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PREFACE 

This book contains the contributions to a workshop on stress 
in farm animals held on April 17-18,1986 at the Pietersberg Con­
ference Centre Oosterbeek. The workshop was financed by the Commis­
sion of the European Communities from its budget for the coordina­
tion of Community Agricultural Research and the Agricultural Uni­
versity of Wageningen (The Netherlands). Its aim was to bring 
together experts from different disciplines all having in common 
that in one way or another they were involved in stress research. 
Such a multidisciplinary encounter should not only provide an 
interesting description of present day knowledge on stress, but 
also promote a more integrated view on stress phenomena as they 
occur in higher vertebrates. In the course of this workshop the 
following fields of research were related to stress: endocrinology, 
immunology, pathology, neurobiology, ethology and theoretical bio­
logy. Each of these relationships was introduce& by one speaker 
presenting a concise state of the art. The same relationship was 
elaborated by a second speaker implementing the available knowledge 
as far as possible to the farm animal situation. Therefore in this 
book each discipline is represented by a duo and introduced by some 

integrating remarks. 
This design facilitated the exchange of relevant and often 

unknown data among experts stemming from quite different fields of 
research and interest. A significant fact was that many of the 
attendants met each other for the first time and often had not even 
heard from each other before. This book might help in bridging gaps 
not only by offering the text of the different contributions, but 
also by containing so many references about stress research in 
different disciplines. 

Of course a central question in most discussions was the 
meaning of the concept of stress itself. Although it was accepted 
that the concept especially refers to those forms of interaction of 
the individual, in which the latter is more or less overtaxed, an 

adequate answer is sti 11 ina developmental stage. Thi sis partly 
caused by the existence of an impressive professional jargon. For 
the main part, however, it has to do with our lack of proficiency 
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to integrate really different view-points and data into one and the 
same model. That appears to be the price specialists have to pay 
for the fascinating progress they often realize in their own ter­
rain. 

As could be expected in our discussions, the concept had not 
always the same contents. As a rule, however, it referred to the 
individual response state evoked by stressors. Thanks to the 
pioneering work of Mason (1971) and others we now know that such 
stressors are not only physical ones - as emphasized by the founder 
of stress research Selye (1936) -, but also psychological ones. In 

fact the idea that the psychological aspects of stressors are 
crucial is rapidly gaining ground. These neurobiological and cogni­
tive aspects of stress phenomena dominated the discussions of the 
present workshop. If these aspects are really crucial, they have an 
enormous impact on our thinking about animal health and welfare 
questions in present day husbandry systems. For stress, and es­
pecially chronic stress, may significantly reduce profitable and 
therefore relevant traits of farm animals, for instance, by re­
ducing the efficiency of metabolism, by facilitating the perfor­
mance of disturbed behaviour or by decreasing reproductive capabi­

lities and the resistance against pathogens. Therefore one should 
minimize stress as much as possible. To realize this we cannot 
overlook cognitive and emotional processes in the organisms in­
volved. 

We hope that the present reflection of the workshop on stress 
in farm animals may stimulate and integrate research on this most 
relevant and fascinating field. 

REFERENCES 
Mason, J.W., 1971. A re-evaluation of the concept of "non-specifi­

city" in stress theory. J. Psychiat. Res.!!., 323-333. 
Selye, H., 1936. A syndrome produced by di verse nocuous agents. 

Nature, 138, 32. 

P.R. Wiepkema 
P.W.M. van Adrichem 
January 1987 
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SESSION I: STRESS AND ENDOCRINOLOGY 

INTRODUCTION 

We have passed the stage in which the idea prevailed that the 
main endocrinological response to a stressor was reflected in an 
enhanced activity of the pituitary-adrenocortical system. Closely 
and crucially connected with this system is the hypothalamus, 
forming the so called hypothalamic-pituitary-adrenal axis. The 
involvement of th~ hypothalamus also implies an important contri­
bution of the autonomic nervous system comprising the sympathetic 
and the parasympathetic divisions. The development of reliable 
methods to measure minute quantities of hormones and of neuro­
transmitters produced such a complex endocrinological picture, that 
at this moment it is difficult to state which is the central or 
main endocrinological response during stress. 

As described by Oliverio, there is a most intricate pattern of 
endocri nol ogi cal acti vi ti es evoked by ordi nary stressors. The 
picture is still more complicated, as indicated by Ladewig, in that 
a number of hormonal reactions change significantly over time and, 
moreover, may differ from one individual to another. Apart from 
this, endocrinological responses also depend on circadian rhythms 
existing in all the organisms involved. 

All this leads to the bewildering conclusion that neuro­
endocrinological responses to stressors are so complex both in 
patterns of participating hormones and in changes over time, that 
final insight seems far out of reach. Although it is useful not to 
overestimate scientific perspectives, we should not adhere to the 
reverse. If we correct for daytime and individual factors, a most 
important cue is without doubt that most if not all endocrinologi­
cal events typical during stress do not occur independently. They 
interact in a well-structured way. A main principle appears to be 
the occurrence of feedbacks, be they negative or even positive. 
Analysis of these feedback patterns may significantly improve our 
understanding of how the perplexing puzzle of hormonal changes 
during stress can be fitted. As indicated by Oliverio, a crucial 
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role has been reserved for the brain in controlling the endocrine 
system (see also the contribution of Warburton); a specific role is 
attributed to neuropeptides, among whi~h the corticotrophin relea­
sing factor (CRF) attracts special attention. 

We not only have to know more about the highly complicated 
interactions in the neuro-endocrine system (in which the role of 
the parasympathetic system sometimes seems to be underexposed, cf. 
the chapter of Bohus et a1.), but we also urgently need research 
aiming at the biological significance of these endocrine inter­
actions for an intact individual coping with changes in its normal 
envi ronment. No doubt these endocri no1 ogi cal processes under1 i e 
relevant homeostatic aspects of the organism's life. However, these 
aspects not only imply classical ones like the regulation of body 
temperature or of glucose availability and others, but also those 
that govern homeostatic aspects of social organization and of 
controllability of environmental changes. This latter point is well 
illustrated in a scheme derived from Henry, indicating the re­
lationship between hormonal patterns during stress and controllabi­
lity of the environment. Next to these homeostatic effects, the 
change in hormone profil es will al so i nfl uence the control in the 
partitioning of nutrients (homeorhetic control). 

The emerging picture indicates that also in farm animals 
during stress very compl icated hormonal changes take place. Since 
in this type of animals so-called chronic stress is common, it is 
useful to remember Ladewig's remarks on chronic stress. He points 
out that contrary to what the term suggests chronic stress need not 
imply a continuous state of being overtaxed and upset. Although the 
stressors may be present continuously, the animal's response state 
needs not be a continuous one. Apart from habituation, specific 
functional states (for instance, rest and sleep) may significantly 
interrupt chronic stress. 



ENDOCRINE ASPECTS OF STRESS: CENTRAL AND PERIPHERAL MECHANISMS 
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The relationship between the hypothalamic - pituitary - adrenocortical 
(HPA) and the sympathetic - adrenomedullary (SA) systems is discussed by 
considering their role at the central and peripheral level. HPA and SA 
responses are not independent from each other and implicate a number of 
hormonal, monoaminergic and peptidergic reactions at the brain level. It 
is indicated that a number of interacting systems and feedback mechanisms 
take part in stress responses and that the corticotrophin releasing factor 
(CRF) has a major rol e at all 1 evel s of the neuroendocri ne effector sys­
tem. 

A number of neurochemical responses occur during stress. Within these 
responses two systems have been considered in detail, the hypothalamic -
pituitary - adrenocortical (HPA) system, and the sympathetic - adreno­
medullary (SA) system. As indicated by Dunn and Kramarcy (1984) most 
experiments have been focused on the one or the other of these systems 
while it is more and more evident that both are biologically significant 
and that a number of critical interactions occur between the HPA and SA 
systems. Similarly, a number of recent data indicate that as it is 
meaningless to consider the HPA and SA systems as two separate aspects of 
stress reactions, it is also evide.nt that a number of peptides modulate 
stress responses at the central and peripheral level by acting on neural, 
endocrine and immune systems, thus defining a group of cells and reaction 
patterns whose function may be to integrate information through a psycho­
immunoendocrine network. 

The first studies on the response of the organism to stressful situ­
ations were those of Cannon and de la Paz (1911) who showed that the 
adrenal medulla and the SA system were involved in emergency situations. 
Cannon noted that the venous blood of cats frightened by barking dogs 
conta i ned adrenal i ne, a response of the organi sm whi ch was prevented by 
adrenalectomy or by section of the splanchnic nerve innervating the ad­
renal medulla (Hitchings et al., 1913). Cannon suggested that the adrenal 
medulla was acting in concert with the sympathetic nervous system, so that 
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both systems were IIctivated during stress. The role of the sympathetic 
nervous system in response to stressful events was later emphasized by the 
experiments of Mason (1968) and Maickel et al (1967): these authors clear­
ly showed that stressors activate the sympathetic system causing it to 
release noradrenaline (NA), and the adrenal medulla causing it to release 
adrenaline (A) and noradrenaline. 

On the other side the work of Selye (1976) was centered on the role 
of the adrenal cortex in the stress response. Selye's fi ndi ngs and the­
ori es ori gi nated the HPA model of stress: duri ng stress adrenocorti co­
tropic hormone (ACTH) is released from cells of the anterior pituitary and 
elicits secretion of glucocorticoids from the adrenal cortex (Fig. 1). 

As already indicated, SA and HPA responses are not independent from 
each other: in fact both systems are imp 1 i cated, as i ndi cated by ~lai ckel 
et al. (1967). Lesions of the sympathetic nervous system or the adrenal, 
but not the adrenal medulla alone, decrease the ability of the animals to 
withstand cold while the effect of adrenalectomy can be alleviated by 
corti sol treatment. 

HPA 
SYSTEM 

STRESS 

! 
CNS 

SA 
SYSTEM 

/' -------\ ~ 
CRF 

PITUITARY 

t 
ACTH 
~ 

ADRENAL 
CORTEX 

~ 
GLUCOCORTICOIDS 

HORMONAL RESPONSE 

PNS CNS 

SYMPATHETIC CENTRAL 
SYSTEM CATECHOLAMINERGIC 

----------------- SYSTEM 

ADRENAL 
MEDULLA 

t 
ADRENALINE 

I 
NORADRENALINE 

NORADRENALI NE 

NEURONAL RESPONSE 

t 
NORADRENALINE 
DOPAMINE 
ADRENALINE 

Fig. 1. Hypothalamic-pituitary-adrenocortical (HPA) and sympatho-adreno­
medullary (SA) response in stress. The activation of both HPA 
and SA systems is shown. 
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The adaptive value of sympathetic activation and corticosteroid secretion 
is evident in both Cannon's and Selye's conceptions. Adrenaline causes an 
acti vati on of the gl ucose supply by accel erati ng the degradati on of gly­
cogen in the liver and by diverting the blood from the viscera and 
muscles; in addition to that, 1 ipolytic processes are al so enhanced. Also 
glucocorticoids stimulate glycogenolysis and lipolysis, increase plasma 
glucose, stimulate the conversion of aminoacids to glucose (glyconeogen­
esis), thus increasing the metabolic supply in order to cope with the 
stressful situation. 

Though the organism copes with stressful events through a number of 
peripheral reactions, most stress theories do not take into sufficient 
account the role of the brain, the organ which regulates the various 
hormonal responses and which is responsible for a number of neural adap­
tive mechanisms at the central and peripheral level. It is now becoming 
more and more evident that stress responses are not limited to a concerted 
reaction of SA and HPA systems at the periphery: they also implicate many 
neurochemical (monoaminergic) and neuroendocrinological (peptidergic) 
reactions at the brain level, 

1. From the SA si de, as i ndi cated by Stone (1975) and Ani sman (1978), 
in addition to the peripheral sympathetic response there is also an acti­
vation of cerebral catecholaminergic neurons leading to increased levels 
of catecholamines in discrete brain regions, increased catecholamine accu­
mulation from tyrosine precursor (Dunn et al., 1981) and enhanced dopamine 
utilization in brain regions such as the frontal or cingular cortex 
(Lavielle et al., 1979). 

2. From the HPA side it was shown that S-endorphin and S-lipotropin 
(S-LPH) are released at the brain level along with ACTH during stress 
(Guillemin et al., 1977): this release is not limited to the hypothalamic 
level since neurons containing ACTH, S-endorphin and S-LPH exist in other 
brain regions (Table 1). 

In addition to that, the secretion of a number of other hormones is 
altered during stress: plasma levels of prolactin and vasopressin are 
increased. a fact whi ch may be secondary to rel ease of S-endorphi n. Al so 
the levels of TSH and growth hormone are enhanced, though the secretion of 
growth hormone is increased in primates but not in other mammals (Martin 
etal.,1977). 
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Table 1. Physiological responses to stress 

CNS Peripheral 

Sympathetic-Adrenomedull ary (.SA) 

Adrenergi c System (A i ) 

Noradrenergi c System (NA i ) 

Dopaminergic system (DA t ) 

Sympathetic N.S. 
(NA t ,Enkephal.t) 

Adrenal Medulla 
(A t ,NA t ,Enkephal·t) 

Serotonergi c System (5-HT t ) 
Hypothalamic-Pituitary-Adrenocortical (HPA) 

Pro-opiomelanocortin 

(POMC) System 

Hypothalamus (eRFt ) 

1 
Pituitary (ACTH t , 

13 - LPH - 13- endorphi n t ) 
l 

Adrenal cortex 
(glucorticoids t ) 

Other Hormones 

* Prolactin t 
Growth Hormone t i 
TSH-thyroxi ne t 

* Gonadal Hormones t 

* S~endorphin mediated 

An integrated picture of the brain in relation to stress is emerging 
from the studies centered on brain peptides and on the relationships 
existing between peptidergic and aminergic neurons. If we consider the HPA 
system in light of recent findtngs we may see (Fig. 2) that the nor­
adrenergic, dopaminergic, serotonergic and cholinergic inputs from the 
hypothalamus alter the release of corticotropin - releasing factor (CRF), 
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the peptide stimulating the release of ACTH from the pituitary. While 
centrally acting adrenaline may inhibit CRF-induced ACTH release, dopa­
minergic neurons seem to exert a stimulating effect on CRF and ACTH re-
1 e a s e (~, e z eye tal., 1984). 

CIRCADIAN 
RH~THMS 

! ? 
... ~ ACh 

~;J/f 
PEPTlo£RtC •• ~' ' 

r.EURON . A -

Fi g. 2. Noradrenergi c, dopami nergi c, serotonergi c and cho 1 i nergi c 
inputs to the hypothalamus alter the release of CRF which stimu­
lates the release of ACTH from the pituitary. ACTH stimulates 
in turn the release of glucocorticoids from the adrenal cortex. 
Glucocorticoid and ACTH feedback are also shown. 

It must be pointed out that the scheme shown above presents many 
complications and I will just indicate some critical points: 

1. Vasopressin and other peptides may act as a CRF. 
2. ACTH is just one of many peptides deriving from the POMC molecule 

(Fig. 3) which is mostly "cut" into ACTH, 13-LPH and 13-endorphin in the 
anterior lobe of the pituitary while a-MSH, CLIP and 13-endorphin are 
produced in the intermediate lobe. 
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PRO- OPIOMELANOCORTIN 

Y-MSH ACTH (I-39) P' -LPH (1-91) 

-------ot-MSH CLIP Y-LPH j.9-Endorphin 
(1-13) (18-39) (I-58) {61-91l -fi-MSH 

(41-58) -y- Endorphin 
(61-77) -~ - Endorphi n 
(61-76) -Mel- Enkepholin 
(61-65) 

Fig. 3. The pro-opiomelanocortin (POMC) molecule, a precursor of 
ACTH, MSH, tl-endorphin and other peptides. Pituitary anterior lobe 
cells produce primarily ACTH and tl-LPH, while the intermediate lobe 
and brai n cell s produce o<-MSH, CLIP and tl-endorphi n. 

3. These peptides and their derivatives are active at different 
receptor sites at both central and peripheral level and produce a number 
of behavi oral modifi cati ons rangi ng from behavi oral stereotypi es (Gi spen 
and Isaacson, 1981; Cabib et al., 1985), to stress-induced analgesia (Amir 
et al., 1980) or i mmunol ogi cal functi ons such as chemotaxi s (Ruff et al., 
1985) • 

4. There is increasing evidence that peptide hormones may be trans­
ported into the brain from the periphery (where they are also syn­
thesized). 

5. Experimental data by Rose and Sachar (1981) suggest that CRF 
modulates, under control of the amygdala and hippocampus, the adrenergic 
activity. 

Foll owi ng the i dentifi cati on of the tuber-i nfundi bul ar dopami nergi c 
system (TIDA) and of the role of dopamine in the medio-basal hypothalamus, 
many studies are now centered on the relationships existing between dopa­
mi nergi c function a nd the neuroendocri ne response to s tres s. Pro 1 act in 
(PRL) and growth hormone (GH) are under the inhibitory control of the TIDA 
system while endogenous opioids stimulate PRL and GH secretion, thus 
increasing their plasmatic levels in conditions of stress (Noel et al., 
1972). A dopaminergic regulation of CRF, through D1 receptors, takes place 
at the median eminence of the hypothalamus and the pituitary level 
(Muller, 1984). Finally, a dopaminergic control of the release of CLIP, 
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a-MSH and S-endorphin has been suggested (Rose and Sachar, 1981). These 
findings indicate the complex relationships existing at the brain level in 
terms of noradrenergi c and dopami nergi c systems and CRF producti on., as 
indicated by Figure 4. In general, the hypothesis has been put forward 
that the dopaminergic system, through the intermediate pituitary lobe, 
takes part in the response to stress when the adrenergic sympathetic 
system is overstimulated. 

. ............ CORTEX .. . 

AMYGDALA 
SEPTUM 

HIPPOCAMPUS 

r---'----, 

hypoth allmas • posterior mediobasal anterior , 
CAF TlDA 

I~c~n[;;t I t 
ERGOTROPIC ADRENAL PAL GH TROPHOTROPIC 

SYSTEM medulla cortex SYST EM 

A/NA 

CANNON ·S 

COATICOIDS 

SUYEAN 

DIST RESS 

ACh 

STAES. 

light· lIigh t conservation · w.lhdrawal 

CRF corticotropic releasing factor 
TIDA tuber-infundibular dopaminergic system 
ACTH adrenocorticotropic hormone 
CLIP corticotropic-like intermediate peptides 
PIF prolactin inhibiting factor 
GRH growth releasing hormone 
PRL prolactin 
GH growth hormone 
A adrenaline 
NA noradrenaline 
ACh acetylcholine 

Fig. 4. Neuroendocrine and automatic hypothalamic systems involved in 
stress reactions. The role of the dopaminergic system is underlined 
in thi s fi gure. 
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Finally. recent findings (Udelsman et al.. 1986) indicate that CRF 
acts at both central and peripheral level as a key hormorie in the 
integrated response to stress (Table 2). 

Table 2. Physiological responses to corticotropin releasing factor (CRF) 

CNS 

Cortex 

Limbic 
system 

Anterior 
pituitary 

ACTH t 

Met-enkephalin t 

Peripheral 

Adrenal medull a 

J 
Stimulation of Adenylate 
Cyclase Activity 

~ 
Release of Met-enkephalins. 
Catecholamines 

~ 
Release of Corticoids ? 

CRF is present in the adrenal medull a and sympatheti c gangl i a: its 
receptors in the adrenal medulla are coupled to adenyl ate cyclase activity 
and can stimulate the secretion of catecholamines and Met-enkephalin. 

It has been suggested (Udelsman et al.. 1986) that the peptides and 
catecholamines secreted from the medulla may have an effect on the 
cortical areas and release glucocorticoids (Fig. 5). 

Pituitary 

~CRF 

! 
ACTH 

Glucocorticoids 

Fig~ 5. CRF and integrated stress responses. 

Adrenal 
Medulla 

Local venous 
shunts 

Met-enkephalin 
Catecholamines 
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If this effect will be definitely established it will be evident that 

a number of interacting systems take part in stress responses and that CRF 

has a major role in these processes with actions at all the levels of the 

neuroendocrine system. 
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Any evaluation of stress reactions must include a 
consideration of the kind of stress stimulus being studied as 
well as the kind of animal being subjected to the stress 
stimulus. For farm animals subjected chronically to aversive 
situqtions that cannot be alleviated through some behavioral 
response, an activation of primarily the hypothalamo-pituitary 
corticoadrenal system should be expected. Since this system is 
activated not only by stress stimuli, however, but is also 
influenced by endogenous factors giving rise to circadian and 
ultradian variations, these stress independent aspects of 
corticoadrenal activity must be determined, before any stress 
dependent changes can be revealed. Similarly, any evaluation 
of the effect of stress on an animal must include the same 
consideration of the type of stress stimulus and the kind of 
animal being studied. In animal husbandry, the effect of 
stress on growth, reproduction and resistance to disease is of 
particular interest. The possible interaction between stress 
reactions and the endocrine aspects of these other body 
functions is obvious.When studying this interaction, however, 
it is necessary to consider more carefully than has been done 
so far the biological rhythms of the hormone secretion, not 
only as far as the stress hormones are concerned, but also as 
far as other hormones are concerned. 

INTRODUCTION 

It is my task to discuss how the fundamental aspects of 

stress and the endocrine system, as presented in the previous 

chapter, can be applied to stress research in farm animals. 

Particu~rly two questions are of importance, firstly, which 

hormonal changes occur during stress and, secondly, how do 

these changes affect the animals. 

Before adressing these specific questions, however, it is 

necessary to analyse in some detail not only the stimuli that 

lead to a stress responsej but also the kind of animal 

subjected to the stimuli, since these factors have an effect 

on the response. 

As demonstrated by Selye half a century ago, an animal 
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that is subjected to a stress stimulus reacts with some kind 

of stress response (Selye, 1956). Selye called this response 

nonspecific because, according to his observations, a wide 

spectrum of stressors resulted in the same kind of stress 

reactions: Adrenal hypertrophy,~ lymphatic hypotrophy, and 

gastrointestinal ulceration. Although we know now that all 

three reactions are not always present following presentation 

of all stressors, the present concept of stress still 

encompasses "all possible extra-individual events capable of 

evoking a broad spectrum of intra-individual responses 

mediated by a complex filter labeled "individual differences"" 

(Veith-Flanigan and Sandman, 1985). 

STRESS STIMULI 

These extra-individual events or stress stimuli can be 

described in a qualitative as well as a quantitative way. 

Qualitatively, it is possible to describe a stressor according 

to its physical properties as a thermal, chemical, electrical 

stressor, etc. Physical stimuli alone, however, may not induce 

a stress reaction. In a series of studies, Mason and coworkers 

(Mason et al., 1974), found that stress stimuli only lead to a 

stress reaction if the animal also shows an emotional 

response. For instance, the corticosteroid concentration in 

the urine of rhesus monkeys increased when room temperature 

was increased suddenly, whereas a gradual temperature increase 

of the same magnitude was followed by a decrease in adrenal 

activity. Apparently, the suddenness of the temperature change 

produces an emotional reaction which leads to the adrenal 

activation. 

A similar result has since been found in other studies. 

Suzuki (1983) showed that the cortisol concentration of blood 

collected from dogs engaged in physical activity increased 

markedly only,when a stage of physical exhaustion was reached. 

Dogs that were still fit after the exercise, and presumably 

less emotionally upset, showed only a slight increase in 

adrenal activity. 

Based on these and similar studies, Mason (1971) 
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concluded that various stressors exert their effects most 

potently when the emotional status of an organism is involved, 

and that the stress reaction is not a nonspecific reaction to 

a great variety of stimuli, as Selye suggested, but rather a 

specific reaction to psychological stressors. Although not all 

physiological stress reactions are mediated by emotions, 

Masons conclusion remains valid that "psychological stimuli 

are among the most potent of all stimuli to affect the 

pituitary adrenal cortical system" (Mason, 1971). 

As regards the quantity of a stress stimulus, two 

aspects must be considered: Intensity and duration. The 

physical intensity of some stress stimuli can be measured at 

their source, but because of individual differences in 

sensitivity to, and perception of the stimuli, their 

physiological impact is difficult to assess. In comparison, 

measurement of the duration of a stress stimulus may, at first 

hana, seem simpler. Thus, it is usual to distinguish between 

acute and chronic stressors. Transportation for a few hours 

may be an example of an acute stressor and confinement over 

several months an example of a chronic stressor. A distinction 

between acute and chronic stress is, however, not sufficient 

to describe all stress situations. A regular or irregular 

repetition of an acute stressor over a longer period 

constitutes a stress situation which has been termed chronic 

intermittent stress (Burchfield, 1979). Unfortunately, most 

investigators do not distinguish between chronic and chronic 

intermittent stressors, despite the fact that the stress 

response may be different to these states. If an animal is 

repeatedly subjected to an acute stressor, the corticoadrenal 

response changes. For stressors of low intensity, the stress 

response may even disappear altogether. Following repeated 

exposure of a more intense stressor, the maximal stress 

response may occur prior to the stimulus onset and may even 

terminate before actual onset. Furthermore, this anticipatory 

stress response is smaller than the initial reaction. The 

reduction is not due to adrenal exhaustion, since presentation 

of a novel acute stressor or ACTH injection produce a stress 

response of original size (Ramade and Bayle, 1984). 
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When comparing chronic and chronic intermittent stress it 

is, in fact, questionable whether a true chronic stress 

situation ever exists. It is known, for instance, that cattle 

kept on slatted floor are subjected to various aversive 

stimuli. It is possible, however, that these negative stimuli 

are more intense when an animal is walking on the slatted 

floor than when the animal is lying down on it (or vice 

versa). Furthermore, as regards the emotional involvement in 

the mediation of a stress stimulus, it is possible that an 

animal experiences a constant stress stimulus differently at 

different times. A tethered sow, for instance, may experience 

confinement more intensely during periods of activity than 

during periods of preoccupation such as eating or during 

periods of inactivity such as sleeping. Therefore, although 

these environmental factors are constantly present and could 

be termed chronic stressors, it may be that their effect on 

the individual vary in intensity. These factors could 

therefore be considered as chronic intermittent stressors. 

INDIVIDUAL DIFFERENCES 

The stress stimulus is mediated and modified by the 

individual. Therefore, the stress response depends on the kind 

of animal being examined. Animal factors such as species and 

breed differences and differences between various family lines 

may influence the stress reaction. Male-female differences may 

originate from the CNS or from differences in sex hormone 

secretion. Variability due to age is probably less pronounced, 

but a reduced corticoadrenal capacity in older animals has 

been reported (Riegle and Nellor, 1967). One area, the 

importance of which so far has not been sufficiently 

acknowledged, is the influence of early experience. Studies on 

the effect of early handling on behavior and physiological 

responses later in life (Levine et al., 1967), indicate that a 

critical or sensitive period may exist, during which 

emotionality is modified and corticoadrenal response reduced. 

In work with farm animals, individual differences in both 

behavioral and physiological responses are often so large that 
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apparent stress induced changes may be masked by individual 

differences. In an attempt to analyse this problem 

systematically, a study was undertaken in which the corti co­

adrenal reactivity of castrated male pigs was determined at 

the age of 4.5 months. The animals were anesthetised and the 

plasma cortisol concentration 3 hours later was determined. 

The subjects were then designated according to their cortisol 

levels as high reacting, middle high, middle low, and low 

reacting. Seven weeks later half of the animals in each group 

was tethered in individual pens with partially slatted floors 

without straw and the other half was kept as controls in 

groups on straw. Six weeks later at the age of 8 months, the 

animals underwent an adrenal function test: each animal was 

given 200 IU ACTH intravenously (Synacthen, Ciba-Geigy) and 

the resulting cortisol increase was determined in blood 

samples collected over a 5-h period. Within each reaction 

group, tethered animals showed a higher cortisol increase than 

control animals. However, this difference was considerably 

smaller than the variation between groups. Therefore, had 

individual responsiveness not been taken into account, the 

effect of the environment on adrenal function could not have 

been so clearly demonstrated (von Borell and Ladewig, 1986). 

STRESS RESPONSE 

After having considered the stimulus side of the stress 

situation and the influence of the individual, we can finally 

focus on the stress reaction. Two endocrine systems are of 

particular interest: The sympathetic adrenal medullary system 

and the hypothalamo-pituitary adreno-cortical system. Despite 

the interconnections between the two systems described in the 

previous chapter, the activation of them varies according to 

the stressor experienced, as reviewed in detail by Henry and 

Stephens (1977). Briefly summarized, if the stressor 

constitutes a threat to the animal, it reacts with a fight or 

flight resp~nse. The amygdala and sympathetic adrenal­

medullary system are activated with a resulting increase in 

catecholamine secretion. In this situation the animal is still 
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able to alter the situation through some behavioral response. 

If, on the other hand, the animal has lost control over the 

situation, or if it is no longer able to cope with the 

stressor, behavioral activity is suppressed. This effect is 

mediated by activation of the hippocampal-septal part of· the 

limbic system which also activates the hypothalamo-pituitary 

adrenal axis. 

COPING PATTERNS 
EARtY EXPERIENCE 

GEI£TICS 

JI' ~ 
THREA T TO CONTROL ., 

(FIGHT - FLIGHT) 

AMYGDALA 

BEHAVIORAL AROUSAL WITH 
CHALLENGE TO STATUS AND 

DESIDERATA 

• DEFENSE RESPONSE 

TCRRITORIAL CONTROL WITH 
MOBILITY, DISPLAY AND 

AGGRESSION 

• SYMPATHETIC ADRENAL­
MEDULLARY SYSTEM 

NORADRENALINE t 
ADRENALINE f 
CORTICOSTERONE -

TESTOSTERONE t 

LOSS OF CONTROL 

"'\) 
(DEPRESSION) 

HIPPOCAMPUS - SEPTIJIrt 

INHIBITION OF SPATIALLY 
ORGANIZED BEHAVIORS 

AND STATUS 

.0. 
CONSERVATION - WITHDRAWAL 

RESTRICTED MOBILITY. 
SUBORDINATION. LOW SEX 

AND MATERNAL ORIVES 

D 
PITUITARY - ADRENAL­

CORTICAL SYSTEM 

ACTH t 
CORTICOSTERONE 
CATECHOLAMINES _ 

TESTOSTERONE t 
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A gro~ing body of literature supports this possible 

involvement of coping mechanisms. For instance, as first 

demonstrated by Weiss (1972), rats subjected to electroshocks 

sho~ed a lo~er percentage of gastric ulceration, if they ~ere 

able to exert some control over the shock administration as 

compared to yoked rats that did not have this possibility. 

More recently, Schuurman (cited by Wiepkema, 1985) 

demonstrated that fighting in male rats caused increased 

corticoadrenal activity, but that the increase ~as more 

enhanced in the losing animal than in the ~inning animal; this 

difference ~as established before the fight was terminated. 

Apparently, the outcome of the fight ~as known relatively 

early, and the physiological mechanisms adjusted accordingly. 

It ~as mentioned earlier that the corticoadrenal response 

decreases following repeated exposure to a stressor and that 

the rise in cortisol levels may begin before the onset of the 

stressor. In a series of experiments on rats, Kvetnansky and 

coworkers demonstrated that an opposite change occurs in the 

sympathetic adrenal medullary system. Thus, during the first 

exposure to immobilization stress, adrenaline and nor­

adrenaline secretion is relatively low compared to later 

exposures. During the initial immobilization, the subjects 

have not learned the consequences of the situation and respond 

primarily with increased corticosterone secretion. During 

later exposures, the animals kno~ the outcome of the stress 

situation, are therefore presumably able to cope with it, and 

react predominantly through adrenalin~-noradrenaline secretion 

(Kvetnansky and Mikulaj, 1970; Kvetnansky et al., 1970; 

Mikulaj and Mitro, 1973). 

In modern agriculture an important question is whether 

intensive husbandry systems are too stressful for the animals 

and whether animals kept in these systems are suffering. Since 

the animals are kept in these systems over longer periods, the 

stressors are chronic or chronic intermittent rather than 

acute. Furthermore, since the animals usually show no fight or 

flight type of reaction, an activation of primarily the 

hypothalamo-pituitary adrenal axis should be expected. 
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Although many studies have attempted to demonstrate an 

increased corticoadrenal activity in intensively kept farm 

animals, the results are far from clear. For example, Barnett 

et al. (1981) found that gilts confined individually over 2 

weeks showed similar corticosteroid levels in the morning as 

gilts kept in groups, whereas the levels in the afternoon were 

higher in the individually penned animals. Becker et al. 

(1985) found higher morning cortisol levels in gilts kept 

tethered over 3 weeks in comparison with individually penned 

gilts, whereas afternoon levels were similar in the two 

groups. Thus, in one study the supposedly stressed gilts 

showed increased adrenal activity in the afternoon but not in 

the morning, and in another study supposedly stressed gilts 

showed increased adrenal activity in the morning but not in 

the afternoon. 

In the following some reasons are briefly described why 

these kind of studies can give such divergent results. 

Firstly, since the secretion of corticosteroids shows not only 

diurnal but also ultradian variations (e.g. Hellman et al., 

1970; Thun et al., 1981), it is necessary to consider these 

"stress independent" or endogenous variations, before any 

"stress dependent" changes can b.e recognized. In most diurnal 

mammals, episodes of adrenal activity occur primarily between 

early morning and early afternoon. The interval between 

secretory episodes is approximately 90 min, and the total 

frequency of episodes per 24 h is about 10. Obviously, the 

contribution of these endogenous variations in adrenal 

activity must be analysed before the effects of stressors can 

be identified (Ladewig, 1984). 

Secondly, whereas the adrenal response to an acute 

stressor is usually synchronised between animals through the 

onset of the stressor, such a synchronisation is most likely 

absent in animals subjected to chronic or chronic intermittent 

stress. Therefore, an increased adrenal response to this type 

of stressor can only be revealed when the frequency and 

amplitude of the secretory episodes are measured over an 

extended period. 
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In a study on bulls kept tethered on partially slatted 

floor, it was found that, two and three days after tethering, 

the average amplitude of secretory episodes was increased 

compared to before tethering, whereas the frequency of 

secretory episodes did not change. In between these elevated 

episodes, cortisol concentrations were similar to those of the 

control situation (Ladewig, 1984). In other words, the stress 

response to this chronic stressor was only seen during short 

bursts and occurred at different times in different animals. 

Thirdly, the plasma hormone concentration is not only 

dependent upon hormone secretion, but also upon removal of the 

hormone from the blood stream. Although studies in humans have 

indicated that the metabolic clearance rate remains relatively 

constant, possible changes in this factor must also be 

considered to get a true picture of adrenal function (De 

Lacerda et al., 1973). Moreover, a proportion of the 

circulating corticosteroids is bound to proteins in the blood, 

particularly to transcortin, and only the unbound hormone 

possesses biological activity. Therefore, since the effects of 

stress on the unbound and bound portions may differ, the 

degree of hormone binding should also be determined, as 

suggested by Barnett et al. (1981). 

In conclusion, if the corticoadrenal activity is to be 

used as a stress indicator, all these various possible 

confounding factors must be considered. As an alternative, an 
indirect determination of corticoadrenal activity may be 

employed, such as determination of corticosteroids in urine or 

the adrenal function test mentioned earlier. A determination 

of the plasma corticosteroid concentration at one or a few 

points of time alone is not sufficient to reveal a stress 

induced change in adrenal activity. 

THE EFFECT OF STRESS 

The second question that needs to be adressed is: how 

does the stress response affect the animal. The answer to this 

question is, without d~ubt, much more complex than any of the 

answers we have been looking for so far. Since it is also the 
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theme of the next topics of this meeting, only a brief 

introduction will be given. 

As a starting point, it is important to keep in mind the 

following fundamental statement: the stress response increases 

the resistance to stress (Munck et al., 1984). That is, in the 

acute stage, the stress response is, in general, beneficial to 

the individual. On the other hand, if the stress response 

continues for too long, it may turn harmful to the individual. 

Therefore, when we investigate the possible effects of stress 

or when we try to use the stress response to interpret the 

welfare .tatus 'of an animal, it is necessary to consider the 

same factors as mentioned earlier, such as whether a stressor 

is acute or chronic and what kind of animal is being examined. 

Apart from the welfare question, particularly three areas 

that may be negatively influenced by stress, are of interest 

in farm animal production: growth, reproduction, and 

resistance to disease. The possible hormonal involvement in 

the disturbance of these body functions is obvious, at least 

as far as growth and reproduction is concerned, both being 

regulated by pituitary hormones. However, when investigating 

the possible connections between stress mechanisms and these 

other functions, it is necessary first to establish at which 

level such connections may exist. One possibility is that 

those central nervous mechanisms that are responsible for the 

stress response simultaneously affect these other body 

functions, that is. that interconnection exists at the central 

level. Another possibility is that the influence on growth, 

reproduction and the immune system are secondary to the stress 

responses. For instance, a possible interconnection between 

the hypothalamo-pituitary adrenal axis and the hypothalamo­

pituitary gonadal axis may involve ACTH which, theoretically, 

can interact either on the central level, on the pituitary 

level, or on the gonadal level. The interconnection may, of 

course, also involve the corticosteroids or CRF at any of the 

levels mentioned. 

Secondly, whatever the connections are, it is necessary 

to remember that the secretion of all pituitary hormones is 



episodic, so that any study on the effect of stress on LH, 

FSH, GH,etc. must analyse the changes in the episodic 

secretion of these hormones (i.e. changes in amplitude or 

frequency of secretory episodes). I. e., also in this kind of 

studies blood samples must be collected frequently over an 

extended period. 
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A number of studies have examined the effect of ACTH or 

corticosteroids on some aspect of reproduction (e.g. Fuquay 

and Moberg, 1983; Liptrap and McNally, 1976; Matteri et al., 

1984). A common method is to treat an animal with synthetic 

corticoids or ACTH which yield elevated plasma concentrations 

for an extended period. Since these treatments are often 

nonphysiologic not only as far as dosage is concerned, but 

especially with respect to biological rhythm, the results from 

such studies must be interpreted with caution. What is needed 

in this type of studies is a hormone treatment that resembles 

the stress induced hormone secretion more closely. For 

instance, rather than injecting a depot form of ACTH 

intramuscularly, the hormone should be injected intravenously 

in physiological dosages in a pulsatile manner, in order to 

simulate the secretion during stress. 

In conclusion, ~hen discussing stress and, in particular, 

when studying stress, it is necessary to take a much more 

detailed look at this phenomenon then has been done so far. It 

is important to realize that ~hat happens in a stress 

situation is so complex that it cannot be described ~ith'just 

one ~ord. And so long as we use expressions such as "stress 

and the endocrine system", "stress and the immune system", 

"stress and behavior", we wrongly propagate the impression 

that stress is a ~ell-defined, straight for~ard process. 
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INTRODUCTION 

In the field of immunology astonishing progress is observed. Not 

only because of the development of highly sophisticated measuring 

techniques that led to the discovery of many unexpected details 

about the finer mechanisms of immune processes, but also because of 

the finding that this same immune system does not operate inde­

pendently from what goes on in the neural system. Since stress 

always appears to be associated with some form of neurobiological 

state of uncertainty - as elaborated in later chapters -, the link 

between stress and immunological capabilities is obvious. The re­

lationship between stress and the immune system is described by 

Ballieux and Heijnen, who show or refer to most amazing data. For 

instance, the social position of a rat living in a colony signifi­

cantly determines imm.unological characteristics of the same rat 

(cf. the contribution of Bohus et al.). Further, al though severe 

and acute stress may suppress the immune response of the animal 

i nvol ved, moderate forms of stress may do the reverse and enhance 

such a response. 

Of course, an important question is then whether or not stress 

(mostly) reduces the immune response in a rather unspecific way 

(e.g., by means of corticosteroids that enter lymofyctes as shown 

by Siegel in the second contribution), or by regulating immune 

mechanisms by direct autonomous innervation of organs like the 

thymus, spleen and others (cf. J. Immunology, Suppl., Vol. 135, 

Aug. 1985). This question is far from solved, as indicated by 

Ballieux and Heijnen in their discussion of conditioning of the 

immune response. Irrespective of what the final answer might be, 

the essential point is that the immune system in one way or another 

listens to what goes on in the brain. On the other hand, it is now 

known that also brain activity on the hypothalamic level reflects 

what goes on in the immune system, as shown by Besedovski (cited by 

Ball ieux and Heijnen). 

In this matter farm animals are no exception, as described by 

Siegel. This state of affairs has great implications for our think-
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ing about farm animal health. If we keep in mind that stress not 
only results from so called physical stressors (inflicting some 
somatic damage), but also from so called psychological stressors 
(inhibiting the performance of essential behaviour programs for 
instance), a large array of environmental conditions may interfere 
with the organism's health. It is a pity that until now we have no 
good pictyre h~w far stress induced immunosuppression influences 
later immune responses to the same pathogen. 

The interaction between the nervous and the immune system is a 
most fascinating one. It is based on the production and release of 
a number of compounds, among which the neuropeptides are again 
conspicuous. This point is touched on in the research of Siegel, 
who showed the existence of ACTH-like compounds released by lympho­
cytes. For the moment there seems to be no end to the amazi~g story 
of neuropeptides modulating so many highly relevant processes. 

These two chapters emphasize that really new insights are not 
far ahead. Howe~er, progress can only be made in so far we succeed 
in integrating the bewildering mass of biological data now 
emerging. 
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The brain and the nervous system can influence immune responses 
along two pathways. One of these is the network of the nervous system 
itself, and the other one involves the hypothalamus/pituitary/adrenal 
axis and corresponding (peptide) hormones. Both cell mediated as well as 
antibody dependent immune functions can be modulated following confronta­
tion of the organism with stressful envirolll11ental conditions. In this 
paper the effects of emotional stimuli on the immune system are discus­
sed •. Attention is given to the finding that immune responses can be 
conditioned. Recent data on a possible feedback loop from immune cells to 
the brain are discussed in relation to the observation that lymphocytes 

can produce neuroendocrine-like peptide hormones. 

INTRODUCTION 

There is solid evidence that the nervous system can influence the 

immune response (Ader, 1981). Consequently, the mental state of an indi­

vidual may determine the activity of the defence system. Indeed, psycho­

social factors, including stressful conditions have been reported to mo­

dulate immune function. A number of investigators have shown that when 

experimental animals are subjected to (acute) stress, the body's defence 

against micro-organisms and tumor cells is impaired (Monjan, 1981). In 

most animal experiments the stressors applied are often of physical 

nature, such as exposure to repeated electric footshocks or subjection to 

rotation, immobilization or cold temperature. It can be argued that these 

stressful conditions do not necessarily reflect daily life situation. In 

this respect it is interesting to note that in recent years the number of 

studies carried out in animals using stress stimuli of psychological 

nature, are steadily increasing. In the framework of these investigations 

it became apparent that the interaction of the brain, perceiving the 

(stressful) environmental stimulus, and the immune system can follow two 

pathways (Fig. 1). One is represented by the network of the nervous 

system, allowing direct inmrvation of lymphoid tissues. The second one 

involves the hypothalamus/pituitary/adrenal axis and corresponding 

hormones as well as neuropeptides released by the brain (Oliverio, 1987). 
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Fig. 1 - Two pathways (1: neuroendocrine and 2: nervous system) 
linking the brain and the immune system. 

This paper will not cover the entire area of neuroimmunomodulation since 

in the last few years several reviews dealing with this subject have been 

published (Ballieux, 1984a; Goetzl, 1985; Guillemin et al., 1985; Plotni­

koff et al., 1986). It is the aim of the present contribution to focus on 

a few interesting aspects of the interaction between the nervous system 

and the immune system. 

IMMUNOLOGICAL PARAMETERS IN STRESS RESEARCH 

The workhorses of the immune system are the lymphocytes. These cells 

develop from a stem cell which is localized in the bone marrow to give 

rise to T lymphocytes and B lymphocytes. The latter lineage comes to full 

maturation in the bone marrow itself (hence they are called B cells), 

whereas immature T cells leave this site to spend a short period of their 

life in the thymus to become fully differentiated (thymus-derived) T 

lymphocytes. B cells carry surface immunoglobulins which serve as the 
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receptors for antigen; they are precursors of antibody forming cells. 

Interaction of antigen with the corresponding receptor on B cells in 

general causes this cell to transform into plasmacells which produce and 

secrete specific antibodies (Fig. 2). 
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(c.llular 

1-.n1t;y) 

T-errector 

J.. 

~":"":"'" ate .. ceU 
(retel 11 ver. 
bone .arrow) 

(@ c0-1 tted ly"",ho1d 
ate.eell 

(·pr.e ..... or· ) 

/~--
® ~h7E:: @) 

T .. ""p ... aeor 

I 
T-helper 

!</~ct® 
Fig. 2 - Schematic representation of the development of the cells of 
the immune system (T and B lymphocytes). 

T lymphocytes can be distinguished functionally into effector T 

cells and regulatory T cells. Effector T cells include those that are 

able by cytotoxic action to directly kill target cells (e.g. tumor cells 

or virus-infected cells) or that cause delayed-type hypersensitivity 

reactions by producing a variety of lymphoid factors (lymphokines) which 

mediate pharmacological reactions. Regulatory T cells either enhance T 

cell mediated immune reactivity or antibody production (T helper cells) 

or diminish these immune reactivities (T suppressor cells). In stress 

related analysis of immune function often use is made of the property of 
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T and B cells to proliferate in culture systems after stimulation with 

mitogens like phytohaemagglutinin (PHA), concanavalin A (ConA) or lipo­

polysaccharide (LPS). In vivo studies frequently include ant~body forma­

tion after challenge with an antigen, or T cell mediated functions (e.g. 

delayed hypersensitivity and graft rejection). 

It should be emphasized that the use of these read-out systems, 

which are of relatively simple nature, in most cases does not yield 

insight in the mechanisms which lead to stress-induced alterations in 

immune reactivity (Ballieux, 1984b). The outcome of e.g. a PHA-induced 

lymphocyte response in vitro is the final result of a rather complicated, 

cooperative type of interaction of non-lymphoid mononuclear white blood 

cells (monocytes) and different types of T lymphocytes. In case of a 

diminished response in a stressful condition, the monocytes may have 

failed to produce sufficient growth factor for the T lymphoyctes or may 

have produced a suppressive amount of prostaglandins. The T cells may 

have changed in sensitivity to T cell growth factors produced by mono­

cytes or by T cells themselves. Alternatively, stress may change the 

balance between the various regulatory T cell subsets, due to an altered 

circulation pattern which may result in a change in composition of cells 

in the lymphoid organs. Furthermore, the PHA-induced responsiveness may 

differ when measured in (defibrinated) whole blood cultures or in 

cultures of isolated blood lymphocytes in control plasma. In the former 

case neuroendocrine hormones released in the bloodstream by stress may 

influence immune reactivity (Johnson et al., 1982; Heijnen et al. 1986a; 

Heijnen et a1., 1986b). 

However, although in many paradigms used only an overall effect is 

measured, it is clear from a great number of solid studies that immune 

reactivity can be modulated by the central nervous system. 

THE EFFECT OF EHOTIONAL STIHULI ON IHHUNE FUNCTION 

Emotional stimuli of psychosocial nature have mainly been studied in 

relation to social hierarchy in rat colonies or using the resident-intru­

der paradigm. It was found that in the colonies the number of 1ymphccytes 

in the peripheral blood of the rats significantly correlated with escape­

and flight behaviour. The proliferative response of T lymphocytes after 

stimulation in vitro with the mitogen ConA also showed a correlation 

(r=O.63) with social status in the colony (Koolhaas et a1., 1986; 

Ballieux et al., 1986). 
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Dantzer and his associates analyzed cellular immune functions in 

rats of different social status, using the resident-intruder model (Raab 

et al., 1986). In these experiments they observed a reduced cellular 

immune reactivity in the subordinate animals (the "loosers"). The stress­

ful situation which develops in the resident-intruder dyads because of 

the difference in social status of the dominant and subordinate animals 

apparently modulates immune function. This may imply that the differences 

in immune reactivity observed in dominant and submissive rats in long term 

colonies is not the reflection of intrinsic differences in immune capaci­

ty, linked to behavioural characteristics, but rather the result of 

stress-induced neuroimmunomodulation. This assumption is supported by the 

serendipitous finding that the leader of a colony, after being deposed, 

had strongly suppressed immune functions (Koolhaas et al., 1986). 

The effect of acute emotional stimuli was investigated by Croiset et 

al. (1986) using the one-trial passive avoidance test. This paradigm is 

based on the preference of the rat for the dark and has been developed by 

Ader et al. (1972). The experimental apparatus consists of a dark 

compartment, equipped with a grid floor, to which an elevated, illumina­

ted platform is attached. After a number of training trials in which the 

rat was placed on the platform and allowed to enter the dark compartment, 

the animal received a single, unavoidable, mild (0.9 mA for 2 sec.) 

electric footshock immediately upon entering the dark room (learning 

trial). Learning experience (passive avoidance) as tested 24 hr later is 

manifested by avoiding re-entering the dark compartment when placed on 

the platform (retention test). This passive avoidance behaviour is 

accompanied by psychological stress, presumably related to anxiety. 

Control animals were subjected to the same experimental procedure but 

either the electric footshock was not given during the learning trial or 

the retention test was omitted. The stressful experience produced by the 

retention test in the experimental animals resulted in diminished T and B 

cell responses in vitro as compared to the control animals (Fig. 3), Also 

the antibody response in vivo was less efficient when the rats were 

immunized immediately after the retention trial. 

In the framework of these studies an interesting observation was 

made, It was noted that the rats in the control group had higher lympho­

cyte stimulation values and antibody production than the home-cage 

control animals '. Further analysis suggested that the emotional stimulus 

caused by the experimental "control situation" represents an element of 
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Fig. 3 - Optimal Con A induced proliferation of splenic lymphocytes 
from home cage control animals (HCC), apparatus control animals 
(0 rnA + RT) and experimental animals (0.9 rnA + RT). The results are 
expressed as dpm ± SEM (n=10-15) (adopted with permission from 
Croiset et al., 1986) 

novelty rather than anxiety. The arousal, associated with exposure to a 

novel, unexpected situation, apparently results in increased immune 

reactivity as compared to ·home-cage control rats. The emotional stress 

induced by the retention session seems to "neutralize" this effect. These 

findings are of basic interest since it was found that also in a mild, 

short-term (5 min) restraint paradigm the lymphocytes of the experimental 

animals show increased reactivity, both in vitro as well as in vivo, as 

compared to home cage control rats (Berkenbosch et al., 1986). Prelimi­

nary data suggest that the immunostimulatory effect of this type of 

emotional stimulus is mediated via the hypothalamus. Since stress causes 

a rapid release of pituitary hormones, such as ACTH, prolactin and 

endorphins, one or several of these hormones may be involved in the ob­

served modulation of immune reactivity. 
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CONDITIONING OF THE IMMUNE RESPONSE 

A very interesting new area of research has been opened up by the 

pioneer-work of Robert Ader. He showed that in rats (and also in mice) a 

decrease in immune reactivity can be conditioned by pairing a conditioned 

stimulus (flavoured drinking water) with an unconditioned stimulus, 

represented by the injection of the immunosuppressive drug cyclophospha­

mid. The conditioned animals, when exposed to the conditioning stimulus 

at a later stage, show a suppressed immune function. This original obser­

vation by Ader (Ader and Cohen, 1975) has been confirmed and extended by 

several groups using different paradigms (reviewed by Ader and Cohen, 

1985). An important issue in this area of behavioural immunology is the 

mechanism(s) underlying conditioned changes in immune responses. Ader and 

Cohen (1985) are of the opinion that adrenocorticosteroid hormones do not 

play a central role in mediating the conditioned immunosuppression of 

antibody responses in rats (see also Ader et al., 1986). However, Gorc­

zynski et al. (1984) have shown that adrenalectomy abolishes the capacity 

to condition immunosuppression of the antibody response in mice. Interes­

tingly, this author recently reported that the drug cimetidine reverses 

conditioned immunosuppression at the T cell level (Gorczynski et al., 

1985). This strongly suggests that histamine-receptor carrying T suppres­

sor cells are involved in conditioned immune suppression. If this can be 

confirmed, new avenues can be choosen to influence the immune system 

linking immunopharmacology with behavioural immunology. Finally, the 

results obtained by Kelley et al. (1985) should be mentioned. These 

investigators induced conditioned taste aversion in mice using the 

non-immunosuppressive drug lithium chloride (as has been done before by 

Ader et al., see Ader & Cohen, 1985). They observed in conditioned mice a 

strongly reduced delayed type hypersensitivity immune response. Since the 

drug used as the unconditioned stimulus has no immunosuppressive effect, 

and because it was found that the conditioned animals had higher plasma 

levels of glucocorticoids than the non-conditioned mice, the authors 

argue that stress rather than conditioning underlies the immunosuppres­

sion induced by reexposure of the conditioned animals to the aversive 

taste. 

BRAIN-LYMPHOID AXIS: A TWO-WAY CONNECTION? 

In the emerging new discipline Psychoneuroimmunology, the main em­

phasis has been laid on the influence of the brain and the nervous system 
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on the immune system. From the results of many studies it is obvious that 

the neuroendocrine system plays an important role in mediating the 

stress-induced immunomodulation. However, this picture is incomplete. 

Already several years ago Besedovski et al. (1977) have shown that an on­

going immune response increases the firing rate of neurons in the brain. 

It seems that lymphokines, produced by cells of the immune system can 

bring about this effect. It furthermore was shown that in the course of 

an immune response, the corticosteroid level in the blood, and the 

noradrenaline level in the spleen of the immunized animal increases 

(Besedovski et al., 1979). These observations imply that not only the 

brain influences the immune system but that the immune system recipro­

cally may effect the central nervous system. Recent findings by several 

groups strongly support this notion. Thus, Blalock et al. (1985) reported 

that murine lymphocytes, after proper activation with mitogens, produce 

molecules which on the basis of reactivity towards (monoclonal) antibo­

dies, apparently are very similar if not identical to pituitary hormones 

of the neuroendocrine circuit. Indeed, in a limited number of studies the 

molecular basis for this finding has been obtained (Blalock, 1986; -Westly 

et al., 1986). It therefore seems reasonable to expect that lymphocyte 

derived "neurotransmittors" can influence behaviour. The clinical rele-

vance of this concept has yet to be established. 
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Research' in animals over the past several decades had indicated that 
the relationship between the effects of physical and behavioral st~-essors 
and the immune response was unidirectional and thus, imposition of un­
favorable environments could suppress normal antibody and ~ell mediated 
responses. Evidence indicated that a significant part of this suppression 
was mediated through hypothalamic-pituitary-adrenal neuroendocrine path­
ways. However, research now indicates that this pathway may not be uni­
directional; that information also flows from elements of the i~une system 
toward central control. Extrapituitary, extrahypothalamic "ACTH-like" 
and "S-endorphin-like" pep tides are produced by cells of the immune system 
that may be initiators of immunity and interact with central mechanisms. 

INTRODUCTION 

For the past several decades it has been assumed that the relation­

ship between the effects of unfavorable environments (popularly defined as 

"stress") and the immune system of the animal is unidirectional. That is, 

if one imposes a physical or behavioral stressor of sufficient intensity 

or length on an animal, an endocrine response, usually defined in terms of 

the hypothalamic-pituitary-adrenal pathwa~, will suppress the ability of 

the animal to initiate or maintain optimum immunolog'ical responses. There 

seems to be considerable evidence to support this concept. 

The direct effects of corticosteroids, or the indirect effects of 

corticotropin (ACTH) or stress, on lymphoid tissues are well known. These 

effects include reductions in lymphatic tissue mass (i.e., thymus, spleen, 

bursa of Fabricius) (Garren and Shaffner, 1954, 1956; Glick, 1957, 1967; 

Siegel and Beane, 1961), a depression in the number of circulating lympho­

cytes and an increase in the neutrophilic or heterophilic granulocytes 

(Dougherty and White, 1944; Gross and Siegel, 1983). 

The mechanism for the effects of corticosteroids on the immune system 

have become clear. In vitro studies show that corticosteroids bind to ----
specific cytoplasmic receptors in lymphatic cells, and that the steroid­

receptor complex passes into the nucleus of the cell to alter enzymatic 

activity and influence nucleic acid metabolism (Thompson and Lippman, 

1974; Sullivan ahd Wira, 1979). In vivo studies showed that ACTH or ---
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exposure to high temperature increased the amount of endogenously 

produced corticosteroid bound in the lymphocytes (Fig. LA, lB). Evidence 

suggests that the immune suppressive effects of corticosteroids are on 

thymus-derived lymphocytes (T-cells) (Meyer et al., 1964; Sato and Glick, 

1970; Pardue and Thaxton, 1984). 
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Fig. lAo Effect of ACTH on the binding of endogenously produced 
corticosteroid in t4e lymphocytes of the bursa of Fabricius of 
7-week-old White Rock chickens (Data of Gould and Siegel, 1981). 

Physical Stressors 

Studies with several domestic species show that a variety of stressors 

are capable of reducing levels of circulating antibody and suppressing cell 

mediated immunity (CMI). For example, when growing chickens were immu­

nized against a variety of antigens (Ag), such as Salmonella pullorum (SP), 

sheep red blood cells (SRBC) or bovine serum albumin (BSA) and subjected to 

high environmental temperature (four 420 C episodes of 0.5 hr over a 4-hr 
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Fig. lB. Effect of heating episodes on the binding of endogenously 
produced corticosteroid into the lymphocytes of three organs of 7-
week-old White Rock chickens (Data of Siegel and Gould, 1982). 

per±od), humoral antibodies to these antigens were depressed within 12 hr 

after the exposure (Thaxton and Siegel, 1970). The reduction of plasma 

immunoglobulin G in calves chronically exposed to high temperature 

suggests a similar response may be found in bovine species (Kelley et al., 

1982), although a longer, more continuous heat exposure may be required 

(Kelley et al., 1981) than in fowl. Exposure to high temperature has also 

been found to reduce passive (maternally transferred) immunity in calves 

(Stott et al., 1976) and CMI in fowl (Regnier and Kelley, 1981). 

Hypothermic stress may also effectively reduce immune responses. 

For example, cold exposure lowered colostral antibodies in calves (Blecha 

and Kelley, 1981) and reduced lung clearance rates of ~. Coli in neonatal 

pigs (Curtis et al., 1976). In avian species it was found that low tem­

perature exposure reduced immunity to Mycoplasma meleagrida in turkeys 

(Brown and Nestor, 1973) and CMI responses in chickens (Blecha and Kelley, 

1981). 

The immunodepressive effects were shown to be mediated, in part, by 

corticosteroids, because pre-stress treatment with metyrapone, a suppres-
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sor of corticosterone syntheses, modifies the stress effect (Thaxton and 

Siegel, 1973). Adrenal involvement in the suppression of GMI by immobili­

zation stress has also been shown (Blecha et al., 1982). 

However, experimental results showing that physical stressors 

suppress immunological responses have not always been consistent. Stress­

induced immunosuppression, although often observed in CMI reactions is 

frequently not observed in antibody reactions (Thaxton and Briggs, 1972; 

Morgan et al., 1976; Subba Rao and Glick, 1977; Regnier et al., 1980). 

The inability of corticosteroids to alter certain GMI responses suggests 

that not all T-cell populations are influenced in the same manner (Blecha 

et al., 1982), or other substances, also involved in stress responses 

such as catecholamines (Edens and Siegel, 1975) may also suppress the 

corticotropin-releasing ability of the hypothalamus (Jones and Hillhouse, 

1977) • 

Variations in the degree that stress alters immune responses depend 

on several factors: 

1. Genetics - Genetic differences in the ability of animals to mount 

an antibody response have been shown (Biozzi et al., 1979; Van der Zijpp, 

1983). There are also differences among fowl in the degree of cortico­

steroid responsiveness to ACTH (Edens and Siegel, 1975; Gross and Siegel, 

1973). Because the effects of stress may depend on the degree that corti­

costeroids bind in the cell, it is of interest that lymphocytes of birds 

selected for high response to ACTH bind greater amounts of endogenously 

produced corticosteroid after ACTH activation than low stress responders 

(table 1). 

2. Nutritional - Moderate (80% of ad lib) restrictions or intake of ---
a balanced diet had little effect on immunological status of birds 

acclimatized to 250 C; a similar feed restriction stimulated increased 

hemagglutinin (RA) responses in birds acclimatized to 15-350 C or fluctu­

ating IO-20oC or 30-40oC (Henken et al., 1983). However, restrictions of 

80% of ad lib at temperatures below IOoC, or subjection to sudden 100 C 

changes in temperature depressed RA titers (Henken et al., 1982). Severe 

energy or amino acid restriction (1/3 of metabolizable energy or 1/3 

lysine-methionine requirements) depressed RA responses to SRBC (Glick et 

al., 1981) or delayed hypersensivity reactions to human gamma globulin 

(Glick et al., 1983) in chickens; however, splenic lymphocytes appeared 

capable ~f normal gtaft vs. host responses in the nutrient-deficient 

birds. Adequate diets returned normal immune status within 2 weeks. 



TABLE 1 Effect of ACTH on corticosteroid binding in thymus cells 
of Athens Randombred chickens selected for high and low agglutinin 
response to ACTH. 

Whole cell! ng/ml cells 

ACTH 
Saline 

Cyto:elasm, ng/ml cells 

ACTH 
Saline 

Nucleus, ng/ml cells 

ACTH 
Saline 

ACTH Agglutinin Responses 

37.3 + 9.2a 
13.3 + 0.7 

16.2 + 2.6a 
1.6 + 0.3 

16.0 + 3.9a 
1.3+0.2 

*** 

*** 

*** 

Low 

b 
19.7 ± 3.2 
13.6 + 0.3 

7.7 + 1. 2b 
1.9 .± 0.3 

9.S + 1.4b 
1.6 + 0.2 

a,bMeans + SE within rows with different superscripts are signifi­
cantly-different (P<.OS). 

*** Differences between ACTH and saline-treated groups are signifi-
cant (P<O.OOOl). 
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Specific vitamins and trace mineral deficiences have also been found 

to suppress 1mmune responses in animals. Vitamine E deficiency depresses 

normal humoral responses to SRBC in chickens (Marsh et al., 1971) and low 

plasma levels of vitamin C have been associated with reduced immune 

function in humans (Pauling, 1976), mice (Prinz et al., 1980) and fowl 

(Pardue and Thaxton, 1984). Corticosteroids cause a depletion of plasma 

ascorbic acid and dietary supplementation corrects this. Selenium 

deficiency alters the immune status of cattle (Arthur et a1., 1982) and 

fowl (Colgano et al., 1984). These factors appear to provide protective 

antioxidants during macrophage-lymphocyte interaction that are oxidative 

in nature (Brune and Spitznagel, 1973; Bellavite et al., 1977; Weiss et 

al., 1983). 

3. Antigen concentration - Antigen concentrations also may influence 

the effect that stressors have on antibody responses. For example, ACTH 

or acute high temperature suppressed agglutinating antibody against ~. 

pullorum when certain critical levels of antigen were used, but failed to 
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suppress these responses at higher antigen concentrations (Siegel et al., 

1983, 1984) (Fig. 2A, 2B) 

Days Post -InoculatIOn 

T(ealmenl 

~Gel 
... -Gel 
o--Gel 
... ·- .. CTH 
... ·- .. CTH 
0-.- ACTH 

16 

015~ 
0015 
00015 
015 
0015 
00015 • 

Fig. 2A. Polynomial plots showing the effect of antigen concen­
tration on ACTH suppression of agglutinin titers to ~. pullorum 
(Siegel et al., 1983). Gel. = gelatine, 16% in H20. 

However, although the immunosuppressant effects of vitamin E were 

more readily observed at low antigen doses (Marsh et al., 1981), the 

effects of energy or amino acid deficiency appeared to be more demonstra­

ble at high antigen dosage (Glick et al., 1981). Gross (1979) found 

genetic differences in immune response to behavioral stress were more 

readily observed at low antigen levels, but van der Zijpp (1983) could not 

demonstrate this result with commercial stock. The results suggest that 

an optimal antigen concentration may allow more genetic loci to be 

operational (Biozzi et al., 1979). 

4. Interactions of non-specific and specific responses - Physiolog­

ical responses to the environcent can be divided into specific responses -

those in which a particular condition elicits a specific response - ~nd 

non-spe~ific responses - where, regardless of the offending stimulus, the 

organism responds in a generalized manner - a state of general stress. 
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Fig. 2B. Interaction of high temperature exposure and antigen 
concentration on serum agglutinin responses to~. pullorum in 
White Rock males (Siegel and Latimer, 1984). 
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For example, homeotherms exposed to temperature below lower critical 

temperatures, increase heat production, i.e., increase metabolic rate, to 

maintain body temperature. Primary regulators are thyroid stimulating 

hormones that activate the thyroid by increasing adenyl cyclase activity 

and thus increase cyclic-AMP activity (Dumant et al., 1971). In <lddition 

to the general increase in metabolism that stimulates protein synthesis in 

general, cyclic-AMP specifically increases synthesis of antibody protein 

(Braun et al., 1971). Therefore, increases in antibody often accompany 

exposure to moderately low temperature in chickens (Subba Rao and Glick, 

1977), pigs (Blecha and Kelley, 1981) and calves (Kelley et al., 1981, 

1982). 

However, if heat loss to the environment exceeds heat production, 

then metabolic processes decline and stress responses assume importance. 

Such conditions can occur when: (1) ambient temperatures fall below 

the animal's ability to produce sufficient heat; (2) normal insulative 

abilities are b~oached (Nir et al., 1975; Siegel, 1980); (3) homeothermic 
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capacity is immature, as in neonates (Blecha and Kelley, 1981); (4) in­

sufficient energy intake or reserves for required level of heat production 

(Henken et al., 1982, 1983). 

Behavioral Stressors 

Social or behavioral enviro~~ents are also activators of stress 

responses in animals, and like physical stressors they are capable of re­

ducing immune responses. Domestic fowl in stressful social environments 

have been shown to have reduced antibodies against a variety of antigens 

such as SRBC, ~. pullorum, ~. Coli, Newcastle disease virus, and Marek's 

disease virus (Gross and Siegel, 1973, 1975; Siegel and Latimer, 1975; 

Thompson et al., 1980; Edens et al., 1983) (see Fig. 3) . 
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Fig. 3. Effect of stressful social environment on hemagglutinin 
response to chukar red blood cells in Japanese quail (Edens et al., 
1983). Isolate: birds were handled daily, but no new members were 
introduced. Residents: groups of birds into which a new member was 
moved daily. Visitors: the new member that was introduced; visitors 
were moved daily from group to group for 11 days. 



Similarly, with mammals, increased social strife reduces immune responses 

in rats (Soloman, 1969). Sows prevented from performing normal maternal 

behavior have lower levels of agglutinating antibodies against foreign 

cells (Ooster1ee et al., 1980). 
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As noted with physical stressors, immunological responses to 

behavioral stressors have heritable components. When introduced as 

strangers into established flocks, cockerels from less aggressive families 

have more rapid regression of agglutinin titers against ~. pu110rum than 

those from more aggressive families (Siegel and Latimer, 1975). Genetic 

lines of chickens have been selected for high (HPC) or low (LPC) plasma 

corticosteroid response to social stress (Gross and Siegel, 1973). Not 

only did HPC line produce lower antibody levels to ~. Coli and SRBC, but 

effects of ~ocia1 stress were additive (Gross and Siegel, 1975). A 

parallel to this genetic environment interaction has appeared in lines 

responsive to ACTH (Edens and Siegel, 1975). Birds with pea-combs are 

almost subordinate to those with single combs. Approximately one-third 

of the high ACTH-responding line are pea-combed individuals and these had 

high plasma corticosteroid levels and low antibody responses to bacterial 

antigens (Gross and Siegel, 1975). 

Thus we have seen that physical and behavioral stressors are capable 

of suppressing antibody and cell mediated immunity in animal species, and 

that important mediators of this induced immunosuppression are adrenal 

corticosteroids. Moreover, immunosuppressive and immunostimu1atory effects 

of neurohumoral peptides,such as ACTH, a-melanocyte stimulating hormones 

(a-MSH) or S-endorphin, have been reported (Fabris et a1., 1971; McCain 

et a1., 1982; Krieger, 1983). 

Evidence for non-unidirectional relationships 

Evidence is now accumulating that the relationships between environ­

mental stimuli and immune responses are not unidirectional; that informa­

tion flows from elements of the immune system back through neurohumoral 

pathways toward the central nervous system. Besedovsky et a1. (1975), 

for example, have shown that an increase in plasma corticosterone follows 

one day after immunization of mice with equine erythrocytes, or four days 

after immunization of rats with SRBC. These responses were concomitant 

with a decline in blood thyroxine and were followed by an increase in 

splenic plaque-forming ability. It was subsequently shown that immuni­

zation of rats with SRBC also brought about significant declines in 
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splenic norepinephrine (Besedovsky et al., 1979). In fowl, there is an 

increase in metabolic heat production about four days after immunization 

with SRBC that coincides with the appearance of 2-mercaptoethanol resis­

tant (IgG) antibody (Siegel et al., 1982). These responses, which are 

proposed as being related to lymphokine production by antigen-stimulated 

lymphocytes (Besedovsky et al., 1981), appear to be part of a feed-back 

communication between the immune system and neurohumoral centers. 

However, extrapituitary and extrahypothalamic "ACTH-like" peptides, 

derived from the larger precursor, pro-opiomelanocortin (POMC) have also 

been described (Krieger, 1983). Moreover, interferon preparations from 

Newcastle disease virus (NDV~infected human leukocytes contain biologic 

and immunologic S-endorphin and ACTH-like activities (Smith and Blalock, 

1981). The ACTH-like activity was expressed following pepsin or acid 

treatment that produced two smaller peptides from the larger molecule. 

The injection of hypophysectomized mice with NDV caused a rise in serum 

corticosterone 8 hours after the injection, and the splenic leukocytes of 

the injected mice displayed positive immunofluorescence to an antibody 

developed against the 1-13 ACTH-amide (Smith et al., 1982). These results 

strongly suggested that an ACTH-like compound was being produced by the 

antigenetically stimulated lymphocyte, which was acting directly on the 

adrenal gland without mediation by the pituitary. 

The results with mice, however, do not exclude the possibility that 

NDV-stimulation might also be from hypothalamic origin. In a series of 

experiments with chickens, we were able to establish direct leukocyte­

adrenal activity. This result was accomplished by co-incubating spienic 

leukocytes taken from chickens 1 hour after they were given injections of 

heat-killed S. pullorum antigen (Siegel et al., 1985). 

Figure 5A shows that serum corticosteroid levels begin to rise within 

15 minutes, reach a maximum in 2 hours, and fall to control levels by 12 

hours after antigen injection. Fi~ure 5B shows that serum taken from 

cockerels 1 hour after antigen injection contains high levels of ACTH-like 

activity unless it is removed by stripping with activated charcoal and 

precipitated silica. Figure 5C shows that splenic leukocytes taken from 

chickens 1 hour after antigen injection, and co-incubated with isolated 

adrenal cells from non-antigen treated birds, display significantly higher 

adrenal corticosteroid stimulating activity. 

These results suggest that the secretion of ACTH-like, and potentially 

S-endorphin-like, compounds by antigen-stimulated lymphocytes may be 
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important in the process of initiation of immunity. How environmental 

stimuli may interact with these processes during the early stages of the 

response remains to be elucidated . 
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INTRODUCTION 

It is generally accepted that severe chronic stress strongly 
enhances the occurrence of organ damage. 1 ike stomach u1 cer·s and 
cardiovascular diseases. This has been shown in animals and men 
(for a recent review see Meerson. 1984). Such forms of damage are 
not uncommon in farm animals as illustrated in the contribution of 
Dlimmrich. Under stress conditions pigs and calves may show stomach 
wall damage and. although the type or the amount of food ingested 
may playa significant role in the etiology of these somatic aber­
rations. the question remains as to how far in these cases the 
stress state as such may be a crucial factor. A similar point holds 
for the myopatho10gica1 changes observed in horses and especially 
in pigs as described by Dlimmrich. Again cardiovascular capability 
and blood circulation in the muscles are crucial in animals that 
are the product of a selection history that favoured muscle growth. 
Howe ve r. i tis not un 1 ike 1 y t hat s t res s ass u c h may s t ron g 1 Y con­
tribute to the observed abnormalities. The mechanisms underlying 
such possible processes have been described by Bohus et a1 .• who 
show how a decrease in predictability and/or controllability of the 
environment may change autonomic nervous activities and by this, 
for instance, characteristics of the cardiovascular system. 

It becomes more and more clear that for a full understanding of 
stress we not only should know which causal factors function as 
stressors, but also that we should develop a more integral view on 
the whole stress state. This view implies Se1ye's General Adapt­
ati on Syndrome, t4ason's pattern of endocri ne responses and. 1 ast 
but not least, the action pattern of the autonomic nervous system. 
Since Cannon we know about the significance of the sympathetic 
system in the context of alarm and stress. It is very relevant that 
individual states of stress also express the active involvement of 
the parasympathetic system, as indicated by Bohus et a1. These 
authors refer to interesting findings that show that stress as such 
not necessarily implies, tachycardia, for instance; also bradycar­
dia may occur. reflecting the active involvement of the parasym-
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pathetic system. Bohus et al. accept stress as a state of the 
organism resulting from a decreased certainty about environmental 
changes, which is basically a cognitive deficit. This point will be 
discussed in more detail in the following chapters. The idea that 
cognitive deficits may significantly contribute to organ damage, as 
described by Dammrich, has hardly been explored. It seems a 
worthwhile one, because of its direct connection with (still) vague 
concepts like animal well-being. 

In the work of Bohus et al. emphasi sis put on the fi ndi ng of 
types of coping. Some animals behave actively when being overtaxed, 
others passively. These differences appear to be individual charac­
teristics in the sense that one and the same individual tends to 
behave actively or passively but not both ways. Such individual 
constraints in coping are very interesting and summon us to focus 
on individuals (and not on the abstract average animal), when we 
want to explain the way animals (and men) cope with stressors. It 
further has great significance for all considerations about farm 
animal welfare, since it underlines the idea that we never can 
evaluate the individual state of an organism by measuring its 
behaviour only, or endocrinological (re}actions only, etc. A com­
plete and reliable picture can only be realized if we are able to 
describe a more integrated picture of what the animal does be­
haviourally and physiologically. Moreover we never should forget 
that animals are biological systems that change over time as a 
result of experience. 

REFERENCES 
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Stress is viewed as a general biological and usually functional res­

ponse to environmental and bodily demands. This paper summarises recent 

findings on interactions between environment, individual behavioral and 

physiological characteristics and the properties of stressors, stress states 

(responses) and organ systems in determining health or disease. 

INTRODUCTION 

Adaptation to demands of social and physical environment by means of 

behavioral, neuroendocrine, autonomic physiological and metabolic responses 

in order to maintain homeostasis is a general biological phenomenon in ani­

mal and man. Cannon (1915) was the first to formulate a physiological con­

cept of adaptation emphasizing the necessity of links between brain, behav­

ior and the endocrine system. Cannon's (1915) emergency reaction involved 

the catecholamine systems that serve to rapidly mobilize res.ources for the 

metabolic requirements of fight or flight. The term stress as introduced by 

Selye (1935) emphasized the role of the adrenal cortex as a major organizer 

of non-specific bodily responses to environmental demands. The operational i­

zation of this concept led to the idea that the level of corticosteroids in 

the blood reflects whether an organism is in a stress state (heightened phy­

siological reactions), and whether a condition (stressor) is demanding on the 

organism. Selye's (1950) "General Adaptation Syndrome" hypothesis presuppos­

ed an alarm, a resistance and an exhaustion phase of stress reactions of the 

adrenal cortex. These three phases could represent a continuum from adapt ion 

(health) or maladapt ion (disease or death). Behaviorally oriented physiolo­

gical and endocrine research in animal and man resulted in a marked change 

in our view on environment, stress and adaptation. However, the operational 

definition of stress based upon plasma corticosteroid levels has surprising­

ly remained the major theoretical frame for many physiologists and endo­

crinologists. This theoretical frame does not consider the brain and behav-
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ior as important variables of the stress state. 

Mason (1971) has introduced the importance of behavioral factors in 

pituitary-adrenal (and other endocrine system) responses to stressors, and 

thereby the idea of a certain specificity in stress states. The analysis 

of multiple hormonal system responses under real life conditions showed 

that the complete pattern of neuroendocrine reaction may be highly specific 

for certain environmental conditions. Subsequent developments led to the 

recognition of the importance of such environmental characteristics such as 

controllability, predictability, certainty, uncertainty and that of coping 

behavior in stress physiology and pathology (see Seligman and Weiss, 1980). 

The present paper describes a behavioral view on the physiology and 

pathology of stress. A novel, behavioral physiological stress concept as 

presented here takes its origin from a Selyean view - i.e. stress is a 

response - but it is extended to environment, behavior and physiology. It 

also incorporates up-to-date neuroendocrine knowledge on the brain as a 

major endocrine organ both as a source and a target of the hormones. In 

addition, this concept is based on the recognition of interactions between 

the various elements of the stressors and stress. Accordingly, the classi­

cal view that stress can be considered as a collection of more or less 

reflex responses is discarded. 

In the recent concept,stress is viewed as a general biological and usu­

ally functional response to environmental and bodily demands. Whether stress 

is a challenge or a threat - health or disease - depends upon interactions 

between (1) environment, individual characteristics and the properties of 

stressors, stress and the physiological systems, and (2) the nervous sys­

tem, peripheral organ systems and the neuroendocrine system. Within these 

latter interactions four levels of organization of a stress reaction are 

apparent: the limbic-midbrain system, the hypothalamus, the pituitary 

gland-peripheral endocrine organs and the target organs. The target organs 

include physiological systems (e.g. cardiovascular system, GI tract, liver 

etc.), but also the brain being the major target organ from an organizati­

onal point of view. The means of communication between the first 3 levels 

and the targets are the autonomic nervous system, neuroendocrine principles 

and neurally active substances originating from the GI tract, immune system, 

etc. (Bohus, 1984a). The emphasis in this paper is placed upon the interac­

tion of factors listed under number one. The validity of this view is dis­

cussed on the basis of combined behavioral, neurophysiological, physiologi­

cal and neuroendocrine studies as performed in the laboratory rat in our 
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department during the last few years. The main emphasis is given to the 

cardiovascular (blood pressure and cardiac rhythm), respiratory, metabolic 

and neuroendocrine reactions. 

ENVIRONMENT, STRESSOR, COPING, RESPONSE AND SYSTEM: THE INTERACTING FACTORS 

The various elements of the interacting factors that contribute to an 

ultimate stress state of health and disease are depicted in Table 1. Our 

behavioral physiological stress concept emphasizes that the interaction 

between the major factors is of primary importance. Therefore, the follow­

ing separate discussion of the characteristics of the various elements is 

obviously arbitrary. ~ractically all phenomena that will be described here 

could be listed under all headings. 

TABLE 1 INTERACTING FACTORS DETERMINING STRESS-RELATED HEALTH OR 
DISEASE 

STRESSOR COPING 

Kind Psychosocial 
Physical 
Psysico-chemical 
Internal 

Duration/Frequency: Short 
Long 
Incidental 
Regular 

ENVIRONMENT 

Kind Active 
Passive 

Origin: Genetic 
Perinatal experience 
Premature experience 
Adult experience 
Age 
Sex 

Controllable 
(Loss ,of Control) 

Predictable 
(Unpredictable) 

RESPONSE 

Quality : Specific 
Non-specific 

Quantity: Magnitude 
Duration 

SYSTEM 

Kind : Behavioral 
Endocrine 
Physiological 

State: Baseline 
Stress 
Recovery 
Physiological 
Pathological 
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The stressor: physiological and neuroendocrine responses to psychological 

(emotional), social and physical stressors 

It is a classical view that is maintained in study- and textbooks that 

a typical stress reaction pattern is a mass-discharge of the sympathetic 

nervous system. The mass-discharge is followed by the activation of sympa­

thetically facilitated (e.g. cardiovascular system) and inhibited (e.g. en­

docrine pancreas, GI-tract, etc.) system functions. There are a number of 

studies suggesting that this is not necessarily the case. 

A relative bradycardiac heart response to an emotional stressor in 

conjunction with blood pressure increase has been observed in young adult 

Wistar rats in an inhibitory avoidance situation (Bohus, 1974, 1985; Van 

der Meulen and Bohus, 1984). Since baroreceptor reflex bradycardia as a con­

sequence of blood pressure elevation can be excluded as the cause of the 

heart rate slowing (Bohus et al., 1976), a parallel activation of parasym­

pathetic and sympathetic nervous systems may be responsible for the differ­

ential cardiovascular changes in this situation. 

Vagal overactivity is sometimes considered as a metabolically irrele­

vant response in stressful situations (Obrist, 1981). However, it may serve 

to temper blood pressure changes as induced by certain emotional stimuli. 

Immobility is often the major behavioral stress reaction in situations 

where a passive behavioral strategy is applied. The immobile form of naturru 

defense behavior in cats is accompanied by bradycardia and a decrease in 

cardiac output (Adams et al., 1958, 1971) and only a minimal blood pressure 

rise occurs (Mancia et al., 1971) despite the fact that the animal is 

"stressed". A number of findings suggests that the sympathetic and parasym­

pathetic system can also act non-reciprocally. This 'non-reciprocity' is or­

ganized either at hypothalamic (Kollai and Koizumi, 1985) or brainstem le­

vels (Langhorst et al., 1981). 

Sex, age and perinatal experiences are superimposed factors on the 

bradycardiac heart reaction to emotional stressors in the inhibitory avoid­

ance situation. There is a sexual dimorphism in the cardiac response in 

young adult Wistar rat (De Loos et al., 1979; Bohus, 1985). Females in es­

trus fail to show a bradycardiac response to the emotional stressor. There 

is a bradycardiac response during the diestrus phase of the estrus cycle, 

but its magnitude is less than in the males. Experiments with castration 

and hormone replacement in males and females suggest that estrogens are 

primarily responsible for the dimorphism. Aging results in a diminished 

magnitude of the bradycardiac response of male Wistar rats (Nyakas et al., 
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1986). This diminution is probably a consequence of a decreased parasympa­

thetic drive from the central nervous system. Finally, neonatal stress of 

handling is followed by a diminished bradycardiac response to emotional 

stress in adulthood (Bohus and Cottrell, 1985). This finding agrees with 

the reports by Denenberg (1964), Ader (1968) and others showing diminished 

behavioral and endocrine stress reactions in adulthood following neonatal 

stress. 

A different response pattern is emerging if male rats of the TMD S3 

strain are exposed to social stimuli like an intruder in their own terri­

tory or to a dominant encounter in a neutral environment. Blood pressure, 

heart rate, plasma catecholamine and corticosterone levels rise rapidly. 

There is, however, a clear difference whether the animal is victorious or 

defeated. The mean responses are much larger in magnitude and/or duration 

as the consequence of defeat (Schuurman, 1980; Fokkema and Koolhaas, 1985). 

The pattern is changing if the rats are exposed repeatedly to the dominant 

rat but without actual physical contact (encageq dominant). This situation, 

called a psychosocial stressor, leads to a hypertensive response but heart 

rate is decreasing (Fokkema and Koolhaas, 1985; Koolhaas et al., unpublish­

ed). Thus, social stressors evoking fight or flight result in a sympathetic 

hyperactivity. Psychosocial stressors induce mostly immobility behavior and, 

alike in the case of inhibitory avoidance, there is a parallel activation 

of certain parasympathetic and sympathetic mechanisms. 

Another response pattern is seen in male Wistar rats when subjected to 

work-load of forced swimming (Scheurink and Steffens, in prep.). Blood 

pressure, heart rate, plasma epineBhrine (E) and norepinephrine (NE), free 

fatty acids (FFA), and blood glucose levels increase differentially before, 

during and after repeated swimming. Already before the onset of the 15 min. 

swimming period blood pressure, heart rate and plasma E levels are increas­

ing. After about 6-8 min. swimming these measures show a considerable fall. 

At the same time plasma NE, FFA and blood glucose levels begin to rise and 

plasma insulin level decreases. The NE, FFA and glucose levels reach their 

maximum at about the end of the 15-min. swimming period. The post-swimming 

period is characterized by a secondary increase in blood pressure, heart 

rate and plasma E levels. Plasma NE, FFA and blood glucose levels gradually 

decline in this period that is mostly accompanied by wet-shaking and vigo­

rous grooming behavior. 

This patter~ seemingly fits into the picture of classical sympathetic 

stress-discharge, but the differential nature of the patterns suggest a 
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highly specifically organized response. The first phase of the response may 

be the result of prediction of circulatory needs of an expected stress 

state. which is then tuned in accordance with the demand. The second phase 

is related to metabolic needs. This complex pattern may be the consequence 

of differential activation of the various subdivisions of the sympathetic 

nervous system. 

Individual characteristics 

Both from a physiological and a pathological point of view the atten­

tion has long been focussed on individual differences in stress reactions 

and on the correlations between the various behavioral. physiological and 

endocrine responses (e.g. Lissak and Endroczi. 1960; Bohus et al •• 1963; 

Henry. 1976; Ladewig, this volume). During the last few years the results 

of a large number of studies in our laboratory suggested that,on the basis 

of the variation of the kind and the magnitude of behavioral responses to 

various environments in rats and mice,it is possible to distinguish active 

and passive behavioral strategies (Koolhaas et al., 1986). Active rats and 

mice seem to have high demand to control their environment, they use a 

large number of routines to accomplish the control and they are less depen­

dent on actual environmental stimuli. In contrast, passive animals show low 

demand for control or they are ambivalent; their behavior is markedly di­

rected by actual environmental signals. 

Individual variation is a superimposed factor on the behavioral, phy­

siological and neuroendocrine response patterns to psychological and social 

stressors as described previously. For example, the magnitude of the brady­

cardiac response of young adult male Wistar rats to an emotional stressor 

and measures of the exploratory behavior of the same animals in a novel 

environment are negatively correlated. Rats that explore more, show less 

bradycardia, while the reverse holds for less exploring animals (Nyakas 

et al., 1986). Correlations have also been found between the bradycardiac 

reaction and the immobility behavior in response to the emotional stressor: 

the longer the period of immobility the more marked bradycardiac stress 

reactions is seen· (De Loos et al., in prep.). 

Fokkema and Koolhaas (1985) found positive correlations between 

aggressive behavior, blood pressure and plasma catecholamine levels in so­

cial victory and defeat situations. The more aggressive (offensive) rats 

show higher blood pressure response, and higher neuroendocrine (plasma epi­

nephrine, norepinephrine and corticosterone) responsiveness or ratios. 
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These and other studies suggest that active rats (more aggressive 

offensive-defensive behavior, more exploration, less immobility, etc.) show 

physiological and neuroendocrine responses that reflect sympathetic activi­

ty. In contrast, passive rats (less or no aggressive behavior, less explora­

tion, more immobility, etc.) exhibit less sympathetic and more para~ympathe­

tic dominated physiological activities. Since these individual characteris­

tics are reflected in behavior, physiology and the neuroendocrine system 

and manifest themselves across diverse biotic and non-biotic situations, it 

seems to be justified to distinguish between active and passive coping 

strategies. It is necessary to mention, that Henry's suggestion to dis­

tinguish the Cannonian fight-or-flight kind of behavioral and endocrine 

characteristics and the Selyean distress (conservation-withdrawal) type of 

reactivities of laboratory mice living in colonies (see Henry and Stephens­

Larson, 1985), is rather comparable to the active-passive dimension of 

coping strategy as advocated by us. 

Response specificity and environmental variables 

In the foregoing sections we have described a few response patterns 

to (psychological, psychosocial and physical) stressors that showed parti­

cular temporal or directional characteristics. Here we want to summarize 

findings suggesting that the appearance of certain physiological stress re­

actions depend on environmental factors such as predictability and con­

trollability. 

Fokkema et al. (1986) observed that episodes of a large amplitude 

blood pressure oscillations occur in the defeated rat during territorial 

fight. A similar phenomenon could be observed during so-called psychosocial 

stress (confrontations with the encaged dominant). The blood pressure 

oscillation coincides with the respiratory pattern known as pressure 

breathing. The intrathoracic pressure is strongly positive and prolonged 

expiration is observed while the blood pressure rises and heart rate de­

creases. These episodes outlast the actual fight and never occur in the 

victorious rats. Episodes of large amplitude blood pressure oscillations 

with heart rate decrease have been infrequently observed in \'listar 

rats during immobility behavior in the inhibitory avoidance situation 

(Bohus et al., in prep.). It is conceivable that the occurrence of this 

phenomenon is not simply a question of quantitative properties of the 

stressor, but ra~her of qualitative characteristics of the environment. The 

defeated rat may be in a peculiar stress state, because of unpredictable 
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consequences of the meeting with an aggressive encounter. This state seems 

to be preserved without the presence of the actual stimulus once it was in­

duced. The occurrence of this pattern may also depend on the environmental 

factor of controllability - loss of control. The defeated rat lost control 

of the social situation. 

The physiological or pathological importance of pressure breathing and 

consequent blood pressure fluctuation is not clear yet. Rapid alterations 

in blood pressure may have consequences for the development of cardiovascu­

lar pathology as suggested by some human studies (Grossman, 1983). 

Long-term consequences of short-term stress 

Recent epidemiological studies in man suggest that exposure to short­

term stressors may result in long-term alterations in mental and somatic 

functions, and thereby contribute to the development of disease (e.g. 

Siegrist, 1984). Preliminary observations in our laboratory show that 

such a phenomenon may occur in animals too (Koolhaas et al., in prep.). 

Male TMD-S3 rats defeated by a dominant in a neutral environment (so­

cial stressor of defeat) exhibit a marked change in their daily food in­

take pattern for a few weeks. Normally the food intake of the rat is much 

higher during the night period. This circadian pattern is typical for noc­

turnal mammals. Following defeat the circadian rhythmicity disappears: the 

meal periods are randomly scattered over the whole 24 hr. An important fac­

tor of this stress effect is again the kind of experience the rat received. 

Defeat changes the food intake pattern provided that the animals experienced 

victory before. The physiological and/or pathological background of this 

long-term stress reaction remains to be studied. The fact that body weight 

gain of the animals remains behind their controls suggests that some kind of 

temporary anorexia develops. As an environmental factor the importance of 

change in predictability may be implicated. 

Long-term social stressor: cardiovascular and immunological consequences 

The rat is a social creature and lives in groups under natural condi­

tions. There is, however, a marked hierarchy within the male population 

with one dominant animal and a group of rats that are subordinates or sub­

missive to the dominant. Some previous investigations (e.g. Alexander, 1974; 

Henry and Stephens, 1977; Harrap et al., 1984) suggested that long-term 

social stress in rat and mice as studied in colony conditions in the labora­

tory results in pathological alterations such as hypertension, arterioscle-
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rosis, gastric ulcer, etc. Fokkema (1985) raised the question as to whether 

behavioral and physiological characteristics of the rats (i.e. active or 

passive coping strategies) represent a risk factor for cardiovascular 

disease provided that the animals are exposed to long-term social stressors 

in a laboratory colony situation. It appeared that under the given condi­

tions a group of subdominant males rose in the hierarchy inbetween the 

single dominant and the submissives (subordinates). These subdominants have 

been characterized before the colony aggregation as active animals on the 

basis of their territorial offensive and defensive/flight behavior. These 

rats are regularly challenging the position of the dominant, and thereby 

they receive the most offensive behavioral stimuli from the dominant. The 

submissives originate from rats displaying passive strategy in dyadic inter­

actions. Because of their continuous passive (freezing) strategy they seem 

to receive few stimulation in the colony. 

Following a 3-months period in the colony the mean blood pressure of 

the subdominant rats became significantly higher than that of the domi­

nant or of the submissives. The subdominant rats, that have higher blood 

pres.sure, show also a high plasma catecholamine response to social stimula­

tion. This higher reactivity may contribute to the elevation of blood 

pressure of the subdominant rats. 

Recent observations in cooperation with Ballieux and Heijnen (Koolhaas 

et al., in prep.) suggest that long-term social experience has also differ­

ential effect on the immune system of the rat. Following a 3-months colony 

aggregation there is a suppression of total blood lymphocytes in the sub­

dominants (in comparison to the dominant and the submissives). A higher 

T-helper/T-cytotoxic-suppressor ratio, a higher interleukine2 production, 

a strong thymus involution, but a normal proliferation response in the 

spleen to CON-A stimulation have been found in the subdominant rats (cf. 

Ballieux and Heijnen, this volume). In contrast, subordinate rats show a 

very low proliferation response. 

Taken together, long-term social stress as a consequence of colony 

aggregation affects physiological systems like the cardiovascular and the 

immune ones. The alterations cannot be considered yet as pathological ones, 

but they may represent a risk for the development of disease. The major 

finding of these experiments is, that the alterations are rather differ­

ential; one population of rats, the subdominants, is at the most risk. 

Since the positi0n in the colony is clearly a function of the basic behav­

ioral characteristics of the animals, active behavioral and physiological 
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response strategy is a potential risk for disease. Active rats demand con­

trol of their (social) environment. Subdominants' demand to control in the 

colony is suppressed. Accordingly, the observed organ system changes are 

the result of interactions between the kind of coping with the environment 

(uncontrollable or loss of control), the duration of the stressor, and the 

given physiological system. 

Pathological state of the system: hypertension and physiological responses 

Another important variable of the reactions to stressors is the state 

of the given organ system. Recent observations show, that the magnitude and 

the duration of the cardiac response to an emotional stressor in the inhi­

bitory avoidance test, is dependent on the systolic blood pressure level of 

the rats (Nyakas and Bohus, in prep.). It was found that genetic (spon­

taneous hypertensive rats, SHR), renal and deoxycorticosterone/salt (DOCA/ 

salt) hypertensive rats show a bradycardiac response alike normotensive 

Wistar controls, provided that their systolic blood pressure under resting 

conditions does not exceed 170 mm Hg. Rats having a systolic blood pressure 

higher than this value display a tachycardiac heart reaction. Accordingly, 

the risk of cardiac dysfunction such as ventricular fibrillation, etc. in 

reaction to an emotional stressor is markedly increased under pathological 

conditions of the cardiovascular system. 

Fokkema and Koolhaas (1985) found that the mean blood pressure of TMD­

S3 rats that lost a fight in a dyadic interaction is slightly but signifi­

cantly lower the day after the defeat as compared to pre-defeat values. 

Victory experience fails to have a similar action. Recent findings suggest 

that loss of control in a social or non-social situation (defeat or forced 

swimming) results in a relatively long lasting change in blood pressure and 

cardiac reaction to an emotional stressor in hypertensive rats (Nyakas 

and Bohus, in prep.). SHR or DOCA/salt hypertensive rats show a very sub­

stantial fall in resting systolic blood pressure (± 25 mm Hg) for a couple 

of days following a repeated defeat or forced swimming. Normotensive control 

rats fail to show a similar response to the stress of defeat or forced 

swimming. 

The cardiovascular state of the hypertensive rats with decreased 

blood pressure suggests a shift towards baroreceptor regulation. Blood 

pressure decrease is accompanied by a markedly increased heart rate. The 

cardiac response to the emotional stressor of fear from painful stimulus is 

also changed. The bradycardiac response is diminished. The vagally mediated 



cardiac response of the normotensive stressed controls remains unchanged. 

Accordingly, diverse stressors differently affect the organ system reac­

tions under normotensive and hypertensive conditions. It is likely that 
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the risk of failure to adapt to the environment is markedly increased under 

a pathological condition such as high blood pressure. 

GENERAL DISCUSSION 

A behavioral physiological view on stress-related processes is based 

upon the recognition that stress is a multifactorial reaction, and the va­

rious factors such as environment, coping, stressor, response and system 

highly interact in determining the final stress state of the organisms. The 

data from our laboratory as well as the findings of others (e.g. Henry and 

Stephens-Larson, 1985; Dantzer and Mormede, 1983) suggest, that measuring a 

single endocrine or physiological parameter cannot give an objective view 

of the stress state of the organism. From a physiological point of view, 

stress is a healthy reaction of the organism to cope with the environmental 

and bodily demands, sometimes under extreme conditions. 

It isn't easy to determine the border between physiology and pathology. 

Certain individual characteristics represent a risk for certain diseases. 

The involvement of personality factors in the development and outcome of 

diseases in man is a long-standing question which is not well answered yet. 

Recent findings (Koolhaas et al., 1983, 1986) suggest that one should face 

the question of 'personality' in animals as well. Since the dimension con­

trollability-loss of control has an important impact on the development of 

behavioral stereotypies in farm animals (see Wiepkema, in this volume) it 

will be of interest to investigate whether individual characteristics re­

present a major factor in stress-related stereotyped behaviors. 

Our studies also emphasized the potential role of controllability and 

predictability in determining specific features of stress reaction. This is 

in agreement with the studies of Weiss (1968, 1970), Bassett and Cairncross 

(1976), Sklar and Anisman (1979) and others who showed that loss of control 

and/or unpredictability are major environmental factors involved in stress­

related diseases. The recent studies add two more dimensions to these 

factors: individual characteristics, and controllability and predictability 

in seminaturel social settings. 

Little is known yet about the pathomechanism of stress-related dis­

eases. Depend~nceonthe organ system, dependence on sustained activation, 

dependence on recovery after stress, dissociations between behavior and 
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physiology, the brain and the periphery (e.g. reflex regulation instead of 

adaptive higher nervous control) may be important factors of maladaptation 

and disease. However, it is clear that not a single one of these factors 

alone can cause diseases. It is a challenge to investigate the pathophysio­

logical mechanism from molecular upto organismal level in order to deter­

mine the border between physiological and pathological stress states. 

Neuroendocrine mechanisms - i.e. hormonal states - both as an integral com­

ponent of stress reaction and a major modulator of integrative central ner­

vous process may have a keyfunction in health or disease (Bohus 1984b). 
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In pathology, stress research comprises the influence and ac­
tion of stressors on organ structures. If the influence of stres­
sors is in balance with the organism's predisposition the stressor 
is compensated by the adaptability of the organism and stress 
reactions develop. The morphological diagnosis is based upon the 
differentiation of two types of reactions. First the nonspecific 
reaction with the general adaptation syndrom (GAS), and secondly 
the specific reaction caused by the direct attack of the stressor, 
with the possibility of lower resistance of organs against stres­
sors. The different kinds of stress reactions are demonstrated in 
the problem of gastric and pyloric ulcers in pigs and calves, with 
the paralytic myoglobinuria in horses, and with the porcine stress 
syndrome. 

I NTRODUCTI ON 
The morphological aspects of "stress" and the relationship 

between "stress" and organ lesions are presented in two parts. The 
fi rst part i ncl udes more general aspects, whi 1 e in the second one 
concrete examples in domestic animal s are described. The whole 
life is determined by stressors. Under physiological conditions 
stressors promote the various systems of adaptation from which the 
survival of the organisms depends. Under conditions without stres­
sors animals cannot survive, or in other words "stressors are the 
fire of life" (SELYE). Physiological adaptability depends on the 
balance between stressor and predisposition. Predisposition is 
defined as the sum of constitution and condition. Mainly heredita­
ry factors determine the constitution and acquired properties 
characterize the condition of animals. Lower grades of imbalance 
are compensated by the adaptability of the organism. This adapta­
bility guarantees health or fitness of animals. Integrity of 
constitution and condition is a precondition for proper adap­
tability. Interventions in constitution or condition disturb adap-
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tability, which may result in malfunction or organ lesions. The 
term "stress" characterizes situations, in which the integrity of 
the organism is injured by imbalances between predisposition and 
stressors (table 1). 

Table 1: 

IMBALANCE 

predisposition ------------------ Stressor 
lower resistance 

overtaxed adaptability 
specific reactions 
organ 1 esi ons 

excessive 

nonspecific reaction 
general adaptation syndrome 

Imbalances can be caused by excessive stressors or by lower 
resistance against stressors. The lower resistance depends from 
regressive changes of constitution or condition. The imbalance 
overtaxes the adaptability of the organism. 

STRESS REACTIONS: 
The nonspecific reaction includes mainly the general adaptation 

syndrome (GAS, SELYE), and is determined by the quantity of the 
stressors. The specific reactions comprise, among others, mal­
function and organ lesions caused by stressors. The ultimate 
localisation of these lesions in organs or organ systems depends 
from the direct specific attack of the stressor, or the higher 
susceptibility of the organism, or combinations of stressor and 
suscepti bi 1 i ty. 

The nonspecific reaction: 
Under physiological conditions the GAS enhances the organism's 

survival by compensating light and moderate stressors through the 
mechanisms of the alarm reaction. This reaction is finished, when 
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the influence of short acting stressors is over. Long acting 
stressors, however, lead to the phase of increased resistance. 

The morphological control of the alarm reaction and stage of 
increased resistance results from the activation of a system, 
which is made up of hypothalamus, adenohypophysis and adrenal 
cortex. During the alarm reaction hypophyseal adrenocorticotropic 
hormone stimulates the adrenal cortex and the store of corticoste­
roids, especially glucocorticosteroids, is secreted. Morphologi­
cally the alarm reaction is characterized by a decreased content 
of 1 i pi ds in the adrenal cortex. Our; ng long acti ng stressors 
hypophyseal adrenocorticotropic hormones and corticosteroids are 
secreted continuously. The stage of increased resistance is cha­
racterized by signs of functional hypertrophy and hyperplasia of 
the secreti ng cell s. An increased number of en1 arged basophi 1 i c 
cell s appears in the adenohypophysi s. The wei ght of the adrenal s 
is increased, because of the proliferation of cortical cells and 
as a result of increased lipid contents of the same cortex. 

Patho1 ogi cal condi ti ons may al so be deri ved from the GAS. 
Prolonged influence of stressors under unfavorable environmental 
conditions can change the regulative phase of increased resistance 
into a phase of autonomous hypercorticism. Characteristic signs of 
this phase are hyperplasia of hypophyseal basophilic cells and 
hyperp1 asi a of the adrenal cortex. The continuous hypersecretion 
of glucocorticosteroids injures the condition of the organism. 
Mainly metabolic disturbances are observed. Characteristic symp­
toms are the katabo1ic metabolism of proteins, enhanced deposition 
of body fat and hyperglycemia. In connection with the katabolic 
protein metabolism an increased infective risk exists, because the 
humoral and cellular immunity is decreased. 

Secondly exhaustion of the hypophyseal adrenal system occurs. 
Long acting moderate stressors, excessive stressors, or added 
moderate stressors are the cause of exhausti on. Si gns of exhaus­
tion are found in the adrenal cortex, which shows depletion of 
lipids, necrosis, and hemorrhages. Acute adrenal insufficiency is 
in such cases the cause of death. Especially young growing ani­
mal s, whi ch are ill because of a severe enterogeni c septi cemi a, 
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die of acute adrenal insufficiency. 

The specific reactions: 
If the organism's adaptability is overtaxed, the organism makes 

an effort to cope by means of the nonspecific stress reaction, 
called GAS. On the other side the stressor attacks directly the 
target organ. The specific reaction or the development of organ 
lesions depends on the intensity and quality of the stressor and 
on the susceptibility of the target organ and/or of the organism. 
The specific organ lesions are the more important parts of the 
stress reaction in the pathology of domesticated animals. Some 
examples of such lesions may illustrate this. 

Gastric ulcers: 
Very often gastric ulcers occur in pigs and calves. It is 

supposed that the ulcers are the result of the nonspecific stress 
reaction, because in humans severe stressors may evoke the deve­
lopment of gastric ulcers. The pathogenesis of the human "stress 
ulcer" describes neurohormonal influences, which cause circulatory 
failures of the final vascular system with ischemia, hyperemia and 
hypersecretion of the gastric mucosa. 

In ~ the ulcers are not localized in the gastric mucosa, but 
are situated in the pars proventricularis with its less sensitive 
stratified squamous epithelium. In all probability food is the 
crucial stressor, because extremely fine food particles occupy and 
constipate the small fossules of the cutaneous mucosa, from which 
the necrosis and final ulcers start (Lengnick, 1972; Baustad and 
N a f s ta d , 1969). 

The incidence of pyloric ulcers in veal calves is very high. 
Acute chronic ulcers and scars are localized on the pyloric torus 
or secondary in the pyloric channel. Our investigations led to the 
follo,wing pathogenesis. The pyloric sphincter in young ruminants 
is more powerful than in older animals. Sphincteric constriction 
continues till the digestion of milk is finished. In veal calves 
large volumes (daily 20 litres) of milk substitute or of milk lead 
to prolonged and strong contractions of the sphincteric muscle. In 
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consequence of this compression the pyloric mucosa becomes anemic. 
The effect of compression can be increased, if bundles of plant 
fibers or bezoars are incarcerated in the pyloric channel (table 
2) • 

Table ~: Pathogenesis of pyloric ulcers in veal calves 

CAUSAL PATHOGENESIS: 
large volume of milk substitute or of milk 
increased duration of abomasal digestion 
prolonged and strong pyloric constriction 

FORMAL PATHOGENESIS: 
prolonged anemia and ischemia of the pyloric mucosa 

hypoxia & 
circulatory disturbances hypoxic necrosis of villi 

erosion 
ulcer 

Compression of the mucosa leads to ischemia in the tissue. 
Prolonged ischemia causes hypoxic lesions in the pyloric mucosa. 
The lesions start with circulatory disturbances, like stasis, 
hyaline microthrombi in widened capillaries, edema, and hemor­
rhages. They worsen the primary hypoxic lesions, and hypoxic 
necrosis of villi occurs. Autodigestion changes the focal necrosis 
to erosions and ulcers. It is concluded, that presumably pyloric 
ulcers in calves are not the result of the nonspecific stress 
reaction or GAS, but are caused by the direct attack of the stres­
sor " large volume of milk or milk sUbstitute" (Degen 1982; Groth 
und Berner, 1971). 

Paralytic myoglobinuria: 
In horses myopathies are caused by the stressor "intensified 
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locomotion". The occurrence of myopathies depends on the imbalance 
between predisposition and stressor, but the direct cause of 
imbalance is a decreased condition. In cases of paralytic myoglo­
binuria the disease starts in well trained horses after a holiday 
period of one or several days on full diet and no exercise. During 
this rest period the muscle fibres accumulate glycogen and this 
accumulation is the causal agent of the metabolic change from 
aerobic to anaerobic glycolysis, when enforced locomotion (work of 
these horses) starts again. The developing lactic acidosis in 
muscles is combined with a minor blood supply, due to muscle 
cramp. Lactic acidosis and ischemia are responsible for muscle 
lesions. The lesions are qualified as hyaline or ZENKER's muscle 
degeneration with all signs of necrosis (Lindholm et al, 1974; 
McLean, 1973). 

Porcine stress syndrome: 
Modern pig breeds are aflicted with several severe diseases, 

due to imbalance between stressors and predisposition. It is well 
known, that this imbalance is caused by the lower resistance of 
constitutional factors and that stressors of relatively low inten­
sity are able to develop stress reactions. One of the speiific 
str,ss reactions is the porcine stress syndrome (PSS) with myopa­
thies, pale soft exudative (PSE) syndrome of the meat and sudden 
death (cf. Cassens et al., 1975). The PSS indicates a decreased 
resistance against stressors and stress susceptibility. 

The decreased resistance is the result of selection on muscle 
mass. The increase of muscle mass leads to changes in muscle 
structure; these changes are responsible for the lower resistance 
of the muscle against a stressor like "motoric activity". The 
causal pathogenesis of myopathies is derived from intramuscular 
and extramuscular factors. 

Intramuscular factor = size of muscle fibres (table 3) ----
In modern pigs the thickness of muscle fibres is strongly 

enlarged and especially the type II muscle fibers have changed 
thei r si ze. In German Landrace thi s type I I fi bres are strongly 
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enlarged as compared to the same type of fibres in Euopean Wild 
Boars. Because the distance between capillary and fibre is too 
long for a sufficient supply with oxygen and an adequate removal 
of metabolites, this enlargement causes an energy deficit in white 
fibres with the production and accumulation of lactic acid. The 
critical size of muscle fibres is near 5000 um 2• 

Table 3: Mean size of muscle fibres 

M. longissimus dorsi for pigs 200 days old 
fibre size (cross section um2) 

Type 
Type II 

GERMAN LAND RACE 
4995 

7335 

EUROPEAN WILD BOAR 
2030 
2500 

Intramuscular factor ~ metabolic types of muscle fibres: 
The type I - fibres are charact~rized by aerobic glycolysis and 

type II B - fibres by anaerobic glycolysis with production of 
lactic acid. The intermediate type II A - fibres work with aerobic 
and anaerobic glycolysis. In German Landrace the percentage of 
white muscle fibres has been increased (table 4). This high per­
centage of white muscle fibres means, that in muscles of German 
Landrace the production of lactic acid increases and accumulates 
during motoric activity. 
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Table ~: Types of muscle fibres. 

M. longissmus dorsi / 140 days old pigs 
%: types of muscle fibres 

Type I (red) 
Type II A (intermediate) 
Type II B (white) 

Extramuscular factors: 

GERM. LANDRACE 
8 

20 
72 

EUROP.WILD BOAR 
6 

49 

45 

Two facts are important in the PSS: the low size of the heart 
and, as a result of selective breeding, the enlargement of the 
muscular periphery (table 5). 

Table ~: Relative weight of the chamber myocard 

------------------------------------------------------------------, 
Relative weight of the chamber myocard : % of live body weight 
300 days old pigs 

GERMAN LANDRACE 
(160 kg) 

0,21 % 

EUROPEAN WILD BOAR 
(57 kg) 

0,38 % 

HUNGAR. MANGALITZA 
(107 kg) 

0,23 % 

In relation to body mass German Landrace and Hungarium ~Ianga­

litza have small hearts as compared with the European Wild Boar. 
For a sufficient blood supply of the muscular periphery during 
locomotion in German Landrace, the small heart is overstrained, 
and signs of myocardial hypertrophy develop. In Hungarian Manga­
litza the small heart is strained only slightly, because the 
periphery contains much fatty tissue with a lower blood supply 
(table 6). Therefore there are no signs of overstrained myocard in 
Hungarian Mangalitza. 



Table ~: Hind qU'arter: Percentage of skin and subcutaneous 
fatty tissue. 

Hind quarter / 300 days old pigs 
% skin and subcutaneous fatty tissue 

79 

GERMAN LANDRACE EUROPEAN WILD BOAR HUNGARIAN MANGALITZA 

28 % 20 % 48 % 

Under the influence of the different types of stressors in 
modern piss the pathogenesis of myopathies is determined by an 
energy deficit, which is caused by the thickness of muscle fibres 
and an insufficient blood supply of the muscular periphery. Energy 
deficit is accompanied with characteristic morphological and bio­
chemical findings. Morphological signs are hypercontraction of 
myofibrills, cloudy swelling of mitochondria and tubules, segmen­
tal and total necrosis of muscle fibres, and acute back muscle 
necrosis. Biochemically one finds a decreased content of ATP, an 
increased exothermic glycogenolysis (hyperthermia), and anin­
creased anaerobic glycolysis with lactic acidosis. 

The same condition of energy deficit may evoke the PSE-Syndrome 
due to stressors, which occur before slaughtering. The sudden 
death duri ng handl i ng, transport, etc. is the probl em of an over­
strained small heart with compensatory hypertrophy of the myocar­
dial fibres. The elongated distance between capillary and enlarged 
fibre makes it difficult to supply sufficiently the myocardial 
fi bres wi th oxygen. Under the i nfl uence of stressors tachycardi a 
with very short diastoles leads to insufficient blood supply of 
the myocard, and, together with the labile energy metabolism of 
the thickened fibre, the latent energy deficit becomes manifest. 
Cloudy and swollen mitochondria are characteristics of myocardial 
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degeneration, which is the cause of sudden death with cardiac 

insufficiency (Bader, 1982a,b, 1983; Dlimmrich, 1978, 1981; 

Johannsen, 1975; Michel, 1963; Szentkuti und Schlegel, 1985). 

The post mortem morphological diagnosis of stress reactions 

includes nonspecific reactions and specific reactions. The morpho­

logical analysis of nonspecific and specific reactions allows to 

differentiate between specific organ lesions and lesions, which 

are caused by the nonspecific general adaptation syndrom. 
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INTRODUCTION 

If stressors evoke stress, in particular because of their 
psychological implications, such as reducing controllability of 
environmental changes, then specific nervous activities and pro­
cesses have to be expected when some function of the organism is 
overtaxed. Such phenomena concerning nervous activities have indeed 
been found, as discussed by Warburton. For instance, at the hypo­
thalamic level a significant interaction takes place between nor­
adrenergic and cholinergic systems in the regulation of the CRF 
release, a hormone that plays a central role in the neuro-endocrine 
stress response (see Oliverio's contribution). However, these same 
noradrenergic and chol inergic systems presumably a1 so evoke 
e1ectrocortica1 arousal and thereby strongly support the involve­
ment of cognitive processes. In order to obtain an adequate des­
cription of and insight into what goes on or what may go on in the 
brain during stress, i.e. during a state of reduced certainty, we 
should analyse and interconnect two lines of investigations. 

In the first line we should make as explicit as possible which 
sorts of functions an organism has to possess in order to adapt 
optimally to the variable environment in which it lives. This 
living includes aspects like growth, reproduction, rest, behaviour, 
resistance against predator~ and pathogens. To optima1ize all these 
aspects, a developing organism should be able to gain information 
about its environment, to store it and to use it at adequate times 
and p1 aces 1 ater on. Such processes not only imply a memory, but 
also certain claims about the accessibility of such a memory. 
Further, the organism should also be able to put priorities and to 
evaluate the effectiveness of its own actions. Briefly, in this 
first line of investigation we should deal with the question which 
functions are necessary to design a complex goal seeking system as 
the intact organism appears to be (cf. the contribution of Toates). 
Since it is plausible that such functions should be realized some­
where in the central nervous system, we shou1 d a1 so explore thi s 
system in terms of such functions. This is the second line of 
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investigation. 
A1 though we are sti 11 far from a sl i ght1y sati sfactory poi nt 

in our understanding of this complex brain-behaviour theme, some 
highly stimulating data, however, are available. For instance, as 
indicated by Warburton, it is most interesting that a cortical 
system like the hippocampus not only appears to be involved in the 
control of stress steroi ds, but a1 so in the detection of match (or 
mismatch) between informatione1 input and the existing expectancy 
about this input. The availability of such a match-mismatch 
mechanism is a prerequisite for each organism that has an interest 
in predictability/controllability of environmental changes (these 
concepts are discussed in Wiepkema's chapter). Therefore this 
putative function of the hippocampus makes this brain structure of 
great relevance in our neurobiological thinking about stress. 
Warburton a1 so points to another part of the brain, theamygda1 a, 
as being of much significance. The often described adaptation to 
long lasting stressors presumably results from the activation of 
some nervous suppressor system, involving the amygdala, and not 
from some physiological exhaustion. 

Although Broom has to conclude that in farm animals relatively 
little is known about hardware and/or software brain systems ope­
rating during stress, he emphasizes that these animals have been 
designed essentially in the same manner. Quite illustrative are the 
anticipatory autonomic reactions measured in sheep when a dog 
approaches. Anticipatory (re)actions deserve much attention in 
future research, since they may imply a strong emotional component 
(as put forward by Warburton and others; cf. Simonov, 1986). 

It is interesting that, just 1 ike in other chapters of thi s 
book, individual differences in the neuro-endocrine coping response 
appear to be of great significance. Warburton demonstrates this 
point with respect to monkeys, in which social status strongly 
determines their behavioural and endocrine reactions to chronic and 
p a i n f u 1 s t res s 0 r s. 0 b v i 0 u sly we can not per mit 0 u r s e 1 ve s to stu dy 
stress responses in animals, or better individuals, that we know 
only superficially. Each individual has its own and unique relevant 
hi story. 
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If organisms really have a gating system that selects which 

information will be processed and which not, Broom's data about a 

changed responsiveness in sows stalled in a particular way are 

highly interesting. Do animals like sows have the capability to 

change their informational input drastically, thereby changing the 

interpretation of their Umwelt? If so, could sows have means to 

solve chronic uncertainty by negating it? Which are the cognitive 

implications of such a "blunting" strategy? The field of neuro­

biological aspects of stress presumably contains the central 

questions of stress. However, we have scarcely entered it. 
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A wi de range of physi cal sti mul i act as stressors and 
elicit stress responses. However, some stimuli are stressors 
because of thei r uncertainty, and the stress response is rel ated 
to their hippocampal function and the brain cholinergic system 
that is involved in information processing. Studies of adaptation 
have implicated the amygdala nuclei in the suppression of 
responses to chronic stressors. In addition, some events are only 
i n t e r pre tab 1 e a s the res u 1 t 0 f c om p 1 ex co r t i cal an a 1 y sis on the 
basis of the individual's experience and so the cortex must be 
sending inputs to the hippocampus and the amygdala. 

I NTRODUCTI ON 
In this chapter, the word "stressors" will be used to 

describe the agent and the term "stress response" to refer to the 
reaction of the individual. Distress will be used to refer to the 
detrimental effects that can occur in the individual and can 
reduce its fitn~ss. Stressors have the potential for causing 
distress when the stressor is too intense or too prolonged. In the 
next Section, the nature of the commonest cause of a stress 
respon se is outl i ned. 

STRESSORS 
A wide range of physical stimuli, such as pain and heat, 

act as stressors and el i ci t stress responses whi ch are a si mpl e 
monotonic function of the intensity of the physical stimulus. But 
the stress response to psychological stimuli can be just as large 
as that produced by physical stressors and the response increases 
also as a simple monotonic function of the intensity of the 
stimulus. However, some psychological stimuli are stressors, not 
merely because of their intensity but because of their 
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distribution in time. Information input produces a much greater 
stress response if it is presented at unpredictable intervals, 
even though the density of these stimuli over time is the same 
(Warburton, 1979). Thus, stressors must be considered in terms of 
their uncertainty, and the stress response would be inversely 
proportional to their predictability. 

Mason (1975) found that a vari ety of physi cal sti mul i 
inc 1 u din g he a t- and col d we r e not n e c e s s a r 11 y ass 0 cia ted wit h 
activatiQn of the adrenocortical system, when it was done so that 
the animal could not readily detect the change. These pysical 
manipulations shared one important characteristic; the stressful 
experience was sudden exposure to novelty. An animal"s response 
was due to the psychological relevance of stimulus rather than to 
the particular physical stressors to which they were exposed. 
Stressors are a consequence of an interactiGn between the 
individual animal and the situation. 

Situational uncertainty is the result of the many 
alternati ve meani ngs that the input has for the ani m-al, and with 
the available response choices for that animal, so that certainty 
must be defined subjectively. For an animal there will be degrees 
of uncertainty about predictability, i.e. whether an event will 
happen, ~hat event might occur, ~hen it will happen, and 
controll abil ity, i.e. what action can be taken. 

The important question which must be addressed is how these 
concepts of predictability and controllability are mediated by 
brai n systems. 

CONTROL OF STRESS RESPONSES 
Over the last ten years, there has been an increasing 

number of studies measuring hormones which could be responsive to 
stressors. The data are most complete for adrenal cortical 
responses and there is also a significant body of literature 
measuring urinary catecholamines (adrenalin and noradrenalin(). 
Other responses include plasma growth hormone, prolactin and 
testosterone. 
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Most hormonal systems have some control by hormonal feed­
back to the hypothalamus. However, there is also regulation by 
neural pathways that converge on the hypothalamus from other parts 
of the brain. Since these inputs come from different parts of the 
brain, it is possible that a large number of synaptic transmitters 
affect the secretion of hypophysiotropic hormones. Our knowledge 
of transmi tter control is most comp1 ete for the control of 
corticosteroid secretion. 

Some of the first studies of stress steroid control gave 
evidence for a brain noradrenalin pathway inhibiting corticoste­
roid release. Direct injections of I-noradrenalin close to the 
medial hypothalamus inhibited the rise in plasma corticosteroids 
that was induced by surgical stressors. Similar results were 
obtained by intraventricular injections of noradrenalin in animals 
that were stressed by handling (Schiaffini, Motta, Piva and Marti­
ni, 1971). 

Direct injections of cholinergic compounds into the 
hypothalamus have suggested that there is a cholinergic system 
which controls the release of corticotrophin into the blood stream 
to the pituitary and leads to increased plasma corticosteroids. 
Krieger and Krieger (1970), found that carbachol, a 
cholinomimetic, implanted in the median eminence region and mid­
mammi 11 ary body area, induced an abrupt ri se in corti costeroi d 
levels. The effects of carbachol were blocked by means of 
atropine, a cholinergic blocking agent. 

Thus, there is good evidence in favour of noradrenergic 
inhibition of stress steroid secretion in balance with cholinergic 
stimulation. (Serotonin may also be an excitatory transmitter but 
the evidence is not completely convincing). The interaction 
between the noradrenergic and cholinergic systems appears to be in 
the hypothalamic region which has been implicated in the release 
of CRF to stimulate the pituitary. 
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The involvement of a cholinergic pathway in the control of 
stress steroid release raises the possibility that steroid control 
may be related to the cholinergic pathways that control electro­
cortical arousal (Warburton, 1981). There are such neurones in the 
cat which terminate in the median eminence region and have their 
origins in the brain stem. Endr8czi showed that injection of 
carbachol into the ventral tegmental region in the cat produced 
both electrocortical arousal and an increase in plasma cortico­
steroids (Endr8czi et a1., 1963a and b). This finding indicates 
that electrocortical arousal and corticosteroid release are re-
1 ated. 

HIPPOCAMPAL CONTROL 
Electrocortical arousal is an integral part of the stress 

response and puts the cortex in a state for action-related 
information processing (Warburton, 1981). The psychological 
characteristics of this state are a shift from information storage 
to information throughput. There is an increase in the selectivity 
of attention, lowered primary memory capacity, increased 
selectivity of responses, increased speed of response but lowered 
accuracy. Altogether, this cognitive stress response is a pattern 
of changes which have evolved for rapid information processing for 
action (Warburton and Wesnes, 1984). 

Electrocortical arousal is controlled by the cholinergic 
pathways ascending from the Nucleus basalis of Meynert in the mid­
brain. An important part of this system is the hippocampal path­
way. The anatomical arrangement of the hippocampus is suitable for 
a feedback loop to control el ectrocorti cal arousal. Novel sensory 
stimuli in all modalities always induce hippocampal synchroniza­
ti on of bri ef durati on in the resti ng ani mal and corti cal desyn­
chronization. Stimulation of the hippocampus has been shown to 
produce changes in attention and electrocortical arousal (see 
Warburton and Russell, 1969). If the hippocampal formation is part 
of a feedback loop providing regulation of the activity in the 
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ascending cholinergic arousal pathways, then this control would 
prevent redundant, i.e. 'expected', stimuli from activating the 
cortex (Warburton, 1975). 

It was suggested some years ago that the hippocampus is 
involved in the detection of mismatch of information inputs with 
expectancies (see Pribram, 1967). In addition there- are data which 
show that the hippocampus is involved in controlling the release 
of stress steroids (Warburton, 1979). Thus, the size of the stress 
response will depend on the size of the match and mismatch between 
the animal's expectancies and information input. 

As Gray (1982) pOinted out, if the entorhinal cortex or its 
afferents to the dentate gyrus is stimulated, then the response 
can get gradually bigger (potentiation) or it can get smaller 
(habituation). It appears that there is some kind of gate in the 
system (Gray, 1982). Psychologica11y, this gate is more likely to 
be opened if there is concomitant activity in the ascending dorsal 
noradrenergic pathways to the septo-hippocampal system from the 
brain stem. Activity in these ascending noradrenergic fibres in­
forms the septo-hippocampal system that the information that is 
reaching it from the entorhinal cortex is biologically significant 
(Gray, 1982). It is interesting that this noradrenergic pathway is 
believed to be involved in learning (Warburton, 1983) and could 
facilitate the consolidation of information, which occurs during 
adaptation to a stressor. 

AMYGDALA CONTROL 
Evidence for the involvement of some portion of the amygda­

la in stress response control has come from studies of adaptation 
to stressors. Most of our understanding of endocrine responses 
relates to exposure to acute stressors and, despite its practical 
importance, there are relatively few studies describing endocrine 
responses to chronic stressors. Most studies now find that, in 
both animals and men, there is often a rapid loss of endocrine 
responsivity to the stimulus, adaptation. This evidence will be 
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considered together with some evidence that systems do not return 
to their "naive", pre-stressor state. 

Adaptive Changes 
t4ason et al. (1968) assessed the effects of repeated expo­

sure to a stressful experi ence. Monkeys al terna ted cycl es of 6 h 
of shock avoidance and 6 h of rest for up to 30 consecutive days 
after 5 days of training. Adrenal cortical excretion was estimated 
by urinary 17-hydroxycorticosteroid (17-0HCS). During the first 24 
hours of avoidance, the· typical pattern of the plasma 17-0HCS 
levels indicated that, during the first 2 hours, there was an 
initial, acute evaluation. The size of the response appears to be 
very large but it did not represent anything like maximal output 
for the monkey. Then the 1 evel s decl i ned, reachi ng extremely low 
values by 6 or 12 hours after avoidance onset ~ some individuals. 
(The individual differences will be discussed in the next sec­
tion) . 

These findings are relevant to Selye's hypothesis that 
after prolonged exposure to stressors there is a stage of 
pi tui tary or adrenal i nsuffi ci ency referred to as "stage of 
exhaustion" (Selye, 1937). Given the submaximal values, it seems 
that these declines in plasma 17-0HCS levels on the first day 
represent the operation of suppression mechanisms, rather than 
pituitary or adrenal "exhaustion". 

A similar finding was observed for corticosterone and 
pituitary changes in rats following prolonged exposure to 
stressors. Pollard et al. (1976) found that, after 20 days of 
exposure to shock avoidance, animals failed to show any rise in 
corticosterone; the intense secretory activity observed in the 
cells of the adenohypophysis that secrete ACTH was no longer 
observed after 20 days and corticosteroid activity returned to 
control levels. This lack of pituitary activation following pro­
longed exposure strongly supports the argument that animals adapt 
to most stressful stimuli by some suppression mechanism. 
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This suppression mechanism might be either humoral or 
neural, or a combination of both. The fact that in some cases 
profound decreases at 6 or 12 hours may be observed, following 
rather mild initial rates of rise, while in other animals no 
comparable secondary decreases are seen following much higher 
initial elevations, argues against a humoral negative feedback 
mechanism as a sole explanation for the observed changes. 

However, there is evidence for a neural suppression 
mechanism. A similar temporal pattern of plasma 17-0HCS response 
occurs during sustained stimulation of the amygdaloid complex in 
the monkey (Mason et al., 1960; 1961). Partial amygdalectomy 
consistently reduced but did not necessarily abolish the acute 
plasma 17-0HCS rise during the first 2 hours of avoidance. 
Interruption of hippocampal outflow lessened the usual drop in 
plasma 17-0HCS levels 12 hours after onset of a 6 hour avoidance 
session in animals subjected to partial amygdalectomy. These 
findings strongly suggest that amygdala-hippocampal interactions 
may participate in the integration of the 17-0HCS response during 
sustained avoidance. 

The question of the existence of mechanisms suppressing the 
pituitary-adrenal cortical activity is also raised by the 
progressive decline in "basal" urinary 17-0HCS levels as the 
avoidance sessions were repeated. The 17-0HCS response to 
avoidance was also markedly diminished in the second and third 
sessions and the response peak was delayed or shifted to the 
ri ght. 

It is important that, in these subjects, large 17-0HCS 
increases could be obtained with strong acute shocks or with ACTH 
infusion in the presence of chronically low 17-0HCS levels. This 
argues strongly that the hypothalamic-pituitary-adrenal cortical 
axis still has a substantial response capacity and suggesting that 
the underlyi ng mechani sm is a neural one whi ch is acti vely sup-
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pressing the response. 

The shift of the 17-0HCS response peak with repeated 
experience is interesting in terms of a possible neural mechanism. 
It is significant that a very similar pattern of delayed as well 
as diminished 17-0HCS response to avoidance has been observed in 
monkeys subjected to amygdalectomy (Mason et al. 1960; 1961). 
Again altered amygdala function is implicated in a neural 
suppression mechanism. 

It is apparent that most stressful psychological stimuli 
upon re-exposure do not elicit responses of the same size as 
initially, reflecting adaptation. This phenomenon is analogous to 
habituation and it is known that the hippocampal-amygdala system 
is involved in this process. 

Non-adaptation of the Systems 
Al though adaptation occurs for most endocri ne responses, 

the chronically stressed animals are not the same as naive 
controls in their stress response and all psychobiological systems 
have returned to their pre-stressor state. For example, Sakellaris 
and Vernikos-Danellis (1975) found that rats chronically exposed 
to col d h a v e m 0 r era pi d co r ti cos t e r 0 i d res po n s e s to 0 the r novel 
stimuli than do unexposed controls, even though they fail to show 
any adrenocortical responses to the original stressors after 
repeated re-exposure. 

Summary 
The studies of adaptation have implicated a neural 

suppression system involving amygdala nuclei. However, it is 
significant that there are marked individual differences in the 
original response and rates of adaptation which argues for 
differences in limbic function. 

INDIVIDUAL DIFFERENCES 
Early studies of the stress response emphasised the breadth 
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of neuroendocrine responses to a wide variety of stressors but 
neg1 ected vari ati on in the i ndi vi dual animal's response. 

The following chronic avoidance study examined this ques­
tion (Levine et al., 1972). 1'1onkeys were given a 72 hour shock 
avoidance and they had not increase in adrenal cortical activation 
after the first few sessions; when chronically exposed they show 
even lower levels than baseline. There were marked individual 
differences in response, depending on social status. When dominant 
and aggressive rhesus monkeys were put in shock avoidance they 
showed a very rapid increase in adrenal cortical activity. How­
ever, submissive and less aggressive monkeys failed to show any 
increase of adrenal cortical activity when subjected to shock 
avoidance. 

When the monkeys were separated, in terms of aggressiveness 
and speed of 1 earni ng, the aggressi ve, slow to 1 earn group showed 
evidence of continued emotionality (17-0HCS elevation) during the 
total experimental period, while the non-aggressive, quick to 
learn group showed little effect. Since the task was the same for 
both groups and their performance was similar, it was concluded 
that the variable producing this difference between the two goups 
was some neural mechanism that is related to aggressiveness. It is 
interesting that parts of the amygdala have been related to ag­
gressiveness in a number of studies, e.g. Wiepkema et al. (1980). 

A monkey's level of aggressiveness will be a function of 
both genetic factors and experience. No genetic evidence was 
available but Levine et al., speculated on the influence of 
experience. They argued that, for subordinate and submissive 
animals, avoidance of punishment is not as novel or as potentially 
stressful an event as it is for a dominant male. 

On the issue of experience, they noted that the two monkeys 
wit h the hi g h est 17 - 0 H C S a v 0 ida n c ere s po n s e ina pre v i 0 us stu dy 
were "laboratory-naive" animals and the monkeys who showed the 
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smallest reaction had extensive laboratory experience. It is 
possible that this prior history made it easier for some monkeys 
to adapt to prolonged exposure to the repeated avoidance. Clearly, 
an animal's past history is a relevant factor in the present 
response to a stressor. 

CORTI CAL CONTROL 
Some stressors, such as pain or loud noises, require little 

neural analysis for eliciting the stress response. Pain probably 
has direct inputs to the hypothalamic regions, while a loud noise 
would directly activate the hippocampal formation. However, infor­
mation about social status requires extensive analysis and this 
complex sort of experience must be mediated to a great extent by 
cortical systems. In the various sensory regions of the neocortex, 
sensory information is transformed by such factors as experience 
and context to give meaning. In this way the psychological meaning 
of the information for the individual is derived. 

Complex events will be analysed and interpreted at the 
cortex first and any mismatch between input and expectancy 
identified and then the cortex will excite the hippocampus. Thus, 
simple expectancies only involve the hippocampus, but complex 
expectancies depend on cortical analyses (Warburton, 1979). There 
is a cascading of inputs from a number of cortical areas through 
all adjacent regions leading to the entorhinal cortex, suggesting 
that the hippocampus receives highly analyzed, abstracted 
information from all modalities, rather than information about any 
specific modality(Wilson, 1985). 

There is al so evi dence for the i nvol vement of the cortex 
with parts of the amygdal a. The baso-l ateral amygdal a recei ves a 
plentiful input from the neocortex (either directly or 
indirectly), but this input comes mostly from the secondary 
sensory areas whi ch, it is now known, deal wi th the processi ng or 
elaborations of information received from the primary ones 
(Ottersen, 1981). 
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INTEGRATED MODEL OF CONTROL 
In this final section, the neural control systems will be 

integrated into a single model. 

The changes in hormone excretion that are produced by 
stressors is controll ed vi a neural pathways that converge on the 
hypothalamus from other parts of the brain. The control of corti­
costeroid secretion has been investigated most and will be consi­
dered first. It seems that there is a noradrenergic system inhibi­
ting corticosteroid secretion, while a cholinergic pathway is 
initiating release. This pathway appears to be a branch of the 
cholinergic pathways controlling cortical arousal and the informa­
tion processing changes which are part of the stress response. 

The organism establishes simple and complex expectancies 
about the world around him, but novel information represents an 
increase in uncertainty and produces an increase in 
electrocortical arousal. The hippocampus is responsible for 
identifying low information stimuli and preventing electrocortical 
arousal feedback pathway to the midbrain region. The amount of the 
arousal will be a function of size of the mismatch between 
expectancy and input (see Pribram, 1967). This implies that there 
must be storage of information about simple, predictable stimuli 
in the hippocampal formation ~Warburton, 1979). 

Gray (l982} has suggested that the hippocampus is a 
comparator which processes information, which describes the 
current state of the world and information of expectancies about 
the future state from a generator of predictions. The generator of 
predictions uses information describing regularities in the past 
experience of the animal. These regularities are of two principal 
kinds, each mapping on to classical and instrumental conditioning: 
namely, stimulus-stimulus associations and response-stimulus 
associations. The comparator then decides whether there is a match 
or mismatch between the description of the world and the 
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prediction. 

If there is a mismatch between expected and actual events, 

the system stops behaviour and prepares for possible rapid and 

vigorous action. Co-ordinated with the change in information 

processing and motor intrruption, is the release of stress 

steroids. One output of the hippocampus is the medial 

corticohypothalamic tract from the presubiculum to the 

hypothalamus which could provide a direct pathway for hippocampal 

infl uence over the pituitary-adrenocortical system (Wil son, 1985) 

as well as the i ndi rect input from the hi ppocampus to the 

hypothalamus by way of the septum to the origins of the 

cholinergic pathways (Warburton, 1979). 

There is also evidence for the involvement of parts of the 

amygdala in control of the stess steroid response (Mason et al., 

1961). It has been argued that the amygdala are concerned with the 

ne.ural processes whereby moti vationally-important decisions are 

taken, and so it must receive information about current sensory 

input (Herbert, 1984). Parts of the amygdala receive direct or 

indirect inputs from the secondary sensory areas of the neocortex 

where complex elaboration of information occurs. It is beginning 

to look as if the amygdala are an entrance to the 1 imbic system 

for this kind of input, which can then act upon those other areas 

(e.g. septum, hypothalamus, and brainstem) which excite the rele­

vant motivational response, in the light of the animal's estimate 

of 'costs' and 'benefits' (Herbert, 1984). 

Finally, we come to the intriguing relation of the stress 

response with aggressiveness. Wiepkema et al. (1980) have argued 

that portions of the amygdala are responsible for determining 

whether a response wi 11 be suppressed or rel eased on the basi s of 

the individual's experience. If, as Herbert (1984) has argued, the 

amygdala are responsible for defining the costs and benefits, then 

it can be seen that the amygdal a coul d be part of the systems by 

which an animal's social structure modulates behavioural responses. 
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ses. Subordinate males must take moment-to-moment decisions on the 

basi s of thei r experi nece about whether the 'benefi t' of mati ng 

(in terms of immediate reward) is likely to olftweigh the 'costs' 

of being attacked. This ability can be considered as a part of the 

'coping' mechanism of subordination and this ability could be 

adaptive for the performance of shock avoidance. 

REFERENCES 

EndrBczi, E., Hartemann, G. and Lissak, K., 1963a. Effect of 
intracerebrally administered cholinergic and adrenergic 
drugs on neocortical and archicortical electrial activity. 
Acta Physiol. Hung., 24, 207-209. 

End r Bc z i, L, S c h rei be r g, Can d Lis sa k, K., 1963 b. The r ole 0 f 
central nervous activating and inhibitory structures in the 
control of pi tui tary-adrenocortical function. Effects of 
intracerebral and adrenergic stimulation. Acta Physiol. 
Hung., 24, 211-221. 

Gray, J.A., 1982. "The Neuropsychology of Anxiety: An enquiry into 
the functions of the septa-hippocampal system". (Oxford 
University Press, Oxford). 

Herbert, J., 1984. Behaviour and the limbic system with particular 
reference to sexual and aggressive interactions. In 
"Psychopharmacology of the Limbic System" (Eds. R. Trimble 
and E. Zarifian). (Oxford University Press, Oxford). pp. 
51-67. 

Krieger, H.P. and Krieger, D.L, 1970. Chemical stimulation af the 
brain: effect on adrenal corticoid release. Amer. J. 
P hy s i 01 " 218, 1632 -16 41 . 

Levine, S., Gol dman, L. and Coover, G.D., 1972. Expectancy and the 
pituitary-adrenal system. In "Physiology, Emotion and 
Psychosomatic Illness" (Eds. R. Porter and J. Knight). 
(Elsevier, Amsterdam). 

Mason, J.W., Nauta, W.J.H., Brady, J.V., Robinson, J.A. and Thach, 
J.S., 1960. Limbic system influences on the pituitary­
adrenal cortical system. Psychosom. t·led. 22, 322-336. 

Mason, J.W., Nauta, W.J.H., Brady, J.V. and TaYlor, LD. , 1961. 
The role of the limbic system structures in the regulation 
of ACTH secretion. Acta Neuroveg. (Wien), 23, 4-10. 

Mason, J.W., Brady, J.V. and Tolliver, G.A., 1%8. Plasma and 
urinary 17-hydroxycorticosteroid responses to 72-
Hr.avoidance sessions in the monkey. Psychosom. Med., 30, 
608-630. --

t4ason, J.W., 1975. A historical view of the stress field. J. Human 
Stress, 1, 6-12. 

Ottersen, 0.P.,1981. The afferent connections of the amygdala of 
the rat as studied with retrograde transport of horseradish 
peroxidase. In "The Amygdaloid Complex" (Ed. Y. Ben-Art). 
(Elsevier, New York(). pp. 91-104. 

Pollard,!., Basset, J.R. and Cairncross, K.D., 1976. Plasma 
glucocorticoid elevation and ultrastructural changes in the 
adenohypophysis of the male rat following prolonged 



100 

exposure to stress. Neuroendocri nol ., 21, 312-330. 
Pribram, K.H., 1967. The new neurology and bTOlogy of emotion: a 

structural approach. Amer. Psychol., 22, 830-838. 
Sakellaris, P.C. and Vernikos-Danellis, J.,1975. Increased rate 

of response of the pituitary-adrenal system in rats adapted 
to chronic stress. Endocrinology, 97, 597-602. 

S chi a f fin i, 0., Mot t a, M., P i va, F. and r-1ar tin i, L., 1 9 7 1. R ole 0 f 
brain transmitters in the control of the pituitary-adrenal 
axi s. In "Hormonal Steroi ds" (Eds. V.H.T. James and L. 
Martini). (Exerpta Medica, Amsterdam). 

Selye, H., 1937. Studies on adaptation. Endocrinol., 21, 169-175. 
Warburton, D.M., 1975. Modern biochemical conceptsof anxiety. 

Int. Pharmacopsychiat., 9, 189-205. 
Warburton, D.M., 1979. Physiological aspects of information 

processing and stress. In "Stress and Cognition" (Eds. V.H. 
Hamilton and D.M. Warburton). (Wiley, London). pp 33-66. 

Warburton, D.M., 1981. Neurochemical bases of behaviour. Bri t. 
Me d • Bull., 37, 121-125. 

Warburton, D.M., 19m. Towards a neurochemical theory of learning 
and memory. In "Physiological Correlates of Human 
Behaviour. Volume I" (Eds. A Gale and J. Edwards). 
(Academic Press, London). pp 143-158. 

Warburton, D.M. and Russell, R.W., 1969. Some behavioural effects 
of cholinergic stimulation in the hippocampus. Life Sci., 
8, 617-628. 

Warburton, D.M. and Wesnes, K., 1984. Drugs as research tool sin 
psychology: cholinergic drugs and information processing. 
Neuropsychobiol., 11, 121-132. 

Wiepkema, P.R., Kool haaS; J.M. and 01 i vier-Aardema, R., 1980. 
Adaptive capabilities of the nervous system. Progr. Brain 
Res., 53, 369-384. 

Wilson, M. ~1. , -1985 • Hippocampal inhibition of the pi t u it a r y 
adrenocortical response to stress. In "Stress: 
psychological and physiological interactions" (Ed. S.R. 
Burchfield). (Hemisphere Publishing, Washington) pp. 163-
184. 



101 

APPLICATIONS OF NEUROBIOLOGICAL STUDIES TO FARM ANIMAL WELFARE 

ABSTRACT 

D.M. Broom 

Department of Pure and Applied Zoology 
University of Reading 

P.O. Box 228, Reading RG6 2AJ 
Berkshire 

U.K. 

Welfare problems arise when individuals fail tOo cope with their 
environment or when coping is difficult. Both short-term handling and 
long-term housing and management effects are of importance in farm 
animals. Studies of farm animal behaviour show that these animals 
must have the same sorts of psychological constructs in the brain as 
those thought to exist in man and laboratory animals. Complex 
expectancies are used in sophisticated analysis of the environment and 
hence the same problems concerning uncertainty and frustration exist. 
Brain-behaviour links are sparsely studied in farm animals but work on 
catecholamine agonists and opiate-peptide receptor-blockers suggest 
interactions of stereotyped behaviour with dopaminergic pathways and 
analgesic opiate peptides. Work on responsiveness of confined sows 
indicates that a neural gating process resulting in lack of 
responsiveness may be involved in coping with adversity associated 
with such confinement. 

INTRODUCTION 

When considering the responses of farm animals, or any other 

animals, to their environment it is desirable to distinguish 

situations which have detrimental effects on the individual from those 

which do not. The ultimate criterion of what is detrimental is 

whether individual fitness is redu'ced but it is often possible to say 

only that a particular effect on an individual is likely to result in 

reduced fitness. The term "stress" is of little use if it merely 

implies "a deviation from the optimum of a particular parameter in 

response to a stimulus" (Block, 1985) so it is best to use it only 

when referring to the processes within an individual when 

environmental factors (stressors) lead to detrimental effects (Broom, 

1983a; 1985). The welfare of an individual is its state with regard 

to its attempts to cope with its environment. An individual which 

does cope with the conditions in which it lives may do so very easily, 

using its various regulatory systems, or it may have to spend much 

time and energy in doing so. Hence welfare may be bad either if the 

individual fails to cope or if coping is difficult. 
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Environmental effects which are of importance in farm animal husbandry 

include both short-term (acute) handling and long-term housing and 

management effects. Farm animals may be driven from place to place, 

loaded into vehicles, transported in vehicles, physically abused, 

mixed with other individuals, subjected to veterinary procedures and 

exposed to environmental events such as sonic booms. Long-term 

conditions may involve confinement in a small space, absence of 

particular environmental stimuli, social isolation or confinement with 

aggressive conspecifics. The long-term conditions may include 

frequent or intermittent episodes such as extreme temperature, lack of 

food, lack of water, contact with predators, or any of the other 

events listed above. 

The first questions about the relevance to farm animal husbandry 

of work on responses to complex behavioural situations (Warburton, 

1986) are whether these animals encounter such situations and whether 

they are able to have the complex concepts described for man. Some 

situations are obviously adverse, for example severe injury occurs or 

the animal is aeprived of water for a long period, but the effects of 

uncertainty and frustration on farm animals may also be severe. 

Further questions concern whether the neural pathways and transmitters 

are the same and whether there are the same links between problem 

situations and the behavioural or physiological symptoms which have 

been described for man and laboratory animals. 

EXPECTANCIES, UNCERTAINTY AND FRUSTRATION 

How are expectancies recognised? In some experimental studies, 

experimenters deduce which sensory inputs are of high or low 

probability to the subject and recognise an expectancy when there is 

no response to sensory inputs which are of high probability but there 

is an obvious response to an input of low probability. In other 

studies, characteristic behaviour is shown shortly before a 

predictable event but not at other times and hence expectancy is 

assumed to exist. There is evidence of both kinds of expectancies in 

farm animals. Pigs fed regularly at a certain time of day show easily 



103 

recognisable behaviour during the hour before feeding. Cattle 

accustomed to obtaining access to a particular Callan-Broadbent 

feeding gate when they try to put their head into it show obvious 

behavioural responses if the gate does not work because it is jammed 

or because their transponder is missing. Cows which have experienced 

unpleasant veterinary treatment when entering a crush are often 

unwilling to enter that crush. This may occur despite no lack of 

willingness to enter on an earlier occasion and is presumably a 

consequence of an expectancy of further unpleasant treatment there. 

Studies of social behaviour often indicate that individual pigs, 

cattle or poultry recognise other individuals who have previously 

attacked or threatened them. Since this can occur in the absence of 

any current threat and may be quite different from initial naive 

approaches to that same individual, it can be assumed that an 

expectancy of future attack exists. 

More complex expectancies may also exist, for example when 

mountain sheep graze a meadow and then return to it only after several 

weeks, by which time it has regrown (Favre, 1975). An expectancy on a 

different time scale was demonstrated in an experimental study of 

habituation by domestic chicks. Chicks which had ceased to respond to 

a light bulb which was illuminated for 10s every 30s showed an 

orientation reaction when the bulb was extinguished after 5s or when 

the illumination continued for 15s (Broom, 1968). 

Uncertainty may occur after an expected input is not received or 

in a novel situation in which no precise expe~tancy exists. 

Situations where there is a possibility of a predator attack have a 

considerable effect on the behaviour of sheep. Measurements of heart­

rate during the approaches of dogs show that heart-rate increases as 

the dog draws nearer (Baldock, 1985; Baldock and Sibly, in press). 

Similarly, hens show behavioural or heart-rate responses when people 

approach (Duncan and Filshie, 1979). Uncertainty about cues 

associated with feeding were found to affect pig behaviour in an 

experiment by Carlstead (1984). When a bell sometimes signalled the 
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arrival of food and sometimes did not, the pigs showed more aggressive 

acts per unit time active than when food arrival was reliably 

signalled by a bell and a light. Many situations where action by a 

conspecific or by man may occur involve uncertainty and have effects 

on farm animal behaviour and physiology. 

If the levels of most of the causal factors which promote a 

behaviour are high enough for the occurrence of the behaviour to be 

very likely, but because of the absence of a key stimulus or the 

presence of some physical or social barrier, the behaviour cannot 

occur, the individual may be said to be frustrated. Examples include 

a hen which is about to lay an egg but which has no materials with 

which to build a nest, or a hen which is prevented from reaching 

normally accessible food by a perspex cover. The responses to such 

frustration included pacing behaviour or excessive, prolonged sitting 

in the first instance (Wood-Gush, 1969; 1972; Brantas, 1980) and 

stereotyped pacing or attacks on conspecifics in the second instance 

(Duncan and Wood-Gush, 1971, 1972). The evidence for frustration 

implies that the animal has a concept of the action which it wishes to 

carry out. 

All of the examples in this section provide evidence for the existence 

of the same sorts of psychological constructs in the brain as those 

thought to exist in man and laboratory animals. 

NEURAL PATHWAYS AND TRANSMITTERS IN THE BRAIN 

The cerebral cortex is particularly large and elaborately folded 

in cattle, sheep and pigs as compared with rodents or carnivores. The 

basic anatomy of the brain is similar but evidence of functioning 

pathways in the brains of farm animals is sparce. Whilst it seems 

likely that the hypothalamic-cortical-hippocampal-tegmental arousal­

controlling loops are present in ungulates this is not certainly 

known. The brains of poultry and other birds show close parallels in 

their basic pathways with those of mammals even though there are 

anatomical differences. Much also remains to be discovered, or 

verified, about the roles of the various catecholamines and opiate 
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peptides in the brains of farm animals. It is likely that the links 

between the hypothalamic-adrenal pathways and arousal are very similar 

in farm animals and laboratory animals. Responses to adversity are 

normally associated with high arousal, but the reverse is not 

necessarily true;so it would be wrong to equate high arousal with 

detrimental effects on the individual. 

One brain-behaviour link which has been explored in some detail 

is that associated with stereotypies. Pigs or calves which are kept 

in close confinement, usually with food available for very little of 

the time, show abnormal, stereotyped behaviour. A stereotypy is a 

relatively invariate sequence of movements occurring so frequently in 

a particular context that it could not be considered to form part of 

one of the normal functional systems of the animal (Broom, 1983b). 

These activities have been linked with brain function in several ways. 

Firstly, Sharman and Stephens (1974) and Fry et al (1976) showed that 

sUbcutaneous or intravenous injection of the dopamine receptor agonist 

apomorphine led to an increase in the incidence of stereotyped 

sucking, licking and chewing movements in cows, calves, sheep and 

piglets. Conversely, piglets prevented from carrying out sucking and 

stereotyped snout rubbing have been found to have modified brain 

dopamine metabolism. In each of these studies there is some possible 

contribution of nutritional factors,but they show some correspondence 

with laboratory studies on the effects on stereotypies of another 

catecholamine agonist, amphetamine (Lyon and Robbins, 1975). 

Apomorphine also increased the incidence of stereotypies in pigeons 

(Deviche, 1985). 

As Dantzer (1986) points out, the links between dopamine 

agonists and behaviour are not easy to interpret. There are complex 

interactions among the brain neurotransmitters and there are also 

links with brain opioid peptides. The pentapeptides metenkephalin and 

leuenkephaiin and the much longer chain peptide beta endorphin are 

involved in analgesia but they also have many other functions. The 
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enkephalins have an affinity for delta receptors in the brain whilst 

morphine and beta endorphin have an affinity for mu receptors. These 

mu receptors are blocked by the drug naloxone. Dry sows, which 

normally spent long periods engaged in stereotypies, reduced this 

behaviour but did not change their exploratory behaviour, when 

naloxone was injected subcutaneously (Cronin et ali 1985). Hence it 

is possible that stereotypies help in coping with the environment by 

regulation of arousal and modulation of motivational state (Forrester, 

1980; Broom, 1981, 1983) via interactions with dopaminergic pathways 

and the action of analgesic opioid peptides. 

BEHAVIOURAL AND PHYSIOLOGICAL ~TTEMPTS TO COPE WITH ADVERSITY 

Many of the examples of attempts to cope with adversity described 

by Warburton (1979; 1986) have parallels in farm animal studies. As 

described by Ladewig (1986) the adrenal medulla and cortex are active 

in a wide variety of situations. For example, pigs which are cold or 

which are chased show increased adrenal cortex activity (Baldwin and 

Stephens, 1973) and levels of adrenaline were higher in fattening 

bulls which were kept on a slatted floor or which were involved in 

active interactions (Unshelm et aI, 1978). Adverse conditions may 

elicit several different kinds of coping attempt in an animal and 

there are often individual differences in which coping methods are 

used most. Examples may be taken from studies of dry sows which are 

confined by tethering or by keeping in small stalls since these 

results have parallels with studies of learned helplessness in 

laboratory animals. When sows are first confined they show vigorous 

activity in the first hour but later they show reduced activity and 

often develop stereotypies (Cronin et aI, 1984). In both tethers and 

stalls, sows vary in the amount and type of stereotyped behaviour 

which they show (Dantzer and Mormede, 1981; Broom and Potter, 1984). 

Behaviour and adrenal activity may be alternative responses to 

adversity, for Dantzer and Mormede found that the tethered sows which 

played with a chain had lower cortisol levels than those which did 

not. Stereotyped behaviour is an active response by sows to confined 

housing conditions but passive responses also occur. The low levels 
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of activity shown by many confined sows have been described by Ekesbo 

(1981). It has also been suggested that confined sows show 

"apathetic" behaviour, meaning that they are unresponsive to events in 

their environment (Wiepkema et al, 1983). In experiments to, test the 

responsiveness of stall-housed sows (Broom in press, a,b) all sows 

were very responsive to food arrival at normal feeding time and to the 

provision of a few food pellets during the middle of the day when most 

sows were resting. Behavioural responses were also shown to the 

filling of a food hopper which would be emptied in the trough the 

following morning. Stimuli not related to food elicited little 

response, however. Sows videotaped when a stranger stood quietly in 

front of them showed little behavioural response and even when the 

stranger's face was only 25cm from the nose of the sow there was no 

significant effect on behaviour except more time spent looking at the 

observer. 

In experiments in which sows which had been lying for 20 minutes, 

but which had their eyes open, had 200ml of water at air temperature 

dropped on their backs, there was a clear difference between stall­

housed and group-housed animals (Table 1). 

TABLE 1 Responsiveness of stall-housed and group-housed sows. 
Behaviour in 20 min. after stimulus presentation. 

Stall-housed Group-housed 

Mdn. time sit or stand(s) 

Mdn number of other activities 

27.5 

2.5 

349 

6.5 

p=0.096 

p=0.004 

n 24 12 (2-tailed) 

The sows were videotaped before and after stimulus presentation and 

would have been likely to continue lying for some time. Many stall­

housed sows failed to sit or stand during the 20 minutes after water 

was dropped on them and most showed few other activities such as raise 

head, vocalise, body shake, sniff ground etc. The group-housed sows 
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sat up or stood up after a median of 2s and showed many more 

activities, especially in the first 2 minutes. Hence stall-housed 

sows were less responsive than group-housed sows but there was much 

individual variation in response, for example 4/24 stall-housed sows 

sat or stood for more than 19 minutes and showed 6 or 7 other 

activities. Similarly, there was variation among group-housed sows 

for four of these sat or stood for less than one minute. Three of 

these animals had been house~ in stalls before their previous 

farrowing, so the effects of experience in stalls is being investigated 

further. 

A possible interpretation of these experiments on responsiveness 

is that some confined sows attempt to cope with their conditions by 

some neural gating process. This might reduce sensory input by an 

efferent threshold modifier, or reduce arousal, or attenuate response 

to input in some other way. The process does not operate where the 

input is closely associated with food. It could be that such a neural 

gating effect might operate via the action of analgesic peptides but 

this need not be so. Whatever the mechanism, lack of responsiveness 

is an indicator that the animal is having to modify its normal 

functioning considerably in order to cope with its environment so its 

welfare is bad. 

A final conclusion based on a wide variety of studies of farm 

animals is that their brain and behaviour mechanisms are sophisticated 

and deserving of further study and much respect. 
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I NTRODUCTI ON 

Contrary to what could be expected, there is little systematic 
research available on the relationship between stress and its 
behavioural concomitants. In fact the mass of endocrinological data 
on stress is in no way in balance with a corresponding set of 
behavioural findings. Animal behaviour research either focussed on 
behaviour patterns performed under natural conditions with an 
emphasis on ontogeny, causation, function and evolution (the clas­
sic topics in ethology), or on learning characteristics and capabi­
lities (the classical topics of comparative animal psychology). In 
both domains the concept of stress had only indirect significance. 

Since stress refers to some individual state of being overloaded 
and therefore has an obvious relationship with the concept of 
animal welfare, and since the latter term is crucial in the area of 
applied ethology of farm animals, quite new connections should be 
mad e bet wee nth est u dy 0 fan i mal be h a v i 0 u ran d mod ern s t res s r e­
search. It is self-evident that such an endeavour can only be 
successful in so far we succeed in integrating behavioural and 
physi.ological data and theories. 

In his chapter Wiepkema takes a starting point in the datum that 
organisms have been adapted to their Umwelt in a very specific way. 
This specificity not only pertains to the way organisms react upon 
Umwelt changes. It also implies the devel{)pment of Sollwerte (laid 
down in the brain), which enable them to actively regulate their 
environment according to these Sollwerte. As shown in behaviour 
research organisms are not entirely free in their means to regulate 
specific aspects of their Umwelt; this critical point has been 
analysed under the heading "Constraints of learning". Every time 
adaptation is problematic some form of stress will be present. 

Besides the foregoing which is mainly derived from ethology, 
comparative psychology has informed us that learning basically 
represents the capability to associate causally related events. 
This opens the way to predict and/or to control environmental 
changes. Expectancies become plausible. Vertebrates appear to be 
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goal directed systems having Sollwerte and expectancies (cf. also 

the contribution of Toates). Wiepkema proposes an integrated and 

operational description of stress in which the concepts of predict­

ability and controllability are central. Behaviourally, stress 

appears to be expressed in confltct behaviours (as a result of 

acute stress) and in disturbed behaviours (as a result of chronic 

stress) • 

This line is taken up by Odberg illustrating the actuality and 

significance of notably disturbed behaviours in the present day 

farm animal situation. Apart from the recurrent phenomenon of 

individual differences (see foregoing chapters), Odberg also points 

to a largely overlooked finding and asks: Why do organisms prefer 

to do something when being stressed instead of "simply" stopping 

behaviour and waiting for better times? 

Wiepkema makes a first attempt to incorporate the role of 

emotions in behavioural programs in order to obtain an integral 

model of vertebrate experi ences of pl easure and di spl easure (cf. 

Cabanac's chapter). His line of thinking closely parallels ideas 

put forward in a recent book of Simonov (1986). It is interesting 

to note that gradually the purely behaviouristic approach is re­

placed by one in which emotions of animals are no longer taboo. On 

the contrary, evidence is accumulating that emotions have great 

significance in shaping behaviour as long as the outcome of that 

behaviour is not entirely certain. 

Applied ethology can only playa significantly explaining and 

practical role in farm animal welfare (and stress) matters, if it 

becomes integrated with recent developments in physiology (neuro­

endocrinology, immunology) and strongly furthers the development of 

cognitive ethology. 
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In the course of evolution organisms have been adapted to a 
species-specific part of their environment. This part, their 
Umwel t, is continuously on the move; it is not only transformed 
during a lifetime, but it also changes from hour to hour and from 
dai to day. All these shifts and changes are mainly non random. 
Vertebrates respond, influence and anticipate most of these 
Umwelt-changes by performing both fixed (routines), and flexible, 
behaviours. The organism is in a continuous interactional state 
with its dynamic Umwelt. Three processes underlying and shaping 
this interactional state are discussed: 1) ontogenetic processes 
(like imprinting) and their relevance for adult behaviour 2) 
learning or the capability to associate causally related events 
(conditioning and operant learning) and 3) constraints in 
adaptation ( the need to perform species-specific behaviour 
programs). ~ost if not all of these behaviour programs are parts 
of regulatory systems that serve the control of relevant Umwelt 
measures. Such programs are like scenarios that include their own 
expectancies. During acute and chronic stress, expectancies are 
not fulfilled; there is a reduced predictability and/or control~­
bi 1 i ty of rel evant Umwel t changes. Stress resul ts from un­
certainties experienced during and inherent in a given inter­
actional state. The amount of stress can be measured in terms of 
changes in transitional probabilities of successive events. 
During acute stress, confl ict behaviours (e.g. redirected, 
ambivalent and displacement activities) arise, whereas chronic 
stress brings about disturbed behaviour ( stereotypies, injurious 
activities etc.) The significance of individual differences in 
coping is discussed briefly. It is argued that all Vertebrates 
have homologous emotions that playa critical role in shaping 
behaviour programs. Long-lasting negative emotions occur during 
chronic stress and characterize disturbed welfare. 

UMWELT 
In the course of evolution, organisms have been adapted 

physiologically and behaviourally to those parts of our earth 
that favoured individual viability. Since these parts of the 
environment - ecological niches - have become species-specific, 
we must infer that individuals of a given species cannot survive 
in each arbitrary environment. There are constraints on 
adaptation. The natural environment of an organism is 
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characterized by the fact that it consists of only elements that 
can be perceived by the organism or influenced through its 
behaviour. To indicate this specific environmental compartment, 
v. UexklHl (1956) coined the term "Umwelt". Full understanding of 
what happens when a given organism is overtaxed and, as a result 
of this, develops a state of stress, is only possible if we have 
adequate knowledge about the Umwelt in which that organism lives. 

It is highly relevant that an Umwelt i embedding a given 
individual, is never a static entity, but in at least two 
res p e c t sis a v e r y dy n ami con e. Fir s t, the i n d i vi d u a 1 's U m w e 1 t 
changes drastically during its ontogeny: for instance the 
suckling's Umwelt is entirely different from the one that 
sur r 0 u n d s the .s a m e i n d i vi d u a 1 w hen be i n g a n ad u 1 t m a m mal. 
Secondly, during each stage of life the Umwelt not only 
oscillates accordi ng to certain rhythms (e.g. di urnual, annual), 
but it also fluctuates as a result of the occurrence of all sorts 
of Umwel t events ( the hatching of young, the arrival of a 
predator and so on). The important point is that, at the time 
base of the individual's life, all these fluctuations are mainly 
non-random; that is , most of these Umwelt events or Umwelt 
changes are announced somehow. Individuals have been adapted to 
these time characteristics of their Umwelt. The picture emerging 
from such considerations is that each healthy individual during 
each stage of its 1 i fe neatly fi ts numerous dynami c aspect.s of 
its Umwelt in order to survive and to reproduce. This fitting 
ranges from the submicroscopic level up to and including the 
individual one. 

Animals not only respond to relevant Umwelt events, they can 
also anticipate Umwelt changes; for instance, in active avoidance 
situations or when preparing themselves for migration (by being 
temporarily hyperphagic) •. t40reover, they may also influence and 
change their Umwelt; for instance, by constructing a well-insu­
lated and camouflaged nesting site, or by driving an intruder out 
of thei r terri tory and so on. It is rel evant to emphasi ze that, 
when interacting with a dynamic Umwelt, Vertebrates (presumably 
more than invertebrates) employ flexible behaviour programs in 
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order to realise one and the same consummatory situation (Toates, 
1986). This freedom of behaviour is characteristic for the (farm) 
animals we are discussing now. The same freedom might be re­
flected in the perplexing individual differences that can be 
observed when organisms cope with apparently the same sort of 
stressor. 

Each time some Umwelt measure ( for instance local 
temperature) shifts away from its ideal or optimal value the 
organism performs countermeasures that may restore the original 
situation (for instance moving to a place with a better 
temperature). The first time that the organism encounters a 
particular Umwelt shift, the shift will typically hold the power 
to evoke stress. The resulting stress-state (or stress response) 
is more serious the less the organism can restore the situation 
or the less it can adapt in a new way. I shall try to operation­
alize this type of stress, which is basically an interactional 
state of the organism and its Umwelt. Further, I shall indicate 
what sort of behaviour patterns are typical of stress. Finally, I 
want to comment on the question as to why Vertebrates may 
experience negative and positive emotions while coping. 

A good understanding of the coping mechanisms involved is 
only possible if we first have a brief look at three particular 
and interwoven behaviour processes: ontogenetic processes, 
learning and the typical constraints of species-specific 
(instinctive) behaviour. 

ONTOGENETIC PROCESSES 
When a chick hatches or a young mammal is born they find 

themselves in the midst of a period in which the brain still 
forms new neural connections, while simultaneously the Umwelt of 
these animals expands enormously (cf. Bullock, 1977). In this 
period the organism receives, but also may more actively gather 
information that drastically and often irreversibly determines 
the final hardware of the brain; that is the final neural pattern 
of numbers and types of neurons and their interconnections. A 
striking example can be found in the work of Blakemore and others 
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on the development of neurons in the visual cortex of cats 
(Blakemore, 1974). 

Therefore, duri ng early 1 i fe, Umwel t events profoundly 
fasten down brain faculties operating during adulthood. In this 
way adult behaviour strongly depends on the information taken up 
in rougtWy the perinatal period. We can even go further and state 
that as a rule specific information is needed during specific 
sensitive or critical periods. Outside such a period the given 
information is non effective. Typical examples are the perinatal 
differentiating effects of testosterone on brain and adult 
behaviour of rats (Gorski, 1979;Goy, 1970) and the way certain 
birds learn their adult song (Kroodsma, 1982). 

The information integrated during these early life stages 
mainly pertains to the development of adequate social skills like 
recognizing and interacting with conspecifics. Imprinting of 
non-conspecifies underlies domestication. 

If this early and often crucial information is deficient, 
already in early life this may lead to the development of dis­
turbed behaviour patterns (cf. Davenport, 1979) that probably 
signify serious forms of stress. Such abnormal behaviours have 
also been described in piglets (van Putten and Dammers, 1976; 
Schouten 1986) and in veal calves ( van Putten and Elshof, 1982; 
Webster and Saville, 1982; de Wilt, 1985). I will return to this 
point 1 ater. 

For the moment I want to focus on other and far reaching 
consequences of these early 1 He deficiencies. Such deficiencies 
not only reduce quantity and quality of social interactions (cf. 
Hemsworth et al.,1977; Kruyt, 1964; Schouten, 1986), but they 
also reduce the coping faculties of the same organism. For 
instance, monkeys raised in an impoverished environment ( arti­
ficial mother) are much less explorative and have much weaker 
learning capacities than conspecifics raised in a rich and normal 
envi ronment (on a mother). Monkeys of the fi rst group are 
scarcely attentive to what happens in their Umwelt (Mason, 1978) 
and in fact show typical signs of learned helplessness (Maier and 
Sel i gman, 1976). I·nformati onal shortcomi ngs in early 1 i fe may 
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drastically and permanently diminish the organism's capacity to 
detect contingencies in its Umwelt. It is evident that such 
animals will have special and often very serious coping problems 
when later on they have to adapt to all sorts of fluctuating 
Umwelt variables. This holds especially when the actual environ­
ment strongly differs from· the optimal one. Striking examples of 
this are found in modern husbandry systems. 

LEARNING 
As stated before, most if not all Umwelt variables fluctuate 

in a non-random way. This is the same as saying that most Umwelt 
changes do not occur unexpectedly. It makes sense to distinguish 
two types of Umwel t change: 1) those which are only predictable 
and 2) those which are also controllable. 
1) Typical examples of the first category are changes in the 
weather, or the arrival of a predator. Signals often precede such 
changes and the brain is able to associate such successive events 
if there is a causal(non-random) relationship between them. This 
type of associative learning has been coined as conditioning. 
2) The second type of Umwelt change depends on the perfomance of 
some specific activity. For instance, certain actions bring food 
within reach, others remove an unwanted intruder and so on. These 
relationships are based on learning processes in which an 
association is established between a behaviour pattern and its 
conjoint Umwelt changes: we call this operant learning. In 
brief, conditioning makes it possible for an organism to predict 
and to anticipate Umwelt changes, while in addition operant 
1 earni ng enabl es the same organi sm to control rel evant Umwel t 
changes (cf. Toates, thi s vol ume). 

There is good evidence that organisms not only associate 
successive events, but al so assess the probabil ity of successive 
events. (Dickinson, 1980). If we call the preceding event El 
(being a signal or an operant) and the following event E2 ( being 
the arrival of a predator or the acquisition of food),then the 
probabil i ty that E2 wi 11 foll ow El can be descri bed as p.E2/EI ( 
p. ranging from 0.0-1.0). Research on animal learning has also 
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shown that not only can an organism assess p.E 2/E 1 but it can 
also assess the probability of an E2 occurrence, when E1 does not 
occur; that is p. E2/no-E 1 (Dickinson, 1980). (Fig.1) A 
relevant Umwe1t change (being E1---->E 2)is then unpredictable 
and/or uncontro11 ab1 e if and only if p.E 2/E 1 = p.E2/no-E1 
(diagonal in fig. 1). 
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Fig. 1 Predictability - controllability space. P.E 2/E 1= 

con d i t ion alp rob a b i 1 i ty 0 f eve n t 2 f 0 11 ow i n g eve n t 1. 

P.E 2/no-E 1= the conditional probability of event 2 
following the non-occurrenCe of event 1. 

Therefore, as a rule an experienced organism will have a 
rather specific and quantitative expectation of what shall happen 
following a given and observed signal or following the perfomance 
( or non-performance) of a given behaviour pattern. In other 
words, such organisms are able to predict and to control relevant 
Umwe1 t changes. 

It is relevant to mention that an organism not only 
evaluates different E2 states differently (as appears from choice 
experiments), but that it also can transpose and implement such 
knowledge from one situation to another. For example, rats that 
in one situation have learned that a specific food is hazardous, 
are able to transpose and to implement this knowledge directly 
into another situation where the same food is also present 
(Dickinson, 1985). 
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A fi nal remark wi th regard to 1 earni ng and associ ated 
behaviour programs concerns the point that, if an observed signal 
predicts, or a certain operant, control s a given Umwel t change 
over and again with high predictability (p.E 2/E l = 1.0), the 
behaviour patterns involved will become routines or habits; 
actions change into habits (Dickinson, 1985). The older a habit 
the less it depends on Umwelt fluctuations, the less flexible its 
performance and the more difficult to reshape it when needed (as 
shown during extinction procedures). These aspects characterize 
the observable differences between actions and habits. Later on 
I shall argue that both types of behaviour may also have quite 
different emotional loadings. 

CONSTRAINTS OF BEHAVIOUR 
In many cases, it is not only important for the organi sm to 

reach a goal situation (for instance being in touch with ade­
quate food), but al so the means by which this situation has been 
attained matters (cf. Toates, this volume). For instance, when 
given the choice between free food and food for which the animal 
has to work ( bar pressing) rats prefer the latter condition 
(Singh, 1970). Comparable data have been described for chickens 
(Duncan and Hughes, 1972) Obviously some introductory and acti ve 
program should precede the acquisition of food ( and presumably 
prepare the organism for an optimal processing of this food). 

We can even go further and note that in, say, pigeons, the 
response of key pecking for food contains feed intake components, 
whereas key pecking for water contains water intake components 
(Moore,1973). This type of phenomenon has been described under 
the heading "autoshaping". For some unknown reasons the attain­
ment of specific goal situations implies specific preceding 
programs. This statement is closely related with the finding that 
an organism cannot associate any arbitrary signal (or activity) -
being E1- with any event (E 2) following thereupon. There are 
species-specific constraints in associating or learning (cf. 
Shettleworth, 1975). 

If this reasoning is true one could expect that, if 
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organisms cannot or need not perform essential parts of their 
behavioural program to attain some specific goal ( for instance 
food). such organisms will compensate for this by performing the 
missing elements in an out-of-context. and therefore abnormal. 
way. This is exactly what happen~ in training situations (Breland 
and Breland. 1961). in Zoo animals (Morris. 1964) and present-day 
farm animal s ( e.g. Mees and Metz. 1984; Ruiterkamp. 1985; 
Schouten, 1986; de Wilt, 1985). 

A crucial question is then why organisms do perform "super­
fluous" behaviour and do not simply omit or suppress such 
behaviour patterns. Until now. we have no satisfactory 
explanation. 

PREDICTABILITY AND CONTROLLABILITY 
Much of the foregoing is summarized by stating that an 

organism can be represented as an information processing system; 
however. this system shows species-specific restrictions. The 
information itself serves the maintenance of the individuals, 
which all have their own and often very specific demands upon 
their Umwelt. 

In order to make my line of thought as clear as possible I 
have to distinguish at least two types of information: 1) 
Sollwert and 2) expectancy. 

Sollwert. 
This first category includes all the neural information that 

indicates which value a given Umwelt measure should have; for 
instance the optimal value of body temperature or the detailed 
structure of a nest for laying and brooding eggs. I call this set 
of information Sollwerte (= plural of Sollwert) or standards; 
Sollwerte have been formed in the course of evolution and are 
therefore strongly similar for individuals of the same species, 
sex and age. Each Sollwert corresponds with an Iswert. being the 
actual Umwel t val ue of. that Soll wert. The compari son of a 
perceived Istwert and its corresponding neural Sollwert is the 
core of the information processing involved here. If there is a 
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mismatch between Istwert and Sollwert, a program that reduces 
thi s di fference wi 11 be acti vated and may be performed: a 
negative feedback system that regulates essential Umwelt values 
(cf. Wiepkema, 1985). The difference between Istwert and Sollwert 
is called the motivation of the program performed. 

To prevent mi sunderstandi ngs, I have to add that Soll werte 
do not refer to one and only one value of a given Umwe1t measure. 
A Sollwert probably refers to a range of acceptable values as 
determined by and depending on endogenous rhythms, actual Umwe1t 
information and the strength of competing motivations. 

Again this first category of information indicates which 
value a given Umwe1t measure should have and, in fact, by this it 
defines the actual needs of an organism. 

Expectancy 
The second category of neural information contrasts with the 

first one in at least two aspects. First it refers to what an 
experienced animal expects to happen when a given signal is 
observed or a certain operant is performed ( the E1---->E 2 
sequence). Secondly, the expectancies about E2 may differ from 
individual to individual ( even for the same species, sex and 
age) and can be reformed drastically on the basis of learning 
processes (cf. the learning paragraphs before). 

Somewhat simplified, one could say that Sollwerte represent 
the irreversible information held by the species, whereas 
expectancies represent the reversible information held by the 
individuals of that same species. Both types of information 
enable the organi sm to control Istwert-So11 wert di fferences and 
to predict/control risky or profitable Umwe1t events. 

At thi s poi nt I want to introduce the two key concepts of 
modern stress research: predictability and controllability of 
Umwe1t changes. A reduced predictability or controllability 
appears to be the main cause of typical stress symptoms like 
elevated corticosteroid levels, stomach damage, conflict 
behaviours, utterance of pain etc. (cf. Levine and Ursin, 1980) 

Stress refers to that interactional state (between organism 
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and its Umwelt) that is characterized by some form of uncertainty 
resulting from existing stressors (cf. Toates, this volume). 
Behaviourally this state can be operationalized as follows. Acute 
stress occurs if, and only if, predi ctabi 1 i ty and/or con troll a­
bility of relevant Umwelt changes decrease rapidly and 
significantly. Chronic stress takes place if predictability 
and/or controllability of relevant Umwelt changes remain very low 
during a long period. The shifts in predictability and/or 
con t r 0 1 1 a b i 1 i ty can bern e a sur e d as c han g e sin the t ran sit ion a 1 
probabilities of successive events ( E1---->E2). Such changes and 
their effects on behaviour have often been studied in learning 
experiments when modifying a reinforcement schedule; for instance 
when changing from a fixed ratio to a variable ratio schedule or 
during extinction procedures. 

The intensity of the occurring stress is not only dependent 
on the jump in probability and/or the final low value of predict­
ability/control ability, but also on the biological significance 
of the Umwelt change involved. This latter significance - be it 
positive or negative - has to be measured independently; for 
instance, in choice experiments or by recording how much work the 
ani mal is wi 11 i ng to perform in order to real i ze or to prevent 
that Umwelt change. 

Under natural conditions, when the organism has its complete 
behavioural repertoire at its disposal, acute stress is the more 
common form of stress. If the worst comes to the worst the 
organism may simply flee and leave the disturbing situation. 
Chronic stress will occur when the organism is severly restricted 
in its behavi oural possi bil iti es; for instance when bei ng con­
fined. 

Although in the following I shall focus on what happens when 
predictability and/or controllability decrease for relevant 
Umwelt changes - evoking stress - it is equally important to 
consider what may happen when the reverse is the case; that is , 
when predictability and/or controllability increase suddenly for 
relevant Umwelt changes. I shall not discuss which behavioural 
and physiological measures may signify a reduction of stress. 
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CONFLICT AND DISTURBED BEHAVIOURS 

In the ethological literature (Hinde, 1970; Brown, 1975) the 

concept of stress is ei ther absent or when present used in the 

classical physiological sense as introduced by Selye (Barnett, 

1981; Huntingford, 1984). However this same literature offers 

excellent descriptions of a range of conflict behaviours (Hinde, 

1970). These behaviours can easily be coordinated with (acute) 

stress, if we take uncertainty of the organism as a basic 

characteristic of stress (as argued just before). It is out of 

place to review conflict behaviour and their associated 

situations, as described in ethology, exhaustively. Some repre­

sentative examples must suffice. 

First there is the often described approach-avoidance 

conflict occurring for instance in males that defend their 

territory against some intruder. Inside the territory, attack 

dominates, whereas outside it, flight prevails. Just on the 

border where both tendencies are in balance, conflict behaviours 

occur. Secondly I mention the "1 ack of success" situation ( or 

frustration), in which a given, and until then reliable, operant 

does not bri ng about its expected and normal consequence, e.g. 

obtaining food. In both situations, future events are uncertain 

and comparable conflict behaviours become overt. Agonistic 

behaviour may be performed by which the organism may free itself 

from the conflict situation. Another option is the performance of 

redirected - and/or the so called displacement - activities. 

There is good evidence that these latter types of behaviour may 

also be significant with respect to coping with the conflict 

situation itself. First they may have some signal value for 

conspecifics also involved in the conflict (Baerends, 1975; 

Hinde, 1970). Secondly they may result from autonomic processes 

activated during the conflict and simply represent for instance 

themoregul atory acti viti es (Andrew, 1956). Further they may calm 

down the organism (Dantzer and ~lormede, 1983) and/or shift its 

attention away from the confl ict (McFarland, 1966). 

An often overlooked point is that, in many conflict 
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situations, organisms may perform conflict behaviours which are 
specific for the conflict involved. A case in point are fighting 
cocks as descri bed by Kruyt (1964); why shou1 d the future wi nner 
interrupt its agonistic behaviour for ground pecking, whereas the 
future loser interrupts with preening? The nature of the causal 
relationship between conflict state (stress) and its specific 
behaviour concomitants is largely unexplained. 

A third example of a conflict and resulting behaviour is 
found in the work of Pavlov (1927), where he describes examples 
of acute neurosis in dogs. When discrimination learning became 
too difficult some dogs collapsed and started to squeal and tried 
to escape. Learning anew of the same task appeared to be very, 
very difficult for these dogs. Obviously, when the situation 
becomes too complex or too insecure conflict behaviour may occur; 
some of these behaviours may be interpreted as signs of fear and 
anger. I want to add a final category of conflict and its 
associated behaviour utterances, namely that of wounded or 
injured organisms. Such organisms may, for example, scream or 
perform ear and tail postures that probably express fear and 
uncertainty. There is little systematic information about when, 
how and why these behaviour elements are performed when being 
wounded. Nevertheless they may be highly significant during 
stress. 

Similarly little information exists on what happens 
behaviourally when a conflict is unsolvable and therefore may 
become chronic. All the present evidence indicates that under 
such conditions organisms start to repeat and to ritualize their 
original conflict behaviours (Cronin, 1985; Morris, 1964; Sto1ba 
et. al. 1983~ The final result may be the endless performance of 
stereotypies known from zoo animals and farm animals in modern 
intensive husbandry systems. However, under these chronic stress 
conditions not only stereotypies develop, but also injurious 
behaviour patterns by which organisms may mutilate themselves or 
con s p e c i f i c s ( Go 0 sen and. Rib be n s, 1980; W i e p k e mae t a 1., 1983). 
In these cases a crucial point seems to be the impossibility of 
performing species-specific programs in order to reach a relevant 
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goal situation ( often the intake of food) (cf. Blokhuis and 

Arkes, 1984; Rui terkamp, 1985; de Wi It, 1985). 

An intriguing point is that, for a given animal a given 

chronic conflict situation may evoke more than one disturbed 

behaviour; each of these disturbed behaviours probably reflects 

different aspects of the same total confl ict situation; for 

instance spot-picking and route-tracing of caged canaries reflect 

d iff ere n t asp e c t s 0 f the con fin e men t can a r i e s may 1 i ve i n 

(Keiper, 1969). Another example of this is found in veal calves 

kept in boxes and fed with milk only (Wiepkema et al. in prep.) 

Such cal ves develop di fferent stereotypi es each wi th thei r own 

time course. One stereotypy, biting/licking, of these calves has 

its optimum during the first 10 weeks of 1 ife, whereas a second 

stereotypy, tongue-playing starts to increase in the second 10 

weeks of 1 i fe. Moreover, the frequency of tongue-pl ayi ng has a 

significant negative relationship with the frequency of abomasal 

(stomach) ulcers in the same animal, whereas such a relationship 

does not exists between biting/1 icking and abomasal damage. A 

plausible hypothesis is that different stereotypies reflect 

different aspects of stress existing more or less simultaneously 

in the same animal. What these specific relationships mean in 

terms of causation cannot be answered at this moment. 

INDIVIDUAL DIFFERENCES 

Great significance can be attached to the finding that 

individual s of the same species, sex and age may differ strongly 

in the way they cope wi th apparently the same compl ex of 

stressors (Corson and Corson, 1976). For rats Kool haas and 

colleagues (1983) showed that during social conflict situations 

some adult males can be described as active copers, others as 

passive ones. The more general meaning of this variation is still 

unclear. However, such differences are highly relevant when 

evaluating chronic stress in individual animals. The following 

example will illustrate this point. As stated before veal calves 

may develop tongue-playing and may show abomasal ulcers at the 

day of slaughtering (age 20-22 weeks). The interesting point is 
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that those animals which do not develop tongue-playing have one 
or more ulcers (or scars; the remnants of an ulcer) in the 
pyloric region of the abomasum. Those calves that do develop 
tongue-playing have absolutely no ulcers or scars at the same age 
(fig.2). 

If we assume that ulcers are also unwished and have a 
negative meaning with respect to animal welfare, then the 
question arises as to which calves are in the worst state - those 
with stereotypies or those with ulcers? Again, as long as we do 
not understand why different individuals may follow different 
alternatives to cope with apparently the same stressor, we cannot 
formulate an adequate answer. 

Fig.2 
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(n=13). Both groups of calves differ significantly 
from week 16 on: * P < 0.05: ** P < 0.01. 

EMOTIONS AND ANIMAL WELFARE 
The rather naive assumption that men and other Vertebrates 

have comparable sensory and experiential capabilities has helped 
very much in designing experiments that have elucidated for 
instance how animals may identify and defend their territory, or 
how conspecifics may recognize and interact with each other, or 
why it pays to camouflage yourself or to mimic other organisms. 
Obviously Vertebrates have comparable sensory perceptions and 
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sensations, which presumably result from profound homologies of 

structure (for instance in the brain) and of functions (for 

instance in behaviour systems) of these same Vertebrates. 

The idea of homologies in behaviour is an old one and finds 

its roots in the comparative work of Whitman and Heinroth (cited 

by Lorenz, 1950) in the beginning of this century. Later on 

Lorenz (1950), Tinbergen(1951) and Baerends(1958) all emphasized 

that these homologies not only concern the morphology of 

behaviour patterns, but al so their underlying mechanisms. In 

modern terms we shoul d say that most, if not all, bra i n -

behaviour interactions, or in other words, most, if not all, 

information processing events are strongly homologous in Verte­

brates. 

These homologies make it very likely that Vertebrates will 

also have homologous sensations and experiences each coupled with 

specific perceptive systems or combinations thereof; examples are 

visual and auditory ones, touch and pain~ It is promising to 

class emotions or feelings among these experiences. 

Emotions were not in vogue in classic ethology: it was held 

that they could not playa role in the causal explanation of 

behaviour (Tinbergen, 1951). This behaviouristic approach 

promoted the neglect of behaviour patterns that might express 

emotions; it is significant that ethologists paid relatively 

little attention to activities like, for instance, tail wagging 

or whining that could express pleasure or displeasure of the 

animals involved. 

This attitude had much to do with the idea that nothing can 

be said about subjective experiences in animals or other 

individuals. Do two individuals, when responding to the same red 

colour, also undergo the same "subjective experience" of red? In 

m.y 0 pin ion t his que s t ion i sen t ire 1 y ; r r e 1 e van t as 1 0 n gas we 

cannot operational i ze the concept of "subjective experience". As 

long as thi s rema i ns true, the concept is al so i rrel evant wi th 

respect to the assumption that individuals of the same and 

related species experience homologous (comparable) emotions or 

feelings. A more fruitful question is then, why an organism 
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should have feelings of pleasure or displeasure (cf. Cabanac, 
this volume). 

My colleague Frijda -a psychologist- and I have tried to 
work out the hypothesis that emotions - be they positive or 
negative - are closely rel ated wi th strengtheni ng or correcti ng 
behavi our programs. Moreover, they shoul d have much to do wi th 
the key concepts of stress; predictability/controllability 
(Frijda, 1984; Wiepkema, 1982; 1985) The core of our reasoning is 
that individual organisms (Vertebrates) not only have Sollwerte 
(eigen-interests), but also alternative programs to realize one 
and the same Sollwert. Moreover, individual Vertebrates have 
expectations about the outcome of the successive steps in the 
programs used. 

The role of emotions in normal behaviour can be described 
then in the following way (fig.3). 

Fig.3 
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Role of emotion. The upper part of the figure 
represents the regul atory model descri bed in the text. 
If an action (program) performed does indeed shift 
Istwert to its corresponding Sollwert, positive 
emotions arise. If not,negative emotions originate. 
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If an organism perceives a difference between an Istwert and 
its corresponding Sollwert, it will be motivated to reduce this 
di fference (especi ally when it concerns a rel evant Umwel t 
measure). This motivation sets into action a physiological and 
ethological program that in previous but comparable situations 
appeared to be an adequate instrument. However, the organism 
cannot be safe on this latter point, since the Istwert-Sollwert 
difference always takes place in a more or less fluctuating Urn­
welt. Events seldom repeat themselves exactly. Therefore the 
organism needs a monitoring system that adequately controls 
whether or not the program used ( and its separate steps) really 
reduces the difference. This type of control system has been 
described also on the basis of neurobiological evidence (cf. 
Cools, 1985). Formally such a monitoring system can be described 
as a perceptive one. Behaviour programs are then much like 
scenarios inclusive their sequential expectancies. 

The ~ensations coupled with monitoring the effect of a 
program (and its successive steps) may be called the organism's 
emotions. Positive emotions arise when the effect is the expected 
one or even better than that; such emotions strengthen the 
program used and promote its reuse in a future and comparable 
context. Negative emotions may stop and correct the program used 
and by this may facilitate the development of a new, alternative 
program. 

The intensity of th~se emotions will be stronger 1) the 
greater the difference between expectation and real Umwelt change 
(E 1---> E2) and 2) the higher the biological significance of the 
Umwelt change itself. Moreover, it is plausible that the further 
ahead an organi sm is abl e to foresee future events, the earl i er 
his emotions may anticipate such events. 

If the foregoing reasoning is true, emotions should playa 
dominant role only in those (parts of) behaviour programs of 
which the outcome is not entirely fixed. Such a program can be 
known by the relatively low predictability of its successive 
steps or, in other words, by its relatively high flexibility. 
When the same situation presents itself over and again flexible 
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programs may change into routines. or actions into habits (cf. 

Dickinson. 1985). The conclusion might be then that routines and 

habits. because. of their highly predictable/controllable 

outcomes, are no longer associated with emotions; organisms may 

perform such 'type of behaviour programs practically emotionless. 

This reasoning also implies that. on the average, older 

organisms behave less emotionally than younger ones. Further, in 

Vertebrates emotions may be more common than in invertebrates, in 

so far the former behave less automaton-like than the latter. 

CONCLUSION 

The foregoing can be summarized by stating that acute stress 

imp1 ies an acute expectationa1 deficit and by thi s an acute but 

temporary emotional experience. Chronic stress, however, brings 

about a chronic expectationa1 deficit. This leads to long-lasting 

negative emotions and therefore to disturbed welfare. Such states 

of the organi sm are frequently found in modern farms and zoos, 

where animals find themselves in conditions of a chronic loss of 

contro11 abi 1 ity. 
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If applied ethology has other aims than fundamental beha­
vioural sciences and deserves acknowledgement on its own, it 
should also strengthen its contact with them, as it has worked too 
much in a theoretical vacuum with sometimes a deficient methodolo­
gy; hence maybe its slowness in giving concrete advise to zoo­
technicians and lawyers. 

Redirection activities, stereotypies and apathy are analysed 
as responses to chronic irreducible mismatches between Istwert and 
Sollwert. If such abnormal behaviours do have a homeostatic 
function, it would be advisable that future research should, 1~ 
study developmental processes, 2~ integrate closely behavioural 
and neurophysiological parameters, 32 take into account adaptation 
at different levels, and 42 focus on individual differences. 

Does "coping" warrant welfare? One is confronted with the 
paradox, that neither the absence of abnormal behaviour implies no 
stress, nor thei r presence i ndi cates actual stress. The argument 
that abnormal behavi ours represent copi ng mechani sms shoul d not 
induce us to take too quickly welfare for granted as, 1~ it is 
1 i kely that they only represent the fi nal stage of a di stressi ng 
process, 22 one sti 11 knows 1 i ttl e about the costs of copi ng, Je 
not all individuals in the same environment a're able to develop 
such mechani sms. 

I NTRODUCTl ON 
Some authors have published excellent reviews on the stress 

concept itself and on its relation with behaviour in farm animals 
(e.g. Dantzer and Mormede, 1983a; Friend, 1980) and it would be 
redundant to write a new version here. However, it is striking 
that most authors dealing with stress and behaviour do not push 
the analysis further once the following question arises (I keep 
using the cybernetical vocabulary used by Wiepkema in the prece­
ding paper): "What happens when, after the detection of a mismatch 
between Istwert and Sollwert, a series of alternative responses 
have been tried out without success?". Gray (1982, p. 282) sugests 
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that if the mismatch is of no fundamental consequence to the 
organism, the comparison stops and attention is geared to other 
requirements. If the mismatch is important and "none of them 
(alternative response routines) is successful, exploratory diver­
sification of behaviour none the less eventually comes to an end, 
the animal typically engaging in some form of unlearned behaviour 
(e.g. groomi ng, sl eepi ng)". 
It is quite typical that this sentence represents only 5 lines in 
a book of 462 pages containing an extremely dense and rich analy­
si s of the septo-hippocampal function. Thi s author only hints at 
displacement activities and does not even mention any well-known 
abnormal behaviour. Even in the fundamental behavioural sciences 
there is indeed a remarkable lack of investigations on the mecha­
nisms and functions of "abnormal behaviours"; unfortunately, these 
are just the questi ons the students of anj mal wel fare are bei ng 
asked. 

McBride and Craig (1985) have recently argued that applied 
ethological research too often lacks a theoretical base. Wiepke­
rna's model emphasizes the concepts of predictability and control 
of the environment and of homeostasis, leaving room for a notion 
whi ch has been rather negl ected, i.e. the adaptati onal capaci ti es 
of the animal. Furthermore, welfare has too often been seen in the 
light of misleading concepts such as "behavioural needs" which 
became static and permanent points of reference. This simpl istic 
misuse of ethology has been challenged a.o. by Dawkins (1983) who 
proposes the use of concepts from economical sciences such as 
"elastic" and "inelastic demands". 

This paper re-evaluates experiments, analyzes litigious points 
and gives hints for future research in the light of Wiepkema's 
approach. I hope that up-to-now contradictory results will be 
better understood. I will allow myself to use data from other than 
farm animals when it contributes to understand a point. 

When no alternative response can diminish the mismatch, cogni­
tive psychologists will tell us that humans will change the norm, 
minimalize or negate that mismatch (e.g. Berlyne, 1960; Festinger, 
1980). Animals can change important learned norms (Wiepkema, 
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1980); it seems less likely, however, that they are able to flee 
in an imaginary world, to rationalize or repress the mismatch, 
like humans can with their developed cortex. So they remain stuck 
with the problem on the motor level. 
Two types of individual reactions can be observed (Koolhaas et 
al., 1983). Some individuals d.o not show any particular activity 
and it would be interesting to measure accurately if they show a 
real decrease in activity, which would indicate to what extent the 
Behavioural Inhibition System (B.LS.) is still functioning (Gray, 
1982; Laborit, 1974). Others develop various types of "abnormal 
behaviours" and continue to perform them, even if they are not 
useful to resolve the mismatch, even if they are repetitive, even 
if (sometimes) the motor pattern is not related to the usual motor 
repertoire available to reduce the mismatch in question (e.g. the 
so-called "displacement activities" and "low threshold" beha­
viours). It is as if in some individuals a programme is present 
i nduci ng the ani mal to do somethi ng to act. I t has been reported 
that rats in skinner-boxes receiving a reward without having to 
perform any particular behaviour, do not "accept" such free food 
and develop "superstitious behaviours" as if they had to do some­
thing to get it (Davis and Hubbard, 1972). Waiting while doing 
nothing seems to be a difficult thing to do! 

Abnormal behaviours observed by ethologists in conflict situa­
tions, eventually experimentally induced, can be observed in farm 
animals in intensive management system. Several authors have cata­
logued these extensively (e.g. Brummer, 1978; Sambraus, 1985a; 
Vestegaard, 1984; Wiepkema et al., 1983). 

They can be briefly categorized as redirection activities, ste­
reotypies and apathy. 

REDIRECTION ACTIVITIES 
These activities can somethimes be (auto)mutilating and hence 

called "injurious behaviours". Blokhuis and Arkes (1984) presented 
good evidence that feather-pecking in chickens evolves as redirec­
ted food-pecking. One group of chickens was housed on litter, the 
other on slatted floor. Pecking at conspecifics increased with 
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time in the slatted floor group, while it decreased in the litter 

group. Then, half of the animals from each group was transferred 
to the other floor type. The animals reared on litter and switched 
to slats increased feather-pecking with time. Floor-pecking was 
always high in groups with a low frequency of feather-pecking and 
vice-versa. The increase in rooting and biting at objects just 
before farrowing in sows could be due to the inability to perform 
normal nestbuilding (Baxter, 1982; Lammers and de Lange, 1986). 
Ladewi g et al. (1984) observed that several sows kept on sl ats 
developed vulvar lesions caused by biting by the piglets. They 
subsequently discovered that piglets reared on slatted floors 
spent more time investigating various parts of the sow at 3 and 6 
weeks of age than piglets >reared on straw, while the latter spent 
more time investigating the straw than the former rooting the 
fl~or. De Wilt (1985) found that none out of 32 teat-bucket reared 
veal calves engaged in preputial sucking, while 24 out of 50 
bucket-reared and 5 out of 15 cow-reared calves did so, which 
shows that early sucking experience - or the lack of it - influen­
ces the development of that undesirable behaviour. Several authors 
have observed that piglets reared in barren farrowing crates spend 
more time massaging and nibbling littermates or the sow than 
piglets in straw pens (Fraser, 1978; Schmidt and Adler, 1981; 
Schouten, 1986; van Putten and Dammers, 1976). Tail-biting is more 
frequent in pens with the least possibilities of rooting (Ruiter­
kamp, 1985). 

Although the decrease of welfare of the eventual victims of 
injurious redirected activities is evident, there is still a 
controversy concerni ng the wel fare of the actors. Di scussi ons of 
that problem (and that of "vacuum activities") can be found in 
Dawkins (1980, 1983) and Sambraus (1981). 

STEREOTYP I ES 
More or less extended discussions of stereotypies (SS) elicited 

by intensive captivity have been written by Broom (1983), Kiley­
Worthington (1977), Odberg (1978, 1981) and Sambraus (1985b). 
There exi sts a substanti al 1 i terature on farm ani mal s demonstra-
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ting that the more the environment seems indequate to the animal, 
the more likely SS will appear. Most of these studies do not 
concentrate on the mechanisms of SS, but use them as welfare 
indicators to evaluate zootechnical life conditions. 

Few authors have experi mented wi th SS as such. A.o., Duncan and 
Wood-Gush (1972) demonstrated that in fowl SS develop in function 
of intensity of frustration. Rushen (1985) suggests that frus­
trated feeding is the origin of the SS appearing in tethered sows 
before and after the actual feeding period, and that the different 
stereoptyic (S) patterns are derived from parts of the appetitive 
and consummatory phases. Addi tional food (=1/2h to 1h longer 
feeding times) and spreading of sawdust reduced sham chewing in 
individually penned sows, while bar- gnawing was only reduced when 
the latter was present (Sambraus and Schunke, 1982). Keiper (1969) 
could reduce independently route-tracing in canaries by increasing 
pl ace, and spot-peck i ng by forci ng the bi rds to work more to get 
food. ~dberg (1981), using bank voles as a cheap laboratory model, 
found that enrichement of the environment is more important for 
keeping down the amount of animals presenting SS than cage size. 
These results show that 1~ a welfare legislation should not always 
be based on space only, 22. a careful analysis of the pattern of 
the abnormal behaviour shown can sometimes indicate, which aspects 
of the management or environment are inadequate. 

One must, however, remember that when one has not followed the 
ontogeny of the SS and, ideally, provoked them experimentally, it 
may become very difficult to distinguish between the original 
causal factor and merely modulating ones such as arousing stimuli 
(human presence, feeding time, elimination, etc.) or the provision 
of alternative activities including those induced by novelty. An 
example out of the zoo-world will illustrate this. The S-level of 
fennecs dropped each time sand was provided during about one week; 
however, sand lost its effect when it remained for 3 months (~d­
berg, 1986a). Cronin and Wiepkema (1984) observed in sows that the 
time spent performing SS increased with pregnancy, but dropped 
after the 80th day. At that stage hormonal changes occur in the 
sow which could have modulated the S-level. 
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A complicating fact is that SS are not simply performed when all 
other behaviours stop. They are subjected to the same factors 
whi ch determi ne acti vi ty rhythms. E.g. tethered sows do not show 
them during the night (Cronin, 1985). Bank voles have a polyphasic 
acti vi ty rhythm wi th peaks of 1 to 4 hours every 1 to 6 hour. SS 
appear only during these peaks and can represent a substantial 
part of them (Odberg, 1986b). 

Furthermore, the neurobi ochemi cal background of SS changes pro­
bably during their development. Duncan and Wood-Gush (l974) were 
able to inhibit SS in fowl with Pacitran (a Rauwolfia derivate), 
when given during the initial frustrating situation; the drug did 
not work any more once the SS were well established. Similarly, 
Feldman (1962) could refrain the development of "fixated choices" 
in rats submitted to an insoluble task in a Lashley stand by 
giving chlordiazepoxide, but the drug had no effect once these 
fixations were established. Cronin et al. (1985) found that nalo­
xone inhibited more the newer SS than the older ones in tethered 
sows. A systematic study of this phenomenon is presently being 
carried out in Ghent. 

For all these reasons, little can be discovered about the mecha­
nisms of SS as long as one does not carry out a developmental 
stu dy . 0 rat 1 e as t, 0 n emu s t k now the "a g e" 0 f the S Son e i s 
working with. 

Stol ba et al. (l983) and Croni n (l985) have observed sows from 
the moment of tethering on. In a first stage (data from Cronin), 
The animals reacted vigorously with escape attempts and aggressive 
acts (average duration 45 min). In stage 2, they remained lying 
i dl e and i mmobile for an average of 1 day. Stage 3 was characte­
rized by an increased performance of various behaviours, the 
reappearance of initial conflict behaviours and the first develop­
ment of SS (average 16 days). Stage 4 consisted of up to 70% of a 
sow's activity during the observation time being devoted to the 
performance of various idiosyncratic SS. The first part of this 
evolution fits easily into the cybernetical model. The animal 
first reacts by a succession of responses of which none can reduce 
successfully the mismatch (i.e. free oneself) (stage l); the 
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B.I.S. dominates and inhibits the planning of new motor programmes 
(stage 2) and the animal is left without answers in a total lack 
of control of his own life; But then? As not to act is unbearable, 
the animal starts again doing something (stage 3) and some move­
ments must be rewarded in some way so that they are repeated, even 
without reducing the original mismatch. What is then reduced? Many 
authors have suggested that SS do have a function, i.e. to reduce 
arousal, anxiety or frustration, whatever one calls it, but 
without presenting evidence. One cue was found by Duncan and Wood­
Gush (1972a) who observed that hungry chickens unable to reach 
food started to emit alarm-calls at a given frustration level; 
thes~ calls disappeared when they had developed a high frequency 
of stereotyped pacing. As it is known that endorphins, that are 
chemically related to ACTH (Guillemin et al., 1977) have analgesic 
and quietening effects (Oliverio et al. 1984; Watkins and ~layer, 
1982), Cronin et al. (1985, 1986) injected sows with the endorphin 
receptor-blocker naloxone. This drug inhibited spectacularly the 
SS, the interesting point being that some sows started to show 
behaviours typical for stage 1. The final demonstration would be a 
follow-up study in which the level of some neuroendocrine stress 
parameters would decrease in opposite relation with the devlopment 
of SS. Such a study is now being undertaken in Ghent. In the 
meanwhile, Dantzer and Mormede (1983b) have found that post­
session corticosteroid levels were lower than pre-session levels, 
when pigs submitted to an intermittent food delivery schedule 
could engage in stereotyped manipulation of a chain. A puzzling 
aspect of the resul ts, however, was that thi s di fference was due 
to increased pre-session levels in the pigs which could manipulate 
the chain as compared to those which could not. 

PUTATIVE FUNCTIONS 
These data hint that SS are indeed a homeostatic mechanism to 

reduce arousal. Delius (1967), experimenting with electrical brain 
stimulation in gulls, had already suggested such a function for 
some displacement activities, based on the discovery that beha­
viours often appearing as displacement activities (such as groo-
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ming and preening) were largely controlled by neurophysiological 
mechanisms also responsible for de-arousal and sleep. As early as 
1940, Tinbergen observed that displacement activities were usually 
incompletely performed. Duncan and Wood-Gush (1972b) demonstrated 
with the help of frame to frame film analyses, that displacement 
preening in chickens is quantitatively and qualitatively different 
from normal preening. Hence, there must be something more than 
just an attention switch (McFarland, 1966) to other stimuli, aimed 
at the release of any alternative response reducing effectively 
the mi smatch. 

The motor pattern used as stereotypy can sometimes be traced 
back to an intention movement belonging to the behavioural reper­
toire of the frustrated motivation (ef. Ddberg, 1978), but most of 
the time it belongs to those behaviours also often observed as 
displacement activities. Noteworthy is that the arousal-reducing 
effect could be associated with one stereotypy and not with the 
other, eventually wi thi n the same i ndi vi dual ani mal (ef. Wi epkema 
on veal calves, this volume). Puzzling was also Kruijt's (1964) 
observation on fighting Bankiva cocks: some displacement activi­
ties were more often observed in winners, others more in losers. 
The motor pattern can further be submitted to a simplification 
process. Its frequency can depend less and less from the actual 
envi ronmental sti mul i, unti 1 it becomes totallyemanci pated from 
the original causal situation. This has partly been observed in 
the development of the SS in tethered sows (Cronin, 1985; Stolba 
et al., 1983). At that moment, the chances of reduci ng the ori gi­
nal mi smatch as such seem compl etely lost. One must be deal i ng 
here with a different and particular function. 

Cues are now coming in about the consequences of that function. 
SS may benefit to the organism by protecting it from psychosomatic 
illnesses. Veal calves performing SS had less or no abomasal 
lesions as compared to those which did not. More data about the 
biological benefit of SS can be found in Wiepkema's preceding 
paper. 

Let us mention at once that even if SS are a coping mechanism, 
we should not infer that welfare is assured; it is very likely 
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that the animal has been through a very nasty period before and 
during the earlier stages of the development of the SS, as we have 
seen with the tethered sows. Furthermore, as Broom pointed out 
(this volume), paying a high cost in order to cope means also a 
decreased welfare. Little is known about this up to now. Cronin et 
al. (1986) found that the performance of high levels of SS are 
indeed associated with increased metabolic rate. 

INDIVIDUAL 
If annoying to the statistician, individual differences or 

exceptions can be very interesting to the ethologist. Why do some 
animals develop SS and others not? 

Large individual differences in S-level in sows have been recor­
ded (Bengtsson and Svendsen, 1983; Barnett et al., 1985; Croni n, 
1985, p.94). Bareham (1972) found a positive correlation between 
S-l evel and adrenal wei ght in fowl. Thi s measurement was carri ed 
out soon after the initiation of SS and would indicate that the 
most stressed birds performed the most SS. Sacrifying the animals 
at different stages in the S-development could have yielded even 
more reveal ing data; would the adrenal weight have subsided with 
the further development of SS and remained high in those indivi­
duals which did not keep a high S-level? Cabriolet and Dantzer 
(1984) found that in tethered sows hyperactivity was associ ated 
with high S-levels. Similarly, Odberg (1986b) observed that the 
more acti ve vol es tended to show hi gher S-l evel s and vi ce-versa. 
Once again, the snag in these studies is that they describe a 
given situation at a given period. In a follow-up study, however, 
Ddberg (unpubl i shed resul ts) found i ni ti ally that the performance 
of SS by voles was significantly associated with higher levels of 
walking-sniffing and of rearing, while a negative relation was 
found with immobility (sleeping excluded). When animals stopped to 
perform SS, either spontaneously, or because of being transferred 
from a barren environment to an enriched one, the time spent 
walking-sniffing and rearing decreased and immobility increased. 
The reverse trend was found in the voles which pursued the oppo­
site evolution (i.e. which began to show SS).All these data 
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suggest that SS are a dynamic response to frustration - the more 
active animal s being more frustrated - and not a "compensation" 
according to a rule which would state that an organism should be 
active a given percentage of the time. In the latter case a nega­
tive correlation should have been found between general activity 
and S-leve1. 

The study of individuals which do not develop abnormal beha­
viours could yield data very interesting to welfare students. 

The following hypotheses can be set up concerning these indivi­
dua 1 s. 
1. They simply do not experience the important mismatches that 

others do; this implies they would be endowed with quite 
different norms; this seems unlikely to me. 

2. They are able to reduce better the mismatch 
A. either because they have less stringent norms, or 
B. because they can implement equally or more efficient stra­

tegies. 
3. They experience the mismatch frustration as much as the others 

do, but cannot develop any coping mechanism, i.e. the 
incapacity to develop an abnormal behaviour leaves them in an 
even greater distress. 
hope the developmental study undertaken in Ghent wi 11 yi e1 d 

cues about to which group such individuals belong. Theoretically, 
corticosteroid levels could in general either remain low and 
behavioural observations could perhaps determine if these indivi­
duals belong to 2A or to 2£, or remain high (group 3). These 
considerations bring us to another possible reaction to chronic 
stress: apathy. 

APATHY 
It must first be pointed out that a lower activity level as such 

does not mean that the animal reacts less to stressors. Faure 
(1980) found that hens from an active strain had a lower basal 
plasma corticosterone level than hens from an inactive one, and 
that this difference increased when a stressor was given. Similar 
phenomena were observed in rats (Gentsch et a1., 1982). The heart 
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rate of hens from a placid strain rose nearly as h~gh as that of a 
flighty strain in reaction to a visual stressor, but it remained 
high much longer (Duncan and Filshie, 1979). One can wonder 
whether active strains are active and less. stress-susceptible, and 
whether they show lower stress parameters beca~se their higher 
activity has de-arousing properties. A point which should be 
heeded by those engaged in genetic selection for animals better 
adapted to intensive management (for discussions ~n this topic 
see: Bei 1 harz, 1982; Faure, 1980; van Rooyen, 1983). 

Until recently, the interpretation of lasting immobility as an 
abnormal reaction has not been substantiated scientifically in 
farm animals. Sambraus and Schunke (1982) suggest that in tethered 
sows it is rather a direct reaction to-cold surfaces and unade­
quate box size. Great differences between housing systems for sows 
have not been found (Barnett et al., 1984) and when some were 
found, longer immobility periods could have been also directly due 
to physical restraint. Broom (1986), however, found lately that 
stall-housed sows reacted remarkably less to water poured into 
their backs than group-housed ones (see also Broom this volume). 
The former laid also longer motionless and performed a lesser 
variety of behaviours. 

A difficulty is the exact description of apathy. An immobile 
animal can be sleeping, resting, freezing, simply watching, either 
relaxed or intensively seeking stimuli. All this is different from 
apathy. One could furthermore wonder if learned helplessness has 
somethi ng in common wi th apathy. Recent reports suggest that, as 
SS, the former may reflect a conditioned analgesic response, but 
mediated by enkepha1ins (for a review, see Gray, 1982, pp.385-
387). 

BEHAVIOURAL DE-AROUSAL AND ENDOCRINOLOGICAL WELFARE ASSESSMENT 
Although a number of studies show a positive relation between 

physi 01 ogi cal measures of pi tui tary-adrena1 acti vi ty and the oc­
currence of abnormal behaviours (e.g. Stuhec, 1984; Sch1 ichting, 
1984), others yielded puzzling results or apparently contradictory 
ones (Barnett et al., 1984, 1985; Becker et a1., 1984). 
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One must of course realize that little is still known about the 

effects of chronic stress on the neuroendocrine system of farm 

animals (Mormede et al., 1983) and that one should look for new 

indicators (Dantzer et al., 1983). However, the homeostatic 

function of abnormal behaviours should also be taken into account; 

maybe it is responsible for puzzling results. Neurophysiological 

parameters can vary according to many variables such as diurnal 

rhythm (Ladewig, 1984), genetic background (breeds, strains, H+/H­

) (Craig, 1970; Duncan and Fil shie, 1979; Faure, 1980; Mormede and 

Dantzer, 1978), imprinting and early learning (Denenberg, 1969), 

hierarchical status (Stuhec, 1984) homeostatic mechani sms at the 

neurobiochemical level (Burchfield et al., 1980; Moss, 1981; Owen 

et al., 1981). One is thus bound to carry out follow-ups of phy­

siological and behavioural parameters simultaneously in individual 

ani mal s , i.e. to di scover what changes wi thi n the ani mal and how 

(e.g. Beuving, 1983; Moss, 1981). 

Furthermore, one has to take into account the notion of "role", 

i.e. that each animal plays al given role in a given society, at a 

given age, with a given sex and a given reproductive status, and 

could have fluctuating norms in function of that role. This im­

plies that one should choose carefully which parameter relevant 

for each role one will measure. 
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INTRODUCTION 

During this workshop it was repeatedly stated that we only can 
advance our insight into interrelated concepts like adaptation, 
stress and animal welfare, substantially, if we succeed in inte­
grating various disciplines in one and the same model of animal 
functioning. At this moment such a model is still far away. Al­
though this state of affairs will have to do with serious gaps in 
our knowl edge of basi c mechani sms in, for instance, neurobi 01 ogy, 
it certainly also results from our specialist's attitude in 
science. For instance, the more fascinating a discovery on the 
molecular level, the greater the temptation to overlook the intact 
individual. However, there is a growing need to return to the whole 
animal. This return is indeed a must in so far we want to make 
reliable and interesting statements about concepts like animal 
welfare and stress. Toates' chapter represents first steps on this 
way by bri ngi ng together a set of rel evant topi cs out of present 
day research on animal behaviour. By reviewing and comparing rele­
vant theories about the role of motivation in animal behaviour, he 
makes clear that at least in higher vertebrates we have to skip the 
idea that these animals are little more than simple stimulus­
response systems. Hi gher vertebrates not only react, they al so act 
and take initiatives: basically these animals are flexible goal 
di rected systems. 

If we accept this, and Toates' arguments are strong indeed, we 
should also make explicit as well as possible the consequences of 
such an assumption. Toates tries to find a perspective by discuss­
ing the essentials of present day theories on motivation and learn­
i ng. Hi s concl usi on is that hi gher vertebrates have Sol1 werte and 
expectancies. If we take this cognitive aspect seriously, it en­
tails that individuals are able to interpret the outcome of their 
behaviour programs in such a way that this outcome may be qualified 
as successful, failing or something in between. In other words, the 
outcome of behaviour is not irrelevant; it has an individually 
determined value. For that reason motivated behaviour is often 
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affect loaded, as put forward by Epstein (cited by Toates). It is 
on this point that the contribution of Cabanac comes in. 

Cabanac argues that individual behaviour can best be described 
as aimed at maximizing pleasure and minimizing displeasure. Of 
course, the actual sol uti on wi 11 al ways be some compromi se. The 
point emphasized by Cabanac is that in animals and men emotions are 
indispensable for shaping actual behaviour output. It is quite 
possible, however, that this relationship between (dis)pleasure and 
behaviour is only relevant as long as the behaviour involved is not 
yet a routine (cf. Wiepkema's chapter). Without doubt, we urgently 
need systematic and integrative research into the role of emotions 
in adaptive behaviour; in this the distinction between emotional 
expressions and emotional experiences will be quite relevant. 
Toates' discussion of motivational and learning processes in goal 
directed systems brings him imperceptibly to the two keywords of 
present day stress research: 1) controll abil i ty and 2) predi ctabi­
lity of environmental changes. Basically stress appears to result 
from an informational deficit, that typically may arise in 
organisms characterized by cognitive brain processes. Loss of con­
trollability or of predictability evokes expressions of negative 
emotions and even may lead to significant signs of helplessness as 
manifested by a generalized anxiety, a decreased tendency to react 
to aversive stimuli and a loss of learning capability. 

The eXisting evidence induces Toates to conclude that certainly 
higher vertebrates, like our farm animals, really may be stressed 
and suffer as a result of the housing conditions they live in. As 
has been put forward in foregoing chapters this may have far reach­
ing consequences for these animals in terms of health and welfare, 
of production and of reproduction. 
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A model of motivation and learning, in which the organism is viewed as 
goal-directed and capable of learning cognitions, is described. The 
relevance of this model for animal welfare and stress reduction is 
outlined; in terms of the animal being allowed to attain the goals that it 
sets. Older S-R models are reviewed, and evidence presented to show their 
inadequacies. The importance of allowing the animal the opportunity to 
perform species-typical behaviour under certain circumstances is discussed. 

INTRODUCTION 

Background 

At any point in time, attitudes to animal welfare, suffering and 

husbandry might be expected to be influenced by the models and theories 

that we employ as descriptions and explanations in the behavioural 

sciences. Of course, common sense has always been able to tell us much 

about animal welfare. What a scientific understanding can add that is of 

value, over and above what we would deduce from common sense and a feeling 

of empathy, is only as good as the models of behaviour that are currently 

in fashion. For example, a Cartesian 'model' involving clear dichotomies 

(a) between mind/soul and brain and (b) between humans and brutes, might 

lead one to suppose that suffering, with its conscious affective aspect, is 

an exclusively human phenomenon. Fortunately, we have moved on some way 

from such a model. This chapter critically reviews some theories and 

models of behaviour, pointing to their strengths and weaknesses. I shall 

concentrate upon past and present models of motivation, learning and 

goal-directed behaviour, showing the interdependence between these aspects. 

I shall summarize what I perceive to be the contemporary Zeitgeist 

regarding behavioural models and indicate what I interpret as being its 

essential message, as far as the issue of animal welfare is concerned. 
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Some tentative preliminary pointers as to the relevance of behavioural 

models to animal husbandry will be discussed, and it is hoped that a more 

sound ethological basis for future decisions can be given. Further, there 

is the possibility of a two-way flow of information: consideration of 

welfare issues might illuminate pure behavioural science. 

Definitions and domain 

Under what circumstances might we be inclined to say that an animal is 

suffering? If it is organically ill or subject to physical injury, we 

would logically assume that it is suffering. Controversy is more likely to 

arise if we were to propose that an animal is suffering as a result of, 

say, isolation from conspecifics or overcrowding. Such suffering is often 

described under the heading of 'stress'. Reflecting this, most of what 

follows is indeed on the subject of stress. However, I shall also discuss 

more general ways in which behaviour models can illuminate welfare issues. 

From the viewpoint of stress, a useful way of approaching the question 

of suffering, and one that will be employed here, was outlined by Dawkins 

(1980). She starts her argument on the premise that there is a 'stress 

syndrome' consisting of hormonal and other physiological changes that can 

ultimately lead to organic damage. This syndrome appears following the 

presentation of a variety of stressors. Dawkins suggests that we can 

employ indices of stress that are apparent before organic damage results, 

in order to recognize and take steps to preempt suffering. 

There is some controversy over exactly how we define stress (Dawkins, 

1980). Archer (1979) defines it as "the prolonged inability to remove a 

source of potential danger, leading to activation of systems for coping 

with danger beyond their range of maximal efficiency." Archer notes the 

essential negative feedback nature of the system for dealing with threats. 

Threats cause (a) activation of behavioural systems, e.g. fear and attack, 

and (b) hormonal changes. In turn, these normally lead to removal of the 

source of threat. In stress situations, one has essentially opened the 

feedback loop so that the natural consequences (distancing of the threat) 

do not follow from the effect induced. As Broom (1985) notes, short-term 

adrenal activation, accompanied by appropriate behaviour should be seen as 

being of adaptive value to the animal. However, prolonged hyperactivity of 
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the adrenal hormone system impairs, rather than helps, survival and 

reproduction. Broom distinguishes between adrenal activity of a magnitude 

that can help an animal to cope with the demands of the environment and 

harmful adrenal responses. In a similar vein to Archer, Broom (1985) 

defines stress as "the process by which environmental factors over-tax 

control systems in an individual thus activating responses whose effects 

are prolonged and ultimately detrimental to that individual ... " Indicators 

of stress in poultry include increased injury, greater than normal 

susceptibility to illness, and decreased growth rate. 

An analogy with the drinking motivation system might help illuminate 

stress. Clearly, prolonged dehydration is undesirable, will lead to tissue 

damage, and can be assumed to be aversive. However, mild degrees of 

dehydration will goad the animal to seek water, and playa vital role in 

its survival. There is little reason to suppose that, so long as water is 

reasonably accessible, mild dehydration is aversive (a similar argument in 

the context of a different analogy is given by Dawkins (1980». 

Clearly, the response to different stressors will differ in some 

respects. However, for the concept of stress to be a useful one we need to 

see how far we can apply a generic model. One might suppose that some 

stimuli are able to elicit stress by their intrinsic properties, and could 

be termed unconditional stressors (e.g. loud sounds, electric shock). 

Although the distinction is far from absolute, other stimuli might be 

termed conditional stressors; their value would depend upon what they 

signal. Regarding the first class, Katz (1983) notes that by classifying 

extremes of heat and cold, shock, trauma and loud noise as 'stressors' we 

can turn to their common property that they all evoke escape responses. 

Psychologically effective stressors might then be defined as also those 

having this property. In other words, in the terms used here, within its 

biological constraints, an animal will perform goal-directed activity to 

alleviate a stressful situation. Such a notion. can give us a unifying 

concept applying between different stressors and cutting across any 

dichotomy between so-called 'physical' and 'psychological' stressors. For 

example, a rat can take evasive action to avoid heat or cold, and a 

duckling can perform an operant to reestablish contact with a parent on 

whom it is imprinted. A rat will escape from a goal-box in which it 
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experiences frustrative non-reward (Archer, 1976). 

The other aspect that might sometimes help sharpen our notion of what 

is a stressor would be to see it in terms of sometbing imposed upon the 

animal. Thus Katz notes that an animal might voluntarily separate itself 

from its family, e.g. during primate individuation. This should be placed 

in distinction to the stress of enforced separation. Kat~ continues: 

"Most stimuli allow preparation and subsequent stress minimization or 

escape. Inescapable stimuli (i.e. stressors) do not allow either of the 

last responses. They may force adaptation to occur exclusively at a 

motivational level, through the inhibition of normal affective responses. 

In conclusion, stress models by definition impose aversive stimulation and 

in so doing create motivational and behavioural changes as a direct 

consequence of limited escape options." On first exposure to inescapable 

shock, rats show escape behaviour, employing various strategies. A failure 

of such strategies is followed by 'giving up', inactivity and an absence of 

attempts to escape, characterized as 'helplessness' or 'hopelessness' (see 

discussion in Hellhammer, 1983). 

Regarding possible conditional stressors, Levine, Weinberg and Ursin 

(1978) discuss the type of stimuli that can arouse either coping responses 

(see later) or stress, the response depending upon the animal's history and 

the environmental possibilities. In other words, the response depends upon 

the animal's interpretation of the stimulus input. The same physical 

stimulus can evoke no signs of stress or major signs depending upon whether 

a coping response is available. This characteristic gives the stress 

system a feature in common with other motivational systems (see discussion 

in Toates, 1986). For example, a sucrose flavour might be avidly sought if 

it is predictive of benign consequences, i.e. energy yield. If the same 

physical stimulus of sucrose has been associated in the past with noxious 

consequences, it can evoke active avoidance reactions, the so-called Garcia 

effect. 
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Signs of animal discomfort 

In this section, I shall very briefly summarize some of better known 

and more important cases of 'deviant' behaviour by farm animals. This 

section forms that material that is in need of explanation and prescription 

for improvement, and for which models of motivation and learning are 

relevant. It draws upon the review of Wiepkema (1985a). 

Veal calves are normally housed in small wooden boxes (60-65 cm) that 

severely restrict their physical movements. In such an environment, they 

exhibit the bizarre habit of 'tongue playing', in which the tongue is 

rolled in and out or swayed from side to side. Veal calves housed in 

groups, but fed from a bucket, sometimes develop the habit of sucking each 

other, particularly just after milk drinking. The objects sucked include 

the ears, navel and penis of their fellows. In many cases, this leads to 

urine sucking and urine drinking. 

Similarly, to save farm space, pregnant sows are sometimes held 

tethered with a band around their neck or breast. They are confined for 

long periods of time, and this precludes their performance of exploration. 

Sows typically develop a number of stereotypies, such as bar biting and 

sham-chewing (Cronin, 1985, see also Wiepkema, 1985a). Fattening pigs are 

commonly housed in pens without any bedding. This, of course, precludes 

such natural activities as rooting or nibbling at bedding. Rooting is then 

redirected, the target being penmates. Tail biting often appears and this 

can lead to severe wounds. 

In the domain of poultry keeping, growing chicks and laying hens that 

are maintained without litter (e.g. on wire) exhibit pecking at each 

other. Such pecking is often associated with pulling of feathers and can 

cause serious injury. Laying hens, housed 

restless behaviour in the period just prior 

(1985a): 

in battery cages, exhibit 

to laying. To Wiepkema 

"This pacing and putting the ,head out of the cage may last for months and 

strongly suggests an intense desire to escape from the enclosure." 

Such laying hens also exhibit 'sham dust-bathing' on the grid floor of 

their cages. As an aspect of this behaviour, they attempt to rub their 

heads in the feed located outside their cages. 

Wiepkema justifies defining these behaviours as 'abnormal', on the 
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grounds that they are not shown under less confined, and more rich, natural 

environments. Furthermore, they are often to the animal's detriment (or to 

that of its fellows). 

In the sections that follow, I shall attempt to show the relevance of 

various models and theories in psychology and ethology to such behaviours. 

MODELS BASED UPON HOMOLOGY 

Dawkins (1980) argues that we can logically infer the existence of 

mental states in animals. Hence, we can logically infer the existence of 

suffering. 

A possible source of insight is to look at the similarities in the 

brains and behaviour of humans and non-human advanced animals. In this 

direction, Panksepp (1982) argues that there exist a few "hard-wired brain 

circuits" underlying the basic emotions and these are common in their 

structure between humans and non-humans. For example, in animals with 

ventromedial hypothalamic lesions, voraciousness and rage are highly 

probable, as is the case for humans. In contrast to the inter-specific 

similarity in mechanisms underlying emotion, the differences in cortical 

mechanisms are enormous (Panksepp, 1982). The emotive circuits underlie 

the animal's commerce with the external world, e.g. a positive emotion is 

associated with foraging and the negative emotion of fear is associated 

with putting a distance between the animal and the source of the fear. 

Furthermore, the emotive circuits mature earlier developmentally than do 

the more cognitive mechanisms. Taking a similar line to Panksepp, Jaynes 

(1982) argues: 

"All mammals, including ourselves have a basic set of genetically organized 

affects, specific aptitudes to respond to characterizable classes of 

stimuli or events in certain characterizable ways." 

Similarly, Wiepkema (1985b) argues that "man and most if not all other 

vertebrates experience emotions in a comparable way." This assumption is 

based upon the observation of the similarity of anatomical, physiological 

and endocrinological aspects across vertebrate species. 
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THE RELEVANCE OF BASIC MODELS OF LEARNING 

Stimulus-response models 

The history of explanation in the behavioural sciences, has been 

heavily influenced by models that see the organism as being essentially 

passive. That is to say, it simply reacts to. Indeed, the word 'stimulus' 

implies such a 'reaction to'. In the absence of such impinging stimuli, 

the organism would be assumed to be inert. Such a view doubtless owes much 

to Descartes' division of living systems into humans endowed with a spirit 

and non-human animals that are automatons. 

The behaviourism of, or derived from, Watson and Pavlov is in 

accordance with such a model. Hull (1952) described how animals form 

stimulus-response associations in learning a task. Hull also saw animals 

as being driven to reduce their level of drive. Such models would 

presumably lead one to suppose that, in the absence of obvious tissue 

damage or stimuli that elicit fear, an animal should be 'happy', in so far 

as such a term would mean much in that context. We now know that the 

stimulus-response model is inadequate in important respects. In its place, 

contemporary theory sees the animal as being (a) intrinsically active (see 

discussion in Young, 1966), rather than passive, eve~ in the absence of 

impinging stimuli, (b) goal-seeking, or, in other words, purposive (Toates, 

1986), (c) flexible and (d) learning cognitions (Bolles, 1979; Dickinson, 

1980, Mackintosh, 1983) and (e) exploratory (Archer and Birke, 1983). The 

contemporary picture demands a fundamental reassessment of what constitutes 

the minimum needs of a caged animal. 

Contemporary learning theory 

Contemporary learning theory replaces the notion of the animal as a 

collection of S-R associations with a more cognitive model. Animals are 

able to assimilate information about their environment in a way that is not 

tied to responses (see Walker, 1983 for a review). They can form 

predictive associations between two events in the external world or 

between, say, the taste of a substance and postingestive consequences 

(Dickinson, 1980; Mackintosh, 1983; see also the chapter by Wiepkema in 
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this volume). An animal is also able to form predictive associations 

between its own behaviour and the consequences that follow (Bolles, 1972). 

Given the occurrence of an unexpected event, the animal's nervous system is 

programmed to search for a predictive cue, sometimes involving exploratory 

behaviour (discussed by Toates, 1983). 

Learning theory emphasizes the existence of such affective states as 

'hope', 'relief' and 'frustration' (Mackintosh, 1983). For example, 

presentation of a cue predictive of shock can have very similar, if not 

identical effects, to a cue predictive of 'no food' in a situation where 

food is expected. A cue predictive of 'no shock' in a situation where 

shock might otherwise be expected has a similar, if not identical effect, 

to a cue predictive of a positive hedonic event. Learning theorists 

postulate a reciprocal antagonism between positive-and negative affective 

states (Mackintosh, 1983). On this point, despite some differences in 

basic assumptions, 

learning theory and 

emotions. In the 

one can see 

Panksepp's 

latter, based 

a convergence of the models based upon 

(1982) psychobiological model of the 

upon evidence from neurophysiology and 

psychopharmacology, Panksepp proposes reciprocal inhibition between 

antagonistic emotive circuits. Rather neatly, evidence from stress 

research dovetails here also. Measurements of pituitary-adrenal activity 

in rats under different circumstances fit such a model. On an instrumental 

task in a Skinner box, a decrease in the size of reward, relative to what 

is expected, causes a 'frustration effect' - an increase in pituitary 

adrenal activity (Goldman, Coover and Levine, 1973). Conversely, obtaining 

a reward better than expected causes what Goldman et al. term an 'elation 

effect' - a decrease in pituitary adrenal activity to below its basal 

levei. Levine, Goldman and Coover (1972) relate these notions to the 

learning theory model of O.H. Mowrer, towards which so much of 

contemporary learning theory converges. 

An addition to cognitive developments in learning theory is the 

recognition that there are strong biological constraints on learning 

(Bolles, 1979). That is to say, some associations are learned easily and 

others with difficulty, if at all. In applied ethology, any learning task 

presented to an animal (e.g. to earn its own food by operant means) would 

need to take such constraints into account. 
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In addition to the study of associations formed by animals, there is 

now considerable evidence to show that animals form complex cognitive 

representations of the spatial dimensions of their environment and the 

events within it (Menzel, 19781 Dawkins, 19801 O'Keefe and Nadel, 1978). 

MODELS OF MOTIVATION 

Energy models 

For some years now, 

ethology has been that 

one of the more 

of Lorenz (1966, 

widely-discussed models in 

1981). This is a model of 

motivation that is in what we might call the 'European ethological' 

tradition, as opposed to the more 'psychological' models that we associate 

with Anglo-American behavioural science. The essence of the Lorenzian 

model is that motivational-specific energy accumulates as a function of the 

time that elapses during which the animal does not perform the behaviour in 

question. Correspondingly, the stimulus adequate to elicit a behaviour 

decreases as a function of time. For example, Lorenz describes cases of 

animals being relatively discriminating in their choice of sexual partners 

after a short period of deprivation. As the length of the period 

increases, so the stimulus adequate to arouse mating falls. There are a 

number of distinct questions that we need to ask about this model: 

(1) How adequate is the model in explaining and predicting behavioural 

phenomena? 

(2) How general is the model? Does it apply to any motivational 

phenomenon? 

(3) Are the terms or metaphors employed by Lorenz the most useful we can 

adopt? 

(4) What are the implications for animal welfare of the assumptions built 

into the model? 

In answer to the first question, there is indeed evidence that the tendency 

to perform certain behaviours increases as a function of the deprivation 

time. Lorenz gives several examples of this. What is the most appropriate 

language for describing these internal processes? Clearly, in the case of 

feeding and drinking, to a considerable extent one can anchor the internal 
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change to physiologically realizable parameters, such as water level. 

However, that is not to say that, even for such systems, we can account for 

all of the deprivation effect in these terms (see later). The performance 

of the motor patterns associated with, say, feeding and drinking seems to 

have a component that is intrinsically of motivational value (reviewed by 

Toates, 1986). 

Although one could argue whether 'energy' is the most appropriate or 

useful term to describe the internal factor, none-the-less the Lorenzian 

model captures the essential feature that intrinsic motivational changes 

can occur as a consequence of not performing a behaviour and that certain 

motor acts have their own intrinsic motivational potential. We might 

expect differences between motivational systems in this regard. For 

example, whereas evolutionary processes might have been able to leave most 

of the changes in drinking tendency that occur as a function of time to 

changes in hydrational level, it is more difficult to see what extraneural 

physiological parameter could underlie some other motivations. For 

example, the tendency of hens to engage in dustbathing increases as a 

function of time since they are deprived of the opportunity (Vestergaard, 

1982). 

Concerning the implications of the Lorenz model for animal welfare, 

one can identify 2 distinct areas. Firstly, the notion of 'energy 

accumulation' has negative connotations (Wiepkema, 1985a); one might 

logically assume that a failure to discharge the energy so as to confine it 

within bounds is associated with disturbance to the well-being of the 

animal. This might be so. Who knows? The problem is that we have no 

source of useful evidence either way. Whether an animal brought up in 

complete isolation suffers because of a failure to discharge a sex drive is 

perhaps more of a philosophical, than a biological, question. The second 

possible application of the Lorenzian assumptions is more subtle and 

perhaps more realistic. If the tendency to engage in behaviour of a 

particular kind increases as a function of deprivation, given even a 

minimum incentive cue or memory of one, we risk that the animal will 

perform, or attempt 

might cause damage. 

metaphorical energy 

to perform, the behaviour in an abnormal way. This 

Even though we cannot show that any accumulation of 

is intrinsically harmful the specific behavioural 



consequences of denying an animal the opportunity to 

appropriate species-typical behaviour can sometimes be 

perform 

harmful. 
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the 

For 

example, hens maintained without litter attempt to dustbath in their 

feeding tray. To take another example, in the extreme, we might (wrongly) 

as~me that the needs of the feeding system could be adequately maintained 

by supplying energy intravenously. As a somewhat less extreme case, we 

might invite a young animal to ingest nutrients taken from a bucket rather 

than by teat, assuming that the motor mechanisms of gaining food are a 

matter of indifference. Some harmful consequences of such procedures are 

described later. 

Sensitization of the internal factor by deprivation might lead to 

excessive effort expended in pursuit of an unattainable goal. This might 

be stressful. In this context, it is relevant to mention the review of 

Mather (1981), in which she marshalls considerable evidence to show that 

so-called spontaneous activity in mammals (e.g. running-wheel activity in 

rats) is explicable in terms of an attempt to reach an unattainable goal. 

Such activity depends upon both internal physiological state and external 

cues concerning the location of incentives. 

The discussion now turns to the current psychological literature where 

it is possible to see some models of the reinforcement process that offer 

hope of bridges with continental European ethology. 

Reinforcement 

Traditionally, in psychology the term 'reinforcement' has been applied 

to the consequences to an animal of its behaviour as far as the world 

external to the animal is concerned. For example, one might say that, to a 

food-deprived animal in a Skinner-box, food constitutes positive 

reinforcement. However, more recently, certain psychologists have come to 

recognize that behaviour ~ ~ can have reinforcement value (Herrnstein, 

1977). Animals deriv.e reinforcem~nt from performing certain behaviours; 

in the other words, in the case of ingestive behaviour, reinforcement would 

derive in part from the chemical properties of the ingested substance and 

in part from the mechanics of ingestion. For example, in the case of a 

cat, the reinforcement of obtaining prey lies, in part, in stalking and 
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hunting. The taste of mouse in the mouth is only a part of the complex of 

what constitutes reinforcement. 

In a similar vein to Herrnstein, in their influentia~ review, Glickman 

and Schiff (1967) wrote: 

"The significance and magnitude of non-feeding chewing responses is not 

often appreciated by psychologists working with rats maintained in the 

usual barren environment (unless the rat happens to chew down the edges of 

their metal food dishes)". 

The line taken by Herrnstein would seem to dovetail with some of the 

conclusions drawn by Kiley-Worthington (1977), regarding the welfare of 

domestic animals: 

"One of the hazards of animals housed in controlled environments is that 

they are prevented from performing many of the normal activities which 

would occupy them during the day outside. Thus, their food is provided, 

they do not have to search for it or even graze for it, water is also 

provided. They do not have to take behavioural measures to keep themselves 

at a reasonable temperature. It is suggested that the provision of the 

methods for the animals to perform some of these tasks for themselves would 

help to keep the environmental stimulation level at its optimum. In 

addition, if suitably designed, such measures could cut down labour costs." 

Homeostasis 

A great deal of thinking in physiology, psychology and ethology is 

based upon the central principle of homeostasis. It is known that the 

important parameters of the body, e.g. water, sodium, temperature, cannot 

depart far from optimum. To do so, endangers the integrity of the 

organism. Furthermore, it is well known that deviation from optimum 

triggers intrinsic (autonomic) and behavioural action that serves to return 

the parameter to normal. Models based upon this negative-feedback 

principle have powerful predictive value (Cabanac and Russek, 1982). On 

the basis of the homeostatic model, one might conclude that deviations from 

optimum can be associated with negative affective states, and hence that 

welfare requires that the animal is able to maintain its parameters near to 

normal. Of course, in the extreme, tissue damage results from a failure to 



165 

meet the homeostatic demands. 

The homeostatic model, as traditionally described by analogy with 

negat.ive feedback control systems in engineering, captures an essential 

feature of motivational systems that are associated with homeostasis. 

However, this particular analogy misses the peculiar mode by which the 

living system regulates. It does so by modulation of incentive properties. 

As evidence for such a model, consider the finding that rats infused 

intravenously with large amounts of water do not stop drinking (Nicolaidis 

and Rowland, 1975). Regulation of water and energy levels is achieved by a 

particular means, commerce with incentives and the use of specific motor 

patterns (e.g. chewing and licking). There is no reason to suppose that 

maintenance of needs by any other means is as satisfactory. Rats that 

learn to self-regulate their fluid intake by bar-pressing for intragastric 

reward are observed to lick and chew the lever at the time of bar-pressing 

(Altar and Carlisle, 1979). One could argue that (a) chewing and 

swallowing have their own motivational value and contribute to satiety, and 

(b) the animal is able to associate mock ingestive activities with nutrient 

gain (see earlier discussion of 'constraints on learning'). In these 

terms, satiety is a conjoint function of events at several levels in the 

system, the oral chemo-detection, gastric detection, post-absorptive 

detection and the mechanics involved in gaining the food. In rats, gastric 

emptying depends upon the animal's performance of the mechanics of chewing 

(Deutsch, 1979). Such results and the theoretical model that they support 

are potentially of crucial relevance to animal welfare. 

the case of veal calves, de Wilt (1985) notes: 

For example, in 

"The performance of sucking during or immediately after milk intake may 

contribute to satiety and therefore sucking seems beneficial to calf 

welfare. If milk cannot be supplied through teats, adequate sucking 

facilities such as artificial teats should be presented in close proximity 

of the milk bucket. These teats are sucked intensively, which demonstrates 

their usefulness." 

De Wilt notes that digestive processes are better stimulated by teat 

feeding than by bucket feeding. Careful consideration of the mode of food 

presentation, developmental stages and the animal's natural behaviour that 

serves food gain, ·enables the pathological sucking of other calves to be 
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considerably reduced, if not eliminated. In normal feeding, an 

anticipatory secretion of hormones and digestive juices occurs prior to 

arrival of nutrients in the gut (see discussion in Rodin, 1981). It might 

be prudent to consider that we by-pass the foraging, chewing and swallowing 

components of the ingestive sequence at our peril. 

Some have attempted to define stress simply in terms of deviations 

from normal of homeostatically regulated parameters (see discussion in 

Miller, 1980). Here some caution is in order. A fall in, say, body-energy 

level might well be to the animal's detriment, but we need to exercise 

caution in assuming it is a stressor ~ se, since deprivation is easily 

confounded with other factors. Thus, in an experiment on monkeys, Mason, 

Maher, Hartley, Mougey, Perlow and Jones (1976) showed greatly increased 

levels of urinary 17-0HCS during fasting. However, this was observed in 

colony-housed animals that were exposed to the cues normally associated 

with feeding. When they were housed under isolated conditions and given 

non-nutritive pellets at the time of anticipated feeding, increased l7-0HCS 

levels were not seen. 

The importance of incentive presentation in the context of homeostatic 

regulation was underlined in an experiment on the repeated presentation of 

food/water following a period of food/water deprivation (Levine and Coover, 

1976). In rats, following 24hr deprivation, plasma corticosterone level 

was greatly elevated. Returning the missing commodity caused a rapid fall 

in corticosteroid level. In fact, merely returning an empty water-spout 

caused a transient fall, followed by a sharp rise. The rapidity of these 

effects led to the assumption of a conditioned effect, since even when food 

and water were provided, the effect was too rapid to be accounted for in 

metabolic terms. The subsequent dramatic rise in corticosterone level seen 

by those animals only given a spout was attributed to a failure of the 

expectancy to be met. This experiment demonstrates the importance of 

avoiding frustrating and thwarting situations for animals. 
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Hedonic theories of motivation 

In a series of experiments, Cabanac (1971, 1979 see also the chapter 

by Cabanac in this volume) showed the relationship between internal state 

and the reported affective values of such stimuli as heat and food. Humans 

were asked to rate hedonic value on a scale, and thus Cabanac was able to 

quantify affective state. 

In accordance with everyday subjective experience, humans reported 

changes in affective rating, between positive, negative and neutral, as a 

function of internal state. The same food stimulus that might be perceived 

as hedonically positive following starvation would be said to be 

hedonically negative in surfeit. This line of investigation is relevant to 

us for several reasons. Although, of course, we cannot ask animals for 

verbal reports of their 

indices. Cabanac has 

subjective reports and 

reactions of animals 

affective state, we can observe behavioural 

shown a close correspondence between (a) human 

behavioural react ions .and (b) the behavioural 

when confronted with incentives in various 

physiological states. In a more recent development of this work, Berridge 

and associates (Berridge and Grill, 1984) have produced a taxonomy of the 

rat's reaction to substances as a function of internal state. One is led 

to certain clear indices of positive and negative affective reac~ions. 

The Opponent-process Theory of Motivation 

The opponent-process theory of motivation proposed by Solomon and 

Corbit (1974) is relevant to the present discussion in the following way. 

Solomon and Corbit documented a large number of situations in which removal 

of a stimulus associated with one affective state sets up an affective 

state of the opposite sign. This model gives a formal scientific 

representation to what is a common-sense view: that just as stimuli can 

influence behaviour by their presentation, so can they by their withdrawal. 

For example, a chick that is imprinted on its mother and is then separated 

from her will emit distress calls and is capable of learning an 

instrumental task 

understanding some 

to regain 

features of 

contact. 

welfare. 

This might prove useful in 

For most mammalian species, 

enforced separation from the mother is a traumatic experience. First, a 
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phase of 'protest' or 'agitation' is shown, characterized by, for example, 

increased vocalization. In some primate species, this phase is followed by 

a 'despair' phase of inactivity (see Kraemer, Ebert and McKinney, 1983). 

In rats, there is evidence that isolation from conspecifics causes stress, 

as indexed by ACTH secretion (discussed by Kiley-Worthington, 1977). As 

Dawkins (1980) notes, separating an individual sheep from the rest of the 

flock causes a large rise in the level of cortisone-type hormones. 

Epstein's criteria of motivation 

In an interesting review, Epstein (1982) draws a contrast between, on 

the one hand, the relative inflexibility of reflexes and instincts, and, on 

the other, the flexibility of motivational systems. At one extreme, 

reflexes are tied to particular stimulus inputs, the input is necessary for 

the behaviour to appear, and the behavioural form is stereotyped. By 

contrast, at the motivational systems end, we see (a) considerable autonomy 

from immediate stimulus control, (b) modulation by internal state and (c) 

the synthesis of novel means to gain access to the appropriate incentive 

object. For motivational systems, the animal's behaviour is guided by a 

goal and there exists an expectation of the outcome of the sequence of 

motivated behaviour. 

Epstein argues that animals displaying motivation "behave with 

affect". He goes on "Motivated behaviour is I believe, often laden with 

affect, and affective expression should be expected of the internal state 

that is generating the behaviout." Epstein notes that (a) affect is shown 

by very young animals, (b) behaviour judged to be affectively loaded can 

sometimes be exhibited in its full form the first time that it appears and 

(c) is typically species-specific in so far as the outward expression of 

affective state is concerned. He indexes 'affect' by the presence of 

"discernable patterns of somatic and autonomic-glandular (both exocrine and 

endocrine) responding that are expressed as integral aspects of 

appetitive-consummatory sequences of behaviour." 

Epstein associates the full complex of autonomic and behavioural 

expression that is labelled 'affective' with relatively advanced animals 

engaged in motivated activities. By contrast, he speculates that one would 
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not see such a complex in, say, a cricket emitting its mating call. 

Epstein supposes that this is a "cooly mechanical instinctive behaviour." 

As particularly clear examples of affective display, Epstein gives those 

described by Darwin and Hess. In Darwin's work on the expression of 

emotions, cats are illustrated in clear poses of attack and soliciting. In 

response to electrical brain stimulation, the cats used by Hess showed 

unambiguous indices of internal state (e.g. rage or sleeping). To 

summarize his argument, Epstein writes: " ••.• motivated behaviour is 

hedonic. It arises from mood, is performed with feeling, and results in 

pleasure or the escape from pain, and although the moods, feelings, and 

satisfaction themselves are private and beyond our reach as scientists, 

their overt expression in patterns of somatic, autonomic, and glandular 

responding is an important diagnostic characteristic of motivation." 

The differences that Epstein supposes exist between instincts and 

motivational systems are shown in Table 1. 

TABLE 1 Classification proposed by Epstein (1982) 

Instinct 

Species-specific in releasing 

stimuli and efferent programs 

Appetitive behaviour 

unmodified by expectancy 

Nonaffective 

Present in a relatively 

large number of species 

Motivation 

Appetitive behaviour can be individuated 

Anticipatory of goals 

Accompanied by expression of affect 

Present in relatively few species 
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Whether this represents a true dichotomy or rather two ranges on a 

continuum, is an interesting question, but one that need not concern us 

here (see Toates, 1986). The relevant point is that motivational systems 

share certain common properties, including affective states. Epstein draws 

a contrast between feeding in the fly, as an instinct, and the reaction of 

a duckling to an imprinted object, as an example of a motivational system. 

The behaviour of the fly is inflexible and stereotyped; it shows no 

evidence of learning in its food-getting behaviour. By contrast, in the 

case of the duckling, (a) the reaction of the bird to the object changes 

during imprinting, (b) the duckling can employ operants to regain contact 

with the imprinted object, (c) on separation, affect is shown, as indexed 

by distress calling. 

Note that Epstein is not denying that some reflexes might have 

affective concomitants. Clearly, in the case of humans, removal of the 

foot from a thorn has both automatic reflexive aspects and an associated 

conscious pain perception. What Epstein is stressing is that motivational 

systems, as a feature of their organization, are affect loaded. Thus 

thwarting of the expression of goal-directed behaviour would be expected, 

in these terms, to be associated with negative affect. 

Wiepkema's model 

A model of behaviour described by Wiepkema (1985a; see also the 

chapter by Wiepkema in this volumel leads to some rather clear predictions 

regarding welfare and stress. The central assumption of Wiepkema's model 

is that the organism needs to be viewed as a special type of control 

system. It attempts to control both its external and internal environments 

to match certain internally specified values. In this model, in the case 

of a failure to control its Umwelt (the individual-specific or 

species-specific environment) in a way prescribed, the animal attempts, at 

least, to predict Umwelt changes. Wiepkema employs the German expression 

Sollwert ('should-value', desired-value, or set-point) to refer to the 

command to the system. The term Istwert refers to the actual state of the 

Umwelt at any point in time. The function of the system is to obtain 

equality between Sollwert and Istwert. Serious disparity would be 
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associated with negative affect, if no means are available to eliminate the 

disparity. Equality or a move towards equality would be associated with 

positive affect. 

What then is the evidence that animals set goals? A number of pieces 

of evidence point to the validity and usefulness of such a model (see also 

earlier discussion). Rats running mazes show evidence of having 

expectations regarding the goal 

frustration, similar to those of fear 

object (Tolman, 1932). Signs of 

are exhibited by an animal that 

arrives in a goal box to find the reward lacking or inadequate (for 

reviews, see Archer, 1976; Gray, 1975; Mackintosh, 1983; Toates, 1986). 

Such frustration is associated with a rise of plasma corticosterone levels, 

similar to that caused by a fear eliciting stimulus (Levine, Goldman and 

Coover, 1972). Changing the value of a goal object between sessions 

influences the animal's reaction when' next placed in the situation 

(Dickinson, 1980; Tolman and Gleitman, 1949). An animal can employ a rich 

variety of different techniques (motor acts, strategies) in order to reach 

a given goal-object (Bindra, 1978; Toates, 1986). All of this leads to a 

pict,ure of the animal setting goals, employing flexible strategies to 

attain those goals and experiencing negative affect on failing to attain 

them. 

Powers (1971) is perhaps the best known exponent of the view that the 

brain of a vertebrate sets goals, and behaviour is controlled in such a way, 

that sensory input matches, as far as possible, the goal ('input' or 

Sollwert) set. Such a model was given a neurophysiological embodiment'by 

Cools (1985), where it was shown to fit rather well to the 

neurophysiological and behavioural evidence. 

The notion of goal-setting is close to that of the 'self-initiation' 

of behaviour. This expression should not be taken to be a mystical one 

that places behaviour beyond the reach of scientific investigation. 

Rather, it should be seen as an affirmation of a model in which (a) 

behaviour is determined by internally specified set-points and (b) commerce 

with a given incentive might have very different effects, depending upon 

whether the animal initiated the commerce or was forced into it. This 

argument clearly needs some sharpening to make it scientifically 

respectable, but an example can rather neatly illustrate its essence. 
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Working with mice, Misslin and Cigrang (1986) obtained evidence to show 

that fear of novel objects is not caused by novelty E!£~, rather by the 

animal being forced into contact with novel objects. These workers looked 

at the physiological parameters of fear: defecation, urination and plasma 

corticosterone level. These indices did not show an increase in fear when 

the animal was free to initiate exploration of a novel area 

return to its home-base. However, placing the animal in 

environment or impeding its return to the home-base did cause 

fear to be exhibited. They conclude that: 

and could 

the novel 

indices of 

" ••. fear or anxiety can be considered as a class of emotional reactions 

occuring when animals are unable to display normal behavioural sequences 

towards novel stimuli." 

MODELS OF STRESS AND COPING THAT ARE BASED UPON LEARNING THEORIES 

Prediction, control and feedback 

Overmier, Patterson and Wielkiewicz (1980) note: "Control over one's 

destiny, knowledge of the "laws of nature", privilege of choice, and 

freedom from conflict are among the higher values and goals espoused by 

individuals. Are these values culturally determined and uniquely human, or 

are they rooted in the evolutionary biology of the organism?" The models 

described in this section start from the fundamental premise that animals 

are able to form predictive associations regarding events in the external 

world (Levine, Weinberg and Ursin, 1978; see also earlier discussion of 

contemporary animal learning theory). Levine et al (1978) relate their 

theoretical position to the work of Sokolov on habituation. In response to 

an unexpected stimulus a subject exhibits an alerting or orientation 

response, accompanied by an increase in the level of circulating adrenal 

corticoids. However, if the stimulus-is not of a noxious quality and is 

repeated a number of times, the signs of activation diminish. The system 

is said to be habituated. In this model the organism matches incoming 

sensory information against internal models or representations of stimuli. 

These give expectancies of what is arising in the environment. 

In response to aversive stimuli, the signs of stress are greater if 

the aversive stimulus is unpredictable as compared to predictable (reviewed 
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for a variety of species by Broom, 1985). However, Broom's comment that 

"Unpredictable input or the absence of expected input means that the animal 

is not regulating its life adequately and hence such unpredictability can 

be disturbing" needs a slight qualification. Omission of an expected 

aversive event creates a state that contemporary animal learning theorists 

describe as 'relief'. It has several of the same properties as 

presentation of a positive incentive object, and there is little or no 

reason to think it would be aversive. 

As a rule, rats and dogs show a clear preference for prediction and 

control as compared to unpredictability and lack of control (Overmier, 

Patterson and Wielkiewitz, 1980). Rats will work for food in the presence 

of free food, and show a preference for signalled shock over unsignalled 

shock. A shock that is predictable causes the development of fewer ulcers 

in rats, than does unpredictable shock (Gliner, 1972). As Levine, Weinberg 

and Ursin (1978) note, what is apparently the same physical stimulus can 

have different effects depending upon whether it is predictable. For some 

time, there were two hypotheses that attempted to explain an animal's 

preference for signalled shock (see discussion in Levine, Weinberg and 

Ursin, 1978). One notion is that information is provided to the subject by 

the warning signal such that some kind of response that reduces the impact 

of the shock is possible. This is known as the EreEaratory resEonse 

hYEothesis. A different, but not necessarily mutually exclusive 

hypothesis, is termed the safety-signal hYEothesis or safe-unsafe 

hypothesis. The basis of this hypothesis is the assumption that the 

predictive signal enables the animal to identify shock-free periods. 

During such periods, relaxation is possible. In terms of contemporary 

learning theory (Dickinson, 1980), the animal would learn an association of 

the form 'absence of a signal predicts no shock'. More recently, another 

factor has entered the picture. Fanselow (1979) found that the rat's 

preference for signalled shock is blocked by administration of the opiate 

antagonist, naloxone. This suggested to him that, by a process of 

Pavlovian conditioning, the warning cue came to elicit a release of opiates 

that attenuated the negative affective value of the shock. 

Exposure to the presentation of biological incentives (e.g. positive 

ones such as food and negative ones such as shock) that is uncontrolled 
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makes later learning of a contingency in which the animal does have control 

more difficult. This interference generalizes between positive and 

negative incentives, which suggests that a general mechanism of behavioural 

control has in some way been disrupted (Overmier et al, 1980). Later 

theories by Overmier and associates proposed that there are three 

consequences of exposure to uncontrollable, inescapable, noxious stimuli: 

(a) the animal's emotional state is altered, there being a tendency towards 

emotional depression and generalized anxiety, (b) there is a decreased 

motivation to respond in the face of aversive stimuli and (c) there is a 

deficiency in subsequent learning of response-reinforcer contingencies. 

In an experiment by Weiss (1971), it was shown that rats that were 

able to perform a coping response to postpone, avoid or escape shock were 

less stressed (by an index of gastric ulceration) than matched controls 

subjected to the same number of shocks but unable to influence them. This 

result leads us to reiterate a point made earlier that the stress induced 

by a stressor depends upon the whole motivational context of its 

presentation. 

One of the most stressful events, as indexed by plasma corticosterone, 

is to remove control from an animal that had previously experienced control 

over its situation (reviewed by Overmier, Patterson and Wielkiewicz, 1980). 

This is more stressful than exposure to the same aversive conditions of a 

group of animals never having experienced control. Such loss of control is 

created by, for example, presenting unavoidable shocks to animals after 

their learning of an avoidance response. Even removing the manipulandum 

with which an animal has learned to exert control, but deliveririg no 

further shocks, causes greatly elevated steroid levels. 

Blocking the performance of shuttlebox avoidance by a barrier and the 

imposition of extinction conditions in an appetitively motivated task both 

increase plasma corticoid levels. Weinberg and Levine (1980) suggest that 

both situations can be subsumed under the heading of 'loss of control'. 

Feedback informing the animal that by means of the contingency in 

operation it is now in a safe period is an important factor in diminishing 

stress (see Weinberg and Levine, 1980). Such feedback might be response 

dependent, e.g. a sound that is unambiguously associated with safety and 

which is emitted when the animal presses a bar that terminates shock. 
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Ursin's model 

Ursin (1985) presented a model of emotional behaviour that is very 

relevant to the present argument. In this section, I shall describe in 

some detail this model, the assumptions on which it is based, and its 

predictions. 

The first assumption Ursin uses is one articulated by Bolles (1972). 

Bolles proposes that learning is of basically two kinds; animals learn the 

relationship between either (a) two events or (b) their own behaviour and 

the consequences of this behaviour (see also earlier discussion). These 

are termed 'stimulus expectancies' and 'response expectancies', 

respectively. In such terms, Ursin assumes that "brains are able to store 

the information that certain stimuli or responses precede other stimuli." 

For example, a rat in a Skinner box learns that the response of 

bar-pressing causes the arrival of food. Ursin's second assumption regards 

the process of activation. Ursin defines activation as a "general, 

nonspecific response to all situations in which there is a threat to the 

organism". Correlated with changes in activation level are the blood 

concentrations of many hormones, e.g. cortisol. He notes that activation 

can also appear in situations where expectancies are not met. According to 

Ursin: 

"Activation occurs in all situations where the bratfi registers a 

discrepancy between a set value for one of the many variables controlled by 

the brain." He also refers to 'emotional behaviour' being aroused in the 

same situations as cause activation. As an index of activation, according 

to Ursin, one can use the electroencephalogram (EEG). He refers to 

activation as occurring whenever "there is something wrong". According to 

his formulation, when there is a discrepancy between set value and actual 

value, activation will normally continue until the discrepancy is 

eliminated. This would normally be by means of driving the actual value 

into equality with the set value. Under some circumstances it might be 

achieved by adjusting the set value. Ursin defines instrumental behaviour 

as that which "reduces discrepancies between set values and actual values 

for variables controlled by the brain." 

Ursin notes that a hungry rat, put into a small cage, will roam around 

for a while. When the rat has established that there is no food to be 
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found, it will stop searching and its corticosterone level will drop. 

Signs of activation will, however, be revived by a change in stimulus 

situation that could herald the arrival of food. 

Ursin suggests that there might exist an optimal level of activation, 

such that levels that are too low might also cause action to be instigated 

to increase the level. 

A number of terms and theoretical concepts arise in the discussion of 

Ursin's model. The animal is said to be coping when it can perform a 

response that will eliminate a threat. Thus activation is increased in a 

threatening situation, and performance of a coping response decreases 

activation. In a well-trained sequence involving predictable events, 

having a coping response can largely preempt activation. In rats, the 

ability to perform fighting in response to shock is associated with lower 

corticosterone levels than controls unable to peiform a response. In an 

avoidance learning task, rats at first show a rise in corticosterone levels 

over sessions of exposure, but as they become accomplished at the task 

there is some decline seen (Coover, Ursin and Levine, 1973). Blocking the 

ability to perform the avoidance response, by a partition in the 

shuttle-box, and presenting the warning cue but no shock is associated with 

an increase in corticosterone level. Dominant ptarmigans show lower 

corticosterone levels following an agonistic encounter than do more 

submissive individuals. Ursin suggests that a history of winning fights is 

associated with a greater response-outcome expectancy. 

In terms of behaviourist motivation models, a drop in activation 

level, that serves to reinforce a 

termed 'drive reduction' (Ursin, 1980, 

successful coping response would be 

Miller, 1980). 

The definition of coping adopted by Levine, Weinberg and Ursin (1978) 

is "based on the ultimate reduction of the physiological arousal produced 

as a consequence of the novelty or threat of any given stimulus complex." 

Such coping would normally be associated with a behavioural response that 

puts a distance between the animal and the threat. However, if no such 

response is observed, and yet by the physiological index the animal is not 

in the aroused state, Levine et al.would still term this 'coping'. Ursin 

(1985) defines the term hopelessness as describing the situation where, 

irrespective of the behaviour of the subject, an aversive event will 
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follow. It is the opposite of coping. The term 'helplessness' refers to 

the situation where there is no relationship between a response and the 

outcome. 

BEHAVIOURAL PHENOMENA AND THE RELEVANCE OF MODELS 

Conflict 

Stress, as indexed by gastric ulceration, is increased if the animal 

is placed in an approach-avoidance conflict (Sawrey, Conger and Turrell, 

1956: 

get 

see also review in Murison, 1980). For example, rats that can only 

to food by passing over an electrified grid are in such an 

approach-avoidance conflict. In principle, the animal has control over 

such a situation. However, the control is bought at a price: to eat it 

must pay the price of passing an aversive region, and to be free of shock 

it must pay the price of hunger. 

Stereotypies 

The frequency of stereotypies in confined sows is greatly reduced by 

injections of the opiate antagonist naloxone (Cronin, Wiepkema and van Ree, 

1986: see also discussion in Broom, 1985). One possible interpretation of 

this result is that animals are able to increase analgesic levels by the 

performance pf stereotypies. Presumably the housing conditions are made 

less aversive in this way. At this point, observations on domestic animals 

would a~pear to dovetail with some findings on opiate taking in rats. Rats 

isolated in small cages were found to drink 16 times more morphine than 

rats housed in a colony (Alexander and Hadaway, 1982). These authors 

noted: 

"The restrictive, isolated conditions of standard laboratory housing may be 

inherently stressful to mobile social animals like rats ..• " 

Opiates would therefore be a vehicle for attaining a more acceptable 

environment or 'affective tone', depending upon ones viewpoint. 

In poultry, thwarting access to food is well recognized as a cause of 

aggression and stereotypies (see review in Broom, 1985). Pigs housed alone 

and confronted with a situation of thwarting (e.g. prevention of access to 
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food or non-appearance of expected food) attempt to escape from the 

situation. Such situations of frustration are commonly encountered in 

farms. Broom (1983) discusses the possible mechanism underlying, and 

function of, stereotypies. He notes that stereotypies cause a change in 

sensory input. This might serve to maintain arousal level. Furthermore, 

since the animal is able to generate a predictable sensory input by 

performing stereotypies, an unpredictable environment could be made more 

predictable. 

"If the number of operational attention channels were limited, the 

individual might then reduce the necessity to process and respond to inputs 

from unpleasant stimuli." 

Stereotypies are commonly exhibited by animals in either monotonous 

environments or in environments of extreme novelty or containing stimuli 

thought to be anxiety-inducing. Examples in the latter category include 

the presence of a potential predator, a delay in the time of an anticipated 

meal or removal of a social companion. In tethered sows, the stereotypies 

of chewing and licking parts of the cage can be reduced by making straw 

available. Broom uses such evidence to support the notion that 

stereotypies are a response to restricted and monotonous surroundings. 

Straw permits a normal activity, chewing, to occur. In other situations, 

the lack of a specific stimulus seems to evoke stereotypies. Broom offers 

as an example here pacing behaviour by hens denied access to a nest site 

and seen in the period just before laying. Broom concludes that "the 

occurrence of prolonged stereotypies indicates that the conditions are 

adverse for that individual". 

become less adverse by the 

Kiley-Worthington (1977) notes: 

Of course, the adverse conditions might well 

performance of the stereotypy. As 

"For practical applications it must, therefore, be clearly appreciated that 

to change the environmental conditions to cure an established stereotypy 

may well have little effect. However, the provision of an 'adequate' 

environment of sufficient complexity to avoid insufficient sensory input 

may prevent its development. 

Thus it is suggested that the performance of stereotypies should be 

regarded as a symptom of environmental inadequacy." 
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Environmental design 

Personal space is an important factor in stress reduction. 

Overcrowding causes signs of stress in various species, and increases the 

probability of aggressive encounters (Kiley-Worthington, 1977). Welfare 

can sometimes be improved by provision of spaces where animals can hide 

from more aggressive conspecifics. A subordinate animal might get pushed 

out in the competition for food. In a natural environment, the response to 

overcrowding would be migration from the environment in question. 

According to Kiley-Worthington (1977), in farm animals, a common form of 

thwarting that provokes aggression is due to the distribution and type of 

food that is made available. Trough feeding can increase competition 

pressure. Dramatic changes in the social environment, e.g. isolation or 

exposure to unfamilar animals in a confined space, increases signs of 

stress in domestic animals (Kiley-Worthington, 1977). Kiley-Worthington 

proposes that for dairy cattle "groups should be as stable as possible, 

preferably being composed of the same animals from birth to death". 

Introductions between two animals should be carried out in a large area 

rather than a confined space. Stress and physical injury can often be 

avoided by making the introduction on mutually unknown territory 

(Kiley-Worthington, 1977). Whereas sudden stimuli (e.g. new personnel, 

lOUd noises) usually need to be avoided in order to minimize fear 

reactions, a monotonous environment is also to be avoided 

(Kiley-Worthington, 1977). A compromise would consist of a mild level of 

opportunity for changing stimulation. Sudden unexpected noises appear to 

induce stress, and for this reason regular background noises might be a 

desirable feature of an environment. The opportunity for self-determined 

environmental change could well improve welfare (e.g. the chance for 

cattle to stand in the rain, or for pigs to look in a mirror or for animals 

to play with objects and gadgets) (Kiley-Worthington, 1977). 

DISCUSSION 

After reviewing the experimental evidence and various models of 

motivation, it is possible to form some consensus of opinion. With the 

inroads made by cybernetics, cognitive psychology and cognitive ethology, 
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particularly in the last 20 years, one can draw a portrait of an advanced 

vertebrate and make some conclusions regarding welfare. 

The model of the rat as a stimulus-response (S-R) automaton has been 

largely replaced by that of a goal-seeking system. The term 'Sollwert' is 

often used to refer to the goals that the animal sets. The animal is able 

to take action via a variety of different routes in order to attain 

equality between Sollwert and Istwert. By analogy and homology with the 

case of humans, it would seem reasonable to associate negative affective 

states with a failure to attain a goal or a move away from a goal. 

Conversely, positive affective states would be associated with movements 

towards a goal. The animal is caused to move in a gradient, towards the 

attainment of positive affective states and the avoidance of negative ones. 

The stimulus-response model might logically lead us to suppose that 

the -animal is quiescent until a sfimulus impinges upon it. We now believe 

that animals seek a certain minimum level of stimulation, and that 

under-stimulation can be aversive, just as over-stimulation can. 

The notion of 'set-point', goal or Sollwert is, in some respects and 

situations, similar to that of expectation (Archer, 1976). However, it is 

not identical. Sollwert carries the notion of what the animal 'wants' or 

'commands' from the situation - the state that is the logical outcome of 

its activity. Presentation of a cue predictive of shock might well produce 

an expectation of shock, but that would, of course, not be the Sollwert of 

the system. Thus one needs to qualify Archer's model of aggression. 

Omission of an expected aversive event is not a cue for aggression: 

indeed, relief is used to describe the state accompanying this event 

(Mackintosh, 1983). A very similar point to this was made by Goldman, 

Coover and Levine (1973) in reference to the elation induced by a 

surprising increase in the size of reward given to rats in an operant task 

and the associated drop in pituitary-adrenal level. 

Contemporary animal learning theory dovetails with the model of 

goal-seeking. Animals are now seen to learn cognitions of the kind 'x is 

followed by y' and 'response x leads to event y'. This gives behaviour a 

flexibility that would be impossible with the S-R model. Animals exhibit a 

preference for situations in which they can predict what is happening in 

their environment, and this predictive ability is in accordance with the 
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models currently popular in learning theory. The learning of successful 

escape or avoidance responses when confronted with an aversive situation or 

a cue predictive thereof is aided by feedback informing the animal that 

safety has been attained (Bolles, 1975). Similarly, stress seems to be 

reduced by presentation of such a cue (Miller, 1980). 

Suppose we adopt a goal-seeking model. Can we obtain any theoretical 

synthesis and parsimony with such a model? Can we see common features 

between a number of different experimental situations? From the foregoing 

evidence, it would seem that in several different situations a stress 

reaction is caused by a failure to meet a goal or expectation. 

(a) non-reward or a reward of value less than expected causes this 

reaction. 

(b) somewhat similar to (a) is the blocking of access to, say, food, by the 

presence of a more dominant animal 

(c) in a conflict situation, the animal would be expected temporally to set 

one goal, say, getting to water, only to find this in conflict with a 

different goal, say, avoiding shock. 

(d) physical restraint induces stress (Thorpe, 1969), and it was suggested 

by Ader (1971) that the degree of stress depends upon the extent to which 

natural activity patterns (e.g. movement at estrus) are thwarted. 

If a goal can be realized, then despite the fact that the animal is in a 

potentially dangerous situation, there is relatively little sign of fear or 

stress. For example, after an animal has learned an avoidance task it 

performs this in a calm manner (Bolles, 1975). 

Traditionally, the homeostatic model has carried much explanatory 

weight regarding welfare. Indeed, one would logically associate suffering 

with deviations from the homeostatic norm that exceed a certain threshold. 

Some have defined stress in terms of deviations from homeostasis (see 

discussion in Miller, 1980). However, some caution is in order, and 

perhaps it is more useful to refer to 'stress' in terms of failure to meet 

goals as related to the external world. Seen in these terms, homeostatic 

mechanisms (e.g. energy regulation) set up goals (e.g. attain food), 

whose realization would be associated with positive affective states and 

whose thwarting would give rise to stress and associated negative affective 

states. For example, food deprivation would make the attainment of food a 
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top-priority goal and competition for food would induce stress. In terms 

of contemporary theory, perhaps we can define stress as a state induced by 

a failure to have a response available for attaining a positive goal and/or 

avoiding a negative state. 

From a variety of sources of evidence, we corne to the conclusion that 

to have control over its environment is a fundamental need of a 

sophisticated organism. For example, rats will sometimes work for food in 

the presence of free food. In addition to having control as a property in 

its own right, this ability seems all the stronger, if by exploiting a 

mechanism of control, the animal can also avoid a negative event and/or 

attain a positive one. Perhaps we can define suffering in terms of lack of 

control: opening the feedback loop. We cannot assume that all activation 

of the system for coping with stress is aversive. Provided that the animal 

has a control strategy, involving a response-outcome expectancy that is not 

too demanding in terms of effort (Weiss, 1971), we ought not to be too 

concerned for the animal's welfare. 

In its commerce with the external world, e.g. escape from noxious 

events and gaining of food or warmth, an animal tends to show 

species-specific patterns of behaviour. We should not under-estimate the 

importance of such behaviour; energy regulation is more than gaining 

calories; it involves a sequence of activities, such as capture of food, 

chewing and swallowing. The evidence suggests that such activities have 

their own intrinsic motivational potential, and are important for the whole 

regulatory system; recognition of this can provide a bridge between 

Lorenzian and cognitive models of behaviour. 

By looking at the bases of motivation and affect at the level of 

neurophysiology and pharmacology, we might gain some insight into affective 

value, motivation and stress. In this context, we noted that (a) rats in a 

dull environment will work for opiates, (b) the opiate antagonist naloxone 

abolishes the rat's preference for signalled shock over unsignalled shock 

and (c) in confined sows the frequency of stereotypies is reduced by 

naloxone injections. such results encourage the kind of model that sees 

the animal as being moved to maximize stimulation in certain affective 

circuits, in which opiates can playa major role. 

With the assistance of the foregoing discussion of experimental 
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evidence and theoretical models, one can start to formulate some practical 

suggestions regarding welfare. At present these are less concrete than 

might be desired, but they do appear to fit with practical experience. The 

suggestions are as follows: 

(1) as far as is realistic, animals should be allowed to set their own 

goals and given the chance to realize these goals. For example, free 

exploration of a new territory is to be preferred to forced contact 

(However, this does not mean that animals always make the choice that best 

serves their survival. In the area of ingestive behaviour, some counter 

examples can be given. See discussion in Toates, 1986). 

(2) whereever possible, it would be wise to allow an animal to exploit its 

own species-specific, and developmental-stage-specific, mode of commerce 

with the world. For example, animals that naturally gain food by rooting 

should be given the opportunity to do so. A young animal should not be 

denied the expression of suckling. 

(3) animals should be given the maximum opportunity to exert control over 

their environments. Changes that the animal can initiate, such as changing 

the illumination level or gaining food by operant means, are to be 

encouraged. 
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From the long-term point of view the flow of energy and matter between 
animals and their environment is behaviourally co.ntrolled either as inflow or 
outflow. It is argued here that such adaptation of behaviour to physiology is 
obtained by the tendency to maximize sensory pleasure. 

There is a permanent exchange-flow of matter and energy between living beings 

and their environment. Without this exchange, it is not possible to understand 

physiology. Inflow and outflow may be controlled by purely autonomic functions 

such, for example, as pulmonary ventilation. However, most of this exchange 

is controlled by behaviour. Food and water intake, defecation and micturition 

are behaviourally controlled. Heat loss and to a lesser extent heat gain are also 

behaviourally controlled. Finally all external work, whatever its purpose, is also 

a behaviour. 
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HOMEOSTASIS 

HOMEORHESIS 

Fig. 1 Block diagram analysis of the place of behaviour in physiology 
(From Cabanac & Russek, 198Z). Any regulated variable h depends on 
inflow and outflow subsystems. Behaviour (interrupted arrows) acts 
on inflow with a negative feed-back and on outflow with a positive 
feed forward. Regulatory behaviour is triggered by the difference between 
regulated variable h and set point. Homeorhesis (Nicolaidis, 1977) is 
the long-term adjustment of the set point (e.g. body weight annual cycle). 
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Figure one illustrates this behavioural control. In addition, this diagram emphazises 

that control of inflow and outflow are two separate processes. An organism gains 

thus one degree of freedom by adjusting inflow when outflow is imposed and 

reciprocally. 

One of the main questions put to the physiologist by the observation that behaviour 

is the necessary first step and last step of whole-body physiology, is how such 

finality is met (Toates, 1986). Experiments on humans cast light upon this process. 

When a stimulus excites a sensory neuron it may arouse a sensation. This sensation 

is tri-dimensional. The first dimension of sensation is qualitative, identifying 

the nature of the stimulus. The second is quantitative, describing the intensity 

of the stimulus. The third, which may be absent, is affective. The affective part 

of a sensation is the amount of pleasure or displeasure aroused by the stimulus. 

According to Young (1959), this dimension of sensation is a continuum between 

two extremes : extreme negative affectivity, or distress, and extreme positive 

affectivity, or delight. Midway between the two lies indifference. 

Not all stimuli evoke pleasure or displeasure. In the vast, permanent flux of inputs 

from the sensors to the central nervous system, the large majority elicits an 

indifferent sensation. For example, the sight of most objects is neither pleasurable 

nor displeasurable, as such. If affectivity is involved, the source is a sense of 

esthetics. In addition, as stated by Pfaffmann (1960), "there is almost no limit 

to the range of previously neutral stimuli that, by one method or another, can 

be made pleasurable or unpleasurable". Pfaffmann designated as primary 

reinforcers all stimuli creating sensations of pleasure or displeasure. The majority 

of these are negative reinforcers. A stimulus can be unpleasant by its very nature 

(e.g. a bitter taste) or by its intensity (e.g. a violent sound). When the intensity 

of a neutral stimulus increases, the sensation usually becomes unpleasant, as 

was suggested by Wundt (1874). Thus, it can be stated that pleasant stimuli are 

on the minority; it is striking to observe that the range of pleasantness is limited 

both qualitatively and quantitatively. The most effective, and probably only, 

primary positive reinforcers are chemical, thermal, and mechanical stimuli. 

There is an obvious relation between the affective part of sensation and behaviour ; 

the strength of the motivation for or against a stimulus is a function of the 

intensity of the pleasure or displeasure elicited by the stimulus. Pleasant sensations 

induce approach or "consumption" behaviours (or both) for alimentary, sexual, 

and thermal stimuli. Relations exist between pleasure and usefulness, and between 

displeasure and harm or danger. The evidence supports the hypothesis that sensory 

pleasure is a sign of usefulness and displeasure a warning sign. In the case of 
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thermal stimuli, the pleasure or displeasure aroused by a stimulus can be predicted, 

from the various body temperatures of the person stimulated. Pleasure is actually 

observable only in transition, when the stimulus aids the subject to return to 

normothermia. As soon as the subject returns to normothermia, all thermal stimuli 

lose their strong pleasure component and tend to be indifferent or unpleasant. 

This scarcity of pleasure may be more apparent than real, because temperature 

regulation is never achieved, and normothermia is an almost virtual situation. 

Alliesthesia : Coined from the Greek roots (Allios- changed and -esthesia 

sensation), this word is applied to the affective component of sensation, pleasure 

or displeasure (Cabanac, 1971). The amount of pleasure or displeasure aroused 

by a given stimulus is not invariable, but depends on the internal state of the 

stimulated subject. Factors that can modify the internal state and, in turn, induce 

alliesthesia are (i) internal physiological variables, e.g. deep body temperature 

(Attia, 1984) or body dehydration (Rolls et al. 1980) modifying the pleasure of 

thermal sensation or taste of water ; (ii) set points, e.g. during fever the body 

temperature set point is raised and pleasure· defends the elevated set point ; 

(iii) multiple peripheral stimuli (Rolls, 1981 ; Marks and Gonzalez, 1974), e.g. 

mean skin temperature determines the set point for deep body temperature and 

generates alliesthesia ; (iv) past history of the subject (Garcia, Hankin and 

Rusiniak, 1974), e.g. association of a flavour with a disease or a recovery from 

disease renders this flavour unpleasant or pleasant; (v) and, finally, drugs (Fantino, 

Hosotte and Apfelbaum, 1986). Positive alliesthesia indicates a' change to a more 

pleasurable sensation; negative alliesthesia a change to a less pleasurable one. 

Sensory pleasure and displeasure thus appear especially well suited as motivation 

for thermoregulatory behaviour (Attia, 1984). The case of pleasurable flavours 

shows an identical pattern (Fantino, 1984). Alimentary flavours are pleasurable 

during hunger and become unpleasant or indifferent during satiety. Measurement 

of human ingestive behaviour confirms the above relationship. Preference shows 

a qualitative influence : human subjects ingest more of what they like. It also 

shows a quantitative influence : the amount eaten is a function of the alimentary 

restrictions and increases after dieting, when negative alliesthesia has 

disappeared. The result is that pleasure scales can be used to judge the 

acceptability of food. 

Conflicts : When placed in a conflict of biological motivations, e.g. fatigue in 

chest vs lower limbs, or fatigue vs thermal comfort, human subjects tend to 

maximize the sum of their sensory pleasures. In so doing they optimalize their 
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physiological functions and solve the problem of the conflicting motivations. 

Fatigue is usually considered as a discriminative perception (Borg, 1962). This 

perception can also be studied experimentally from an affective (hedonistic) 

point of view. In experiments where subjects could select the intensity of their 

muscular exercise to accomplish a given task on a treadmill, they managed to 

work at constant power from one session to another (Figure 2), although the 

slope or the speed' of the treadmill was varied by the experimenter. Such 

performance could be predicted from the rating by subjects of the affective 

sensations aroused in the chest and lower limbs. Optimalization was the result 

of minimization of sensory displeasure (Cabanac, 1985). 

TT e 

4 .• 

~._ 12 

~ 

2.4 

1.2 S!:-----1.-..:::::..--.J1S:------::2'=O--.-:::"'":'2S' 

SLOPE (~) 

Fig. 2 Slope and speed chosen at the end of sessions by one subject 
when he was instructed to climb 300 m. In 4 sessions the treadmill slope 
was imposed by the experimenter and the subject could adjust the speed. 
In the 4 other sessions the treadmill speed was imposed by the experimen­
ter and the subject could adjust the slope. Each dot stands for one session. 
The isochronic lines on the graph show the theoretical time, in minutes, 
necessary to climb 300 m (from Cabanac, 1985). 

Fatigue was pitted against thermal discomfort in experiments where the subjects 

could adjust either ambient temperature or the intensity of muscular exercise. 

Here again the results showed optimalization of behaviour : behavioural 

thermogenesis was inversely proportional to ambient temperature (Figure 3). 

In the bidimensional space defined by all the ambient temperatures and all 

intensities of muscular exercise explored, the subjects' behaviour coincided with 

areas of sensory pleasure in the bidimensional sensory-space defined. Whichever 
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muscular exercise, ambient temperature, or combinations of these two were 

presented, the subjects always optimized their behavior in maximizing sensory 

pleasure (Cabanac and LeBlanc, 1983). 
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Fig. 3. Intensity of external muscular power produced by one subject at the 
end of one hour walking on a treadmill set at a constant speed (3 km.h- l ). 
Exte:nal power was the work necessary for lifting the body mass, per unit 
of t1me; external power was only produced when treadmill slope O. In a 
series of 10 sessions, either ambient temperature ( ) or treadmill slope 
( ) was imposed by the experimenter and the other adjusted by the sub-
ject himself. Each point stands for one session (from Cabanac and LeBlanc, 
1983). It can be seen that whether ambient temperature or treadmill slope 
was varied made no difference, all the points fallon the same line; the 
intensity of exercise chosen by the subject was proportional to ambient 
temperature, i.e. was a clearcut thermoregulatory behaviour. 

Thus, the seeking of pleasure and avoidance of displeasure lead to homeostatic 

(short term), or homeorhetic (long term), behaviours. Pleasure, therefore, indicates 

a useful stimulus and simultaneously motivates the subject to enjoy it. Both a 

reward and a motivation, pleasure leads to optimization of life mechanisms. 

Animals : Before examining how relevant all this is to animal behaviour and to 

farm animals, it should first be pointed out that in the animal kingdom the species 

less dependent on behaviour to achieve their physiological function are those 

that appeared latest. The development of the milieu interieur and the perfection 

of physiological functions in mammals and birds has freed their behaviour from 

short-term physiological constraints and may explain their success in the 

competition of species. This is not to say that behaviour does not playa part 

in their physiology but just to recall that they draw one degree of liberty from 

their autonomic function while lower species, with the efficacious physiology, 
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depend still more on behaviour. If the lower species rely exclusively on behaviour 

it can be expected that cognition must have a modest role in the determinism 

of physiological behaviour. On the other hand, the seeking of pleasure and the 

avoidance of displeasure may explain the adaptation of behaviour to its biological 

aims, without the implication of animal awareness. Often behaviour does not 

need cognition, e.g. postural adaptation to ambient temperature or food intake 

are displayed by anencephalic rats. Such a hypothesis would advantageously replace 

such an obscure concept as instinct. The animal would just seek to maximize 

pleasure and need not to know why. 

The question then arises as to the possibilities of obtaining evidence that animals 

would seek sensory pleasure and be able to trade-off some amount of displeasure 

for this pleasure. 

In the obstruction method, the strength of a motivation is measured not as a 

motor response or the consumption of a reward but rather the decision made 

by an animal to overcome a resistance and to obtain a reward (Warden, 1931). 

Such a situation can be explored in the laboratory under conditions close to natural 

conditions (Cabanac and Johnson, 1983). Rats were trained to feed daily from 

10 a.m.to 12 noon. Once a week in an environment with an ambient temperature 

of - 15°C, -i.e. one extremely aggressive to rats- additional food was made 

available 16 m from a thermoneutral refuge. The additional food offered was 

varied in various sessions. Although laboratory chow was also always available 

in their thermoneutral home, the rats invariably ran out into the cold to the 

feeder, especially when the food was highly palatable. With such foods, the animals 

took as much as half their nutrient intake in the cold. For less palatable food, 

the rats went only once or twice to the feeder, and there stayed for only a short 

time. Thus the animals faced painful cold not from necessity, since food was 

provided in their warm shelter, but for the pleasure of ingesting a palatable bait. 

Such a result can be interpreted in the light of human experiments by stating 

that the rats exercized their behavioural degree of liberty to increase their sensory 

pleasure. 

It is likely that the behaviours displayed by pigs, that preferred to feed rather 

than thermoregulate (Ingram & Legge, 1970), by steers that preferred to 

thermoregulate than feed, and by sheep that preferred to drink rather than feed 

(Squires & Wilson, 1971) are examples under farm conditions of animals maximizing 

their sensory pleasure and thus optimizing their behavioural response to stressful 

environments. It is therefore reasonable to let farm animals enjoy the 

environmental and social environment that they themselves seek (Dantzer, 1981 ; 

Wiepkema,1985). 
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One basic postulate of ethology is that behaviour tends to satisfy the most urgent 

need of the behaving subject (Baerends, 1956 ; Tinbergen, 1950). Figure one shows, 

already, one possible trade-off between inflow and outflow. In addition, the 

simplified diagram incorporates in one pathway several possible behaviours. Wild 

animals are capable of coping with nutritional stress by substituting various 

responses (King & Murphy, 1985). Maximization of pleasure may be the link 

between physiology and behaviour and may explain how physiological optimization 

is achieved. 
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