
The neurophysiological regulation of

temperament in sheep

By

Kelly Anne Drake

Bachelor of Science and Technology (BScTech)

Master of Science

Waikato University, Hamilton, New Zealand

A thesis submitted for the degree of Doctor Philosophy of the University of New

England

December 2006



Table of Contents

Acknowledgements

Abstract

Certi fication

Table of Contents

List of Figures

List of Tables

Abbreviations

Working definitions for thesis

Chapters

References



Acknowledgements

There are so many people that helped in a myriad of ways in completing this thesis and I would like

to thank each and everyone. Particularly, I could never have survived and made my way through all

of this without the support, guidance, pushing and prodding of my primary supervisor, Dr Drewe

Ferguson. lean't thank you enough for believing that I could do it in the first place. I hugely

appreciate all the help, support and guidance that my university supervisor gave me, Professor Geoff

Hinch, thanks Geoff! Thank you both for YOUl' time and extremely patient advice. Jim Lea, :vIatt

Reed, Brad Hine, Dominick Neimeyer and David Paul helped with everything, namely thanks to you

all for your excellent technical skills, laboratory skills and expert handling assistance with the sheep,

dogs and motorbikes. Thank you for all the hard work and for keeping it fun! My heartfelt thanks

and best wishes go to those who occupied the PhD room with me during our indenture period, for

moral support when needed and the occasional glass of wine whilst discussing the intricacies of

thesis writing. Many people at the McMaster Labs contributed in different ways to the work

presented here, thank you all for the support and friendship. I would also like to thank the Beef

CRC and the McMaster Laboratories, CSIRO for their financial and industrial support during my

candidature period.

Several experiments were conducted in the plush palatial aspects of Allandale, Perth, and I would

like to especially thank Dr Dominic Blache and Aprille Chadwick for all their help and support

through the long hot days of shearing, bleeding sheep and measuring heart rate, additionally a big

thank-you to Dominic for comments on experimental chapters as well.

On a more personal level, lots of friends tried to keep me sane during this time, but particularly

Laura Sloan and Dr. Caroline Lee played a huge part during this period of my life, the experiments

and preparation, the writing and whining. I would like to thank them both for being there through

thick and thin.

Throughout all of this, and everything else, I have always had the complete support of my parents,

Gordon and Shirley Drake, who have been there for me always and continually encouraged me in

what I wanted to do, or thought I wanted to do. regardless of what it was. It was always the thought

of them and their sacrifices that really hdped ml~ to finally finish this.



Abstract
--------- ~---

This thesis examines the neurophysiological underpinning mechanisms which may be pertinent for

understanding temperament and its relationship to fearfulness in sheep. In the dose response

experiment conducted in chapter 3, administration of diazepam (GABA agonist) and m-CPP (5-HT

agonist) gave the most consistent physiological responses in the arena test and isolation box test,

which aligned with extrapolated data. The interpretation of the behavioural responses was less

clear.

We designed a psychological challenge (the fear potentiation model) to induce fear utilizing a line of

sheep selected for calm and nervous temperamelt. The final model consisted of two prior exposures

to an isolation and dog challenge, and a final exposure to isolation only. Manipulation of the fear

response was achieved with a potentiated fear state, causing the sheep to respond to the final

isolation exposure with a marked reduction in the behavioural response, similar to freezing

behaviour, which was still evident after a long period of time. This implies memory of the situation

resulting in a behaviourally potentiated fear response. Physiologically. the isolation and dog

challenge caused only a slight potentiated respnnse. Additionally, sheep were able to perceive the

dog's presence without visual or auditory cues, :;uggesting possible olfactory detection.

We employed the use of selected pharmacological treatments to target neurotransmitter pathways to

investigate their role on fearfulness and temperament whilst exposed to the challenge test, however

the role of the pathways targeted (GABA ami 5-HT) and influence upon temperament was not

obvious. The selected pharmacological treatments did convey effects on behavioural and

physiology; however this was not evident in nbserving differences in the temperament selection

lines. The primary observation was that of a divergent behavioural response whilst the

physiological response between calm and nervous was fairly inconsistent. The marked divergence

in behaviour and limited divergence of the physiological response was consistent throughout the

experiments using the selection line. It appears that selection has mostly resulted in common

characteristics that differentiate the line behaviourally and not physiologically, whilst the

physiological data for the selection line is not tightly linked to the behavioural responses during the

challenge periods.
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Working definitions for thesis

Temperament:

Is the inherent fearfulness of an animal in response to a variety of situations, including the response

to humans or to strange, novel or threatening situations. This has also been refen-ed to in the

literature as emotional reactivity, emotionality and reactivity.

Fearfulness:

Is a temperament trait that incorporates the general susceptibility of an animal to react to a variety of

potentially threatening situations. Fearfulness helps to motivate an animal to avoid a potentially

averse or threatening situation and facilitates a \..:~amed response.

Fear potentiation:

Prior exposure to a more severe stressor will increase or potentiate the fear response on a subsequent

exposure to a different challenge. For exampi.e, exposure to an Isolation and dog challenge will

potentiate the fear response to a subsequent presentation of Isolation only.

Stress:

Stress is a very broad term. which implies a threat to an animal, in which it needs to adjust.

Stressor:

Intrinsic and extrinsic factors. both real and perceived that alter an animal's homeostatic balance,

activating behavioural, physiological and neurophysiological systems of the body.

Anxiety:

A normal and pathological state, however in this instance it is considered more of a psychological

state and can be caused by real and/or imagined threats


