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Abstract  
Gastro-intestinal nematode (GIN) parasitism is a major �D�Q�L�P�D�O���K�H�D�O�W�K���F�K�D�O�O�H�Q�J�H���I�R�U���V�K�H�H�S����

Parasitized animals typically display a number of clinical signs, including a reduction in 

�Y�R�O�X�Q�W�D�U�\���I�H�H�G���L�Q�W�D�N�H�����D�O�W�H�U�H�G���J�U�D�]�L�Q�J���E�H�K�D�Y�L�R�X�U���D�Q�G���O�H�W�K�D�U�J�\�� The aim of this thesis was to 

use remote sensing technologie s to advance the development of a methodology where early 

changes in animal behaviour can be used to help identify sheep suffering ill effects of GIN 

parasitism, especially in a pre -�F�O�L�Q�L�F�D�O���V�L�W�X�D�W�L�R�Q�����,�W���Z�D�V���K�\�S�R�W�K�H�V�L�V�H�G���W�K�D�W���O�D�P�E�V���Z�L�W�K���H�Y�H�Q��

modest worm burdens will be less active, graze for less time and spend more time resting than 

�W�K�R�V�H���K�H�U�G���P�D�W�H�V���W�K�D�W���Z�H�U�H���O�H�V�V���K�H�D�Y�L�O�\���S�D�U�D�V�L�W�L�]�H�G�� 

The movement and behavioural activity of young and mature, infected and uninfected sheep 

were monitored in a series of studies using global positioning system (GPS) and tri -axial 

�D�F�F�H�O�H�U�R�P�H�W�H�U���V�H�Q�V�R�U�V�����.�H�\� ��E�H�K�D�Y�L�R�X�U�V���Z�H�U�H���L�G�H�Q�W�L�I�L�H�G���X�V�L�Q�J���P�D�F�K�L�Q�H���O�H�D�U�Q�L�Q�J���W�H�F�K�Q�L�T�X�H�V����

�$�O�V�R���D�V�V�H�V�V�H�G���Z�D�V���W�K�H���L�Q�I�O�X�H�Q�F�H���R�I���K�R�V�W���J�H�Q�R�W�\�S�H���R�Q���P�R�Y�H�P�H�Q�W���D�F�W�L�Y�L�W�\�� 

Accelerometry data accurately identi�I�L�H�G���J�U�D�]�L�Q�J�����U�H�V�W�L�Q�J���D�Q�G���Z�D�O�N�L�Q�J���D�F�W�L�Y�L�W�L�H�V���R�I���V�K�H�H�S�����7�K�H��

sensors were able to identify the effects of GIN parasitism on movement and behaviour in 

�V�K�H�H�S�����&�O�H�D�U���H�Y�L�G�H�Q�F�H���Z�D�V���I�R�X�Q�G���W�K�D�W���*�,�1���Z�H�U�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���U�H�G�X�F�H�G���P�R�Y�H�P�H�Q�W���D�Q�G���R�Y�H�U�D�O�O��

activity in growing lambs, with reductions in time spent ‘grazing’ and ‘walking’ occurring 

concomitantly with increases in ‘resting’ activity, and before effects were recorded on growth 

�U�D�W�H�V�����+�R�V�W���J�H�Q�R�W�\�S�H���D�O�V�R���K�D�G���D�Q���H�I�I�H�F�W���R�Q���P�R�Y�H�P�H�Q�W���D�F�W�L�Y�L�W�\���R�I���O�D�P�E�V���L�Q���X�Q�W�U�H�D�W�H�G���V�K�H�Hp, but 

�Q�R�W���L�Q���W�U�H�D�W�H�G���L�Q�G�L�Y�L�G�X�D�O�V�����$�G�X�O�W���V�K�H�H�S�����K�R�Z�H�Y�H�U�����V�K�R�Z�H�G���Q�R���F�R�Q�V�L�V�W�H�Q�W���F�K�D�Q�J�H�V���L�Q���P�R�Y�H�P�H�Q�W��

�D�Q�G���E�H�K�D�Y�L�R�X�U���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���S�D�U�D�V�L�W�L�V�P�����D�V���P�H�D�V�X�U�H�G���E�\���I�D�H�F�D�O���H�J�J���F�R�X�Q�W�V���� 

Overall, the  findings in this thesis have demonstrated the potential value  in remote 

monitoring of sheep as a diagnostic marker to detect the generally subtle behavio ural 

changes associated �Z�L�W�K���F�K�D�Q�J�L�Q�J���*�,�1���L�Q�I�H�F�W�L�R�Q���V�W�D�W�X�V�����6�X�F�K���P�R�Q�L�W�R�U�L�Q�J���F�R�X�O�G���W�K�H�U�H�I�R�U�H���E�H��

�X�V�H�G���D�V���W�K�H���E�D�V�L�V���I�R�U��deciding whether animals need to be treated with anthelmintic on the 

basis of individual need, �D�Q�G���V�X�F�K���G�H�F�L�V�L�R�Q�V���F�R�X�O�G���E�H���W�D�N�H�Q���H�D�U�O�\�����L���H�����E�H�I�R�U�H���D�Q�L�P�D�O�V���K�D�Y�H��

�I�D�L�O�H�G���W�R���J�U�R�Z���D�G�H�T�X�D�W�H�O�\���R�U��started to manifest more overt signs of clinical illness such as 

weight� �loss��
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CHAPTER 1 –  SUSTAINABLE CONTROL OF GASTRO-INTESTINAL 
NEMATODES IN SMALL RUMINANTS: A REVIEW OF THE LITERATURE 

������ Introduction  

�+�H�O�P�L�Q�W�K�� �P�D�Q�D�J�H�P�H�Q�W�� �L�V�� �D�� �S�U�H�U�H�T�X�L�V�L�W�H�� �I�R�U�� �H�I�I�L�F�L�H�Q�W�� �O�L�Y�H�V�W�R�F�N�� �S�U�R�G�X�F�W�L�R�Q�� �V�\�V�W�H�P�V�� �W�K�D�W��

contribute to �V�X�V�W�D�L�Q�D�E�O�H���J�R�D�O�V���I�R�U���J�O�R�E�D�O���I�R�R�G���V�H�F�X�U�L�W�\�����6�D�U�J�L�V�R�Q�������������������,�Q���S�D�V�W�X�U�H-based small 

ruminant production, gastrointestinal nematode (GIN) infections are the foremost helminth 

�F�R�Q�V�W�U�D�L�Q�W�� �L�P�S�D�F�W�L�Q�J�� �H�I�I�L�F�L�H�Q�W�� �I�R�R�G�� �S�U�R�G�X�F�W�L�R�Q�� �V�\�V�W�H�P�V�� ���9�H�U�F�U�X�\�V�V�H�� �H�W�� �D�O������ ��������������GIN 

parasitism is a major animal health and welfare impediment for grazing sheep of all ages, as 

well as being an important source of economic loss to livestock producers (Nieuwhof and 

�%�L�V�K�R�S�������������������7�R���G�D�W�H�����F�R�Q�W�U�R�O���R�I���W�K�H�V�H���S�D�U�D�V�L�W�H�V���K�D�V���E�H�H�Q���K�H�D�Y�L�O�\���U�H�Oiant on the use of broad -

spectrum anthelmintics, but there is a global increase in resistance to these chemicals as well 

as increasing consumer demand for a reduced environmental footprint from the use of 

�D�Q�W�K�H�O�P�L�Q�W�L�F�V�����9�H�U�F�U�X�\�V�V�H���H�W���D�O���������������������$�V���D���U�H�V�X�Ot, attention is being given to improving the 

utility and efficiency of available control resources, especially anthelmintics (Barger, 1999; 

�&�K�D�U�O�L�H�U���H�W���D�O��������������������As an example �����D���:�H�E���R�I���6�F�L�H�Q�F�H���O�L�W�H�U�D�W�X�U�H���V�H�D�U�F�K�����Y�H�U�L�I�L�H�G���������0�D�\��������������

conducted as part o f this review using the terms “gastrointestinal nematodes” AND 

“sustainable control” AND “ruminants” identified 49 journal papers published between 1990 

�D�Q�G���������������7�K�H���Q�X�P�E�H�U���R�I���U�H�V�H�D�U�F�K���S�X�E�O�L�F�D�W�L�R�Q�V���R�Q���W�K�H���V�X�E�M�H�F�W���L�Q���W�K�H���O�D�V�W���G�H�F�D�G�H���Z�D�V���W�Z�L�F�H���W�K�H��

number re �S�R�U�W�H�G���R�Y�H�U���W�K�H���S�U�H�F�H�G�L�Q�J���W�Z�R���G�H�F�D�G�H�V���F�R�P�E�L�Q�H�G�����7�K�H���O�L�W�H�U�D�W�X�U�H���V�H�D�U�F�K���D�O�V�R���U�H�Y�H�D�O�H�G��

that the research focus on sustainable control of GIN was largely skewed (34 of 49) towards 

using anthelmintics sustainably due to drug resistance rather than adopting some  alternative 

�V�W�U�D�W�H�J�\���W�R���F�R�Q�W�U�R�O���L�Q�I�H�F�W�L�R�Q�����7�K�L�V���L�V���Q�R�W���D���V�L�J�Q�L�I�L�F�D�Q�W���S�U�R�E�O�H�P���D�V���D�Q�W�K�H�O�P�L�Q�W�L�F�V���Z�L�O�O���F�R�Q�W�L�Q�X�H���W�R��

have a pivotal role in management of GIN for some time (Pomroy, 2006) and deserves the 

�U�H�V�H�D�U�F�K�� �D�W�W�H�Q�W�L�R�Q���� �,�W�� �G�R�H�V�� �K�L�J�K�O�L�J�K�W�� �W�K�H�� �Q�H�H�G�� �I�R�U�� �L�Q�F�U�H�Dsed engagement in other non -

�D�Q�W�K�H�O�P�L�Q�W�L�F�� �P�H�W�K�R�G�V�� �H�P�S�O�R�\�H�G�� �I�R�U�� �V�X�V�W�D�L�Q�D�E�O�H�� �F�R�Q�W�U�R�O�� �R�I�� �*�,�1����Alternative and/or 

complementary strategies to anthelmintic use  against GIN , such as vaccine development, have 

progressed in recent years with Barbervax ® ���:�R�U�P�Y�D�[���$�X�V�W�U�D�O�L�D���3�W�\���/�W�G�����%�H�V�L�H�U���H�W���D�O������������������

�%�U�R�R�P�I�L�H�O�G���H�W���D�O�������������������D�Q�G���:�L�U�H�Y�D�[® (Afrivet Business Management Pty Ltd)  licenced for use 

in  sheep against H����contortus in Australia and South Africa respectively �� These vaccines 

require administration on a monthly b asis�� Overall,  vaccines are not currently at levels capable 

of impactfully managing GIN  ���0�R�U�J�D�Q���H�W���D�O�������������������&�O�D�H�U�H�E�R�X�W���D�Q�G���*�H�O�G�K�R�I������������������ 
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As such, reduced use of anthelmintics integrated with a combination of non- chemical control 

strategies such as sel ective breeding, use of bioactive forages and grazing management will 

�X�Q�G�H�U�S�L�Q���V�X�V�W�D�L�Q�D�E�O�H���F�R�Q�W�U�R�O�����9�D�Q�G�H���9�H�O�G�H���H�W���D�O���������������������$���F�O�D�V�V�L�F���H�[�D�P�S�O�H���R�I���R�S�W�L�P�L�]�H�G���X�V�H���R�I��

anthelmintics is targeted selective treatment (TST), which is treatment given to individual  

animals at times driven by indicator targets rather than as part of traditional parasite control 

�S�U�R�J�U�D�P�P�H�V�����&�K�D�U�O�L�H�U���H�W���D�O���������������������)�R�U���D���S�U�R�J�U�D�P�P�H���V�X�F�K���D�V���7�6�7���W�R���E�H���H�I�I�H�F�W�L�Y�H���G�H�Y�H�O�R�S�P�H�Q�W��

of farm -side diagnostics needs to occur that can effectively monit or the impact imposed by 

�S�D�U�D�V�L�W�H�� �E�X�U�G�H�Q�� �R�Q�� �D�Q�L�P�D�O�V���� �� �7�K�X�V���� �I�L�Q�G�L�Q�J�� �D�Q�G�� �G�H�Y�H�O�R�S�L�Q�J�� �S�K�H�Q�R�W�\�S�L�F�� �P�D�U�N�H�U�V�� �I�R�U�� �*�,�1��

infection that can be easily monitored has been of research interest for a number of groups 

���9�D�Q���:�\�N���D�Q�G���%�D�W�K�����������������*�U�H�H�U���H�W���D�O�������������������.�H�Q�\�R�Q���D�Q�G���-�D�F�N�V�R�Q�����������������+�|�J�O�X�Q�G���H�W���D�O������������������

�%�H�U�N���H�W���D�O�������������������� 

An important effect of GIN infection on sheep is a reduction in voluntary feed intake, which 

�L�P�S�D�F�W�V���W�K�H�L�U���J�U�D�]�L�Q�J���E�H�K�D�Y�L�R�X�U���D�Q�G���S�H�U�I�R�U�P�D�Q�F�H�����(�D�U�O�\���S�H�Q���W�U�L�D�O�V�����6�\�N�H�V���D�Q�G���&�R�R�S����������������

�$�E�E�R�W�W�� �H�W�� �D�O���� ������������ �)�R�[�� �H�W�� �D�O������ ������������ �G�H�P�R�Q�V�W�U�D�W�H�G�� �W�K�D�W�� �S�D�U�D�V�L�W�H-induced anorexia (PIA) 

significantly impacted young ruminants, especially during the phase of acquisition of 

�L�P�P�X�Q�L�W�\���R�I���L�Q�I�H�F�W�L�R�Q���L�Q���S�D�U�D�V�L�W�L�]�H�G���O�D�P�E�V�����6�\�N�H�V�������������������6�R�P�H���R�I���W�K�H���H�D�U�O�L�H�V�W���I�L�Q�G�L�Q�J�V���X�V�L�Q�J��

pair -fed animals demonstrated that PIA was the single largest cause of reduced performance 

in parasitized lambs, being responsible for 40 – ���������R�I���W�K�H���R�Y�H�U�D�O�O���F�R�V�W���R�I���L�Q�I�H�F�W�L�R�Q�����'�D�U�J�L�H����

������������ �6�\�N�H�V�� �H�W�� �D�O���� �������������� �� �$�O�W�K�R�X�J�K�� �S�R�W�H�Q�W�L�D�O�O�\�� �L�P�S�R�U�W�D�Q�W�� �D�V�� �L�Q�G�L�F�D�W�R�U�V of disease, to date 

changes in behaviour in grazing lambs have received relatively little attention from a research 

�S�H�U�V�S�H�F�W�L�Y�H�������,�Q���S�D�U�W�����W�K�L�V���K�D�V���E�H�H�Q���G�X�H���W�R���D���O�D�F�N���R�I���D�Y�D�L�O�D�E�O�H���D�Q�G���F�R�V�W-effective technology to 

objectively measure and monitor animal beh �D�Y�L�R�X�U�� �Z�K�L�O�H�� �R�Q�� �S�D�V�W�X�U�H���� �7�K�H�� �D�G�Y�H�Q�W�� �R�I�� �F�R�V�W-

effective remote sensing technology has provided the opportunity to objectively measure feed 

intake at pasture using indirect proxies (Fo rbes, 200�������� �7�K�H���S�U�H�V�H�Q�W���U�H�T�X�L�U�H�P�H�Q�W���L�V���I�R�U���W�K�H��

development of suitable met hodologies which use data from these technologies to provide a 

means for assessing changes in feed intake –  �V�H�H���6�H�F�W�L�R�Q�����������I�R�U��further �G�L�V�F�X�V�V�L�R�Q�� 

�7�K�H�� �I�R�O�O�R�Z�L�Q�J�� �U�H�Y�L�H�Z�� �Z�L�O�O�� �G�L�V�F�X�V�V�� �*�,�1�� �L�Q�� �1�H�Z�� �=�H�D�O�D�Q�G���� �W�K�H�� �H�S�L�G�H�P�L�R�O�R�J�\�� �D�Q�G�� �D�V�S�H�F�W�V�� �R�I��

pathophysiology and th e immune response that drives the diagnostic markers that are 

�D�Y�D�L�O�D�E�O�H���R�U���D�U�H���E�H�L�Q�J���F�R�Q�V�L�G�H�U�H�G���W�R���V�X�S�S�R�U�W���V�X�V�W�D�L�Q�D�E�O�H���*�,�1���P�D�Q�D�J�H�P�H�Q�W�����*�L�Y�H�Q���W�K�H���S�L�Y�R�W�D�O��

role of anorexia in limiting ruminant productivity, this review focuses on the known 

mechanisms that underpin PIA, as these are a pre -requisite for the development of support 

�P�H�W�K�R�G�V�� �W�R���P�L�W�L�J�D�W�H���L�W�V���L�P�S�D�F�W���� �6�S�H�F�L�I�L�F�D�O�O�\���� �D�G�Y�D�Q�F�H�V�� �L�Q���W�K�H���W�R�R�O�V�� �D�Q�G���W�H�F�K�Q�R�O�R�J�\�� �W�K�D�W���F�D�Q��

measure animal behaviour and movement on pasture will be reviewed considering their 
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applicat �L�R�Q�� �W�R�� �D�V�V�H�V�V�� �W�Z�R�� �X�Q�G�H�U�O�\�L�Q�J�� �P�H�F�K�D�Q�L�V�P�V�� �R�I�� �V�X�E�F�O�L�Q�L�F�D�O�� �S�D�U�D�V�L�W�L�V�P���� �)�L�U�V�W�O�\���� �W�K�H��

�R�F�F�X�U�U�H�Q�F�H���R�I���D�S�S�H�W�L�W�H���V�X�S�S�U�H�V�V�L�R�Q���Z�L�W�K���D�V�V�R�F�L�D�W�H�G���D�O�W�H�U�H�G���J�U�D�]�L�Q�J���E�H�K�D�Y�L�R�X�U�����6�H�F�R�Q�G�O�\�����W�K�H��

�F�R�V�W���R�I���D�F�T�X�L�U�L�Q�J���D�Q�G���H�[�S�U�H�V�V�L�Q�J���D�Q���L�P�P�X�Q�H���U�H�V�S�R�Q�V�H���W�R���L�Q�F�R�P�L�Q�J���O�D�U�Y�D�H�� 

������ �*�D�V�W�U�R�L�Q�W�H�V�W�L�Q�D�O���Q�H�P�D�W�R�G�H�V���L�Q���1�H�Z���=�H�D�O�D�Q�G���6�K�H�H�S�� 

�$���W�R�W�D�O���R�I���������V�S�H�F�L�H�V���R�I���*�,�1�V���K�D�Y�H���E�H�H�Q���U�H�S�R�U�W�H�G���L�Q���V�K�H�H�S���L�Q���1�H�Z���=�H�D�O�D�Q�G�����0�F�.�H�Q�Q�D��������������������

Of these gastrointestinal parasitism results primarily due to infections with Haemonchus 

contortus, Teladorsagia cir cumcincta  and Trichostrongylus axei  in the abomasum (Vlassoff et 

�D�O������ �������������� �,�Q�� �W�K�H�� �V�P�D�O�O�� �L�Q�W�H�V�W�L�Q�H���� �L�Q�I�H�F�W�L�R�Q�V�� �D�U�H�� �F�R�P�P�R�Q�O�\�� �F�D�X�V�H�G�� �E�\��Trichostrongylus 

colubriformis , Trichostrongylus vitrinus,  Nematodirus spathiger, Nematodirus filicollis and 

Cooperia cur ticei���� �� �7�K�H�� �V�S�H�F�L�H�V�� �I�R�X�Q�G�� �L�Q�� �W�K�H�� �O�D�U�J�H�� �L�Q�W�H�V�W�L�Q�H�� �D�U�H�� �F�R�P�P�R�Q�� �E�X�W�� �J�H�Q�H�U�D�O�O�\�� �Q�R�W��

considered to be important as they usually occur only in smaller numbers (Sutherland and 

�6�F�R�W�W�����������������D�Q�G���K�H�Q�F�H���Q�R�W���X�V�X�D�O�O�\���R�I���D�Q�\���S�D�W�K�R�J�H�Q�L�F���V�L�J�Q�L�I�L�F�D�Q�F�H�������0�R�V�W���V�K�H�H�S���D�U�H���L�Q�I�H�F�Wed with 

several species at the same time and this co -infection may result in a synergistic/ additive effect 

�W�R���F�D�X�V�H���S�D�U�D�V�L�W�L�F���J�D�V�W�U�R�H�Q�W�H�U�L�W�L�V�����5�R�H�E�H�U���H�W���D�O���������������������2�I���W�K�H���F�R�P�P�R�Q���V�S�H�F�L�H�V���O�L�V�W�H�G���D�E�R�Y�H��C. 

curticei is arguably the least pathogenic (McKenna, ���������������7�K�H�V�H���Q�H�P�D�W�R�G�H�V���W�\�S�L�F�D�O�O�\���R�F�F�X�U���L�Q��

�D�O�O���D�U�H�D�V���R�I���1�H�Z���=�H�D�O�D�Q�G�����Z�L�W�K���V�R�P�H���H�[�F�H�S�W�L�R�Q�V�� In particular, Haemonchus requires higher 

temperatures for their larval development and is more problematic in the warmer climate 

areas of the North Island and then d �X�U�L�Q�J���W�K�H���Z�D�U�P�H�U���P�R�Q�W�K�V�����9�O�D�V�V�R�I�I���H�W���D�O������������������ 

�8�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �W�K�H�� �O�L�I�H�� �K�L�V�W�R�U�\�� �R�I�� �*�,�1�� �L�V�� �H�V�V�H�Q�W�L�D�O�� �W�R�� �W�D�U�J�H�W�� �H�I�I�H�F�W�L�Y�H�� �F�R�Q�W�U�R�O���� �7�K�H�� �I�R�O�O�R�Z�L�Q�J��

�D�F�F�R�X�Q�W�� �R�I�� �W�K�H�� �O�L�I�H�� �F�\�F�O�H�� �L�V�� �I�U�R�P�� �6�R�X�O�V�E�\�� ���������������� �$�G�X�O�W�V�� �O�R�F�D�W�H�G�� �L�Q�� �W�K�H�� �D�E�R�Y�H�� �O�R�F�D�W�L�R�Q�V��

(predilection sites) shed  �H�J�J�V�� �W�K�D�W�� �S�D�V�V�� �R�X�W�� �L�Q�� �W�K�H�� �I�D�H�F�H�V�� �R�I�� �L�Q�I�H�F�W�H�G�� �V�K�H�H�S�� �R�Q�W�R�� �S�D�V�W�X�U�H����

Development of free -living stages occurs within the temperature range of about 10°C through 

�X�Q�W�L�O�������ƒ�&���D�Q�G���D�O�V�R���U�H�T�X�L�U�H�V���W�K�H���S�U�H�V�H�Q�F�H���R�I���P�R�L�V�W�X�U�H���D�Q�G���R�[�\�J�H�Q�������7�K�H���I�L�U�V�W���V�W�D�J�H���O�D�U�Y�D�H�����/1) 

dev�H�O�R�S�V���D�Q�G���K�D�W�F�K�H�V���L�Q�V�L�G�H���W�K�H���I�D�H�F�D�O���S�D�W�����7�K�L�V���R�F�F�X�U�V���Z�L�W�K�L�Q���������K�R�X�U�V���L�I���R�S�W�L�P�D�O���W�H�P�S�H�U�D�W�X�U�H��

(22 – 26°�&�����D�Q�G���K�X�P�L�G�L�W�\�����������������F�R�Q�G�L�W�L�R�Q�V���S�U�H�Y�D�L�O���E�X�W���L�V���V�O�R�Z�H�U���L�I���F�R�R�O�H�U���W�H�P�S�H�U�D�W�X�U�H�V���S�U�H�Y�D�L�O��

down to a minimum of about 10°C and less successfully if higher temp �H�U�D�W�X�U�H�V���R�F�F�X�U�����0�R�X�O�W�L�Q�J��

to second stage larvae (L 2) occurs after L 1 have had a feed on bacteria and protozoa within the 

�I�D�H�F�H�V�����7�K�H�V�H���W�Z�R���V�W�D�J�H�V���D�U�H���W�K�H���I�U�H�H-�O�L�Y�L�Q�J���V�W�D�J�H�V���R�I���*�,���Q�H�P�D�W�R�G�H�V�����7�K�H���/2 moult to the third 

stage larvae (L 3, which is the infective  stage) is incomplete leaving the L3 covered by a 

�S�U�R�W�H�F�W�L�Y�H�����L�P�S�H�U�P�H�D�E�O�H���V�K�H�D�W�K�����/3 are released from the faeces following rain and dew when 

temperatures enable activity and they migrate onto pasture where they can be ingested by 

�J�U�D�]�L�Q�J���V�K�H�H�S�����7�K�H���S�U�R�F�H�Vs from egg to L 3 �W�D�N�H�V���D���P�L�Q�L�P�X�P���R�I����-�����G�D�\�V���D�Q�G������– 10 weeks in 



 

 4 

suboptimal conditions, completing the free -living phase of their life history to start the parasitic 

�S�K�D�V�H���L�Q���V�K�H�H�S���K�R�V�W���R�Q�F�H���L�Q�J�H�V�W�H�G�������2�Q�F�H���W�K�H���/�����V�W�D�J�H���K�D�V���E�H�H�Q���U�H�D�F�K�H�G���V�X�U�Y�L�Y�D�O���G�H�S�H�Q�G�V���R�Q 

�D�F�W�L�Y�L�W�\�� �D�V�� �W�K�L�V�� �V�W�D�J�H�� �L�V�� �X�Q�D�E�O�H�� �W�R�� �I�H�H�G�� �D�Q�G�� �K�D�V�� �O�L�W�W�O�H�� �F�R�Q�W�U�R�O�� �R�I�� �L�W�V�� �D�F�W�L�Y�L�W�\���� �8�Q�G�H�U�� �Z�D�U�P��

conditions the L3 is active and will rapidly deplete its stored metabolic reserves but at cooler 

�W�H�P�S�H�U�D�W�X�U�H���R�I���D�E�R�X�W����-10°C it will become inactive and can surviv e for long periods if not 

�G�H�V�L�F�F�D�W�H�G�� 

Ingested L 3 �U�H�P�R�Y�H���W�K�H�L�U���S�U�R�W�H�F�W�L�Y�H���V�K�H�D�W�K���D�W���G�L�I�I�H�U�H�Q�W���V�L�W�H�V���E�D�V�H�G���R�Q���W�K�H���V�S�H�F�L�H�V���R�I���W�K�H���O�D�U�Y�D�H����

Sites for exsheathment are always proximal to the predilection site and the process may occur 

within 30 minutes of arriv �D�O���D�W���W�K�H���D�S�S�U�R�S�U�L�D�W�H���V�L�W�H����T. circumcincta  larvae exsheath within 

the rumen whereas C. curticei  �H�[�V�K�H�D�W�K���Z�L�W�K�L�Q���W�K�H���D�E�R�P�D�V�X�P���R�I���W�K�H���K�R�V�W�����7�K�H�U�H�D�I�W�H�U�����W�K�H���/3  

relocate within 2 – ���� �G�D�\�V���� �W�R���W�K�H�L�U���S�U�H�G�L�O�H�F�W�L�R�Q���V�L�W�H�V�� �L�Q�� �R�U�G�H�U���W�R���X�Q�G�H�U�J�R�� �D�Q�R�W�K�H�U���P�R�X�O�W���W�R��

become L4�����Z�K�L�F�K���D�J�D�L�Q���P�R�X�O�W���L�Q�W�R���W�K�H���L�P�P�D�W�X�U�H���D�G�X�O�W�������7�K�L�V���V�W�D�J�H���H�Y�H�Q�W�X�D�O�O�\���P�D�W�X�U�H�V���L�Q�W�R���D��

�V�H�[�X�D�O�O�\�� �P�D�W�X�U�H�� �D�G�X�O�W�� �I�U�R�P������ �G�D�\�V�� �S�R�V�W�� �L�Q�I�H�F�W�L�R�Q���� �+�R�Z�H�Y�H�U���� �G�H�S�H�Q�G�L�Q�J�� �R�Q�� �W�K�H�� �V�H�D�V�R�Q�� �D�Q�G��

species, L3 /L4 �O�D�U�Y�D�H�� �F�R�X�O�G�� �X�Q�G�H�U�J�R�� �D�U�U�H�V�W�H�G�� �G�H�Y�H�O�R�S�P�H�Q�W���� �7�K�H�� �L�P�S�O�L�F�D�W�L�R�Q�� �I�R�U�� �W�Kis 

�S�K�H�Q�R�P�H�Q�R�Q���L�V���W�K�H���S�U�H�Y�D�O�H�Q�F�H���R�I���L�Q�I�H�F�W�L�R�Q���P�L�J�K�W���E�H���X�Q�G�H�U�H�V�W�L�P�D�W�H�G�����1�R�Q�H�W�K�H�O�H�V�V�����W�K�H���S�U�H-

patent period – time from when a sheep ingests a L 3 to when nematode eggs appear in faecal 

samples – �U�D�Q�J�H�V���I�U�R�P�����������W�R���������G�D�\�V�����6�R�X�O�V�E�\�������������������D�Q�G���L�V���L�P�S�R�U�W�D�Q�W���I�R�U two reasons: 1) The 

�F�R�P�P�R�Q�O�\���U�H�F�R�P�P�H�Q�G�H�G���L�Q�W�H�U�Y�D�O���R�I���������G�D�\�V���E�H�W�Z�H�H�Q���D�Q�W�K�H�O�P�L�Q�W�L�F���G�R�V�L�Q�J���L�Q���\�R�X�Q�J���V�K�H�H�S���L�Q��

�1�H�Z�� �=�H�D�O�D�Q�G�� �L�V�� �D�L�P�H�G���D�W�� �P�L�Q�L�P�L�V�L�Q�J�� �S�D�V�W�X�U�H�� �F�R�Q�W�D�P�L�Q�D�W�L�R�Q���� �D�Q�G�� ������ �Q�H�P�D�W�R�G�H�� �H�J�J�� �F�R�X�Q�W�V��

provide, at best, a ‘picture’ of the levels of larval challenge  on pasture, three weeks prior to their 

�P�H�D�V�X�U�H�P�H�Q�W���V�L�Q�F�H���W�K�H���S�U�H�S�D�W�H�Q�W���S�H�U�L�R�G���L�V���D�S�S�U�R�[�L�P�D�W�H�O�\���W�K�U�H�H���Z�H�H�N�V�����,�I���R�S�W�L�P�D�O���F�R�Q�G�L�W�L�R�Q�V��

exist then grazing animals could be ingesting substantial burdens of L 3 even though they 

appear free from GIN infection due t �R���]�H�U�R���I�D�H�F�D�O���H�J�J���F�R�X�Q�W�V�� 

����3 Epidemiology of gastrointestinal nematodes  

Infection with GINs occurs as ruminants graze, where infective larval stages are ingested on 

�S�D�V�W�X�U�H���� �2�Q�� �F�R�Q�W�L�Q�X�R�X�V�O�\�� �J�U�D�]�H�G�� �S�D�V�W�X�U�H���� �U�X�P�L�Q�D�Q�W�V�� �S�R�W�H�Q�W�L�D�O�O�\�� �K�D�Y�H�� �F�R�Q�W�L�Q�X�R�X�V�� �D�F�F�H�V�V�� �W�R��

infective larvae when they graze, so long as conditions favourable for lar val survival and 

�G�H�Y�H�O�R�S�P�H�Q�W���S�U�H�Y�D�L�O�����,�Q���J�U�D�]�L�Q�J���D�Q�L�P�D�O�V�����F�O�L�P�D�W�H�����V�S�H�F�L�I�L�F�D�O�O�\�����W�H�P�S�H�U�D�W�X�U�H���D�Q�G���P�R�L�V�W�X�U�H�����D�Q�G��

farm management play a significant role in the timing of presentation of GIN infection 

�S�U�H�V�V�X�U�H�����6�X�W�K�H�U�O�D�Q�G���D�Q�G���6�F�R�W�W���� �������������� �:�H�D�W�K�H�U���I�D�F�W�R�U�V�� �S�O�Dy a major role in nematode egg 

�K�D�W�F�K�L�Q�J���� �O�D�U�Y�D�O�� �G�H�Y�H�O�R�S�P�H�Q�W�� �D�Q�G�� �V�X�U�Y�L�Y�D�O���� �D�V�� �Z�H�O�O�� �D�V�� �V�X�E�V�H�T�X�H�Q�W�� �P�L�J�U�D�W�L�R�Q�� �R�Q�W�R�� �S�D�V�W�X�U�H����

Farm management practices around pasture management, cross grazing with other 
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ruminants, use of anthelmintics, can also modulate the survivability and concentration of 

�Q�H�P�D�W�R�G�H�� �O�D�U�Y�D�H�� �R�Q�� �S�D�V�W�X�U�H�� ���2�·�&�R�Q�Q�R�U���H�W�� �D�O������ �������������� �$�V�� �V�X�F�K���� �W�K�L�V�� �S�U�H�V�H�Q�W�V�� �D�U�J�X�D�E�O�\�� �� �D�V�� �D��

challenging aspect of standardised GIN intervention in that 1) timing of required anthelmintic 

treatment will vary from location to lo cation and 2) in specific locations with defined parasite 

epidemiology, the execution of control too early or too late mean little production benefits will 

�E�H���F�R�Q�I�H�U�U�H�G���D�Q�G���G�H�U�L�Y�H�G���U�H�V�S�H�F�W�L�Y�H�O�\�����*�U�H�H�U���H�W���D�O���������������������,�W���L�V���W�K�L�V���V�S�D�W�L�D�O-temporal complex in 

variation of larval populations that has challenged predictive tools for seasonal pasture larval 

�F�R�Q�W�D�P�L�Q�D�W�L�R�Q�����/�L�W�K�H�U�O�D�Q�G���D�Q�G���'�H�L�J�K�W�R�Q�����������������0�R�U�J�D�Q���H�W���D�O�������������������� 

�7�K�H�U�H���L�V���D���V�H�D�V�R�Q�D�O���Y�D�U�L�D�W�L�R�Q���L�Q���W�K�H���S�U�H�Y�D�O�H�Q�F�H���R�I���*�,�1���J�H�Q�H�U�D���R�Q���S�D�V�W�X�U�H�����,�Q���1�H�Z���=�H�D�O�D�Q�G�����Whe 

general seasonal pattern of GIN in sheep reflects the levels of infective larvae on pasture Faecal 

�Q�H�P�D�W�R�G�H���H�J�J���F�R�X�Q�W���Q�X�P�E�H�U�V���L�Q���1�H�Z���=�H�D�O�D�Q�G���W�\�S�L�F�D�O�O�\���S�H�D�N���L�Q���D�X�W�X�P�Q���P�R�Q�W�K�V�����9�O�D�V�V�R�I���H�W���D�O������

�������������� �6�H�Y�H�U�L�W�\�� �R�I�� �L�Q�I�H�F�W�L�R�Q�� �L�V�� �K�L�J�K�H�U�� �L�Q�� �\�R�X�Q�J�H�U�� �D�Q�L�P�D�O�V�� �W�K�D�Q��in older animals that have 

developed an immune response to GIN, consequently harbouring fewer parasites and 

�V�K�H�G�G�L�Q�J���I�H�Z�H�U���Q�H�P�D�W�R�G�H���H�J�J�V���R�Q�W�R���S�D�V�W�X�U�H�����6�\�N�H�V������������������ �7�K�H���L�P�P�X�Q�H���U�H�V�S�R�Q�V�H���L�Q���V�K�H�H�S��

�G�H�Y�H�O�R�S�V���J�U�D�G�X�D�O�O�\�����%�\���D�E�R�X�W�������P�R�Q�W�K�V���R�I���D�J�H���W�K�H�U�H���L�V���D���P�H�D�V�X�Uable reduction in establishment 

�U�D�W�H���R�I� � �L�Q�F�R�P�L�Q�J�� �O�D�U�Y�D�H���E�X�W���L�W���W�D�N�H�V�� �D�� � I�X�U�W�K�H�U�� �S�H�U�L�R�G���X�Q�W�L�O���D�E�R�X�W��� �� �� � �P�R�Q�W�K�V�� �R�I� � �D�J�H�� � I�R�U�� �W�K�L�V��

immune response to fully mature ( Burke and Miller, 2002�������$�V���D���U�H�V�X�O�W�����\�R�X�Q�J���V�K�H�H�S���D�F�F�R�X�Q�W��

for a greater number of the nematodes eggs shed onto pasture, which bears a relationship to 

the number of L 3 �R�Q�� �S�D�V�W�X�U�H�� ���6�X�W�K�H�U�O�D�Q�G�� �D�Q�G�� �6�F�R�W�W���� ������������  A significant risk period of 

parasitism for grazing ewes is the periparturient period, characterised by lowered immunity 

in the perio d around parturition (�9�O�D�V�V�R�I���H�W���D�O��������������)�������7�K�L�V���L�V���D���S�K�\�V�L�R�O�R�J�L�F�D�O���W�U�D�G�H-off between 

�U�H�S�U�R�G�X�F�W�L�Y�H���D�Q�G���L�P�P�X�Q�R�O�R�J�L�F�D�O���U�H�T�X�L�U�H�P�H�Q�W�V�������+�R�Z�H�Y�H�U�����E�\���Z�H�D�Q�L�Q�J���W�K�H���L�P�P�X�Q�H���U�H�V�S�R�Q�V�H��

of the ewe has recovered (�%�H�D�V�O�H�\���H�W���D�O��������������)�����7�K�L�V���W�U�D�G�H-off is more evident in  the greater 

intensity of parasitism seen in multiparous ewes, as well as in yearling ewes (Sutherland and 

Scott, 2010)�������$���F�D�U�G�L�Q�D�O���I�H�D�W�X�U�H���R�I���W�K�L�V���R�F�F�X�U�U�H�Q�F�H���L�V���D�Q���L�Q�F�U�H�D�V�H���L�Q��faecal nematode egg output  

by ewes, especially around mid -lactation and associ ated with the phenomenon of the 

�S�H�U�L�S�D�U�W�X�P���U�L�V�H���L�Q���H�J�J���F�R�X�Q�W�V�����3�3�5��������Egg counts rise about 3 weeks (Pre -patent period) after 

�W�K�H�� �G�U�R�S�� �L�Q�� �L�P�P�X�Q�L�W�\����Around this time, the most prevalent nematodes in ewes in New 

�=�H�D�O�D�Q�G���D�U�H��Teladorsagia �������7�K�H���L�P�S�O�L�F�D�W�L�R�Q���I�R�U this phenomenon is that when weaned lambs 

start grazing, they potentially encounter a new generation of infective larvae on pasture ready 

to infect them if weather conditions have allowed development of these eggs from the ewes to 

�R�F�F�X�U�������(�Z�H�V���P�D�N�H���W�K�H���W�Uansition back to shedding low nematode eggs around weaning in early 

�V�X�P�P�H�U�����9�O�D�V�V�R�I���H�W���D�O������������������ 
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����4 Pathophysiology of strongylid nematodes in ruminants  

Gastrointestinal nematodes are widely regarded as the most important parasites of ruminants 

due to t �K�H���S�U�R�G�X�F�W�L�R�Q���L�P�S�D�L�U�P�H�Q�W�V���W�K�H�\���H�O�L�F�L�W�����&�R�R�S���H�W���D�O��������������������The effects of parasitism are 

diverse, presenting sometimes as clinical disease that result in animal morbidity and 

�P�R�U�W�D�O�L�W�\���� �2�W�K�H�U�� �W�L�P�H�V���� �D�Q�G�� �S�H�U�K�D�S�V�� �P�R�U�H�� �V�L�J�Q�L�I�L�F�D�Q�W���� �S�D�U�D�V�L�W�L�V�H�G�� �D�Q�L�P�D�O�V�� �V�K�R�Z�� �Q�R overt 

clinical disease while suffering adverse (sub -clinical) effects on production outputs  (Morgan et 

�D�O������ �������������� �0�X�F�K�� �R�I�� �W�K�H�� �X�V�H�� �R�I�� �D�Q�W�K�H�O�P�L�Q�W�L�F�V�� �L�V�� �W�R�� �S�U�H�Y�H�Q�W�� �W�K�H�V�H�� �V�X�E-clinical or production -

limiting losses rather than to treat incidences of clinical disease ���6�W�U�R�P�E�H�U�J�� �H�W�� �D�O������ ����������, 

underscoring its role in affecting key physiological responses associated with a protein losing 

enteropathy and reduced growth rates (C �R�R�S���D�Q�G���+�R�O�P�H�V������������������Depending on the parasite 

species and the portion of the gastrointestinal (GI) tract they inhabit, the pathological changes 

are relatively constant for both the abomasum and small intestine in that mucosal hyperplasia 

and metaplas�L�D�� �D�U�H���Q�R�W�H�G������ �,�Q�� �W�K�H���D�E�R�P�D�V�X�P���Z�L�W�K���Q�H�P�D�W�R�G�H�V�� �V�X�F�K�� �D�V��T. circumcincta  the 

consequences are the appearance of thickened mucosa and a change in cell type with a 

�F�R�Q�V�H�T�X�H�Q�W���U�L�V�H���L�Q���D�E�R�P�D�V�D�O���S�+��(Fox, 1997)�����,�Q���W�K�H���V�P�D�O�O���L�Q�W�H�V�W�L�Q�H���Z�L�W�K���V�S�H�Fies such as T. 

colubriformis  the consequences are also of a mucosal hyperplasia but with villous atrophy (Fox, 

���������������,�Q���E�R�W�K���O�R�F�D�W�L�R�Q�V���W�K�H�U�H���L�V���D���O�R�V�V���R�I���H�Q�G�R�J�H�Q�R�X�V���S�U�R�W�H�L�Q�V���Y�L�D���O�H�D�N�D�J�H���R�I���S�O�D�V�P�D���S�U�R�W�H�L�Q����

increased cell turnover, increased mucus protein s ecretion and gut tissue damage due to 

�S�D�U�D�V�L�W�H���D�F�W�L�Y�L�W�\�������,�I���W�K�H���O�R�V�V���R�I���S�U�R�W�H�L�Q���H�[�F�H�H�G�V���D�E�V�R�U�S�W�L�R�Q���W�K�H�Q���W�K�H�U�H���Z�L�O�O���E�H���D���U�H�G�X�F�H�G���J�U�R�Z�W�K��

�U�D�W�H�� ���)�R�[�� �H�W�� �D�O���������������� �6�\�N�H�V�� �������������� �7�R�� �D�� �O�H�V�V�H�U�� �G�H�J�U�H�H���� �O�R�Z�H�U�H�G�� �G�H�S�R�V�L�W�V�� �R�I�� �F�D�O�F�L�X�P�� �D�Q�G��

phosphorus for skeletal tissue b uild -�X�S���U�H�V�X�O�W���L�Q���U�H�G�X�F�H�G���E�R�Q�H���J�U�R�Z�W�K�����,�Q�I�H�F�W�H�G���D�Q�L�P�D�O�V���K�D�Y�H��

been shown to utilis �H�����������P�R�U�H���S�U�R�W�H�L�Q���W�K�D�Q���W�K�H�L�U���X�Q�L�Q�I�H�F�W�H�G���F�R�X�Q�W�H�U�S�D�U�W�V���W�K�H�U�H�E�\���G�L�Y�H�U�W�L�Q�J��

this nutrient requirement �I�U�R�P�� �P�X�V�F�O�H���� �E�R�Q�H�� �D�Q�G�� �Z�R�R�O�� �J�U�R�Z�W�K�� ���6�\�N�H�V���� �������������� �2�Q�H�� �Z�R�X�O�G��

assume that ruminants evolved compensatory responses, including to increase feed (nutrient) 

intake, to mitigate these effects on productivity but the mechanisms involved are not -

straightforward ���Y�D�Q�+�R�X�W�H�U�W���D�Q�G���6�\�N�H�V������������������ 
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1.4.1 Impact of gastrointestinal strongylid nematodes on appetite and feed intake 

by ruminants 

There are a number of observational studies which generally suggest that one response widely 

associated with GIN parasite infection in ruminants, housed and pasture -based, is a reduction 

in voluntary feed intake ���&�R�R�S���H�W���D�O�������������������%�H�O�O���H�W���D�O�������������������&�R�R�S���D�Q�G���+�R�O�P�H�V�����������������)�R�U�E�H�V���H�W��

�D�O��������������������This reduction in feed intake is associated with depressed appetite ���)�R�[���H�W���D�O������������������

�&�R�R�S���H�W���D�O���������������������$���Q�X�P�E�H�U���R�I���H�D�U�O�\���V�W�X�G�L�H�V���L�Q�Y�H�V�W�L�J�D�W�H�G���W�K�H���H�I�I�H�F�W�V���R�I���F�K�U�R�Q�L�F���W�U�L�F�N�O�H���L�Q�I�H�F�W�L�R�Q�V��

with T. circumcincta  and T. colubriformis  compared to a pair -fed control group and found that 

chronic subclinical infections depress appetite �I�U�R�P������-�������� ���&�R�R�S���H�W���D�O������������������ �6�\�N�H�V���H�W���D�O������

�����������������,�Q���W�K�L�V���V�H�F�W�L�R�Q�����W�K�H���P�H�F�K�D�Q�L�V�P�V���W�K�D�W���X�Q�G�H�U�O�\���S�D�U�D�V�L�W�H-induced inappetence (anorexia) 

and consequently reduced feed intake in ruminants are �G�L�V�F�X�V�V�H�G�� 

1.4.2 Mechanisms of parasite- induced inappetence 

Production losses in ruminants have commonly been attributed to depressed appetite owing 

to parasitic gastroenteritis ���/�R�\�D�F�D�Q�R���H�W���D�O�������������������6�\�N�H�V���D�Q�G���&�R�R�S������001), otherwise known as 

PIA �����7�K�H���H�[�D�F�W���P�H�F�K�D�Q�L�V�P���X�Q�G�H�U�O�\�L�Q�J��PIA  is widely regarded as paradoxical, if not unclear 

���*�U�H�H�U���H�W���D�O���������������������7�K�H���U�H�D�V�R�Q���E�H�L�Q�J���Z�K�H�Q���F�R�Q�V�L�G�H�U�L�Q�J���W�K�H���G�H�W�U�L�P�H�Q�W�D�O���H�I�I�H�F�Ws of poor nutrition 

on host resistance to GIN, it is unclear why infected individuals will voluntarily reduce feed 

���Q�X�W�U�L�H�Q�W�����L�Q�W�D�N�H���D�W���D���W�L�P�H���Z�K�H�Q���L�W���Z�R�X�O�G���E�H���P�R�V�W���E�H�Q�H�I�L�F�L�D�O�����7�K�L�V���L�V���S�U�L�Q�F�L�S�D�O�O�\���Z�K�H�U�H���W�K�H��

paradox exists, although, it might be that infect ed individuals make the choice for, to use the 

�M�D�U�J�R�Q�� �H�[�S�U�H�V�V�L�R�Q���� �́ �W�K�H�� �O�H�V�V�H�U�� �R�I�� �W�Z�R�� �H�Y�L�O�V�µ�� ���6�\�N�H�V�� �D�Q�G�� �*�U�H�H�U���� �������������� �,�U�U�H�V�S�H�F�W�L�Y�H���� �W�K�H��

phenomenon of PIA has benefited from explanations from two basic perspectives ( �7�D�E�O�H�������������� 



 

 �� 

Table 1.1 Summary of the suggestions for the mechanisms and functions of parasite 

�L�Q�G�X�F�H�G���D�Q�R�U�H�[�L�D�� 

Mechanism Reference  Function  Reference  

Disruption in the 

�E�D�O�D�Q�F�H���R�I���S�H�S�W�L�G�H�V�����H���J������

cholecystokinin, leptin, 

gastrin, ghrelin  

�)�R�U�E�H�V������������ Disease-coping 

strategy: to allow 

infected individuals to 

reduce intake of 

parasite larvae  

Linked with 

increased 

anthelmintic efficacy  

due to reduced rate of 

passage of ingesta 

leading to prolonged 

exposure of GIN to 

anthelmintics  

Kyriazakis e �W���D�O�������������� 

 

 

 

�$�O�L���D�Q�G���+�H�Q�Q�H�V�V�\����

1993 

Associated with pro -

inflammatory cytokines, 

�H���J�������L�Q�W�H�U�O�H�X�N�L�Q�����,�/����-1, 

IL -6 and tumour 

necrosis factor (TNF) -�D 

Meeusen, 1999, 

�*�U�H�H�U���H�W���D�O������

���������D�����E 

Disease-coping 

strategy: to allow 

infected individuals to 

have incre ased diet 

selectivity and to 

promote an effective 

immune response 

�.�\�U�L�D�]�D�N�L�V���H�W���D�O������������������

�+�X�W�F�K�L�Q�J�V���H�W���D�O���������������� 

  To provide a reliable 

supply of endogenous 

glutamine used for 

immune development 

to meet the increased 

demands for 

splanchnic tissue 

metabolism in 

infected individuals  

�6�\�N�H�V������������ 
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First, it has traditionally been described as a pathological response to parasites (causal 

�S�H�U�V�S�H�F�W�L�Y�H�����D�V�V�R�F�L�D�W�H�G���Z�L�W�K���Y�D�U�L�R�X�V���D�S�S�H�W�L�W�H���P�R�G�X�O�D�W�R�U�V���V�X�F�K���D�V���O�H�S�W�L�Q�����*�U�H�H�U���H�W���D�O��������������������

�J�D�V�W�U�L�Q�����)�R�[���H�W���D�O������ ���������������F�K�R�O�H�F�\�V�W�R�N�L�Q�L�Q�����&�&�.�����'�\�Q�H�V���H�W���D�O������ ������������ �)�R�[�������������� and ghrelin 

���)�R�U�E�H�V���H�W���D�O���������������������7�K�H�V�H���P�R�G�X�O�D�W�R�U�V���D�U�H���W�K�R�X�J�K�W���W�R���E�H���U�H�J�X�O�D�W�H�G���W�K�U�R�X�J�K���D�I�I�H�U�H�Q�W���V�L�J�Q�D�O�V��

and feedback mechanisms acting on the ventromedi al hypothalamus associated with feed 

�L�Q�W�D�N�H�����)�R�U���H�[�D�P�S�O�H�����W�K�H���J�D�V�W�U�R�L�Q�W�H�V�W�L�Q�D�O���K�R�U�P�R�Q�H���&�&�.���L�Q�I�X�V�H�G���L�Q���W�K�H���Y�H�Q�W�U�D�O���K�\�S�R�W�K�D�O�D�P�X�V��

�D�O�W�H�U�H�G���I�H�H�G���L�Q�W�D�N�H�����Z�L�W�K���L�Q�F�U�H�D�V�H�V���R�I�����������V�H�H�Q���R�Y�H�U���Q�R�Q-�L�Q�I�X�V�H�G���V�K�H�H�S�����'�\�Q�H�V���H�W���D�O��������������������

Some further evidence for the role of the ventromedial hypothalamus in regulating 

inappetence associated with T ����colubriformis and T����circumcincta  was shown in immune -

�V�X�S�S�U�H�V�V�H�G���O�D�P�E�V���G�R�V�H�G���Z�H�H�N�O�\���Z�L�W�K���F�R�U�W�L�F�R�V�W�H�U�R�L�G�V�����*�U�H�H�U���H�W���D�O���������������������������������7�K�H�V�H���O�D�P�E�V��

were found to ingest  feed in exces�V���R�I�������� ����over their non -immuno -�V�X�S�S�U�H�V�V�H�G���O�D�P�E�V�����7�K�H��

evidence for leptin’s involvement is less consistent; first speculated to increase alongside an 

increase in plasma gastrin to reduce feed intake in response to infection with T����circumcincta  

by downregu lating neuropeptide -�<���V�\�Q�W�K�H�V�L�V�����Z�K�L�F�K���V�W�L�P�X�O�D�W�H�V���I�H�H�G���L�Q�W�D�N�H�����)�R�[���H�W���D�O��������������������

Other investigators did not find significant associations between leptin and immune -mediated 

�U�H�G�X�F�H�G���I�H�H�G���L�Q�W�D�N�H�����*�U�H�H�U���H�W���D�O���������������������,�Q���D�Q�R�W�K�H�U���V�W�X�G�\�����D���V�H�U�X�P���L�Q�F�U�H�D�V�H���L�Q���Oeptin was found 

to be associated with reduced feed intake in the Scottish Blackface sheep breed infected with 

T����circumcincta , but not Suffolk x Greyface sheep  ���=�D�U�D�O�L�V���H�W���D�O��������������a)�����&�R�Q�Y�H�U�V�H�O�\�����J�K�U�H�O�L�Q�����D��

peptide associated with upregulating neuropeptide -Y, is known to increase transiently in the 

�E�O�R�R�G���S�U�L�R�U���W�R���D���P�H�D�O�����6�X�J�L�Q�R���H�W���D�O�������������������D�Q�G���L�W���Z�D�V���K�\�S�R�W�K�H�V�L�V�H�G���W�K�D�W���L�W���Z�R�X�O�G���E�H���Q�H�J�D�W�L�Y�H�O�\��

associated with infection -�L�Q�G�X�F�H�G���D�Q�R�U�H�[�L�D�����E�X�W���Q�R���F�O�H�D�U���D�V�V�R�F�L�D�W�L�R�Q���Z�D�V���I�R�X�Q�G�����)�R�U�E�H�V���H�W���D�O������

���������������/�H�S�W�L�Q���W�K�H�U�H�Iore seems more involved in explaining parasite -induced inappetence than 

ghrelin, but this is likely due to the latter having just one study investigating it in calves and 

�I�X�U�W�K�H�U���V�W�X�G�L�H�V���D�U�H���Z�D�U�U�D�Q�W�H�G�� 

A second, functional, perspective of anorexia is that it is hypothesised to be an adaptation in 

parasitized animals to enable animals to selectively avoid pasture which has high numbers of 

�L�Q�I�H�F�W�L�Y�H�� �O�D�U�Y�D�H���� �� �7�K�L�V�� �K�\�S�R�W�K�H�V�L�V�� �V�X�S�S�R�U�W�V�� �W�K�H�� �U�H�D�V�R�Q�L�Q�J�� �W�K�D�W�� �3�,�$�� �P�D�\�� �K�D�Y�H�� �H�Y�R�O�Y�H�G�� �D�V�� �D��

disease-coping strategy with a d �H�I�L�Q�L�W�H�� �S�X�U�S�R�V�H���� �H���J������ �W�R�� �U�H�G�X�F�H�� �L�Q�W�D�N�H�� �R�I�� �S�D�U�D�V�L�W�H�� �O�D�U�Y�D�H����

Furthermore, it is hypothesised that such animals can select diets high in certain nutrients to 

facilitate them to mount a more effective immune response ���.�\�U�L�D�]�D�N�L�V���H�W���D�O���������������������$�O�E�H�L�W����

the inability of these hypotheses to predict the extent of anorexia, and discriminate the effects 

of nematode species and predilection sites on anorexia suggests PIA might be a standard 

protocol for disease expression ���/�D�X�U�H�Q�V�R�Q���H�W���D�O���������������������� 
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�$���I�X�U�W�K�H�U���H�[�S�O�D�Q�D�W�L�R�Q���F�R�X�O�G���E�H���Z�K�H�W�K�H�U���3�,�$���L�V���M�X�V�W���D���P�D�Q�L�I�H�V�W�D�W�L�R�Q���R�I���¶�V�L�F�N�Q�H�V�V���E�H�K�D�Y�L�R�X�U�·�����%�\��

drawing parallels between what characterizes sickness behaviour, including an analysis of 

pro-inflammatory cytokines necessary for such behaviour, Sutherland and Scott (2010)  

suggested that anorexia might be a by -product of an animal’s attempt to mount an effective 

�L�P�P�X�Q�H���U�H�V�S�R�Q�V�H���D�J�D�L�Q�V�W���S�D�U�D�V�L�W�H�V�����7�K�L�V���D�S�S�H�D�U�V���F�R�Q�J�U�X�H�Q�W���Z�L�W�K���R�W�K�H�U���U�H�S�R�U�W�V�����*�U�H�H�U���H�W���D�O������

�������������W�K�D�W���K�D�Y�H���V�X�J�J�H�V�W�H�G���3�,�$���W�R���E�H���D�Q���L�P�P�X�Q�H-mediated response elicited by cytokin es such 

as interleukin (IL) -1, IL -�����D�Q�G���W�X�P�R�X�U���Q�H�F�U�R�V�L�V���I�D�F�W�R�U�����,�I���W�K�L�V���L�V���W�U�X�H�����L�W���K�L�J�K�O�L�J�K�W�V���W�K�H���S�D�U�D�G�R�[��

of PIA, in that animals would reduce nutrient (feed) intake at a time when such nutrients 

�Z�R�X�O�G���E�H���P�R�V�W���D�G�Y�D�Q�W�D�J�H�R�X�V�����,�W���D�O�V�R���K�L�J�K�O�L�J�K�W�V���W�K�H���V�L�J�Q�L�I�L�Fance of being able to exclusively 

attribute depressed feed intake as a direct impact of GIN  and what purpose a reduction in 

�Y�R�O�X�Q�W�D�U�\���I�H�H�G���L�Q�W�D�N�H���V�H�U�Y�H�V�� 

The classic ‘sickness behaviour’ favours survival in viral and bacterial diseases since the 

immune res �S�R�Q�V�H���F�D�Q���U�H�P�R�Y�H���W�K�H�V�H���S�D�W�K�R�J�H�Q�V���T�X�L�F�N�O�\�����:�L�W�K���K�H�O�P�L�Q�W�K���S�D�U�D�V�L�W�H�V���W�K�H���L�P�P�X�Q�H��

response is largely ineffective, at least at first, and hence the stimulus to reduce appetite is 

�R�Q�J�R�L�Q�J�����2�Y�H�U�D�O�O�����W�K�H�V�H���P�H�F�K�D�Q�L�V�P�V���U�H�P�D�L�Q���L�Q�V�X�I�I�L�F�L�H�Q�W�O�\���U�H�V�R�O�Y�H�G���D�V���W�R���Z�K�H�W�K�H�U���W�Key “serve” 

�W�K�H�� �S�D�U�D�V�L�W�H�� �R�U�� �D�Q�L�P�D�O�� �K�R�V�W����It is possible to assume that the disease state “serves” the 

�S�D�U�D�V�L�W�H�·�V���L�Q�W�H�U�H�V�W�V�����+�R�Z�H�Y�H�U�����S�D�U�D�V�L�W�L�F���G�L�V�H�D�V�H���L�V���D�Q���X�Q�Q�D�W�X�U�D�O���V�W�D�W�H���R�I���D�I�I�D�L�U�V���G�X�H���P�R�U�H���W�R��

husbandry, and the parasites almost certainly evolved to live  �L�Q���́ �K�H�D�O�W�K�\�µ���K�R�V�W�V���� 

The above discussion illustrates that considerable confusion still persists in attempts to explain 

�W�K�H���P�H�F�K�D�Q�L�V�P���E�H�K�L�Q�G���D�Q�R�U�H�[�L�D���G�X�U�L�Q�J���S�D�U�D�V�L�W�L�V�P����The evidence reviewed tilts towards the 

hypothesis that changes driven by the host's i mmune response occur in the normal functioning 

�R�I���W�K�H���K�R�V�W�����W�K�H�V�H���D�U�H���P�H�G�L�D�W�H�G���L�Q���G�L�I�I�H�U�H�Q�W���E�R�G�\���V�\�V�W�H�P�V���E�\���D���Q�X�P�E�H�U���R�I���G�L�I�I�H�U�H�Q�W���S�D�W�K�Z�D�\�V�� 

1.4.3 Estimating Anorexia and Feed Intake 

Anorexia in ruminants has been assessed either directly by measurements of  feed intake or by 

some more indirect measurement such as time spent grazing ���)�R�U�E�H�V�� �H�W�� �D�O������ ������������ ��������������

Measurements of feed intake between anthelmintic -treated and untreated control groups of 

animals has been used by studies in domestic ���)�R�U�E�H�V�� �H�W�� �D�O������2000) and wild ruminants 

���:�R�U�V�O�H�\-Tonks and Ezenwa ��������������, on the premise that removing nematode parasites with 

�D�Q�W�K�H�O�P�L�Q�W�L�F�V���Z�L�O�O���D�O�W�H�U���3�,�$���L�Q���U�X�P�L�Q�D�Q�W�V���U�H�I�O�H�F�W�L�Q�J���W�K�H���W�L�P�H���D�O�O�R�F�D�W�H�G���W�R���I�H�H�G�L�Q�J���E�H�K�D�Y�L�R�X�U����

Feed intake reductions of up to 30 - ���������L�Q���V�X�E�F�O�L�Q�L�F�D�O���*�,�1���L�Q�I�H�F�W�L�R�Q�V���L�Q���V�K�H�H�S���D�Q�G���F�D�W�W�O�H���K�D�Y�H��

been reported ���)�R�U�E�H�V���H�W���D�O�������������������6�\�N�H�V���D�Q�G���&�R�R�S���������������3�R�S�S�L���H�W���D�O������������������ In terms of g razing 

period, dairy cattle treated with eprinomectin, which persists for up to 14+ days, grazed almost 
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�D�Q�� �K�R�X�U�� �O�R�Q�J�H�U�� �W�K�D�Q�� �X�Q�W�U�H�D�W�H�G�� �F�R�Q�W�U�R�O�V�� �G�X�U�L�Q�J�� �W�K�L�V�� �S�H�U�L�R�G�� ���)�R�U�E�H�V�� �H�W�� �D�O������ �������������� �6�L�P�L�O�D�U�O�\����

reindeer calves in a semi -domesticated system treated with i vermectin during the study 

�S�H�U�L�R�G�����F�R�Q�V�X�P�H�G�����������P�R�U�H���I�H�H�G���W�K�D�Q�� untreated �U�H�L�Q�G�H�H�U�����$�U�Q�H�E�H�U�J���H�W���D�O�������������������� 

�$�Q�R�W�K�H�U���S�U�R�[�\���I�R�U���I�H�H�G���L�Q�W�D�N�H���L�V���W�R���P�H�D�V�X�U�H���O�L�Y�H���Z�H�L�J�K�W�����H�V�S�H�F�L�D�O�O�\���O�L�Y�H���Z�H�L�J�K�W���J�D�L�Q�������6�H�Y�H�U�D�O��

studies in cattle have shown a positive correlation between reduced feed intake and reduced 

�O�L�Y�H�Z�H�L�J�K�W���J�D�L�Q�����%�H�O�O���H�W���D�O��������������; �)�R�U�E�H�V���H�W���D�O���������������������������������6�X�D�U�H�]���H�W���D�O���������������� demonstrated, 

albeit with some bias in their fe ed intake estimation technique, that daily weight loss rate of 

�����������N�J���L�Q���$�Q�J�X�V���F�D�O�Y�H�V���F�R�U�U�H�V�S�R�Q�G�H�G���W�R���D���������������U�H�G�X�F�W�L�R�Q���L�Q���I�H�H�G���L�Q�W�D�N�H���L�Q���W�K�H�V�H���L�Q�G�L�Y�L�G�X�D�O�V��

�D�W���D���W�L�P�H���R�I���K�L�J�K�H�V�W���S�D�V�W�X�U�H���O�D�U�Y�D�O���F�R�Q�W�D�P�L�Q�D�W�L�R�Q�����7�K�L�V���O�H�Q�G�V���D�G�G�H�G���V�X�S�S�R�U�W���I�R�U���P�H�D�V�X�U�H�P�H�Q�W��

of body �Z�H�L�J�K�W�V���D�V���D���S�U�R�[�\���I�R�U���D�S�S�H�W�L�W�H�����$�U�Q�H�E�H�U�J���H�W���D�O���������������������D�O�O���R�W�K�H�U���I�D�F�W�R�U�V���F�R�Q�V�L�G�H�U�H�G�����,�Q��

�W�K�H�L�U�� �V�W�X�G�\�� �Z�L�W�K�� �U�H�L�Q�G�H�H�U���� �$�U�Q�H�E�H�U�J�� �H�W�� �D�O���� �������������� �V�K�R�Z�H�G�� �W�K�D�W�� �V�X�E�F�O�L�Q�L�F�D�O�O�\�� �S�D�U�D�V�L�W�L�]�H�G��

individuals showed a correlated decline in liveweight gains consistent with t �K�H�����������G�H�F�O�L�Q�H���L�Q��

�I�H�H�G���L�Q�W�D�N�H���W�K�D�W���Z�D�V���G�H�P�R�Q�V�W�U�D�W�H�G�����+�R�Z�H�Y�H�U�����L�Q���J�U�D�]�L�Q�J���V�K�H�H�S�����I�H�H�G���L�Q�W�D�N�H���U�H�G�X�F�W�L�R�Q�V���K�D�Y�H��

�E�H�H�Q���O�H�V�V���F�R�Q�V�L�V�W�H�Q�W�O�\���D�F�F�R�P�S�D�Q�L�H�G���E�\���V�L�J�Q�L�I�L�F�D�Q�W���F�K�D�Q�J�H�V���L�Q���Z�H�L�J�K�W���J�D�L�Q�V�����+�X�W�F�K�L�Q�J���H�W���D�O������

���������������������������:�K�H�Q���7�K�D�P�V�E�R�U�J���D�Q�G���$�J�H�U�J�D�D�U�G�����������������I�R�X�Q�G���Dn association between reduced 

herbage intake and reduced live weight in lambs, the effect of parasitism on intake was 

�H�O�L�P�L�Q�D�W�H�G���L�I���F�R�U�U�H�F�W�H�G���I�R�U���O�L�Y�H�Z�H�L�J�K�W�������:�K�D�W���L�V���Q�R�W���F�O�H�D�U�O�\���F�R�P�S�D�U�D�E�O�H���E�H�W�Z�H�H�Q���U�H�S�R�U�W�V���L�V���K�R�Z��

liveweight gain is associated with the inte nsity (precisely known parasite burden) and 

�G�X�U�D�W�L�R�Q���R�I���L�Q�I�H�F�W�L�R�Q�� 

1.4.4 Regulation of parasite induced inappetence  

�3�D�U�D�V�L�W�H�V���V�H�O�G�R�P���H�O�L�F�L�W���L�Q�D�S�S�H�W�H�Q�F�H���L�Q���U�X�P�L�Q�D�Q�W���K�R�V�W�V���H�T�X�D�O�O�\�����6�\�N�H�V�������������������:�L�W�K�L�Q���D�Q�L�P�D�O��

host populations, young naïve animals, rams at mating and pregnant or lactating ewes benefit 

most from removal of parasites via anthelmintic treatment, which signifi cantly reverses 

�R�E�V�H�U�Y�H�G���U�H�G�X�F�W�L�R�Q�V���L�Q���I�H�H�G���L�Q�W�D�N�H�����7�K�L�V���L�V���G�L�U�H�F�W�O�\���U�H�O�D�W�H�G���W�R���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���L�P�P�X�Q�L�W�\���W�R��

GIN, which is discussed briefly below and in detail in Section  1.5�����,�Q���\�R�X�Q�J���V�K�H�H�S�����X�S���W�R����������

reductions in feed intake have been observed (Sykes  and Coop, 1976, �6�\�N�H�V�� �H�W�� �D�O������ ����������, 

�F�R�P�S�D�U�H�G���W�R��������– �����������U�H�G�X�F�W�L�R�Q�V���L�Q���I�H�H�G���L�Q�W�D�N�H���L�Q���S�U�H�J�Q�D�Q�W���D�Q�G���O�D�F�W�D�W�L�Q�J���D�G�X�O�W���V�K�H�H�S���Z�L�W�K��

exposure to modest levels of parasite infection; both groups presenting as clini �F�D�O�O�\���Q�R�U�P�D�O����

Similarly, dry matter intake in ewes treated with anthelmintic s prior to lambing was  shown 

to be higher than for untreated controls ( �=�K�R�Q�J�� �H�W�� �D�O��, 2017)���� �7�K�H�V�H�� �D�X�W�K�R�U�V also reported 

�V�X�S�H�U�L�R�U���J�U�R�Z�W�K���U�D�W�H���L�Q���W�K�H���O�D�P�E�V���R�I���W�K�H���W�U�H�D�W�H�G���H�Z�H�V�����+�R�Z�H�Y�H�U�����W�R���L�O�O�X�V�W�U�D�W�H���W�K�H���F�R�P�S�O�H�[�L�W�\����

these same authors compared the responses in two sheep breeds, and showed that Ujumqin 
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�D�Q�G���6�P�D�O�O���7�D�L�O�H�G���+�D�Q���E�U�H�H�G�V���U�H�F�R�U�G�H�G���G�L�V�V�L�P�L�O�D�U���U�H�V�X�O�W�V���I�R�O�O�R�Z�L�Q�J���D�Q�W�K�H�O�P�L�Q�W�L�F���W�U�H�D�W�P�H�Q�W�V����

Similarly, �-�R�Q�H�V�� �H�W�� �D�O���� ������������ failed to demonstrate an y significant effect of moderate GIN 

infection on feed intake of Soay sheep, attributing their finding to the resilience of this breed of 

�V�K�H�H�S����Further, the number and species of GIN actually present in the animals can determine 

�W�K�H���O�H�Y�H�O���R�I���3�,�$�����)�R�U���L�Q�V�Wance, infection of young lambs with H. contortus  has been shown to 

cause feed intake reductions beginning 2 weeks post infection and for up to six weeks duration 

���U�H�Y�L�H�Z�H�G���L�Q���.�\�U�L�D�]�D�N�L�V���H�W���D�O�������������������F�R�P�S�D�U�H�G���W�R��Cooperia �Q�R�W���E�H�L�Q�J���S�D�U�W�L�F�X�O�D�U�O�\���S�D�W�K�R�J�H�Q�L�F����

This shows how other factors  �S�O�D�\���D���U�R�O�H���L�Q���W�K�H���U�H�J�X�O�D�W�L�R�Q���R�I���D�S�S�H�W�L�W�H���D�Q�G���I�H�H�G���L�Q�W�D�N�H�� 

Some studies such as �/�D�X�U�H�Q�V�R�Q���H�W���D�O�� (2011) have also shown that the effect of GIN on appetite 

is not only associated with the number of adult parasites present but is  also influenced by the  

extent of larval challenge and how that relates to the maturity of the immune response 

mounted by animals �� Young ruminants progressively develop their immune response to GIN 

�R�Y�H�U���W�K�H���I�L�U�V�W���������P�R�Q�W�K�V���R�I���O�L�I�H�������7�K�L�V���L�V���I�L�U�V�W���Q�R�W�D�E�O�H���I�U�R�P���D�E�R�X�W��three to six months of age after 

�Z�K�L�F�K���L�W���F�R�Q�W�L�Q�X�H�V���W�R���V�O�R�Z�O�\���G�H�Y�H�O�R�S�������'�H�Y�H�O�R�S�P�H�Q�W���R�I���L�P�P�X�Q�L�W�\���D�J�D�L�Q�V�W���*�,���Q�H�P�D�W�R�G�H�V�����Z�Kich 

is dependent on parasite species as well as age of the animals, also plays an important role in 

the observation of parasite -�L�Q�G�X�F�H�G���D�Q�R�U�H�[�L�D���D�Q�G���I�H�H�G���L�Q�W�D�N�H���U�H�G�X�F�W�L�R�Q�V�����7�K�H��cost on the host 

of this emerging immune response has been  explored in studies that found that corticosteroid -

induced immune suppression ameliorated feed intake and performance in sheep infected with 

T����circumcincta  ���*�U�H�H�U���H�W���D�O�������������������D�Q�G��T����colubriformis  ���*�U�H�H�U���H�W���D�O��������������������In the latter, it 

�Z�D�V���I�R�X�Q�G���W�K�D�W���X�S���W�R�����������R�I���W�K�H���G�H�S�U�Hssed feed intake associated with Trichostrongylus �V�S�S����

�L�Q�I�H�F�W�L�R�Q���L�Q���O�D�P�E�V���F�R�X�O�G���E�H���D�O�O�H�Y�L�D�W�H�G���Y�L�D���W�K�L�V���L�P�P�X�Q�R�P�D�Q�L�S�X�O�D�W�L�R�Q�� These authors proposed 

that the principle here is that by suppressing the developing immune response, suspected to 

play a role in PIA, one reduced production of the mediators that induce anorexi �D����Despite these 

findings, steroids can be considered a ‘blunt’ tool to manipulate the immune response and 

�P�L�J�K�W���K�D�Y�H���E�H�H�Q���V�L�P�S�O�L�V�W�L�F�D�O�O�\���X�V�H�G���L�Q���W�K�H�V�H���V�W�X�G�L�H�V����It is possible that c omparing a range of 

�D�G�P�L�Q�L�V�W�H�U�H�G���F�R�U�W�L�F�R�V�W�H�U�R�L�G�V���P�D�\���K�D�Y�H���H�Q�D�E�O�H�G���P�R�U�H���G�L�U�H�F�W���H�I�I�H�F�W�V���W�R���E�H���R�E�V�H�U�Y�H�G�� 

1.4.5 Nutrition and feed intake 

The role of nutrition on feed intake has been explored by providing different planes (quality 

�D�Q�G���T�X�D�Q�W�L�W�\�����R�I���Q�X�W�U�L�W�L�R�Q�����)�R�U�E�H�V���H�W���D�O���������������������3�U�R�W�H�L�Q���L�V���D���N�H�\���U�H�T�X�L�U�H�P�H�Q�W���W�R���P�D�L�Q�W�D�L�Q���D�Q��

effective immune response  and growth at the same time ���� �&�R�Q�V�H�T�X�H�Q�W�O�\����reduced quality 

nutrient intake affects host resistance and resilience to GIN infection ���'�R�Q�D�O�G�V�R�Q���H�W���D�O��������������������

The premise for this approach is that higher quality (particularly protein content) diets 
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available to parasitized ruminants compensate for th e protein loss associated with infection 

(�+�R�X�G�L�M�N�� �H�W�� �D�O������ ������������Sykes & Coop, 2001), especially that which is required to mount an 

�L�P�P�X�Q�H�� �U�H�V�S�R�Q�V�H�� �W�R�� �*�,�1���� �,�Q�G�H�H�G���� �D�Q�W�K�H�O�P�L�Q�W�L�F-treated and control dairy heifer calves 

provided with high quality nutrition of white clover and rye grass did not differ significantly in 

their live weight characteristics despite the continued presence of a low- level larval challenge 

�R�Q���W�K�L�V���S�D�V�W�X�U�H�����)�R�U�E�H�V���H�W���D�O���������������������,�W���I�R�O�O�R�Z�V���W�K�H�Q���W�K�D�W���W�K�H���H�I�I�H�F�W���R�I���*�,�1���R�Q���I�H�H�G���L�Q�W�D�N�H���F�D�Q��

pot�H�Q�W�L�D�O�O�\���E�H���P�R�G�L�I�L�H�G���E�\���Q�X�W�U�L�W�L�R�Q�����$���G�L�H�W���Z�L�W�K���D���K�L�J�K�����O�H�Y�H�O���R�I���S�U�R�W�H�L�Q���L�Q���S�D�U�W�L�F�X�O�D�U���Z�L�O�O���U�H�V�X�O�W 

in a reduction in egg counts and worm burden suggestive of an increased immune response 

���&�R�R�S���D�Q�G���+�R�O�P�H�V������������������ 

�+�X�W�F�K�L�Q�J�V���H�W���D�O���������������� attempted to demonstrate  host preference for nutrient poor/low larvae 

contaminated pasture over nutrient rich/heavy larvae contaminated taller grass, showing 

greater faecal avoidance behaviour in parasitised sheep in comparison to uninfected controls ����

Others ���)�R�U�E�H�V���� ������������ �+�X�W�F�K�L�Q�J�V�� �H�W���D�O������ ���������� have shown reduced feed intake reflected by 

reduced bite size as measured by  �F�R�P�S�D�U�L�Q�J���V�Z�D�U�G�V�����K�H�L�J�K�W�����F�R�O�R�X�U���H�W�F������grazed by infected and 

uninfected individuals ���� �7�K�H�V�H�� �V�W�X�G�L�H�V�� �V�X�J�J�H�V�W�� �W�K�D�W�� �L�Q�� �U�H�V�S�R�Q�V�H�� �W�R�� �*�,�� �Q�H�P�D�W�R�G�H�� �L�Q�I�H�F�W�L�R�Q�V����

ruminant hosts trade -off high nutrient , taller but heavily contaminated pastures for low 

nutrient pasture , and that more complex foraging strategies and behaviours may be involved ����

This issue is discussed more fully in Section  1.8)�� 

1.4.6 Conclusion 

Gastrointestinal nematodes induce anorectic responses in ruminant animals, but it does not 

appear that a sing �O�H���P�H�F�K�D�Q�L�V�P���L�V���U�H�V�S�R�Q�V�L�E�O�H���I�R�U���3�,�$�����7�K�H���J�H�Q�H�U�D�O���K�\�S�R�W�K�H�V�L�V���L�V���W�K�D�W���W�K�H�U�H���L�V��

an interaction between an animal host’s level of nutrition and inflammatory and immune 

regulators, which elicits a response to parasitic infection in a manner that does suppress 

appetite ���)�R�U�E�H�V���� ������������ �=�D�U�D�O�L�V�� �H�W�� �D�O������ ���������E)���� �7�K�L�V�� �G�H�S�U�H�V�V�H�V�� �I�H�H�G�� �L�Q�W�D�N�H�� �Y�D�U�L�R�X�V�O�\�� �E�X�W��

�S�D�U�W�L�F�X�O�D�U�O�\�� �L�Q�� �W�H�U�P�V�� �R�I�� �J�U�D�]�L�Q�J�� �W�L�P�H���� �7�K�H�� �H�Y�L�G�H�Q�F�H�� �W�L�O�W�V�� �W�R�Z�D�U�G�V�� �W�K�H�� �D�V�V�H�U�W�L�R�Q�� �W�K�D�W�� �*�,�1��

parasitized ruminants will exhibit depressed or lowered feeding behaviour, compared to 

groups of animals that have been eith er treated with anthelmintics or have been immuno -

manipulated variously to minimise the impact of parasite -�L�Q�G�X�F�H�G���D�Q�R�U�H�[�L�D�����:�K�H�U�H�D�V���W�K�H�V�H��

explanations for parasite -induced anorexia offer no unequivocal answers, what is clear from 

the literature is that GI Ns trigger behavioural responses or effects in ruminants, one of such 

�E�H�L�Q�J�� �U�H�G�X�F�H�G�� �I�H�H�G�� �L�Q�W�D�N�H���� �D�� �F�R�Q�V�H�T�X�H�Q�F�H�� �R�I�� �G�H�S�U�H�V�V�H�G�� �D�S�S�H�W�L�W�H���� �7�K�X�V���� �W�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I��

techniques and strategies that detect change in behaviour can be exploited to measure the 
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impact of parasites on their hosts The next section will review the immune response of 

individuals to infection as a prelude to discussing the ways  in which the adverse effects of PIA 

�F�D�Q���E�H���P�L�W�L�J�D�W�H�G�����7�K�L�V���Z�L�O�O���E�H���I�R�O�O�R�Z�H�G���E�\���D���U�H�Y�L�H�Z���R�I���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���L�Q�G�Lrect measures of 

�3�,�$���D�V���G�L�D�J�Q�R�V�W�L�F���P�D�U�N�H�U�V���R�I���*�,�1�� 

������ Immune  response to gastrointestinal  nematodes  

The introduction of lambs new to pasture presents a high risk for GIN infection and pasture 

�O�D�U�Y�D�O���F�R�Q�W�D�P�L�Q�D�W�L�R�Q����As introduced in Section  1.4.4, the immu ne response in sheep is absent 

at birth and proceeds to develop slowly over many months until reaching a stable mature level 

at about 12- �������P�R�Q�W�K�V���R�I���D�J�H�����6�W�D�I�I�R�U�G���H�W���D�O���������������0�F�5�D�H���H�W���D�O�������������������*�H�Q�H�U�D�O�O�\�����W�K�H���L�P�P�X�Q�H��

response is characterised by an acquis �L�W�L�R�Q���S�K�D�V�H���D�Q�G���D�Q���H�[�S�U�H�V�V�L�R�Q���S�K�D�V�H�����+�R�Z�H�Y�H�U�����W�K�H���V�S�H�H�G��

with which this immune response develops varies between breeds, between individuals within 

a breed (Baker et al 1999; Stear et al 2007), between nematode species and the intensity of 

�L�Q�I�H�F�W�L�R�Q���� �)�R�U�� �L�Qstance, expression of an immune response to continuous infection with T. 

colubriformis ���'�R�E�V�R�Q���H�W���D�O���������������� and H �� contortus ���%�D�U�J�H�U���H�W���D�O�������������������K�D�Y�H���E�H�H�Q���U�H�S�R�U�W�H�G���W�R��

occur in as early as seven weeks in contrast to other species, such as T. circumcincta , which 

�D�U�H���P�X�F�K���V�O�R�Z�H�U���W�R���G�H�Y�H�O�R�S�����6�W�H�D�U���H�W���D�O�������������������� 

�7�K�H���I�L�Q�D�O���H�[�W�H�Q�W���R�I���W�K�H���L�P�P�X�Q�H���U�H�V�S�R�Q�V�H���L���H�����K�R�Z���Z�H�O�O���V�K�H�H�S���F�D�Q���U�H�V�L�V�W���Q�H�P�D�W�R�G�H�V�����D�O�V�R���Y�D�U�L�H�V��

between breeds and individuals within breeds  (�*�D�P�E�O�H���D�Q�G���=�D�M�D�F�����������������%�X�U�N�H���D�Q�G���0�L�O�O�H�U����

2002; Amarante e �W���D�O���������������������7�K�H�V�H���O�D�W�W�H�U���W�Z�R���D�V�S�H�F�W�V���K�D�Y�H���E�H�H�Q���X�V�H�G���W�R���H�Q�G�H�D�Y�R�X�U���W�R���E�U�H�H�G��

�V�K�H�H�S���W�K�D�W���D�U�H���P�R�U�H���U�H�V�L�V�W�D�Q�W���W�R���Q�H�P�D�W�R�G�H�V���D�Q�G���G�H�Y�H�O�R�S���W�K�H���L�P�P�X�Q�H���U�H�V�S�R�Q�V�H���P�R�U�H���U�D�S�L�G�O�\������

The epidemiological consequences are that young lambs without a well -developed immunity 

to the GI nematodes are an important epidemiological risk for contaminating pasture with 

eggs and consequently L 3�������,�Q���D�G�G�L�W�L�R�Q�����V�K�H�H�S���W�K�L�V���D�J�H���D�U�H���L�Q���W�K�H�L�U���J�U�R�Z�W�K���S�K�D�V�H���D�Q�G���X�W�L�O�L�V�H��

large amounts of energy and protein for growth in competition with the devel oping immune 

�U�H�V�S�R�Q�V�H�����,�W���L�V���W�K�L�V���G�H�P�D�Q�G���I�U�R�P���P�R�X�Q�W�L�Q�J���D�Q���L�P�P�X�Q�H���U�H�V�S�R�Q�V�H���W�R���*�,�1���W�K�D�W���L�V���U�H�V�S�R�Q�V�L�E�O�H���I�R�U��

the subclinical production loss seen in young animals as they start to develop a level of age -

�V�S�H�F�L�I�L�F���L�P�P�X�Q�L�W�\���W�R���*�,�1�����*�U�H�H�U������������������ 

Generally, gastrointestinal  nematodes induce a T -helper 2 -type immune response, but the 

�H�I�I�H�F�W�R�U�� �P�H�F�K�D�Q�L�V�P�V�� �D�U�H�� �V�W�L�O�O�� �Q�R�W�� �I�X�O�O�\�� �X�Q�G�H�U�V�W�R�R�G���� �7�R�� �L�O�O�X�V�W�U�D�W�H�� �W�K�H�� �S�R�L�Q�W���� �W�K�H�V�H�� �F�H�O�O�V�� �D�U�H��

associated with clinical signs such as diarrhoea, but without the immune response, the result 

�Z�L�O�O���E�H���́ �U�H�V�L�O�L�H�Q�W���V�K�H�H�S�µ���W�K�D�W���L�J�Q�R�U�H���W�K�H���Z�R�U�P�V���D�Q�G���F�R�Q�V�H�T�X�H�Q�W�O�\���G�R���Q�R�W���V�X�I�I�H�U���L�O�O���H�I�I�H�F�W�V�����7�K�L�V��

has been recognised as a vital missing link in current understanding of the immune regulated 



 

 ����  

�U�H�V�S�R�Q�V�H�V���W�R���*�,�1�����&�K�D�U�O�L�H�U���H�W���D�O���������������������1�R�W�Z�L�W�K�V�W�D�Q�G�L�Q�J�����W�K�H��continual exposure of hosts to 

L3 �L�V���F�R�Q�V�L�G�H�U�H�G���L�P�S�R�U�W�D�Q�W���I�R�U���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���J�R�R�G���L�P�P�X�Q�L�W�\�����0�F�5�D�H���H�W���D�O������������������ 

Acquiring a good immune response against GINs obviously offers long -�W�H�U�P�� �D�G�Y�D�Q�W�D�J�H�V����

�+�R�Z�H�Y�H�U�����W�K�H���F�R�V�W���R�I���L�W�V���D�F�T�X�L�V�L�W�L�R�Q���F�D�Q�����X�Q�G�H�U��certain conditions, seriously affect the efficiency 

of production particularly in intensive production (Sykes, 2010 ; see also Section 1.4.4������  These 

studies lend evidence to the hypothesis that the pathological effects associated with GIN are 

not as much a direct consequence of the parasites eliciting tissue damage as they are a 

consequence of a ‘switched-�R�Q�·���L�P�P�X�Q�H���U�H�V�S�R�Q�V�H�����7�K�L�V���D�V�S�H�F�W���K�D�V���E�H�H�Q���X�V�H�G���W�R���H�Q�G�H�D�Y�R�X�U���W�R��

breed sheep that are more resilient to nematodes, demonstrating delayed immune recognition ����

This issue is discussed more fully in Section 1.6.1.3 �� 

����6 Control of strongylid nematodes in small ruminants  

Management of GINs is undergirded by the objective to reduce host exposure to infective 

stages, especially for young sheep to a level that will  allow for the development of protective 

�L�P�P�X�Q�L�W�\�����Z�K�L�O�H���H�Q�D�E�O�L�Q�J���S�D�U�D�V�L�W�L�F���V�W�D�J�H���E�X�U�G�H�Q�V���W�R���E�H���P�D�Q�D�J�H�D�E�O�H�����&�R�R�S���H�W���D�O���������������������7�K�L�V��

has typically been achieved by use of strategic anthelmintic administration, in combination 

with grazing and stock manageme �Q�W�����D�Q�G���L�P�P�X�Q�H���P�D�Q�L�S�X�O�D�W�L�R�Q���L�Q���L�W�V���Y�D�U�L�R�X�V���I�R�U�P�V���� 

The goal of sustainable parasite control is not to eliminate parasites (Sutherland and Scott, 

�������������6�D�U�J�L�V�R�Q�������������������W�K�H�\���D�U�H���K�H�U�H���W�R���V�W�D�\�����7�K�H���N�H�\���D�L�P���R�I���F�R�Q�W�U�R�O���D�S�S�U�R�D�F�K�H�V���L�V���W�R���P�L�W�L�J�D�W�H��

parasite induced  �L�Q�D�S�S�H�W�H�Q�F�H�� �E�\�� �U�H�G�X�F�L�Q�J�� �F�K�D�O�O�H�Q�J�H�� �W�R�� �V�X�V�F�H�S�W�L�E�O�H�� �D�Q�L�P�D�O�V�� ���.�H�Q�\�R�Q�� �H�W�� �D�O������

2012), and it can also be a matter of mitigating death in the case of H����contortus�����,�Q���W�K�L�V���U�H�J�D�U�G����

the options for GIN management usually integrate evasive host management (Pomroy, 2006) 

with drug treatments to interrupt the parasites’ life histories, and hence suppress infective 

�V�W�D�J�H�V�� ���-�D�F�N�V�R�Q�� �H�W�� �D�O������ ���������������7�K�H�� �V�X�S�S�R�U�W�� �W�R�R�O�V�� �W�R�� �D�F�K�L�H�Y�H�� �W�K�H�V�H�� �S�U�L�Q�F�L�S�O�H�V�� �D�U�H�� �Y�D�U�L�H�G���� �)�R�U��

instance, climate prediction tools could support understanding of episodes of GIN infection 

�S�U�H�V�V�X�U�H���R�Q���S�D�V�W�X�U�H�����0�R�U�J�D�Q���H�W���D�O���������������������*�H�Q�R�P�L�F���W�R�R�O�V���D�U�H���K�H�O�S�L�Q�J���L�Q���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I��

�Y�D�F�F�L�Q�H�V���D�Q�G���D�Q�W�K�H�O�P�L�Q�W�L�F�V���W�K�D�W���Z�L�O�O���E�H���H�I�I�H�F�W�L�Y�H���D�W���U�H�P�R�Y�L�Q�J���S�D�U�D�V�L�W�H�V�����5�R�H�E�H�U���H�W���D�O���������������������$��

third class of tools include those that  have the potential to support monitoring and diagnosis 

of infection farm -�V�L�G�H���� �7�K�L�V�� �L�Q�F�O�X�G�H�V�� �W�R�R�O�V�� �W�K�D�W�� �L�Q�I�R�U�P�� �R�S�W�L�P�L�V�H�G�� �X�V�H�� �R�I�� �D�Q�W�K�H�O�P�L�Q�W�L�F�V�� �L�Q��

�L�Q�G�L�Y�L�G�X�D�O���D�Q�L�P�D�O�V���E�D�V�H�G���R�Q���P�R�Q�L�W�R�U�L�Q�J���W�K�H�L�U���S�H�U�I�R�U�P�D�Q�F�H�����.�H�Q�\�R�Q���H�W���D�O���������������������7�K�L�V���U�H�Y�L�H�Z��

will proceed to di scuss the latter category and subsequently focus on the diagnostic markers 

�W�K�D�W�� �V�X�S�S�R�U�W�� �W�K�H�� �D�F�K�L�H�Y�H�P�H�Q�W�� �R�I�� �W�K�L�V�� �J�R�D�O����Brief mention of evasive host management 
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strategies and non -anthelmintic options available will follow but the focus of discussion is on 

o�S�W�L�P�L�V�H�G���X�V�H���R�I���D�Q�W�K�H�O�P�L�Q�W�L�F�V�� 

1.6.1 Evasive host management/ non- anthelmintic options 

This section touches on management practices, use of vaccines, tannins and  nematophagous 

fungi for GIN control but these are mentioned primarily as a lead-in to breedin g for genetic 

�U�H�V�L�V�W�D�Q�F�H���D�Q�G���U�H�V�L�O�L�H�Q�F�H���W�R���*�,�1���� 

1.6.1.1 Farm and grazing management  

This is a combination of pasture and stocking management principles that exploit the biology 

and epidemiology of GINs  (Pomroy, 2017)���� �3�D�V�W�X�U�H�� �P�D�Q�D�J�H�P�H�Q�W�� �V�W�U�D�W�H�J�L�H�V�� �L�Q�F�O�X�G�H 

rotational/co -grazing  (exploiting the host specificity of several GINs by using alternative 

animal hosts to ‘clean’ pastures)  and rapid pasture rotation  (speed grazing animals on pasture 

�D�Q�G�� �P�R�Y�L�Q�J�� �R�Q�W�R�� �D�Q�R�W�K�H�U������A challenge for rapid pasture rotation is the longevity of L 3 on 

pasture which is often much longer than the grazing interval required to maintain pasture 

quality and avoid excessive overgrowth  (Brunsdon���� ��������) ���� �� �6�R���� �X�Q�O�H�V�V�� �F�R�P�E�L�Q�H�G�� �Z�L�W�K�� �F�U�R�V�V��

grazing with other ruminants or some procedure such as pasture removal for hay or silage it 

�P�D�\�� �P�H�D�Q�� �W�K�D�W�� �O�D�U�Y�D�H�� �D�U�H�� �V�W�L�O�O�� �D�Y�D�L�O�D�E�O�H�� �Z�K�H�Q�� �W�K�R�V�H�� �S�D�U�W�L�F�X�O�D�U�� �S�D�V�W�X�U�H�V�� �D�U�H�� �Q�H�[�W�� �J�U�D�]�H�G�� 

�+�R�Z�H�Y�H�U����it has been noted that the adopti on of new grazing systems to mitigate the effects of  

GINs has been slow, even when measurable gains are observed  (Ruiz-�+�X�L�G�R�E�U�R���H�W���D�O��������������������

These authors showed that  intensive cell grazing  was associated with a reduction in the species 

composition harbo ured by ewes and their lambs over  �F�R�Q�Y�H�Q�W�L�R�Q�D�O�� �U�R�W�D�W�L�R�Q�D�O�� �J�U�D�]�L�Q�J����

�(�O�V�H�Z�K�H�U�H���� �:�D�O�N�G�H�Q-B�U�R�Z�Q�� �H�W�� �D�O����(2013) demonstrated that intensive rotational grazing 

provided significantly lower faecal egg counts and reduced frequency for anthelmintic 

treatments compared with typical management ��  

1.6.1.2 Non-chemical control  and vaccines 

Two non-chemical �D�S�S�U�R�D�F�K�H�V���K�D�Y�H���E�H�H�Q���W�K�H���V�X�E�M�H�F�W���R�I���F�R�Q�V�L�G�H�U�D�E�O�H���U�H�V�H�D�U�F�K���L�Q���U�H�F�H�Q�W���\�H�D�U�V������

The use of bioactive forages containing tannins either as a direct alternative to synthetic 

�D�Q�W�K�H�O�P�L�Q�W�L�F���X�V�H���R�U���I�R�U���X�V�H���L�Q���F�R�P�E�L�Q�D�W�L�R�Q���Z�L�W�K���D�Q�W�K�H�O�P�L�Q�W�L�F�V�������%�R�W�K���D�U�H���L�Q�W�H�Q�G�H�G���W�R���U�Hduce 

anthelmintic use ���*�D�X�G�L�Q�� �H�W�� �D�O������ �������������� �7�K�H�V�H�� �D�X�W�K�R�U�V�� �I�R�X�Q�G�� �W�K�D�W��tannin -containing 

nutraceuticals alter the biology of multi -resistant and susceptible nematodes, thus 
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�U�H�S�U�H�V�H�Q�W�L�Q�J���D�Q���R�S�W�L�R�Q���I�R�U���W�K�H�L�U���V�X�V�W�D�L�Q�D�E�O�H���F�R�Q�W�U�R�O�� even though they caution about the safety 

of interactions between condensed tannin- rich plants and c�K�H�P�L�F�D�O���D�F�W�L�Y�H�V���� 

�$�� �V�H�F�R�Q�G�� �D�S�S�U�R�D�F�K�� �K�D�V�� �E�H�H�Q�� �W�R�� �H�[�S�O�R�U�H�� �W�K�H�� �S�U�D�F�W�L�F�D�O�� �X�V�H�� �R�I�� �Q�H�P�D�W�R�S�K�D�J�R�X�V�� �I�X�Q�J�L���� �� �7�K�H�V�H��

organisms consume nematodes as their source of nutrients  (�:�D�O�O�H�U���D�Q�G���/�D�U�V�H�Q�����������������%�U�D�J�D��

and de Araújo, 2014) �������$�G�G�L�W�L�R�Q���R�I���F�K�O�D�P�\�G�R�V�S�R�U�H�V���R�I���W�K�H�V�H���I�X�Qgi, particularly  Duddingtonia 

flagrans , into the diet of ruminants provide the opportunity to massively increase the activity 

of these fungi in the faeces of ruminants and reduce the population of developing larvae 

(�/�D�U�V�H�Q���H�W���D�O������������������ The success of this approach is based on the ability of  these spores to 

remain unchanged while passing through the digestive tract and then concentrating in high 

numbers the in faeces (Pe ña �H�W���D�O������������������ 

Besides the foregoing, progress has been made with development and li cencing of the H����

contortus (Barber's Pole ) vaccine available commercially in Australia (Barbervax ®�����:�R�U�P�Y�D�[��

Australia Pty Ltd �����D�Q�G���6�R�X�W�K���$�I�U�L�F�D�����:�L�U�H�Y�D�[®, Afrivet Business Management Pty Ltd )�����$�V��

mention ed in Section  1.1, these vaccines require a monthly administration frequency to confer 

�S�U�R�W�H�F�W�L�R�Q�����&�K�D�U�O�L�H�U���H�W���D�O���������������������7�K�L�V���O�H�D�G�V���W�R���U�H�G�X�F�H�G���X�V�H���R�I���D�Q�W�K�H�O�P�L�Q�W�L�F�V�����%�D�V�V�H�W�R���H�W���D�O������

�������������.�H�E�H�W�D���H�W���D�O�������������������D�Q�G���S�U�H�V�X�P�D�E�O�\���V�K�H�H�S���F�D�Q���E�H���Y�D�F�F�L�Q�D�W�H�G���D�W���W�K�H���V�D�P�H���W�L�P�H���D�V���R�W�K�H�U��

routine handling processe s, hence no additional handling burden on the animals nor added 

�O�D�E�R�X�U���W�R���V�W�R�F�N���P�H�Q�����+�R�Z�H�Y�H�U�����Oess progress has been reported in the development of vaccines 

�I�R�U���R�W�K�H�U���W�U�L�F�K�R�V�W�U�R�Q�J�\�O�L�G���Q�H�P�D�W�R�G�H�V���� 

1.6.1.3 Breeding for Genetic resistance and resilience to GI N 

Exploiting the immunological response of resistance or resilience to GIN as a sustainable 

approach for parasitic infections has been widely investigated  (see Section 1.5)�����,�W���K�D�V���E�H�H�Q��

recognised that there are variations in the timing and effectiveness o f the immune response 

that can develop in different breeds of sheep ( �6�W�H�D�U�� �H�W�� �D�O������ �������������� �)�R�O�O�R�Z�L�Q�J�� �W�K�H�V�H�� �I�L�Q�G�L�Q�J�V��

further research established that variation within breeds exists and this led to breeding lines 

of sheep being established in various locatio �Q�V�����S�U�L�Q�F�L�S�D�O�O�\���1�H�Z���=�H�D�O�D�Q�G ���%�L�V�V�H�W���H�W���D�O���������������� 

and Australia ���.�D�K�Q�� �H�W���D�O������ ������������ �:�R�R�O�D�V�W�R�Q���� �������������� �,�Q�� �W�K�H�� �I�L�U�V�W�� �L�Q�V�W�D�Q�F�H�� �W�K�H�V�H�� �I�O�R�F�N�V�� �Z�H�U�H��

�S�U�L�Q�F�L�S�D�O�O�\���X�V�H�G���W�R���V�W�X�G�\���W�K�H���L�P�P�X�Q�H���U�H�V�S�R�Q�V�H���L�Q���V�K�H�H�S�����+�R�Z�H�Y�H�U�����W�K�D�W���W�K�H�Q���S�U�R�J�U�H�V�V�H�G���W�R��

applying these principles  in the commercial sphere and encouraging sheep breeders to select 

and establish lines of sheep that are able to establish more effective immune responses more 

quickly  ���0�R�U�U�L�V���H�W���D�O������������������ 



 

 ����  

In the early stages of this research there was debate about the u sefulness of breeding sheep for 

�H�Q�K�D�Q�F�H�G���U�H�V�L�V�W�D�Q�F�H���Y�H�U�V�X�V���U�H�V�L�O�L�H�Q�F�H���W�R���*�,�1�����5�H�V�H�D�U�F�K���K�D�V���E�H�H�Q���X�Q�G�H�U�W�D�N�H�Q���W�R���V�H�O�H�F�W���D�Q�L�P�D�O�V��

for their ability to mount an enhanced response to GIN and limit its establishment (resistance) 

or the ability to maintain performa nce in the face of high faecal worm egg counts  (resilience), 

including in the Romney breed of sheep ���%�L�V�V�H�W���H�W���D�O�������������������0�R�U�U�L�V���H�W���D�O����������������, Perendale 

�V�K�H�H�S�����0�R�U�U�L�V���H�W���D�O������������������ and in the Scottish Blackface lambs and the Ile de France and Santa 

Ines breeds of sheep ���$�O�E�X�T�X�H�U�T�X�H���H�W���D�O��������������������These have been predominantly selected b ased 

on high and low faecal worm egg counts , although  other diagnostic indicators have been 

investigated in terms of their variation in resistant and resilient animals �����H���J�� mucous pallor 

(Bu�U�N�H�� �D�Q�G�� �0�L�O�O�H�U���� ������������ Both approaches present benefits based on the unique needs of 

producers but no consensus view on which approach is undisputedly preferable has been 

�U�H�D�F�K�H�G���D�V���R�I���\�H�W�����0�R�U�J�D�Q���H�W���D�O������������������ 

1.6.2 Optimised use of anthelmintics 

Control of GINs is still predominantly reliant on anthelmintic use and it appears they will be 

�W�K�H�� �I�U�R�Q�W�O�L�Q�H�� �P�H�D�Q�V�� �R�I�� �F�R�Q�W�U�R�O�� �X�Q�W�L�O�� �R�W�K�H�U�� �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V�� ���H���J���� �Y�D�F�F�L�Q�H�V���� �D�G�Y�D�Q�F�H�� �W�R�� �D�� �O�H�Y�H�O��

�F�R�P�P�H�Q�V�X�U�D�W�H���Z�L�W�K���S�U�R�G�X�F�W�L�R�Q���L�Q�G�L�F�H�V�����.�H�Q�\�R�Q���H�W���D�O�����������������������$�Q�W�K�H�O�P�L�Q�W�L�F�V���D�U�H���F�R�P�P�R�Q�O�\��

used strategically to reduce the shedding of eggs such that this will give rise to a reduced L 3 

challenge that is still enough to induce protective immunity, while not reaching a level at which 

consequential production loss  �R�F�F�X�U�V�����&�K�D�U�O�L�H�U���H�W���D�O�������������������7�K�H���W�L�P�L�Q�J���R�I���W�K�H�V�H���W�U�H�D�W�P�H�Q�W�V���L�V��

governed by the annual production cycle of the host, giving rise to the seasonal presence of 

�Q�D�w�Y�H���R�U���O�H�V�V���L�P�P�X�Q�R�O�R�J�L�F�D�O�O�\���F�D�S�D�E�O�H���D�Q�L�P�D�O�V�����0�F�5�D�H���H�W���D�O���������������������D�Q�G���F�O�L�P�D�W�L�F���F�R�Q�G�L�W�L�R�Q�V��

favouring larval development and L 3 �V�X�U�Y�L�Y�D�O�� ���0�R�U�J�D�Q�� �H�W�� �D�O������ �������������� �+�R�Z�H�Y�H�U���� �G�X�H�� �W�R�� �S�R�R�U��

diagnostics and the wish to avoid risk, the use of anthelmintics in these types of programmes 

�F�D�Q���E�H���K�L�J�K���� 

Up until about  10 years ago, there were three established classe s of broad-spectrum 

�D�Q�W�K�H�O�P�L�Q�W�L�F�V�����Q�D�P�H�O�\���E�H�Q�]�L�P�L�G�D�]�R�O�H�V�����P�D�F�U�R�F�\�O�L�F���O�D�F�W�R�Q�H�V���D�Q�G���L�P�L�G�D�]�R�O�H�V�����,�Q�������������D�Q�G��������������

two additional classes (amino -acetontrile derivative and spiroindoles) were introduced to the 

�1�H�Z���=�H�D�O�D�Q�G���P�D�U�N�H�W�����8�Q�I�R�U�W�X�Q�D�W�H�O�\�����W�K�H���H�P�H�U�J�H�Q�F�H���Rf widespread anthelmintic resistance to 

�D�O�O���W�K�H���W�K�U�H�H���R�U�L�J�L�Q�D�O���H�V�W�D�E�O�L�V�K�H�G���F�O�D�V�V�H�V�����.�D�S�O�D�Q�����������������:�D�J�K�R�U�Q���H�W���D�O�������������������:�U�L�J�O�H�\���H�W���D�O������

2006; Torres-�$�F�R�V�W�D���H�W���D�O�������������������D�V���Z�H�O�O���D�V���P�R�U�H���U�H�F�H�Q�W���U�H�S�R�U�W�V���I�R�U���W�K�H���Q�H�Z�H�U���D�F�W�L�Y�H�V�����6�F�R�W�W���H�W��

�D�O�������������������%�D�U�W�O�H�\���H�W���D�O�������������������3�U�H�V�W�R�Q���H�W���D�O���������������������K�D�V���O�H�G���W�R���W�K�H���F�R�Q�V�H�Q�V�X�V���Y�L�H�Z���W�K�D�W�����V�W�U�D�W�H�J�L�F��

use of anthelmintics to achieve acceptable production targets is unsustainable  in most 
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circumstances, with utility of combination anthelmintics possibly  not being as selective 

(�/�H�D�W�K�Z�L�F�N���������������� �+�R�Z�H�Y�H�U����it is only unsustainable given the current low rate of release of 

�Q�H�Z���D�F�W�L�Y�H�V�����7�K�H�U�H�I�R�U�H����optimising anthelmintic usage in terms of the timing and frequency of 

treatment with the dual goals of achieving reductions in pasture cont amination/ challenge and 

�P�D�L�Q�W�D�L�Q�L�Q�J���S�H�U�I�R�U�P�D�Q�F�H���G�X�U�L�Q�J���S�H�U�L�R�G�V���R�I���K�L�J�K���U�L�V�N���R�I���3�,�$�����.�H�Q�\�R�Q���H�W���D�O���������������������7�K�H���R�S�W�L�R�Q�V��

for optimised (reduced and efficacious) use of anthelmintics are largely three -fold: combination 

of actives (Leathwick, 2013); targeted t reatment (TT) and targeted selective treatment (TST) 

���&�K�D�U�O�L�H�U���H�W���D�O���������������������&�R�P�E�L�Q�D�W�L�R�Q���W�K�H�U�D�S�\���L�V���Z�K�H�U�H���W�Z�R��or more drugs with different modes 

of action are administered simultaneously to target the same parasite, on the premise that the 

likelihood of s urviving is reduced when more than one active is given (�/�L�W�W�O�H���H�W���D�O��������������)����These 

authors also demonstrated  that  there may be  synergism of actives in some cases where the 

combination has better efficacy than the single actives as demonstrated with the combined oral 

formulation of derquantel -�D�E�D�P�H�F�W�L�Q�� �D�J�D�L�Q�V�W�� �Q�H�P�D�W�R�G�H�V�� �R�I�� �V�K�H�H�S���� �$�J�D�L�Q, this results in 

�U�H�G�X�F�H�G���R�S�S�R�U�W�X�Q�L�W�\���I�R�U���D�Q���L�Q�G�L�Y�L�G�X�D�O���U�H�V�L�V�W�D�Q�W���Z�R�U�P���W�R���V�X�U�Y�L�Y�H�����)�R�U���7�7���W�K�H���D�G�P�L�Q�L�V�W�U�D�W�L�R�Q���R�I��

anthelmintics is only given to the whole flock at strategic intervals informed by infection 

pressure, whist TST proposes the treatment of individuals in the fl ock based on observed 

diagnostic indicators (further discussion in Section 1.8.2 ������ �7�K�H�� �D�L�P�� �R�I�� �W�K�H�V�H�� �R�S�W�L�P�L�V�D�W�L�R�Q��

strategies is to delay anthelmintic resistance and maintain a population of nematodes w ith 

minimal exposure to anthelmintics and remain suscept ible to treatment, a strategy termed 

“refugia ” (�9�D�Q�� �:�\�N, 2001)���� �7o explain it  simpl istically, the  rationale is that the refugia 

population is available to enable animals recently treated to get infected with small numbers 

of larvae that would cross breed w ith these survivors and produce heterozygous progeny rather 

�W�K�D�Q���D�O�O�R�Z���D���V�X�U�Y�L�Y�R�U���W�R���E�U�H�H�G���Z�L�W�K���D���V�X�U�Y�L�Y�R�U���D�Q�G���S�U�R�G�X�F�H���K�R�P�R�]�\�J�R�X�V���S�U�R�J�H�Q�\�����7�K�L�V���U�H�O�L�H�V��

on the ability of anthelmintics to generally kill heterozygotes but not homozygotes (Pomroy, 

���������������+�R�Z�H�Yer, the number of genes involved in resistance is poorly understood  and will vary 

�I�U�R�P���D�Q�W�K�H�O�P�L�Q�W�L�F���W�R���D�Q�W�K�H�O�P�L�Q�W�L�F����The rationale is generally believed to be independent on 

�Z�K�H�W�K�H�U���K�H�W�H�U�R�]�\�J�R�W�H�V���D�U�H���V�X�V�F�H�S�W�L�E�O�H���R�U���Q�R�W�������,�Q���W�K�D�W���V�H�Q�V�H�����L�W���L�V���D�E�R�X�W���W�U�\�L�Q�J���Wo ensure that 

resistance alleles stay at a low frequency (in heterozygote form) and thus any heterozygote 

�Z�R�U�P�V�� �E�U�H�H�G�� �Z�L�W�K�� �V�X�V�F�H�S�W�L�E�O�H�� �Z�R�U�P�V�� �D�Q�G�� �J�H�Q�H�� �I�U�H�T�X�H�Q�F�\�� �G�R�H�V�� �Q�R�W�� �F�K�D�Q�J�H���� �%�X�W�� �Z�K�H�Q��

heterozygote resistant worms breed with others like them, gene frequen�F�\���L�Q�F�U�H�D�V�H�V��, Some of 

�W�K�H���H�D�U�O�L�H�V�W���U�H�S�R�U�W�V���U�H�F�R�P�P�H�Q�G�L�Q�J���W�K�H���U�H�I�X�J�L�D���V�W�U�D�W�H�J�\���Z�H�U�H���E�D�V�H�G���R�Q���V�W�X�G�L�H�V���E�\���0�D�U�W�L�Q���H�W���D�O����

���������������� �W�K�H�\�� �F�R�Q�G�X�F�W�H�G�� �D�� �F�R�Q�W�U�R�O�O�H�G�� �V�W�X�G�\�� �I�R�O�O�R�Z�L�Q�J�� �W�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �W�K�L�D�E�H�Q�G�D�]�R�O�H��

resistance in H. contortus with and without a proporti on of larvae exposed to the drug at each 
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�W�U�H�D�W�P�H�Q�W�����6�H�Y�H�U�D�O���V�W�X�G�L�H�V���K�D�Y�H���I�R�O�O�R�Z�H�G���V�L�Q�F�H���D�G�Y�R�F�D�W�L�Q�J���W�K�D�W���R�Q�O�\���D���S�U�R�S�R�U�W�L�R�Q���R�I���W�K�H���S�D�U�D�V�L�W�H��

�S�R�S�X�O�D�W�L�R�Q���E�H���H�[�S�R�V�H�G���W�R���W�K�H���D�Q�W�K�H�O�P�L�Q�W�L�F�����7�K�H���O�L�W�H�U�D�W�X�U�H���L�Q�� �V�P�D�O�O���U�X�P�L�Q�D�Q�W�V���G�H�P�R�Q�V�W�U�D�W�H��

implementing refugia will not  necessarily lead to loss of productivity, while slowing the 

development of resistance, with much of the benefit depending on the ratio of infra - and supra-

parasite  �S�R�S�X�O�D�W�L�R�Q�V�����'�R�E�V�R�Q���H�W���D�O��������������a)�����7�K�L�V���D�S�S�O�L�H�V���W�R���D�O�O���D�Q�W�K�H�O�P�L�Q�W�L�F���J�U�R�X�S�V���V�W�X�G�L�H�G���V�R��

far �U�H�J�D�U�G�O�H�V�V���R�I���P�R�G�H���R�I���D�F�W�L�R�Q�����+�R�Z�H�Y�H�U�����W�K�H�V�H���I�L�Q�G�L�Q�J�V���D�U�H���E�D�V�H�G���R�Q���V�W�X�G�L�H�V���F�R�Q�G�X�F�W�H�G��in 

silico  (�/�H�D�W�K�Z�L�F�N���H�W���D�O�������������������'�R�E�V�R�Q���H�W���D�O���������������E����Leathwick, 2012,  �������������%�H�U�N���H�W���D�O��������������; 

�/�D�X�U�H�Q�V�R�Q���H�W���D�O������ ��������) and in the absence of empirical evidence, the recommendations on 

reducing anthelmintic resistance selection pressure by refugia management is predominantly 

�E�D�V�H�G���R�Q���V�R�X�Q�G�����E�X�W���Q�H�Y�H�U�W�K�H�O�H�V�V���W�K�H�R�U�H�W�L�F�D�O���P�R�G�H�O�V�� 

1.6.3 Targeted selective treatment  

This involves identifying individual animals for treatment using pathophysiological, 

parasitological or production -based indicators, rather than whole herd treatments (Greer et 

�D�O���������������������7�K�L�V���S�U�D�F�W�L�F�H���H�P�E�R�G�L�H�V���D�Q���D�O�W�H�U�Q�D�W�L�Y�H���W�R���W�K�H���X�V�X�D�O���S�U�D�F�W�L�F�H���R�I���W�U�H�Dting all animals in 

a group when parasitism occurs, even though most GIN occur in only a small percentage of 

�K�R�V�W�V�����,�W���K�D�V���E�H�H�Q���U�H�F�R�J�Q�L�V�H�G���W�K�D�W���W�K�H���R�Y�H�U-dispersion of parasites could be put to good use if 

those animals suffering from levels of parasitism sufficient to cause considerable production 

�O�R�V�V���R�U���K�H�D�O�W�K���H�I�I�H�F�W�V���F�D�Q���E�H���L�G�H�Q�W�L�I�L�H�G���D�Q�G���W�U�H�D�W�H�G���L�Q�G�L�Y�L�G�X�D�O�O�\�����.�H�Q�\�R�Q���H�W���D�O���������������������7�K�H�U�H���L�V��

the potential for lowered costs associated with reduced anthelmintic use, while optimising GIN 

management by increa sing the proportion of parasites in refugia  as untreated animals provide 

a pool of susceptible parasites�� Labour costs may reduce if less anthelmintic treatments are 

given but not if labour intensive techniques are used to monitor the level of parasitism i n the 

animals (�0�R�U�J�D�Q���H�W���D�O�������������������&�R�U�Q�H�O�L�X�V���H�W���D�O���������������������+�R�Z�H�Y�H�U�����V�D�Y�L�Q�J�V���R�Q���G�U�X�J�V���D�O�R�Q�H���L�Q���7�6�7��

systems are potentially substantial  and such savings could offset the investment in the cost of 

inputs  �R�Y�H�U���D���S�H�U�L�R�G�����$���F�K�D�O�O�H�Q�J�H�����W�K�H�U�H�I�R�U�H�����W�R���W�K�L�V���D�S�S�U�R�Dch is to find appropriate phenotypic 

markers for inappetence or sub -target performance that can be easily, and affordably, 

monitored and these have been the subject of recent research  ���7�D�E�O�H�� ������������ �(�T�X�D�O�O�\���� �L�W�� �L�V��

paramount to develop methodologies for monit �R�U�L�Q�J���D�Q�G���G�H�W�H�F�W�L�Q�J���D�S�S�U�R�S�U�L�D�W�H���P�D�U�N�H�U�V�� In all , 

refugia -based control as a concept is at present based on sound but still theoretical models, 

�U�H�T�X�L�U�L�Q�J���I�X�U�W�K�H�U���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���W�K�H���S�D�U�D�P�H�W�H�U�V���W�K�D�W���L�Q�I�O�X�H�Q�F�H���L�W�����+�R�G�J�N�L�Q�V�R�Q���H�W���D�O������������������ 
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����7 Diagnostic m arkers of strongylid nematodes  

Diagnosis and diagnostic methods are a prerequisite of both targeted (TT) and targeted 

selective (TST) chemical control approaches and are at the heart of sustainable control of GIN 

�L�Q�I�H�F�W�L�R�Q���� �)�L�U�V�W���� �W�K�H�\�� �L�Q�I�R�U�P�� �W�U�H�D�W�P�H�Q�W�� �G�Hcisions, enabling a reduction in undue use of 

�D�Q�W�K�H�O�P�L�Q�W�L�F�V�� ���&�K�D�U�O�L�H�U�� �H�W�� �D�O������ �������������� �6�H�F�R�Q�G���� �W�K�H�\�� �H�Q�G�H�D�Y�R�X�U�� �W�R�� �E�U�H�H�G�� �I�R�U�� �D�Q�L�P�D�O�V�� �Z�L�W�K��

�U�H�V�L�V�W�D�Q�F�H���W�R���*�,�1���L�Q�I�H�F�W�L�R�Q�����6�W�H�D�U���D�Q�G���0�X�U�U�D�\�������������������7�R���E�H���H�I�I�H�F�W�L�Y�H���L�Q���D�F�K�L�H�Y�L�Q�J���W�Kese goals, 

diagnostic indicators nece ssarily need to be 1) easy to use; 2) accurate and repeatable; 3) readily 

deployable farm -side; and 4) cost-effective (Pomroy , ���������������3�U�H�V�W�R�Q���H�W���D�O�������������������F�O�D�V�V�L�I�L�H�G���W�K�H�V�H��

diagnostic indicators into three major areas: infection -�U�H�O�D�W�H�G�����H���J�����)�(�&�������L�P�P�X�Q�H-�U�H�O�D�W�H�G�����H���J����

�(�R�V�L�Q�R�S�K�L�O�L�D������ �D�Q�G�� �L�Q�K�H�U�H�Q�W�� �L�Q�G�L�F�D�W�R�U�V�� ���H���J���� �L�P�P�X�Q�H�� �F�H�O�O�� �P�D�U�N�H�U�V�� �D�Q�G�� �F�\�W�R�N�L�Q�H�V)���� �$�Q��

alternative classification of the types of markers considers a parasitological group –  such as 

FEC, pathophysiological – as in body condition score, and perfo rmance-based, as in liveweight 

�J�D�L�Q�����.�H�Q�\�R�Q���D�Q�G���-�D�F�N�V�R�Q������������������Based on these latter classification, a number of studies have 

exp�O�R�L�W�H�G�� �W�K�H�V�H�� �L�Q�G�L�F�D�W�R�U�� �V�\�V�W�H�P�V�� �L�Q�� �7�7�� �D�Q�G�� �7�6�7�� �D�S�S�U�R�D�F�K�H�V����A summary of markers 

investigated for TT and TST approaches are shown  �L�Q���7�D�E�O�H��������, with some discussion on the 

most commonly available diagnostic tool , FEC�� 

1.7.1 Faecal nematode egg counts  

Counting the number of nematode eggs in faeces is an important and useful part of farm 

�D�Q�L�P�D�O���Y�H�W�H�U�L�Q�D�U�\���S�U�D�F�W�L�F�H�����D�Q�G���F�X�U�U�H�Q�W�O�\���W�K�H���P�D�L�Q�V�W�D�\���I�R�U���*�,�1���G�L�D�J�Q�R�V�L�V�����,�Q���H�V�V�H�Q�F�H���L�W���L�V���X�V�H�G��

�D�V���D���S�U�R�[�\���W�R���H�V�W�L�P�D�W�H���W�K�H���Z�R�U�P���E�X�U�G�H�Q���L�Q���D�Q���D�Q�L�P�D�O����They also give a measure of pasture 

�F�R�Q�W�D�P�L�Q�D�W�L�R�Q�� �+�R�Z�H�Y�H�U�����P�D�Q�\���V�W�X�G�L�H�V���K�D�Y�H���V�K�R�Z�Q���W�K�D�W���W�K�H���U�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q���)�(�&���D�Q�G��

worm burden may be unreliable (Bishop and Stear, 2000), especially as animals get older and 

the immune response limits egg production by individual worms (McKenna and Simpson, 

��������������In addition, the FEC data frequently shows aggregative, negative skewed distribution, 

�D�Q�G���D���K�L�J�K���F�R�H�I�I�L�F�L�H�Q�W���R�I���Y�D�U�L�D�W�L�R�Q�����0�F�0�D�Q�X�V���H�W���D�O���������������������7�K�L�V���K�D�V���O�H�G���W�R�����F�R�P�P�H�Q�W�D�U�L�H�V���W�K�D�W��

the main role of faecal egg counts is in under standing the changing epidemiology of helminth 

�S�D�U�D�V�L�W�H�V�����6�D�U�J�L�V�R�Q������������������Nevertheless, it is the main measurement used to evaluate GIN 

load in most research trials, even though the protocols and analytical methods are not 

standardised and variation can affect the results  ���0�F�0�D�Q�X�V���H�W���D�O�����������������������+�R�Z�H�Y�H�U�����W�K�H���L�V�V�X�H��

is likely not so much the relationship between FEC and worm burden but the relationship 

�E�H�W�Z�H�H�Q�� �)�(�&�� �D�Q�G�� �S�H�U�I�R�U�P�D�Q�F�H���V�X�U�Y�L�Y�D�O���� �� �,�W�� �L�V�� �L�Q�� �W�K�H�� �O�D�W�W�H�U�� �R�I�� �W�K�H�V�H�� �W�K�D�W�� �P�R�V�W�� �X�Q�F�H�U�W�D�L�Q�W�\��

exists, as previ ous sections (1.4.4 and 1.5 ) have already indicated a substantial component of 
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�O�R�V�W���S�U�R�G�X�F�W�L�R�Q���D�S�S�H�D�U�V���W�R���E�H���K�R�V�W���P�H�G�L�D�W�H�G�� Nonetheless, despite the shortcoming of FECs, it 

is a useful  method (though not very precise) to get an indication of the pasture co ntamination 

and for evaluating the efficacy of anthelmintics ( Eysker and Ploeger, 2000���� 
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Table 1.2 Some diagnostic markers evaluated for targeted selective treatment of 
gastrointestinal nematode parasitism in small ruminants  

Marker  Type  Individual 
treatment protocol  

Reference  

Faecal egg count Parasitological  �!�����������H�J�J�V���J �/�H�D�W�K�Z�L�F�N���H�W���D�O������
2006a 

> 300 eggs/g �*�D�O�O�L�G�L�V���H�W���D�O���������������� 

> Group mean eggs/g �&�U�L�Q�J�R�O�L���H�W���D�O�������������� 

Body condition 
score 

Pathophysiological  Individuals with BCS 
< 2 were treated  

�*�D�O�O�L�G�L�V���H�W���D�O�������������� 

�%�H�V�L�H�U���H�W���D�O������������������ 

�&�R�U�Q�H�O�L�X�V���H�W���D�O�������������� 

Anaemia index 
(F�$�0�$�&�+�$���” ) 

Pathophysiological  The individual 
decision for treatment 
is usually based on a 
score of 3 

Malan et �D�O��������������; 
�9�D�W�W�D���H�W���D�O��������������; 
�Y�D�Q���:�\�N���D�Q�G���%�D�W�K����
2002; �.�D�S�O�D�Q���H�W���D�O������
2004; �2�X�]�L�U���H�W���D�O������
2011; Bentounsi et 
�D�O���������������� 

Live weight  Performance-based �������W�R�������������R�I���W�K�H��
heaviest individuals 
left untreated  

�/�H�D�W�K�Z�L�F�N���H�W���D�O������
2006ab 

Liveweight gain  Performance-based Lambs treated if they 
were in the bottom 
���������R�I���W�K�H�L�U���S�H�H�U��
group in weight gain 
and were also deemed 
to be in poor condition 
���L���H�������H�Y�L�G�H�Q�F�H���R�I���E�U�H�H�F�K��
�V�R�L�O�L�Q�J���� 

�6�W�D�I�I�R�U�G���H�W���D�O�������������� 

Production 
efficiency 
���+�D�S�S�\�)�D�F�W�R�UTM) 

Performance-based Individuals with < 
�����������H�I�I�L�F�L�H�Q�F�\���R�I��
nutrient utilisation 
were treated  

�*�U�H�H�U���H�W���D�O��������������; 
�%�X�V�L�Q���H�W���D�O��������������; 
�.�H�Q�\�R�Q���H�W���D�O�������������� 

Milk production  Performance-based Ewes producing more 
than 2 litres of milk 
daily were treated  

�+�R�V�W�H���H�W���D�O������������������ 

�*�D�O�O�L�G�L�V���H�W���D�O��������������; 
�*�D�E�D���H�W���D�O�������������� 

Diarrhea score  Pathophysiological  Individuals with a 
DISCO score of 3 
(semi-liquid faeces) 
were treated  

�2�X�]�L�U���H�W���D�O�������������� 

DISCO: diarrheoa score  
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������ Grazing behaviour and feed intake of parasitised sheep as a marker 

of GIN infection  

A number of studies have shown that GIN will induce a degree of anorexia (see Section 1.3 ��������

�+�H�Q�F�H���P�H�D�V�X�U�L�Q�J���D�Q�R�U�H�[�L�D���P�D�\���E�H���D���X�V�H�I�X�O���P�D�U�N�H�U���I�R�U���*�,�1���S�D�U�D�V�L�W�L�V�P�����8�Q�I�R�U�W�X�Q�D�W�H�O�\�����L�W���L�V��

difficult to measure anorex ia directly and other measurements are chosen as proxies for this 

�P�H�D�V�X�U�H�P�H�Q�W����In terms of parasite induced anorexia (PIA), an ideal behaviour to measure is 

grazing behaviour  ���)�R�U�E�H�V�������������������0�R�V�W���U�H�V�H�D�U�F�K���F�R�Q�G�X�F�W�H�G���R�Q���W�K�L�V���W�R�S�L�F���K�D�V���D�G�R�S�W�H�G���R�Q�H���R�I��

two appr oaches, either: 1) investigating strategies used by parasitised individuals to reduce 

�F�R�Q�W�D�F�W�� �Z�L�W�K�� �L�Q�I�H�F�W�L�Y�H�� �O�D�U�Y�D�H�� �G�X�U�L�Q�J�� �J�U�D�]�L�Q�J�� ���L���H������ �D�Y�R�L�G�D�Q�F�H�� �E�H�K�D�Y�L�R�X�U������ �R�U�� ������ �D�G�R�S�W�L�Q�J�� �W�R��

�P�H�D�V�X�U�H���3�,�$���G�L�U�H�F�W�O�\���X�V�L�Q�J���S�U�R�[�L�H�V�����7�K�H�V�H���U�H�V�H�D�U�F�K���R�X�W�S�X�W�V���G�R���Q�R�W���D�O�Z�D�\�V���V�W�U�L�Ftly adopt one 

�D�S�S�U�R�D�F�K���R�U���W�K�H���R�W�K�H�U���V�L�Q�F�H���W�K�H���S�U�L�Q�F�L�S�O�H�V���W�K�D�W���X�Q�G�H�U�S�L�Q���W�K�H�P���R�I�W�H�Q���R�Y�H�U�O�D�S�� 

The first approach involving faecal avoidance choices is based on the hypothesis that 

parasitised individuals graze away from faecal contaminated pasture  (�L���H������high er L3 

contaminated) , choosing to reject such pastures even if they are taller and of higher nutrient 

�T�X�D�O�L�W�\�����+�X�W�F�K�L�Q�J�V���H�W���D�O��������������; Section 1.4.5�������7�K�H���P�H�F�K�D�Q�L�V�P�V���L�Q�Y�R�O�Y�H�G���L�Q���W�K�L�V���E�H�K�D�Y�L�R�X�U�D�O��

�V�W�U�D�W�H�J�\���D�U�H���Y�D�U�L�H�G���D�Q�G���P�D�\���E�H���L�Q�K�H�U�H�Q�W���W�R���W�K�H���D�Q�L�P�D�O�����H���J�������J�H�Q�H�W�L�F���G�L�V�S�R�V�L�W�L�R�Q���D�Q�G���L�Q�I�H�F�W�L�R�Q��

�V�W�D�W�X�V�������)�R�U���H�[�D�P�S�O�H�����&�R�R�S�H�U���H�W���D�O�������������������I�R�X�Q�G���W�K�D�W���L�Q�I�H�F�W�H�G���V�K�H�H�S���D�Y�R�L�G�H�G���D�U�H�D�V���R�I���S�D�V�W�X�U�H�V��

that had been exper imentally contaminated with T. circumcincta  larvae by comparison with 

�X�Q�L�Q�I�H�F�W�H�G���V�K�H�H�S���� 

On the other hand, external factors such as the age of faecal pats and pasture height are 

�K�\�S�R�W�K�H�V�L�]�H�G���W�R���D�O�W�H�U���J�U�D�]�L�Q�J���E�H�K�D�Y�L�R�X�U�����,�Q���V�K�H�H�S���S�D�U�D�V�L�W�L�V�H�G���Z�L�W�K��T. circumcincta , �+�X�W�F�K�L�Q�J�V��

�H�W���D�O�������������������I�R�X�Q�G���W�K�D�W���D���S�D�V�W�X�U�H���Z�L�W�K���P�R�U�H���U�H�F�H�Q�W�O�\���G�H�S�R�V�L�W�H�G���I�D�H�F�H�V���Z�D�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D��

reduced proportion of bites taken from that sward together with a reduced bite depth and 

�P�D�V�V�����,�W���L�V���S�O�D�X�V�L�E�O�H���W�K�D�W���W�K�H�V�H���J�U�D�]�L�Q�J���F�K�R�L�F�H�V���O�D�U�J�H�O�\���W�U�D�Q�V�O�D�W�H���L�Q�W�R���F�K�D�Q�J�H�G���I�H�H�G���L�Q�W�D�N�H�����)�R�U��

instance, uninfected sheep which grazed on larvae contaminated pasture suffered significant 

reductions in feed intake compared to their counterparts on clean pastures (Thamsborg and 

�$�J�H�H�U�J�D�D�U�G�������������������&�R�O�O�H�F�W�L�Y�H�O�\�����Whese findings indicate that sheep respond to their external 

�H�Q�Y�L�U�R�Q�P�H�Q�W���G�L�I�I�H�U�H�Q�W�O�\���Z�K�H�Q���W�K�H�\���D�U�H���L�Q�I�H�F�W�H�G���Z�L�W�K���*�,�1�����+�R�Z�H�Y�H�U�����L�W���L�V���Q�R�W���L�P�P�H�G�L�D�W�H�O�\���F�O�H�D�U��

how these behavioral responses can be applied or adopted farm -side, in terms of being suitable 

markers  of infection; but conceptually they provide valuable information on the behavioural 

�V�W�U�D�W�H�J�L�H�V���V�K�H�H�S���K�D�Y�H���G�H�Y�H�O�R�S�H�G���W�R���U�H�G�X�F�H���I�X�U�W�K�H�U���L�Q�I�H�F�W�L�Y�H���O�D�U�Y�D�H���L�Q�J�H�V�W�L�R�Q�����,�P�S�R�U�W�D�Q�W�O�\�����W�K�H�\��

�V�K�R�Z���W�K�D�W���*�,�1���D�I�I�H�F�W���J�U�D�]�L�Q�J���E�H�K�D�Y�L�R�X�U�� 
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In addition, it has been hypothesiz ed that parasitised animals might compensate for reduced 

�I�H�H�G���L�Q�W�D�N�H���E�\���V�H�O�H�F�W�L�Q�J���D���G�L�H�W���R�I���K�L�J�K�H�U���Q�X�W�U�L�H�Q�W�����S�U�R�W�H�L�Q�����F�R�Q�W�H�Q�W�����.�\�U�L�D�]�D�N�L�V���H�W���D�O��������������������

There is evidence that diet selection is subject to influence by parasitism with animals showing 

a grea�W�H�U���S�U�H�I�H�U�H�Q�F�H���I�R�U���K�L�J�K���S�U�R�W�H�L�Q���G�L�H�W�V�����.�\�U�L�D�]�D�N�L�V���H�W���D�O�������������������L�Q���D�G�G�L�W�L�R�Q���W�R���D���J�U�H�D�W�H�U��

�G�H�J�U�H�H���R�I���I�D�H�F�D�O���D�Y�R�L�G�D�Q�F�H�����D�V���V�K�R�Z�Q���D�E�R�Y�H�����+�R�Z�H�Y�H�U�����W�K�L�V���K�\�S�R�W�K�H�V�L�V���K�D�V���E�H�H�Q���W�H�V�W�H�G���Z�L�W�K��

variable results and it remains to be investigated whether either faecal avoi dance or diet 

�V�H�O�H�F�W�L�R�Q���D�U�H���D���G�L�U�H�F�W���F�R�Q�V�H�T�X�H�Q�F�H���R�Q���L�Q�D�S�S�H�W�H�Q�F�H�����)�R�U���L�Q�V�W�D�Q�F�H�����&�R�V�J�U�R�Y�H���D�Q�G���1�L�H�]�H�Q����������������

investigated whether sheep grazing at pasture would choose pasture of higher nutrient value 

to compensate for the metabolic deficiency caused by paras ites but failed to observe an effect 

as there was no apparent difference on feed intake or dietary selection in lambs ‘trigger- treated’ 

at 1000 eggs/g compared with lambs suppressively treated at 2- �Z�H�H�N�O�\�� �L�Q�W�H�U�Y�D�O�V���� �,�Q���F�D�W�W�O�H����

�)�R�U�E�H�V���H�W���D�O�������������������D�O�V�R���G�L�G not find evidence that parasitised dairy heifers showed greater 

�S�U�H�I�H�U�H�Q�F�H���I�R�U���D���P�R�U�H���Q�X�W�U�L�W�L�R�X�V���G�L�H�W���W�K�D�Q���W�U�H�D�W�H�G���L�Q�G�L�Y�L�G�X�D�O�V�����+�R�Z�H�Y�H�U�����W�K�H�L�U���V�W�X�G�\���S�U�R�Y�L�G�H�G��

additional evidence for parasite induced inappetence in cattle, manifest as reduced grazing 

time �D�Q�G���V�X�E�W�O�H���F�K�D�Q�J�H�V���L�Q���I�R�U�D�J�L�Q�J���E�H�K�D�Y�L�R�X�U���� 

Consequently, whilst it has been shown that parasitised animals might employ faecal 

avoidance/diet selective strategies, a more direct approach to measuring grazing behaviour 

appears worthy; but even so, results a �U�H���V�R�P�H�W�L�P�H�V���H�T�X�L�Y�R�F�D�O�������+�X�W�F�K�L�Q�J�V���H�W���D�O�������������������I�R�X�Q�G���D��

�U�H�G�X�F�W�L�R�Q���R�I�����������������D�Q�G���������P�L�Q�X�W�H�V���G�D�\���L�Q���I�H�H�G���L�Q�W�D�N�H���D�Q�G���J�U�D�]�L�Q�J���W�L�P�H���U�H�V�S�H�F�W�L�Y�H�O�\���E�H�W�Z�H�H�Q��

�X�Q�L�Q�I�H�F�W�H�G�� �F�R�Q�W�U�R�O�� �V�K�H�H�S�� �D�Q�G�� �L�Q�I�H�F�W�H�G�� �D�Q�L�P�D�O�V���� �0�R�U�H�� �U�H�F�H�Q�W�O�\���� �V�K�H�H�S�� �V�H�O�H�F�W�H�G�� �I�R�U�� �U�H�V�L�O�L�H�Q�F�H��

(shown to have a delayed GIN recognition) were shown to increase feed intake over their 

�J�H�Q�H�W�L�F�D�O�O�\���U�H�V�L�V�W�D�Q�W���F�R�X�Q�W�H�U�S�D�U�W�V�����*�U�H�H�U���H�W���D�O���������������������+�R�Z�H�Y�H�U�����L�Q���D�Q�R�W�K�H�U���V�W�X�G�\���+�X�W�F�K�L�Q�J�V��

�H�W���D�O�������������������G�L�G���Q�R�W���I�L�Q�G���D�Q���H�I�I�H�F�W���R�I���S�D�U�D�V�L�W�L�V�P���R�Q���J�U�D�]�L�Q�J���W�L�P�H���R�U���J�U�R�Z�W�K���U�D�W�H�V���E�H�W�Z�H�H�Q non-

parasitised control sheep and two groups of sheep dosed with T. circumcincta  (trickle infected 

over three-  and 14-�Z�H�H�N�V���G�X�U�D�W�L�R�Q���U�H�V�S�H�F�W�L�Y�H�O�\�������7�K�L�V���Z�D�V���L�Q���V�S�L�W�H���R�I���W�K�H�L�U���I�H�H�G���L�Q�W�D�N�H���G�L�I�I�H�U�L�Q�J��

�E�H�W�Z�H�H�Q���J�U�R�X�S�V�����D���������������G�U�R�S���L�Q���W�K�H���S�D�U�D�V�L�W�L�V�H�G���D�Q�L�P�D�O�V���G�Rsed daily for three weeks compared 

�W�R���W�K�H���X�Q�L�Q�I�H�F�W�H�G���F�R�Q�W�U�R�O���J�U�R�X�S�����&�R�Q�Y�H�U�V�H�O�\�����W�K�H���J�U�R�X�S���G�R�V�H�G���I�R�U���������Z�H�H�N�V���W�R���L�Q�G�X�F�H���L�P�P�X�Q�L�W�\��

�S�U�L�R�U���W�R���W�K�H���V�W�X�G�\���F�R�P�P�H�Q�F�L�Q�J�����V�K�R�Z�H�G���D�Q�����������L�Q�F�U�H�D�V�H���L�Q���I�H�H�G���L�Q�W�D�N�H���R�Y�H�U���W�K�H���F�R�Q�W�U�R�O���V�K�H�H�S����

Collectively, these results highlig ht vital points: firstly, measurements of grazing behaviour in 

sheep grazing at pasture is likely subject to the influence of a wide  variety  of factors, which 

�P�L�J�K�W���P�D�N�H���G�H�P�R�Q�V�W�U�D�W�L�R�Q���R�I���W�U�H�Q�G�V���G�L�I�I�L�F�X�O�W�����+�R�Z�H�Y�H�U�����W�K�H�V�H���¶�J�U�D�]�L�Q�J�·���P�H�D�V�X�U�H�P�H�Q�W�V���Q�H�H�G���W�R��

be further elucidated as it would seem to be the most appropriate way of determining the 

�L�P�S�D�F�W���W�K�D�W���*�,�1���S�D�U�D�V�L�W�L�V�P���K�D�V���R�Q���Y�R�O�X�Q�W�D�U�\���I�H�H�G���L�Q�W�D�N�H���L�Q���J�U�D�]�L�Q�J���V�K�H�H�S�����6�H�F�R�Q�G�O�\�����W�K�H�U�H��



 

 26 

needs to be an understanding of how changes in grazing behaviour affect animal performance 

�L�Q���W�H�U�P�V���R�I���J�U�R�Z�W�K���U�D�W�H�V�����,�W���L�V���S�R�V�V�L�E�O�H���W�K�D�W���V�R�P�H��of these strategies may have evolved as a 

�P�H�F�K�D�Q�L�V�P���R�I���U�H�V�L�O�L�H�Q�F�H�����L���H�������W�K�H���D�E�L�O�L�W�\���W�R���P�D�L�Q�W�D�L�Q���S�H�U�I�R�U�P�D�Q�F�H�����O�L�Y�H���Z�H�L�J�K�W�����L�Q���W�K�H���S�U�H�V�H�Q�F�H��

�R�I�� �L�Q�I�H�F�W�L�R�Q���� �,�Q�� �W�K�H�� �D�E�R�Y�H�� �F�L�W�H�G�� �V�W�X�G�\�� �E�\�� �+�X�W�F�K�L�Q�J�V�� �H�W�� �D�O���� �������������� �Z�K�H�U�H�� �S�D�U�D�V�L�W�L�V�H�G�� �V�K�H�H�S��

reduced feed intake and grazing time, these effects did not appear to affect the live weight gain 

of parasitised individuals���� �&�R�Q�Y�H�U�V�H�O�\���� �L�Q�� �F�D�W�W�O�H���� �W�K�H�U�H�� �K�D�V�� �E�H�H�Q�� �G�H�P�R�Q�V�W�U�D�W�H�G�� �D�� �J�U�H�D�W�H�U��

consistency between reduced feed int ake and reduced liveweight gain, specifically observed in 

a series of studies investigating the effects of parasitic gastroenteritis on feed intake and 

�J�U�D�]�L�Q�J���E�H�K�D�Y�L�R�X�U�����)�R�U�E�H�V���������������������7�K�L�V���O�D�W�W�H�U���U�H�V�X�O�W���L�V���F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���R�E�V�H�U�Y�D�W�L�R�Q�V���R�I���S�D�L�U-fed 

housed sheep where reduced growth rates were apparent in the parasitised animals (Sykes 

and Coop, 1976 and 1977; �&�R�R�S���H�W���D�O������������������ 

1.8.1 Methods for assessing inappetence/ feed intake  

Aspects of this section have been introduced in Sections 1.4.3 and 1.4.5���� �7he methods for 

measuring inappetence in grazing ruminants are usually indirect proxies of feed intake, as it 

�P�D�\���E�H���L�P�S�U�D�F�W�L�F�D�E�O�H���W�R���G�L�U�H�F�W�O�\���P�H�D�V�X�U�H���L�Q�W�D�N�H���D�W���S�D�V�W�X�U�H�����7�D�E�O�H���������������6�R�P�H���R�I���W�K�H���P�H�W�K�R�G�V��

include using synthetic or natural plant constituents ( �H���J���� �S�O�D�Q�W�� �F�X�W�L�F�X�O�D�U�� �Z�D�[�H�V�� �F�D�O�O�H�G�� �Q-

alkanes) as dietary markers to estimate feed intake by measuring both dietary digestibility 

and faecal output (Lippke, 2002); estimating intake by inferring from animal performance 

after direct weighing over short period �V�����0�D�F�R�R�Q���H�W���D�O���������������������P�H�D�V�X�U�L�Q�J���V�Z�D�U�G���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V��

�E�H�I�R�U�H�� �D�Q�G�� �D�I�W�H�U�� �J�U�D�]�L�Q�J�� ���)�R�U�E�H�V���� �������������� �D�Q�G�� �L�Q�W�D�N�H�� �H�V�W�L�P�D�W�H�V�� �E�D�V�H�G�� �R�Q�� �V�W�D�Q�G�D�U�G�� �Q�X�W�U�L�H�Q�W��

�U�H�T�X�L�U�H�P�H�Q�W�����&�R�R�S���H�W���D�O���������������������7�K�H�U�H���D�U�H���O�L�P�L�W�D�W�L�R�Q�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���V�R�P�H���R�I���W�K�H�V�H���P�H�W�K�R�G�V����

for instance, ca ution was advised in the early 1990s for the use of controlled release devices in 

research to estimate feed intake via faecal output owing to inconsistent release rates (Parker 

�H�W���D�O��������������; �%�X�Q�W�L�Q�[���H�W���D�O�����������������2�W�K�H�U���Z�R�U�N�H�U�V���K�D�Y�H���P�L�Q�L�P�L�V�H�G���W�K�L�V���O�L�P�L�W�D�W�L�R�Q by repeated 

sampling after dosing and using set -stocked lambs to avoid significant dietary changes 

���7�K�D�P�V�E�R�U�J���D�Q�G���$�J�H�U�J�D�D�U�G�������������������� 

In cattle, an established methodology which used jaw movement recorders for studying grazing 

�E�H�K�D�Y�L�R�X�U�����5�X�W�W�H�U���H�W���D�O��������������b) was deployed to observe time spent grazing as an estimate of 

grazing behaviour in order to determine the magnitude of expression of PIA, while relating 

observed changes to animal performance (Forbes , ������������ In sheep, investigations using the 

�O�D�W�W�H�U���K�D�Y�H���U�H�F�H�L�Y�H�G���U�H�O�D�W�L�Y�H�O�\���O�L�W�W�O�H���D�W�W�H�Q�W�L�R�Q���I�U�R�P���D���U�H�V�H�D�U�F�K���S�H�U�V�S�H�F�W�L�Y�H�����,�Q���S�D�U�W�����W�K�L�V���K�D�V��

been due to a lack of available and cost -effective technology to objectively measure and monitor 
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animal behaviour while on p �D�V�W�X�U�H���� �+�R�Z�H�Y�H�U���� �W�K�H�� �D�G�Y�H�Q�W�� �R�I�� �F�R�V�W-effective and miniature 

remote sensing technology has provided the opportunity to objectively measure feed intake in 

a practical manner and has started to allow some studies in the field although they are still 

limited i �Q���W�K�H�L�U���Q�X�P�E�H�U���V�R���I�D�U�����)�R�U���H�[�D�P�S�O�H�����D���V�W�X�G�\���X�V�L�Q�J���J�O�R�E�D�O���S�R�V�L�W�L�R�Q�L�Q�J���V�\�V�W�H�P�����*�3�6����

sensors to monitor stud ewes demonstrated a relationship between  faecal egg counts and the 

�G�L�V�W�D�Q�F�H�� �W�U�D�Y�H�O�O�H�G�� �E�\�� �V�K�H�H�S�� ���)�D�O�]�R�Q�� �H�W�� �D�O������ �������������� ��In another study using tri -axial 

accelerometers placed on a neck collar  to record the temporal dynamics in activity patterns of 

the animals, p �D�U�D�V�L�W�L�]�H�G���V�K�H�H�S���H�[�K�L�E�L�W�H�G���O�R�Z�H�U���F�R�P�S�O�H�[�L�W�\�����L���H�����O�H�V�V���L�U�U�H�J�X�O�D�U�L�W�\�����L�Q���W�K�H�L�U���D�F�W�L�Y�L�W�\��

patterns than non- parasitized sheep (Burgunder  �H�W���D�O���������������� ��
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Table 1.3 Measurements for anorexia in (semi)pasture- based small ruminants infected with gastrointestinal nematodes  

Proxy 
measurement  

Livestock model 
system  

Study 
method  

Nematode infection  Main finding  Reference  

�+�H�U�E�D�J�H��
intake (g 
DM/day)  

Suppressive treated 
�9�V�����7�U�L�J�J�H�U���W�U�H�D�W�H�G��
lambs 

n-alkane bolus  Natural infection with 
Haemonchus, 
Teladorsagia , 
Trichostrongylus,  
Nematodirus, and 
Cooperia 

No effect of parasitism on choice 
or amount of �K�H�U�E�D�J�H���L�Q�W�D�N�H�� 

Cosgrove 
and 
Niezen, 
2000 

�+�H�U�E�D�J�H��
intake (g 
DM/day); time 
spent grazing  

�3�D�U�D�V�L�W�L�V�H�G���9�V�����Q�R�Q-
parasitised lambs  

n-alkanes; 
direct 
observation 
and 
vibracorders  

�'�D�L�O�\���G�R�V�H���R�I�������������/3 T. 
circumcincta  

Parasitized sheep spent less time 
grazing each day and had lower 
daily herbage intakes compared 
with non- parasitized sheep  

�+�X�W�F�K�L�Q�J�V��
�H�W���D�O�������������� 

Time spent 
grazing 
(Min/day)  

�3�D�U�D�V�L�W�L�V�H�G���9�V����
�,�P�P�X�Q�H���9�V����
Uninfected control 
lambs 

Activity 
recorders and 
video 

Daily doses of L3 T. 
circumcincta  for three 
(parasitised) and 14 
weeks (immune)  

Compared with uninfected control 
sheep, immune sheep had 
increased rates of herbage intake 
and activity, and vice versa for 
�S�D�U�D�V�L�W�L�]�H�G���V�K�H�H�S�� 

�+�X�W�F�K�L�Q�J�V��
�H�W���D�O�������������� 

�+�H�U�E�D�J�H��
intake; post -
grazing sward 
height (cm) 

Lambs in low, medium 
and high stocking rate 
groups grazed on 
contaminated pastures 
�9�V�����O�R�Z�����P�H�G�L�X�P���D�Q�G��
high stocking rate 
groups grazed on clean 
pastures  

Chrome-oxide 
bolus; Rising 
plate meter  
 

An infection dose of 10 
000 L3/40 kg animal from 
donors naturally infected 
with predominantly 
Teladorsagia  and 
Trichostronglus �V�S�S�� 

No effect of infection on feed 
intake observed after adjusting 
�I�R�U���E�R�G�\���Z�H�L�J�K�W�� 

Thamsborg 
and 
Ageergard, 
2002 
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Table 1.3 Con’t  Measurements for anorexia  in (semi)pasture -based small ruminants infected with gastrointestinal nematodes  

Proxy 
measurement  

Livestock model 
system  

Study 
method  

Nematode infection  Main finding  Reference  

Distance 
travelled 
(km/day)  

�:�R�U�P���H�J�J���F�R�X�Q�W�V���L�Q��
natural infected adult 
ewes   

GPS Natural infection; 
unspecified  

Ewes with high egg output 
showed increased distance 
travelled  

Falzon et 
�D�O�������������� 

Activity level  �7�U�H�D�W�H�G���9�V�����&�R�Q�W�U�R�O��
animals 

Accelerometry  H. contortus  Decrease in mean activity level  Babayani, 
2016 

Forage intake 
(g DM/day)  

Untreated, male and 
female feral Soay 
�V�K�H�H�S���9�V�����7�U�H�D�W�H�G����
male and female feral 
Soay sheep 

n-alkane  Natural infection with T. 
circumcincta  

No detectable effect on intake  Jones et 
�D�O�������������� 

Feed intake  
(g DM/day)  

�7�U�H�D�W�H�G���9�V�����8�Q�W�U�H�D�W�H�G��
ewes in a semi-grazing 
system 

Daily 
measurements 
of feed refusals 
during indoor 
feeding 

Natural infection during 
daily pasture grazing, 
comprising H. contortus , 
T. colubriformis and T. 
circumcincta  

Significant increase in intake in 
treated ewes  

�=�K�R�Q�J���H�W��
�D�O�������������� 
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More recently, the degree of anaemia in grazing small ruminants subject to natural H. 

contortus infection was shown to be predicted by individual activity measured by 

acc�H�O�H�U�R�P�H�W�H�U�V���Z�K�L�F�K���D�O�V�R���S�U�H�G�L�F�W�H�G���L�Q�G�L�Y�L�G�X�D�O���U�H�V�S�R�Q�V�H���W�R���W�U�H�D�W�P�H�Q�W�����0�R�Q�W�R�X�W���H�W���D�O��������������������

Clearly, these technologies can allow the development/validation of indirect proxies for 

�D�V�V�H�V�V�P�H�Q�W�V���R�I���3�,�$�����7�R���G�D�W�H�����Q�R���P�H�W�K�R�G���H�[�L�V�W�V���W�K�D�W���D�V�V�H�V�V�H�V���W�K�H���P�R�Y�H�P�H�Q�W���D�Q�G��behavioural 

cost associated with GIN from these devices and then utilises such information to make 

targeted treatment decisions for non- �E�O�R�R�G���V�X�F�N�L�Q�J���W�U�L�F�K�R�V�W�U�R�Q�J�\�O�L�G�V�����)�R�U���W�K�L�V���W�R���R�F�F�X�U�����L�W���L�V��

paramount that measurements derived from such sensors are show n to be good surrogates for 

�I�H�H�G�� �L�Q�W�D�N�H�� �D�Q�G�� �J�U�D�]�L�Q�J�� �E�H�K�D�Y�L�R�X�U���� �:�K�H�Q�� �X�Q�G�H�U�W�D�N�L�Q�J�� �E�H�K�D�Y�L�R�X�U�D�O�� �R�E�V�H�U�Y�D�W�L�R�Q�V���� �V�X�F�K�� �D�V��

measuring grazing behaviour, it is also vital to understand the theoretical background of 

�P�D�N�L�Q�J�� �W�K�H�V�H�� �P�H�D�V�X�U�H�P�H�Q�W�V���� �7�K�H�� �I�R�O�O�R�Z�L�Q�J�� �V�H�F�W�L�R�Q�� �Z�L�Ol review aspects of recording and 

analysing measured behaviour and provide a commentary on technology -aided automated 

�E�H�K�D�Y�L�R�X�U���U�H�F�R�U�G�L�Q�J�����6�S�H�F�L�I�L�F�D�O�O�\�����*�3�6���D�Q�G���W�U�L-�D�[�L�D�O���D�F�F�H�O�H�U�R�P�H�W�H�U���V�H�Q�V�R�U�V���Z�L�O�O���E�H���G�L�V�F�X�V�V�H�G���� 

����9 General considerations for measuring behaviour  

�$�F�F�R�U�G�L�Q�J���W�R���0�R�Q�R�Q�H�Q�������������������D�Q���D�Q�L�P�D�O�·�V���E�H�K�D�Y�L�R�X�U���L�V���G�H�I�L�Q�H�G���D�V���L�W�V���P�R�Y�H�P�H�Q�W���L�Q���V�S�D�F�H���D�Q�G��

�W�L�P�H���� �:�L�W�K�L�Q�� �D�� �V�S�H�F�L�I�L�H�G�� �W�L�P�H�� �S�H�U�L�R�G���� �W�K�H�� �R�F�F�X�U�U�H�Q�F�H�� �R�I�� �D�� �E�H�K�D�Y�L�R�X�U�� �R�I�� �L�Q�W�H�U�H�V�W�� �L�V�� �F�D�O�O�H�G�� �D��

behavioural bout, which can either be a relatively sh �R�U�W���E�R�X�W�����L���H�����D�Q���H�Y�H�Q�W�����R�U���D���U�H�O�D�W�L�Y�H�O�\���O�R�Q�J��

�E�R�X�W�� ���L���H���� �D�� �V�W�D�W�H������ �7�K�H�� �R�E�M�H�F�W�L�Y�H�� �R�I�� �E�H�K�D�Y�L�R�X�U�� �R�E�V�H�U�Y�D�W�L�R�Q�D�O�� �V�W�X�G�L�H�V�� �L�V�� �W�R�� �F�D�S�W�X�U�H�� �D��

representative sample of daily activity budgets and behavioural responses to external and 

internal stimuli, whilst ensuring �P�L�Q�L�P�D�O���G�L�V�W�X�U�E�D�Q�F�H���R�Q���W�K�H���D�Q�L�P�D�O�����$�O�W�P�D�Q�Q�����������������,�Q���W�K�H��

field of sheep health and production, behavioural observations have been employed in a wide 

�D�U�U�D�\���R�I���F�R�Q�W�H�[�W�V�����L�Q�F�O�X�G�L�Q�J���W�R���L�Q�Y�H�V�W�L�J�D�W�H���I�R�U�D�J�L�Q�J���E�H�K�D�Y�L�R�X�U�����5�X�W�W�H�U���H�W���D�O��������������b; �/�L�Q���H�W���D�O������

2011; Gal�O�L���H�W���D�O���������������������J�D�L�W���D�Q�G���S�R�V�W�X�U�H�����5�D�G�H�V�N�L���D�Q�G���,�O�L�H�V�N�L������������; �%�D�U�Z�L�F�N���H�W���D�O��������������a) and 

maternal behaviour (Dwyer and Lawrence, 2000 ; �.�H�O�O�H�U���H�W���D�O���������������������:�L�W�K���U�H�J�D�U�G���W�R���I�R�U�D�J�L�Q�J��

behaviour, studies have used various sampling methods, including focal ani mal sampling, scan 

sampling and all -occurrence sampling to construct metrics like time -activity budgets 

���$�O�W�P�D�Q�Q�����������������%�L�V�K�R�S���H�W���D�O�������������������5�R�E�L�Q�V�R�Q���H�W���D�O���������������������:�K�L�O�V�W���G�L�U�H�F�W���Y�L�V�X�D�O���R�E�V�H�U�Y�D�W�L�R�Q���R�I��

behaviour has been useful for behavioural observations,  there exist several limitations in the 

�D�S�S�O�L�F�D�E�L�O�L�W�\���R�I���R�E�V�H�U�Y�D�W�L�R�Q�D�O���V�W�X�G�L�H�V�����U�H�Y�L�H�Z�H�G���L�Q���%�U�R�Z�Q���H�W���D�O���������������������7�K�L�V���K�D�V���S�D�Y�H�G���W�K�H���Z�D�\��

for the proliferation of remote monitoring of animal behaviour using animal -attached bio-

loggers (Ropert-�&�R�X�G�H�U�W���D�Q�G���:�L�O�V�R�Q�������������������,�W���L�V���Z�R�U�W�K���P�H�Q�W�L�R�Q�L�Q�J�����K�R�Z�H�Y�H�U�����W�K�D�W the use of 

these bio-loggers for behavioural assessments are not without pitfalls, including : 1) target 
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animals can behave unexpectedly, which an observer would duly note if it were  during a 

sampling period  in observational studies; 2) measuring devices can be inaccurate; and 3) 

sometimes the time sampling intervals used for behaviour measurement might be unsuited to 

�P�H�D�V�X�U�H���D�� �E�H�K�D�Y�L�R�X�U�� �R�I���L�Q�W�H�U�H�V�W�����+�l�P�l�O�l�L�Q�H�Q���H�W���D�O������ �������������� ��Notwithstanding, encouraging 

signs exist in the few studies that have used accelerometers and GPS sensors for monitoring 

the health and welfare of grazing sheep ( �7�D�E�O�H������������ 

Martin and Bateson (200 7) present a concise guide for the considerations required to measure 

behaviour and is a ha ndy go-�W�R���W�H�[�W���I�R�U���V�H�Y�H�U�D�O���D�V�S�H�F�W�V���R�I���E�H�K�D�Y�L�R�X�U�D�O���V�W�X�G�L�H�V�����:�L�W�K�R�X�W���G�H�O�Y�L�Q�J��

too deeply, four broad areas of interest highlighted by their introductory guide are the need for 

preliminary analysis on behavioural studies, validating recording  tools, the reliab ility and 

validity of measures, and  analysis and interpretation  �R�I���G�D�W�D�� The rationale for  these points 

�K�D�Y�H���E�H�H�Q���X�Q�G�H�U�V�F�R�U�H�G���L�Q���W�K�H���V�X�E�V�H�T�X�H�Q�W���V�H�F�W�L�R�Q�V�� 

����10 Global positioning systems (GPS) in animal behavioural research  

1.10.1 GPS technology 

GPS technology supports time -�V�S�D�F�H���O�R�F�D�W�L�R�Q���R�I���R�E�M�H�F�W�V���R�Q���W�K�H���H�D�U�W�K�����5�X�W�W�H�U���H�W���D�O��������������a�������7�K�L�V��

system is made possible by 24 satellites arranged in space with five to eight being visible from 

�D�Q�\���S�R�L�Q�W���R�Q���H�D�U�W�K���D�W���D�Q�\���W�L�P�H�����7�K�H���V�D�W�H�O�O�L�W�H�V���R�U�E�L�W���W�K�H���H�D�U�W�K���D�Q�G���D�U�H���U�Hsponsible for generating 

and transmitting space -�W�L�P�H���V�W�D�P�S�H�G���U�D�G�L�R���V�L�J�Q�D�O�V���W�R���U�H�F�H�L�Y�H�U�V���R�Q���W�K�H���H�D�U�W�K�����*�3�6���U�H�F�H�L�Y�H�U�V������

Receivers collect these signals as latitude and longitude coordinates and record these as a 

�S�R�V�L�W�L�R�Q�� �R�Q�� �W�K�H�� �H�D�U�W�K�� ���O�R�F�D�W�L�R�Q�� �H�V�W�L�P�D�W�H�V������ �%�Htween the satellites in space and end-user 

receivers there is a network of ground -based stations to monitor satellite information (health 

status and time, and satellite location) to ensure correct operation of the system ���7�X�U�Q�H�U���H�W���D�O������

2000)���� �%�H�V�L�G�H�V�� �W�K�H�� �F�R�V�W�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �D�F�T�X�L�U�L�Q�J�� �D�� �*�3�6�� �U�H�F�H�L�Y�H�U�� �D�O�R�Q�J�V�L�G�H��proprietary 

software and equipment, there is no payment associated with using basic GPS signals 

���5�R�G�J�H�U�V���H�W���D�O������������������ 
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Table 1.4 Use of GPS and accelerometer remote sensing technology for health and 

welfare m �R�Q�L�W�R�U�L�Q�J���R�I���J�U�D�]�L�Q�J���V�K�H�H�S�� 

Technology  Study system  Measurements/ 
health indicator  

Reference  

Accelerometer- 

IceTag® Sensor 

Investigating posture and 

behavioural changes in 
lambs affected with 
Neuronal ceroid 
lipofuscinoses (NCL)  

Stand, Graze, 

�:�D�O�N����Ruminate, 
Alert or Idle  

�&�U�R�Q�L�Q���H�W���D�O������

2016 

A GPS Lassen iQ 

module (Trimble 
Navigation 
Limited, 
Sunnyvale, CA, 

USA) 

Investigating the effect of 

peri -conceptual 
undernutrition in dam on 
locomotor activity of lamb 
offspring  

Distance travelled  Donovan et 

�D�O��, 2013 

A GPS UNE 
Tracker II system 
(Fastrax IT03- 02 
chipset) 

Investigating the 
relationship between 
faecal egg counts and 
movement activity of ewes  

Distance travelled  �)�D�O�]�R�Q���H�W���D�O������
2013 

Garmin 
Forerunner 910XT 

GPS devices 
(Garmin Limited, 
Lenexa, KS, USA)  

Investigating the effect of 
restricted placental 

growth and function in 
ewes on movement 
activity of lamb progeny at 
30 and 43 weeks of age 

Distance travelled  �.�D�X�U���H�W���D�O������
2016 

Accelerometers – 

Actiwatches 
(Actiwatch Mini; 
Linton 
Instruments) worn 

on collars 

Investigating circadian 

behaviour in transgenic 
�+�X�Q�W�L�Q�J�W�R�Q�
�V���G�L�V�H�D�V�H��
sheep 

Total activity  �0�R�U�W�R�Q���H�W���D�O������

2014 
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1.10.2 Use of GPS for health monitoring in livestock  

�:�K�L�O�H���P�D�U�L�Q�H���D�Q�G���Z�L�O�G�O�L�I�H���V�W�X�G�L�H�V���K�D�Y�H���K�L�V�W�R�U�L�F�D�O�O�\���G�R�P�L�Q�D�W�H�G���W�K�H���O�L�W�H�U�D�W�X�U�H���R�Q��GPS animal -

based telemetry ���&�D�J�Q�D�F�F�L���H�W���D�O�������������������+�H�E�E�O�H�Z�K�L�W�H���D�Q�G���+�D�\�G�R�Q�����������������/�D�W�K�D�P���H�W���D�O������������������

�7�R�P�N�L�H�Z�L�F�]���H�W���D�O����������������, the last few years has seen the production of smaller, low- cost devices 

capable of being deployed on several other species of animals in a wide range of applications 

(Fogarty et al ���������������������,�Q���G�R�P�H�V�W�L�F���U�X�P�L�Q�D�Q�W�V���I�R�U���L�Q�V�W�D�Q�F�H�����*�3�6���W�U�D�F�N�L�Q�J���F�R�O�O�D�U�V���K�D�Y�H���E�H�H�Q���X�V�H�G��

�W�R���V�W�X�G�\���D�F�W�L�Y�L�W�\���E�X�G�J�H�W�V���D�Q�G���K�R�X�U�O�\���D�F�W�L�Y�L�W�\���S�D�W�W�H�U�Q�V���R�I�����=�H�E�X���F�D�W�W�O�H�����6�F�K�O�H�F�K�W���H�W���D�O����������������, 

grazing preferences of sheep ���5�X�W�W�H�U�� �H�W�� �D�O������ ��������a) and cattle ���7�R�P�N�L�Q�V�� �H�W�� �D�O������ ����������, and 

distance travelled by tame red deer ���3�p�S�L�Q�� �H�W�� �D�O������ �������������� �7�K�H�� �S�R�W�H�Q�W�L�D�O�� �H�[�L�V�W�V�� �W�R�� �X�V�H�� �W�K�H�V�H��

ground-based sensors to record fine -scale movements of domestic animals to gain insight into 

�W�K�H�L�U���E�H�K�D�Y�L�R�X�U���X�Q�G�H�U���Q�R�U�P�D�O���D�Q�G�������R�U���S�D�W�K�R�O�R�J�L�F�D�O���F�K�D�O�O�H�Q�J�H�����7�K�L�V���L�V���D�V�V�X�P�L�Q�J���*�3�6-based 

animal monitoring can differentiate changes in movement behaviour of healthy and 

challenged animal sub �M�H�F�W�V���L�Q���U�H�D�O���W�L�P�H���D�Q�G���X�Q�G�H�U���I�L�H�O�G���F�R�Q�G�L�W�L�R�Q�V�����7�R���G�D�W�H���W�K�H�\���K�D�Y�H���R�Q�O�\���E�H�H�Q��

�X�V�H�G���L�Q���D���O�L�P�L�W�H�G���Q�X�P�E�H�U���R�I���V�W�X�G�L�H�V�����)�R�U���H�[�D�P�S�O�H�����'�R�Q�R�Y�D�Q���H�W���D�O�������������������I�R�X�Q�G���D�Q���D�V�V�R�F�L�D�W�L�R�Q��

between periconceptual undernutrition of the dam and reduced movement of their offspring  

�P�R�Q�L�W�R�U�H�G�� �Z�L�W�K�� �*�3�6�� �F�R�O�O�D�U�V�� �D�W�� ������ �P�R�Q�W�K�V�� �R�I�� �D�J�H���� �(�O�V�H�Z�K�H�U�H���� �.�D�X�U�� �H�W�� �D�O���� �������������� �X�V�H�G���*�3�6��

measurements to investigate the effect of placental restriction and function of ewes on the 

distance travelled by their offspring at 30-  �D�Q�G���������Z�H�H�N�V���R�I���D�J�H�����,�Q���W�K�H���I�L�Hld of parasitology, 

�)�D�O�]�R�Q���H�W���D�O�������������������I�R�X�Q�G���D���S�R�V�L�W�L�Y�H���U�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q���I�D�H�F�D�O���H�J�J���F�R�X�Q�W�V�����)�(�&�����D�Q�G���G�L�V�W�D�Q�F�H��

�W�U�D�Y�H�O�O�H�G���E�\���H�Z�H�V���P�R�Q�L�W�R�U�H�G���Z�L�W�K���*�3�6���F�R�O�O�D�U�V���R�Y�H�U���D���������K���S�H�U�L�R�G�� 

There have been few studies using lightweight commercially available GPS de vices and they 

have not yet been validated per se for monitoring small ruminants on pasture, especially when 

�P�D�Q�D�J�H�G�� �L�Q�� �D�U�H�D�V�� �Z�L�W�K�� �D�� �O�L�P�L�W�H�G�� �V�S�D�F�H�� �U�H�V�R�X�U�F�H���)�R�J�D�U�W�\�� �H�W�� �D�O������ �������������� �7�K�H�� �D�G�Y�H�Q�W�� �R�I�� �F�R�V�W-

effective commercially available GPS tracking collars will  likely see their use in sheep for 

�K�H�D�O�W�K���P�R�Q�L�W�R�U�L�Q�J���S�X�U�S�R�V�H�V���L�Q�F�U�H�D�V�H�����)�R�U���H�[�D�P�S�O�H�����D�O�O���I�R�X�U���S�X�E�O�L�V�K�H�G���S�D�S�H�U�V���U�H�Y�L�H�Z�H�G���Z�K�H�U�H��

�*�3�6�� �W�U�D�F�N�L�Q�J�� �Z�D�V�� �X�V�H�G�� �I�R�U�� �K�H�D�O�W�K�� �D�Q�G�� �Z�H�O�I�D�U�H�� �P�R�Q�L�W�R�U�L�Q�J�� �R�F�F�X�U�U�H�G�� �L�Q�� �W�K�H�� ���������V���� �:�K�H�Q��

measures such as distance travelled are used as proxy or surrogate for other measures, for 

instance anorexia, it is important to validate both the surrogate measure against itself and 

�D�O�V�R���Z�L�W�K���U�H�V�S�H�F�W���W�R���I�H�D�W�X�U�H�V���R�I���W�K�H���W�U�X�H���P�H�D�V�X�U�H�����L���H�������D�Q�R�U�H�[�L�D�����I�R�U���Z�K�L�F�K���W�K�H���*�3�6���V�H�Q�V�R�U���G�D�W�D��

�Z�L�O�O���D�F�W���D�V���S�U�R�[�\�� 
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1.10.3 Advantages and disadvantages of GPS technology 

Video recordings and direct observations in the field have traditionally characterised animal 

�P�R�Y�H�P�H�Q�W���D�Q�G���E�H�K�D�Y�L�R�X�U�D�O���V�W�X�G�L�H�V�����7�K�H�V�H���P�H�W�K�R�G�V�����Z�K�L�O�V�W���E�H�Q�H�I�L�F�L�D�O�����D�U�H���S�O�D�J�X�H�G���E�\���V�R�P�H��

challenges, namely �W�K�H���O�D�E�R�X�U���D�Q�G���W�L�P�H���F�R�Q�V�X�P�H�G���L�Q���H�[�H�F�X�W�L�Q�J���W�K�H�P�����0�F�/�H�Q�Q�D�Q���H�W���D�O��������������������

human observers tend to be perceived as intrusive by animals thereby altering animals’ 

�E�H�K�D�Y�L�R�X�U�����1�L�H�O�V�H�Q�������������������2�E�V�H�U�Y�H�U�V���D�U�H���D�O�V�R���I�D�F�H�G���Z�L�W�K���W�K�H���F�R�Q�V�W�U�D�L�Q�W���R�I���E�H�L�Q�J���X�Q�D�E�O�H���W�R���P�D�N�H��

o�E�V�H�U�Y�D�W�L�R�Q�V�� �L�Q�� �G�L�I�I�L�F�X�O�W�� �Z�H�D�W�K�H�U���� �S�R�W�H�Q�W�L�D�O�O�\�� �O�R�V�L�Q�J�� �G�D�W�D���� �9�L�G�H�R�� �U�H�F�R�U�G�L�Q�J�V�� �S�U�R�G�X�F�H�� �O�D�U�J�H��

volumes of data and can be time -�F�R�Q�V�X�P�L�Q�J���W�R���S�U�R�F�H�V�V�����7�R�P�N�L�H�Z�L�F�]�����H�W���D�O���������������������,�Q���F�R�Q�W�U�D�V�W����

GPS collars have the advantage of recording fine scale animal location d ata with a high 

temporal frequency in a non- �L�Q�W�U�X�V�L�Y�H�� �P�D�Q�Q�H�U�� ���+�H�E�E�O�H�Z�K�L�W�H�� �D�Q�G�� �+�D�\�G�R�Q���� �������������� �/�D�U�J�H��

datasets of space-time points can be collected over a relatively short period, under the same 

conditions the animal is in without the constraint presented by  �R�U�� �W�R�� �K�X�P�D�Q�� �R�E�V�H�U�Y�H�U�V����

�+�R�Z�H�Y�H�U���� �W�K�H�U�H�� �H�[�L�V�W�V�� �D�� �W�U�D�G�H-off between battery life and the frequency of data collection 

���6�Z�D�L�Q���H�W���D�O����������������, and the ability to easily download the stored data����  

The battery life of GPS units is a major challenge identified with GPS technology in animal 

tracking and ecology studies ���%�U�R�Z�Q���H�W���D�O�������������������&�D�J�Q�D�F�F�L���H�W���D�O���������������������$���K�L�J�K�H�U���U�H�F�R�U�G�L�Q�J��

frequency will provide better location estimates, but at a cost  �W�R���E�D�W�W�H�U�\���O�L�I�H�����'�H�Z�K�L�U�V�W���H�W���D�O������

���������������7�K�H���U�H�V�X�O�W���L�V���O�R�Q�J-term studies have opted for a lower recording frequency for location 

�G�D�W�D�����1�H�O�V�R�Q���H�W���D�O�������������������)�U�D�L�U���H�W���D�O���������������������D�O�W�K�R�X�J�K���O�R�Z�H�U���U�H�F�R�U�G�L�Q�J���I�U�H�T�X�H�Q�F�L�H�V���K�D�Y�H���E�H�H�Q��

shown to underestimate certain GPS-�E�D�V�H�G�� �P�H�W�U�L�F�V���� �H���J������ �G�L�V�W�D�Q�F�H�� �W�U�D�Y�H�O�O�H�G���� �E�\�� �X�S�� �W�R�� ��������

(Marcus -�5�R�Z�F�O�L�I�I�H���H�W���D�O������ �������������� �:�L�W�K���D�G�Y�D�Q�F�L�Q�J���W�H�F�K�Q�R�O�R�J�\���� �W�K�H���G�L�O�H�P�P�D���S�U�H�V�H�Q�W�H�G���E�\���W�K�L�V��

trade -�R�I�I���K�D�V���J�U�D�G�X�D�O�O�\���G�H�F�U�H�D�V�H�G���D�V���*�3�6���P�R�Q�L�W�R�U�V���K�D�Y�H���L�P�S�U�R�Y�H�G�����,�Q���D�G�G�L�W�L�R�Q�����W�K�H�U�H���D�U�H���R�W�K�H�U��

complementary technologies that compensate for the potential inaccuracies in GPS -based 

�O�R�F�D�W�L�R�Q���G�D�W�D���Z�K�H�Q���L�Q�W�H�U�Y�D�O�V���D�U�H���V�H�W���W�R���O�R�Q�J�H�U���G�X�U�D�W�L�R�Q�V���I�R�U���E�D�W�W�H�U�\���S�X�U�S�R�V�H�V�����)�R�U���H�[�D�P�S�O�H����

�%�U�R�Z�Q���H�W���D�O�������������������S�U�H�V�H�Q�W�H�G���F�R�P�S�H�O�O�L�Q�J���U�H�V�X�O�W�V���R�I���W�K�H���U�H�G�X�F�H�G���W�U�D�G�H-off between accuracy and 

longevity by combining GPS -based location data with activity data generated from an 

accelerometer sensor, since accelerometers consume less power and run for longer (the 

accelerometer technology is discussed more fully in Section1.11�������,�Q���V�R���G�R�L�Q�J�����W�K�Hy were able 

to obtain fine -scale location data when the animal was moving, while minimising excessive 

�O�R�F�D�W�L�R�Q���G�D�W�D���U�H�F�R�U�G�L�Q�J���Z�K�H�Q���W�K�H���D�Q�L�P�D�O���Z�D�V���D�W���U�H�V�W�����6�X�F�K���D���G�L�U�H�F�W�L�R�Q���S�U�H�V�H�Q�W�V���D���Y�L�D�E�O�H���D�U�H�D���R�I��

research for small ruminant disease monitoring using senso �U�� �W�H�F�K�Q�R�O�R�J�L�H�V���� �0�R�U�H�� �U�H�F�H�Q�W�O�\����

�'�H�Z�K�L�U�V�W���H�W���D�O�������������������X�V�H�G���D���O�R�Z���S�R�Z�H�U���D�S�S�U�R�D�F�K���F�D�O�O�H�G���G�U�L�I�W-corrected dead reckoning  ���L���H������



 

 ����  

calculating current position of some moving object by using a previously determined position)  

to overcome the limitation of recordi �Q�J���*�3�6���O�R�F�D�W�L�R�Q���G�D�W�D���L�Q�I�U�H�T�X�H�Q�W�O�\�� 

The defined data logging schedule in modern GPS receivers affects location estimates and on 

occasions can produce location estimate error of several kilometres ( �9�L�O�O�H�S�L�T�X�H���H�W���D�O��������������������

Indeed, several authors (Cargnel �X�W�W�L���H�W���D�O�������������������$�G�D�P�V���H�W���D�O�������������������)�R�U�L�Q-�:�L�D�U�W���H�W���D�O���������������� 

have assessed reliability and accuracy of GPS receivers for varying purposes, with recorded 

�O�R�F�D�W�L�R�Q���H�U�U�R�U�V���U�D�Q�J�L�Q�J���I�U�R�P�����������P���W�R�����������P�����7�K�H���F�R�P�P�R�Q���P�H�W�K�R�G�R�O�R�J�\���H�P�S�O�R�\�H�G���E�\���W�K�H�V�H��

studies was on the performance of receivers when providing location estimates when 

�V�W�D�W�L�R�Q�D�U�\�� �D�Q�G�� �Z�K�H�Q�� �L�Q�� �P�R�W�L�R�Q���� �6�X�F�K�� �D�V�V�H�V�V�P�H�Q�W�V�� �D�V�V�L�V�W�� �L�Q�� �W�K�H�� �V�H�O�H�F�W�L�R�Q�� �R�I�� �D�S�S�U�R�S�U�L�D�W�H��

solutions to correct errors ���6�F�K�O�H�F�K�W���H�W���D�O���������������������7�K�H���V�X�J�J�H�V�W�L�R�Q���W�K�H�U�H�I�R�U�H���L�V���W�K�D�W���X�V�L�Q�J���*�3�6��

receivers to monitor the fine -scale movement and location of animals could benefit from 

�S�U�H�O�L�P�L�Q�D�U�\���D�Q�D�O�\�V�L�V���R�Q���W�K�H���D�F�F�X�U�D�F�\���D�Q�G���S�H�U�I�R�U�P�D�Q�F�H���R�I���V�X�F�K���X�Q�L�W�V�����&�D�J�Q�D�F�F�L���H�W���D�O������������������ 

The cost associated with GPS receivers represent a challenge for the use of GPS telemetry in 

�D�Q�L�P�D�O���V�W�X�G�L�H�V�����:�K�L�O�H���W�K�H���W�H�F�K�Q�R�O�R�J�\���D�I�I�R�U�G�V���W�K�H���P�L�W�L�J�D�W�L�R�Q���R�I���W�K�H���K�X�P�D�Q���U�H�V�R�X�U�F�H���F�R�V�W���D�Q�G��

risk associated with observers in the field, the GPS receiver can b e a substantial investment 

in itself ���7�R�P�N�L�H�Z�L�F�]���H�W���D�O���������������������$���F�O�R�V�H�O�\���U�H�O�D�W�H�G���G�L�V�D�G�Y�D�Q�W�D�J�H���W�R���K�L�J�K���F�R�V�W���R�I���*�3�6���U�H�F�H�L�Y�H�U�V��

is that invariably, study sample sizes tend to be smaller, leading to the making of poor or non -

representative population -level inferences ���+�H�E�E�O�H�Z�K�L�W�H���D�Q�G���+�D�\�G�R�Q�������������������7�K�L�V���K�D�V���O�H�G���W�R��

questions of just how accurate inferences derived from fine -scale, low power studies can be? 

The answer, suggests �7�U�R�W�W�H�U���H�W���D�O���������������� would depend on the research question and the 

�P�H�W�K�R�G�R�O�R�J�\���L�Q�Y�R�O�Y�H�G���L�Q���P�D�N�L�Q�J���L�Q�I�H�U�H�Q�F�H�V�������)�R�U���W�K�H���H�Y�H�Q�W�X�D�O���S�U�D�F�W�L�F�D�O���D�S�S�O�L�F�D�W�L�R�Q���L�Q���W�K�H���I�L�H�O�G����

th is technology will need to be applied to all animals if some form of TST regime is to be 

�L�P�S�O�H�P�H�Q�W�H�G�� 

1.10.4 GPS-based location data errors 

Aspects of the reliability of GPS receivers in terms of the accuracy that they log location 

estimates has been menti �R�Q�H�G���L�Q���W�K�H���S�U�H�Y�L�R�X�V���V�H�F�W�L�R�Q�����������������������+�X�O�E�H�U�W���D�Q�G���)�U�H�Q�F�K�������������� and 

�)�U�D�L�U���H�W���D�O���������������� describe fix success rate error (FSR) and location error (LE) as two common  

�H�U�U�R�U�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���*�3�6���U�H�F�H�L�Y�H�U�V�����$���*�3�6���I�L�[���L�V���W�K�H���S�U�R�F�H�V�V���R�I���V�X�F�F�H�V�V�I�X�O�O�\���D�F�T�X�L�U�L�Q�J���D���*�3�6��

�O�R�F�D�W�L�R�Q�����'�·�H�R�Q���H�W���D�O�������������������D�Q�G���W�K�H���I�L�[���V�X�F�F�H�V�V���U�D�W�H���H�U�U�R�U���G�H�V�F�U�L�E�H�V���D�Q���H�U�U�R�U���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D��

receiver’s failed attempt to record a location or point which �U�H�V�X�O�W�V�� �L�Q�� �P�L�V�V�L�Q�J�� �G�D�W�D�S�R�L�Q�W�V����

Location errors are characterised by inaccurate estimated location positions whereby the 

�U�H�F�H�L�Y�H�U���H�V�W�L�P�D�W�H�V���D���O�R�F�D�W�L�R�Q���W�K�D�W���L�V���G�L�I�I�H�U�H�Q�W���I�U�R�P���W�K�H���D�F�W�X�D�O���R�U�� �́ �W�U�X�H�µ���S�R�V�L�W�L�R�Q�����$���U�D�Q�J�H���R�I��
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factors have been associated with produci ng these errors, namely environmental such as 

canopy closure, buildings and atmospheric distortions ���3�D�U�U�D�J�D�� �$�J�X�D�G�R�� �H�W�� �D�O������ ���������� and 

technological including  the number of satellites available to send signals, frequency at which 

�S�R�V�L�W�L�R�Q�V���D�U�H���U�H�F�R�U�G�H�G�����L���H�����W�K�H���I�L�[���L�Q�W�H�U�Y�D�O�������D�Q�G���W�K�H���*�3�6���U�H�F�H�L�Y�H�U���L�W�V�H�O�I��(Cushman, 2010)  �����$�V��

these satellites are in fixed orbits, the satellites used by any ground station changes over time, 

although t he spatial distribution of orbits should ensure that at least eight are visible at any 

�W�L�P�H�����&�D�J�Q�D�F�F�L���H�W���D�O���������������������E�X�W���L�Q���1�H�Z���=�H�D�O�D�Q�G���D�W���F�H�U�W�D�L�Q���W�L�P�H�V���L�W���F�R�X�O�G���E�H���X�S���W�R����������Beavan 

�H�W���D�O���������������������7�K�H���I�L�[���D�F�T�X�L�V�L�W�L�R�Q���L�Q�W�H�U�Y�D�O���V�H�W���L�Q���W�K�H���*�3�6���P�R�Q�L�W�R�U�V���K�D�V���E�Hen shown to have a 

significant influence on the precision of data derived (Forin- �:�L�D�U�W���H�W���D�O�������������������� �,�W���K�D�V���E�H�H�Q��

widely reported that the shorter the interval, the more precise the estimates of location made 

�E�\���U�H�F�H�L�Y�H�U�V���Z�L�O�O���E�H�����+�X�O�E�H�U�W���D�Q�G���)�U�H�Q�F�K�������������� �6�Z�D�L�Q���H�W���D�O���������������������7�K�H���U�H�Y�H�U�V�H���K�R�O�G�V���W�U�X�H���I�R�U��

�O�R�J���L�Q�W�H�U�Y�D�O�V���V�H�W���D�W���O�R�Q�J�H�U���G�X�U�D�W�L�R�Q�V�� �,�Q���W�K�H�L�U�������������D�U�W�L�F�O�H�����/�D�W�K�D�P���H�W���D�O�� commented that the 

disparity between the distance estimated from the GPS locations and the real distance moved 

increases as fix-�U�D�W�H���G�H�F�O�L�Q�H�V�����L���H�����O�R�Q�J�H�U���S�H�U�L�R�G���E�H�W�Z�H�H�Q���I�L�[�H�V���� 

1.10.5 Processing and analysis of GPS data 

It is commonly agreed that obtaining reliable GPS location estimates is contingent on some 

�I�R�U�P�� �R�I�� �F�R�U�U�H�F�W�L�R�Q�� ���)�U�D�L�U�� �H�W�� �D�O������ �������������� �(�D�U�O�\�� �V�W�X�G�L�H�V�� �R�Q GPS use in wildlife reported mean 

�O�R�F�D�W�L�R�Q���H�U�U�R�U�V���R�I���X�S���W�R�����������N�P�����Z�L�W�K���P�D�[�L�P�X�P���H�U�U�R�U�V���P�H�D�V�X�U�L�Q�J���X�S���W�R�������N�P�����+�D�U�U�L�V���H�W���D�O������

1990�����)�D�Q�F�\���H�W���D�O�����������������������:�K�H�U�H�D�V���F�R�Q�W�H�P�S�R�U�D�U�\���*�3�6���U�H�F�H�L�Y�H�U�V���U�H�F�R�U�G���O�R�Z�H�U���O�R�F�D�W�L�R�Q���H�U�U�R�U�V��

�L�Q���W�K�H���U�D�Q�J�H���������W�R���������P�����&�D�L�Q���H�W���D�O�����������������+�D�Q�V�H�Q���	���5�L�J�J�V�����������������R�Q���R�F�F�D�V�L�R�Q���H�U�U�R�U�V���X�S���W�R��

�V�H�Y�H�U�D�O�� �N�P�� �K�D�Y�H�� �E�H�H�Q�� �I�R�X�Q�G�� ���9�L�O�O�H�S�L�T�X�H�� �H�W�� �D�O������ �������������� �Q�H�F�H�V�V�L�W�D�W�L�Q�J�� �V�R�P�H�� �I�R�U�P�� �R�I�� �G�D�W�D��

�F�R�U�U�H�F�W�L�R�Q�����+�R�Z�H�Y�H�U�����W�K�H���F�K�D�O�O�H�Q�J�H���L�V���K�R�Z���G�D�W�D���V�K�R�X�O�G���E�H���F�O�H�D�Q�H�G���R�U���V�F�U�H�H�Q�H�G���Z�L�W�K�R�X�W���O�R�V�L�Q�J��

vital information while arr iving at the right inferences ���,�U�R�Q�V�L�G�H���H�W���D�O���������������������7�K�H���O�L�W�H�U�D�W�X�U�H���R�Q��

this subject is extensive, and various methodologies have been reported on how to screen data 

���&�X�V�K�P�D�Q�����������������'�H�Z�K�L�U�V�W���H�W���D�O�������������������)�U�D�L�U���H�W���D�O�������������������6�F�K�O�H�F�K�W���H�W���D�O�������������������6�P�R�X�V�H���H�W���D�O������

�������������:�L�O�O�L�D�P�V���H�W���D�O���������������������)�H�D�W�X�U�H�V���X�V�H�G���I�R�U���G�D�W�D���V�F�U�H�H�Q�L�Q�J���L�Q�F�O�X�G�H���V�H�W�W�L�Q�J���D���O�L�P�L�W���R�Q���W�K�H��

number of satellites involved in a �I�L�[�����O�R�F�D�W�L�R�Q���H�V�W�L�P�D�W�H�������:�K�H�Q���D���I�L�[���L�V���R�E�W�D�L�Q�H�G���I�U�R�P���W�K�U�H�H��

satellites, the location data is referred to as two -dimensional (2 -D); when at least four satellites 

are used to obtain a location, the fix is said to be three -dimensional (3- �'�������,�Q���W�H�U�P�V���R�I���W�K�H���T�Xality 

�R�I���W�K�H���V�D�W�H�O�O�L�W�H���J�H�R�P�H�W�U�\�����L���H�������W�K�H���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���V�D�W�H�O�O�L�W�H�V���D�F�U�R�V�V���W�K�H���V�N�\�������W�Z�R���D�V�V�R�F�L�D�W�H�G���W�H�U�P�V��

�D�U�H���G�H�V�F�U�L�E�H�G���� �Q�D�P�H�O�\�� �K�R�U�L�]�R�Q�W�D�O���G�L�O�X�W�L�R�Q���R�I�� �S�U�H�F�L�V�L�R�Q�����+�'�2�3���� �D�V�V�R�F�L�D�W�H�G���Z�L�W�K�� ��-D fix) and 

positional dilution of precision (PDOP; associated with 3 -�'���I�L�[������ �*�H�Q�H�U�D�O�O�\���� �O�R�Z�H�U���Y�D�O�X�H�V���I�R�U��
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�+�'�2�3�� �D�Q�G�� �3�'�2�3�� �U�H�S�U�H�V�H�Q�W�� �E�H�W�W�H�U�� �T�X�D�O�L�W�\�� �O�R�F�D�W�L�R�Q�� �H�V�W�L�P�D�W�H�V���� �&�R�O�O�H�F�W�L�Y�H�O�\���� �W�K�H�� �Q�X�P�E�H�U�� �R�I��

satellites used to obtain a GPS position and the quality of satellite geometry can be used as 

processing tools to screen out poor lo �F�D�W�L�R�Q���H�V�W�L�P�D�W�H�V�����,�U�R�Q�V�L�G�H���H�W���D�O������������������ 

Beside the above methods, GPS location data can be differentially corrected using a procedure 

�F�D�O�O�H�G���G�L�I�I�H�U�H�Q�W�L�D�O���*�3�6�����'�*�3�6�������7�X�U�Q�H�U���H�W���D�O���������������������7�K�H���S�X�U�S�R�V�H���R�I���'�*�3�6���L�V���W�R���L�P�S�U�R�Y�H���W�K�H��

geographical accuracy of GPS positions by correcting or filtering out components of location 

error in the data recorded by commercial GPS receivers (rovers) by using data from a 

stationary GPS receiver (base station) with a known geographical position ( Rodgers et al, 1996; 

Moen et al ���������������������7�K�H���E�D�V�H���V�W�D�W�L�R�Q���G�D�W�D���F�D�Q���E�H���X�V�H�G���W�R���F�D�O�F�X�O�D�W�H���W�K�H���P�D�J�Q�L�W�X�G�H���R�I���H�U�U�R�U�V���W�K�D�W��

�D�S�S�O�\���W�R���W�K�H���*�3�6���U�H�F�H�L�Y�H�U���Z�K�L�F�K���W�K�H�Q���F�D�Q���E�H���U�H�P�R�Y�H�G���I�U�R�P���O�R�F�D�W�L�R�Q���I�L�[�H�V�����)�R�U���L�Q�V�W�D�Q�F�H�����:�H�L�K��

�H�W�� �D�O���� ������������ improved the accuracy of the data collected by three recreational grade GPS 

�U�H�F�H�L�Y�H�U�V���E�\���X�S���W�R�����������P�H�W�H�U�V���X�V�L�Q�J���G�L�I�I�H�U�H�Q�W�L�D�O�O�\���F�R�U�U�H�F�W�H�G���*�3�6�� 

Overall, the use of GPS -based technology for animal movement and location studies must be 

preceded by an evaluation of the errors in spatial inaccuracy of the acquired location, and 

�P�L�V�V�L�Q�J���G�D�W�D���L�Q���W�K�H���I�R�U�P���R�I���I�D�L�O�H�G���O�R�F�D�W�L�R�Q���D�W�W�H�P�S�W�V�����7�K�H�V�H���H�U�U�R�U�V�����H�V�S�H�F�L�D�O�O�\���Z�K�H�Q���F�R�P�E�L�Q�H�G��

(Frair et al ���������������������F�D�Q���U�H�V�X�O�W���L�Q���P�L�V�O�H�D�G�L�Q�J���L�Q�I�H�U�H�Q�F�H�V���R�Q���D�Q�L�P�D�O���P�R�Y�H�P�H�Q�W���D�Q�G���E�H�K�D�Y�L�R�X�U�� 

Following the foregoing, the data collected by GPS receivers can then be used to infer what an 

�D�Q�L�P�D�O���L�V���G�R�L�Q�J�����)�R�U���H�[�D�P�S�O�H�����V�S�H�H�G���P�H�D�V�X�U�H�G���G�L�U�H�F�W�O�\���X�V�L�Q�J���*�3�6�����R�U���G�H�U�L�Y�H�G���I�U�R�P��consecutive 

tracking locations, has been used to infer animals travelling and resting during migration 

���&�D�P�S���H�W���D�O���������������������D�Q�G���G�X�U�L�Q�J���I�R�U�D�J�L�Q�J���W�U�L�S�V�����*�L�S�V�R�Q���H�W���D�O�������������������� 

One question that arises from using GPS based location data is what degree of erro r is 

acceptable, or indeed whether the level of precision from an ‘accepted’ degree of error is 

�D�G�H�T�X�D�W�H���W�R���D�Q�V�Z�H�U���D���U�H�V�H�D�U�F�K�H�U�·�V�� �T�X�H�V�W�L�R�Q���� �,�Q�� �W�K�H���F�R�Q�W�H�[�W���R�I�� �W�K�L�V�� �S�U�H�V�H�Q�W���U�H�Y�L�H�Z����Another  

consideration is  whether a GIN infected sheep moves ‘differently’ tha n an uninfected sheep, 

and if so �K�R�Z���O�R�Q�J���L�W���W�D�N�H�V���I�R�U���V�X�F�K���D���F�K�D�Q�J�H���L�Q���P�R�Y�H�P�H�Q�W�����L�I���D�Q�\�����W�R���R�F�F�X�U�����,�I���V�S�D�W�L�D�O���G�D�W�D���O�R�J�J�H�G��

from these animals is compared for an entire day or over several days, then perhaps larger 

�H�U�U�R�U�V���P�L�J�K�W���Q�R�W���D���S�U�R�E�O�H�P�����+�R�Z�H�Y�H�U�����L�I���W�Ke differences occur at short time scales, large errors 

���G�H�I�L�Q�H�G���D�V���!���������P�����E�\���W�K�H���8�6���*�R�Y�H�U�Q�P�H�Q�W�����K�W�W�S�V�������Z�Z�Z���J�S�V���J�R�Y�����P�D�\���V�Z�D�P�S���W�K�H���V�W�X�G�\���V�L�J�Q�D�O����

�7�K�H�U�H�I�R�U�H�����L�W���L�V���S�D�U�D�P�R�X�Q�W���W�K�D�W���H�U�U�R�U�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���X�Q�L�W�V���E�H���H�V�W�D�E�O�L�V�K�H�G���H�D�U�O�\���R�Q�����,�W���L�V���Q�R�W��

currently know n if there will be a difference in movement behaviour between infected and 

�X�Q�L�Q�I�H�F�W�H�G�� �D�Q�L�P�D�O�V�� �Q�R�U�� �Z�K�D�W�� �R�U�� �K�R�Z�� �V�X�F�K�� �D�� �G�L�I�I�H�U�H�Q�F�H�� �U�H�I�O�H�F�W�V�� �L�Q�� �W�K�H�� �D�Q�L�P�D�O���� �+�H�Q�F�H���� �W�K�H��

inclination should initially be towards a higher performing receiver to err on the side of ca �X�W�L�R�Q���� 



 

 ����  

������1 Accelerometers  

1.11.1 Accelerometer Sensor Technology 

�$�F�F�H�O�H�U�R�P�H�W�H�U�V���D�U�H���H�O�H�F�W�U�R�P�H�F�K�D�Q�L�F�D�O���G�H�Y�L�F�H�V���X�V�H�G���W�R���P�H�D�V�X�U�H���D�F�F�H�O�H�U�D�W�L�R�Q���I�R�U�F�H�V�����7�K�H�\���P�D�\��

�E�H�� �X�Q�L�D�[�L�D�O���� �E�L�D�[�L�D�O���R�U�� �W�U�L�D�[�L�D�O���� �7�U�L-accelerometers measure movement in three dimensions 

�V�L�P�X�O�W�D�Q�H�R�X�V�O�\�����6�K�H�S�D�U�G���H�W���D�O�����������������������7�K�H���H�D�U�O�L�H�V�W���D�G�R�S�W�L�R�Q���R�I���D�F�F�H�O�H�U�R�P�Hters for measuring 

animal activity was in an investigation on porpoising behaviour of Adélie penguins (Yoda et 

�D�O���������������������3�U�L�R�U���W�R���W�K�D�W���W�K�H�\���K�D�G���E�H�H�Q���Z�L�G�H�O�\���X�V�H�G���W�R���P�R�Q�L�W�R�U���K�X�P�D�Q���E�H�K�D�Y�L�R�X�U���D�Q�G���K�H�D�O�W�K��

���0�D�W�K�L�H���H�W���D�O�����������������������$�F�F�H�O�H�U�R�P�H�W�H�U�V���P�H�D�V�X�U�H���P�R�Y�H�P�H�Q�Ws of the body generating acceleration 

signals which can be used to determine the intensity of physical activity over time (Chen and 

�%�D�V�V�H�W�W���� �������������� �3�L�H�]�R�H�O�H�F�W�U�L�F�� �V�H�Q�V�R�U�V�� �L�Q�� �W�K�H�� �D�F�F�H�O�H�U�R�P�H�W�H�U�V�� �S�U�R�G�X�F�H�� �H�O�H�F�W�U�L�F�D�O�� �V�L�J�Q�D�O�V��

proportional to the acceleration it d �H�W�H�F�W�V�����6�K�H�S�D�U�G���H�W���D�O���������������������'�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���Q�H�H�G�V���R�I���W�K�H��

researcher, this data can be sampled multiple times per second (hertz, hz) and filtered to 

remove signals unlikely to be caused by movement such as electrical interference, temperature 

changes, v�L�E�U�D�W�L�R�Q�����&�K�H�Q���D�Q�G���%�D�V�V�H�W�W�������������������7�K�H���V�L�J�Q�D�O�V���F�D�Q���E�H���V�X�P�P�H�G���D�F�U�R�V�V���D���X�V�H�U-defined 

period (epoch) and acceleration output can read in one to three dimensions, also called vectors, 

namely anteroposterior (X -axis), vertical (Y -�D�[�L�V�������D�Q�G���P�H�G�L�R�O�D�W�H�U�D�O�����=-axis) ���6�W�H�H�O�H���H�W���D�O�������������������� 

�$�F�F�H�O�H�U�R�P�H�W�H�U�V���K�D�Y�H���W�K�H���D�S�S�H�D�O���R�I���E�H�L�Q�J���U�H�O�D�W�L�Y�H�O�\���O�R�Z���F�R�V�W���D�Q�G���V�P�D�O�O���L�Q���V�L�]�H�����&�K�H�Q���H�W���D�O������������������

�:�K�L�W�Q�H�\�� �H�W�� �D�O������ ������������ �*�X�R�� �H�W�� �D�O������ �������������� �7�K�H�U�H�I�R�U�H���� �W�K�H�\�� �K�D�Y�H�� �E�H�H�Q�� �Z�H�O�O�� �V�X�L�W�H�G�� �W�R�� �P�R�Q�L�W�R�U��

animals with a varied size range from large blue whales – Balaenoptera musculus , (Goldbogen 

�H�W�� �D�O���� �������������� �W�R�� �V�P�D�O�O-bodied alpine chipmunks –  Tamias alpinus,  ���+�D�P�P�R�Q�G�� �H�W�� �D�O���� ������������ 

Further, acceleromete rs present an opportunity to monitor animal behaviour in a non-

intrusive manner, while overcoming the limitation of collecting behaviour data under difficult 

�Z�H�D�W�K�H�U�����%�U�R�Z�Q���H�W���D�O�������������������6�K�H�S�D�U�G���H�W���D�O������������������ 

Due these qualities, and the fact that acceler�R�P�H�W�H�U�V���D�U�H���I�O�H�[�L�E�O�H���L�Q���W�K�H�L�U���G�H�S�O�R�\�P�H�Q�W�����:�L�O�V�R�Q����

2006), they have allowed automatic behavioural monitoring of pasture -based livestock such as 

cattle, goats and sheep ���0�R�U�H�D�X���H�W���D�O�������������������2�X�G�V�K�R�R�U�Q���H�W���D�O�������������������5�D�G�H�V�N�L���D�Q�G���,�O�L�H�V�N�L����2017; 

Rayas-�$�P�R�U���H�W���D�O��������������)�����7�K�H�\���K�D�Y�H���D�O�V�R���E�H�H�Q���X�V�H�G���H�[�W�H�Q�V�L�Y�H�O�\���W�R���P�R�Q�L�W�R�U���V�S�H�F�L�I�L�F���E�H�K�D�Y�L�R�X�U��

in many other species, including Eurasian beavers ( Castor fiber �����*�U�D�I���H�W���D�O������ �������������� ���J�U�L�I�I�R�Q��

vultures ( Gyps fulvus ; Nathan, 2012),  polar bears ( Ursus maritimus�����3�D�J�D�Q�R���H�W���D�O�������������������D�Q�G 

whit e tip reef sharks (Triaenodon obesus�����:�K�L�W�Q�H�\���H�W���D�O������������������ 
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The adoption of accelerometers,  for animal observation studies offers the opportunity to use 

them to improve animal health, welfare and management (Radeski and Ilieski, 2017) �����7�K�H�V�H��

technologies allow monitoring of animals with minimal influence on the animal (Büchel and 

Sundrum, 2014)  �D�Q�G���L�W�V�� �H�Q�Y�L�U�R�Q�P�H�Q�W���� �7�K�H�U�H�I�R�U�H���� �W�K�H���W�L�P�H�� �D�Q�G���H�Q�H�U�J�\���U�H�T�X�L�U�H�P�H�Q�W�V���Z�K�L�F�K��

animals allocate to different behaviours and activities, in response to their internal and 

�H�[�W�H�U�Q�D�O�� �H�Q�Y�L�U�R�Q�P�H�Q�W���� �F�D�Q�� �E�H�� �L�Q�Y�H�V�W�L�J�D�W�H�G�� ���6�K�H�S�D�U�G�� �H�W�� �D�O������ �������������� �&�R�Q�V�H�T�X�H�Q�W�O�\���� �V�H�Y�H�U�D�O��

accelerometer-informed behavioural studies have sought to validate the ability of these units 

�W�R���S�U�H�G�L�F�W���V�S�H�F�L�I�L�F���E�H�K�D�Y�L�R�X�U�� 

1.11.2 Analysis of acceleration data  

There are essentially two main types of variables that can be derived from tri -axial acceleration 

�G�D�W�D���W�K�D�W���D�U�H���U�H�O�H�Y�D�Q�W���W�R���W�K�H���L�G�H�Q�W�L�I�L�F�D�W�L�R�Q���R�I���E�H�K�D�Y�L�R�X�U�����7�K�H�V�H���D�U�H���V�W�D�W�Lc acceleration, which is 

�G�H�S�H�Q�G�H�Q�W�� �R�Q�� �J�U�D�Y�L�W�\� � �D�Q�G�� �G�H�V�F�U�L�E�H�V� � �W�K�H�� �S�R�V�W�X�U�H��� ��H� ��J� �� � �V�W�D�Q�G�L�Q�J� � �R�U�� �O�\�L�Q�J� �� � �R�I� � �W�K�H�� �D�Q�L�P�D�O��� � �D�Q�G��

�G�\�Q�D�P�L�F���E�R�G�\���D�F�F�H�O�H�U�D�W�L�R�Q�����Z�K�L�F�K���U�H�I�O�H�F�W�V���W�K�H���E�R�G�\���P�R�Y�H�P�H�Q�W���R�I���W�K�H���D�Q�L�P�D�O�����6�K�H�S�D�U�G���H�W���D�O������

���������������6�W�D�W�L�F���D�F�F�H�O�H�U�D�W�L�R�Q���L�V���P�H�D�V�X�U�D�E�O�H���G�X�H���W�R���W�K�H���V�X�E�W�O�H���H�I�I�H�F�W�V���R�I���W�K�H���U�R�W�D�W�L�R�Q���R�I���W�K�H���H�D�U�W�K����

Both these variables can be measured in each of the three- dimensional axes with X for ‘surge’, 

�<���I�R�U���¶�V�Z�D�\�·���D�Q�G���=���I�R�U���¶�K�H�D�Y�H�·�����)�H�K�O�P�D�Q�Q���H�W���D�O���������������������'�D�W�D���I�U�R�P���W�K�H���W�K�U�H�H���D�[�H�V���F�D�Q���D�O�V�R���E�H��

combined to give a g �H�Q�H�U�D�O���L�Q�G�H�[���R�I���E�R�G�\���P�R�W�L�R�Q�� 

�6�W�D�W�L�F���D�F�F�H�O�H�U�D�W�L�R�Q���Z�D�V���I�L�U�V�W���G�H�V�F�U�L�E�H�G���E�\���6�K�H�S�D�U�G���H�W���D�O����������������a) and this was calculated over 

�D�� �W�Z�R�� �V�H�F�R�Q�G�� �S�H�U�L�R�G�� ��� �� �H�S�R�F�K������ �(�Y�H�U�\�� �V�X�E�V�H�T�X�H�Q�W�� �V�W�X�G�\�� �W�R�� �G�D�W�H�� �K�D�V�� �D�O�V�R�� �F�D�O�F�X�O�D�W�H�G�� �W�K�L�V��

�S�D�U�D�P�H�W�H�U�� �R�Y�H�U�� �D�� �W�Z�R�� �V�H�F�R�Q�G�� �S�H�U�L�R�G���� �)�U�R�P�� �W�K�Hse results, the angles of pitch and roll are 

calculated, and can be converted to a  three -�G�L�P�H�Q�V�L�R�Q�D�O���R�U�L�H�Q�W�D�W�L�R�Q�����3�L�W�F�K���L�V���F�D�O�F�X�O�D�W�H�G���D�V���W�K�H��

arcsine of x and roll as the arcsine of y ���6�K�H�S�D�U�G���H�W���D�O���������������E�������:�K�L�O�V�W���L�W���L�V���S�R�V�V�L�E�O�H���W�R���X�V�H���H�D�F�K��

variable independently the most used approach is to combine all 3 axes together to obtain a 

me�D�V�X�U�H�� �R�I�� �D�F�F�H�O�H�U�D�W�L�R�Q���� �)�R�U�� �W�K�L�V�� �W�Z�R�� �D�S�S�U�R�D�F�K�H�V�� �K�D�Y�H�� �E�H�H�Q�� �X�V�H�G���� �7�U�L-axial dynamic body 

acceleration (DBA), which represents overall body movement ���)�H�K�O�P�D�Q�Q���H�W���D�O�������������������6�K�H�S�D�U�G��

�H�W���D�O���������������D�����:�L�O�V�R�Q��������������, is calculated as the difference between raw and static acceleration 

from each axis , as show�Q���L�Q���(�T�X�D�W�L�R�Q��������; 

DBA= |�T| + |�U| + |z|                ���(�T�X�D�W�L�R�Q���������� 

where x, y and z are the derived dynamic accelerations at any point in time corresponding to 

�W�K�H���W�K�U�H�H���R�U�W�K�R�J�R�Q�D�O���D�[�H�V���R�I���W�K�H���D�F�F�H�O�H�U�R�P�H�W�H�U�����7�K�H���V�H�F�R�Q�G���D�S�S�U�R�D�F�K���L�V���W�R���X�V�H�����W�K�H�L�U���Y�H�F�W�R�U�L�D�O��
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sum (VeDBA), which is computed using the dynamic components of the signal to assess the 

‘activity level’ of the individual given by ���$�O�Y�D�U�H�Q�J�D���H�W���D�O����������������, as expressed in Equation  �������� 

VeDBA=
¥x2+y2+z2                ���(�T�X�D�W�L�R�Q���������� 

Measuring these acceleration metrics has permi tted an alternative way to infer energy 

�H�[�S�H�Q�G�L�W�X�U�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���P�R�Y�H�P�H�Q�W�V���D�Q�G���E�H�K�D�Y�L�R�X�U�V�����)�D�K�O�P�D�Q���H�W���D�O�������������������*�O�H�L�V�V���H�W���D�O������

�������������+�D�O�V�H�\���H�W���D�O���������������D�����4�D�V�H�P���H�W���D�O���������������������,�Q���D�G�G�L�W�L�R�Q�����9�H�'�%�$���L�V���D���F�R�Q�V�L�G�H�U�H�G���D���S�U�R�[�\���I�R�U��

speed, having been found to b �H���F�R�U�U�H�O�D�W�H�G���W�R���W�K�H���V�S�H�H�G���R�I���D�Q�L�P�D�O�V�����%�L�G�G�H�U���H�W���D�O�����������������4�D�V�H�P��

�H�W���D�O���������������� 

1.11.3 Behaviour classification of activity using acceleration signals  

It has been demonstrated that various sheep activities on pasture can successfully be 

categorised from tri -axial accelerometers using the individual axes or a combination of them 

�L�Q�W�R���F�O�D�V�V�L�I�L�H�U���P�R�G�H�O�V�����$�O�Y�D�U�H�Q�J�D���H�W���D�O�������������������%�D�U�Z�L�F�N���H�W���D�O��������������b�������$�Q���L�Q�W�H�U�P�H�G�L�D�W�H���V�W�H�S���L�V��

required to translate raw data from accelerometers into specific ac�W�L�Y�L�W�L�H�V���� �7�K�L�V�� �L�Q�Y�R�O�Y�H�V��

automated classification of tri -axial data in combination with ‘true’ observations of the 

�E�H�K�D�Y�L�R�X�U���R�I���D�Q�L�P�D�O�V�����:�D�W�D�Q�D�E�H���H�W���D�O��������������������Essentially, at least three covariates (X, Y and 

�=�����D�U�H���X�V�H�G���D�V���I�H�D�W�X�U�H�V���W�R���F�O�D�V�V�L�I�\���R�E�V�H�U�Y�H�G���E�H�K�D�Y�L�R�X�U���L�Q�W�R���R�Q�H���R�I���W�K�H���V�D�P�S�O�H�����D�F�W�L�Y�L�W�\�����F�O�D�V�V�H�V����

The benefit of having a classification method is it can provide information about the 

uncertainty of the classification result ( Shamoun-�%�D�U�D�Q�H�V�� �H�W�� �D�O������ �������������� �7�K�H�U�H�I�R�U�H����any 

inferences made on animal behav iour should be considered in the context of the uncertainty in 

�W�K�H���F�O�D�V�V�L�I�L�H�U���P�R�G�H�O�V������ 

�6�H�Y�H�U�D�O���D�F�F�H�O�H�U�R�P�H�W�H�U���E�U�D�Q�G�V���R�Q���W�K�H���P�D�U�N�H�W���K�D�Y�H���I�X�O�I�L�O�O�H�G���W�K�L�V���L�Q�W�H�U�P�H�G�L�D�W�H���V�W�H�S�����7�Z�R���R�I���W�K�H��

most common examples referenced in published material are the IceTag ® (IceRobotics Ltd, 

�(�G�L�Q�E�X�U�J�K�����8�.�����1�L�H�O�V�R�Q�����������������0�D�W�W�D�F�K�L�Q�L���H�W���D�O�������������������+�R�J�E�H�U�J���H�W���D�O�������������������D�Q�G���,�F�H�4�X�E�H® 

���,�F�H�5�R�E�R�W�L�F�V�� �/�W�G���� �(�G�L�Q�E�X�U�J�K���� �8�.���� �'�H�� �0�R�O�� �H�W�� �D�O������ ������������ �'�R�O�H�F�K�H�F�N�� �H�W�� �D�O������ ������������ �W�U�L-axial 

�D�F�F�H�O�H�U�R�P�H�W�H�U�V�����7�K�H�\���R�I�I�H�U���W�K�H���D�G�Y�D�Q�W�D�J�H���R�I���S�U�R�Y�L�G�L�Q�J���D�Q���H�D�V�\-to-use output for automatically 

�U�H�F�R�U�G�H�G���S�R�V�W�X�U�H�V�����H���J�������V�W�D�Q�G�L�Q�J�����O�\�L�Q�J���D�Q�G���Q�X�P�E�H�U���R�I���V�W�H�S�V�����6�W�X�G�L�H�V���K�D�Y�H���E�H�H�Q���F�R�Q�G�X�F�W�H�G���W�R��

�Y�D�O�L�G�D�W�H���W�K�H���E�H�K�D�Y�L�R�X�U�D�O���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���F�O�D�L�P�V���I�R�U���E�R�W�K���W�K�H�V�H���V�H�Q�V�R�U�V���L�Q���O�D�P�E�V�����+�R�J�E�H�U�J���H�W���D�O������

�������������D�Q�G���F�D�W�W�O�H�����)�L�Q�Q�H�\���H�W���D�O���������������������:�K�L�O�V�W���H�D�V�\���W�R���X�V�H���D�Q�G���U�H�O�D�W�L�Y�H�O�\���K�D�V�V�O�H-free, there are 

some drawbacks, namely the limited control over what data to record and when to record it, 

and limited access to the raw data, with a ‘black -box’ industry algorithm making behavioural 
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predictions ( �1�D�W�K�D�Q�� �H�W�� �D�O������ ������������ These drawbacks translate into restricted computational 

�D�S�S�O�L�F�D�W�L�R�Q���R�Q���V�X�F�K���E�H�K�D�Y�L�R�X�U���G�D�W�D�����L�Q�Y�D�U�L�D�E�O�\���O�L�P�L�W�L�Q�J���L�Q�I�H�U�H�Q�F�H���W�K�D�W���F�D�Q���E�H���G�H�U�L�Y�H�G���W�K�H�U�H�L�Q�� 

An alternative is to seek out sensors that provide raw data and offer the advantage  of full 

control over what and when to record, flexibility with logging intervals, and no ‘black -box’ 

�D�O�J�R�U�L�W�K�P�V�����,�Q���W�K�H���O�L�W�H�U�D�W�X�U�H�����E�\���I�D�U���W�K�H���P�R�V�W���P�H�Q�W�L�R�Q�H�G���D�F�F�H�O�H�U�R�P�H�W�H�U���L�Q���W�K�L�V���F�D�W�H�J�R�U�\���L�V���W�K�H��

�+�2�%�2® Pendant G Acceleration Data Logger (Onset Computer Co �U�S������ �%�R�X�U�Q�H���� �0�$���� �8�6�$����

���/�H�G�J�H�U�Z�R�R�G�� �H�W�� �D�O������ ������������ �%�R�Q�N�� �H�W�� �D�O������ ������������ �1�L�H�O�V�H�Q���� ������������ �5�D�\�D�V-�$�P�R�U�� �H�W�� �D�O������ �������������� �7�K�L�V��

sensor offers the advantage that it has been validated for multiple behaviours in multiple 

species besides cattle, including goats (Moreau et a �O���������������������S�L�J�V�����5�L�Q�J�J�H�Q�E�H�U�J���H�W���D�O���������������������D�Q�G��

�W�X�U�N�H�\�V�����'�D�O�W�R�Q���H�W���D�O���������������������$�V���R�I���Z�U�L�W�L�Q�J���W�K�L�V���U�H�Y�L�H�Z�����W�K�H���P�D�[�L�P�X�P���P�H�P�R�U�\���D�O�O�R�Z�D�Q�F�H���I�R�U��

�W�K�H�� �+�2�%�2�� �L�V�� ������ �.�%�� �Z�K�L�F�K�� �P�H�D�Q�V�� �L�W�� �U�H�T�X�L�U�H�V�� �U�H�J�X�O�D�U�� �U�H�P�R�Y�D�O�� �D�Q�G�� �G�D�W�D�� �G�R�Z�Q�O�R�D�G��

���K�W�W�S�������Z�Z�Z���R�Q�V�H�W�F�R�P�S���F�R�P�������$�Q�R�W�K�H�U���I�D�F�W�Rr to consider with this approach is that it requires 

�G�D�W�D���D�Q�G���F�R�P�S�X�W�D�W�L�R�Q�D�O���Z�R�U�N���I�R�U���R�X�W�S�X�W���V�X�F�K���D�V���D�F�W�L�Y�L�W�\���E�X�G�J�H�W�V�����E�H�K�D�Y�L�R�X�U���E�R�X�W�V���D�Q�G���H�Y�H�Q�W�V����

�2�Y�H�U�D�O�O�����L�W���Z�L�O�O���G�H�S�H�Q�G���R�Q���W�K�H���U�H�V�H�D�U�F�K�H�U�V�·���T�X�H�V�W�L�R�Q���D�Q�G���Z�K�D�W���R�S�W�L�R�Q�V���D�U�H���D�Y�D�L�O�D�E�O�H���W�R���W�K�H�P�� 

������2 Models and m ethodology for studies that provide data on feed intake 

in relation to GIN  

The standard model for studies investigating the impact of PIA on feed intake and performance 

compare uninfected or anthelmintic -�W�U�H�D�W�H�G���J�U�R�X�S�V���R�I���D�Q�L�P�D�O�V���Z�L�W�K���X�Q�W�U�H�D�W�H�G���F�R�Q�W�U�R�O�V����The 

anthelmintic protocols used in different studies to assess feed intake of GINs in ruminants 

have ranged across the spectrum from injectable, short -�D�F�W�L�Q�J���R�U�D�O���H���J�����P�R�Q�H�S�D�Q�W�H�O�����W�R���O�R�Q�J�H�U��

acting injectable and topically applied anthelmintics, to sustained  release and long acting, 

intra -�U�X�P�L�Q�D�O���L�Y�H�U�P�H�F�W�L�Q���E�R�O�X�V�H�V�����)�R�U�E�H�V���H�W���D�O������������������ �+�R�Z�H�Y�H�U�����V�H�O�H�F�W�L�Y�H�O�\���E�U�H�G���D�Q�L�P�D�O�V�����W�K�D�W��

is for resistance or resilience to parasites) have also been used to investigate the effects of PIA 

on intake and performance (Greer e �W���D�O�������������������D�Q�G���D�U�H���J�H�Q�H�U�D�O�O�\���D�X�J�P�H�Q�W�H�G���Z�L�W�K���D�Q�W�K�H�O�P�L�Q�W�L�F��

�W�U�H�D�W�P�H�Q�W���D�V���D���I�D�F�W�R�U�����7�\�S�L�F�D�O�O�\�����W�K�H���Q�X�P�E�H�U���R�I���D�Q�L�P�D�O�V���X�V�H�G���L�Q���L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V���K�D�Y�H���U�D�Q�J�H�G��

�I�U�R�P���V�L�[���W�R�����������$���P�L�Q�L�P�X�P���Q�X�P�E�H�U���R�I���V�L�[���D�Q�L�P�D�O�V���Z�D�V���S�U�H�V�F�U�L�E�H�G���I�R�U���G�H�W�H�F�W�L�Q�J���D���S�U�R�S�R�U�W�L�R�Q�D�O��

difference of ���������L�Q���R�U�J�D�Q�L�F���P�D�W�W�H�U���L�Q�W�D�N�H���X�V�L�Q�J���D���F�R�Q�W�L�Q�X�R�X�V���U�H�O�H�D�V�H���G�H�Y�L�F�H���D�W�����������R�I���W�K�H���W�L�P�H��

�E�H�W�Z�H�H�Q���L�Q�I�H�F�W�H�G���D�Q�G���X�Q�L�Q�I�H�F�W�H�G���D�Q�L�P�D�O�V�����&�U�X�L�F�N�V�K�D�Q�N���H�W���D�O������������6���� �+�H�Q�F�H�� it is likely that 

�D�Q�L�P�D�O���Q�X�P�E�H�U�V���L�Q���W�K�H���U�D�Q�J�H���R�I���������W�R���������S�H�U���J�U�R�X�S���V�K�R�X�O�G���V�X�I�I�L�F�H���I�R�U���L�Q�Y�H�V�W�L�J�D�W�L�Qg the impact 

on lambs’ feeding behaviour  from �*�,�1�� 

Most of the field studies that have investigated PIA and feed intake in sheep have had to 

contend with interpreting multiple interacting variables , such as grazing behaviour with feed 
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intake and other grow th and parasitological parameters  ���+�X�W�F�K�L�Q�J�V���H�W���D�O�������������������&�R�V�J�U�R�Y�H���D�Q�G��

�1�L�H�]�H�Q���� ������������ �7�K�D�P�V�E�R�U�J�� �D�Q�G�� �$�J�H�U�J�D�D�U�G���� ��������������In several of these instances, statistically 

significant interaction effects  have been found�����:�K�L�O�V�W�� �Lnteractions are not uncommon in 

complex systems, they  can �S�U�H�V�H�Q�W���G�L�I�I�L�F�X�O�W�L�H�V���L�Q�W�H�U�S�U�H�W�L�Q�J���W�K�H���E�L�R�O�R�J�L�F�D�O���V�H�Q�V�H���R�I���W�K�H���I�L�Q�G�L�Q�J�V�� 

In the social sciences, psychologists use a suite of tools to assist with making meaningful 

�L�Q�I�H�U�H�Q�F�H�V�� �I�U�R�P�� �L�Q�W�H�U�D�F�W�L�R�Q�� �H�I�I�H�F�W�V���� �L�Q�F�O�X�G�L�Q�J�� �F�R�Q�V�L�G�H�U�D�W�L�R�Q�� �R�I�� �W�K�H�� �V�L�]�H�� �R�I�� �W�K�H�V�H�� �H�I�I�H�F�W�V����For 

example, �%�R�G�Q�H�U�����������������D�Q�G���%�D�X�H�U���D�Q�G���&�X�U�U�D�Q�����������������G�H�W�D�L�O���W�K�H���X�V�H���R�I the Johnson -Neyman 

technique, which is a focused comparison test of interactions that highlights the range of values 

�R�Q���W�K�H���F�R�Y�D�U�L�D�W�H���V�F�D�O�H���E�H�W�Z�H�H�Q���Z�K�L�F�K���W�K�H���W�U�H�D�W�P�H�Q�W���O�L�Q�H�V���D�U�H���V�L�J�Q�L�I�L�F�D�Q�W�O�\���V�H�S�D�U�D�W�H�G�����:�K�L�O�V�W��

these techniques have not been commonly used in parasitology studies, they could be employed 

to help explain potential interaction effects when investigating the behaviour of sheep in 

�U�H�V�S�R�Q�V�H���W�R���*�,�1���S�D�U�D�V�L�W�L�V�P�� 

The likely design of the  proposed studies in the present thesis inevitably lend themselve s to 

�U�H�F�R�U�G�L�Q�J���D�Q�G���F�R�O�O�H�F�W�L�R�Q���R�I���G�D�W�D���Z�L�W�K���V�S�H�F�L�I�L�F���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�����U�H�T�X�L�U�L�Q�J���V�S�H�F�L�I�L�F���W�R�R�O�V���W�R���D�Q�D�O�\�V�H����

Parasite data will be collected as ‘Count ’ data�� Due to the skewness of count data, FEC has 

been analysed parametrically by transforming the data vari ously, including inverse 

�W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�� ���%�L�V�K�R�S�� �D�Q�G�� �6�W�H�D�U���� �������������� �O�R�J�D�U�L�W�K�P�� �W�R�� �E�D�V�H�� ������ ���*�U�H�H�U�� �H�W�� �D�O������ �������������� �Z�K�L�F�K��

�X�V�X�D�O�O�\���D�F�F�R�P�S�D�Q�L�H�G���E�\���D�G�G�L�W�L�R�Q���R�I���D���F�R�Q�V�W�D�Q�W�����H���J�������K�D�O�I���W�K�H���P�H�D�V�X�U�H�P�H�Q�W���L�Q�F�U�H�P�H�Q�W�����R�U���M�X�V�W��

simply adding ‘1’) since for zero counts the log �D�U�L�W�K�P���R�I���]�H�U�R���L�V���Q�R�W���D���I�L�Q�L�W�H���Q�X�P�E�H�U�����2�W�K�H�U�V���K�D�Y�H��

opposed the use of transformations for count data (Alexandar, 2012), considering the addition 

�R�I���D���Y�D�O�X�H�����X�V�X�D�O�O�\���������W�R���W�K�H���Z�K�R�O�H���G�D�W�D���Z�K�H�Q���D���V�L�Q�J�O�H���]�H�U�R���H�[�L�V�W�V���I�X�G�J�L�Q�J���R�I���W�K�H���G�D�W�D�����+�R�Z�H�Y�H�U����

when the dispe rsion in the count data is small er and the mean counts are large r, 

transformation of count data  is satisfactory to model FEC �����2�W�K�H�U���D�S�S�U�R�D�F�K�H�V���K�D�Y�H���L�Q�F�O�X�G�H�G��

the use of non-parametric tests ( �'�H�Q�Z�R�R�G���H�W���D�O������ ��������) and the use of techniques based on 

skewed distributions such as the Poisson, or negative binomial when there is evidence of 

overdispersion in the data ( �0�R�U�J�D�Q���H�W���D�O�������������������%�U�R�R�N�V���H�W���D�O���������������������2�I�W�H�Q���J�H�R�P�H�W�U�L�F���P�H�D�Q�V��

are used to describe parasite count data since the use of arithmetic means are precluded due 

�W�R���W�K�H���H�[�W�U�H�P�H�O�\���K�L�J�K���Y�D�O�X�H�V���W�K�D�W���L�Q�I�O�X�H�Q�F�H���W�K�H���G�D�W�D�����U�H�Y�L�H�Z�H�G���E�\���$�O�H�[�D�Q�G�H�U������������������ 

Proportional data such as activity budgets, are peculiar because the components sum to 1; 

attempts to apply statistical methods designed for unconstrained data m ay therefore lead to 

inappropriate inference ( �5�H�J�X�O�D�U�� �H�W�� �D�O���� �������������� �7�R�� �D�F�F�R�X�Q�W�� �I�R�U�� �W�K�L�V�� �Q�X�P�H�U�L�F�D�O�� �F�R�Q�V�W�U�D�L�Q�W���� �D��

�'�L�U�L�F�K�O�H�W���P�L�[�H�G���P�R�G�H�O���K�D�V���E�H�H�Q���S�U�R�S�R�V�H�G�����'�R�X�P�D���D�Q�G���:�H�H�G�R�Q�������������������$�V���W�K�H���P�X�O�W�L�Y�D�U�L�D�W�H��

generalization of the beta distribution, the Dirichlet dis tribution is useful for analysing 
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�F�R�P�S�R�V�L�W�L�R�Q�D�O�� �G�D�W�D�� ���5�H�J�X�O�D�U�� �H�W�� �D�O������ �������������� �$�S�S�O�\�L�Q�J�� �W�K�L�V�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �D�O�O�R�Z�V�� �I�R�U�� �W�K�H��

simultaneous assessment of the effects of covariates on the relative contribution of multiple 

activities ���*�X�H�R�U�J�X�L�H�Y�D�� �H�W�� �D�O������ �������������� �$�F�W�Lvity data have also been subject to several 

�W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�V���� �L�Q�F�O�X�G�L�Q�J�� �W�K�H�� �-�R�K�Q�V�R�Q�� �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�� ���%�X�U�J�X�Q�G�H�U�� �H�W�� �D�O������ �������������� �2�W�K�H�U��

transformations include the scaling and centering of data, especially when multiple continuous 

covariates exist in the data on  �G�L�I�I�H�U�H�Q�W���V�F�D�O�H�V�����%�U�R���D�Q�G���6�P�L�O�G�H���������������� 

������3 Conclusion 

Sustainable control of GI nematodes has become a topical issue due to the increasing 

prevalence of anthelmintic resistance  (Section 1.6.2)�����$�F�K�L�H�Y�L�Q�J���V�X�V�W�D�L�Q�D�E�O�H���F�R�Q�W�U�R�O���L�V���I�D�F�H�G��

with context -specific challenges including farm management and climate, all of which 

�L�Q�I�O�X�H�Q�F�H���S�D�U�D�V�L�W�H���H�S�L�G�H�P�L�R�O�R�J�\�����7�K�H���N�H�\���D�L�P���W�R���V�X�V�W�D�L�Q�D�E�O�H���F�R�Q�W�U�R�O���D�S�S�U�R�D�F�K�H�V���L�V���W�R���P�L�W�L�J�D�W�H��

parasite induced ill health by reducing exposure to infective larvae, but  with reduced use of 

anthelmintics  (Besier, 2012)�����$�F�K�L�H�Y�L�Q�J���D���E�D�O�D�Q�F�H���L�V���L�Q�F�U�H�G�L�E�O�\���F�K�D�O�O�H�Q�J�L�Q�J�����$�F�F�R�U�G�L�Q�J�O�\�����D�����R�Q�H��

�V�L�]�H�� �I�L�W�V�� �D�O�O���� �V�W�U�D�W�H�J�\�� �L�V�� �Q�R�W�� �D�S�S�U�R�S�U�L�D�W�H�� �I�R�U�� �H�I�I�H�F�W�L�Y�H�� �F�R�Q�W�U�R�O�� �R�I�� �*�,�1�� �D�V�� �V�H�Y�H�U�D�O�� �I�D�F�W�R�U�V�� �D�G�G��

�L�P�S�R�U�W�D�Q�W���Y�D�U�L�D�W�L�R�Q�V���W�R���W�K�H���G�\�Q�D�P�L�F�V���R�I���W�K�H���L�Q�I�H�F�W�L�R�Q�V�����)�R�U���L�Q�V�Wance, changing climate patterns 

will likely increase the length of the parasite season and may equally affect grazing patterns 

�W�K�U�R�X�J�K���H�I�I�H�F�W�V���R�Q���V�H�D�V�R�Q�D�O���J�U�D�V�V���J�U�R�Z�W�K�������7�K�H���F�R�Q�V�H�T�X�H�Q�F�H�V���R�I���V�X�F�K���F�K�D�Q�J�H�V���D�U�H���\�H�W���W�R���E�H���I�X�O�O�\��

appreciated but will inevitably r equire changes from the ‘tried and tested’ and the adoption of 

�Q�R�Y�H�O�� �D�S�S�U�R�D�F�K�H�V���� �� �7�K�L�V�� �U�H�Y�L�H�Z��has discussed optimised use of anthelmintics and non -

pharmaceutical options, such as selective breeding that have been charted to sustainably 

�P�D�Q�J�H���*�,�1�V�����6�S�H�F�L�I�L�F discussion include d the use of tools with the potential to measure and 

monitor PIA in pasture -based systems and which can inform the use of anthelmintics that 

�V�H�U�Y�H�V���S�U�L�P�D�U�L�O�\���W�R���H�Q�K�D�Q�F�H���I�H�H�G���L�Q�W�D�N�H�����7�K�H���Q�H�H�G���W�R���Y�D�O�L�G�D�W�H���W�K�H���W�R�R�O�V��required to achieve this  

has been highlighted and benefits from promising results in other areas of animal behaviour 

�U�H�V�H�D�U�F�K�����,�Q���V�R���G�R�L�Q�J�����L�W���L�V���R�I���S�L�Y�R�W�D�O���L�P�S�R�U�W�D�Q�F�H���W�R���F�R�Q�G�X�F�W���V�W�X�G�L�H�V���X�Q�G�H�U���F�R�Q�G�L�W�L�R�Q�V���W�K�D�W���D�U�H���D�V��

close as possible to the normal conditions of pastoral livestock  �I�D�U�P�L�Q�J�������,�Q���D�G�G�L�W�L�R�Q�����Y�D�O�L�G�D�W�L�R�Q��

metrics should be tested for their accuracy in measuring the variables for which they are proxy 

�W�R�����H���J�����Y�D�O�L�G�D�W�L�Q�J���W�K�H���S�U�H�F�L�V�L�R�Q���R�I���G�L�V�W�D�Q�F�H���P�R�Y�H�G���D�V���D���V�X�U�U�R�J�D�W�H���I�R�U���J�U�D�]�L�Q�J����� � � � �7�K�L�V���U�H�Y�L�H�Z��

highlights that there is a need  for these tools to answer a broad range of questions with regards 

to their use to assess the impact of GINs; answers which can distil the complexity of optimizing 

�*�,�1�� �P�D�Q�D�J�H�P�H�Q�W�� �L�Q�W�R�� �V�X�S�S�R�U�W�� �V�\�V�W�H�P�V�� �W�R�� �D�L�G�� �Y�H�W�H�U�L�Q�D�U�L�D�Q�V���� �D�G�Y�L�V�H�U�V�� �D�Q�G�� �I�D�U�P�H�U�V����

Consequently , support tools will need to be robust, adaptable and flexible enough to compare 
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�W�U�H�D�W�P�H�Q�W���J�U�R�X�S�V�����E�X�W���X�O�W�L�P�D�W�H�O�\���E�H���D�E�O�H���W�R���F�R�P�S�D�U�H���D�Q���L�Q�G�L�Y�L�G�X�D�O���W�R���L�W�V�H�O�I�����L���H�������W�R���G�H�W�H�F�W���F�K�D�Q�J�H��

in an individual’s own metrics over time) and how that compares to the rest  �R�I�� �W�K�H�� �V�W�R�F�N����

Eventually these research findings need to be adapted for use in real -life farming 

�H�Q�Y�L�U�R�Q�P�H�Q�W�V�������7�K�L�V���W�K�H�V�L�V���Z�L�O�O���Q�R�W���O�L�N�H�O�\���D�G�G�U�H�V�V���D�O�O���W�K�H�V�H���W�K�H�P�H�V�����E�X�W���L�W���L�V���W�K�H���S�U�H�P�L�V�H���X�S�R�Q��

�Z�K�L�F�K���L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V���Z�L�O�O���H�Q�V�X�H�� 

������4 Aims of the Research  

Overall, this PhD seeks to expand the understanding of the impact of gastrointestinal 

nematodes on young and adult sheep and to interpret their behavioural response when they 

�K�D�Y�H�� �V�X�E�F�O�L�Q�L�F�D�O�� �E�X�U�G�H�Q�V�� �R�I�� �*�,�1�V���� �7�K�H�� �R�Y�H�U�D�O�O�� �R�E�M�H�F�W�L�Y�H�� �Z�D�V�� �W�R�� �G�H�W�H�U�P�L�Q�H�� �L�I�� �E�H�K�D�Y�L�R�Xral 

changes are measurable and make suggestions on the utility of these as an indicator for 

�W�D�U�J�H�W�H�G���V�H�O�H�F�W�L�Y�H���W�U�H�D�W�P�H�Q�W���R�I���*�,�1���S�D�U�D�V�L�W�L�V�P�� 

This thesis was directed towards the following specific aims:  

���� To conduct a preliminary investigation of the impact o f gastrointestinal nematodes on 

young sheep using a simple measure of overall activity ( Chapter 2 )  

���� To ascertain the accuracy of the devices and methods intended to be used for measuring 

behaviour of sheep (Chapter 3  and 4���� 

���� To undertake studies on growing  lambs (Chapter 5 ), and adult sheep ( Chapter 6 ) 

that demonstrate the behavioural changes associated with gastrointestinal nematode 

�S�D�U�D�V�L�W�L�V�P�� 

���� To investigate the impact of host phenotype (resilience verses resistance to GIN 

parasitism) on movement and beha viour of sheep (Chapter 7).  

���� In the general discussion, the main objectives were two -fold: to summarize how GIN 

parasitism affects movement and behaviour in sheep; and to propose a roadmap for 

deploying changes in sheep behaviour farm side as a marker of pa rasitism that could 

lead to optimal performance through targeted control of GIN infection ( Chapter 8 ���� 

�������� Declaration  

Each research chapter was written as a manuscript intended for publication in a refereed 

journal, hence some repetitions of background �L�Q�I�R�U�P�D�W�L�R�Q�� �R�F�F�X�U�� �W�K�U�R�X�J�K�R�X�W�� �W�K�H�� �W�K�H�V�L�V����

Chapter 2  �K�D�V���E�H�H�Q���S�X�E�O�L�V�K�H�G���L�Q���9�H�W�H�U�L�Q�D�U�\���3�D�U�D�V�L�W�R�O�R�J�\����Chapter 3  and 4 are intended for 



 

 ����  

�V�X�E�P�L�V�V�L�R�Q���W�R���$�Q�L�P�D�O�V�����0�'�3�,�������D�Q�G���&�R�P�S�X�W�H�U�V���D�Q�G���(�O�H�F�W�U�R�Q�L�F�V���L�Q���$�J�U�L�F�X�O�W�X�U�H���U�H�V�S�H�F�W�L�Y�H�O�\����

Chapter 5  was written as two manuscripts intended for submission to Veterinary 

Parasitology and Applied Animal Behaviour Science ����Chapter 6  and 7 are intended for 

submission in Veterinary  Parasitology ���� 
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CHAPTER 2 – GASTROINTESTINAL NEMATODE INFECTION AFFECTS 
OVERALL ACTIVITY IN YOUNG SHEEP MONITORED WITH TRI-AXIAL 
ACCELEROMETERS 

������ Abstract  

Animals suffering from parasitism typically display altered grazing behavi our and a voluntary 

�U�H�G�X�F�W�L�R�Q�� �L�Q�� �I�H�H�G�� �L�Q�W�D�N�H���� �7�K�H�V�H�� �F�K�D�Q�J�H�V�� �D�U�H���S�R�W�H�Q�W�L�D�O�O�\�� �L�P�S�R�U�W�D�Q�W�� �D�V�� �L�Q�G�L�F�D�W�R�U�V�� �R�I�� �G�L�V�H�D�V�H����

Recent advances in sensor technologies provide the opportunity to objectively measure animal 

�D�F�W�L�Y�L�W�\�� �Z�K�L�O�H�� �R�Q�� �S�D�V�W�X�U�H���� �7�U�L-axial accelerometers  measure body movement in terms of 

�D�F�F�H�O�H�U�D�W�L�R�Q���� �Z�K�L�F�K�� �F�D�Q�� �W�K�H�Q�� �E�H�� �X�V�H�G�� �W�R�� �H�V�W�L�P�D�W�H�� �S�K�\�V�L�F�D�O�� �D�F�W�L�Y�L�W�\�� �R�Y�H�U�� �W�L�P�H���� �7�K�L�V�� �V�W�X�G�\��

investigated if tri- axial measures of overall activity can be used to assess the impact of 

gastrointestinal nematode (GIN) infection  �L�Q���\�R�X�Q�J���V�K�H�H�S�����7�R���D�G�G�U�H�V�V���W�K�L�V�����W�K�H���R�Y�H�U�D�O�O���D�F�W�L�Y�L�W�\����

faecal nematode egg count (FEC) and body weight of two treatment groups of Romney X 

�6�X�I�I�R�O�N�� �U�D�P�� �O�D�P�E�V�� �Z�H�U�H�� �F�R�P�S�D�U�H�G���� �$�Q�L�P�D�O�V�� �Z�H�U�H�� �P�R�Q�L�W�R�U�H�G�� �I�R�U�� �I�R�X�U�� �G�D�\�V�� �X�V�L�Q�J�� �W�U�L-axial 

accelerometer sensors mounted on a ram mating harness after 42 -days grazing on 

�F�R�Q�W�D�P�L�Q�D�W�H�G�� �S�D�V�W�X�U�H���� �� �2�Q�� �'�D�\�� ������ �D�O�O�� �O�D�P�E�V�� �Z�H�U�H�� �J�L�Y�H�Q�� �D�Q�W�K�H�O�P�L�Q�W�L�F�V���� �6�X�E�V�H�T�X�H�Q�W�O�\���� �D��

�6�X�S�S�U�H�V�V�L�Y�H���7�U�H�D�W�P�H�Q�W���*�U�R�X�S�����Q��� �����������Z�D�V���W�U�H�D�W�H�G���Z�L�W�K���D�Q�W�K�H�O�P�L�Q�W�L�F�V���H�Y�H�U�\���W�Z�R���Z�H�H�N�V�����$�Q��

Untreated Group (n = 12) did not r �H�F�H�L�Y�H���I�X�U�W�K�H�U���D�Q�W�K�H�O�P�L�Q�W�L�F�V�����2�Y�H�U�D�O�O���D�F�W�L�Y�L�W�\���O�H�Y�H�O�V���Z�H�U�H��

monitored from Day 42 –  �������� �$�F�W�L�Y�L�W�\�� �O�H�Y�H�O�� �Z�D�V�� �F�D�O�F�X�O�D�W�H�G�� �D�V�� �Y�H�F�W�R�U�L�D�O�� �G�\�Q�D�P�L�F�� �E�R�G�\��

�D�F�F�H�O�H�U�D�W�L�R�Q�����9�H�'�%�$�������$�Q�W�K�H�O�P�L�Q�W�L�F���W�U�H�D�W�P�H�Q�W���K�D�G���D���V�L�J�Q�L�I�L�F�D�Q�W���H�I�I�H�F�W���R�Q���)�(�&���E�X�W���W�K�H�U�H���Z�D�V��

no evidence found for a treatment effect on body weight growth over the 42 -�G�D�\���S�H�U�L�R�G�����$�Q��

effect of treatment and lamb starting weight on overall activity was found (beta = –��������������������

CI –�����������W�R��–������������p � ��������������, identifying a negative impact of parasitism on activity in heav ier 

�D�Q�L�P�D�O�V�������7�K�H�V�H���U�H�V�X�O�W�V���K�L�J�K�O�L�J�K�W���W�K�H���X�V�H�I�X�O�Q�H�V�V���R�I���W�K�L�V���D�S�S�U�R�D�F�K���L�Q���D�V�V�H�V�V�L�Q�J���W�K�H���H�I�I�H�F�W���R�I���*�,�1��

�S�D�U�D�V�L�W�L�V�P���R�Q���V�K�H�H�S���P�R�Q�L�W�R�U�H�G���U�H�P�R�W�H�O�\�����,�I���D���W�K�U�H�V�K�R�O�G���Y�D�O�X�H���R�I���D�F�W�L�Y�L�W�\���F�R�X�O�G���E�H���G�H�W�H�U�P�L�Q�H�G����

it could provide a useful tool for farmers and managers that serves as an early indicator of 

�S�D�U�D�V�L�W�L�V�P���L�Q���V�K�H�H�S�� 

Keywords:  Activity level; sheep; gastrointestinal nematodes; accelerometers; remote 

monitoring  
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����2 Introduction  

Gastrointestinal nematode (GIN) infections are costly, both from a biological and from a 

�P�D�Q�D�J�H�P�H�Q�W�� �S�R�L�Q�W�� �R�I�� �Y�L�H�Z�� ���9�D�Q�G�H�� �9�H�O�G�H�� �H�W�� �D�O������ �������������� �� �7�K�H�V�H�� �S�D�U�D�V�L�W�H�V�� �L�Q�K�D�E�L�W�� �W�K�H�� �J�X�W�� �R�I��

animals, including ruminant hosts, eliciting a myriad of pathologies, which vary in intensity 

�D�Q�G���G�X�U�D�W�L�R�Q�����'�L�D�J�Q�R�V�L�Q�J�����W�U�H�D�W�L�Q�J���D�Q�G���F�R�Q�W�U�R�O�O�L�Q�J���W�K�H�V�H���L�Q�I�H�F�W�L�R�Qs to optimise productivity 

�R�X�W�F�R�P�H�V���L�P�S�R�V�H���O�D�E�R�X�U���D�Q�G���I�L�Q�D�Q�F�L�D�O���F�R�V�W�V���R�Q���I�D�U�P�H�U�V���D�Q�G���P�D�Q�D�J�H�U�V�����&�K�D�U�O�L�H�U���H�W���D�O��������������������

This is further complicated by widespread increases in anthelmintic resistance,  an 

unavoidable consequence of heavy reliance on the use o f broad-spectrum anthelmintics for 

�K�H�O�P�L�Q�W�K���F�R�Q�W�U�R�O�����9�H�U�F�U�X�\�V�V�H���H�W���D�O���������������������5�X�P�L�Q�D�Q�W�V���V�X�I�I�H�U�L�Q�J���I�U�R�P���*�,�1���S�D�U�D�V�L�W�L�V�P���W�\�S�L�F�D�O�O�\��

display a number of clinical signs, including a reduction in voluntary feed intake and altered 

�J�U�D�]�L�Q�J�� �E�H�K�D�Y�L�R�X�U�� ���)�R�[���� �������������� �7hese clinical signs and altered behaviours are usually 

associated with changes in protein and energy allocation to functions such as mounting an 

�L�P�P�X�Q�H���U�H�V�S�R�Q�V�H���W�R���L�Q�I�H�F�W�L�Q�J���S�D�U�D�V�L�W�H�V�����:�D�O�N�G�H�Q-�%�U�R�Z�Q���D�Q�G���.�D�K�Q���������������� 

Changes in grazing behaviour and activit �\���L�Q���*�,�1���L�Q�I�H�F�W�H�G���U�X�P�L�Q�D�Q�W�V���K�D�V���E�H�H�Q���Z�L�G�H�O�\���V�W�X�G�L�H�G������

Investigating reindeer calves in a semi -�G�R�P�H�V�W�L�F�D�W�H�G���V�\�V�W�H�P�����$�U�Q�H�E�H�U�J���H�W���D�O�������������������V�K�R�Z�H�G��

�W�K�D�W���X�Q�W�U�H�D�W�H�G���F�R�Q�W�U�R�O�V���F�R�Q�V�X�P�H�G�����������O�H�V�V���I�H�H�G���W�K�D�Q���W�K�R�V�H���W�U�H�D�W�H�G���Z�L�W�K���L�Y�H�U�P�H�F�W�L�Q���G�X�U�L�Q�J���W�K�H��

�V�W�X�G�\���S�H�U�L�R�G�����,�Q���V�K�H�H�S�����+�X�W�F�K�L�Q�J�V���H�W���D�O�������������������R�E�V�H�U�Y�H�G���S�D�U�D�V�L�W�H���L�Q�I�H�F�W�H�G���D�Q�L�P�D�O�V���K�D�G���D��������������

reduction in feed intake, which was associated with ~40 minutes less grazing time per day 

�F�R�P�S�D�U�H�G���Z�L�W�K���W�K�H�L�U���X�Q�L�Q�I�H�F�W�H�G���F�R�X�Q�W�H�U�S�D�U�W�V����Young dairy heifers treated with eprinomecti n 

�K�D�G�����������P�R�U�H���G�D�L�O�\���J�U�D�]�L�Q�J���W�L�P�H���W�K�D�Q���F�R�Q�W�U�R�O���D�Q�L�P�D�O�V���L�Q�I�H�F�W�H�G���Z�L�W�K���*�,�1�����)�R�U�E�H�V���H�W���D�O��������������������

In female Grant’s gazelle ( Nanger granti ������ �:�R�U�V�O�H�\-Tonks and Ezenwa  �������������� �I�R�X�Q�G�� �W�K�D�W��

nematode infected animals allocated energy to behaviours differently from uninfected animals, 

�U�H�V�X�O�W�L�Q�J���L�Q���L�Q�F�U�H�D�V�H�G���I�R�U�D�J�L�Q�J���W�L�P�H���L�Q���W�K�H���O�D�W�W�H�U�����0�R�U�H���U�H�F�H�Q�W�O�\�����I�L�U�V�W���V�H�D�V�R�Q���J�U�D�]�L�Q�J���V�W�H�H�U�V��

infected with GIN have been shown to have a significant increase in time spent laying down 

�F�R�P�S�D�U�H�G���Z�L�W�K���W�U�H�D�W�H�G���D�Q�L�P�D�O�V�����+�|�J�E�H�U�J���H�W���D�O�������������������� 

To date, no method exists that utilises energy use and behaviour change to alert managers to 

an early GIN infection that they can act on, especially with shee �S���R�Q���S�D�V�W�X�U�H�����7�K�H���H�Q�H�U�J�H�W�L�F��

cost for moving land animals has been assessed traditionally by  measuring rates of respiratory 

�J�D�V���H�[�F�K�D�Q�J�H���L�Q���W�K�H���O�D�E�R�U�D�W�R�U�\�����*�O�H�L�V�V���H�W���D�O���������������������,�Q���W�K�H���I�L�H�O�G�����G�L�U�H�F�W���Y�L�V�X�D�O���R�E�V�H�U�Y�D�W�L�R�Q�V���D�Q�G��

video recordings have been the con �Y�H�Q�W�L�R�Q�D�O���D�S�S�U�R�D�F�K���X�V�H�G���W�R���V�W�X�G�\���D�Q�L�P�D�O���D�F�W�L�Y�L�W�\���S�D�W�W�H�U�Q�V����

�7�K�L�V�� �D�S�S�U�R�D�F�K�� �K�D�V�� �W�K�H�� �O�L�P�L�W�D�W�L�R�Q�� �R�I�� �E�H�L�Q�J�� �W�L�P�H�� �D�Q�G�� �O�D�E�R�X�U�� �L�Q�W�H�Q�V�L�Y�H���� �7�K�H�U�H�� �L�V�� �D�O�V�R�� �W�K�H��



 

 ����  

hindrance of observer bias and inability to continue observation in difficult weather conditions 

���%�U�R�Z�Q���H�W���D�O�������������������� 

Recent advances in tri -axial accelerometers offer a non -invasive method to measure all small -

�V�F�D�O�H���E�R�G�\���P�R�Y�H�P�H�Q�W�V���R�I���D�Q���L�Q�G�L�Y�L�G�X�D�O���L�Q���W�K�H���I�L�H�O�G�������7�K�L�V���W�H�F�K�Q�R�O�R�J�\���J�H�Q�H�U�D�W�H�V���D���K�L�J�K�O�\���G�H�W�D�L�O�H�G��

dataset, recording small movements of the body 24 hours �D���G�D�\�����V�H�Y�H�Q���G�D�\�V���D���Z�H�H�N�����$�O�V�R�����V�P�D�O�O��

movements that might not lead to actual displacement of the body are recorded, which are 

�L�P�S�R�U�W�D�Q�W���D�V���W�K�H�\���D�O�V�R���F�R�V�W���H�Q�H�U�J�\�����7�K�H���D�L�P���R�I���W�K�L�V���V�W�X�G�\���Z�D�V���W�R���L�Q�Y�H�V�W�L�J�D�W�H���Z�K�H�W�K�H�U���W�U�L-axial 

accelerometers can be used to assess the impact of GIN infection in sheep  on measures of 

overall activity ���� �7�K�H�� �R�E�M�H�F�W�L�Y�H�� �Z�D�V�� �W�R�� �H�[�S�O�R�U�H�� �W�K�H�� �V�L�P�S�O�H�V�W�� �P�H�D�V�X�U�H�� �S�R�V�V�L�E�O�H�� �W�R�� �D�V�V�H�V�V�� �L�W�V��

applicability by the end user without complex machine learning to characterise the different 

�E�H�K�D�Y�L�R�X�U�V�����7�K�L�V��study hypothesises that young sheep developing even modest GIN burdens 

will graze for shorter periods, idle more and move less and that this will translate into reduced 

�R�Y�H�U�D�O�O���D�F�W�L�Y�L�W�\�� 

����3 Material and methods  

The study was conducted at the Massey University sheep unit, Palmerston North, New 

�=�H�D�O�D�Q�G���������Ý�������·�����µ���6���������Ý�������·�����µ���(���������P���H�O�H�Y�D�W�L�R�Q�����E�H�W�Z�H�H�Q���-�X�Q�H���������D�Q�G���$�X�J�X�V�W���������������������Z�K�L�F�K��

�L�V�� �G�X�U�L�Q�J�� �Z�L�Q�W�H�U�� �L�Q�� �W�K�L�V�� �O�R�F�D�W�L�R�Q���� �(�W�K�L�F�D�O�� �D�S�S�U�R�Y�D�O�� �Z�D�V�� �S�U�R�Y�L�G�H�G�� �E�\�� �W�K�H���0�D�V�V�H�\�� �8�Q�L�Y�H�U�V�L�W�\��

Animal Ethics Committee (Protocol  �Q�X�P�E�H�U������������������ 

2.3.1 Animals and experimental design 

The trial included 24 ram -lambs commercially sourced from the same farm and was conducted 

when the animals were 9 – �������P�R�Q�W�K�V���R�I���D�J�H�����$�O�O���������D�Q�L�P�D�O�V���Z�H�U�H���F�U�R�V�V�H�V���R�I���W�K�H���5�R�P�Q�H�\���D�Q�G��

Suffolk breeds that h �D�G���E�H�H�Q���U�H�D�U�H�G���R�Q���S�D�V�W�X�U�H�����7�K�H���V�K�H�H�S���K�D�G���D���P�H�D�Q���E�R�G�\���Z�H�L�J�K�W���R�I������������

���V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q�����6�'�����������������N�J���D�Q�G���Z�H�U�H���J�U�D�]�H�G���R�Q���S�D�V�W�X�U�H���D�W���W�K�H���V�W�X�G�\���O�R�F�D�W�L�R�Q���Z�K�H�U�H���R�W�K�H�U��

�\�R�X�Q�J���V�K�H�H�S���K�D�G���S�U�H�Y�L�R�X�V�O�\���J�U�D�]�H�G���I�R�U���D�W���O�H�D�V�W���W�K�H���S�U�H�Y�L�R�X�V���V�L�[���P�R�Q�W�K�V�������,�Q���D�G�G�L�W�L�R�Q���W�R���S�D�V�W�Xre, 

the study animals were offered good quality meadow hay and barley, but over the course of the 

�V�W�X�G�\�����Z�L�W�K���R�Q�H���R�U���W�Z�R���H�[�F�H�S�W�L�R�Q�V�����Q�R�Q�H���V�K�R�Z�H�G���D�Q�\���J�U�H�D�W���L�Q�W�H�U�H�V�W���L�Q���W�K�H�V�H���D�G�G�L�W�L�R�Q�D�O���I�H�H�G�V����

The study was a completely randomised trial and involved two trea tment groups of sheep 

�J�U�D�]�L�Q�J���W�R�J�H�W�K�H�U�����Q� �������J�U�R�X�S�����W�R�W�D�O���Q� ���������� 

�7�K�H���H�[�S�H�U�L�P�H�Q�W�D�O���G�H�V�L�J�Q���L�Q�Y�R�O�Y�H�G���D���V�H�W�X�S���S�H�U�L�R�G���D�Q�G���D���P�R�Q�L�W�R�U�L�Q�J���S�H�U�L�R�G�����7�K�H���V�H�W�X�S���S�H�U�L�R�G��

was for six weeks at the start of which all animals were treated per os  �Z�L�W�K���P�R�Q�H�S�D�Q�W�H�O������������

mg/ kg �E�R�G�\���Z�H�L�J�K�W�����=�R�O�Y�L�[® �1�R�Y�D�U�W�L�V���1�H�Z���=�H�D�O�D�Q�G���/�W�G���������2�Q���'�D�\��-14, animals were ranked by 
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faecal nematode egg count (FEC), grouped in pairs and within each pair were randomly 

�D�O�O�R�F�D�W�H�G���W�R���R�Q�H���R�I���W�Z�R���W�U�H�D�W�P�H�Q�W���J�U�R�X�S�V�������$���6�X�S�S�U�H�V�V�L�Y�H���*�U�R�X�S�����6�����L�Q�Y�R�O�Y�H�G���L�Q�G�L�Y�L�G�X�D�O�V being 

�W�U�H�D�W�H�G���Z�L�W�K���P�R�Q�H�S�D�Q�W�H�O���H�Y�H�U�\���I�R�U�W�Q�L�J�K�W���I�R�U���V�L�[���Z�H�H�N�V�����$���V�H�F�R�Q�G���8�Q�W�U�H�D�W�H�G���*�U�R�X�S�����8�����U�H�F�H�L�Y�H�G��

�Q�R���W�U�H�D�W�P�H�Q�W���D�I�W�H�U���'�D�\�����������,�Q���W�K�H���P�R�Q�L�W�R�U�L�Q�J���S�H�U�L�R�G (Day 42 to 46), sheep activity was recorded 

continuously for a total of four days (4 x 24 hours) using t ri -�D�[�L�D�O���D�F�F�H�O�H�U�R�P�H�W�H�U���V�H�Q�V�R�U�V�����2�Q������

�$�X�J�X�V�W���������������'�D�\�������������W�K�H���V�H�Q�V�R�U�V���Z�H�U�H���U�H�W�U�L�H�Y�H�G���W�R���G�R�Z�Q�O�R�D�G���U�D�Z���D�F�F�H�O�H�U�D�W�L�R�Q���G�D�W�D����  

2.3.2 Accelerometer and mounting system 

An ActiGraph wGT3X -BT® acceleration sensor (ActiGraph, LLC, Pensacola, FL, USA) that 

measures acceleration during movement across the vertical, horizontal, and perpendicular 

axes was attached on the top side of a ram mating harness (MatingMark ®) and was positioned 

on the withers of the sheep (Fig ure 2�����������7�K�L�V���X�Q�L�W���H�P�S�O�R�\�V���D���U�H�I�H�U�H�Q�F�H���V�\�V�W�H�P���W�K�D�W��indicates 

longitudinal (front -to-back or surge, Y), horizontal (side -to-side or sway, X) and vertical (up and 

�G�R�Z�Q���R�U���K�H�D�Y�H�����=�����E�R�G�\���D�[�H�V�����U�H�V�S�H�F�W�L�Y�H�O�\�����)�L�J�������������$�F�W�L�*�U�D�S�K���0�D�Q�X�D�O�����Y�H�U�V�L�R�Q���������������$�X�J�X�V�W��

�������������� �%�H�I�R�U�H�� �D�W�W�D�F�K�L�Q�J�� �W�K�H�� �K�D�U�Q�H�V�V�H�V�� �W�R�� �V�K�H�H�S���� �W�K�H�� �V�H�Qsors were pre-scheduled to collect 

�D�F�F�H�O�H�U�D�W�L�R�Q���G�D�W�D���D�W���D���V�D�P�S�O�L�Q�J���U�D�W�H���R�I�������+�]�����Z�K�L�F�K���L�V���H�T�X�L�Y�D�O�H�Q�W���W�R���������V�D�P�S�O�L�Q�J���R�F�F�D�V�L�R�Q�V���L�Q��

� R� Q� H� � � V� H� F� R� Q� G� �� � � 7� K� H� � � D� F� F� H� O� H� U� R� P� H� W� H� U� V� � � Z� H� U� H� � � �� �� � � ð� � � �� �� � � ð� � � �� �� � � P� P� � � L� Q� � � V� L� ]� H� � � D� Q� G� � � Z� H� L� J� K� H� G� � � �� �� � � J� �� � � � The 

orientation of the sensors was the same on a �O�O���V�K�H�H�S�����7�K�H���S�R�V�L�W�L�R�Q���R�I���W�K�H���V�H�Q�V�R�U�V���R�Q���W�K�H���K�D�U�Q�H�V�V��

(at the withers) was suitable to not record activity associated with extraneous activity of the 

�K�H�D�G���D�Q�G���Q�H�F�N�����I�R�U���H�[�D�P�S�O�H���K�H�D�G���V�K�D�N�L�Q�J�����$�F�F�H�O�H�U�R�P�H�W�H�U�V���S�R�V�L�W�L�R�Q�H�G���D�W���W�K�H���Z�L�W�K�H�U�V���L�Q���J�R�D�W�V��

have been report ed to provide an intermediate amplitude of data in each axis, compared with 

�P�R�X�Q�W�L�Q�J�� �D�F�F�H�O�H�U�R�P�H�W�H�U�V�� �R�Q�� �D�� �F�R�O�O�D�U�� ���Q�H�F�N���� �R�U�� �F�K�H�V�W�� �E�H�O�W�� ���E�D�F�N���� ���0�R�U�H�D�X�� �H�W�� �D�O������ ��������������

Intermediate amplitude acceleration data better suit the purposes of total activity level 

est�L�P�D�W�H�V�����6�K�H�S�D�U�G���H�W���D�O�������������������� 



 

 ����  

 

Figure 2.1 Position and axis orientation of an ActiGraph wGT3X -BT® tri -axial 

�D�F�F�H�O�H�U�R�P�H�W�H�U���D�W�W�D�F�K�H�G���W�R���D���U�D�P���P�D�W�L�Q�J���K�D�U�Q�H�V�V���R�Q���D���\�R�X�Q�J���V�K�H�H�S�� 

2.3.3 Parasitological examinations and weighing 

Each fortnight rectal faecal samples were collected to determine nematode egg counts using a 

modified McMaster method, where each eg �J���F�R�X�Q�W�H�G���U�H�S�U�H�V�H�Q�W�H�G���������H�J�J�V���S�H�U���J�U�D�P�����(�3�*�����R�I��

�I�D�H�F�H�V�����6�W�D�I�I�R�U�G���H�W���D�O���������������������2�Q���'�D�\�����������D���O�D�U�Y�D�O���F�X�O�W�X�U�H���Z�D�V���X�Q�G�H�U�W�D�N�H�Q���X�V�L�Q�J���D�Q���D�G�G�L�W�L�R�Q�D�O��

��–10 g of faeces pooled from each experimental group, mixed with Vermiculite ® and then 

cultured for 10 days at 20 �ƒ�&�����$�W���W�K�H���H�Q�G���R�I���W�K�H���L�Q�F�X�E�D�W�L�R�Q���S�H�U�L�R�G�����%�D�H�U�P�D�Q�L�V�D�W�L�R�Q���U�H�W�U�L�H�Y�H�G��

�L�Q�I�H�F�W�L�Y�H���O�D�U�Y�D�H�����Z�K�L�F�K���Z�H�U�H���L�G�H�Q�W�L�I�L�H�G���W�R���J�H�Q�X�V���O�H�Y�H�O�����$�W���W�K�H���V�D�P�H���I�R�U�W�Q�L�J�K�W�O�\���L�Q�W�H�U�Y�D�O�����E�R�G�\��

weights were recorded for each sheep, beginning on Day -14 (initial weight) through to Day 42 

� D� W� � � W� K� H� � � V� W� D� U� W� � � R� I� � � W� K� H� � � P� R� Q� L� W� R� U� L� Q� J� � � S� H� U� L� R� G� �� � � 7� K� H� � � Z� H� L� J� K� L� Q� J� � � V� \� V� W� H� P� � � F� R� O� O� H� F� W� H� G� � � E� R� G� \� � � Z� H� L� J� K� W� V� � � D� W� � � D� �

�U�H�V�R�O�X�W�L�R�Q���R�I���������N�J�� 

2.3.4 Activity levels  

Raw acceleration data were summarised into five second epochs (time durations); Alvarenga 

�H�W���D�O�������������������L�G�H�Q�W�L�I�L�H�G���W�K�H�����V���H�S�R�Fh as most suitable out of three durations compared in their 

�V�W�X�G�\���W�K�D�W���F�O�D�V�V�L�I�L�H�G���V�K�H�H�S���D�F�W�L�Y�L�W�\���D�W���S�D�V�W�X�U�H�����)�R�O�O�R�Z�L�Q�J���6�W�H�H�O�H���H�W���D�O���������������������W�K�H���D�F�W�L�Y�L�W�\���O�H�Y�H�O��

of each sheep was calculated at each epoch by deriving vectorial dynamic body acceleration 

(VeDBA) from its accelerometer using E quation  ������: 

VeDBA= 
¥x2+y2+z2               (Equation 2��1) 



 

 ����  

where x is the acceleration along the x -axis, y the acceleration along the y -axis, and z is the 

acceleration along the z -�D�[�L�V�� ���4�D�V�H�P�� �������������� �� �'�D�W�D�� �Z�H�U�H�� �V�X�E�V�H�T�X�H�Q�W�O�\�� �V�X�P�P�H�G�� �R�Y�H�U�� �W�K�H��

�G�X�U�D�W�L�R�Q���R�I���P�R�Q�L�W�R�U�L�Q�J���W�R���S�U�R�Y�L�G�H���D���Y�D�O�X�H���R�I���R�Y�H�U�D�O�O���D�F�W�L�Y�L�W�\�� 

2.3.5 Statistical analysis  

To verify that ram -lambs were randomly assigned to treatment groups prior to treat ment, the 

�G�L�I�I�H�U�H�Q�F�H���L�Q���)�(�&���Z�D�V���W�H�V�W�H�G���X�V�L�Q�J���$�1�2�9�$�����7�K�H�U�H�D�I�W�H�U�����V�W�D�W�L�V�W�L�F�D�O���D�Q�D�O�\�V�H�V���Z�H�U�H���F�R�Q�G�X�F�W�H�G��

�R�Q�� �G�D�W�D�� �F�R�O�O�H�F�W�H�G�� �I�U�R�P�� ������ �D�Q�L�P�D�O�V���� �7�Z�R�� �D�Q�L�P�D�O�V�� �Z�H�U�H�� �H�[�F�O�X�G�H�G�� �I�U�R�P�� �D�Q�D�O�\�V�H�V���� �G�X�H�� �W�R�� �R�Q�H��

animal in the untreated group being treated with monepantel when its FEC exceeded 

�V�X�E�F�O�L�Q�L�F�D�O���S�D�U�D�V�L�W�L�V�P���O�H�Y�H�O�V�����7�K�H���P�R�Q�L�W�R�U���I�U�R�P���D���V�H�F�R�Q�G���D�Q�L�P�D�O���I�D�L�O�H�G���W�R���G�H�S�O�R�\�����'�D�W�D���I�U�R�P���W�K�H��

last four hours of monitoring was excluded due to extraneous disturbance 1 of the flock during 

�W�K�L�V�� �W�L�P�H���� �)�D�H�F�D�O���H�J�J���F�R�X�Q�W���G�D�W�D���Z�H�U�H���V�W�U�R�Q�J�O�\���U�L�J�K�W skewed and were log transformed for 

analyses using log 10���F�R�X�Q�W���������� �'�H�V�F�U�L�S�W�L�Y�H�� �V�W�D�W�L�V�W�L�F�V�� �Z�H�U�H�� �X�V�H�G�� �W�R�� �V�X�P�P�D�U�L�V�H�� �W�K�H���U�H�V�X�O�W�V�� �R�I��

VeDBA, FEC (egg/gram) and body weight (kg); correlations were evaluated between 

log10(FEC+1) and body weight, and VeDBA and bod �\���Z�H�L�J�K�W�����:�K�H�Q���X�V�L�Q�J���O�R�J10(FEC+1) data 

in correlation and group difference analyses, both parametric and appropriate non- parametric 

tests were evaluated and the results were qualitatively similar; thus the results of parametric 

tests have been selected and �U�H�S�R�U�W�H�G���� �$�I�W�H�U�� �D�Q�D�O�\�V�L�V���� �P�H�D�Q�V�� �R�I�� �O�R�J10(FEC+1) were back 

�W�U�D�Q�V�I�R�U�P�H�G���W�R���W�K�H���R�U�L�J�L�Q�D�O���V�F�D�O�H���I�R�U���U�H�S�R�U�W�L�Q�J���D�V���J�H�R�P�H�W�U�L�F���P�H�D�Q�V���Z�L�W�K���F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�V�� 

Multivariate analysis was performed by fitting three separate models, with model 

assumptions verified u sing the Shapiro -�:�L�O�N�
�V���W�H�V�W�����,�Q���0�R�G�H�O���������W�K�H���H�I�I�H�F�W���R�I���W�U�H�D�W�P�H�Q�W���R�Q���E�R�G�\��

weight change over time (difference in most recent and earliest body weight recorded divided 

�E�\���Q�X�P�E�H�U���R�I���G�D�\�V���E�H�W�Z�H�H�Q���Z�H�L�J�K�W�V�����Z�D�V���D�Q�D�O�\�V�H�G�����5�H�S�H�D�W�H�G���P�H�D�V�X�U�H�V���Z�H�U�H���D�F�F�R�X�Q�W�H�G���I�R�U���E�\��

fitting a linear mixed -effects model (LMM) with lamb ID as a random effect using the lme() 

function in the nlme �5���S�D�F�N�D�J�H�����3�L�Q�K�H�L�U�R���H�W���D�O����������06�������%�R�G�\���Z�H�L�J�K�W���F�K�D�Q�J�H���Z�D�V���W�K�H���G�H�S�H�Q�G�H�Q�W��

variable with fixed effects of treatment (two levels; S and U), day of w eighing (modelled as a 

�F�R�Q�W�L�Q�X�R�X�V�� �Y�D�U�L�D�E�O�H���� �D�Q�G�� �W�U�H�D�W�P�H�Q�W�� �[�� �G�D�\�� �L�Q�W�H�U�D�F�W�L�R�Q�� �W�H�U�P���� �$�Q�� �D�X�W�R�U�H�J�U�H�V�V�L�Y�H�� �F�R�U�U�H�O�D�W�L�R�Q��

structure was used to account for the independence between repeated samples on the same 

�O�D�P�E�����,�Q���0�R�G�H�O���������R�Y�H�U�D�O�O���D�F�W�L�Y�L�W�\���Z�D�V���P�R�G�H�O�O�H�G���D�V���D���I�X�Qction of anthelmintic treatment using 

�D�� �*�D�X�V�V�L�D�Q�� �J�H�Q�H�U�D�O�� �O�L�Q�H�D�U�� �P�R�G�H�O�� ���*�/�0������ �7�K�H�� �G�H�S�H�Q�G�H�Q�W�� �Y�D�U�L�D�E�O�H�� �Z�D�V�� �9�H�'�%�$���� �W�U�H�D�W�P�H�Q�W��

(categorical with two levels, Suppressive and Untreated) was a fixed effect, initial body weight 

 
 
1 Sheep �H�U�U�R�Q�H�R�X�V�O�\���P�R�Y�H�G���Z�K�H�Q���Q�R�W���U�H�T�X�L�U�H�G�� 



 

 ����  

included as a continuous covariate, an�G���W�U�H�D�W�P�H�Q�W���[���L�Q�L�W�L�D�O���Z�H�L�J�K�W���L�Q�W�H�U�D�F�W�L�R�Q���W�H�U�P�����7�K�H���,�Q�L�W�L�D�O��

�Z�H�L�J�K�W�� �R�I�� �D�Q�L�P�D�O�V�� ���U�D�Q�J�H�� ����������– � �� �� � �N�J� �� �� � �Z�D�V� � �L�Q�F�O�X�G�H�G�� �L�Q�� �W�K�H�� �P�R�G�H�O�� �W�R�� �W�H�V�W�� �W�K�H�� �L�Q�I�O�X�H�Q�F�H�� �R�I� �

�V�W�D�U�W�L�Q�J���Z�H�L�J�K�W���R�Q���R�Y�H�U�D�O�O���D�F�W�L�Y�L�W�\���E�H�W�Z�H�H�Q���W�K�H���W�U�H�D�W�P�H�Q�W�V�����3�R�V�W-hoc analysis of the interaction 

term was performed using the Johnson- Neyman regions of significance analysis (Bauer and 

�&�X�U�U�D�Q���� ������������ �+�D�\�H�V�� �D�Q�G�� �0�D�W�W�K�H�V���� �������������� �7�K�H�� �-�R�K�Q�V�R�Q-Neyman technique is a focused 

comparison test of interactions that highlights the range of values on the covariate scale 

between which the treatment lines are significantly separated, since regression lines cross at 

�V�R�P�H���S�R�L�Q�W�����L���H�����W�K�H���D�V�V�X�P�S�W�L�R�Q�V���R�I���K�R�P�R�J�H�Q�H�L�W�\���R�I���U�H�J�U�H�V�V�L�R�Q���V�O�R�S�H�V���D�U�H���Q�R�W���P�H�W�������)�R�U���W�K�L�V���S�R�V�W-

hoc analysis, the johnson_neyman  function in the ‘ interactions ’ R package (Long, 2019) was 

�X�V�H�G���D�Q�G���W�K�H���W�U�H�D�W�P�H�Q�W���J�U�R�X�S�V���Z�H�U�H���G�X�P�P�\���F�R�G�H�G������� �6������� �8�������7�R���G�H�W�H�U�P�L�Q�H���W�K�H���P�D�J�Q�L�W�X�G�H��

of initial body weight moderated treatment effect on activity, an effect size metric was 

�F�D�O�F�X�O�D�W�H�G�� �I�R�O�O�R�Z�L�Q�J�� �%�R�G�Q�H�U�·�V�� �������������� �I�R�U�P�X�O�D���� �%�U�L�H�I�O�\���� �W�K�Ls formula uses a range of 

�X�Q�V�W�D�Q�G�D�U�G�L�]�H�G���J�U�R�X�S���P�H�D�Q���G�L�I�I�H�U�H�Q�F�H�V�����H���J�����I�U�R�P���R�Q�H���6�'���E�H�O�R�Z���W�R���R�Q�H���6�'���D�E�R�Y�H���W�K�H���P�H�D�Q���R�I��

the covariate (initial body weight in this case), to derive a metric of standardized mean 

�G�L�I�I�H�U�H�Q�F�H�V�� �D�F�U�R�V�V�� �W�K�H�� �U�D�Q�J�H���� �,�Q�� �0�R�G�H�O�� ���� ���D�� �*�/�0������we were interested in whether faecal 

� Q� H� P� D� W� R� G� H� � � H� J� J� � � F� R� X� Q� W� V� � � F� R� X� O� G� � � E� H� � � X� V� H� G� � � D� V� � � D� � � S� U� H� G� L� F� W� R� U� � � R� I� � � D� F� W� L� Y� L� W� \� � � �� L� Q� V� W� H� D� G� � � R� I� � � W� U� H� D� W� P� H� Q� W� �� �� � � 7� K� H� �

dependent variable was VeDBA, with log 10(FEC+1) and initial body weight included as 

continuous covariates along with their interac�W�L�R�Q�����$�O�O���V�W�D�W�L�V�W�L�F�D�O���D�Q�D�O�\�V�H�V���Z�H�U�H���S�H�U�I�R�U�P�H�G���L�Q��

�W�K�H���5���H�Q�Y�L�U�R�Q�P�H�Q�W�����5���F�R�U�H���7�H�D�P���������������Y�H�U�V�L�R�Q�������������������$�O�S�K�D���Y�D�O�X�H�V���R�I�������������Z�H�U�H���F�R�Q�V�L�G�H�U�H�G��

�V�W�D�W�L�V�W�L�F�D�O�O�\���V�L�J�Q�L�I�L�F�D�Q�W�� 

����4 Results 

2.4.1 Parasitological examinations and weighing 

2.4.1.1 Parasitology  

Faecal egg counts pre-treatment ranged from 0 – 7900 eggs/g; there was no significant 

difference in FEC for lambs assigned to the suppressive and untreated groups (n = 24; F 1,22 = 

����������p � �������������������Q�R���)�(�&���Z�H�U�H���G�H�W�H�F�W�H�G���L�Q���E�R�W�K���J�U�R�X�S�V���D�W���'�D�\��������post-�W�U�H�D�W�P�H�Q�W�����$�W���W�K�H���V�W�D�U�W���R�I��

activity monitoring on Day 42, the range of raw FEC data was 0 – �������H�J�J�V���J���D�Q�G������– �����������H�J�J�V���J��

�L�Q���V�X�S�S�U�H�V�V�L�Y�H���D�Q�G���X�Q�W�U�H�D�W�H�G���J�U�R�X�S�V���U�H�V�S�H�F�W�L�Y�H�O�\�����)�D�H�F�D�O���H�J�J���F�R�X�Q�W�V���Z�H�U�H���K�L�J�K�H�U����F1, 20�×=�×��������������

p ���� �������������� �L�Q�� �W�K�H���8�Q�W�U�H�D�W�H�G���*�U�R�X�S�� ���Q�� � �� �������� �J�H�R�P�H�W�U�L�F�� �P�H�D�Q�������������� �H�J�J�V���J���� �������� �&�,�� ������������ �W�R��

�����������������W�K�D�Q���L�Q���W�K�H���6�X�S�S�U�H�V�V�L�Y�H���*�U�R�X�S�����Q��� �����������J�H�R�P�H�W�U�L�F���P�H�D�Q�����������H�J�J�V���J�������������&�,�������������W�R������������������



 

 ����  

The results of bulk faecal larval culture for faecal samples collected at the start of the 

monitoring i �Q���E�R�W�K���W�U�H�D�W�P�H�Q�W���J�U�R�X�S�V���L�V���S�U�H�V�H�Q�W�H�G���L�Q���7�D�E�O�H�������������� 

Table  2.1 Genera of GI nematodes found from Baermanisation at the start of activity 

monitoring on Day 42  

Parasite genus  Treated 
group  

Untreated 
group  

�+�D�H�P�Rnchus Nil  ����  

Trichostrongylus  Nil  ����  

Cooperia ������  ������  

Teladorsagia ������  Nil  

Oesophagostomum/ 

Chabertia  

����  ����  

 

2.4.1.2 Body weight change 

�$�W���V�H�W�X�S�����'�D�\�����������W�K�H���P�H�D�Q���E�R�G�\���Z�H�L�J�K�W���Z�D�V���������������6�'���������������N�J���D�Q�G���������������6�'���������������N�J���I�R�U���W�K�H��

Suppressive Group (n=12) and the Untreated Group (n=10) respectively (standard error of the 

�G�L�I�I�H�U�H�Q�F�H�� �E�H�W�Z�H�H�Q�� �P�H�D�Q�V���� �6�(�'�� � �� �������������� �E�R�W�K�� �J�U�R�X�S�V�� �K�D�Y�L�Q�J�� �V�L�P�L�O�D�U�� �D�Y�H�U�D�J�H�� �Z�H�L�J�K�W�V�� ��F1, 

20�×=�×������������p � ���������������������2�Y�H�U���W�K�H���������G�D�\�V���I�R�O�O�R�Z�L�Q�J���W�U�H�D�W�P�H�Q�W�����W�K�H�U�H���Z�D�V���D�Q���H�I�I�H�F�W���R�I���W�L�P�H���R�Q���E�Rdy 

weight change ( F1,42 � ����������������p �������������������E�X�W���Q�R���H�Y�L�G�H�Q�F�H���Z�D�V���I�R�X�Q�G���I�R�U���D�Q���H�I�I�H�F�W���R�I���W�U�H�D�W�P�H�Q�W����F1, 

20�×=�×������������p � �������������������L���H�������V�X�S�S�U�H�V�V�L�Y�H�O�\���W�U�H�D�W�H�G���D�Q�L�P�D�O�V���V�K�R�Z�H�G���V�L�P�L�O�D�U���Y�D�U�L�D�W�L�R�Q���L�Q���E�R�G�\���Z�H�L�J�K�W��

�F�K�D�Q�J�H���W�R���X�Q�W�U�H�D�W�H�G���D�Q�L�P�D�O�V�����$�W���W�K�H���V�W�D�U�W���R�I���D�F�W�L�Y�L�W�\���Ponitoring, the mean body weight was 

�������������6�'���������������N�J���D�Q�G���������������6�'���������������N�J�����6�(�'��� ���������������I�R�U���W�K�H���V�X�S�S�U�H�V�V�L�Y�H�O�\���W�U�H�D�W�H�G���O�D�P�E�V���D�Q�G��

untreated lambs respectively ( F1, 20�×=�×������������p � �����������������D�Q�G���G�L�G���Q�R�W���F�R�U�U�H�O�D�W�H���Z�L�W�K���O�R�J10(FEC+1) 

(Pearson’s product -moment corre lation, r= - ���������� ���������&�,����–�������������W�R����������������p � �����������������R�U���9�H�'�%�$��

(Pearson’s product -�P�R�P�H�Q�W���F�R�U�U�H�O�D�W�L�R�Q�����U� ���������������������&�,����–�������������W�R����������������p � �������������� 

  



 

 ����  

2.4.2 Activity levels  

On average, the overall activity for the ram -lambs during the monitoring period was 1 �����������[��

10�� �9�H�'�%�$�������������&�,�������������[�������� to 12 x 10���������7�K�H���6�K�D�S�L�U�R-�:�L�O�N���W�H�V�W���R�I���Q�R�U�P�D�O�L�W�\���R�I���W�K�H���U�H�V�L�G�X�D�O�V��

�R�I�� �0�R�G�H�O�·�V�� �7�Z�R�� ���:�� � �� ��������������p � �� �������������� �D�Q�G�� �7�K�U�H�H�� ���:�� � �� ��������������p � �� �������������� �V�K�R�Z�H�G�� �P�R�G�H�O��

�D�V�V�X�P�S�W�L�R�Q�V���Z�H�U�H���P�H�W�����7�K�H�U�H���Z�D�V���D���W�U�H�D�W�P�H�Q�W���[���V�W�D�U�W�L�Q�J���Z�H�L�J�K�W���L�Q�W�H�U�D�F�W�L�R�Q���R�Q���V�K�H�H�S���D�F�W�L�Y�L�W�\��

(beta = –������������ �������� �&�,��–���������� �W�R��–������������p � �� ���������������� �U�H�I�O�H�F�W�L�Q�J�� �D�� �S�R�V�L�W�L�Y�H���U�H�O�D�W�L�R�Q�V�K�L�S�� �E�H�W�Z�H�H�Q��

VeDBA and starting weight in the Suppressive Gro up but a negative relationship (VeDBA = 

�������������� – �������������L�Q�L�W�L�D�O���Z�H�L�J�K�W�����L�Q���W�K�H���8�Q�W�U�H�D�W�H�G���*�U�R�X�S����Table ����2; Figure ����2������ 

Table 2.2 Summary of Generalised linear model showing the effects of Treatment 

(model 2), log- transformed FEC (model 3), initial weights and their interaction on the 

mean total activity of young sheep over four days  

Estimating overall activity: Model 2     
 beta SE t-value  ���������&�, p 

R2 � ������������������F����������������������������p � ������������      

(Intercept)  ������������  ������������  ���������� [– ���������������������������@ ���������� 

Treatment  (Untreated)  ��������������  ������������  ���������� �>�����������������������������@ ���������� 

Initial weight  ������������  ������������  ���������� [– �������������������������@ ���������� 

Treatment (Untreated) �ð Initial weight  -���������� ������������  -���������� [– ��������������– �����������@ ���������� 

Estimating overall activity: Model 3      

R2 � ����������������F��������������������������p � ��������������      
 

beta SE t-value  ���������&�, p 

(Intercept)  ������������  ������������  ���������� [–�����������������������������@ ���������� 

Log10(FEC+1)  ������������  ������������  ���������� �>���������������������������@ ���������� 

Initial weight  ������������  ������������  ���������� [–�������������������������@ ���������� 

Log10(FEC+1) x Initial weight  -������������  ������������  -�������� [–������������ –�����������@ ���������� 

Note – SE, standard error, CI, confidence interval  

 



 

 ����  

 

Figure 2.2 Overall activity of two treatment groups of sheep dependent on initial body 

weight  �P�R�Q�L�W�R�U�H�G���F�R�Q�W�L�Q�X�R�X�V�O�\���I�R�U���I�R�X�U���G�D�\�V�� 

This indicated that parasitism had a negative effect on activity in heavier untreated lambs in 

this stu �G�\���� �7�K�H�� �-�R�K�Q�V�R�Q-Neyman post -hoc analysis of the interaction predicted a non-

�V�L�J�Q�L�I�L�F�D�Q�W���L�Q�W�H�U�Y�D�O���R�I���������������N�J���W�R�������������N�J���D�V���W�K�H���U�D�Q�J�H���R�Q���W�K�H���F�R�Y�D�U�L�D�W�H���V�F�D�O�H���I�R�U���Z�K�L�F�K���W�K�H��

difference between treatment groups was not significant ( �$�S�S�H�Q�G�L�[������3�������7�K�H���H�I�I�H�F�W���V�L�]e metric 

for this interaction calculated following Bodner’s (2017) procedure, showed that the 

standardised mean difference interval for the effect of treatment on overall activity as a 

�I�X�Q�F�W�L�R�Q���R�I���L�Q�L�W�L�D�O���E�R�G�\���Z�H�L�J�K�W���Z�D�V���������������W�R��–���������������L���H�������I�U�R�P�������6�'���E�Hlow to 1 SD above the 

�P�H�D�Q���L�Q�L�W�L�D�O���E�R�G�\���Z�H�L�J�K�W�����$���W�Z�R-standard deviation increase in initial bodyweight yielded a -

�����������F�K�D�Q�J�H���L�Q���W�K�H���V�W�D�Q�G�D�U�G�L�]�H�G���P�H�D�Q���G�L�I�I�H�U�H�Q�F�H�����Z�K�L�F�K���L�V���O�D�U�J�H���L�Q���P�D�J�Q�L�W�X�G�H���D�F�F�R�U�G�L�Q�J���W�R���W�K�H��

�J�X�L�G�H�O�L�Q�H�V���S�U�R�S�R�V�H�G���E�\���%�R�G�Q�H�U�������������������,�Q���0�R�G�H�O��3 (overall activity modelled as a function of 

log10(FEC+1), initial weight and their interaction), the interaction between log 10(FEC+1) and 

�L�Q�L�W�L�D�O���E�R�G�\���Z�H�L�J�K�W���Z�D�V���V�L�J�Q�L�I�L�F�D�Q�W�����7�D�E�O�H���������������V�K�R�Z�L�Q�J���W�K�D�W���I�R�U���H�Y�H�U�\���D�G�G�L�W�L�R�Q�D�O���N�J���R�I���E�R�G�\��

weight, the activity c oefficient for log 10���)�(�&���������G�H�F�U�H�D�V�H�G���E�\�����������������)�L�J�X�U�H���������������$�O�V�R���V�K�R�Z�Q���R�Q��

�)�L�J�X�U�H�����������D�U�H���W�K�H���P�R�G�H�O���R�X�W�S�X�W�V���I�R�U���L�Q�L�W�L�D�O���Z�H�L�J�K�W���D�W���P�H�D�Q���������6�'���D�Q�G���P�H�D�Q��–1 SD, which 

�G�H�Y�L�D�W�H���I�U�R�P���H�D�F�K���R�W�K�H�U��       



 

 ����  

 

Figure 2.3 Model-based overall activity of sheep as a function of log10(FEC+1) 

�H�Y�D�O�X�D�W�H�G���Z�K�H�Q���L�Q�L�W�L�D�O���Z�H�L�J�K�W���L�V���H�T�X�D�O���W�R���W�K�H���P�H�D�Q�����������������N�J�������R�Q�H���6�'���D�E�R�Y�H�����������������N�J����

�D�Q�G���R�Q�H���6�'���E�H�O�R�Z���������������N�J�����W�K�H���V�D�P�S�O�H���P�H�D�Q�� 

������ Discussion  

The results of this study show that gastrointestinal nematodes reduced sheep activity 

measured with tri -�D�[�L�D�O���D�F�F�H�O�H�U�R�P�H�W�H�U�V�����+�R�Z�H�Y�H�U�����W�K�H���W�U�H�D�W�P�H�Q�W���H�I�I�H�F�W���L�Q�W�H�U�D�F�W�H�G���Z�L�W�K���L�Q�L�W�L�D�O��

�E�R�G�\�Z�H�L�J�K�W�V���� �Z�K�L�F�K�� �L�V�� �G�L�V�F�X�V�V�H�G�� �E�H�O�R�Z���� �1�R�Q�H�� �R�I�� �W�K�H�� �D�Q�L�P�D�O�V�� �L�Q�F�O�X�G�H�G�� �L�Q�� �D�Q�D�O�\�V�H�V�� �V�K�R�Z�H�G��

clinical signs of parasit �L�V�P�����6�X�E�F�O�L�Q�L�F�D�O���S�D�U�D�V�L�W�L�V�P���Z�D�V���G�H�P�R�Q�V�W�U�D�W�H�G���X�V�L�Q�J���I�D�H�F�D�O���Q�H�P�D�W�R�G�H��

�H�J�J�� �F�R�X�Q�W�V�� �D�Q�G�� �Q�H�P�D�W�R�G�H�� �J�H�Q�H�U�D�� �L�G�H�Q�W�L�I�L�H�G�� �L�Q�� �F�X�O�W�X�U�H���� �)�D�H�F�D�O�� �Q�H�P�D�W�R�G�H�� �H�J�J�� �F�R�X�Q�W�V�� �Z�H�U�H��

significantly higher in untreated ram -�O�D�P�E�V�� �W�K�D�Q�� �W�K�H�L�U�� �W�U�H�D�W�H�G�� �F�R�X�Q�W�H�U�S�D�U�W�V���� �7�K�L�V�� �U�H�V�X�O�W��

suggests that (i) the activity in sub -clinically infected young sheep is impacted by their GIN 

infection, at least by the species present in this study; (ii) the extent of the effect is modulated 

by the starting weight; (iii) it is possible to detect subclinical GIN inf ection using 

accelerometers, even for nematode genera that are considered to have low pathogenic effects  

(Sutherland and Scott, 2010 )�����7�K�L�V���V�X�S�S�R�U�W�V���W�K�H���Y�L�H�Z���W�K�D�W���D�Q�L�P�D�O���E�H�K�D�Y�L�R�X�U�D�O���D�F�W�L�Y�L�W�\���O�H�Y�H�O�V��

have the potential to serve as a sensitive  indicator for d isease states ���6�]�\�V�]�N�D���H�W���D�O�������������������� 



 

 ����  

The interaction of initial weights and group treatment on overall activity presents an 

�L�Q�W�H�U�H�V�W�L�Q�J���R�E�V�H�U�Y�D�W�L�R�Q�����*�H�Q�H�U�D�O�O�\�����O�D�P�E�V���L�Q���W�K�H���V�X�S�S�U�H�V�V�L�Y�H�O�\-treated group, with low levels 

of parasites (nematode eggs), were m ore active when they were heavier (Fig ure ����2), with 

�L�Q�F�U�H�D�V�H���L�Q���D�F�W�L�Y�L�W�\���D�S�S�H�D�U�L�Q�J���S�U�R�S�R�U�W�L�R�Q�D�O���W�R���E�R�G�\���V�L�]�H�����,�W���L�V���F�R�Q�F�H�L�Y�D�E�O�H���W�K�D�W���W�K�H�V�H���K�H�D�Y�L�H�U��

animals may have had a greater nutritional requirement and were more active to meet their 

feed intake requir �H�P�H�Q�W�����+�R�Z�H�Y�H�U�����W�K�H���R�S�S�R�V�L�W�H���R�F�F�X�U�U�H�G���L�Q���W�K�H���X�Q�W�U�H�D�W�H�G���J�U�R�X�S�����V�X�J�J�H�V�W�L�Q�J���D��

�V�W�U�R�Q�J�H�U���Q�H�J�D�W�L�Y�H���H�I�I�H�F�W���R�I���S�D�U�D�V�L�W�H�V���L�Q���K�H�D�Y�L�H�U���O�D�P�E�V�����7�K�H���U�H�D�V�R�Q���Z�K�\���O�L�J�K�W���D�Q�G���X�Q�W�U�H�D�W�H�G��

lambs had higher activity levels than their suppressively treated counterparts is not clea r, but 

�W�K�L�V���Z�D�V���R�E�V�H�U�Y�H�G���L�Q���R�Q�O�\���W�Z�R���R�X�W���R�I���������L�Q�G�L�Y�L�G�X�D�O�V�����7�K�H���O�L�J�K�W�H�U���O�D�P�E�V�����P�H�D�Q���Z�H�L�J�K�W�V��–1 SD) 

appeared to maintain their activity level with increasing FEC (Fig ure ����3), and among those 

lambs, treatment did not have a detectable effect on activity, as  shown from the J ohnson-

Neyman post-�K�R�F�� �W�H�V�W���� �7�K�H�� �W�H�V�W���U�H�Y�H�D�O�H�G�� �W�K�D�W�� �W�U�H�D�W�P�H�Q�W�� �K�D�G�� �D�� �V�L�J�Q�L�I�L�F�D�Q�W�� �H�I�I�H�F�W�� �R�Q���R�Y�H�U�D�O�O��

�D�F�W�L�Y�L�W�\���E�X�W���R�Q�O�\���D�P�R�Q�J���O�D�P�E�V���Z�K�R�V�H���L�Q�L�W�L�D�O���E�R�G�\���Z�H�L�J�K�W�V���Z�H�U�H���•�������������N�J�����7�K�H���S�U�R�S�R�U�W�L�R�Q���R�I��

lambs that weighed higher than this criterion was ���������� �L�W�� �L�V�� �I�R�U�� �W�K�R�V�H�� �O�D�P�E�V�� �W�K�D�W�� �W�K�H��

statistically identifiable difference in overall activity among the treatment groups was 

�D�V�V�R�F�L�D�W�H�G���� �� �5�H�V�X�O�W�V�� �I�U�R�P�� �P�R�G�H�O�O�L�Q�J�� �R�Y�H�U�D�O�O�� �D�F�W�L�Y�L�W�\�� �D�V�� �D�� �I�X�Q�F�W�L�R�Q�� �R�I�� �O�R�J10(FEC+1) x initial 

weight (Model 3) also demonstrated hea vier animals with higher FEC were less active than 

heavier animals with low FEC as shown in Fig �X�U�H�������������+�R�Z�H�Y�H�U�����W�K�H���F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�����7�D�E�O�H��

�������Z�D�V���Z�L�G�H�����L�Q�G�L�F�D�W�L�Q�J���W�K�D�W���L�Q�G�L�Y�L�G�X�D�O�V���Z�L�W�K���F�R�P�S�D�U�D�E�O�H���S�D�U�D�V�L�W�H���O�R�D�G���Y�D�U�L�H�G���L�Q���W�K�H�L�U���D�F�W�L�Y�L�W�\����

�+�H�Q�F�H�����)�(�&���P�D�\��be an inferior indicator of low levels of subclinical parasitism as has been 

�V�X�J�J�H�V�W�H�G�����*�U�H�H�U���H�W���D�O������ ������������ �6�D�U�J�L�V�R�Q���� �������������� �1�R�Q�H�W�K�H�O�H�V�V���� �W�K�H���D�V�V�R�F�L�D�W�L�R�Q���E�H�W�Z�H�H�Q���L�Q�L�W�L�D�O��

bodyweights and FEC further demonstrates that, heavier animals reduced their total act ivity 

�Z�K�H�Q���F�K�D�O�O�H�Q�J�H�G���E�\���Q�H�P�D�W�R�G�H���L�Q�I�H�F�W�L�R�Q�V�����$���S�R�V�V�L�E�O�H���H�[�S�O�D�Q�D�W�L�R�Q���L�V���W�K�D�W���K�H�D�Y�L�H�U���D�Q�L�P�D�O�V���Z�R�X�O�G��

have had a greater feed intake requirement and greater likelihood of acquiring infective larvae 

�R�Q���S�D�V�W�X�U�H�����7�K�X�V�����L�W���L�V���S�O�D�X�V�L�E�O�H���W�K�D�W���G�H�F�U�H�D�V�L�Q�J���D�F�W�L�Y�L�W�\���D�V a result of increased parasite load 

�L�V���D�Q���D�W�W�H�P�S�W���W�R���O�L�P�L�W���H�[�S�R�V�X�U�H���W�R���L�Q�I�H�F�W�L�R�Q�����(�T�X�D�O�O�\�����W�K�H���G�H�P�R�Q�V�W�U�D�W�L�R�Q���R�I���U�H�G�X�F�H�G���D�F�W�L�Y�L�W�\���E�\��

�L�Q�I�H�F�W�H�G���K�H�D�Y�L�H�U���O�D�P�E�V���Z�K�L�O�H���P�D�L�Q�W�D�L�Q�L�Q�J���O�L�Y�H���Z�H�L�J�K�W���J�U�R�Z�W�K���P�D�\���E�H���D�Q���L�Q�G�L�F�D�W�R�U���R�I���U�H�V�L�O�L�H�Q�F�H�� 

There was no evidence found for change in body weight among the groups over the trial period 

�L�Q���W�K�H���F�X�U�U�H�Q�W���V�W�X�G�\�����W�K�R�X�J�K���E�H�K�D�Y�L�R�X�U���F�K�D�Q�J�H���Z�D�V���R�E�V�H�U�Y�H�G�����6�X�E�F�O�L�Q�L�F�D�O���*�,�1���S�D�U�D�V�L�W�L�V�P���L�Q��

�\�R�X�Q�J�� �O�D�P�E�V�� �K�D�V�� �E�H�H�Q�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �U�H�G�X�F�H�G�� �E�R�G�\�� �Z�H�L�J�K�W�� �J�D�L�Q�� ���&�R�R�S�� �H�W�� �D�O������ ������������ �D�Q�G��

reduced product �L�Y�H���J�U�D�]�L�Q�J���E�H�K�D�Y�L�R�X�U���K�D�V���E�H�H�Q���I�R�X�Q�G���L�Q���\�R�X�Q�J���F�D�W�W�O�H�����)�R�U�E�H�V���H�W���D�O���������������������7�K�H��

animals in the present study were provided with a pasture allowance that was estimated to 

provide for maintenance but little growth as it coincided with a particularly wet peri od with 



 

 ����  

�O�L�W�W�O�H�� �S�D�V�W�X�U�H�� �J�U�R�Z�W�K���� �,�W�� �U�H�P�D�L�Q�V�� �W�R�� �E�H�� �L�Q�Y�H�V�W�L�J�D�W�H�G�� �Z�K�D�W�� �H�I�I�H�F�W�� �S�D�U�D�V�L�W�L�V�P�� �Z�R�X�O�G�� �K�D�Y�H�� �R�Q��

�R�Y�H�U�D�O�O���D�F�W�L�Y�L�W�\���X�Q�G�H�U���G�L�I�I�H�U�H�Q�W���S�D�V�W�X�U�H���F�R�Q�G�L�W�L�R�Q�V�����V�X�F�K���D�V���L�Q���D���W�L�P�H���R�I���S�O�H�Q�W�\�����,�Q���D�Q�R�W�K�H�U���V�W�X�G�\��

where lambs were fed ryegrass/ clover herbage ad libitum, a n effect of parasitism was found 

on reduced feed intake without associated change in body weight growth; however, body 

�Z�H�L�J�K�W�V���Z�H�U�H���P�H�D�V�X�U�H�G���R�Y�H�U���D���F�R�P�S�D�U�D�W�L�Y�H�O�\���V�K�R�U�W�H�U���S�H�U�L�R�G���R�I���W�Z�R���Z�H�H�N�V�����+�X�W�F�K�L�Q�J�V���H�W���D�O������

���������������7�K�H���V�K�H�H�S���L�Q���W�K�H���F�X�U�U�H�Q�W���V�W�X�G�\, especially the heavier ram lambs,  would likely have had 

�W�R�� �E�H�� �D�F�W�L�Y�H�� �I�R�U�� �O�R�Q�J�H�U�� �S�H�U�L�R�G�V�� �H�D�F�K�� �G�D�\�� �W�R�� �P�H�H�W�� �W�K�H�L�U�� �U�H�T�X�L�U�H�P�H�Q�W�V���� �7�K�H�U�H�I�R�U�H���� �W�K�H�� �O�D�U�J�H��

difference in overall activity (as found following Bodner’s (2017) effect size formula) especially 

in heavier animals,  though without associated poor growth performance, further suggests this 

could be an indicator of resilience and possibly a more sensitive measure of subclinical 

�S�D�U�D�V�L�W�L�V�P���W�K�D�Q���R�W�K�H�U�V���� 

In addition, the composition of the nematodes identified to the genu s level was dominated by 

Cooperia species, a mildly pathogenic strongylid nematode (Sutherland and Scott, 2010)  and 

the least pathogenic GI parasite of sheep ���9�O�D�V�V�R�I�I���H�W���D�O���������������������,�W���L�V���F�R�Q�F�H�L�Y�D�E�O�H���W�K�D�W���D�Q�\���L�P�S�D�F�W��

from such GIN composition would be at t he lower end of the subclinical effect spectrum 

�F�K�D�U�D�F�W�H�U�L�V�H�G�� �E�\�� �D�� �F�K�D�Q�J�H�� �L�Q�� �E�H�K�D�Y�L�R�X�U���� �7�K�X�V���� �G�H�V�S�L�W�H�� �W�K�H�� �S�U�H�G�R�P�L�Q�D�Q�W�� �Q�H�P�D�W�R�G�H�� �J�H�Q�X�V��

identified in both treated and untreated animals being of low pathogenicity, the geometric 

mean faecal egg counts in the untreated ram -lambs was over 100 times higher than in the 

�6�X�S�S�U�H�V�V�L�Y�H���*�U�R�X�S�����������������Y�V�����������H�J�J�V���J�������Z�K�L�F�K���L�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���R�E�V�H�U�Y�H�G���G�L�I�I�H�U�H�Q�F�H���L�Q��

�D�F�W�L�Y�L�W�\���� �7�K�L�V�� �I�X�U�W�K�H�U�� �G�H�P�R�Q�V�W�U�D�W�H�V�� �W�K�D�W�� �D�F�W�L�Y�L�W�\�� �P�H�D�V�X�U�H�V�� �F�R�X�O�G�� �E�H�� �X�V�H�G�� �W�R�� �L�G�H�Q�W�L�I�\�� �H�D�U�O�\��

effects of sub-c�O�L�Q�L�F�D�O���S�D�U�D�V�L�W�L�V�P���L�Q���\�R�X�Q�J���5�R�P�Q�H�\���V�K�H�H�S�����)�X�W�X�U�H���U�H�V�H�D�U�F�K���W�K�D�W���H�Y�D�O�X�D�W�H�V���K�R�Z��

�D�F�W�L�Y�L�W�\�� �P�H�D�V�X�U�H�V���� �L���H���� �9�H�'�%�$���� �U�H�O�D�W�H�� �W�R�� �I�R�U�D�J�L�Q�J�� �E�H�K�D�Y�L�R�X�U�� �I�R�U�� �L�Q�V�W�D�Q�F�H�� �D�Q�G�� �K�H�Q�F�H�� �H�Q�H�U�J�\��

�L�Q�W�D�N�H���P�D�\���I�X�U�W�K�H�U���L�O�O�X�P�L�Q�D�W�H���K�R�Z���Q�H�P�D�W�R�G�H���S�D�U�D�V�L�W�L�V�P���U�H�O�D�W�H�V���W�R���S�U�R�G�X�F�W�L�Y�L�W�\�� 

Untreated animals showed reduced overall activity, but it remains to be investigated which 

�V�S�H�F�L�I�L�F�� �D�F�W�L�Y�L�W�L�H�V�� �D�U�H�� �F�K�D�Q�J�H�G���� �)�R�U�� �L�Q�V�W�D�Q�F�H���� �U�H�G�X�F�H�G�� �W�L�P�H�� �V�S�H�Q�W�� �J�U�D�]�L�Q�J�� �F�R�X�O�G�� �U�H�V�X�O�W�� �I�U�R�P��

�D�O�W�H�U�H�G�� �E�H�K�D�Y�L�R�X�U�V�� �V�X�F�K�� �D�V�� �J�U�H�D�W�H�U�� �I�D�H�F�D�O�� �D�Y�R�L�G�D�Q�F�H�� �R�Q�� �S�D�V�W�X�U�H�����+�X�W�F�K�L�Q�J�V�� �H�W�� �D�O������ ��002) or 

�L�Q�F�U�H�D�V�H�G���G�L�H�W���V�H�O�H�F�W�L�Y�L�W�\�����.�\�U�L�D�]�D�N�L�V���H�W���D�O�������������������D�V���Z�H�O�O���D�V���D���U�H�G�X�F�W�L�R�Q���L�Q���L�Q�W�D�N�H��per se�����,�Q��

grazing steers monitored with tri -�D�[�L�D�O���D�F�F�H�O�H�U�R�P�H�W�H�U�V�����+�|�J�E�H�U�J���H�W���D�O�������������������I�R�X�Q�G���D�Q���L�Q�F�U�H�D�V�H��

in lying bouts in animals experimentally infected with GIN  at turn -out�����,�Q�F�U�H�D�V�H���L�Q���W�L�P�H���V�S�H�Q�W��

lying could be interpreted as reduced activity and although in cattle, their results agree with 

�W�K�H���I�L�Q�G�L�Q�J�V���R�I���U�H�G�X�F�H�G���R�Y�H�U�D�O�O���D�F�W�L�Y�L�W�\���L�Q���\�R�X�Q�J���V�K�H�H�S���L�Q���W�K�H���S�U�H�V�H�Q�W���V�W�X�G�\�����,�Q���F�R�Q�W�U�D�V�W�����L�Q���D��

�V�W�X�G�\���E�\���)�D�O�]�R�Q���H�W���D�O������2013), GPS-collared stud ewes that were faecal sampled randomly and 

monitored over a 24 -�K�R�X�U���S�H�U�L�R�G���L�Q�F�U�H�D�V�H�G���W�K�H�L�U���P�H�D�Q���G�L�V�W�D�Q�F�H���S�H�U���V�W�H�S���D�V���)�(�&���L�Q�F�U�H�D�V�H�G�����7�K�H��
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�U�H�D�V�R�Q���V���� �I�R�U�� �W�K�L�V�� �G�L�I�I�H�U�H�Q�F�H�� �U�H�T�X�L�U�H�V�� �I�X�U�W�K�H�U�� �V�W�X�G�\���� �+�R�Z�H�Y�H�U���� �F�R�O�O�H�F�W�L�Y�H�O�\�� �W�K�H�V�H�� �V�W�X�G�L�H�V��

demonstrate the role for remote sensing technologies in detecting changes in activity, or 

�G�L�V�W�D�Q�F�H���P�R�Y�H�G�����L�Q���*�,�1���L�Q�I�H�F�W�H�G���L�Q�G�L�Y�L�G�X�D�O���D�Q�L�P�D�O�V���L�Q���O�L�Y�H�V�W�R�F�N���J�U�D�]�L�Q�J���V�\�V�W�H�P�V�����'�H�S�O�R�\�P�H�Q�W��

of these remote sensing technologies – for instance tri -axial accelerometers an d GPS – 

simultaneously on the same subjects would set the premise for investigating composite 

�P�H�D�V�X�U�H�V���R�I���E�H�K�D�Y�L�R�X�U�D�O���D�F�W�L�Y�L�W�L�H�V���D�Q�G���K�R�Z���W�K�H�\���F�K�D�Q�J�H���L�Q���U�H�V�S�R�Q�V�H���W�R���*�,�1���F�K�D�O�O�H�Q�J�H�����$���O�R�J�L�F�D�O��

next step would be to discriminate different activities using accel erometery data, alongside 

GPS data and then evaluate them as a function of parasite infection using two groups of young 

sheep: GIN infected and GIN -�I�U�H�H���F�R�Q�W�U�R�O���D�Q�L�P�D�O�V�� 

����6 Conclusion   

In the current study, deploying accelerometers on young sheep allowed  the detection of 

changes in total activity levels in animals with different parasite treatment dependent on their 

�L�Q�L�W�L�D�O���Z�H�L�J�K�W�V�����D�Q�G���L�Q���W�K�H���D�E�V�H�Q�F�H���R�I���F�O�L�Q�L�F�D�O���V�L�J�Q�V���R�I���S�D�U�D�V�L�W�L�V�P�������7�K�H���U�H�V�X�O�W�V���V�K�R�Z���W�K�D�W���D�Q�L�P�D�O��

activity might be influenced even at low t �R�� �P�R�G�H�U�D�W�H���)�(�&�� �O�H�Y�H�O�V�����,�W���F�D�Q���E�H���F�R�Q�F�O�X�G�H�G���W�K�D�W��

reduced activity is either a consequence of GIN, as in animals are suffering anorexia and 

therefore not as active because they are eating less, or that by moving less, parasitised animals 

�F�R�Q�V�H�U�Y�H���H�Q�H�U�J�\�����7�K�Hse findings suggest that overall activity of sheep measured remotely with 

accelerometers might be an early indicator of subclinical parasitism, which has the potential 

to detect behavioural changes �L�Q�� �V�K�H�H�S�� �E�H�I�R�U�H�� �S�H�U�I�R�U�P�D�Q�F�H�� �F�K�D�Q�J�H�V����Consequently, if a 

threshold value of activity could be determined it would provide a tool to managers to identify 

GIN infection early that they can act upon before loss of production results �����,�W���Z�D�V���E�H�\�R�Q�G���W�K�H��

scope of the present study to distinguish bet ween different activities, such as grazing, or 

directional movement, using accelerometer data, although this is the subject of ongoing 

research 
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CHAPTER 3 – EVALUATION OF THE SUITABILITY OF GPS-BASED 
LOCATION DATA FOR ASSESSING BEHAVIOURAL CHANGES 
ASSOCIATED WITH GASTROINTESTINAL NEMATODES IN SHEEP. 

������ Abstract  

The advent of remote sensing technologies is helping to transform precision livestock 

monitoring, especially in free -range systems in line with current farming trends and an 

�L�Q�F�U�H�D�V�H�G���I�R�F�X�V���R�Q���D�Q�L�P�D�O���Z�H�O�I�D�U�H�����*�O�R�E�D�O���S�R�V�L�W�L�R�Q�L�Q�J���V�\�V�W�H�P�����*�3�6�����V�H�Q�V�R�U�V���D�U�H���D�P�Rng a list 

�R�I���W�H�F�K�Q�R�O�R�J�L�H�V���W�K�D�W���K�D�Y�H���E�H�H�Q���D�G�R�S�W�H�G���I�R�U���D�Q�L�P�D�O���P�R�Q�L�W�R�U�L�Q�J�������,�W���K�D�V���E�H�H�Q���N�Q�R�Z�Q�����K�R�Z�H�Y�H�U����

�V�L�Q�F�H���W�K�H�L�U���H�D�U�O�L�H�V�W���X�V�H���W�R���W�U�D�F�N���D�Q�L�P�D�O���P�R�Y�H�P�H�Q�W���L�Q���W�K�H���O�D�W�H�����������V�����W�K�D�W���*�3�6-based datasets 

�F�D�Q���F�R�Q�W�D�L�Q���V�S�D�W�L�D�O���L�Q�D�F�F�X�U�D�F�L�H�V���� �7�K�H�� �I�R�F�X�V�� �R�I�� �W�K�L�V�� �V�W�X�G�\�� �Z�D�V��to investigate the accuracy of 

commercially available GPS receivers towards detailing their utility for monitoring movement 

�D�F�W�L�Y�L�W�\���L�Q���S�D�U�D�V�L�W�L�V�H�G���V�K�H�H�S�����7�K�U�H�H���W�H�V�W�V���Z�H�U�H���X�V�H�G���I�R�U���D�V�V�H�V�V�P�H�Q�W�V���R�Q���V�H�Y�H�Q���*�3�6���U�H�F�H�L�Y�H�U�V����

static, off -animal motion, and on -anima�O���P�R�W�L�R�Q���W�H�V�W�V�������7�K�H���V�W�D�W�L�F���W�H�V�W���D�V�V�H�V�V�H�G���W�K�H���D�F�F�X�U�D�F�\���R�I��

�W�K�H���H�V�W�L�P�D�W�H�V���I�U�R�P���W�K�H���U�H�F�H�L�Y�H�U�V���Z�K�H�Q���V�W�D�W�L�R�Q�D�U�\�����,�Q���V�W�D�W�L�F���W�H�V�W�V�����W�K�H���D�F�F�X�U�D�F�\���O�R�J�J�H�G���E�\���*�3�6��

receivers showed that ninety -five per cent of location estimates fell within 4 m of their ‘true’ 

positio �Q���I�R�U���V�L�[���R�I���W�K�H���V�H�Y�H�Q���U�H�F�H�L�Y�H�U�V���W�H�V�W�H�G�������9�D�U�\�L�Q�J���W�K�H���W�L�P�H���L�Q�W�H�U�Y�D�O���I�R�U���W�K�H���U�H�F�H�L�Y�H�U�V���W�R��

record a location did not change the accuracy of estimates in four out of five receivers tested for 

�W�K�L�V�� �S�X�U�S�R�V�H���� �2�I�I-animal motion tests mirrored results in the stati c test and in on -animal 

motion tests, there was no evidence that the accuracy from any of the GPS receivers 

�L�Q�Y�H�V�W�L�J�D�W�H�G�� ���D�V�� �V�H�H�Q�� �L�Q�� �W�K�H�� �R�W�K�H�U�� �W�H�V�W�V���� �Z�D�V�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �L�Q�I�O�X�H�Q�F�H�G�� �E�\�� �W�K�H�� �D�Q�L�P�D�O����

Understanding the errors associated with GPS receivers will as sist with the definition of 

�V�X�L�W�D�E�O�H���S�U�R�W�R�F�R�O�V���I�R�U���U�H�F�R�U�G�L�Q�J���O�R�F�D�W�L�R�Q���H�V�W�L�P�D�W�H�V����Using these results, research into several 

�D�V�S�H�F�W�V���R�I���W�K�H���L�Q�I�O�X�H�Q�F�H���R�I���S�D�U�D�V�L�W�L�F���Q�H�P�D�W�R�G�H�V���R�Q���V�K�H�H�S���L�V���S�U�R�S�R�V�H�G�� 

Keywords: GPS receivers, GPS accuracy, remote monitoring, shee p, parasitic nematodes  
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����2 Introduction  

Ground -based sensors such as global positioning system (GPS) receivers record fine -scale 

�P�R�Y�H�P�H�Q�W�V�� �R�I�� �D�Q�L�P�D�O�V�� ���/�D�W�K�D�P�� �H�W�� �D�O������ �������������� �7�K�H�V�H�� �G�H�Y�L�F�H�V have the potential to provide 

insight into the movement patterns of  animals under normal or pathological challenge, and 

could be a useful index for monitoring the physiological, physical and health status of animals 

���1�H�H�W�K�L�U�D�M�D�Q�� �H�W�� �D�O������ �������������� �7�K�H�V�H�� �G�H�Y�L�F�H�V�� �S�U�H�V�H�Q�W�� �D�Q�� �R�S�S�R�U�W�X�Q�L�W�\�� �I�R�U�� �S�R�W�H�Q�W�L�D�O�� �G�H�W�H�F�W�L�R�Q�� �R�I��

disease states, assuming that GPS -based animal tracking can differentiate changes in 

�P�R�Y�H�P�H�Q�W�� �E�H�K�D�Y�L�R�X�U�� �E�H�W�Z�H�H�Q�� �K�H�D�O�W�K�\�� �D�Q�G�� �D�I�I�H�F�W�H�G�� �V�X�E�M�H�F�W�V���� �*�D�V�W�U�R�L�Q�W�H�V�W�L�Q�D�O�� �Q�H�P�D�W�R�G�H�V��

(GIN) can induce a level of anorexia and lethargy in parasitised animals  (Sykes and Coop, 

1976; Fox e�W���D�O���������������������&�X�U�U�H�Q�W�O�\�����W�K�H mechanisms associated with this phenomenon are not 

�I�X�O�O�\���X�Q�G�H�U�V�W�R�R�G�����(�Y�L�G�H�Q�F�H���H�[�L�V�W�V�����K�R�Z�H�Y�H�U�����W�K�D�W���D�V�V�R�F�L�D�W�H�V���*�,�1���S�D�U�D�V�L�W�L�V�P���Z�L�W�K���D���U�H�G�X�F�W�L�R�Q���L�Q��

�Y�R�O�X�Q�W�D�U�\�� �I�H�H�G�� �L�Q�W�D�N�H�� ���&�R�R�S�� �H�W�� �D�O������ ������������ �$�E�E�R�W�W���H�W�� �D�O������ ������������ �)�R�[�� �H�W�� �D�O������ ������������ In addition, 

�E�H�K�D�Y�L�R�X�U�D�O���F�K�D�Q�J�H�V���V�X�F�K���D�V���L�Q�F�U�H�D�V�H�G���D�Y�R�L�G�D�Q�F�H���R�I���S�D�V�W�X�U�H���F�O�R�V�H�V�W���W�R���I�D�H�F�D�O���S�D�W�V�����+�X�W�F�K�L�Q�J�V��

�H�W���D�O�������������������D�Q�G���L�Q�F�U�H�D�V�H�G���G�L�H�W���V�H�O�H�F�W�L�Y�L�W�\�����.�\�U�L�D�]�D�N�L�V���H�W���D�O�������������������K�D�Y�H���E�H�H�Q���R�E�V�H�U�Y�H�G�����2�Q�H��

argument is that behavioural changes may enable parasi tized animals to ameliorate the 

�L�P�S�D�F�W���R�I���S�D�U�D�V�L�W�L�V�P�����,�W���L�V���S�O�D�X�V�L�E�O�H���W�K�D�W���D�Q�L�P�D�O�V���P�D�\���L�Q�F�U�H�D�V�H���W�K�H�L�U���P�R�Y�H�P�H�Q�W�����W�R���D�O�O�R�Z���W�K�H�P��

to access previously un -grazed (and hence low contamination with faecal matter) areas, and to 

date, one study has demonstrated a p ositive relationship between faecal worm egg counts 

���)�(�&�����D�Q�G���W�K�H���G�L�V�W�D�Q�F�H���W�U�D�Y�H�O�O�H�G���E�\���V�K�H�H�S�����)�D�O�]�R�Q���H�W���D�O������ � �� �� �� �� �� �� � �&�R�Q�Y�H�U�V�H�O�\���� �L�I���W�K�H���G�L�V�W�D�Q�F�H��

moved by an individual is considered a proxy for activity such as time spent grazing (Augustine 

and Derner, 201 ���������Z�K�L�F�K���K�D�V���E�H�H�Q���V�K�R�Z�Q���W�R���E�H���U�H�G�X�F�H�G���X�Q�G�H�U���S�D�U�D�V�L�W�H���F�K�D�O�O�H�Q�J�H�����+�X�W�F�K�L�Q�J�V��

�H�W���D�O�������������������)�R�U�E�H�V���H�W���D�O���������������������������������W�K�H�Q���W�K�H���F�R�O�O�H�F�W�L�Y�H���E�H�K�D�Y�L�R�X�U�V���R�I���S�D�U�D�V�L�W�L�V�H�G���D�Q�L�P�D�O�V��

�P�D�\���U�H�V�X�O�W���L�Q���O�H�V�V���G�L�V�W�D�Q�F�H���P�R�Y�H�G�����,�Q���V�X�S�S�R�U�W���R�I���W�K�L�V�����L�Q��Chapter 2, a reduction in o verall 

activity was found in parasitised young sheep monitored with tri -axial accelerometers 

�F�R�P�S�D�U�H�G���W�R���W�K�H�L�U���W�U�H�D�W�H�G���F�R�X�Q�W�H�U�S�D�U�W�V�����,�N�X�U�L�R�U���H�W���D�O�������������������� 

To date there is little information available on the impact on movement activity of grazing 

young s�K�H�H�S���F�D�U�U�\�L�Q�J���H�Y�H�Q���P�R�G�H�V�W���E�X�U�G�H�Q�V���R�I���Q�H�P�D�W�R�G�H�V�����7�K�H���X�V�H�I�X�O�Q�H�V�V���R�I���*�3�6���W�U�D�F�N�L�Q�J���W�R��

examine the implications of GIN on the behaviour of parasitised animals will depend on the 

accuracy, and repeatability, of the distance measures derived from the GPS receiver�V�������*�3�6��

datasets are characterised by errors associated with location fix success and spatial inaccuracy 

�R�I���D�F�T�X�L�U�H�G���O�R�F�D�W�L�R�Q�V�����O�R�F�D�W�L�R�Q���H�U�U�R�U�V�������)�U�D�L�U���H�W���D�O���������������������7�K�H�V�H���H�U�U�R�U�V���F�D�Q���O�H�D�G���W�R���L�Q�F�R�U�U�H�F�W��

inferences after analysis (Cagnacci et al. 2010)�����:�K�H�Q���*�3�6���G�H�Y�L�F�H�V���D�U�H���G�H�S�O�R�\�H�G���R�Q���D�Q�L�P�D�O�V����
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there can be an additional magnification of these errors associated with unexpected activity 

���H���J�������V�X�G�G�H�Q���V�S�U�L�Q�W���I�U�R�P���S�R�W�H�Q�W�L�D�O���I�U�L�J�K�W�����W�K�D�W���W�D�U�J�H�W���D�Q�L�P�D�O�V���V�R�P�H�W�L�P�H�V���H�[�K�L�Eit (Dussault et 

�D�O������������������ Moreover, GPS receivers have been known to over- sample periods when animals 

�D�U�H���L�G�O�H�����O�H�D�G�L�Q�J���W�R���F�R�Q�F�O�X�V�L�R�Q�V���W�K�D�W���D�Q�L�P�D�O�V���D�U�H���P�R�U�H���D�F�W�L�Y�H���W�K�D�Q���W�K�H�\���D�U�H�����%�D�L�O�H�\���H�W���D�O��������������������

�+�R�Z�H�Y�H�U�����W�H�F�K�Q�R�O�R�J�L�H�V���F�R�Q�W�L�Q�X�H���W�R���H�Y�R�O�Y�H�����D�Q�G���V�R�P�H���R�I���W�K�H���H�U�U�R�U�V���K�L�V�W�R�U�L�F�D�O�O�\���D�V�Vociated with 

�O�R�F�D�W�L�R�Q���G�D�W�D���P�D�\���D�O�V�R���K�D�Y�H���E�H�H�Q���O�R�V�W�����,�Q���*�3�6���S�H�U�I�R�U�P�D�Q�F�H���W�H�V�W�V�����D�W�W�H�Q�W�L�R�Q���L�V���J�L�Y�H�Q���P�R�V�W�O�\���W�R��

the accuracy of individual coordinates relative to their true position rather than measures of 

�G�L�V�W�D�Q�F�H�����:�H�U�Q�H�U���H�W���D�O���������������������V�W�D�W�H�G���W�K�D�W��the more precise a receiver is, the more reproducible 

the measurements are �X�Q�G�H�U���G�\�Q�D�P�L�F���W�H�V�W���F�R�Q�G�L�W�L�R�Q�V�����$�W���S�U�H�V�H�Q�W���W�K�H�U�H���L�V���D�Q���L�Q�F�U�H�D�V�L�Q�J���Y�D�U�L�H�W�\��

of GPS receivers on the market, but little information is provided on their ability and suitability 

to accurately reco �U�G���W�K�H���S�R�V�L�W�L�R�Q���R�I���D�Q�L�P�D�O�V�����H�V�S�H�F�L�D�O�O�\���L�Q���O�L�P�L�W�H�G���V�S�D�F�H���U�H�V�R�X�U�F�H�V���� 

The aims of this study  were: (i) to investigate how a variety of low -cost, light weight, 

commercially available GPS receivers perform on and off animal; and (ii) to comment on the 

utility of location estimates recorded from GPS receivers in relation to the expanding 

�X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���W�K�H���P�R�Y�H�P�H�Q�W���S�D�W�W�H�U�Q�V���R�I���S�D�U�D�V�L�W�L�V�H�G���V�K�H�H�S�������7�K�H���K�\�S�R�W�K�H�V�H�V���W�H�V�W�H�G���Z�H�U�H��

�W�K�D�W���� ���L���� �U�H�F�H�L�Y�H�U�V�� �Z�R�X�O�G�� �E�H�� �D�F�F�X�U�D�W�H�� �W�R�� ���� �P�� �L�Q�� �V�W�D�W�L�F�� �W�H�V�W�V���� ���L�L���� �Z�K�H�Q�� �L�Q�� �P�R�W�L�R�Q���� �W�K�H�� �Wravel 

�G�L�V�W�D�Q�F�H�V���S�U�H�G�L�F�W�H�G���E�\���G�L�I�I�H�U�H�Q�W���U�H�F�H�L�Y�H�U���E�U�D�Q�G�V���Z�R�X�O�G���E�H���Z�L�W�K�L�Q�������P���R�I���D���J�R�O�G���V�W�D�Q�G�D�U�G���D�Q�G���R�I��

each other, (iii) on a live animal, the distance travelled estimated from each receiver would be 

similar and (iv)  the estimated distance covered by an anim al will be cumulatively different 

�E�H�W�Z�H�H�Q���G�D�\�W�L�P�H���D�Q�G���V�X�Q�V�H�W���K�R�X�U�V�����R�Q���W�K�H���D�V�V�X�P�S�W�L�R�Q���W�K�D�W���O�H�V�V���W�U�D�Y�H�O���G�L�V�W�D�Q�F�H���R�F�F�X�U�V���D�W���Q�L�J�K�W���� 

����3 Material and methods  

3.3.1 Study sites 

Assessments were carried out at two locations on the Manawatu Campus of Massey 

Univ �H�U�V�L�W�\�����3�D�O�P�H�U�V�W�R�Q���1�R�U�W�K�����1�H�Z���=�H�D�O�D�Q�G�����0�R�W�L�R�Q���W�H�V�W�V���Z�H�U�H���F�R�Q�G�X�F�W�H�G���D�W���W�K�H���8�Q�L�Y�H�U�V�L�W�\��

athletics track (40 �q23’23” �6�����������q�����·�����µ���(���������P���(�O�H�Y�D�W�L�R�Q�������Z�K�L�O�H���V�W�D�W�L�F���D�Q�G���R�Q-animal tests 

were conducted within a nearby farm block of 2 ha divided into 10 evenly sized  paddocks 

(40�q�����·�����µ���6���������q36’21” �(���������P���(�O�H�Y�D�W�L�R�Q�������%�R�W�K���O�R�F�D�W�L�R�Q�V���Z�H�U�H���F�K�D�U�D�F�W�H�U�L�V�H�G���E�\���D�E�V�H�Q�F�H���R�I��

�Q�H�D�U�E�\���E�X�L�O�G�L�Q�J�V���D�Q�G���W�U�H�H�V�����6�W�D�W�L�F���D�Q�G���P�R�W�L�R�Q���W�H�V�W�V���Z�H�U�H���F�R�Q�G�X�F�W�H�G���R�Y�H�U���W�K�H���S�H�U�L�R�G���I�U�R�P���-�X�Q�H��

�����������W�R���-�X�O�\������������ 

  



 

 64 

3.3.2 GPS receivers 

The study was perform �H�G�� �Z�L�W�K�� �V�H�Y�H�Q�� �F�R�P�P�H�U�F�L�D�O�O�\�� �V�R�X�U�F�H�G�� �*�3�6�� �U�H�F�H�L�Y�H�U�V���� �7�D�E�O�H������1 

�V�X�P�P�D�U�L�V�H�V���W�K�H���E�D�V�L�F���I�H�D�W�X�U�H�V���R�I���W�K�H�V�H���X�Q�L�W�V�� 

Table 3.1 Attributes of seven GPS units used in the comparison assessment  

Receiver   Type   Supplier   Weight (g)  Intended 
purpose   

Carter  GPS  DL  DataCarter   ����������  Livestock logger   

i-GotU GT-120  DL   Mobile Action 

�7�H�F�K�Q�R�O�R�J�\���,�Q�F��  

��������  Travel and sports 

logger  

i-GotU GT-600  DL   Mobile Action 
�7�H�F�K�Q�R�O�R�J�\���,�Q�F��  

��������  Travel and sports 
logger  

Garmin 
Forerunner 920 
XT  

DL   Garmin Ltd   ��������  Multisport GPS 
watch   

Garmin 
Forerunner 310 

XT  

DL   Garmin Ltd   ��������  Multisport GPS 
watch   

�*�L�S�V�\��  DL   Technosmart   

Europe srl   

����������  Birds & small 
mammals GPS 
tracker   

CatLog Gen2  DL   Catnip 
technologies Ltd   

����������  Domestic and 
wildlife logger   

Note: DL –  Data logger  

Each unit recorded a time and date -stamped GPS coordinate (latitude and longitude); they 

�D�O�V�R�� �U�H�F�R�U�G�H�G�� �W�K�H�� �Q�X�P�E�H�U�� �R�I�� �V�D�W�H�O�O�L�W�H�V�� �D�Y�D�L�O�D�E�O�H�� �G�X�U�L�Q�J�� �*�3�6�� �I�L�[�� �D�F�T�X�L�V�L�W�L�R�Q���� �2�W�K�H�U outputs 

�L�Q�F�O�X�G�H�G���P�H�D�V�X�U�H�V���R�I���K�R�U�L�]�R�Q�W�D�O���G�L�O�X�W�L�R�Q���R�I���S�U�H�F�L�V�L�R�Q�����+�'�2�3�������H�O�H�Y�D�W�L�R�Q���D�Q�G���V�S�H�H�G�����7�K�H�V�H���X�Q�L�W�V��

were selected based on previous usage on animal subjects (Allan  et al. 2013), customer online 

�U�H�Y�L�H�Z�V�����F�R�V�W�����Z�H�L�J�K�W���D�Q�G���D�Y�D�L�O�D�E�L�O�L�W�\���I�R�U���S�X�U�F�K�D�V�H�� 

  



 

 ����  

3.3.3 Static tests 

�6�H�Y�H�Q���Z�R�R�G�H�Q���I�H�Q�F�H���S�R�V�W�V���Z�H�U�H���V�H�O�H�F�W�H�G���D�W���W�K�H���I�D�U�P���V�W�X�G�\���V�L�W�H�����7�K�H���O�R�F�D�W�L�R�Q���R�I���H�D�F�K���S�R�V�W was 

recorded using a real -time kinematic (RTK) �*�3�6���S�U�H�F�L�V�L�R�Q���X�Q�L�W�����7�K�H���5�7�.���K�D�G���D�Q���D�F�F�X�U�D�F�\���R�I��

�����������P���Z�K�H�Q���F�R�P�S�D�U�H�G���W�R���D���N�Q�R�Z�Q�����S�U�H�Y�L�R�X�V�O�\���V�X�U�Y�H�\�H�G���O�R�F�D�W�L�R�Q�����0�����,�U�Z�L�Q�����X�Q�S�X�E�O�L�V�K�H�G���G�D�W�D������

�(�D�F�K�� �I�H�Q�F�H�� �S�R�V�W�� �Z�D�V�� �D�O�O�R�F�D�W�H�G�� �W�R�� �R�Q�H�� �R�I�� �W�K�H�� �V�H�Y�H�Q�� �*�3�6�� �U�H�F�H�L�Y�H�U�V���� �)�R�U�� �I�L�Y�H�� �U�H�F�H�L�Y�H�U�V���� �I�R�X�U��

�V�H�S�D�U�D�W�H���H�S�R�F�K�V�����L���H�������U�H�F�R�U�G�L�Q�J���L�Q�W�H�U�Y�D�O�V�����H�D�F�K���R�I���R�Q�H�������������������D�Q�G���������V�H�F�R�Q�G�V���Z�H�U�H���L�Q�Y�H�V�W�L�J�D�W�H�G����

�7�K�H���U�H�F�H�L�Y�H�U�V���Z�H�U�H���O�H�I�W���W�R���U�H�F�R�U�G���G�D�W�D���R�Q���W�K�H�V�H���I�H�Q�F�H���S�R�V�W�V���I�R�U���E�H�W�Z�H�H�Q���������D�Q�G���������K�R�X�U�V�����(�D�F�K��

�U�H�F�H�L�Y�H�U���Z�D�V���W�H�V�W�H�G���R�Q���D�W���O�H�D�V�W���W�K�U�H�H���V�H�S�D�U�D�W�H���R�F�F�D�V�L�R�Q�V���D�W���H�D�F�K���H�S�R�F�K�����$�O�O���F�R�P�S�D�U�L�V�R�Q�V���E�H�Wween 

the receivers were made at the same time in order to ensure the satellites available for 

�W�U�L�D�Q�J�X�O�D�W�L�R�Q���R�I���O�R�F�D�W�L�R�Q�V���Z�H�U�H���V�L�P�L�O�D�U���D�P�R�Q�J���W�K�H���U�H�F�H�L�Y�H�U�V�����7�K�H���*�D�U�P�L�Q���E�U�D�Q�G�V���G�L�G���Q�R�W���D�O�O�R�Z��

for scheduling at epochs of greater than one second  and therefore wer e omitted from the test 

�R�I���O�R�Q�J�H�U���H�S�R�F�K�V�����7�K�H���O�R�F�D�W�L�R�Q�V���R�I���W�K�H���O�R�J�J�H�U�V were then compared to their respective “true” 

location (based on the RTK reading) allowing for a measure of location error to be �G�H�U�L�Y�H�G���� 

3.3.4 Motion test –  Off-animal 

The inside lane of a standard athletics track (measuring 400 m) was used to test the distance 

predicted by each receiver off -�D�Q�L�P�D�O�����$�O�O���X�Q�L�W�V���Z�H�U�H���V�H�W���W�R���U�H�F�R�U�G���*�3�6���O�R�F�D�W�L�R�Q�V���D�W���R�Q�H���V�H�F�R�Q�G 

epoch and then deployed simultaneously from the start point of the tra �F�N�����7�K�H���U�H�F�H�L�Y�H�U�V���Z�H�U�H��

lined side by side and  carried on a flat board for ten laps around the track over three separate 

�G�D�\�V���� �7�K�H�� �5�7�.�� �X�Q�L�W �Z�D�V�� �D�O�V�R�� �F�D�U�U�L�H�G�� �I�R�U�� �W�Z�R�� �O�D�S�V���� �7�K�H�� �W�R�W�D�O�� �G�L�V�W�D�Q�F�H�� �F�R�Y�H�U�H�G�� �I�R�U�� �H�D�F�K�� �O�D�S��

walked around the track was estimated from the  GPS receivers using a series of step lengths 

���G�L�V�W�D�Q�F�H���E�H�W�Z�H�H�Q���W�Z�R���O�R�F�D�W�L�R�Q���H�V�W�L�P�D�W�H�V�����F�D�O�F�X�O�D�W�H�G���I�U�R�P���W�K�H���*�3�6���F�R�R�U�G�L�Q�D�W�H�V���U�H�F�R�U�G�H�G�����6�W�H�S��

lengths in kilometres were computed from longitude and latitude values using the function 

prepData in the R package m oveHMM ���0�L�F�K�H�O�R�W���H�W���D�O���������������������'�D�W�D���S�R�L�Q�W�V���I�U�R�P���W�K�H���U�H�V�S�H�F�W�L�Y�H��

receivers were mapped and summed to provide a measure of travel distance logged by each 

�U�H�F�H�L�Y�H�U�� 

3.3.5 Motion test –  On-animal test 

A single ewe-�O�D�P�E�����������N�J�����Z�D�V���I�L�W�W�H�G���Z�L�W�K���D�O�O���V�H�Y�H�Q���*�3�6���U�H�F�H�L�Y�H�U�V���R�Q���W�Z�R���V�H�S�D�U�D�W�H���R�F�F�D�V�L�R�Q�V����

�7�K�H���W�R�W�D�O���Z�H�L�J�K�W���R�I���W�K�H���U�H�F�H�L�Y�H�U�V�������������J�����Z�D�V���a�����������R�I���W�K�H���E�R�G�\���Z�H�L�J�K�W���D�Q�G���W�K�X�V���D�F�F�H�S�W�D�E�O�H���I�R�U��

the animal ( Mor �H�D�X�� �H�W�� �D�O������ �������������� �(�D�F�K�� �V�D�P�S�O�L�Q�J�� �R�F�F�D�V�L�R�Q�� �Z�D�V�� ������ �K�R�X�U�V�� �L�Q�� �G�X�U�D�W�L�R�Q���� �Z�L�W�K��

receivers scheduled to start recording location data from 09 ��00 to 22��00 hour (first recording) 

�D�Q�G��������00 to 03���������K�R�X�U�V�����V�H�F�R�Q�G���U�H�F�R�U�G�L�Q�J�������,�Q���W�K�L�V���Z�D�\�����E�R�W�K���G�D�\�W�L�P�H���D�Q�G���V�X�Q�V�H�W���K�R�X�U�V���Z�H�U�H��
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�F�D�S�W�X�U�H�G�� Location data recording was scheduled at one -�V�H�F�R�Q�G�� �H�S�R�F�K�V���� �7�K�H�� �W�R�W�D�O�� �G�L�V�W�D�Q�F�H��

covered by the ewe on each sampling occasion was estimated from the GPS receivers using a 

series of step lengths, using the same method as the off -animal motion test (Section 3.3.4)�� 

3.3.6 Data management 

At the end of each recording period, the receivers were removed and the data were downloaded 

and managed on their respective platforms (with exception of the Carter unit, which stores 

�G�D�W�D���R�Q�W�R���D�Q���6�'���F�D�U�G���W�K�D�W���F�D�Q���E�H���U�H�D�G���E�\���P�R�V�W���F�R�P�S�X�W�H�U���R�S�H�U�D�W�L�Q�J���V�\�V�W�H�P�V�������)�R�U���W�K�H���*�D�U�P�L�Q��

receivers, data were uploaded to the Garmin websit e using Garmin Connect software (version 

�������������������� �*�D�U�P�L�Q�� �/�W�G������ �D�Q�G�� �G�L�V�W�D�Q�F�H�� �L�Q�� ��-s intervals was downloaded for subsequent data 

�F�O�H�D�Q�L�Q�J�����W�R���U�H�P�R�Y�H���V�D�W�H�O�O�L�W�H���D�U�W�L�I�D�F�W�V�������)�R�U���W�K�H���L-gotU receivers, data were downloaded using 

�W�K�H�� �V�R�I�W�Z�D�U�H�� �#�7�U�L�S�� �3�&�� ���Y�H�U�V�L�R�Q�� ���������������������������� �0�R�E�L�O�H�� �$�F�W�L�R�Q�� �7�H�F�K�Q�R�O�R�J�\���� �,�Q�F�������� �7�K�H�� �*�L�S�V�\����

�U�H�F�H�L�Y�H�U���Z�D�V���G�R�Z�Q�O�R�D�G�H�G���X�V�L�Q�J���W�K�H���*�L�3�6�\�����8�W�L�O�L�W�\���V�R�I�W�Z�D�U�H�����Y�H�U�V�L�R�Q�������������7�H�F�K�Q�R�V�P�D�U�W���(�X�U�R�S�H��

�V�U�O�������7�K�H���&�D�W�/�R�J���U�H�F�H�L�Y�H�U���Z�D�V���G�R�Z�Q�O�R�D�G�H�G���X�V�L�Q�J���W�K�H���&�D�W�/�R�J���*�3�6���F�R�Q�W�U�R�O���F�H�Q�W�U�H�����Y�H�U�V�L�R�Q������������

Catnip technologi �H�V�����/�W�G�������� 

As the coordinates retrieved from the GPS were recorded as ‘world geodetic system’ 

�F�R�R�U�G�L�Q�D�W�H�V�����W�K�H�\���Z�H�U�H���F�R�Q�Y�H�U�W�H�G���W�R���1�H�Z���=�H�D�O�D�Q�G���0�D�S���*�U�L�G���F�R�R�U�G�L�Q�D�W�H�V���X�V�L�Q�J���W�K�H���J�H�R�J�U�D�S�K�L�F��

information system ArcGIS Programme (ESRI �����1�H�Z���<�R�U�N���� 

3.3.7 Statistical analysis  

For the static tests, the location errors (LE) were calculated as the Euclidean distance between 

the actual location and the distance between each of the estimated locations recorded by GPS 

�U�H�F�H�L�Y�H�U�V�����7�K�H���D�U�L�W�K�P�H�W�L�F���P�H�D�Q�V�����P�H�G�L�D�Q�V���D�Q�G���K�L�V�W�R�J�U�D�P�V��of the location error of n fixes were 

�J�H�Q�H�U�D�W�H�G���� �%�H�V�L�G�H�V�� �W�K�H�� �V�W�D�W�L�F�� �W�H�V�W�� �G�D�W�D�� �D�W�� �R�Q�H�� �V�H�F�R�Q�G�� �H�S�R�F�K���� �D�O�O�� �R�W�K�H�U�� �G�D�W�D�� �Z�H�U�H�� �V�W�U�R�Q�J�O�\��

�S�R�V�L�W�L�Y�H�O�\�� �V�N�H�Z�H�G�� �D�Q�G�� �U�H�T�X�L�U�H�G�� �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�� �S�U�L�R�U�� �W�R�� �V�W�D�W�L�V�W�L�F�D�O�� �D�Q�D�O�\�V�H�V���� �$�� �R�Q�H-way 

ANOVA was used to compare all seven recei vers in the static test recording at one -second 

�H�S�R�F�K�����7�R���U�H�P�R�Y�H���V�N�H�Z�Q�H�V�V���R�I���W�K�H���R�W�K�H�U���G�D�W�D���D���Q�X�P�E�H�U���R�I���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�V���Z�H�U�H���L�Q�Y�H�V�W�L�J�D�W�H�G��

including the Box -Cox-, log-, square- and cube-root transformations, however, none were 

�H�I�I�H�F�W�L�Y�H�� Therefore, all other data were analysed using descriptive and nonparametric 

�L�Q�I�H�U�H�Q�W�L�D�O�� �V�W�D�W�L�V�W�L�F�V���� �7�K�H�� �.�U�X�V�N�D�O-� :� D� O� O� L� V� � � 7� H� V� W� � � Z� D� V� � � X� V� H� G� � � W� R� � � F� R� P� S� D� U� H� � � U� H� F� H� L� Y� H� U� � � E� \� � � H� S� R� F� K� �

interaction of the five GPS receivers  that could be scheduled to record at variable epochs 

(Carter, i -GotU GT -120, i-GotU GT -�����������*�L�S�V�\�����D�Q�G���&�D�W�/�R�J���*�H�Q���������$���¶�P�R�Q�L�W�R�U-epoch’ variable 

was created to represent a single value for each GPS receiver at each of the four epochs 
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�F�R�P�S�D�U�H�G�����0�X�O�W�L�S�O�H���S�D�L�Uwise comparisons were performed using a Bonferroni correction and 

the Dunn Kruskal -�:�D�O�O�L�V���W�H�V�W���� 

For the off -animal motion athletics track test, differences in the total distance calculated from 

GPS receivers were evaluated using the nonparametric Skilling s–Mack test (Skillings and 

�0�D�F�N���� �������������� �7�K�L�V�� �Z�D�V�� �� �I�R�O�O�R�Z�H�G�� �E�\�� �D�S�S�O�L�F�D�W�L�R�Q�� �R�I�� �D�� �%�R�Q�I�H�U�U�R�Q�L�� �F�R�U�U�H�F�W�L�R�Q�� �I�R�U�� �S�D�L�U�Z�L�V�H��

comparisons and performed using the post -�K�R�F���'�X�U�E�L�Q���W�H�V�W�����'�X�H���W�R���D���I�D�X�O�W���Z�K�L�F�K���R�F�F�X�U�U�H�G���L�Q��

the i -GotU120 device during charging, location data  were not recorded during seven testing 

�O�D�S�V�����7�K�H�U�H�I�R�U�H�����W�K�H���6�N�L�O�O�L�Q�J�V-Mack test was used as it is a generalization of the Friedman test 

�G�H�V�L�J�Q�H�G���I�R�U���E�O�R�F�N���G�H�V�L�J�Q�V���Z�L�W�K���P�L�V�V�L�Q�J���R�E�V�H�U�Y�D�W�L�R�Q�V�����7�K�H���W�U�D�F�N���O�D�S���Q�X�P�E�H�U���Z�D�V���L�Q�F�O�X�G�H�G���D�V���D��

‘blocking variable’ in ord er to ensure comparisons were made among receivers that were 

�F�D�U�U�L�H�G���D�W���W�K�H���V�D�P�H���W�L�P�H���� 

For the on -animal test, the estimated distance covered by one sheep carrying all GPS receivers 

was analysed using the Friedman rank sum test with hour of recording incl uded as a blocking 

�Y�D�U�L�D�E�O�H���� �'�L�I�I�H�U�H�Q�F�H�V�� �L�Q���G�L�V�W�D�Q�F�H���F�R�Y�H�U�H�G���D�P�R�Q�J���U�H�F�H�L�Y�H�U�V���Z�H�U�H���W�H�V�W�H�G���E�\�� �S�R�V�W-hoc pairwise 

�:�L�O�F�R�[�R�Q���V�L�J�Q�H�G���U�D�Q�N���W�H�V�W�����7�K�H���G�L�V�W�D�Q�F�H���W�U�D�Y�H�O�O�H�G���E�\���W�K�H���V�K�H�H�S���L�Q���G�D�\�W�L�P�H���K�R�X�U�V���Z�D�V���F�R�P�S�D�U�H�G��

with those in sunset hours using the two -sample Mann -�:�K�L�W�Q�H�\�� �8�� �W�H�V�W���� �$�O�O�� �G�D�W�D�� �Z�H�U�H��

processed prior to analyses using R, with analyses performed in ArcGIS 9 (ArcMap version 

�����������������(�6�5�,���������������D�Q�G���L�Q���W�K�H���5���F�R�P�S�X�W�L�Q�J���H�Q�Y�L�U�R�Q�P�H�Q�W�����5���Y�H�U�V�L�R�Q�����������������������������$���Y�D�O�X�H���R�I��

�D�O�S�K�D��� �������������Z�D�V���F�R�Q�V�L�G�H�U�H�G���V�L�J�Q�L�I�L�F�D�Q�W���I�R�U���D�O�O���W�H�V�W�V�� 

����4 Results 

3.4.1 Static test 

Summary statistics for location error (LE) estimates of all seven GPS receivers scheduled at 

�W�K�H���R�Q�H���V�H�F�R�Q�G���H�S�R�F�K���L�V���V�K�R�Z�Q���L�Q���7�D�E�O�H�������������7�K�H���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���D�O�O���U�H�F�R�U�G�H�G���O�R�F�D�W�L�R�Q�V���I�R�U���H�D�F�K��

of the seven units is shown in  Appendix 3 -���� 
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Table 3.2 Summary statistics (minimum (min), maximum (max), mean, median and 

standard deviation) for location error for each of the seven static GPS receivers recoding 

at one-second epoch 

GPS re ceiver  
Location error (m)  

Min (m)  Max (m)  Mean (m)  Median  SD 
�*�L�S�V�\���� �������� �������� �������� �������� �������� 

Carter  �������� �������� �������� �������� �������� 

Garmin 310  �������� �������� �������� �������� �������� 

Garmin 920  �������� �������� �������� �������� �������� 

i -GotU GT - 120 �������� ���������� �������� �������� �������� 

i -GotU GT - 600 �������� ���������� �������� �������� �������� 

CatLog  �������� ������������ ���������� �������� ���������� 

 

At the one -second epoch, a difference in mean location errors was found ( F�������� = ��������������p = 

�����������������D�P�R�Q�J���W�K�H���U�H�F�H�L�Y�H�U�V�����3�D�L�U�Z�L�V�H���O�R�F�D�W�L�R�Q���H�U�U�R�U���P�H�D�Q���F�R�P�S�D�U�L�V�R�Q�V���X�V�L�Q�J��Tukey’s post -

�K�R�F���D�Q�D�O�\�V�L�V���W�R���V�H�S�D�U�D�W�H���U�H�F�H�L�Y�H�U���P�H�D�Q�V���L�V���S�U�H�V�H�Q�W�H�G���L�Q���7�D�E�O�H���������� 

Table 3.3 Least square (LS) mean estimates of location errors (in metres) of seven GPS 

receivers recorded at three periods �V�K�R�Z�L�Q�J���V�W�D�Q�G�D�U�G���H�U�U�R�U�V�����V�H�����D�Q�G�����������F�R�Q�I�L�G�H�Q�F�H��

�O�H�Y�H�O�V�� 

GPS Receiver  LS mean  se df  95% CI  

�*�L�S�V�\�� ��������  a ����������  12 ����������- ��������  

Carter  ��������  a ����������  12 ����������- ��������  

Garmin310   ��������  ab ����������  12 ����������- ��������  

Garmin920   ��������  ab ����������  12 ����������- ��������  

i-GotU GT -600  ��������  b ����������  12 ����������- ��������  

i-GotU GT -120  ��������  b ����������  12 ����������- ��������  

CatLog  ����������  c ����������  12 ����������- ����������  

a, b, c �Y�D�O�X�H�V�� �Z�L�W�K�� �G�L�I�I�H�U�H�Q�W�� �V�X�S�H�U�V�F�U�L�S�W�� �D�U�H�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �G�L�I�I�H�U�H�Q�W�� ���7�X�N�H�\�·�V�� �+�6�'����p���������������� �V�H��

���V�W�D�Q�G�D�U�G���H�U�U�R�U�������G�I�����G�H�J�U�H�H���R�I���I�U�H�H�G�R�P�������&�,�����&�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O���D�W���D�O�S�K�D��� �������������� 
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The arithmetic mean location error  in metres for five GPS receivers tested at one, 10, 30 and 

�������H�S�R�F�K�V���D�U�H���V�K�R�Z�Q���L�Q���)�L�J�X�U�H������1; Appendix 3 -3�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� 

 
Figure 3.1 Effects of GPS receiver and logging interval (epoch) on average location 

�H�U�U�R�U�����P�H�W�U�H�V�����G�X�U�L�Q�J���W�K�U�H�H���S�H�U�L�R�G�V���R�I���V�W�D�W�L�F���W�H�V�W�V�����(�U�U�R�U���E�D�U�V���L�Q�G�L�F�D�W�H�������������F�R�Q�I�L�G�H�Q�F�H��

�L�Q�W�H�U�Y�D�O�� 

Differences in location error (LE) were found among the 20 ‘monitor -epoch’ categories as 

assessed using the Kruskal -�:�D�O�O�L�V�� �W�H�V�W�� ��H ���������� � �� ����������������P ���� ���������������� �3�R�V�W-hoc Dunn test 

between the ‘monitor -�H�S�R�F�K�·���F�D�W�H�J�R�U�L�H�V���V�K�R�Z�H�G���D�Q���H�S�R�F�K���H�I�I�H�F�W���R�Q���O�R�F�D�W�L�R�Q���H�U�U�R�U���I�R�U���W�K�H���*�L�S�V�\����

and i -�J�R�W�8���������U�H�F�H�L�Y�H�U�V�������7�K�H���O�R�F�D�W�L�R�Q���H�U�U�R�U���I�U�R�P���W�K�H���*�L�S�V�\�����D�W���R�Q�H second was significantly 

less than those at higher epochs (10, 30 and 60 seconds); while location errors at 10 and 30 

seconds epoch were different in the i -�J�R�W�8�����������7�D�E�O�H������������ 
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Table 3.4 Ranked mean location errors for five GPS receivers tested across four epochs 

�R�I���R�Q�H�������������������D�Q�G���������V�H�F�R�Q�G�V���L�Q���V�W�D�W�L�F���W�H�V�W�V�� 

GPS Receiver  1 10 30 60 

Carter  ������������ ab ������������ ab ������������ ab ������������ a 

i-GotU600 ������������ ef ������������ f ������������ de ������������ def 

�*�L�S�V�\�� ���������� b ������������ c ������������ c ������������ c 

i-GotU120 ������������ def ������������ ef ������������ ef ������������ ef 

CatLog ������������ c ������������ c ������������ cd ������������ c 

a, b, c, d, e, f �*�U�R�X�S�V���Z�L�W�K���W�K�H���V�D�P�H���O�H�W�W�H�U���D�U�H���Q�R�W���V�L�J�Q�L�I�L�F�D�Q�W�O�\���G�L�I�I�H�U�H�Q�W�����D�O�S�K�D�������������������'�X�Q�Q���3�R�V�W-

hoc test) 

�7�K�H���O�R�F�D�W�L�R�Q���D�F�F�X�U�D�F�\���I�R�U���*�L�S�V�\�������D�W���W�K�H���R�Q�H-second epoch was different from the other three 

�H�S�R�F�K�V�������������������D�Q�G���������V�H�F�R�Q�G�V�����W�H�V�W�H�G�� 

3.4.2 Motion Test –  Off-Animal 

The Skillings -�0�D�F�N���+�� �W�H�V�W���V�K�R�Z�H�G���W�K�D�W���W�K�H�U�H�� �Z�D�V�� �D�� �G�L�I� I�H�U�H�Q�F�H�� �L�Q�� �G�L�V�W�D�Q�F�H�� �P�R�Y�H�G���U�H�F�R�U�G�H�G��

between the GPS receivers, �Ø����������� ����������������p ���������������������6�X�P�P�D�U�\���V�W�D�W�L�V�W�L�F�V���I�R�U���G�L�V�W�D�Q�F�H���U�H�F�R�U�G�H�G��

(km) logged from all receivers around the athletics track and post hoc contrast test is presented 

�L�Q���7�D�E�O�H������������Maps showing dynamic tests off sheep are shown in Appendix 3 -���� 
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Table 3.5 The distance moved (m) recorded against the inner lane of a 400 metres 

athletics track and c ompact letter display following Post -hoc Durbin test for seven GPS 

receivers assessed in Off -�D�Q�L�P�D�O���P�R�W�L�R�Q���W�H�V�W�� 

Epoch  n min  max  Mean  Median  SD 

Garmin 310  10 313 400 ������  364a ��������  

�*�L�S�V�\�� 10 ������  ������  400 402ab ��������  

Carter  10 ������  406 401 402ab ��������  

Garmin 920  10 400 412 ������  ������ bc ��������  

CatLog 10 ������  640 437 407bc ��������  

i-GotU GT -
120 

3 407 421 413 411c ��������  

i-GotU GT -
600 

10 404 444 423 ������ c ��������  

a, b, c �Y�D�O�X�H�V���Z�L�W�K���G�L�I�I�H�U�H�Q�W���V�X�S�H�U�V�F�U�L�S�W�V���D�U�H���G�L�I�I�H�U�H�Q�W���I�U�R�P���H�D�F�K���R�W�K�H�U�����D�O�S�K�D������������������
Durbin Post-hoc test p�����������������1�R�W�H�����Q� �Q�X�P�E�H�U�V���R�I���K�R�X�U�V�����P�L�Q� �P�L�Q�L�P�X�P����
max=maximum  

3.4.3 Motion test –  On-animal test 

Summary statistics for each receiver during the on- �D�Q�L�P�D�O���W�H�V�W���L�V���J�L�Y�H�Q���L�Q���7�D�E�O�H�������������$�Q���H�I�I�H�F�W��

of GPS receiver was found on distance moved by the sheep mounting the GPS receivers ( �Ø����������

� ������������������p �������������������)�U�L�H�G�P�D�Q���W�H�V�W���� 
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Table 3.6 Summary statistics for distance moved (m) by a sheep mounting six GPS 

receivers during 13 and 12 hour -periods on two recor ding days respectively  

Receiver  n  min  max  mean  median  SD 

Carter  ����  67 ������  ������  264 100 

CatLog  ����  ��������  ����������  ��������  ��������  ��������  

Garmin920  ����  17 310 ������  103 76 

�*�L�S�V�\�� ����  104 ������  339 ������  ������  

i -GotU GT -120 ����  ����  ��������  ������  ������  ������  

i -GotU GT -600 ����  0 ������  ������  ����  ������  

Note: n=numbers of hours; min=minimum; max=maximum  
 
From all receivers, the estimated distance moved by the sheep during daytime and sunset 

hours did not differ ( W = 3107, p � �����������������0�D�Q�Q-�:�K�L�W�Q�H�\���8���W�H�V�W�������D�O�W�K�R�X�J�K���W�K�H���U�H�F�H�L�Y�H�U�V���G�L�G��

not all record a  similar distance moved by the sheep ( H ����������� ������������������p �������������������.�U�X�V�N�D�O-�:�D�O�O�L�V��

�W�H�V�W�����7�D�E�O�H�������������� 

Table 3.7 Ranked mean (SD) distance moved in kilometres  by a sheep mounting six 

GPS receiver brands during daytime and night- time hours and compact letter display 

for contrasts following Post -hoc Dunn test . 

Receiver  Daylight  Night  

Carter  ������������������������abc ������������������������abd 

�*�L�S�V�\�� ������������������������bc ������������������������ab 

i-GotU 120 ������������������������bc ������������������������ce 

Garmin 920  ������������������������ad ������������������������d  

i-GotU 600 ������������������������ad ������������������������d 

CatLog ������������������������e ������������������������e 

a, b, c, d, e �*�U�R�X�S�V���Z�L�W�K���W�K�H���V�D�P�H���O�H�W�W�H�U���D�U�H���Q�R�W���V�L�J�Q�L�I�L�F�D�Q�W�O�\���G�L�I�I�H�U�H�Q�W�����D�O�S�K�D�������������������'�X�Q�Q���3�R�V�W-hoc 

test) 

������ Discussion 

3.5.1 Summary of the main results 

This study has shown that spatial inaccuracies are still a feature of location estimates derived 

from commercially available GPS receivers, although smaller inaccuracies were detected than 
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those of previous studies  ���$�G�D�P�V���H�W���D�O�������������������%�U�H�H�G���D�Q�G���6�H�Y�H�U�Q�V�����������������&�D�P�S���H�W���D�O������������������

Forin -�:�L�D�U�W���H�W���D�O���������������� – �W�K�L�V���V�X�J�J�H�V�W�V���W�K�D�W���L�P�S�U�R�Y�H�P�H�Q�W�V���K�D�Y�H���E�H�H�Q���P�D�G�H�����,�Q���W�K�H���S�U�H�V�H�Q�W��

�V�W�X�G�\���������������R�I���W�K�H���O�R�F�D�W�L�R�Q���H�V�W�L�P�D�W�H�V���J�H�Q�H�U�D�W�H�G���I�H�O�O���Z�L�W�K�L�Q�����������P���R�I���W�K�H�L�U���¶�W�U�X�H�·���S�R�V�L�W�L�R�Q���I�R�U���V�L�[��

of seven rec�H�L�Y�H�U�V���W�H�V�W�H�G���L�Q���V�W�D�W�L�F���W�H�V�W�V�����7�K�L�V���V�X�J�J�H�V�W�V���W�K�D�W���W�K�H�V�H���H�V�W�L�P�D�W�H�V���D�U�H���D�Q���D�F�F�H�S�W�D�E�O�H��

�S�U�R�[�\���I�R�U���P�H�D�V�X�U�L�Q�J���V�W�D�W�L�R�Q�D�U�\���D�F�W�L�Y�L�W�\���Z�L�W�K�R�X�W���Q�H�H�G���I�R�U���F�R�U�U�H�F�W�L�R�Q���W�H�F�K�Q�L�T�X�H�V�����$�P�R�Q�J���*�3�6��

�U�H�F�H�L�Y�H�U�V�����D���G�L�I�I�H�U�H�Q�F�H���L�Q���P�H�D�V�X�U�H�V���R�I���D�F�F�X�U�D�F�\���Z�D�V���L�G�H�Q�W�L�I�L�H�G���L�Q���D�O�O���W�H�V�W�V�����:�K�L�O�Vt this may be 

indicative of the different firmware that run these receivers (Rempel and Rodgers, 1997), it 

also shows the non-existence of an industry standard across receiver brands, at least with 

�U�H�J�D�U�G�V���W�R���W�K�H���S�H�U�I�R�U�P�D�Q�F�H���P�H�W�U�L�F�V���L�Q�Y�H�V�W�L�J�D�W�H�G�����,�Q�Y�D�U�L�D�E�Oy, this demonstrates the importance 

of undertaking performance and accuracy tests on commercially available receivers to identify 

units that are most suitable to meet the unique needs of researchers, and to do so in the right 

�F�R�Q�W�H�[�W�V�����)�R�U���W�K�H���S�X�U�S�R�V�H���R�I���Lnvestigating the effect of GINs on movement attributes of sheep, 

the measures of accuracy investigated in this study show that six of the seven receivers 

�L�Q�Y�H�V�W�L�J�D�W�H�G���Z�R�X�O�G���S�U�R�Y�L�G�H���O�R�F�D�W�L�R�Q���H�V�W�L�P�D�W�H�V���Z�L�W�K�L�Q�������P�H�W�U�H�V���R�I���W�K�H���W�U�X�H���S�R�V�L�W�L�R�Q���R�I���D�Q���D�Q�L�P�D�O��

�����������R�I���W�K�H���W�L�P�H�����D�Q�G���D�S�S�H�D�U���V�X�L�W�D�E�O�H���I�R�U���U�H�V�H�D�U�F�K���L�Q���D���O�L�P�L�W�H�G���V�S�D�F�H���U�H�V�R�X�U�F�H�� 

The variability found among receivers contradicts the hypothesis that location estimates would 

�E�H���V�L�P�L�O�D�U�����7�K�H���G�L�V�W�D�Q�F�H���H�V�W�L�P�D�W�H�V���J�H�Q�H�U�D�W�H�G���Z�K�L�O�H���D�W�W�D�F�K�H�G���W�R���D���V�K�H�H�S���Z�H�U�H���I�R�X�Q�G���Q�R�W���Wo differ 

between �G�D�\�W�L�P�H�� �D�Q�G�� �V�X�Q�V�H�W�� �K�R�X�U�V���� �7�K�H�� �S�H�U�I�R�U�P�D�Q�F�H�� �R�I�� �W�K�H�� �*�3�6�� �U�H�F�H�L�Y�H�U�V�� �Z�D�V�� �F�R�Q�V�L�V�W�H�Q�W��

�D�F�U�R�V�V���W�H�V�W�V�����L�Q�G�L�F�D�W�L�Q�J���U�H�S�H�D�W�D�E�L�O�L�W�\���R�I���U�H�V�X�O�W�V���I�U�R�P���W�K�H���G�L�I�I�H�U�H�Q�W���G�H�Y�L�F�H�V���L�Q���G�L�I�I�H�U�H�Q�W���V�H�W�W�L�Q�J�V����

Importantly, this means there was no evidence to suggest that  there was a significant animal -

�G�H�S�H�Q�G�H�Q�W���U�H�V�S�R�Q�V�H���W�R���S�H�U�I�R�U�P�D�Q�F�H���I�U�R�P���D�Q�\���R�I���W�K�H���*�3�6���G�H�Y�L�F�H�V���L�Q�Y�H�V�W�L�J�D�W�H�G�����7�K�H�V�H���I�L�Q�G�L�Q�J�V 

suggest that GPS -based location data is well suited for expanding the understanding of the 

movement patterns of parasitised sheep, al �E�H�L�W���Z�L�W�K���V�R�P�H���O�L�P�L�W�D�W�L�R�Q�V���W�R���F�R�Q�V�L�G�H�U�����7�K�H�V�H���U�H�V�X�O�W�V��

reiterate suggestions to undertake performance assessments of GPS receivers prior to their 

use to track animal movement ���+�H�E�E�O�H�Z�K�L�W�H�� �D�Q�G�� �+�D�\�G�R�Q���� ������������ �7�R�P�N�L�H�Z�L�F�]�� �H�W�� �D�O������ ��������������

Consequently, in a limited  space resource (< 1 ha), these units can be deployed and used to tag 

animals, but in all cases errors in accuracy necessarily need to be considered in the context of 

�W�K�H���L�Q�W�H�Q�G�H�G���U�H�V�H�D�U�F�K���T�X�H�V�W�L�R�Q�� 

3.5.2 Static tests and the epoch effect 

All the receivers  recorded  their position to within 11 m of previously marked ‘true’ locations at 

�W�K�H���R�Q�H���V�H�F�R�Q�G���H�S�R�F�K�����)�R�U���D�F�F�X�U�D�F�\���S�X�U�S�R�V�H�V�����G�D�W�D���S�R�L�Q�W�V���Z�L�W�K���D���O�R�F�D�W�L�R�Q���H�U�U�R�U���R�I���������P���D�U�H��

deemed accurate enough for fine -�V�F�D�O�H���D�Q�D�O�\�V�L�V�����)�U�D�L�U���H�W���D�O�������������������:�L�W�K���W�Z�R���H�[�F�H�S�Wions (the 
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�*�L�S�V�\���� �D�Q�G�� �L-GotU GT -600), there was no difference in location errors recorded from GPS 

�U�H�F�H�L�Y�H�U�V���D�F�U�R�V�V���D�O�O���H�S�R�F�K�V���W�H�V�W�H�G�������7�K�H���U�H�D�V�R�Q���Z�K�\���O�R�F�D�W�L�R�Q���H�U�U�R�U�V���D�W������- and 30-second epochs 

were different for the i -GotU GT -600 is not clear, although the location error at both epochs (10 

and 30 seconds) were individually not statistically different from those at one and 60 seconds 

�U�H�V�S�H�F�W�L�Y�H�O�\�����+�L�V�W�R�U�L�F�D�O�O�\�����K�L�J�K�H�U���U�H�V�R�O�X�W�L�R�Q�V���K�D�Y�H���Q�H�H�G�H�G���W�R���E�H���W�U�D�G�H�G-off for longer battery life 

for receivers and consequ�H�Q�W�O�\���D�O�O�R�Z���P�R�U�H���G�D�W�D���W�R���E�H���F�R�O�O�H�F�W�H�G�����&�D�J�Q�D�F�F�L���H�W���D�O���������������������7�K�L�V���L�V��

the likely trade -�R�I�I�����L�Q���D�F�F�X�U�D�F�\���W�K�D�W���R�F�F�X�U�U�H�G���L�Q���W�K�H���*�L�S�V�\�����E�H�W�Z�H�H�Q���W�K�H���R�Q�H-second epoch and 

�W�K�R�V�H���•���������V�H�F�R�Q�G�V�����2�W�K�H�U�Z�L�V�H�����H�D�F�K���U�H�F�H�L�Y�H�U���V�K�R�Z�H�G���Y�D�U�L�D�W�L�R�Q���L�Q���H�U�U�R�U�V���F�R�Q�V�L�V�W�H�Q�W�O�\���D�F�U�R�Vs all 

�H�S�R�F�K�V���W�H�V�W�H�G�����,�I���W�K�H���F�K�R�L�F�H���E�H�W�Z�H�H�Q���D���R�Q�H���V�H�F�R�Q�G- or 60-seconds epoch was to have a significant 

impact on battery performance or data storage, for four of the five receivers tested, there would 

be no impact on accuracy of increasing the epoch durati �R�Q���� �)�U�R�P�� �S�X�E�O�L�V�K�H�G�� �U�H�V�X�O�W�V���� �*�3�6��

receivers deployed on ruminants seldom  use epochs of  1 second; they typical range from 10 

�V�H�F�R�Q�G�V���W�R���������P�L�Q�X�W�H�V�����+�D�Q�G�F�R�F�N���H�W���D�O���������������������R�U���W�K�H�\���U�H�F�R�U�G���O�R�F�D�W�L�R�Q���G�D�W�D���I�R�O�O�R�Z�L�Q�J���D���V�S�H�F�L�I�L�H�G��

�S�U�R�W�R�F�R�O�����)�R�U���H�[�D�P�S�O�H�����)�D�O�]�R�Q���H�W���D�O�������������������G�H�I�L�Q�H�G���D���S�U�R�W�R�F�R�O���R�I���I�R�X�U���O�R�F�D�W�L�R�Q���U�H�F�R�U�G�V�����������V�H�F�R�Q�G�V��

�D�S�D�U�W���H�Y�H�U�\���������P�L�Q�X�W�H�V���W�R���U�H�F�R�U�G���W�K�H���S�R�V�L�W�L�R�Q���R�I���H�D�F�K���D�Q�L�P�D�O���L�Q���W�K�H�L�U���V�W�X�G�\�����*�L�Y�H�Q���W�K�D�W an epoch 

of one second would likely  impact on the battery performance  of the units  and that �����������R�I���W�K�H 

receivers showed no evidence that accuracy of fix acquisitions at one second epoch performed 

better than those at 60 seconds epochs, there does not appear to be an advantage to this high 

frequency of location data recording for sheep studies with the rece ivers investigated �� This, 

however, does not account for �H�V�W�L�P�D�W�L�Q�J���G�L�V�W�D�Q�F�H���W�U�D�Y�H�O�O�H�G�� 

3.5.3 Motion tests on and off animal 

The approach to test the dynamic (in motion) accuracy of the GPS receivers on the athletics 

track off -animal was useful in providing an indication for precision in distance travelled as a 

�P�H�D�V�X�U�H���R�I���P�R�Y�H�P�H�Q�W�����,�Q���V�L�[���R�X�W���R�I���V�H�Y�H�Q���U�H�F�H�L�Y�H�U�V�����D�Q���D�Y�H�U�D�J�H���G�L�V�W�D�Q�F�H���Z�L�W�K�L�Q���������P���R�I���W�K�H��

���������P���W�U�D�F�N���Z�D�V���U�H�F�R�U�G�H�G�����Z�L�W�K���W�K�H���*�D�U�P�L�Q�����������U�H�F�R�U�G�L�Q�J���D�Q���D�Y�H�U�D�J�H���G�L�V�W�D�Q�F�H���W�K�D�W���Z�D�V���������P��

�O�H�V�V���W�K�D�Q���W�K�H���W�U�X�H���G�L�V�W�D�Q�F�H�����,�W���L�V���Q�R�W�H�Z�R�U�W�K�\���W�K�D�W���W�K�U�H�H���U�H�F�H�L�Y�H�U�V�����*�L�S�V�\�������&�D�U�W�H�U���D�Q�G���*�D�U�P�L�Q��

920, had recorded average distances within five m etres of the 400 m length of the athletics 

�W�U�D�F�N�� �D�Q�G�� �J�D�Y�H�� �V�L�P�L�O�D�U�� �R�U�� �E�H�W�W�H�U�� �D�F�F�X�U�D�F�L�H�V�� �W�K�D�Q�� �G�X�U�L�Q�J�� �W�K�H�� �V�W�D�W�L�F�� �W�H�V�W�V���� �)�R�U�� �W�K�H�V�H�� �W�K�U�H�H��

receivers, the findings agree with reports that found better dynamic accuracy than static 

�D�F�F�X�U�D�F�\���I�U�R�P���*�3�6���G�H�Y�L�F�H�V�����:�H�U�Q�H�U �H�W���D�O���������������������2�Y�H�U�D�O�O�����G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���U�H�V�H�D�U�F�K�H�U�·�V���Q�H�H�G�V����

the  decision on which receiver to use appears to be a matter of recognising what trade -offs (in 

�V�W�D�W�L�F�� �R�U�� �G�\�Q�D�P�L�F�� �D�F�F�X�U�D�F�\���� �F�D�Q�� �E�H�� �D�O�O�R�Z�H�G�� �W�R�� �V�D�W�L�V�I�D�F�W�R�U�L�O�\�� �P�H�H�W�� �W�K�H���U�H�V�H�D�U�F�K�� �D�L�P�V���� �,�I�� �W�K�H��



 

 ����  

resea�U�F�K���T�X�H�V�W�L�R�Q���U�H�T�X�L�U�H�G���D���K�L�J�K���G�H�J�U�H�H���R�I���G�H�W�D�L�O�����L���H�������D�F�F�X�U�D�W�H���W�U�D�Y�H�O���G�L�V�W�D�Q�F�H���H�V�W�L�P�D�W�H�V���W�R��

�W�K�H���Q�H�D�U�H�V�W�������P���R�U���O�H�V�V�����W�K�H�Q���F�K�R�L�F�H���R�I���*�3�6���U�H�F�H�L�Y�H�U���L�V���N�H�\�����R�U���F�R�U�U�H�F�W�L�R�Q���W�H�F�K�Q�L�T�X�H�V���P�D�\���Q�H�H�G��

�W�R���E�H���X�W�L�O�L�V�H�G�����'�H�Z�K�L�U�V�W���H�W���D�O�������������������� 

3.5.4. Analysing daytime or sunset data 

It does not appear that time of day had a detectable impact on location data collected in this 

�V�W�X�G�\�����7�K�H���H�[�S�H�F�W�D�W�L�R�Q���Z�D�V���W�K�D�W���V�X�Q�V�H�W���K�R�X�U�V���W�K�D�W���D�U�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���J�U�H�D�W�H�U���S�H�U�L�R�G�V���R�I���U�H�V�W��

�I�R�U���V�K�H�H�S���Z�R�X�O�G���U�H�V�X�O�W���L�Q���O�H�V�V���G�L�V�W�D�Q�F�H���W�U�D�Y�H�O�O�H�G�����$���S�R�Vsible explanation might be cumulative 

�H�U�U�R�U�V�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �U�H�F�R�U�G�L�Q�J�� �S�R�V�L�W�L�R�Q�V�� �D�W�� �R�Q�H�� �V�H�F�R�Q�G�� �H�S�R�F�K�V���� �%�D�L�O�H�\�� �H�W�� �D�O���� ��������������

recommended the removal of location data recorded when the animals are at rest and inactive 

in order to accurately estimate distance  �W�U�D�Y�H�O�O�H�G���X�V�L�Q�J���*�3�6���F�R�O�O�D�U�V����It has been demonstrated 

that  GPS errors during inactivity can artificially increase the cumulative distance between 

�S�R�V�L�W�L�R�Q�V�� �E�\�� �D�S�S�U�R�[�L�P�D�W�H�O�\�� ������ �� (Ganskopp and Johnson, 2007) ���� �$�� �S�R�V�V�L�E�O�H�� �D�O�W�H�U�Q�D�W�L�Y�H�� �W�R��

handle this limitation of cumulative GPS errors during inactivity might be to have a threshold -

based data recording system whereby  movement data are only recorded above the cut -off for 

�W�K�H���S�U�H�Y�L�R�X�V�O�\���H�V�W�D�E�O�L�V�K�H�G���O�R�F�D�W�L�R�Q���H�U�U�R�U�V�����)�R�U���H�[�D�P�S�O�H�����W�K�H���H�V�W�L�P�D�W�H�G���H�U�U�R�U���D�V�V�R�F�L�D�W�H�G���Z�L�Wh 

any two successive estimates is two -�W�L�P�H�V���W�K�H���D�Y�H�U�D�J�H���O�R�F�D�W�L�R�Q���H�U�U�R�U���I�R�X�Q�G����The Carter GPS 

�X�Q�L�W���Z�L�W�K���P�H�D�Q���D�F�F�X�U�D�F�\���R�I�����������P�����D�W���������V�H�F�R�Q�G�V���H�S�R�F�K�� for instance,  �Z�L�O�O���K�D�Y�H���D�Q���H�U�U�R�U���R�I����������

�P�����&�R�Q�V�H�T�X�H�Q�W�O�\�����W�K�H�U�H���Z�R�X�O�G���E�H���P�H�U�L�W���L�Q���K�D�Y�L�Q�J���D���P�R�Y�H�P�H�Q�W���W�K�U�H�V�K�R�O�G of not less than  �����R�U������

m to record true displacement to ensure errors do not influence the interpretations made from 

�W�K�H�� �G�D�W�D���� �$�� �V�L�P�L�O�D�U�� �D�S�S�U�R�D�F�K�� �Z�D�V�� �W�D�N�H�Q�� �E�\�� �%�U�R�Z�Q�� �H�W�� �D�O���� ���������������� �W�R�� �V�R�O�Y�H�� �W�K�H�� �F�K�D�O�O�H�Q�J�H�� �R�I��

oversampling areas when animals are at ‘rest’ wi th too frequent sampling epochs and under 

�V�D�P�S�O�L�Q�J���W�K�H���G�H�W�D�L�O�V���R�I���P�R�Y�H�P�H�Q�W���S�D�W�K�V���Z�L�W�K���H�S�R�F�K�V���W�K�D�W���Z�H�U�H���W�R�R���O�R�Q�J�� They used an on-board 

�D�F�F�H�O�H�U�R�P�H�W�H�U���W�R���S�U�R�Y�L�G�H���D�F�W�L�Y�L�W�\���G�H�W�D�L�O���L�Q���D�G�G�L�W�L�R�Q���W�R���W�K�H���*�3�6���W�D�J�����%�\���G�\�Q�D�P�L�F�D�O�O�\���O�L�Q�N�L�Q�J���W�K�H��

location schedule to anim al movement rate, their accelerometer -informed GPS tags reduced 

the trade -off between collecting detailed movement data and recording movement data for a 

�O�R�Q�J�H�U���S�H�U�L�R�G���R�I���W�L�P�H�� 

If a threshold -based data recording approach is used, it might present a limitation for the 

detection of activity -�V�W�D�W�H�V���I�U�R�P���*�3�6���O�R�F�D�W�L�R�Q���G�D�W�D���X�V�L�Q�J���W�H�F�K�Q�L�T�X�H�V���V�X�F�K���D�V���+�L�G�G�H�Q���0�D�U�N�R�Y��

�P�R�G�H�O�V�����+�0�0�V�������0�L�F�K�H�O�R�W���H�W���D�O�������������������G�H�P�R�Q�V�W�U�D�W�H�G���W�K�H���X�V�H���R�I���+�0�0�V���W�R���L�Q�I�H�U���D�F�W�L�Y�L�W�\���V�W�D�W�H�V��

�R�I���L�Q�G�L�Y�L�G�X�D�O�V���I�U�R�P���*�3�6���G�D�W�D���U�H�F�R�U�G�H�G���D�W���U�H�J�X�O�D�U���H�S�R�F�K�V�����+�R�Zever, the inherent nature of a 

threshold protocol to record GPS data negates the regularity of recorded locations and 

�F�R�Q�V�H�T�X�H�Q�W�O�\���G�D�W�D���F�R�O�O�H�F�W�H�G���L�Q���W�K�L�V���I�D�V�K�L�R�Q���F�D�Q�Q�R�W���E�H���I�L�W�W�H�G���W�R���+�0�0�V�����$���S�R�V�V�L�E�O�H���V�R�O�X�W�L�R�Q���W�R��
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this would be to use the so -called threshold protocol to record location data from GPS receivers 

alongside a tri -axial accelerometer to provide an indication of the specific activity individuals 

�D�U�H���S�H�U�I�R�U�P�L�Q�J���D�W���D�Q�\���J�L�Y�H�Q���W�L�P�H�� 

3.5.5 Implications of GPS performance metrics on investigating the behav ioural 

response of sheep to GIN parasitism 

Based on the performance metrics for measurements derived from receivers investigated in 

this study, GPS location data can allow a number of aspects of GIN parasitism in sheep to be 

�L�Q�Y�H�V�W�L�J�D�W�H�G�����7�R���D�S�S�O�\���*�3�6���O�R�F�Dtion data to advancing the current understanding of the impact 

of GIN on sheep, distance travelled between infected and uninfected sheep is one variable 

�U�H�V�H�D�U�F�K�H�U�V�� �F�R�X�O�G�� �P�H�D�V�X�U�H���� �7�K�L�V�� �L�V�� �S�D�U�W�L�F�X�O�D�U�O�\�� �X�V�H�I�X�O�� �L�Q�� �O�L�P�L�W�H�G�� �V�S�D�F�H�� �U�H�V�R�X�U�F�H�V�� �Z�K�H�U�H��

movement measur �H�V���V�X�F�K���D�V���K�R�P�H���U�D�Q�J�H���P�D�\���E�H���G�L�I�I�L�F�X�O�W���W�R���H�[�S�O�R�U�H���G�X�H���W�R���V�S�D�F�H���F�R�Q�V�W�U�D�L�Q�W�V����

It is useful for instance to validate the hypothesis that sheep, with even modest worm burdens, 

�P�D�\���P�R�Y�H���O�H�V�V���I�U�H�T�X�H�Q�W�O�\���D�Q�G���J�U�D�]�H���O�H�V�V���W�K�D�Q���W�K�R�V�H���Z�K�R���D�U�H���Q�R�W���S�D�U�D�V�L�W�L�V�H�G�����7�K�H���P�D�J�Qitude 

and duration of such a difference, if it exists and is detectable, is vital to answering the 

�K�\�S�R�W�K�H�V�L�V�����,�I��a receiver is estimated to have  location error of ~ 4 m and a detectable difference 

between infected and uninfected animals was found to be > 4 m then the error is possibly not 

�D�Q���L�V�V�X�H�����,�I���W�K�H���F�R�Q�W�U�D�U�\���L�V���W�K�H���F�D�V�H�����K�R�Z�H�Y�H�U�����R�Q�H���Z�R�X�O�G���K�D�Y�H���W�K�H���F�K�D�O�O�H�Q�J�H���R�I���H�[�S�O�D�L�Q�L�Q�J���W�K�H��

�W�U�X�H���G�L�I�I�H�U�H�Q�F�H���I�U�R�P���D���*�3�6���U�H�F�H�L�Y�H�U���J�H�Q�H�U�D�W�H�G���O�R�F�D�W�L�R�Q���H�U�U�R�U���D�U�W�H�I�D�F�W�����,�Q���R�W�K�H�U���Z�R�U�G�V�����O�R�F�D�W�L�R�Q��

estimates occurring within a GPS receiver’s estimated  location error may be ‘swamped’ by such 

errors  �D�Q�G���K�H�Q�F�H�����O�L�P�L�W�H�G���L�Q�I�H�U�H�Q�F�H���F�D�Q���E�H���G�H�G�X�F�H�G�� 

GPS location data records when static can be used as a proxy for stationary activity with 

�V�K�R�U�W�H�U���G�L�V�W�D�Q�F�H�V���H�V�W�L�P�D�W�H�G���E�H�W�Z�H�H�Q���O�R�F�D�W�L�R�Q�V�����$�Q�G�H�U�V�R�Q���H�W���D�O���������������������Z�K�L�F�K���F�D�Q���E�H���D�S�S�O�L�H�G���L�Q��

�U�H�O�D�W�L�R�Q���W�R���*�,�1���S�D�U�D�V�L�W�L�V�P���L�Q���D���Q�X�P�E�H�U���R�I���Z�D�\�V�����)�R�U���H�[�D�P�S�O�H�����W�K�H���L�Q�I�O�X�Hnce of GIN infection 

on the site or patch of pasture a GPS tagged animal chooses to graze could be investigated in 

�U�H�O�D�W�L�R�Q�� �W�R�� �J�H�R�O�R�F�D�W�H�G�� �I�D�H�F�D�O�� �S�D�W�V�� �D�Q�G�� �G�H�U�L�Y�L�Q�J�� �G�L�V�W�D�Q�F�H�� �J�U�D�]�H�G�� �I�U�R�P�� �S�D�W�V���� �$�O�W�H�U�Q�D�W�L�Y�H�O�\����

preference for pasture type based on parasite load or immune status could be investigated by 

determining how much time animals spend in paddock sections sown by pasture of differing 

�Q�X�W�U�L�H�Q�W���T�X�D�O�L�W�\�����7�K�H���O�D�W�W�H�U���F�D�Q���E�H���X�V�H�G���W�R���W�H�V�W���W�K�H���K�\�S�R�W�K�H�V�L�V���W�K�D�W���S�D�U�D�V�L�W�L�]�H�G���D�Q�L�P�D�O�V���P�D�\��

feed more selectively in order t o proportionally increase the protein content of their diet and 

�W�K�X�V���S�D�U�W�L�D�O�O�\���F�R�P�S�H�Q�V�D�W�H���I�R�U���U�H�G�X�F�H�G���I�H�H�G���L�Q�W�D�N�H�����6�X�F�K���D�S�S�U�R�D�F�K�H�V���K�D�Y�H���E�H�H�Q���H�[�S�O�R�U�H�G���E�\��

�&�R�V�J�U�R�Y�H���D�Q�G���1�L�H�]�H�Q�����������������L�Q���1�H�Z���=�H�D�O�D�Q�G���X�V�L�Q�J���Q-alkane boluses to measure dry matter 

feed intake per day whereas Thamsborg and Agergaad (2002) used a rising -plate meter to 
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measure post-�J�U�D�]�L�Q�J���V�Z�D�U�G���K�H�L�J�K�W�V�����7�R���G�D�W�H���I�H�Z���V�W�X�G�L�H�V���K�D�Y�H���X�V�H�G���*�3�6���G�D�W�D���W�R���L�Q�Y�H�V�W�L�J�D�W�H��

�W�K�H�V�H�� �Y�D�U�L�D�E�O�H�V�� �L�Q�� �U�H�O�D�W�L�R�Q�� �W�R�� �S�D�U�D�V�L�W�L�V�P���� �/�L�G�G�H�O�O�� �H�W�� �D�O���� �������������� �U�H�F�H�Q�W�O�\�� �X�V�H�G�� �*�3�6�� �F�R�O�O�D�U�V�� �W�R��

demonstrate that sheep with lower parasite burdens spent more time at grazing locations with 

�K�L�J�K�H�U���Y�H�J�H�W�D�W�L�R�Q���J�U�R�Z�W�K�����W�K�D�Q���W�K�H�L�U���P�R�U�H���S�D�U�D�V�L�W�L�V�H�G���F�R�X�Q�W�H�U�S�D�U�W�V�� 

A more direct approach for utilising GPS receiver records of stationary activity is to compare 

the amount of static location data recorded for infected individuals with those recorded for 

�X�Q�L�Q�I�H�F�W�H�G���F�R�Q�W�U�R�O�V�����7�K�L�V���F�R�X�O�G���E�H���X�V�H�G���D�V���D���S�U�R�[�\���I�R�U���W�L�P�H���V�S�H�Q�W���L�G�O�L�Q�J�����Z�K�L�F�K���K�D�V���E�H�H�Q���V�K�R�Z�Q��

to be significantly less in young cattle subclinically infected with �*�,�1�����)�R�U�E�H�V�������������������$�J�D�L�Q�����D��

careful consideration of location errors (as tested in static tests) needs to occur prior to use as a 

proxy, especially if a difference in (non)movement between infected individuals and their 

uninfected counterparts occurs within the range of the location error found associated with a 

�U�H�F�H�L�Y�H�U�·�V���U�H�F�R�U�G�V���� 

����6 Conclusion 

The investigations carried out in the present study allowed the evaluation of static and motion 

performance metrics from commercially available GPS receivers, on  �D�Q�G���R�I�I���D�Q���D�Q�L�P�D�O���V�X�E�M�H�F�W����

Off-animal tests performed against the athletic track proved an effective novel technique in 

�D�O�O�R�Z�L�Q�J���S�H�U�I�R�U�P�D�Q�F�H���W�H�V�W�V���L�Q���P�H�D�V�X�U�H�V���R�I���G�L�V�W�D�Q�F�H�����:�L�W�K���R�Q�H���H�[�F�H�S�W�L�R�Q�����W�K�H�U�H���Z�D�V���Q�R���H�Y�L�G�H�Q�F�H��

that the epoch lengths of 10 seconds and above negatively affected the resolution of location 

�H�V�W�L�P�D�W�H�V�����0�H�D�V�X�U�H�V���R�I���G�L�V�W�D�Q�F�H���H�V�W�L�P�D�W�H�G���I�U�R�P���W�K�H���U�H�F�H�L�Y�H�U�V���R�Q���D�Q�G���R�I�I���W�K�H���D�Q�L�P�D�O���S�H�U�I�R�U�P�H�G��

�V�L�P�L�O�D�U�O�\���� �2�Y�H�U�D�O�O���� �W�K�H�� �H�Y�L�G�H�Q�F�H�� �V�X�J�J�H�V�W�V�� �W�K�D�W�� �W�K�H�� �J�H�Q�H�U�D�O�� �E�H�K�D�Y�L�R�X�U�� �R�I�� �W�K�H�� �D�Q�L�P�D�O�� �K�D�G�� �D��

negligible effect on the quality of the location estimates from the receivers in comparison to 

�H�V�W�L�P�D�W�H�V���L�Q���W�K�H���V�W�D�W�L�F���W�H�V�W���D�Q�G���P�R�W�L�R�Q���W�H�V�W���R�Q���W�K�H���D�W�K�O�H�W�L�F�V���W�U�D�F�N�����7�K�H�U�H���Z�D�V���D�O�V�R���Q�R���H�I�I�H�F�W���R�I��

time of day on the receivers’ estimation of the ewe’s travel distance, indicating tha t a movement 

threshold recording protocol might be necessary to reduce oversampling location estimates 

�Z�K�H�Q���W�K�H���D�Q�L�P�D�O���L�V���D�W���U�H�V�W�����2�Y�H�U�D�O�O�����W�K�H���I�L�Q�G�L�Q�J�V���R�I���W�K�H���F�X�U�U�H�Q�W���V�W�X�G�\���V�K�R�Z�H�G���W�K�D�W���W�K�H�U�H���L�V���P�H�U�L�W��

in conducting performance assessments on GPS receivers when using these tools to answer 

research questions, such as to expand understanding of the effect of nematode parasites on 

�P�R�Y�H�P�H�Q�W�� �D�F�W�L�Y�L�W�\�� �R�I�� �L�Q�I�H�F�W�H�G�� �V�K�H�H�S���� �3�U�D�F�W�L�F�D�O�� �L�Q�V�L�J�K�W�� �L�Q�W�R�� �W�K�H�� �P�R�Y�H�P�H�Q�W�� �E�H�K�D�Y�L�R�X�U�� �R�I��

parasitised animals might further show the int erplay of parasite -host mechanisms and how 

�K�R�V�W���E�H�K�D�Y�L�R�X�U�V���D�U�H���D�O�W�H�U�H�G�����,�W���P�D�\���D�O�V�R���E�H���S�R�V�V�L�E�O�H���W�R���L�Q�I�H�U���Z�K�H�W�K�H�U���W�K�H�V�H���U�H�V�S�R�Q�V�H�V���V�H�U�Y�H���W�K�H��

�K�R�V�W���R�U���S�D�U�D�V�L�W�H�����,�Q���V�K�H�H�S�����W�K�H�V�H���P�H�F�K�D�Q�L�V�P�V���U�H�P�D�L�Q���S�R�R�U�O�\���U�H�V�R�O�Y�H�G���E�X�W���W�K�H���H�V�W�L�P�D�W�H�V���R�I���W�U�D�Y�H�O��

distance in this stud y shows it is possible to see how parasites alter this measure in infected 
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�K�R�V�W�V�����8�Q�G�H�U�V�W�D�Q�G�L�Q�J���W�K�H���H�I�I�H�F�W���R�I���V�W�D�W�L�F���D�Q�G���G�\�Q�D�P�L�F���Y�D�U�L�D�E�L�O�L�W�\���R�Q���O�R�F�D�W�L�R�Q���G�D�W�D���L�Q���U�H�O�D�W�L�R�Q���W�R��

an animal’s temporal movement budget is important and has provided context on how l ocation 

�G�D�W�D���Z�L�O�O���E�H���F�R�O�O�H�F�W�H�G���D�Q�G���D�Q�D�O�\�V�H�G���J�R�L�Q�J���I�R�U�Z�D�U�G�� 
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CHAPTER 4 – WHAT ARE EWE LAMBS DOING? IDENTIFICATION OF 
SHEEP ACTIVITY ON PASTURE USING THE ACTIGRAPH WGT3X-BT® 
ACCELEROMETER 

������ Abstract  

A tri -axial accelerometer sensor was  evaluated for its ability to identify the diel activity pattern 

�R�I���\�R�X�Q�J���V�K�H�H�S�����R�Q���S�D�V�W�X�U�H�����7�K�H���V�W�X�G�\���F�R�P�S�U�L�V�H�G���W�Z�R���S�K�D�V�H�V�����,�Q���S�K�D�V�H���������V�L�[���H�Z�H-lambs were 

fitted with an accelerometer mounted on a neck collar, at the same time their activity types 

were vi deo recorded and classified into mutually exclusive categories:  grazing, standing, lying, 

�Z�D�O�N�L�Q�J���R�U���R�W�K�H�U�����7�K�H���U�D�Z���;�����<���D�Q�G���=���D�[�L�V���Y�D�O�X�H�V���I�U�R�P���W�K�H���D�F�F�H�O�H�U�R�P�H�W�H�U�V���Z�H�U�H���D�S�S�O�L�H�G���G�L�U�H�F�W�O�\����

to classify the activities using Random Forests without transforming the original data, using 

�W�K�H�� �Y�L�G�H�R�� �R�E�V�H�U�Y�D�W�L�R�Q�V�� �D�V�� �W�K�H�� �J�R�O�G�� �V�W�D�Q�G�D�U�G�� �W�R�� �W�U�D�L�Q�� �D�Q�G�� �Y�D�O�L�G�D�W�H�� �W�K�H�� �F�O�D�V�V�L�I�L�H�U�� �P�R�G�H�O���� �$��

prediction model was built to classify behavioural activity of sheep fitted with this tri- axial 

�D�F�F�H�O�H�U�R�P�H�W�H�U���V�H�Q�V�R�U�����,�Q���S�K�D�V�H���������������V�K�H�H�S���Z�H�U�H���H�D�F�K���I�L�W�W�H�G���Z�L�W�K���W�K�U�H�H���D�F�F�H�O�H�U�R�P�H�W�H�U�V���E�X�W���R�Q��

�G�L�I�I�H�U�H�Q�W���E�R�G�\���O�R�F�D�W�L�R�Q�V�����Q�H�F�N���F�R�O�O�D�U�����E�R�G�\���K�D�U�Q�H�V�V���D�Q�G�����K�H�D�G���K�D�O�W�H�U�����7�K�H���F�O�D�V�V�L�I�\�L�Q�J���D�O�J�R�U�L�W�K�P��

developed in phase 1 from the neck location was used to infer the  sheep activity from raw 

accelerometer data recorded continuously for three days, for all three locations and the results 

�Z�H�U�H���F�R�P�S�D�U�H�G�����,�Q���S�K�D�V�H�������W�K�H���F�O�D�V�V�L�I�L�H�U���U�H�W�X�U�Q�H�G���D�Q���R�Y�H�U�D�O�O���D�F�F�X�U�D�F�\���R�I���������������Z�K�H�Q���F�R�P�S�D�U�H�G��

�W�R���W�K�H���J�R�O�G���V�W�D�Q�G�D�U�G�����7�K�L�V���R�Y�H�U�D�O�O���F�O�D�V�V�Lfier accuracy was achieved when the categories lying 

and standing where combined into  one category  –  �¶�U�H�V�W�L�Q�J�·���� �:�L�W�K�L�Q�� �W�K�H���F�O�D�V�V�L�I�L�H�U���� �J�U�D�]�L�Q�J��

�D�F�W�L�Y�L�W�\���Z�D�V���S�U�H�G�L�F�W�H�G���Z�L�W�K���D�Q���D�F�F�X�U�D�F�\���R�I���������������¶�U�H�V�W�L�Q�J�·���D�W�������������D�Q�G���¶�Z�D�O�N�L�Q�J�·���D�W�����������������,�Q��

phase 2, there wa s no significant difference in the daily proportion of time inferred for ‘grazing’ 

and ‘resting’ activity between using accelerometer data from collars versus head halters (beta 

= -������������p � ���������������D�Q�G���E�H�W�D��� ��-������������p � ���������������U�H�V�S�H�F�W�L�Y�H�O�\�������Z�K�L�O�H���W�K�H���W�L�P�H���Eudget for ‘walking’ 

�Z�D�V���R�Y�H�U�H�V�W�L�P�D�W�H�G���D�W���W�K�H���K�H�D�G���K�D�O�W�H�U���O�R�F�D�W�L�R�Q�����E�H�W�D��� ��������������p � �������������������)�R�U���D�F�W�L�Y�L�W�\���L�Q�I�H�U�U�H�G��

from body harness, there was no significant difference with neck collars in inferring ‘walking’ 

(p � ���������������������Z�K�H�U�H�D�V���¶�J�U�D�]�L�Q�J�·���Z�D�V���X�Q�G�H�U�H�V�W�L�Pated and ‘resting’ overestimated using a body 

�K�D�U�Q�H�V�V�����7�K�H�V�H���U�H�V�X�O�W�V���G�H�P�R�Q�V�W�U�D�W�H���W�K�H���D�E�L�O�L�W�\���R�I���W�K�H���$�F�W�L�*�U�D�S�K���Z�*�7���;-BT® to distinguish 

different activities in ewe -�O�D�P�E�V���X�V�L�Q�J���U�D�Z���;�����<���D�Q�G���=���D�F�F�H�O�H�U�R�P�H�W�H�U���G�D�W�D�����G�H�P�R�Q�V�W�U�D�W�L�Q�J���W�K�H��

diel activity pattern of she �H�S���R�Q���S�D�V�W�X�U�H�����7�K�L�V���R�X�W�S�X�W���F�D�Q���E�H���D�S�S�O�L�H�G���L�Q���D���Y�D�U�L�H�W�\���R�I���F�R�Q�W�H�[�W�V���W�R��

�L�Q�Y�H�V�W�L�J�D�W�H���D�Q�L�P�D�O���K�H�D�O�W�K���D�Q�G���Z�H�O�I�D�U�H���P�H�W�U�L�F�V������ 
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������ Introduction  

Monitoring of animal activity  using non- invasive technologies such as accelerometers can 

provide an indicator of optimum health, welfare and production (M�F�/�H�Q�Q�D�Q�� �H�W�� �D�O������ ��������; 

�:�D�O�W�R�Q���H�W���D�O���������������� �7�K�H�V�H���W�H�F�K�Q�R�O�R�J�L�H�V���D�U�H���Z�L�G�H�O�\���X�V�H�G���L�Q���Z�L�O�G�O�L�I�H���H�F�R�O�R�J�\���V�W�X�G�L�H�V�����:�K�L�W�Q�H�\���H�W��

�D�O�������������������3�D�J�D�Q�R���H�W���D�O�������������������D�Q�G���L�Q���D�Q�L�P�D�O���V�F�L�H�Q�F�H���V�W�X�G�L�H�V�����&�K�D�S�L�Q�D�O���H�W���D�O�������������������+�H�P�S�V�W�H�D�G��

�H�W���D�O������ ������������ �%�D�L�O�H�\���H�W���D�O������ ���������� to infer the behavioural responses of host animals to their 

�L�Q�W�H�U�Q�D�O���D�Q�G���H�[�W�H�U�Q�D�O���H�Q�Y�L�U�R�Q�P�H�Q�W�V�� 

In domestic sheep, accelerometer data has been used to classify the activity of Merino sheep 

�R�Q�� �S�D�V�W�X�U�H�� ���L���H���� �J�U�D�]�L�Q�J�� �Y�H�U�V�X�V�� �O�\�L�Q�J�� �Y�H�U�V�X�V�� �V�W�D�Q�G�L�Q�J���� �L�Q�� �I�H�Z�� �V�H�Q�V�R�U�� �Y�D�O�L�G�D�W�L�R�Q�� �V�W�X�G�L�H�V������

���$�O�Y�D�U�H�Q�J�D�� �H�W�� �D�O������ ������������ �%�D�U�Z�L�F�N�� �H�W�� �D�O������ ���������D������ �7�K�H�V�H�� �V�W�X�G�L�H�V�� �L�Q�Y�H�V�W�L�J�D�W�H�G�� �E�H�K�D�Y�L�R�X�U�D�O��

patterns, usually associate �G���Z�L�W�K���D���S�D�U�W�L�F�X�O�D�U���F�R�Q�W�H�[�W�����H���J�������H�I�I�H�F�W���R�I���R�S�L�R�L�G�V���R�Q���V�K�H�H�S���E�H�K�D�Y�L�R�X�U��

� �� 9� H� U� E� H� H� N� � � H� W� � � D� O� �� �� � � �� �� �� �� �� �� � � D� Q� G� � � G� H� W� H� F� W� L� R� Q� � � R� I� � � O� D� P� H� Q� H� V� V� � � �� %� D� U� Z� L� F� N� � � H� W� � � D� O� �� �� � � �� �� �� �� E� �� �� � � � � ,� Q� � � W� K� H� � � I� L� H� O� G� � � R� I� �

parasitology, measurements of fractal measures of activity in sheep demonstrate behaviour  

have demonstrated that the relative time spent idling or grazing was indicative of parasitic 

�L�Q�I�H�F�W�L�R�Q���L�Q���\�R�X�Q�J���F�D�W�W�O�H�����)�R�U�E�H�V���H�W���D�O���������������������+�R�Z�H�Y�H�U�����W�K�H�V�H���P�H�W�K�R�G�V���K�D�Y�H���V�H�O�G�R�P���E�H�H�Q���X�V�H�G��

for parasitology studies in pasture -�E�D�V�H�G�� �V�K�H�H�S���� �7�K�H�� �$�F�W�L�J�U�D�S�K�� �Z�*�7���;-BT® tri -axial 

accelerometer was mounted on ram mating harnesses to investigate the impact of subclinical 

�O�H�Y�H�O�V�� �R�I���J�D�V�W�U�R�L�Q�W�H�V�W�L�Q�D�O���Q�H�P�D�W�R�G�H���L�Q�I�H�F�W�L�R�Q�V���R�Q���W�K�H���D�F�W�L�Y�L�W�\�� �R�I�� �\�R�X�Q�J�� �V�K�H�H�S�� ���,�N�X�U�L�R�U���H�W���D�O������

�������������� �6�X�E-clinically parasitised sheep showed a reduction  in overall activity estimates 

�P�H�D�V�X�U�H�G�� �D�V�� �G�\�Q�D�P�L�F�� �Y�H�F�W�R�U�L�D�O�� �E�R�G�\�� �D�F�F�H�O�H�U�D�W�L�R�Q�� ���9�H�'�%�$������ �7�K�H�� �$�F�W�L�J�U�D�S�K�� �Z�*�7���;-BT® 

triaxial accelerometer has been used in proximity studies investigating contact between lambs 

�D�Q�G���H�Z�H�V�����3�D�J�D�Q�R�Q�L���H�W���D�O���������������������+�H�U�H�����Z�H���D�L�P�H�G���Dt determining different activity types in 

pastured sheep in order to allow investigations on the influence of parasites on these 

�E�H�K�D�Y�L�R�X�U�D�O���D�W�W�U�L�E�X�W�H�V�����(�D�F�K���V�S�H�F�L�H�V���G�L�I�I�H�U�V���L�Q���W�K�H�L�U���V�L�J�Q�D�W�X�U�H���L�Q���W�K�H���W�U�L-axial data, and hence 

the developments made in other  �V�S�H�F�L�H�V�����+�R�U�V�H�V�����0�R�U�U�L�V�R�Q���H�W���D�O�����������������D�Q�G���G�R�J�V�����+�R�I�I�P�D�Q���H�W��

�D�O�������������������F�D�Q�Q�R�W���E�H���D�S�S�O�L�H�G���W�R���V�K�H�H�S���� 

For the limited studies reported to date, accelerometers have been applied to sheep using 

�G�L�I�I�H�U�H�Q�W���D�W�W�D�F�K�P�H�Q�W���O�R�F�D�W�L�R�Q�V���D�Q�G���H�D�F�K���P�D�\���K�D�Y�H���D�G�Y�D�Q�W�D�J�H�V�������,�W��has been suggested that for 

an accurate indication of individual energy expenditure, accelerometers should be placed close 

�W�R�� �W�K�H�� �F�H�Q�W�U�H�� �R�I�� �P�D�V�V�� ���%�U�R�Z�Q�� �H�W�� �D�O������ �������������� �V�X�F�K�� �D�V�� �R�Q�� �D�� �K�D�U�Q�H�V�V���� �,�Q�� �D�Q�� �H�D�U�O�L�H�U�� �V�W�X�G�\�� �Z�H����

positioned the Actigraph on a ram mating ha rness to infer overall activity of sheep in response 

�W�R���S�D�U�D�V�L�W�L�V�P�����,�N�X�U�L�R�U���H�W���D�O���������������������+�R�Z�H�Y�H�U�����W�K�H���S�O�D�F�H�P�H�Q�W���R�Q���W�R�S���R�I���W�K�H���V�K�R�X�O�G�H�U�����)�L�Jure ����1)  



 

 ����  

�O�L�P�L�W�V���W�K�H���F�R�O�O�H�F�W�L�R�Q���R�I���L�Q�I�R�U�P�D�W�L�R�Q���R�Q���K�H�D�G���P�R�Y�H�P�H�Q�W���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���J�U�D�]�L�Q�J�����)�R�U���S�U�D�F�W�L�F�D�O��

on-farm purp oses it is likely that accelerometers will most likely be included in some form of 

�H�D�U���W�D�J�����%�D�U�Z�L�F�N���H�W���D�O���������������D�������7�K�H���G�R�Z�Q�V�L�G�H���W�R���W�K�L�V���O�R�F�D�W�L�R�Q���L�V���W�K�H���D�G�G�L�W�L�R�Q�D�O���Q�R�L�V�H���D�V�V�R�F�L�D�W�H�G��

�Z�L�W�K���V�P�D�O�O���H�D�U���D�Q�G���K�H�D�G���P�R�Y�H�P�H�Q�W�V�����$�W�W�D�F�K�L�Q�J���W�K�H���D�F�F�H�O�H�U�R�P�H�W�H�U���W�R���D���Q�H�F�N���F�Rllar will capture 

�V�R�P�H���K�H�D�G���P�R�Y�H�P�H�Q�W���E�X�W���Z�L�W�K���O�L�P�L�W�H�G���L�Q�I�R�U�P�D�W�L�R�Q���I�U�R�P���P�L�Q�R�U���K�H�D�G���P�R�Y�H�P�H�Q�W�V�������7�R���G�D�W�H�����W�K�H��

use of classifier models developed in one placement form have not been applied to other 

�S�O�D�F�H�P�H�Q�W���O�R�F�D�W�L�R�Q�V�����$�V���F�R�P�P�H�U�F�L�D�O���D�F�F�H�O�H�U�R�P�H�W�H�U�V���D�U�H���X�V�H�G���D�W different animal positions, it is 

worth knowing how classifier models developed in one placement location performs at others 

�W�R���L�Q�I�R�U�P���X�W�L�O�L�W�\���D�F�U�R�V�V���F�R�Q�W�H�[�W�V�� 

The aim of the current study was to build prediction models to classify activity of Perendale 

sheep at pasture fitted with a neck collar mounting the Actigraph wGT3X -BT® tri -axial 

�D�F�F�H�O�H�U�R�P�H�W�H�U�������$���S�U�H�G�L�F�W�L�R�Q���P�R�G�H�O���Z�D�V���G�H�Y�H�O�R�S�H�G���I�U�R�P���U�D�Z���;�����<���D�Q�G���=���D�[�H�V���D�F�F�H�O�H�U�D�W�L�R�Q���G�D�W�D��

�W�R���F�O�D�V�V�L�I�\���G�L�I�I�H�U�H�Q�W���E�H�K�D�Y�L�R�X�U�D�O���D�F�W�L�Y�L�W�\���W�\�S�H�V�����7�K�L�V���V�W�X�G�\���W�H�V�W�H�G���W�Z�R���K�\�S�R�W�K�Hsis: 1) that raw, 

unmanipulated acceleration data could be used to create an accurate  classification model 

capable of inferring diurnal activity patterns of sheep (Phase 1); 2 that the classification model 

developed from accelerometers attached to neck col lars can be applied to infer activity from 

�D�F�F�H�O�H�U�R�P�H�W�H�U�V���O�R�F�D�W�H�G���R�Q���K�H�D�G���K�D�O�W�H�U�V���D�Q�G���R�Q���D���E�R�G�\���K�D�U�Q�H�V�V�����3�K�D�V�H�������� 

������ Materials and methods  

The study was conducted at the Massey University sheep unit, Palmerston North, New 

�=�H�D�O�D�Q�G���������Ý�������·�����µ���6���������Ý�������·�����µ���(���������P���H�O�H�Y�D�W�L�R�Q�����E�H�W�Z�H�H�Q���-�X�O�\���������D�Q�G���$�X�J�X�V�W���������������������Z�K�L�F�K��

�L�V���G�X�U�L�Q�J���Z�L�Q�W�H�U���D�W���W�K�L�V���O�R�F�D�W�L�R�Q�����(�W�K�L�F�D�O���D�S�S�U�R�Y�D�O���W�R���F�R�Q�G�X�F�W���W�K�L�V���V�W�X�G�\���Z�D�V���Rbtained from the 

�0�D�V�V�H�\���8�Q�L�Y�H�U�V�L�W�\���$�Q�L�P�D�O���(�W�K�L�F�V���&�R�P�P�L�W�W�H�H�����3�U�R�W�R�F�R�O���1�R���������������������� 

4.3.1 Study animals and design  

The study comprised two phases: a classification model development phase (P1) and a second 

phase (P2) to test model performance for different  body locations of the accelerometers in 

�L�G�H�Q�W�L�I�\�L�Q�J���G�L�X�U�Q�D�O���D�F�W�L�Y�L�W�\���R�I���V�K�H�H�S�����Z�L�W�K���W�K�H���F�R�O�O�D�U���D�V���W�K�H���U�H�I�H�U�H�Q�F�H�����3�����Z�D�V���F�R�Q�G�X�F�W�H�G���Z�L�W�K��

six Perendale ewe-�O�D�P�E�V���D�W���D�S�S�U�R�[�L�P�D�W�H�O�\���R�Q�H���\�H�D�U���R�I���D�J�H�����7�K�H���O�D�P�E�V���Z�H�U�H���S�D�U�W���R�I���D���P�R�E���R�I��������

�D�Q�L�P�D�O�V���J�U�D�]�L�Q�J���W�R�J�H�W�K�H�U�����)�R�U���3�������������H�Z�H���O�D�P�E�V���I�U�R�P���W�K�H���V�D�P�H���F�R�K�R�U�W���Z�H�U�H���X�V�H�G�����$�O�O���D�Q�L�P�D�O�V��

were treated with anthelmintics just prior to the study and had received a standard 

combination clostridial and leptospirosis vaccine (Ultravac ®�����L�Q���������=�R�H�W�L�V���1�=���,�Q�F�������D�V���Z�H�O�O���D�V��

topical insec ticide (Clik ®�����(�O�D�Q�F�R���$�Q�L�P�D�O���+�H�D�O�W�K���1�=���/�W�G�����W�R���S�U�H�Y�H�Q�W���I�O�\���V�W�U�L�N�H�����7�K�H���O�D�P�E�V���Z�H�U�H��
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�D���P�H�D�Q���O�L�Y�H�Z�H�L�J�K�W���R�I���������N�J�����6�'� �����������N�J���������7�R���D�O�O�R�Z���Y�L�V�X�D�O���L�G�H�Q�W�L�I�L�F�D�W�L�R�Q���L�Q���W�K�H���S�D�G�G�R�F�N���I�U�R�P���D��

distance, each ewe lamb was coat -sprayed visibly with a unique colour and numbe r on the hind 

quarter and lateral sides using scourable spray -mark (Leader Stock Marker) �� 

4.3.2 Accelerometer 

For P1 an ActiGraph wGT3X -BT® acceleration sensor (ActiGraph, LLC, Pensacola, FL, USA) 

that measures accelerations from the individual’s amplitude  ���J�����D�Q�G���I�U�H�T�X�H�Q�F�\�����+�]�����R�I during 

movement across the vertical, horizontal, and perpendicular axes was attached onto the top 

side of a neck collar with a cable tie, and in P2 two additional monitors were fastened to a head 

halter and a ram mating harness r �H�V�S�H�F�W�L�Y�H�O�\�����)�L�J�X�U�H�������������� 

 

Figure 4.1 The position of the Actigraph tri -axial accelerometer on 1 (head halter), 2 

(neck collar) and 3 (body harness) and the axis orientation at each position in relation to 

�W�K�H���D�Q�L�P�D�O�·�V���E�R�G�\�� 

The sensor on the collar employed a reference system that indicates longitudinal (front -to-back 

or surge, X), horizontal (side -to-�V�L�G�H���R�U���V�Z�D�\�����<�����D�Q�G���Y�H�U�W�L�F�D�O�����X�S���D�Q�G���G�R�Z�Q���R�U���K�H�D�Y�H�����=�����E�R�G�\��

axes, respectively (ActiGraph Manual, version ������������ �$�X�J�X�V�W�� �������������� �%�H�I�R�U�H�� �D�W�W�D�F�K�L�Q�J�� �W�K�H��

sensors to the sheep, they were pre -scheduled to collect acceleration data at a sampling rate of 

�����+�]�����Z�K�L�F�K���L�V���H�T�X�L�Y�D�O�H�Q�W���W�R��������data points per  �V�H�F�R�Q�G�����7�K�H���D�F�F�H�O�H�U�R�P�H�W�H�U�V���Z�H�U�H���������ð���������ð��������

mm in size and weighed 19  �J�������7�K�H���R�U�L�H�Q�W�D�W�L�R�Q���R�I���W�K�H���V�H�Q�V�R�U�V���Z�D�V��the same �D�F�U�R�V�V���D�O�O���V�K�H�H�S����

For comparison in P2, the accelerometers on the withers (body harness)  have longitudinal 

(front -to-back or surge, Y), horizontal (side -to-side or sway, X) and vertical (up and down or 
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heav�H���� �=���� �E�R�G�\�� �D�[�H�V�� �Z�K�L�F�K�� �L�V�� �����ƒ�� �G�L�I�I�H�U�H�Q�W�� �W�R�� �W�K�H�� �Q�H�F�N�� �F�R�O�O�D�U���� �� �)�R�U�� �W�K�H�� �K�H�D�G�� �K�D�O�W�H�U�� �W�K�H��

accelerometers have longitudinal (front -to-back or surge, X), horizontal (side -to-side or sway, 

�=�����D�Q�G���Y�H�U�W�L�F�D�O�����X�S���D�Q�G���G�R�Z�Q���R�U���K�H�D�Y�H�����<�����E�R�G�\���D�[�H�V�����U�H�V�S�H�F�W�L�Y�H�O�\����This diff erence in orientation 

�Z�D�V���F�R�U�U�H�F�W�H�G���D�Q�G���D�F�F�R�X�Q�W�H�G���I�R�U���S�U�L�R�U���W�R���D�Q�D�O�\�V�L�V�� 

4.3.3 Behaviour ethogram 

Four categories of behaviour were defined a priori  �E�D�V�H�G���R�Q���S�U�H�Y�L�R�X�V���Z�R�U�N���E�\���%�D�U�Z�L�F�N���H�W���D�O����

����������b �����D�Q�G���$�O�Y�D�U�H�Q�J�D���H�W���D�O�������������������L�Q���R�U�G�H�U���W�R���F�R�P�S�D�U�H��behavioural categories collected from 

�D�F�F�H�O�H�U�R�P�H�W�H�U�\���D�J�D�L�Q�V�W���E�H�K�D�Y�L�R�X�U�D�O���R�E�V�H�U�Y�D�W�L�R�Q�V�����7�K�H�V�H���F�D�W�H�J�R�U�L�H�V���L�Q�F�O�X�G�H�G: 

1 Grazing – �+�H�D�G���G�R�Z�Q���Z�K�L�O�H���V�W�D�Q�G�L�Q�J���V�W�L�O�O���R�U���V�O�R�Z�O�\���P�R�Y�L�Q�J���I�R�U�Z�D�U�G���Z�K�L�O�V�W��

ingesting grass with the muzzle close to the ground  

2 Standing – St�D�Q�G�L�Q�J���Z�L�W�K���K�H�D�G���X�S���!�������V�H�F�V�����P�L�Q�L�P�D�O���K�H�D�G���P�R�Y�H�P�H�Q�W�����O�H�I�W���W�R���U�L�J�K�W�� 

3 �:�D�O�N�L�Q�J��– �+�H�D�G���X�S���Z�K�L�O�V�W���Z�D�O�N�L�Q�J���D�W���D���V�O�R�Z���S�D�F�H�������U�X�Q�Q�L�Q�J���D�W���D���I�D�V�W���S�D�F�H�����+�H�D�G��

raised at or above horizontal plain and eyes open (to include scanning)  

4 Lying – lying down with minimal h ead movement 

�� Other – �L�Q�F�O�X�G�L�Q�J���V�F�U�D�W�F�K�L�Q�J�����S�O�D�\�L�Q�J���H�W�F���� 

4.3.4 Data recording and management 

�)�R�U�� �H�D�F�K�� �S�K�D�V�H�� �R�I�� �W�K�H�� �V�W�X�G�\���� �U�D�Z�� �D�F�F�H�O�H�U�D�W�L�R�Q�� �G�D�W�D���� �F�R�Q�W�L�Q�X�R�X�V�O�\�� �U�H�F�R�U�G�H�G�� �D�W�� �����+�]���� �Z�H�U�H��

�L�Q�W�H�J�U�D�W�H�G���L�Q�W�R���I�L�Y�H���V�H�F�R�Q�G���H�S�R�F�K�V���D�F�U�R�V�V���;�����<���D�Q�G���=���D�[�H�V���D�W���H�D�F�K���R�I��three body positions per 

�V�K�H�H�S�� 

4.3.4.1 Model classification phase (P1)  

�7�K�U�H�H���H�[�S�H�U�L�P�H�Q�W�D�O���W�H�V�W�V�����(�7�����Z�H�U�H���F�R�Q�G�X�F�W�H�G�����/�D�P�E�V���Z�H�U�H���L�Q���D���J�U�D�]�L�Q�J���S�D�G�G�R�F�N�����(�7���2�Q�H�������D��

�K�R�O�G�L�Q�J���S�H�Q�����(�7���7�Z�R�����R�U���Z�D�O�N�H�G���W�K�U�R�X�J�K���D���O�D�Q�H���Z�D�\�����(�7���7�K�U�H�H�������(�D�F�K���(�7���Z�D�V���G�H�V�L�J�Q�H�G���W�R��

capture a target activity, with grazing, standing and walking corresponding to ETs One, Two 

�D�Q�G���7�K�U�H�H�����U�H�V�S�H�F�W�L�Y�H�O�\�������$�O�O���V�L�[���O�D�P�E�V���Z�H�U�H���I�L�O�P�H�G���G�X�U�L�Q�J���W�K�H�V�H���H�[�S�H�U�L�P�H�Q�W�V�����9�L�G�H�R���U�H�F�R�U�G�L�Q�J�V��

were made using a Samsung NX300 digital camera (Samsung Electronics America, �,�Q�F���������$�O�O��

�R�E�V�H�U�Y�D�W�L�R�Q�V���Z�H�U�H���F�R�Q�G�X�F�W�H�G���G�X�U�L�Q�J���G�D�\�O�L�J�K�W���K�R�X�U�V�����7�K�H���V�W�D�U�W�L�Q�J���W�L�P�H�V���I�R�U���W�K�H���V�L�[���R�E�V�H�U�Y�D�W�L�R�Q��

�V�H�V�V�L�R�Q�V�� �S�H�U�� �G�D�\�� �L�V�� �V�K�R�Z�Q���L�Q�� �7�D�E�O�H�������� �9�L�G�H�R���R�E�V�H�U�Y�D�W�L�R�Q�V���Z�H�U�H���W�D�N�H�Q���I�U�R�P�� �D�� �������� �W�R���������� �P��

distance using the camera’s zoom lens in order to avoid disturb �D�Q�F�H���R�I���W�K�H���V�K�H�H�S�����$�O�W�K�R�X�J�K��

experiment One was designed to capture grazing activity, all other activities were also 

�F�D�S�W�X�U�H�G�� �G�X�U�L�Q�J�� �W�K�L�V�� �W�L�P�H���� �/�\�L�Q�J�� �D�F�W�L�Y�L�W�\�� �Z�D�V�� �R�S�S�R�U�W�X�Q�L�V�W�L�F�D�O�O�\�� �W�D�U�J�H�W�H�G�� �G�X�U�L�Q�J�� �W�K�H�� �O�D�W�H��
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�P�R�U�Q�L�Q�J�� �S�H�U�L�R�G���� �$�� �P�H�D�Q�� ���6�'���� �R�I�� ���������� �K�� �������������� �R�I�� �Y�L�Geo was recorded for each individual, 

�J�H�Q�H�U�D�W�L�Q�J�� �D�� �W�R�W�D�O�� �Y�L�G�H�R�� �W�L�P�H�� �R�I�� �a�� ������ �K�R�X�U�V�� ������ �P�L�Q�X�W�H�V�� ���7�D�E�O�H�� ������������ �8�V�L�Q�J�� �W�K�H�� �E�H�K�D�Y�L�R�X�U�V��

defined in section 4.3.3 �����D�O�O���Y�L�G�H�R�V���Z�H�U�H���Z�D�W�F�K�H�G���D�Q�G���F�R�G�H�G���E�\���W�K�H���V�D�P�H���R�E�V�H�U�Y�H�U�����6�-�,�������$�Q��

activity profile of each animal was cre ated from videos by annotating and coding activity type 

�D�W���I�L�Y�H���V�H�F�R�Q�G�V���L�Q�W�H�U�Y�D�O�����L���H�������I�L�Y�H���V�H�F�R�Q�G�V���H�S�R�F�K�V�� using CowLog ®, an open-source software for 

�F�R�G�L�Q�J���E�H�K�D�Y�L�R�X�U�V���I�U�R�P���G�L�J�L�W�D�O���Y�L�G�H�R�����+�l�Q�Q�L�Q�H�Q���D�Q�G���3�D�V�W�H�O�O��������������  

Table 4.1 Starting times and duration of focal behaviour observation sessions recorded 

by video across three experimental periods on ewe lambs (n=6) fitted with a collar 

mounting an Actigraph ® wGT3X -�%�7���D�F�F�H�O�H�U�R�P�H�W�H�U���V�H�Q�V�R�U�� 

Date  Focal behaviour  Start  End  Duration (mins)  

������������������  Grazing  14:09:40 14:39:30 ������������ 

������������������  Grazing  ����������������  ����������������  ������������ 

������������������  Lying  ����������������  ����������������  31:00  

������������������  Standing  ����������������  ����������������  ������������ 

������������������  Standing  ����������������  ����������������  ������������ 

������������������  �:�D�O�N�L�Q�J ����������������  ����������������  17:03  

��������������������  Grazing  ����������������  ����������������  ������������ 

��������������������  Grazing  ����������������  ����������������  ������������ 

��������������������  Grazing  14:19:10 14:34:10 ������������ 

 

4.3.4.2 Within -observer reliability test  

This test measures the extent to which a single observer  obtains consistent results when 

�U�H�S�H�D�W�H�G�O�\���P�H�D�V�X�U�L�Q�J���W�K�H���V�D�P�H���E�H�K�D�Y�L�R�X�U�����0�D�U�W�L�Q���D�Q�G���%�D�W�H�V�R�Q�������������������,�Q���W�K�L�V���S�D�U�W�����W�K�H���L�Q�W�U�D-

observer agreement was tested using Kappa statistic by calculating  the level of agreement of 

act�L�Y�L�W�\���D�Q�Q�R�W�D�W�L�R�Q�V���X�V�L�Q�J���D���V�X�E�V�H�W���R�I���������P�L�Q�X�W�H�V���S�H�U���D�F�W�L�Y�L�W�\���F�D�W�H�J�R�U�\���L�Q���I�R�X�U���V�W�X�G�\���D�Q�L�P�D�O�V��

�F�R�P�S�D�U�H�G���W�R���D�Q�Q�R�W�D�W�L�R�Q�V���I�R�U���D�F�W�L�Y�L�W�\���R�I���W�K�H���V�D�P�H���D�Q�L�P�D�O�V���G�X�U�L�Q�J���W�K�H���L�Q�L�W�L�D�O���D�F�W�L�Y�L�W�\���F�R�G�L�Q�J����

�7�K�H�U�H�� �Z�D�V� � �D� � �W�L�P�H�� �L�Q�W�H�U�Y�D�O�� �R�I� � � �� �� � �P�R�Q�W�K�V� � �E�H�W�Z�H�H�Q�� �W�K�H�� � I�L�U�V�W�� �D�Q�G�� �V�H�F�R�Q�G�� �D�F�W�L�Y�L�W�\�� �F�R�G�L�Q�J���� �7�K�H��

percentage of exact agreement between the first and second coding of the same behaviour by 

the observer was calculated, and the within- observer variability was assessed using intra -class 

confusion matrix and kappa coefficients ( �N) (�&�R�K�H�Q�� �������������� �.�D�S�S�D�� �U�H�V�X�O�W�V�� �Z�H�U�H�� �L�Q�W�H�U�S�U�H�W�H�G��

�D�F�F�R�U�G�L�Q�J���W�R���)�O�H�L�V�V�������������������Z�K�H�U�H���Y�D�O�X�H�V���!�����������V�X�J�J�H�V�W�H�G���¶�H�[�F�H�O�O�H�Q�W�·�������������W�R�������������L�Q�G�L�F�D�W�H�G���¶�I�D�L�U-

�J�R�R�G�·���D�Q�G�������������L�Q�G�L�F�D�W�H�G���¶�S�R�R�U�·���O�H�Y�H�O�V���R�I���D�J�U�H�H�P�H�Q�W���� 
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4.3.4.3 Collection of accelerometer data from  different b ody locations (P2) 

The sensor data from each body location were collated for a 72 h period commencing at 0900 

�K�U���R�Q���W�K�H���G�D�\���R�I���D�W�W�D�F�K�P�H�Q�W���R�I���W�K�H���V�H�Q�V�R�U�V���W�R���W�K�H���O�D�P�E�V�����L���H�������7�X�H�V�G�D�\�������D�Q�G���S�U�H�V�H�Q�W�H�G���D�V���W�K�U�H�H��

�G�D�L�O�\���E�O�R�F�N�V�����W�K�D�W���L�V���S�H�U���������K�����$�V���P�H�Q�W�L�R�Q�H�G���D�E�R�Y�H �W�K�H�����R�U�L�H�Q�W�D�W�L�R�Q���R�I���W�K�H�����;�����<���D�Q�G���=���D�[�H�V��

�G�L�I�I�H�U�H�G�� �E�H�W�Z�H�H�Q�� �D�W�W�D�F�K�P�H�Q�W�� �P�H�W�K�R�G�V���� �:�H�� �D�G�M�X�V�W�H�G�� �I�R�U�� �W�K�L�V�� �� �S�U�L�R�U�� �W�R�� �D�Q�D�O�\�V�L�V���� �7�K�H�Q�� �W�K�H��

�F�O�D�V�V�L�I�L�F�D�W�L�R�Q���P�R�G�H�O���Z�D�V���D�S�S�O�L�H�G���W�R���G�H�G�X�F�H���D�F�W�L�Y�L�W�\���W�\�S�H�V���D�W���H�D�F�K�������V�H�F�R�Q�G���L�Q�W�H�U�Y�D�O�����:�H���W�K�H�Q��

separately compared the activity b udget for the head halter and the harness to the activity 

�E�X�G�J�H�W���R�I���W�K�H���F�R�O�O�D�U���� 

4.3.5 Statistical analysis  

�$�O�O���G�D�W�D���F�R�P�S�X�W�D�W�L�R�Q���D�Q�G���V�W�D�W�L�V�W�L�F�D�O���D�Q�D�O�\�V�L�V���Z�H�U�H���F�R�Q�G�X�F�W�H�G���L�Q���5�����������������5���&�R�U�H���7�H�D�P���������������� 

4.3.5.1 Descriptive statistics  

The frequency of occurr ence of the coded activity were described and two -dimensional plots 

were used to describe the relationship between activity types and the x -y, x-z and y-�]���D�[�H�V�� 

4.3.5.2 Phase One – Building classifier model  

�$�F�W�L�Y�L�W�L�H�V�� �F�O�D�V�V�L�I�L�H�G�� �D�V�� �¶�R�W�K�H�U�·�� �Z�H�U�H�� �U�H�P�R�Y�H�G���� �5�Dndom forest (R package ‘randomForest’, 

�%�U�H�L�P�D�Q���H�W���D�O��������������) was used to develop an activity classification model using the raw X, Y 

�D�Q�G���=���D�F�F�H�O�H�U�R�P�H�W�H�U���G�D�W�D���W�R���S�U�H�G�L�F�W���D�F�W�L�Y�L�W�\���W�\�S�H�V�����R�E�V�H�U�Y�H�G���L�Q���W�K�H���O�D�E�H�O�O�H�G���Gataset, running 

�����������L�W�H�U�D�W�L�R�Q�V�����7�K�L�V���P�H�W�K�R�G���L�P�S�O�H�P�H�Q�W�V���R�X�W-of-bag error estimation for robust and unbiased 

�L�Q�I�H�U�H�Q�F�H�V�����,�Q���H�D�F�K���L�W�H�U�D�W�L�R�Q�����U�D�Q�G�R�P���I�R�U�H�V�W���U�D�Q�G�R�P�O�\���V�D�P�S�O�H�V���G�D�W�D���S�R�L�Q�W�V���D�Q�G���Y�D�U�L�D�E�O�H�V���D�Q�G��

�W�K�H�Q�� �F�R�P�E�L�Q�H�V�� �W�K�H�� �R�X�W�S�X�W�� �D�W�� �W�K�H�� �H�Q�G���� �7�K�H�� �R�X�W�S�X�W�� �R�I�� �W�K�H�� �Rut-of-bag random forest model 

(hereafter called ‘classifier’) was then used to predict behaviours using the entire labelled 

dataset, and  model predictions were compared to the gold standard (video observations) to 

compute a confusion matrix to evaluate th�H���S�H�U�I�R�U�P�D�Q�F�H�V���R�I���W�K�H���F�O�D�V�V�L�I�L�H�U�����7�Z�R���P�H�W�U�L�F�V���Z�H�U�H��

used for overall classifier performance (across all activities): the overall accuracy and overall 

�P�L�V�F�O�D�V�V�L�I�L�F�D�W�L�R�Q���U�D�W�H�����7�R���H�Y�D�O�X�D�W�H���W�K�H���S�H�U�I�R�U�P�D�Q�F�H���R�I���W�K�H���F�O�D�V�V�L�I�L�H�U���I�R�U���H�D�F�K���L�Q�G�L�Y�L�G�X�D�O���D�F�W�L�Y�L�W�\��

type separately, four performance metrics were calculated �D�V���R�X�W�O�L�Q�H�G���E�H�O�R�Z���L�Q���(�T�X�D�W�L�R�Q�V����������

�W�R��������:  

Sensitivity=TP /(TP+FN)       Equation 4��1 

Specificity=TN/(TN+FN)       Equation 4��2 
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Precision=  TP /(TP+FP)         Equation 4��3 

Accuracy=  (TP+TN) /(TP+TN+FP+FN)      Equation 4��4 

�+�H�U�H�����7�3�����W�U�X�H���S�R�V�L�W�L�Y�H�����F�R�U�U�H�V�S�R�Q�G���W�R���W�K�H���Q�X�P�E�H�U���R�I���H�S�R�F�K�V���Z�K�H�U�H���W�K�H���E�H�K�D�Y�L�R�X�U���R�I���L�Q�W�H�U�H�V�W��

�Z�D�V���F�R�U�U�H�F�W�O�\���S�U�H�G�L�F�W�H�G���E�\���W�K�H���F�O�D�V�V�L�I�L�H�U�����7�1�����W�U�X�H���Q�H�J�D�W�L�Y�H�����D�U�H���W�K�H���Q�X�P�E�H�U���R�I���H�S�R�F�K�V���Z�K�H�U�H��

the behaviour of interest was correctly classified as not having occurr�H�G�����)�1�����I�D�O�V�H���Q�H�J�D�W�L�Y�H����

are the number of epochs where the behaviour of interest was observed but not inferred by the 

�F�O�D�V�V�L�I�L�H�U�����)�3�����I�D�O�V�H���S�R�V�L�W�L�Y�H�����D�U�H���W�K�H���Q�X�P�E�H�U���R�I���H�S�R�F�K�V���Z�K�H�U�H�����W�K�H���E�H�K�D�Y�L�R�X�U���R�I���L�Q�W�H�U�H�V�W���Z�D�V��

inferred by the classifier but not  observed �����7�R���I�X�U�W�K�H�U���Y�D�O�L�G�D�W�H���W�K�H���S�U�H�G�L�F�W�L�Y�H���D�E�L�O�L�W�\���R�I���W�K�H��

classifier model, a “leave -one-out” cross-validation was used based on individual sheep 

�U�H�P�R�Y�D�O�����D�V���W�K�H���R�E�V�H�U�Y�D�W�L�R�Q�V���Z�H�U�H���F�O�X�V�W�H�U�H�G���E�\���L�Q�G�L�Y�L�G�X�D�O�V�����'�D�W�D���S�R�L�Q�W�V���R�I���H�D�F�K���L�Q�G�L�Y�L�G�X�D�O���O�D�P�E��

were removed sequent ially from the labelled dataset, the model was trained using the 

�U�H�P�D�L�Q�L�Q�J���I�L�Y�H���O�D�P�E�V���D�Q�G���Y�D�O�L�G�D�W�H�G���R�Q���W�K�H���L�Q�L�W�L�D�O���O�D�P�E���U�H�P�R�Y�H�G����  

4.2.5.3 Phase Two 

For P2, the daily activity budgets (proportion of time spent  grazing,  resting, and  walking)  were 

calculated  for each �H�Z�H���O�D�P�E�����Q� ���������D�Q�G���F�R�P�S�D�U�H�G���E�H�W�Z�H�H�Q���D�F�F�H�O�H�U�R�P�H�W�H�U���S�O�D�F�H�P�H�Q�W�V�����7�K�H��

components of compositional data, such as activity budgets, sum to 1 The daily proportions of 

each activity were summarised as mean per hour of day and described for each placement of 

�W�K�H���V�H�Q�V�R�U���R�Q���W�K�H���D�Q�L�P�D�O�·�V���E�R�G�\���� 

A Dirichlet regression with log link was then fitted to model the relative hourly proportion of 

time spent in each activity for each sheep, as a function of the accelerometer placement and 

�W�K�H���G�D�\�����$�V���W�K�H���P�X�O�W�L�Y�D�U�L�D�W�H generalization of the beta distribution, the Dirichlet distribution 

accounts for the numerical constraint associated with compositional data such as activity 

�E�X�G�J�H�W�V�����Z�K�R�V�H���F�R�P�S�R�Q�H�Q�W�V���V�X�P���W�R���������5�H�J�X�O�D�U���H�W���D�O���������������������D�Q�G���D�O�O�R�Z�V���I�R�U���W�K�H���V�L�P�X�O�W�D�Q�H�R�X�V��

assessment of the effects of covariates on the relative contribution of multiple activities 

���*�X�H�R�U�J�X�L�H�Y�D���H�W���D�O���������������������7�K�H���5���S�D�F�N�D�J�H���¶�'�L�U�L�F�K�O�H�W�5�H�J�·�����0�D�L�H�U�����������������Z�D�V���X�V�H�G���W�R���P�R�G�H�O���W�K�H��

response variable ‘activity budget’ (hourly proportion of performing the acti vities) and the 

explanatory variables were  ‘position’ (head halter and body halter, reference=neck collar) and 

�¶�G�D�\�·�����W�K�H���W�U�L�D�O���Z�D�V���U�X�Q���I�R�U�������F�R�Q�V�H�F�X�W�L�Y�H���G�D�\�V����  
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����4 Results 

4.4.1 Descriptive statistics for Labelled dataset and 2 -D plots (Phase 1)   

The activity budget is shown in Table  �����������*�U�D�]�L�Q�J�·���Z�D�V���W�K�H���P�R�V�W���I�U�H�T�X�H�Q�W���D�F�W�L�Y�L�W�\�����$�F�W�L�Y�L�W�\��

data described in two -dimensional plots ( �)�L�J�X�U�H�������������E�D�V�H�G���R�Q���H�D�F�K���S�U�H�G�L�F�W�R�U�����L���H�����;-Y, X-�=���D�Q�G��

Y-�=���D�[�H�V�����Z�K�H�U�H���;�����<���D�Q�G���=���D�[�H�V���F�R�U�U�H�V�S�R�Q�G���W�R���D�[�L�V�������D�[�L�V�����D�Q�G���D�[�L�V�����U�H�V�S�H�F�W�L�Y�H�O�\���� 

Table 4.2 �3�H�U�F�H�Q�W�D�J�H���������������F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�����R�I���R�Y�H�U�D�O�O���W�L�P�H���R�I�������V�H�F�R�Q�G���H�S�R�Fhs that 

were classified as ‘grazing’, ‘lying’, ‘standing’, ‘walking/running’ or Other from filmed 

�H�Z�H���O�D�P�E�V�� 

Activity  Percentage (95 % CI)  

Grazing  ���������������������������W�R������������ 

Lying  ���������������������������W�R������������ 

Standing  ���������������������������W�R������������ 

�:�D�O�N�L�Q�J�����5�X�Q�Q�L�Q�J �����������������������W�R���������� 

Other  �����������������������W�R������������ 
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Figure 4.2 2-�'���V�F�D�W�W�H�U���S�O�R�W�V���R�I���D�F�F�H�O�H�U�D�W�L�R�Q���V�L�J�Q�D�O�V���U�H�F�R�U�G�H�G���L�Q���;�����<���D�Q�G���=���D�[�H�V���R�I���V�L�[��

�H�Z�H���O�D�P�E�V���G�X�U�L�Q�J���S�H�U�L�R�G�V���R�I���¶�J�U�D�]�L�Q�J�·�������¶�V�W�D�Q�G�L�Q�J�·�������¶�O�\�L�Q�J�·���D�Q�G���¶�Z�D�O�N�L�Q�J�·�� 
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4.4.2 Within- observer agreement test 

A summary of the activity data recorded by one observer on two �R�F�F�D�V�L�R�Q�V�����������P�R�Q�W�K�V���D�S�D�U�W����

is shown in �7�D�E�O�H������3�����7�K�H���R�Y�H�U�D�O�O���D�F�F�X�U�D�F�\���E�H�W�Z�H�H�Q���W�K�H���I�L�U�V�W���D�Q�G���V�H�F�R�Q�G���R�E�V�H�U�Y�D�W�L�R�Q�V���Z�D�V��������

�������:�D�O�N�L�Q�J���D�Q�G���V�W�D�Q�G�L�Q�J���E�H�K�D�Y�L�R�X�U�V���Z�H�U�H���W�K�H���P�R�V�W���I�U�H�T�X�H�Q�W���W�R���E�H���P�L�V�F�O�D�V�V�L�I�L�H�G���E�X�W���Z�L�W�K���D��

misclassification error �”  ���������E�H�W�Z�H�H�Q���W�K�H���D�F�W�L�Y�L�W�L�H�V�����7�K�H���.�D�S�S�D���Y�D�O�X�H�����N��� ��������������suggests that 

there was ‘excellent’ agreement between the first and second coding �R�I���W�K�H���V�D�P�H���R�E�V�H�U�Y�H�U���� 

Table 4.3 Count of activity for four ewe lambs at five seconds interval over a one- hour 

�S�H�U�L�R�G�����2�E�V�H�U�Y�D�W�L�R�Q�V��coded �E�\���R�Q�H���R�E�V�H�U�Y�H�U���R�Q���W�Z�R���R�F�F�D�V�L�R�Q�V�����������P�R�Q�W�K�V���D�S�D�U�W���� 

                  

2nd Coding 

  Grazing         

  Lying           

  Standing         

  �:�D�O�N�L�Q�J���5�X�Q�Q�Lng 

Total  

1st Coding 

Grazing  Lying  Standing   �:�D�O�N�L�Q�J���5�X�Q�Q�L�Q�J Total  

173 0 0 0 173 

0 177 0 0 177 

0 0 ������  6 ������  

0 0 3 133 136 

173 177 ������  139 642 

 

4.4.3 Random Forest model 

The best out -of-bag classification model (classifier) was derived by combining standing and 

�O�\�L�Q�J���E�H�K�D�Y�L�R�X�U���L�Q�W�R���R�Q�H���E�H�K�D�Y�L�R�X�U����� ���¶�U�H�V�W�L�Q�J�·�������7�K�L�V���L�P�S�U�R�Y�H�G���P�R�G�H�O���S�U�H�G�L�F�W�L�R�Q���D�Q�G���U�H�G�X�F�H�G��

�P�L�V�F�O�D�V�V�L�I�L�F�D�W�L�R�Q���E�\���������������7�Z�R-dimensional scatter plots of ‘grazing’, ‘walking’ and the newly 

categorized ‘resting’ extracted from the accelerometers mounted on neck collars using raw X, 

�<���D�Q�G���=���D�F�F�H�O�H�U�D�W�L�R�Q���Y�D�O�X�H�V���D�U�H���V�K�R�Z�Q���L�Q���)�L�J�X�U�H������������ 
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Figure 4.3 2-�'���V�F�D�W�W�H�U���S�O�R�W�V���R�I���D�F�F�H�O�H�U�D�W�L�R�Q���V�L�J�Q�D�O�V���U�H�F�R�U�G�H�G���L�Q���;�����<���D�Q�G���=���D�[�H�V���R�I���V�L�[��

�H�Z�H���O�D�P�E�V���G�X�U�L�Q�J���S�H�U�L�R�G�V���R�I���¶�J�U�D�]�L�Q�J�·�������¶�U�H�V�W�L�Q�J�·�����V�W�D�Q�G�L�Q�J���R�U���O�\�L�Q�J���D�F�W�L�Y�L�W�\�����D�Q�G���¶�Z�D�O�N�L�Q�J�·�� 
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The confusion matrix of the final model predictions against the observed activities  (video 

recorded) is shown in �7�D�E�O�H���������� 

Table 4.4 Confusion matrix of the best classifier using random forest,  showing the 

predicted activity for neck collar- mounted accelerometers recording activity for six  sheep 

�G�X�U�L�Q�J���I�R�X�U���V�D�P�S�O�L�Q�J���G�D�\�V���������V�H�F�R�Q�G�V���H�S�R�F�K�V�������9�D�O�X�H�V���D�F�U�R�V�V���W�K�H���G�L�D�J�R�Q�D�O�����E�R�O�G����

�U�H�S�U�H�V�H�Q�W���W�K�R�V�H���D�F�W�L�Y�L�W�L�H�V���W�K�D�W���Z�H�U�H���F�R�U�U�H�F�W�O�\���L�G�H�Q�W�L�I�L�H�G�����W�U�X�H���S�R�V�L�W�L�Y�H�V�� Values in the 

�P�D�W�U�L�[���D�U�H���W�K�H���Q�X�P�E�H�U���R�I���H�S�R�F�K�V�� 

                                                   Predicted activity  
Observed  
activity   

Grazing  Resting �:�D�O�N�L�Q�J 

Grazing  4562 ������  139 

Resting  ������  4650 103 

�:�D�O�N�L�Q�J ������  ����  772 

Out -of-�E�D�J���P�L�V�F�O�D�V�V�L�I�L�F�D�W�L�R�Q���U�D�W�H�������������� 
 

�7�K�H�� �F�O�D�V�V�L�I�L�H�U�� �S�U�H�G�L�F�W�H�G�� �D�Q�� �R�Y�H�U�D�O�O�� �D�F�W�L�Y�L�W�\�� �D�O�O�R�F�D�W�L�R�Q�� �I�R�U�� �D�O�O�� �V�K�H�H�S�� �R�I�� �� ������ ���� �¶�J�U�D�]�L�Q�J�·���� ������ ����

�¶�U�H�V�W�L�Q�J�·���D�Q�G�����������¶�Z�D�O�N�L�Q�J�����U�X�Q�Q�L�Q�J�·�����W�R���F�R�P�S�D�U�H���W�R�������������������������D�Q�G�����������U�H�V�S�H�F�W�L�Y�H�O�\���I�R�U���W�K�H���W�U�X�H��

�R�E�V�H�U�Y�D�W�L�R�Q�V�����7�K�H���S�H�U�I�R�U�P�D�Q�F�H���P�H�W�U�L�F�V���F�D�O�F�X�O�D�W�H�G���I�U�R�P���W�K�H���F�O�D�V�V�Lfier model for each activity is 

shown in �7�D�E�O�H���������� 

Table 4.5 Performance metrics of random forest classifier algorithm for grazing, resting 

�D�Q�G���Z�D�O�N�L�Q�J���D�F�W�L�Y�L�W�L�H�V���R�I���H�Z�H���O�D�P�E�V�� 

Behaviour  Accuracy  Precision  Specificity  Sensitivity  

Grazing  ��������  ��������  ��������  ��������  

Resting ��������  ��������  ��������  ��������  

�:�D�O�N�L�Q�J ��������  ��������  ��������  ��������  

4.4.4 Leave-one-out cross validation by individual sheep removal 

�7�K�H���R�Y�H�U�D�O�O���D�F�F�X�U�D�F�\���I�R�U���H�D�F�K���U�R�X�Q�G���R�I���S�U�H�G�L�F�W�L�R�Q���Z�D�V���������������.�D�S�S�D���������������������&�,���������W�R����������������������

���.�D�S�S�D�����������������������&�,���������W�R�������������������������.�D�S�S�D�����������������������&�,���������W�R�������������������������.�D�S�S�D�����������������������&�,��������

�W�R�������������������������.�D�S�S�D�����������������������&�,���������W�R�����������D�Q�G���������������.�D�S�S�D�����������������������&�,���������W�R�������������U�H�V�S�H�F�W�L�Y�H�O�\����

�7�K�L�V���U�H�V�X�O�W�H�G���L�Q���D���P�H�D�Q���P�R�G�H�O���S�U�H�G�L�F�W�L�R�Q���D�F�F�X�U�D�F�\���R�I���������������6�'� �������������������7�K�H���S�H�U�I�R�U�P�D�Q�F�H���R�I��

random forest models analysed at the level of the individual ewe -�O�D�P�E�V�����L���H�����W�U�D�L�Q�H�G���E�\���I�L�Y�H��

individuals’ labelled dataset to predict th e sixth individual) is shown in �7�D�E�O�H������6���� 
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Table 4.6 Performance of the random forest classification algorithm predictions across 

�L�Q�G�L�Y�L�G�X�D�O���H�Z�H���O�D�P�E�V�����Q� �����������'�D�W�D���V�K�R�Z�Q���I�R�U���H�D�F�K���O�D�P�E���Z�K�H�Q���G�D�W�D���I�R�U���R�W�K�H�U�������O�Dmbs 

�X�V�H�G���W�R���G�H�Y�H�O�R�S���W�K�H���D�O�J�R�U�L�W�K�P�� 

Lamb 
 Grazing   Resting  �:�D�O�N�L�Q�J 

n �$�F�F�� �3�U�H�F�� �6�S�H�F�� �6�H�Q�V��  �$�F�F��    �3�U�H�F������������������������������������������������������   �6�S�H�F��      �6�H�Q�V��  �$�F�F��  �3�U�H�F�� �6�S�H�F�� �6�H�Q�V�� 

1 ��������  ��������  ��������  ��������  ��������   ��������  ��������   ��������    ��������   ��������  ��������  ��������  ��������  

2  ��������  ��������  ��������  ��������  ��������   ��������  ��������   ��������    ��������   ��������  ��������  ��������  ��������  

3 2146 ��������  ��������  ��������  ��������   ��������  ��������   ��������    ��������   ��������  ��������  ��������  ��������  

4  1717 ��������  ��������  ��������  ��������   ��������  ��������   ��������    ��������   ��������  ��������  ��������  ��������  

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

6 ��������  ��������  ��������  ��������  ��������   ��������  ������  ��������    ��������   ��������  ��������  ��������  ��������  

�Q��� ���Q�X�P�E�H�U���R�I���S�U�H�G�L�F�W�L�R�Q�V���P�D�G�H���I�R�U���L�Q�G�L�Y�L�G�X�D�O���O�D�P�E�����$�F�F����� ���$�F�F�X�U�D�F�\�����3�U�H�F����� ���3�U�H�F�L�V�L�R�Q����

�6�S�H�F����� ���6�S�H�F�L�I�L�F�L�W�\�����6�H�Q�V����� ���6�H�Q�V�L�W�L�Y�L�W�\ 

4.3.5 Testing the classifier model performance at alternative body positions 

(phase 2)  

The daily activity budgets deduced (proportion of time spent  ‘grazing’,  ‘resting’, 

and ‘walking’)  using the classifier developed in Phase 1 from the accelerometer data obtain ed 

by fitting the accelerometer to a collar (neck, as reference), a halter (head) and a harness (body) 

are  presented in �7�D�E�O�H������7���� 

Table 4.7 The average daily time spent grazing, resting and walking for thre e days 

recorded by tri -axial accelerometers positioned on a neck collar, head halter and body 

�K�D�U�Q�H�V�V���R�I���H�Z�H���O�D�P�E�V�����Q��� ���������� 

Activity  
Position  

Collar  �+�D�O�W�H�U �+�D�U�Q�H�V�V 

Grazing  ������������  ������������  ����������  

Resting ������������  ������������  ������������  

�:�D�O�N�L�Q�J ����������  ����������  ����������  

 

The proportion of each activity summarised per hour of day for each position of the sensor on 

the animal’s body is shown in �)�L�J�X�U�H������8�����&�R�O�O�D�U�V���D�Q�G���K�D�O�W�H�U�V���S�U�R�G�X�F�H�G���V�L�P�L�O�D�U�����S�U�R�S�R�U�W�L�R�Q�V���R�I��

�W�L�P�H���V�S�H�Q�W���L�Q���H�D�F�K�����D�F�W�L�Y�L�W�\���W�\�S�H�����+�R�Z�H�Y�H�U�����U�H�V�X�O�W�V���G�H�U�L�Y�H�G���I�U�R�P���K�Drness accelerometers were  
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�G�L�I�I�H�U�H�Q�W���I�R�U���D�O�O���W�K�U�H�H���D�F�W�L�Y�L�W�\���W�\�S�H�V�����5�H�V�W�L�Q�J�·���Z�D�V���V�W�U�R�Q�J�O�\���R�Y�H�U�H�V�W�L�P�D�W�H�G�����Z�K�H�U�H�D�V���W�K�H���R�W�K�H�U��

�W�Z�R���W�\�S�H�V���Z�H�U�H���V�W�U�R�Q�J�O�\���X�Q�G�H�U�H�V�W�L�P�D�W�H�G�� 
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Figure 4.4 Mean daily activity budgets of ewe lambs (n=10) per hour of day allocated to 

three activities monitored for 72 hours with tri -axial accelerometers at three positions 

�R�Q���W�K�H���D�Q�L�P�D�O�·�V���E�R�G�\�� 

Resting 



 

 ����  

Results of the multivariable Dirichlet model to compare acceleromet er body placements are 

�S�U�H�V�H�Q�W�H�G���L�Q���7�D�E�O�H�������������7�K�H�\���L�Q�G�L�F�D�W�H���W�K�D�W���S�U�H�G�L�F�W�L�R�Q�V���R�I���J�U�D�]�L�Q�J���D�Q�G���U�H�V�W�L�Q�J���D�F�W�L�Y�L�W�L�H�V���Z�H�U�H���Q�R�W��

�V�W�D�W�L�V�W�L�F�D�O�O�\���G�L�I�I�H�U�H�Q�W���X�V�L�Q�J���D�Q���D�F�F�H�O�H�U�R�P�H�W�H�U���R�Q���D���K�H�D�G���K�D�O�W�H�U�����F�R�P�S�D�U�H�G���W�R���W�K�H���Q�H�F�N���F�R�O�O�D�U����On 

the other hand, the predicted daily proportion of time spent walking was significantly different 

�E�H�W�Z�H�H�Q�� �W�K�H�� �K�H�D�G�� �K�D�O�W�H�U�� �D�Q�G�� �F�R�O�O�D�U���� �� �&�R�P�S�D�U�L�Q�J�� �W�K�H�� �K�D�U�Q�H�V�V�� �Z�L�W�K�� �W�K�H�� �F�R�O�O�D�U���� �� �W�K�H�� �� �G�D�L�O�\��

�S�U�R�S�R�U�W�L�R�Q���R�I���W�L�P�H���V�S�H�Q�W���J�U�D�]�L�Q�J���W�L�P�H���D�Q�G���U�H�V�W�L�Q�J�����Z�H�U�H���V�L�J�Q�L�I�L�F�D�Q�W�O�\���G�L�I�I�H�U�H�Q�W�����2�Q�O�\���W�K�H���W�R�W�D�O��

walking time �G�L�G���Q�R�W���G�L�I�I�H�U���E�H�W�Z�H�H�Q���K�D�U�Q�H�V�V���D�Q�G���F�R�O�O�D�U���G�H�U�L�Y�H�G���G�D�W�D��  

Table 4.8 Result of the Dirichlet regression model of the relative allocation of daily 

activities (grazing, resting, walking/ running) for 10 sheep over  �����G�D�\�V���V�W�X�G�\���S�H�U�L�R�G����

�5�H�I�H�U�H�Q�F�H���F�D�W�H�J�R�U�\���I�R�U���W�K�H���P�R�G�H�O���L�V���W�K�H���Q�H�F�N���F�R�O�O�D�U�� 

 
Estimate  SE p 

Grazing  
   

(Intercept)  -��������  �������� ����������  

�3�R�V�L�W�L�R�Q�����+�D�O�W�H�U�� -��������  �������� ����������  

�3�R�V�L�W�L�R�Q�����+�D�U�Q�H�V�V�� -��������  �������� ����������  

Day �������� �������� ����������  

Resting  
   

(Intercept)  -��������  �������� ����������  

�3�R�V�L�W�L�R�Q�����+�D�O�W�H�U�� -��������  �������� ����������  

�3�R�V�L�W�L�R�Q�����+�D�U�Q�H�V�V�� �������� �������� ����������  

Day �������� �������� ����������  

Walking  
   

(Intercept)  -��������  �������� ����������  

�3�R�V�L�W�L�R�Q�����+�D�O�W�H�U�� �������� �������� ����������  

�3�R�V�L�W�L�R�Q�����+�D�U�Q�H�V�V�� �������� �������� ����������  

Day �������� �������� ����������  

 

������ Discussion 

Results from this study show the utility of tri -axial accelerometers in quantifying the diel 

�D�F�W�L�Y�L�W�\���R�I���V�K�H�H�S���R�Q���S�D�V�W�X�U�H�����$�F�F�H�O�H�U�D�W�L�R�Q���G�D�W�D���Z�D�V���X�V�H�G���W�R���L�G�H�Q�W�L�I�\���W�K�U�H�H���E�H�K�D�Y�L�R�X�U�D�O���D�F�W�L�Y�L�W�\��

classes performed by ewe lambs, with the die �O���S�D�W�W�H�U�Q���R�I���V�K�H�H�S���D�F�W�L�Y�L�W�\���F�D�S�W�X�U�H�G�����7�K�H���U�D�Q�G�R�P��

�I�R�U�H�V�W���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���D�O�J�R�U�L�W�K�P�����F�O�D�V�V�L�I�L�H�U�����K�D�G���D�Q���R�Y�H�U�D�O�O���D�F�F�X�U�D�F�\���R�I���a�������������Z�K�H�Q���U�H�O�D�W�H�G���W�R��

�Y�L�G�H�R���I�R�R�W�D�J�H���W�K�D�W���U�H�F�R�U�G�H�G���W�K�H���E�H�K�D�Y�L�R�X�U���D�W���W�K�H���V�D�P�H���W�L�P�H�����7�K�L�V���V�W�X�G�\���V�K�R�Z�V���W�K�D�W���U�D�Z���;�����<��
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�D�Q�G���=���D�F�F�H�O�H�U�D�W�L�R�Q���G�Dta can be used to develop classification algorithms for grazing, resting 

and walking activity of Romney sheep on pasture, without transforming the data with the 

�F�U�H�D�W�L�R�Q�� �R�I�� �V�X�P�P�D�U�\�� �I�H�D�W�X�U�H�V���� �7�U�D�G�L�W�L�R�Q�D�O�O�\���� �;���� �<�� �D�Q�G�� �=�� �D�[�L�V�� �Y�D�O�X�H�V�� �� �D�U�H���X�V�H�G�� �W�R���F�D�O�F�X�O�D�W�H��

summary features such as entropy, pitch, roll, signal magnitude area (which distinguishes 

between periods of activity and rest) and signal vector magnitude (which indicates the degree 

�R�I���P�R�Y�H�P�H�Q�W���L�Q�W�H�Q�V�L�W�\���������7�K�H�V�H���D�U�H���W�K�H�Q���H�Y�D�O�X�D�W�H�G���D�Q�G���V�X�E�V�H�T�X�H�Q�W�O�\���W�H�V�W�H�G���I�Rr accuracy of 

�S�U�H�G�L�F�W�L�R�Q���R�I���D�F�W�L�Y�L�W�\�����5�D�Q�G�R�P���I�R�U�H�V�W�V��allow for non -linear relationships between the covariates 

�D�Q�G���W�K�H���R�X�W�F�R�P�H�����E�H�K�D�Y�L�R�X�U���F�O�D�V�V���P�H�P�E�H�U�V�K�L�S���S�U�R�E�D�E�L�O�L�W�\�����W�R���E�H���G�H�W�H�F�W�H�G�����&�X�W�O�H�U���H�W���D�O��������������������

This classifier was extended to accelerometer data  at two other placement positions to predict 

�D�F�W�L�Y�L�W�\���E�X�G�J�H�W�V���R�I���O�D�P�E�V�����Z�K�L�F�K���L�V���G�L�V�F�X�V�V�H�G���E�H�O�R�Z�� 

�*�U�D�]�L�Q�J���D�F�W�L�Y�L�W�\���K�D�G���W�K�H���O�R�Z�H�V�W���P�L�V�F�O�D�V�V�L�I�L�F�D�W�L�R�Q���U�D�W�H���������������D�P�R�Q�J���D�O�O���D�F�W�L�Y�L�W�\���W�\�S�H�V���S�U�H�G�L�F�W�H�G��

�E�\���W�K�H���F�O�D�V�V�L�I�L�H�U�����:�L�W�K���D���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���S�U�H�F�L�V�L�R�Q���R�I�����������������J�U�D�]�L�Q�J���D�F�W�L�Y�L�W�\���Z�D�V���K�R�Z�H�Y�H�U��������������

less precisely predicted than resting, which was likely due to grazing having a higher rate of 

�I�D�O�V�H���S�R�V�L�W�L�Y�H�V�� �W�K�D�Q���U�H�V�W�L�Q�J���� �:�D�O�N�L�Q�J�� �Z�D�V�� �P�L�V�F�O�D�V�V�L�I�L�H�G���D�V�� �J�U�D�]�L�Q�J�� ������ ���� �R�I�� �W�K�H���W�L�P�H�� �E�\�� �W�K�H��

classification model developed from  the collar position, which may be attributable to the fact 

�W�K�D�W���V�K�H�H�S���R�I�W�H�Q���T�X�L�F�N�O�\���D�O�W�H�U�Q�D�W�H���E�H�W�Z�H�H�Q���P�R�Y�L�Q�J���Z�L�W�K���K�H�D�G���X�S���D�Q�G���J�U�D�]�L�Q�J���Z�L�W�K���K�H�D�G���G�R�Z�Q����

It is plausible that this difficulty in differentiating these two activity types  with higher 

resolutions  �U�H�O�D�W�H�V�� �W�R���W�K�H���V�D�P�S�O�L�Q�J�� �I�U�H�T�X�H�Q�F�\���� �8�V�L�Q�J�� �D�� �G�L�I�I�H�U�H�Q�W���,�Q�� �F�R�Q�W�U�D�V�W���� �%�D�U�Z�L�F�N���H�W���D�O����

�����������D�����I�R�X�Q�G���W�K�D�W���S�H�U�I�R�U�P�D�Q�F�H���P�H�D�V�X�U�H�V���I�R�U���Z�D�O�N�L�Q�J���E�H�K�D�Y�L�R�X�U���Z�H�U�H���K�L�J�K�����Z�L�W�K���S�U�H�G�L�F�W�L�R�Q��

�D�F�F�X�U�D�F�\�����S�U�H�F�L�V�L�R�Q���D�Q�G���V�H�Q�V�L�W�L�Y�L�W�\���R�I�������������������������D�Q�G�������������U�H�V�S�H�F�W�L�Y�H�O�\�����,�Q���W�K�H���S�U�H�V�Hnt study, 

�D�O�W�K�R�X�J�K���Z�D�O�N�L�Q�J���Z�D�V���R�Q�O�\���S�U�H�G�L�F�W�H�G���F�R�U�U�H�F�W�O�\�������������R�I���W�K�H���W�L�P�H�����L�W���Z�D�V���F�R�Q�V�L�G�H�U�H�G���V�D�W�L�V�I�D�F�W�R�U�\��

�W�R�� �P�D�L�Q�W�D�L�Q�� �L�W�� �D�V�� �D�� �S�U�H�G�L�F�W�H�G�� �F�D�W�H�J�R�U�\���� �$�O�V�R���� �L�W�� �Z�D�V�� �W�K�H�� �L�Q�W�H�Q�W�L�R�Q�� �R�I�� �W�K�H�� �D�X�W�K�R�U�V�� �W�R�� �S�U�H�G�L�F�W��

�J�U�D�]�L�Q�J���E�H�K�D�Y�L�R�X�U���D�S�D�U�W���I�U�R�P���R�W�K�H�U���D�F�W�L�Y�L�W�L�H�V�� 

Conversely, �W�R���L�P�S�U�R�Y�H���W�K�H���D�F�F�X�U�D�F�\���R�I���W�K�H���I�L�Q�D�O���D�O�J�R�U�L�W�K�P���� standing and lying were combined 

�L�Q�W�R���D���¶�U�H�V�W�L�Q�J�·���F�D�W�H�J�R�U�\�����7�K�H���D�F�F�H�O�H�U�D�W�L�R�Q���V�L�J�Q�D�O�V���R�I���¶�V�W�D�Q�G�L�Q�J�·���D�Q�G�����¶�O�\�L�Q�J�·���Z�H�U�H���V�L�P�L�O�D�U�����D�V���V�H�H�Q��

in �)�L�J�X�U�H�������� and �)�L�J�X�U�H�������������7�K�L�V���Z�R�X�O�G���H�[�S�O�D�L�Q���W�K�H���P�L�V�F�O�D�V�V�L�I�L�F�D�W�L�R�Q���Eetween both categories 

�D�Q�G���K�H�Q�F�H���Z�D�U�U�D�Q�W���F�R�P�E�L�Q�L�Q�J���W�K�H���F�D�W�H�J�R�U�L�H�V�����7�K�L�V���U�H�F�D�W�H�J�R�U�L�]�D�W�L�R�Q���R�I���¶�V�W�D�Q�G�L�Q�J�·���D�Q�G���¶�O�\�L�Q�J�·���L�Q�W�R��

�¶�U�H�V�W�L�Q�J�·�� �L�P�S�U�R�Y�H�G�� �E�R�W�K�� �W�K�H�� �D�F�F�X�U�D�F�\�� �D�Q�G�� �S�U�H�F�L�V�L�R�Q�� �R�I�� �W�K�H�� �F�O�D�V�V�L�I�L�F�D�W�L�R�Q�� �W�R�� ������ �D�Q�G�� ������ ������

�U�H�V�S�H�F�W�L�Y�H�O�\�����%�D�U�Z�L�F�N���H�W���D�O���������������D�����W�R�R�N���D���V�L�Pilar approach and  also merged the classifications 

�R�I���O�\�L�Q�J���D�Q�G���V�W�D�Q�G�L�Q�J���E�H�K�D�Y�L�R�X�U���L�Q�W�R��� �́L�Q�D�F�W�L�Y�H�µ���E�H�K�D�Y�L�R�X�U�����,�W���L�V���S�R�V�V�L�E�O�H���W�R���V�S�H�F�X�O�D�W�H���W�K�D�W���W�K�H��

signal only differs at the collar position where animals lay down, but once they stand or are 

lying the X, Y �D�Q�G�� �=���V�L�J�Q�D�O�� �L�V�� �W�K�H�� �V�D�P�H���� �2�Y�H�U�D�O�O���� �W�K�L�V�� �L�P�S�R�U�W�D�Q�W�� �D�V�� �D�F�W�L�Y�L�W�L�H�V�� �L�Q�G�L�F�D�W�L�Y�H�� �R�I��

inactive states, could also be important in on -�I�D�U�P���P�D�Q�D�J�H�P�H�Q�W���D�V���L�Q�G�L�F�D�W�R�U�V���R�I���K�H�D�O�W�K���L�V�V�X�H�V�� 



 

 97 

�:�K�H�Q���F�R�P�S�D�U�L�Q�J���W�Z�R���R�W�K�H�U���D�F�F�H�O�H�U�R�P�H�W�H�U���S�O�D�F�H�P�H�Q�W���S�R�V�L�W�L�R�Q�V���W�R���W�K�H���F�R�O�O�D�U���G�H�U�L�Y�H�G���G�Dta, at 

�O�H�D�V�W���R�Q�H���D�F�W�L�Y�L�W�\���I�U�H�T�X�H�Q�F�\���Z�D�V���Q�R�W���G�L�I�I�H�U�H�Q�W�����2�Q�H���Z�D�\���W�R���O�R�R�N���D�W���W�K�L�V���L�V���W�K�D�W���W�K�H���F�O�D�V�V�L�I�L�H�U��

developed at the collar position was robust enough to capture activity budgets at other 

�D�F�F�H�O�H�U�R�P�H�W�H�U�� �S�O�D�F�H�P�H�Q�W�� �S�R�V�L�W�L�R�Q���� �+�R�Z�H�Y�H�U���� �F�D�U�H�� �L�Q�� �L�Q�W�H�U�S�U�H�W�L�Q�J�� �W�Kis finding is warranted 

�E�H�F�D�X�V�H���W�K�H���R�W�K�H�U���S�O�D�F�H�P�H�Q�W���S�R�V�L�W�L�R�Q�V���Z�H�U�H���Q�R�W���F�R�P�S�D�U�H�G���W�K�H���Y�L�G�H�R���R�E�V�H�U�Y�D�W�L�R�Q�V���L�Q���W�K�L�V���V�W�X�G�\����

The results suggest that  �O�L�W�W�O�H���D�F�W�L�Y�L�W�\���P�D�\���K�D�Y�H���E�H�H�Q���U�H�F�R�U�G�H�G���D�W���W�K�H���K�D�U�Q�H�V�V���S�R�V�L�W�L�R�Q�����+�H�Q�F�H����

resting was overpredicted, with grazing ac�W�L�Y�L�W�\�� �X�Q�G�H�U�S�U�H�G�L�F�W�H�G���� �$�� �V�L�J�Q�L�I�L�F�D�Q�W�� �G�L�I�I�H�U�H�Q�F�H��

between collar and harness for walking activity may have been seen because it was a rarely 

�S�U�H�G�L�F�W�H�G�� �E�H�K�D�Y�L�R�X�U���� �6�L�Q�F�H�� �F�R�P�S�D�U�L�V�R�Q�V�� �Z�H�U�H�� �I�R�U�� �W�K�H�� �W�L�P�H�� �E�X�G�J�H�W�V�� �D�Q�G�� �Q�R�W�� �W�K�H�� �L�Q�G�L�Y�L�G�X�D�O��

classification of the activit ies, it is conceivable that the harness- placed accelerometers may 

�K�D�Y�H�� �U�H�F�R�U�G�H�G�� �Z�D�O�N�L�Q�J�� �D�F�W�L�Y�L�W�\�� �D�W�� �Y�H�U�\�� �G�L�I�I�H�U�H�Q�W�� �W�L�P�H�� �W�K�D�Q�� �W�K�H�� �F�R�O�O�D�U���� �)�X�W�X�U�H�� �V�W�X�G�L�H�V�� �F�D�Q��

corroborate acceleration signatures from these different placement methods and then assess 

the perfo �U�P�D�Q�F�H���R�I���D���F�O�D�V�V�L�I�L�H�U���G�H�U�L�Y�H�G���L�Q���R�Q�H���S�R�V�L�W�L�R�Q���W�R���W�K�H���R�W�K�H�U�V���D�Q�G���Y�L�F�H���Y�H�U�V�D�����,�Q���D�O�O�����W�K�L�V��

finding highlights the challenge of applying classifiers developed from tri -axial accelerometer 

data from one placement to another placement, not the least applying c lassifiers developed 

�I�U�R�P���R�W�K�H�U���E�U�D�Q�G�V���D�Q�G���V�K�H�H�S���E�U�H�H�G�V�� 

These limitations notwithstanding, overall, it is possible to apply this output in a variety of 

�F�R�Q�W�H�[�W�V���� �)�R�U�� �H�[�D�P�S�O�H���� �R�Y�H�U�D�O�O�� �D�F�W�L�Y�L�W�\�� �G�D�W�D�� �F�D�O�F�X�O�D�W�H�G�� �I�U�R�P�� �W�K�H�� �$�F�W�L�J�U�D�S�K�� �W�U�L-axial 

accelerometer allowed the detection of reduced total activity in parasitized young sheep using 

�G�\�Q�D�P�L�F���Y�H�F�W�R�U�L�D�O���E�R�G�\���D�F�F�H�O�H�U�D�W�L�R�Q�����9�H�'�%�$�����,�N�X�U�L�R�U���H�W���D�O������ �������������� �7�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���W�K�L�V��

classifier model can now allow the optimal placement method for further differentiation of 

activities into effects  

Infection with gastrointestin�D�O���Q�H�P�D�W�R�G�H�V���L�V���N�Q�R�Z�Q���W�R���D�I�I�H�F�W���Y�R�O�X�Q�W�D�U�\���I�H�H�G���L�Q�W�D�N�H�����&�R�R�S���H�W���D�O������

�������������Z�K�L�F�K���S�U�H�V�X�P�D�E�O�\���L�V���U�H�I�O�H�F�W�H�G���L�Q���J�U�D�]�L�Q�J���D�F�W�L�Y�L�W�\�����+�H�Q�F�H�����J�U�D�]�L�Q�J���E�H�K�D�Y�L�R�X�U���G�H�U�L�Y�H�G���I�U�R�P��

accelerometer data could be used as a proxy for feed intake, and hence as an early warning 

si�J�Q�� �I�R�U�� �Q�H�P�D�W�R�G�H�� �L�Q�I�H�F�W�L�R�Q�� ���,�N�X�U�L�R�U�� �H�W�� �D�O������ �������������� �,�W�� �L�V�� �X�Q�O�L�N�H�O�\�� �W�K�D�W�� �D�Q�\�� �D�F�F�H�O�H�U�R�P�H�W�H�U��

�W�H�F�K�Q�R�O�R�J�\���W�R���G�H�W�H�F�W���J�U�D�]�L�Q�J���D�F�W�L�Y�L�W�\���V�K�R�X�O�G���E�H���O�R�F�D�W�H�G���R�Q���D���E�R�G�\���K�D�U�Q�H�V�V�����+�H�D�G���K�D�O�W�H�U�V���R�Q���F�R�Z�V��

that measured jaw movement combined with pedometers showed that dairy co ws grazed for 

longer whilst benefiting from the persistent activity of anthelmintics whilst untreated cows ate 

less and presumably had to divert resources to mount an immune response against ingested 

�O�D�U�Y�D�H�����)�R�U�E�H�V���H�W���D�O�������������������� 



 

 ����  

Further, the results show that for the collar and head halter mounted sensors, the ewe lambs 

followed a daily activity  pattern �F�R�Q�V�L�V�W�H�Q�W�� �Z�L�W�K�� �W�K�H�� �R�E�V�H�U�Y�D�W�L�R�Q�� �R�I�� �R�W�K�H�U�V�� ���$�U�Q�R�O�G���� ��������������

indicating more grazing activity in day light hours, with resting predominating sunset hours ����

The average daily time budget of the ewe lambs (deduced from the collar) by hour of day 

�V�K�R�Z�H�G���W�K�D�W���W�K�H�L�U���J�U�D�]�L�Q�J���D�F�W�L�Y�L�W�\���V�W�D�U�W�H�G���W�R���U�L�V�H���D�W�������������K�����S�H�D�N�L�Q�J���V�K�R�U�W�O�\���D�I�W�H�U�������������K�����E�H�I�R�U�H��

starting to decrease ( Figure 4��4� �� �� � � 7� K� L� V� � � G� L� X� U� Q� D� O� � � D� F� W� L� Y� L� W� \� � � S� D� W� W� H� U� Q� � � L� V� � � W� \� Sical of sheep in 

�0�H�G�L�W�H�U�U�D�Q�H�D�Q���F�O�L�P�H�V�����$�U�Q�R�O�G�������������������D�O�W�K�R�X�J�K���L�Q���K�R�W���D�U�L�G���H�Q�Y�L�U�R�Q�P�H�Q�W�V���V�K�H�H�S���Z�H�U�H���V�K�R�Z�Q���W�R��

�J�U�D�]�H���Z�L�W�K���O�H�V�V���L�Q�W�H�Q�V�L�W�\���D�V���W�H�P�S�H�U�D�W�X�U�H�V���U�R�V�H���I�U�R�P���������������K���W�R���������������K�����Z�L�W�K���J�U�D�]�L�Q�J���V�W�H�D�G�L�O�\��

�U�L�V�L�Q�J���D�J�D�L�Q���I�U�R�P���������������K�����3�D�W�N�R�Z�V�N�L���H�W���D�O���������������������*�Hnerally, sheep graze from sunrise to dusk, 

stopping sporadically to chew their cud and this grazing period can be up to seven hours of the 

� G� D� \� � � �� $� U� Q� R� O� G� �� � � �� �� �� �� �� �� � � 7� K� H� � � U� H� V� X� O� W� V� � � L� Q� � � W� K� H� � � S� U� H� V� H� Q� W� � � V� W� X� G� \� � � I� R� U� � � J� U� D� ]� L� Q� J� � � D� F� W� L� Y� L� W� \� � � G� H� U� L� Y� H� G� � � I� U� R� P� �

accelerometers are similar to �W�K�R�V�H���R�I���$�U�Q�R�O�G�����������������Z�K�L�F�K���Z�H�U�H���E�D�V�H�G���R�Q���Y�L�V�X�D�O���R�E�V�H�U�Y�D�W�L�R�Q�V��

�D�W���������P�L�Q�X�W�H�V���L�Q�W�H�U�Y�D�O�V�����:�H���I�X�U�W�K�H�U���V�X�J�J�H�V�W���W�K�D�W���R�X�U���D�O�J�R�U�L�W�K�P���L�Q�F�O�X�G�H�G���U�X�P�L�Q�D�W�L�R�Q���D�F�W�L�Y�L�W�L�H�V��

into the resting category, which might be why the ewe lambs were estimated to ‘rest’ for 

upward of five hours on average, compared to the 3 to 4 hours sheep were reported to spend 

�V�O�H�H�S�L�Q�J���E�\���$�U�Q�R�O�G�������������������� 

����6 Conclusion 

Raw acceleration data from the Actigraph wGT3X -BT® tri -axial accelerometer mounted on a 

neck collar allowed the classification of t hree activity categories (‘grazing’, ‘resting’ and 

�¶�Z�D�O�N�L�Q�J�·�����Z�L�W�K���D���K�L�J�K���G�H�J�U�H�H���R�I���D�F�F�X�U�D�F�\���D�Q�G���Z�L�W�K�R�X�W���W�K�H���Q�H�H�G���W�R���W�U�D�Q�V�I�R�U�P���W�K�H���;�����<���D�Q�G���=��

�D�F�F�H�O�H�U�D�W�L�R�Q���G�D�W�D�����7�K�L�V���F�O�D�V�V�L�I�L�H�U���D�O�V�R���G�H�P�R�Q�V�W�U�D�W�H�G���D�E�L�O�L�W�\���W�R���G�H�G�X�F�H���W�K�H���D�F�W�L�Y�L�W�\���E�X�G�J�H�W���R�I���D�W��

least one activit y from accelerometer data positioned at alternative locations on the that was 

�Q�R�W���G�L�I�I�H�U�H�Q�W���I�U�R�P���W�K�H���Q�H�F�N���S�R�V�L�W�L�R�Q���Z�K�H�U�H���L�W���Z�D�V���G�H�Y�H�O�R�S�H�G�����2�Y�H�U�D�O�O�����W�K�H���G�L�X�U�Q�D�O���S�D�W�W�H�U�Q���R�I��

activity for sheep was adequately captured, comparing favourably with those of direct  

�R�E�V�H�U�Y�D�W�L�R�Q�����7�K�L�V���F�O�D�V�V�L�I�L�H�U���K�D�V���W�K�H���S�R�W�H�Q�W�L�D�O���W�R���E�H���X�V�H�G���L�Q���D���Y�D�U�L�H�W�\���R�I���F�R�Q�W�H�[�W�V���W�R���L�Q�Y�H�V�W�L�J�D�W�H��

animal health and welfare metrics in a non- invasive manner, including as an indicator of 

parasitism, which could meet the requirement for the treatment of in�G�L�Y�L�G�X�D�O���D�Q�L�P�D�O�V���� 
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CHAPTER 5 – MOVEMENT AND BEHAVIOUR CHANGES IN 
GASTROINTESTINAL NEMATODE INFECTED AND UNINFECTED LAMBS  

������ Preface 

This chapter describes a field trial involving 24 growing lambs  that were monitored remotely  

with GPS and tri -axial accelerometers �I�U�R�P���Z�H�D�Q�L�Q�J���W�R���R�Q�H���\�H�D�U���R�I���D�J�H�� Location data from 

GPS collars were used to calculate the daily distance travelled per individual, while daily 

activity budgets of lambs were derived from �D�F�F�H�O�H�U�R�P�H�W�U�\���G�D�W�D�����7�K�H���O�D�W�W�H�U��was contingent on 

developing a behaviour -predicting algorithm from accelerometry data in order to infer the 

�D�F�W�L�Y�L�W�\���E�X�G�J�H�W�V���R�I���O�D�P�E�V����During the development of the algorithm ( Chapter 4 ), the GPS data 

were analysed and result s written as a stand -alone manuscript  (Section 5.2������The second 

manuscript ( Section 5.3) was subsequently  written and capture s the variation in activity 

budgets in the same lambs��  Together, the results can be used to form a conceptual model 

�F�R�P�E�L�Q�L�Q�J���J�U�R�Z�W�K�����P�R�Y�H�P�H�Q�W�����D�Q�G���E�H�K�D�Y�L�R�X�U�D�O���U�H�V�S�R�Q�V�H�V���R�I���O�D�P�E�V���W�R���*�,�1���L�Q�I�H�F�W�L�R�Q��  

As both Sections 5.2 and 5.3 used the same experimental protocol, the methods described are 

�V�L�P�L�O�D�U�� Also simila �U���L�Q���W�K�H���W�Z�R���V�H�F�W�L�R�Q�V���D�U�H���W�K�H���P�R�G�H�O���V�W�U�X�F�W�X�U�H�V���X�V�H�G���W�R���I�L�W���)�(�&���D�Q�G���/�:�*��

�G�D�W�D�� 
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����2 GPS collars enable the detection of reduced movement in grazing 

lambs infected with gastrointestinal nematodes  

 
���������� Abstract  

In Chapter 2 , it was shown that reduced overal l activity of young sheep was an early response 

to sub-�F�O�L�Q�L�F�D�O���O�H�Y�H�O�V���R�I���J�D�V�W�U�R�L�Q�W�H�V�W�L�Q�D�O���Q�H�P�D�W�R�G�H�V�����*�,�1�������7�Z�R���F�R�Q�F�O�X�V�L�R�Q�V���G�U�D�Z�Q���I�U�R�P���W�K�D�W��

study were that young sheep reduced their activity either: 1) as a consequence of GIN, in that 

animals suffering ano rexia move less since they are eating less; or 2) as a mechanism of 

resilience, proposing that young sheep reduced their overall activity in order to conserve energy 

�D�Q�G���P�D�L�Q�W�D�L�Q���J�U�R�Z�W�K�����)�X�U�W�K�H�U���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���Z�D�V���U�H�F�R�P�P�H�Q�G�H�G���X�V�L�Q�J���F�R�P�S�R�V�L�W�H���P�H�D�V�X�U�H�V���R�I��

host movement and activity from global positioning system (GPS) and tri -�D�[�L�D�O���D�F�F�H�O�H�U�R�P�H�W�H�U�V����

Following validation of measurements derived from GPS collars in Chapter 3 , this 

experiment was designed to examine the short -term effects of subclinical infection w ith mixed -

�Q�D�W�X�U�D�O�� �Q�H�P�D�W�R�G�H�� �L�Q�I�H�F�W�L�R�Q�� �R�Q�� �W�K�H�� �G�D�L�O�\�� �G�L�V�W�D�Q�F�H�� �P�R�Y�H�G�� �E�\�� �J�U�R�Z�L�Q�J�� �O�D�P�E�V���� �7�Z�R�� �J�U�R�X�S�V�� �R�I��

three-month -�R�O�G���O�D�P�E�V���Z�L�W�K���D���P�H�D�Q���O�L�Y�H�Z�H�L�J�K�W���R�I���������N�J�����6�'�������������Z�H�U�H���P�R�Q�L�W�R�U�H�G���Z�H�H�N�O�\���X�V�L�Q�J��

�*�3�6���W�U�D�F�N�L�Q�J���F�R�O�O�D�U�V�����/�D�P�E�V���Z�H�U�H���S�O�D�F�H�G���R�Q���D���V�L�[���Z�H�H�N�O�\���D�Q�W�K�H�O�P�L�Q�W�L�F treatment schedule, 

�R�I�I�V�H�W���E�\���W�K�U�H�H���Z�H�H�N�V���E�H�W�Z�H�H�Q���W�K�H���J�U�R�X�S�V����Parasitism in lambs, quantified as faecal worm egg 

counts, was associated with shorter travel distances (beta = - ���������������������&�,��-�����������W�R��-������������p = 

����������������The results suggest that changes in mov ement behaviour could be further developed 

�D�Q�G���X�V�H�G���D�V���D�Q���H�D�U�O�\���L�Q�G�L�F�D�W�R�U���R�I���Q�H�P�D�W�R�G�H���S�D�U�D�V�L�W�H���O�R�D�G�����7�K�L�V���Z�R�X�O�G���D�V�V�L�V�W���P�D�Q�D�J�H�U�V���L�Q���W�K�H��

�L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I�� �W�D�U�J�H�W�H�G���W�U�H�D�W�P�H�Q�W�V���� �,�I�� �V�R�P�H���V�K�H�H�S�� �L�Q�� �W�K�H���P�R�E�� �D�U�H���R�E�V�H�U�Y�H�G���D�Q�G���D�F�W���D�V��

sentinels, this would allow the t �U�H�D�W�P�H�Q�W���W�R���E�H���W�L�P�H�G���P�R�V�W���D�S�S�U�R�S�U�L�D�W�H�O�\�����&�R�Q�Y�H�U�V�H�O�\�����L�I���W�K�H��

movement of all individuals is monitored, this would allow targeted selective treatments of the 

�L�Q�I�H�F�W�H�G���D�Q�L�P�D�O�V���R�Q�O�\���D�Q�G���D�W���W�K�H���U�L�J�K�W���W�L�P�H�� 

Key words: Gastrointestinal nematodes; GPS monitoring; distance travelled; grazing lambs 
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����2��2 Introduction  

Gastrointestinal nematode (GIN) infections represent a potent risk to the health and welfare 

�R�I���J�U�D�]�L�Q�J���V�K�H�H�S�����<�R�X�Q�J�H�U���D�Q�L�P�D�O�V���D�U�H���D�W���J�U�H�D�W�H�U���U�L�V�N���R�I���D�F�T�X�L�U�L�Q�J���L�Q�I�H�F�W�L�Y�H���O�D�U�Y�D�H�����/3) that 

lead to established burdens of parasites than adult animals assuming both ingest (acquire) the 

same numbers of larvae in terms of L 3���N�J�� �R�I�� �I�H�H�G���� �7�K�H�� �K�L�J�K�H�U�� �U�L�V�N�� �R�I�� �L�Q�I�H�F�W�L�R�Q�� �L�Q�� �\�R�X�Q�J�H�U��

animals is associated with their relatively immature immune response which cannot limit the 

establishment of L 3 once ingested ���6�\�N�H�V���� �������������� �7�R�� �G�D�W�H���� �*�,�1�� �P�D�Q�D�J�H�P�H�Q�W�� �Z�L�W�K�� �E�U�R�D�G-

spectrum anthelmintics has been the mainstay of treatment of young animals whilst they 

�G�H�Y�H�O�R�S���W�K�H�L�U���L�P�P�X�Q�H���U�H�V�S�R�Q�V�H���D�J�D�L�Q�V�W���*�,�1�����+�R�Z�H�Y�H�U�����W�K�H�U�H���L�V���D���F�R�Q�V�H�Q�V�X�V view that frequent 

use of anthelmintics for GIN management is unsustainable in most instances as it can result 

in the selection of high levels of anthelmintic -resistant worm populations (Pomroy, 2017) ���� 

For some years it has been recommended that selectio n for anthelmintic resistance can be 

reduced by adoption of a variety of Refugia -�E�D�V�H�G���V�W�U�D�W�H�J�L�H�V�����5�%�6���������7�K�H�V�H���V�W�U�D�W�H�J�L�H�V���D�L�P���W�R��

limit anthelmintic exposure to a portion of susceptible worms on the pasture or in animals 

which are not exposed to the last a nthelmintic treatment and that are then able to dilute more 

�U�H�V�L�V�W�D�Q�W���Z�R�U�P�V���L�Q���W�K�H���Q�H�[�W���J�H�Q�H�U�D�W�L�R�Q�D�O���F�\�F�O�H�����Y�D�Q���:�\�N�����������������.�H�Q�\�R�Q���H�W���D�O�������������������/�H�D�W�K�Z�L�F�N��

�H�W���D�O������ ��������; �'�R�E�V�R�Q���H�W���D�O������ ��������a�������+�R�Z�H�Y�H�U�����W�K�H�U�H���L�V���O�L�P�L�W�H�G���H�P�S�L�U�L�F�D�O���H�Y�L�G�H�Q�F�H���V�X�S�S�R�U�W�L�Q�J��

these RBS strategies as they are based largely on theoretical models, albeit backed by sound 

reasoning���� �&�R�Q�V�H�T�X�H�Q�W�O�\����the target of several RBS research projects has been to apply 

treatments and expose only the appropriate proportion of the worm population to anthe lmintic 

�Z�K�L�O�V�W�� �V�W�L�O�O�� �D�F�K�L�H�Y�L�Q�J�� �G�H�V�L�U�D�E�O�H�� �O�H�Y�H�O�V�� �R�I�� �F�R�Q�W�U�R�O�� �R�I�� �*�,�1�� �E�X�U�G�H�Q�V�� ���&�K�D�U�O�L�H�U�� �H�W�� �D�O������ ��������������

Particular attention has been given to RBS under the two themes: targeted treatments  (TT) 

�D�Q�G���W�D�U�J�H�W�H�G���V�H�O�H�F�W�L�Y�H���W�U�H�D�W�P�H�Q�W�V�����7�6�7���������7�7���L�Q�Y�R�O�Y�H���W�U�H�D�W�L�Q�J���W�K�H��whole flock at times marked 

by increased GIN risk whereas TST is the use of pathophysiological or performance- based 

markers of parasitism to inform treatment of individuals rather than the whole -flock (Charlier 

�H�W���D�O���������������������$���Q�X�P�E�H�U���R�I���P�D�U�N�H�U�V���K�D�Y�H���E�H�H�Q��explored in TST  in sheep with relative success, 

�L�Q�F�O�X�G�L�Q�J���O�L�Y�H�Z�H�L�J�K�W���J�D�L�Q�����6�W�D�I�I�R�U�G���H�W���D�O���������������������S�U�R�G�X�F�W�L�R�Q���H�I�I�L�F�L�H�Q�F�\�����*�U�H�H�U���H�W���D�O���������������������E�R�G�\��

�F�R�Q�G�L�W�L�R�Q���V�F�R�U�H�����&�R�U�Q�H�O�L�X�V���H�W���D�O���������������������P�X�F�R�X�V���S�D�O�O�R�U�����0�D�O�D�Q���H�W���D�O�������������������D�Q�G���I�D�H�F�D�O���H�J�J���F�R�X�Q�W�V��

(Lester a �Q�G���0�D�W�W�K�H�Z�V���������������� 

�$���Q�X�P�E�H�U���R�I���V�W�X�G�L�H�V���R�I���J�U�D�]�L�Q�J���O�D�P�E�V�����&�R�R�S�����H�W���D�O�������������������D�Q�G���F�D�O�Y�H�V�����%�H�O�O���H�W���D�O�������������������)�R�U�E�H�V��

�H�W���D�O�������������������������������K�D�Y�H���V�K�R�Z�Q���D���Y�R�O�X�Q�W�D�U�\���U�H�G�X�F�W�L�R�Q���L�Q���I�H�H�G���L�Q�W�D�N�H���L�Q���\�R�X�Q�J���U�X�P�L�Q�D�Q�W�V���W�K�D�W��

have become exposed to L3 and that this can occu �U���S�U�L�R�U���W�R���S�D�W�H�Q�W���I�D�H�F�D�O���Z�R�U�P���H�J�J���F�R�X�Q�W�V����
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�+�H�Q�F�H�����P�H�D�V�X�U�L�Q�J���D�Q�R�U�H�[�L�D���P�D�\���E�H���D���X�V�H�I�X�O���P�D�U�N�H�U���I�R�U���*�,�1���S�D�U�D�V�L�W�L�V�P�����8�Q�I�R�U�W�X�Q�D�W�H�O�\�����L�W���L�V��

difficult to measure how much animals are eating directly and other measurements are 

typically chosen as proxies (Sutherland   �D�Q�G���6�F�R�W�W�������������������0�R�Y�H�P�H�Q�W���F�D�Q���E�H���X�V�H�G���D�V���D���S�U�R�[�\��

�I�R�U�����L�Q�G�L�Y�L�G�X�D�O���Y�L�J�R�X�U���W�K�U�R�X�J�K���L�W�V���O�L�Q�N���Z�L�W�K���Q�X�W�U�L�W�L�R�Q���D�Q�G���P�H�W�D�E�R�O�L�V�P�����%�L�Q�Q�L�Q�J���H�W���D�O��������������������

Movement needs energy but when animals become infected this results in a reduction in 

voluntary feed intake an �G���L�Q�Y�D�U�L�D�E�O�\���W�K�H���D�P�R�X�Q�W���R�I���D�Y�D�L�O�D�E�O�H���H�Q�H�U�J�\�����)�X�U�W�K�H�U�P�R�U�H�����W�K�H�\���P�D�\��

�D�O�O�R�F�D�W�H���P�R�U�H���H�Q�H�U�J�\���D�Q�G���S�U�R�W�H�L�Q���L�Q���R�U�G�H�U���W�R���P�R�X�Q�W���D�Q���L�P�P�X�Q�H���U�H�V�S�R�Q�V�H�����+�H�Q�F�H�����H�Y�H�Q���O�H�V�V��

energy is allocated to movement, so that when parasitized and anorectic, animals that might 

benefit f �U�R�P���H�D�W�L�Q�J���P�R�U�H�����V�L�P�S�O�\���V�W�U�X�J�J�O�H�����7�R���G�D�W�H�����F�K�D�Q�J�H�V���L�Q���P�R�Y�H�P�H�Q�W���E�H�K�D�Y�L�R�X�U���R�I���*�,�1��

�L�Q�I�H�F�W�H�G���O�D�P�E�V���K�D�Y�H���U�H�F�H�L�Y�H�G���U�H�O�D�W�L�Y�H�O�\���O�L�W�W�O�H���D�W�W�H�Q�W�L�R�Q���I�U�R�P���D���U�H�V�H�D�U�F�K���V�W�D�Q�G�S�R�L�Q�W����  

The advent of cost -effective remote sensing technology, such as global positioning system  (GPS) 

�W�U�D�F�N�L�Q�J���F�R�O�O�D�U�V���S�U�R�Y�L�G�H���D�Q���D�Y�H�Q�X�H���I�R�U���P�R�Q�L�W�R�U�L�Q�J���W�K�H���K�H�D�O�W�K���V�W�D�W�X�V���R�I���V�K�H�H�S�����7�R���G�D�W�H���W�K�H�\���K�D�Y�H��

�R�Q�O�\���E�H�H�Q���X�V�H�G���L�Q���D���O�L�P�L�W�H�G���Q�X�P�E�H�U���R�I���V�W�X�G�L�H�V�����)�R�U���H�[�D�P�S�O�H�����'�R�Q�R�Y�D�Q���H�W���D�O�������������������U�H�S�R�U�W�H�G���D�Q��

association between periconceptual undernutrition of the da m and reduced movement in their 

�R�I�I�V�S�U�L�Q�J���Z�K�H�Q���P�R�Q�L�W�R�U�H�G���Z�L�W�K���*�3�6���F�R�O�O�D�U�V���D�W���������P�R�Q�W�K�V���R�I���D�J�H�����(�O�V�H�Z�K�H�U�H�����.�D�X�U���H�W���D�O������������������

used GPS measurements to investigate the effect of placental restriction and function of ewes 

during pregnancy on the distance trav �H�O�O�H�G���E�\���W�K�H�L�U���R�I�I�V�S�U�L�Q�J�����,�Q���S�D�U�D�V�L�W�R�O�R�J�\�����)�D�O�]�R�Q���H�W���D�O����

(2013) found a positive relationship between faecal egg counts (FEC) and distance travelled by 

�H�Z�H�V�� �P�R�Q�L�W�R�U�H�G���Z�L�W�K���*�3�6�� �F�R�O�O�D�U�V�� �R�Y�H�U�� �D�� � �� �� � �K�� �S�H�U�L�R�G��� � �7�K�H�� �D�L�P�� �R�I� � �W�K�H���S�U�H�V�H�Q�W���V�W�X�G�\� � �Z�D�V�� �W�R��

investigate whet her GIN infection affects individual movement patterns and how the effect 

�P�L�J�K�W���F�K�D�Q�J�H���R�Y�H�U���W�L�P�H�����,�I���V�R�����P�R�Y�H�P�H�Q�W���P�H�D�V�X�U�H�V�����P�R�Q�L�W�R�U�H�G���Z�L�W�K���*�3�6���F�R�O�O�D�U�V�����P�D�\���E�H���X�V�H�G��

�D�V���D�Q���H�D�U�O�\���Z�D�U�Q�L�Q�J���V�L�J�Q���R�I���*�,�1���L�Q�I�H�F�W�L�R�Q�����7�Z�R���K�\�S�R�W�K�H�V�H�V���Z�H�U�H���W�H�V�W�H�G�����L�����G�L�V�W�D�Q�F�H���W�U�D�Y�H�O�O�H�G 

negatively scales with parasite burden; and ii) age modulates the response because older lambs 

�K�D�Y�H���G�H�Y�H�O�R�S�H�G���D���P�R�U�H���P�D�W�X�U�H���L�P�P�X�Q�H���U�H�V�S�R�Q�V�H���W�K�D�Q���U�H�F�H�Q�W�O�\���Z�H�D�Q�H�G���O�D�P�E�V�� 

����2��3 Material and methods  

Ethical approval for this study was granted  by the Massey Un iversity Animal Ethics 

Committee (MUAEC 1 6/134���� 

5.2.3.1 Experimental animals and design 

�/�D�P�E�V�� �R�I�� �W�K�H�� �3�H�U�H�Q�G�D�O�H�� �E�U�H�H�G�� ���Q� ���������� �D�Y�H�U�D�J�L�Q�J�� �������� �N�J�� ���6�'� ���������� �O�L�Y�H�� �Z�H�L�J�K�W���� �Z�H�U�H��

�F�R�P�P�H�U�F�L�D�O�O�\���V�R�X�U�F�H�G���D�W���Z�H�D�Q�L�Q�J�����D�S�S�U�R�[�����W�K�U�H�H���P�R�Q�W�K�V���R�I���D�J�H�����I�U�R�P��a single �I�D�U�P�����$�O�O���O�D�P�E�V��

were examined on arrival and were treated with anthelmintics just prior to the study and each 
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received a combination clostridial and l eptospirosis vaccine (Ultravac ®�����L�Q���������=�R�H�W�L�V���1�=���,�Q�F�������D�V��

well as topical insecticide (Clik ®� �� � � (�O�D�Q�F�R�� �$�Q�L�P�D�O�� �+�H�D�O�W�K�� �1�=� � � /�W�G��� � �W�R�� �S�U�H�Y�H�Q�W�� � I�O�\� � �V�W�U�L�N�H��� � �7�K�H��

�O�D�P�E�V���Z�H�U�H���D�O�O�R�F�D�W�H�G���W�R���W�Z�R���J�U�R�X�S�V�����Q� �������J�U�R�X�S�����Z�L�W�K���V�L�P�L�O�D�U���O�L�Y�H���Z�H�L�J�K�W���G�L�V�W�U�L�E�X�W�L�R�Q�V�����$�O�O��

lambs received �D�Q�� �H�I�I�H�F�W�L�Y�H�� �D�Q�W�K�H�O�P�L�Q�W�L�F�� �W�U�H�D�W�P�H�Q�W�� ���P�R�Q�H�S�D�Q�W�H�O���� ������ mg/ kg body weight: 

�=�R�O�Y�L�[® �1�R�Y�D�U�W�L�V���1�H�Z���=�H�D�O�D�Q�G���/�W�G�����H�Y�H�U�\���V�L�[���Z�H�H�N�V�����7�K�H�U�H���Z�D�V���D���W�K�U�H�H-week offset between 

�W�K�H���W�L�P�H���R�I���W�U�H�D�W�P�H�Q�W���R�I���W�K�H���W�Z�R���J�U�R�X�S�V�����)�L�J�X�U�H���������������7�K�H���W�U�L�D�O���Z�D�V���F�R�Q�G�X�F�W�H�G���R�Q���D���I�D�U�P���E�O�R�F�N 

�R�I�����������K�D���G�L�Y�L�G�H�G���L�Q�W�R���������H�Y�H�Q�O�\���V�L�]�H�G���S�D�G�G�R�F�N�V���D�W���0�D�V�V�H�\���8�Q�L�Y�H�U�V�L�W�\�·�V���6�K�H�H�S���8�Q�L�W�����3�D�O�P�H�U�V�W�R�Q��

�1�R�U�W�K�����1�H�Z���=�H�D�O�D�Q�G���������Ý�����·�����µ���6���������Ý�����·�����µ���(�����������P���H�O�H�Y�D�W�L�R�Q�����E�H�W�Z�H�H�Q���'�H�F�H�P�E�H�U�������������D�Q�G��

�$�X�J�X�V�W���������������Z�K�L�F�K���V�S�D�Q�V���6�X�P�P�H�U���W�R���:�L�Q�W�H�U���P�R�Q�W�K�V���L�Q���W�K�L�V���U�H�J�L�R�Q�����7�K�H���O�D�P�Es were moved 

�E�H�W�Z�H�H�Q���S�D�G�G�R�F�N�V���H�Y�H�U�\���W�Z�R���G�D�\�V���I�U�R�P���'�H�F�H�P�E�H�U���W�R���$�S�U�L�O���Z�K�H�Q���S�D�V�W�X�U�H���Z�D�V���D�E�X�Q�G�D�Q�W�������)�U�R�P��

May to August, lambs were given access to two paddocks at a time, but still moved every two 

�G�D�\�V�����7�K�H���S�D�V�W�X�U�H���Z�D�V���D���U�\�H���J�U�D�V�V���F�O�R�Y�H�U���P�L�[���W�\�S�L�F�D�O���I�R�U���W�K�L�V���U�H�J�L�R�Q�������%�R�W�K���J�U�R�X�S�V���Z�H�U�H���J�U�D�]�H�G��

together as one mob, alongside nine Blackface lambs of similar age used as pasture 

�P�D�L�Q�W�H�Q�D�Q�F�H�� �D�Q�L�P�D�O�V�� �I�R�U�� �W�K�H�� �I�L�U�V�W�� �I�R�X�U�� �P�R�Q�W�K�V�� �R�I�� �W�K�H�� �W�U�L�D�O�� ���*�U�R�X�S�� �&������ �7�K�H�V�H�� �D�G�G�L�W�L�R�Q�D�O��

Blackface lambs were treated with anthelmintics routin�H�O�\���H�Y�H�U�\���������G�D�\�V���D�V���S�H�U���W�K�H���V�W�D�Q�G�D�U�G��

�D�Q�W�K�H�O�P�L�Q�W�L�F���U�H�J�L�P�H���I�R�U���\�R�X�Q�J���O�D�P�E�V���L�Q���1�H�Z���=�H�D�O�D�Q�G�����/�D�Z�U�H�Q�F�H���H�W���D�O���������������� 

Both groups received anthelmintics on Day -���������2�Q���'�D�\���������*�U�R�X�S���$���O�D�P�E�V���Z�H�U�H���D�J�D�L�Q���J�L�Y�H�Q���D��

dose of anthelmintic to initiate the 3 -weekly offset between groups, with Group B remaining 

�X�Q�W�U�H�D�W�H�G���I�R�U���D�Q�R�W�K�H�U���W�K�U�H�H���Z�H�H�N�V�����2�Q�H���S�H�U�L�R�G���Z�D�V���G�H�I�L�Q�H�G���D�V���Z�K�H�Q���E�R�W�K���J�U�R�X�S�V���K�D�G���H�D�F�K��

�F�R�P�S�O�H�W�H�G���D���U�R�X�Q�G���R�I���W�U�H�D�W�P�H�Q�W�����L���H�����O�D�P�E�V���L�Q���H�D�F�K���J�U�R�X�S���E�H�L�Q�J���D�W���R�Q�H�����W�Z�R�����W�K�U�H�H�����I�R�X�U���D�Q�G���I�L�Y�H��

�Z�H�H�N�V���D�I�W�H�U���W�U�H�D�W�P�H�Q�W������As a result, when Group A was at three weeks post treatment, Group 

B would be receiving an anthelmintic and vice versa ����Lambs that showed a live weight change 

(loss) of �t �������I�U�R�P���R�Q�H���Z�H�H�N���W�R���W�K�H���Q�H�[�W���R�U���Z�R�U�P���H�J�J���F�R�X�Q�W�V���L�Q�G�L�F�D�W�L�Y�H���R�I���F�O�L�Q�L�F�D�O���S�D�U�D�V�L�W�L�V�P�����t 

2000 eggs/g) were treated  outside of the scheduled experimental treatment�����2�Y�H�U���W�K�H���F�R�X�U�V�H���R�I��

the trial, four treatment periods were achieved corresponding to Summer (Period 1), Autumn 

���3�H�U�L�R�G�����������O�D�W�H���$�X�W�X�P�Q���W�R���H�D�U�O�\���:�L�Q�W�H�U�����3�H�U�L�R�G���������D�Q�G���:�L�Q�W�H�U�����3�H�U�L�R�G���������P�R�Q�W�K�V�����)�L�J�X�U�H������������ 
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Figure 5.1 Six weekly anthelmintic treatment regime of two groups of grazing lambs 

�R�I�I�V�H�W���E�\���W�K�U�H�H���Z�H�H�N�V�����´���µ���U�H�S�U�H�V�H�Q�W�V���Z�H�H�N���R�I���W�U�H�D�W�P�H�Q�W�����´���������������������������µ���U�H�S�U�H�V�H�Q�W���Q�X�P�E�H�U��

of weeks since trea �W�P�H�Q�W�����2�Q�H���S�H�U�L�R�G���L�V���D���V�L�[���Z�H�H�N�V���E�O�R�F�N���L�Q���Z�K�L�F�K���O�D�P�E�V���L�Q���E�R�W�K���J�U�R�X�S�V��

�D�U�H���E�H�L�Q�J���F�R�P�S�D�U�H�G���E�H�F�D�X�V�H���W�K�H�\���D�U�H���R�I�I�V�H�W�����L���H�����E�R�W�K���J�U�R�X�S�V���J�R���R�Q�H�����W�Z�R�����W�K�U�H�H�����I�R�X�U���D�Q�G��

�I�L�Y�H���Z�H�H�N�V���Z�L�W�K�R�X�W���W�U�H�D�W�P�H�Q�W�� 

  



 

������ 
 

5.2.3.2 GPS tracking protocol 

The study lambs (n=22) were fitted with a GPS collar (Fig �X�U�H������2) constructed by DataCarter 

���Z�Z�Z���G�D�W�D�F�D�U�W�H�U���F�R���Q�]�����D�Q�G���Z�L�W�K���D���X-�E�O�R�[����® GNSS chipset ( �Z�Z�Z���X-�E�O�R�[���F�R�P������ Each collar was 

�U�X�Q���E�\���W�K�U�H�H���¶�$�$�·���E�D�W�W�H�U�L�H�V���I�U�R�P���-�D�Q�X�D�U�\���W�R���0�D�\���������������I�U�R�P���-�X�Qe to July, the units ran on a 

�7�D�G�L�U�D�Q�� �7�/���������)���� �����$�P�S�+�U�� �́ �'�µ�� �V�L�]�H�G�� �E�D�W�W�H�U�\����The accuracy of the GPS chipset was 

previously estimated ( Chapter 3 �����Z�L�W�K���D���P�H�D�Q���H�U�U�R�U�����6�'�����I�U�R�P���W�U�X�H���U�H�F�H�L�Y�H�U���S�R�V�L�W�L�R�Q���R�I������������

�P�����������������Z�K�H�Q���V�X�E�M�H�F�W���W�R���D���V�W�D�W�L�F���D�F�F�X�U�D�F�\���W�H�V�W���U�H�F�R�U�G�L�Q�J���S�R�V�L�W�L�R�Q���H�Y�H�U�\���R�Q�H���V�H�F�R�Q�G�����5�H�V�X�O�W�V��

�G�H�P�R�Q�V�W�U�D�W�H�G�����������������R�I���S�R�L�Q�W�V���I�H�O�O���Z�L�W�K�L�Q�������P���D�Q�G�������������Z�L�W�K�L�Q�����������P���R�I���W�K�H���N�Q�R�Z�Q���S�R�L�Q�W����In 

the present study, the collars were programmed to record sheep location based on three 

�F�U�L�W�H�U�L�D�����P�R�Y�H�P�H�Q�W�����Y�H�O�R�F�L�W�\���D�Q�G���W�L�P�H���� Positions were only recorded when movement exceeded 

�W�K�H���W�K�U�H�V�K�R�O�G���R�I�������P�H�W�U�H�V���D�Q�G���Y�H�O�R�F�L�W�\���Z�D�V���O�H�V�V���W�K�D�Q���������P�H�W�U�H�V���V�H�F�R�Q�G�������7�K�H�U�H���Z�D�V���D�O�V�R���D���W�L�P�H��

threshold of one minute after which a position was recorded irrespective of movement and 

�Y�H�O�R�F�L�W�\�� The reason for this threshold schedule was to reduce error associated with 

oversampling when the animal is at rest (see Chapter 3  �I�R�U���G�H�W�D�L�O�H�G���G�L�V�F�X�V�V�L�R�Q���������� 

 
Figure 5.2 �(�Z�H���O�D�P�E���I�L�W�W�H�G���Z�L�W�K���D���*�3�6���F�R�O�O�D�U�����*�3�6��chipset sits in the black protective 

�F�D�V�L�Q�J���E�H�O�R�Z���W�K�H���Q�H�F�N�� 

5.2.3.3 Movement monitoring 

On Day –7 (3 January), all lambs were fitted with a GPS collar recording location data for three 

�G�D�\�V�����7�K�L�V���S�H�U�L�R�G���Z�D�V���X�V�H�G���W�R���K�D�E�L�W�X�D�W�H���W�K�H���O�D�P�E�V���W�R���Z�H�D�U�L�Q�J���D���F�R�O�O�D�U����as well as to provide a 
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comparison of the distance travelled for both groups when they were at the same stage in the 

�W�U�H�D�W�P�H�Q�W���F�\�F�O�H�����'�X�U�L�Q�J���W�K�H���S�H�U�L�R�G���-�D�Q�X�D�U�\���W�R���0�D�\���������������E�D�W�W�H�U�L�H�V���O�D�V�W�H�G���I�R�U���D�S�S�U�R�[�L�P�D�W�H�O�\������

days and the collars were removed every 3 days  �W�R���G�R�Z�Q�O�R�D�G���G�D�W�D���D�Q�G���F�K�D�U�J�H���E�D�W�W�H�U�L�H�V�����7�R��

�P�D�[�L�P�L�V�H���E�D�W�W�H�U�\���O�L�I�H���R�Y�H�U���W�K�H���U�H�P�D�L�Q�G�H�U���R�I���W�K�H���V�W�X�G�\�����-�X�Q�H���W�R���-�X�O�\�������������������F�R�O�O�D�U�V���Z�H�U�H���O�H�I�W��

attached to the lambs for only 3 days each week being fitted each Tuesday and removed each 

�)�U�L�G�D�\���� �$�Q�L�P�D�O�V�� �Z�H�U�H�� �L�G�H�Q�W�L�Iied by numbered ear tags and tracking collars were matched 

�E�D�V�H�G���R�Q���L�Q�G�L�Y�L�G�X�D�O���H�D�U���W�D�J�V�� 

5.2.3.4 Faecal Sampling and weighing 

Faecal samples were collected per rectum from all lambs each week during yarding prior to 

�I�L�W�W�L�Q�J�� �*�3�6�� �F�R�O�O�D�U�V�� �D�Q�G�� �G�R�V�L�Q�J�� �O�D�P�E�V���� �)�Decal egg counts were estimated using a modified 

�0�F�0�D�V�W�H�U���P�H�W�K�R�G�����Z�K�H�U�H���H�D�F�K���H�J�J���F�R�X�Q�W�H�G���U�H�S�U�H�V�H�Q�W�H�G�������� �H�J�J�V���J���R�I���I�D�H�F�H�V�����6�W�D�I�I�R�U�G���H�W���D�O������

������������ �V�H�H�� �$�S�S�H�Q�G�L�[�� �������� �I�R�U��standard operating procedure ������ �)�D�H�F�D�O�� �V�D�P�S�O�H�V�� �Z�H�U�H�� �F�R�O�O�H�F�W�H�G��

�E�H�W�Z�H�H�Q���a�������������D�Q�G�������������K�U�V���R�Q �D�O�O���R�F�F�D�V�L�R�Q�V�����$�O�O���V�D�P�S�O�H�V���Z�H�U�H���S�U�R�F�H�V�V�H�G���Z�L�W�K�L�Q���������K�R�X�U�V���R�I��

�F�R�O�O�H�F�W�L�R�Q�����3�D�U�D�V�L�W�H���L�G�H�Q�W�L�I�L�F�D�W�L�R�Q���Z�D�V���F�D�U�U�L�H�G���R�X�W���R�Q���I�D�H�F�H�V���E�X�O�N�H�G���I�U�R�P���V�D�P�S�O�H�V���F�R�O�O�H�F�W�H�G���R�Q��

Day -���������:�H�H�N��-3), by random examination of exsheathed larvae after coproculture for 10 days 

at 20�×�ƒ�&�����$�W���W�K�H���V�D�P�H���Z�H�H�N�O�\���L�Q�W�H�U�Y�D�O�����L�Q�G�L�Y�L�G�X�D�O���O�L�Y�H�Z�H�L�J�K�W�V���Z�H�U�H���U�H�F�R�U�G�H�G���X�V�L�Q�J���D�X�W�R�P�D�W�H�G��

walk -�R�Q���V�F�D�O�H�V���Z�L�W�K���D���Z�H�L�J�K�L�Q�J���U�H�V�R�O�X�W�L�R�Q���R�I�����������N�J�� 

5.2.3.5 Data management 

�'�D�W�D���I�R�U���W�K�H���S�H�U�L�R�G�������0�D�U�F�K���W�R���������0�D�U�F�K�������������Z�H�U�H���U�H�P�R�Y�H�G���I�U�R�P���D�Q�D�O�\�V�H�V���G�X�H���W�R���V�X�V�S�L�F�L�R�Q���R�I��

a�Q���R�X�W�E�U�H�D�N���R�I���5�\�H���*�U�D�V�V���6�W�D�J�J�H�U�V���G�L�V�H�D�V�H���L�Q���W�K�H���I�O�R�F�N���G�X�U�L�Q�J���W�K�L�V���W�L�P�H�����2�Q�H���O�D�P�E���G�L�H�G���G�X�U�L�Q�J��

�W�K�H���H�[�S�H�U�L�P�H�Q�W���L�Q���0�D�U�F�K�������������I�R�U���U�H�D�V�R�Q�V���X�Q�U�H�O�D�W�H�G���W�R���W�K�H���V�W�X�G�\�����D�O�O���R�W�K�H�U���O�D�P�E�V���U�H�P�D�L�Q�H�G��

�K�H�D�O�W�K�\�����'�D�W�D���S�U�H�S�D�U�D�W�L�R�Q�����P�R�Y�H�P�H�Q�W���F�D�O�F�X�O�D�W�L�R�Q�V���D�Q�G���V�W�D�W�L�V�W�L�F�D�O���D�Q�D�O�\�V�L�V were conducted in 

�5�����������������5���&�R�U�H���7�H�D�P������������)�����7�K�H��prepData �I�X�Q�F�W�L�R�Q���L�Q���W�K�H���5���S�D�F�N�D�J�H���¶�P�R�Y�H�+�0�0�·�����0�L�F�K�H�O�R�W��

�H�W���D�O�������������������Z�D�V���X�V�H�G���W�R���F�D�O�F�X�O�D�W�H���W�K�H���G�L�V�W�D�Q�F�H���E�H�W�Z�H�H�Q���V�X�F�F�H�V�V�L�Y�H���*�3�6���O�R�F�D�W�L�R�Q�V�����V�W�H�S���O�H�Q�J�W�K�V������

Step lengths were subsequently summed over 24 -hour blocks to calculate the total distance 

�W�U�D�Y�H�O�O�H�G���S�H�U���G�D�\�����7�K�H�V�H������-hour blocks were further investigated to ascertain that location 

�G�D�W�D���Z�D�V���U�H�F�R�U�G�H�G���I�R�U���D���P�L�Q�L�P�X�P���������� �R�I���W�K�H���������K�R�X�U�V�����Z�L�W�K���E�O�R�F�N�V���I�D�O�O�L�Q�J���E�H�O�R�Z���W�K�L�V����������

�W�K�U�H�V�K�R�O�G���U�H�P�R�Y�H�G���I�U�R�P���D�Q�D�O�\�V�L�V�����0�R�Yement data were considered from the week immediately 

�I�R�O�O�R�Z�L�Q�J���D�Q���D�Q�W�K�H�O�P�L�Q�W�L�F���W�U�H�D�W�P�H�Q�W�����K�H�Q�F�H���G�X�U�L�Q�J���I�L�Y�H���Z�H�H�N�V�����/�D�P�E�V���I�R�X�Q�G���W�R���E�H���V�K�H�G�G�L�Q�J��

nematode eggs in excess of 2000 eggs/g before their scheduled six -weekly treatment were 

treated with anthelmintics  and removed from further analyses to the end of that six -week 
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�W�U�H�D�W�P�H�Q�W���F�\�F�O�H�����/�L�Y�H���Z�H�L�J�K�W�����N�J�����G�D�W�D���Z�H�U�H���X�V�H�G���W�R���F�D�O�F�X�O�D�W�H���O�L�Y�H���Z�H�L�J�K�W���J�D�L�Q�����/�:�*�����E�\���S�H�U�L�R�G����

calculated as current weight minus earliest weight divided by number of days between weights 

in c�R�Q�V�H�F�X�W�L�Y�H���S�H�U�L�R�G�V�� 
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5.2.3.6 Statistical Analyses 

�$�O�O�� �V�W�D�W�L�V�W�L�F�D�O�� �D�Q�D�O�\�V�H�V�� �Z�H�U�H�� �F�D�U�U�L�H�G�� �R�X�W�� �X�V�L�Q�J�� �5�� �V�W�D�W�L�V�W�L�F�D�O�� �V�R�I�W�Z�D�U�H�� �Y�H�U�V�L�R�Q�� ������������ ���5�� �&�R�U�H��

�7�H�D�P���� ������������ The baseline difference in daily travel distance between the two groups 

�F�R�U�U�H�V�S�R�Q�G�V�� �W�R�� �:�H�H�N��-1,  two weeks after both groups received the same anthelminthic 

�W�U�H�D�W�P�H�Q�W�����L���H�����M�X�V�W���S�U�L�R�U���W�R���L�Q�L�W�L�D�W�L�Q�J���W�K�H���W�K�U�H�H���Z�H�H�N���R�I�I�V�H�W���L�Q���W�U�H�D�W�P�H�Q�W�������7�K�L�V���E�D�V�H�O�L�Q�H�����P�H�D�Q��

�G�L�V�W�D�Q�F�H���W�U�D�Y�H�O�O�H�G���G�X�U�L�Q�J���:�H�H�N��-�������Z�D�V���F�R�P�S�D�U�H�G���E�H�W�Z�H�H�Q���W�K�H�V�H���W�Z�R���J�U�R�X�S�V���X�V�L�Q�J���D�Q���$�1�2�9�$����

The respons�H���Y�D�U�L�D�E�O�H�V�� �W�R���P�R�G�H�O���Z�H�U�H���¶�G�L�V�W�D�Q�F�H�� �W�U�D�Y�H�O�O�H�G�·���� �/�:�*�� �R�I�� �O�D�P�E�V�� �D�Q�G���)�(�&���� �,�Q�� �W�K�H��

�X�Q�L�Y�D�U�L�D�W�H�� �D�Q�D�O�\�V�L�V���� �W�K�H�� �H�I�I�H�F�W�� �R�I�� �¶�S�H�U�L�R�G�·�� �R�Q�� �¶�G�L�V�W�D�Q�F�H�� �W�U�D�Y�H�O�O�H�G�·�� �D�Q�G�� �/�:�*�� �R�I�� �O�D�P�E�V�� �Z�H�U�H��

evaluated using linear models, while the effect of period on FEC was tested by the non -

parametric Kruskal -�:�D�O�O�L�V���$�1�2�9�$���W�H�V�W���W�R���D�F�F�R�X�Q�W���I�R�U���W�K�H���V�N�H�Z�Q�H�V�V���R�I���W�K�L�V���Y�D�U�L�D�E�O�H������ 

Model building and selection  

If ‘period’ (recall that this is when both groups had each cycled through one, two, three, four 

and five weeks after treatment) had a significant effect on any of the response variables in the 

univariate analysis, the presence of an interaction (‘week post  treatment’ x ‘period’) was tested 

�L�Q���W�K�H���P�R�G�H�O�����,�I���W�K�H���L�Q�W�H�U�D�F�W�L�R�Q���Z�D�V���Q�R�W���V�L�J�Q�L�I�L�F�D�Q�W�������¶�Z�H�H�N���V�L�Q�F�H���V�W�D�U�W���R�I���W�U�L�D�O�·�����Z�K�L�F�K���L�V��shown 

as study week in Figure ����1), was included as a proxy for time -�U�H�O�D�W�H�G�� �I�D�F�W�R�U�V���� �2�W�K�H�U��

explanatory variables tested were da y (a factor variable representing the 24- hour blocks of 

GPS recording) and number of  ‘week since start of trial’ (a continuous variable used as a proxy 

for time -�U�H�O�D�W�H�G�� �I�D�F�W�R�U�V���� �Q�R�W�� �W�R�� �E�H�� �P�L�V�W�D�N�H�Q�� �Z�L�W�K�� �́ �Z�H�H�N�� �S�R�V�W�� �W�U�H�D�W�P�H�Q�W������ �)�R�U�� �D�O�O�� �P�R�G�H�O�V���� �D��

random inter �F�H�S�W���I�R�U���H�D�F�K���L�Q�G�L�Y�L�G�X�D�O�����L���H�����D�F�F�R�X�Q�W�L�Q�J���I�R�U���G�L�I�I�H�U�H�Q�F�H���E�H�W�Z�H�H�Q���L�Q�G�L�Y�L�G�X�D�O�V�������D�Q�G��

�U�D�Q�G�R�P���V�O�R�S�H���R�Y�H�U���W�L�P�H���I�R�U���H�D�F�K���L�Q�G�L�Y�L�G�X�D�O�����L���H�����F�K�D�Q�J�H�V���R�Y�H�U���W�L�P�H���G�L�I�I�H�U���E�H�W�Z�H�H�Q���L�Q�G�L�Y�L�G�X�D�O�V����

�Z�H�U�H�� �L�Q�Y�H�V�W�L�J�D�W�H�G���� �$�O�V�R�� �W�H�V�W�H�G�� �Z�D�V�� �D�� �U�D�Q�G�R�P�� �H�I�I�H�F�W�V�� �V�W�U�X�F�W�X�U�H�� �Z�L�W�K�� �W�K�H�� �L�Q�G�L�Y�L�Gual nested 

�Z�L�W�K�L�Q���J�U�R�X�S���R�U���L�Q�G�L�Y�L�G�X�D�O���D�O�R�Q�H���D�V���D���U�D�Q�G�R�P���L�Q�W�H�U�F�H�S�W�����6�W�D�W�L�V�W�L�F�D�O���D�V�V�X�P�S�W�L�R�Q�V���Z�H�U�H���F�K�H�F�N�H�G��

through graphical analysis of residuals and with the Shapiro -�:�L�O�N�V���W�H�V�W���I�R�U���D�O�O���P�R�G�H�O�V���I�L�W�W�H�G���� 

The vif  function in the ‘CAR’ R package ���)�R�[���H�W���D�O������������2) was used to check for collinearity 

�X�V�L�Q�J�� �W�K�H���Y�D�U�L�D�Q�F�H�� �L�Q�I�O�D�W�L�R�Q���I�D�F�W�R�U�����9�,�)������ �0�R�G�H�O�V���Z�L�W�K�� �D�E�R�Y�H�� �P�H�Q�W�L�R�Q�H�G���U�D�Q�G�R�P�� �V�W�U�X�F�W�X�U�H�V��

were compared and final models were selected based on the lowest Akaike information 

�F�U�L�W�H�U�L�R�Q�� 

Modelling Faecal nematode egg counts 

FEC on Day -7 were used to evaluate the efficacy of the initial anthelmintic given on Day - ��������

FEC data was best fit using a zero -inflated negative binomial generalized linear model, due to 
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overdispersion in FEC data (M odel �������������3�D�U�D�V�L�W�H���F�R�X�Q�W�V���D�U�H���X�V�Xally overdispersed relative to 

�3�R�L�V�V�R�Q���� �U�H�T�X�L�U�L�Q�J�� �D�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �V�X�F�K�� �D�V�� �W�K�H�� �Q�H�J�D�W�L�Y�H�� �E�L�Q�R�P�L�D�O�� ���$�O�H�[�D�Q�G�H�U���� �������������� �7�K�H�� �5��

�S�D�F�N�D�J�H���¶�J�O�P�P�7�0�%�·�����%�U�R�R�N�V���H�W���D�O�������������������Z�D�V���X�V�H�G���I�R�U���W�K�L�V���P�R�G�H�O�����)�L�[�H�G���H�I�I�H�F�W�V���L�Q���W�K�L�V���P�R�G�H�O��

included ‘week post treatment (continuous)’ , ‘liveweight (continuous)’, ‘presence of co -grazing 

�O�D�P�E�V�·�����\�H�V�����Q�R�����D�Q�G���¶�Z�H�H�N���V�L�Q�F�H���V�W�D�U�W���R�I���W�U�L�D�O�����F�R�Q�W�L�Q�X�R�X�V���·�����7�K�H���O�D�P�E���,�'���Z�D�V���L�Q�F�O�X�G�H�G���D�V���D��

�U�D�Q�G�R�P���H�I�I�H�F�W�� 

The final model was as follows:  

FEC ~ week post treatment + liveweight + presence of co- grazing lambs + 

week since start of trial + (Lamb ID)  

To visualise the relationship between FEC and week post treatment, locally weighted 

scatterplot smoothing  (loess) curves, were fitted to the scatterplots of all FEC  data�� 

Modelling Liveweight gain  

�9�D�O�X�H�V���I�R�U���/�:�*���Z�H�U�H���W�U�D�Q�V�I�R�U�P�H�G���X�V�L�Q�J���W�K�H���-�R�K�Q�V�R�Q���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�����¶�-�R�K�Q�V�R�Q���5���S�D�F�N�D�J�H�·����

Fernandez, 2014) as the distribution was non -�Q�R�U�P�D�O���������$���O�L�Q�H�D�U���P�L�[�H�G���H�I�I�H�F�W���P�R�G�H�O�����/MM), 

fitted with the lmer  �I�X�Q�F�W�L�R�Q���L�Q���W�K�H���5���S�D�F�N�D�J�H���¶�/�P�H�U�7�H�V�W�·�����.�X�]�Q�H�W�V�R�Y�D���H�W���D�O���������������������Z�D�V���X�V�H�G��

�W�R���P�R�G�H�O���W�K�H���/�:�*���U�H�V�S�R�Q�V�H���R�I���O�D�P�E�V���W�R���W�L�P�H���V�L�Q�F�H���D�Q�W�K�H�O�P�L�Q�W�L�F���W�U�H�D�W�P�H�Q�W�����0�R�G�H�O���������������/�D�P�E��

�,�'���Z�D�V���L�Q�F�O�X�G�H�G���D�V���D���U�D�Q�G�R�P���Y�D�U�L�D�E�O�H�����,�Q�F�O�X�G�H�G���D�V���I�L�[�H�G���H�I�I�H�F�W�V���Z�H�Ue ‘week post treatment’, 

‘period’, ‘week post treatment x period’ interaction and the ‘presence of co -�J�U�D�]�L�Q�J���O�D�P�E�V�·���� 

The final model was as follows:  

Liveweight gain ~ week post treatment + period + week post treatment x 

period + presence of co-grazing lambs + (Lamb ID)  

Modelling m ovement (daily distance travelled)  

Influences on distance travelled were tested by fitting two linear mixed -effects models (LMM) 

�Z�L�W�K���W�K�H���¶�O�P�H�U�7�H�V�W�·���5���S�D�F�N�D�J�H�����'�L�V�W�D�Q�F�H���Z�D�V���O�R�J���W�U�D�Q�V�I�R�U�P�H�G���W�R���P�H�H�W���W�K�H���D�V�V�X�P�S�W�L�R�Q���R�I normal 

�G�L�V�W�U�L�E�X�W�L�R�Q�� �R�I�� �U�H�V�L�G�X�D�O�V���� �,�Q�� �0�R�G�H�O������3, the independent variables included ‘week post 

treatment’, ‘liveweight’, and ‘presence of co -�J�U�D�]�L�Q�J���O�D�P�E�V�·�����L���H�������S�U�H�V�H�Q�F�H���R�I���E�O�D�F�N�I�D�F�H���O�D�P�E�V�����D�V��

�I�L�[�H�G���H�I�I�H�F�W�V�����2�W�K�H�U���F�R�Y�D�U�L�D�W�H�V���L�Q�F�O�X�G�H�G���Z�H�U�H���¶�Q�X�P�E�H�U���R�I���Z�H�H�Ns since start of the trial’ and ‘day’ 

���U�H�S�U�H�V�H�Q�W�L�Q�J���W�K�H���W�Z�R���������K���E�O�R�F�N�V���R�I���O�R�F�D�W�L�R�Q���G�D�W�D���U�H�F�R�U�G�L�Q�J���������7�R���F�D�S�W�X�U�H���W�L�P�H-related changes 

such as age of lambs, the development of an immune response and seasonal influence on L 3 

available on pasture, initial mod els included a ‘week post treatment’ x ‘week since start of trial’ 

���0�R�G�H�O���������� 

���0�R�G�H�O������2) 
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�L�Q�W�H�U�D�F�W�L�R�Q�� �E�X�W�� �W�K�L�V�� �H�I�I�H�F�W�� �Z�D�V�� �Q�R�W�� �D�� �V�L�J�Q�L�I�L�F�D�Q�W�� �S�U�H�G�L�F�W�R�U�� �R�I�� �P�R�Y�H�P�H�Q�W�� �D�Q�G�� �Z�D�V�� �G�U�R�S�S�H�G����

Log(distance) was back -�W�U�D�Q�V�I�R�U�P�H�G���W�R���S�U�H�V�H�Q�W���U�H�V�X�O�W�V����  

The final model was as follows:  

Log(distance) ~ week post treatment + liveweight + day + presence of co-

grazing lambs + week since start of trial + (1|Group/ Lamb ID)  

In Model 4, the same model structure to Model 3 was used, but replacing ‘weeks post 

treatment’ with ‘faecal egg counts’ as the explanato �U�\���Y�D�U�L�D�E�O�H������ 

This model was as follows:  

Log(distance) ~ FEC + liveweight + day + presence of co- grazing lambs + 

week since start of trial + (1|Group/ Lamb ID)  

Variance inflation factors (VIF) were below the overdispersion threshold of 3 suggested by 

�=�X�X�U���H�W���D�O���������������������H�[�F�H�S�W���I�R�U���¶�Z�H�H�N���V�L�Q�F�H���V�W�D�U�W���R�I���W�U�L�D�O�·���Z�K�L�F�K���Z�D�V�������������L�Q���W�K�H���P�R�Y�H�P�H�Q�W���P�R�G�H�O������ 

����2��4 Results 

Effect of time since treatment on parasite load  

The larval culture at the start of the study (Day - 21) showed the following nematode genera: 

Teladorsagia �V�S�S����������������Trichostrongylus  �V�S�S�����������������D�Q�G��Nematodirus �V�S�S������������������Over the 

�V�W�X�G�\���S�H�U�L�R�G�����D���W�R�W�D�O���R�I�����������I�D�H�F�D�O���V�D�P�S�O�H�V���Z�H�U�H���F�R�O�O�H�F�W�H�G�����Z�L�W�K���������I�D�H�F�D�O���V�D�P�S�O�H�V���F�R�O�O�H�F�W�H�G���R�Q��

�D�Y�H�U�D�J�H���S�H�U���O�D�P�E�����%�D�V�H�G���R�Q���W�K�H�V�H�����V�H�Y�H�Q���¶�U�H�V�F�X�H�·���W�U�H�D�W�P�H�Q�W�V���Z�H�U�H��required for  lambs with a 

FEC above �����������H�J�J�V���J�����U�D�Q�J�H�������������W�R�����������������$���I�D�H�F�D�O���V�D�P�S�O�H���������G�D�\�V���D�I�W�H�U���W�U�H�D�W�P�H�Q�W���R�Q���'�D�\��

-�������V�K�R�Z�H�G���D�O�O���O�D�P�E�V���W�R���K�D�Y�H�������H�J�J�V���J���F�R�Q�I�L�U�P�L�Q�J���W�K�H���K�L�J�K���H�I�I�L�F�D�F�\�����!�����������R�I���W�K�H���D�Q�W�K�H�O�P�L�Q�W�L�F��

�W�U�H�D�W�P�H�Q�W�����:�R�U�P���H�J�J���F�R�X�Q�W�V���Z�H�U�H���V�L�P�L�O�D�U����F1 ,20 � ��������������p � ���������������E�H�W�Z�H�H�Q���W�K�H���W�Z�R���J�U�R�X�S�V���R�Q��

�'�D�\���������7�K�U�R�X�J�K�R�X�W���W�K�H study, nematode egg count data included in analyses ranged from 0 – 

�����������H�J�J�V���J�����)�D�H�F�D�O���H�J�J���F�R�X�Q�W�V���Y�D�U�L�H�G���E�\���S�H�U�L�R�G�����Z�L�W�K���W�K�H���K�L�J�K�H�V�W���P�H�D�Q���F�R�X�Q�W�V���U�H�F�R�U�G�H�G���G�X�U�L�Q�J��

Period 2 (�7�D�E�O�H�������������� 

 
  

���0�R�G�H�O���������� 

���0�R�G�H�O���������� 
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Table 5.1 Arithmetic mean faecal egg counts (eggs/g) for six  weeks after anthelmintic 

�W�U�H�D�W�P�H�Q�W���D�Q�G���U�D�Q�J�H���G�X�U�L�Q�J���I�R�X�U���S�H�U�L�R�G�V�����(�D�F�K���S�H�U�L�R�G���L�V���D���V�L�[-weeks block during which 

two groups of lambs (n=11/ group) received a short -acting anth elmintic offset by three 

�Z�H�H�N�V�����W�K�H�Q���U�H�P�D�L�Q�L�Q�J���X�Q�W�U�H�D�W�H�G���I�R�U���I�L�Y�H���Z�H�H�N�V�������$�O�V�R���L�Q�F�O�X�G�H�G���L�V���W�K�H���V�H�D�V�R�Q���R�I���W�K�H���\�H�D�U��

�F�R�U�U�H�V�S�R�Q�G�L�Q�J���W�R���W�K�H���S�H�U�L�R�G�V�� 

Period  
(mean eggs/g) 

n 
Week post treatment × mean eggs/g    

1 2 3   4 �� 6 Range Season 

�2�Q�H���������������� a 131 0 ������ �������� �������� ����������  ����������  �����W�R���������� Summer  

Two (������������  a ������  0 0 0 ����������  ����������  ����������  �����W�R���������� Autumn  

Three (������������  a 116 0 0 0 �������� ����������  ����������  0 to 1600 Autumn/

winter  

Four ( �������� b 117 0 0 ������ 0 �������� �������� 0 to 300 �:�L�Q�W�H�U 

a, b �'�L�I�I�H�U�H�Q�W���V�X�S�H�U�V�F�U�L�S�W�V���L�Q�G�L�F�D�W�H���G�L�I�I�H�U�H�Q�F�H���L�Q���Y�D�O�X�H�V�����'�X�Q�Q���W�H�V�W�����������������������Q� ���Q�X�P�E�H�U���R�I���I�D�H�F�D�O��

�Q�H�P�D�W�R�G�H���H�J�J���F�R�X�Q�W�V������ 

The highest arithmetic mean counts were recorded during Period 2, and there was a significant 

difference in  FEC among the periods ( H (3) = ������������p �������������������.�U�X�V�N�D�O-�:�D�O�O�L�V���W�H�V�W����Table ����1������

Contrasts using the Post -hoc Dunn test showed the egg counts in Period 4 were significantly 

�G�L�I�I�H�U�H�Q�W���I�U�R�P���S�H�U�L�R�G�V�������W�R������ 

There was a positive relationship between ‘weeks post treatment’ and FEC (beta = 1 ������������������

�&�,�������������W�R��������������p �������������������)�L�J�X�U�H��������), showing that FEC increased over the weeks following 

�D�Q�W�K�H�O�P�L�Q�W�L�F���W�U�H�D�W�P�H�Q�W�� 
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Figure 5.3 The relationship between time since treatment (week post treatment)  and 

faecal worm egg counts (eggs/g) of 24 lambs six weeks after a short acting anthelmintic, 

�S�R�R�O�H�G���D�F�U�R�V�V���I�R�X�U���S�H�U�L�R�G�V������Loess �F�X�U�Y�H�����Z�L�W�K�������� confidence interval ( CI )���� 

Effect of time since treatment on liveweight gain (LWG) 

Lambs in Group A and Group B did not differ  significantly  in their  liveweight ( F1 ,20 � ��������������p 

� ���������������R�Q���'�D�\���������$�Q�W�K�H�O�P�L�Q�W�L�F���W�U�H�D�W�P�H�Q�W���K�D�G���Q�R���R�Y�H�U�D�O�O���H�I�I�H�F�W���R�Q���O�L�Y�H�Z�H�L�J�K�W���J�D�L�Q���R�Y�H�U���W�K�H��

duration of the study (be ta = -�����[���� 3���������������&�,��-�����������W�R��������������p � �������������������'�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���S�H�U�L�R�G����

�K�R�Z�H�Y�H�U�����W�K�H�U�H���Z�D�V���D���W�U�H�Q�G���I�R�U���W�U�H�D�W�P�H�Q�W���W�R���D�I�I�H�F�W���/�:�*���L�Q���W�K�H���Z�H�H�N�V���S�R�V�W���W�U�H�D�W�P�H�Q�W����F������������ = 

������������p � �� ���������������� �7�K�L�V�� �W�U�H�Q�G�� �Z�D�V�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �G�L�I�I�H�U�H�Q�F�H�V�� �L�Q�� �/�:�*�� �E�H�W�Z�H�H�Q�� �Z�H�H�N�V�� �S�R�V�W��

tr �H�D�W�P�H�Q�W���G�X�U�L�Q�J���3�H�U�L�R�G�������D�Q�G�������E�X�W���Q�R���H�Y�L�G�H�Q�F�H���R�I���D���G�L�I�I�H�U�H�Q�F�H���L�Q���/�:�*���E�H�W�Z�H�H�Q���Z�H�H�N�V���S�R�V�W��

treatment was found during Period 3 and 4 ( �7�D�E�O�H������������ 
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Table 5.2 Least square means and standard error for the variation in liveweight gain 

(kg/day) of 22 Perendale lambs for six weeks post anthelmintic treatment across four 

�S�H�U�L�R�G�V�� 

Period  Mean live weight gain (kg/day)  
  

 
�:�3����  �:�3����  �:�3����  �:�3����  �:�3����  �:�3����  se p 

One -�������� a -�������� bc ��������cd -�������� ab -���������Ecd ��������d �������� ������������  

Two ��������c ��������b -�������� a ��������ab ��������ab ��������ab �������� ������������  

Three -�������� a -�������� a -�������� a -�������� a -�������� a -�������� a �������� ����������  

Four  ��������a -�������� a ��������a ��������a ��������a ��������a �������� ����������  

a, b, c, d �P�H�D�Q�V���Z�L�W�K���G�L�I�I�H�U�H�Q�W���V�X�S�H�U�V�F�U�L�S�W�V���D�U�H���V�L�J�Q�L�I�L�F�D�Q�W�O�\���G�L�I�I�H�U�H�Q�W�����7�X�N�H�\�·�V���+�6�'�����S�������������������:�3��

(week post treatment); se (standard error); p ���S�U�R�E�D�E�L�O�L�W�\���� 

�'�L�V�W�D�Q�F�H���W�U�D�Y�H�O�O�H�G���Z�D�V���S�R�V�L�W�L�Y�H�O�\���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���/�:�*�����E�H�W�D��� �������������������������&�,�������������W�R��������������p = 

���������������V�X�F�K �W�K�D�W���J�U�H�D�W�H�U���G�L�V�W�D�Q�F�H���W�U�D�Y�H�O�O�H�G���Z�D�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D���J�U�H�D�W�H�U���/�:�*�����)�L�J�X�U�H����������������

�+�R�Z�H�Y�H�U�����I�D�H�F�D�O���H�J�J���F�R�X�Q�W�V���Z�H�U�H���Q�R�W���D���V�L�J�Q�L�I�L�F�D�Q�W���S�U�H�G�L�F�W�R�U���R�I���O�L�Y�H�Z�H�L�J�K�W���J�D�L�Q�����D�O�W�K�R�X�J�K���W�K�H�U�H��

appeared to be a trend for reduced growth rates for lambs with higher faecal worm egg count 

(beta = -�����������[������-4�������������&�,�� –���������[������4 to 21 x 10��, p � �������������� 

 
Figure 5.4 The observed relationship between liveweight gain  �����Z�H�H�N�V���S�R�V�W���W�U�H�D�W�P�H�Q�W 

and distance travelled by individual lambs (n=22) over five weeks (pooled over all four 
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periods) after receiving a short acting oral anthelmintic with best fit prediction line and 

�����������F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�V�����J�U�H�\���D�U�H�D���� 

Effect of time since treatment on movement (distance travelled)  

The average daily distance travelled for all lambs by period during the trial is shown in Table 

���������� �'�X�U�L�Q�J�� �W�K�H�� �K�D�E�L�W�X�D�W�L�R�Q�� �S�H�U�L�R�G���� �S�U�L�R�U�� �W�R�� �L�Q�L�W�L�D�W�L�R�Q�� �R�I�� ���� �Z�H�H�N�O�\�� �R�I�I�V�H�W�� �L�Q�� �D�Q�W�K�H�O�P�L�Q�W�L�F��

treatment , GPS location data was success �I�X�O�O�\���U�H�F�R�U�G�H�G���I�R�U���������O�D�P�E�V�����7�K�H�U�H���Z�D�V���Q�R���G�L�I�I�H�U�H�Q�F�H��

(F��������  � ��������������p � ���������������L�Q���P�H�D�Q��± �6�'���G�L�V�W�D�Q�F�H���W�U�D�Y�H�O�O�H�G���E�H�W�Z�H�H�Q���*�U�R�X�S���$������������± �������������Q� ���������D�Q�G��

�*�U�R�X�S���%������������± �������������Q� �������O�D�P�E�V���� 

Table 5.3 Summary statistics of overall distance travelled (km) by lambs on a six weeks 

anthelmintic treatment schedule, monitored from weaning to ~ one year of age in four 

treatment periods (1 to 4) with seasons of the year corresponding to treatment period �� 

Period  n LS mean  95% CI  Season  
1 22 ��������b �����������W�R���������� Summer  

2 21 ���������Ea �����������W�R���������� Autumn  

3 21 ��������a �����������W�R���������� Autumn/winter  

4 21 ��������b �����������W�R���������� �:�L�Q�W�H�U 

�/�6���P�H�D�Q�����/�H�D�V�W���V�T�X�D�U�H���P�H�D�Q�V�����N�P�V������a, b Values with different superscripts are different 
���7�X�N�H�\�·�V���+�6�'������������������ 

Lambs moved significantly shorter distances per day, the longer it had been (in weeks) since 

the last anthelmintic treatment ( �)�L�J�X�U�H��������; �7�D�E�O�H�������������� 
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Figure 5.5 The mean distance travelled ( �����������F�R�Q�I�L�G�H�Q�F�H intervals (grey area ) by 

grazing lambs (n=22) during five weeks following treatment with a short acting 

�D�Q�W�K�H�O�P�L�Q�W�L�F���� 

Table 5.4 Predictors of movement (km/animal/week) in grazing lambs for five weeks 

following short -acting anthelmintic treatment  

Variables  beta  SE 95 % CL p 

(Intercept)  ��������  ��������  �>���������������������@ ����������  

�:�3�7  -��������  ��������  [-������������-���������@�� ����������  

�/�:  ��������  ��������  �>���������������������@�� ����������  

Co-Grazing  -��������  ��������  [-������������-���������@�� ����������  

Day (two)  ��������  ��������  �>���������������������@�� ����������  

�:�6�6  -��������  ��������  [-���������������������@�� ����������  

�1�R�W�H�����:�3�7� �:�H�H�N���S�R�V�W���W�U�H�D�W�P�H�Q�W�����:�6�6� �:�H�H�N�V���V�L�Q�F�H���V�W�D�U�W���R�I���W�U�L�D�O�� �/�:� �O�L�Y�H���Z�H�L�J�K�W�����N�J������

�6�(� �6�W�D�Q�G�D�U�G���H�U�U�R�U���������������&L = confidence limits   

Effect of parasite load (FEC) on movement (daily distance travelled) 

A negative relationship was found between faecal egg counts and distance travelled by lambs 

(beta = –���������[��-104�������������&�,�� –���������[������4 to –���������[��������, p � �������������������7�K�H���G�L�V�W�D�Q�F�H���P�R�Y�H�G���Z�D�V���P�R�U�H��

variable among individuals with higher eg g counts than with low egg counts ( �)�L�J�X�U�H������������ 
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Figure 5.6 Relationship between faecal egg counts and distance travelled in two groups 

of lambs (n=11/ group) from weaning to one year of age treated with a short acting 

�D�Q�W�K�H�O�P�L�Q�W�L�F���I�R�U���V�L�[���Z�H�H�N�V�����W�U�H�D�W�P�H�Q�W���Z�D�V���R�I�I�V�H�W���E�\���W�K�U�H�H���Z�H�H�N�V���E�H�W�Z�H�H�Q���J�U�R�X�S�V�� Best fit 

�S�U�H�G�L�F�W�L�R�Q���O�L�Q�H���D�Q�G�������������F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�V�����J�U�H�\���D�U�H�D���� Data shown is pooled for both 

�J�U�R�X�S�V�� 

����2���� Discussion 

Nematode burden (measured as FEC)  significantly reduced movement (daily distance 

�W�U�D�Y�H�O�O�H�G�����L�Q���O�D�P�E�V�����&�O�L�Q�L�F�D�O���S�D�U�D�V�L�W�L�V�P���Z�D�V���Q�R�W���R�E�V�H�U�Y�H�G���L�Q���D�Q�\���R�I���W�K�H���O�D�P�E�V�������7�K�H���S�U�H�V�H�Q�F�H���R�I��

additional co -grazing lambs reduced the distance travelled, suggesting an impact of stocking 

density on movement �������Z�L�W�K���O�D�U�J�H�U���J�U�R�X�S�V���P�R�Y�L�Q�J���V�O�R�Z�H�U�����+�H�U�E�H�U�W-�5�H�D�G���������������������7�K�H�V�H���U�H�V�X�O�W�V��

suggest that (i) there is a movement response to parasitism, with parasitised lambs moving 

shorter distances per day; (ii) changes in movement and FEC were not consistently associated  

�Z�L�W�K���/�:�*�����D�Q�G�����L�L�L�����*�3�6���E�D�V�H�G���O�R�F�D�W�L�R�Q���G�D�W�D���F�R�X�O�G���E�H���X�V�H�G���W�R���G�H�W�H�F�W���H�D�U�O�\���F�K�D�Q�J�H�V���L�Q���P�R�Y�H�P�H�Q�W��

�D�F�W�L�Y�L�W�\�� �R�I�� �J�U�D�]�L�Q�J�� �O�D�P�E�V�� �� �L�Q�� �U�H�V�S�R�Q�V�H�� �W�R�� �D�Q�W�K�H�O�P�L�Q�W�L�F�V�� �I�U�R�P�� �Z�H�D�Q�L�Q�J�� �W�R�� �R�Q�H�� �\�H�D�U�� �R�I�� �D�J�H����

Throughout our study FEC were low, suggesting movement may be a more sensitive indicator 

�R�I�� �V�X�E�F�O�L�Q�L�F�D�O�� �*�,�1�� �S�D�U�D�V�L�W�L�V�P�� �W�K�D�Q�� �O�L�Y�H�Z�H�L�J�K�W�� �F�K�D�Q�J�H�V���� �7�K�X�V���� �W�K�H�� �H�Y�L�G�H�Q�F�H�� �V�X�S�S�R�U�W�V�� �W�K�H��

proposition that movement may be a suitable proxy for the level of anorexia in infected grazing 

lambs�� 
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Effect of time since treatment on distance trav elled 

Lambs moved shorter distance per day the more time had elapsed since their last anthelmintic 

�W�U�H�D�W�P�H�Q�W�����7�K�L�V���Q�H�J�D�W�L�Y�H���U�H�O�D�W�L�R�Q�V�K�L�S���Z�D�V���F�R�Q�V�L�V�W�H�Q�W���R�Y�H�U���D�O�O���I�R�X�U���W�U�H�D�W�P�H�Q�W���S�H�U�L�R�G�V�������/�D�P�E�V��

in this study were in the age class that gradually acquire immun�L�W�\���D�J�D�L�Q�V�W���*�,�1�����0�F�5�D�H���H�W���D�O������

���������������,�Q���U�X�P�L�Q�D�Q�W�V�����W�K�L�V���L�V���D���J�U�D�G�X�D�O���S�U�R�F�H�V�V���W�K�D�W���R�F�F�X�U�V���R�Y�H�U���W�K�H���I�L�U�V�W������-�������P�R�Q�W�K�V���R�I���O�L�I�H����

�+�H�Q�F�H�����L�W���L�V���F�R�Q�F�H�L�Y�D�E�O�H���W�K�D�W���R�Q�F�H���W�K�H���D�Q�W�K�H�O�P�L�Q�W�L�F���H�I�I�H�F�W���Z�D�Q�H�G�����S�D�U�D�V�L�W�L�V�H�G���O�D�P�E�V��may have 

traded -off their movement activity i n order to mount an immune response, presumably due to 

the growing burden of gastrointestinal nematodes that would stimulate an inflammatory 

�U�H�V�S�R�Q�V�H���L�Q���W�K�H���J�X�W�����7�K�H���S�D�W�K�R�O�R�J�L�F�D�O���S�U�R�F�H�V�V�H�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�L�V���U�H�V�S�R�Q�V�H���D�U�H���J�H�Q�H�U�D�O�O�\���D��

protein -losing gastro �H�Q�W�H�U�R�S�D�W�K�\���Z�L�W�K���D���F�R�P�S�O�H�[���D�U�U�D�\���R�I���F�K�D�Q�J�H�V���R�F�F�X�U�U�L�Q�J�����)�R�[���������������������3�H�Q��

studies have demonstrated that inflammatory processes inside and outside the gut in tandem 

with immune effector mechanisms directed at the parasites exact a cost on animal 

performance ���*�U�H�H�U���H�W���D�O��������������������As infected host attempt to digest and recover some of the 

protein lost into the gut, this exacts some “cost” in terms of energy and protein (Sykes and 

Coop, 1976), hence less energy would likely be  available  for movement activity of these 

�L�Q�G�L�Y�L�G�X�D�O�V����This could generally manifest as “sickness behaviour” (Sutherland and Scott, 2010 

�S���������Z�K�L�F�K���D�O�V�R���P�D�\���D�F�F�R�P�S�D�Q�\���*�,���S�D�U�D�V�L�W�L�V�P���D�Q�G���L�Q�F�O�X�G�H�V���D���J�H�Q�H�U�D�O���H�I�I�H�F�W���R�I���G�H�S�U�H�V�V�L�R�Q���D�Q�G��

�P�D�O�D�L�V�H���� �+�H�Q�F�H���� �D�Q�L�P�D�O�V��may have been suffering from anorexia, eating less and also not 

�P�R�Y�L�Q�J���D�V���P�X�F�K���� 

It is equally plausible that the lambs in the present study reprioritised their use of nutrients 

�L�Q���I�D�Y�R�X�U���R�I���L�P�P�X�Q�H���I�X�Q�F�W�L�R�Q�V�����6�\�N�H�V�������������������)�R�U���L�Q�V�W�D�Q�F�H�����W�K�H���J�D�V�W�U�R�L�Q�W�H�V�W�L�Q�D�O���W�U�D�F�W���Q�R�U�P�Dlly 

�F�R�Q�V�X�P�H�V�����������R�I���R�Y�H�U�D�O�O���H�Q�H�U�J�\���H�[�S�H�Q�G�L�W�X�U�H�����:�H�E�V�W�H�U�������������������,�Q�F�U�H�D�V�H���L�Q���F�H�O�O���W�X�U�Q�R�Y�H�U���F�D�X�V�H�G��

by GIN infection will undoubtedly have resulted in an increase in energy expenditure, and 

�P�D�\���F�D�X�V�H���O�D�P�E�V���W�R���U�H�G�X�F�H���W�K�H�L�U���P�R�Y�H�P�H�Q�W���L�Q���R�U�G�H�U���W�R���F�R�Q�V�H�U�Y�H���H�Q�H�U�J�\�� Further, reports that 

�S�D�U�D�V�L�W�H�V���G�H�S�H�Q�G���R�Q���K�R�V�W�V���I�R�U���W�K�H�L�U���H�Q�H�U�J�\���D�F�T�X�L�V�L�W�L�R�Q�����%�L�Q�Q�L�Q�J���H�W���D�O���������������������S�R�V�V�L�E�O�\���U�H�V�X�O�W�V���L�Q��

further diversion of host resources away from non -essential, yet fitness related functions such 

�D�V���D�F�W�L�Y�L�W�\���D�Q�G���J�U�R�Z�W�K�����5�R�E�D�U���H�W���D�O���������������������&�R�Q�V�H�T�X�H�Q�W�O�\�����W�K�H���Q�H�J�D�W�L�Y�H���H�I�I�H�F�W�V���R�I���S�D�U�D�V�L�W�H�V���R�Q��

movement performance may be attributed to GIN -induced changes in energy demands or 

�D�O�O�R�F�D�W�L�R�Q���� 
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Effect of time since treatment on faecal egg count 

The lambs in this study did not progress to being clinically parasitised and their parasitic 

�E�X�U�G�H�Q�V���Z�H�U�H���J�H�Q�H�U�D�O�O�\���Z�L�W�K�L�Q���W�K�H���U�D�Q�J�H���V�H�H�Q���X�Q�G�H�U���W�\�S�L�F�D�O���1�H�Z���=�H�D�O�D�Q�G���I�D�U�P�L�Q�J���F�R�Q�G�L�W�L�R�Q�V��

���9�O�D�V�V�R�I�I�� �H�W�� �D�O������ �������������� �3�D�U�D�V�L�W�H�� �E�X�U�G�H�Q���� �D�V�� �M�X�G�J�H�G�� �E�\�� �)�(�&���� �G�H�F�O�L�Q�H�G�� �L�P�P�H�G�L�D�W�H�O�\�� �D�I�W�H�U��

anthelmintic treatment and the n as the first GIN established after treatment the FEC started 

�W�R���L�Q�F�U�H�D�V�H���D�S�S�U�R�[�L�P�D�W�H�O�\���������G�D�\�V���D�I�W�H�U���W�U�H�D�W�P�H�Q�W�����7�K�L�V���L�Q�F�U�H�D�V�H���L�Q���)�(�&���L�V���F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���D��

��������– 3-�Z�H�H�N���S�U�H�S�D�W�H�Q�W���S�H�U�L�R�G���I�R�U���W�K�H���W�U�L�F�K�R�V�W�U�R�Q�J�\�O�L�G���V�S�H�F�L�H�V���L�Q�Y�R�O�Y�H�G�����)�(�&���G�D�W�D���F�R�Q�V�L�V�W�H�Q�W�O�\��

showed that the anthelmintic treatment was effective and barring Period 1, reduced the FEC 

�W�R�������H�J�J�V���J���X�S���W�R���W�Z�R���Z�H�H�N�V���S�R�V�W���W�U�H�D�W�P�H�Q�W������Excluding the seven animals that required rescue 

treatment, �W�K�H���P�H�D�Q���)�(�&���D�I�W�H�U�������Z�H�H�N�V���S�R�V�W���W�U�H�D�W�P�H�Q�W���Z�D�V�����������H�J�J�V���J�����F�R�Q�V�L�V�Went with a low 

burden and sub -�F�O�L�Q�L�F�D�O���S�D�U�D�V�L�W�L�V�P�������+�R�Z�H�Y�H�U�����W�K�H���P�D�[�L�P�X�P���)�(�&���D�W�������Z�H�H�N�V���S�R�V�W���W�U�H�D�W�P�H�Q�W��

�Z�D�V�������������H�J�J�V���J�����P�R�G�H�U�D�W�H�O�\���K�L�J�K���I�R�U���V�K�H�H�S���W�K�L�V���D�J�H�����0�F�.�H�Q�Q�D���D�Q�G���6�L�P�S�V�R�Q������������������ 

The larval cultures at the start of the trial were  consistent with typi cal lamb parasitism 

�H�[�S�H�F�W�H�G���X�Q�G�H�U���1�=���F�R�Q�G�L�W�L�R�Q�V�����9�O�D�V�V�R�I�I���H�W���D�O���������������������+�R�Z�H�Y�H�U�����Q�R���L�Q�I�R�U�P�D�W�L�R�Q���R�Q���W�K�H���S�U�H�Y�D�L�O�L�Q�J��

�J�H�Q�H�U�D���S�D�U�D�V�L�W�L�V�L�Q�J���O�D�P�E�V���G�X�U�L�Q�J���W�K�H���U�H�V�W���R�I���W�K�H���V�W�X�G�\���Z�D�V���U�H�F�R�U�G�H�G�����$�W���E�H�V�W�����L�W���F�D�Q���E�H���D�V�V�X�P�H�G��

that the penalties on movement activity of l ambs was attributable to a mixed nematode 

�L�Q�I�H�F�W�L�R�Q���D�F�T�X�L�U�H�G���Q�D�W�X�U�D�O�O�\�����7�K�H���V�W�U�R�Q�J�H�V�W���P�R�Y�H�P�H�Q�W���U�H�G�X�F�W�L�R�Q�����E�D�V�H�G���R�Q���H�I�I�H�F�W���V�L�]�H�����R�F�F�X�U�U�H�G��

�L�Q���W�K�H���D�X�W�X�P�Q���P�R�Q�W�K�V�����3�H�U�L�R�G�����������7�K�L�V���F�R�L�Q�F�L�G�H�V���Z�L�W�K���W�K�H���W�L�P�H���Z�K�H�Q���O�D�U�Y�D�O���Q�X�P�E�H�U�V���R�Q���S�D�V�W�X�U�H��

are reportedly highest (Vl �D�V�V�R�I�I�� �H�W�� �D�O������ �������������� �� �,�Q�� �W�K�H�� �S�U�H�V�H�Q�W�� �V�W�X�G�\���� �)�(�&�� �D�Q�G�� �¶�Z�H�H�N�V�� �D�I�W�H�U��

�W�U�H�D�W�P�H�Q�W�·�� �Z�H�U�H�� �S�R�V�L�W�L�Y�H�O�\�� �D�V�V�R�F�L�D�W�H�G���� �7�K�H�� �D�Q�W�K�H�O�P�L�Q�W�L�F�� �J�L�Y�H�Q�� ���P�R�Q�H�S�D�Q�W�H�O���� �Z�D�V�� �F�O�H�D�U�O�\��

effective as no eggs were detected for at least two weeks post treatment in three out of four 

periods but the effects on movement were noted as larvae would have been establishing within 

�D���I�H�Z���G�D�\�V���R�I���W�U�H�D�W�P�H�Q�W�����,�Q�G�L�Y�L�G�X�D�O�V���Z�L�W�K���F�R�P�S�D�U�D�E�O�H���)�(�&���Y�D�U�L�H�G���Z�L�G�H�O�\���L�Q���W�K�H�L�U���P�R�Y�H�P�H�Q�W��

�D�F�W�L�Y�L�W�\�����7�K�H�U�H���L�V���D���U�L�V�N���L�Q���O�L�Q�N�L�Q�J���)�(�&���L�W�V�H�O�I���W�R���P�R�Y�H�P�H�Q�W���W�K�D�W���W�K�H���U�H�D�O���F�X�O�S�U�L�W���Ln curtailing 

movement is not so much the egg laying adult, but the challenge by incoming larvae and their 

�V�X�E�V�H�T�X�H�Q�W���H�V�W�D�E�O�L�V�K�P�H�Q�W�����+�H�Q�F�H�����)�(�&���P�D�\���Q�R�W���E�H���D���U�H�O�L�D�E�O�H���L�Q�G�L�F�D�W�R�U���R�I���O�R�D�G���L�Q���W�H�U�P�V���R�I���W�K�H��

�V�X�P���W�R�W�D�O���R�I���S�D�W�K�R�J�H�Q�L�F���L�P�S�D�F�W���R�I���S�D�U�D�V�L�W�H�V���R�Q���D�Q�L�P�D�O���� 

Effect of time since treatment on liveweight gain 

In the current study, the effect of anthelmintic treatment on growth rates were equivocal, and 

�J�U�R�Z�W�K���S�H�U�I�R�U�P�D�Q�F�H���D�S�S�H�D�U�H�G���W�R���E�H���L�Q�G�H�S�H�Q�G�H�Q�W���R�I���S�D�U�D�V�L�W�H���O�R�D�G�����)�(�&�������,�Q���3�H�U�L�R�G���������V�X�S�H�U�L�R�U��

liveweight performance was seen by the sixth week post -treatment in comparison to one week 
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�S�R�V�W�� �W�U�H�D�W�P�H�Q�W���� �+�R�Z�H�Y�H�U���� �W�K�H�� �R�S�S�R�V�L�W�H�� �R�F�F�X�U�U�H�G�� �G�X�U�L�Q�J�� �3�H�U�L�R�G�� ������ �Z�L�W�K�� �O�D�P�E�V�� �V�K�R�Z�L�Q�J��

�V�L�J�Q�L�I�L�F�D�Q�W���U�H�G�X�F�W�L�R�Q�V���L�Q���/�:�*���E�H�W�Z�H�H�Q���R�Q�H- and other- �Z�H�H�N�V���S�R�V�W���W�U�H�D�W�P�H�Q�W�����7�K�H�U�H���Z�D�V���Q�R��

obvious explan �D�W�L�R�Q�� �I�R�U�� �D�� �U�H�Y�H�U�V�H�G�� �U�H�O�D�W�L�R�Q�V�K�L�S�� �E�H�W�Z�H�H�Q�� �W�K�H�V�H�� �W�Z�R�� �S�H�U�L�R�G�V���� �� �,�Q�� �E�R�W�K���� �Q�R��

�V�L�J�Q�L�I�L�F�D�Q�W���H�I�I�H�F�W�V���R�Q���/�:�*���Z�H�U�H���R�E�V�H�U�Y�H�G���I�U�R�P���W�K�U�H�H���W�R���V�L�[���Z�H�H�N�V���S�R�V�W���W�U�H�D�W�P�H�Q�W�����L�Q�G�L�F�D�W�L�Q�J��

�W�K�D�W���O�D�P�E�V���P�D�\���K�D�Y�H���P�D�G�H���F�R�P�S�H�Q�V�D�W�R�U�\���D�G�M�X�V�W�P�H�Q�W�V���W�R���P�D�L�Q�W�D�L�Q���O�L�Y�H�Z�H�L�J�K�W�V���D�I�W�H�U���������G�D�\�V����

No evidence was found that leaving lambs untreated for six weeks had significant penalties on 

�O�L�Y�H�Z�H�L�J�K�W���J�D�L�Q���G�X�U�L�Q�J���3�H�U�L�R�G�V�������D�Q�G����������In subclinical levels of parasitism, it has been shown 

that growth of muscle and bone are impaired, appetite is usually de pressed, with these changes 

�D�S�S�H�D�U�L�Q�J�� �L�Q�� �D�Q�L�P�D�O�V�� �W�K�D�W���D�S�S�H�D�U���F�O�L�Q�L�F�D�O�O�\�� �Q�R�U�P�D�O���D�Q�G���K�H�D�O�W�K�\�� ���)�R�[���� �������������� �7�K�H��impaired 

growth of muscle and bone is more likely to progress to loss of weight in lambs exposed to 

higher levels of infection which produce clinica �O�����V�L�J�Q�V���R�I���G�L�V�H�D�V�H�����+�R�Z�H�Y�H�U�����W�K�H���S�U�H�V�H�Q�W���V�W�X�G�\��

�Z�D�V�� �G�H�V�L�J�Q�H�G�� �W�R�� �S�U�H�F�O�X�G�H�� �F�O�L�Q�L�F�D�O�� �G�L�V�H�D�V�H�� �D�U�L�V�L�Q�J�� �L�Q�� �W�K�H�� �V�W�X�G�\�� �D�Q�L�P�D�O�V����As there were no 

attempts to measure the larval challenge during these respective periods it was not possible to 

determine the reason fo r the differences but they may involve the developing immune response 

�D�V���W�K�H���O�D�P�E�V���D�J�H�G���� 

�1�H�Y�H�U�W�K�H�O�H�V�V�����P�R�Y�H�P�H�Q�W���D�Q�G���/�:�*���Z�H�U�H���V�L�J�Q�L�I�L�F�D�Q�W�O�\���S�R�V�L�W�L�Y�H�O�\���D�V�V�R�F�L�D�W�H�G�����Z�L�W�K���W�K�H���O�D�P�E�V��

�J�D�L�Q�L�Q�J���W�K�H���P�R�V�W���Z�H�L�J�K�W���D�O�V�R���W�U�D�Y�H�O�O�L�Q�J���W�K�H���I�X�U�W�K�H�V�W���G�L�V�W�D�Q�F�H�����7�K�L�V���F�D�Q���E�H���L�Q�Werpreted to mean 

�W�K�D�W���P�R�Y�H�P�H�Q�W���L�Q�F�O�X�G�H�V���J�U�D�]�L�Q�J���E�H�K�D�Y�L�R�X�U�����%�\���W�K�L�V���O�R�J�L�F�����O�D�P�E�V���P�R�Y�L�Q�J���P�R�U�H���Z�R�X�O�G���D�O�V�R���E�H��

grazing more and invariably gaining more liveweight but as noted no consistent change in 

growth rates were observed between lambs covering the most di stance and those travelling 

�O�H�V�V�� �L�Q�� �W�K�L�V�� �V�W�X�G�\���� �7�K�L�V�� �P�D�\�� �K�D�Y�H�� �E�H�H�Q�� �D�Q�� �L�V�V�X�H�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �W�K�H�� �R�I�I�V�H�W�� �R�I�� �W�K�U�H�H�� �Z�H�H�N�V��

�E�H�W�Z�H�H�Q���J�U�R�X�S�V�����7�K�D�W���L�V�����H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���F�R�Q�G�L�W�L�R�Q�V���G�L�I�I�H�U�H�G���Z�K�H�Q���H�D�F�K���J�U�R�X�S���Z�D�V���D�W���D���F�H�U�W�D�L�Q��

week post treatment; and it has been shown tha t environmental conditions affect movement 

���$�Y�J�D�U���H�W���D�O���������������������+�H�Q�F�H�����W�K�H���R�I�I�V�H�W���F�R�X�O�G���K�D�Y�H���D�G�G�H�G���Q�R�L�V�H���W�R���W�K�H���G�D�W�D�� Overall, the finding 

of the lambs gaining the most weight  also travelling the greater  distance, demonstrates the 

utility of movement acti �Y�L�W�\���D�V���D�Q���L�Q�G�H�[���R�I���S�H�U�I�R�U�P�D�Q�F�H�����:�K�D�W���U�H�P�D�L�Q�V���W�R���E�H���L�Q�Y�H�V�W�L�J�D�W�H�G���L�V��

whether reduced growth rates are associated with a concomitant reduction in travel distance, 

which will validate the case for movement as a marker to target intervention in individual 

lamb�V�� 

  



 

120 
 

Effect of time (week since start) on movement  

In relation to time, measured as weeks since start of trial, lambs showed less movement later 

�L�Q���W�K�H���W�U�L�D�O�����,�W���L�V���Q�R�W���H�D�V�\���W�R���G�L�V�W�L�Q�J�X�L�V�K���Z�K�H�W�K�H�U���W�K�L�V���Z�D�V���D�V���D���U�H�V�X�O�W���R�I���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���R�U���D�J�H��

related facto �U�V�����,�Q���W�H�U�P�V���R�I���D�J�H�����W�K�H���D�V�V�X�P�S�W�L�R�Q���Z�D�V���W�K�D�W���V�L�Q�F�H���R�O�G�H�U���O�D�P�E�V���Z�R�X�O�G���E�H���I�X�U�W�K�H�U��

advanced in their development of an immune response to GIN, they would be allocating 

�Q�X�W�U�L�H�Q�W�� �U�H�V�R�X�U�F�H�V�� �W�R�� �R�W�K�H�U�� �I�L�W�Q�H�V�V�� �D�Q�G�� �P�R�Y�H�P�H�Q�W�� �F�R�V�W�V���� �'�H�V�S�L�W�H�� �W�K�H�� �Z�R�U�P�� �H�J�J�� �R�X�W�S�X�W��

signifi �F�D�Q�W�O�\���G�H�F�U�H�D�V�L�Q�J���W�R���O�R�Z���V�X�E�F�O�L�Q�L�F�D�O���O�H�Y�H�O�V�����D�U�L�W�K�P�H�W�L�F���P�H�D�Q���R�I�������������U�D�Q�J�H�������W�R�����������H�J�J�V���J����

in Period 4 (the final six weeks of this study), and possibly signalling reduced establishment of 

L3, there was still a significant decline in movement in the weeks  following anthelmintic 

�W�U�H�D�W�P�H�Q�W�����$���S�R�V�V�L�E�O�H���H�[�S�O�D�Q�D�W�L�R�Q���P�D�\���E�H���W�K�D�W���)�(�&���L�Q���O�D�P�E�V���D�W���W�K�L�V���D�J�H���Z�D�V���Q�R�W���D�V���J�R�R�G���D�Q��

�L�Q�G�L�F�D�W�R�U���R�I���W�K�H���S�H�U�I�R�U�P�D�Q�F�H���G�H�I�L�F�L�W�V���H�O�L�F�L�W�H�G���E�\���V�X�E�F�O�L�Q�L�F�D�O���S�D�U�D�V�L�W�L�V�P�����(�T�X�D�O�O�\�����L�W���L�V���S�R�V�V�L�E�O�H��

that an incomplete expression in immunity, g �H�Q�H�U�D�O�O�\���V�H�H�Q���L�Q���L�Q�G�L�Y�L�G�X�D�O�V���O�H�V�V���W�K�D�Q���������P�R�Q�W�K�V��

of age, is still likely to translate to compensatory mechanisms, which may manifest as reduced 

�P�R�Y�H�P�H�Q�W�����,�Q���V�X�E�F�O�L�Q�L�F�D�O�O�\���S�D�U�D�V�L�W�L�V�H�G���D�G�X�O�W���F�D�W�W�O�H���W�K�D�W���K�D�G���D�F�T�X�L�U�H�G���I�X�Q�F�W�L�R�Q�D�O���L�P�P�X�Q�L�W�\����

grazing behaviour was used to determine the level of parasite induced anorexia (PIA) and to 

�U�H�O�D�W�H�� �R�E�V�H�U�Y�H�G�� �F�K�D�Q�J�H�V�� �W�R�� �D�Q�L�P�D�O�� �S�H�U�I�R�U�P�D�Q�F�H�� ���)�R�U�E�H�V�� �H�W�� �D�O������ �������������� �7�K�H�V�H�� �D�X�W�K�R�U�V��

�G�H�P�R�Q�V�W�U�D�W�H�G���W�K�D�W���3�,�$���Z�D�V���V�W�L�O�O���D���F�R�P�P�R�Q���D�Q�G���L�P�S�R�U�W�D�Q�W���P�H�F�K�D�Q�L�V�P���I�R�U���S�U�R�G�X�F�W�L�R�Q���O�R�V�V�H�V������ 

In contrast to the findings presented in the present study, there are reports of FEC associated 

�Z�L�W�K���D�Q���L�Q�F�U�H�D�V�H���L�Q���V�K�H�H�S���P�R�Y�H�P�H�Q�W�����)�D�O�]�R�Q���H�W���D�O�������������������I�R�X�Q�G���W�K�D�W���L�Q�I�H�F�W�L�R�Q���E�\���*�,�1���L�Q�F�U�H�D�V�H�G��

�W�K�H�� �G�L�V�W�D�Q�F�H�� �S�H�U�� �V�W�H�S�� �F�R�Y�H�U�H�G�� �E�\�� �H�Z�H�V���� �7�K�H�� �U�H�D�V�R�Q�� �I�R�U�� �W�K�H�� �D�S�S�D�U�H�Q�W�� �G�L�I�I�H�U�H�Q�F�H in results 

between those in the present study and those reported by Falzon et al (2013) were not 

�L�P�P�H�G�L�D�W�H�O�\���D�S�S�D�U�H�Q�W�����7�K�H�\���V�X�J�J�H�V�W�H�G���W�K�D�W���H�Z�H�V���Z�L�W�K���K�L�J�K�H�U���Q�H�P�D�W�R�G�H���H�J�J���F�R�X�Q�W�V���W�U�D�Y�H�O�O�H�G��

to water troughs more frequently based on parasite load, a reasonable  proposition considering 

they conducted their study in a drier environment compared to the environmental conditions 

�R�I���W�K�H���S�U�H�V�H�Q�W���V�W�X�G�\���� �,�Q���1�H�Z���=�H�D�O�D�Q�G�����I�H�Z���V�K�H�H�S���X�V�H���Z�D�W�H�U���W�U�R�X�J�K�V�����P�H�H�W�L�Q�J���P�R�V�W���R�I���W�K�H�L�U��

�Z�D�W�H�U���Q�H�H�G�V���I�U�R�P���J�U�D�V�V�����=�R�Q�G�H�U�O�D�Q�G-�7�K�R�P�D�V�V�H�Q���H�W���D�O���������������������7�K�L�V���P�L�J�K�W���E�H���R�Q�H���U�H�D�V�R�Q���W�K�H��

�I�L�Q�G�L�Q�J�V���R�I���W�K�H���S�U�H�V�H�Q�W���V�W�X�G�\���G�L�I�I�H�U�H�G���I�U�R�P���W�K�H�L�U�V�����)�D�O�]�R�Q���H�W���D�O���������������������%�D�V�H�G���R�Q���W�K�H���I�D�F�W���W�K�D�W��

individuals with similar FEC in the present study varied considerably in the distance they 

travelled (Fig ure ������), furthe r investigation appears worthy on the role of factors like  patch 

selection based on pasture quality, and  �J�H�Q�H�W�L�F���K�L�V�W�R�U�\�����L���H�������U�H�V�L�O�L�H�Q�F�H���R�U���U�H�V�L�V�W�D�Q�F�H���W�R���*�,�1�����R�Q��

movement activity of lambs, which are known to be associated with regulation of faecal worm 

egg output in sheep ���0�R�U�U�L�V���H�W���D�O�������������������0�R�U�U�L�V���H�W���D�O�����������������������)�X�U�W�K�H�U�P�R�U�H�����L�W���L�V���S�R�V�V�L�E�O�H���W�K�D�W��

�V�R�P�H�� �Q�H�P�D�W�R�G�H�� �J�H�Q�H�U�D�� �H�O�L�F�L�W�� �W�K�H�V�H�� �H�I�I�H�F�W�V�� �R�Q�� �P�R�Y�H�P�H�Q�W�� �P�R�U�H�� �W�K�D�Q�� �R�W�K�H�U�V���� �)�R�U�� �H�[�D�P�S�O�H����
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Nematodirus  �V�S�S�������Z�K�R�V�H���O�L�I�H�F�\�F�O�H���L�V���G�L�I�I�H�U�H�Q�W���I�U�R�P���R�W�K�H�U���V�W�U�R�Q�J�\�O�H�V�����Z�D�V���Q�R�W���F�R�Q�V�L�G�H�U�H�G���D�S�D�U�W��

from other strongylids in terms of its effects of sheep movement patterns although it was 

�L�G�H�Q�W�L�I�L�H�G���D�Q�G���F�R�X�Q�W�H�G���V�H�S�D�U�D�W�H�O�\���G�X�U�L�Q�J���Z�R�U�P���H�J�J���F�R�X�Q�W�V�����)�X�W�X�U�H���V�W�X�G�L�H�V���F�R�X�O�G���L�Q�Yestigate 

the movement responses based on prevailing species both on pasture and in culture at the time 

�R�I���P�R�Y�H�P�H�Q�W���P�R�Q�L�W�R�U�L�Q�J���� 

Is movement activity a suitable proxy for the level of anorexia?  

Of interest in the current study was whether lamb movement was a suitable proxy for level of 

�D�Q�R�U�H�[�L�D�����7�K�H���I�D�F�W�R�U�V���Z�K�L�F�K���L�Q�G�X�F�H���D�Q�R�U�H�[�L�D���L�Q���S�D�U�D�V�L�W�L�V�H�G���O�D�P�E�V���D�U�H���Q�R�W���\�H�W���I�X�O�O�\���X�Q�G�H�U�V�W�R�R�G��

���*�U�H�H�U���D�Q�G���+�D�P�L�H���������������������,�W���K�D�V���E�H�H�Q���S�R�V�W�X�O�D�W�H�G���W�K�D�W���J�D�V�W�U�L�Q�����F�K�R�O�H�F�\�V�W�R�N�L�Q�L�Q���D�Q�G���O�H�S�W�L�Q�V���P�D�\��

be involved (Sutherland and Scott, 20 10, p49) but at this time the mechanisms in linking 

�D�Q�R�U�H�[�L�D���W�R���W�K�H���S�U�H�V�H�Q�F�H���R�I���*�,�1���D�U�H���S�R�R�U�O�\���X�Q�G�H�U�V�W�R�R�G�������&�R�Q�V�H�T�X�H�Q�W�O�\�����L�W���L�V���Q�R�W���N�Q�R�Z�Q���Z�K�L�F�K��

�I�D�F�W�R�U�V���P�L�J�K�W���E�H���U�H�V�S�R�Q�V�L�E�O�H���I�R�U���U�H�G�X�F�L�Q�J���P�R�Y�H�P�H�Q�W������Objectively, t he data in the present study 

is limited  and doesn’t allow  definitive comments to be drawn with regards movement activity 

being a suitable proxy for anorexia��  It is possible to speculate that reduced movement activity 

is associated with a general feeling of ‘malaise’ in these lambs, but the physiologi cal drivers of 

this remain poorly  �X�Q�G�H�U�V�W�R�R�G���L�Q�� �U�X�P�L�Q�D�Q�W�V���� �6�L�Q�F�H�� �P�R�Y�H�P�H�Q�W���L�V�� �D�� �Q�X�W�U�L�H�Q�W�����H�Q�H�U�J�\���� �F�R�V�W�O�\��

biological process, the evidence in the present study also suggests lambs may have been 

conserving or partitioning energy differently the longer they we nt without exposure to 

�D�Q�W�K�H�O�P�L�Q�W�L�F�V���� �Z�L�W�K�� �V�L�J�Q�L�I�L�F�D�Q�W�� �P�R�Y�H�P�H�Q�W�� �U�H�G�X�F�W�L�R�Q�V���� �1�X�W�U�L�H�Q�W�� �S�D�U�W�L�W�L�R�Q�L�Q�J�� �K�D�V�� �E�H�H�Q��

hypothesised to be a reflection of the level of anorexia induced in parasitised individuals (Fox, 

�������������)�R�U�E�H�V���H�W���D�O���������������������,�I���S�U�R�W�H�L�Q���D�Q�G���H�Q�H�U�J�\���Dre being partitioned for functions such as 

mounting an immune response, and this reflects in the distance travelled by sheep, then 

�P�R�Y�H�P�H�Q�W���D�F�W�L�Y�L�W�\���P�L�J�K�W���E�H���D���V�X�L�W�D�E�O�H���S�U�R�[�\���I�R�U���W�K�H���O�H�Y�H�O���R�I���D�Q�R�U�H�[�L�D���L�Q���O�D�P�E�V����Future studies 

should address the  question of  how movement activity relates to feed intake �����)�R�U���H�[�D�P�S�O�H�����L�W��

would be possible to  GPS tag a group of lambs and then actively measur e variables such as 

intake (g DM /day) and post -�J�U�D�]�L�Q�J���V�Z�D�U�G���K�H�L�J�K�W�����F�P����  

����2��6 Conclusion 

Mounting GPS collars on lambs a llowed detection of reduced daily movement activity in 

�V�X�E�F�O�L�Q�L�F�D�O�O�\�� �L�Q�I�H�F�W�H�G�� �O�D�P�E�V�� �I�U�R�P�� �Z�H�D�Q�L�Q�J�� �W�R�� �R�Q�H�� �\�H�D�U�� �R�I�� �D�J�H���� �7�K�H�� �U�H�V�X�O�W�V�� �V�X�S�S�R�U�W�H�G�� �W�K�H��

hypothesis that infected lambs would move less��  The cost of movement performance appeared 

to occur on the subclinical -effect spectrum where the cost of growth performance w as not seen����
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It could be hypothesised that there is a hierarchy in parasite -induced anorexia in that less 

parasitised  animals move as much as is required  to allow maintenance requirements , but as 

parasite -induced anorexia begins to set in, animals first move less, but may still be grazing  

reasonably close to normally  (see Section 5.3.4.3), before this then too declines ���� �:�R�U�P�� �H�J�J��

counts decreased significantly in older lambs suggesting some evidence of an effective immune 

response developing but those lambs still showed reduced movement the further away they 

�Z�H�U�H�� �I�U�R�P�� �D�Q�W�K�H�O�P�L�Q�W�L�F�� �W�U�H�D�W�P�H�Q�W���� �2�Y�H�U�D�O�O���� �W�K�H�� �X�V�H�� �R�I�� �P�R�Y�H�P�H�Q�W�� �O�L�N�H�O�\�� �S�U�R�Y�L�G�H�V�� �D�� �P�R�U�H��

responsive metric to assess the level  of parasitism in young lambs and hence is likely to be a 

�V�X�L�W�D�E�O�H���F�K�D�U�D�F�W�H�U�L�V�W�L�F���W�R���E�H���X�V�H�G���I�R�U���W�D�U�J�H�W�H�G���V�H�O�H�F�W�L�Y�H���D�Q�W�K�H�O�P�L�Q�W�L�F���W�U�H�D�W�P�H�Q�W�V���R�I���O�D�P�E�V��  
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������ – Movement and behaviour changes in GIN infected and uninfected 

lambs – use of tri -axial acceleromete rs to identify changes in activity 

�E�X�G�J�H�W�V���R�I���O�D�P�E�V���L�Q�I�H�F�W�H�G���Z�L�W�K���J�D�V�W�U�R�L�Q�W�H�V�W�L�Q�D�O���Q�H�P�D�W�R�G�H�V�� 

 

���������� Abstract  

In  Chapter 4 , a behaviour predicting algorithm was developed from accelerometry data , 

accurately identifying ‘grazing’, ‘resting’ and ‘walking’ ac tivity of sheep on pasture �� Applying 

this algorithm, the activity patterns of twenty -two lambs naturally infected with 

gastrointestinal nematodes were monitored from weaning to approximately 11 months of age 

using the ActiGraph wGT3X -BT® attached to GPS ne �F�N���F�R�O�O�D�U�V�����7�K�H�V�H���O�D�P�E�V���Z�H�U�H���D�O�O�R�F�D�W�H�G���W�R��

two treatment groups on a six -weekly treatment cycle, treat ed at the same frequency but offset 

by three weeks  �I�U�R�P���H�D�F�K���R�W�K�H�U�����(�D�F�K���O�D�P�E���Z�D�V���Z�H�L�J�K�H�G���D�Q�G���I�D�H�F�D�O���V�D�P�S�O�H�G���R�Q���D���Z�H�H�N�O�\���E�D�V�L�V������

In response to GIN infecti on, the manifestation of parasite -induced anorexia was investigated 

using time spent grazing and resting , the intensity  levels of activity ( VeDBAACTIVITY ) and 

liveweight gain  �D�V���P�H�D�V�X�U�H�V����The  parasite burdens measured by individual faecal egg counts 

were low to moderate (�����W�R���������� �H�J�J�V���J������The overall relative proportion of time that lambs 

dedicated to grazing versus other activities reduced (beta = -�������������������������&�,��-�������������W�R��-��������������p 

�������������������R�Y�H�U���W�K�H�������Z�H�H�N�V���S�R�V�W���W�U�H�D�W�P�H�Q�W���Z�K�H�Q���D�O�O���S�H�U�L�R�G�V���Z�H�U�H���F�R�Q�Videred together, while 

�W�K�H�U�H���Z�D�V���D���U�L�V�H���L�Q���W�K�H���S�U�R�S�R�U�W�L�R�Q���R�I���W�L�P�H���V�S�H�Q�W���¶�U�H�V�W�L�Q�J�·�����L���H�����O�\�L�Q�J���D�Q�G���V�W�D�Q�G�L�Q�J�����E�H�W�D��� ����������������

�����������&�,���������������W�R����������������p ���������������������+�H�Q�F�H����changes in grazing  behaviour  were associated with  

a reduction in the total proportion of da ily grazing activity and not a reduced intensity of 

grazing per day  (p � �������������� �����7�K�H���L�Q�W�H�Q�V�L�W�\���R�I���¶�Z�D�O�N�L�Q�J�·���D�F�W�L�Y�L�W�\�����9�H�'�%�$�:�$�/�.�,�1�* ) of the lambs  

was significantly different from week to week the longer the interval since  treatment ( p = 

������������, but not so f or VeDBA RESTING  (standing and lying; p � �� ���������������� �2�Y�H�U�D�O�O���� �W�K�H�V�H�� �U�H�V�X�O�W�V��

indicate that under these experimental conditions, both proportion and intensity of activity 

contributed to defining the behavioural response of parasitised lambs compared to when they 

�Z�H�U�H���L�Q�L�W�L�D�O�O�\���W�U�H�D�W�H�G�� 
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����3��2 Intr oduction   

The prevention of subclinical infection with gastrointestinal nematodes (GIN) is an important 

�F�R�Q�F�H�U�Q�� �L�Q�� �R�U�G�H�U�� �W�R�� �O�L�P�L�W�� �S�U�R�G�X�F�W�L�R�Q�� �O�R�V�V�H�V�� �L�Q�� �\�R�X�Q�J�� �J�U�R�Z�L�Q�J�� �V�K�H�H�S���� �7�K�H�� �I�U�H�T�X�H�Q�W�� �X�V�H�� �R�I��

anthelmintics for this purpose has been associated with the deve lopment of anthelmintic -

resistant genotypes in worm populations ( Besier, 2003���� �+�R�G�J�N�L�Q�V�R�Q�� �H�W�� �D�O������ ��������) and, 

�F�R�Q�V�H�T�X�H�Q�W�O�\���� �D�O�W�H�U�Q�D�W�L�Y�H�� �D�S�S�U�R�D�F�K�H�V�� �I�R�U�� �S�D�U�D�V�L�W�H�� �F�R�Q�W�U�R�O�� �D�U�H�� �Q�H�H�G�H�G����Parasites exact a 

production cost on growing ruminants through two closely li nked mechanisms, which can be 

�H�[�S�O�R�L�W�H�G���W�R���G�H�Y�H�O�R�S���D�O�W�H�U�Q�D�W�L�Y�H���P�H�W�K�R�G���R�I���*�,�1���G�L�D�J�Q�R�V�L�V���D�Q�G���F�R�Q�W�U�R�O�����)�L�U�V�W�����*�,�1���L�Q�G�X�F�H���D���O�R�V�V��

of appetite in the host, which reduces feed intake compared with uninfected individuals ( Sykes 

�D�Q�G���&�R�R�S�����������������&�R�R�S���H�W���D�O�������������������$�E�E�R�W���H�W���D�O�������������������)�R�[���H�W���D�O���������������������(�D�U�O�\���L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V��

using pair -fed animals in pen studies in which feed intake was measured demonstrated a > 60 

���� �L�P�S�D�L�U�P�H�Q�W�� �L�Q�� �Z�H�L�J�K�W�� �J�D�L�Q�� �R�I�� �S�D�U�D�V�L�W�L�V�H�G�� �V�K�H�H�S�� ���6�\�N�H�V�� �D�Q�G�� �&�R�R�S���� ��������������It has been 

estimated that 40 to  �����������R�I���W�K�H���R�Y�H�U�D�O�O���F�R�V�W���R�I���*�,�1���L�Q�I�H�F�W�L�R�Q���L�Q���O�D�P�E�V���L�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D��

�U�H�G�X�F�W�L�R�Q���L�Q���Y�R�O�X�Q�W�D�U�\���I�H�H�G���L�Q�W�D�N�H�����&�R�R�S���H�W���D�O�������������������)�R�[����������������The second associated effect of 

parasitism is a reduction in the metabolic efficiency of the host which decreases the  nutrients 

�D�Y�D�L�O�D�E�O�H���I�R�U���P�D�L�Q�W�H�Q�D�Q�F�H���D�Q�G���J�U�R�Z�W�K�����Y�D�Q�+�R�X�W�H�U�W���D�Q�G���6�\�N�H�V�������������������,�Q���E�U�L�H�I�����*�,�1���L�Q�G�X�F�H���D��

protein -losing enteropathy which disrupts the availability of protein for growth in young 

�D�Q�L�P�D�O�V�����6�X�W�K�H�U�O�D�Q�G���D�Q�G���6�F�R�W�W���������������������7�K�H���H�I�I�H�F�W�V���R�I���*�,�1���L�Q�I�H�F�W�Lon among young animals are  

not uniform across populations, some animals are more able to tolerate or reject the challenge 

�W�K�D�Q�� �R�W�K�H�U�V���� �� �$�W�� �S�U�H�V�H�Q�W�� �D�Q�W�K�H�O�P�L�Q�W�L�F�� �W�U�H�D�W�P�H�Q�W�V�� �D�U�H�� �E�D�V�H�G�� �R�Q�� �W�K�H�� �O�R�Z�H�V�W�� �F�R�P�P�R�Q��

denominator within a flock just to ensure that all ani �P�D�O�V���D�U�H���D�E�O�H���W�R���J�U�R�Z���V�D�W�L�V�I�D�F�W�R�U�L�O�\�������7�K�H��

consequence of this approach is that many young animals may be treated without a need for 

�V�X�F�K���W�U�H�D�W�P�H�Q�W������ 

Previous work reported in this thesis has shown that changes in activity are potentially 

important as ind icators of disease and if measurable could be used an indicator of the need to 

�W�U�H�D�W���I�R�U���*�,�1�����,�Q��Chapter 2 , tri -axial accelerometers were able to detect a reduction in overall 

�D�F�W�L�Y�L�W�\�� �R�I�� �\�R�X�Q�J�� �V�K�H�H�S�� �L�Q�I�H�F�W�H�G�� �Z�L�W�K�� �*�,�1���� �,�W�� �Z�D�V�� �U�H�F�R�P�P�H�Q�G�H�G�� �W�K�D�W�� �I�X�U�W�K�H�U�� �U�H�V�H�Drch be 

�X�Q�G�H�U�W�D�N�H�Q�� �W�R�� �D�V�F�H�U�W�D�L�Q�� �Z�K�L�F�K�� �S�D�U�W�L�F�X�O�D�U�� �D�F�W�L�Y�L�W�L�H�V�� �P�D�\�� �F�K�D�Q�J�H���� �� �5�R�E�X�V�W�� �F�R�P�S�X�W�L�Q�J�� �D�Q�G��

automation methods have evolved to enable the prediction of sheep activity on pasture using 

tri -axial accelerometer data (See Chapter 4 �����$�O�Y�D�U�H�Q�J�D���H�W���D�O�������������������%�D�U�Z�L�F�N���H�W���D�O��������������b������

This means activity budgets (proportion of time spent on different activities) can be calculated 

�I�R�U���H�D�F�K���O�R�J�J�H�G���L�Q�G�L�Y�L�G�X�D�O���R�Q���D���G�D�L�O�\���E�D�V�L�V�����5�H�O�D�W�L�Y�H�O�\���I�H�Z���V�W�X�G�L�H�V���K�D�Y�H���U�H�S�R�U�W�H�G���W�K�H���X�V�H���R�I��
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accelerometers to monitor the impact of GIN �S�D�U�D�V�L�W�L�V�P�� �R�I�� �V�K�H�H�S�� �D�W���S�D�V�W�X�U�H���� �)�R�U�� �H�[�D�P�S�O�H����

�%�X�U�J�X�Q�G�H�U�� �H�W�� �D�O���� �������������� �X�V�H�G�� �W�U�L-axial accelerometers on neck -mounted collars to monitor 

�D�F�W�L�Y�L�W�\���R�I���V�K�H�H�S�����7�K�H�\���I�R�X�Q�G���W�K�D�W���S�D�U�D�V�L�W�L�]�H�G���V�K�H�H�S���H�[�K�L�E�L�W�H�G���O�R�Z�H�U���E�H�K�D�Y�L�R�X�U�D�O���F�R�P�S�O�H�[�L�W�\����

�L���H�����O�H�V�V���L�U�U�H�J�X�O�D�U�L�W�\�����L�Q���W�Keir activity patterns than non- �S�D�U�D�V�L�W�L�]�H�G���V�K�H�H�S�����0�R�U�H���U�H�F�H�Q�W�O�\�����W�K�H��

degree of anaemia in grazing small ruminants subject to natural Haemonchus contortus 

infection was shown to be predicted by individual activity measured by accelerometers which 

�D�O�V�R���S�U�H�G�L�F�W�H�G���L�Q�G�L�Y�L�G�X�D�O���U�H�V�S�R�Q�V�H���W�R���W�U�H�D�W�P�H�Q�W�����0�R�Q�W�R�X�W���H�W���D�O�������������������� 

The aim of the present investigation was to use tri -axial accelerometers to determine the 

influence of GIN on activity budgets and time allocation of grazing lambs during a period of 

�D�F�W�L�Y�H���J�U�R�Z�W�K�����7�K�L�V���D�O�O�R�Z�H�G���L�Q�I�H�U�H�Q�F�H���R�Q���W�K�H���D�Q�L�P�D�O�V�·���D�G�D�S�W�L�Y�H���U�H�V�S�R�Q�V�H���W�R���S�D�U�D�V�L�W�H���L�Q�I�H�F�W�L�R�Q����

The following hypotheses were tested: i) lambs would increase their grazing in proportion to 

resting activity in response to recent anthelmintic treatment, and ii) grazing activity in 

�X�Q�L�Q�I�H�F�W�H�G���O�D�P�E�V���Z�R�X�O�G���E�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���L�Q�F�U�H�D�V�H�G���Z�D�O�N�L�Q�J�����7�K�H�V�H���K�\�S�R�W�K�H�Ves were based 

�R�Q���V�L�P�L�O�D�U���P�H�D�V�X�U�H�P�H�Q�W�V���L�Q���F�D�O�Y�H�V�����)�R�U�E�H�V���H�W���D�O��������000) in which untreated individuals reduced 

their time spent grazing compared with calves treated with a sustained -release, intra -ruminal 

�L�Y�H�U�P�H�F�W�L�Q���E�R�O�X�V�� 

����3��3 Material and Methods  

A full description of the experimental animals and design for this sectio n was described in 

Section 5.2.3.1�����7�K�H���G�D�W�D���L�Q���W�K�L�V���V�H�F�W�L�R�Q���Z�D�V���G�H�U�L�Y�H�G���I�U�R�P���W�K�H���V�D�P�H���D�Q�L�P�D�O�V���D�Q�G���D�W���W�K�H���V�D�P�H��

�W�L�P�H���D�V������2�����%�U�L�H�I�O�\����������three-month old Perendale lambs were commercially sourced from one 

�I�D�U�P�� �D�Q�G�� �J�U�D�]�H�G�� �D�V�� �D�� �V�L�Q�J�O�H�� �P�R�E���� �7�K�H�� �O�D�P�E�V�� �Z�H�U�H�� �E�O�R�F�Ned on liveweight and randomly 

assigned to one of two groups and treated with anthelmintics every six weeks with monepantel 

���=�R�O�Y�L�[® �1�R�Y�D�U�W�L�V���1�H�Z���=�H�D�O�D�Q�G���/�W�G�����D�W���D���G�R�V�H���U�D�W�H���R�I�������� mg/ kg based on the heaviest body 

�Z�H�L�J�K�W�����7�K�H�U�H���Z�D�V���D���W�K�U�H�H-week offset betw �H�H�Q���W�K�H���W�L�P�H���R�I���W�U�H�D�W�P�H�Q�W���R�I���W�K�H���W�Z�R���J�U�R�X�S�V�����/�D�P�E�V��

were grazed together on the same pasture, which was a ryegrass ( Lolium multiflorum ) and 

white clover (Trifolium repens�����P�L�[�����W�\�S�L�F�D�O���I�R�U���W�K�L�V���U�H�J�L�R�Q�����&�K�D�U�O�W�R�Q���D�Q�G���6�W�H�Z�D�U�W�������������������2�W�K�H�U��

young sheep had prev iously grazed these pastures within the previous six months in order to 

�H�Q�V�X�U�H���W�K�H�U�H���Z�D�V���D���S�R�S�X�O�D�W�L�R�Q���R�I���L�Q�I�H�F�W�L�Y�H���*�,�1���O�D�U�Y�D�H���S�U�H�V�H�Q�W�����'�D�W�D��were aggregated into time 

�S�H�U�L�R�G�V�����:�K�H�Q���E�R�W�K���J�U�R�X�S�V���K�D�G���H�D�F�K���F�R�P�S�O�H�W�H�G���D���U�R�X�Q�G���R�I���W�U�H�D�W�P�H�Q�W�����L���H�����O�D�P�E�V���L�Q���H�D�F�K���J�U�R�Xp 

being at one, two, three, four and five weeks after treatment), this was counted as a single 

�S�H�U�L�R�G�����$���J�U�R�X�S���P�D�\���K�D�Y�H���V�W�D�U�W�H�G���W�K�H���S�H�U�L�R�G���E�H�L�Q�J���D�W���W�K�U�H�H���Z�H�H�N�V���S�R�V�W���W�U�H�D�W�P�H�Q�W���E�X�W���V�R���O�R�Q�J��

as it made it through all five levels of ‘week after treatment’ (in w hatever order) it contributed 
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�W�R���W�K�D�W���W�U�H�D�W�P�H�Q�W���¶�S�H�U�L�R�G�·�����,�I���D���O�D�P�E���Z�D�V���W�U�H�D�W�H�G���W�K�H�Q���Q�R���P�R�U�H���G�D�W�D���Z�D�V���F�R�Q�V�L�G�H�U�H�G���I�U�R�P���W�K�D�W��

�D�Q�L�P�D�O���X�Q�W�L�O���L�W�V���Q�H�[�W���V�F�K�H�G�X�O�H�G���W�U�H�D�W�P�H�Q�W�����$�O�O���P�D�Q�L�S�X�O�D�W�L�R�Q�V���L�Q�Y�R�O�Y�L�Q�J���W�K�H���X�V�H���R�I���D�Q�L�P�D�O�V���Z�H�U�H��

approved by the Massey University Anim �D�O���(�W�K�L�F�V���&�R�P�P�L�W�W�H�H�����0�8�$�(�&���������������� 

5.3.3.1 Activity monitoring 

Animals were weighed and sampled on a Tuesday each week with collars attached at the same 

�W�L�P�H���������&�R�O�O�D�U�V���Z�H�U�H���W�K�H�Q���U�H�P�R�Y�H�G���W�K�H���I�R�O�O�R�Z�L�Q�J���)�U�L�G�D�\�������+�H�Q�F�H���G�D�W�D���R�Q���D�F�W�L�Y�L�W�\���Z�D�V���F�R�O�O�H�F�W�H�G��

during the relevant week post -�W�U�H�D�W�P�H�Q�W�������(�D�F�K���O�D�P�E���Z�D�V���I�L�W�W�H�G���Z�L�W�K���D���F�R�O�O�D�U���P�R�X�Q�W�H�G���Z�L�W�K���D��

tri -axial accelerometer (Actigraph ® wGT3X-BT, LLC, Pensacola, FL, USA) to measure 

�D�F�F�H�O�H�U�D�W�L�R�Q�����*�������7�K�H���D�F�F�H�O�H�U�R�P�H�W�H�U���Z�D�V���O�R�F�D�W�H�G���R�Q���W�K�H���G�R�U�V�D�O���D�V�S�H�F�W���R�I���W�K�H���F�R�O�O�D�U along with a 

GPS monitors located on the ventral aspect of these same collars as described in Section  5.2������

�$�F�F�H�O�H�U�R�P�H�W�H�U�V���P�H�D�V�X�U�H�G���������ð���������ð���������P�P���L�Q���V�L�]�H���D�Q�G���Z�H�L�J�K�H�G���������J�����)�L�J�X�U�H������7�������� 

 

Figure 5.7 The ActiGragh wGT3X -BT® tri -axial accelerometer (A) and orientation on a 

sheep (B) used to monitor the activity of 22 Perendale lambs weekly from weaning up to 

�R�Q�H���\�H�D�U���R�I���D�J�H�� 

The orientation of the sensors was uniform acro �V�V���D�O�O���V�K�H�H�S�����7�K�H���X�Q�L�W���U�H�F�R�U�G�H�G���W�K�H���D�F�F�H�O�H�U�D�W�L�R�Q��

during movement across the vertical, horizontal, and perpendicular axes and employs a 

reference system that indicates longitudinal (front -to-back or surge, Y), horizontal (side -to-side 

or sway, X) and vertic �D�O�����X�S���D�Q�G���G�R�Z�Q���R�U���K�H�D�Y�H�����=�����E�R�G�\���D�[�H�V�����U�H�V�S�H�F�W�L�Y�H�O�\�����$�F�W�L�*�U�D�S�K���0�D�Q�X�D�O����

�Y�H�U�V�L�R�Q���������������$�X�J�X�V�W�����������������$�O�W�K�R�X�J�K���D�W�W�D�F�K�H�G���W�R���F�R�O�O�D�U�V�����W�K�H�U�H���Z�D�V���Y�H�U�\���O�L�P�L�W�H�G���P�R�Y�H�P�H�Q�W���R�I��

these sensors after attachment as they nestled snuggly in a groove in the neck wool, so did  not 

move up and down the neck when the animal lifted or lowered its head while grazing or 

�Z�D�O�N�L�Q�J�������3�U�L�R�U���W�R���W�K�H���D�W�W�D�F�K�P�H�Q�W���R�I���W�K�H���F�R�O�O�D�U�V���W�R���W�K�H���O�D�P�E�V�����W�K�H���V�H�Q�V�R�U�V���Z�H�U�H���S�U�R�J�U�D�P�P�H�G���W�R��

�F�R�O�O�H�F�W�� �D�F�F�H�O�H�U�D�W�L�R�Q�� �G�D�W�D�� �D�W�� �D�� �V�D�P�S�O�L�Q�J�� �U�D�W�H�� �R�I�� �����+�]���� �Z�K�L�F�K�� �L�V�� �H�T�X�L�Y�D�O�Hnt to 30 sampling 
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�R�F�F�D�V�L�R�Q�V���L�Q���R�Q�H���V�H�F�R�Q�G�����,�Q���&�K�D�S�W�H�U���������D���P�D�F�K�L�Q�H���O�H�D�U�Q�L�Q�J���D�O�J�R�U�L�W�K�P���Z�D�V���X�V�H�G���W�R���F�O�D�V�V�L�I�\���V�K�H�H�S��

activity from raw accelerometry sensor data from the Actigraph wGT3X -BT® in combination 

with video observations of the animals’ behaviour and t he same algorithm was used with this 

�G�D�W�D���� �7�K�H�� �D�F�W�L�Y�L�W�\�� �F�O�D�V�V�L�I�L�F�D�W�L�R�Q�� �D�O�J�R�U�L�W�K�P�� �F�O�D�V�V�L�I�L�H�G�� �W�K�U�H�H�� �G�L�V�W�L�Q�F�W�� �E�H�K�D�Y�L�R�X�U�D�O�� �D�F�W�L�Y�L�W�L�H�V�� �R�I��

�V�K�H�H�S���D�W���S�D�V�W�X�U�H�����Q�D�P�H�O�\���¶�J�U�D�]�L�Q�J�·�����¶�U�H�V�W�L�Q�J�·�����O�\�L�Q�J���R�U���V�W�D�Q�G�L�Q�J�����D�Q�G���¶�Z�D�O�N�L�Q�J�·�����7�K�H���D�F�F�X�U�D�F�L�H�V���R�I��

behaviour predicted from  �W�K�H���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���D�O�J�R�U�L�W�K�P���Z�H�U�H�������������������������D�Q�G�������������I�R�U���J�U�D�]�L�Q�J����

�U�H�V�W�L�Q�J���D�Q�G���Z�D�O�N�L�Q�J���D�F�W�L�Y�L�W�L�H�V�����U�H�V�S�H�F�W�L�Y�H�O�\�� 

5.3.3.2 Parasitological methods and weighing 

�/�D�P�E�V���Z�H�U�H���Z�H�L�J�K�H�G���H�D�F�K���Z�H�H�N���W�K�U�R�X�J�K�R�X�W���W�K�H���W�U�L�D�O���U�H�V�X�O�W�L�Q�J���L�Q���D���W�R�W�D�O���R�I���������P�H�D�V�X�U�H�P�H�Q�W�V����

At the  same time, faecal egg counts (FEC) were estimated using faecal samples collected per 

�U�H�F�W�X�P�� �I�U�R�P�� �D�O�O�� �O�D�P�E�V�� ���6�W�D�I�I�R�U�G�� �H�W�� �D�O���� �������������� �$�W�� �W�K�H�� �F�R�P�P�H�Q�F�H�P�H�Q�W�� �R�I�� �W�K�H�� �V�W�X�G�\���� �S�D�U�D�V�L�W�H��

speciation was carried out by random examination of 100 ensheathed larvae followi ng 

coproculture of bulked faeces from all animals for 10 days at 20�× �ƒ�&�� 

5.3.3.3 Data Management 

�$�F�F�H�O�H�U�R�P�H�W�H�U���D�F�W�L�Y�L�W�\���G�D�W�D���Z�D�V���F�R�O�O�H�F�W�H�G���Z�H�H�N�O�\���W�K�U�R�X�J�K�R�X�W���W�K�H���V�W�X�G�\�����'�D�W�D���F�R�O�O�H�F�W�H�G���G�X�U�L�Q�J��

the week of treatment ���L���H�������W�K�H���W�K�U�H�H���G�D�\�V���L�P�P�H�G�L�D�W�H�O�\���I�R�O�O�R�Z�L�Q�J���Wreatment)  were not used in 

order to account for any bias associated with  lambs only just  being treated, but subsequent 

weeks post treatment ( 1 to ��) up until the animals were treated again w ere included in the 

�G�D�W�D���D�Q�D�O�\�V�H�V�� �'�D�W�D���I�R�U���W�K�H���S�H�U�L�R�G�������0�D�U�F�K���W�R���������0�D�U�F�K�������������Z�H�U�H���U�H�P�R�Y�H�G���I�U�R�P���D�Q�D�O�\�V�H�V���G�X�H��

�W�R���V�X�V�S�L�F�L�R�Q���R�I���D�Q���R�X�W�E�U�H�D�N���R�I���5�\�H���*�U�D�V�V���6�W�D�J�J�H�U�V���G�L�V�H�D�V�H���L�Q���W�K�H���I�O�R�F�N���G�X�U�L�Q�J���W�K�L�V���W�L�P�H�� Activity 

data that were more than three standard deviations from the mean activity data we re 

�F�R�Q�V�L�G�H�U�H�G���R�X�W�O�L�H�U�V�����6�H�Y�H�Q���S�R�L�Q�Ws �R�X�W���R�I�������������Z�H�U�H���U�H�P�R�Y�H�G�� 

5.3.3.4 Statistical analyses  

�6�W�D�W�L�V�W�L�F�D�O���D�Q�D�O�\�V�L�V���R�I���G�D�W�D���Z�D�V���S�H�U�I�R�U�P�H�G���X�V�L�Q�J���5���V�R�I�W�Z�D�U�H���Y�H�U�V�L�R�Q���������������Z�L�W�K���D�S�S�U�R�S�U�L�D�W�H���5��

packages (R Core Team, 2019���� 

  



 

������ 
 

Live weight and nematode egg counts  

Dai ly liveweight gains for each animal were calculated as the difference between their first 

�D�Q�G� � �O�D�V�W� � �U�H�F�R�U�G�H�G� � �Z�H�L�J�K�W� � �G�L�Y�L�G�H�G� � �E� \� � �W�K�H� � �Q�X�P�E�H�U� � �R� I� � �G�D� \�V� � �E�H�W�Z�H�H�Q� � �W�K�H� � �U�H�F�R�U�G�L�Q�J� � �G�D�W�H�V� �� � � 7�R� �

determine the effect of leaving animals untreated on lamb growth, liveweight ga �L�Q�V���L�Q���:�H�H�N�V��

�����D�Q�G�������Z�H�U�H���F�R�P�S�D�U�H�G���Z�L�W�K���:�H�H�N���������/�L�Y�H�Z�H�L�J�K�W���J�D�L�Q�����/�:�*�����G�D�W�D���Z�H�U�H���I�L�W�W�H�G���W�R���D���V�L�P�S�O�H���O�L�Q�H�D�U��

�U�H�J�U�H�V�V�L�R�Q�����/�:�*��� ���Z�H�H�N���S�R�V�W���W�U�H�D�W�P�H�Q�W�����D�Q�G���S�O�R�W�W�H�G���W�R���H�[�D�P�L�Q�H���W�K�H���Q�R�U�P�D�O�L�W�\���R�I���U�H�V�L�G�X�D�O�V��

�D�Q�G�� �L�Q�G�H�S�H�Q�G�H�Q�F�H�� �L�Q�� �U�H�V�S�R�Q�V�H���� �7�K�H�� �U�H�V�L�G�X�D�O�V�� �Z�H�U�H���Q�R�Q-normal o n inspection and required 

�W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���S�U�L�R�U���W�R���V�W�D�W�L�V�W�L�F�D�O���D�Q�D�O�\�V�H�V�����$���-�R�K�Q�V�R�Q���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���Z�D�V���I�R�X�Q�G���W�R���E�H���P�R�U�H��

effective in normalizing the residuals than other transformations that were investigated, 

including Boxplot -, log-, square- and inverse tr�D�Q�V�I�R�U�P�D�W�L�R�Q�V���� 

A model (same structure as M�R�G�H�O�������������R�I���/�:�*���Z�D�V���I�L�W�W�H�G���D�V���D���O�L�Q�H�D�U���P�L�[�H�G-effect model (LMM) 

�Z�L�W�K���V�K�H�H�S���,�'���L�Q�F�O�X�G�H�G���D�V���D���U�D�Q�G�R�P���H�I�I�H�F�W�����)�L�[�H�G���H�I�I�H�F�W�V���L�Q�F�O�X�G�H�G���Z�H�U�H���¶�Z�H�H�N���S�R�V�W���W�U�H�D�W�P�H�Q�W�·����

‘treatment period’ and the two -way interaction of ‘we �H�N���S�R�V�W���W�U�H�D�W�P�H�Q�W���[���W�U�H�D�W�P�H�Q�W���S�H�U�L�R�G�·����

The ‘presence of co-grazing lambs’ (yes; no) and ‘week since start of trial’ were included as 

�F�R�Y�D�U�L�D�W�H�V�� 

The arithmetic mean FEC from all lambs was described during each  week post treatment in 

�H�D�F�K���S�H�U�L�R�G�����7�K�H���G�L�V�W�Uibution of FEC data was right skewed and attempts to transform the 

�G�D�W�D���Z�H�U�H���X�Q�V�X�F�F�H�V�V�I�X�O�����&�R�Q�V�H�T�X�H�Q�W�O�\�����L�Q�I�O�X�H�Q�F�H���R�Q���)�(�&���Z�D�V���P�R�G�H�O�O�H�G���X�V�L�Q�J���D���J�H�Q�H�U�D�O�L�]�H�G��

linear mixed -effect model (same structure as M�R�G�H�O��������), fitted with a zero inflated negative 

binomia �O���G�L�V�W�U�L�E�X�W�L�R�Q���O�L�Q�N�����)�L�[�H�G���H�I�I�H�F�W�V���L�Q���W�K�L�V���P�R�G�H�O���L�Q�F�O�X�G�H�G���¶�Z�H�H�N���S�R�V�W���W�U�H�D�W�P�H�Q�W�����¶�S�H�U�L�R�G�·����

the two -way interaction of ‘week post treatment’ and ‘period’ interaction, ‘presence of co -

�J�U�D�]�L�Q�J���O�D�P�E�V�·���D�Q�G���¶�Z�H�H�N���V�L�Q�F�H���V�W�D�U�W���R�I���W�U�L�D�O�·�� 

Activity proportions  

The effects of anthelmintic treatment and FEC on the activity budgets and activity levels of 

�O�D�P�E�V���Z�H�U�H���H�[�D�P�L�Q�H�G���V�H�S�D�U�D�W�H�O�\�� 

To examine the effects of weeks since treatment on activity budgets of lambs in each individual 

activity category (‘grazing’, ‘resting’ a nd ‘walking’), the non- parametric Kruskal -�:�D�O�O�L�V���W�H�V�W���Z�D�V��

�X�V�H�G���W�R���F�R�P�S�D�U�H���E�X�G�J�H�W�V���I�R�U���O�D�P�E�V���D�F�U�R�V�V���D�O�O���I�L�Y�H���Z�H�H�N�V���S�R�V�W���W�U�H�D�W�P�H�Q�W�����)�R�U���W�K�H���S�U�R�S�R�U�W�L�R�Q���R�I��

time spent on an activity in relation to other activities, three generalized linear mixed models 

(GLMM) for ‘grazing’, ‘resting’ and ‘walking’ activities were constructed, with the occurrence 

�R�U���D�E�V�H�Q�F�H���R�I���H�D�F�K���D�F�W�L�Y�L�W�\���D�V���W�K�H���E�L�Q�R�P�L�D�O���U�H�V�S�R�Q�V�H���Y�D�U�L�D�E�O�H�����)�L�[�H�G���H�I�I�H�F�W�V���L�Q�F�O�X�G�H�G���¶�Z�H�H�N���S�R�V�W��
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treatment’, ‘live weight’, ‘day’ and ‘week since start of trial’ (proxy  for age of animal), with 

individual ‘lamb ID’ nested within ‘treatment period’ included as a random effect to account for 

pseudo-�U�H�S�O�L�F�D�W�L�R�Q�����$�V���D�F�F�H�O�H�U�R�P�H�W�H�U�V���Z�H�U�H���D�W�W�D�F�K�H�G���I�R�U�������G�D�\�V���R�I���H�D�F�K���Z�H�H�N�����W�K�H���Y�D�U�L�D�E�O�H���¶�G�D�\�·��

was included to account for variation  between each 24-�K�R�X�U���E�O�R�F�N���Z�L�W�K�L�Q���W�K�D�W���P�R�Q�L�W�R�U�L�Q�J���Z�H�H�N�� 

The GLMM used a binomial error distribution with a logit -link function ���%�R�O�N�H�U���H�W���D�O����������������������

�7�R���L�P�S�U�R�Y�H���W�K�H���I�L�W���R�I���W�K�H���P�R�G�H�O�����I�R�O�O�R�Z�L�Q�J���W�K�H���D�S�S�U�R�D�F�K���R�I���=�X�X�U���H�W���D�O���������������������D���Q�H�V�W�H�G���U�D�Q�G�R�P��

effect of ‘lamb ID’ within ‘treatment period’ was compared with only ‘lamb ID’ as the random 

effect and was tested by exploring the change in deviance of the model using ANOVA (chi -

�V�T�X�D�U�H�G���X�Q�G�H�U���R�Q�H���G�H�J�U�H�H���R�I���I�U�H�H�G�R�P���������,�W���Z�D�V���F�R�Q�F�O�X�G�H�G���W�K�D�W���W�K�H���Q�H�V�W�H�G���U�D�Q�G�R�P���H�I�I�H�Ft ‘lamb 

�,�'�·���Z�L�W�K�L�Q���¶�W�U�H�D�W�P�H�Q�W���S�H�U�L�R�G�·���L�P�S�U�R�Y�H�G���W�K�H���I�L�W���R�I���W�K�H���P�R�G�H�O�����S���������������D�Q�G���W�K�L�V���Q�H�V�W�H�G���U�D�Q�G�R�P��

�H�I�I�H�F�W���Z�D�V���X�V�H�G���I�R�U���I�X�U�W�K�H�U���V�W�D�W�L�V�W�L�F�D�O���W�H�V�W�L�Q�J���� 

The final model structure for the proportion of each activity was:  

 (activity count/ total count) ~ ‘week post treatment’ + ‘period’ + ‘day’ + ‘presence of co -grazing 

lambs’ + ‘live weight’+ (‘week since start of trial’|’lamb ID’)   

�)�X�U�W�K�H�U�����D���'�L�U�L�F�K�O�H�W���'�L�V�W�U�L�E�X�W�L�R�Q�����'�R�X�P�D���D�Q�G���:�H�H�G�R�Q�����������������Z�D�V���X�V�H�G���W�R���P�R�G�H�O���W�K�H���S�U�R�S�R�U�W�L�R�Q��

�R�I���H�D�F�K���D�F�W�L�Y�L�W�\���D�V���D���I�X�Q�F�W�L�R�Q���R�I���¶�Z�H�H�N���S�R�V�W���W�U�H�D�W�P�H�Q�W�·�����7�K�H���'�L�U�L�F�K�O�H�W���U�H�J�U�H�V�V�L�R�Q���L�V���D���P�X�O�W�L�Y�D�U�L�D�W�H��

generalization of the beta regression for situations where proportions are calculated for more 

�W�K�D�Q���W�Z�R���F�D�W�H�J�R�U�L�H�V�����L���H�����Z�K�H�Q���W�K�H�U�H���D�U�H���P�R�U�H���W�K�D�Q���W�Z�R���F�R�Q�W�L�Q�X�R�X�V���F�D�W�H�J�R�U�L�H�V�����7�K�H���U�H�V�S�R�Q�V�H��

variables were vectors of the proportions of grazing activity, resting activity and walking 

�D�F�W�L�Y�L�W�\�����Z�L�W�K���¶�V�K�H�H�S���,�'�·���L�Q�F�O�X�G�H�G���D�V���D���U�D�Q�G�R�P���H�I�I�H�F�W�����7�K�H���F�R�Y�D�U�L�D�W�H���¶�S�H�U�L�R�G�·���Z�D�V���L�Q�F�O�X�G�H�G���W�R��

�D�F�F�R�X�Q�W���I�R�U���H�[�W�U�D�Q�H�R�X�V���I�D�F�W�R�U�V�����2�W�K�H�U���F�Rvariates included in this model were ‘liveweight’ and 

‘presence of co-�J�U�D�]�L�Q�J���O�D�P�E�V�·���� 

Activity levels (Dynamic vectorial body acceleration)  

Activity levels were derived using a similar approach to that described in Chapter 2  by 

estimating overall activit y as dynamic vectorial body acceleration (VeDBA), calculated using 

�(�T�X�D�W�L�R�Q��������, and matching VeDBA to the corresponding activity classified by the algorithm 

developed in Chapter 4 ; hence, VeDBAACTIVITY �����7�K�U�H�H���9�H�'�%�$ACTIVITY  models, corresponding to 

‘grazin g’ ���0�R�G�H�O����������, ‘resting ’ ���0�R�G�H�O���������� and ‘walking ’ activity  ���0�R�G�H�O����������  were fitted using  

l�L�Q�H�D�U���P�L�[�H�G���P�R�G�H�O�V�����/�0�0�V�����Z�L�W�K���¶�O�D�P�E���,�'�·���L�Q�F�O�X�G�H�G���W�R���D�F�F�R�X�Q�W���I�R�U���U�H�S�H�D�W�H�G���P�H�D�V�X�U�H�V�����)�L�[�H�G��

effects included ‘week post treatment’, ‘period’ and the two -way interact ion of ‘week post 

�W�U�H�D�W�P�H�Q�W�·���E�\���¶�S�H�U�L�R�G�·�����7�K�H���¶�S�U�H�V�H�Q�F�H���R�I���F�R-grazing lambs’ (yes; no), ‘live weight’ and ‘week since 

���0�R�G�H�O���������� 
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�V�W�D�U�W���R�I���W�U�L�D�O�·���Z�H�U�H���L�Q�F�O�X�G�H�G���D�V���F�R�Y�D�U�L�D�W�H�V�����7�K�H���S�U�H�V�H�Q�F�H���R�I���D�G�G�L�W�L�R�Q�D�O���O�D�P�E�V���Z�D�V���F�R�Q�V�L�G�H�U�H�G���D�V��

an experimental factor as additional lambs might affect the behaviour of conspecifics (Birrell, 

���������������,�Q�L�W�L�D�O���P�R�G�H�O�V���L�Q�F�O�X�G�H�G���W�K�H���W�Z�R-way interaction of ‘week after treatment’ and ‘period’, 

but because this variable did not emerge as a significant predictor of VeDBA ACTIVITY , it was 

dropped �I�U�R�P���D�O�O���W�K�U�H�H���I�L�Q�D�O���D�F�W�L�Y�L�W�\���P�R�G�H�O�V�����7�K�H���U�H�V�S�R�Q�V�H�V���9�H�'�%�$RESTING  and VeDBA �:�$�/�.�,�1�*  

were log-transformed,  and 4th  root transformed respectively to normalize the residuals of the 

�P�R�G�H�O�����7�K�H���S�U�H�G�L�F�W�R�U�V���¶�O�L�Y�H���Z�H�L�J�K�W�·���D�Q�G���¶�Z�H�H�N���V�L�Q�F�H���V�W�D�U�W���R�I���W�U�L�D�O�·���Z�H�U�H���F�H�Q�W�H�U�Hd and scaled (cs; 

Bolker  et al, 2009) in order to deduce the importance of each variable relative to the other 

�F�R�Q�W�L�Q�X�R�X�V���Y�D�U�L�D�E�O�H�V���I�U�R�P���W�K�H���P�R�G�H�O���U�H�V�X�O�W�V�����7�K�H���I�L�Q�D�O���P�R�G�H�O�V���Z�H�U�H�� 

VeDBA �*�5�$�=�,�1�*  ~ ‘week post treatment’ + ‘live weight’ (cs) + ‘p resence of co-

grazing lambs’ + ‘week since start of trial’ (cs)+ ‘day’ + (1|’lamb ID’)  

Log (VeDBA RESTING ) ~ ‘week post treatment’ + ‘live weight’ (cs) + ‘presence 

of co-grazing lambs’ + ‘week since start of trial’ (cs)+ ‘day’ + (1|’group’/’l amb 

ID’)  

VeDBA�:�$�/�.�,�1�*  ̂  (1/4) ~ ‘week post treatment’ +’ live weight’ (cs) + ‘presence 

of co-grazing lambs’ + ‘period’ + ‘week since start of trial’ (cs)+ ‘day’ + 

(1|’lamb ID’)  

The fit of each the model was investigated using graphical inspection of residuals versus fitted 

values, Q-Q plots and with the Shapiro -�:�L�O�N�V���W�H�V�W�����6�W�D�W�L�V�W�L�F�D�O���D�Q�D�O�\�V�H�V���Z�H�U�H���S�H�U�I�R�U�P�H�G���L�Q���5��

using appropriate packages (‘LmerTest’, ‘glmmTMB’, ‘DirichReg’; R C �R�U�H���7�H�D�P���������������� 

����3���� Results 

5.3.4.1 Liveweight, liveweight gain and faecal egg counts 

Random allocation of lambs to groups was successful in balancing live weights between the 

groups (F1,20� ��������������p � ���������������������7�K�H���D�Y�H�U�D�J�H���O�L�Y�H�Z�H�L�J�K�W�V���R�I���O�D�P�E�V���L�Q�F�U�H�D�V�H�G��by period, with 

�P�H�D�Q�V�� ���6�'���� �R�I�� ���������� ���������������� ���������� ���������������� ���������� �������������� �D�Q�G�� ���������� �������������� �L�Q�� �3�H�U�L�R�G�V�� ������ ������ ���� �D�Q�G�� ������

�U�H�V�S�H�F�W�L�Y�H�O�\���� �:�K�H�Q���W�K�H���O�D�P�E�V���Z�H�U�H���I�L�Y�H���D�Q�G���V�L�[���Z�H�H�N�V���S�R�V�W���D�Q�W�K�H�O�P�L�Q�W�L�F���W�U�H�D�W�P�H�Q�W����higher 

�/�:�*���L�Q���3�H�U�L�R�G�������D�Q�G���O�R�Z�H�U���L�Q���3�H�U�L�R�G���� were seen compared to one week post treatment, but 

not in the third and fourth periods (�7�D�E�O�H�������������)�L�J�X�U�H�������������� 

���0�R�G�H�O������6) 

���0�R�G�H�O������7) 

���0�R�G�H�O���������� 
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Table 5.5 Least square means and standard error for the variation in live weight gain 

(kg/day) of 22 Perendale lamb s for six weeks post anthelmintic treatment across four 

�S�H�U�L�R�G�V�� 

Period  
                 Live weight gain (kg/day)  

�:�3����  �:�3����  �:�3����  �:�3����  �:�3����  �:�3����  se p 

One -���������D -���������E�F ���������F�G -���������D�E -���������E�F�G ���������G �������� ������������  

Two ���������F ���������E -���������D ���������D�E ���������D�E ���������D�E �������� ������������  

Three -���������D -���������D -���������D -���������D -���������D -���������D �������� ����������  

Four  ���������D -���������D ���������D ���������D ���������D ���������D �������� ����������  

a, b, c, d �P�H�D�Q�V���Z�L�W�K���G�L�I�I�H�U�H�Q�W���V�X�S�H�U�V�F�U�L�S�W�V���D�U�H���V�L�J�Q�L�I�L�F�D�Q�W�O�\���G�L�I�I�H�U�H�Q�W�����7�X�N�H�\�·�V���+�6�'�����S�������������������:�3��

(week post treatment); se (standard error); p  ���S�U�R�E�D�E�L�O�L�W�\���D�W�����������V�L�J�Q�L�I�L�F�D�Q�F�H���O�H�Y�H�O�� 

 

 

Figure 5.8 The observed smoothed mean distribution (blue line) and predicted (red line 

± �����������F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�����U�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q���Z�H�H�N���S�R�V�W���D�Q�W�K�H�O�P�L�Q�W�L�F���W�U�H�D�W�P�H�Q�W���D�Q�G��

�W�K�H���D�Y�H�U�D�J�H���G�D�L�O�\���O�L�Y�H���Z�H�L�J�K�W���J�D�L�Q���R�I���H�Z�H���O�D�P�E�V�����Q��� �����������L�Q���H�D�F�K���R�I���I�R�X�U���S�H�U�L�R�G�V�� 

Faecal egg counts in Period 4 were lower  than those in Period 1 to 3, with mean counts p eaking 

during Period 2  (�7�D�E�O�H������6�������1�R���H�J�J�V���Z�H�U�H���G�H�W�H�F�W�H�G���L�Q���I�D�H�F�D�O���V�D�P�S�O�H�V���F�R�O�O�H�F�W�H�G���R�Q�H-week post 

�W�U�H�D�W�P�H�Q�W����Across periods, between two and six weeks post treatment the arithmetic mean 
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(range) egg count (eggs/g) were 1 �������W�R����������������(0 to 300), 104 (0 to �����������������������������W�R�������������D�Q�G������2 

�������W�R�����������������U�H�V�S�H�F�W�L�Y�H�O�\�� 

Table 5.6 The arithmetic mean and range of nematode egg counts (eggs/g) pooled from 

�������O�D�P�E�V���Z�H�H�N�O�\���G�X�U�L�Q�J���I�R�X�U���S�H�U�L�R�G�V�����$�O�V�R���L�Q�F�O�X�G�H�G���D�U�H���W�K�H���V�H�D�V�R�Q�V��of the year 

�F�R�U�U�H�V�S�R�Q�G�L�Q�J���W�R���W�K�H���S�H�U�L�R�G�V�� 

 

a, b �P�H�D�Q�V���Z�L�W�K���G�L�I�I�H�U�H�Q�W���V�X�S�H�U�V�F�U�L�S�W�V���D�U�H���V�L�J�Q�L�I�L�F�D�Q�W�O�\���G�L�I�I�H�U�H�Q�W�����'�X�Q�Q���W�H�V�W�����������������������Q��� ���Q�X�P�E�H�U���R�I��

�I�D�H�F�D�O���Q�H�P�D�W�R�G�H���H�J�J���F�R�X�Q�W�V������Min=minimum; Max=maximum  

5.3.4.2 Lamb behaviour time budgets  

�2�Q���D�Y�H�U�D�J�H�����R�Y�H�U���W�K�H���G�X�U�D�W�L�R�Q���R�I���W�K�H���V�W�X�G�\���O�D�P�E�V���V�S�H�Q�W���������������������������������D�Q�G���������������R�I���W�K�H�L�U���W�L�P�H��

�¶�J�U�D�]�L�Q�J�·�����¶�U�H�V�W�L�Q�J�·�����V�W�D�Q�G�L�Q�J���R�U���O�\�L�Q�J�����R�U���¶�Z�D�O�N�L�Q�J�·�����U�H�V�S�H�F�W�L�Y�H�O�\�����7�K�H���G�D�L�O�\���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���W�K�H�V�H��

activities is shown in �)�L�J�X�U�H������9���� 

 

Figure 5.9 The mean proportion of the day ewe lambs (n=22) were estimated to graze, 

rest (standing and lying) and walk from weaning (~ 3 months of age) �W�R���R�Q�H���\�H�D�U���R�I���D�J�H�� 

The average daily time budget of the lambs by hour of day showed that their grazing activity 

s�W�D�U�W�H�G���W�R���U�L�V�H���D�W�������������K�����S�H�D�N�L�Q�J���V�K�R�U�W�O�\���D�I�W�H�U�������������K�����E�H�I�R�U�H���V�W�D�U�W�L�Q�J���W�R���G�H�F�U�H�D�V�H�����)�L�J�X�U�H������10) 

Period  n Mean eggs/g  Min  Max  Season  

One 131 ���������� a 0 ��������  Summer  

Two ������  ���������� a 0 ��������  Autumn  

Three 116 ���������� a 0 1600 �/�D�W�H���$�X�W�X�P�Q�����(�D�U�O�\���:�L�Q�W�H�U 

Four  117 ������b 0 300 �:�L�Q�W�H�U 
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Figure 5.10 Mean proportion of each hour of the day lambs were estimated to graze, 

rest (standing or sitting �����R�U���Z�D�O�N���I�U�R�P���Z�H�D�Q�L�Q�J�����a�����P�R�Q�W�K�V���R�I���D�J�H�����W�R���R�Q�H���\�H�D�U���R�I���D�J�H�� 
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5.3.4.3 Effect of time since treatment on time budget of activity 

Generally, the proportions of time that lambs spent on each activity category for five weeks 

after receiving a short acting an�W�K�H�O�P�L�Q�W�L�F�� �Y�D�U�L�H�G�� �E�\�� �S�H�U�L�R�G���� �7�K�H�� �S�U�R�S�R�U�W�L�R�Q�� �R�I�� �W�L�P�H�� �V�S�H�Q�W��

grazing was greatest during week 3 for P eriod 1, 3 and 4 but in P eriod 2 the proportion of time 

spent grazing was at its lowest in during �: eek 3 post treatment ( �)�L�J�X�U�H������11���� 

 

Figure 5.11 The mean proportion of time lambs spent grazing across the six weeks 

post-treatment showing the slope (red line ± �����������F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�����D�Q�G���R�E�V�H�U�Y�H�G��

smoothed mean distribution (blue line) in each of �I�R�X�U���S�H�U�L�R�G�V���������������������D�Q�G�������� 

The proportion of time spent ‘resting’ was the direct contrast with ‘grazing’, being at its lowest 

during �: eek 3 for Period 1, 3 and 4 but in P eriod 2 the proportion of time spent resting was 

greatest during �: �H�H�N�������S�R�V�W���W�U�H�D�W�P�H�Q�W�����)�L�J�X�U�H������12���� 



 

������ 
 

 

Figure 5.12 The mean proportion of time lambs spent resting across the six weeks post -

treatment showing �W�K�H���V�O�R�S�H�����U�H�G���O�L�Q�H���“�������������F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�����D�Q�G���R�E�V�H�U�Y�H�G��

�V�P�R�R�W�K�H�G���P�H�D�Q���G�L�V�W�U�L�E�X�W�L�R�Q�����E�O�X�H���O�L�Q�H�����L�Q���H�D�F�K���R�I���I�R�X�U���S�H�U�L�R�G�V���������������������D�Q�G�������� 

The proportion of time spent ‘walking’ was at its lowest during �: eek 4 in Period 3 and 4, and 

during �: �H�H�N�������D�Q�G���:eek 3 in P�H�U�L�R�G�������D�Q�G�������U�H�V�S�H�F�W�L�Y�H�O�\�����)�L�J�X�U�H������13���� 
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Figure 5.13 The mean proportion of time lambs spent walking across the six weeks 

post-treatment showing the slope (red line ± �����������F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�����D�Q�G���R�E�V�H�U�Y�H�G��

�V�P�R�R�W�K�H�G���P�H�D�Q���G�L�V�W�U�L�E�X�W�L�R�Q�����E�O�X�H���O�L�Q�H�����L�Q���H�D�F�K���R�I���I�R�X�U���S�H�U�L�R�G�V���������������������D�Q�G�������� 

The overall relative p roportion of time that lambs dedicated to grazing versus other activities 

reduced (beta = -�������������������������&�,��-�������������W�R��-��������������p �������������������R�Y�H�U���W�K�H�������Z�H�H�N�V���S�R�V�W���W�U�H�D�W�P�H�Q�W��

�Z�K�H�Q���D�O�O���S�H�U�L�R�G�V���Z�H�U�H���F�R�Q�V�L�G�H�U�H�G���W�R�J�H�W�K�H�U�����7�K�H���R�Y�H�U�D�O�O���S�U�R�S�R�U�W�L�R�Q���R�I���W�L�P�H���V�S�H�Q�W���¶�Z�D�O�N�L�Q�J�· in 

relation to other activities also reduced (beta = - �����������������������&�,��-�������������W�R��-��������������p ���������������������,�Q��

�F�R�Q�W�U�D�V�W���W�K�H���W�L�P�H���V�S�H�Q�W���¶�U�H�V�W�L�Q�J�·���Y�H�U�V�X�V���R�W�K�H�U���D�F�W�L�Y�L�W�L�H�V���L�Q�F�U�H�D�V�H�G�����E�H�W�D��� ���������������������������&�,��������������

�W�R����������������p ��������������������The resulting model estimates for a ctivity time budgets are presented in 

�$�S�S�H�Q�G�L�[���������� 

These results were supported from the additional model fitted using the Dirichlet Distribution, 

showing that across all periods, the longer the time interval after treatment, the proportion of 

time lambs �V�S�H�Q�W���¶�J�U�D�]�L�Q�J�·���U�H�G�X�F�H�G�����Z�K�L�O�H���¶�U�H�V�W�L�Q�J�·���L�Q�F�U�H�D�V�H�G���F�R�Q�F�R�P�L�W�D�Q�W�O�\�����)�L�J�X�U�H������14���� 
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Figure 5.14 The average daily proportion of time 22 ewe lambs spent walking/ r unning , 

resting and grazing measured by tri -�D�[�L�D�O���D�F�F�H�O�H�U�R�P�H�W�H�U�V���R�Y�H�U���I�R�X�U���S�H�U�L�R�G�V�����5�H�V�X�O�W�V���Z�H�U�H��

modelled from a Dirichlet distribution, allowing for the simultaneous assessment of the 

�H�I�I�H�F�W�V���R�I���F�R�Y�D�U�L�D�W�H�V���R�Q���W�K�H���U�H�O�D�W�L�Y�H���F�R�Q�W�U�L�E�X�W�L�R�Q���R�I���D�O�O���W�K�U�H�H���D�F�W�L�Y�L�W�L�H�V���� 

5.3.4.4 Effect of time since treatment on activity levels (VeDBA ACTIVITY ) 

Average daily activity levels  measured by vector magnitude  (‘grazing’, ‘resting’ and ‘walking’) 

�R�I���O�D�P�E�V���S�R�R�O�H�G���D�F�U�R�V�V���D�O�O���I�R�X�U���S�H�U�L�R�G�V���D�U�H���V�K�R�Z�Q���L�Q���)�L�J�X�U�H�����������������$�O�V�R���V�K�R�Z�Q���L�Q���)�L�J�X�U�H���������� 

are the activity levels com �S�D�U�H�G���W�R���I�D�H�F�D�O���H�J�J���F�R�X�Q�W�V�������7�K�H���U�H�V�X�O�W�L�Q�J���P�R�G�H�O���H�V�W�L�P�D�W�H�V���R�I���D�F�W�L�Y�L�W�\��

�O�H�Y�H�O���I�R�U���D�O�O���D�F�W�L�Y�L�W�L�H�V���D�U�H���V�K�R�Z�Q���L�Q���$�S�S�H�Q�G�L�[������6�������/�D�P�E���D�F�W�L�Y�L�W�\���O�H�Y�H�O���R�Y�H�U���W�L�P�H���D�I�W�H�U���W�U�H�D�W�P�H�Q�W��

showed a decrease for ‘walking ( p � �� �������������� �E�X�W�� �¶�J�U�D�]�L�Q�J�·�� �D�Q�G�� �¶�U�H�V�W�L�Q�J�·�� �Z�H�U�H�� �Q�R�W�� �V�W�D�W�L�Vtically 

affected (p �!�����������������,�Q���U�H�O�D�W�L�R�Q���W�R���I�D�H�F�D�O���H�J�J���F�R�X�Q�W�V�����D�O�O���D�F�W�L�Y�L�W�\���O�H�Y�H�O�V���U�H�G�X�F�H�G��significantly at 

higher egg counts  ���)�L�J�X�U�H���������������$�S�S�H�Q�G�L�[����-6)�� 
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Figure 5.15 The Relationship between the daily activity  levels of lambs  for ‘grazing’ , 

‘resting’ (standing or lying)  and ‘walking’ behaviour  and (A) weeks after anthelmintic 

�W�U�H�D�W�P�H�Q�W���D�Q�G�����%�����I�D�H�F�D�O���H�J�J���F�R�X�Q�W�V�� �'�D�W�D���Z�D�V���S�R�R�O�H�G���R�Y�H�U���I�R�X�U���S�H�U�L�R�G�V�� 

 
����3���� Discussion 

This study has clearly demonstrated tha t GIN influence the activity budgets of actively 

�J�U�R�Z�L�Q�J���O�D�P�E�V�����,�W���L�V���D�S�S�D�U�H�Q�W���W�K�D�W���O�D�P�E�V���Z�R�X�O�G���L�Q�F�U�H�D�V�H���W�K�H�L�U���J�U�D�]�L�Q�J���L�Q���S�U�R�S�R�U�W�L�R�Q���W�R���U�H�V�W�L�Q�J��

activity immediately post- treatment before declining in the subsequent weeks, and this was 

also reflected in lam �E�V���Z�D�O�N�L�Q�J���I�R�U���V�K�R�U�W�H�U���S�H�U�L�R�G�V���D�V���W�K�H�\���D�F�F�X�P�X�O�D�W�H�G���D���*�,�1���E�X�U�G�H�Q�� The 

lambs in this study were grazing naturally contaminated pasture containing a mixture of GIN 

�V�S�H�F�L�H�V���Z�L�W�K���Q�R���D�E�L�O�L�W�\���W�R���U�H�J�X�O�D�W�H���W�K�H���L�Q�I�H�F�W�L�Y�H���G�R�V�H�������7�K�H���V�W�X�G�\���F�R�Q�W�L�Q�X�H�G���I�U�R�P���Z�H�D�Q�L�Q�J���W�R���a��

�R�Q�H���\�H�D�U���R�I���D�J�H�������/�D�P�E�V���R�I���W�K�L�V���D�J�H���Z�R�X�O�G���W�\�S�L�F�D�O�O�\���E�H���W�U�H�D�W�H�G���H�Y�H�U�\�������Z�H�H�N�V���X�Q�W�L�O���D�E�R�X�W����-7 

months of age and then at longer intervals until 12 -�������P�R�Q�W�K�V���R�I���D�J�H�����/�D�Z�U�H�Q�F�H���H�W���D�O����������������������

In the present study, the treatment interval was set at 6 weeks which would have allowed a 

�K�L�J�K�H�U���E�X�U�G�H�Q���W�K�D�Q���Q�R�U�P�D�O�O�\���H�[�S�H�F�W�H�G���L�Q���W�K�H���I�L�U�V�W���W�Z�R���S�H�U�L�R�G�V���R�I���W�K�H���V�W�X�G�\�������:�L�W�K���D���G�H�Y�H�O�R�S�L�Q�J��

�L�P�P�X�Q�H���U�H�V�S�R�Q�V�H�����W�K�H���W�U�H�D�W�P�H�Q�W���L�Q�W�H�U�Y�D�O���L�V���W�K�H�Q���X�V�X�D�O�O�\���H�[�W�H�Q�G�H�G���Z�K�L�F�K���G�L�G���Q�R�W���R�F�F�X�U���K�H�U�H������

Lambs acquired low to moderate nematode infect ions as indicated by faecal egg counts, the 

�O�H�Y�H�O���G�H�F�U�H�D�V�L�Q�J���D�V���W�K�H���O�D�P�E�V���J�R�W���R�O�G�H�U���D�Q�G���D�F�T�X�L�U�H�G���D���P�R�U�H���H�I�I�H�F�W�L�Y�H���L�P�P�X�Q�H���U�H�V�S�R�Q�V�H�����1�R�Q�H��

�R�I���W�K�H���O�D�P�E�V���L�Q�F�O�X�G�H�G���L�Q���D�Q�D�O�\�V�H�V���V�K�R�Z�H�G���V�L�J�Q�V���R�I���F�O�L�Q�L�F�D�O���S�D�U�D�V�L�W�L�V�P���� 
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As a generality, the number of weeks post treatm ent was positively associated with the 

proportion of time spent resting and associated with significant reductions in the proportion of 

�W�L�P�H�� �V�S�H�Q�W�� �J�U�D�]�L�Q�J�� �D�Q�G�� �Z�D�O�N�L�Q�J�� �S�H�U�� �G�D�\���� �7�K�L�V�� �L�Q�G�L�F�D�W�H�V�� �D�� �U�H�O�D�W�L�R�Q�V�K�L�S�� �Z�L�W�K�� �W�K�H�� �V�O�R�Z�O�\��

increasing burden of GIN and these  activities in that the larger the burden the larger the effect 

�R�Q���W�K�H���S�U�R�S�R�U�W�L�R�Q���R�I���W�K�D�W���D�F�W�L�Y�L�W�\�������7�K�L�V���L�V���V�L�P�L�O�D�U���W�R���W�K�H���I�L�Q�G�L�Q�J�V���I�R�U���Z�K�H�Q���\�R�X�Q�J���F�D�W�W�O�H���Z�H�U�H��

treated with a persistent anthelmintic and were observed to spend a higher proportion of time 

gr�D�]�L�Q�J���F�R�P�S�D�U�H�G���W�R���X�Q�W�U�H�D�W�H�G���F�R�Q�W�U�R�O���F�D�W�W�O�H�����)�R�U�E�H�V���H�W���D�O�������������������+�R�Z�H�Y�H�U�����Z�K�H�Q���F�R�Q�V�L�G�H�U�L�Q�J��

vector magnitudes which measure the magnitude of the effort for an activity it was observed 

in the present study that the number of weeks post treatment was only neg atively correlated 

with VeDBA �:�$�/�.�,�1�* , with no significant associations with VeDBA �*�5�$�=�,�1�*��and VeDBA RESTING ������

This trend for a reduced VeDBA �:�$�/�.�,�1�*  with time after treatment is consistent with the 

reduced proportion of time for this same activity and agrees with the findings in Section 5.2 for 

GPS measured distance travelled in the same lambs��� � �7�K�H�� �D�E�V�H�Q�F�H�� �R�I� � �D�Q�� �R�E�Y�L�R�X�V� � �W�U�H�Q�G�� � I�R�U��

VeDBA �*�5�$�=�,�1�*��and VeDBA RESTING  with weeks post treatment suggests these are less sensitive 

�P�H�D�V�X�U�H�V���R�I���W�K�H���L�Q�I�O�X�H�Q�F�H���R�I���*�,�1���R�Q���D�Q�L�P�D�O���D�F�W�L�Y�L�W�\�������1�H�Y�H�U�W�K�H�O�H�V�V�����L�Q��Chapter 2  (Ikurior et 

al, 2020) the overall VeDBA was reduced in parasitised lambs indicating that trends may still 

�E�H���S�U�H�V�H�Q�W�����)�D�H�F�D�O���H�J�J���F�R�X�Q�W�V���L�Q���W�Ke current study were also negatively correlated with the 

�L�Q�W�H�Q�V�L�W�\�� �O�H�Y�H�O�V�� ���9�H�'�%�$���� �R�I�� �D�O�O�� �D�F�W�L�Y�L�W�L�H�V�� �P�H�D�V�X�U�H�G����These indicated that r educed 

VeDBA �*�5�$�=�,�1�*��and VeDBA �:�$�/�.�,�1�*  �L�Q���L�Q�G�L�Y�L�G�X�D�O�V���Z�L�W�K���K�L�J�K�H�U���H�J�J���R�X�W�S�X�W���F�D�Q���E�H���H�[�S�H�F�W�H�G�����2�Q��

the other hand, reduced VeDBA RESTING  appears counter intuitive as ‘resting’ implies inactivity, 

�E�X�W���D�Q�L�P�D�O�V���L�Q���W�K�L�V���G�H�I�L�Q�H�G���V�W�D�W�H���D�U�H���V�W�L�O�O���D�E�O�H���W�R���P�D�N�H���P�L�Q�R�U���P�R�Y�H�P�H�Q�W�V������ �7�K�H���V�L�J�Q�L�I�L�F�D�Q�W��

decline with increasing faecal egg count indicates they make fewer of these minor movements 

whilst  �¶�U�H�V�W�L�Q�J�·���L���H�����W�K�H���L�Q�W�H�Q�V�L�W�\���R�I���D�F�W�L�Y�L�W�\���Z�K�L�O�V�W���¶�U�H�V�W�L�Q�J�·���G�H�F�O�L�Q�H�V������ 

There appeared to be a pattern in the proportion of time spent grazing across period of 

�P�H�D�V�X�U�H�P�H�Q�W�����7�K�H���W�L�P�H���O�D�P�E�V���D�O�O�R�F�D�W�H�G���W�R���G�D�L�O�\���J�U�D�]�L�Q�J���V�K�R�Z�H�G���D�Q���X�S�Z�D�U�G���W�U�H�Q�G���X�S���W�R���W�K�U�H�H��

weeks post treatment, declining into the fourth week (except for Period 2 where a reduction 

was observed earlier), only to start trending upward again into the fifth week post treatment; 

but there was no obvious explanation for the occurrence of this pattern from  �W�K�H���G�D�W�D�����&�K�D�Q�J�H�V��

in grazing activity were substantiated by commensurate significant live weight changes 

observed among the lambs during treatment P�H�U�L�R�G�V�������D�Q�G���������7�K�H�V�H���J�U�R�Z�W�K���U�D�W�H�V���P�L�U�U�R�U�H�G���W�K�H��

�S�D�W�W�H�U�Q���R�E�V�H�U�Y�H�G���I�R�U���J�U�D�]�L�Q�J���D�F�W�L�Y�L�W�\�����/�L�Y�H���Z�H�L�J�K�W���J�D�L�Q�V���Z�Hre not markedly different from week 

to week over the six -�Z�H�H�N�V���O�D�P�E�V���Z�H�U�H���O�H�I�W���X�Q�W�U�H�D�W�H�G���L�Q���W�K�H���I�L�Q�D�O���W�Z�R���S�H�U�L�R�G�V�����,�W���F�D�Q���R�Q�O�\���E�H��

speculated that as resident immature parasites matured to adults 21 days after treatment, 
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they induced anorectic effects leadi ng to significant reduction in grazing in an attempt to limit 

�I�X�U�W�K�H�U���L�Q�I�H�F�W�L�R�Q�����:�K�L�O�V�W���X�Qexpected that the proportion of time spent grazing started to rise 

�D�J�D�L�Q���D�I�W�H�U���������G�D�\�V (with bigger egg counts) , it suggests that  some adjustments in activity time 

budgets of infected lambs may have started to occur���� �7�K�H�� �P�H�F�K�D�Q�L�V�P�V�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K��

anorexia are largely elusive, due in part to the fact that infected animals voluntarily reduce 

their feed (nutrition) intake at a time when it is needed most to ameliorate th e complex array 

of changes occurring as a result of a protein -losing gastroenteropathy, as summarised by Coop 

�D�Q�G���.�\�U�L�D�]�D�N�L�V�������������������,�Q���W�K�U�H�H���S�H�U�L�R�G�V���L�Q���W�K�H���F�X�U�U�H�Q�W���V�W�X�G�\�����W�K�H���O�D�P�E�V���V�K�R�Z�H�G���E�H�K�D�Y�L�Rural 

change consistent with attempting to maintain liveweigh t�����7�K�H���U�H�D�V�R�Q�V���I�R�U���W�K�L�V���R�F�F�X�U�U�H�Q�F�H���D�U�H��

�Q�R�W���L�P�P�H�G�L�D�W�H�O�\���F�O�H�D�U���I�U�R�P���W�K�H���G�D�W�D�� 

In the present study, the time allocated to grazing increased within seven days of receiving 

�P�R�Q�H�S�D�Q�W�H�O�����6�L�Q�F�H���Q�R���D�W�W�H�P�S�W���Z�D�V���P�D�G�H��to measure the relationship between feed intake a nd 

grazing time recorded by tri -axial accelerometers, no claims can be made  that  this also mean t 

intake increased, although in sheep monitored with vibracoders , an increase in feed intake was 

associated with  time spent grazing  ���+�X�W�F�K�L�Q�J�V���H�W���D�O����������������, and similarly  reduced grazing time 

was associated with reduced feed intake in cattle  when monitored  with jaw movement 

�U�H�F�R�U�G�H�U�V�� ���)�R�U�E�H�V���� ������������ Assuming that grazing time was reflected in feed intake in the 

present study , then these findings are in accord  �Z�L�W�K���W�K�R�V�H���R�I���.�\�U�L�D�]�D�N�L�V���H�W���D�O���������������������Z�K�R��

�G�H�P�R�Q�V�W�U�D�W�H�G���W�K�D�W���Y�R�O�X�Q�W�D�U�\���I�H�H�G���L�Q�W�D�N�H���G�H�F�O�L�Q�H�G���R�U���U�H�P�D�L�Q�H�G���V�W�D�W�L�F���I�U�R�P���:�H�H�N�������L�Q���J�U�R�Z�L�Q�J��

lambs sub-clinically infected with Trichostrongylus colubriformis  �I�R�U�� ������ �Z�H�H�N�V���� �7�K�H�\�� �D�O�V�R��

showed that in a subset of infected lambs treated after nine weeks of infection, feed intake 

�U�H�F�R�Y�H�U�H�G���Z�L�W�K�L�Q���D���I�H�Z���G�D�\�V���R�I���U�H�F�H�L�Y�L�Q�J���D�Q�W�K�H�O�P�L�Q�W�L�F�V�� �:�K�D�W���U�H�P�D�L�Q�V���W�R���E�H���L�Q�Y�H�V�W�L�J�D�W�H�G at 

present is how feed intake relates with time spent grazing  as measured by accelerometers �����,�Q��

studies to date, this has been reported to be difficult to achieve  ���*�L�R�Y�D�Q�H�W�W�L���H�W���D�O������������������ 

Of interest, the presence of co -grazing pasture maintenance animals had a positive association 

�Z�L�W�K�� �J�U�D�]�L�Q�J�� �D�F�W�L�Y�L�W�\���� �7�K�L�V�� �P�D�\�� �E�H�� �G�X�H�� �W�R�� �D�� �Y�D�U�L�H�W�\�� �R�I�� �F�D�X�V�H�V���� �%�L�U�U�H�O�O (1991) showed that 

stocking rate influenced grazing activity where sheep at a lower stocking rate started grazing 

earlier in the day than a higher stocking rate in autumn and that this order reversed in the 

�V�S�U�L�Q�J�������7�K�L�V���D�X�W�K�R�U���V�X�J�J�H�V�W�V���W�K�L�V���P�D�\���U�H�I�O�H�F�W���Fompetition for available pasture with animals 

�D�W���W�K�H���O�R�Z�H�U���V�W�R�F�N�L�Q�J���U�D�W�H���D�F�K�L�H�Y�L�Q�J���V�D�W�L�H�W�\���P�R�U�H���U�D�S�L�G�O�\�������,�Q���W�K�H���S�U�H�V�H�Q�W���V�W�X�G�\�����D�O�W�K�R�X�J�K���Q�R�W��

measured, pasture availability was considered more than sufficient for the animals available 

as indicated by the ne �H�G���W�R���L�Q�W�U�R�G�X�F�H���W�K�H�V�H���D�G�G�L�W�L�R�Q�D�O���D�Q�L�P�D�O�V���W�R���F�R�Q�W�U�R�O���W�K�H���H�[�F�H�V�V�������7�K�X�V����

�O�L�P�L�W�H�G���D�Y�D�L�O�D�E�O�H���S�D�V�W�X�U�H���L�V���D�Q���X�Q�O�L�N�H�O�\���U�H�D�V�R�Q���I�R�U���W�K�L�V���H�I�I�H�F�W�� �+�R�Z�H�Y�H�U�����V�R�P�H���R�I���W�K�H���I�L�Q�G�L�Q�J�V 
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associated with changes in activity during the weeks post treatment  may have been easier t o 

�H�[�S�O�D�L�Q���Z�L�W�K���P�H�D�V�X�U�H�P�H�Q�W�V���R�I���S�D�V�W�X�U�H���T�X�D�O�L�W�\���D�Q�G���E�L�R�P�D�V�V�� 

����3��6 Conclusion 

Tri -axial accelerometers mounted on lambs provided data that allowed identification of the 

effects of GIN on the activity patterns of lambs observed from weaning to one year of ag �H����This 

study provided evidence that reduced time allocated to grazing was an important response to 

subclinical GIN parasitism  �L�Q���L�Q�I�H�F�W�H�G���O�D�P�E�V�����/�D�P�E�V���L�Q�F�U�H�D�V�H�G���W�K�H�L�U���G�D�L�O�\���W�L�P�H���D�O�O�R�F�D�W�L�R�Q���W�R��

grazing in response to treatment, before demonstrating a declin e in time spent grazing in the 

�V�X�E�V�H�T�X�H�Q�W���Z�H�H�N�V���D�I�W�H�U���W�U�H�D�W�P�H�Q�W�����7�K�L�V���U�H�G�X�F�H�G���J�U�D�]�L�Q�J���D�F�W�L�Y�L�W�\���Z�D�V���D���U�H�V�X�O�W���R�I���D���U�H�G�X�F�W�L�R�Q���L�Q��

the total proportion of daily grazing activity and not due to reduced intensity of grazing per 

�G�D�\���� �7�K�H�� �I�L�Q�G�L�Q�J�V�� �V�K�R�Z�� �W�K�D�W�� �V�X�E�F�O�L�Qical infection of lambs naturally infected with GIN 

markedly reduced the proportion of time spent walking, while there was a rise in the 

�S�U�R�S�R�U�W�L�R�Q���R�I���W�L�P�H���V�S�H�Q�W���U�H�V�W�L�Q�J�����L���H�����O�\�L�Q�J���D�Q�G���V�W�D�Q�G�L�Q�J������The estimated time spent in different 

activities and the in tensities of the effort to perform these activities were highlighted as useful 

measures for assessing GIN parasitism , the latter being a more sensitive measure of activity 

changes in GIN infected lambs  in relation to faecal worm egg counts of lambs �����+�R�Z�H�Y�H�U�����E�R�W�K��

proportion and intensity of activity contributed to defining the behavioural response of 

�S�D�U�D�V�L�W�L�V�H�G���O�D�P�E�V���F�R�P�S�D�U�H�G���W�R���Z�K�H�Q���W�K�H�\���Z�H�U�H���L�Q�L�W�L�D�O�O�\���W�U�H�D�W�H�G�����7�K�H���G�L�I�I�H�U�H�Q�F�H�V���L�Q���W�K�H���P�R�G�H�O��

slopes when using either proportion or intensity of activity highlights the relevance of 

�F�R�Q�V�L�G�H�U�L�Q�J���W�K�H���P�H�D�V�X�U�H���W�K�D�W���L�V���P�R�V�W���V�X�L�W�D�E�O�H���I�R�U���X�V�H���L�Q���U�H�O�D�W�L�R�Q���W�R���V�S�H�F�L�I�L�F���V�W�X�G�\���T�X�H�V�W�L�R�Q�V�� 
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CHAPTER 6 – MOVEMENT AND BEHAVIOURAL ACTIVITIES OF ADULT 
EWES PRE-MATING IS INDEPENDENT OF FAECAL EGG COUNTS 

 
������ Abstract  

In Chapter 5 , global position system (GPS) and accelerometer sensors  were used to measure 

the activity of young growing lambs, and were able to show that the distance mov ed by the 

lambs and time spent grazing were affected by sub- clinical levels of gastrointestinal nematode 

���*�,�1���� �S�D�U�D�V�L�W�L�V�P���� �7�K�L�V�� �P�D�\�� �P�H�D�Q�� �W�K�D�W�� �V�X�F�K�� �W�H�F�K�Q�R�O�R�J�L�H�V�� �F�R�X�O�G�� �E�H�� �X�V�H�G�� �W�R�� �E�H�W�W�H�U�� �D�V�V�L�J�Q��

�W�U�H�D�W�P�H�Q�W���W�R���R�Q�O�\���W�K�R�V�H���D�Q�L�P�D�O�V���P�R�V�W���L�Q���Q�H�H�G�����$�Q�R�W�K�H�U���R�S�W�L�R�Q���I�R�U��reducing anthelmintic use 

on farms is to similarly restrict treatments in adult animals, restricting for example the use of 

anthelmintics pre -mating  �V�L�Q�F�H�� �I�D�U�P�H�U�V�� �L�Q�� �1�H�Z�� �=�H�D�O�D�Q�G commonly drench their ewes 

premating �����7�R���W�K�L�V���H�Q�G�����W�K�H���S�U�H�V�H�Q�W���V�W�X�G�\���V�R�X�J�K�W���W�R investigate activity patterns in a group of 

������-year-�R�O�G���5�R�P�Q�H�\���H�Z�H�V���S�U�L�R�U���W�R���P�D�W�L�Q�J�����$�O�O���W�K�H���H�Z�H�V���Z�H�U�H���I�D�H�F�D�O���V�D�P�S�O�H�G���R�Q���W�K�H���������-�D�Q��

�����������D�Q�G���W�U�H�D�W�H�G���D�W���W�K�L�V���W�L�P�H�������%�H�K�D�Y�L�R�X�U���P�R�Q�L�W�R�U�L�Q�J���F�R�P�P�H�Q�F�H�G���R�Q���W�K�H�������0�D�U�����'�D�\�����������)�L�I�W�\-

nine of the ewes were weighed, faecal sampled, body condition scored, and each was then fitted 

�Z�L�W�K���D���F�R�O�O�D�U���P�R�X�Q�W�L�Q�J���D���*�3�6���P�R�Q�L�W�R�U���D�Q�G���D�Q���D�F�F�H�O�H�U�R�P�H�W�H�U�����7�K�H���F�R�O�O�D�U�V���Z�H�U�H���O�H�I�W���R�Q���X�Q�W�L�O��������

�0�D�U�����'�D�\�������������Z�K�H�Q���W�K�H���H�Z�H�V���Z�H�U�H���D�J�D�L�Q���I�D�H�F�D�O���V�D�P�S�O�H�G�����Z�H�L�J�K�H�G���D�Q�G���E�R�G�\���F�R�Q�G�L�W�L�R�Q���V�F�R�U�H�G����

The activ ity monitors started recording on midnight of the 9 Mar, providing 10 days of data, 

from which average daily distance travelled, daily activity budgets (time spent grazing, resting 

(lying or standing) or walking) and daily activity levels (intensity of the  �H�I�I�R�U�W�����Z�H�U�H���F�D�O�F�X�O�D�W�H�G�� 

The data were further analysed by categorising the ewes as either moderate to high faecal egg 

�F�R�X�Q�W�V�����)�(�&�����•�����������H�J�J�V�����J�����R�U���O�R�Z�����”�����������H�J�J�V�����J�������D�Q�G���O�R�Z���E�R�G�\���F�R�Q�G�L�W�L�R�Q���V�F�R�U�H�����%�&�6�����”����������

�Q� �����������L�Q�W�H�U�P�H�G�L�D�W�H�����������Q� ���������R�U���K�L�J�K�����•�����������Q� �������������2�Y�H�U���W�K�H������-day period of the study, the 

�D�Y�H�U�D�J�H�����6�'�����U�D�Q�J�H�����H�J�J���F�R�X�Q�W�V���U�R�V�H���I�U�R�P������������������������-�������������W�R������������������������-���������������D�Q�G���L�Q�L�W�L�D�O��

Day 0 egg counts were a poor predictor of the counts measured later on Day 11 ( �N�: � ��������������

Liveweights and BCS rem �D�L�Q�H�G���X�Q�F�K�D�Q�J�H�G�����1�R�Q�H���R�I���W�K�H���S�H�U�I�R�U�P�D�Q�F�H���S�D�U�D�P�H�W�H�U�V���P�H�D�V�X�U�H�G��

between Day 0 and 11 (liveweight, liveweight gain, body condition score) were significantly 

�D�V�V�R�F�L�D�W�H�G���Z�L�W�K���K�R�Z���P�X�F�K���W�K�H���H�Z�H�V���P�R�Y�H�G�����7�K�H���U�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q���)�(�&���D�Q�G���W�K�H���P�H�D�Q���G�D�L�O�\��

distance trave lled by adult ewes was equivocal; on Day 11 FEC were associated with reduced 

distance moved (p � �������������������E�X�W���W�K�H�U�H���Z�D�V���Q�R���U�H�O�D�W�L�R�Q�V�K�L�S���D�W���R�W�K�H�U���W�L�P�H�V�����7�K�H�U�H���Z�D�V���Q�R���H�Y�L�G�H�Q�F�H��

found for an association between FEC and time allocated to grazing, walking and resting of 

ewes prior to mating, but liveweight gain and daily grazing activity were significantly 
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associated (p = ���������������D�Q�G���%�&�6���S�U�H�G�L�F�W�H�G���W�K�H���L�Q�W�H�Q�V�L�W�\���R�I���U�H�V�W�L�Q�J���D�F�W�L�Y�L�W�\����p = ���������������V�X�F�K���W�K�D�W��

�W�K�L�Q�� �H�Z�H�V�� �K�D�G�� �¶�U�H�V�W�H�G�·�� �P�R�U�H���� �� �7�K�H�� �O�D�F�N�� �R�I�� �F�R�Q�V�L�V�W�H�Q�W��influence of FEC  on movement and 

behaviour  may be a consequence of the limitations of using egg counts to predict both the 

burden of parasites or their impact , but may also reflect the fact that parasitism is just one 

contributor to poor performance of ewe �V�� 

������ Introduction  

Adult sheep  �L�Q���1�H�Z���=�H�D�O�D�Q�G, especially British breeds, have largely developed an immune 

response by adulthood that is able to control gastrointestinal parasites although not eliminate 

them entirely (Pomroy 2017; Sutherland and Scott, 20 ���������� �1�H�Y�H�U�W�K�H�O�H�V�V�����I�U�R�P���W�L�P�H���W�R���W�L�P�H��

�D�G�X�O�W���V�K�H�H�S���Z�L�O�O���D�F�T�X�L�U�H���E�X�U�G�H�Q�V���R�I���J�D�V�W�U�R�L�Q�W�H�V�W�L�Q�D�O���Q�H�P�D�W�R�G�H�V�����*�,�1�����W�K�D�W���U�H�T�X�L�U�H���W�U�H�D�W�P�H�Q�W����

There are also occasions when removal of GIN may be of benefit  to the ewe, such as before 

mating  ���.�H�P�S�W�K�R�U�Q�H���H�W���D�O���������������� and around lambing  (�*�R�J�R�O�H�Z�V�N�L���H�W���D�O��������������)�����+�R�Z�H�Y�H�U�����W�K�H��

treatment of adult ewes around lambing time and pre -mating, especially with long acting 

anthelmintics, has been identified as a high- risk management practice associated with being 

selective for anthel mintic resistant genotypes ���/�H�D�W�K�Z�L�F�N���H�W���D�O�������������������/�D�Z�U�H�Q�F�H���H�W���D�O��������������������

�,�Q���1�H�Z���=�H�D�O�D�Q�G�����L�W���L�V���F�R�P�P�R�Q���S�U�D�F�W�L�F�H���W�R���W�U�H�D�W���D�G�X�O�W���H�Z�H�V���Z�L�W�K���D�Q�W�K�H�O�P�L�Q�W�L�F�V���S�U�L�R�U���W�R���P�D�W�L�Q�J��

to remove parasites from the animals which is meant to result in improved live weight 

p�H�U�I�R�U�P�D�Q�F�H���D�Q�G���E�H�W�W�H�U���P�D�W�L�Q�J���R�X�W�F�R�P�H�����0�L�O�O�H�U���H�W���D�O���������������������*�D�V�W�U�R�L�Q�W�H�V�W�L�Q�D�O���Q�H�P�D�W�R�G�H�V���D�U�H��

not usually a clinical problem at mating (Sutherland and Scott, 2010), although, there is some 

evidence to suggest that GIN infected sheep are less fecund than uninf ected sheep 

���.�H�P�S�W�K�R�U�Q�H���H�W���D�O���������������������� 

Ideally, only those sheep that would benefit from treatment for GIN would be identified and 

�W�U�H�D�W�H�G���� �7�K�L�V�� �W�D�U�J�H�W�H�G�� �V�H�O�H�F�W�L�Y�H�� �W�U�H�D�W�P�H�Q�W�� ���7�6�7���� �D�S�S�U�R�D�F�K�� ���.�H�Q�\�R�Q�� �H�W�� �D�O������ ������������ �X�V�H�V��

pathophysiologic or performance -based markers of parasitism to identify individuals who 

�Z�D�U�U�D�Q�W���W�U�H�D�W�P�H�Q�W���U�D�W�K�H�U���W�K�D�Q���W�U�H�D�W�L�Q�J���W�K�H���Z�K�R�O�H���K�H�U�G�����+�H�Q�F�H�����D���F�D�V�H���F�D�Q���E�H���P�D�G�H���I�R�U���W�K�H���U�R�O�H��

of TST in minimizing the risk associated with (re)production deficits while being a viable 

alternative to whole- �K�H�U�G���W�U�H�D�W�P�H�Q�W�V���Z�K�L�F�K���D�U�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���V�H�O�H�F�W�L�Q�J���U�H�V�L�V�W�D�Q�W���J�H�Q�R�W�\�S�H�V���� 

Gastrointestinal nematode parasites can induce a level of inappetence and lethargy in infected 

�D�Q�L�P�D�O�V���� �7�K�H�� �L�P�S�R�U�W�D�Q�F�H�� �R�I�� �L�Q�D�S�S�H�W�H�Q�F�H�� �D�V�� �D�� �F�R�P�S�R�Q�H�Q�W�� �R�I�� �S�U�R�G�X�F�W�L�R�Q�� �O�R�V�V�� �U�H�V�X�O�W�L�Q�J�� �I�U�R�P 

subclinical GIN infections has been demonstrated in studies that have shown that between 60 

- �����������R�I���W�K�H���U�H�G�X�F�H�G���J�U�R�Z�W�K���U�D�W�H���R�I���O�D�P�E�V���F�D�X�V�H�G���E�\���S�D�U�D�V�L�W�H�V���L�V���G�L�U�H�F�W�O�\���D�W�W�U�L�E�X�W�D�E�O�H���W�R���D��

reduction in feed intake ���&�R�R�S���H�W���D�O���������������������,�Q���D�Q���H�D�U�O�L�H�U���F�K�D�S�W�H�U���L�Q this thesis ( Chapter 5 ) for 
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�O�D�P�E�V�� �D�O�O�R�Z�H�G�� �W�R�� �J�U�D�]�H�� �F�R�Q�W�D�P�L�Q�D�W�H�G�� �S�D�V�W�X�U�H�V�� �I�R�U�� ������ �G�D�\�V�� �D�I�W�H�U�� �U�H�F�H�L�Y�L�Q�J�� �D�� �V�K�R�U�W-acting 

anthelmintic, parasite load (indicated by FEC) was found to be negatively associated with 

distance travelled and the proportion of time spe�Q�W���J�U�D�]�L�Q�J�����7�K�L�V���Z�D�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���P�R�U�H��

�U�H�V�W�L�Q�J���W�L�P�H�����L���H�������W�L�P�H���V�S�H�Q�W���O�D�\�L�Q�J���G�R�Z�Q���R�U���V�W�D�Q�G�L�Q�J�����S�H�U���G�D�\���F�R�P�S�D�U�H�G���W�R���O�D�P�E�V���J�U�D�]�L�Q�J���W�K�H��

�V�D�P�H���S�D�V�W�X�U�H�V���E�X�W���Z�K�L�F�K���Z�H�U�H���E�H�W�Z�H�H�Q���V�H�Y�H�Q���D�Q�G���������G�D�\�V���I�U�R�P���U�H�F�H�L�Y�L�Q�J���D�Q�W�K�H�O�P�L�Q�W�L�F�V�����7�K�H�V�H��

changes are potentially important as indicators of disease and are viable candidates to drive a 

�7�6�7���D�S�S�U�R�D�F�K�����7�K�H�U�H���L�V���U�H�O�D�W�L�Y�H�O�\���O�L�W�W�O�H���L�Q�I�R�U�P�D�W�L�R�Q���R�Q���W�K�H���H�I�I�H�F�W���R�I���V�X�E�F�O�L�Q�L�F�D�O���*�,�1���L�Q�I�H�F�W�L�R�Q�V��

on movement behaviour and grazing behaviour  in pasture -based adult sheep although effects 

on milk production have been measured in adult cattle which were either treated with an 

�D�Q�W�K�H�O�P�L�Q�W�L�F���R�U���Q�R�W�����)�R�U�E�H�V���H�W���D�O�����������������:�L�W�K���F�X�U�U�H�Q�W���D�G�Y�D�Q�F�H�V���L�Q���W�K�H���D�E�L�O�L�W�\���W�R���P�R�Q�L�W�R�U���D�Q�L�P�D�O��

behaviour remotely with technology, such as global positioning system and tri -axial 

accelerometers, the monitoring of activity changes if detectable from sensor data could be used 

to assign treatments to �L�Q�G�L�Y�L�G�X�D�O�V���� �7�K�H aim of the present study was to investigate the 

expression of movement and grazing behaviour of adult ewes na turally infected with varying 

�E�X�U�G�H�Q�V���R�I���*�,�1�����P�H�D�V�X�U�H�G���X�V�L�Q�J���)�(�&�����S�U�L�R�U���W�R���P�D�W�L�Q�J�����7�Z�R���V�S�H�F�L�I�L�F���T�X�H�V�W�L�R�Q�V���Z�H�U�H���D�G�G�U�H�V�V�H�G����

(1) Are host movement and behavioural activities negatively affected by greater parasite load 

���+�L�J�K-FEC) compared to lower burdens (Lo w-FEC)? and (2) is reduced distance travelled, 

reduced grazing time and increased resting time associated with poorer performing ewes (low 

body condition score and live weight gain)?  

������ Materials and Methods  

6.3.1 Study site and animal management 

The exp�H�U�L�P�H�Q�W���Z�D�V���F�R�Q�G�X�F�W�H�G���D�W���0�D�V�V�H�\���8�Q�L�Y�H�U�V�L�W�\�·�V���.�H�H�E�O�H�V���)�D�U�P�����1�H�Z���=�H�D�O�D�Q�G���R�Y�H�U���W�K�H��

�S�H�U�L�R�G���������-�D�Q�X�D�U�\��– 23 March 2020, which is during the post -weaning period prior to mating 

�L�Q���W�K�L�V���U�H�J�L�R�Q�����7�K�H���F�X�U�U�H�Q�W���V�W�X�G�\���L�Q�Y�R�O�Y�H�G���������H�Z�H�V���D�J�H�G���W�Z�R-and-a-half years with a m ean body 

�Z�H�L�J�K�W���R�I�������������N�J�����6�'��� ���������������7�K�H�V�H���H�Z�H�V���Z�H�U�H���S�D�U�W���R�I���D���F�R�K�R�U�W���R�I�����������H�Z�H�V���P�D�Q�D�J�H�G���D�V���R�Q�H���P�R�E��

in a long -term whole -of-life study investigating the effect of birth rank, dam age and post -

weaning management on the reproductive performance of ewes ���+ �D�V�O�L�Q���H�W���D�O���������������������7�K�H���H�Z�H�V��

�Z�H�U�H���L�Q�G�L�Y�L�G�X�D�O�O�\���L�G�H�Q�W�L�I�L�H�G���D�Q�G���Z�H�U�H���P�R�Q�L�W�R�U�H�G���U�H�J�X�O�D�U�O�\���I�R�U���O�L�Y�H���Z�H�L�J�K�W�V���D�Q�G���E�R�G�\���F�R�Q�G�L�W�L�R�Q����

They had been dosed with a long -�D�F�W�L�Q�J�� �D�Q�W�K�H�O�P�L�Q�W�L�F�� �D�W�� �O�D�P�E�L�Q�J�� ���¶�%�L�R�Q�L�F�� �+�L�� �0�L�Q�H�U�D�O��

Combination Sheep Capsules’, Boehringer Ingelhei �P���$�Q�L�P�D�O���+�H�D�O�W�K���1�=�����L�Q���$�X�J�X�V�W���������������7�K�H��

animals in the current study were sampled from the Control treatment group (n=102) 

�G�H�V�F�U�L�E�H�G���L�Q���+�D�V�O�L�Q���H�W���D�O���·�V�����������������V�W�X�G�\���W�R���V�L�P�X�O�D�W�H���V�W�D�Q�G�D�U�G���H�Z�H���J�U�R�Z�W�K���F�R�Q�G�L�W�L�R�Q�V���D�V���P�X�F�K��
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�D�V���S�R�V�V�L�E�O�H�����7�K�H�V�H���F�R�Q�W�U�R�O���H�Z�H�V���Z�H�U�H���W�Z�Ln-born ewes born �W�R���P�D�W�X�U�H���H�Z�H�V�������'�X�U�L�Q�J���W�K�L�V���S�U�H�V�H�Q�W��

�V�W�X�G�\�����W�K�H���H�Q�W�L�U�H���F�R�K�R�U�W���R�I���H�Z�H�V�����Q� �������������L�Q�F�O�X�G�L�Q�J���W�K�H���V�W�X�G�\���D�Q�L�P�D�O�V�����Z�H�U�H���V�K�L�I�W�H�G���G�D�L�O�\���W�R��

�I�U�H�V�K���S�D�G�G�R�F�N�V���I�U�R�P���'�D�\�������W�R���'�D�\�������R�I���W�K�H���V�W�X�G�\�����7�K�H���V�L�]�H�V���R�I���W�K�H�V�H���S�D�G�G�R�F�N�V���Z�H�U�H���������������������D�Q�G��

���������K�H�F�W�D�U�H�V���U�H�V�S�H�F�W�L�Y�H�O�\�����2�Q���'�D�\���������D�O�O���W�K�H���H�Z�H�V���L�Q���W�K�H���&�R�Q�W�U�R�O���*�U�R�X�S���Z�H�U�H���V�K�L�I�W�H�G���W�R���D��������-

hectare paddock where they were set -stocked and remained by themselves till Day 11, which 

�P�D�U�N�H�G���W�K�H���H�Q�G���R�I���W�K�H���V�W�X�G�\�� 

6.3.2 Study design 

Sixty ewes were randomly selected from �W�K�H���&�R�Q�W�U�R�O���*�U�R�X�S�����Q� �������������$�O�O���W�K�H���H�Z�H�V���Z�H�U�H���I�D�H�F�D�O��

�V�D�P�S�O�H�G���R�Q���W�K�H���������-�D�Q���������������D�Q�G���K�L�J�K���H�J�J���F�R�X�Q�W�V�����P�H�D�Q�������� egg/g, range 0-�������������O�H�G���W�R���W�K�H�P��

�D�O�O���E�H�L�Q�J���W�U�H�D�W�H�G���Z�L�W�K���D�Q�W�K�H�O�P�L�Q�W�L�F�V�����7�K�X�V�����R�Q���������-�D�Q�X�D�U�\���������������'�D�\��-46), all the ewes received 

a single oral dose of a triple -�F�R�P�E�L�Q�D�W�L�R�Q���D�Q�W�K�H�O�P�L�Q�W�L�F���F�R�Q�V�L�V�W�L�Q�J���R�I�����������P�J���N�J���D�E�D�P�H�F�W�L�Q������������

�P�J���N�J�� �O�H�Y�D�P�L�V�R�O�H�� �D�Q�G�� �������� �P�J���N�J�� �R�[�I�H�Q�G�D�]�R�O�H�� ��MATRIX �+�L-Mineral; Boehringer Ingelheim 

�$�Q�L�P�D�O���+�H�D�O�W�K���1�=�������7�K�H���H�Z�H�V���Z�H�U�H���V�X�E�V�H�T�X�H�Q�W�O�\���D�O�O�R�Z�H�G���W�R���J�U�D�]�H���R�Q���F�R�Q�W�D�P�L�Q�D�W�H�G���S�D�V�W�X�U�H��

and the  start of the study was therefore delayed to the 9 Mar 2020 (Day 0), when continuous 

�E�H�K�D�Y�L�R�X�U���P�R�Q�L�W�R�U�L�Q�J���F�R�P�P�H�Q�F�H�G���X�S���W�R���'�D�\�����������7�K�H���D�F�W�L�Y�L�W�\���P�R�Q�L�W�R�U�V���V�W�D�U�W�H�G���U�H�F�R�U�G�L�Q�J���R�Q��

midnight of the 9 of Mar ch ���L���H���I�U�R�P���E�H�J�L�Q�Q�L�Q�J���R�I���'�D�\�����������S�U�R�Y�L�G�L�Q�J���������G�D�\�V���R�I���G�D�W�D, from which 

average daily distance travelled, daily activity budgets (time spent grazing, resting (lying or 

�V�W�D�Q�G�L�Q�J�����R�U���Z�D�O�N�L�Q�J�����D�Q�G���G�D�L�O�\���D�F�W�L�Y�L�W�\���O�H�Y�H�O�V�����L�Q�W�H�Q�V�L�W�\���R�I���W�K�H���H�I�I�R�U�W�����Z�H�U�H���F�D�O�F�X�O�D�W�H�G�����6�K�H�H�S��

were then mustered on Day 11 for further measureme nts of weight and condition scoring, and 

�W�R���U�H�W�U�L�H�Y�H���W�K�H���F�R�O�O�D�U�V���� 

6.3.3 Movement and Activity monitoring 

The ewes were monitored with both a global positioning system (GPS) collar and a tri -axial 

�D�F�F�H�O�H�U�R�P�H�W�H�U���D�O�V�R���D�W�W�D�F�K�H�G���W�R���W�K�H���F�R�O�O�D�U�����7�K�H���F�R�O�O�D�U�V���Z�H�U�H placed on the necks of the sheep 

�Z�L�W�K�� �W�K�H���*�3�6�� �X�Q�L�W�� �L�Q�� �D�� �Y�H�Q�W�U�D�O�� �S�R�V�L�W�L�R�Q���� �7�K�H�� �*�3�6�� �F�R�O�O�D�U�V�� �Z�H�U�H���F�R�Q�V�W�U�X�F�W�H�G�� �E�\�� �'�D�W�D�&�D�U�W�H�U��

(�Z�Z�Z���G�D�W�D�F�D�U�W�H�U���F�R���Q�]) and contained a u- �E�O�R�[�������F�K�L�S�V�H�W�����X-blox®�����6�Z�L�W�]�H�U�O�D�Q�G��������In Chapter 

3, the accuracy of the GPS chipset was estimated with a mean error from actual receiver 

position of ����������and a standard deviation of  ����������m when subject to a static accuracy test  at one 

second epoch�����5�H�V�X�O�W�V���G�H�P�R�Q�V�W�U�D�W�H�G�����������������R�I���S�R�L�Q�W�V���I�H�O�O���Z�L�W�K�L�Q�������P���D�Q�G�����������������Z�L�W�K�L�Q�����������P��

�R�I�� �W�K�H���N�Q�R�Z�Q���S�R�L�Q�W�����7�K�H�� �F�R�O�O�D�U�V���Z�H�U�H���S�U�R�J�U�D�P�P�H�G���W�R���U�H�F�R�U�G���V�K�H�H�S�� �O�R�F�D�W�L�R�Q���E�D�V�H�G���R�Q���W�K�U�H�H��

�F�U�L�W�H�U�L�D�����P�R�Y�H�P�H�Q�W�����Y�H�O�R�F�L�W�\���D�Q�G���W�L�P�H����Positions were only recorded when movement exceeded 

�W�K�H���W�K�U�H�V�K�R�O�G���R�I�������P�H�W�U�H�V���D�Q�G���Y�H�O�R�F�L�W�\���Z�D�V���O�H�V�V���W�K�D�Q���������P�H�W�U�H�V���V�H�F�R�Q�G�����7�K�H�U�H���Z�D�V���D�O�V�R���D���W�L�P�H��
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threshold of one minute after which a position was recorded irrespective of movement and 

�Y�H�O�R�F�L�W�\�� 

Acceleration was measured with an ActiGraph wGT3X -BT® acceleration sensor (ActiGraph, 

LLC, Pensacola, FL, USA) that measures acceleration during movement across the vertical, 

�K�R�U�L�]�R�Q�W�D�O�����D�Q�G���S�H�U�S�H�Q�G�L�F�X�O�D�U���D�[�H�V�������7�K�L�V���Z�D�V���D�W�W�D�F�K�H�G���W�R���W�K�H���G�R�U�V�D�O���V�L�G�H���R�I���W�K�H���*�3�6���F�R�O�O�D�U���R�Q��

the opposite side to the GPS unit, such that it was carried on the back of th�H���Q�H�F�N���R�I���W�K�H���V�K�H�H�S����

This unit employs a reference system that indicates longitudinal (front -to-back or surge, Y), 

horizontal (side -to-� V� L� G� H� � � R� U� � � V� Z� D� \� �� � � ;� �� � � D� Q� G� � � Y� H� U� W� L� F� D� O� � � �� X� S� � � D� Q� G� � � G� R� Z� Q� � � R� U� � � K� H� D� Y� H� �� � � =� �� � � E� R� G� \� � � D� [� H� V� �� �

�U�H�V�S�H�F�W�L�Y�H�O�\�������$�F�W�L�*�U�D�S�K���0�D�Q�X�D�O�����Y�H�U�V�L�R�Q���������������$�X�J�X�V�W�����������������%�H�I�R�U�H���D�W�W�D�F�K�L�Q�J���W�K�H���F�R�O�O�D�U�V���W�R��

the ewes, the sensors were pre -scheduled to collect acceleration data at a sampling rate of 

�����+�]�����Z�K�L�F�K���L�V���H�T�X�L�Y�D�O�H�Q�W���W�R���������V�D�P�S�O�L�Q�J���R�F�F�D�V�L�R�Q�V���L�Q���R�Q�H���V�H�F�R�Q�G�����7�K�H���D�F�F�H�O�H�U�R�P�H�W�H�U�V���Z�H�U�H��������

�ð���������ð���������P�P���L�Q���V�L�]�H���D�Q�G���Z�H�L�J�K�H�G �������J�������7�K�H���R�U�L�H�Q�W�D�W�L�R�Q���R�I���W�K�H���V�H�Q�V�R�U�V���Z�D�V���W�K�H���V�D�P�H���R�Q���D�O�O��

�V�K�H�H�S�����$���E�H�K�D�Y�L�R�X�U���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���D�O�J�R�U�L�W�K�P���G�H�Y�H�O�R�S�H�G���I�U�R�P���U�D�Z���D�F�F�H�O�H�U�R�P�H�W�H�U�\���G�D�W�D���I�U�R�P���W�K�H��

Actigraph wGT3X -BT® sensor classified three distinct behavioural activities of sheep on 

pasture, namely g razing, resting (lying or standing) and walking activities ( Chapter 4 �������7�K�H��

�D�F�F�X�U�D�F�\���S�U�H�G�L�F�W�H�G���I�U�R�P���W�K�H���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���D�O�J�R�U�L�W�K�P���Z�D�V�������������� ������ ���� �D�Q�G�������� ���� �I�R�U���J�U�D�]�L�Q�J����

�U�H�V�W�L�Q�J���D�Q�G���Z�D�O�N�L�Q�J���D�F�W�L�Y�L�W�L�H�V���U�H�V�S�H�F�W�L�Y�H�O�\�� 

6.3.4 Measurements 

Behaviour monitoring comme �Q�F�H�G�� �D�W�� ������������ �K�� �R�Q�� ������ �0�D�U�F�K�� ���������� ���'�D�\�� �������� �7�K�H�� �H�Z�H�V�� �Z�H�U�H��

monitored continuously for 10 days with the GPS collars and tri -�D�[�L�D�O���D�F�F�H�O�H�U�R�P�H�W�H�U�V�����'�L�V�W�D�Q�F�H��

between successive locations or step length were processed from raw GPS records for each ewe 

using the R package ‘�P�R�Y�H�+�0�0’ ���0�L�F�K�H�O�R�W�� �H�W�� �D�O������ �������������� �6�W�H�S�� �O�H�Q�J�W�K�V�� �Z�H�U�H�� �V�X�E�V�H�T�X�H�Q�W�O�\��

summed over successive 24-hour periods to provide a single value of total distance travelled 

�S�H�U�� �G�D�\���� �7�K�H�� �G�D�L�O�\�� �W�R�W�D�O�� �G�L�V�W�D�Q�F�H�� �Y�D�O�X�H�V�� �Z�H�U�H�� �X�V�H�G�� �W�R�� �F�D�O�F�X�O�D�W�H�� �W�K�H�� �D�Y�H�U�D�J�H�� �G�D�L�O�\�� �G�L�V�W�D�Q�Fe 

�W�U�D�Y�H�O�O�H�G�� �E�\�� �H�D�F�K�� �H�Z�H�� �G�X�U�L�Q�J�� �W�K�H�� �P�R�Q�L�W�R�U�L�Q�J�� �S�H�U�L�R�G���� �$�F�F�H�O�H�U�R�P�H�W�U�\�� �G�D�W�D��were collected 

�V�L�P�X�O�W�D�Q�H�R�X�V�O�\���Z�L�W�K���*�3�6���G�D�W�D�����7�K�H���E�H�K�D�Y�L�R�X�U�D�O���D�F�W�L�Y�L�W�L�H�V���R�I���J�U�D�]�L�Q�J�����U�H�V�W�L�Q�J���D�Q�G���Z�D�O�N�L�Q�J���Z�H�U�H��

�G�H�U�L�Y�H�G���I�U�R�P���U�D�Z���D�F�F�H�O�H�U�R�P�H�W�U�\���G�D�W�D���D�V���G�H�V�F�U�L�E�H�G���D�E�R�Y�H�����&�R�O�O�D�U�V���Z�H�U�H���U�H�W�U�Leved to download 

raw data to estimate the  distance travelled and proportion of each behavioural activity for the 

�G�X�U�D�W�L�R�Q���R�I���P�R�Q�L�W�R�U�L�Q�J���� 

Individual faecal samples were collected per -rectum  for determination of nematode egg counts 

�X�V�L�Q�J���D���P�R�G�L�I�L�H�G���0�F�0�D�V�W�H�U���P�H�W�K�R�G�����D�Q�G���X�V�L�Q�J�����������J���R�I���I�D�H�F�H�V�����,�Q���W�K�L�V���P�H�W�K�R�G�����H�D�F�K���H�J�J���F�R�X�Q�W�H�G��

�U�H�S�U�H�V�H�Q�W�H�G���������H�J�J�V���J�����6�W�D�I�I�R�U�G���H�W���D�O���������������������6�D�P�S�O�H�V���Z�H�U�H���F�R�O�O�H�F�W�H�G���D�Q�G���S�U�R�F�H�V�V�H�G���Z�L�W�K�L�Q��������
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h on Day -���������'�D�\�������D�Q�G���'�D�\ 11 corresponding to the pre -trial FEC screening performed to 

�D�V�V�L�J�Q���H�Z�H�V���W�R���J�U�R�X�S�V�����W�K�H���V�W�D�U�W���D�Q�G���H�Q�G���R�I���E�H�K�D�Y�L�R�X�U���P�R�Q�L�W�R�U�L�Q�J���U�H�V�S�H�F�W�L�Y�H�O�\�������%�X�O�N���I�D�H�F�D�O��

larval cultures to establish the nematode genera infecting ewes were processed on Day 0 and 

11 using a�Q���D�G�G�L�W�L�R�Q�D�O����–10 g of faeces from each ewe, pooled and mixed with Vermiculite® 

�D�Q�G���W�K�H�Q���F�X�O�W�X�U�H�G���I�R�U���������G�D�\�V���D�W���������ƒ�&���� 

�7�K�H���O�L�Y�H���Z�H�L�J�K�W�����/�:�����R�I���W�K�H���H�Z�H�V���Z�D�V���U�H�F�R�U�G�H�G���R�Q���'�D�\����-���������'�D�\�������D�Q�G���'�D�\�����������7�K�H���H�Z�H�V���Z�H�U�H��

weighed using Tru -TestTM MP600 load bars and  �;�5���������� �Z�H�L�J�K�� �K�H�D�G�� ���7�U�X-Test Group, 

�$�X�F�N�O�D�Q�G�����1�H�Z���=�H�D�O�D�Q�G�������7�K�H���Z�H�L�J�K�L�Q�J���V�\�V�W�H�P���F�R�O�O�H�F�W�H�G���O�L�Y�H���Z�H�L�J�K�W�V���D�W���D���U�H�V�R�O�X�W�L�R�Q���R�I�����������N�J����

Body condition scores (BCS; Jefferies, 1961) were measured by palpation of the lumbar 

vertebrae and associated soft tissue usi ng a scale of one (emaciated) to five (obese) scale by a 

single assessor on Day 0 and Day 11, coinciding with the start and end date of behaviour 

�P�R�Q�L�W�R�U�L�Q�J�� 

6.3.5 Statistical analyses 

All movement and activity measurements recorded when the ewes where bei ng moved were 

�U�H�P�R�Y�H�G���� 

�/�L�Y�H�Z�H�L�J�K�W���J�D�L�Q�����/�:�*�����Z�D�V���D�Q�D�O�\�V�H�G���D�V���W�K�H���G�L�I�I�H�U�H�Q�F�H���L�Q���P�R�V�W���U�H�F�H�Q�W���D�Q�G���H�D�U�O�L�H�V�W���O�L�Y�H�Z�H�L�J�K�W��

�U�H�F�R�U�G�H�G���G�L�Y�L�G�H�G���E�\���Q�X�P�E�H�U���R�I���G�D�\�V���E�H�W�Z�H�H�Q���Z�H�L�J�K�W�V�����7�R���G�H�W�H�U�P�L�Q�H���W�K�H���U�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q��

BCS and other measures, ewes were categorised as B �&�6���”�������������������R�U���!���������F�R�U�U�H�V�S�R�Q�G�L�Q�J���W�R���D��

�O�R�Z�����Q� �����������P�L�G�����Q� ���������D�Q�G���K�L�J�K�����Q� ���������%�&�6���G�L�V�W�U�L�E�X�W�L�R�Q���I�R�U���D�V�V�H�V�V�P�H�Q�W�V���S�H�U�I�R�U�P�H�G���R�Q���'�D�\��

���������&�R�K�H�Q�·�V���.�D�S�S�D���V�W�D�W�L�V�W�L�F���Z�D�V���X�V�H�G���W�R���D�V�V�H�V�V���W�K�H���O�H�Y�H�O���R�I���D�J�U�H�H�P�H�Q�W���R�I���)�(�&�����%�&�6���D�Q�G���/�:��

data recorded between Day 0 and Day 11�����:�H�L�J�K�W�H�G���N�D�S�S�D���F�R�H�I�I�L�F�L�H�Q�W�V�����N�: ), which attributes 

�P�R�U�H���Z�H�L�J�K�W���W�R���O�D�U�J�H���P�H�D�V�X�U�H�P�H�Q�W���G�L�I�I�H�U�H�Q�F�H�V���W�K�D�Q���W�R���V�P�D�O�O���R�Q�H�V���Z�D�V���X�V�H�G�����&�R�K�H�Q�������������������$�O�O��

�N�:  �U�H�V�X�O�W�V���Z�H�U�H���L�Q�W�H�U�S�U�H�W�H�G���D�F�F�R�U�G�L�Q�J���W�R���)�O�H�L�V�V�������������������Z�K�H�U�H���Y�D�O�X�H�V���!�����������V�X�J�J�H�V�W�H�G���¶�H�[�F�H�O�O�H�Q�W�·����

���������W�R�������������L�Q�G�L�F�D�W�H�G���¶�I�D�L�U-�J�R�R�G�·���D�Q�G�������������L�Q�G�L�F�D�W�H�G���¶�S�R�R�U�·���O�H�Y�H�O�V���R�I���D�J�U�H�H�P�H�Q�W�����7�K�H���D�V�V�R�F�L�D�W�L�R�Q��

�E�H�W�Z�H�H�Q���/�:�*���D�Q�G���%�&�6���F�D�W�H�J�R�U�L�H�V���Z�H�U�H���W�H�V�W�H�G���X�V�L�Q�J���$�1�2�9�$�����$�1�2�9�$�V��were also used to test 

for between-�%�&�6���J�U�R�X�S���G�L�I�I�H�U�H�Q�F�H�V���L�Q���)�(�&���D�Q�G���/�:�����$���3�R�L�V�V�R�Q���G�L�V�W�U�L�E�X�W�L�R�Q���Z�D�V���D�V�V�X�P�H�G���I�R�U��

�)�(�&�� �L�Q�� �W�K�H�V�H�� �D�Q�D�O�\�V�H�V���� �7�K�H�� �U�H�V�S�R�Q�V�H�� �G�L�V�W�D�Q�F�H�� �Z�D�V�� �W�U�D�Q�V�I�R�U�P�H�G�� �X�V�L�Q�J�� �W�K�H�� �-�R�K�Q�V�R�Q��

transformation (‘Johnson R package’; Fernandez, 2014) in order to meet the assumption of 

�Q�R�U�P�D�O���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���U�H�V�L�G�X�D�O�V�� 

  



 

������ 
 

Faecal egg count Groups 

Egg count data were analysed by categorising the ewes as either Moderate -to-�+�L�J�K�����0�R�G-�+�L�J�K����

on Day -���������������-�D�Q�����Z�L�W�K���D���)�(�&���!�����������H�J�J�V���J�����Q��� �����������R�U���/�R�Z���Z�L�W�K���D���)�(�&���”�����������H�J�J�V/�J�����Q� ������������

�7�K�H�V�H���F�D�W�H�J�R�U�L�H�V���Z�H�U�H���D�O�V�R���D�S�S�O�L�H�G���W�R���H�J�J���F�R�X�Q�W�V���R�Q���'�D�\�������D�Q�G���'�D�\�����������(�J�J���F�R�X�Q�W�V���Z�H�U�H���I�X�U�W�K�H�U��

categorised based on change in egg counts from Day 0 to 11 as positive (eggs/g increased by 

�!�����������Q��� �������������Q�R���F�K�D�Q�J�H�����H�J�J�V���J���G�L�G���Q�R�W���F�K�D�Q�J�H���E�\�����!���R�U���� �����������Q��� �����������D�Q�G���Q�H�J�D�W�L�Y�H�����H�J�J�V���J��

�G�H�F�U�H�D�V�H�G���E�\���!�����������Q��� �����������7�K�H�V�H���D�Q�D�O�\�V�H�V���Z�H�U�H���U�H�S�H�D�W�H�G���X�V�L�Q�J���W�K�H���F�R�G�L�Q�J�������R�U�������U�H�S�U�H�V�H�Q�W�L�Q�J��

eggs present (non-zero eggs/g) or absent (zero eggs/g) respectively in order to ascertain whether 

FEC had a presence/absence rel�D�W�L�R�Q�V�K�L�S�� �Z�L�W�K�� �R�W�K�H�U�� �I�D�F�W�R�U�V���� �$�Q�D�O�\�V�H�V�� �Z�H�U�H�� �F�R�Q�G�X�F�W�H�G��

�L�Q�G�H�S�H�Q�G�H�Q�W�O�\���I�R�U���H�D�F�K���W�U�H�D�W�P�H�Q�W���S�H�U�L�R�G�� 

Distance travelled  

The effect of parasitism (as indicated by FEC) on distance travelled was examined in ewes with 

�+�L�J�K���D�Q�G���/�R�Z���)�(�&���E�\��fitting  the data to  six lin ear mixed effects models: Models 1 and 2 were 

constructed with the response variables mean daily distance travelled and mean diurnal 

�G�L�V�W�D�Q�F�H���W�U�D�Y�H�O�O�H�G���U�H�V�S�H�F�W�L�Y�H�O�\�����%�R�W�K���P�R�G�H�O�V���Z�H�U�H���I�L�W�W�H�G���Z�L�W�K���¶�)�(�&-group’ (Low, Mod -�+�L�J�K������

‘BCS group’ (three levels) and ‘ �/�:�*�·���R�U���¶�/�:�·���D�V���H�[�S�O�D�Q�D�W�R�U�\���Y�D�U�L�D�E�O�H�V���D�Q�G���L�Q�G�L�Y�L�G�X�D�O���L�Q�F�O�X�G�H�G��

�D�V���D���U�D�Q�G�R�P���Y�D�U�L�D�E�O�H���� 

Of interest in Model 3 was whether change in egg counts and BCS between Day 0 and Day 11 

�D�I�I�H�F�W�H�G���G�L�V�W�D�Q�F�H���W�U�D�Y�H�O�O�H�G�����)�R�U���W�K�L�V���D�Q�D�O�\�V�L�V�����D���Y�D�U�L�D�W�L�R�Q���L�Q���)�(�&���E�\�����������H�J�J�V���J���Zas considered 

�D���F�K�D�Q�J�H���L�Q���H�J�J���F�R�X�Q�W�����%�D�V�H�G���R�Q���W�K�L�V���F�U�L�W�H�U�L�R�Q�����W�Z�R���D�G�G�L�W�L�R�Q�D�O���J�U�R�X�S�V�����)�(�&-Gained (n= 33) and 

FEC-Maintained (n=23) were derived and the response distance travelled was modelled using 

�D�� �V�L�P�L�O�D�U���V�W�U�X�F�W�X�U�H���W�R���W�K�R�V�H�� �G�H�V�F�U�L�E�H�G���D�E�R�Y�H���� �$�� �G�L�I�I�H�U�H�Q�F�H �L�Q���%�&�6�� �R�I�� �������� �Z�D�V�� �F�R�Q�V�L�G�H�U�H�G���D�V��

�F�K�D�Q�J�H�G�����7�K�H���U�H�V�X�O�W�L�Q�J���Y�D�O�X�H�V���Z�H�U�H���W�K�H�Q���F�D�W�H�J�R�U�L�V�H�G���D�V���S�R�V�L�W�L�Y�H�����D�Q���L�Q�F�U�H�D�V�H���L�Q���%�&�6�����Q��� ������������

�Q�R���F�K�D�Q�J�H�����%�&�6���U�H�P�D�L�Q�H�G���W�K�H���V�D�P�H�����Q��� �����������D�Q�G���Q�H�J�D�W�L�Y�H�����%�&�6���G�H�F�U�H�D�V�H�G�����Q��� ������������ 

Behavioural activities  

The frequency (number of occurrences per day) and total duration (length of time per day) of 

�J�U�D�]�L�Q�J�����U�H�V�W�L�Q�J���D�Q�G���Z�D�O�N�L�Q�J���D�F�W�L�Y�L�W�L�H�V���Z�H�U�H���G�H�V�F�U�L�E�H�G���I�R�U���W�K�H���H�Z�H�V�����7�K�H���H�I�I�H�F�W�V���R�I���D�Q�W�K�H�O�P�L�Q�W�L�F��

treatment and FEC on the activity levels (intensity of the activity) and activity budgets 

(�S�U�R�S�R�U�W�L�R�Q���R�I���W�L�P�H���D�O�O�R�F�D�W�H�G���W�R���D�F�W�L�Y�L�W�\�����R�I���O�D�P�E�V���Z�H�U�H���H�[�D�P�L�Q�H�G���V�H�S�D�U�D�W�H�O�\�� 
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Activity levels (VeDBA)  

Activity levels were estimated using a similar approach to that described in Chapter 2 �����7�K�H��

overall activity was calculated as dynamic vectorial body acc eleration (VeDBA), corresponding 

�W�R�� �H�D�F�K�� �F�O�D�V�V�L�I�L�H�G�� �D�F�W�L�Y�L�W�\�� �P�R�G�H�O�O�H�G�� �D�V�� �W�K�H�� �U�H�V�S�R�Q�V�H�� �Y�D�U�L�D�E�O�H���� �L���H���� �9�H�'�%�$ACTIVITY ���� �7�K�U�H�H��

VeDBA ACTIVITY  models (corresponding to grazing, resting and walking activity magnitudes) 

were fitted with the same structure as for ‘d �L�V�W�D�Q�F�H���W�U�D�Y�H�O�O�H�G�·�����L���H�����D�V���I�R�U���0�R�G�H�O�������������/�L�Q�H�D�U���P�L�[�H�G��

�P�R�G�H�O�V�����/�0�0�V�����Z�H�U�H���X�V�H�G���Z�L�W�K���O�D�P�E���,�'�� �L�Q�F�O�X�G�H�G���W�R���D�F�F�R�X�Q�W���I�R�U���U�H�S�H�D�W�H�G���P�H�D�V�X�U�H�V�����)�L�[�H�G��

effects included ‘week post treatment (numeric)’, ‘treatment period’ and ‘week post treatment’ 

x ‘treatment period �·�� �L�Q�W�H�U�D�F�W�L�R�Q���� �,�Q�L�W�L�D�O�� �P�R�G�H�O�V�� �L�Q�F�O�X�G�H�G�� �L�Q�W�H�U�D�F�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �¶�Z�H�H�N�V�� �D�I�W�H�U��

treatment’ and ‘treatment period’, but because this variable did not emerge as a significant 

predictor of any of the three VeDBA ACTIVITY models it was subsequently dropped from all thr �H�H����

To normalise the distribution, all VeDBA ACTIVITY date were log transformed and model 

residuals were tested using graphical inspection of residuals and with the Shapiro -�:�L�O�N�V���W�H�V�W��

�W�R���H�Q�V�X�U�H���Q�R�U�P�D�O�L�W�\���Z�D�V���D�F�K�L�H�Y�H�G���� 

Activity budgets 

Activity budgets were  compared using similar methods as activity levels, but the proportion of 

�H�D�F�K���D�F�W�L�Y�L�W�\���Z�D�V���F�R�P�S�D�U�H�G�����'�D�L�O�\���D�F�W�L�Y�L�W�\���E�X�G�J�H�W�V�����S�U�R�S�R�U�W�L�R�Q���R�I���W�L�P�H���V�S�H�Q�W���J�U�D�]�L�Q�J�����U�H�V�W�L�Q�J����

and walking) were calculated for each ewe using methods similar to �5�H�J�X�O�D�U���H�W���D�O���� ����������)����

Thereafter, three generalized linear mixed models (GLMM) for ‘grazing’, ‘resting’ and ‘walking’ 

activities were constructed, with the occurrence or absence of each activity as the binomial 

�U�H�V�S�R�Q�V�H���Y�D�U�L�D�E�O�H�����7�K�H���I�L�[�H�G���H�[�S�O�D�Q�D�W�R�U�\���Y�D�U�L�D�E�O�H�V���Z�H�U�H���)�(�&���D�Q�G���/�:�*�����Z�L�W�K���L�Q�G�L�Y�L�G�X�D�O���H�Z�H��

�V�H�W���D�V���D���U�D�Q�G�R�P���H�I�I�H�F�W���� 

Additionally, all models were constructed on a subset of the daily data including only the mean 

�V�X�Q�V�H�W���W�R���V�X�Q�U�L�V�H���K�R�X�U�V���R�Y�H�U���W�K�H���W�H�Q���G�D�\�V���R�I���E�H�K�D�Y�L�R�X�U���P�R�Q�L�W�R�U�L�Q�J�����L���H�����I�U�R�P��������10 to 19��40 h; 

�Z�Z�Z���W�L�P�H�D�Q�G�G�D�W�H���F�R�P�������������������$�O�O���G�D�W�D���Z�H�U�H���S�U�R�F�H�V�V�H�G���D�Q�G���D�Q�D�O�\�]�H�G���X�V�L�Q�J���5���Y�H�U�V�L�R�Q������6��2 (R 

Core Team, 2019), with appropriate R packages ( �¶�P�R�Y�H�+�0�0�·, ‘stats’, ‘lmerTest’ , ‘psych; 

Revelle, 2019’, ‘multcomp ; �+�R�W�K�R�U�Q �H�W���D�O��������������’, ‘ggplot2�����:�L�F�Nham, 2016’) and significance was 

accepted at �Â �” �����������I�R�U���D�O�O���W�H�V�W�V���X�Q�O�H�V�V���R�W�K�H�U�Z�L�V�H���Q�R�W�H�G�����$�O�O���H�[�S�H�U�L�P�H�Q�W�D�O���S�U�R�F�H�G�X�U�H�V���G�H�V�F�U�L�E�H�G��

�K�H�U�H���Z�H�U�H���D�S�S�U�R�Y�H�G���E�\���W�K�H���0�D�V�V�H�\���8�Q�L�Y�H�U�V�L�W�\���$�Q�L�P�D�O���(�W�K�L�F�V���&�R�P�P�L�W�W�H�H�����0�8�$�(�&������������������ 
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������ Result s 

Descriptive summaries for FEC, live weight and body condition score collected on Days 0 and 

11 are shown in Table 6���������0�H�D�Q���D�Q�G���P�H�G�L�D�Q���)�(�&���Z�H�U�H���V�O�L�J�K�W�O�\���J�U�H�D�W�H�U���R�Q���'�D�\���������W�K�D�Q���'�D�\��

�������7�K�H���F�R�H�I�I�L�F�L�H�Q�W�V���R�I���Y�D�U�L�D�W�L�R�Q���I�R�U���O�L�Y�H���Z�H�L�J�K�W���D�Q�G���E�R�G�\���F�R�Q�G�L�W�L�R�Q���V�F�R�U�H��were similar on Day 0 

�D�Q�G�����������U�H�I�O�H�F�W�L�Q�J���V�L�P�L�O�D�U���Y�D�U�L�D�W�L�R�Q���L�Q���H�Z�H�V���R�Q���E�R�W�K���G�D�\�V�� 

Table 6.1 Descriptive statistics of faecal nematode egg counts, live weights and body 

condition score of ewes monitored with rem ote sensors continuously for 10 days �� 

 
Faecal egg count (eggs/g)  Live weight (kg)  Body condition score  

  Day 0 Day 11 Day 0 Day 11 Day 0 Day 11 

Mean (SD) ������������������������  �������������������������� �������������������� ���������������� ������������������ ������������������ 

Median(IQR)  ���������������� ��������(400) �������������������� �������������������� ������������������ ������������������ 

Range �>���������������@ �>���������������@ �>���������������������@ �>�������������@ �>���������@ �>�����������������@ 

CV ������������  ������������  �������� �������� ����������  ����������  

CV – coefficient of variation; SD – Standard deviation; IQR –  Interquartile range  

6.4.1 Level of agreement between measures recorded on Day 0 and Day 11. 

The data did not provide evidence of agreement between eggs/g counted on Day 0 and 11, as 

�Q�H�P�D�W�R�G�H�� �H�J�J�� �F�R�X�Q�W�V�� �R�Q�� �'�D�\�� ���� �Z�H�U�H�� �S�R�R�U�O�\�� �U�H�O�D�W�H�G�� �W�R�� �F�R�X�Q�W�V�� �G�H�W�H�F�W�H�G�� �R�Q�� �'�D�\�� �������� �7�K�H���N�:  

�V�W�D�W�L�V�W�L�F���Z�D�V��������������p = ���������������7�K�H���Z�H�L�J�K�W�H�G���.�D�S�S�D���F�R�H�I�I�L�F�L�H�Q�W�V���I�R�U���/�L�Y�H�Z�H�L�J�K�W�����N�:  � ���������������D�Q�G��

body condition ( �N�:  � �� ������������ �Z�H�U�H�� �L�Q�G�L�F�D�W�L�Y�H�� �R�I�� �¶�H�[�F�H�O�O�H�Q�W�·�� �D�Q�G�� �¶�I�D�L�U-good’ levels of agreement 

respectively �� 

6.4.2 Faecal egg count 

The prevalence of non -�]�H�U�R�� �)�(�&�� �Z�D�V�� �������� �D�Q�G�� �������� �R�Q�� �'�D�\�V ���� �D�Q�G�� ������ �U�H�V�S�H�F�W�L�Y�H�O�\���� �7�K�H��

composition of larvae identified in culture at the start and end of movement and activity 

monitoring is given in Table 6 ������ �D�Q�G�� �V�K�R�Z�� �W�K�H�� �F�R�P�S�R�V�L�W�L�R�Q�� �Z�D�V�� �E�U�R�D�G�O�\�� �V�L�P�L�O�D�U�� �R�Q�� �E�R�W�K��

�R�F�F�D�V�L�R�Q�V�� 
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Table 6.2 Genera of GI nematodes found in larval cultures from pooled from faecal 

samples of mixed -age ewes at the start (Day 0) and end (Day 11) of movement and 

activity monitoring prior to mating �� 

Parasite genus  Day 0  Day 11  

Haemonchus ��������  ��������  

Teladorsagia  ��������  ������  

Trichostrongylus  ������  ��������  

Cooperia ��������  ��������  

Oesophagostomum/Chabertia  ������  ������  

 

6.4.3 Relationship between Faecal worm egg counts and body condition score 

No detectable difference in FEC were observed between BCS groups ( p � �����������������D�O�W�K�R�X�J�K���D��

higher variation in egg counts was observed in ewes with high condition scores (Figure 6 ������ 
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Figure 6.1 Relationship between geometric mean faecal egg counts �����������F�R�Q�I�L�G�H�Q�F�H��

interval)  �D�Q�G���E�R�G�\���F�R�Q�G�L�W�L�R�Q���V�F�R�U�H���R�I���D�G�X�O�W���H�Z�H�V�����Q� ���������U�H�F�R�U�G�H�G���R�Q a) Day 0 and b) Day 

11 of measurement �� �+�R�U�L�]�R�Q�W�D�O���O�L�Q�H�V���U�H�S�U�H�V�H�Q�W���W�K�H��p values of the difference between 

�W�K�H���L�Q�G�L�F�D�W�H�G���F�D�W�H�J�R�U�L�H�V���� 

6.4.4 Liveweight gain and faecal worm egg counts 

Live weight gain after 10 days of monitoring was independent of FEC (Groups, Low and Mo d-

�+�L�J�K�����R�Q���'�D�\��������p � ���������������)�L�J�X�U�H��6�����������D�O�W�K�R�X�J�K���W�K�H�U�H���Z�D�V���D���O�D�U�J�H�U���Y�D�U�L�D�W�L�R�Q���L�Q���/�:�*���L�Q���W�K�H��

�+�L�J�K-�)�(�&���J�U�R�X�S�� 

 

                 Low                                 Mid                                  High 

                 Low                                 Mid                                  High 
                              Body condition score 
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Figure 6.2 The relationship between the faecal egg output of two groups of  adult ewes 

(Low, n = 3 �� and Mod -�+�L�J�K�����Q��� ������ ) collected and their liveweight gain ���N�J������������

confidence interval) from Day 0 to  �'�D�\�������� �+�R�U�L�]�Rntal line represents the p  value of the 

�G�L�I�I�H�U�H�Q�F�H���E�H�W�Z�H�H�Q���W�K�H���L�Q�G�L�F�D�W�H�G���F�D�W�H�J�R�U�L�H�V�� 

6.4.5 Body condition score and Liveweight 

Liveweight was positively associated with BCS Groups, with low condition scored ewes having 

significantly lower liveweights than �0�L�G���D�Q�G���+�L�J�K���%�&�6���J�U�R�X�S�V�����)�L�J�X�U�H��6�������� 
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Figure 6.3 Relationship between mean liveweight  ���N�J�������������F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�� and 

�E�R�G�\���F�R�Q�G�L�W�L�R�Q���V�F�R�U�H���R�I���D�G�X�O�W���H�Z�H�V�����Q� ���������U�H�F�R�U�G�H�G���R�Q���'�D�\������ 

6.4.6 Ewe daily Movement (distance travelled) and effects of faecal egg counts, 

body condition score and liveweight gain 

�0�R�Y�H�P�H�Q�W���G�D�W�D���I�U�R�P���R�Q�O�\���������H�Z�H�V���Z�H�U�H���D�Y�D�L�O�D�E�O�H���I�U�R�P���W�K�H���V�W�X�G�\�����D�V��������GPS units deployed 

unsuccessfully; the mean number of location records during 10 days of monitoring per ewe was 

�������������������������&�,���������������W�R�������������������2�Q���D�Y�H�U�D�J�H�����H�Z�H�V���W�U�D�Y�H�O�O�H�G���D���P�H�D�Q���G�D�L�O�\���G�L�V�W�D�Q�F�H���R�I�����������N�P��

� �� �� �� � � �� � �&� ,� � � �� �� �� � �W�R�� � �� �� �� �� �� � �U�D�Q�J�L�Q�J� � � I�U�R�P� � � �� �� �� � �P� � �W�R�� � �� �� �� � �N�P� � �S�H�U���G�D�\���� �5�H�G�X�F�H�G���W�U�D�Y�H�O�� �G�L�V�W�D�Q�F�H�� �Z�D�V��

observed in ewes with moderate to high faecal egg counts on Day 11 ( p � �����������������)�L�J�X�U�H������4); 

but egg counts on Day 0 did not have a detectable influence on distance moved ( p � ������������������

None of the other variables tested (BC �6���� �/�:�� �R�U�� �/�:�*���� �Z�H�U�H�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K��

movement activity among ewes (Table ���� 3���� 
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Figure 6.4 Effect of faecal egg counts on the mean daily distance moved (Johnson 

transformed) of adult ewes ���Q� �����������(�U�U�R�U���E�D�U�V���L�Q�G�L�F�D�W�H�������������F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�� 

�+�R�U�L�]�R�Q�W�D�O���O�L�Q�H��represents the p  �Y�D�O�X�H���R�I���W�K�H���G�L�I�I�H�U�H�Q�F�H���E�H�W�Z�H�H�Q���W�K�H���L�Q�G�L�F�D�W�H�G���F�D�W�H�J�R�U�L�H�V�� 

 
Table 6.3 Relationship between nematode parasites (eggs/g, on Day 0 and 11), body 

condition score (BCS,  on Day 0 and 11) and liveweight gain (in grams by Day 11) on the 

daily distance travelled (km/day) of mixed -�D�J�H���D�G�X�O�W���H�Z�H�V�����Q� �������� 

Day 0  
    

Day 11  
   

 
beta SE  p 

 
                   beta SE  p 

         

(Intercept)   -��������  �������� ����������  
 

(Intercept)   -��������  �������� ����������  

FEC (Mod -�+�L�J�K�� -��������  �������� ����������  
 

FEC (Mod -�+�L�J�K�� -��������  �������� ����������  

BCS (Mid)   -��������  �������� ����������  
 

BCS (Mid)   -��������  �������� ����������  

�%�&�6�����+�L�J�K������ -��������  �������� ����������  
 

�%�&�6�����+�L�J�K������ -��������  �������� ����������  

Day              �������� �������� ����������  
 

Day              �������� �������� ����������  

�/�:  �������� �������� ����������  
 

�/�:  �������� �������� ����������  

 
There was no effect of individual change in FEC on distance moved (F 1,40 � ��������������p � ������������������

�+�R�Z�H�Y�H�U���� �D�� �Q�H�J�D�W�L�Y�H�� �F�K�D�Q�J�H�� �L�Q�� �E�R�G�\�� �F�R�Q�G�L�W�L�R�Q�� �V�F�R�U�H�� �Z�D�V�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �U�H�G�X�F�H�G�� �G�L�V�W�D�Q�F�H��

moved (F2,40 � ��������������p � �����������������)�L�J�X�U�H������������ 
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Figure 6.5 Effect of change in body condition score on the mean daily distance moved 

���-�R�K�Q�V�R�Q���W�U�D�Q�V�I�R�U�P�H�G�����R�I���D�G�X�O�W���H�Z�H�V�����Q� �����������(�U�U�R�U���E�D�U�V���L�Q�G�L�F�D�W�H�������������F�R�Q�I�L�G�H�Q�F�H��

�L�Q�W�H�U�Y�D�O�� �+�R�U�L�]�R�Q�W�D�O���O�L�Q�H��represents the p value of the difference between the indicated 

�F�D�W�H�J�R�U�L�H�V�� 

6.4.7 Daily Activity budgets of ewes and effects of faecal egg counts, body 

condition and liveweight gain 

�2�Q���D�Y�H�U�D�J�H�����H�Z�H�V���V�S�H�Q�W�������������������������D�Q�G�����������R�I���W�K�H�L�U���G�D�L�O�\���W�L�P�H���¶�U�H�V�W�L�Q�J�·�����¶�J�U�D�]�L�Q�J�·���D�Q�G���¶�Z�D�O�N�L�Q�J�·��

respectively (Figure ���� 6���� 



 

������ 
 

 
Figure 6.6 Average daily activity budget per hour of day allocated to three behaviours 

of mixed -�D�J�H���D�G�X�O�W���H�Z�H�V�����Q� �������� �/�R�H�V�V���F�X�U�Y�H�V�����Z�L�W�K�����������F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�V�� 

The ewes showed a diurnal grazing pattern, with grazing time typically increasing from 

sunrise (07 ��10 h) and peaking mid -morning, then declining through the middle of the day to 

rise again late afternoon reaching its highest  just before sunset (19�� �������K���������7�K�H���S�D�W�W�H�U�Q���D�O�V�R��

showed other periods of grazing during the day and du ring the night -�W�L�P�H���D�V���Z�H�O�O�����7�K�H�U�H���Z�D�V��

little variation between days in the proportion of time allocated to the three behaviours of 

interest over the study (Figure ���� 7���� 

 

Resting 
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Figure 6.7 The mean proportion of time that mixed -age adult ewes devoted to grazing, 

resting (standing or lying) and locomotion (walking or running) during 10 days of 

monitoring with tri -�D�[�L�D�O���D�F�F�H�O�H�U�R�P�H�W�H�U�V�����(�U�U�R�U���E�D�U�V���L�Q�G�L�F�D�W�H���V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q�� 

6.4.8 Activity budgets 

The time allocated to grazing, resting and walking activities were not dependent on faecal egg 

counts (Table ����4���� 
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Table 6.4 Influence of nematode parasites (eggs/g, on Day 0 and 11), body condition 

score (BCS, on Day 0 and 11) and liveweight gain (in grams by Day 11) on the 

proportion of time devoted to grazing, walking and resting behaviour in mixed -age adult 

�H�Z�H�V�����Q� �������� 

Day 0  
    

Day 11  
   

 
beta SE  p-value 

 
                   beta SE  p-value 

Resting  
    

Resting  
   

(Intercept)   �������� �������� <0.001 
 

(Intercept)   �������� �������� <0.001 
BCS (Mid)   -�������� �������� ���������� 

 
BCS (Mid)   -�������� �������� ���������� 

�%�&�6�����+�L�J�K������ �������� �������� ���������� 
 

�%�&�6�����+�L�J�K������ �������� �������� ���������� 
FEC (Mod -
�+�L�J�K���� 

�������� �������� ���������� 
 

FEC (Mod -
�+�L�J�K���� 

�������� �������� ���������� 

Day              -�������� �������� <0.001 
 

Day              -�������� �������� <0.001 
�/�:�*  -�������� �������� 0.007 

 
�/�:�*  -�������� �������� 0.006          

Walking  
    

Walking  
   

(Intercept)   -�������� �������� <0.001 
 

(Intercept)   -�������� �������� <0.001 
BCS (Mid)   -�������� �������� ���������� 

 
BCS (Mid)  �������� �������� ���������� 

�%�&�6�����+�L�J�K������ �������� �������� ���������� 
 

�%�&�6�����+�L�J�K������ -�������� �������� ���������� 
FEC (Mod -
�+�L�J�K���� 

�������� �������� ���������� 
 

FEC (Mod -
�+�L�J�K���� 

-�������� �������� ���������� 

Day              -�������� �������� <0.001 
 

Day              -�������� �������� <0.001 
�/�:�*  �������� �������� ���������� 

 
�/�:�*  �������� �������� ����������          

Grazing  
    

Grazing  
   

(Intercept)   -�������� �������� <0.001 
 

(Intercept)   -�������� �������� <0.001 
BCS (Mid)  �������� �������� ���������� 

 
BCS (Mid)   �������� �������� ���������� 

�%�&�6�����+�L�J�K������ -�������� �������� ���������� 
 

�%�&�6�����+�L�J�K������ -�������� �������� ���������� 
FEC (Mod -
�+�L�J�K���� 

-�������� �������� ���������� 
 

FEC (Mod -
�+�L�J�K���� 

-�������� �������� ���������� 

Day              �������� �������� <0.001 
 

Day              �������� �������� <0.001 
�/�:�*  �������� �������� 0.007 

 
�/�:�*  �������� �������� 0.006 

�6�L�J�Q�L�I�L�F�D�Q�W���H�I�I�H�F�W�V���D�U�H���V�K�R�Z�Q���L�Q���E�R�O�G�����5�H�I�H�U�H�Q�F�H���O�H�Y�H�O�V���D�U�H���L�Q�G�L�F�D�W�H�G���L�Q���S�D�U�H�Q�W�K�H�V�L�V 
 

6.4.9 Activity levels (VeDBA ACTIVITY ) 

Grazing (VeDBA GRAZING ) 

Liveweight gain significantly predicted grazing activity ( p � �����������������E�X�W���)�(�&���D�Q�G���%�&�6���Z�H�U�H���Q�R�W��

�D�V�V�R�F�L�D�W�H�G���Z�L�W�K���L�Q�W�H�Q�V�L�W�\���R�I���J�U�D�]�L�Q�J���D�F�W�L�Y�L�W�\�����7�K�X�V�����K�L�J�K�H�U���J�U�D�]�L�Q�J���D�F�W�L�Y�L�W�\���Z�H�U�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K��

better weight gains (Figure ���������� 
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Figure 6.8 Relationship between live weight gain of mixed -�D�J�H���D�G�X�O�W���H�Z�H�V�����Q� ���������D�Q�G��

mean intensity of grazing activity  ���J�U�H�\���D�U�H�D���L�V���“�������������F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�� measured for 

11 days continuously with tri -axial accelerometers ���� 

Resting (lying and standing behaviour; VeDBA RESTING ) 

There was an effect of BCS on resting activity levels (F ��������  � ������������p � �������������������Z�L�W�K���O�R�Z���E�R�G�\��

�F�R�Q�G�L�W�L�R�Q�� �V�F�R�U�H�G�� �H�Z�H�V�� ���L���H������ �”�� ���������� �V�K�R�Z�L�Q�J�� �K�L�J�K�H�U�� �9�H�'�%�$RESTING than mid and high body 

conditioned scored ewes (Figure ����9)���� �/�L�Y�H�Z�H�L�J�K�W�� �J�D�L�Q�� �Z�D�V�� �Q�R�W�� �D�� �V�W�D�W�L�V�W�L�F�Dlly significant 

�S�U�H�G�L�F�W�R�U���R�I���U�H�V�W�L�Q�J���D�F�W�L�Y�L�W�\���O�H�Y�H�O���� 
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Figure 6.9 Mean Activity levels  �������������F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�� of �O�R�Z�����Q� �����������P�L�G�����Q� ���������D�Q�G��

�K�L�J�K�����Q� ���������E�R�G�\���F�R�Q�G�L�W�L�R�Q���V�F�R�U�H�G���D�G�X�O�W���H�Z�H�V���I�R�U�����D�����Z�D�O�N�L�Q�J����(b) grazing and (c) resting 

�D�F�W�L�Y�L�W�L�H�V��  
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Walking (VeDBAWALKING)  

�1�R�Q�H���R�I���W�K�H���L�Q�G�H�S�H�Q�G�H�Q�W���Y�D�U�L�D�E�O�H�V���W�H�V�W�H�G�����)�(�&�����/�:�����/�:�*�����%�&�6�����Z�H�U�H���V�W�D�W�L�V�W�L�F�D�O�O�\���V�L�J�Q�L�I�L�F�D�Q�W��

�S�U�H�G�L�F�W�R�U�V���R�I���Z�D�O�N�L�Q�J���D�F�W�L�Y�L�W�\�� 

Results from models of diurnal activity and distance travelled (not presented) were 

�¶�T�X�D�O�L�W�D�W�L�Y�H�O�\�·���V�L�P�L�O�D�U���W�R���W�K�R�V�H���R�I���G�D�L�O�\���P�R�G�H�O�V���S�U�H�V�H�Q�W�H�G���D�E�R�Y�H���� 

������ Discussion 

In the present study, GPS and tri -axial accelerometer sensors mounted on adult ewes 

generated data that allowed daily activity patterns for individual ewes to be deduced, showing 

�V�L�J�Q�L�I�L�F�D�Q�W���Y�D�U�L�D�W�L�R�Q���L�Q���G�L�V�W�D�Q�F�H���P�R�Y�H�G�����J�U�D�]�L�Q�J���D�Q�G���U�H�V�W�L�Q�J���D�F�W�L�Y�L�W�\�����2�Q���D�Y�H�U�D�J�H�����I�D�H�F�D�O���H�J�J��

�F�R�X�Q�W�V�� �Z�H�U�H�� �F�R�Q�V�L�G�H�U�H�G�� �O�R�Z�� �W�R�� �P�R�G�H�U�D�W�H�� ���0�F�.�H�Q�Q�D�� �D�Q�G�� �6�L�P�S�V�R�Q���� �������������� �+�R�Z�H�Yer, the 

variation in individual daily distance travelled and activity recorded were related to the 

�Q�X�P�E�H�U���R�I���H�J�J�V���L�Q���I�D�H�F�H�V���L�Q���W�K�H���H�Z�H�V���R�Q���'�D�\���������E�X�W���Q�R�W���'�D�\���������:�H�D�N���W�U�H�Q�G�V����p �����������������Z�H�U�H��

also observed between FEC on Day 11 and the proportion of time spen t grazing and resting 

�R�Y�H�U�� �W�K�H�� �Z�K�R�O�H�� ������ �G�D�\�V�� �R�I�� �W�K�H�� �V�W�X�G�\���� �+�R�Z�H�Y�H�U���� �W�K�H�V�H�� �H�I�I�H�F�W�V�� �Z�H�U�H�� �Q�R�W�� �R�E�V�H�U�Y�H�G�� �Z�L�W�K�� �)�(�&��

�P�H�D�V�X�U�H�G���R�Q���'�D�\�� ������ �7�K�H�� �E�R�G�\�� �F�R�Q�G�L�W�L�R�Q���V�F�R�U�H���� �O�L�Y�H�Z�H�L�J�K�W���D�Q�G���O�L�Y�H�Z�H�L�J�K�W���J�D�L�Q���R�I�� �H�Z�H�V���Z�D�V��

�L�Q�G�H�S�H�Q�G�H�Q�W�� �R�I�� �W�K�H�L�U�� �I�D�H�F�D�O�� �H�J�J�� �F�R�X�Q�W�V���� �+�R�Z�H�Y�H�U���� �Z�K�H�Q�� �F�R�Q�V�Ldering proportional time 

allocation the ewes gaining the most daily weight were shown to allocate the most time to 

grazing activity; but parasitism did not appear to be an important factor in determining how 

much time ewes spent grazing, nor was there an a ssociation between the body condition of 

�H�Z�H�V���D�Q�G���J�U�D�]�L�Q�J���D�F�W�L�Y�L�W�\�����7�K�H�U�H�I�R�U�H�����L�W���G�R�H�V���Q�R�W���D�S�S�H�D�U���W�K�D�W���W�L�P�H���V�S�H�Q�W���J�U�D�]�L�Q�J���R�U���U�H�V�W�L�Q�J���R�U��

walking had a relationship with the FEC of  adult ewes; nor wa s FEC associated with the 

�S�H�U�I�R�U�P�D�Q�F�H���R�I���W�K�H�V�H���H�Z�H�V���� 

6.5.1 The daily activity patterns of ewes  

�7�K�H���S�U�H�G�R�P�L�Q�D�Q�W���G�D�L�O�\���D�F�W�L�Y�L�W�\���U�H�F�R�U�G�H�G���I�U�R�P���W�K�H���H�Z�H�V���Z�D�V���V�W�D�Q�G�L�Q�J���D�Q�G���O�\�L�Q�J�����:�L�W�K���V�K�H�H�S��

ruminating between grazing bouts, it is safe to say some of the activity cla ssified as resting 

contained ruminating bouts  ���*�L�R�Y�D�Q�H�W�W�L���H�W���D�O���������������������:�L�W�K���W�K�D�W���L�Q���P�L�Q�G�����L�W���F�D�Q���E�H���V�X�J�J�H�V�W�H�G��

�W�K�D�W���P�R�V�W���U�X�P�L�Q�D�W�L�Q�J���R�F�F�X�U�U�H�G���G�X�U�L�Q�J���W�K�H���Q�L�J�K�W�W�L�P�H�����,�Q���D�G�X�O�W���F�D�W�W�O�H�����D���U�H�G�X�F�W�L�R�Q���L�Q���U�X�P�L�Q�D�W�L�Q�J��

time was found associated with GIN parasitism (Fo �U�E�H�V�� �H�W�� �D�O������ �������������� �:�L�W�K�� �U�X�P�L�Q�D�W�L�Q�J��

subsumed within resting times in the present study, it cannot be ascertained if ruminating 

�W�L�P�H���Z�D�V���D�I�I�H�F�W�H�G�����&�R�P�S�D�U�H�G���W�R��‘resting ’ and ‘grazing ’, the average daily walking time was 
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�U�H�O�D�W�L�Y�H�O�\���V�K�R�U�W�����R�Q�O�\�������������P�L�Q�V���������K�� These daily allocations were similar to those of ewe lambs 

seen previously (see Section 5.3���� 

6.5.2 Faecal egg counts, movement and activity  

Faecal egg counts ranged from low to high, but distinct movement and activity patterns were 

not consistently foun�G���I�R�U���F�R�X�Q�W�V���L�Q�Y�H�V�W�L�J�D�W�H�G���D�V���J�U�R�X�S�V�����/�R�Z���Y�V�����0�R�G-�+�L�J�K�������F�K�D�Q�J�H���L�Q���H�J�J��

�F�R�X�Q�W�V�����1�R���F�K�D�Q�J�H���Y�V�����3�R�V�L�W�L�Y�H�����R�U���)�(�&���G�H�W�H�F�W�H�G�����3�U�H�V�H�Q�W���Y�V�����$�E�V�H�Q�W�������5�H�G�X�F�H�G���G�L�V�W�D�Q�F�H���P�R�Y�H�G��

� E� \� � � W� K� H� � � H� Z� H� V� � � Z� D� V� � � D� V� V� R� F� L� D� W� H� G� � � Z� L� W� K� � � H� Z� H� V� � � V� K� H� G� G� L� Q� J� � � !� � � �� �� �� � � H� J� J� V� �� J� � � D� W� � � W� K� H� � � H� Q� G� � � R� I� � � E� H� K� D� Y� L� R� X� U� �

monitoring �����E�X�W���Q�R�W���I�U�R�P���H�Z�H�V���V�K�H�G�G�L�Q�J���W�K�H���V�D�P�H���H�J�J�V���J���������G�D�\�V���S�U�L�R�U�����$���E�L�R�O�R�J�L�F�D�O�O�\���S�O�D�X�V�L�E�O�H��

�U�H�D�V�R�Q���I�R�U���W�K�L�V���U�H�V�X�O�W���Z�D�V���Q�R�W���I�R�X�Q�G���I�U�R�P���W�K�H���G�D�W�D�����7�K�H���S�U�H�V�H�Q�F�H���R�I���D�Q���H�T�X�L�Y�R�F�D�O���L�Q�I�O�X�H�Q�F�H���R�I��

FEC on distance moved is not immediately clear but may be a consequence of th e limitations 

�R�I���X�V�L�Q�J���H�J�J���F�R�X�Q�W�V���W�R���S�U�H�G�L�F�W���W�K�H���L�P�S�D�F�W���R�I���*�,�1���R�Q���D�G�X�O�W���D�Q�L�P�D�O�V�����7�K�D�W���L�V�����W�K�H���L�Q�V�H�Q�V�L�W�L�Y�L�W�\���R�I��

�W�K�L�V���P�H�W�K�R�G���I�R�U���H�V�W�L�P�D�W�L�Q�J���S�D�U�D�V�L�W�H���E�X�U�G�H�Q�����7�K�L�V���V�W�X�G�\���U�H�O�L�H�G���R�Q���H�J�J���F�R�X�Q�W�V���D�V���D���P�D�U�N�H�U���R�I��

parasitism, and egg counts are more variable in adult sheep than lambs (Brunsdon and 

�9�O�D�V�V�R�I�I���������������������)�X�U�W�K�H�U�����L�W���K�D�V���E�H�H�Q���V�X�J�J�H�V�W�H�G���W�K�D�W���I�D�H�F�D�O���H�J�J���F�R�X�Q�W�V���D�U�H���X�V�H�I�X�O���L�Q�G�L�F�D�W�R�U�V���R�I��

the individuals contaminating pasture the most, but as a marker for worm burdens, FEC are 

�F�R�Q�V�L�G�H�U�H�G���T�X�H�V�W�L�R�Q�D�E�O�H�����*�U�H�H�U���H�W���D�O���� �������������6�D�U�J�L�V�R�Q���������������������)�R�U���H�[�D�P�S�O�H�����Z�K�H�Q���F�R�P�S�D�U�L�Q�J��

�Z�R�U�P���E�X�U�G�H�Q�V���Z�L�W�K���I�D�H�F�D�O���H�J�J���F�R�X�Q�W�V���L�Q���H�Z�H�V�����R�Q�O�\�������������R�I���H�Z�H�V���Z�L�W�K���D���)�(�&���������������H�J�J�V���J���K�D�G��

�D���W�R�W�D�O���Z�R�U�P���E�X�U�G�H�Q���F�R�Q�V�L�G�H�U�H�G���O�R�Z�������������������W�R�W�D�O���Z�R�U�P���E�X�U�G�H�Q�����Z�K�H�U�H�D�V�������������R�I���H�Z�H�V���Z�L�W�K���D��

�)�(�&���!�� �������� �H�J�J�V���J���V�W�L�O�O �K�D�G���D���Z�R�U�P���E�X�U�G�H�Q���F�R�Q�V�L�G�H�U�H�G���O�R�Z�����0�F�.�H�Q�Q�D���D�Q�G���6�L�P�S�V�R�Q���������������� 

�1�R�W�Z�L�W�K�V�W�D�Q�G�L�Q�J�����)�(�&���S�U�R�Y�L�G�H�V���D���X�V�H�I�X�O���P�H�D�V�X�U�H���I�R�U���S�D�V�W�X�U�H���F�R�Q�W�D�P�L�Q�D�W�L�R�Q�� 

It is equally possible that egg counts were at least indicative of true worm burdens and there 

really was no impact of �S�D�U�D�V�L�W�L�V�P���R�Q���G�L�V�W�D�Q�F�H���P�R�Y�H�G���R�Q���'�D�\���������(�J�J���F�R�X�Q�W�V���R�Q���W�K�L�V���G�D�\���Z�H�U�H��

�O�R�Z�H�U���W�K�D�Q���R�Q���'�D�\�����������D�V���V�K�R�Z�Q���E�\���D���S�R�R�U���D�J�U�H�H�P�H�Q�W���V�W�D�W�L�V�W�L�F�������,�W���F�R�X�O�G���E�H���W�K�D�W���L�Q���D�G�X�O�W���H�Z�H�V����

an egg-shedding threshold exists whereby movement and behaviour changes are observed 

when the �W�K�U�H�V�K�R�O�G���L�V���H�[�F�H�H�G�H�G�����$���Z�R�U�P���E�X�U�G�H�Q���D�E�R�Y�H���D���F�H�U�W�D�L�Q���W�K�U�H�V�K�R�O�G���Z�D�V���K�\�S�R�W�K�H�V�L�]�H�G��

�W�R���E�H���Q�H�H�G�H�G���W�R���R�E�V�H�U�Y�H���D���G�H�S�U�H�V�V�L�R�Q���L�Q���I�H�H�G���L�Q�W�D�N�H�����.�\�U�L�D�]�D�N�L�V���H�W���D�O���������������������1�R�Q�H�W�K�H�O�H�V�V�����Z�K�H�Q��

the proportion of time allocated to different activities was investigated in re lation to FEC, the 

�U�H�V�X�O�W�V���Z�H�U�H���W�H�Q�X�R�X�V���D�W���E�H�V�W�����7�K�H���W�L�P�H���V�S�H�Q�W���J�U�D�]�L�Q�J���D�Q�G���U�H�V�W�L�Q�J���V�K�R�Z�H�G���D���W�U�H�Q�G�����V�L�J�Q�L�I�L�F�D�Q�F�H��

�D�W�������������������Z�L�W�K���)�(�&���R�Q���'�D�\�����������U�H�V�H�P�E�O�L�Q�J���W�K�H���H�I�I�H�F�W���R�I���)�(�&���R�Q���G�L�V�W�D�Q�F�H���P�R�Y�H�G�������E�X�W���R�Y�H�U�D�O�O����

if the ewes were compensating with a change in behavioural activity, those changes were not 

�L�G�H�Q�W�L�I�L�H�G���L�Q���W�K�L�V���V�W�X�G�\���� 
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Adult ewes in this system may have adapted to natural levels of GIN infection, at least with 

regard to their walking, grazing and resting activities, as noted in other study systems (Nels on 

�H�W�� �D�O������ �������������� �(�Z�H�V�� �S�R�V�V�L�E�O�\�� �U�H�P�D�L�Q�� �U�H�O�D�W�L�Y�H�O�\�� �S�H�U�P�L�V�V�L�Y�H�� �R�I�� �O�R�Z-level infection versus non-

�S�H�U�P�L�V�V�L�Y�H�����L���H�����U�H�V�L�V�W�D�Q�W���Y�V�����V�X�V�F�H�S�W�L�E�O�H�����Z�L�W�K�R�X�W���U�H�D�O�O�\���V�X�I�I�H�U�L�Q�J���V�L�J�Q�L�I�L�F�D�Q�W���L�O�O-effects of those 

�L�Q�I�H�F�W�L�Q�J�� �S�D�U�D�V�L�W�H�V���� �,�W�� �L�V�� �N�Q�R�Z�Q�� �W�K�D�W�� �D�Q�L�P�D�O�V�� �W�K�D�W�� �V�H�F�U�H�W�H�G high anti -parasite IgA did not 

necessarily suffer ill -�H�I�I�H�F�W�V�����6�K�D�Z���H�W���D�O���������������������6�R�����D�Q���L�P�P�X�Q�H���D�Q�L�P�D�O���W�K�D�W���F�R�Q�W�U�R�O�V���Z�R�U�P�V��

using mechanisms such as IgA is likely not going to suffer adverse consequences of mounting 

that immunity to result in trade -offs t�K�D�W���D�U�H���G�H�W�H�F�W�D�E�O�H���D�V���F�K�D�Q�J�H���L�Q���E�H�K�D�Y�L�R�X�U�D�O���D�F�W�L�Y�L�W�L�H�V�����,�Q��

other words, ewes may be parasitised but may not be suffering significant ill effects because 

the ewes are rejecting many worms without significant compromise to their health and the 

smaller number �V���W�K�D�W���G�R���H�V�W�D�E�O�L�V�K���D�U�H���P�R�U�H���R�U���O�H�V�V���W�R�O�H�U�D�W�H�G�����7�K�H�U�H�I�R�U�H�����L�W���P�D�\���S�R�L�Q�W���W�R���W�K�H��

fact that once ewes have matured, egg counts may be high or low but there may not be a 

significant effect of removing worms for those animals at this time of the year, similar t o reports 

�D�E�R�X�W���D�G�X�O�W���H�Z�H�V���G�X�U�L�Q�J���O�D�F�W�D�W�L�R�Q�����/�H�D�W�K�Z�L�F�N���H�W���D�O�����������������������7�K�L�V��thought  is further reflected in 

the relationship found between performance measures and FEC in this study discussed in the 

�Q�H�[�W���V�H�F�W�L�R�Q�� 

6.5.3 Performance of ewes, faecal egg counts and activity levels  

�3�D�U�D�V�L�W�L�V�P���D�V���L�Q�G�L�F�D�W�H�G���E�\���)�(�&���Z�D�V���L�Q�G�H�S�H�Q�G�H�Q�W���R�I���D�O�O���S�H�U�I�R�U�P�D�Q�F�H���P�H�D�V�X�U�H�V�����(�Z�H�V���L�Q���K�L�J�K��

body condition shed similar numbers of worm eggs as those in low condition, meaning 

parasites may not have had a detectable effect on body condit �L�R�Q����Egg counts in the high 

�F�R�Q�G�L�W�L�R�Q���H�Z�H�V���W�U�H�Q�G�H�G���W�R�Z�D�U�G�V���E�H�L�Q�J���K�L�J�K�H�U���W�K�D�Q���W�K�R�V�H���L�Q���W�K�H���O�R�Z���F�R�Q�G�L�W�L�R�Q���H�Z�H�V�����7�K�L�V���P�D�\��

be demonstrative of ‘resilience’ on the part of the bigger ewes, although  counts were also a poor 

indicator of daily liveweight gain afte �U���������G�D�\�V����It is possible that 10 days was not a sufficient 

�W�L�P�H� � � L�Q�W�H�U�Y�D�O� � �W�R� � �D�O�O�R�Z� � �W�K�L�V� � �H� I� I�H�F�W� � �W�R� � �E�H� � �V�H�H�Q� �� ��+�R�Z�H�Y�H�U���� �W�K�H�U�H�� �Z�D�V�� �D�� �V�L�J�Q�L�I�L�F�D�Q�W�� �D�V�V�R�F�L�D�W�L�R�Q��

between both the intensity (VeDBA �*�5�$�=�,�1�* ) and duration (proportion) of grazing activity and 

liveweight g �D�L�Q�V�����,�I���W�K�H���W�D�U�J�H�W���Z�H�L�J�K�W�V���I�R�U���H�Z�H�V���D�U�H���G�H�I�L�Q�H�G���D�Q�G���H�T�X�D�W�H�G���Z�L�W�K���J�U�D�]�L�Q�J���D�F�W�L�Y�L�W�\��

levels or daily duration of grazing, then thresholds can be set for grazing activity that serves 

�D�V���D�Q���L�Q�G�L�F�D�W�R�U���R�I���K�R�Z���Z�H�O�O���H�Z�H�V���D�U�H���S�H�U�I�R�U�P�L�Q�J����Assuming that parasites are  implicated in 

suboptimal grazing activity, and indeed egg counts are misrepresentative of true burdens , then  

the lack of a relationship between egg counts and performance measures seen in this study is 

�O�L�N�H�O�\���Q�R�W���D���S�U�R�E�O�H�P�����,�Q���D���S�H�U�I�R�U�P�D�Q�F�H���E�D�V�H�G���7�6�7���V�\�V�Wem, decisions for individuals requiring 



 

������ 
 

treatment are informed by a show of reduced productivity rather than to any available 

measures of parasitism such as FEC, again assuming that parasites are involved ���� 

Distinct variations in the proportions of time sp ent in different activities were not seen in ewes 

�Z�L�W�K���O�R�Z�����P�R�G�H�U�D�W�H���R�U���K�L�J�K���E�R�G�\���F�R�Q�G�L�W�L�R�Q���������7�K�L�V���F�R�Q�W�U�D�V�W���V�R�P�H�Z�K�D�W���Z�L�W�K���W�K�H���Y�D�O�X�H�V���R�I���W�K�H��

VeDBA where a higher VeDBA RESTING , indicative of more movement whilst resting,  was 

observed for ewes classed with a  �O�R�Z���E�R�G�\���F�R�Q�G�L�W�L�R�Q�����7�K�H���L�Q�W�H�Q�V�L�W�\���R�I���D�F�W�L�Y�L�W�\���R�U���D�F�W�L�Y�L�W�\���O�H�Y�H�O��

�F�D�Q�� �E�H�� �G�H�V�F�U�L�E�H�G�� �L�Q�� �W�H�U�P�V� � �R�I� � �W�K�H�� �P�D�J�Q�L�W�X�G�H�� �R�I� � �W�K�H�� �H�I� I�R�U�W�� �X�V�H�G�� �W�R�� �S�H�U�I�R�U�P� � �D�Q�� �D�F�W�L�Y�L�W�\� �� � �7�K�L�V� �

presents some difficultly to interpret the finding that ewes rested with greater ‘intensity’ when 

th �H�\���Z�H�U�H���W�K�L�Q�����,�W���L�V���P�R�U�H���L�Q�W�X�L�W�L�Y�H���W�R���W�K�L�Q�N���R�I���L�Q�W�H�Q�V�L�W�\���R�U���P�D�J�Q�L�W�X�G�H���R�I���H�I�I�R�U�W���I�R�U���D�Q���D�F�W�L�Y�L�W�\���L�Q��

terms of ‘active’ behaviour, such as walking or grazing, none of which were associated with 

�%�&�6���R�I���H�Z�H�V�����7�K�H���L�Q�W�H�Q�V�L�W�\���R�I���U�H�V�W�L�Q�J���D�F�W�L�Y�L�W�\���L�V���G�L�I�I�L�F�X�O�W���W�R���H�[plain as it might be expected that 

these ewes would have a lower VeDBA RESTING  especially as the predominant genus present 

was Haemonchus which might have induced a degree of anaemia and hence less activity 

�U�D�W�K�H�U���W�K�D�Q���P�R�U�H�����,�Q���D�G�G�L�W�L�R�Q�����W�K�L�Q���H�Z�H�V���G�L�G���Q�R�W���V�K�R�Z���D���G�L�I�I�H�U�H�Q�F�H���L�Q���J�U�D�]�L�Q�J���D�F�W�L�Y�L�W�\���O�H�Y�H�O����

which might indicate that they were compensating with resting but grazing sufficiently to 

me�H�W���W�K�H�L�U���O�R�Z�H�U���P�D�L�Q�W�H�Q�D�Q�F�H���U�H�T�X�L�U�H�P�H�Q�W�V���D�V���D���U�H�V�X�O�W���R�I���K�D�Y�L�Q�J���D���V�P�D�O�O�H�U���E�R�G�\���P�D�V�V�����7�K�H�V�H��

findings are in accord  �Z�L�W�K���W�K�R�V�H���R�I���/�H�D�W�K�Z�L�F�N���H�W���D�O������������������ �L�Q���Q�R�W���I�L�Q�G�L�Q�J���D�Q�\���U�H�O�D�W�L�R�Q�V�K�L�S��

between ill thrift in adult ewes and parasitism during the period from lam �E�L�Q�J���W�R���Z�H�D�Q�L�Q�J����

This suggests there may be a separation between poor condition in ewes and parasitism (FEC) 

�V�L�Q�F�H���S�D�U�D�V�L�W�L�V�P���L�V���Q�R�W���S�U�H�G�L�F�W�L�Q�J���S�H�U�I�R�U�P�D�Q�F�H���S�D�U�D�P�H�W�H�U�V�����&�O�H�D�U�O�\�����W�K�H�U�H���D�U�H���R�W�K�H�U���I�D�F�W�R�U�V���¶�D�W��

�S�O�D�\�·���� 

6.5.4 Further research  

Some of the findings  in this study were helpful in supporting the value of the respective 

technologies used to monitor behaviour by highlighting some new findings and corroborating 

�S�U�H�Y�L�R�X�V���R�Q�H�V���I�U�R�P���W�K�H���S�U�H�F�H�G�L�Q�J���F�K�D�S�W�H�U�V�����)�R�U���H�[�D�P�S�O�H�����W�K�H���R�E�V�H�U�Y�D�W�L�R�Q���W�K�D�W���H�Z�H�V��were more 

active at ‘rest’  when they were thin (low BCS) was unexpected and difficult to explain but 

�G�H�V�H�U�Y�L�Q�J���R�I���I�X�U�W�K�H�U���L�Q�Y�H�V�W�L�J�D�W�L�R�Q�����5�H�G�X�F�H�G���G�L�V�W�D�Q�F�H���P�R�Y�H�G���S�U�H�G�L�F�W�H�G���E�\���H�J�J���F�R�X�Q�W�V���R�Q���'�D�\��������

are similar to results found in lambs ( Section 5.2), although egg counts in the study with lambs 

were more representative of true worm burdens since they were manipulated using 

anthelmintics, that is to say animals with zero counts had been recently treated and thus 

�Z�R�X�O�G���J�H�Q�X�L�Q�H�O�\���K�D�Y�H���Q�R���I�H�Z���Z�R�U�P�V���S�U�H�V�H�Q�W�����)�R�U���D�F�W�L�Y�L�W�\���P�H�W�U�L�F�V��to be successful as a TST-

regime in adult ewes, further research using anthelmintics appears warranted to test the 
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hypothesis that anthelmintic administration to ewes with low grazing activity (duration and 

intensity) results in a greater improvement in gr�D�]�L�Q�J� � �W�K�D�Q�� �W�U�H�D�W�P�H�Q�W�� �R�I� � �R�W�K�H�U�� �H�Z�H�V� �� � �7�K�L�V� �

anthelmintic -based approach, alongside use of nematode monocultures for infection, may 

�S�U�R�Y�L�G�H���P�R�U�H���F�R�Q�V�L�V�W�H�Q�W���U�H�V�X�O�W�V���L�Q���W�H�U�P�V���R�I���E�H�K�D�Y�L�R�X�U�D�O���U�H�V�S�R�Q�V�H���W�R���*�,�1�����7�K�H���P�R�V�W���D�E�X�Q�G�D�Q�W��

genus identified from culture on both  Day 0 and 11 was H. contortus and it remains to be 

investigated what the behavioural response of ewes would be to a monoculture of non -blood 

�V�X�F�N�L�Q�J���W�U�L�F�K�R�V�W�U�R�Q�J�\�O�L�G�V�����,�Q���D���U�H�F�H�Q�W���V�W�X�G�\���X�V�L�Q�J���W�U�L-axial accelerometers in sheep and goat 

systems where H. contortus  �Z�D�V���W�K�H���S�U�H�Y�D�O�H�Q�W���Z�R�U�P�����0�R�Q�W�R�X�W���H�W���D�O�������������������I�R�X�Q�G���W�K�D�W���D�Q�L�P�D�O�V 

with lower burdens of H. contortus were characterised not by lower activity levels, but by 

�F�K�D�Q�J�H�V���L�Q���E�H�K�D�Y�L�R�X�U�D�O���Y�D�U�L�D�E�L�O�L�W�\�����7�K�H�\���V�X�J�J�H�V�W���V�X�F�K���Y�D�U�L�D�E�L�O�L�W�\���L�V���Q�R�W���H�D�V�L�O�\���G�H�W�H�F�W�D�E�O�H���E�\ 

statistical analysis of activity metrics, such as magnitude or duration of activity as used in the 

�S�U�H�V�H�Q�W���V�W�X�G�\�����8�V�L�Q�J���D���P�D�F�K�L�Q�H���O�H�D�U�Q�L�Q�J���D�S�S�U�R�D�F�K���P�L�J�K�W���H�Q�K�D�Q�F�H���W�K�H���G�H�W�H�F�W�L�R�Q���R�I���F�K�D�Q�J�H�V���L�Q��

individual ewes in the present study in terms of variability in b ehaviour from day -to-�G�D�\����

�:�K�L�O�V�W���Q�R�W���S�H�U�I�R�U�P�H�G���L�Q���W�K�L�V���V�W�X�G�\�����W�K�H���G�D�W�D���S�U�H�V�H�Q�W�H�G���F�D�Q���E�H���I�X�U�W�K�H�U���H�[�S�O�R�U�H�G���X�V�L�Q�J���V�L�P�L�O�D�U��

methods, which is the subject of other �R�Q�J�R�L�Q�J���U�H�V�H�D�U�F�K�� 

Since parasites (as indicated by FEC) were found to have a negligible influence on performance 

parameters, there is clearly a need to investigate other factors that predispose to low or high 

�S�H�U�I�R�U�P�L�Q�J�� �H�Z�H�V���� �$�V�� �D�� �Q�H�[�W�� �V�W�H�S���� �W�K�H�� �O�L�I�H�� �K�L�V�W�R�U�\�� �R�I�� �W�K�H�� �H�Z�H�V�� �L�Q�� �W�K�H�� �S�U�H�V�H�Q�W�� �V�W�X�G�\�� �F�D�Q�� �E�H��

compared to their current activity, alongside ongoing i nformation collected on their 

�U�H�S�U�R�G�X�F�W�L�Y�H���S�H�U�I�R�U�P�D�Q�F�H�����H�V�S�H�F�L�D�O�O�\���O�D�P�E���V�X�U�Y�L�Y�D�O���L�Q���N�L�O�R�V���D�Q�G���N�L�O�R�V���R�I���O�D�P�E�V���Z�H�D�Q�H�G�������7�K�L�V��

would allow the investigation of whether activity premating can inform better lamb survival 

�D�Q�G���Z�H�D�Q�L�Q�J���S�H�U�F�H�Q�W�D�J�H�V�����,�P�S�R�U�W�D�Q�W�O�\�����W�K�H individual history data from these ewes in this 

study can be used to train models that make it more feasible to “obtain perfect recognition of 

behaviour in a large number of animals in real -life applications ���µ�����0�D�U�W�L�V�N�D�L�Q�H�Q���H�W���D�O������������������ 

�������� Conclusion 

Faecal egg counts did not relate consistently to the movement and behavioural activities of 

ewes prior to mating in this study, although moderate to high egg counts at the end of the 

�V�W�X�G�\���Z�H�U�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���U�H�G�X�F�H�G���G�L�V�W�D�Q�F�H���W�U�D�Y�H�O�O�H�G�����7�K�H���D�F�W�L�Y�L�W�\���G�D�W�D��collected using tri -

axial accelerometers in the present study identified that reduced average daily weight gains 

were associated with animals that grazed less; and that thin ewes (low BCS) had higher levels 

of resting activity, but none of these factors we �U�H���S�U�H�G�L�F�W�H�G���E�\���Z�R�U�P���H�J�J���F�R�X�Q�W�V�����7�K�H�V�H���U�H�V�X�O�W�V��

show that neither technology (GPS or accelerometer) has a distinct advantage over the other 
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in terms of determining which animals should be treated with an anthelmintic as both offered 

some insights into ewe p �H�U�I�R�U�P�D�Q�F�H���� �,�Q�� �W�H�U�P�V�� �R�I�� �I�R�F�X�V�L�Q�J�� �I�D�U�P�H�U�V�� �W�R�Z�D�U�G�V�� �E�H�W�W�H�U�� �H�Z�H��

performance, egg counts are almost certainly not the most useful parameter to focus on for 

�G�H�F�L�V�L�R�Q���P�D�N�L�Q�J�����H�V�S�H�F�L�D�O�O�\���D�Q�W�K�H�O�P�L�Q�W�L�F���W�U�H�D�W�P�H�Q�W���G�H�F�L�V�L�R�Q�V�����+�R�Z�H�Y�H�U, there are benefits to 

using FEC to  �D�V�V�H�V�V���W�K�H���O�H�Y�H�O���R�I���S�D�V�W�X�U�H���F�R�Q�W�D�P�L�Q�D�W�L�R�Q���R�F�F�X�U�U�L�Q�J���D�W���W�K�D�W���W�L�P�H����There is benefit 

in collecting activity metrics from a group of ewes with a rich pedigree of information available 

�R�Q�� �W�K�H�L�U�� �O�L�I�H�� �K�L�V�W�R�U�\�� �W�U�D�L�W�V���� �6�S�H�F�L�I�L�F�D�O�O�\���� �D�Q�� �R�S�S�R�U�W�X�Q�L�W�\�� �H�[�L�V�W�V�� �W�R�� �U�H�W�U�Rspectively, and 

prospectively, investigate how these activity measures relate to lambing performance and kilos 

of lambs weaned per ewe, which is the subject of  other  �R�Q�J�R�L�Q�J���U�H�V�H�D�U�F�K�����7�K�H���Y�D�U�L�D�W�L�R�Q���L�Q���W�K�H��

proportion of daily time that ewes spent resting an d grazing, although independent of 

parasitism, using measures of intensity and duration of activity, can be explored further using 

�R�W�K�H�U���P�D�F�K�L�Q�H���O�H�D�U�Q�L�Q�J���W�H�F�K�Q�L�T�X�H�V�� 
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CHAPTER 7 – LAMBS SELECTED FOR RESILIENCE OR RESISTANCE TO 
GASTROINTESTINAL NEMATODES SHOW DIFFERENCES IN DISTANCE 
TRAVELLED 

������ Abstract  

Genetic selection either for enhanced immunological responsiveness against gastrointestinal 

(GI) nematodes (resistance) or an ability to mitigate the effects of parasitism (resilience) has 

been possible for many years using simple parasitological or performance related phenotypic 

�L�Q�G�L�F�D�W�R�U�V���V�X�F�K���D�V���)�(�&�����O�L�Y�H�Z�H�L�J�K�W���J�D�L�Q���R�U���U�H�T�X�L�U�H�P�H�Q�W���I�R�U���F�K�H�P�R�W�K�H�U�D�S�\�����7�K�H���R�E�M�H�F�W�L�Y�H���R�I���W�K�L�V��

study was to compare the movement behaviour of animals bred for either parasite r esistance 

(n=12) or resilience  ���Q� �������� The movement behaviour of two lines of mixed -sex Romney lambs 

�Z�D�V�� �D�V�V�H�V�V�H�G���X�V�L�Q�J�� �*�3�6�� �P�R�Q�L�W�R�U�V�� �D�W�W�D�F�K�H�G�� �W�R���F�R�O�O�D�U�V���� �/�D�P�E�V�� �Z�H�U�H�� �D�O�O�R�F�D�W�H�G�� �W�R���R�Q�H�� �R�I�� �W�Z�R��

�S�D�G�G�R�F�N�V�����Q� �������S�H�U���S�D�G�G�R�F�N���������(�D�F�K���S�D�G�G�R�F�N���J�U�R�X�S���Z�D�V���E�D�O�D�Q�F�H�G���I�R�U���V�H�[���D�Q�G���J�H�Q�R�W�\�S�H����All 

lambs in one padd ock were treated with a long -acting suppressive anthelmintic while the 

lambs in the other paddock remained naturally �L�Q�I�H�F�W�H�G���� �7�K�H�U�H�� �Z�D�V�� �D�� �W�U�H�D�W�P�H�Q�W��effect in 

untreated animals  with greater movement in resilient lambs and a decrease in movement in 

resistan t animals but only at higher  live weights  (p � ������������������Among treated lambs, resilient 

and resistant lambs travelled similar distances ( p � �������������������7�K�H���U�H�V�X�O�W�V���K�L�J�K�O�L�J�K�W���W�K�D�W���Q�R�W���D�O�O��

animals classified as either resilient or resistant demonstrated the same level of these traits 

and overall, these findings suggest that the behaviour associated with resilience and resistance 

may be live  weight  dependent�����(�T�X�D�O�O�\�����W�K�L�V���P�L�J�K�W���E�H���L�Q�G�L�F�D�W�L�Y�H���R�I���D�Q���L�Q�F�R�P�S�O�H�W�H���R�U���S�D�U�W�L�D�O��

expression of the phenotypic traits that char acterise or define lambs branded as resistant or 

�U�H�V�L�O�L�H�Q�W�� 

Key words : Romney lambs; nematode parasites; movement behaviour; remote tracking; 

genetic selection 
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����2 Introduction  

Gastrointestinal nematode (GIN) parasitism is a major constraint to animal health and 

productivity in grazing lambs ���-�D�F�N�V�R�Q���H�W���D�O��, 2009)�����&�R�Q�W�U�R�O���R�I���J�D�V�W�U�R�L�Q�W�H�V�W�L�Q�D�O���Q�H�P�D�W�R�G�H�V���L�Q��

ruminants occurs mainly by chemical prophylaxis using broad spectrum anthel mintics but 

overuse of these drugs has led to widescale drug resistance  ���9�H�U�F�U�X�\�V�V�H�� �H�W�� �D�O��, ���������� ����

�&�R�Q�V�H�T�X�H�Q�W�O�\���� �D�O�W�H�U�Q�D�W�L�Y�H�� �V�W�U�D�W�H�J�L�H�V�� �W�R�� �F�R�Q�W�U�R�O�O�L�Q�J�� �L�Q�I�H�F�W�L�R�Q�� �D�U�H�� �U�H�T�X�L�U�H�G���� �(�[�S�O�R�L�W�L�Q�J�� �K�R�V�W��

variation in GIN susceptibility to breed selectively for resistan ce (Stear and Murray , 1994; 

�:�R�R�O�D�V�W�R�Q�� �D�Q�G�� �%�D�N�H�U���� ������������ �(�D�G�\�� �H�W�� �D�O������ ��������) is one immunological approach to partially 

control infection �D�Q�G�� �G�H�Y�H�O�R�S�L�Q�J�� �V�H�O�H�F�W�L�R�Q�� �L�Q�G�L�F�H�V�� �W�K�D�W�� �D�U�H�� �D�F�F�H�S�W�D�E�O�H�� �W�R�� �O�L�Y�H�V�W�R�F�N�� �E�U�H�H�G�H�U�V����

Diagnostic indicators of GIN , such as faecal egg counts ���%�L�V�K�R�S���H�W���D�O��, �������������%�L�V�V�H�W���H�W���D�O��, 1996), 

mucus membrane pallor (Burke and Miller , ����������  and live weight gain ���0�R�U�U�L�V���H�W���D�O��, 2010) 

have been used as phenotypic markers to select resistance (ability to limit GI parasite 

establishment) and resilience (ability to maintain performance in the face of parasite 

challenge) to GI nematodes (Bishop , 2012)���������6�W�L�O�O�����W�K�H���T�X�H�V�W�L�R�Q���U�H�P�D�L�Q�V���K�R�Z���W�R���P�H�D�V�X�U�H���D�Q�G��

�G�L�V�W�L�Q�J�X�L�V�K���W�K�H���U�H�V�L�O�L�H�Q�F�H���D�Q�G���U�H�V�L�V�W�D�Q�F�H���R�I���D�Q�L�P�D�O�V���W�R���*�,�1�����0�R�U�J�D�Q���H�W���D�O���������������� because they 

remain interlinked phenotypes �����6�H�O�H�F�W�L�R�Q���I�R�U���U�H�V�L�V�W�D�Q�F�H���K�D�V���W�H�Q�G�H�G���W�R���Q�H�J�D�W�L�Y�H�O�\���F�R�U�U�H�O�D�W�H���Z�L�W�K��

performance ���0�R�U�U�L�V���H�W���D�O��, ���������� , leading to the suggestion for inclusion of performance traits 

in resistance selection programs or alternatively t o simply select for resilient animals capable 

of performing well at times when infection  is significant ���%�L�V�V�H�W���H�W���D�O��, 2001)�����7�R���G�D�W�H�����V�H�O�H�F�W�L�R�Q��

for resilient animals is based predominantly on phenotypic markers that relate to performance 

under challenge  such as liveweight ���.�H�Q�\�R�Q�� �H�W�� �D�O��, 2009) or requirement for anthelmintic 

treatment ���0�R�U�U�L�V���H�W���D�O��, 2010)�� 

Animals suffering from parasitism typically display a reduction in voluntary feed intake, 

altered grazing behaviour and lethargy ���)�R�U�E�H�V���H�W���D�O��,, 2000)�����$�Q�L�P�D�O���P�R�Y�H�P�H�Q�W���L�V���S�R�W�H�Q�W�L�D�O�O�\��

an important performance indicator of disease and might be a useful selection trait to derive 

�E�U�H�H�G�L�Q�J���Y�D�O�X�H�V���I�R�U���U�H�V�L�V�W�D�Q�F�H���R�U���U�H�V�L�O�L�H�Q�F�H���W�R���*�,�1�����7�K�H���D�L�P���R�I���W�K�L�V���V�W�X�G�\���Z�D�V���W�R���G�H�W�H�U�P�L�Q�H��

whether movement behaviour would be  different in animals bred for parasite resistance or 

�U�H�V�L�O�L�H�Q�F�H�����7�K�H���R�E�M�H�F�W�L�Y�H�V���Z�H�U�H���W�R�����������X�V�H���*�3�6���V�H�Q�V�R�U�V���W�R���F�R�P�S�D�U�H���G�L�V�W�D�Q�F�H���W�U�D�Y�H�O�O�H�G���E�H�W�Z�H�H�Q��

resistant and resilient animals, and  2) To evaluate the effect of anthelmintic treatment on 

distance moved be�W�Z�H�H�Q���W�K�H�V�H���O�L�Q�H�V���� 
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����3 Materials and Methods  

This study was carried out at the Ashley Dene research farm in Lincoln University, 

�&�K�U�L�V�W�F�K�X�U�F�K�� �1�H�Z�� �=�H�D�O�D�Q�G���� �$�O�O�� �S�U�R�F�H�G�X�U�H�V�� �Z�H�U�H�� �F�D�U�U�L�H�G�� �R�X�W�� �Z�L�W�K�� �D�S�S�U�R�Y�D�O�� �I�U�R�P���� �D�Q�G�� �L�Q��

accordance with the Lincoln University A �Q�L�P�D�O���(�W�K�L�F�V���&�R�P�P�L�W�W�H�H�����/�8�$�(�&������������-�������� 

7.3.1 Animals and experimental design 

The movement behaviour was assessed between two lines of Romney lambs that had been 

selected for either resistance (non- anthelmintic exposed, low egg shedding) or resilience (no n-

anthelmintic exposed, performance maintaining) for gastro -intestinal parasites for more than 

�������\�H�D�U�V�����7�K�H�V�H selection lines were established by AgResearch in 1979 ���%�L�V�V�H�W���H�W���D�O��, 1996; 

�0�R�U�U�L�V���H�W���D�O��, 2000) and were actively selected within line using fa ecal egg count (FEC) as an 

indicator trait as well as the  ability  to maintain performance in the absence of anthelmintic 

treatment �����7�K�H�V�H���O�D�P�E�V���Z�H�U�H���W�U�D�Q�V�I�H�U�U�H�G���W�R���/�L�Q�F�R�O�Q���8�Q�L�Y�H�U�V�L�W�\���L�Q���������������I�U�R�P���Z�K�L�F�K���S�R�L�Q�W���W�K�H��

lines were maintained with replacement ewe and ram lambs randomly selected from within 

each line each year ���*�U�H�H�U���H�W���D�O��, ���������� �����7�K�H���O�D�P�E�V���Z�H�U�H���E�R�U�Q���D�Q�G���U�H�D�U�H�G���R�Q���S�D�V�W�X�U�H���D�W Lincoln 

University’s  Ashley Dene Research Farm and weaned at mean of 92 days -of-�D�J�H�����$�Q�L�P�D�O�V���K�D�G��

access to ad libitum  pasture and were grazed together on paddocks containing predominantly 

ryegrass to allow for natural infection with mixed parasite species ��  

This study was a 2x2 factorial design involving 24 mixed -sex, GIN resistant (n=12) and 

resilient (n=12) lambs at a mean of 144 days- of-age, a period where resistant animals are 

�L�P�P�X�Q�H���E�X�W���U�H�V�L�O�L�H�Q�W���D�Q�L�P�D�O�V���D�U�H���Q�R�W�����*�U�H�H�U���H�W���D�O��������������������The two factors w ere selection line 

�L���H������ �U�H�V�L�V�W�D�Q�W�� ���5�7���� �R�U�� �U�H�V�L�O�L�H�Q�W�� ���5�/������ �D�Q�G�� �D�Q�W�K�H�O�P�L�Q�W�L�F�� �W�U�H�D�W�P�H�Q�W�� �V�W�D�W�X�V���� �L���H������ �W�U�H�D�W�H�G�� ���7���� �R�U��

�X�Q�W�U�H�D�W�H�G�����8������Lambs were allocated to one of two groups – 1) lambs suppressively treated at 

weaning with a long -acting anthelmintic (1 ml pe�U�� ���� �N�J���� �0�$�7�5�,�;®, Boehringer Ingelheim 

�$�Q�L�P�D�O�� �+�H�D�O�W�K�� �1�=����to minimise both parasitism and reduce pasture larval accumulation 

���7�U�H�D�W�H�G�����R�U���������Q�R�W���W�U�H�D�W�H�G���Z�L�W�K���D�Q���D�Q�W�K�H�O�P�L�Q�W�L�F���W�U�H�D�W�P�H�Q�W�����8�Q�W�U�H�D�W�H�G�������(�D�F�K���W�U�H�D�W�P�H�Q�W���J�U�R�X�S��

was balanced for the sex of the lamb (ma�O�H��� �����������I�H�P�D�O�H��� �����������D�Q�G���F�R�Q�V�L�V�W�H�G���R�I���D���������������V�S�O�L�W���R�I��

�U�H�V�L�V�W�D�Q�W���D�Q�G���U�H�V�L�O�L�H�Q�W���O�D�P�E�V�����/�D�P�E�V���Z�H�U�H���������G�D�\�V���S�R�V�W���D�Q�W�K�H�O�P�L�Q�W�L�F���W�U�H�D�W�P�H�Q�W���D�W���W�K�H���V�W�D�U�W���R�I��

�W�K�H�������G�D�\���R�E�V�H�U�Y�D�W�L�R�Q���S�H�U�L�R�G�� 

7.3.2 GPS Monitor and tracking attributes 
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All lambs were fitted with a GPS c �R�O�O�D�U���I�R�U���I�L�Y�H���G�D�\�V����Collars were manufactured by DataCarter 

(�Z�Z�Z���G�D�W�D�F�D�U�W�H�U���F�R�P)����In Chapter 3 , the accuracy of the units were estimated and found to 

have �D���P�H�D�Q���H�U�U�R�U���I�U�R�P���D�F�W�X�D�O���U�H�F�H�L�Y�H�U���S�R�V�L�W�L�R�Q���R�I�����������P���Z�L�W�K���D �V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q���R�I�������������P�� 

The units were scheduled to record location estimates based on three criteria: movement, 

�Y�H�O�R�F�L�W�\���D�Q�G���W�L�P�H���W�K�U�H�V�K�R�O�G�V���E�H�W�Z�H�H�Q���S�R�V�L�W�L�R�Q�V����Positions were only recorded when movement 

�H�[�F�H�H�G�H�G���W�K�H���W�K�U�H�V�K�R�O�G���R�I�������P�H�W�U�H�V���D�Q�G���Y�H�O�R�F�L�W�\���Z�D�V���O�H�V�V���W�K�D�Q���������P�H�W�U�H�V���V�H�F�R�Q�G�������7�K�H�U�H���Z�D�V��

also a time threshold of one minute after which a position was recorded irrespective of 

movement and velocity �����'�L�V�W�D�Q�F�H���E�H�W�Z�H�H�Q���V�X�F�F�H�V�V�L�Y�H���O�R�F�D�W�L�R�Q�V���R�U���V�W�H�S���O�H�Q�J�W�K���Z�H�U�H���S�U�R�F�H�V�V�H�G��

from raw GPS records for each a nimal using the R package moveHMM ���0�L�F�K�H�O�R�W���H�W���D�O��, 2016)����

Step lengths were subsequently summed over successive 24 -hour periods to provide a single 

�Y�D�O�X�H���R�I���W�R�W�D�O���G�L�V�W�D�Q�F�H���P�R�Y�H�G���S�H�U���G�D�\�����0�H�D�Q���G�D�L�O�\���G�L�V�W�D�Q�F�H���Z�D�V���W�K�H�Q���D�V�V�H�V�V�H�G��for each sheep 

�E�\���X�V�H���R�I���W�K�H���G�D�L�O�\���W�R�W�D�O���G�L�V�W�D�Q�F�H���Y�D�O�X�H�V�� 

7.3.3 Parasitological examination and weights 

At the start of the five -day monitoring period, all animals were faecal sampled per rectum  to 

determine FEC  using the modified McMaster method, where each egg counted represented 

�������H�J�J�V���S�H�U���J�U�D�P����eggs/g�����R�I���I�D�H�F�H�V�����$�W���W�K�H���V�D�P�H���W�L�P�H�����E�R�G�\ weights were recorded for each 

�V�K�H�H�S�����)�D�H�F�D�O���O�D�U�Y�D�O���F�X�O�W�X�U�H�V���Z�H�U�H���X�Q�D�E�O�H���W�R���E�H���F�R�Q�G�X�F�W�H�G���W�R���L�Q�W�H�U�S�U�H�W���L�Q�I�H�F�W�L�Y�H���J�H�Q�H�U�D�� 

7.3.4 Statistical analysis  

Descriptive statistics were used to summarise the results of distance travelled (km), body 

weight (kg) and F EC (eggs/g), with the two -sample Student T -Test used to compare these 

�Y�D�U�L�D�E�O�H�V���D�J�D�L�Q�V�W���W�K�H���G�L�I�I�H�U�H�Q�W���D�Q�W�K�H�O�P�L�Q�W�L�F���W�U�H�D�W�P�H�Q�W�V���D�Q�G���J�H�Q�R�W�\�S�H�����7�K�H���0�D�Q�Q-�:�K�L�W�Q�H�\���8��

Test was used to explore non -�Q�R�U�P�D�O�O�\���G�L�V�W�U�L�E�X�W�H�G���Y�D�U�L�D�E�O�H�V�����5�H�F�R�U�G�V���Z�L�W�K���D���K�L�J�K���O�H�Y�H�U�D�J�H���R�Q��

the �G�D�W�D���D�Q�G���!�����V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q�V�����6�'�����I�U�R�P���W�K�H���P�H�D�Q���Z�H�U�H���U�H�P�R�Y�H�G�����7�R���W�H�V�W���W�K�H���K�\�S�R�W�K�H�V�L�V��

of the study, two models were constructed: a multivariate model (M1) was constructed using 

the lmer  �I�X�Q�F�W�L�R�Q�� �L�Q�� �W�K�H�� �5�� �S�D�F�N�D�J�H�� �O�P�H�U�7�H�V�W�� ���.�X�]�Q�H�W�V�R�Y�D�� �H�W�� �D�O���� ������������ �W�R�� �G�H�V�F�Uibe the 

relationship between the mean daily distance travelled (dependent variable) and the fixed 

�H�I�I�H�F�W�V���R�I���D�Q�W�K�H�O�P�L�Q�W�L�F���W�U�H�D�W�P�H�Q�W���D�Q�G���J�H�Q�R�W�\�S�H�����0�H�D�Q���G�L�V�W�D�Q�F�H���Z�D�V���Q�R�W���Q�R�U�P�D�O�O�\���G�L�V�W�U�L�E�X�W�H�G��

and therefore was log -transformed to meet model assumptions and the  adequacy of the 

transformation was assessed using the Shapiro –�:�L�O�N�
�V���W�H�V�W�������6�H�[���Z�D�V���L�Q�F�O�X�G�H�G���D�V���D���F�R�Y�D�U�L�D�W�H��

and body weight was nested within anthelmintic treatment to account for dependence due to 

�S�D�U�D�V�L�W�H�� �V�X�S�S�U�H�V�V�L�R�Q���� �� �$�Q�W�K�H�O�P�L�Q�W�L�F�� �W�U�H�D�W�P�H�Q�W�� �D�Q�G�� �J�H�Q�R�W�\�Se and their interaction were 
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included following a stepwise -selection procedure; variables remaining in the model only when 

the model AIC (Akaike’s Information Criteria) could not be improved by single term additions 

�R�U���G�H�O�H�W�L�R�Q�V�����7�K�H���P�R�G�H�O���Z�D�V���I�L�W�W�H�G���D�V���D��linear mixed effect model (LMM) with sheep ID in day 

as a random effect to account for individual differences in distance moved, as well as individual 

�G�L�I�I�H�U�H�Q�F�H�V���L�Q���P�R�Y�H�P�H�Q�W���F�K�D�Q�J�H���R�Y�H�U���W�L�P�H�����3�R�V�W-�K�R�F���3�D�L�U�Z�L�V�H���7�X�N�H�\�·�V���+�6�'���F�R�P�S�D�U�L�V�R�Q���W�H�V�W��

was used to compare predicted values of distance travelled between resilient and resistant in 

the two treatment groups with the emmeans �S�D�F�N�D�J�H�� ���/�H�Q�W�K�� �H�W�� �D�O���� �������������� �,�Q�� �D�G�G�L�W�L�R�Q����

log10(FEC+1) was modelled as a predictor of distance travelled instead of anthelmintic 

treatmen �W���W�R���H�[�S�O�R�U�H���W�K�H���U�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q���L�Q�I�H�F�W�L�R�Q���O�R�D�G���D�Q�G���P�R�Y�H�P�H�Q�W���R�I���D�Q�L�P�D�O�V�����0��������

�$�O�O�� �V�W�D�W�L�V�W�L�F�D�O�� �D�Q�D�O�\�V�H�V�� �Z�H�U�H�� �F�D�U�U�L�H�G�� �R�X�W�� �X�V�L�Q�J�� �5�� �V�W�D�W�L�V�W�L�F�D�O�� �V�R�I�W�Z�D�U�H�� �Y�H�U�V�L�R�Q�� ������������ ���5�� �&�R�U�H��

�7�H�D�P������������������ 

����4 Results 

7.4.1 Descriptive analysis  

The mean number of GPS loca �W�L�R�Q���U�H�F�R�U�G�V���S�H�U���V�K�H�H�S���R�Y�H�U���W�K�H���V�W�X�G�\���S�H�U�L�R�G���Z�D�V����������������������

�F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�����&�,���������������W�R�����������������'�D�L�O�\���G�L�V�W�D�Q�F�H���Z�D�V���F�D�O�F�X�O�D�W�H�G���I�R�U���G�D�W�D���F�R�O�O�H�F�W�H�G���I�U�R�P��������

�O�D�P�E�V���� �W�Z�R�� �*�3�6�� �X�Q�L�W�V�� �P�D�O�I�X�Q�F�W�L�R�Q�H�G���� �U�H�V�X�O�W�L�Q�J�� �L�Q�� �]�H�U�R�� �U�H�F�R�U�G�V�� �I�R�U�� �O�R�F�D�W�L�R�Q�� �H�V�W�L�P�D�W�H�V���� �2�Q��

average, sh�H�H�S���P�R�Y�H�G���D���P�H�D�Q���G�D�L�O�\���G�L�V�W�D�Q�F�H���R�I�������������N�P�������������&�,�������������W�R�������������N�P�����G�X�U�L�Q�J���W�K�H��

�R�E�V�H�U�Y�D�W�L�R�Q���S�H�U�L�R�G�����,�Q���X�Q�W�U�H�D�W�H�G���O�D�P�E�V�����5�/���O�D�P�E�V���P�R�Y�H�G���D���P�H�D�Q���G�D�L�O�\���G�L�V�W�D�Q�F�H���R�I�������������N�P��

�����������&�,�������������W�R��������������compared with �����������N�P���L�Q���5�7���O�D�P�E�V�������������&�,�������������W�R�����������������Z�K�L�F�K���Z�D�V��a 

�G�L�I�I�H�U�H�Q�F�H���R�I�����������D�S�S�U�R�D�F�K�L�Q�J���V�W�D�W�L�V�W�L�F�D�O���V�L�J�Q�L�I�L�F�D�Q�F�H���D�W���D�Q���D�O�S�K�D���R�I��������������t����������� �����������������������&�,��

–���������������W�R������������������p � �������������������,�Q���W�U�H�D�W�H�G���O�D�P�E�V�����W�K�H�U�H���Z�D�V���Q�R���G�L�I�I�H�U�H�Q�F�H����t����������� �����������������������&�,��–

���������������W�R������������������p � �����������������L�Q���P�H�D�Q���G�D�L�O�\���G�L�V�W�D�Q�F�H���P�R�Y�H�G���E�H�W�Z�H�H�Q���U�H�V�L�O�L�H�Q�W�����0� �������������N�P������������

�&�,�������������W�R���������������D�Q�G���U�H�V�L�V�W�D�Q�W�����0� �������������N�P�������������&�,�������������W�R���������������� 

FEC  ranged from minimal to moderate parasitism (range 0 –  ���������H�J�J�V���J�������H�[�F�H�S�W���I�R�U���R�Q�H���5�/��

�O�D�P�E���Z�K�R�V�H���)�(�&���Z�D�V�������������H�J�J�V���J�����%�D�V�H�G���R�Q���W�K�L�V���)�(�&���U�H�F�R�U�G���W�K�L�V���O�D�P�E��was removed from the 

final analysis as its FEC value was >3 SD  from the mean FEC and had a high leverage on the 

�G�D�W�D�����7�K�H���D�U�L�W�K�P�H�W�L�F���P�H�D�Q���I�D�H�F�D�O���H�J�J���F�R�X�Q�W���D�Q�G���U�D�Q�J�H���V�H�H�Q���L�Q���W�U�H�D�W�H�G���D�Q�G���X�Q�W�U�H�D�W�H�G���O�D�P�E�V���L�V��

shown in Table 7 �������� 
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Table 7.1 Arithmetic mean faecal egg counts (eggs/g) of treated and untreated lambs 

bred as resilient (RL) or resistant (RT) to gastrointestinal nematodes  

Genotype  Treatment history  Mean eggs/g  Range eggs/g  

�5�/�����Q� ���� Yes  160 0 to ������  

�5�/�����Q� ���� No  260 ���������W�R�������� 

RT (n=6)  Yes  ����  0 to 300 

RT (n=6)  No  67 0 to 300 

 

FEC values were non -normally distributed and could not be normalised using a 

�W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���D�Q�G���Z�H�U�H���V�X�E�V�H�T�X�H�Q�W�O�\���D�Q�D�O�\�V�H�G���X�V�L�Q�J���W�K�H���:�L�O�F�R�[�R�Q���5�D�Q�N���6�X�P���7�H�V�W�������7�K�H���W�H�V�W��

indicated an effect of treatment on FEC levels ( W � ������������������p = 0������) with higher levels in 

untreated ( Median (Mdn)  � �������������,�Q�W�H�U�T�X�D�U�W�L�O�H���U�D�Q�J�H�����,�4�5��� �����������W�K�D�Q���L�Q���W�U�H�D�W�H�G����Mdn  = 0, 

�,�4�5� ���������� �D�Q�L�P�D�O�V���� �7�K�H�� �)�(�&�� �O�H�Y�H�O�� �L�Q�� �U�H�V�L�V�W�D�Q�W�� �O�D�P�E�V�� �V�K�R�Z�H�G�� �D�� �W�\�S�L�F�D�O�� �¶�O�R�Z�� �H�J�J�� �V�K�H�G�G�L�Q�J�·��

median (Mdn  = 0, IQR=100), which was significantly lower (W � ��������������p < 0��������)  than FEC 

levels in resilient lambs ( Mdn  � �������������,�4�5� ���������� 

�/�D�P�E���O�L�Y�H���Z�H�L�J�K�W�V���U�D�Q�J�H�G���I�U�R�P������������– �����������N�J���Z�L�W�K���D���P�H�D�Q���O�L�Y�H���Z�H�L�J�K�W���“���6�(�0���R�I���O�D�P�E�V���W�K�D�W��

�K�D�G���U�H�F�H�L�Y�H�G���D�Q���D�Q�W�K�H�O�P�L�Q�W�L�F���W�U�H�D�W�P�H�Q�W�����������“�������������N�J�����F�R�P�S�D�U�H�G��with  lambs that were left 

�X�Q�W�U�H�D�W�H�G������������ �“�������������N�J������t����������� �����������������������&�,�������������W�R����������������p ���������������������:�L�W�K�L�Q���D�Q�W�K�H�O�P�L�Q�W�L�F��

�W�U�H�D�W�P�H�Q�W���J�U�R�X�S�V�����5�/���O�D�P�E�V���Z�H�U�H�������������K�H�D�Y�L�H�U���W�K�D�Q���5�7���O�D�P�E�V���L�Q���W�U�H�D�W�H�G���D�Q�L�P�D�O�V����t����������� ��������������

���������&�,��–���������W�R��������������p � �����������������D�Q�G�������������K�H�D�Y�L�H�U���L�Q���X�Q�W�U�H�D�W�H�G���O�D�P�E�V����t����������� ������������ ���������&�,��–

�����������W�R��������������p � �������������������7�K�H���P�H�D�Q���O�L�Y�H���Z�H�L�J�K�W�V���R�I���5�/���D�Q�G���5�7���O�D�P�E�V���L�Q���E�R�W�K���W�U�H�D�W�P�H�Q�W���J�U�R�X�S�V��

is presented in Table 7 ������ 

Table 7.2 �0�H�D�Q���O�L�Y�H���Z�H�L�J�K�W�V�����N�J�����D�Q�G�����������F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O���R�I���W�U�H�D�W�H�G���D�Q�G���X�Q�W�U�Hated 

�O�D�P�E�V���E�U�H�G���D�V���U�H�V�L�O�L�H�Q�W�����5�/�����R�U���U�H�V�L�V�W�D�Q�W�����5�7�����W�R���J�D�V�W�U�R�L�Q�W�H�V�W�L�Q�D�O���Q�H�P�D�W�R�G�H�V�� 

Genotype  Treatment history 

(n = 6 per group)  

Mean kg  Lower CL  Upper CL  

RL Yes  �������� �������� �������� 

RL No  �������� �������� �������� 

RT Yes  �������� �������� �������� 

RT No  �������� �������� �������� 

�1�R�W�H�����Q��� ���Q�X�P�E�H�U���R�I���O�D�P�E�V�����&�/��� �����������F�R�Q�I�L�G�H�Q�F�H���O�L�P�L�W 

7.4.2 Multivariate analysis  
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A Shapiro -� :�L�O�N�� �W�H�V�W�� �R�I� � �Q�R�U�P�D�O�L�W�\� � �R�Q�� �P�R�G�H�O�� �R�Q�H�� � �� :� � �  � � � �� �� �� �� �� �p � �� �������������� �L�Q�G�L�F�D�W�H�G�� �L�W�� �V�D�W�L�V�I�L�H�G��

�D�V�V�X�P�S�W�L�R�Q�V���R�I���Q�R�U�P�D�O�L�W�\���D�Q�G���K�R�P�R�V�F�H�G�D�V�W�L�F�L�W�\�����$�I�W�H�U���V�W�H�S�Z�L�V�H���U�H�G�X�F�W�L�R�Q�����$�,�&���L�P�S�U�R�Y�H�G���E�\��������

units to - ���������������7�K�H�U�H���Z�D�V���H�Y�L�G�H�Q�F�H���W�R���V�X�S�S�R�U�W���R�X�U���K�\�S�R�W�K�H�V�L�V���W�K�D�W���L�Q���W�K�H���X�Q�W�U�H�D�W�H�G���J�U�R�X�S����

selection line had an effect on the movem ent of lambs which was dependent on their live 

�Z�H�L�J�K�W���� �7�K�L�V�� �H�I�I�H�F�W�� �Z�D�V�� �Q�R�W�� �S�U�H�V�H�Q�W�� �L�Q�� �W�U�H�D�W�H�G�� �D�Q�L�P�D�O�V�� ���7�D�E�O�H��7�������� �)�L�J�X�U�H��7���������� �7�K�H�� �P�R�G�H�O��

�D�F�F�R�X�Q�W�H�G���I�R�U���V�K�H�H�S���D�Q�G���G�D�\���D�V���U�D�Q�G�R�P���H�I�I�H�F�W�V�����L�Q�W�H�U�F�H�S�W���D�Q�G���V�O�R�S�H������ 

 

Table 7.3 Summary of the effects of Romney Lamb genotype (resistant- RT and 

resilient -RL), anthelmintic treatment (treated -T and untreated -�8�����D�Q�G���O�L�Y�H���Z�H�L�J�K�W�����/�:����

over five days on the mean daily movement of lambs estimated from linear  �P�L�[�H�G���P�R�G�H�O�� 

Effects  Coefficient  SE     95% CI  t value  p 

(Intercept)   ������������  ����������������  -����������  to ����������    ����������   ������������  

Drench status (T)   ������������  ����������������  -������������to ����������    ����������   ������������  

Genotype (RT)  ������������  ����������������   ������������to ����������    ����������   ������������  

�'�U�H�Q�F�K���V�W�D�W�X�V�����8�������/�:  ������������  ����������������   ������������to ����������    ����������   ������������  

�'�U�H�Q�F�K���V�W�D�W�X�V�����7�������/�: -������������  ����������������  -������������to ����������   ����������   ������������  

T: RT -������������  ����������������  -������������to -����������   ����������   ������������  

�8�����5�7�����/�: -������������  ����������������  -������������to -����������   ����������   ������������  

�7�����5�7�����/�: -������������  ����������������  -������������to ����������   ����������   ������������  

�6�(�����V�W�D�Q�G�D�U�G���H�U�U�R�U�����5�H�I�H�U�H�Q�F�H���O�H�Y�H�O�V���D�U�H���L�Q�G�L�F�D�W�H�G���L�Q���S�D�U�H�Q�W�K�H�V�H�V�� 

 

�6�K�H�H�S�� �,�'�� �K�D�G�� �D�V�� �P�X�F�K�� �R�I�� �W�K�H�� �Y�D�U�L�D�Q�F�H�� �L�Q�� �W�K�H�� �L�Q�W�H�U�F�H�S�W�� �D�V�� �G�D�\�� �L�Q�� �W�K�H�� �V�O�R�S�H�� ���������������� ��������������

respectively), suggesting lambs did not differ from each other  more (intercept) than their 

�R�E�V�H�U�Y�H�G�� �W�H�P�S�R�U�D�O�� �Y�D�U�L�D�W�L�R�Q�� ���V�O�R�S�H���� �R�Y�H�U�� �W�K�H�� �G�X�U�D�W�L�R�Q�� �R�I�� �I�L�Y�H�� �G�D�\�V���� �7�X�N�H�\�·�V �+�6�'�� �S�D�L�U�Z�L�V�H��

comparison of distance means of RT and RL lambs among treated and untreated groups is 

presented in Table 7 ��4�����5�H�V�X�O�W�V���I�U�R�P���P�R�G�H�O���W�Z�R���L�Q�G�L�F�D�W�H�G���)�(�&���O�H�Y�H�O�V���K�D�G���D���S�R�V�L�W�L�Y�H���S�U�H�G�L�F�W�L�Y�H��

effect (�Ã � �����������������R�Q���G�L�V�W�D�Q�F�H���P�R�Y�H�G����R2 = 0����������F��������  � ������������p � �������������������������&�,�����������H-������������������������ 
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Figure 7.1 �(�I�I�H�F�W���R�I���D�Q�W�K�H�O�P�L�Q�W�L�F���W�U�H�D�W�P�H�Q�W���R�Q���W�K�H���P�H�D�Q���G�D�L�O�\���P�R�Y�H�P�H�Q�W������������

confidence interval) of resilient (RL) and resistant (RT) Romney lambs dependent on live 

�Z�H�L�J�K�W�� 

Table 7.4 Post-hoc Tukey’s -�+�6�'  pairwise  comparison  of distance moved (km)  between 

resilient  (RL) and resistant  (RT) lambs in  treated  (T) and untreated  (U) lamb  �J�U�R�X�S�V�� 

Contrast  Estimate  SE df  t ratio  p 

RL(U) – RT(U)  ��������  �������� 12  ����������  �������� �� 

RL(U) – RL(T)   ��������  ������9 12  ����������  �������� �� 

RL(U) – RT(T)  ��������  �������� 12  ����������  �������� �� 

RT(U) – RL(T)  -������7 �������� 12 -����������  ����������  

RT(U) – RT(T) -������4 ������1 12 -����������  ����������  

RL(T) – RT(T)  ��������  �������� 12  ����������  ����������  

SE, standard error; df, degree of freedom  

 

������ Discussion 

The objective of the current study was to use GPS sensors to determine the daily distance 

moved by GIN resilient and resistant lines of sheep and to investigate the effect of anthelmintic 

treatment on their  �P�R�Y�H�P�H�Q�W����In the absence of parasitism (T) there was essentially no 
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difference between the two selection lines, but when parasites were present (U) the lines 

�E�H�F�D�P�H�� �G�L�Y�H�U�J�H�Q�W���� �E�X�W�� �R�Q�O�\�� �D�W�� �K�L�J�K�H�U�� �O�L�Y�H�Z�H�L�J�K�W�V���� �7�K�H�� �K�H�D�Y�L�H�U�� �5�7�� �D�Q�L�P�D�O�V�� �E�H�L�Q�J�� �P�R�U�H��

�V�N�H�O�H�W�D�O�O�\���P�D�W�X�U�H���D�Q�G���K�H�Q�F�H���S�H�U�K�D�S�V���D�O�V�R���P�R�U�H���P�D�W�X�U�H���S�K�\�V�L�R�O�R�J�L�F�D�O�O�\�����*�U�H�H�U���H�W���D�O��������������������

began to show the trade- off of expressing immunity to parasites, their activity declining as 

immune processes exacted a cost on animal performance possibly reflecting inflammatory 

processes inside and outside the gut occurring in tandem with immune effector mechanisms 

�G�L�U�H�F�W�H�G���D�W���W�K�H���S�D�U�D�V�L�W�H�V�����7�K�H���5�/���O�D�P�E�V���D�W���K�L�J�K�H�U���E�R�G�\���Z�H�L�J�K�W�V���Z�H�U�H���V�W�L�O�O���D�I�I�H�F�W�H�G���E�\���S�D�U�D�V�L�W�H�V����

�E�X�W���V�K�R�Z�H�G���L�Q�F�U�H�D�V�H�G���D�F�W�L�Y�L�W�\���D�V���D�Q���H�I�I�H�F�W�L�Y�H���F�R�P�S�H�Q�V�D�W�R�U�\���P�H�F�K�D�Q�L�V�P�����7�K�H�V�H results indicate 

that these selection lines default to moving different �O�\���L�Q���U�H�V�S�R�Q�V�H���W�R���W�K�H�L�U���S�D�U�D�V�L�W�H���F�K�D�O�O�H�Q�J�H����

�:�K�H�Q��the challenge is lowered, in this case using anthelmintic treatment, the difference in 

�P�R�Y�H�P�H�Q�W���L�V���Q�H�J�O�L�J�L�E�O�H���� 

This study coincided with what was anticipated to be a period where resistant animals were 

immu �Q�H���W�R���*�,�1�����E�X�W���U�H�V�L�O�L�H�Q�W���D�Q�L�P�D�O�V���Z�H�U�H���Q�R�W�����*�U�H�H�U���D�Q�G���+�D�P�L�H, ���������������$�V���V�X�F�K�����W�K�H���W�L�P�L�Q�J��

would be appropriate for studying the effects on movement from the varying immune response 

to GIN among these selection lines, which is reportedly temporal ���+�D�P�L�H���H�W���D�O��, 2019)����The 

timing of measurement is important in distinguishing between resistant and resilient animals 

as, should immunity develop, animals may thereafter display a mixture of both resistance and 

�U�H�V�L�O�L�H�Q�F�H�����0�R�U�J�D�Q���H�W���D�O��������������������For instance, resilient animals at this age have been reported 

to thrive in comparison to their resistant counterparts while sometimes carrying a greater 

parasite burden  ���0�R�U�U�L�V���H�W���D�O���������������������7�K�L�V���L�V���L�P�S�R�U�W�D�Q�W���L�Q���L�Q�W�H�U�S�U�H�W�L�Q�J���W�K�H���L�Q�W�H�U�D�F�W�L�R�Q���H�I�I�H�F�W���R�I��

genotype by live weight, as the sam e reason could be inferred as to why heavier, untreated 

resilient lambs moved more (‘thriving’), when similar sized untreated resistant lambs reduced 

�P�R�Y�H�P�H�Q�W���� �7�K�H�� �P�R�G�H�O�� �S�U�H�G�L�F�W�H�G�� �W�K�D�W�� �D�Q�� �D�Q�L�P�D�O�� �Z�H�L�J�K�L�Q�J��> 32 kg or more when it was 

untreated would move mor �H���L�I���L�W���Z�D�V���U�H�V�L�O�L�H�Q�W�����D�Q�G���O�H�V�V���L�I���L�W���Z�D�V���V�H�O�H�F�W�H�G���I�R�U���U�H�V�L�V�W�D�Q�F�H����It is not 

clear from the data why lighter weigh t animals did not show a significant difference in their 

daily travel distance ( Figure ����1������Resistant lambs may have had a trade -off between the 

�H�Q�H�U�J�H�W�L�F���F�R�V�W���R�I���P�R�Y�L�Q�J���D�Q�G���W�K�H���F�R�V�W���V�����D�V�V�R�F�L�D�W�H�G���Z�L�W�K���P�R�X�Q�W�L�Q�J���D�Q���L�P�P�X�Q�H���U�H�V�S�R�Q�V�H���W�R���*�,�1����

�&�R�Q�Y�H�U�V�H�O�\�����G�H�O�D�\�H�G���*�,�1���U�H�F�R�J�Q�L�W�L�R�Q���L�Q���U�H�V�L�O�L�H�Q�W���O�D�P�E�V���D�W���W�K�L�V���D�J�H�����*�U�H�H�U���H�W���D�O�������������������P�D�\��

have resulted in this trade -off being less in favour of walking, presumably  to better  meet their 

�Q�X�W�U�L�H�Q�W�� �U�H�T�X�L�U�H�P�H�Q�W�V���� �7�K�L�V�� �P�D�\�� �H�I�I�H�F�W�L�Y�H�O�\�� �E�H�� �D�Q�D�O�R�J�R�X�V�� �W�R�� �V�W�X�G�L�H�V�� �W�K�D�W�� �I�R�X�Q�G�� �W�K�D�W��

corticosteroid -induced immune suppression ameliorated feed intake and performance in sheep 

infected with T����circumcincta  ���*�U�H�H�U���H�W���D�O��, ����������  and T����colubriformis ���*�U�H�H�U���H�W���D�O��, 2009)�������,�W��

lends further support to the hypothesis that the host’s immune response is the underlying 
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cause of altered host physiology, which consequently results in altered behaviours in 

�S�D�U�D�V�L�W�L�V�H�G���D�Q�L�P�D�O�V���� 

There is a case to be made that bigger animals are likely to take larger steps  and therefore 

move greater distance �����,�W���L�V���S�U�R�E�D�E�O�H���W�K�D�W���W�K�L�V���G�L�I�I�H�U�H�Q�F�H���L�Q���O�L�Y�H���Z�H�L�J�K�W��was the reason that 

�U�H�V�L�O�L�H�Q�W���� �W�U�H�D�W�H�G�� �O�D�P�E�V�� ���D�S�S�U�R�[���� ������ �K�H�D�Y�L�H�U�� �L�Q�� �W�K�L�V�� �V�W�X�G�\���� �P�R�Y�H�G�������� more than resistant 

treated lambs, although this difference was not statistically significant ����The live weight 

difference between selection lines among �X�Q�W�U�H�D�W�H�G�� �D�Q�L�P�D�O�V�� �Z�D�V�� ��������yet the difference in 

distance moved was at least three times as much and this difference is likely attributable to a 

�U�H�V�S�R�Q�V�H�� �W�R�� �S�D�U�D�V�L�W�H�V�� �R�Q�� �W�K�H�� �S�D�U�W�� �R�I�� �X�Q�W�U�H�D�W�H�G�� �U�H�V�L�V�W�D�Q�W�� �O�D�P�E�V����Nesting live weight in 

treatment , therefore,  seemed an appropriate approach to  examine the behavioural response 

as it compared similar sized lambs from both selection lines that had received a similar 

�W�U�H�D�W�P�H�Q�W�� ���H�[�S�R�V�H�G�� �R�U�� �Q�R�W�� �H�[�S�R�V�H�G�� �W�R�� �D�Q�W�K�H�O�P�L�Q�W�L�F�V������ �7�K�H�� �P�R�Y�H�P�H�Q�W�� �S�D�W�W�H�U�Q�� �I�R�U�� �U�H�V�L�O�L�H�Q�W��

untreated lambs appeared consistent with the definition of this group of lambs where 

liveweight was maintained in the presence of high FEC ���*�U�H�H�U���H�W���D�O��, ���������� ���� 

The relationship between FEC and movement trended towards an increase in distance 

�W�U�D�Y�H�O�O�H�G�� �Z�L�W�K�� �L�Q�F�U�H�D�V�L�Q�J�� �)�(�&�� �O�H�Y�H�O�V����Resilient  animals d emonstrated to be heavier than 

resistant lambs and moved further than resistant animals whilst harbouring greater FEC ����

Consequently, this  �S�R�V�L�W�L�Y�H�����U�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q���W�K�H�V�H���Y�D�U�L�D�E�O�H�V���Z�D�V���O�D�U�J�H�O�\���H�[�S�H�F�W�H�G�����(�Y�H�Q��

though the predictive ability of the model was limited by a low R2 of 0���������� �L�W��provided for 

consolidation of  the information provided from modelling distance moved among selection lines 

as a function of receiving anthelmintic treatment ; resilient lambs showed an ability to mitigate 

the effects of p�D�U�D�V�L�W�L�V�P�����)�D�O�]�R�Q���H�W���D�O���������������� found a similar trend  in stud ewes that were faecal 

sampled randomly and whereby  the mean distance per step measured with GPS technology 

�L�Q�F�U�H�D�V�H�G���D�V���)�(�&���L�Q�F�U�H�D�V�H�G���� In addition, information  on live weight of the stud ewes o r their 

genotypic predisposition to GIN was not provided therefore making direct comparisons to the 

�S�U�H�V�H�Q�W���V�W�X�G�\���G�L�I�I�L�F�X�O�W�����1�R�Q�H�W�K�H�O�H�V�V�����L�W���F�D�Q���E�H���D�V�V�X�P�H�G���W�K�H���V�W�X�G���H�Z�H�V���Z�H�U�H���R�O�G�H�U���D�Q�G���I�X�U�W�K�H�U��

along in their immunity and  further investigation on the repeat ability of this phenomenon 

�D�S�S�H�D�U�V���Z�R�U�W�K�\�� 

It is difficult to offer a biological explanation for the interactions between live weights and 

�G�L�V�W�D�Q�F�H� � �P�R�Y�H�G� � � L�Q� � �X�Q�W�U�H�D�W�H�G� � � 5� 7� � �D�Q�G� � � 5� /� � � O�L�Q�H�V� �� � � )�R�U� � �W�K�H� � �U�H�V�L�O�L�H�Q�W� � �D�Q�L�P�D�O�V� �� � � L�W� � � L�V� � �S�R�V�V�L�E�O�H� � �W�R� �

speculate that, some of the  lower body weight lambs were not showing evidence of the same 

�O�H�Y�H�O�� �R�I�� �U�H�V�L�O�L�H�Q�F�H���� �,�Q�G�H�H�G���� �L�W�� �P�D�\�� �E�H�� �W�K�D�W�� �W�K�H�� �O�L�J�K�W�H�U�� �U�H�V�L�O�L�H�Q�W�� �D�Q�L�P�D�O�V�� �D�U�H�� �L�Q�� �I�D�F�W�� �Q�R�W�� �W�U�X�H��



 

 
 

������  

�U�H�V�L�O�L�H�Q�W���D�Q�L�P�D�O�V���D�V���W�K�H�\���D�U�H���Q�R�W���S�K�H�Q�R�W�\�S�L�F�D�O�O�\���E�H�K�D�Y�L�Q�J���D�V���U�H�V�L�O�L�H�Q�W���D�Q�L�P�D�O�V�����+�R�Z�H�Y�H�U�����I�R�U��

the r �H�V�L�V�W�D�Q�W���D�Q�L�P�D�O�V���W�K�D�W���H�[�S�O�D�Q�D�W�L�R�Q���G�R�H�V���Q�R�W���Q�H�F�H�V�V�D�U�L�O�\���I�R�O�O�R�Z�����7�K�H���H�J�J���F�R�X�Q�W�V���I�R�U���U�H�V�L�V�W�D�Q�W��

animals were low (range 0 to 300 eggs/g), with most being  zero-egg counts but how they are 

‘demonstrating’ resistance might vary between the animals, in terms of th eir impact on protein 

�P�H�W�D�E�R�O�L�V�P���I�R�U���H�[�D�P�S�O�H�����,�W���F�D�Q���E�H���D�U�J�X�H�G���W�K�D�W���D�F�U�R�V�V���W�K�H���E�R�G�\���Z�H�L�J�K�W���V�S�H�F�W�U�X�P���W�K�H�\���D�U�H���X�V�L�Q�J��

different mechanisms to resist parasites, some which might be associated more with greater 

trade -�R�I�I�V�����2�Y�H�U�D�O�O�����V�L�Q�F�H���W�K�H�V�H���D�Q�L�P�D�O�V���D�U�H���R�Q�O�\��on the spectrum, especially the resistant ones 

as they all still had some parasites, a possible biological explanation to these phenomena is 

that these animals are not all using the same mechanisms to achieve the same level of either 

resilience or resistan �F�H�����7�K�L�V���L�V���R�Q�H���U�H�D�V�R�Q���Z�K�\���W�K�H���V�H�O�H�F�W�L�R�Q���I�R�U���R�S�W�L�P�D�O���K�R�V�W���S�K�H�Q�R�W�\�S�H�V���F�D�Q��

�E�H���F�K�D�O�O�H�Q�J�L�Q�J�����0�R�U�J�D�Q���H�W���D�O��������������������It remains to be determined what influence on movement 

activity would be seen in older animals (further advanced in their immune response against  

GIN) between the selection lines �� 

����6 Conclusion 

Attaching GPS collars to sub -clinically infected Romney lambs selected as either resilient or 

resistant to GIN allowed the demonstration of movement patterns that were dependent on 

�F�R�P�E�L�Q�D�W�L�R�Q���R�I���W�K�H�L�U���J�H�Q�R�W�\�S�H�����L�Q�I�H�F�W�L�R�Q���V�W�D�W�X�V���D�Q�G���E�R�G�\���Z�H�L�J�K�W�� The study demonstrated that 

movement between resilient and resistant animals was similar when they had received 

anthelmintics but different in untreated lambs �����5�H�V�L�O�L�H�Q�W���L�Q�I�H�F�W�H�G���O�D�P�E�V���Z�L�O�O���L�Q�F�U�H�D�V�H���W�U�D�Y�H�O��

distance while lambs selected for resistance will reduce distance travelled ���� �+�R�Z�H�Y�H�U���� �V�R�P�H��

lambs demonstrated a mixture of both resilience and resistance, suggesting the behavioural 

changes associated with  resilience and resistance may only be apparent at greater  live  �Z�H�L�J�K�W�V����

Overall, if  heritability and repeatabi lity values can be established for behavioural changes in 

response to these phenotypic traits, the possibility exists to develop the  use of remote sensing 

�W�H�F�K�Q�R�O�R�J�\���I�R�U���V�H�O�H�F�W�L�Y�H�O�\���E�U�H�H�G�L�Q�J���I�R�U���H�L�W�K�H�U���U�H�V�L�O�L�H�Q�F�H���R�U���U�H�V�L�V�W�D�Q�F�H���W�R���*�,�1���L�Q�I�H�F�W�L�R�Q�� 
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CHAPTER 8 – GENERAL DISCUSSION 

 
������ Introduction and summary of key findings  

In order to farm sheep o ptimally, pragmatic  and adoptable  advice on sustainable helminth 

control practices needs to be provided to farmers and advisors to reduce the emergence and 

�V�S�U�H�D�G���R�I���D�Q�W�K�H�O�P�L�Q�W�L�F���U�H�V�L�V�W�D�Q�F�H�����7�K�L�V���F�K�D�S�W�H�U���Z�L�O�O���H�[�S�D�Q�G���R�Q���W�K�L�V���U�H�T�X�L�U�H�P�H�Q�W�����K�L�J�K�O�L�J�K�W�L�Q�J��

the important findings the preceding chapters in this thesis contribute towards achieving that 

�J�R�D�O���D�Q�G���F�R�Q�V�L�G�H�U�L�Q�J���W�K�H�P���L�Q���F�R�Q�W�H�[�W���R�I���W�K�H���U�H�V�H�D�U�F�K���J�D�S�V���W�K�D�W���V�W�L�O�O���Q�H�H�G���W�R���E�H���D�G�G�U�H�V�V�H�G�����7�K�H��

overall aim of the research in this thesis was to make progress on developing technology to 

assist with a�S�S�O�\�L�Q�J�� �7�6�7�� �D�S�S�U�R�D�F�K�H�V���� �7�K�H�� �V�W�X�G�L�H�V�� �L�Q�� �W�K�L�V�� �W�K�H�V�L�V�� �X�V�H�G�� �U�H�P�R�W�H�� �V�H�Q�V�R�U�V�� �W�R��

investigate the behavioural responses of sheep to gastrointestinal nematodes acquired 

�Q�D�W�X�U�D�O�O�\���I�U�R�P���S�D�V�W�X�U�H�����(�[�S�H�U�L�P�H�Q�W�V���Z�H�U�H���G�H�V�L�J�Q�H�G���W�R���F�D�S�W�X�U�H���W�K�L�V���U�H�V�S�R�Q�V�H���G�X�U�L�Q�J���D���S�H�U�L�R�G��

of active growth ( Chapter 2 , Chapter 5  and Chapter 7), and in adult sheep ( Chapter 6�������%�\��

�G�H�V�L�J�Q�����W�K�H���L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V���V�H�W���R�X�W���W�R���G�H�W�H�F�W���V�X�E�W�O�H���G�L�I�I�H�U�H�Q�F�H�V���L�Q���V�K�H�H�S���E�H�K�D�Y�L�R�X�U�����/�H�V�V���D�W�W�H�Q�W�L�R�Q��

was paid to the gross changes in behaviour that might be seen with clini cal disease since the 

intended goal was to be able to detect subtle changes associated with subclinical parasitism to 

�D�O�O�R�Z���L�Q�W�H�U�Y�H�Q�W�L�R�Q�V���W�R���E�H���P�D�G�H�����7�K�H���F�K�D�O�O�H�Q�J�H���Z�D�V���W�R���G�H�W�H�F�W���G�L�I�I�H�U�H�Q�F�H�V���L�Q���D�Q�L�P�D�O�V���W�K�D�W���Z�R�X�O�G��

not be observable by even skilled farmers in  any other way, and to do so before they become 

�P�R�U�H���V�H�Y�H�U�H���� 

To this end, the main findings from the experiments in this thesis are as follows:  

���� Tri -axial accelerometers and GPS collars can be used to detect subtle changes in the 

behavioural activity and m ovement of parasitised sheep, in the absence of clinical signs 

�R�I���S�D�U�D�V�L�W�L�V�P�� 

���� GIN can  at times  �U�H�G�X�F�H���V�K�H�H�S���D�F�W�L�Y�L�W�\���D�Q�G���P�R�Y�H�P�H�Q�W�����)�R�U���H�[�D�P�S�O�H�����U�H�G�X�F�H�G���R�Y�H�U�D�O�O��

activity was observed in infected young Romney x Suffolk sheep (Chapter 2 ); reduced 

weekly dista nce travelled in Perendale lambs from three months to one year of age in 

the weeks following a short -acting anthelmintic  (Chapter 5. 2), reduced proportion of 

time spent grazing and walking ( Chapter 5. 3); and reduced distance travelled in 

untreated “resista nt” lambs at approximately five months of age  (Chapter 7) 

�F�R�P�S�D�U�H�G���W�R���W�K�H�L�U���X�Q�W�U�H�D�W�H�G���́ �U�H�V�L�O�L�H�Q�W�µ���F�R�X�Q�W�H�U�S�D�U�W�V���� 

���� In contrast, there were also instances where GIN parasitism was associated with 

increased host movement, as seen in untreated “ resilient ” lambs (Chapter 7), or 
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instances where no apparent or consistent impact of GIN on hosts was found (mixed -

age adult ewes – Chapter 6������ 

���� Collectively, the relationships in these studies suggest that the effect of GIN infections 

on host movement and activities is influenced by host age, host genotype, host 

liveweight, the type of activity being observed and the behaviour para meters used in 

�L�P�S�D�F�W���D�V�V�H�V�V�P�H�Q�W�V���� 

As a whole, the investigations described in this thesis demonstrate the potential utility of 

animal movement and behaviour as a marker of parasitism, however further work is required 

before it can  be applied in a TST setting to effectively control nematode -induced production 

�L�P�S�D�F�W�V�����&�K�D�U�O�L�H�U���H�W���D�O���������������������,�Q���W�K�H���I�R�O�O�R�Z�L�Q�J���V�H�F�W�L�R�Q�����W�K�H���E�U�R�D�G���L�P�S�O�L�F�D�W�L�R�Q�V���R�I���W�K�H�V�H���I�L�Q�G�L�Q�J�V��

will be discussed in the context of the overall research design, the research limitations, and the 

�O�L�Q�N�V�� �E�H�W�Z�H�H�Q�� �U�H�V�X�O�W�V�� �D�F�U�R�V�V�� �F�K�D�S�W�H�U�V���� �7�K�H�� �G�L�I�I�H�U�H�Q�F�H�V�� �L�Q�� �W�K�H�� �E�H�K�D�Y�L�R�X�U�D�O�� �U�H�V�S�R�Q�V�H�� �R�I��

parasitised sheep as a function of age (lambs versus ewes), host factors (resilience versus 

resistance to GINs ) and the behavioural  parameters sens itive to this response are also 

�L�Q�F�O�X�G�H�G���� �)�L�Q�D�O�O�\���� �I�X�U�W�K�H�U�� �U�H�V�H�D�U�F�K�� �U�H�T�X�L�U�H�G�� �W�R�� �H�[�W�H�Q�G�� �W�K�L�V�� �Z�R�U�N�� �E�\�� �R�S�W�L�P�L�V�L�Q�J�� �D�Q�L�P�D�O��

�E�H�K�D�Y�L�R�X�U���P�R�Q�L�W�R�U�L�Q�J���I�R�U���V�X�V�W�D�L�Q�D�E�O�H���*�,�1���P�D�Q�D�J�H�P�H�Q�W���Z�L�O�O���E�H���G�L�V�F�X�V�V�H�G�� 

������ Utility and limitation of the experimental designs used in this  

research 

It is generally recognised that the adverse impact of GIN on their hosts represents a continuum 

from effectively no impact at the lightest levels of infection, through causing sub -clinical effects 

with moderate burdens, and clinical disease event ually occurring at higher levels of infection 

���6�X�W�K�H�U�O�D�Q�G���D�Q�G���6�F�R�W�W���������������� �3�R�P�U�R�\���� �������������� �7�K�H�� �Z�R�U�N���F�D�U�U�L�H�G���R�X�W���L�Q�� �W�K�L�V�� �W�K�H�V�L�V�� �V�R�X�J�K�W���W�R��

determine if it was possible to detect differences in sheep behaviour and activity during periods 

when sub-clinical effe �F�W�V���R�I���*�,�1���S�D�U�D�V�L�W�L�V�P���Z�R�X�O�G���R�F�F�X�U���D�Q�G���W�K�X�V���E�H���V�P�D�O�O���L�Q���P�D�J�Q�L�W�X�G�H�����)�R�U��

the technologies used in this thesis to prove beneficial they would have to be able to detect such 

small differences – there being little utility in detecting more significant alteration s since these 

are either already more obvious to an observer or arise too late, the damage already having 

�E�H�H�Q�� �G�R�Q�H���� �,�Q�� �W�K�L�V�� �U�H�J�D�U�G���� �D�O�O�� �W�K�H�� �H�[�S�H�U�L�P�H�Q�W�V�� �F�R�Q�G�X�F�W�H�G�� �L�Q�� �W�K�L�V�� �W�K�H�V�L�V�� �Z�H�U�H�� �G�H�V�L�J�Q�H�G�� �W�R��

�S�U�H�F�O�X�G�H���F�O�L�Q�L�F�D�O���G�L�V�H�D�V�H���D�U�L�V�L�Q�J���L�Q���W�K�H���V�W�X�G�\���D�Q�L�P�D�O�V�����)�R�U���Vuch animals, the findings in this 

thesis have demonstrated the potential value in remote monitoring of sheep as a diagnostic 

�P�D�U�N�H�U���W�R���G�H�W�H�F�W���W�K�H���J�H�Q�H�U�D�O�O�\���V�X�E�W�O�H���E�H�K�D�Y�L�R�X�U���F�K�D�Q�J�H�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���F�K�D�Q�J�L�Q�J���*�,�1���V�W�D�W�X�V����

Such monitoring could therefore be use d as the basis for deciding whether animals need to be 
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treated with anthelmintic on the basis of individual need, and such decisions could be taken 

�H�D�U�O�\�����L���H�����E�H�I�R�U�H���D�Q�L�P�D�O�V���K�D�Y�H���I�D�L�O�H�G���W�R���J�U�R�Z���D�G�H�T�X�D�W�H�O�\���R�U���V�W�D�U�W�H�G���W�R���P�D�Q�L�I�H�V�W���P�R�U�H���R�Y�H�U�W���V�L�J�Q�V��

of clinica �O���L�O�O�Q�H�V�V���V�X�F�K���D�V���Z�H�L�J�K�W���O�R�V�V�������,�P�S�R�U�W�D�Q�W�O�\�����W�K�L�V���Z�R�X�O�G���S�U�H�Y�H�Q�W���W�K�H���W�U�H�D�W�P�H�Q�W���R�I���D�Q�L�P�D�O�V��

in a flock that did not require treatment but which would often be treated along with others 

�Z�K�L�F�K���Z�H�U�H���V�K�R�Z�L�Q�J���H�Y�L�G�H�Q�F�H���R�I���*�,�1���S�D�U�D�V�L�W�L�V�P�������,�Q�Y�H�V�W�L�J�D�W�L�R�Q�V���F�R�Q�W�D�L�Q�H�G���Ln this thesis also 

examined the impact of host factors such as genotype (“resistant” versus “resilient”) and may 

�S�R�W�H�Q�W�L�D�O�O�\���D�O�V�R���E�H���X�V�H�G���I�R�U���V�H�O�H�F�W�L�Y�H���E�U�H�H�G�L�Q�J���I�R�U���H�L�W�K�H�U���U�H�V�L�O�L�H�Q�F�H���R�U���U�H�V�L�V�W�D�Q�F�H���W�R���L�Q�I�H�F�W�L�R�Q����

Consequently, this further increases the value of remote monitoring when these tools can be 

used to select such animals without the need for more complicated (and often expensive) 

�V�H�O�H�F�W�L�R�Q���S�U�R�F�H�V�V�H�V�� 

It should be noted that for all the grazing studies in this thesis no attempt was made to 

measure pasture quality and intake due to logistical considerations, financial and time 

�F�R�Q�V�W�U�D�L�Q�W�V�����,�W���L�V���H�Q�W�L�U�H�O�\���S�R�V�V�L�E�O�H���W�K�D�W���L�Q���G�L�I�I�H�U�H�Q�W���F�L�U�F�X�P�V�W�D�Q�F�H�V���D�Q�L�P�D�O�V���Z�R�X�O�G���P�R�Y�H���D�Q�G��

behave differently  and future studies should incorporate those  parameters  (see Section 8.9 

below)�����,�W���L�V���S�R�V�V�L�E�O�H���W�K�D�W���W�K�H�V�H���P�D�\���K�D�Y�H���D�I�I�H�F�W�H�G���J�U�D�]�L�Q�J���E�H�K�D�Y�L�R�X�U���D�Q�G���W�R���H�V�W�D�E�O�L�V�K���F�X�W-offs, 

�V�X�F�K���Z�R�U�N���Z�L�O�O���E�H���U�H�T�X�L�U�H�G���W�R���E�H���X�Q�G�H�U�W�D�N�H�Q���D�Q�G���G�H�I�L�Q�H�G����Not having information on these 

parameters was likely to have made more difficult the task of asc ribing activity changes with 

�S�D�U�D�V�L�W�L�V�P���D�Q�G���L�W�V���H�I�I�H�F�W�V�����)�X�U�W�K�H�U�����Ln Chapter 5 , the offset of three weeks between groups 

may have masked some of the effects of parasitism on movement, behavioural activity and 

�J�U�R�Z�W�K�� �S�H�U�I�R�U�P�D�Q�F�H�� �R�I�� �W�K�H�� �J�U�R�X�S�V���� �7�K�H�� �R�I�I�V�H�W�� �R�I treatment resulted in environmental 

�F�R�Q�G�L�W�L�R�Q�V���G�L�I�I�H�U�L�Q�J���Z�K�H�Q���H�D�F�K���J�U�R�X�S���Z�D�V���D�W���D���S�D�U�W�L�F�X�O�D�U���¶�Z�H�H�N���S�R�V�W���W�U�H�D�W�P�H�Q�W�·�����7�K�L�V���V�X�J�J�H�V�W�V��

that models predicting movement and behaviour to inform helminth management decisions 

need to be robust to dynamic environmental and climatic factors which were not considered in 

�W�K�L�V���W�K�H�V�L�V�� 

������ Infecting parasite species and animal hosts  

The studies in this thesis build on previous attempts to use remote sensing technologies to 

monitor activity of sheep infected with GIN (Baba �\�D�Q�L���� ������������ �0�R�Q�W�R�X�W�� �H�W�� �D�O������ �������������� �� �,�Q��

particular, this thesis presents evidence for change in behavioural activity of sheep infected 

largely with non- hematophagous strongylid nematodes  �L�Q���W�K�U�H�H���V�K�H�H�S���P�R�G�H�O���V�\�V�W�H�P�V�����L���H�����L�Q��

lambs/ young sheep; sheep selected for resistance or resilience to GIN; and adult sheep) �����7�R��

date, other attempts to remotely monitor activity of sheep have been mainly with animals 

infected where H. contortus was the dominant parasite ���� �8�V�L�Q�J�� �*�3�6�� �F�R�O�O�D�U�V�� �D�Q�G�� �W�U�L-axial 
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accelerometer sensors remotely, the series of studies in this thesis have successfully tested 

aspects of previous knowledge in the understanding of how GIN impact the performance of 

infected individuals, and shed new insight on the movement and behavioural costs exacted by 

G�,�1���R�Q���W�K�H�L�U���K�R�V�W�V�������%�D�V�H�G���R�Q���W�K�H���Z�R�U�N���R�I���0�R�Q�W�R�X�W���H�W���D�O�������������������X�V�L�Q�J��Haemonchus contortus 

as the predominant parasite, detection of changes in behaviour and not activity level were 

�D�V�V�R�F�L�D�W�H�G���Z�L�W�K���S�D�U�D�V�L�W�L�V�P����There is, however, a high likelihood that some of the findings of 

reduced activity in th e current thesis  are able to be translated into usable tools for the overall 

�R�E�M�H�F�W�L�Y�H���R�I���P�D�N�L�Q�J���L�Q�G�L�Y�L�G�X�D�O���W�U�H�D�W�P�H�Q�W���G�H�F�L�V�L�R�Q�V�����$���S�R�W�H�Q�W�L�D�O���O�L�P�L�W�D�W�L�R�Q with regard to the 

parasites in th e present study , however, was not identifying specific parasites ’ effects on 

�P�R�Y�H�P�H�Q�W���D�Q�G���E�H�K�D�Y�L�R�X�U�����7�K�H���V�W�X�G�\���F�R�Q�G�L�W�L�R�Q�V���L�Q���W�K�H���F�X�U�U�H�Q�W���V�W�X�G�L�H�V���Z�H�U�H���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H���R�I��

�W�\�S�L�F�D�O���O�L�Y�H�V�W�R�F�N���I�D�U�P�L�Q�J���L�Q���1�H�Z���=�H�D�O�D�Q�G���L�Q���Z�K�L�F�K���Q�H�P�D�W�R�G�H���L�Q�I�H�F�W�L�R�Q�V���D�U�H���D�O�P�R�V�W���D�O�Z�D�\�V��a 

�P�L�[�W�X�U�H���R�I���V�S�H�F�L�H�V�����:�D�O�O�H�U���������������� 

������ Differences between the behavioural response of lambs and ewes to 

GIN parasitism  

In the studies of lambs ( Chapters 2, 5 and  7) administering anthelmintics allowed worm 

burdens to be directly manipulated and arguably  presented a better test of the impact of 

parasitism than constructing groups based on faecal nematode egg count as was the case with 

the ewes  in Chapter 6�����$�P�R�Q�J��those ewes, the distance travelled per day was less than seen 

among lambs and showed less daily variation, but in general, animal movement was more 

�V�H�Q�V�L�W�L�Y�H���W�R���*�,�1���S�D�U�D�V�L�W�L�V�P�����D�V���M�X�G�J�H�G���E�\���I�D�H�F�D�O���H�J�J���F�R�X�Q�W�V�����L�Q���O�D�P�E�V���W�K�D�Q���L�Q���H�Z�H�V�����:�L�W�K���W�K�H��

reliance on egg counts as a measure of parasitism in ewes, it is possible that the effects of 

parasitism we re masked, but without worm counts or some other means of assessing burdens 

�R�U���W�K�H�L�U���L�P�S�D�F�W�V�����W�K�H�U�H���Z�D�V���Q�R���P�H�D�Q�V���R�I���D�F�F�X�U�D�W�H�O�\���N�Q�R�Z�L�Q�J�����7�K�H���U�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q���I�D�H�F�D�O��

egg counts and total worm burdens in mature  Romney sheep is not as close as in lambs wit h 

�W�K�H���F�R�U�U�H�O�D�W�L�R�Q���F�R�H�I�I�L�F�L�H�Q�W���H�V�W�L�P�D�W�H�G���D�W�������������I�R�U���R�O�G�H�U���V�K�H�H�S�����0�F�.�H�Q�Q�D���������������������+�H�Q�F�H���U�H�O�\�L�Q�J��

�R�Q���)�(�&���W�R���H�V�W�L�P�D�W�H���W�K�H���Z�R�U�P���E�X�U�G�H�Q���L�Q���W�K�H�V�H���R�O�G�H�U���V�K�H�H�S���Z�D�V���Q�R�W���Y�H�U�\���U�H�O�L�D�E�O�H�����,�I���H�Z�H���Z�R�U�P��

burdens had also been manipulated with anthelmintics, a different out come might have 

�E�H�F�R�P�H���D�S�S�D�U�H�Q�W�����$���I�R�O�O�R�Z-up experiment from the ewe study would be to drench half the mob 

���L���H�������K�D�O�I���L�Q���O�R�Z-egg count ewes and half in high- egg count ewes) and follow them to observe 

their movement and behavioural response ����From an animal  performance standpoint, t he ewe 

study showed that there is little value in simply selecting the high- egg count ewes and 

�V�H�O�H�F�W�L�Y�H�O�\�� �W�U�H�D�W�L�Q�J�� �R�Q�O�\�� �W�K�R�V�H���� �7�K�H�� �Z�H�D�N�� �U�H�O�D�W�L�R�Q�V�K�L�S�� �R�I�� �I�D�H�F�D�O�� �H�J�J�� �F�R�X�Q�W�V�� �R�Q�� �P�D�W�X�U�H�� �H�Z�H��
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movement and activity highlights the difficul ty of detecting deviations from ‘normal ’ behaviour  

�L�Q���P�D�W�X�U�H���L�Q�G�L�Y�L�G�X�D�O�V���L�Q���D���I�O�R�F�N���D�Q�G���W�K�H�Q���O�L�Q�N�L�Q�J���W�K�R�V�H���F�K�D�Q�J�H�V���W�R���O�H�Y�H�O���R�I���S�D�U�D�V�L�W�H���L�Q�I�H�F�W�L�R�Q���� 

������ Performance of the technologies used for monitoring parasitism  

The remote sensing technologies used to c onduct investigations in this thesis were GPS collars 

�D�Q�G�� �W�U�L�D�[�L�D�O�� �D�F�F�H�O�H�U�R�P�H�W�H�U�V�� �H�L�W�K�H�U�� �D�O�R�Q�H�� �R�U�� �F�R�Q�F�X�U�U�H�Q�W�O�\���� �%�R�W�K�� �W�H�F�K�Q�R�O�R�J�L�H�V�� �D�O�O�R�Z�H�G�� �W�K�H��

detection of a parasitism -�U�H�O�D�W�H�G�� �U�H�V�S�R�Q�V�H�� �V�X�F�K�� �D�V�� �J�U�D�]�L�Q�J�� �D�F�W�L�Y�L�W�\�� �D�Q�G�� �L�Q�� �P�R�Y�H�P�H�Q�W���� �,�Q��

addition to being suitable  to monitor the behavioural activities of individuals, the two 

�W�H�F�K�Q�R�O�R�J�L�H�V���Z�H�U�H���D�O�V�R���F�R�P�S�O�L�P�H�Q�W�D�U�\���W�R���H�D�F�K���R�W�K�H�U�����)�R�U���H�[�D�P�S�O�H�����Z�D�O�N�L�Q�J���D�F�W�L�Y�L�W�\���H�V�W�L�P�D�W�H�G��

from tri -axial accelerometers was positively correlated with distance travelled measured from 

GPS col�O�D�U�V���Z�K�H�Q���X�V�H�G���I�R�U���E�R�W�K���O�D�P�E�V���\�H�D�U�O�L�Q�J�V���D�Q�G���D�G�X�O�W���H�Z�H�V�����$�O�W�K�R�X�J�K�����V�K�H�H�S���D�F�W�L�Y�L�W�\���Z�D�V��

classified using machine learning with video observations as a gold standard, having composite 

measures derived from two independent systems (GPS and accelerometers) givin g similar 

�U�H�V�X�O�W�V���S�U�R�Y�L�G�H�G���F�R�Q�I�L�G�H�Q�F�H���L�Q���W�K�H���R�Y�H�U�D�O�O���Y�D�O�L�G�L�W�\���R�I���W�K�H���P�H�W�K�R�G�V�����,�W���F�D�Q���E�H���D�U�J�X�H�G�����K�R�Z�H�Y�H�U����

that data from the GPS collars do not provid e any additional information than is already 

�S�U�R�Y�L�G�H�G���E�\���W�K�H���D�F�F�H�O�H�U�R�P�H�W�H�U�V�������&�X�U�U�H�Q�W�O�\����and within the context of the research questions 

in this study, it appears that accelerometers are more adaptable to on -animal use than GPS 

�W�H�F�K�Q�R�O�R�J�\�� �+�R�Z�H�Y�H�U�� there are other contexts in which GPS technology may provide 

additional information , for example, predicting land scape use and establishing the probability 

�R�I���D�Q���D�Q�L�P�D�O���Y�L�V�L�W�L�Q�J���D���J�L�Y�H�Q���S�D�W�F�K���Z�L�W�K�L�Q�����D���O�D�Q�G�V�F�D�S�H���W�R���V�H�O�H�F�W���U�H�V�R�X�U�F�H�V���H�W�F�������6�Z�D�L�Q�����H�W���D�O������

���������������I�R�U���Z�K�L�F�K���D�F�F�H�O�H�U�R�P�H�W�H�U�V���Z�L�O�O���E�H���L�Q�D�G�H�T�X�D�W�H���� 

The validation of the GPS and triaxial accelerometer tools ( Cha pters 3 and  4) was invaluable 

to inform data collection and analysis in order to achieve the outputs and expectations of this 

�W�K�H�V�L�V�����+�D�Y�L�Q�J���D�F�F�H�V�V���W�R���D�O�O���W�K�H raw data from  the remote sensors was most useful to these 

validations ���� �7�K�H�U�H�� �D�U�H�� �F�R�P�P�H�U�F�L�D�O�O�\�� �D�Y�Dilable tri -axial  accelerometers that provide 

�L�Q�I�R�U�P�D�W�L�R�Q���R�Q���G�L�I�I�H�U�H�Q�W���E�H�K�D�Y�L�R�X�U�V���R�I���O�L�Y�H�V�W�R�F�N���L�Q�F�O�X�G�L�Q�J���O�\�L�Q�J�����V�W�D�Q�G�L�Q�J���D�Q�G���Z�D�O�N�L�Q�J�������$�Q��

option would have been to utilise one of these existing units and validate them to test the 

�P�D�Q�X�I�D�F�W�X�U�H�U�V���F�O�D�L�P�V�����)�R�U���Hxample, the accuracy of two commercial sensors CowScout ® (GEA 

Farm Technologies) and the IceTag ® ���,�F�H�5�R�E�R�W�L�F�V���/�W�G�������P�R�X�Q�W�H�G���R�Q���G�D�L�U�\���F�R�Z�V���K�D�Y�H���U�H�F�H�Q�W�O�\��

�E�H�H�Q���P�H�D�V�X�U�H�G�����+�R�Ggberg �H�W���D�O���������������������Z�L�W�K���W�K�H���S�R�W�H�Q�W�L�D�O���W�R���E�H���X�V�H�G���I�R�U���O�L�Y�H�V�W�R�F�N���P�D�Q�D�J�H�P�H�Q�W��

�W�K�U�R�X�J�K�� �E�H�K�D�Y�L�R�X�U�� �P�R�Q�L�W�R�U�L�Q�J�� ���� �+�R�Z�H�Y�H�U���� �W�K�H�U�H�� �D�U�H�� �D�G�Y�D�Q�W�D�J�H�V�� �D�Q�G�� �G�L�V�D�G�Y�D�Q�W�D�J�H�V�� �R�I�� �W�K�L�V��

�D�S�S�U�R�D�F�K�����,�W���L�V���H�D�V�L�H�U���D�Q�G���S�R�W�H�Q�W�L�D�O�O�\���W�L�P�H���V�D�Y�L�Q�J���W�R���X�V�H���F�R�P�P�H�U�F�L�D�O���V�H�Q�V�R�U�V���W�K�D�W���Z�L�O�O���S�U�R�G�X�F�H��

summary statistics such as the frequency of detected behavioural events or lengths of 



 

 
 

������  

�E�H�K�D�Y�L�R�X�U�D�O���S�H�U�L�R�G�V�����7�K�H�U�H���L�V���W�K�H���S�R�W�H�Q�W�L�D�O���I�R�U���D���O�R�V�V���R�I���G�H�W�D�L�O���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���Q�R�W���K�D�Y�L�Q�J���D�F�F�H�V�V��

to the raw data when attempting to understand and optimise the performance  �R�I���W�K�H���V�H�Q�V�R�U����

This was a challenge described by Babayani (2016) when attempting to monitor activity levels 

of sheep and goats in relation to H����contortus �L�Q�I�H�F�W�L�R�Q�����)�R�U���W�K�H���S�U�H�V�H�Q�W���W�K�H�V�L�V�����W�K�H�U�H���Z�D�V���D���Q�H�H�G��

to develop algorithms for an accelerometer brand  that was available commercially but for 

�Z�K�L�F�K���E�H�K�D�Y�L�R�X�U�D�O���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���L�Q���D�Q�L�P�D�O�V���K�D�G���Q�R�W���E�H�H�Q���F�R�Q�G�X�F�W�H�G�����+�R�Z�H�Y�H�U�����D���E�H�Q�H�I�L�W���R�I���W�K�L�V��

approach is having access to the raw data, which lends itself to a wide array of robust analysis, 

such as that used by B �X�U�J�X�Q�G�H�U���H�W���D�O�������������������D�Q�G���0�R�Q�W�R�X�W���H�W���D�O���������������������,�Q���W�K�H���S�U�H�V�H�Q�W���W�K�H�V�L�V����

the algorithm developed from the neck collar position identif ied three activity  types from 

accelerometry data ���� �7�K�H�� �D�O�J�R�U�L�W�K�P�� �I�X�U�W�K�H�U estimat ed similar activity budgets from 

accelerometers mounted at two other placement positions : a head halter and body harness 

(Chapter 4 ���� This output can be used for other animal behaviour -�U�H�O�D�W�H�G���L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V�� 

������ Activity parameters sensitive to GIN parasitism  

Several activity parameters were calculated from data collected during the experiments in this 

thesis and the impact of GIN infection in sheep on these parameters were assessed�����7�K�H���X�V�H���R�I��

vectorial dynamic body acceleration (VeDBA) as a simple proxy for overall activity in the 

preliminary stu dy (Chapter 2 ) provided the initial results upon which further studies in this 

�W�K�H�V�L�V�� �Z�H�U�H�� �F�R�Q�G�X�F�W�H�G���� �9�H�'�%�$�� �Z�D�V�� �J�H�Q�H�U�D�O�O�\�� �V�L�P�S�O�H�� �W�R�� �F�R�P�S�X�W�H�� �Z�L�W�K�R�X�W�� �W�H�G�L�R�X�V�� �G�D�W�D��

�P�D�Q�D�J�H�P�H�Q�W���R�U���S�U�R�F�H�V�V�L�Q�J���I�R�U���D�Q�D�O�\�V�L�V�����,�Q���V�R���G�R�L�Q�J�����D���V�L�P�S�O�H���P�H�W�K�R�G�R�O�R�J�\���Q�R�W���S�U�H�Y�L�R�X�V�O�\���X�V�H�G��

in  parasitology studies as the main proxy for sub -clinical parasitism  was explored, providing a 

�X�V�H�I�X�O���L�Q�L�W�L�D�O���D�V�V�H�V�V�P�H�Q�W���R�I���W�K�H���H�I�I�H�F�W���R�I���S�D�U�D�V�L�W�L�V�P���L�Q���\�R�X�Q�J���V�K�H�H�S�����*�L�Y�H�Q���W�K�H���I�L�Q�G�L�Q�J�V���I�U�R�P��

Chapter 2 , the development of more complex machine learning algorithms to predict 

behaviour  �R�I���V�K�H�H�S���R�Q���S�D�V�W�X�U�H���Z�D�V���X�Q�G�H�U�W�D�N�H�Q�����V�L�P�L�O�D�U���W�R���R�W�K�H�U���V�W�X�G�L�H�V�����$�O�Y�D�U�H�Q�J�D���H�W���D�O������������������

�%�D�U�Z�L�F�N�� �H�W�� �D�O������ ��������b������ �� �7�K�L�V�� �D�O�O�R�Z�H�G�� �W�K�H�� �K�R�V�W�� �D�F�W�L�Y�L�W�\�� �W�L�P�H�� �E�X�G�J�H�W�V�� �W�R�� �E�H�� �F�D�O�F�X�O�D�W�H�G���� �Z�L�W�K��

comparison of the proportion of time spent on each act ivity between different parasite 

treatments ( Chapter 5  and 6�������$�F�W�L�Y�L�W�\���E�X�G�J�H�W�V���Zere also found to be sensitive to parasitism 

�D�Q�G���W�K�H���P�R�V�W���O�L�N�H�O�\���S�D�U�D�P�H�W�H�U���W�K�D�W���F�R�X�O�G���E�H���W�U�D�Q�V�O�D�W�H�G���L�Q�W�R���D���I�L�H�O�G���D�S�S�O�L�F�D�W�L�R�Q�����,�Q���D���V�H�U�L�H�V���R�I��

studies investigating the effects of parasitism in grazing cattle, the total time spent grazing 

�Z�D�V���I�R�X�Q�G���W�R���E�H���V�H�Q�V�L�W�L�Y�H���W�R���S�D�U�D�V�L�W�L�V�P�����)�R�U�E�H�V�������������������,�Q���W�K�H���S�U�H�V�H�Q�W���W�K�H�V�L�V�����R�Q�F�H���D�F�W�L�Y�L�W�\�����L���H����

‘grazing’, ‘resting’ or ‘walking’) could be inferred from accelerometer data, it was then possi ble 

to ‘allocate’ VeDBA signals associated with these individual activity (VeDBA ACTIVITY ), which 

�D�O�V�R���S�U�R�Y�L�G�H�G���D���P�H�D�V�X�U�H���R�I���W�K�H���P�D�J�Q�L�W�X�G�H���R�I���W�K�H���H�I�I�R�U�W���H�[�H�U�W�H�G���R�Q���V�S�H�F�L�I�L�F���D�F�W�L�Y�L�W�\�����$�V���D���U�H�V�X�O�W����



 

 
 

������  

both the activity budget (proportion of time spent on an activity) and VeDBA ACTIVITY  

(magnitude of the effort exerted on activity) could be used to assess the impact of GIN on the 

�K�R�V�W���� �,�Q�� �V�R�P�H���F�D�V�H�V�����R�Q�O�\���R�Q�H���R�I�� �W�K�H�V�H���S�D�U�D�P�H�W�H�U�V���Z�D�V�� �V�H�Q�V�L�W�L�Y�H�� �W�R���S�D�U�D�V�L�W�L�V�P�� �L�Q�� �W�K�H���V�D�P�H��

�L�Q�G�L�Y�L�G�X�D�O�V�����7�K�L�V���F�D�Q���E�H���V�H�H�Q���L�Q��Chapter 5. 3, whereby activity levels of lambs for ‘grazing’ and 

�¶�U�H�V�W�L�Q�J�·�����L���H�������9�H�'�%�$�*�5�$�=�,�1�*  and VeDBA RESTING ) were statistically non -significantly affected by 

GIN, whereas the activity budgets of these activities in the same lambs were significantly 

�D�I�I�H�F�W�H�G�����,�Q���R�W�K�H�U���L�Q�V�W�D�Q�F�H�V�����W�K�H�U�H���Z�D�V���D�J�U�H�H�P�H�Q�W���E�H�W�Z�H�H�Q���G�L�I�I�H�U�H�Q�W���D�F�W�L�Y�L�W�\���S�D�U�D�P�H�W�H�U�V����For 

example, VeDBA �:�$�/�.�,�1�*  and ‘distance travelled’ (calculated from GPS data; S ection 5.2), were 

positively correlated and sensitive to parasitism ( Chapter 5 �������&�R�P�E�L�Q�H�G�����W�K�H�V�H���U�H�V�X�Ots provide 

a measure of confidence in the validity of behavioural parameters used for assessing the effect 

�R�I���V�X�E�F�O�L�Q�L�F�D�O���S�D�U�D�V�L�W�L�V�P���L�Q���V�K�H�H�S�� 

 To further develop remote monitoring tools to enable decisions that allow control of GIN 

sustainably, considerat ion needs to be given to the  application of the tools in real -life farming 

�H�Q�Y�L�U�R�Q�P�H�Q�W�V���� �7�K�L�V�� �L�V�� �L�P�S�R�U�W�D�Q�W���E�H�F�D�X�V�H�� �Q�R�� �R�Q�H-size-fits -all strategy applies to all farming 

environments, as they affect the variation in the immune status of the animals, pasture  

contamination and the availability of infective larvae on pasture, and the build -up of the 

�L�Q�I�H�F�W�L�R�Q���L�Q���D�Q�L�P�D�O�V�����7�K�H���U�H�P�D�L�Q�G�H�U���R�I���W�K�L�V���G�L�V�F�X�V�V�L�R�Q���Z�L�O�O���D�G�Y�D�Q�F�H���D���U�R�D�G�P�D�S���I�R�U���G�H�S�O�R�\�L�Q�J��

changes in sheep behaviour farm -side as a marker of parasitism that coul d lead to optimal 

�S�H�U�I�R�U�P�D�Q�F�H���W�K�U�R�X�J�K���W�D�U�J�H�W�H�G���F�R�Q�W�U�R�O���R�I���*�,�1���L�Q�I�H�F�W�L�R�Q�� 

������ Towards developing a system for behaviour based  TST in practice  

In this section, discussion will focus on how the output of this thesis can be advanced for use in 

on-farm applicat �L�R�Q�V�����,�W���L�V���X�Q�O�L�N�H�O�\���W�K�D�W���W�K�H���V�H�Q�V�R�U�V���X�V�H�G���I�R�U���W�K�H���V�W�X�G�L�H�V���L�Q���W�K�L�V���W�K�H�V�L�V���Z�R�X�O�G���E�H��

�V�X�L�W�D�E�O�H���I�R�U���G�H�S�O�R�\�P�H�Q�W���R�Q���D���F�R�P�P�H�U�F�L�D�O���V�F�D�O�H���I�D�U�P�L�Q�J���H�Q�W�H�U�S�U�L�V�H�����7�K�L�V���L�V���P�D�L�Q�O�\���G�X�H���W�R���W�K�H��

time investment required to regularly muster animals, take collars off, download and process 

�G�D�W�D���E�H�I�R�U�H���D�Q�D�O�\�V�L�Q�J���W�K�H���L�Q�I�R�U�P�D�W�L�R�Q���W�R���P�D�N�H���P�D�Q�D�J�H�P�H�Q�W���G�H�F�L�V�L�R�Q�V�����$�Q�R�W�K�H�U���F�K�D�O�O�H�Q�J�H���I�R�U��

a technology-�G�U�L�Y�H�Q�� �7�6�7�� �L�V�� �W�K�H�� �F�R�V�W�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �W�K�H�� �W�H�F�K�Q�R�O�R�J�\���� �&�R�V�W�V�� �D�U�H�� �X�V�X�D�O�O�\��

associated with acquiring ear tags and setting up a ‘controller’ pla �W�I�R�U�P�����)�R�U���H�[�D�P�S�O�H�����D���¶�V�P�D�U�W�·��

activity monitoring ear tag developed for cows cost from $72 per tag and the cost of setting up 

�D���S�O�D�W�I�R�U�P���F�R�V�W�������������������Z�L�W�K���D���W�K�U�H�H-�\�H�D�U���E�D�W�W�H�U�\���Z�D�U�U�D�Q�W�\���R�Q���W�K�H���W�D�J�V�����,�Q���W�K�H���I�X�W�X�U�H�����S�U�L�F�H�V��

are likely to be lower as technology  �D�G�Y�D�Q�F�H�V���D�Q�G���G�H�P�D�Q�G���I�R�U���U�H�P�R�W�H���P�R�Q�L�W�R�U�L�Q�J���L�Q�F�U�H�D�V�H�V����

One question to answer, though, is whether every lamb/ewe in a flock would need to wear one 

�V�H�Q�V�R�U���R�U���Z�K�H�W�K�H�U���W�K�H�\���F�R�X�O�G���E�H���D�S�S�O�L�H�G���W�R���D���I�H�Z���V�K�H�H�S���L�Q���W�K�H���I�O�R�F�N���W�R���D�F�W���D�V���¶�V�H�Q�W�L�Q�H�O�V�·�����)�R�U���D��



 

 
 

������  

TST, it might  be difficult to decide which sheep to monitor as in order to make a behaviour 

�P�R�Q�L�W�R�U�L�Q�J���7�6�7���D�S�S�U�R�D�F�K���Z�R�U�N�����H�Y�H�U�\���D�Q�L�P�D�O���L�Q���W�K�H���I�O�R�F�N���Z�R�X�O�G���K�D�Y�H���W�R���E�H���P�R�Q�L�W�R�U�H�G�� 

�7�K�H���V�L�]�H���R�I���X�Q�L�W�V���W�R���P�R�X�Q�W���R�Q���D�Q�L�P�D�O�V���L�V���D�Q�R�W�K�H�U���I�D�F�W�R�U���W�R���F�R�Q�V�L�G�H�U�����,�W���L�V���O�L�N�H�O�\���W�K�D�W���H�D�U���W�Dgs will 

�E�H� � �W�K�H�� �H�D�V�L�H�V�W�� �Z�D�\� � �W�R�� �D�S�S�O�\� � �W�K�L�V� � �W�H�F�K�Q�R�O�R�J� \� � �W�R�� �V�K�H�H�S� �� � �7�K�H�U�H�� �L�V� � �F�X�U�U�H�Q�W�O�\� � �D�Q�� �H�D�U�� �W�D�J� � �R�Q�� �W�K�H��

�P�D�U�N�H�W���I�R�U���P�R�Q�L�W�R�U�L�Q�J���F�R�Z�V���Z�K�L�F�K���Z�H�L�J�K�V�������J���D�Q�G���P�H�D�V�X�U�H�V���������[���������[���������P�P�����+���[���:���[���'����

�U�H�V�S�H�F�W�L�Y�H�O�\�������,�W���L�V���I�R�U�H�V�H�H�D�E�O�H���W�K�D�W���E�H�K�D�Y�L�R�X�U���P�R�Q�L�W�R�U�L�Q�J���H�D�U���W�D�J�V���F�D�Q��be further reduced in 

�V�L�]�H�� �W�R�� �D�F�F�R�P�P�R�G�D�W�H�� �X�V�H�� �L�Q�� �J�U�R�Z�L�Q�J�� �O�D�P�E�V���� �)�R�U�� �W�K�L�V�� �W�R�� �R�F�F�X�U�� �I�R�U�� �V�K�H�H�S�� �L�Q�� �1�H�Z�� �=�H�D�O�D�Q�G����

legislative support mandating the use of electronic identification tags would be helpful as is 

currently required for cattle and deer (Morris and Ar cher, 2007), assuming the fine details of 

�L�Q�F�R�U�S�R�U�D�W�L�Q�J���W�K�H���W�H�F�K�Q�R�O�R�J�\���L�Q�W�R���W�K�H���W�D�J�V���F�D�Q���E�H���R�Y�H�U�F�R�P�H���� 

Successful deployment of technology farm -side also depends on the logistics of downloading 

the data  over a user-friendly interface �����$�Q���L�G�H�D�O���V�F�H�Q�D�U�L�R���Z�R�Xld be to collect sensor data at the 

�V�D�P�H�� �W�L�P�H�� �D�V�� �R�W�K�H�U�� �K�X�V�E�D�Q�G�U�\�� �H�Y�H�Q�W�V�� �V�X�F�K�� �D�V�� �Z�H�L�J�K�L�Q�J���� �)�X�U�W�K�H�U�� �U�H�V�H�D�U�F�K�� �L�V�� �U�H�T�X�L�U�H�G�� �W�R��

determine the frequen cy �W�K�D�W���I�D�U�P�H�U�V���Z�R�X�O�G���Q�H�H�G���W�R���K�D�Q�G�O�H���W�K�H�L�U���V�W�R�F�N���G�R�Z�Q�O�R�D�G���G�D�W�D����One 

option would be to design a dashboard that an alyses the metrics of all animals at ‘appropriate’ 

time points and then compares those to their previous metrics, both individually and then to 

�W�K�H���P�H�D�Q���R�I���W�K�H���I�O�R�F�N�����,�W���L�V���S�R�V�V�L�E�O�H���W�K�D�W���G�D�W�D���F�R�X�O�G���E�H���G�R�Z�Q�O�R�D�G�H�G���X�V�L�Q�J���%�O�X�H�W�R�R�W�K���W�H�F�K�Q�R�O�R�J�\��

as animals move t �K�U�R�X�J�K���D���U�H�V�W�U�L�F�W�H�G���V�S�D�F�H�����H���J�������I�U�R�P���R�Q�H���S�D�G�G�R�F�N���W�R���D�Q�R�W�K�H�U����Similarly, there 

�D�U�H�� �F�K�D�O�O�H�Q�J�H�V�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �W�K�H�� �D�Q�D�O�\�V�L�V�� �D�Q�G�� �L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�� �R�I�� �W�K�H�� �G�D�W�D���� �7�K�H�� �V�W�X�G�L�H�V��

conducted in this thesis generally compared one group with another whereas in a field 

situation such activity measurements would need to be assessed without the benefit of a 

�F�R�P�S�D�U�L�V�R�Q���F�R�Q�W�U�R�O���J�U�R�X�S�������+�H�Q�F�H���D�V�V�H�V�V�L�Q�J���O�H�Y�H�O���R�I���P�R�Y�H�P�H�Q�W���U�H�J�D�U�G�O�H�V�V���R�I���W�K�H���S�D�G�G�R�F�N���V�L�]�H����

�I�H�H�G�� �D�Y�D�L�O�D�E�L�O�L�W�\�� �H�W�F���� �Z�R�X�O�G�� �Q�H�H�G�� �W�R�� �E�H�� �D�F�K�L�H�Y�H�G���� �2�Q�H�� �Z�D�\�� �W�R�� �X�W�L�O�L�]�H�� �V�H�Q�V�R�U�� �G�Dta will be to 

�G�H�W�H�U�P�L�Q�H���D���S�H�U�F�H�Q�W�D�J�H���F�K�D�Q�J�H���I�U�R�P���G�D�L�O�\���P�R�Y�H�P�H�Q�W���D�Q�G���D�F�W�L�Y�L�W�\���O�H�Y�H�O�V���D�Y�H�U�D�J�H�V�����7�K�L�V���Z�R�X�O�G��

�U�H�T�X�L�U�H���L�G�H�Q�W�L�I�\�L�Q�J���W�K�H���R�X�W�O�L�H�U�V���D�Q�G���D�O�V�R���F�R�P�S�D�U�L�Q�J���D�Q���L�Q�G�L�Y�L�G�X�D�O�·�V���R�Z�Q���P�H�W�U�L�F�V���W�R���L�W�V�H�O�I�����)�R�U��

this to be successful, there would need to be a way of d eveloping a baseline for each animal 

�Z�K�H�Q���K�H�D�O�W�K�\���L�Q���R�U�G�H�U���W�R���G�H�W�H�F�W���D���G�H�Y�L�D�W�L�R�Q���I�U�R�P���E�D�V�H�O�L�Q�H�����,�W���G�R�H�V���Q�R�W���D�S�S�H�D�U���W�K�D�W���D���P�R�Q�L�W�R�U�L�Q�J��

� V� \� V� W� H� P� � � H� [� F� O� X� V� L� Y� H� � � I� R� U� � � G� H� W� H� F� W� L� Q� J� � � *� ,� 1� � � S� D� U� D� V� L� W� L� V� P� � � Z� L� O� O� � � E� H� � � G� H� S� O� R� \� H� G� �� � � ,� W� � � L� V� � � P� R� U� H� � � O� L� N� H� O� \� � � W� K� D� W� �

monitoring for parasitism would be i ncluded in a more comprehensive health surveillance 

�V�\�V�W�H�P���L�Q�Y�R�O�Y�L�Q�J���R�W�K�H�U���K�H�D�O�W�K���L�V�V�X�H�V�����V�X�F�K���D�V���O�D�P�H�Q�H�V�V���R�U���I�O�\�V�W�U�L�N�H�����$��system whereby users 

can track data collected through a handheld smartphone app or a web -based dashboard and 

stay updated through rep orts on animals showing signs of ill health  will be most welcome�����$��

simple GIN -health index can be  developed and �X�V�H�G���W�R���K�H�O�S���P�D�N�H���W�K�H���V�\�V�W�H�P���H�D�V�\���W�R���X�V�H����This 
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will no doubt need to be integrated with information on the season of the year, weather 

forecast�V���� �I�D�U�P�� �P�D�Q�D�J�H�P�H�Q�W�� �S�U�D�F�W�L�F�H�V���� �D�Q�G�� �U�H�V�X�O�W�V�� �R�I�� �¶�R�F�F�D�V�L�R�Q�D�O�·�� �I�D�H�F�D�O�� �Z�R�U�P�� �H�J�J�� �F�R�X�Q�W�V����

Future research can now focus on defining and refining the fine details  �I�R�U���V�X�F�K���D���K�H�D�O�W�K���L�Q�G�H�[����

Following this, the app or dashboard can create a list of “sheep needing attention” alongside a 

system that will automatically draft aside sheep that might be experiencing ill effects of 

�S�D�U�D�V�L�W�L�V�P���� 

������ Data management and analysis  

The experiments in the current thesis produced a large dataset on the movement and 

�E�H�K�D�Y�L�R�X�U���R�I���V�K�H�H�S�����:�K�L�O�V�W���V�H�Y�H�U�D�O���J�X�L�G�H�O�L�Q�H�V���D�Q�G���E�H�V�W���S�U�D�F�W�L�F�H���J�X�L�G�H�V���H�[�L�V�W���I�R�U���P�D�Q�D�J�L�Q�J���D�Q�G��

�H�[�S�O�R�U�L�Q�J���E�L�J���G�D�W�D�����=�X�X�U���H�W���D�O�������������������&�R�R�S�H�U���D�Q�G���+�V�L�Q�J�������������������L�W���V�W�L�O�O���U�H�T�X�L�U�H�V���D���V�X�E�V�W�D�Q�W�L�D�O��

time investment to process and generate useable data that will all �R�Z���L�Q�I�H�U�H�Q�F�H�V���W�R���E�H���P�D�G�H����

The robust computing power of open source programs such as R make this task considerably 

easier, however, the most appropriate methodology for analysis of some of the data collected 

�D�Q�G���S�U�R�F�H�V�V�H�G���Z�D�V���Q�R�W���H�D�V�L�O�\���H�[�H�F�X�W�H�G�����)�R�U���H�[�D�P�Sle, the time -activity budget data in Chapter 

5 and Chapter 6  needs to be revisited  using the Dirichlet modelling approach (Douma and 

�:�H�H�G�R�Q������������), although an attempt was made in Chapter 5 �����7�K�H���O�L�P�L�W�D�W�L�R�Q���R�I���S�U�R�S�R�U�W�L�R�Q�D�O��

data is that statistical analyses are not straightforward, since proportions can only take values 

from zero to one and their variance is usually not constant across the range of the predictor 

���'�R�X�P�D���D�Q�G���:�H�H�G�R�Q�������������������7�U�D�Q�V�I�R�U�P�D�W�L�R�Q�V���W�R���R�Y�H�U�F�R�P�H���W�K�H�V�H���S�U�R�E�O�H�P�V���D�U�H�����E�\��necessity, 

�R�I�W�H�Q���D�S�S�O�L�H�G���E�X�W���F�D�Q���O�H�D�G���W�R���E�L�D�V�H�G���H�V�W�L�P�D�W�H�V���D�Q�G���G�L�I�I�L�F�X�O�W�L�H�V���L�Q���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�������,�Q��Chapter 

4, the Dirichlet modelling approach was used with a smaller dataset but its implementation 

for repeated measures data, where random effects need to be  accounted for to reduce 

�D�X�W�R�F�R�U�U�H�O�D�W�L�R�Q�����L�V���V�W�L�O�O���L�Q���L�W�V���L�Q�I�D�Q�F�\�����0�H�W�K�R�G�V���W�R���D�G�G�U�H�V�V���W�K�L�V���G�H�I�L�F�L�W���L�Q���V�R�I�W�Z�D�U�H���V�X�F�K���D�V���5���D�U�H��

�X�Q�G�H�U�Z�D�\���D�Q�G���L�Q���W�K�H���I�X�W�X�U�H�����L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���V�X�F�K���P�H�W�K�R�G�V���V�K�R�X�O�G���E�H�F�R�P�H���V�L�P�S�O�H�U�� 

������ Directions for future research  

The work conta ined in this thesis has been proof -of-concept that measuring the movement and/ 

or activity of sheep could be used as a marker of parasitism and provide the basis of 

�D�Q�W�K�H�O�P�L�Q�W�L�F���W�U�H�D�W�P�H�Q�W���I�R�U���L�Q�G�L�Y�L�G�X�D�O���V�K�H�H�S���D�V���D���7�6�7���D�S�S�U�R�D�F�K�����)�R�U���W�K�L�V���W�R���K�D�S�S�H�Q in practi ce, 

cut-offs and thresholds of activity need to be investigated and defined and the system evaluated 

in terms of cost -�E�H�Q�H�I�L�W���L�Q���W�H�U�P�V���R�I���O�D�P�E�V���J�U�R�Z�W�K���F�R�P�S�D�U�H�G���W�R���W�U�D�G�L�W�L�R�Q�D�O���D�S�S�U�R�D�F�K�H�V����It is in 

adult ewes that a TST could be most crucial in reducing anth elmintic use by targeting the 

variability of individuals in response to GIN to make treatment decisions��  �+�R�Z�H�Y�H�U, the results 



 

 
 

������  

from this thesis did not indicate parasites were a big challenge in  the adult ewes  studied , with 

few relationships with movement a nd activity observed ; further study is warranted as 

enumerated in Chapter 6 �����6�H�F�R�Q�G�O�\�����W�K�H�V�H���W�R�R�O�V���F�D�Q���E�H���I�X�U�W�K�H�U���G�H�Y�H�O�R�S�H�G���I�R�U���X�V�H���D�V���V�H�O�H�F�W�L�R�Q��

�W�R�R�O�V���L�Q���D���E�U�H�H�G�L�Q�J���S�U�R�J�U�D�P���W�R���V�H�O�H�F�W���L�Q�G�L�Y�L�G�X�D�O�V���W�K�D�W���Z�L�O�O���E�H���E�U�H�G���W�R���L�P�S�U�R�Y�H���U�H�V�L�O�L�H�Q�F�H���W�R���*�,�1����

An important prerequisite in terms of using  remote monitoring  of behaviour  as a selection tool 

is whether it provides additional advantage of easier -to-measure traits such as live weight that 

�L�Q�W�H�J�U�D�W�H�V���R�Y�H�U���O�R�Q�J�H�U���S�H�U�L�R�G�V�������:�K�H�U�H�D�V���W�K�H���W�H�V�W���S�H�U�L�R�G�V���Z�L�W�K���V�H�Q�V�R�U�V���L�Q���W�K�Ls thesis were of 

relatively short duration, it leaves  open the question if this relates well to longer term 

behaviours, and clearly they need to be further developed ����Notwithstanding, t he findings in all 

the studies conducted in this thesis were indicative of individual animal differences  in activity , 

�D�V���V�H�H�Q���L�Q���W�K�H���F�R�Q�V�L�G�H�U�D�E�O�H���Y�D�U�L�D�E�L�O�L�W�\���L�Q���P�R�G�H�O���S�U�H�G�L�F�W�L�R�Q�V���D�Q�G���H�V�W�L�P�D�W�H�V�����7�K�L�V���Y�D�U�L�D�E�L�O�L�W�\���F�D�Q��

be attributed to a number of factors, including the influences of overall health, acquired 

resistance, �P�D�Q�D�J�H�P�H�Q�W���D�Q�G���J�H�Q�H�W�L�F���K�L�V�W�R�U�\�����7�K�L�V���Y�D�U�L�D�E�L�O�L�W�\���E�H�Q�H�I�L�W�V���E�R�W�K���W�K�H���L�G�H�Q�W�L�I�L�F�D�W�L�R�Q���R�I��

individuals that might benefit from anthelmintic treatment (in a TST setting), as well as in 

selecting resilient individuals who may need treatment to a much lesser exten t; but the 

�Y�D�U�L�D�E�L�O�L�W�\���Q�H�H�G�V���W�R���E�H���W�D�N�H�Q���L�Q�W�R���D�F�F�R�X�Q�W���L�I���W�K�H�V�H���W�R�R�O�V���Z�L�O�O���E�H���X�V�H�G�����7�6�7�V���P�D�\���Q�R�W���E�H���D�S�S�O�L�F�D�E�O�H��

in all settings due to the investment that is required, hence the need for an economic cost -

benefit analysis to precede on -�I�D�U�P���D�S�S�O�L�F�D�W�L�R�Q���� 

To use behaviour as an index for control of GIN , studies will also need to  be conducted that 

�K�D�Y�H���¶�F�O�H�D�Q�·���S�D�V�W�X�U�H�V���D�Q�G���L�Q�I�H�F�W�L�R�Q���Z�L�W�K���D���N�Q�R�Z�Q���S�D�U�D�V�L�W�H���E�X�U�G�H�Q�����7�K�L�V���Z�L�O�O���D�O�O�R�Z���E�H�W�W�H�U���K�H�D�O�W�K��

�D�Q�G���Z�H�O�I�D�U�H���D�V�V�H�V�V�P�H�Q�W�V���U�H�V�X�O�W�L�Q�J���I�U�R�P���*�,�1���W�R���E�H���G�H�W�H�U�P�L�Q�H�G�����7�K�H�U�H���Z�L�O�O also need to be a 

�U�H�I�H�U�H�Q�F�H���*�,�1���L�Q�G�L�F�D�W�R�U���V�\�V�W�H�P���R�W�K�H�U���W�K�D�Q���Z�R�U�P���H�J�J���F�R�X�Q�W�V�����H���J�������X�V�L�Q�J���E�R�G�\���Z�H�L�J�K�W���J�D�L�Q���Z�L�W�K��

Teladorsagia  and Trichostrongylus  �G�R�P�L�Q�D�Q�W���L�Q�I�H�F�W�L�R�Q�V�����6�L�P�L�O�D�U���Z�R�U�N���K�D�V���E�H�H�Q���F�R�Q�G�X�F�W�H�G���L�Q��

South Africa attempting to develop a behaviour based T �6�7���Z�L�W�K���U�H�I�H�U�H�Q�F�H���W�R���W�K�H���)�$�0�$�&�+�$��

system using conjunctival membrane mucus colour as an index for control of haemonchosis 

���0�R�Q�W�R�X�W���H�W���D�O������������������ 

Many factors affect grazing behaviour which makes the interpretation of behavioural changes 

challenging (Rutter  �H�W���D�O��������������b)�����7�K�H���V�W�X�G�\���R�I���P�D�W�X�U�H���H�Z�H�V���L�Q��Chapter 6 is evidence of this, 

�Z�L�W�K���Y�D�U�L�D�W�L�R�Q���L�Q���J�U�D�]�L�Q�J���E�H�K�D�Y�L�R�X�U���Q�R�W���I�R�X�Q�G���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���S�D�U�D�V�L�W�L�V�P���D�V���L�Q�G�L�F�D�W�H�G���E�\���)�(�&����

Given that the growth rates and body condition of ewes monitored premating were not 

associated with parasitism, it may be that parameters other than these performance  metrics  

�Q�H�H�G���W�R���E�H���F�R�Q�V�L�G�H�U�H�G�����V�X�F�K���D�V���O�D�P�E�L�Q�J���V�X�F�F�H�V�V���D�Q�G���H�Y�H�Q�W�X�D�O�O�\���Z�H�D�Q�L�Q�J���V�X�F�F�H�V�V�����,�Q���D�G�G�L�W�L�R�Q����

the influence of parasitism on the movement and behavioural activity of ewe s during the 
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�S�H�U�L�S�D�U�W�X�U�L�H�Q�W���S�H�U�L�R�G���P�D�\���D�O�V�R���Q�H�H�G���W�R���E�H���L�Q�Y�H�V�W�L�J�D�W�H�G�������$�O�W�K�R�X�J�K���W�K�H���U�H�D�V�R�Q���I�R�U���Y�D�U�L�D�W�L�R�Q���L�Q��

ewe activity was not identified, it may be possible to identify a signal that a ewe requires 

attention if an animal ’s activity significantly deviates  �I�U�R�P���D�Q���H�V�W�D�E�O�L�V�K�H�G���Q�R�U�P�����)�R�U���H�[�D�P�S�O�H��

grazing behaviour may also be useful for the efficient surveillance of health of the animals on 

�I�D�U�P���� 

In a TST setting, activity data can be combined with other performance metrics such as 

expected live weight gain t �R���P�D�N�H���G�H�F�L�V�L�R�Q�V���F�R�Q�F�H�U�Q�L�Q�J���W�U�H�D�W�P�H�Q�W�V�������$�W���S�U�H�V�H�Q�W���W�K�H���X�V�H���R�I���O�L�Y�H��

weight gain is the only feasible tool that can be used to make TST decisions but the present 

studies (Chapter 2  and 5) demonstrated these may not be as sensitive as measuring 

behavioural c �K�D�Q�J�H�V���� 

Pastures biomass and quality and other  sward characteristics  were not analysed or 

�L�Q�Y�H�V�W�L�J�D�W�H�G���L�Q���W�K�L�V���V�H�U�L�H�V���R�I���V�W�X�G�L�H�V�����$�W���V�K�R�U�W�H�U���V�Z�D�U�G���K�H�L�J�K�W�V���D�Q�L�P�D�O�V���K�D�Y�H���W�R���Z�R�U�N���K�D�U�G�H�U���W�R��

get all the grass they need  ���$�O�O�G�H�Q���D�Q�G���:�K�L�W�W�D�N�H�U��������������, so an impact of parasitism could be 

�H�[�S�H�F�W�H�G���W�R���E�H���J�U�H�D�W�H�U���Z�K�H�Q���J�U�D�V�V���L�V���V�K�R�U�W����Even when the grass swards are tall, there is the 

added risk  that grazing closer to the sward base exposes host to more dense area of infective  

larvae population ( �+�X�W�F�K�L�Q�J�V���H�W���D�O������2002���� These pasture -related factors were not considered 

in relation to the response of animals �L�Q���W�K�L�V���W�K�H�V�L�V�� The measurement of sward dynamics in 

replicate -type experimental designs may have provided additional evidence of the impact of 

sward type , height  and quality on movement and behavioural activities associated with 

�S�D�U�D�V�L�W�L�V�P����Future studies would benefit from establishing the relationship between pasture 

characteristics , including main species, biomass (kg DM/ha), quality (metabolizable energy, 

crude protein, Neutral Detergent Fibre)  and how remote sensors measure an animal’s grazing 

�W�L�P�H���D�Q�G���I�H�H�G���L�Q�W�D�N�H�����7�K�L�V���L�V���R�I���S�L�Y�R�W�D�O���L�P�S�R�U�W�D�Q�F�H���J�L�Y�H�Q���W�K�D�W���S�D�V�W�X�U�H���E�L�R�P�D�V�V, variation  and 

quality are strong indicators of time spent grazing and may have been use ful in explaining 

some of the variation in grazing activity shown in Chapter 5  and Chapter 6 ����  

In Chapter 2 , ram-lambs were used in the trial,  and mixed -sex animals were used in 

Chapter 6 ���� �)�X�U�W�K�H�U�� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�� �L�V�� �Z�D�U�U�D�Q�W�H�G�� �W�R�� �G�H�W�H�U�P�L�Q�H�� �W�K�H�� �L�Q�I�O�X�H�Q�F�H�� �R�I�� �Whe sex of 

individuals on movement and behavioural attributes measured with remote sensing 

�W�H�F�K�Q�R�O�R�J�L�H�V���L�Q���U�H�O�D�W�L�R�Q���W�R���S�D�U�D�V�L�W�L�V�P�����,�Q��Chapter 6 , the sex of the lamb s was a significant 

predictor of distance travelled in both resilient and resistant lambs, wi th male animals 

showing greater movement activity �� 
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There is a future possibility of using accelerometers to test the hypothesis that parasitised 

young sheep select diets higher in protein and energy content compared to non- parasitised 

�V�K�H�H�S�����7�K�H���D�F�F�H�O�H�U�R�P�Hter offers a two-way proximity feature that counts the number of times 

�D�Q�\�� �R�Q�H�� �U�H�F�H�L�Y�H�U�� �P�R�Q�L�W�R�U�� �F�R�P�H�V�� �L�Q�� �F�R�Q�W�D�F�W�� �Z�L�W�K�� �D�� �S�U�L�P�D�U�\�� �P�R�Q�L�W�R�U���� �,�Q��Chapter 2 , visual 

observations of animals offered barley and hay to supplement low pasture availability was 

limited �W�R���W�K�H���S�R�L�Q�W���R�I���R�I�I�H�U�L�Q�J�����Q�R�W���I�R�U���������K�R�X�U�V�����$�O�W�K�R�X�J�K���D�F�F�X�U�D�W�H���W�K�D�W���D�W���W�K�H���S�R�L�Q�W���D�Q�G���W�L�P�H��

of offering only one or two animals showed interests in these supplements, although it is 

possible that others may have participated in their consumption outside of that point of 

�R�E�V�H�U�Y�D�W�L�R�Q�����$���¶�S�U�L�P�D�U�\�·���P�R�Q�L�W�R�U���F�R�X�O�G���E�H���S�O�D�F�H�G���D�W���W�K�H���O�R�F�D�W�L�R�Q���R�I���W�K�H���V�X�S�S�O�H�P�H�Q�W�D�U�\���I�H�H�G�H�U��

�Z�K�L�O�H���V�F�K�H�G�X�O�L�Q�J���W�K�H���¶�U�H�F�H�L�Y�H�U�·���P�R�Q�L�W�R�U�V���R�Q���W�K�H���V�K�H�H�S���W�R���F�R�X�Q�W���L�Q�W�H�U�D�F�W�L�R�Q�V���Z�L�W�K���W�K�H���I�H�H�G�H�U����

�&�X�U�U�H�Q�W�O�\���W�K�H���V�X�S�S�O�H�P�H�Q�W���F�R�Q�V�X�P�S�W�L�R�Q���L�V���X�Q�N�Q�R�Z�Q�����,�I���W�K�H�����Xntreated animals consumed more 

supplement, then it could explain the role targeted nutritional supplementation might have in 

offsetting parasite induced anorexia and maintaining live weight, while those animals were 

less active than their treated counterpa �U�W�V����Overall, future studies can explore this theme, 

using sensor technology to further elucidate the previously investigated approaches used by 

ruminants to self -�P�H�G�L�F�D�W�H�����)�L�V�K�S�R�R�O���H�W���D�O������������������ 

�:�K�D�W���U�H�P�D�L�Q�V���R�I���P�D�M�R�U���L�Q�W�H�U�H�V�W���L�V���W�R���D�S�S�O�\���W�K�L�V���W�H�F�K�Q�R�O�R�J�\��in a real -�O�L�I�H���I�D�U�P�L�Q�J���F�R�Q�W�H�[�W�����7�K�L�V��

needs to be weighed up against the economics of investing in technology with the accuracy of 

�P�H�D�V�X�U�H�P�H�Q�W�V�����,�Q���D�G�G�L�W�L�R�Q�����W�K�H���D�E�L�O�L�W�\���R�I���W�K�H���W�H�F�K�Q�R�O�R�J�\���W�R���D�F�K�L�H�Y�H���W�K�H���L�Q�W�H�Q�G�H�G���R�X�W�F�R�P�H���R�I��

maintaining an appropriate proport ion of drug susceptible parasites while optimising 

�S�U�R�G�X�F�W�L�R�Q���I�U�R�P���D�Q�L�P�D�O�V���Q�H�H�G�V���W�R���E�H���H�[�D�P�L�Q�H�G�� The studies in this thesis did not consistently 

�L�G�H�Q�W�L�I�\�� �D�Q�� �H�I�I�H�F�W�� �R�I�� �L�Q�I�H�F�W�L�R�Q�� �R�Q�� �J�U�R�Z�W�K�� �Z�K�H�Q�� �P�R�Y�H�P�H�Q�W�� �D�Q�G�� �D�F�W�L�Y�L�W�\�� �F�K�D�Q�J�H�V�� �Z�H�U�H�� �V�H�H�Q����

�+�H�Q�F�H�����I�X�W�X�U�H���V�W�X�G�L�H�V���Qeed to assess the risk-benefit of advising treatment  based on movement 

and activity changes �� The complexity of optimizing GIN management with respect to these 

factors suggests that a decision support systems (DSS) to aid veterinarians, advisers and 

farmers needs to be developed ���0�R�U�J�D�Q�� �H�W�� �D�O������ �������������� �7�R�� �D�F�K�L�H�Y�H�� �W�K�L�V���� �W�K�H�� �W�R�R�O�V�� �Q�H�H�G�� �W�R�� �E�H��

�D�G�D�S�W�H�G�� �W�R�� �P�H�H�W�� �W�R�� �W�K�H�� �F�U�L�W�H�U�L�D�� �R�I�� �G�H�V�L�J�Q�� �D�Q�G�� �I�X�Q�F�W�L�R�Q�D�O�L�W�\���� �7�K�H�V�H�� �W�Z�R�� �S�U�R�F�H�V�V�H�V�� �D�U�H�� �Q�R�W��

necessarily mutually exc lusive but for purposes of distinction, design refers to how tailored a 

�W�R�R�O���L�V���I�R�U���H�D�V�H���R�I���X�V�H���E�\���W�K�H���H�Q�G���X�V�H�U���Z�K�L�O�H���I�X�Q�F�W�L�R�Q�D�O�L�W�\���U�H�I�H�U�V���W�R���L�W�V���S�U�L�P�D�U�\���X�V�H�����)�X�Q�F�W�L�R�Q�D�O�L�W�\��

also includes qualities of being able to deployed on -farm in a cost -effective manne �U�����7�R�R�O�V���Z�L�O�O��

have to be adaptable and flexible because no two farming situations present exactly the same 

�F�R�Q�G�L�W�L�R�Q�V�����,�Q�Y�H�V�W�L�J�D�W�L�Q�J���W�K�L�V���O�D�V�W���S�R�L�Q�W���L�Q���G�L�I�I�H�U�H�Q�W���I�D�U�P�L�Q�J���H�Q�Y�L�U�R�Q�P�H�Q�W�V���Z�L�O�O���E�H���L�Q�Y�D�O�X�D�E�O�H��

for adoption of a technology driven diagnostic tool fo�U���*�,�1�����7�K�L�V���Z�L�O�O���Q�R���G�R�X�E�W��require input 
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�I�U�R�P���S�D�U�D�V�L�W�R�O�R�J�L�V�W�V���D�Q�G���S�U�R�G�X�F�W���D�U�F�K�L�W�H�F�W�V�����3�D�U�D�V�L�W�R�O�R�J�L�V�W�V�����Y�H�W�H�U�L�Q�D�U�L�D�Q�V���D�Q�G���D�G�Y�L�V�R�U�V���W�K�D�W��

interact with farmers understand the motivation and behaviour shift that is required to uptake 

or reject of a new technolo �J�\�����6�X�F�K���L�Q�I�R�U�P�D�W�L�R�Q���L�V���L�P�S�H�U�D�W�L�Y�H���I�R�U���G�H�V�L�J�Q�H�U�V���W�R���G�H�O�L�Y�H�U���D���X�V�H�D�E�O�H��

�S�U�R�G�X�F�W�����$�O�O���W�K�H�V�H���I�D�F�W�R�U�V���D�U�H���L�Q�H�[�W�U�L�F�D�E�O�\���O�L�Q�N�H�G���D�Q�G���Q�H�H�G���W�R���E�H���F�R�Q�V�L�G�H�U�H�G���L�Q���G�H�V�L�J�Q�L�Q�J���I�X�W�X�U�H��

studies that use these tools toward the collective outcome of sustainable managing GIN in  

�V�K�H�H�S�����2�Y�H�U�D�O�O�����V�W�X�G�L�H�V���L�Q���W�K�L�V���W�K�H�V�L�V���V�X�F�F�H�H�G�H�G���L�Q���G�H�W�H�F�W�L�Q�J���F�K�D�Q�J�H�V�����L�Q���E�H�K�D�Y�L�R�X�U���D�Q�G���D�F�W�L�Y�L�W�\��

in GIN infected sheep but there is still considerable further work to be undertaken to show 

that these observed behavioural changes are repeatable, robust to different grazing systems 

and different management systems, different sheep breeds, different pasture types and host 

�D�J�H�V�� 

�������� Conclusion 

The work undertaken in this thesis has used technology tools to address themes integral to 

successfully sustainably controlling GIN in sheep, spanning newly weaned lambs up to one 

year of age, investigating animals selected for either resilience  or resistance to GIN, and in 

�D�G�X�O�W���H�Z�H�V�����7�K�H�V�H���V�W�X�G�L�H�V���G�H�P�R�Q�V�W�U�D�W�H�G���W�K�H���S�R�W�H�Q�W�L�D�O���I�R�U���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���P�R�Y�H�P�H�Q�W���D�Q�G��

behaviour al activity both as a diagnostic tool, and as an innovative tool that can be adapted for 

�E�U�H�H�G�L�Q�J�� �S�U�R�J�U�D�P�V���� �7�K�H�V�H�� �W�R�R�O�V�� �F�D�Q�� �E�H�� �G�H�S�O�R�\�H�G�� �R�Q-farm and integrated with other farm 

practices, in order to provide responsible, efficient and effective use of anthel �P�L�Q�W�L�F�V�����7�K�L�V���V�W�X�G�\��

highlights the current multi -disciplinary state of science, incorporating movement and 

�E�H�K�D�Y�L�R�X�U�D�O���H�F�R�O�R�J�\���Z�L�W�K���G�D�W�D���V�F�L�H�Q�F�H���D�Q�G���Y�H�W�H�U�L�Q�D�U�\���P�H�G�L�F�L�Q�H���� 
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Appendix 2 ����Supplementary material for Chapter 2  
2.  

Appendix 2-1 Standard Operating Procedure  for counting the number of strongylid eggs 

per gram  

Principle  

�7�K�H���F�R�X�Q�W�L�Q�J���V�\�V�W�H�P���U�H�O�L�H�V���R�Q�����J���I�D�H�F�H�V���G�L�V�S�O�D�F�L�Q�J�����P�O���I�O�X�L�G�����Z�K�L�F�K���W�R�J�H�W�K�H�U���Z�L�W�K�������P�O��

�1�D�&�,���W�R�W�D�O�V�������P�O�����7�K�H���Y�R�O�X�P�H���X�Q�G�H�U���H�D�F�K���V�H�W���R�I���J�U�L�G�O�L�Q�H�V���L�V�����������P�O�������F�P���[�����F�P���[��

���������F�P�����I�R�U���D���W�R�W�D�O���R�I���������P�O���I�R�U���D���V�O�L�G�H�����7�K�L�V���U�H�S�U�H�V�H�Q�W�V���D�Q���D�O�L�T�X�R�W���R�I�������������R�I���W�K�H���R�U�L�J�Lnal 

�L�P�S�O�\�L�Q�J���D���P�X�O�W�L�S�O�L�F�D�W�L�R�Q���I�D�F�W�R�U���R�I�����������;�����$�V���W�K�H�U�H���Z�H�U�H�����J���R�I���I�D�H�F�H�V���H�D�F�K���H�J�J���F�R�X�Q�W�H�G��

�U�H�S�U�H�V�H�Q�W�V�������H�J�J�V���J���� 

Materials and Equipment  

���� �:�R�U�N�E�R�R�N���W�R���U�H�F�R�U�G���U�H�V�X�O�W�V�� 

���� �6�F�D�O�H�V���W�R���Z�H�L�J�K���I�D�H�F�D�O���P�D�W�H�U�L�D�O�����D�F�F�X�U�D�F�\���“���������J���� 

���� Small sieve (tea strainer)  

���� �6�P�D�O�O���U�R�X�Q�G���E�R�Z�O���D�S�S�U�R�[�����������P�O���F�D�S�D�F�L�W�\�� 

���� Teaspoon  

���� Pasteur pipette and rubber bulb  

���� Saturated NaCl solution  

���� �8�Q�L�Y�H�U�V�D�O���E�R�W�W�O�H���������P�O���F�D�S�D�F�L�W�\���� 

���� McMaster Egg counting slide  

������ Micro scope  

������ Slide tray  

������ Disposable rubber gloves  

������ Paper towels  

������ �+�\�G�U�R�P�H�W�H�U�� 

������ Beaker for salt solution  

������ �+�R�X�V�H�K�R�O�G���V�D�O�W�� 

������ Mechanical mixer in salt container  

Definitions  

FEC = Faecal Egg Count; eggs/g = Eggs per gram; NaCI = Sodium chloride (table salt);  

�V���J����� ���6pecific gravity  
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Procedure  

a) To make a saturated salt solution add salt to the blue plastic container until 

�T�X�D�U�W�H�U���I�X�O�O���D�Q�G���W�K�H�Q���I�L�O�O���W�R���Q�H�D�U���W�K�H���W�R�S���Z�L�W�K���K�R�W���Z�D�W�H�U�����7�X�U�Q���P�L�[�H�U���R�Q���I�X�O�O�����7�H�V�W��

�Z�L�W�K���D���K�\�G�U�R�P�H�W�H�U���W�K�H���V�R�O�X�W�L�R�Q���U�H�D�G�V�����������V���J�����0�R�U�H���V�D�O�W���P�D�\���E�H���Ddded as 

�Q�H�F�H�V�V�D�U�\���� 

b) Place the required number of sets of utensils on the bench (sets consist of a bowl, 

�V�L�H�Y�H���D�Q�G���V�S�R�R�Q������ 

c) Place the bowl, sieve and spoon on the scales and press tare then weigh out 2 

�J�U�D�P�V���R�I���I�D�H�F�H�V���� 

d) �)�L�O�O���D���X�Q�L�Y�H�U�V�D�O���E�R�W�W�O�H���Z�L�W�K���V�D�W�X�U�D�W�H�G���V�D�O�W���V�R�O�X�W�L�R�Q���D�Q�G���S�R�X�U���L�W���L�Q�W�R���W�K�H���V�L�H�Y�H����

�:�R�U�N���W�K�H���I�D�H�F�H�V���W�K�U�R�X�J�K���W�K�H���V�L�H�Y�H���X�V�L�Q�J���W�K�H���W�H�D�V�S�R�R�Q�����(�Q�V�X�U�H���W�K�H���V�L�H�Y�H���L�V���L�Q���W�Ke 

�O�L�T�X�L�G���Z�K�L�O�V�W���V�W�L�U�U�L�Q�J�����'�L�V�F�D�U�G���W�K�H���V�W�U�D�L�Q�H�U���D�Q�G���U�L�Q�V�H���D�Q�\���O�X�P�S�V���R�I�I���W�K�H���V�S�R�R�Q���� 

e) �3�O�D�F�H���W�K�H���U�H�T�X�L�U�H�G���Q�X�P�E�H�U���R�I���0�F�0�D�V�W�H�U���V�O�L�G�H�V���R�Q�W�R���D���V�O�L�G�H���W�U�D�\���� 

f) Mix the contents of the bowl thoroughly with the teaspoon using a to- and-fro  

�P�R�W�L�R�Q���D�Q�G���D�W���W�K�H���V�D�P�H���W�L�P�H���U�H�P�R�Y�H���D���V�D�P�S�O�H���Z�L�W�K���D���S�L�S�H�W�W�H�����)�R�U���G�L�D�J�Q�R�V�W�L�F�� 

�S�X�U�S�R�V�H�V���W�K�H���S�L�S�H�W�W�H���F�D�Q���E�H���U�L�Q�V�H�G���Z�L�W�K���Z�D�W�H�U���E�H�W�Z�H�H�Q���V�D�P�S�O�H�V���D�Q�G���U�H�X�V�H�G���� 

g) Place the pipette at the opening of a chamber on the McMaster slide and quickly 

�I�L�O�O���W�K�H���F�K�D�P�E�H�U�����(�[�S�H�O���W�K�H���U�H�P�D�L�Q�L�Q�J���F�R�Q�W�H�Q�W�V���R�I���W�K�H���S�L�S�H�W�W�H���E�D�F�N���L�Q�W�R���W�K�H���E�R�Z�O���� 

h) Allow the slide to sit for 1 -�����P�L�Q�X�W�H�V���W�R���D�O�O�R�Z���W�K�H���H�J�J�V���W�R���I�O�R�D�W���W�R���W�K�H���V�X�U�I�D�F�H�����7�K�L�V��

�Z�L�O�O���Q�R�W���E�H���Q�H�F�H�V�V�D�U�\���Z�K�H�Q���G�R�L�Q�J����-�������V�D�P�S�O�H�V���D�W���R�Q�H���W�L�P�H���� 

i)  Using the 10 X objective with 10 X eyepieces or 4 X  �R�E�M�H�F�W�L�Y�H���Z�L�W�K���������; eyepieces, 

focus on the gridlines and air bubbles so that the eggs to be counted are on the 

�V�D�P�H���Y�L�H�Z�L�Q�J���O�H�Y�H�O�����Q�H�Y�H�U���X�V�H���W�K�H�������[���R�E�M�H�F�W�L�Y�H������ 

j) Start at one corner of each counting grid and count eggs proceeding up and  down 

the sections  �R�I���W�K�H���J�U�L�G���R�I���E�R�W�K���F�K�D�P�E�H�U�V�����&�R�X�Q�W���D�O�O���H�J�J�V���W�R�X�F�K�L�Q�J���W�K�H���W�R�S���D�Q�G���O�H�I�W��

�O�L�Q�H�V���R�I���H�D�F�K���V�H�F�W�L�R�Q���E�X�W���Q�R�W���W�K�H���E�R�W�W�R�P���R�U���U�L�J�K�W���K�D�Q�G���O�L�Q�H�V�����0�X�O�W�L�S�O�\���W�K�H���W�R�W�D�O��

�Q�X�P�E�H�U���R�I���H�J�J�V���E�\���������W�R���J�L�Y�H���W�K�H���Q�X�P�E�H�U���R�I���H�J�J�V���S�H�U���J�U�D�P���R�I���I�D�H�F�H�V�����7�K�L�V���V�K�R�X�O�G��

be entered in the workb �R�R�N���� 

k) Thoroughly clean all utensils under running water to remove all traces of faeces 

�D�Q�G���U�H�S�O�D�F�H���L�Q���V�W�R�U�D�J�H�����'�L�V�F�D�U�G���I�D�H�F�D�O���V�D�P�S�O�H�V���L�Q���W�K�H���E�L�Q���I�R�U���K�D�]�D�U�G�R�X�V���Z�D�V�W�H��

�G�L�V�S�R�V�D�O���� 

l)  �,�I���W�K�H���V�D�P�S�O�H���Z�H�L�J�K�V���O�H�V�V���W�K�D�Q���������J���U�H�F�R�U�G���W�K�H���Z�H�L�J�K�W���L�Q���W�K�H���Z�R�U�N�E�R�R�N���D�Q�G���X�V�H��

th e formula: Eggs x 100 + weight to work out the eg gs/g���� 
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Appendix 2-2 Standard Operating Procedure Strongylid Larval Culture and 

Identification  

Background  – This SOP is the original document written by �6�0���&�D�O�G�H�U���D�Q�G���:���(�� Pomroy 

�������������������� The SOP details the procedure for preparing larval cultures and identifying infective 

�O�D�U�Y�D�H���I�U�R�P���F�D�W�W�O�H�����J�R�D�W�����V�K�H�H�S�����K�R�U�V�H�V���D�Q�G���G�H�H�U���I�D�H�F�H�V���� 

Materials and Equipment  

A) Larval culture  

���� fine grade vermiculite  

���� scoop  

���� mortar and pestle or spatula  

���� deionised water  

���� glass jars and lids or plastic trays with glass lids  

���� 27°C incubator  

���� rubber gloves  

���� marker pen, label or masking tape, for identification  

B) Baermann's apparatus  

���� �(�L�W�K�H�U���������F�P���G�L�D�P�H�W�H�U���J�O�D�V�V���I�X�Q�Q�H�O�V���Z�L�W�K���U�X�E�E�H�U���W�X�E�L�Q�J���D�Q�G���F�O�D�P�S�V���D�W�W�D�F�K�H�G���R�U��

�S�O�D�V�W�L�F���E�R�Z�O�V�����������F�P���G�L�D�P�H�W�H�U�����������F�P���K�L�J�K���Z�L�W�K���V�O�R�S�L�Q�J���V�O�L�G�H�V���� 

���� kitchen sieve approximately 22 cm diameter with an aperture of 2 mm  

���� clamp  

���� stand for glass funnel  

���� culture bottles  

���� 10°C incubator  

���� suction pump  

���� measuring cylinder (1L or 2L)  

���� �)�D�F�L�D�O���W�L�V�V�X�H���R�U���S�D�S�H�U���K�D�Q�G�N�H�U�F�K�L�H�I���� 

C) Identifying Larvae  

���� Slides  

���� Coverslips  

���� aqueous or Lugol's iodine  
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���� pipettes  

���� bulb 

6. multi-counter  

7. eyepiece with micrometer  

Procedure  

a) �&�O�H�D�Q�O�L�Q�H�V�V���L�V���R�I���X�W�P�R�V�W���L�P�S�R�U�W�D�Q�F�H�����(�[�W�U�H�P�H���D�Z�D�U�H�Q�H�V�V���R�I���Q�R�W���F�R�Q�W�D�P�L�Q�D�W�L�Q�J��

(introducing any foreign nematodes to the culture ie change gloves with each new 

�V�D�P�S�O�H������ 

b) �9�H�U�P�L�F�X�O�L�W�H���F�R�Q�W�D�L�Q�H�U�����'�R���Q�R�W���X�V�H���V�F�R�R�S���Z�L�W�K���G�L�U�W�\���K�D�Q�G�V���R�U���J�O�R�Y�H�V�����$�O�Z�D�\�V��

remove gloves �Z�K�H�Q���Q�H�H�G�L�Q�J���P�R�U�H���Y�H�U�P�L�F�X�O�L�W�H���L�Q���V�D�P�S�O�H���E�H�L�Q�J���F�X�O�W�X�U�H�G���� 

c) For a bulk culture, all the faecal material is mixed with Vermiculite and water 

with a spatula or gloved hands depending on which is more convenient, until a 

consistency is achieved whereby squeezing  the culture results in excess moisture 

�E�H�L�Q�J���H�[�S�U�H�V�V�H�G�����,�I���W�K�H���I�D�H�F�H�V���D�U�H���S�H�O�O�H�W�L�V�H�G���W�K�H�\���F�D�Q���E�H���O�H�I�W���W�R���V�R�D�N���L�Q���G�H�L�R�Q�L�V�H�G��

�Z�D�W�H�U���X�Q�W�L�O���W�K�H�\���D�U�H���V�R�I�W���H�Q�R�X�J�K���W�R���E�U�H�D�N�X�S���� 

d) For diagnostic cultures a representative sample of faeces is taken from each 

animal in  �H�D�F�K���J�U�R�X�S���D�Q�G���P�L�[�H�G���W�R�J�H�W�K�H�U�����W�K�H���J�U�R�X�S�V���E�H�L�Q�J���N�H�S�W���V�H�S�D�U�D�W�H������ 

e) The culture is either placed loosely in glass jars until they are about half full, 

with the lid loosely applied, or placed in trays to a depth of about 4cm with a 

�J�O�D�V�V���O�L�G���S�O�D�F�H�G���R�Q���W�R�S�����7�Ke jars or trays must clearly show the date the egg 

counts were performed, the date the cultures were put up if different from the 

�S�U�H�Y�L�R�X�V���D�Q�G���L�G�H�Q�W�L�I�L�F�D�W�L�R�Q���R�I���W�K�H���V�D�P�S�O�H���� 

f) �7�K�H���F�X�O�W�X�U�H�V���D�U�H���S�O�D�F�H�G���L�Q���D������-�����ƒ�&���L�Q�F�X�E�D�W�R�U���I�R�U���������G�D�\�V�����'�H�L�R�Q�L�V�H�G���Z�D�W�H�U��

should  �E�H���D�G�G�H�G���L�I���W�K�H���F�X�O�W�X�U�H�V���V�W�D�U�W���W�R���G�U�\���R�X�W�����7�K�H�\���V�K�R�X�O�G���E�H���N�H�S�W���P�R�L�V�W���Q�R�W��

�Z�H�W���� 

g) �$�I�W�H�U���������G�D�\�V���W�K�H���F�X�O�W�X�U�H���F�D�Q���E�H���W�U�D�Q�V�I�H�U�U�H�G���W�R���D���%�D�H�U�P�D�Q�Q�
�V���D�S�S�D�U�D�W�X�V�����$���J�O�D�V�V��

�I�X�Q�Q�H�O���L�V���S�O�D�F�H�G���L�Q���D���V�W�D�Q�G���D�Q�G���D���F�O�D�P�S���L�V���S�O�D�F�H�G���R�Q���W�K�H���U�X�E�E�H�U���W�X�E�L�Q�J�����$���N�L�W�F�K�H�Q��

sieve is then lined with a single layer of facial tissue and then the faecal culture 

�L�V���D�G�G�H�G���W�R���D���P�D�[�L�P�X�P���G�H�S�W�K���R�I�����F�P�����0�R�U�H���G�H�L�R�Q�L�V�H�G���Z�D�W�H�U���L�V���W�K�H�Q���D�G�G�H�G���W�R��

�F�R�Y�H�U���W�K�H���I�D�H�F�H�V�����$�O�W�H�U�Q�D�W�L�Y�H�O�\���W�K�H���V�L�H�Y�H���F�D�Q���E�H���S�O�D�F�H�G���L�Q���D���S�O�D�V�W�L�F���E�R�Z�O���Z�L�W�K��

deionised water instead of the g �O�D�V�V���I�X�Q�Q�H�O���� 

h) The culture is left in the Baermann's funnel for at least 6 hours, preferably 

�R�Y�H�U�Q�L�J�K�W�����7�K�H���E�R�W�W�R�P��������-200ml is tapped off by opening the clamp and allowing 

�W�K�H���I�O�X�L�G���W�R���E�H���F�R�O�O�H�F�W�H�G���L�Q���D���P�H�D�V�X�U�L�Q�J���F�\�O�L�Q�G�H�U���R�U���E�H�D�N�H�U�����,�I���D���E�R�Z�O���K�D�V���E�H�H�Q��
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used the contents are gently siphoned off from the top of the solution until 2 -3cm 

�R�I���I�O�X�L�G���L�V���O�H�I�W���L�Q���W�K�H���E�R�Z�O�����7�K�H���V�L�H�Y�H���P�D�\���E�H���U�H�P�R�Y�H�G���R�Q�F�H���W�K�H���O�H�Y�H�O���R�I���W�K�H���V�R�O�X�W�L�R�Q��

�L�V���E�H�O�R�Z���W�K�H���E�R�W�W�R�P���R�I���W�K�H���V�L�H�Y�H�����,�I���W�K�H���V�L�H�Y�H���L�V���U�H�P�R�Y�H�G���E�H�I�R�U�H���V�L�S�K�R�Q�L�Q�J���W�K�H���E�R�Z�O��

must be  left to stand for an hour before siphoning as the  sediment will have been 

�G�L�V�W�X�U�E�H�G���� 

i)  The solution is then transferred to a 1 -2L measuring cylinder, filled up with 

�G�H�L�R�Q�L�V�H�G���Z�D�W�H�U���D�Q�G���W�K�H�Q���O�H�I�W���W�R���V�H�G�L�P�H�Q�W���I�R�U�������K�R�X�U�V�����7�K�H���V�X�S�H�U�Q�D�W�D�Q�W���L�V���W�K�H�Q��

carefully re moved from the top of the solution with a suction pump until 100 - 

�������P�O���U�H�P�D�L�Q�V�����,�I���W�K�H���I�O�X�L�G���L�V���V�W�L�O�O���G�L�U�W�\���L�W���V�K�R�X�O�G���E�H���U�H-sedimented until the 

�V�X�S�H�U�Q�D�W�D�Q�W���L�V���F�O�H�D�U�����7�K�L�V���L�V���P�R�V�W���L�P�S�R�U�W�D�Q�W���I�R�U���W�K�H���V�W�R�U�D�J�H���R�I���E�X�O�N���F�X�O�W�X�U�H�V���E�X�W��

not essential for diagnostic  �F�X�O�W�X�U�H�V���� 

j) Cultures are stored in plastic tissue culture bottles, on their side at a depth of 

�D�S�S�U�R�[�L�P�D�W�H�O�\�������F�P���L�Q���D�������ƒ�&���L�Q�F�X�E�D�W�R�U�����7�K�H���E�R�W�W�O�H�V���D�U�H���F�O�H�D�U�O�\���O�D�E�H�O�O�H�G���Z�L�W�K���W�K�H��

�G�D�W�H���D�Q�G���L�G�H�Q�W�L�I�L�F�D�W�L�R�Q���� 

k) To identify the larvae they are concentrated by stand ing the culture bottle 

�X�S�U�L�J�K�W���I�R�U���K�D�O�I���D�Q���K�R�X�U�����$���V�X�E�V�D�P�S�O�H���L�V���U�H�P�R�Y�H�G���I�U�R�P���W�K�H���E�R�W�W�R�P���Z�L�W�K���D���S�L�S�H�W�W�H��

and placed on a glass slide with a small drop of Lugol’s or aqueous iodine to kill 

�W�K�H���O�D�U�Y�D�H�����$�O�W�H�U�Q�D�W�L�Y�H�O�\���W�K�H���V�O�L�G�H���F�D�Q���E�H���I�O�D�P�H�G���I�R�U���D�S�S�U�R�[�L�P�D�W�H�O�\������seconds as 

this relaxes the larvae and causes them to straighten which aids measuring 

�W�K�H�P�����$���F�R�Y�H�U�V�O�L�S���L�V���S�O�D�F�H�G���R�Q���W�R�S���� 

l)  �7�K�H���V�O�L�G�H���L�V���S�O�D�F�H�G���X�Q�G�H�U���W�K�H���P�L�F�U�R�V�F�R�S�H���D�Q�G���H�[�D�P�L�Q�H�G���V�\�V�W�H�P�D�W�L�F�D�O�O�\�����$���W�R�W�D�O���R�I��

���������O�D�U�Y�D�H���D�U�H���L�G�H�Q�W�L�I�L�H�G���L�I���S�U�H�V�H�Q�W�����7�K�H���U�H�V�X�O�W�V���D�U�H���U�H�F�R�U�G�H�G���L�Q���W�K�H���Z�R�U�N�E�R�R�N����

Identification is made by reference to a standard text 2�� 

Appendix 2-3 Timeline of measurement events for overall activity monitoring of ram -lambs 

in two treatment  groups 

 

  

  

 
 
2 Manual of Veterinary Parasitological Laboratory Techniques reference book �����������3�D�J�H�V���������	�������� 

Day 46 Day 28 Day 42 Day 14 Day 0 

= activity monitoring  = Body weights and FEC = drenched 

 
All sheep  
(n=24)  

Suppressive (n=12) 

Untreated (n=12) 

 
 

Day -14 
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Appendix 2-4 The change in (a) geometric mean faecal egg counts (eggs/g) and (b) body 

weight (kg) for suppressive treated and untreated groups of ram -lambs (error bars 

�L�Q�G�L�F�D�W�H�����������F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�V���� 

 

 

Appendix 2-5 Significance and magnitude of treatment  and initial weight  interaction 

effect on overall activity  

�%�R�G�Q�H�U�����������������G�H�P�R�Q�V�W�U�D�W�H�V���K�R�Z���X�Q�V�W�D�Q�G�D�U�G�L�]�H�G���F�R�Q�G�L�W�L�R�Q�D�O���H�I�I�H�F�W�V�����L���H�������J�U�R�X�S���P�H�D�Q��

differences that vary linearly across a range of continuous covariate) can be expressed in 

standardized effect size metrics, using the following equation : 

 

 �Ü���Ò�� �Æ�Ô
 = 

(�	
á�- �> �	
á�/ �Æ�Ô) 

�¾�Æ�Ì�Ë
 

 

where the conditional effect �Ú��
�i + �Ú���k�/ �Ü equals the model -impli ed difference in means on Y 

between the two groups at the specified value of M; MSR is the Mean Square Residual from 

the regression model’s ANOVA summary table which is the pooled residual variance in Y  

across groups and is an unbiased estimator of �ê ���7�K�H process starts by deriving standardized 



 

 
 

232 

conditional effects for overall activity for 1 SD �E�H�O�R�Z���D�Q�G���D�E�R�Y�H���W�K�H���P�H�D�Q���L�Q�L�W�L�D�O���E�R�G�\���Z�H�L�J�K�W����

Descriptively, at one standard deviation above the initial weight mean, the overall activity 

reduced more on average in  the untreated animals than in the Suppressively treated animals 

���L���H�������Ú���i + �Ú���k�/ �Ü= �k�j.�m�q�h
F�h.�o�k�n× �m�h.�i�j = 
F�l.�j�q�p); at one SD below the initial weight mean, 

�W�K�L�V�� �H�I�I�H�F�W�� �Z�D�V�� �V�P�D�O�O�H�U�� �D�Q�G�� �R�S�S�R�V�L�W�H�� �L�Q�� �G�L�U�H�F�W�L�R�Q�� ���L���H�������Ú���i + �Ú���k�/ �Ü= �k�j.�m�q�h
F�h.�o�k�n× �l�k.�o=

�h.�l�j�o�������7�K�H���S�U�D�Ftical magnitude of these two conditional effects and the difference in these two 

�F�R�Q�G�L�W�L�R�Q�D�O���H�I�I�H�F�W�V�����K�R�Z�H�Y�H�U�����L�V���Q�R�W���F�O�H�D�U���� 

�:�K�H�Q�� �D�S�S�O�\�L�Q�J�� �W�K�H�� �V�W�D�Q�G�D�U�G�L�]�H�G�� �P�H�D�Q�� �G�L�I�I�H�U�H�Q�F�H�� �P�H�W�U�L�F�� �L�Q�� �W�K�H�� �D�E�R�Y�H�� �H�T�X�D�W�L�R�Q���� �W�K�H�V�H��

standardized mean differences range from  

�Ü���Ò�� �Æ�Ô
= 
F

�l.�j�q�p

�¾�i.�o�h�l 
= 
F�k.�j�q�k 

to 

�Ü���Ò�� �Æ�Ô
=

�h.�l�j�o

�¾�i.�o�h�l
= �h.�k�j�o 

, respectively and individually would be considered negative and “large” to  positive and 

�́ �V�P�D�O�O�µ�����U�H�V�S�H�F�W�L�Y�H�O�\�����X�V�L�Q�J���F�R�Q�Y�H�Q�W�L�R�Q�D�O���J�X�L�G�H�O�L�Q�H�V�����$�O�W�K�R�X�J�K���J�X�L�G�H�O�L�Q�H�V���G�R���Q�R�W���H�[�L�V�W���I�R�U���W�K�H��

comparison of standardized mean differences across a range of interacting covariate values, 

Bodner (2017) 3 proposed that �¿�Ü�Ò|�Æ�Ô
=  ���������������������D�Q�G�����������F�R�X�O�G���E�H���F�R�Q�V�L�G�H�U�H�G���́ �V�P�D�O�O���µ���́ �P�H�G�L�X�P���µ��

and “large” differences, respectively, for a two standard deviation difference in the moderator 

�Y�D�U�L�D�E�O�H�� ���H���J������ �I�U�R�P�� ����SD below to 1 SD �D�E�R�Y�H�� �W�K�H�� �L�Q�L�W�L�D�O�� �E�R�G�\�� �Z�H�L�J�K�W�� �P�H�D�Q������ �8�V�L�Q�J�� �W�K�H�V�H��

�S�U�R�S�R�V�H�G���J�X�L�G�H�O�L�Q�H�V�����W�K�H���G�L�I�I�H�U�H�Q�F�H���L�Q���V�W�D�Q�G�D�U�G�L�]�H�G���P�H�D�Q���G�L�I�I�H�U�H�Q�F�H���Y�D�O�X�H�V���D�E�R�Y�H�����L���H������-����������– 

���������� � ��-������������ �I�R�U�� �D�� ����SD difference in initial body weigh t would be considered “large” in 

�P�D�J�Q�L�W�X�G�H���� 

 
Appendix 2-6 The conditional effect of treatment on overall activity as a function of 

initial body weight based on output from the Johnson -Neyman  (J-N) post -hoc analysis; 

 
 
3 �%�R�G�Q�H�U�����7���(�����������������6�W�D�Q�G�D�U�G�L�]�H�G���(�I�I�H�F�W���6�L�]�H�V���I�R�U���0�R�G�H�U�D�W�H�G���&�R�Q�G�L�W�L�R�Q�D�O���)�L�[�H�G���(�I�I�H�F�W�V���Z�L�W�K��
�&�R�Q�W�L�Q�X�R�X�V���0�R�G�H�U�D�W�R�U���9�D�U�L�D�E�O�H�V�����)�U�R�Q�W�L�H�U�V���L�Q���S�V�\�F�K�R�O�R�J�\, ������������-�������� 
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the slope of the conditional effects line equals the interaction parameter value for Model 

�����L�Q���7�D�E�O�H�����������R�I���&�K�D�S�W�H�U����4�� 

 
 
�:�K�H�Q���,�Q�L�W�L�D�O���E�R�G�\���Z�H�L�J�K�W�����N�J�����L�V���R�X�W�V�L�G�H���W�K�H���G�R�W�W�H�G���O�L�Q�H�V���L�Q�W�H�U�Y�D�O���>�����������������������N�J�@�����W�K�H��

slope of Treatmen t is p �����������������1�R�W�H�����7�K�H���U�D�Q�J�H���R�I���R�E�V�H�U�Y�H�G���Y�D�O�X�H�V���R�I���,�Q�L�W�L�D�O���E�R�G�\���Z�H�L�J�K�W��

�L�V���>�������������������N�J�@��  

For observed data, the J -N analysis indicates that not receiving anthelmintic treatment 

had a significantly negative effect on overall activity for lambs with initial weights 

�D�E�R�Y�H�������������N�J�� 

 

 
 
 
Appendix 2-7 Data table of overall a ctivity  (VeDBA) , faecal egg counts (collected on 

Day 42) and initial  body weight used for analysis in Chapter 2 �� 

Sheep ID  Treatment  VeDBA  Initial weight  FEC  

1992 �=�R�O�Y�L�[ ������������������  ��������  0 

 
 
4 Gastrointestinal nematode infection affects overall activity in young sh eep monitored with tri -
axial accelerometers  
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1993 �=�R�O�Y�L�[ ��������������������  ����  0 

2407 �=�R�O�Y�L�[ ��������������������  ��������  0 

2437 �=�R�O�Y�L�[ ��������������������  43 0 

2439 �=�R�O�Y�L�[ ��������������������  46 0 

2443 �=�R�O�Y�L�[ ������������������  47 0 

2445 �=�R�O�Y�L�[ ��������������������  ��������  0 

2460 �=�R�O�Y�L�[ ��������������������  42 0 

1939 �=�R�O�Y�L�[ ��������������������  46 0 

2481 �=�R�O�Y�L�[ ��������������������  ����  0 

1986 Control  ������������������  ����  0 

2409 Control  ��������������������  ��������  ��������  

2425 Control  ������������������  ����  ������  

2441 Control  ������������������  ��������  200 

2446 Control  ������������������  ��������  ������  

2485 Control  ������������������  47 ������  

2486 Control  ��������������������  ����  ������  

2491 Control  ����������������  ����  ������  

2494 Control  ��������������������  46 0 

2495 Control  ��������������������  43 ������  

 

 



 

 
 

������  

�$�S�S�H�Q�G�L�[���������6�X�S�S�O�H�P�H�Q�W�D�U�\���P�D�W�H�U�L�D�O���I�R�U���&�K�D�S�W�H�U���� 
  

Appendix 3-1 RTK measuring actual location points  

 
 
 

Appendix 3-2 Distribution of location estimates from six GPS receivers recording at 

one second epoch in static accuracy test  
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