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Abstract

The activity and functioning of the HPA axis was investigated in red deer stags
under basal and stress induced conditions. In order to overcome the confounding
effects of stress inherent in standard methods of blood collection, a portable
remote blood sampling device ("DracPac") was developed and tested. Stags were
blood sampled remotely during restraint in a mechanical crush and subsequent
recovery at pasture. Cortisol, haematocrit, glucose and lactate levels were

elevated during restraint and declined significantly following release to pasture.

The DracPac device was used to deliver i.v. a range of ACTH, .4 doses (1-64
IU/100kg) and collect blood for cortisol determination from red deer stags.

ACTH significantly elevated plasma cortisol concentrations, with mean peak
concentrations occurring 20 to 40 min post-infusion. Duration of the response
(ranging from 80 to 160 min), was dose dependent, whereas cortisol concentration

plateau with doses above 4 IU.

Seasonal changes in the activity and responsiveness of the adrenal gland in red
deer stags were quantified by measuring 24 h endogenous cortisol secretory
profiles and plasma cortisol responses to either administration of exogenous
ACTH or a standardised stressor during November (period of velvet growth),
February (pre-rut), April (mid-rut) and July (post-rut) (southern hemisphere) using
a remote blood sampling device (DracPac). Ultradian, circadian and seasonal
rhythms in the concentration of plasma cortisol were observed. Mean 24 h plasma
cortisol concentrations were significantly higher in November than at other times
of year. Peak cortisol concentrations following infusion of ACTH,.,4 (0.04 IU kg’
" were also higher (p < 0.05) in November but lower (p < 0.001) in April than at

other times of year.
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The role of gonadal steroids in modulating the seasonal rhythm of HPA axis activity
and function in the red deer stag was investigated. Basal secretion of cortisol and
responses to administration of ACTH .4 (0.04 IU kg live weight), CRH (25 ng kg
"'live weight) and dexamethasone (37 pg kg live weight) were compared in
castrated (n=6) and entire (n=6) male deer during the breeding season. A higher
level of HPA axis basal activity and adrenal responsiveness to ACTH was seen in
castrated compared with entire stags indicating that modulation of HPA axis

function by testicular steroids occurs primarily at the level of the adrenal.

The effect of chronic social stress on behaviour and hypothalamic-pituitary-
adrenal axis (HPA axis) activity and function was determined in 6 two-year-old
red deer stags (Mixed) subjected to repeated mixing into unfamiliar herds.
Following mixing basal cortisol concentrations declined, the proportion of
unbound cortisol increased though free cortisol concentrations did not change.
Responsiveness of the adrenal to ACTH declined, as did pituitary responsiveness
to CRH.

HPA axis changes to stress occur at multiple levels within the axis. Acute stress
is best assessed by frequent sampling of cortisol concentrations. Chronic stress
can be best monitored by quantifying changes in HPA axis function (e.g. CRH
challenge).
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CHAPTER 1 GENERAL
INTRODUCTION

1.1 INTRODUCTION

The farming of red deer (Cervus elaphus) for venison and velvet antler production
has progressed rapidly since the establishment of deer farming using captured
feral animals in the 1970’s. Deer management procedures have continued to
evolve to better suit the requirements of deer using specific nutritional and
reproductive strategies based on decades of scientific research. The reduction of
stress is an important aspect of improved management, reducing animal welfare
problems and increasing the efficiency of production systems. The hypothalamic-
pituitary-adrenal (HPA axis) is a key component of the stress response. Changes
in the activity and functioning of the HPA axis are routinely used to quantify
stress in farm animals (Barnett & Hemsworth, 1990, Fraser and Broom, 1990).
Though deer have been the subject of intensive research over the last 30 years,
relatively little is known about their physiological and behavioural responses to
stress. Thus the main aim of this thesis was to investigate the activity and
functioning of the HPA axis and how these change in response to acute and

chronic stress in red deer.

Many aspects of red deer biology distinguish them from other more traditionai
domestic ruminant species (e.g. sheep, cattle) and as such necessitate the
development of species specific animal husbandry techniques. Chapter one
describes some of the unique features of the biology of deer, provides a
background to the development of deer farming in New Zealand and highlights

some of the animal welfare issues relevant to the farming of this species.



1.2 THE BIOLOGY OF DEER
1.2.1 Classification of deer

The Family Cervidae (antlered artiodactyls) belongs to the order Artiodactyla
(even-toed ungulates) and the suborder Pecora (advanced ruminants). Pecora,
also termed Ruminanta, is the largest suborder of the Artiodactyla and contains
the Families Bovidae (cattle, sheep, goats, antelope and gazelle), Tragulidae
(chevrotains), Antilocapridae (pronghom), Giraffidae (giraffes), Moschidae (musk
deer) and the Cervidae (true deer) (Janis & Scott 1987). The Cervidae are
distinguished from the other even-toed ungulates by the following features: i) they
are true ruminants with a four chambered stomach, ii) they lack a gall bladder, iii)
they retain rudiments of the first 2 phalanges of the lateral digits, iv) their molars
bear crescentic ridges of enamel on their crowns, v) they have a cotyledonary
placenta, and vi) they have fenestrated lachrymal bullae (Young 1962). However,
the main distinguishing feature of the family Cervidae is the presence of antlers on
the males, with the exception of reindeer and caribou (where both male and
female deer develop antlers), and the Chinese water deer (Hydropotes inermis)
where the males develop tusks (extended upper caninies) instead of antlers. The
first Cervidae appeared in the fossil record in Eurasia during the Miocene and
early Pliocene epoch, some 20 million years ago (Loudon & Brinklow 1992,
Putman 1988). Many of the common features of Cervidae physiology and general
biology reflect their origins in the forest or woodland habitats of the temperate
regions of the Northern Hemisphere. However, the 40 or so species living today
have diversified to occupy such a wide range of different environments that
patterns of habitat use, diet, social organisation and behaviour are highly variable,
as each species has adapted to its particular environment (Putman 1988). This
adaptive variation even extends to different populations of the same species when
they occur in different environments, making the classification of the Cervidae
rather complex. The number of species and subspecies currently recognised vary
considerably depending on which classification source one uses (e.g. Harrington
1985, Whitehead 1993). Whitehead (1993) recently proposed that the Family

Cervidae comprised of 6 subfamilies (see also Figure 1.1):



e Hydropotinae (represented by a single species: Hydropotes inermis, the

Chinese water deer).
e Muntiacinae (muntjacs and tufted deer).
e Cervinae (Eurasian deer such as red deer).

e Odocoileinae (roe deer and the New World deer species such as marsh
deer, huemul, guemal, brocket deer, white-tailed deer, black-tailed deer,
pampus deer and pudu).

e Rangiferinae (reindeer, caribou).

e Alcinae (elk, moose).

The most diverse is the subfamily Cervinae which contains the greatest number of
genera and species. The four genera which make up the Cervinae are the:

e Axis (comprising | species in the sub-genus Axis, the axis deer (A. axis)
and 3 species in the sub-genus Hyelaphus, the hog deer (A. porcinus),
bawean deer (A. kuhlii) and calamain deer (A. calaminianensis)).

e Dama (comprising 1 species, the fallow deer (Dama dama)).

e Elaphurus (comprising 1 species, the Pére David’s deer (Elaphurus
davidianus)).

e Cervus (the largest and most widespread genera, comprising 1 species in
the sub-genus Panolia, the Eld’s deer (C. eldi), 1 species in the sub-genus
Przewalskium, the Thorold’s deer (C. albirostris), 1 species in the sub-
genus Rucervus, the swamp deer (C. duvauceli), 3 species in the sub-genus
Rusa, the sambar (C. unicolor), rusa deer (C. timorensis), philippine
spotted deer (C. alfredi), 1 species in the sub-genus Sika, the sika deer (C.
nippon), 1 probably extinct species in the sub-genus Thaocervus,
Schomburgk’s deer (C. schomburgki) and 2 species in the sub-genus

Cervus, the wapiti (C. canadensis) and red deer (C. elaphus).

The North American wapiti (C. canadensis) is also considered by many to be
another subspecies of red deer (Ellerman & Morrison-Scott 1951), however others
(Clutton-Brock et al. 1982, Whitehead 1993) have argued they are a distinct

species, usually on the grounds of size, colouring and vocalisations.
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(Eld's deer) (Thorold's deer) (red deer, (swamp deer) (sika deer) (rusa deer. sambar and
wapiti) philippine spotted

deer)

Figure 1.1 Classification of the family Cervidae (adapted from Whitehead 1993).

1.3 BIOLOGY AND DISTRIBUTION OF RED DEER (C. elaphus Linnaeus, 1758)

Red deer are medium to large deer with a relatively coarse coat which is a rich,
reddish brown colour in summer, which becomes a greyish brown in winter.
Natural populations of red deer occur widely through Europe and Asia. Most of
the habitat in Europe is composed of deciduous forest, however some populations
have adapted in various ways to more open habitats, such as the moors of
Scotland. The large range in habitats and geographical isolation has lead to
considerable phenotypic variation, mostly in size and weight. For example, the
males of the subspecies of European red deer (C. e. hippelaphus), can reach
weights of 300 kg, while the males of red deer from the island of Corsica (C. e.
corsicanus) may weigh as little as 100 kg (Putman 1988). A number of different
populations of red deer have been accorded subspecies status due to differences in

size, antler shape, behaviour and vocalisations (Table 1.1).



Classification Geographical distribution

C. e. elaphus Sweden

C. e. hippelaphus Europe

C. e. corsicanus Corsica and Sardinia
C. e. wallichi Tibet and mid-Asia
C. e. barbarus North Africa

C. e. hanglu Kashmir

C. e. maral Turkey and Iran

C. e. yarkandensis Chinese Turkestan
C. e. bactrianus, Uzbekistan

C. e. atlanticus West coast of Norway
C. e. scoticus Scotland

C. e. hispanicus Spain and Portugal

Table 1.1 The classification and natural distribution of red deer sub-species
(Whitehead 1993).

1.3.1 Social behaviour

Red deer are essentially gregarious in nature (considered to be an adaptation
against predation (Clutton-Brock et al. 1982)), although in the wild, social structure
and behaviour are also strongly influenced by the type of environment which the
deer inhabit (Putman 1988). In dense woodland, red deer operate individually but
congregate in open areas. In open habitats such as the Isle of Rhum, off the coast
of Scotland, female red deer associate with their dams forming relatively
permanent matrilineal aggregations including the young of both sexes (Clutton-
Brock et al. 1982). Males disperse from the females at weaning and form
bachelor herds (4-7 stags of similar ages), for most of the year except during the
rut when they attach themselves to a group of hinds and defend a harem (Clutton-

Brock et al. 1982).

Dominance hierarchies are a feature of both male and female groupings, with a
wide range of agonistic behaviours used in the establishment and maintenance of
these hierarchies (reviewed by Clutton-Brock et al. 1982). Among hinds, the
most common forms of agonistic interactions are threats such as laying the ears

back and the displacement of opponents by walking steadily towards them. More



intensive interactions include kicking with one or both front legs, rearing up on
hind legs and slapping at each other with the front legs (boxing), and biting or
biting threats. An escalation in aggression is frequently followed by a chase or an
attempt to butt the opponent (Clutton-Brock et al. 1982). Agonistic interactions
between males involve similar activities during the velvet growing season (Haigh
and Hudson 1993). However, differences are apparent during the period of hard
antler with antlers become the primary means of offence and defence. Animals

with the largest body size and antlers tend to have the highest social ranking.

During calving, hinds move away from their matriarchal groups to give birth
(Darling 1937). New-born calves exhibit behaviour characteristic of “lying-out
—species”, remaining hidden for the first 2-3 weeks of life (Lent 1974). For the first
few days of this period, the calf freezes in response to disturbances (e.g. an
approaching human) (Kelly & Drew 1976). Thereafter, a strong flight response to
threatening stimuli is shown. By about 3 weeks of age, the calf begins to follow
its mother. It is at this time that the mother returns to the matriarchal group with
the young and the foundations for leader-follower and herding behaviour typical

of adult deer are established (Matthews 1994).
1.3.2 Seasonality

Red deer evolved in environments with pronounced seasonal changes in climate
and food supply. To survive these conditions red deer have evolved a range of
behavioural and physiological adaptations, including marked seasonal changes in
reproductive function and sexual behaviour (Lincoln 1971, Lincoln & Kay 1979,
Suttie et al. 1992), voluntary food intake (VFI) (Loudon et al. 1989, Loudon
1994), and growth rate (Kay et al. 1980). The majority of species in temperate
and cold climates exhibit changes in reproductive activity in response to annual
changes in day length (photoperiod) which is consistent from year to year within a
given latitude. Other environmental cues such as temperature, rainfall and food
availability, exhibit annual variations from year to year which make them poor

predictive cues for breeding (Bronson 1985).



1.3.2.1 Photoperiodism

The annual change in photoperiod has been shown to provide the key proximate
environmental cue for the entrainment of annual cycles in deer. The manipulation
of photoperiod or the administration of melatonin results in a shift in the timing of
the breeding cycle, the seasonal cycle in appetite and the moult cycle (Adam &
Atkinson 1984, Adam et al. 1986, Milne et al. 1990, Loudon & Brinklow 1992,
Loudon 1994). The pineal hormone melatonin, which is secreted maximally
during darkness, relays to the deer the length of the night and hence the season of
the year providing the main link between the external environment and the
endocrine system. In this respect, red deer are similar to other seasonal mammals
(reviewed in Lincoln 1985, 1992, Loudon & Brinklow 1992). Removal or
denervation of the pineal gland in red deer does not eliminate the annual cyclicity
of reproduction (Lincoln 1985). The cycles persist but are often irregular or out of
phase with the normal cycle (Lincoln 1985), indicating the existence in cervids of
an underlying endogenous annual rhythm which is entrained (synchronised) by

the photoperiod.

Seasonal reproductive changes in red deer are mediated through circannual
variation in endogenous gonadotrophin-releasing hormone (GnRH) release from
the hypothalamus. This decapeptide controls the reproductive axis by stimulating
the secretion of luteinising hormone (LH) and follicle stimulating hormone (FSH)
from the pituitary gland (Lincoln 1985). The gradual change from long days to
short days following the summer solstice causes an increase in the duration of
nocturnal melatonin secretion, which in turn induces an increase in pulsatile
GnRH secretion (Figure 1.2). The mechanism by which melatonin acts within the
brain to influence GnRH release is still unresolved, but it is assumed to influence
the neural systems within the hypothalamus which regulate pulsatile secretion of

GnRH.



a) Sexually aclive phase - short days

Tostw

AT
tuhﬂg‘m Spermatozoa

I

b) Sexually inactive phase - long days

GnRH MELATONIN
Mypothalamus Pinsel gland

wlmarsu

0) e
Low =~ ™ No
testosterone  spermatozoa

Figure 1.2 Diagram of the endocrine control of seasonal reproduction in red deer
stags: (a) sexually active phase (short days) induced by high frequency GnRH
secretion from the neurosecretory cells in the hypothalamus that stimulates LH
and FSH secretion from the pituitary gland and thus gonadal activity. Short days
and long nights result in increased melatonin secretion from the pineal gland
which acts within the brain to affect GnRH secretion, (b) sexually inactive phase,
long days and short nights result in reduced secretion of melatonin which switches
off GnRH secretion (adapted from Lincoln 1992).

Seasonal variations in plasma LH and FSH has been demonstrated in red deer
(Lincoln & Kay 1979, Kelly er al. 1982, Suttie et al. 1984, 1992). The pulsatile
secretion of LH is of low amplitude and frequency during the non-breeding season
(early summer) and of high amplitude and frequency leading up to the onset of the
breeding season in autumn (Lincoln & Kay 1979). The effect of season on basal
and GnRH-induced LH secretion is believed to involve both a steroid-independent

mechanism (the seasonal rhythm in GnRH secretion), and a second steroid-



dependent mechanism (changes in the sensitivity of pituitary LH secretion to the
negative feedback effect of ovarian or testicular steroids, Karsch et al. 1984). The
latter is believed to amplify the effects both temporally and in magnitude of the

steroid-independent mechanism (Lincoln & Short 1980, Meikle & Fisher 1996)
1.3.2.2 Annual cycle of reproduction in female red deer

Red deer hinds reach puberty at 15 months of age provided a minimum liveweight
of 60-70 kg has been attained (Kelly & Moore 1977). Breeding in red deer is
timed so that the most energetically demanding phase of the reproductive cycle
for the female (late pregnancy and lactation), coincides with periods of maximum
food abundance (Loudon & Jabbour 1994). Mating occurs in autumn (April,
Southern Hemisphere) and calving in summer (late November-December),
following a 233 day gestation period (Kelly et al. 1982). Conception rates
following natural mating to spontaneous oestrus are in the order of 80% or more
(Fennessy et al. 1990). Female red deer are polyoestrus with nonpregnant hinds
exhibiting periods of oestrous cyclicity starting in autumn with 5-8 oestrus cycles
of 18-20 days (Loudon et al. 1989, Meikle & Fisher 1996). A extended period of
anoestrum occurs in spring and summer characterised by low levels of
progesterone secretion indicating complete ovulatory arrest (Guinness et al. 1971,
Kelly & Moore 1977, Asher et al. 1997). Figure 1.3 illustrates the annual

reproductive changes in relation to photoperiod.
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Figure 1.3 Annual reproductive cycle of female red deer in relation to
photoperiod and season (from Berg 1997).
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1.3.2.3 Annual cycle of reproduction in male red deer

Red deer stags are polygamous and the dominant male mates with several females
by monopolising a harem during the rut (Lincoln 1971). Stags attain puberty, as
defined by the onset of androgenesis, between 9-15 months of age (Lincoln
1971b). Sexual maturity, however, is not complete until approximately 7 years of
age, when the stag assumes an effective role in the reproduction of the population
in the wild. The breeding cycle of the stag is timed to coincide with the
availability of females in oestrus (Lincoln 1992). The breeding season occurs
during the decreasing daylength of late summer and autumn, hence red deer are
termed “short day breeders”. The rut is a period of hypersexual activity during the
breeding season (Lincoln & Guinness 1973). The rut lasts 4 to 6 weeks with most
conceptions occurring within a 3-week period (Lincoln & Guinness 1973).
However, the stag remains fertile throughout the entire breeding season (5
months) which is followed by a 3 month period in spring/summer of complete

reproductive quiescence.

The seasonal cycle in reproductive function in the stag is associated with marked
changes in the activity of the hypothalamic-pituitary gonadal (HPG) axis and
associated changes in testicular development, spermatogenesis, androgenesis, and
the development of secondary sexual characteristics (e.g. inducing the hard antler
phase, neck muscle hypertrophy, and the overt sexual and aggressive activities
characteristic of the rut (Asher et al. 1994)). Marked seasonal changes in
testicular function are controlled primarily by these changes in LH secretion.
Testicular development, spermatogenesis, androgenesis, and the development of
secondary sexual characteristics as well as the expression of overt sexual and
aggressive activities increase leading up to the rut. By the onset of the rut, stags
are fully fertile producing large numbers of viable spermatozoa and high
concentrations of circulating testosterone (Figure 1.4) (Suttie et al. 1992). Stags
remain fertile throughout the winter, with the testes secreting modest levels of

testosterone.
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Figure 1.4 Annual reproductive cycle of male red deer in relation to photoperiod

and season (from Berg 1997).

However, towards the start of spring, reproductive function begins to decline with

LH secretion diminishing and testosterone concentrations reaching very low levels

12



as the testes regress in size. By early summer, HPG axis activity has ceased and
the stags are effectively infertile and behave in a similar manner to castrates
(Lincoln 1985, 1992). The animals remain infertile for about two months during
the period of velvet antler growth, gradually regaining fertility towards the end of

summer (Suttie et al. 1992).
1.3.2.3.1 Secondary sexual characteristics

The antler cycle is linked closely to the cycle in reproductive function, with
antlers cast during the spring in response to regression of the testes and a marked
decline in testosterone secretion (Lincoln 1985, 1992). New antler growth
(velvet) occurs during the phase of reproductive quiescence when testosterone
secretion is negligible (Suttie et al. 1992). As testicular activity and testosterone
concentration increase in late summer and early autumn, the antler mineralises
rapidly and eventually the soft velvet layer is stripped off. The hard antlers are
retained through autumn and winter while circulating levels of testosterone are

maintained.

Increasing secretion of testosterone in late summer/early autumn also causes
hypertrophy of the neck muscles in red deer stags resulting in a massive increase
in neck muscle mass by the start of the rut (Lincoln 1971). However, neck girth
decreases with testicular regression and antler casting. Overt sexual activities,
increased aggression (Suttie 1985), vocalisations and distinctive odours related to
rutting activity are also associated with annual changes in testosterone secretion

and can be modified by castration (Lincoln et al. 1972)
1.3.24 Annual cycle in growth and metabolism.

In addition to annual cycles in red deer reproduction, there are also pronounced
cycles in voluntary food intake (Loudon et al. 1989, Loudon 1994), metabolism
(Simpson et al. 1977) and growth (Kay et al. 1980). In both sexes the endogenous
seasonal growth and appetite cycles are associated with the annual cycle of energy
expenditure resulting from reproduction (Loudon & Brinklow 1992). In males,
rapid liveweight gains occur during spring and summer with increased deposition

of subcutaneous and depot fat as well as increased neck muscle mass (Lincoln et

13



al. 1972). The seasonal peak in VFI and liveweight occurs just prior to the onset
of the rut (Fennessy et al. 1981). However, during the rut stags reduce the time
spent grazing as they concentrate their activity on gathering, guarding and mating
a harem of hinds. The resultant negative energy balance leads to rapid
mobilisation of fat reserves, some catabolism of muscle, (though muscle loss is
relatively small compared to the loss of fat (Wallace and Davies 1985)), and
changes in the protein:water ratios in muscle (Jopson 1993). Stags regain very
little of the lost weight over the winter period following the rut, even though their
levels of grazing activity return to normal (Fennessy 1982). It is not until spring

that the growth and fat deposition cycle starts over again.

Similarly, in females, the seasonal cycle of VFI and live weight gain and loss
resembles that of the stag, at least in the growing hind, with the exception being
the period of weight loss over the autumn rut is not as dramatic and the amplitude
of the entire cycle is not as great as in the male. The endogenous seasonal cycle
of VFI and live weight peaks in mid summer is coincident with the normal timing

of peak lactation.

14 FARMING OF RED DEER IN NEW ZEALAND

The modern farming of red deer is relatively recent and owes its origins in New
Zealand to a large, well established population of feral deer, and a flourishing
export industry in feral game meat (Drew 1996). Red deer were introduced into
New Zealand by early European settlers for the purposes of recreational hunting.
Importation of red deer from the United Kingdom started during the 1850’s
(Anderson 1978) and by 1923 approximately 1000 red deer had been liberated
into the wild on all three of New Zealand's main islands. With ample food,
protection from hunting and an absence of natural predators feral red deer thrived,
inhabiting a vast topographical range from alpine areas to coastal lowlands, and a
range of habitat types including native and exotic forests, native scrublands and

native grasslands (King 1990, Drew 1996).

By the 1900’s, control of the feral population became necessary to prevent

14



damage to native and exotic forests and to reduce competition with sheep and
cattle pastoral farming as well as the widespread damage of erosion prone land
(Drew 1996). In 1931, the Government of New Zealand moved to bring the
situation under control by introducing a deer eradication program. In the years
that followed, approximately 100,000 deer were shot annually, with most
carcasses left to rot (Wallis 1993). However, by the late 1950’s the commercial
exploitation of feral deer had begun with exports of feral venison to Germany for
the game food market. Hunting pressure increased rapidly as the value of feral

venison exports increased resulting in a decline in wild deer populations.

Pastoral based farming of red deer soon followed with the establishment in the
early 1970’s of the first commercial deer farms in New Zealand. The emphasis
then shifted from the killing of the wild stock, to live capture to provide breeding
farm stock. By 1985, there were nearly 400,000 red deer on farms within New
Zealand with at least 60,000 caught from the wild (King 1990). The most recent
survey of the New Zealand deer industry was conducted in 1996 (Statistics New
Zealand 1996). In this survey total farmed deer numbers had increased to 1.5
million, with 4,000 deer farms carrying on average approximately 400 head. The
industry exports approximately 94% of its total annual product output, which
earned $229 million in 1996. Venison and velvet antler accounted for 66% and 25
% of this revenue, respectively (Statistics New Zealand 1996). Current exports
for the year ended June 1998 have been estimated at $185 million (N.Z. Deer
Farming Annual 1998).

Despite selective breeding for good temperament, farmed red deer still maintain
much of the flighty nature characteristic of their wild conspecifics, exhibiting
behavioural and physiological reactivity to both acute (e.g. handling, Carragher et al.
1997, Grigor et al. 1999; transport, Waas et al. 1997, 1999) and chronic stressors
(e.g. indoor housing, Goddard et al. 1994, Hanlon et al. 1994, Pollard & Littlejohn
1998; social stress, Hanlon er al. 1995). Exposure to stress has also been linked in
red deer to poor reproductive performance (Yerex & Spiers1987), and an increased
susceptibility to infectious diseases (Griffin & Thomson 1998). As a possible
consequence of their relatively recent domestication, deer may have a greater

susceptibility to stress related diseases than more traditional livestock (Griffin 1989,
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Griffin & Thomson 1998)

1.5 WELFARE ISSUES IN DEER FARMING

Attempts to reach a consensus as to the definition of animal welfare have so far
failed (Rushen & Passile 1992). Fraser & Broom (1990) stated simply that good
welfare of an animal depends on the absence of suffering. Welfare can also be
regarded as ideal when the physical and behavioural needs of the animal have
been met. That is, when animals are free from: thirst, hunger and malnutrition;
physical discomfort; pain, injury and disease; fear and distress; and are free to
express normal behaviour (Farm Animal Welfare Council 1993). Increased
awareness of welfare related issues in the farming of deer can be attributed to
public empathy with deer, their relatively recent domestication (combined with
their flighty nature) and potential susceptibility to stress related pathologies. This
may mean that many practices acceptable for other domesticated species may
have the potential to be detrimental to the welfare of deer (Goddard & Matthews
1994).

Early concerns were raised about the live capture of wild deer by such techniques
as netting from helicopters. Capture of wild deer proved to be extremely distressing
to the animal, with early experiments demonstrating gross physiological changes
associated with post-capture myopathy, followed in severe cases by death within
days or even hours of capture (McAllum 1985). The effect of post-capture
management of wild caught animals and their adaptation to intensive farming
practices has also received some attention (Griffin et al. 1991, Goddard et al. 1994a,
b, 1996).

As most animals are now farm bred in New Zealand, the emphasis of research is
shifting to the effects of farm management. On farms, deer are regularly handled in
yards for veterinary practices such as drenching, vaccination and velvet antler
removal, as well as the general movement between pastures. Previous studies have
highlighted the behavioural and physiological reactivity of farmed red deer to
handling (Cross et al. 1988, Price et al. 1993, Pollard & Littlejohn 1994, 1995,
Pollard et al. 1994, Carragher et al. 1997, Grigor et al. 1999), velvet removal
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(Matthews et al. 1992, Pollard et al. 1992a), disturbance at pasture (Hodgetts et
al. 1998) and the attenuating effects of long-acting neuroleptics (Diverio et al.

1996a, 1996b) or the provision of visual cover (Whittington & Chamove 1995).

The effects of other current farm management procedures such as weaning of
fawns from their mothers at an earlier age than would occur in the wild have also
been investigated (Griffin et al. 1991, Pollard et al. 1992b, Hibma & Griffin 1994,
Pollard & Pearse 1998). Weaning is considered the single most stressful event in
the first year of a young deer’s life (Haigh 1992) and is associated with fence pacing
(Moore et al. 1985), immunosuppression (Griffin et al. 1991) and an increased
susceptibly to disease (Mackintosh & Henderson 1984), particularly if weaning is

associated with inclement weather conditions (Griffin et al. 1991).

Dominance hierarchies are a feature of both male and female groupings which
when disturbed can lead to increases in aggression. In red deer, mixing of
unfamiliar animals has previously been shown to be stressful both in the short
term (Pollard & Littlejohn 1998) and when mixing is repeated over time (Hanlon
et al.1995). Mixing of social groups is also thought to contribute to pre-slaughter

stress in farmed deer (Kay et al. 1981).

Indoor wintering of deer is common in Europe and is becoming more popular in
colder regions of New Zealand. Benefits include protection of animals from
inclement weather, the ability to manipulate photoperiod to improve weight gains
and protection of pasture from trampling (Pollard & Littlejohn 1998). Several
recent studies have compared deer housed indoors with those kept at pasture and
found increased levels of aggression and physical injuries such as skin damage in
housed animals (Pollard & Littlejohn, 1998). Behavioural activity levels and
immune responses have also been shown to be effected by indoor housing
conditions (Hanlon et al., 1994). The ability to access resources such as feed and

water may also be compromised in some indoor housing situations

Pre-slaughter handling including transport and lairage, and their effects upon stress
parameters and carcass quality have also been assessed in a number of studies
(Smith & Dobson 1990, Jago et al. 1997, Goddard et al. 1997, Grigor et al. 1997,
1998, 1999, Waas et al. 1997, 1999).
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In general, exposure to stress has also been linked in red deer to poor reproductive
performance (Yerex & Spiers 1987), and an increased susceptibility to infectious
diseases (Griffin & Thomson 1998). The continued development of management
systems for farmed red deer that are safe, efficient and “welfare friendly” will
depend increasingly on an understanding of fundamental aspects of deer biology
and behaviour, particularly, their physiological and behavioural responses to

stress.
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CHAPTER 2 THE RESPONSE TO
STRESS

2.1 HISTORICAL DEVELOPMENT OF THE STRESS CONCEPT

Contemporary concepts regarding homeostasis and stress can be traced back over
several millennia to the Greek natural philosophers. Heracleitus (500 BC) first
suggested that a static unchanged state was not the natural condition, but rather
that the capacity to undergo constant change was intrinsic to all living things
(cited in Griffin & Thomson 1998). Later Empedocles (500-430 BC) proposed
that all matter was a harmonious mixture of elements and qualities (cited in
Chrousos et al. 1988, Johnson et al. 1992). Hippocrates (460-375 BC) extended
this concept to living beings, referring to health as a state of harmonious balance
and disease as a state of disharmony of these elements. Hippocrates also
suggested that the disharmony of disease derived from natural rather than
supernatural sources and that the counterbalancing or adaptive forces were also of
a natural origin, introducing the concept that “nature is the healer of disease”
(cited in Chrousos & Gold 1992). Around this time, Epicurus (341-270 BC)
advocated the role psychological stress plays in health and disease. He suggested
that the mind could be among, or influence, these adaptive forces and that coping
with emotional stressors was a way to improve the quality of life (cited in

Chrousos et al. 1988, Chrousos & Gold 1992, Johnson et al. 1992).

In the early nineteenth century, the French physiologist Claude Bernard
introduced the concept of the milieu interieur, the principle of a dynamic internal
physiological equilibrium, describing its constancy as essential in an external
environment typified by its variability (cited in Chrousos & Gold 1992, Griffin &
Thomson 1998). The Canadian physiologist Walter Cannon later expanded this

theory coining the term “homeostasis” to describe Bernard’s consistency. Cannon
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demonstrated the role of the sympathoadrenomedullary (SAM) system in the
“fight or flight reaction” to external challenges, linking the adaptive response and
catecholamine secretion, with extreme levels of activation-producing pathology
(Cannon 1914). Cannon proposed that there was a critical level of stress, in terms
of magnitude and duration, against which the homeostatic mechanisms fail
leading to sickness and eventually death. He also demonstrated that physical and
emotional disturbances were able to trigger the same physiological responses

(Johnson et al. 1992, Terlouw et al. 1997).

The important role of the glucocorticoids in the response to stress was first
recognised by the American physiologist Hans Seyle who reported that a wide
range of noxious stimuli provoked a rise in corticosterone secretion from the
adrenal cortex in rats (Seyle 1936). Debate continues as to whether it was Seyle
or Cannon who first appropriated the term stress from physics. In physics, stress
is precisely defined as the force applied to a spring which either elongates or
compresses it, with the resulting relative change in spring length is described as
strain (Yousef 1988). Seyle (1976) defined stress as it pertains to biology as the
non-specific response of the body to any demand. As a consequence of the
apparent generality of the physiological response, he proposed a theory which he
termed the “General Adaptation Syndrome”(GAS)(Selye 1936). According to
Selye the response to stress had four stages: 1) an initial alarm reaction
characterised by an immediate activation of the SAM axis; 2) a stage of resistance
characterised by activation of the hypothalamic-pituitary-adrenal (HPA) axis; 3) a
stage of adrenal hypertrophy, gastrointestinal ulceration, and thymic and lymphoid
atrophy; and 4) a final stage of exhaustion and death. Selye recognised the
paradox that the ph ysiological systems activated by stress can not only protect and

restore but also damage the body.

Mason (1971) questioned the non-specificity of the physiological response
implicit in the GAS model of stress. Mason pointed out that many different
physical stressors also incorporated a psychological stress component, which is
also a potent stimulus of the stress response. He proposed that the similarity of
the physiological response might actually be a specific reaction to psychological

stress, rather than a non-specific reaction for all stressors.
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Current concepts regarding the specificity of the response to stress support
Mason’s hypothesis. Thus the response to a stressor is regarded as an activation
of a complex repertoire of behavioural and physiological responses that are
specific to that stressor (Mason 1968, Moberg 1985, Broom & Johnson 1993).
For example, subjecting sheep to dehydration results in different patterns of
neuropeptide gene expression in the hypothalamus than subjecting them to
isolation (Matthews et al. 1993). Though the responses may be stressor specific
their overall function is to produce behavioural and physiological changes
directed towards maintaining homeostasis (Ewbank 1985, Moberg 1985, Johnson
et al. 1992). Thus many of the down stream changes are similar in response to a

variety of stressors.
2.2 DEFINING STRESS

2.2.1 Relevance of the stress concept

Attempts to reach a consensus as to the precise scientific definition of stress have
so far failed (Rushen & Passile 1992). Toates (1995) suggested that trying to
define the term stress in a scientifically rigorous way was intrinsically
problematic, like defining good and evil. The complexity and apparent
inconsistency in response to stress as well as the circularity of argument in many
proposed definitions of stress (i.e. a stressful stimulus is something that produces
a stress response and the stress response is what is produced by a stressful
stimulus) have led several authors to propose that the term stress be abandoned
altogether in a scientific context ( Rushen 1986, Charlton 1991). Rushen (1986)
stated “stress itself is one of those terms we use to shield us from our ignorance.
We would be better off without it. It survives because it is a convenient term to
indicate the general topic under discussion. Attempts to provide such a vague
concept with a precise physiological definition engender confusion and

misunderstanding”.

The need to accurately define stress has also been questioned by Moberg (1985).

He stated that the failure to develop a precise definition of stress is because stress
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is not a single entity to be identified by a discrete response but is essentially a
syndrome with no discrete aetiology, no consistent biological response, nor even a
single effect on the individual. Such comments however, have failed to diminish
the debate surrounding attempts to scientifically define stress and the
advantages/disadvantages of particular measures of stress. Attempts at defining
stress have generally focussed on the stressful stimulus, the response to that

stimulus or the long-term consequences of the response.
2.2.2 Defining stress based on the stimulus

An integrative definition of stress based upon common features of stimuli has as
yet not succeeded as it appears stressful stimuli are just too numerous and various
to bring together in a convincing synthesis (Charlton 1991). In addition, the
capacity of a particular stimulus to evoke stress depends upon factors other than
its physical properties, such as the organism’s control over, or familiarity with, the
stimulus. This would suggest that stressors should not be defined by their
intrinsic physical properties, but only by their effect upon the body. Thus, Rivier
(1991a) defined stress as “any threat real or perceived which can alter
homeostasis” while von Borell (1995), along similar lines, stated “stress is a broad

term which implies a threat to which the body needs to adjust”.
2.23 Defining stress based on responses

Attempts at an integrative definition of stress usually emphasise physiological or
behavioural adaptive responses that occur at times when the animal encounters a
stressful stimulus. Due to the pioneering research of Cannon and Selye, particular
emphasis has beer-accorded to the activation of the SAM and HPA systems as
definitive of stress. These two physiological systems are commonly involved in

the reaction to stress and are activated by a diverse range of stimuli.

Definitions of stress defined in terms of activation of the SAM system include that
of McCarty (1983), who proposed that a stressful stimulus was “any external
event that precipitates a significant activation of the SAM system and a
measurable change in behaviour”. However, difficulties arise in trying to

associate stress with a single physiological index such as SAM activation. In
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some situations the response to stress may involve predominantly the activation of
the parasympathetic nervous system (PNS). For example, parasympathetic
activation is seen in the young of species that exhibit immobility responses and
bradycardia when exposed to disturbing stimuli (e.g. red deer calves, Espmark &

Langvatn 1985).

On the other hand, Selye (1973) considered elevations in glucocorticoids are
synonymous with stress. Following this concept Allen et al. (1973) defined stress
as “a collection of diverse stimuli which damage or potentially damage the
organism and have in common an ability to stimulate adrenocorticotrophic
hormone (ACTH) secretion. This results in increased glucocorticoid secretion
which enables the organism to better adapt to potential or actual life threatening
challenges”. A number of studies have demonstrated that in acute stress situations
the glucocorticoid response increases with increasing severity of the stressor
(Broom 1991, Carragher et al. 1997). However, not all stressors induce an
increase in glucocorticoids (e.g. hyperthermia in young chickens, Freeman &
Manning 1984). In addition, in situations of chronic stress, glucocorticoid
concentrations have been shown to be elevated, unchanged or even depressed
(Jensen et al. 1996a, Rushen 1991). Glucocorticoids can also be elevated by a
variety of apparently non-stressful events such as coitus, exercise and feeding and
may exhibit circadian rhythms in secretion (Toates 1995). Thus it would appear
that specific physiological responses such as glucocorticoid increases and
activation of the SAM system may act as indicative measures of stress but

changes in them are not uniquely associated with apparently “stressful” events.

There are also broad classes of behavioural changes that appear in a number of
situations considered stressful. These include increased alertness and attention
span, decreases in reflex time, changes in feeding and sexual behaviour as well as
the development of aversions and abnormal behaviours (Chrousos et al. 1988,
Rushen 1996). However, as with the physiological parameters, definitions of
stress based on changes in behavioural parameters are not unambiguous. For
example, an animal showing no obvious avoidance response to a stressful event
may in fact be behaviourally inhibited due to high a high level of anxiety
(Terlouw et al. 1997).
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Recent findings suggest that corticotrophin-releasing hormone (CRH), acting as a
hormone and neurotransmitter within the CNS, may play a key role in integrating
the endocrine, autonomic, immunological, and behavioural responses to stress
(Owens & Nemeroff 1991). Several authors have suggested that because CRH
plays such a universal role in co-ordinating the response to stress, its secretion by
neurones within the brain may be both necessary and sufficient to define stress
(Dunn & Berridge 1990). However, given that the rate of synthesis and release of
CRH can be stimulated or inhibited in different regions of the brain during stress
(e.g. Makino et al. 1995) its value as a single measure of stress and hence

definitive of stress may also be limited.

Though a convincing definition of stress has not developed from the use of these
physiological and behavioural responses, they are commonly used in the
assessment of stress. Thus, the activation of individual responses should be
viewed as indicative of stress but are not sufficient to define stress. In order to
reduce the chance of falsely ascribing stress to a situation, the assessment of stress
should involve the monitoring of a wide range of stress response mechanisms in

an integrated approach.
2.24 Defining stress based on outcomes

Another approach to defining stress is to view it as a state that arises only when
adaptive mechanisms are either being chronically stretched or are acutely failing
(Toates 1995). Such approaches to defining stress are linked to the concept of
coping and focus on the maladaptive consequences of chronic activation of stress
regulatory mechanisms. Fraser & Broom (1990) stated that “when regulatory
systems are operating but are not coping with environmental conditions then the
word stress should be used”. The notion of coping or failing to cope and the cost
to the animal in terms of energy/effort (Goddard & Matthews 1994, McEwen
1998), biological fitness (Broom and Johnson 1993) or pathology (Moberg 1985)

has routinely been used in definitions of stress.

Broom and Johnson (1993) defined stress in terms of the effects upon fitness

(long-term reproductive capability). They stated that “stress is an environmental
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effect on an individual which overtaxes its control systems and reduces its fitness
or appears likely to do so”. In applying this definition, short term increases in
glucocorticoids would not necessarily be seen as indicative of stress unless they

have long term consequences for the animal.

Other authors have also proposed models of stress based on the long term
consequences of stress. Moberg (1985) considered environmental stimuli that
cause changes in both the biological functions of an animal and subsequent entry
into a pre-pathological state, to be stress. In Moberg’s model (Figure 2.1), the
response of an animal to a stressful event starts with the recognition by the animal
of a threat to homeostasis. This occurs in the central nervous system (CNS). The
perception of the stressor and the organisation of a biological defence (stress
response) are influenced by numerous modulating factors characteristic of the
individual animal. These include the experience of the animal (Natelson et al.
1988), genetics (Le Neindre et al. 1994), age (Sapolsky et al. 1983), and sex
(Handa et al. 1994). The consequence of stress, if not alleviated, is to cause the
animal to enter a pre-pathological state. For example, the suppression of the
immune system during stress may place an animal in a state of vulnerability. The
longer the stress response persists, the longer the period of vulnerability and the

greater the likelihood of the development of pathology and eventually death.
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Figure 2.1 Model for the response of animals to a stressful event and examples of
modulating factors that influence the perception and response to a potential
stressor (adapted from Moberg 1985).
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However caution must be applied in the use of such definitions. By focussing on
the long-term consequences of stress, models such as those proposed by Broom
and Johnson (1993) and Moberg (1985) ignore the role of stressors that do not
reduce lifetime reproductive success or lead to the development of pathology. For
example, in intensive farming of pigs, to achieve high piglet production
(reproductive success) breeding sows are housed individually and often tethered.
After long term tethering these sows exhibit overreaction of the sympathetic
nervous system, hypercortisolaemia and disturbed behaviour which would appear
to indicate chronic stress (Schouten & Wiegant 1997). Yet applying the model of
Broom and Johnson (1993) would favour this production method over loose
housing of sows where survival of piglets is reduced (Fraser & Broom 1990).
Along the same lines, hens intensively farmed in battery cages exhibit many
behavioural and physiological responses indicative of stress (Craig & Swanson
1994), yet battery hens have high levels of production and low rates of pathology.-
In contrast, hens raised in free-range conditions generally have a higher incidence
of disease pathology (Fraser & Broom 1990). Thus, according to Moberg’s
definition battery cages could be considered a low stress alternative to free range

production systems.

It is obvious from the literature that an all-inclusive theory of what constitutes
stress has yet to be formulated. Indeed such a theory may not be possible or even
relevant. As Moberg (1985) suggested, the failure to develop a precise definition
of stress is because stress is not a single entity to be identified by a discrete
response but is essentially a syndrome with no discrete aetiology, no consistent
biological response, nor even a single effect on the individual. At present the
identification of stress is in principle an arbitrary decision, notwithstanding, or
perhaps because of the multitude of behavioural, physiological, and structural
parameters that have been used as indicators of stress (Wendelaar Bonga 1997).
To progress towards a better understanding of what stress is and what the
implications of stress are, a detailed knowledge of the activity and function of

these stress response mechanisms is required.
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2.3 THE INTEGRATED RESPONSE TO STRESS

Preservation of homeostasis requires continuous behavioural, autonomic and
endocrine responses to modulate/regulate the effects of a wide range of intrinsic
or extrinsic stressors. Both physical and psychological stressors can activate
central and peripheral responses designed to maintain homeostasis. These
responses generally involve a redirection of both behaviour and energy to mitigate

the effects of the stressor.

24 THE BEHAVIOURAL RESPONSE TO STRESS

The behavioural response to stress involves the facilitation of neural pathways
mediating functions such as arousal, alertness, vigilance, cognition, and focussed
attention, as well as appropriate aggression (Chrousos & Gold 1992). This occurs
with a concurrent inhibition of pathways that mediate functions such as feeding
and reproductive behaviour (Britton et al. 1982, Sirinathsinghji et al. 1983,
Chrousos & Gold 1992). Changes are also seen in the central nervous system
elements that influence the retrievability and analysis of information (e.g.
selective memory enhancement, Bohus et al. 1983), pain perception (e.g. stress

induced analgesia, Terman et al. 1984) and emotionality (Chrousos & Gold 1992).
24.1 Central co-ordination of the behavioural response to stress

The central mechanisms by which stressful situations activate behavioural
responses are complex. However, many of these behavioural responses appear to
be mediated by the corticotropin-releasing hormone system, which is widespread
throughout the brain, and the locus ceruleus-noradrenaline (LC-NA)/autonomic

(sympathetic) nervous system located in the brainstem (Chrousos & Gold 1992).

Activation of the LC-NA/sympathetic system leads to a release of noradrenaline
from a dense network of neurons throughout the brain resulting in enhanced
arousal and vigilance, as well as increased anxiety (Chrousos & Gold 1992).

Specific brain systems activated by the LC-NA/sympathetic system during stress

28



include the mesocortical and mesolimbic dopamine systems (Roth et al. 1988) and

the amygdala/hippocampus complex (Herman et al. 1989).

CRH systems within the CNS also play an important role in activating and co-
ordinating the behavioural as well as the endocrine and autonomic responses to
stress (Menzaghi et al. 1993, Arborelius et al. 1999). In the rat, central
administration of CRH produces a range of anxiogenic effects that are typical of
those observed during stress. These include enhancement of arousal, suppression
of exploratory behaviour in a unfamiliar environment, suppression of feeding and
reproductive behaviours, induction of grooming behaviour, increased conflict
behaviour and enhancement of conditioned fear responses during aversive stimuli

(Owens & Nemeroff 1991, Koob et al. 1993).
24.2 Behavioural measures of stress

The use of behaviour as an indicator of stress in animals is of special interest as
behaviour is one of the most easily observed non-invasive measures of the
response to stress. Behavioural indices of stress obtained from simple
observation, have been used as an index of disturbance for various
manipulations/challenges in a number of species (reviewed in Fraser & Broom
1990, Broom & Johnson 1993). Such measures include the intensity, duration and
frequency of startle responses and defensive or flight reactions, non-conformance
to group activity patterns and the time required to resume normal behavioural
activity after stress (Matthews et al. 1990, Friend 1991). Increases in the
frequencies of stereotypic behaviour (Pollard et al. 1998) and the adoption of
apathetic or unresponsive behaviours (Duncan et al. 1989) are also indicative of
stress. Features of animal interactions such as aggression and maternal behaviour
(e.g. Leonard et al. 1994) or the dynamics of animal group structure such as
spatial relationships (e.g. inter-individual distances in red deer, Diverio et al.
1996a) or temporal synchronisation of behaviour may also exhibit stress induced
changes. A recent study by Alados et al. (1996) has also suggested that a loss in
variability and hence complexity of behaviour can be indicative of chronic stress.

They found by using fractal analysis of head lifting behaviour and feeding-
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nonfeeding activity sequences in female Spanish ibex (Capra pyrenaica) that

complexity declined in animals infected with parasites.

Emotional states of animals (e.g. fearfulness, anxiety and depression) also exhibit
changes associated with stress. Though the emotionality of an animal can not be
determined directly, it is often inferred by the animal’s behavioural response to a
novel and presumably stressful situation. For example, chronically stressed rats
when placed in a novel arena (open field test) defecate more and are less active,
exhibiting less exploratory behaviour of the central zone of the open field than
unstressed controls (van Dijken et al. 1992). Increased levels of fear and/or
anxiety have been inferred from a reduction in the exploration of the open arms of
-a elevated plus-maze, a decreased response latency in an one-way avoidance-
escape task and a exaggerated immobility response to a sudden reduction in
background noise level while placed in a novel environment (Liebsch et al. 1998).
Rats selectively bred for high levels of anxiety-related behaviours will stop
swimming and start floating earlier, spend significantly more time in this
immobile posture and struggle less during the Porsolt forced-swim test of
‘behavioural despair’ than rats bred for low levels of anxiety-related behaviours

(Liebsch et al. 1998).

A more direct way to access information about the way an animal is responding to
challenges is to ask it in preference or motivation tests (reviewed in Fraser &
Matthews 1997). Similar information on an animal’s perception of stressors can
be gauged by recording time taken by an animal to approach a situation or
location where an aversive treatment has taken place (Rushen 1990). For
example, Fell & Shutt (1989) reported measuring the degree of aversion of sheep
to a human handler involved in the application of a stressor (mulesing) using a
motivational choice open field test. This test involved placing the sheep in an
arena with the handler positioned between it and a stimulus the animal would
approach (a flock of sheep). By using this approach-avoidance conflict they were
able to assess cognitive as well as motor responses to the presence of the handler.
Such simple tests of preference or aversion, however, do not readily provide a
quantitative measure of the degree of aversiveness or pleasantness of

environmental events or challenges (i.e. these measures are relative, not absolute).
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A more quantifiable approach has involved the use of operant techniques based on
behavioural demand (Dawkins 1990). Using this procedure animals pay a price to
gain access to or avoid environmental stimuli. The demand (consumption) is
measured as the slope of the function relating changes in consumption to changes
in price. For events that the animal has a strong need to avoid, or gain access to,
the slope of the function (demand elasticity) approaches zero (e.g. food). If the
demand elasticity is high then the importance the animal attaches to the event or
item is low. By measuring the demand elasticity, in this case to avoid a stressor,
the animal’s own perception of the aversiveness of that stressor can be quantified,
allowing different types of stressor to compared and their aversiveness ranked

from the animal’s perspective.

The use of behavioural measures of stress offers unique insight into the internal
state of animals. However, as with physiological indices of stress, caution must
be used in interpretation of behaviour and behavioural changes. A detailed
knowledge is required on what constitutes normal behaviour for that individual
under a wide variety of circumstances. The developmental causes and
consequences of performing or not performing particular behaviours also needs to
be known. The interpretation of behavioural changes may also vary considerably
with different types of stressors and between individuals (e.g. active and passive
behavioural coping strategies (Benus et al. 1991)), they may also simply reflect a
successful adaptive response to a particular challenge. Caution must also be
exercised during interpretation of preference type tests as it is often assumed that
the animal is choosing in its own best interests and this may not always be the
true. The pitfalls to be guarded against when using preference tests are discussed

in more detail vy Duncan (1992). >
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2.5 THE PHYSIOLOGICAL RESPONSE TO STRESS

The physiological adaptation to stressful stimuli primarily involves the provision
of the energy necessary to overcome the stressor. This involves both a shift of
energy substrates from storage sites (e.g. liver, adipose tissue, muscle) to the
circulation, as well as appropriate cardiovascular changes including increased or
decreased heart rate, blood pressure and respiration. Changes in response to stress
include changes in concentrations of various plasma hormones including
glucocorticoids, catecholamines, endogenous opioid peptides, sex hormones,
growth hormones, thyroid hormones, vasopressin and insulin (Terlouw et al.
1997). Glucocorticoids, and the catecholamines, adrenaline (A), and
noradrenaline (NA), act to inhibit glucose uptake, fatty acid storage, and protein
synthesis at storage sites and stimulate the release of these energy substrates from
muscle, adipose tissue and the liver (Munck et al. 1984). Simultaneously,
anabolic processes such as digestion, growth, reproduction and immune function
are suppressed to preserve energy that could be used to greater advantage by other
systems in the response to stress. The main physiological systems involved in
mediating the stress response and maintaining basal and stress-related
homeostasis are the autonomic nervous system and the hypothalamic pituitary

adrenal axis.

2.6 THE AUTONOMIC NERVOUS SYSTEM

The autonomic or involuntary nervous system (ANS) is one of the primary
physiological systems involved in the maintenance of homeostasis and the
response to stress. The ANS co-ordinates cardiovascular, respiratory, digestive,
thermoregulatory, excretory, and reproductive functions (see Martini 1995). The
regulation of homeostasis by the ANS is achieved via both simple reflexes based
in the spinal cord which provide relatively rapid and automatic responses to
stimuli, and more complex reflexes which are co-ordinated by processing centres

concerned with specific visceral functions located in the medulla oblongata (e.g.
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cardiac centre, respiratory centre). These medullary centres are subject to
regulation by the hypothalamus, which in tumn receives inputs from higher regions

of the CNS including the limbic system, thalamus and cerebral cortex.

The ANS is comprised of two branches, the sympathetic and the parasympathetic
divisions. Most vital organs (e.g. heart, lungs) receive innervation from both
divisions of the ANS (Martini 1995). In most cases of dual innervation, the two
autonomic divisions have opposing effects, thus inhibition of one division can
produce effects analogous to those caused by activation of the other. For example,
the rate and force of contraction of the heart, which receives both sympathetic and
parasympathetic innervation, is increased during sympathetic activation and/or

inhibition of parasympathetic activity (Toates 1995).

A concept of autonomic reciprocity has been developed to describe the synergistic
actions of the sympathetic and parasympathetic divisions of the ANS. Autonomic
reciprocity encompasses three related principles: the dual sympathetic and
parasympathetic innervation of target organs, the functional antagonism between
the sympathetic and parasympathetic divisions, and the reciprocal control of the
two divisions so that activation of one division is associated with inhibition of the
other maximising the impact of excitation (Berntson et al. 1991). Precise control
of physiological functions by the ANS is thus achieved by regulating the
spontaneous activity (autonomic tone) of these two divisions. An increase in
sympathetic tone generally increases alertness, stimulates metabolism and
prepares the body to deal with emergencies. On the other hand increased
parasympathetic tone conserves energy and promotes anabolic processes such as

digestion (Martini 1995).
2.6.1 The sympathetic division of the autonomic nervous system

Cannon (1914) was the first to note that a variety of stressors resulted in an
increase in sympathetic nervous system activity and adrenal medulla output,
which he termed the “fight or flight” response. Since this pioneering work it has
been generally accepted that the sympathetic division of the autonomic system is

primarily associated with conferring an adaptive advantage during an acute
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stressor. However, prolonged activation during chronic stress may be
maladaptive, resulting in the development of pathologies such as hypertension

(Pickering 1997).
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