o�m�] �- 

�]�u�-�7�b�;�m�| �=�u�o�l �l�-�m�†�-�t �-�r�r�u�o�-�1�_�;�v �|�o �=�†�t�t�‹ �-�†�|�o�l�-�|�;�7 �|�;�1�_�m�o�t�o�]�b�;�v �P�;�:�]�:�7 �l�-�1�_�b�m�; 
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�-�m�7 �7�-�|�- �o�u �u�;�v�o�†�u�1�; �-�ˆ�-�b�t�-�0�b�t�b�|�‹�: �)�_�b�t�; �l�-�m�†�-�t �l�;�|�_�o�7�v �1�-�m �b�l�r�u�o�ˆ�; �-�1�1�†�u�-�1�‹ 
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�‘�:�� ���;�u�;�7 �‰�; �r�u�;�v�;�m�| �"�b�Œ�;���Š�|�u�-�1�|�!�7 �-�m �o�r�;�m�J�v�o�†�u�1�; �‰�o�u�h�=�t�o�‰ �|�_�-�| �;�m�-�0�t�;�v �=�-�v�|�;�u 

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

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

�†�r �v�b�Œ�; �;�Š�|�u�-�1�|�b�o�m �-�m�7 �-�m�m�o�|�-�|�b�o�m�7 �-�m�7 �-�m �!�J�r�-�1�h�-�]�; �=�o�u �|�_�; �t�†�-�t�b�|�‹ �1�o�m�|�u�o�t �o�= 

�-�m�m�o�|�-�|�b�o�m�v�7 �7�-�|�- �1�o�t�t�-�|�b�o�m�7 �1�-�t�b�0�u�-�|�b�o�m�7 �-�m�7 �ˆ�b�v�†�-�t�b�Œ�-�|�b�o�m�:

�’�:�� �"�b�Œ�;���Š�|�u�-�1�|�! �;�Š�|�u�-�1�|�v �v�;�ˆ�;�m �1�o�l�l�o�m �v�b�Œ�; �7�b�l�;�m�v�b�o�m�v�7 �b�m�1�t�†�7�b�m�] �r�t�-�m�-�u �-�u�;�-�7 �l�b�m�F

�l�-�Š �7�b�-�l�;�|�;�u�7 �-�m�7 �r�;�u�b�l�;�|�;�u�: �&�v�;�u�v �1�-�m �u�;�1�o�u�7 �-�7�7�b�|�b�o�m�-�t �1�-�|�;�]�o�u�b�1�-�t �ˆ�-�u�b�-�0�t�;�v 

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

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

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

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

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

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

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

3) R-package
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directory structure
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Scaled images
in correc t folders

M

• Images from field or lab 
are organised in either a 
single folder (not 
shown), or a nested 
directory.

• Directory levels (Y/S) 
define database factor 
variables, e.g., year/site.

• Folder names define 
categories, e.g., years 
1-2, or sites 1-3.

c) Size data

a) ROI files b) Reference image

Outline & 
Annotat e

ROIs 

ROI 
name 
label

I

A Three output files per imag e

• ROIs are outlined & 
annotated manually 
from each image.

• Keyboard shortcuts 
initiate macros, saving 
time & effort for:

Calibration stick 
measurement.
ROI naming.
Saving data  
opening next image.

Qualit y 
control

Collatin g Plotting
A

I

• Text file search algorithm locates 
and collates ImageJ output data. 

• Interactive quality control on ROI 
annotations reduces error.

• User-defined annotation labels are 
translated to categorical variables. 

• Data is explored using ggplot2-
based plotting function.
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�
�†�t�t ���m�|�;�u�1�;�r�| �‘�:�‘�– �•�:�’�– 5.86 < .001

���;�|�_�o�7�J�"�b�Œ�;���Š�|�u�-�1�|�! 0.23 0.02 13.15 < .001

���o�: �1�o�u�-�t�v �́ �•�:�•�’ 0.45 �́ �‘�:�”�• < .05

���0�v�;�u�ˆ�;�u�:���	�J ���:���: �´�•�:�‘�“ �•�:�•�– �́ �•�:�‘�v >.05

���;�|�_�o�7�: �
�b�u�v�|�J�"�b�Œ�;���Š�|�u�-�1�|�! �•�:�‘�– 0.17 1.76 >.05

���o�: �1�o�u�-�t�v�V���;�|�_�o�7�J�"�b�Œ�;���Š�|�u�-�1�|�! �´�•�:�•�– 0.02 �´�“�:�•�‘ < .001

Reduced ���m�|�;�u�1�;�r�| 2.88 0.31 �–�:�•�• < .001

���;�|�_�o�7�J�"�b�Œ�;���Š�|�u�-�1�|�! 0.20 0.01 14.53 < .001

���o�: �1�o�u�-�t�v �́ �•�:�“�v 0.38 �´�’�:�–�’ < .001

���0�v�;�u�ˆ�;�u�:���	�J���-�1�_�v �´�•�:�‘�u 0.16 �́ �•�:�u�” >.05

���o�: �1�o�u�-�t�v�V���;�|�_�o�7�J�"�b�Œ�;���Š�|�u�-�1�|�! �´�•�:�•�• 0.02 �´�’�:�u�“ < .001

�
�b�m�-�t ���m�|�;�u�1�;�r�| 2.61 0.27 �–�:�•�” < .001

���;�|�_�o�7�J�"�b�Œ�;���Š�|�u�-�1�|�! 0.21 0.01 �•�”�:�–�u < .001

���o�: �1�o�u�-�t�v �́ �•�:�“�v 0.38 �´�’�:�–�• < .001

���o�: �1�o�u�-�t�v�V���;�|�_�o�7�J�"�b�Œ�;���Š�|�u�-�1�|�! �´�•�:�•�• 0.02 �´�’�:�u�‘ < .001

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


